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ABBREVIATIONS 

ACFH 
cc I m l )  
DSCFH 
DSH L 
DEG-F (OF1 
D I A .  
FP 
FT/SEC 
a 
GPU 
GR/ACF 
GR/DSCF 

HP 
HRS 
I N .  
IN.HG. 
1N.WC. 
LB 
LB/DSCF 
LB/HR 

LB/HUBTU 
LTPD 
MW 
mg/Nm3 
uq/Nm3 
microns (um) 
CIIN. 
na 
O h m - m  
PM 
PPH 
PPH 
DDmC 
0m.d 
0an .w  
D D t  
P S I  
SQ.FT. 
Uq 
v/v 
w / w  

q/dsm 

LBIIO~TU 

< 

actual cubic f e e t  per minute 
cubic centimeter t m i l l i l i t e r )  
standard cubic foot o f  dry  gas per minute 
drv standard m i l l i l i t e r  
degrees Fahrenheit 
diameter 
f in ished Droduct f o r  Dlant 
f e e t  per secDnd 
gram 
gallons per minute 
grains per actual  cubic foo t  
grains per d r y  standard cubic f o o t  
qrams per d r y  standard cubic meter 
horsewwe r 
hours 
inches 
inches o f  mercury 
inches of water 
Pound 
poUndS per dry  standard cubic f o o t  
wunds per hour 
pounds Der mi l l ion B r i t i s h  Thermal Uni ts  heat Input  
pounds per m i l l i o n  B r i t i s h  Thermal Uni ts  heat input  
long tons per day 
megawatt 
m i  11 iqrams per 'd ry  standard cubic meter 
micrograms per dry  standard cubic meter 
m i  craneter 
minutes 
nanograms 
ohmcentimeter 
pa r t i cu la te  matter 
pounds per hDUr 
par ts  per m i l l i o n  
Darts per m i l l i o n  carbon 
oar ts  per m i l l i on .  drv 
par ts  per m i l l i o n .  wet 
Darts per t r i l l i o n  
DOUndS Der souare inch 
sauare f e e t  
micrograms 
Dercent by volume 
percent by weight 
- < (when fo l low inq  a number) 

I. 

Standard condi t ions are defined as 68 OF ( 2 0  '0 and 29.92 I N .  o f  mercury 
pressure. 
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1 INTROWCTION 

On March 29, 1990 I n t e r p o l l  Laboratories personnel conducted a 

pa r t i cu la te  emission compliance t e s t  on the Rogers Dryer a t  the Land 0' 

Lakes Plant located i n  Spencer, Wisconsin. On-site tes t i ng  was performed 

by D. Smith and C. Mosser. Coordination between tes t i ng  a c t i v i t i e s  and 

p lan t  operation was provided by Carl Mueler o f  Land 0' Lakes Inc.  The 

t e s t  was witnessed by Joe Ancel o f  the  Wisconsin Department o f  Natural 

Resources. 

The dryer  tested i s  a C. E. Rogers custom designed spray dryer. I t  

i s  d i r e c t  f i  red w i  t h  natura l  gas and has a rated capaci t y  o f  1980 LB/HR o f  

dry product. Par t i cu la te  emissions from the dryer are cont ro l led  by a C. 

E. Rogers wet ventur i  scrubber. 
- 

Evaluations were performed i n  accordance w i th  EPA Methods 1 - 5 and 

9. CFR T i t l e  40. P a r t  60. Appendix A ( rev ised July 1. 1988). A p re l im i -  

nary determination o f  the gas l i n e a r  ve loc i t y  p r o f i l e  was made before the 

f i r s t  pa r t i cu la te  determination t o  a l low select ion o f  the appropriate 

nozzle diameter required fo r  I s o k i n e t i c  sample withdrawal. An I n t e r p o l l  

Labs sampling t r a i n  which meets or  exceeds speci f icat ions i n  the above- 

c i t e d  reference was used t o  ex t rac t  pa r t i cu la te  samples by means o f  a 

heated s ta in less s tee l - l ined  probe. Wet catch samples were co l lec ted  i n  

the back h a l f  o f  the Method 5 sampling t r a i n  and analyzed as per Wisconsin 

DNR protocol .  

A n  in tegrated f l u e  gas sample was extracted simultaneously w i t h  each 

pa r t i cu la te  sample using a spec ia l l y  designed gas sampling system. 

Integrated f l u e  gas samples were co l l ec ted  i n  4 4 - l i t e r  Tedlar bags housed 

i n  a p ro tec t ive  aluminum container. A f t e r  sampling was complete, the bags 

were sealed and returned t o  the laboratory  f o r  Orsat analysis. P r i o r  t o  

sampling, the Tedlar bags are leak checked a t  15 IN.HG. vacuum w i th  an i n -  

1 



l i n e  rotameter. Bags w i th  any detectable inleakage are discarded. 

Test ing on the Dryer was conducted from two t e s t  por ts  or iented a t  

90 degrees on the Stack. These tes ts  por ts  are located approximately 2.4 

diameters downstream o f  the nearest f low disturbance and approximately 1.2 

diameters upstream o f  the  stack e x i t .  A 24-point t raverse was used t o  

c o l l e c t  representat ive pa r t i cu la te  samples. Each traverse point  was 

sampled 2.5 minutes t o  give a t o t a l  sampling t i m e  o f  60 minutes per run. 

The important resu l t s  o f  the t e s t  are sumnarized i n  Section 2. 

Deta i led resu l t s  are presented i n  Section 3 .  F i e l d  data and a l l  other 

supporting in format ion are presented i n  the appendices. 



2 SUHHARY AND DISCUSSION 

The important r e s u l t s  o f  the p a r t i c u l a t e  emission compliance t e s t  

are sumnarized I n  Table 1. As w i l l  be noted. the pa r t i cu la te  emission 

ra te  averaged 4.57 LB/HR. 

No d i f f i c u l t i e s  were encountered i n  the f i e l d  o r  i n  the laboratory 

evaluat lon o f  the samples. On the basis o f  t h i s  fac t  and a complete 

revlew o f  the e n t i r e  data and resu l ts .  i t  i s  our opinion t h a t  the resu l t s  

reported herein a r e  accurate and c lose ly  r e f l e c t  the actual  values which 

ex is ted a t  the time the t e s t  was performed. 

3 
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3 RESULTS 

The resu l t s  o f  a l l  f i e l d  and laboratory  evaluations are presented i n  

t h i s  section. Gas composition (Orsat and moisture) are presented f i r s t  

fol lowed by the computer p r i n tou t  o f  the par t i cu la te  determinations. 

Prel iminary measurements inc lud ing t e s t  po r t  locat ions are given i n  the 

appendices. 

The resu l t s  have been ca lcu lated on an IBM PC Computer using 

programs w r i t t e n  i n  Extended BASIC s p e c i f l c a l l y  f o r  source tes t i ng  ca l -  

cu la t ions.  EPA-published equations have been used as the basis o f  the 

ca l cu la t i on  techniques i n  these programs. 

The pa r t i cu la te  emission r a t e  has been calculated using the product 

o f  the concentrat ion times fl,ow method. 
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3.1 Results of Orsat and Moisture Analysis 



I n t e r p o l 1  R e p o r t  No . 0-3004 
M i n n e a p o l i s .  M i n n e s o t a  

Land 0 Lakes I n c  . 

T e s t  NO . 1 
Rogers D r y e r  S t a c k  

R e s u l t s  o f  O r s a t  6 M o i s t u r e  Analyses..... Methods 3 6 4(tv/v) 

D a t e  o f  r u n  

Dry b a s i s  ( o r s a t )  

c a r b o n  d i o x i d e  ............ 
oxygen .................... 
carbon monoxide . . . . . . . . . . .  
n i t r o g e n  .................. 

Wet b a s i s  ( o r s a t )  

carbon d i o x i d e  ............ 
oxygen .................... 
c a r b o n  monoxide ........... 
n i t r o g e n  . . . . . . . . . . . . . . . . . .  
w a t e r  vapor  ............... 

Dry m o l e c u l a r  w e i g h t  ........ 
Wet m o l e c u l a r  w e i g h t  ........ 
Speci  f i c g r a v i t y  ............ 
Water  mass f l o w  . . . . . .  ( L B / H R )  

Run 1 Run 2 Run 3 
03-29-90 03-29-90 03-29-90 

0.60 0.60 0.60 

20.30 20.30 20.40 

0.00 0.00 0.00 

79.10 79.10 79.00 

0.56 

18.92 

0.00 

73.71 

6.82 

28.91 

28.16 

0.973 

8366 

0.56 

18.85 

0.00 

73.46 

7.13 

28.91 

28.13 

0.972 

8759 

0.56 

18.95 

0.00 

73.38 

7.12 

28.91 

28.14 

0.972 

86.3 1 



3.2 Results o f  Part iculate Loadinq Determinations 
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I n t e r p o l  1 R e p o r t  No. 0-3004 
Land 0 Lakes I n c  

M i n n e a p o l i s .  M i n n e s o t a  

T e s t  No. 1 
Rogers D r y e r  S t a c k  

R e s u l t s  o f  P a r t i c u l a t e  L o a d i n g  Determinat ions- - - - - - -  Method 5 

Date  o f  r u n  

Time r u n  s t a r t / e n d . .  ... ( H R S )  

S t a t i c  p ressure . . . . . . ( IN .WC)  
Cross  s e c t i o n a l  a r e a  (SQ.FT) 
P i t o t  t u b e  c o e f f i c i e n t . . . . . .  

Water  i n  sample gas 
condenser  ............. (ML) 
i mpi n g e r s . .  . . . . . . . .  ( G R A M S )  
d e s i c c a n t  . . . . . . . . . . (  GRAMS)  
t o t a l  . . . . . . . . . . . . . .  ( G R A M S )  

T o t a l  p a r t i c u l a t e  m a t e r i a l . .  .......... c o l l e c t e d ( g r a m s )  

Gas m e t e r  c o e f f i c i e n t  . . ..... 
B a r o m e t r i c  p r e s s u r e . .  ( 1 N . H G )  
Avg. o r i f . p r e s . d r o p . .  (1N.WC) 
Avg. gas m e t e r  temp..(DEF-F) 

Volume t h r o u g h  gas  me te r . . . .  
a t  m e t e r  c o n d i  t l o n s . .  . (CF) 
s t a n d a r d  c o n d i t i o n s . ( D S C F )  

T o t a l  s a m p l i n g  t i m e . .  .. ( M I N )  
N o z z l e  d i a m e t e r  . . . . . . . . .(  I N )  
Avg .s tack  gas temp . . ( D E G - F )  

V o l u m e t r i c  f l o w  r a t e .  ....... 
a c t u a l  .............,( A C F M )  
d r y  s t a n d a r d . . . .  ... (DSCFM) 

I s o k i n e t i c  v a r i a t i o n . . . . . ( % )  

P a r t i c u l a t e  c o n c e n t r a t i o n . . .  
a c t u a l  . . . . . . . . . . . .  ( G R / A C F )  
d r y  s t a n d a r d  . . . . .  ( G R / D S C F )  

P a r t i c l e  mass r a t e . .  . ( L B / H R )  

Run 1 
03-29-90 

830/1003 

-0.19 
19.31 
.840 

0.0 
50.0 

68.0 
- 18.0 

0.0455 

1.0014 
29.12 
1.18 
18.5 

44.74 
4 3 . 8 1  

60.00 
.248 
104 

41051 
40756 

103.2 

0 . 0 1 3 8 7  
0.01603 

5.60 

Run 2 
03-29-90 

1038/1142 

-0.19 
19.31 
.840 

0.0 
52.0 
11.0 
69.0 

0.0343 

1.0014 
28.12 
1.19 
83.1 

45.18 
42.40 

60.00 
.248 
104 

48115 
40696 

100.0 

0.01041 
0.01248 

4.35 

R u n  3 
03-29-90 

1210/1312 

-0.19 
19.31 
.840 

0.0 
51.0 
11 .o 
68.0 

0.0291 

1.0014 
28.12 
1.16 
81.0 

44.90 
41.83 

60.00 
.248 
104 

48163 
40141 

100.0 

0.00913 
0.01096 

3.11 



APPENOIX A 

RESULTS OF PRELIMINARY VOLUMETRIC FLOW RATE OETEWINATIONS 



I n t e r p o l  1 R e p o r t  No . 0-3004 
Land 0 Lakes I n c  

M i n n e a p o l i s  . M i n n e s o t a  

T e s t  No . 1 
Rogers D r y e r  S t a c k  

R e s u l t s  o f  V o l u i e t r l c  F l o w  R a t e  Determination....... Method 2 

Da te  o f  D e t e r m i n a t i o n  . ........... 
Time o f  D e t e r m i n a t i o n  ....... ( H R S )  

B a r o m e t r i c  p r e s s u r e  ....... (1N.HG) 

P i t o t  t u b e  c o e f f i c i e n t  ........... 

Number o f  s a m p l i n g  p o r t s  . . . . . . . . .  
T o t a l  number o f  p o i n t s  . . . . . . . . . . .  
Shape o f  d u c t  .................... 
S t a c k  d i a m e t e r  ............... ( I N )  

D u c t  a r e a  . ................ ( S Q . F T )  

D i r e c t i o n  o f  f l o w  . . . . . . . . . . . . . . . .  

S t a t i c  p r e s s u r e  ........... ( 1 N . W C )  

Avg . gas  temp ............. ( D E G - F )  

( *  V / V )  M o i s t u r e  c o n t e n t  .......... 

Avg . 1 i n e a r  v e l o c i t y  . . ... 
Gas d e n s i t y  .............. 

FT/SEC) 

LB/ACF) 

M o l e c u l a r  w e l g h t  ...... (LB/LBMOLE) 

Mass f l o w  o f  gas .......... (LB/HR) 

V o l u m e t r i c  f l o w  r a t e  . . . . . . . . . . . . .  
a c t u a l  . . ................. ( A C F M )  
d r y  s t a n d a r d  . . . . . . . . . . . .  ( D S C F M )  

03-29-90 

720 

29.72 

.a4 

2 

24 

Round 

59.5 

19.31 

UP 

.. 19 
103 

6.82 

40.6 

. 06810 
28.91 

192297 

47061 
40832 
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APPENDIX C 

METHODS 2 - 5 FIELD DATA SHEETS 



Source f?o&.EbZS >RHg S ?-A C K  
Test  Run Date 3 - 2 9 - 9 0  
Stack dimen. 59.5 IN. 
D r y  b u l b  OF Wet bulb 'F 

nanometer: &Reg. 0 Exp. 0 Elec. 

b a r o m e t r i c  p ressure  s-72 i n  Hg 

S t a t i c  p ressu re  -, /Y i n  WC 

Opera tors  

'?tu P i t o t  No. -6 Cp - f Y @  
3. C n r r H  k /. M USS€R 

Trave rse  
P o i n t  I No. 

o* 
A 

Schematic of 
~ C r o s s  S e c t i o n  

~~ ~ 

F r a c t i o n  D is tance  Dis tance V e l o c i t y  
o f  f rom Stack From End of Pressure 

Diameter Wall ( in) P o r t  ( in )  ( i n  WC) 
---- - -----. ---,-=- P o r t  l eng th :  f /  in. Time start :  0710 h r s  ... . 

c 9 1  62.W I 



INTERPOLL LABORATORIES E r e  METHOD 5/17 SAMPLE LOG SHEET 

Job L d f r r b  0 ' CAE&S /.PSPaR Date 3-29-9d Test - / Run / 
Source R o t E e c  3 W s E  C T A L Y  NO. of t rave rse  p o i n t s  JJ- 
Method 5 F i l t e r  holder:  GLHFS F i  1 t e r  type: Y e (  GLA ss F/&P 

/y26 Desiccant 

Sample T r a i n  Leak Check: 

/vu B /% 

Pre tes t :  ( 0.02 C f m  a t  15 in. Hg. (vac) &- 
Postest: 0.00 cfm a t  - 1 0  in. Hg. (vac) - 

P a r t i c u l a t e  Catch Data: 

N0.s o f  f i l t e r s  used: Recovery so lvent  ( 5 )  

&202/ acet one 
0 o the r t s )  

No. of probe wash b o t t l e s :  / 
Sample recovered by: _%dAY/4S A- .5-/7. - 
I U M ~ .  R I P S C  

Condensat e D i t  a: 

// Condenser i I I U 

D 1 1 

6 ~ ?  --------. - 
~ ------ - T o t a l  

I n t e g r a t e d  Gas Sampling Data: 

Hag Pump NO. 86 BOX NO. 28 Bag NO. / 
Bag Ha te r ia l :  5-layer Plluminised Tedlar S i te :  

P re tes t  leal: check: & cc/min a t  / .  in .  Hg. 

Time s t a r t :  U g 3 0  (HRS) Time end: / b 0 3  (HRS) 

sampling r a t e :  Yo0 cc/min Operator: !B- 9- 
S/N of O= Gnely-er used t o  monitor t r a i n  o u t l e t :  



. b  

c: 
n 
0 
0 
I 
II) 

h 



INTERPOLL LABORATORIES EPA METHOD 5/17 SAMPLE LOG SHEET 

Date 3-29-929 Test Run 3 Job ~ ‘ d . 4 k ~ ~  - - 
Source d G  E x C  r3EY.cR s 7 i i  No. o f  t rave rse  p $ n t s  2f/ 
Method < F i l t e r  holder:  GO.< 5 F i l t e r  type: Y G L A S S  F/& 

Sample Tra in  Leak Check: 

Pre tes t :  ( 0.02 cfm a t  1s in. Hg. (vac) 
Pos tes t  : Z O c f m  at /a in. Hg. (vac) 

- 

Par t i cu laCe Catch Data: 

No.s o f  f i l t e r s  used: Recovery so lvent  ( 5 )  

+ 2022 +acetone 
0 othercs)  

No. of probe wash b o t t l e s :  / 
Sample recovered by: Vd€ 4- c-/r.W 

Condensate Data: 

D i f f e rence  

Impinger No. 2 

11 Impinger-No. 3 1 1 ~~ I 7 

I n t e g r a t e d  Gas Sampling Data: 

nag Pump NO. 66 BOX NO. 2 6; Bag No. 3 
Bag Mater ia l :  %layer  Aluminized Tedlar Size: 

P r e t e s t  leal: check: 0 c c / m i n  a t  / ! !  in. Hg. 

Time s t a r t :  / 0 3 5  (HRS) Time end: //qz (HRS) 

Sampling ra te :  L/aO cc/min Operator: _p s. 
- 

S I N  of 0:. analyzer used t o  monitor t r a i n  ou t l e t :  A 
CF-025 



- .  

. 



INTERPOLL LARORaTORIES EPA METHOD 3/17 SAMPLE LOG SHEET 

Job L!R.JD 0 ms /-c f€NC€P Date 3-ZV-98 Test Run 3 
Source Re/rCRS DRYER C 7ZcE NO. of t rave rse  p o i n t s  =ZV- 
method < F i l t e r  holder:  /=LASS F i l t e r  type: Y " L L A S S  

/ 

Sample Train Leak Checkr 

Pre tes t :  ( 0.02 cfm a t  15 in. Hg. (vac) e 
Postest: e c f m  a t  in. Hg. (vac) e 

P a r t i c u l a t e  Catch Data: 

No.s of f i l t e r s  used: Recovery so lvent  (s) 

I#- 7f74/2- &-acetone 

/ 

0 o t h e r t s )  

No. of probe wash b o t t l e s :  
Sample recovered by: - dA-*/JP 4 -  S& I 7-H - 

/ hAB. R I N S E  

Condensate Data: 

I Weight (g)  - 1 I tem 
F i n a l  I Tare ID i f fe rence 

Impinger No. 1 

Impinger -No. 3 

I n t e g r a t e d  Gas Sampling Data: 

Bag Pump No. 86 Bow No. 2 8 Baq No. 3 
Bag Ha te r ia l :  %layer  6luminized Tedlar Size: 4 3  

P r e t e s t  leak check: 0 cc/min a t  / ! i n .  Hg. 

Time s t a r t :  / ? I o  (HRS) Time end: I 3 i r  (HRS) 

Sampling ra te :  Y Y ~  cc/min Operator: 3- S. 
S I N  of O= Clnalyzer used t o  monitor t r a i n  o u t l e t :  

CF-023 
- 





APPEMDIX D 

LABOf4ATORY DATA SHEETS 



I n t e r p o l l  L a b o r a t o r i e s  
(612) 786-6020 

C h a i n  of C u s t o d y  
Sample D e p o s i t i o n  S h e e t  

J o b  LA/rl!D 0' LAKC$ S o u r c e  R06zkg JpygR 
T e a m  L e a d e r  a,dfiufi A. s m / 7 H  T e s t  S i t e  R 0 6 ~ f Z S  BU VrR S T 7  
Date S u b m i t t e d  ' 1 - 3 0  - 9 0  D a t e  of T e s t  3 - 2 9  -90 
T e s t  N o .  / No.  of  R u n s  C o m p l e t e d  3 

F l n a l y s i s  R e q u i r e d  i 
P r o b e  Wash: 

e c e t o n e  
a s  p e r  E P A  M-5 
[ P t h e r  

F i l t e r :  H'' G. F. 
0S.S. T h i m b l e  p s  p e r  EPA M-17 

047 mm G.F. 

@s p e r  EPA M-5 Y 02.5" G.F. n o t h e r  

I m p i n q e r  C a t c h :  
OD. I .  Water 

0 4 M 5  Hg O n l y  

01.0 N NaOH 
04M5 H e t a l s  

I n t e g r a t e d  
G a s  s a m p l e  

O x i d e s  of 
N i t r o g e n  (NO,) 

[I F u e l .  S a m p l e  - 0 A g g r e g a t e  

p l N  P r o t o c o l  
P r o t o c o l  

0EPA M-6 or 8 
p c i d  Gases 
F o r m a l d e h y d e  
p e t a l  5 

O O t h e r  

@ki p e r  €PA M-3 
p s  p e r  EPA M-10 
[ P t h e r  

p s  p e r  EPA M-7A 
OOther  

O A t t a c h e d  f u e l  Form 
#S-01J3RRH 

P a r t i c l e  S i z e  OX-Ray S e d i g r a p h  
OBahco Method 
Dother 

- 
Aud i t Samp 1 e5 

F u l f u r  - D i o x i d e  
O O x i d e s  of N i t .  p s  p e r  EPA M-712 
p t h e r  OOther  

p s  p e r  E P A  M-6 - 
I 

Source  I n f o r m a t i o n  

Comments 

: 
Date 
Time(HHS1 

1 )  Type of S o u r c e :  B o i l e r  0 A s p h a l t  P l a n t  0 I n c i n e r a t o r E D r y e r  

2 )  F u e l :  0 C o a l  0 W o o d a G a s  0 O i l  0 HDF 0 O t h e r  
3) I s  s a m p l e  c o m b u s t i b l e ?  

0 O t h e r  

4 )  D o e s  s a m p l e  n e e d  wo 0 Y e s  I f  y e s ,  e x p l a i n  

5-"7RRRF?R 



Interpol 1 Laboratories 
(612) 786-6020 

EPA nethod 5 Data Reporting Sheet 
Orsat Analyeis 

I -I-* 2 

I 1 - 2  2 

&Ambient Air QCI Check EPA Method 5 Quidelineo 
dOrsat Clnalyzor System Leak Check Fuel Typo F0 Range 
0 FI Within EPA M-3 Guidelines Coal : 

for fuel type. Anthraci te/Lignite 1.016-1.130 
Ri t t i m i  1.083- I .  2 3  

Where F,= 20.9-0, 
cox 

- - - - .. . . . - - - 
O i l :  
Di sti 11 ate 
Residual 

Qasa 
Natural 

1.260-1.41 3 
1.210-1.370 

1.600-1.836 
1.434-1.586 
1 A m  8 1 

'-, E;=,- 



I n t e r p o l l  Laborator ies 
(b iz)  7 a b - m ~  

EPA tlethod 5 Data  R e p o r t i n g  S h e e t  
Impingor C r t c h / W i s c o n m i n  Protocol  

Job f.G+%& 0 ' CGks Source a g e s  n r v c f l  
Team Leader T e s t  S i t e  'dd ' 
D a t e  S u b m i t t e d  y-./-pO D a t e  of T e s t  J' -~P-@ 

T e s t  No. I No. of R u n s  C o m p l e t e d  -3 
D a t e  of Clnrlysis 4 - S - B O  T o c h n i  ci an.- 

So lvent  Phase CI~oour  Phase  I I 
0 

1 

T e s t  /Run D i s h  tJo. 3 D i s h  NO. / 7 
D i s h '  T a r e  W t .  g D i s h  T a r e  Ut.  46 . J X 7  9 

Log N u m b e r  9 ~ c L  -03 D i s h + S a m p l e  g D i s h + S a m p l e  W t .  Y 6 3 7 1 3 g  
9 

F i e l d  B l a n k  

C o m m e n t s  S a m p l e  Ut. 0 , e g  S a m p l e  U t .  6 - C  

T e s t  /Run/ D i s h  No. 1 0 6  D i s h  No. / d B  
Log Number  - O L  D i s h  T a r e  W t .  4f .968Yq Dish T a r o  W t .  4L. Y L / 7  9 
C o m m e n t s  D i s h + S a m p l e  Wt.Y$.'I78( g D i s h + S a m p l o  W t .  Y L . 9 -  9 

S a m p l e  W t .  0 , 0 0 4 2  g S a m p l e  U t .  0 . 0 0 2 0  g 

T e s  t R u n  - L 
Log Number - i f  
C o m m e n t s  

S a m p l e  U t .  n.o/ /S  g S a m p l e  W t .  n Ob/% 9 

T e s t  R u n 3  D i s h  NO. 107 D i s h  No. f l ?  
Log N u m b e r  - f L  D i a h  T a r e  W t .  94 6117 g D i s h  T a r e  Ut .  4 7 . 1 7 0 f  g 
C o m m e n t s  D i s h + S a m p l o  Nt-,g D i s h + S a m p l e  Ut. U A ? 7 &  9 

S a m p l e  Ut .  o.oo19 g Sample Ut. B.00.35 9 

L o g  N u m b e r  D i s h  T a r e  W t .  g D i s h  T a r e  W t .  9 
C o m m e n t s  D i s h + S a m p l e  Ut .  g D i s h + S a m p l e  W t .  9 

S a m p l e  W t .  9 S a m p l e  Ut. 9 

L o g  P l u m b e r  Dish T a r e  W t .  g D i s h  T a r e  W t .  9 
Cornmen t s D i s h + S a m p l e  Ut .  g D i s h + S a m p l e  W t .  9 

S a m p l e  W t .  g S a m p l e  W t .  9 

Test- R u n  __ D i s h  NO. Di sh No. 

T e s t  - Run- D i s h  No. D i s h  No. 

' e s u l t s  Solvent Phase: B1 ank Solvent W t .  -9 



In te rpo l  1 Laborator ies 
(612) 786-6820 

EPA Method 5 D a t a  Report ing Sheet 
ProbdCyclonm Wash 

0 

Job L Q o B  0 LclceS  Source o v e r 1  , L V Z Y  

Team Leader 0 s Test S i t e  J ,Tfai/< 
Date Submitted 3 - ~ ~ - ~ ~  Date of  Test d - i y -  50 
Test No. I No. of R u n s  Completed 3 
Date of Analysis Y - L - 7 6  Technician rLt 
T,ransport Leakage B/None 0 m l  Solvent C ~ C ~ P J C  

Dish NO. z o  
Dish Tare W t .  'r'v . r / 5 9  9 

Log Number q i t6 -0 f  Dish+Sample W t .  YP .Y159 9 
V o l .  of S o l v e n t z m l  Sample W t .  5. O D 0 0  9 

Test R u n L  
F i e l d  Blank 

4 

5 

1 

2 

3 

~ 

Test- Run- Dish No. 
V o l .  o i  Solvent- m l  Dish Tare W t .  9 
Log Number Dish+Sample W t .  9 
Comments Sample Ut.  9 

V a l .  of Solvent- m l  Dish Tare W t .  9 
Log Number Dish+Sample W t .  9 
Coinmen t s Sample W t .  4 

Test- Run- D i s h  No. 

*Solvent Residue6.0ug/ml 

Test R u n 1  Dish No. 21 
V O ~ .  of  Solvent&ml Dish Tare W t .  Y f b  / O Y  9 
Log Number + i4 C - O V  Dish+Sample Wt.5'?,63 79 9 
Coinmen t s Samplm W t .  0 0 2 9 5  9 

vel. of  S o l v e n t Q  m l  Dish Tare W t .  <I. 3 b 90  9 
Log Number 4 L X  lv Dish+Sample W g .  'YLo 386t 9 
Comments Sample W t .  0 b / b 2  9 

T e s t R u n  Dish No. A b  

Test R u n  Dish No. 25 
V o l .  of Solve~i+,b Dish Tare W t .  YY , 3 Y 5 Y  9 
Log Number Dish+Sample Wt.YY.Js7Y 9 

9 d e 0  I 2 D  Comments Sample W t .  



I n t e r p o l 1  Labora to r ies  
(612) 786-6020 

EPA Method S Data Repor t ing Shoot 
F i l t e r  Grav imet r ics  

Job O ' L G k e J  Source o pe6 e r . I' vx ,. 
Team Leader b. s. Test S i t e  ' C f c ~ k  
Date Submitted J -.7b -90 Date of Test 3 - i S - q O  
Test No. 1 No. of Runs Completed 3 

I 

Date of Ana lys is  y-i- P U  Technic ian d <  

~ ~~~ 

T o s t R u n  0 F i l t e r  No. 2 C ' Y c /  

F i e l d  glank 
Log Number 

F i l t e r  Type '7'I'GF 
q~66-07. F i l t e r  Tare W t .  . Y/JZ 9 

Comments F i  1 ter+Sampl e W t .  . 9 
Sample W t .  / 9 

T e s t R u n  
Log Number L i t 6 b - U  5- F i  1 t e r  Type 
Comments F i  1 t e r  Tare W t .  I 4 / R  9 

Fi l ter+Sample Ut., qz'i'/ 9 

n .OOO 

F i l t e r  No. 107.1 
6 F 

Sample W t .  D.no+,L 9 

T e s t R u n  Z F i l t e r  No. 
Lag Number 9 z6 6- Id F i l t e r  Type Y '  '6 F 
Comments F i l t e r  Tare W t .  .908Y 9 

F i l ter+Sample W t .  . Y l z S  9 
Sample W t .  b .  D O q I  9 

~~~~~ 

T e s t R u n  3 F i  1 t e r  No. 2 0  4 7. 
Log Number Y 2 6 - / '  F i l t e r  Type Y " G F  
Comments F i l t e r  Tare Wt. 71 F7 9 

F i l ter+Sample W t .  * Y Z l 3  9 
Sample W t .  O c o 0 4 b  g 

Test - R u n  F i l t e r  No. 
Log Number F i l t e r  Type 
Comments F i  1 t e r  Tare W t .  9 

F i l ter+Sample W t .  9 
Sample W t .  9 

Test - Run F i l t e r  No. 
Log Number F i l t e r  Type 
Comments F i l t e r  Tare W t .  9 

Fi l ter+Sample Wb. 9 
Sample W t .  9 

Resu l t s :  
F i e l d  E l k .  Run 1 R u n  2 Run 3 Run 4 Run 5 

F i e l d  E l k .  R u n  1 R u n  2 R u n  3 R u n  4 Run 5 



APPENDIX E 

PROCESS RATE DATA 

(Provided by the Cl ient )  
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APPENDIX F 

PROCEDURES 



Particulate Loadings and Emission Rates 

The particulate emission rates were determined per EPA Methods 
1-5, CFR title 40, Part 60, Appendix A (revised July 1, 1987). In this 
procedure, a preliminary velocity profile of the gases in the flue is 
obtained by means' of a temperature and velocity traverse. On the basis 
of these values, sampling nozzles of appropriate diameter are selected 
to allow isokinetic sampling, a necessary prerequisite for obtaining a 
representative sample. 

The sampling train consists of a heated stainless steel-lined 
sampling probe equipped with a Type S pitot and a thermocouple. The 
probe is attached to a sampling module which houses the all-glass in 
line filter holder in a temperature controlled oven. In addition, the 
sampling module also houses the impinger case and a Orierite drying 
column. The sampling module i s  connected by means of an umbilical cord 
to the control module which houses the dry test gasmeter, the calibrated 
orifice, a leakless pump, two inclined manometers, and all controls 
required f o r  operating the sampling train. 

- 

Particulate samples were collected as follows: The sample gas 
was drawn in through the sampling probe isokinetically and passed 
through a 4-inch diameter Gelman Type A/E glass fiber filter. The 
particulates were removed at this point and collected on the filter. 
The gases then passed through an ice-cooled impinger train and a 
desiccant-packed drying column which quantitatively absorb all moisture 
from the sample gas stream after which the sample gas passes through the 
pump and the dry test gasmeter which integrates the sample gas flow 
throughout the course of the test. A calibrated orifice attached to the 
outlet of the gasmeter provides instantaneous flow rate data. 

A representative particulate sample was acquired by sampling 
for equal periods of time at the centroid of a number of equal area 
regions in the duct. The sampling rate is adjusted at each site such 
that an isokinetic sampling condition prevails. Nomograph5 are used to 
aid in the rapid determination of the sampling rate. 



After sampling i s  complete, the f i l t e r  i s  removed and placed 
i n  a clean container. The nozzle and i n l e t  side o f  the f i l t e r  holder 
are quant i ta t i ve ly  washed wi th  acetone and the washings are stored i n  a 
second container. A brush i s  often used i n  the cleaning step t o  he lp  
dis lodge deposits. The samples are returned t o  the laboratory  where 
they  are logged i n  and analyzed. The volume of the icetone r i n s e  
('probe wash') i s  noted and then the  r inse i s  quant i ta t ive ly  t ransferred 
t o  a tared 120 cc porcelain evaporating dish and the acetone evaporated 
o f f  a t  97-105 OF. This temperature i s  used t o  prevent condensation o f  
atmospheric moisture due t o  the cooling e f fec t  induced by the  
evaporation o f  acetone. The acetone-free sample i s  then t ransferred t o  
an oven and dr ied a t  105 OC f o r  30 minutes, cooled i n  a desiccator over 
B r i e r i t e .  and then weighed t o  the nearest .01 mg. The f i l t e r  sample i s  
quan t i t a t i ve l y  t ransferred t o  a 6-inch watch glass and dr ied i n  an oven 
a t  105 oC f o r  two hours. The f i l t e r  and watch glass are then cooled i n  
a desiccator and the f i l t e r  weighed to  the nearest .01 mg. A11 
ueighings are performed i n  a balance r m  where the re la t i ve  humidity i s  
hydrostat ted t o  less than 5OZ re la t i ve  humidity. Microscopic 
examination of  the smples i s  performed i f  my unusual character is t ics  
are observed. The weight of  the  acetone r i nse  i s  corrected f o r  t he  
acetone blank. The O r i e r i t e  column i s  weighed on-site and the  water 
co l l ec ted  by D r i e r i t e  i s  added t o  the condensate so tha t  the  t o t a l  
moun t  o f  absorbed water may be ascertained. 

Integrated gas smples f o r  Orsat analysis were co l lected a t  a 
constant f l o w  r a t e  throughout each part lculate run. The gas smples 
were analyzed using an al l -g lass Orsat analyzer. Standard cannercial ly 
prepared solut ions were used i n  the Orsat analyzer (sat. KOH f o r  carbon 
d iox ide and reduced methylene b lue  f o r  oxygen). I n  addi t ion t o  the  
above. the oxygen content o f  the  f l u e  gas was measured at  each traverse 
dur ing  the par t i cu la te  determinations using a Teledyne Model 320P-4 
Portable Oxygen Analyzer t o  sample the  ef f luent from the Method 5 t ra in .  



Version 1.3 
1/98 

Interpol1 Laboratories 
(612)786-6020 

Condensible  Orpanic Compounds Analysis 
(S ta t e  o f  Wisconsin - EPA Method 5) 

Method 11-8672-MI 

Equipment:  Separatory funnel - 500 cc w i t h  Teflon stopcock 

Powder funnel - 75 mn IO w i t h  a g lass  wood p l u g  

Evaporating d i s h ( e s )  - 200 cc or 250 cc beaker 

Reagents : Methylene ch lo r ide  

Sodium s u l f a t e  - (ACS) g ranu la r  anhydrous (pu r i f i ed  by 
heating fo r  four  hours i n  a shallow t r ay )  - 

SAMPLIH6: 
An a l l - g l a s s  impinger assembly is  used i n  the back ha l f  of 

the EPA Method 5 s a m p l i n g  t r a i n  when an organic wet catch is  t o  be 
co l lec ted .  The impinger assembly cons i s t s  of a modified implnger.  a 
Greenburg Smith impinger followed by another  modified impinger .  The 
t h i r d  impinger  should have a temperature measuring device a t  t h e . o u t l e t  
upstream o f  a f i n a l  impinger o r  desiccant column t o  monitor the 
temperature of the ou t l e t  gas  stream. Prior t o  the start  of t h e  t es t ,  
each of t h e  f i r s t  two impingers shou ld  be charged with 100 g of Class I 
water. The Method 5 t r a i n  should be operated a s  provided f o r  i n  EPA 
Method 5.  Ice should be added t o  the impinger bath t o  keep the 
temperature of the gas a t  t he  o u t l e t  a t  o r  less than 68 OF. After the  
post t e s t  leak check, the impinger t r a i n  is removed and i m p i n g e r  
contents  poured i n t o  a tared a l l - g l a s s  sample bo t t l e  and closed w i t h  a 
Teflon-llned cap. The sample b o t t l e  is then  weighed and the  t o t a l  
condensate calculated by subt rac t ion  of the bo t t l e  t a r e  weight  and t h e  



Version 1.2 
11/87 

weight of  i n i t i a l  water a d d e d , t o  t h e  impingers (200 9).  A l abe l  is 
af f ixed  and the  sample i s  returned t o  the laboratory fo r  a n a l y s i s .  The 
sample should be s to red  a t  4 OC i f  t h e  ana lys i s  is not conducted within 
48 hours. 

1. 

2. 

3-  

4. 

5. 

6. 

Sample b o t t l e s  a r e  removed from storage and t h e  contents  
quan t i t a t ive ly  t r ans fe r r ed  t o  a clean 500 cc separa tory  funnel 
equipped w i t h  a Teflon stopcock. 

Rinse the sample conta iner  w i t h  d i s t i l l e d  water and add t o  
separatory funnel. 

Then r i n s e  t h e  sample container  w i t h  acetone and pour through 
sodium s u l f a t e  i n t o  a t a r e  beaker marked A. 

The sample i s  t h e n  extracted consecutively w i t h  t h r e e  50 cc 
a l iquo t s  o f  methylene chlor ide.  The ex t rac t ion  is performed 
according t o  normal laboratory prac t ice  observing the 
customary s a f e t y  precaut ion o f  releasing excess pressure a f t e r  
each shaking. 

After each o f  the three ext rac t ions  a re  completed, t h e  organic 
solvent  should be dr ied  by passing i t  through a funnel 
containing anhydrous sodium su l f a t e  and co l l ec t ing  i t  and two 
50 cc r i n s e s  i n  t h e  tared beaker marked A ( t he  same one used 
t o  catch the  acetone container  r inse) .  

Evaporate t o  dryness in  a hood a t  70 O F  o r  less. 00 not 
evaporate so quickly a s  t o  allow evaporative cooling t o  lower 
the temperature o f  t h e  container  below the dew point  otherwise 
water will be condensed in  the container. 



Version 1.2 
11 /87 

7. Desiccate f o r  two hours in  a sealed des i cca to r  and f i n a l  
weigh. Report a l l  r e s u l t s  i n  grams. A l l  welghings  should be 
made t o  nea res t  0.1 mg (four  places). 

8. The remaining l i q u i d  i n  the separatory f u n n e l  is then 
t ransfer red  t o  a t a r e d  beaker marked B and is  evaporated t o  
dryness a t  220 OF 2 10 OF. The analyst  may take an a l i q u o t  o f  
the  sample. t r a n s f e r r i n g  i t  t o  a tared beaker and evaporate t o  
dryness a t  220 OF 2 10 OF. I f  an  a l iquot  i s  used,  t h e  weight 
of the sample and a l i q u o t  will have t o  be taken t o  c o r r e c t  fo r  
the  t o t a l  sample weight. 

9. After the  d ry ing  s t e p ,  t h e  sample is cooled i n  a des i cca to r  
and weighted t o  a cons tan t  weight t o  the nearest  0.1 mg. 

Calculation ( i f  a l i q u o t  i s  taken): 

grams = h j c ~  
( a l i q u o t  volume ( m l )  o r  grams used) 

If volume is  used. i t  must be used f o r  both t h e  a l i q u o t  and 
sample. The same goes f o r  us ing  weight. 

10. 

11. 

12. 

A f ie ld  blank should be analyzed i n  an ident ica l  manner. I f  a 
f i e l d  blank is not  submitted. take an a l iquo t  o f  Class I water 
equal i n  volume t o  the samples and analyze i n  a s i m i l a r  
manner. 

The r e s u l t s  f o r  con ta ine r  A a r e  t o  be marked i n  t h e  organic  
section of  In t e rpo l l  Form ILSC-036. 

The r e s u l t s  fo r  conta iner  B are  t o  be marked i n  the  inorganic 
section o f  In t e rpo l l  Form #LSC-036. 





APPENDIX C 

CALCULATION EQUATIONS 



CALCULATION EQUATIONS 

METHOD 2 

= 60 Vs A 
- Qa 

RH' = 100 (VPtwb 0 .0003641  Ps (Tdb - Twb))/VPtdb 

= R H : v P ~ ~ ~ ) / P ~  

+ A l t e r n a t e  equat ions  f o r  c a l c u l a t i n g  m o i s t u r e  c o n t e n t  f rom wet b u l b  and 
d r y  5 u l d  d a t a .  

F.1 



. 

CALCULATION EQUATIONS 

METHOD 3 

%EA 

Md 

MS 

Bws 

10O(%O2 - 1.5% CO) 
0.264% N2 - %02 + 0.5% Co 

0.44(%C02) + 0.32 

+ 0.18 Bws - 
"w( std) 

'w(std) + "m(std) 

+ 0.28 + 



METHOD 5 

W C U L A T I O N  EQUATIONS 

Pbar + S A 3 . 6  
= 17.65 V, Y ( 1 

'm( s td )  'm(avg) 

- - 
'w( std)  0.0472 VIS 

'w( s t d )  
'w(std) + 'm(std) 

0.0944 Ts(avg) 'm(std) - 
(p s "s A" nws)' 

15.43 M, 

'm( std) 

272.3 M Ps 

Ts (avg) ('w( s t d f  'm( std)  

8.5714 X cs Qs,d 

1.3228 x 10-1 Mp A 

O *" 



A 

An 

CS 

EA 

Y 

Gd 

I 

Ma 

MS 

MP 

Pbar 

SYMBOLS 

= Cross sec t iona l  area o f  stack, SQ. FT. 

= Cross sec t iona l  area o f  nozzle,.SQ. FT. 

= Water vapor i n  gas stream, proport ion by volume 

= P i t o t  tube coef f ic ient ,  dimensionless 

= Concentration o f  p a r t i c u l a t e  matter i n  stack gas, 
wet basis, GR/ACF 

= Concentration o f  p a r t i c u l a t e  matter i n  stack gas, d ry  
basis, corrected t o  standard conditions, GR/DSCF 

= Excess a i r ,  percent by volume 

= Dry t e s t  meter c o r r e c t i o n  factor ,  dimensionless 

Spec i f i c  g r a v i t y  ( r e l a t i v e  t o  a i r ) ,  dimensionless 

I s o k i n e t i c  var ia t ion ,  percent by volume 

Molecular weight o f  s tack gas, d ry  basis, g/g - mole. 

Mass f low o f  wet f l u e  gas, LB/HR 

Par t i cu la te  mass f low, LB/HR 

Molecular weight o f  s tack gas, wet basis, g/g, mole. 

Total  amount o f  p a r t i c u l a t e  matter col lected, g 

Atmospheric pressure, I N .  HG. (uncompensated) 

Stack s t a t i c  gas pressure, I N .  WC. 



= Absolute pressure of stack gas.  IN .HG.  

= Standard a b s o l u t e  pressure, 29.92 IN. HG. 

= Actual vo lumetr ic  s t a c k  gas flow r a t e ,  ACFM 

= Dry volumetr ic  s tack gas flow r a t e  co r rec t ed  t o  s t anda rd  
c o n d i t i o n s ,  DSCFY 

= Rela t ive  humidi ty ,  % 

= Dry bulb temperature o f  s t a c k  g a s ,  O F  

= Wet bulb tempera ture  o f  stack g a s ,  O F  

= Absolute average  d r y  gas  meter temperature .  O? 

Absolute average  s t a c k  tempera ture ,  O F  

Standard a b s o l u t e  t empera lu re ,  528 O F  (68 OF) 

- 
= 

= 

= Total sampling time. m i n .  

= Total volume o f  l i q u i d  c o l l e c t e d  i n  impingers and 
s i l i c a  ge l ,  m l  

= Vslume o f  gas sample a s  measured by d ry  gas meter ,  C F  

= Volume of  gas sample measured by t h e  dry gas  meter 
co r rec t ed  t o  s t anda rd  c o n d i t i o n s ,  DSCF 

= Volume o f  water vapor i n  the gas sample c o r r e c t e d  t o  
s t anda rd  c o n d i t i o n s ,  SCF 

= Average a c t u a l  s t a c k  gas v e l o c i t y .  FT/SEC 

= Vapor p r e s s u r e  a t  T d b ,  IN. HS. 



"Ptwb = Vapor p r e s s u r e  a t  Twb, I N .  HG 

m = Average p r e s s u r e  d i f f e r e n t i a l  across t h e  o r i f i c e  
m e t e r ,  I N .  WC. 

hP = V e l o c i t y  pressure  o f  s t a c k  gas, IN. WC. 

Y = Dry t e s t  m e t e r  c o r r e c t i o n  c o e f f i c i e n t ,  d imensionless 

P = Actual  gas d e n s i t y ,  LS/ACF 
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APPENDIX H 

W P L I N G  TRAIN CALIBRATION DATA - 
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In te rpo l l  Laboratories, . Inc. 

(612) 786-6020 

Nozzle Calibration 

Data Sheet 

Date o f  Calibration: March 29, 1990 

Technician: D. Smith 

Nozzle Number 8-4 

Nozzle rotated by 60 degree increments and diameter measured t o  nearest 

0.001 inch. Observed readings and average: 

Posi ti on D I  ameter 

(inches) 

0.247 

0.248 

0.240 

Average: 0.240 



1. 
2. 
3. 

4. 
5. 

6. 
7. 

8. 
9. 

10. 

11. 

12. 

13. 

I n t e r p o l l  Laboratories 

S-Type P l t o t  Tube Inspection Sheet 

(612)786-6020 

Pitobe NO. -64i 

P l t o t  tube dimensjons: 

External tubing diameter (Dt) . 316 IN. 
Base t o  Side A opening plane (PA) . Ys9 IN. 
Base t o  Side B opening plane (P,) &- IN. 

A1 i gnment : 

, a2 <loo 

Distance from P i t o t  t o  Probe Components: 

P i t o t  t o  0.500 IN. nozzle 743, IN. 

P i t o t  t o  probe sheath 2 IN. 

P i t o t  t o  thermocouple (pa ra l l e l  t o  probe) zsBa IN. 

P i t o t  t o  thermocouple (perpendicular to probe) 0 7d Z I N .  

Date o f  Inspection: Inspected by: 

/a -$ --ry I 



n 
L. i i i t e r p o l l  Lzbora tor ies .  l n c .  

<,SI=) 755-605'3 

EPA Method  5 G a s  M e t e r i n g  Svstem 
O u a l i t y  C o n t r o l  C h e c k  Data S h e e t  

Job /,wn 0' L.+KZII. / 5HNcSe wic Date 3-29-70 

O p e r a t  or -D,.WJg A- SA / 7-A Module  No. 5- 

I n s t r u c t i o n s :  O p e r a t e  t h e  c o n t r o l  m o d u l e  a t  a f l o w  r a t e  e q u a l  
t o  ."''H@ f o r  1 0  m i n u t e s  b e f o r e  a t t a c h i n g  t h e  um- 
b i l i c a l .  F:ECOrd t h e  f o l l o w i n g  . d a t a :  

Meter Temp. (OF) 

C a l c u l a t e  Y,, as f o l l o w s :  

I +  Y,, i s  no.: w i t h i n  t h e  range  O F  0 .97  t o  i . 0 2 .  " t h e  v o l u m e  
i ;he to r ing  s y s t e m  z h a r ~ l d  b e  i n v e s t i g a t e d  before b e g i n n i n g .  " 

CFR T i t l e  4 0 ,  P a r t  hi:), A p p e n d i x  A ,  Method S ,  S e c t i o n  4 . 4 . 1  

5-432R 



Y 

I I -  

In terpol l  Laboratories, Inc. 

Temoerature Measurement Devlq 
Callbrat lon Sheet 

Method of  Callbratlon: 
a Coioarison a ~ a i n s t  ASIN a r c u r r  i n  qlass t h e r m o e t i r  u s i ~ 9  I thermf ta t ted  and insulated aluminum bloc1 derignte 

to v m i d i  mifan t e m o ~ r a t ~ r o .  l h i  temperature i a  adjusted by a d j e t i a g  t h i  voltago on t h t  block heater 
n r t r i d g i .  
O n 9 1  #del CL-300 Tyoe I Thenocouple Simulator  which provider 22 p r i c i ~  temoerit!m c o u i n l e n t  m i l l i v o l t  
signtls. lb8 CL-380 i s  cold junction comeensited. Calibration accuracy i s 2  0.11 of roan I210041 1 degree 
[ fer  negative f t rnera turcr  ~ d d  2 degrees. The et-loo simulates exactly the i i l l i r o l t a g e  of I Tvne L 
thermocouole ae ORB indicated t 6 m o e r t t ~ r e .  
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Temperature o f  Response o f  
Standard or 

Simulated ~ e m p  (OF) 

3. 4 
P P  

gpP 

I Averages: I 

Ion 

( X I  

OF = o f f  scale response by u n i t  under test (OF) 
% dev = 100 A t  / (460 t t) 

& Untt i n  tolerance 
Unit  was not i n  tolerance: recallbrated - See new cal ibrat ion sheet. 
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