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SUMMARY 

The t e s t i n q  s e r v i c e s  o f  t h e  C o o l i n g  Tower I n s t i t u t e  (CTI)  were 
r e t a i n e d  by  t h e  I 

c e l l ,  m e c l > a n i c a l - d r a f t ,  c o u n t e r - f l o w  c o o l i n g  tower  l o c a t e d  a t  I 
f t o  conduct  d r i f t  acceptance t e s t s  on a ,G - 

I The work was pe r fo rmed  by  Midwest 
Research I n s t i t u t e  ( M R I )  under c o n t r a c t  w i t h  CTI as t h e  o f f i c i a l  CTI t e s t  
r e p r e s e n t a t i v e s .  

The t e s t  was conducted on  ) The 
b u i l d i n g  was des igned t o  accommodate s i x  c o o l i n g  t o w e r  c e l l s  o f  wh ich  f o u r  
a r e  p r e s e n t l y  comple te  and t h e  o t h e r  two a r e  f o r  f u t u r e  expansion. C e l l  
No. 4 was chosen t o  be r e p r e s e n t a t i v e  o f  t h e  completed c e l l s .  The c i r c u -  
l a t i n g  w a t e r  f l o w  was measured u s i n g  a h y d r a u l i c  p i t o t  t u b e  w i t h  an a i r -  
over -water  manometer. 
m e t e r .  These parameters  were w i t h i n  t h e  l i m i t s  s p e c i f i e d  by  t h e  ATC-105 
code f o r  thermal  acceptance t e s t s ;  t h e r e f o r e ,  t h e  d r i f t  t e s t  was conducted  
w i t h  r e p r e s e n t a t i v e  a i r  and wa te r  l o a d i n g s .  

Fan motor  power was measured w i t h  a clamp-on k i l o w a t t  

The sampl i n g  was conducted u s i n g  i n d u s t r y - a c c e p t e d  i s o k i n e t i c  
sampl ing  techn iques .  The d r i f t  was c o l l e c t e d  i n  wet  imp ingers  f o l l o w e d  
IJY a f i n a l  t e f l o n  f i l t e r .  The b a s i n  w a t e r  was s p i k e d  w i t h  sodium bromide 
p r i o r  t o  sampl ing.  The samples o f  b a s i n  w a t e r  and d r i f t  were ana lyzed  by 
n e u t r o n  a c t i v a t i o n  a n a l y s i s  f o r  b romine c o n t e n t .  A n a l y t i c a l  r e s u l t s  were 
used t o  c a l c u l a t e  a d r i f t  r a t e  o f  0.007%. 
o f  d r i f t  f rom each c e l l  when o p e r a t i n g  a t  a 7 , 3 8 6 - g a l h i n  c i r c u l a t i o n  r a t e .  

T h i s  i s  e q u i v a l e n t  t o  0.57 g a l / m i n  
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COOLING TOWER INSTITUTE TEST REPORT 

DRIFT ACCEPTANCE TEST 
ON A 

&CELL, MECHANICAL-DRAFT, COUNTER-FLOW 
COOLING TOWER 

I. INTRODUCTION 

The t e s t i n g  s e r v i c e s  o f  t h e  C o o l i n g  Tower I n s t i t u t e  (CTI)  were 
r e t a i n e d  by  t h e  
s t v u c t i o n  (OFPC) P r o j e c t  No. ! t o  conduct  a d r i f t  
acceptance t e s t  on a 
f l o w  c o o l i n g  tower  i n  accordance w i t h  t h e  CTI Acceptance T e s t  Code ATC-105. 
The c o o l i n g  tower  i s  l o c a t e d  a t  
campus. The work was per fo rmed by  Midwest Research I n s t i t u t e  ( M R I )  under 
c o n t r a c t  w i t h  t h e  CTI as t h e  o f f i c i a l  CTI t e s t  r e p r e s e n t a t i v e .  The CTI 
L e s t  r e p r e s e n t a t i v e s  f o r  t h i s  t e s t  were M r .  Thomas E. Weast, M r .  Kenneth W. 
Heiinon, and M r .  George R. Cobb. The t o w e r  manu fac tu re r  was n o t  rep resen ted .  
The p l a n t  was r e p r e s e n t e d  by  

~ 

P 6 - c e l l ,  m e c h a n i c a l - d r a f t ,  coun te r -  

C o o l i n g  tower  d r i f t  i s  d e f i n e d  as t h e  p e r c e n t  o f  wa te r  f l o w  
th rough  t h e  tower  wh ich  e x i t s  t h r o u g h  t h e  f a n  i n  t h e  f o r m  o f  wa te r  d r o p l e t s  
o r  a e r o s o l s .  The amount o f  d r i f t  f rom t h e  tower  was de te rm ined  by  i s o -  
k i n e t i c a l l y  sampl ing  a r e p r e s e n t a t i v e  f r a c t i o n  o f  t h e  tower  a i r f l o w  and 
measur ing  t h e  amount o f  a e r o s o l  l e a v i n g  t h e  s tack .  Sodium bromide (NaBr) 
was s p i k e d  i n t o  t h e  b a s i n  as a t r a c e r  f o r  t h e  a n a l y s i s .  Neu t ron  a c t i v a t i o n  
a n a l y s i s  (NAA) .  an e x t r e m e l y  s e n s i t i v e  d e t e c t i o n  techn ique ,  was t h e n  used t o  
measure t h e  amount o f  b romine i n  t h e  b a s i n  wa te r  and t h a t  e x i t i n g  f rom t h e  
s t a c k .  From measurement. o f  t h e  t o t a l  b romine c o l l e c t e d  i n  t h e  sampler and 
Llie c o n c e n t r a t i o n  o f  b romine i n  t h e  b a s i n  wa te r ,  t h e  d r i f t  r a t e  was c a l c u -  
IaLed. 

11. TEST SITE DESCRIPTION 

[ i s  l o c a t e d  on t h e  n o r t h  s i d e  o f  t h e  
The c o o l  i ng 

The c o o l i n g  tower  p r o v i d e s  c o o l i n g  w a t e r  t o  a i r  c o n d i t i o n i n g  equipment. 
t o w e r  i s  l o c a t e d  on t h e  r o o f  o f  t h e  b u i l d i n g .  

The c o o l i n g  tower  c o n s i s t s  o f  s i x  m e c h a n i c a l - d r a f t ,  c o u n t e r - f l o w  
c e l l s  o f  wh ich  f o u r  c e l l s  a r e  p r e s e n t l y  comple te  and two a r e  f o r  f u t u r e  
expansion. The c e l l s  a r e  i n  a c o n t i n u o u s  s t r a i g h t  l i n e  w i t h  a common c o l d  
wa te r  b a s i n  benea th  t h e  tower .  Each c e l l  i s  equipped w i t h  a 2 2 - f t  d iamete r  
f a n  d r i v e n  b y  a 75-hp motor.  
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Twenty - inch  d iamete r ,  f i b e r g l a s s  c o n d u i t s  feeds  h o t  w a t e r  f rom a com- 
mon m a n i f o l d  t o  each c e l l .  P i t o t  t a p s  f o r  w a t e r  f l o w  and h o t  w a t e r  measurement 
were l o c a t e d  i n  each 20 - in .  l i n e .  

The c o l d  w a t e r  f rom t h e  c o o l i n g  tower  b a s i n  i s  c o l l e c t e d  i n  t h e  
fo rebay  a d j a c e n t  t o  t h e  t o w e r ,  where downcomers r e t u r n  c o l d  wa te r  t o  t h e  
p l a n t .  Two pumps l o c a t e d  two f l o o r s  be low t h e  r o o f  a r e  used t o  pump wa te r  
th rough  t h e  system. The t o w e r ' s  makeup w a t e r  was l e f t  i n  o p e r a t i o n  b u t  t h e  
hlowdown d i s c h a r g e  was s h u t  o f f  d u r i n g  t h e  d r i f t  t e s t .  

111. TEST DATA COLLECTION 

A .  T e s t  Sequence 

The t e s t  sequence c o n s i s t e d  o f  t h e  f o l l o w i n g  s teps :  

1. Water f l o w  and f a n  horsepower measurements were conducted t o  
de termine t h e  tower  o p e r a t i n g  c o n d i t i o n s .  

2. The b a s i n  was s p i k e d  w i t h  a known amount of sodium bromide 
(NaBr) and a w a t e r  sample c o l l e c t e d .  

3. I s o k i n e t i c  samp l ing  o f  t h e  s e l e c t e d  s t a c k  was conducted. 

4. A second b a s i n  w a t e r  sample was c o l l e c t e d  a t  t h e  c o n c l u s i o n  
o f  t h e  t e s t .  

5. The samples were r e c o v e r e d  f r o m  t h e  s t a c k  samp l ing  system. 

6. The samples were t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  and ana lyzed  
f o r  bromine c o n t e n t  by NAA. 

0 .  Tower O p e r a t i n g  C o n d i t i o n s  

The a p p l i c a b l e  t e s t  d a t a  were a c q u i r e d  i n  accordance w i t h  a p p l i c a -  
b l e  p o r t i o n s  o f  t h e  CTI ATC-205 (1982) t e s t  code. The i n d i v i d u a l  t e s t  pa- 
rameters  were measured as f o l l o w s :  

T o t a l  c i r c u l a t i n g  w a t e r  f l o w  was measured w i t h  two 2 0 - p o i n t  
p i t o t  t r a v e r s e s  o f  t h e  h o t  w a t e r  r e t u r n  l i n e  t o  t h e  t e s t  c e l l  
w i t h  a S implex /Leopo ld- type p i t o t  t u b e  w i t h  a 36 - in .  maximum 
w o r k i n g  l e n g t h .  An a i r - o v e r - w a t e r  manometer was used f o r  
measur ing  t h e  d i f f e r e n t i a l  p r e s s u r e  between t h e  impac t  and 
r e f e r e n c e  o r i f i c e s  o f  t h e  p i t o t  tube.  
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. Fan motor i n p u t  power was measured w i t h  a clamp-on, d i g i t a l -  
type k i lowat t  meter using the  two wat t  meter method. The 
data  were taken a t  t h e  motor cont ro l  cen te r  ad jacent  t o  the  
tower. Power. l o s s  between t h e  cont ro l  c e n t e r  and t h e  tower 
fan motors was not ca l cu la t ed .  A motor e f f i c i e n c y  of 0.932 
was used t o  determine the  motor output  power. 

During t e s t i n g ,  the  tower condi t ions  were in  accordance w i t h  t h e  
C T I  Test  Code ATC-105 Sect ion 1-2 .2 ,  a n d  a l l  appl icable  opera t ing  condi t ions  
were ii i accordance with t h e  C T I  Tes t  Code ATC-105 Sect ion 1-2.3. The op- 
e r a t i n g  data  a r e  contained i n  Appendix A .  

B .  Basin Water Spike 

When the  type and q u a n t i t y  of elements i n  t h e  bas in  water which a r e  
s u i t a b l e  f o r  a n a l y s i s  a r e  unknown, a su r roga te  ( i . e .  t r a c e r )  compound may be 
added t o  ensure t h a t  a s u f f i c i e n t  q u a n t i t y  of known mater ia l  w i l l  be c o l l e c t e d  
for.  ana lys i s .  Therefore ,  110 l b  of NaBr was added t o  t h e  tower basin p r i o r  t o  
t e s t i n g .  l l i i s  brought the  concent ra t ion  of Br ( t h e  element chosen as  a t r a c e r  
f o r  t h i s  t e s t )  t o  a suff ic ie l rL concent ra t ion  t h a t  excessive sampling times 
coultl be avoided. Before t e s t i n g ,  a sample of the basin water was taken. T h i s  
was combined with a second sample taken a t  t h e  completion o f  t h e  t e s t  (approxi- 
mately 8 h r  l a t e r ) .  An  average value of 55.2 Iig/mL was obtained and used f o r  
the c a l c u l a t i o n s  descr ibed below. 

C .  Sampling Procedures 

The sampling equipment and procedures used on t h e  t e s t  a r e  b r i e f l y  
descr ibed below. Some t e s t  r e s u l t s  a r e  a l s o  provided i n  t h i s  s ec t ion  where 
appropriate .  

1. Airflow measurements: The tower ' s  a i r f l o w ,  e x i t  a i r  temperature ,  
and angle of. cyc lonic  flow were measured p r i o r  t o  t h e  sampling of each poin t  
rising a s tandard p i t o t  tube.  The sample plane was loca ted  across  t h e  top of 
the fan s tack .  The sampling poin t  l oca t ions  were computed u s i n g  t h e  following 
q u a t  i on: 

where: 

D n  = nozzle d i s t ance  from t h e  edge of t h e  s tack  

d = diameter o f  t h e  s t a c k  (278.75 i n . )  

n = poin t  number being sampled 

N = t o t a l  number being sampled (10) 

h d = hub diameter (72.75 i n . )  
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This procedure was used to divide the outlet into 10 of equal areas. Four 
radial traverses of 10 points each were made at 90 degrees to each other 
along the horizontal plane of the stack as shown in Figure 1. These pro- 
cedures were adapted from those specified by EPA.' The total volume of 
airflow from the cell was found to be 666,444 dscfm. 

2. Collection of stack sample 

a. Sampling equipment: The sample train used for the test 
is shown in Figure 2. Impingers 1 and 2 contained distilled water. Im- 
pinger 3 was dry. Impinger 4 was deleted. The filter was a 47-mm milli- 
pore Teflon filter with a pore size of 5 pm. 

An airtight pump was used to draw the sample through the 
train. The actual volume sampled was measured with a standard dry gas 
meter. The probe was Teflon with a stainless steel nozzle. 

b. Sampling procedures: Sampling of the stack was conducted 
at the same points used for the airflow measurements (see Figure 1). Sam- 
p les  were drawn isokinetically through the nozzle and Teflon probe and into 
the impingers. The first two impingers were used to scrub out particulate 
and water droplets. The third impinger was used to collect water droplets 
which might be carried over from the first two impingers. The millipore 
filter then served as a backup for any particulate which might have passed 
through the impingers. 

Since cyclonic flow can bias the drift results, adjustments 
i n  the sampling technique were used to eliminate this bias. If the nozzle 
i s  not aligned with the flow, then the effective velocity through the nozzle 
opening with respect to the cross-sectional area of the fan stack is reduced 
by the cosine of the angle between the flow and stack axis. This results 
in a flow sample which is not truly isokinetic. To eliminate this bias, 
Llie alignment approach' was used during the drift test. The angle of the 
flow to the stack axis for each point was determined prior to sampling that 
point. It was assumed that the airflow direction and velocity for each point 
remained stable through these measurements and the sampling period. The noz- 
z le  was aligned with the airflow and the samples were collected isokinetically. 
Proportional sampling needs were then satisfied by adjusting the sampling time 
a t  each point by the cosine of the angle. This related the volume collected 
to the axial velocity by a constant according to: 

' Federal Register, Vol. 42, No. 160, August 18, 1977. 

Peeler, J. W . ,  F. J. Phoenix, and 0. J. Grove, "Characterization of Cy- 
clonic Flow and Analysis of Particulate Sampling Approaches at Asphalt 
Plant," Entropy Environmentalists, Inc. 
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N 

Figure 1 - Sampling Points were Located in the Center of Each of the Equal 
Numbers 1 to 10 indicate the distances from the Area Zones. 

fans inside wall to the respective sampling points. 
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t, = t, COS e 

where: 

t ,  = nominal sampling time per  p o i n t  = 5 min 

t, = actual  sampling time per  po in t  

0 = angle between flow d i r e c t i o n  and s tack  a x i s  

The t o t a l  volume o f  t h e  sample was 551.1 dsc f .  The raw da ta  a re  
provided i n  Appendix A .  

0. Sample Recovery 

The sample t r a i n  was recovered by t h e  following procedure: t h e  
f i l t e r  was removed from t h e  f i l t e r  holder and s to red  i n  a p e t r i  d i s h ;  the  
impinger contents  were q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a sample b o t t l e ;  a l l  
a reas  between the  probe opening and the f i l t e r  holder which came i n  contac t  
w i t h  the  sample were r insed  with d i s t i l l e d  deionized water ;  and t h e  r i n s e  
was added t o  t h e  impinger conten ts .  

E.  Analysis Method 

NAA was performed on t h e  samples by t h e  Universi ty  o f  Missouri, 
Columbia. This process  involves exposure of the  samples t o  a neutron source 
where the following nuclear  r eac t ion  occurs:  

798r + I n  + 808r 
35 0 35 

The $@r, which i s  r ad ioac t ive ,  decays according t o  t h e  reac t ion :  

* O E r  + 80Kr + p- + gamma rad ia t ion  (616 Kev) 
3s 36 

The c h a r a c t e r i s t i c s  of t h e  gamma r a d i a t i o n  were t h e n  used t o  determine the  
amount of bromine i n  t h e  sample. The lower de t ec t ion  l i m i t  f o r  t h e  method 
i s  0.0001 pg.  This i s  well below t h e  amount of bromine co l l ec t ed  by the  
sampler. The ana lys i s  da ta  a r e  shown i n  Table 1. 
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TABLE 1 

SAMPLE ANALYSIS 

Sample 
Sample Volume 

No. Descript ion (mL) 

102 Basin water 
104 Impinger conten ts  425 
106 Water blank 425 
107 F i  1 t e r  
108 F i l t e r  blank 

- 

- 
- 

Sample 
Concentration 

(IJg/mL) 

55.2 
0.24 
0.006 - 
- 

Total 
Br 
0 

- 
102.00 

2.55 
0.24 
0.07 

All samples, except t h e  f i l t e r s ,  a r e  r u n  i n  t r i p l i c a t e .  The 
average of the th ree  values  i s  recorded i n  Table 1 and was used i n  t h e  
ca 1 t u  1 a t  i on. 

V .  CALCULATION P R O C E D U R E  A N D  RESULTS 

The c a l c u l a t i o n  of co r rec t ion  f a c t o r s  needed t o  determine d r i f t  a r e  
r e l a t i v e l y  complex. The ca l cu la t ion  procedure,  without i nd ica t ing  t h e  correc-  
t i o n s ,  i s  presented i n  t h i s  s ec t ion .  
o f  the  p r i n c i p l e s  underlying t h e  c a l c u l a t i o n  o f  the  d r i f t  r a t e .  
ca l cu la t ions  w i t h  a l l  t h e  co r rec t ion  f a c t o r s  have been provided i n  Appendix E. 
The sampling data  used i n  the  c a l c u l a t i o n s  a r e  shown i n  Table 2. 

The purpose i s  t o  provide a c l e a r  p i c tu re  
The ac tua l  

T A B L E  2 

SAMPLING DATA 

Descr ipt ion 

Corrected t o t a l  Br i n  sample 
Sample vol ume 551.1 dscf 
Stack a i r f low r a t e  666,444 dscfm 
Basin water Or concent ra t ion  55.2 pg/mL 
Water flow r a t e  through t h e  c e l l  7.386 gpm 

99.62 pga 

See c a l c u l a t i o n s  i n  Appendix B .  a 
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The c a l c u l a t i o n  o f  t h e  d r i f t  r a t e  r e q u i r e s  s e v e r a l  s teps .  F i r s t ,  
t h e  c o n c e n t r a t i o n  o f  b romine i n  t h e  a i r  f rom t h e  s t a c k  i s  c a l c u l a t e d  f rom 
the equat ion :  

C o r r e c t e d  t o t a l  B r  i n  sample (pg) 
Sample volume ( f t 3 )  

Conc. B r  i n  s t a c k  a i r  ( p g / f t 3 )  = 

Next ,  t h e  t o t a l  s t a c k  e m i s s i o n  o f  B r  i s  o b t a i n e d  by m u l t i p l y i n g  t h e  s t a c k  
c o n c e n t r a t i o n  by  t h e  s t a c k  f l o w  r a t e :  

T o t a l  B r  em iss ions  (pg/min) = Conc. B r  i n  s t a c k  a i r  (pg / f t3 )  x 

Stack  a i r f l o w  r a t e  ( f t 3 / m i n )  

The bromine emiss ions  a r e  t h e n  r e l a t e d  t o  t h e  b a s i n  w a t e r  l o s t ,  b y  t h e  equa- 
t i o n :  

T o t a l  B r  em iss ions  (-I /min) Vo l .  o f  b a s i n  w a t e r  l o s t  (mL/min) = Basin water cone. 

The d r i f t  t h e n  i s  c a l c u l a t e d  as a p e r c e n t  o f  t h e  t o t a l  f l o w  t h r o u g h  t h e  
tower a c c o r d i n g  t o  t h e  equa t ion :  

V o l .  o f  b a s i n  w a t e r  l o s t  (mL/min) 
% Orif' = Water f l o w  t h r o u g h  tower  (mL/min) loo 

B lank  c o r r e c t i o n s  were a p p l i e d  f o r  t h e  w a t e r  used i n  t h e  r i n s e .  
Complete c a l c u l a t i o n s  w i t h  t h e  a p p r o p r i a t e  c o r r e c t i o n s  have been p r o v i d e d  
i n  Appendix B. 

When t h e  c a l c u l a t i o n s  were comple ted ,  t h e  d r i f t  f o r  t h e  c e l l  was 
found t o  be 0.007%. 
r a t e  equa ls  0.57 g a l / m i n  o r  34.2 g a l / h r  o f  b a s i n  w a t e r  d i s c h a r g e d  by t h e  t o w e r  
c e l l  as d r i f t .  

F o r  t h e  measured w a t e r  f l o w  r a t e  o f  7,386 gpm, t h e  d r i f t  
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VI. DISCUSSION AND CONCLUSIONS 

The d e f i n i t i o n  of d r i f t  as  used i n  t h i s  r e p o r t  i s  " the  percentage 
o f  the  water flowing through t h e  tower which i s  discharged through the  fan 
i n  the  form of water d rop le t s  o r  ae roso l s . "  Under t h e  condi t ions  of t h i s  
t e s t ,  the  d r i f t  r a t e  was found t o  be 0.007% o r  0.57 gal/min. The percent  
d r i f t  measured i s  0.002% above t h e  0.005% spec i f i ed  i n  t h e  design parameters. 

Several po in t s  s h o u l d  be noted r e l a t i v e  t o  t h e  d r i f t  r a t e  measured 

The water  flow r a t e  during the t e s t  was 5.5% above the design flow 
r a t e .  This may increase  t h e  i n i t i a l  formation of d r i f t  s i z e  drop- 
l e t s .  

on t h i s  t e s t .  

. A small gap between t h e  tower d r i f t  e l imina to r s  and a por t ion  of 
t h e  nortli wall of t h e  t es t  c e l l  was observed. T h i s  may have a l -  
lowed some d r i f t  p a r t i c l e s  t o  by-pass t h e  d r i f t  e l imina tors .  

. The accuracy o f  t h e  d r i f t  sampling technique used has not been 
f u l l y  proven f o r  c o l l i n g  tower t e s t i n g ,  however, i t  i s  based on 
gene ra l ly  accepted sampling procedures. 

Appendix A conta ins  the raw da ta  c o l l e c t e d  during t h e  t e s t i n g  of 
the s tack  ( inc luding  a i r f low measurements) and the  bas in  water  flow. 
d i x  B conta ins  the  c a l c u l a t i o n s  used t o  c a l c u l a t e  t h e  d r i f t  r a t e .  

Appen- 

11 



APPENDIX  A 

T E S T  D A T A  

D R I F T  ACCEPTANCE TEST 
ON A 

6 - C E L L ,  MECHANICAL-ORAFT,  COUNTER-FLOW 
COOLING TOWER 

A - 1  



- 1  - -~ 
FILE NO.:-L I ,  I -1 COOLING TOWER INSTITUTE 

ACCEPTANCE TEST PROCEDURE ' 

TEST DATE ...7&4 ,&.,-.S I - -  
DATA SHEET "E" 

WATER FLOW MEASUREMENT 
PITOT TUBE 

IN - L.OCATION I 
DECIMAL INCtlES 

ALCULATED COF1REClCD' 

%.- 

IS 

US GPM US GPM 

L .:I $ ' t  I .',I I I) VALUE DECREASED OV DISTANCE FROM END OF PITOT TUBE TO CENTER LINE OF IMPACT HOLE 

.~ F A-2 
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C o r r .  t o  7% 02 
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A- 7 
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�ÝÛ CELL. 

A P P E N D I X  B 

C A L C U L A T I O N S  

D R I F T  ACCEPTANCE 
ON A 

MECHANICAL-ORAFT,  
COOLING TOWER 

1 

\ 
COUNTER-FLOW 



COMPLETE CALCULATIONS 

T h i s  append ix  p r o v i d e s  t h e  c a l c u l a t i o n s  f o r  t h i s  t e s t ,  comple te  
w i t h  a l l  c o r r e c t i o n  f a c t o r s  a p p l i e d .  A l l  numbers have been rounded t o  t h r e e  
s i g n i f i c a n t  f i g u r e s .  The d a t a  used were t a k e n  f rom Tab les  1 and 2 i n  t h e  
r e p o r t .  

t h e  Br found i n  t h e  i m p i n g e r  c o n t e n t  and t h e  w a t e r  r i n s e  TBrI). and on t h e  
f i l t e r  ( B r F ) .  

The t o t a l  w e i g h t  o f  B r  i n  t h e  sample t r a i n  ( B r  ) i s  t h e  sum o f  

B r  = B r  + B r F  T I 
= 102.00 + 0.24 = 102.24 p g  B r  

C o r r e c t i o n s  (B  ) f o r  t h e  w a t e r  b l a n k  (WE)  must be a p p l i e d  t o  t h e  
I n  t h i s  t e s t ,  425 mL o f  
A b l a n k  f i l t e r  (FB) was 

w e i g h t  o f  bromine c o l l e c i e d  i n  t h e  sample t r a i n .  
wa te r  were used i n  t h e  imp ingers  and w a t e r  r i n s e .  
also analyzed. 

= 2.55 + 0.07 = 2 .62  pg B r  

The n e t  c o r r e c t e d  w e i g h t  o f  b romine i n  t h e  sample t r a i n  due t o  
d r i f t  ( B r C )  i s :  

( B r C )  = (BrT)  - (ET) 

= 102.24 - 2.62 = 96.62 1-19 B r  

A f t e r  o b t a i n i n g  t h e  c o r r e c t e d  B r  w e i g h t  ( B r C )  f o r  t h e  sample t r a i n ,  
t h e  c o n c e n t r a t i o n  o f  B r  ( i n  pg /dsc f )  i n  t h e  s t a c k  a i r  i s  c a l c u l a t e d  f rom t h e  
sample volume, Vs: 

BrC 99.62 pq B r  
5 5 1 . 1  dsc f  Conc. B r  i n  s t a c k  = - = 

" S  

= 0.18 1-19 B r / d s c f  

S ince  t h e  t o t a l  s t a c k  f l o w  r a t e  was measured as 666,444 
emiss ions  f rom t h e  s t a c k  ( B r  ) i s  c a l c u l a t e d  by :  5 

dscfm, t h e '  t o t a l  B r  

0.18 B r  dsz:m T o t a l  B r  f rom s t a c k  = 666,441 dscfm x 

= 119,960 1-19 Br /min  



The volume of basin water ,  Wv, required t o  d e l i v e r  119,960 pg O f  
R r  i s  ca l cu la t ed  by: 

Total  Br f r o m  s t a c k  
Conc. Br i n  basin wv = 

= 119,960 1-14 Br/min = 2,173 m L / m i n  
55.2 1-19 B r / m L  

Converting t o  ga l lons  per  minute gives:  

o r  192 ga l /hr .  

The percent  d r i f t ,  % D, can now be ca l cu la t ed  according t o  t h e  
equation: 

V o l .  basin water from s tack  (W,) 

% = Total water vol .  through basin 

x 100 = 0.007% 0.57 gpm 
7,386 gpm 

- - 




