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DATE: February 27,  1987 

TO : F i l e s  

FILE REF: 4530-3 

F Rot4 : Joseph G. Brehm - h / 3  

SUWECT: Review o f  Stack Test Performed a t  Nor th land Food Cooperative, Shawano 

I. SOURCE 

.- 

, -  

North1 and Food Cooperative 
116 North Main S t r e e t  
Shawano, MI 54166 

F a c i l i t y  Contact: M r .  D ick Marquardt ,  (715) 524-2191 

FID #459040010, Stack #S13, Process #P30, b e y  Dryer  

Test Date: Ap r i l  9 ,  1986 

11. SOURCE DESCRIPTION 

The source tes ted  was a Rogers whey d rye r  which i s  a two stage process. 
I n  t h e  f i r s t  stage, whey concentrate i s  sprayed under pressure i n t o  a 
h o t  a i r  chamber, t h e  p3.imat-y dryer .  
then passes t o  a secondary d rye r  f o r  f i n a l  dry ing.  
pure s u y r  w i t h  a mois ture conten t  o f  about 4%, which i s  used as an 
animal feed supplement and a l s o  i n  t h e  food indus t ry .  
f i r e d  w i t h  na tura l  gas, or can use propane as a standby fue l .  they 
powder product ion r a t e  averaged 5,549 1 bs/hr  f o r  the tes t .  

Emissions fran t h i s  process a r e  c o n t r o l l e d  by two cyclones. 
a v a i l  ab1 e on t h e  types o f  cyclones or t h e i r  opera t ing  parameters. 

The pa r t i a l l y  dehydrated powder 
The end product i s  

The dryers  are 

No data was 

1.11. SAMPLING OPERATION 

A. Purpose o f  Test 

The purpose o f  t h e  t e s t  was t o  demonstrate canpl iance w i t h  t h e  
app l i cab le  emission l i m i t .  
Noncompl iance on December 1 3 ,  1985 because o f  whey fa1 1 ou t  on the  
surrounding area. 

The source was issued a Not ice  o f  

B. Sampling F inn  

Badger Laborator ies 8 Engineer ing Co., Inc .  

Appl e ton,  W I  5491 5 

Crew Chief :  

1110 South Oneida S t r e e t  

Sander E. Sundberg. PhD., (414) 739-9213 



2. 

C. The t e s t  method used was EPA M hod F i v e  as s ta ted  i n  the  Federal a, 
TO: F i l e s  - February 27, 1987 

Reg is te r ,  Vol me 42 , #160, Augu 1 8 ,  1977. The t e s t  was done 
through fou r  p o r t s ~ i n  the  rec tangu la r  s tee l  stack (28" X 32") .  The 
p o r t s  were 1 ocated approximately 1 0  1 /2 f e e t  downstream from t h e  
l a s t  d is turbance and about 2 f e e t  from t h e  s tack e x i t .  Twenty-four 
po in ts  were sampled, s i x  per p o r t ,  f o r  t h ree  minutes per p o i n t  f o r  
Run # l .  
po in t .  F i ve  such runs were do le  (see d iscuss ion sec t i on  f o r  
e xpl anat ion) .  

The r e s t  o f  the  runs were sampled f o r  2 1/2 minutes per  

D. Test Witness 

M r .  Larry  Weix o f  the  Lake Michigan D i s t r i c t  o f f i c e  was the  
Department's representa t ive  a t  the  t e s t .  

I V .  SUMMARY OF RESULTS 

The r e s u l t s  l i s t e d  are those as repo r ted  by Badger Laborator ies.  
Department's r e s u l t s  a re  1 i s t e d  for comparison. 
runs a r e  averaged. 

The 
Only the  f i r s t  th ree  

2 
3 

Ave. 

V. 

V I .  

Emission Emission Concentrat ion I s o k i n e t i c  
Run Rate (1 b/lOOO 1 b gas, W.B. ) Ra t io  

98.5 
4.750 0.0470 98.4 

Number 
1 

5.561 1 0.05 L 3 0.0551 198.3 

APPLICABLE EMISSION LIMIT 

The emission l i m i t  t h a t  probably a p p l i e s  i s  0.2 pounds per thousand 
pounds o f  gas as s ta ted  i n  Sect ion NR 154.11 ( 3 ) ( b ) l  .m., Wisconsin 
Admin is t ra t i ve  Coae. Sect ion NR 154.11 ( 3 ) ( a ) l  .1., which i s  based on 
process weight r a t e ,  may a l s o  apply depending on the  source l o c a t i o n  
and/or when i t  was constructed. 
6.76 pounds per hour. 

I f  a p p l i c a b l e ,  t h i s  l i m i t  would be 

DISCUSSION OF RESULTS 

The emission concent ra t ion  o f  0.0563 pounds per thousand pounds gas i s  
under t h e  l i m i t  o f  0.2 lb/lODObgas. The i s o k i n e t i c  r a t i o  o f  98.3% i s  
w i t h i n  t h e  l i m i t s  o f  90% - 110% t h a t  t h e  Department uses t o  judge the  
v a l i d i t y  o f  stack tes ts .  I checked a l l  the  f i e l d  and labo ra to ry  data 
and found i t  t o  be complete and accurate.  
the  Department's computer program and my r e s u l t s  had good agreement w i t h  
those conta ined i n  the  repo r t .  

I then ran  t h i s  data through 



TO: F i l e s  - February 2 7 ,  1987 d .  

According t o  t h e  r e p o r t  " the  whey d rye r  emission d i d  n o t  l o o k  normal t o  
Mr .  Marquardt and the  product ion was stopped a f t e r  t h e  second tes t . "  A 
cyclone was found t o  be plugyea. 
resumed w i t h  th ree  more complete runs. The two e x t r a  runs were done i n  
case t h e  plugged cyclone had caused t h e  r e s u l t s  o f  t h e  t i r s t  two runs t o  
be abnormally high. The r e s u l t s  f o r  t h e  f i r s t  two runs were h ighe r ,  b u t  
so was product ion so there was no reason t o  d iscard  t h e  f i r s t  two runs. 
The r e s u l t s  f o r  runs #4 and # 5  a r e  copied i n  the  addenduns t o  t h i s  
review. 

The r e p o r t  contained a l l  necessary c a l i b r a t i o n  data f o r  t h e  t e s t  
equipment, b u t  1 i t t l e  i n fo rma t ion  on t h e  process i t s e l  f. 
in fo rmat ion  was obta ined fran previous i nspec t i on  repor ts .  
w i tness ing  form a v a i l a b l e  from t h e  t e s t .  

A f t e r  remedying t h e  problem, t e s t i n g  

The process 
There was no 

JB:p1/8069R _- 
cc: Dan Schramn - LMD 

Joe Perez - AM/3 
U.S. EPA Region V 



WHEY DRYER EMISSION TEST 

I. I n t r o d u c t i o n  and Summary 

Badger L a b o r a t o r i e s  6 E n g i n e e r i n g  Co., I n c .  was r e t a i n e d  by Northland 
Foods of Shawano, WI t o  d e t e r m i n e  t h e  c o n c e n t r a t i o n  of p a r t i c u l a t e  
matter i n  t h e  e x h a u s t  from a whey d r y e r .  The pu rpose  of t h e  t e s t  was 
t o  show compliance w i t h  S ta te  o f  Wisconsin p a r t i c u l a t e  l i m i t a t i o n s .  

Emission tests were conducted A p r i l  9 6 lG, 1986 by Sande r  E. Sundberg, 
OhD and Bruce L a e x .  L a r r y  h'eix of the Wisconsin Department of Natural  
.Resources v i s i t e d  t h e  tes t  s i te .  The a n b i e n t  t e m p e r a t u r e  d u r i n g  t h e  t e s t  
w a s  45 - 55OF, wind was s t r o n g  and g u s t y  from t h e  no r thwes t .  A t o t a l  of 
f ive  t e s t  runs were performed f o l l o w i n g  U.5. EPA Methods. 

The whey d r y e r  e m i s s i o n  d i d  no t  l o o k  normal  t o  M r .  Marquardt  and t h e  pro- 
d u c r i o n  was s topped  a f t e r  t h e  second tes t .  A cyc lone  was found t o  b e  
plugged. Th i s  s i t u a t i o n  was c o r r e c t e d  and t e s t i n g  resumed. Mr. Dick 
Marquardt i s  t h e  company c o n t a c t .  

The e x h a u s t  gas ranged  i n  t e m p e r a t u r e  from 115 - 132'F. 
i s o k i n e t i c  rates were 98.0, 98.5,  98.4, 99.1 and 99.1 p e r c e n t .  

The r e s u l t s  of  t h e  tests are as f o l l o w s :  

The sampl ing  

Vo lumet r i c  
Test  Flow Rate 
- R U I  Date s c f h  ( d r y 1  

1 4-9-86 1.314 x lo6 
6 

2 4-9-86 1.323 x 10 

3 4-9-86 1.324 x lo6 
6 4 4-i'-86 1.322 x 10 

5 4- LO-86 1.324 x lo6 

P a r t i c u l a t e  
Emission Rate 

l b . / h r .  

5.3119 

6.6208 

4.7507 

3.8910 

4.1446 

P a r t i c u l a t e  
Concen t r a t i o n  

lb . /1000 l b .  Gas 

0.0540 

0.0669 

0.0480 

0.0393 

0.0418 

The a r i t h m a t i c  a v e r a g e  of  t h e  f i v e  resul ts  i s  0.0500 lb/1000 l b .  gas .  
l i m i t a t i o n  on t h i s  s o u r c e  i s  0.20 lb/lOOO l b .  gas.  

The 



NAME OF SOURCE: NO- POOD m-op 

LOCATION OF SWRCE: S H A U ~  WI 

lWX!?SS TESTED: VEY DRYER 

DATE OF W: 1-9-86 

RUN m a: 1 

A wull~w OF SAIBLIND mms= 21 
.- 

W4 D 6 i  VOL,IIFw CORTI DRY= 48.903 CFLl 

PB EAR PRESS,SUTION= 29.1 IN HG 

VL TOTAL VOL OF UA3zR COLLECTED= 69.1 NL 

-2 % CARBON DIOXIDE BY VOL,DRY BASIS= . 5  % 

W2 %OXYGEN BY VOL,DRY BASIS= 20 % 

$co % CARBON MJNOXIDE BY VOL, DRY BASIS= 0 % 

%N2 % NI- BY VOL,DRY BASIS= 79.5 % 

CP PITOT TUBE COEFFICIZNT= .83 

PS SUCK PRESS= 29.12 I N  HG 

AS 

W I  TOTAL DRY PARTIcIILA3E= .O% Q4 

T 

AN NU?A OF UU?, NOZZLE= .0001761 SQ PEGP 

\ 
! 
\ 

/ 
AREA OF llE SAWLING SITE= 5.906 Sq PEET 

TOTAL SAMPLING TIHE= 72 tUN 



NOKIRLAND POOD W-OP,yHFI DRYER,RUN: 1 

SMBLMG STACK 

Tom 

h i  

1 
2 
3 
4 

.- 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 

AVERAGE 

VALUES 

me 

DES P 

117.0 
118.0 
118.0 
116.0 
116.0 
115.0 
116.0 
115.0 
115.0 
116.0 
116.0 
115.0 
115.0 
115.0 
115.0 
116.0 
115.0 
115.0 
115.0 
115.0 
116.0 
115.0 
117.0 
116.0 

TS- 

575.75 
DEC R 

PRESS 

IN 820 

2.250 
1.850 
1.100 
1.550 
1.600 
1.550 
1.900 
1.900 
1.750 
1.500 
1.400 
1.550 
1.800 
1.800 
1.650 
1.500 
1.400 
1.500 
1.650 
1.450 
1.350 
1.250 
1.300 
1.050 

m 

rmFsS 

1.5MX)o 
1.36015 
1.303% 
1.24499 
1.26491 
1.24499 
1.37840 
1.37840 
1.32288 
1.22414 
1.18322 
1.24499 
1.34164 
1.34114 
1.28452 
1.22474 
1.18322 
1.22474 
1.28452 
1.20416 
1.16190 
1.11803 
1.14018 
1.02470 

SR(VP)=, 

1.251129 

PRESS DROP 

m ~ 2 0  

2.050 
1.690 
1.550 
1.420 
1.470 
1.430 
1.750 
1.890 
1.750 
1.500 
1.400 
1.550 
1.790 
1.800 
1.660 
1.500 
1.410 
1.510 
1.660 
1.460 
1.360 
1.264 
1.310 
1.060 

0P= 

1.55125 
IN 1120 

DRY GAS MFW 

m m P  

INLEl 

80.0 
82.0 
84.0 
86.0 
88.0 
90.0 
88.0 
94.0 
96.0 
98.0 
97.0 
97.0 
90.0 
96.0 
98.0 
98.0 
99.0 

100.0 
96.0 

100.0 
100.0 
100.0 
100.0 
100.0 

m= 

ounm 

68.0 
68.0 
67.0 
67.0 
66.0 
66.0 
66.0 
66.0 
66.0 
66.0 
67.0 
67 .O 
70.0 
70.0 
70.0 
70.0 
70.0 
70.0 
72.0 
72.0 
72.0 
72.0 
12.0 
72.0 

541.4375 
D E R  



DQ( V O L , ~  am DRY= 4 6 . 5 ~ 1 3  SCFD 

WSTD VOL OF if- VABJR,STD C O D  3.266658 SCP 

\ % Ey)IsTuRE ?3 STACK GAS BY VOL,Sl'D coM)= 6.555502 % 

IID WLI?, PRACIION OF DRY GAS= . 9 W 5  
. -  
%TI PylLECuIAR VI OF SACK GAS,DRY M I S =  28.88 LB/LB-WU 

\ S Ey)LECUUR WI OF SACK GAS,W BASIS= 28.16676 LB/LB-WU 

VS AVE SUCK GAS VELOCm,SUCK COND= 74.77101, FF'S 

QSTD AVE SUCK GAS PLOW RATE,STD mm DRY= 22098.44 s m  

?6XA AVE % =CESS AIR= 2024.294 % 

MRA AVE RIR BY RATIO OF AREAS m D =  5.200341 LBtHR 

PHRC AVE RIR BY CONC -OD= 5.298347 LB/HR 

M ( A V E )  

C 

DGR AVE GAS RATE,STD DRY= 99399.45 LB/m 

AVE RIR,sID OOND DRY= 5.249344 LB/M( 

W S S I O N  coNC,STD WND DRY= 2.7967713-02 GRISCPD 

LB/pILB m S S I O N  WNC,STD COND DRY= 5.281059E-02 LB/HLB OF DRY GAS 

AVT ma cds RAZT.STD corn VET= 103745.7 LBIHR 

WSSION cDNC,STD OOM) m= .0505982 LB/W OF W R  CAS 

%I % ISORMETIC RATIO= 98.15025 b 



DNZ OF TEST: 4-9-86 

. .N NUMBER OF SAWWC PO== 24 

W DQI VOL,IIFpER WND DRY= 41.691 CFD 

PB MR PP.ESS,SUTION= 29.1 IN HG 

VL Tow VOL OF WATER COLLFCIED= 54.9 Pa. 

W 2  % CARBON DIOXIDE BY VOL,DRY BASIS= . 5  % 

rsO2 

%CO 

%N2 

cp PITOT TIBE COmICI?XI= .83 

PS SUCK PRESS= 29.12 IN EG 

AS AREA OF lXE SAMPLING SITE= 5.906 SQ FEET 

Tow DRY PARTIcuIIIE= .OW1 (w 

% OXYGEN BY VOL,DRY BASIS= 20 % 

% CARBON WNOXIDE BY VOL, DRY BASIS. 0 % 

% NITROGEN BY VOL,DRY BASIS= 79.5 % 

I 

T muL SAMPLING m= 60 m 

AN ARU OF lXE NOZZLE- .0001761 SQ FEET 



NORTHLAND FOOD CO-OP,wIIEy DRYER,RUN: 2 

PARTICULATE FIELD DATA 

1 122.0 
2 123.0 
3 123.0 

. .. 4 123.0 
5 124.0 
6 123.0 
7 123.0 
8 124.0 
9 123.0 
10 121.0 
11 124.0 
12 124.0 
13 118.0 
14 122.0 
15 125.0 
16 127.0 
17 118.0 
18 120.0 
19 120.0 
20 121.0 
21 124.0 
12 125.0 
23 124.0 
24 122.0 

AVERAGE TS= 

VALOCS 582.625 
D E  R 

PRESS 

I N  HZO 

2.250 
1.904 
1.750 
1.600 
1.600 
1.600 
1.850 
1.900 
1.850 
1.650 
1.504 
1.600 
1.800 
1.800 
1.650 
1.500 
1.450 
1.400 
1.650 
1.450 
1.300 
1.300 
1.400 
1.100 

VEL 

PRESS 

1.5ooM) 
1.37840 
1.32288 
1.26491 
1.26491 
1.26491 
1.36015 
1.37840 
1.36015 
1.28452 
1,22474 
1.26491 
1.34164 
1.34164 
1.28452 
1.22474 
1.20416 
1.18322 
1.28452 
1.20416 
1.14018 
1.14018 
1.18322 
1.oUB1 

SR(W)= 

1.268745 

ORIFICEUETKR DRY GAS p(FIzR 

PRESS DROP TMP OEG F 

I N  H20 TNLGT 

2.220 86.0 
1.880 92.0 
1.740 97 .O 
1.590 96.0 
1.590 98.0 
1.590 98.0 
1.840 96.0 
1.890 98.0 
1.850 100.0 
1.650 102.0 
1.500 102.0 
1.600 102.0 
1.800 100.0 
1.800 102.0 
1.650 103.0 
1.490 102.0 
1.460 102.0 
1.410 102.0 
1.650 98.0 
1.450 102.0 
1.290 102.0 
1.290 102.0 
1.400 102.0 
1.100 102.0 

OP= M= 

0mLF.T 

78.0 
78.0 
77.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 
16.0 
76.0 
76.0 
76.0 
76.0 
76.0 
76.0 

1.61375 547.8125 
I N  H20 DEG R 



NORMWND FOOD W-OP,wHEy DRYLR,RUN: 2 

WSl3 w( VOL,STD WND DRY= 9.24126 SCPD 

VWSl’D VOL OF W A W  VARSR,STD WND= 2.584143 SCF 

% )*IIsIuRE IN STACK GAS BY VOL,STD WND= 6.178405 % 

HD lQLE FlucLIW OF DRY GAS= .938216 

PHD )*ILEcuLAR WT OF S U C K  GAS,DRY BASIS= 28.88 LB/LB-pKILE 

MUS M o m  WI OF STACK GAS,WET BASIS= 28.20779 LB/LB-pI)LE 

VS 

QSm 

%FA AVE % MCESS AIR= 2024.294 b 

PMRA 

.- 

AVE STACK GAS VEXCIITy,SUM OOND- 75.81969 Fps 

AVE S U C K  GAS rmkl RATE,STD WHD DRY= 22233.31 SCPWD 

AVE R(R BY RATIO OF AREAS KEIXOD- 6.513983 LB/HR 

AVE RIR BY WNC !ETXOD= 6.60275 LB/HR R(RC 

M ( A V E )  A n  ppIR,STD WND DRY= 6.558366 U/HR 

c QUSSION WNC,SID mm DRY= 3.~64167~-02 m/sm 

DGR AVE SUCK CM RATE,m WND DRY= 10006.1 LB/?iR 

L B / ~  WSSION WNC,STD cow DRY= 6.557967~-02 L B / ~  OF DRY GAS 

H;R AVE STAM GAS w , s z D  m= 104110.7 LB/HR 

LB/W WSSION CDNC,Sl!D OOND VET= 6.299415E-02 LB/W OF Wl’ GAS 

%I 4 ISOKMLTIC RATIO. 98.6556 X 



NAWE OF SOURCE: N0KT"D F W D  CO-OP 

LOCATION OF SOURCE: SAAVANo WI 

PPJJCESS TESTED: X-EX DRYER 

DATE OF TEST: 4-9-86 

N NIMBW OF SAMPLING mms= 24 

Vn Do( VOL,MFw COND DRY= 41.528 CPD 

PB BAR PRESS,STATION= 29.1 IN HG 

VL Tow VOL OF WATER COLLECTES 54.9 PIL 

$co2 % CARBON DIOXIDE BY VOL,DRY BASIS= .6 0 

%02 % OXYGpl BY VOL,DRY BASIS= 19.8 % 

%(x, % CARBON MONOXIDE BY VOL, DRY BASIS= 0 % 

W2 % NITRoGpl BY VOL,DRY BASIS= 79.6 % 

CP PITOT TlmE C O m c 1 m =  .83 

pS STACX PRESS= 29.13 IN HG 

AS 

HT TOUL DRY PARll(XlAT!%= .0632 (+I 

T WUL SAMPLING TpIE= 60 PIIN 

AN ARU OF 'IRE NUZZLE= .0001761 Sg FEET 

AREA OF W SAMPLING SITE= 5.906 SQ FEET 



Porn  

NmBER 

1 
2 
3 

. .b 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

AVERAGE 

VALUES 

TEW PRESS 

OEGP I N H 2 0  

123.0 2.250 
127.0 1.950 
127.0 1.750 
127.0 1.600 
126.0 
127.0 
127.0 
126.0 
126.0 
125.0 
126.0 
127.0 
125.0 
127.0 
126.0 
126.0 
126.0 
127.0 
126.0 
127.0 
127.0 
124.0 
125.0 
127.0 

Ts= 

586.125 
D E  R 

1.650 
1.750 
1.950 
2.000 
1.900 
1.700 
1.550 
1.550 
1.850 
1.850 
1.650 
1.450 
1.400 
1.400 
1.750 
1.450 
1.250 
1.200 
1.350 
1.050 

vu 

PRESS 

1.50000 
1.39642 
1.32288 
1.26491 
1.28452 
1.32288 
1.39642 
1.41421 
1.37840 
1.30384 
1.24499 
1.24499 
1.36015 
1.36015 
1.28452 
1.20416 
1.18322 
i.ie322 
1.32288 
1.20416 
1.11803 
1.09545 
1.16190 
1.02470 

sR(vP)= 

1.274041 

O R I F I C E  M!iTER 

PRESS DROP 

IN HZO 

2.190 
1.900 
1.710 
1.570 
1.630 
1.720 
1.920 
1.970 
1.880 
1.680 
1.530 
1.530 
1.830 
1.830 
1.630 
1.430 
1.390 
1.390 
1.720 
1.440 
1.240 
1.190 
1.340 
1.040 

OP= 

1.6125 
IN HZO 

DRY GAS MEEB 

Tplp DEG F 

INLET 

74.0 
84.0 
90.0 
92.0 
94.0 
96.0 
96.0 
98.0 
100.0 
100.0 
102.0 
102.0 
98.0 
102.0 
102.0 
102.0 
103.0 
103.0 
96.0 
102.0 
102.0 
102.0 
102.0 
102.0 

m- 

O W  

74.0 
74.0 
74.0 
74.0 
74.0 
74.0 
7 2 . 0  
72.0 
72.0 
12.0 
72.0 
72.0 
72.0 
72.0 
72.0 
72.0 
73.0 
73.0 
72.0 
74.0 
74.0 
74.0 
74.0 
74.0 

545.3333 
DEG R 



vI(sTD DB( VOL,SID COhD DRY= 39.26542 SCFD 

VWSTD VOL OF WATER VAFQR,STD WND= 2.584143 S I X  

%n 

IUI MOLE FRACTION OF DRY GAS= .9382517 

MJD MOfJ?,CIJLAR WT OF S U C K  GAS,DRY BASIS= 28.888 LBILB-HOLE 

MJS MOLECULAR WI OF SUCK GAS,m BASIS= 28.21568 LBILB-HOLE 

VS AVE STACK GAS VELOCIN,SUCX WNP- 76.34075 FF'S 

0 1oISlURE I N  STACK GAS BY VOL,STD cDND= 6.174839 % 

_-  

QSTD 

%EA AVZ % MCESS AIR= 1630.436 % 

RIRA 

PMRC 

PMR(AVE) 

AVE S U C K  GAS FlOM RAlT,STD COhD DRY= 22260.92 S C l W  

AVE PUR BY RATIO OF ARWS HWOD; 4.672913 LB/HR 

AVE PMR BY CONC PIGMOD= 4.739556 LBIHR 

A V E  R(R,STD WND DRY= 4.706235 U/HR 

C WSSION WNC,STD COND DRY= 2.483549E-02 GR/- 

AVE STACK GAS R"E,SlTl WND DRY= 100158 LB/HR DGR 

LB/KLB 

WGR 

u/NLB 

$1 

WSSION WNC,STD COND DRY= .0469881 LBIML6 OF DRY GAS 

AVX STACK GAS R"E,STD COhD M= 104265.2 LBlHR 

DIISSION CONC,STD WND m= 4.51371535-02 LB/m OF M GAS 

% ISOKINETIC RATIO= 98.5939 0 

. ..... 
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WHEY DRYER MISSION TEST 

I. I n t r o d u c t i o n  and Summary 

Badger L a b o r a t o r i e s  & Enginee r ing  Co., I n c .  was r e t a i n e d  by Northland 
Foods .of Shawano, W I  t o  d e t e r m i n e  the c o n c e n t r a t i o n  of p a r t i c u l a t e  
m a t t e r  i n  t h e  e x h a u s t  from a whey d r y e r .  The pu rpose  of t h e  t e s t  was 
LO show coinpliance w i t h  S t a t e  of Wisconsin p a r t i c u l a t e  l i m i t a t i o n s .  

Emission tests were conducted A p r i l  I, & IO, 19% by Sander  E. Scnciberg, 
.PhD and b r u c e  Lamers. La r ry  Weix of t h e  'Wisconsin Department of N a t u r a l  
Resources v i s i t e d  t h e  t es t  s i t e .  The ambient  t empera tu re  d u r i n g  t h e  tes t  
was 45 - 5S°F, wind was s t r o n g  and g u s t y  from t h e  no r thwes t .  A t o t a l  of 
f i v e  t es t  runs were performed f o l l o w i n g  U.5. EI'A Methods. 

The whey d r y e r  e m i s s i o n  d i d  n o t  i o o k  n o r m 1  t o  M r .  Marquardt and t h e  pro- 
d u c t i o n  was s topped  a f t e r  t h e  second test .  A cyc lone  w a s  found t o  b e  
plugged. Th i s  s i t u a t i o n  was c o r r e c t e d  and t e s t i n g  resumed. Mr. Dick 
Narquardt  is t h e  company contact. 

The e x h a u s t  g a s  r anged  i n  t e m p e r a t u r e  from 115 - 132'F. 
i s o k i n e t i c  rates were 98.0,  98.5, 98.4,  9'9.1 and 99.1 p e r c e n t .  

The sampling 

The r e s u l t s  of t h e  tests are as f o l l o w s :  

Vo lumet r i c  P a r t i c u l a t e  P a r t i c u l a t e  
Test  Flow Rate Emission Rate Concen t r a t ion  
- Run - Date s c f h  (d ry )  lb. / h r .  l b . / 1000  l b .  Gas 

1 4-9-86 1.314 x lo6 5.3119 0 .0540 

2 11-9-86 1.323 x 10 6.6208 0.0669 
5 

3 4-11-86 1.324 x 10 4.7507 0.0480 

4 4-(!-86 1.322 x 10 3.8910 0 .0393 

5 4- i9-86 1.324 x 10 4.1446 0 .0418 

6 

6 

6 

The arithmatic a v e r a g e  of t h e  f i v e  r e s u l t s  i s  0.0500 lb/1000 l b .  g a s .  The 
l i m i t a t i o n  on t h i s  s o u r c e  i s  0.20 lb/1000 l b .  gas .  



11. Process Data 

The s t a c k  carries e x h a u s t  g a s e s  from a whey d r y e r .  The p r o d u c t i o n  rates 
treasured by Northland F o o d s . a r e  as f o l l o w s :  

Test Run 

4 

5 

Whe Powder 
P r o d u c t i o n  Throughput Rate 

l b l h r .  

5 732 

5602 

5313 

5594 

5595 

/ 
5 5JCt 

The normal a v e r a g e  p r o d u c t i o n  rate i s  5500 l b . / h r .  

The p r o c e s s  u s e s  n a t u r a l  gas  as a f u e l  w i t h  propane as a s t andby  f u e l .  
The whey i s  s p r a y e d  i n t o  t h e  p r i m a r y  d r y e r .  The  powder passes i n t o  a 
secondary d r y e r  and i s  then  bagged. The enussion s o u r c e  t e s t e d  i s  t h e  
e x h a u s t  from t h e  pr imary d r y e r .  There are two cyc lones  i n  place f o r  
c o l l e c t i n g  p a r t i c u l a t e  f i n e s .  
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111. S t a c k  T e s t i n g  and A n a l v t i c a l  P rocedures  

The p rocedure  f o r  s ampl ing ,  t e s t i n g ,  i n s t r u m e n t a t i o n  and a n a l y s i s  as 
d e s c r i b e d  by t h e  U.S. EPA were ' f o l l o w e d .  The EPA r e f e r e n c e  methods 
used i n  t h e  t e s t i n g  program a r e  summarized below. 

Method: Sample and Vel.ocity T r a v e r s e  Loca t ions  

The sampling s i t e  l i e s  i n  a s t r a i g h t  s e c t i o n  of  2 8  x 32 i n c h  r e c t a n g u l a r  
s t ee l  s t a c k .  The sampl ing  s i t e  is approx ima te ly  4 . 2  e q u i v a l e n t  d i a m e t e r s  
downstream from t h e  last  d i s t u r b a n c e  and 0.8 e q u i v a l e n t  d i a m e t e r s  upstream 
from t h e  s c a c k  top ( e q u i v a l e n t  d i a m e t e r s  2 9 . 8 " ) .  Twenty-four p o i n t s  were 
sampled, s i x  on each  traverse. Sampling time w a s  3 minutes  p e r  p o i n t .  'The 
l o c a t i o n  of t h e  t r a v e r s e  p o i n t s  i s  shown i n  T a b l e  ill below. There are 
f o u r  p o r t s  l o c a t e d  e q u i d i s t a n t  on t h e  32" s i d e  of the.  d u c t .  

Tab le  i l l  

Loca t ion  of  T r a v e r s e  P o i n t s  f rom S tack  Wall 

c e n s i o n s  = 2 8  x 32 i n c h e s .  

T r a v e r s e  P o i n t  No. I n c h e s  from Back Wall 

1 4 

2 8 

3 12 

4 16 

5 .' 20 

24  
\ 

. Y  ---_----- .................................................................. 

Method 2 :  S t a c k  Gas V e l o c i t y  and Vo lumet r i c  Flow Rate 

For each  t es t  run, a v e l o c i t y  traverse was made w i t h  a c a l i b r a t e d  Type "S" 
p i t o t  t u b e  hav ing  a c o - e f f i c i e n t  o f  0.845. The v e l o c i t y  head w a s  r e a d  OTL 

an i n c l i n e d  nianometer t o  t h e  n e a r e s t  0 .01 i n c h e s  of water. Temperature 
was measured w i t h  a chromel-alumel thermocouple.  

Sampling s i t e  b a r o m e t r i c  p r e s s u r e  w a s  o b t a i n e d  from N a t i o n a l  Weather S e r v i c e  
d a t a .  
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. .  
' 3: Component Gas A n a l y s i s  . . 

Analyses  for  Carbon Dioxide  ( C 0 2 ) ,  ,Oxygen. '(O ) ,  and N i t r o g e n  p lus  Carbon 
Monoxide ( N 6  + CO) were performed in t h e  f i e z d  u s i n g  a n  Orsat t y p e  
a n a l y z e r .  
and t h e  a c t i v i t y  o f  t h e  a b s o r b i n g  s o l u t i o n  was de termined  t o  be adequate .  
R e s u l t s  were read and r e c o r d e d  to t h e  n e a r e s t  0.2 p e r c e n t  volume, d r y  

r ior to  t e s t i n g ,  t h e  Orsat a p p a r a t u s  was checked f o r  l e a k s  

Mois ture  C o n t e n t  

The m o i s t u r e  c o n t e n t  o f  t h e  stack g a s  was de termined  by condensing 
i n  t h r e e  impingers  i n  a n  ice b a t h  and a b s o r b i n g  any  remaining m o i s t u r e  
i n  a f o u r t h  impinger  c o n t a i n i n g  s i l ica  g e l .  \ 

': P a r t i c u l a t e  Emission 
\ 

I .- P a r t i c u l  t e  material is withdrawn i s o k i n e t i c a l l y  from t h e  s t a c k  and 
collect 

The sample gas is t h e n  passed through a meter ing  sys tem which measures  
b o t h  t h e  c u m u l a t i v e  volume of g a s  sampled and t h e  i n s t a n t a n e o u s  sampling 
rate. 

on a glass  f i b e r  f i l t e r  m a i n t a i n e d  i n  t h e  t e m p e r a t u r e  range  
of 223'F 4 o 273'F. The sample g a s  stream is d r i e d  a s  i n  Method 4 above. 

S t a i n l e s s  steel, but tonhook-type n o z z l e .  
Asbes tos  g a s k e t .  
S t a i n l e s s  steel probe.  
F r i t t e d  glass  f i l t e r  h o l d e r .  
E l e c t r i c a l l y  h e a t e d  e n c l o s e d  sample box. 
Ice-water b a t h .  
Modif,ied Greenburg-Smith impinger .  
Greenburg-Smith impinger.  
Modif ied Greenburg-Smith impinger .  
Modif ied Greenburg-Smith impinger .  
Check va lve .  
Vacuum t u b e .  
Vacuum gauge. 
Vacuum v a l v e .  
Leak-free vacuum pump. 
By-pass v a l v e .  
Dry gas meter. 
Calibrated' o r i f  ice. 
Dual manometer. (Dwyer Micro Manometer.) 
Type "S" p i to t  tube.  

Sampling T r a i n  

A s c h e m a t i c  o f  t h e  sampling t r a i n  used i n  t h i s  method is shown i n  F i g u r e  
1. The sampling t r a i n  c o n s i s t s  of t h e  f o l l o w i n g  components: 

\ 

6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

3 
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A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  sampl ing  t r a i n  co?!ponents f o l l o w s :  

_-  

1. Probe Nozzle:  S t a i n l e s s  s tee l  w i t h  s h a r p ,  t a p e r e d  l e a d i n g  edge. 
A 0.1797 i n c h  d i a m e t e r  (as measured on s i t e  w i t h  a c a l i p e r )  n o z z l e  
was used i n  all tests. 

Probe L i n e r :  S t a i n l e s s  s teel  w,ith a h e a t i n g  system i s  used t o  main- 
t a i n  a g a s  temperature a t  t h e  e x i t  d u r i n g  sampling of 22.3'1.' - 273'F. 

2 .  

3. P i t o t  Tube: A Type "S" p i t o t  t u b e  a t t a c h e d  t o  t h e  probe al lowed 
c o n s m n t  m o n i w r i n g  of t h e  s t a c k  gas  v e l o c i t y .  The p i t o t  t u b e  
c o - e f f i c i e n t  was de te rmined  by comparison w i t h  a scandard p i t o t  
tube on A p r i l  8, 1966. AP was r e a d  from an i n c l i n e d  manometer. 

4 .  D i f f e r e n t i a l  P r e s s u r e  Gauge: A Dwyer m a g a l h c l i c  gauge w i t h  a 

t 
range of  0 - 10 i n c h e s  water w a s  used t o  o b t a i n  A H. 

. 5 .  F i l t e r  Ho lde r :  B o r o s i l i c a t e  g l a s s ,  w i t h  a g l a s s  f r i t  f i l t e r  
s u p p o r t  and a s i l i c o n e  rubt ier  gaske t .  : \ 

6. F i l t e r  Hea t ing  System: Thermosta ' t  c o n t r o l l e d  e l e c t r i c a l  r e s i s t a n c e  
type h e a t e r  c a p a b l e  of  m a i n t a i n i n g  a t empera tu re  of  223OI: - E73'F .~ 
around t h e  f i l c e r  ho lde r .  

7. Imp inse r s :  Four  py rex  g l a s s  imp inge r s  connected i n  series w i t h  a 
l eak -c re?  ground g l a s s  f i t t i n g .  The f i r s t ,  t h i r d ,  and f o u r t h  impingers  
were Greenburg-Smith d e s i g n  w i t h  a modif ied ( s t r a i g h t )  t i p .  T h e  sec-  
ond i x p i n g e r  was a Greenburg-Smith des ign  w i t h  a s t a n d a r d  t i p .  A 
c1wr:noolcter was i n  p l a c e  t o  nicasure the t empera tu re  a t  clic oucleL 
of the f o u r t h  impinger .  

8. bleter ing System: "lie vacuum gauge,  l e a k - f r e e  pump, thermometer,  
r cnp2racure  compensated d r y  g a s  meter, and r e l a t e d  equip!cnr: a r e  
shown i n  F i g u r e  1 (as shown i n  Page # 5 ) .  
?lode1 31. 

The sampler  i s  a LSL 

, . .. 
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Sampling P rocedures  

... 

P r i o r  t o  t e s t i n g . ,  t h e  sampl ing  t r a i n  i s  c l e a n e d  and se t -up  as f o l l o w s :  

A f o u r - i n c h  d i a m e t e r  g l a s s  f i b e r  f i l t e r  was d r i e d  i n  a 1 0 5 O C  
oven o v e r n i g h t .  The f i l t e r  was t h e n  p l a c e d  i n  a & s i c c a t o r  f o r  two 
hour s  illid weighed on an a n a l y t i c a l  b a l m c e  t o  the wares t  0.1 m i l l i -  
gram (mg.). One hundred mil l i l i ters  (d.) of  d i s t i l l e d  water was 
p l a c e d  i n  each  o f  t h e  Two hundres  grams d r y  
s i l i c a  g e l  ( i n d i c a t i n g )  
t h i r d  imp inge r  was l e f t  The sampl ing  t r x i n  w a s  assem- 
b l e d  as shokm i n  F i g u r e  Based on t h e  p r e l i m i n a r y  v c l o c i t y  
and t e m p e r a t u r e  i a te  n o z z l e  s i z e  w a s  s e l e c t e d  t o  
p r o v i d e  an 

a t  t h e  i n l e t  (10 

t h e  f i l t e r  h o l d e r  a t  15 i n c h e s  mercury vacuum. If a l e a k  rate of  
than 0.02 f t .  3/min. was obse rved ,  t h e  system was checked 

c o r r e c t e d .  The l e a k  check p rocedure  was r e p e a t e d  un t i l  
rate was less t h a n  0.02 f t .  3/min. 

Approximately one  h a l f  hour  b e f o r e  t h e  s tar t  of  t h e  tes t ,  t h e  probe 
m d  f i l t e r  box h e a t e r s  were t u r n e d  on and a l lowed  t o  warm up t o  
sampl ing  t empera tu res .  Ice was p l a c e d  around t h e  imp inge r s .  

A t  t h e  s tar t  of  a test run, t h e  d r y  g a s  meter r e a d i n g  was reco rded  
on t h e  d a t a  s h e e t ,  t h e  p robe  was p l a c e d  i n  t h e  s t a c k  a t  t h e  f i r s t  
sampl ing  p o i n t ,  and t h e  v e l o c i t y  p r e s s u r e  w a s  read.  Using an i s o -  
k i n e t i c  f low rate c a l c u l a t o r ,  t h e  d e s i r e d  o r i f i c e  meter p r e s s u r e  
was determined.  The sample pump was than  t u r n e d  on and the t i m e  
was r eco rded .  The main and by-pass valves were immediately a d j u s t e d  
t o  g i v e  t h e  d e s i r e d  sampl ing  rate. For  each  p o i n t  t h e  f o l l o w i n g  
d a t a  was reco rded :  t r a v e r s e  p o i n t  number, sampling t ime,  s t a c k  
t empera tu re ,  v e l o c i t y  head ,  o r i f i c e  meter r e a d i n g ,  d r y  g a s  meter 
volume, meter t empera tu re ,  box t e m p e r a t u r e ,  and pump vacuum. Xear 
t h e .  end o f  t h e  sampl ing  time (approx ima te ly  10 seconds r ema in ing ) ,  
tlic! n o z z l e  ' w a s  moved t o  t h e  n e x t  p o i n t  and e x a c t l y  a t  t h e  s tar t  of the 
n e x t  s ampl ing  p e r i o d ,  t h e  d ry  g a s  meter volume w a s  r eco rded .  The p o i n t  
by p o i n t .  s ampl ing  p rocedures  were then  r e p e a t e d  u n t i l  t h e  tes t  run was 
completed.  While moving between p o r t s ,  t h e  pump was tu rned-o f f .  A t  
the comple t ion  of t h e  tes t  tun, t h e  pump was t u rned-o f f ,  t h e  d ry  gas  meter 
volume r e c o r d e d ,  and t h e  p robe  was removed from t h e  s t a c k .  The sample 
t r a i n  w a s  leak-checked from t h e  sample n o z z l e  a t  two i n c h e s  mercury 
vacuum and a t  15 i n c h e s  mercury vacuum from t h e  f i l t e r  i n l e t  t o  v e r i f y  

> t h e  l e a k - f r e e  i n t e g r i t y  of t h e  system. 

Sample Recovery 

Sample r e c o v e r y  was accomplished n e a r  t h e  sampling s i te .  While t h e  probe 
and f i l t e r  h o l d e r  were c o o l i n g ,  t h e  c o n t e n t s  of t h e  f i r s t  t h r e e  impingers  
were measured v o l u m e t r i c a l l y  and ' d i s c a r d e d .  The s i l i c a  g e l  i n  t h e  f o u r t h  
impinger  was t r a n s f e r r e d  t o  a clean, d ry  c o n t a i n e r .  This  was weighed i n  
t h e  l a b  at  a l a t e r  t i u e .  
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Sample Recovery Cont.. . 
The f i l t e r  w a s  c a r e f u l l y  t r a n s f e r r e d  t o  a p e t r i  d i s h .  Any f i l t e r  material 

t o  t h e  g a s k e t  was s c r a p e d  l o o s e  and t r a n s f e r r e d  t o  t h e  p e t r i  
p o r t i o n  of  t h e  f i l t e r  h o l d e r  was washed w i t h  a c e t o n e ,  

c l e a n i n g  by a b r u s h  u n t i l  no v i s i b l e  p a r t i c u l a t e  

g l a s s  c o n t a i n e r  l a b e l l e d  t o  i d e n t i f y  t h e  
then.removed and t h e  i n n e r  s u r i a c e s  r i n s e d  

was p r e s e n t  i n  t h e  r i n s e .  The probe l i n e r  was washed w i t h  a c e t o n e  and brush- 
i n g .  
t a i n e r  as t h e  f i l t e r  h o l d e r  washings.  

Both t h e  probe l i n e r  and n o z z l e  washes were c o l l e c t e d  i n  t h e  same con- 

Sample A n a l y s i s  

In t h e  l a b o r a t o r y ,  t h e  f i l t e r  and any l o o s e  p a r t i c u l a t e  were p l a c e d  i n  a 
105OC o v e r n  o v e r n i g h t .  The material was then t r a n s f e r r e d  t o  a d e s i c c a t o r  
f o r  two h o u r s  illid weighed on an a n a l y t i c a l  b a l a n c e  , t o  t h e  n e a r e s t  0.1 mg. 

T e volume of  t h e  upstream a c e t o n e  wash w a s  measured and t r a n s f e r r e d  t o  a 
t r ed  beaker .  
t e b e a k e r  w a s  reweighed. S i m u l t a n e o u s l y ,  a 100 m l .  a c e t o n e  b l a n k  w i t s  evap- 
o r a t e d  and t h e  r e s i d u e  we igh t  was de te rmined .  The ne t  r e s i d u e  we igh t  of t h e  
sample washes h a s  been a d j u s t e d  f o r  the a c e t o n e  b l ank .  

The t o t a l  p a r t i c u l a t e  c o l l e c t e d  w a s  t a k e n  as t h e  n e t  r e s i d u e  we igh t  o f  t h e  
a c e t o n e  wash p l u s  t h e  we igh t  g a i n  of  t h e  f i l t e r .  

The s i l i c a  g e l  from each  run was weighed t o  t h e  n e a r e s t  0.1 gm. ' T h e  weight  
g a i n  of t h e .  s i l i c a  g e l  was added t o  t h e  volume of l i q u i d  water c o l l e c t e d  i n  
the f i r s t  three impinge r s  t o  o b t a i n  t h e  t o t a l  amount of water c o l l e c t e d .  

The a c e t o n e  was e v a p o r a t e d '  w i t h o u t  b o i l i n g .  Af te r  d e s i c c a t i o n ,  w _..- 

Data Handl inz and C a l c u l a t i o n s  

A l l  ma themat i ca l  c a l c u l a t i o n s  were made a c c o r d i n g  t o  a c c e p t e d  t e c h n i q u e s  
u s i n g  U.S. EPA e q u a t i o n s .  S t anda rd  c o n d i t i o n s  of  29.92 i n c h e s  mercury 
pressure and 70°F t empera tu re  were used. 
checked,  and -lie f i n a l  r e s u l t s  f o r  e a c h  t es t  run 2nd p r e s e n t e d  i n  d e t a i l  
i n  c!le Appendix. 

F i e l d  c a l c u l a t i o n s  were re- 
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CONVERSION CALCULATIONS 

To convert the results for each test run to lbs. particulate/1000 lbs. 
gas (dry), the following calculation was made: 

1 1  = . C (1-B ) - - 1000 
S wo R Ma C"' 

S 

where.. . 

C"s = Concentration of particulate, lbs./1000 lbs. gas (dry) 

= Concentration of particulate, lbs./scf (dry). 

= 
cS 

Bwo Proportion of water vapor in gas stream. 
1 lb. - mole 
386 scf R = Ideal gas constant = 

lb. = Molecular weight of stack gas, dry lb. - mole Md 

To convert the results to a 12% C02 corrected basis, the following 
calculation was made: 

Where.. . 

= Concentration of particulate corrected to 12% C02. 

C'Is = Concentration of particulate, lbs./1000 gas (dry). 
c12 

% C02 = 'Percent CO as measured by Method 3. 2 
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ACETONE BLANK VOLUbE,  nil 

AC3:TOXE !iXSII VOLK.LK, ml 

. .  .. ... 

TOTAL ACETONG WASH BLANK, mg L :  Ll 
. .  



Page 1134 



I 
' E  



Page $36 

P :I T 0 .I T 1.1 1.: II! C: A I... S 1.: I\ A 'T :I: 1 1  N C) A T A 
......... ............... - ......... .. 

:l .I (,.L . . . . . . . . . . .  ', . . . . . .  c; .. I 12 I IM(..!II.L [:It< 'I) I .  ' 11 I , .I. I I li, 

(.+..-,:I ~ . >  : I I:> I r i N o  'r M iii 1. ) C iii I i. 1;) r ;;I .t :i. c) r, d z i  -t a 
- .. ._ .. -. ............. -. ........ - ... _. ...... _. - ..................... ,- __ _. 

o.q-5 1.35 
1.30 _._., ... 

................................. ._ ..... -, _. ..... ................ ... 

..... ..... I ,OO J ._ ... _ _  ................ ...... - 

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

.... 17037 .. .............. 

- ..... ._ .- ... ._ .... -. .... 

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

- ,17237 1 . O O ( O l  I ...................................... _. .................. 

$705 1 OoD\ I 
...................... i .... ..A . 

I - .......... ...... . ~ .  ...................... .. 



Page 1/37 

THERMOCOUPLE CALIBRATION 

Room Temperature:  NBS C e r t i f i e d  Thermometer = 65'F 
S t a c k  Sampler Thermocouple = 66'F 

Hot Water Temperature:  NBS Certif ier Thermometer = 203'F 
S t a c k  Sampler  Thermocouple = 203'F 

C a l i b r a t e d  4-7-86 by Stephen C. Tay lo r  ,. 
.- 

DRY GAS METER CALIBRATION 

- ....... ................ 
Dry Cas k t e r  Cor rccc ion  F a c t o r  = 1.00. 
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SOURCE TESTZNG 

Source  t e s t i n g  i s  t h e  s e t  of  p rocedures  by which a n  i n v e s t i g a t o r  can  
estimate t h e  e m i s s i o n s  from a p a r t i c u l a r  emis s ion  s o u r c e .  It i u v o l v e s  
r e p r e s e n t a t i v e  sampling of the p a r a m e t e r s  of i n t e r e s t .  For ;illy [ : i v c n  
contaminant  i t  is n e c e s s a r y  o n l y  t o  know t h e  rate of g a s  flow and t h e  
c o n c e n t r a t i o n  of t h e  contaminant  t o  d e t e r m i n e  t h e  emis s ion  r a t e .  

Cas Flow 

.- 

S t a c k  gas  v e i c c i t y  i s  u s u a l l y  de t e rmined  w i t h  a d e v i c e  ca l l ed  a Ipitot  
t u b e  which when connec ted  t o  a manometer measures  the v e l o c i t y  p r e s s u r e  
of the moving gas. The e q u a t i o n  of t h e  s t a c k  g a s  v e l o c i t y  is:  

v = 05.48  cP (&p) avg .  
S 

where: Vs - S t a c k  g a s  v e l o c i t y ,  f e e t  p e r  second ( f t / s e c ) .  
= P i t o t  t u b e  c o - e f f i c i e n t  f o r  a c t u a l  s t a c k  conds.  
= Average o f  s q u a r e  r o o t s  of v e l o c i t y  p r e s s u r e s  

. .  ( a l s o  c a l l e d  a v e r a g e  v e l o c i t y  head) .  

TS. = Abso lu te  s t a c k  g a s  t empera tu re ,  OR 
Ps = Abso lu te  s t a c k  g a s  p r e s s u r e ,  i n c h e s  of Hp,. 
PI,. = N o l e c u l a r  wc igh t  of t h e  s t a c k  g a s  (wet b a s i s )  

cP 
( A  p) avg 

(OR = OF + 4 6 0 ) .  

l b / lb -mole .  

The molecu la r  we igh t  of  t h e  s t a c k  gas  is determined from knowledge of i t s  
-. gaseous  composi t ion u s i n g  the e q u a t i o n :  

?Is = (l-Bwo) ( . 4 4  (XC02) + .32 (%02) + . 2 8  (XCO + Xi+,)) - = 18 !3,,Jc 

where: Bwo = P r o p o r t i o n  by volume of water vapor  i n  the g a s  stream, 
d i m e n s i o n l e s s .  

%C02 = P e r c e n t . c s r b o n  d i o x i d e  by vi lume,  d r y  b a s i s .  
%02 - P e r c e n t  oxygen by volume,dry b a s i s .  

%CO = P e r c e n t  ca rbon  monoxide by volume, d r y  bas i s .  

%N2 = P e r c e n t  n i t r o g e n  by volume, d ry  b a s i s .  

.44 = Molecular .  weight  of C02 d i v i d e d  by 100. 

.32 = Molecular  we igh t  o f  O2 d i v i d e d  by 100. 

.28 = '  Molecular  we igh t  of CO and N2 d i v i d e d  by 100. 

18 = N o l e c u l a r  weight  of water. 
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Source Testing Cont... 

.- 

, and CO are measured 
with an Orsat type gas analyzer. The N is ta o be the remaining frac- 
For stacks serving combustion processes the CO 

tion. For non-combustion processes, C02 and CO are taken to be 0 ,  O2 - 21% 
and N, - 79%.  

The proportion of water vapor by volume may be measured using a psychrometer, 
or by condensation and/or absorption by silica gel (see below) OK it nay be 
estimated from the vapor pressure for gas streams that a r e  saturated with 
water. 

The volumetric flow rate is determined by multiplying the velocity by the 
cross-sectional area of the stack. In most cases, the volumetric flow rate 
is adiusted to standard conditions of temperature (70°F) and pressure 

2 .. 

,. 

( 2 9 . 9 2  in. Hg.) 

9, = 

where: Qs = 

A =  

- - 
Ts td 

'std 
- - 

using the equation: 

* S  - Tstd 
3 6 0 0  (l-Bwo) Vs A Ts 'std 

Volumetric flow rate, dry basis, standard conditions, 
ft3/hour. 

Cross-sectional area of the stack, ft 2 . 
Absolute temperature at standard conditions, 530°R. 

Absolure pressure at standard conditions, 2 9 . 9 2  in. Hg. 

and other terms are as defined previously. 

Contaminant Concentration 

The concentration of a Contaminant in a gas stream is usually determined 
by isolating the contaminant present in a representative gas sample of 
known volume: 

In order to obtain a representative sample of the stack gas, a hollow probe 
is .intruduced..into. the stack, the nozzle opening is directed into the gas 
stream, and a composite sample is removed from each of several points. For 
particulates it is necessary that the velocity be equal to the velocity in 
the nozzle, or in other words the sampling rate be as nearly isokinetic as 
possible. 
line and are less likely to be affected by flow disturbances, while small 
particles tend t o  follow the flow lines. Thus, varying too much from iso- 
kinetic will tend to cause bias with respect to certain particle sizes and 
will therefore give erroneous results.. Generally, variations within the 
range of 9 0 ' -  110% of isokinetic is acceptable. 

Sampling for gases contaminants need not be isokinetic by should be i n  
proportion to the velocity at the sampling points. 

- 

This is because large particles tend to travel in a straight 
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Source Testing Cont:.. 

Isolation of the contaminant is accomplished in one of many ways. A 
filter os some sort (ceramic o r  dass fiber depending on stack conditions 
and particulate characteristics) it usually used to collect particulate 
matter. Various chemical solutions are used to absorb other contaminants 
(e.g. 306 hydrqgen peroxide will absorb s u l f e r  dioxide, etc.). The total 
mount of the contaminant is then 'determined. 

The total volume of the gas sample is determined u s i n g  a displacement type 
dry gas meter. Since metering conditions tend t o  vary, it i s  necessary to 
measure the meter temperature and pressure in order to adjust the volume 
to standard conditions. To protect the metering system from moisture, the 
gas sample is passed through a series of condensers or impingers to remove 
all or most of the water vapor present. Furthermore, by measuring the 
mount of water collected, the moisture content of the stack gas can 
be  estimated by the following equation: 

Uwo = 

Rwo where: 

std = 
VW 

std = 

... 
VW 

s td 

std std 
VW f Vm 

Proportion by volume of water vapor Sn the gas stream, 
dimensionless. 

Volume of water in the gas sample (standard conditions) 
ft3. 

Volume of gas,sample through the dry gas nieter (standard 
conditions) f t3.. 

For t i c  above equation: 

where: Vm = Volume of gas sample through the dry gas meter (IIICLC~ 
conditons) 1t3. 

T, = Average absolute gas meter temperature, '11. 

P," = Average a b s o l u t e  meter pressure, inches HE. 

and: Vw 
std = 0 . 0 4 7 4  V 

lC 

where: '1 = Total volume of water collected i n  condensers, n i l .  
C 

The concentration of material is calculated from the equation: 



Source  T e s t i n g  Cont . . .  

where: c t S  = C o n c e n t r a t i o n  of  t h e  contaminant  i n  t h e  s t a c k  g a s ,  
g r a i n s / s c f ,  d r y  b a s i s .  

)In = T o t a l  amount of con taminan t  c o l l e c t e d ,  m i l l i g r a m s .  

The c o n c e n t r a t i o n s  of c e r t a i n  gaseous components of a gas stream a r e  most 
o r t e n  r e p o r t e d  i n  p a r t s  p e r  m i l l i o n  by volume, ppm. ( v o l . ) .  T h i s  t h e n  re-  
p o r t s  t h e  number of  c u b i c  f e e t  of t h e  contaminant  p r e s e n t  i n  1,000,000 
ciibic f e e t  a i  g a s .  Conversion from ppm. (vol . )  t o  pounds made u s e  o f  t he  
f a c t  t h a t  a t  s t a n d a r d  c o n d i t i o n s  a pound-mole of g a s  o c c u p i e s  385.1 E t 3 .  

Emission R a t e s  

The emission ra te  of t h e  contaminant  is c a l c u l a t e d  from the e q u a t i o n :  

c 
c '  s s  Q = (2.205 x Mn Qs 

"m 
s t d  

where :  
c lSQs '  = Emission ra te ,  lb/!ir. 

NOEIENCLATURE 

T h e  f o l l o w i n g  is a p a r t i a l  l i s t  of abbrev:.ations and no:nencl;ir:urc used i n  
p r e p a r i n g  this r e p o r t .  O t h e r  terms used a r e  d e f i n e d  i n  the C w t  o f  che 
p reced ing  Source  T e s t i n g  s e c t i o n .  

ACFM 

CU-FT 
DSCF 
DSCFH 

F 
FT/SEC 

G R 
IN,Hg 
IS, H20 
LB/HR 

FIG 
M I N  

PIL 
R 

SQ-FT 
wscm 

A c t u a l  c u b i c  f e e t  p e r  minu te  a t  s t a c k  c o n d i t i o n s ,  WCI: b a s i s .  
( c fm(we t ) ) .  
Ac tua l  c u b i c  f e e t  a t  s p e c i f i e d  c o n d i t i o n  ( f t  ) 
Cubic f e e t  a t  s t a n d a r d  c o n d i t i o n s ,  c!ry ( sc f  ( d r y ) ) .  
Cubic f e e t  a t  s t a n d a r d  c o n d i t i o n s ,  c l ry ,  per hoiir ( s c f l i ( d r y ) ) ,  
Play be w r i t t e n  i n  e x p o n e n t i a l  form, e . g . ,  543,114 - , 5 4 3 7 1 4  x 10 
Degrees Fahrenhe igh t  (OF). 
F e e t  per second ( f t / s e c . ) .  
Gra ins  ( g r . )  ( 1  pount = 7000 g r a i n s ) .  
Inches  of mercury (in.Hg o r  i n c h e s  Hg). 
I n c h e s  of water in.H 0 o r  i n c h e s  H 0 ) .  
Pounds  per hour  ( lb / ? i r ) .  
> l i l l i g r a m s  (mg . ) . 
Minutes  (min.) .  
Mil l i l i ters  (ml.). 
Degrees Kankine ( O R ) .  

Square f c e t  ( f t 2 ) .  
Cubic f e e t  a t  s t a n d a r d  c o n d i t i o n s ,  wet b a s i s ,  pe r  o i i n u t e  
(scfm(wet))  , 

3 

6 

2 
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