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1 INTRODUCTION 

On November 14 and 15, 1990, I n t e r p o l l  Laborator ies personnel 

conducted a p a r t i c u l a t e  emission compliance t e s t  on the Sugar Cooler and 

Sugar Granulator a t  the American Crystal  Sugar (ACS) P lan t  located i n  

Moorhead, Minnesota. On-site t e s t i n g  was performed by D. Van Hoever and 

M. Kaehler. Coordination between t e s t i n g  a c t i v i t i e s  and p l a n t  operat ion 

was provided by Dan Gust o f  ACS. The t e s t s  were not witnessed by a member 

o f  the Minnesota P o l l u t i o n  Control  Agency. 

The granulator and sugar cooler  d ry  and cool the sugar i n  the  l a t e r  

p a r t  o f  t h e  ove ra l l  process. A f t e r  the j u i c e  i s  bo i led  down t o  the  p o i n t  

where t h e  c r y s t a l  s ize  and concentrat ion i n  the mother l i q u o r  i s  

appropriate; t he  e n t i r e  mass i s  mixed; the c rys ta l  separated from the  

i mother l i q u o r  and washed w i t h  h igh  p u r i t y  water i n  cen t r i f uga ls ;  then 

sc ro l l ed  o f f  and conveyed by e leva tor  t o  the granulator. The granulator 

i s  a hor izon ta l  ro ta ry  drum dryer .  Heated a i r  f lows counter cur ren t  t o  

the sugar c r y s t a l s  passage through the drum and removes the  excess 

moisture. Louvers i n  the drum cause the sugar t o  be c a r r i e d  up the side 

o f  the r o t a t i n g  drum, much l i k e  a cement mixer. This causes the  sugar t o  

f a l l  through the heated a i r  stream and increases the speed and e f f i c i e n c y  

o f  dry ing. The d r ied  sugar i s  then conveyed by e leva tor  t o  the  sugar 

cooler which i s  a lso a hor izon ta l  ro ta ry  drum. The counter cur ren t  f low 

of ambient a i r  through the  drum cools the sugar. F i n a l l y ,  t he  cooled 

sugar i s  screened f o r  c rys ta l  s i ze  cont ro l .  Pa r t i cu la te  emissions from 

the granulator  and cooler are con t ro l l ed  by Rotoclones. 

- - 

Evaluations were performed i n  accordance w i t h  EPA Methods 1 - 5, CFR 

T i t l e  40, Part  60, Appendix A ( revised Ju ly  1, 1989). A pre l iminary 

determination o f  the gas l i n e a r  v e l o c i t y  p r o f i l e  was made before the  f i r s t  

p a r t i c u l a t e  determination t o  a l low se lec t ion  o f  the appropr ia te nozzle 

) diameter required f o 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 o r  exceeds spec i f i ca t ions  i n  t h e '  above-cited 



I 
! 

I I 

i 
I 
I 
I 
.I 
1 

i 1 
. I  
I 

. I  
:1 
I 
.. '-1 
1 
J 

I 
.i 

S 

o v  
a m  

m i  
n o  

I- I 

0 
0, 
I 
0 
4 
I 
,-I 

4 

0 m 
I 
0 
4 
I 
d 
4 

0 

I 
O 
4 
I 
,-I 
4 

m 

o 
M 
al 
c, 

e 
0 

al 
o 

0 
m 

m 
N 
m 
d 
\ 
W 
N 
N 
d 

U 
0 
N 
4 
\ 
N 
0 
d 
d 

0 
0 
0 
4 
\ 

m 
m 
m 

- 
u) 

X 
a - 
0)  
S 
0 
U 

al 
L 
al 
3 

U 
C 
3 
L 

: - 
I- 

4 4  

4 NP. 
- 0 ,  * m m  

m U N  
4 4  

I- U Y N  
I - W  

m 0 4  
m O N  

4 4  

m a  - 0 -  
m I -  o m 0  

0 o o m  
. . .  
NI- 

I - I -  m o b  
m m  o m 0  

O o o m  
. . .  
NI- 

I - U Y  m o p .  
m u  o m 0  

* 0 0 0 ,  
NPI 

. . .  

- - -  

V I - u  
m o m  
V I 0  

m 
m 
m 

m 

m 

,-I 
0 

0 

N 
0 
d 

*. - 
C 
0 

c, 
- 
m 

m 

r 
L 

> 
0 

o 
u 
C 

X 
0 
In 
H 

r 

7 

W W  
No, 
U *  
0 0  . .  

O N  

O U  
0 0  

NO) 

. .  

NP. 
4P. * *  
0 0  . .  

-- 
& &  
v v  r a m  

0 \o 
- a \  o u a  
m -0 
L -  
o 
S 
al 
v u  
C L  
0 -  m 
o m u  

alo m 
m m u  

3 s  
o v c ,  - 
3 
0 

c, 
L 

l- 

m 
n 

0 
I- 

* 

m 
N 

I- 
o, 

U 

- o 
a m 
I 0 
\ 
m o 
-1 0 

3 Y 

0 
al r 
c, S 

L 

m m 
L m 
C 0 
0 - + 
Ul 

u >, 
l- L 

al 
E n 

.. 
c, 0 
L o 
m 0 
a 2 



t o r  are summa n Tables 1 and 2.  

eraged 4.98 LB/HR f o r  

t he  Sugar Cooler and 2.54 LB/HR f o  Granulator. The average 

p a r t i c u l a t e  concentrat ions f o r  t h e  l e r  and Sugar Granulator were 

0.049 and 0.029 GR/DSCF, respec 

i n  the laboratory  

evaluat ion o f  t es. On the  basis o f  t h i s  f nd a complete 

review o f  t he  a and resu l t s ,  it i s  our op in ion t h e  r e s u l t s  

- - _  - 

he time the  t e s t  was performed. 

i 

.. . 

..! 



I n t e r p o l  1 Labor  at or  i e5 
(612) 78.5-5020 

EPA Method 5 Data  R e p o r t i n g  Sheet 
Impinger Catch/Minnesota P ro toco l  i 
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Job A .  c. 5 /mccc P A i / 3 . (  
Team Leader I N &  
Date Submit ted / i - / L -ya  

Date  of Ana lys i s  / I - i Y - r i c l  
T e s t  No. 1 

Tes t  R u n L  D i s h  No. Z 
F i e l d  Blank 
Log Number i 1 4 3  - 0 3  

Tes t  I R u n L  D i s h  No.- 

D i s h  Tare W t .  Y b .  2 7  L Z  9 
Dish+Sample W t .  '&e 2 2 6  9 9 

C o m m e n t  s Sample W t .  0. dJr) 1;; 9 

Log Number -0 6 D i s h  Tare W t .  50, 0 3 19 9 
C o m m e n t s  Dish+Sample W t .  504L~3~7 9 

Samplo W t .  0'. Lw3 Y 9 

Log Number -0 4 D i s h  Tare W t .  '/7.753L/ 9 
D i  sh+Sampl e W t .  4 '. 7 C 2f 
Sample W t .  o*  0;q-f 9 

Log Number - i z  D i s h  Tare bit. Y?. ' 7 3 y /  9 

. .  T e s t l R u n z  D i s h  No. I 1  

Comments 9 

Tes t  R u n 2  D i s h  No. /Y 

C o m m e n t s  Dish+Sample Wt.q$.7?I '74 9 
#>a93 c 9 Sample Ut. 

Tes t  - Run- D i s h  No. 
Log Number D i s h  Tare Ut. 9 
C o m m e n t s  Dish+Sample W t .  9 

Sample W t .  9 

Test- R u n  - D i s h  No. 
Log Number D i s h  Tare W t .  9 
C o m m e n t  s Dish+Sample Ut. 9 

Sample W t .  9 

Blank So lvent  U t .  a " W 6 g  

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

I 1 



I n t e r p o l  1 L a b o r a t o r i e s  
(612) 7a6-tozo 

EPA Method 5 Data Repor t ing  Sheet 
ProbolCyclone Wash 

I Tes t  / R u n L  D1sh No. 7 L 
F i e l d  Blank D i s h  Tare Ut. 6%' . /OR? 9 

0 Log Number 1'74~~0' Dish+Sample W t .  hq ID 8 5  9 
V o l .  of S o l v e n t l a m 1  Sample W t .  ,>. od62 9 

T e s t  Run- D i s h  No. 16 
Dish  Tare W t .  70. 2561 9 

Log Number -0q Dish+Sample W t .  708 3 3 ? 7  9 
Coinmen t s Sample U t .  o . a f 3 t  9 

+Sol vent  R e s i d u e L u g / m l  - 

I ; 

Job 

Date Submit ted JI-lF-?c 
T e s t  No. f No. of R u n s  Completed 3 

T r a n s p o r t  Leakage vane 0 m l  .So lvent  + 6.0 

4, c , s . / ! , G c # * h  p a  d Source .LQG..\ c,/i,, 
Date o f  Test f ! - lV -$< ;  

i Team Leader ne Test  S i t &  ~ L . L  

1 Date of Ana lys i s  I L - i L  -2fi Technic ian /l. 

I 
I 4 

Log Number -10 Dish+Sample W t .  8 6 . O O O Y  rl 
Comments Sample W t .  c.d7R9 9 

V o l .  of  Solvent- m l  D ish  Tare W t .  9 
Log Numbar Dish+Sample W t .  9 
Commen t 5 Sample W t .  9 

Tes t  Run- D i sh  No. 

1 0 c c c z  0*0f33 026 7 Y I?. u ? 0 6  D- 2 S (  



I n t e r p o l l  L a b o r a t o r i e s  
( b  12 1 796-6820 

EPA Method S Data Repor t i ng  Sheet 
F i  1 t e r  G r  a v i  me tr i cs 

3 I 
I 
I 

I 

4 

I 
5 

Job A'c ,s .  . / f l l r ~ r h e Q d  Source ~ U V Q P  Cooler 
Team Leader /1/1 li Test  S i t e  v S + a c / <  
Date  Submit ted 11- 15- YO Date of  est I I - I Y - Q n  I Tes t  No. No. of Run6  Compfted 3 
Date o+ a n a l y s i s  / / - / G P O  Techn ic ian  6 . C  I- 

T e s t l R u n  3 F i l t e r  No. u 3 3  
Log Number - / I  F i l t e r  Type 4 " G F  
Comments F i  1 t e r  Tare W t .  - 7/47 9 

F i l t e r+Samp le  W t .  . ? Y O 3  9 
Sample W t .  f ) .  0 2 56 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 

F i  1 ter+Sample W t  - 9 
Sample W t .  9 

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

F i  1 ter+Sampl e W t  - 9 
Sample U t .  9 

I 

l o  
I 
I 1  

. .  I 
I )  

2 

0 . 2 2 0 )  U J U Z I L  I 

Tes t  R u n L  F i l t e r  No. 2811 
F i e l d  Blank F i l t e r  Type Y " 6 f  
Log Number 17'73 F i l t e r  Tare W t .  , 9 L q q  9 
Comments F i l te r+Sarnp le  Wt..Y300 9 

Sample W t .  0.03f.J I 9 

d . 0 2  3 3 g.lJ15L 

~~ ~~ 

Tes t  R u n  F i l t e r  No. Zs/Y 
Log Number - F i l t e r  Type Y ' * G f  
Comments F i l t e r  Tare W t .  I 9 L 7 b  9 

F i l t e r+Samp le  W t .  .?so3 9 
Sample W t .  0.0 Zl L 9 

F i  1 t e r  No. 2 Y 3 1  
Log Number -0 Y F i l t e r  Type +" 6 F  
Tes t  R u n  

Comments F i l t e r  Tare W t .  , y q / y z  9 
F i l t e r+Samp le  W t .  , '?h?.'i 9 
Sample W t .  0.0133 9 

0 . 1 6 7 7  9 .  f l y 5  0. u 9 4 q  



EPCI Method 5 Data Repor t i ng  Sheet 
Impinger Catch/ t l innesota P r o t o c o l  

Job 4c5- //W,S'fiP/i Sourca Gi V ~ L  IG-ir,r 
Team Lead& hrr: Test  S i t e  Stark 

I Date Submit ted ll-l/+-L?d Cate o f  Test /!-f?-W 
T e s t  No. No. of Huns CompletedJ' 
Date of Ana lys i s  / / - , ' ? - 9 C  Technic ian \: d d  

0 

1 1  

I 
jz 

Test  R u n  8 Dish  No. 
F i e l d  Blank D i s h  Tare W t .  9 
Log Number Dish+Sample W t .  9 
Comments Sample W t .  9 

~ 

Tes t  2 R u n 1  D i s h  No.  /(> 
Log Number 17413 - / s  Dish  Tare W t .  5-2. 22/Z 9 
Comments Dish+Sample W t . 5 ' 1 .  6zs4 9 

Sample W t .  d,Od 4 ' t  9 

T e s t t R u n x  D ish  No. h/ 
Log Number -/ r Dish  Tare W t .  
Comments Dish+Sample W t .  

Sample W t .  9 

I 

l 4  
I 5  

I 

Test  R u n  D ish  No. 
Log Number D ish  Tare Ut .  9 
Comments Dish+Sample W t .  9 

Sample W t .  9 

Log Number D ish  Tare W t .  9 
C o m m e n t  s DishtSample W t .  9 

Sample W t .  9 

Tes t  - Hun - D i s h  No. 

Blank So lven t  wt.P>uJ&g 

Results : 
I 
I F i e l d  E lk .  Run R u n  2 R u n  5 R u n  4 Run 5 



I n t e r p o l  1 Labora to r ies  
(612) 786-tO2O 

EPA Method 5 D a t a  R e p o r t i n g  S h e e t  
P r o b o / C y c l o n e  Wash 

A.C.3. / f l c  : c,- h e &  &! S o u r c e  6k?ic bScr 
T e s t  S i t e  rf.uck 

T e c h n i c i a n  fL- d 
Job 
Team Leader ' a[<' 
D a t e  S u b m i t t e d  / / - / r - ? U  D a t e  of T e s t  i i - I F - 9 0  
T e s t  No. 2 No. of Huns C o m p  e ted  3 
D a t e  of analysis i / - /b-90 
T r a n s p o r t  Leakage w o n '  0 m l  S o l v e n t  /Jz N1-O 

I 
I 

I Q  
I 
j 

I *  
. I  2 
I 
I 
1 4  

I 

3 

l 5  

T e s t  R u n L  D i s h  No. 
F i e l d  B l a n k  D i s h  T a r e  W t .  9 

V o l .  o f  Solvent rnl Sample W t .  9 
Log N u m b e r  Dish+Sample W t .  9 

* S o l v e n t  Residue2.?;)ug/ml 

T e s t  ii Run- D i s h  No. 3G3 
VOI. of Solvent&rnl D i s h  T a r e  W t .  79.5732 4 
Log N u m b e r  1743 - /3 Dish+Sample W t .  qq b 2 29 9 
Cornmen t s Sample W t .  b'.L)+'ib 9 

Val. of  Solvent&ml D i s h  T a r e  W t .  60. 5533 9 
Log N u m b e r  -16 D i  sh+Sampl e W t  . bo. 5 7/,7 G 
Comments Sample W t .  0.0236 c 

VOI. of Solvent/$Ornl D i s h  T a r e  W t .  5h. 0 210 F 
Log N u m b e r  -17 Dish+Sample W t .  .Sh, /T39 c 
Comments Sample W t .  u ,  / u z y  c 

V o l .  o f  Solvent-  m l  D i s h  T a r e  W t .  < 
Log N u m b a r  Dish+Sample W t .  < 
Comments Sample W t .  < 

'201. o f  Solvent-  m l  D i s h  T a r e  W t .  < 
Log N u m b e r  Dish+Sample W t .  < 
Csmments Sample W t .  ! 

T e s t  % R u n L  D i s h  No. Jw 

T e s t  2.- R u n 3  D i s h  No. ,305 

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

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

i kSGlven t  Residue-ug/ml=C (Sample Wt.- g)(lCV')I/Col. o f  Sol.-  m l  I EPQ-Pi5 Acetone R e s i d u e  B l a n k  Spec. (7.9 u y / m l  
R e s u l t s :  
F i e l d  E l k .  Run 1 Run 2 Run 3 Run 4 Run 5 

- 

1 I I 1 



I n t e r p o l  1 L a b o r a t o r i e s  
($12) 785-5~2~1 

€PA Method S Data R e p o r t i n g  Sheet 
F i l t e r  G r a v i m e t r i c 5  

Job A.C.T. / /MOO P h e a l  Source GmnulaScr 
Team Leader M K  Tes t  S i t e  STack 
Date Submit ted /I- /J- 90 Date  of Test  / k / f - q C  
Test  No. / No. of Runs 
Date o f  A n a l y s i s  ti-IL-?O Techn ic ian  fl. 

I 

I 
I B  
I 
I 1  
I 
2 

3 

4 

c 4 

Tes t  R u n  0 F i l t e r  No. 
F i e l d  Blank F i  1 t e r  Type 
Log Number F i l t e r  Tare W t .  9 
Comments F i  1 ter+Sampl e W t  . 9 

Sample W t .  9 

Tes t  'L R u n L  F i l t e r  No. 2-z/5 
Log Number j 79.3 - I ?  F i  1 t e r  Type V " 6 F  
Comments F i l t e r  Tare W t .  ,933-r  9 

F i l t e r+Samp le  W t .  . ? f 3 5  9 
Sample W t .  ,7* 0 / 0 L' 9 

Tes t  2. Run z F i l t e r  No. 2F/6 
Log Number -I7 F i l t e r  Type Y*'GF 
Comments F i l t e r  Tare W t .  6 9 / ? g  9 

Sample W t .  d.O?Yj 9 
F i l t e r+Samp le  Wt..93Y/ g 

~ ~~ 

Tes t  ?- R u n  3 F i l t e r  No. 2W7 
Log Number -u, F i l t e r  Type 4-66 
Comments F i l t e r  Tare W t .  ,q ' fOY 9 

F i l t e r + S a m p l e  W t .  . Y b 3 7  9 
Sample W t .  U, 0 2  33 9 

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

F i l t e r + S a m p l e  W t .  9 
Sample W t .  9 

Tes t  Run F i  1 t e r  No. 
Log Number F i  1 t e r  Type 
Comments F i l t e r  Tare Ut .  9 

F i l t e r + S a m p l e  W t .  9 
Sample W t .  9 

Resu l ts :  
F i e l d  E lk .  Run 1 R u n  2 R u n  3 R u n  4 R u n  5 

- - 
F i e l d  E lk .  R u n  1 Run 2 Run 3 Run 4 R u n  S 



- -  

Interpol1 Laboratories 
(512) 796-6020 

Chain of Custody 
Sampl e Deposi ti on Sheet 

J o b  &,L 5. / AGor-hP-d..  &A/ Source 50s- L-V!! 
Team Leader‘M, kc&/ U Test Site. %k 
Date Submitted ll-/<-qO Date of Test 11-1V-90 
Test No. / No. of Runs Completed -? 

No. of [i Type o f  Sample 
;amp 1 es 

\Probe Wash: 

.I. Water 

\ Integrated 
Gas sample 

Nitrogen (NO, ) 

Fuel Sample 
Aggr eg at e 

Source XryGorrnation 

Analysis Required ’ 

H s  per EPA M-5 
nother 

I 

/ 

- ~~ 

s per EPA M-7A 

fuel Form 

OOther 

\ 

I 
II 

Y 

II 

II 
1) Type of  Source: 0 Eloiler 0 Asphalt Plant 0 Inh,perator 0 Dryer 

Other La 
d& 2) $el: 0 Coal E’zod 0 Gas 0 Oil 0 HDF 0 Other 
N h 3 )  
f l h 4 )  Does sample need special handling? 0 No 0 Ye5 If yes, explain 

S-770RRRH 

Is sample combustible? 0 No 0 Yes 

D- 7 



Filename: BEET21 .WQ1 
Date: 18-Jan-95 

Facility: American Crystal Sugar 
Location: Moorehead, Minnesota 

Source: Sugar cooler (horiz. rotating drum cooled w/ ambient air) with rotoclone 
Test date: November 14, 1990 

D. Emission Data/Mass Flux Rates/Emission Factors 



Filename: BEET21A.WQl 
Date: 18-Jan-95 

Facility: American Crystal Sugar 
Location: Moorehead, Minnesota 

Source: Sugar granulator (horiz. rotating drum dryer) with rotoclone 
Test date: November 15. 1990 

D. Emission Data/Mass Flux Rates/Emission Factors 
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i 
I 
I 
I 
I 
I 
I 

I 

I 
I 

reference was used t o  e x t r a c t  p a r t i c u l a t e  samples by means o f  a heated 

glass- l ined probe. Wet catch samples were co l lec ted  i n  the  back h a l f  of 
the Method 5 sampling t r a i n  and analyzed as per Minnesota Rules, Par t  

7005.0500. Gas samples were not co l lec ted  since ambient a i r  i s  used i n  

the cool ing and granulat ing processes. 

Test ing on the Sugar Cooler was performed uslng two t e s t  po r t s  

or iented a t  90 degrees on the stack. These t e s t  por ts  are located 14 

stack diameters downstream o f  t he  nearest f low disturbance and 2.6 stack 

diameters upstream o f  t he  stack e x i t .  A 12-point t raverse was used t o  

c o l l e c t  representat ive p a r t i c u l a t e  samples. Each t raverse po in t  was 

sampled 5 minutes t o  g ive  a t o t a l  sampling time o f  60 minutes per run. 

Test ing on the Sugar Granulator was also performed us ing two t e s t  

por ts  or iented a t  90 degrees on the  stack. These t e s t  po r t s  are located 

9.4 stack diameters downstream o f  t he  nearest f low disturbance and 2.4 

stack diameters upstream o f  t he  stack e x i t .  A 12-point traverse was used 

t o  c o l l e c t  representat ive p a r t i c u l a t e  samples. Each t raverse po in t  was 

sampled 5 minutes t o  g ive a t o t a l  sampling time o f  60 minutes per run. 

The important r e s u l t s  o f  the t e s t  are summarized i n  Section 2. 

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

support ing in format ion are presented i n  the appendices. 

I 
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2 SUHUARY AND DISCUSSION 

The important results of the particulate emission compliance test on 
the Sugar Cooler and Sugar Granulator are summarized in Tables 1 and 2. 
As will be noted, the particulate emission rate averaged 4.98 LB/HR for 
the Sugar Cooler and 2.54 LB/HR for the Sugar Granulator. The average 
particulate concentrations for the Sugar Cooler and Sugar Granulator were 
0.049 and 0.029 GR/DSCF, respectively. 

No difficulties were encountered in the field or in the laboratory 
evaluation of the samples. On the basis of this fact and a complete 
review of.the entire data and results, it i s  our opinion that the results 
reDorted herein are accurate and closelv reflect the actual values which 

- - - .~ - - - - - -  
existed at the time the test was performed. 

.. . 
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I n t e r p o l 1  Labs R e p o r t  No. 0-32C2 
A m e r l c a n  C r y s t a l  S u g a r  Company 

Hoorhead .  H l n n e s o t a  

T e s t  No. 1 
Sugar  C o o l e r  S t a c k  

R e s u l t s  o f  O r s a t  a M o i s t u r e  Analyses-- - - -  M e t h o d s  3 1. 4 

D a t e  o f  r u n  

D r y  b a s i s  ( o r s a t )  

c a r b o n  d l o x l d e . . . . . . . . . . . .  

oxygen. . . . . . . . . . . . . . . . .  ... 
c a r b o n  monox de. . . . . . . . . . .  

n i t r o g e n  .... ............. 

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

c a r b o n  d i o x i d e . . . . . . . . . . . .  

oxygen . . . .  ................ 
c a r b o n  monox ide  ........... 
n i t r o g e n  .................. 
w a t e r  v a p o r . . . . . . . . . . . . . . .  

D r y  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 l g h t  ........ 
S p e c i f i c  g r a v l t y  ....... .... 
Wate r  mass f l o w  . .... . (LB/HR 

F O  
8 

Run 1 
11- 14-90 

0.03 

20.90 

0.00 

79.07 

0.03 

19.93 

0.00 

75.40 

4.65 

28 .84  

28.34 

0 .979  

1663 

0.000 

Run 2 
11- 14-90  

0 . 0 3  

2 0 . 9 0  

0.00 

79.07  

0.03 

1 9 . 8 8  

0.00 

75 .22  

4.87 

28.84 

2 8 . 3 1  

0 . 9 7 8  

1780 

0.000 

Run 3 
11-14-90 

0.03 

20.90 

0.00 

79.07 

0.03 

19.90  

0.00 

75.29  

4.79 

20.84 

28.32 

0 .978 

1575 

0.000 



-- 

I n t e r p o l 1  Labs R e p o r t  No. 0-32C2 
Amer i can  C r y s t a l  Sugar  Company 

Moorhead,  M i n n e s o t a  

T e s t  No. 2 
Sugar  Granu 1 a t  o r S t a c k  

R e s u l t s  of O r s a t  6 M o l s t u r c  Analyses-- - - -  M e t h o d s  3 6 ~ ( * v / v )  

D a t e  o f  r u n  
Run 1 . Run 2 Run 3 

11-15-90 11-15-90 11-15-90 

Dry b a s l s  ( o r s a t )  I 
I 

. I  I n i t r o g e n  19.01 19.01 19.01 

c a r b o n  d i o x i d e . . . . . . . . . . . .  0.03 0.03 0 . 0 3  

o x y g e n . . . . .  20.90 20.90 20.90 ............... 
....... c a r b o n  m o n o x i d e . . . .  0.00 0.00 0.00 

i 

.................. 
.. .  

Wet b a s i s  ( o r s a t )  
~- '- -~ -- ~ -~~ - -~ .~~ . 

c a r b o n  d i o x i d e . .  .......... 
oxygen.  ................... 
c a r b o n  monox ide . . . . . . . . . . .  

n i t r o g e n  .................. 
w a t e r  v a p o r .  .............. 

D r y  m o l e c u l a r  w e l g h t  

Wet m o l e c u l a r  w e i g h t  ........ 
S p e c l f l c  g r a v i t y  ............ 
Wate r  mass f l o w  ...... (LB/HR) 

I ........ 

0.03 

19.21 

0.00 

12. aa 

1.82 

28.84 

21.99 

0.961 

2461 

- ~ 

0.03 

19.41 

0.00 

13.43 

7.14 

28. a4 

28.01 

0.969 

2166 

-. ~- - - 

0.03 

19.46 

0.00 

13.62 

6.09 

28.134 

28.09 

0 . 9 1 0  

2013 

F O  
9 

0.000 0.000 0.000 



I n t e r p o l 1  Labs R e p o r t  No. 0-32C2 
Amer ican C r y s t a l  Sugar  Company 

Moorhead. M i n n e s o t a  

. .  
1 

I 1 

1 
i 

I 
I 

:. ..,. I 
I 
1 

I 
I 
I 

. I  
I 
I 
I 

I 
I 

T e s t  No. 1 
Sugar  C o o l 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  De te rm ina t ions - - - - - - -  Method 5 

Da te  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 r e s s u r e . . .  . . .( 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 g a s  

condenser  .............( M L )  
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 . .  ( I N . W C )  
Avg. gas m e t e r  temp..(DEF-F) 

Volume t h r o u g h  gas  meter . . . .  
a t  m e t e r  c o n d i t i o n s  ... ( C F )  
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 IN)  
N o z z l e  d i a m e t e r  ......... ( I N )  
Avg .s tack  gas temp ..(DEG-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 .  .............( ACFM) 
d r y  s t a n d a r d  ....... ( D S C F M )  

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 
11- 14-90 

938/1040 

-0.58 
3.90 
,840  

0.0 
24.0 
12.0 
36.0 

0 .1077  

1.0016 
28.62 

1 .20  
88.5 

37.66 
34.83 

60.00 
.183 

97 

14075 
12162 

102.0 

0.04122 
0.047 72 

4.975 

' Run 2 
11- 14-90  

1102/1204 

-0 .58  
3 .90  
.840  

0.0 
20 .0  
19 .0  
39 .0  

0 .1145  

1 .0016 
28 .62  

1 .29  
96.3 

39 .39  
35 .92  

60.00 
.183 

97 

14382 
12397 

103.3  

0 .0423 7 
0 .04918  

5 .226 

Run 3 
11-14-90 

1226/1329 

-0 .58  
3.90 
.840 

0.0 
2 6 . 0  

7 . 0  
3 3 . 0  

0 .0994 

1 .0016  
28.62 

0 . 9 7  
9 9 . 0  

34.13 
30.95 

60.00 
.183 

98  

1 2 9 7 1  
11167 

98 .8  

0 .04264 
0 .04955  

4.743- 

11 
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I n t e r p o l 1  Labs R e p o r t  No. 0 - 3 2 ~ 2  
Amer ican C r y s t a l  Sugar  Company 

Hoorhead.  M i n n e s o t a  

T e s t  No. 2 
Sugar  G r a n u l a t o r  S t a c k  

Results o f  Partlculata Loading Determlnatlons------- 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 r e s s u r e . .  .... ( 1 N . W C )  
C ross  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  .............( M L )  
imp1 n g e r s . .  . . ...... (GRAMS) 
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 )  

__  _ _  _ _  G a s  m e t e r  coe- f fd -c ign t . .  . . ... 
B a r o m e t r i c  p r e s s u r e . .  ( I N . H c )  
Avg. o r i f . p r e s . d r o p . . ( I N . W C )  
Avg. gas  m e t e r  temp..(DEF-F) 

Volume t h r o u g h  gas  m e t e r . .  . 
a t  m e t e r  c o n d i t i o n s  ... (CF 
s t a n d a r d  c o n d l 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  
Nozzle d i a m e t e r  ......... ( I N  
A v g . s t a c k  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 l 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 . .  . 
d r y  s t a n d a r d  . . . . .  (GR/DSCF) 

P a r t i c l e  mass r a t e  . . . (  LB/HR) 

a c t u a l  . . .......... (GR/ACF) 

12 

Run 1 
11-15-90 

804/ 911 

-0.64 
3.90 
.840 

0.0 
42.0 
12.0 
54.0 

0.0629 

-. 1.0016 

0.87 
84.2 

28 ;i5 

32.07 
30.00 

60.00 
.I83 
IO8 

12572 
10338 

103.4 

0.02659 
0.03235 

2.867 

.- 

Run 2 
11-15-90 

933/1034 

-0.64 
3.90 
.840 

0.0 
63.0 
18.0 
81.0 

0.0485 

1.0016 
28775- 
2.42 
8 8 . 8  

. ~ .  

53.34 
49.68 

60.00 
.244 
104 

12039 
10046 

99.1 

0.01257 
0.01506 

1.297 

Run 3 
11-15-90 

1103/1205 

-0.64 
3.90 
.E40 

0.0 
60.0 
18.0 
78.0 

0.1300 

1.0016 

2.43 
90.7 

.~ 
2.8. 75- - 

53.53 
49.68 

60.00 
.244 
105 

11958 
9986 

99.7 

0.03370 
0.04037 

3.456 
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I n t e r p o l 1  Labs R e p o r t  No . 0-32i2 
Amer ican C r y s t a l  Sugar  Company 

Hoorhead . M i n n e s o t a  

T e s t  No . 1 
Sugar  C o o l e r  S t a c k  

R e s u l t s  o f  Vo lumet r i c  Flow R a t e  Determination....... Me thod  2 

Date  o f  D e t e r m i n a t i o n  ............ 
T i m e  o f  D e t e r m i n a t i o n  ....... (HRS)  

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 )  

Duc t  a r e a  ................. (SQ.FT) 

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  ........... (1N.WC) 

Avg . gas temp ............. (DEG-F) 

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

Avg . l i n e a r  v e l o c i t y  ..... (FT/SEC) 

Gas d e n s i t y  .............. (LB/ACF) 

M o l e c u l a r  w e i 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 )  

11-14-90 

910 

28.62 

.84 

2 

12 

Round 

26.75 

3.90 

UP 

.. 58 
85 

4.65 

56.8 

. 06809 
28.84 

54371 

13308 
11742 

A- 1 
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I n t e r p o l 1  Labs R e p o r t  No . 0-32C2 
Amer ican C r y s t a l  Sugar  Company 

Moorhead. M i n n e s o t a  

T e s t  No . 2 
Sugar  G r a n u l a t o r  S t a c k  

Resul ts  o f  Volumetr lc  Flow Rate Determination....... Method 2 

Date  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  ....... (HRS) 

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 )  

Duc t  a r e a  ................. (SQ.FT) 

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  ........... (1N.WC) 

Avg . gas temp ............. (DEG-F) 

M o i s t u r e  c o n t e n t  .......... ( 8  V / V )  

Avg . l i n e a r  v e l o c i t y  ..... (FT/SEC) 

Gas d e n s i t y  .............. (LB/ACF) 

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

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

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

11-15-90 

140 

28.15 

.84 

2 

12 

Round 

26.15 
.... . 

! 3.90 

UP 

. . 6 4  

122 

7.82 

54.3 

. 06321 
28.84 

48226 

12105 
10192 

A- 2 
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AM€RIcR~/ CRYSTAL SUGAR 
MOORHEAD ? L A A T  

SUGA R GRANULATOR 
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M O O R H E A D  ?LANT 

SUGAR COOLER 

B- 2 



Data P t s  >240 Time S c a l e  >E >Hours >Start  Tine >15: 40: 03 >14-Now-SE 
I Ualvs at 
I Ta 9 Descr-iptor. 14-HOW-50 15: 40: C3 U8.i t5 Ergs. M i r n  Ells. L t s ~  I 
I 
I 
I ON S L I C E  BEET S L I C E ,  , 196. TONS/U!?. 0. 
! .-: OFF CRJ-FT RAW.JUICE. FLOW ' : . . - ' 1 0 2 0 ; 0 0  ..GPM -08 15CG. eLl 

3FF 1 A L 4  5EWLK L K  2 1 . 4  G 5 I4 . B  714,s 

300. . .  
. . . . . .  . . . .  . . . .  . . . . . . . . .  CONFIG 2 - . .  . . . . . . . . . . . . . . .  . . . . . . .  . .. . . . . . .  . . .  . . . . . . . . . . . .  
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