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ABS TRACT 

A procedure f o r  computing t h e  n o i s e  l e v e l s  i n  t h e  v i c i n i t y  of 

n a t u r a l - d r a f t  coo l ing  towers is presented .  The n o i s e  levels are com- 

puted i n  o v e r a l l  and oc tave  band l e v e l s  wi th  A-weighting and wi th  no 

weight ing.  At tenuat ion  of t h e  n o i s e  by wave sp read ing ,  a tmospheric  

abso rp t ion ,  b a r r i e r  s c reen ing ,  v e g e t a t i o n ,  and wind and tempera ture  

g r a d i e n t s  are inc luded .  The procedure i s  app l i ed  t o  a n u c l e a r  power 

p l a n t  se rved  by f o u r  coo l ing  towers and t o  a n u c l e a r  energy c e n t e r  

w i th  f o r t y  coo l ing  towers.  

V 
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NOISE RADIATION FROM NATURAL-DRAFT COOLING TOWERS 

, FOR NUCLEAR POWR PLANTS 

T. G. Ca r l ey  

INTRODUCTION 

Cooling towers,  bo th  forced- and n a t u r a l - d r a f t ,  g e n e r a t e  and r a d i a t e  

A s  t h e  tower s i z e  and thermal capac i ty  are in -  n o i s e  when i n  ope ra t ion .  

c r eased ,  t h e  accompanying n o i s e  r a d i a t i o n  i n c r e a s e s .  A s  t h e  genera ted  

n o i s e  is  r a d i a t e d  away from t h e  cool ing  tower,  t h e  r e s u l t i n g  sound 

p r e s s u r e  levels a t  l o c a t i o n s  i n  t h e  v i c i n i t y  of t h e  power p l a n t  w i l l  

b e  a f f e c t e d  by va r ious  f e a t u r e s  of t h e  landscape  and p r e v a i l i n g  weather 

c o n d i t i o n s .  I n  a d d i t i o n ,  t h e  presence of o t h e r  coo l ing  towers o r  s t r u c -  

t u r e s  w i l l  modify t h e  n o i s e  p a t t e r n .  

f o r  c a l c u l a t i n g  t h e  sound p r e s s u r e  l e v e l s  i n  terms of bo th  oc t ave  

band l e v e l s  and o v e r a l l  l e v e l s  t h a t  can b e  expec ted  a t  s p e c i f i e d  p o i n t s  

i n  t h e  v i c i n i t y  of a n u c l e a r  power s t a t i o n  t h a t  i s  served  by n a t u r a l -  

d r a f t  coo l ing  towers. Minor ad jus tments  t o  t h e  procedure would make 

i t  a p p l i c a b l e  t o  fo rced -d ra f t  tower i n s t a l l a t i o n s .  

This paper p r e s e n t s  a procedure 

BACKGROUND 

I n  1971, E l l i s '  publ i shed  a paper i n  which h e  developed a method 

f o r  p r e d i c t i n g  t h e  level of n o i s e  genera ted  by n a t u r a l - d r a f t  coo l ing  

towers and t h e  r a d i a t i o n  t o  p o i n t s  i n  t h e  sur rounding  area. The a c o u s t i c  

power of t h e  coo l ing  towers w a s  c a l c u l a t e d  from an e m p i r i c a l  equa t ion  

t h a t  h e  developed. E l l i s ' s  c a l c u l a t i o n s  inc luded  a t t e n u a t i o n  due t o  

wave sp read ing ,  atmospheric a b s o r p t i o n ,  and s c r e e n i n g  e f f e c t s  of o t h e r  

1 
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c o o l i n g  towers.  

was obta ined  from oc tave  band d a t a  taken from a number of cool ing  towers.  

I n  an ear l ier  paper by Dyer and Miller,* t h e  a c o u s t i c  power of 

The c h a r a c t e r i s t i c  oc tave  band frequency spectrum shape 

mechanical-draft  cool ing  towers w a s  found t o  c o r r e l a t e  very w e l l  wi th  

t h e  r a t e d  f a n  power. I n  a d d i t i o n ,  they found t h e  c h a r a c t e r i s t i c  spec- 

trum w a s  h i g h e s t  a t  low f requencies  and t h a t  i t  decreased monotonically 

wi th  i n c r e a s i n g  frequency. Spectrum measurements made by E l l i s  i n d i c a t e  

a much d i f f e r e n t  c h a r a c t e r  f o r  n a t u r a l - d r a f t  towers,  be ing  lowest near  

t h e  250-Hz oc tave  band and r i s i n g  wi th  i n c r e a s i n g  frequency t o  a maximum 

near  t h e  4000-Hz oc tave  band. 

' E i l i s  a p p l i e d  h i s  p r e d i c t i o n  method t o  a 2000-MW power s t a t i o n  served  

by e i g h t  n a t u r a l - d r a f t  cool ing  towers,  two of which were no t  i n  s e r v i c e .  

The p r e d i c t e d  overall  A-weighted 

w i t h i n  2% of measured leve ls .  I n  each case, he  assumed complete a c o u s t i c a l  

s c r e e n i n g  of  a tower i f  t h e  l i n e  of s i g h t  between t h e  receiver and source  

* 
sound p r e s s u r e  levels were c o n s i s t e n t l y  

w a s  o b s t r u c t e d  by i n t e r v e n i n g  towers.  

I n  September 1975, Capano and Bradley3 publ i shed  t h e  r e s u l t s  of 

a series of n o i s e  l e v e l  measurements near  l a r g e  na tura l -draf  t cool ing  

towers.  

apprec iab ly  l a r g e r  than t h e  s i z e s  upon which h i s  method w a s  based ,  con- 

sis t e n t l y  overes t imates  t h e  n o i s e  levels  by approximately 5 dB, i n d i c a t -  

i n g  t h a t  t h e  a c o u s t i c  power of n a t u r a l - d r a f t  cool ing  towers i s  no t  a 

l i n e a r  f u n c t i o n  of thermal c a p a c i t y  over  a l a r g e  range of tower s i z e s .  

They i n d i c a t e  t h a t  an improved procedure f o r  computing t h e  a c o u s t i c  

power of a tower i s  i n  progress .  

They concluded t h a t  E l l i s ' s  method, when a p p l i e d  t o  towers 

* 
A sound f i l t e r i n g  system having a c h a r a c t e r i s t i c  t h a t  roughly matches t h e  
frequency response of  t h e  human ear f o r  sound levels  up t o  55 dB. 
quent ly  used a t  h i g h e r  l e v e l s . )  

(Fre- 
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NOISE PREDICTION METHODOLOGY 

' 
The methodology descr ibed  i n  t h i s  paper  i s  based on E l l i s ' s  method. 

The e m p i r i c a l  estimate of t h e  a c o u s t i c  power developed by him is  used i n  

a d d i t i o n  t o  t h e  oc tave  band frequency spectrum shape recommended i n  h i s  

paper .  Addi t iona l  a t t e n u a t i o n  mechanisms of wind, temperature  g r a d i e n t s ,  

l o c a l  v e g e t a t i o n ,  and t e r r a i n  have been incorpora ted  i n t o  t h e  methodology. 

Acoust ic  Power o f  Natural-Draf t Cooling Towers 

The equat ion  given by E l l i s  f o r  computing t h e  a c o u s t i c  power of a 

n a t u r a l - d r a f t  c o o l i n g  tower is 

Wac = Mh [A(,), + B ( f ) m ]  , 

i n  which 

Wac = a c o u s t i c  power ( w a t t s ) ,  

M . =  mass flow rate  of c o o l i n g  water (kg/sec)  , 

h = d i s t a n c e  water f a l l s  from c u l v e r t  t o  pond (m), 

T = depth of packing below t h e  r i n g  beam (m), 

1> = h e i g h t  from pond t o  t h e  base  of t h e  packing (m), 

. A ,  B y  my,  n = e m p i r i c a l  c o n s t a n t s .  

E l l i s  a t tempted ,  u n s u c c e s s f u l l y ,  t o  c o r r e l a t e  t h e  a c o u s t i c  power of each 

cool ing  tower t o  t h e  h y d r a u l i c  power d i s s i p a t e d ,  which l e d  t o  t h e  develop- 
I .  . -  

ment of t h e  e m p i r i c a l  equat ion  given above. 
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n 
Sound P res su re  Level a t  a P o i n t  

The a c o u s t i c  i n t e n s i t y  a t  a p o i n t  is  t h e  a c o u s t i c  power t r a n s m i t t e d  

pe r  u n i t  area. The mean squa re  a c o u s t i c  p re s su re  a t  a p o i n t  i s  propor- 

t i o n a l  t o  t h e  i n t e n s i t y  and i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  a c o u s t i c  im- 

pedance of t h e  medium. For a p l ane  wave, 

2 2 Prms - -  - I = Wac/A (watt/m ) , 
zO 

i n  which 

2 2 Prms = mean square  a c o u s t i c  p r e s s u r e  (N/m ) ,  

Z = c h a r a c t e r i s t i c  impedance (mks r a y l s ) ,  
0 

2 1 = a c o u s t i c  i n t e n s i t y  (watt/m ) ,  

Wac = t o t a l  r a d i a t e d  a c o u s t i c  power ( w a t t s ) ,  

A = area normal t o  wave f r o n t  through which Wac i s  

2 t r a n s m i t t e d  (m ). 

For a concen t r a t ed  source  r a d i a t i n g  a . t o t a 1  a c o u s t i c  power of Wac, 

t h e  mean squa re  a c o u s t i c  p r e s s u r e  a t  a p o i n t  r meters away i s  

Wac Zo 

2IIr 
Prm 2 = 2 ( N / m 2 I 2  (3 )  

This equa t ion  assumes t h a t  t h e  r a d i a t e d  a c o u s t i c  energy i s  conta ined  i n  

a uniformly sp read ing  hemisphe r i ca l  wave. For a coo l ing  tower, i f  t h e  

open h e i g h t  between t h e  pond and t h e  r i n g  is  h C ,  then  t h e  mean squa re  

a c o u s t i c  p r e s s u r e  a t  t h e  pond r i m  w i l l  b e  

i n  which R i s  t h e  base  r a d i u s  of t h e  cool ing  tower. 

( 4 )  
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The sound p r e s s u r e  l e v e l  i s  def ined  as 

2 
SPL = 10 l o g  (E) , (5) 

2 i n  which Pref  = 2 N / m  . 

A t  a d i s t a n c e  a from t h e  r i m  o f  t h e  pond, t h e  mean square  a c o u s t i c  

p r e s s u r e  w i l l  be given by 

tan-' 4 7  . Wac Zo 

2 2  Il ( a  +2aR)  

2 
(Prms) = 

This  e q u a t i o n ,  a g a i n ,  assumes uniform hemispher ica l  wave spreading .  The 

corresponding sound p r e s s u r e  l e v e l  can then  b e  c a l c u l a t e d  r e l a t i v e  t o  t h e  

r e f e r e n c e  a c o u s t i c  p r e s s u r e .  

Spectrum Shape of Noise Radiated by Natural-Draf t  Cooling Towers 

E l l i s  made a series of sound p r e s s u r e  l e v e l  measurements n e a r  n a t u r a l -  

d r a f t  c o o l i n g  towers and e s t a b l i s h e d  t h e  c h a r a c t e r i s t i c s  of t h e  frequency 

spectrum of t h e  r a d i a t e d  n o i s e .  The oc tave  band l e v e l s  a r e  given r e l a t i v e  

t o  t h e  o v e r a l l  A-weighted' soiind p r e s s u r e  l e v e l .  

dominated by h igh  f requencies  (>lo00 H z ) ,  t h e  o v e r a l l  l e v e l  c a l c u l a t e d  i s  

considered t o  b e  t h e  A-weighted sound p r e s s u r e  level .  

Because t h e  spectrum i s  

The va lues  t h a t ,  when s u b t r a c t e d ' f r o m  t h e  A-weighted o v e r a l l  level ,  

g ive  t h e  oc tave  band levels are given by E l l i s '  as: 



Octave band 
center frequency 

125 
250 
500 

1000 
2000 
4000 
8000 
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Level d i f f e r e n c e  r e l a t i v e  
t o  A-weighted level  

19.4 
1 9 . 8  
13.0 

7.8 
6.3 
4 . 3  
7.2 

. 

Attenuat ion  of Radiated Sound due t o  Atmospheric Absorption 

As t h e  sound r a d i a t e d  by t h e  cool ing  tower t r a v e l s  through t h e  a i r ,  

a c o u s t i c  energy is  e x t r a c t e d  by viscous e f f e c t s ,  h e a t  t r a n s f e r ,  and 

molecular  absorp t ion .  Molecular a b s o r p t i o n ,  which i s  t h e  predominant 

mechanism, i s  s t r o n g l y  dependent on t h e  ambient temperature  and r e l a t i v e  

humidity of t h e  a i r .  

r e p o r t e d  f o r  de te rmining  t h e  dependence of t h i s  a tmospheric  a b s o r p t i o n  

of sound energy on temperature  and re la t ive  humidity.  

given i n  terms of a t t e n u a t i o n  i n  d e c i b e l s  p e r  1000 f t  of wave t r a v e l  

f o r  each 113 oc tave  and 111 octave  frequency band. The a t t e n u a t i o n  i n  

each oc tave  band i s  s u b t r a c t e d  from t h e  corresponding s p e c t r a l  v a l u e  of 

I n  1964,4 t h e  r e s u l t s  of a number of s t u d i e s  were 

These d a t a  are 

t h e  r a d i a t e d  sound p r e s s u r e  level  a t  t h e  r e c e i v i n g  p o i n t ,  

At tenuat ion  of Radiated Sound due t o  Screening 

The a t t e n u a t i o n  a t t r i b u t a b l e  t o  b a r r i e r s  i s  based on wave d i f f r a c t i o n  

theory and depends upon t h e  F r e s n e l  number, which i s  c a l c u l a t e d  from t h e  

wave l e n g t h  of  t h e  sound and t h e  s t r a i g h t  l i n e  d i s t a n c e  and s h o r t e s t  

propagat ion d i s t a n c e  between source  and receiver. Also,  a t h i n  r i g i d  

b a r r i e r  i s  assumed t o  be  o b s t r u c t i n g  t h e  sound propagat ion.  Experimental  
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d a t a  show s u b s t a n t i a l  depa r tu re  from t h i s  theory  f o r  s c r e e n i n g  by 

b u i l d i n g s .  

l e v e l  f o r  complete l i ne -o f - s igh t  s c r e e n i n g  by i n t e r v e n i n g  b u i l d i n g s .  

The d a t a  show a t  least  a 10-dB reduc t ion  i n  sound p r e s s u r e  

When t h e  n o i s e  i s  be ing  genera ted  by an i n s t a l l a t i o n  wi th  more 

than  one tower, many r e c e i v i n g  p o i n t s  w i l l  b e  screened  by one tower 

from ano the r .  I f  t h e  no i se  l e v e l  a t  t h e  r e c e i v i n g  p o i n t  i s  reduced 

by 10 dB f o r  t h e  screened  tower, t h e  l e v e l  due t o  both  towers (assuming 

equa l  a c o u s t i c  power f o r  each tower) w i l l  b e  less than  h a l f  a d e c i b e l  

h i g h e r  than  t h e  l e v e l  a t  t h a t  p o i n t  due t o  t h e  unshie lded  tower a lone .  

Consequently, when v i s u a l  l i n e  of s i g h t  between a r e c e i v i n g  p o i n t  and 

a tower o c c u r s ,  t h e  c o n t r i b u t i o n  of t h a t  tower t o  t h e  n o i s e  l e v e l  a t  

t h a t  r e c e i v i n g  p o i n t  i s  taken  t o  be  n e g l i g i b l e .  Correspondingly,  t he  

computer code r e q u i r e s  t h e  s c r e e n i n g  d a t a  f o r  each r e c e i v i n g  p o i n t  and 

each coo l ing  tower. 

A t t enua t ion  of Radiated Sound due t o  Gradien ts  

of Wind and Temperature 

The va r i a t ion  of m e a n  t e m p e r a t u r e  and h o r i z o n t a l  w i n d  speed w i t h  

h e i g h t  above t h e  .ground. causes’ . r e f r a c t i o n  of propagat ing  sound waves. 

This is because t h e s e  g r a d i e n t s  cause t h e  mean speed of sound t o  vary 

wi th  h e i g h t .  The sound can be  r e f r a c t e d  upward away from t h e  ground 

and cause  an.,acousti!cal.shadow zone when t h e r e  is  a s t r o n g  n e g a t i v e  

tempera ture  g r a d i e n t  o r  a t  poi-nts *upwind from t h e  sou rce .  The e f f e c t  

of ,a..wind gradi-ent is u s u a l l y  t h e  more impor tan t  of t h e  two and w i l l  

o v e r r i d e  t h e  tempera ture  g r a d i e n t  e f f e c t  r e s u l t i n g  i n  no shadow zone 

down wind, Wiener and Keast5 have developed equa t ions  wi th  which t h e  
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l o c a t i o n  of  t h e  shadow zone, i f  one e x i s t s ,  can b e  approximated and with 

which t h e  excess a t t e n u a t i o n  can b e  c a l c u l a t e d  a t  any d i s t a n c e  from t h e  

s o u r c e .  The d a t a  r e q u i r e d  f o r  t h e  computer code i n p u t  are t h e  wind and 

temperature  g r a d i e n t s  p r e v a i l i n g  i n  the  v i c i n i t y  o f  the  power p l a n t .  

At tenuat ion  of Radiated Sound due t o  Vegetat ion 

The excess  a t t e n u a t i o n  of a propagat ing  sound wave due t o  v e g e t a t i o n  

i s  cons idered  i n  two p a r t s :  

t h i c k  g r a s s  and, second, t h e  a t t e n u a t i o n  due t o  t h i c k  s t a n d s  of trees. 

A n a l y t i c a l  approximations of  t h e  corresponding a t t e n u a t i o n s  are given i n  

Beranek.6 

cases as a f u n c t i o n  of  d i s t a n c e  from t h e  source  and t h e  frequency of  t h e  

sound wave. For broad band n o i s e ,  t h e  e q u a t i o n s  are a p p l i e d  t o * t h e  sound 

p r e s s u r e  levels  i n  each o c t a v e  band u s i n g  t h e  oc tave  band c e n t e r  frequency 

i n  t h e  a p p r o p r i a t e  a t t e n u a t i o n  equat ion .  

f i r s t ,  t h e  a t t e n u a t i o n  due t o  shrubbery and 

These equat ions  g ive  t h e  excess  a t t e n u a t i o n  f o r  t h e s e  two 

Each o f  t h e  a p p r o p r i a t e  a t t e n u a t i o n s  are made f o r  each boundary 

p o i n t  and c o o l i n g  tower t o  o b t a i n  t h e  oc tave  band sound p r e s s u r e  l e v e l s  

a t  t h e  boundary p o i n t  a t  which t h e  t o t a l  n o i s e  l eve l  i s  b e i n g  c a l c u l a t e d .  

The t o t a l  a t t e n u a t e d  oc tave  band and o v e r a l l  sound p r e s s u r e  l e v e l  due t o  

a l l  towers i s  c a l c u l a t e d  a t  each boundary p o i n t  by superimposing t h e  

level  at  t h a t  p o i n t  c a l c u l a t e d  f o r  each tower. 

I f  t h e  a t t e n u a t i o n  i s  such t h a t  a n e g a t i v e  sound p r e s s u r e  leve l  re- 

s u l t s  ( i . e . ,  a sound p r e s s u r e  less than  t h e  r e f e r e n c e  sound p r e s s u r e ) ,  a 

va lue  of 0 dB i s  given,  which means t h e  sound level a t t r i b u t a b l e  t o  t h e -  

c o o l i n g  towers i s  i n a u d i b l e .  
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APPLICATION OF NOISE PREDICTION METHODOLOGY TO THE KENTUCKY LAKE 

NEC SURROGATE S I T E  

The n o i s e  p r e d i c t i o n  methodology w a s  coded i n  FORTRAN I V  f o r  numer- 

i c a l  computation on t h e  IBM Sys tem 360 Model 9 1  a t  t h e  Oak Ridge Na t iona l  

Laboratory and w a s  used t o  compute t h e  p r e d i c t e d  n o i s e  l e v e l s  a t  va r ious  

p o i n t s  a t  the  Kentucky Lake Nuclear Energy Center Su r roga te  S i t e .  F i r s t ,  

t he  l e v e l s  were computed a t  p o i n t s  around an a r b i t r a r i l y  chosen boundary 

of one of t he  fou r - r eac to r  groups as though i t  were o p e r a t i n g  as a s i n g l e  

d i spe r sed  r e a c t o r  i n s t a l l a t i o n .  The methodology was then used t o  p r e d i c t  

t he  no i se  l e v e l s  a t  a series of p o i n t s  i n  t h e  NEC Sur roga te  S i t e  w i th  t e n  

of t h e  fou r - r eac to r  u n i t s ,  making a t o t a l  of 40 coo l ing  towers.  The 

p o i n t s  chosen were a long  a l i n e ,  one end of which w a s  n e a r  t h e  c e n t e r  

of t he  s i t e ,  ex tending  over  11 miles t o  t h e  n o r t h .  

In  both cases, t h e  e l e v a t i o n s  of t h e  coo l ing  tower bases  and t h e  

p o i n t s  a t  which t h e  n o i s e  l e v e l s  were computed were assumed t o  be  iden- 

t i ca l .  Eco log ica l  surveys  i n d i c a t e d  t h a t  t h e  s i t e  is  covered wi th  heavy 

s t a n d s  of deciduous trees. Consequently, n o i s e  l e v e l s  were computed t o  

inc lude  both  p o s s i b l e  cases :  when t h e  trees are i n  f u l l  f o l i a g e  and when 

they are b a r e .  In t h e  absence of d a t a  concerning wind and tempera ture  

v a r i a t i o n s ,  t h e  g r a d i e n t s  of bo th  were assumed t o  be  n e g l i g i b l e .  

, A c o u s t i c a l  s c r e e n i n g  w a s -  assumed whenever t h e  l i n e  of s i g h t  between 

a p a r t i c u l a r  coo l ing  tower F d  computation p o i n t  w a s  o b s t r u c t e d  by ano the r  

cool ing .  tower o r  by an a d j a c e n t - b u i l d i n g .  

parameters F e d  t o - c a l c u l a t e  t h e  a c o u s t i c  power of each of t h e  coo l ing  

towers a r e  g iven  below: 

The va lues  of t h e  va r ious  
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n 
Cooling tower base  r a d i u s ,  m 6 1  
Dis tance  from water c u l v e r t  t o  pond, m 11 .8  

Pond t o  packing h e i g h t ,  m 
Pond t o  r i n g  beam h e i g h t ,  m 
E leva t ion  of tower base ,  m 152 
Cooling water  flow rate ,  kg / sec  57,500 

Packing depth below r i n g  beam, m 0 
8.96 
8.96 

The corresponding a c o u s t i c  power of each coo l ing  tower us ing  t h e s e  d a t a  

w a s  computed t o  be  7.06 W. This a c o u s t i c  power corresponds t o  an A-weighted 

sound p r e s s u r e  l e v e l  of 93.2 dB(A) a t  t h e  r i m  of each tower. 

Resu l t s  f o r  a Typica l  Four-Reactor S i t e  

The n o i s e  l e v e l s  were computed a t  twenty p o i n t s  a long  t h e  a r b i t r a r i l y  

chosen boundary of t h e  t y p i c a l  four-reactor site. The s i t e  chosen w a s  t h e  

four -uni t  group f a r t h e s t  n o r t h  and west a t  t h e  Kentucky Lake NEC Sur roga te  

S i t e ,  as des igna ted  i n  Fig.  1. The n o i s e  levels computed a t  t h e s e  p o i n t s  

. 

are given i n  Table  1 f o r  both  cases  - when t h e  trees are i n  f u l l  f o l i a g e  

and when they are b a r e .  

A s  can be seen  from Table 1, t h e  n o i s e  l e v e l s  vary  from a minimum 

of 51 dB(A) a t  p o i n t  number 1 2  t o  a maximum of 64 dB(A) a t  p o i n t  number 

18. 

Resu l t s  f o r  Kentucky Lake NEC Sur roga te  S i t e  

The n o i s e  l e v e l s  w e r e  computed a t  twenty p o i n t s  a long  a l i n e  s tar t -  

i n g  nea r  t he  c e n t e r  of t h e  Kentucky Lake Sur roga te  S i t e  and ex tend ing  due 

no r th  1 1 . 4  miles. The p o i n t s  a long  t h e  l i n e  are 3/5 of a mile apar t  and 

are shown i n  F ig .  1. The computed n o i s e  levels are given i n ' T a b l e  2 f o r  

t h e  cases  of f u l l  t ree f o l i a g e  and b a r e  trees.  
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Fig .  1. Kentucky Lake NEC Surrogate Site. 
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0 NOISE LEVEL I N  dBA 
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n 

Table 1. Computed sound p res su re  l e v e l s  around 
a t y p i c a l  fou r - r eac to r  s i t e  

Sound p res su re  level', [dB(A) 3 . . 
Boundary po in t  

number Trees i n  f u l l  I Trees 
f o l i a g e  b a r e  

, -59 '  I 1 59 
2 60 60 
3 58 58 
4 60 60 
5 59 59 
6 5 7  57  
7 56 56 
8 54 54 
9 53  53  

10 59 59 
11 57 58 
1 2  0 5 1  
13  52 58 
14 5 59 
1 5  58 58 
16  57 57 
1 7  63  6 3  
1 8  64 6 4  
19 62 62 
20 61  6 1  

Re:  2 x N/m2.  a 

n- 
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Table 2 ,  Computed sound p r e s s u r e  levels  f o r  
Kentucky Lake NEC Surrogate  S i t e  

Sound p res su re  l e v e l a  [ dB (A) ] 

Noise computation Trees i n  f u l l  Trees 
p o i n t  numb e r f o 1 i a g e  b a r e  

~ 

1 8 66 
7 64 

6 1  
2 
3 0 
4 0 60 
5 0 57 
6 0 59 
7 0 6 1  
8 6 6 1  
9 5 6 1  

10 0 58 
11 0 56 

1 3  0 52 
14  0 5 1  
15 0 50 

1 2  0 54 

16 0 49 
17 0 49 
18  0 49 

20 0 47 
19 0 48 

Re:  2 x N/m2.  a 

The l e v e l s  vary  a long  t h i s  l i n e  from a minimum of 47 dB(A) a t  p o i n t  20 

t o  a maximum of 66 dB(A) a t  p o i n t  1. The a t t e n u a t i o n  e f f e c t  of  a t h i c k  

s t a n d  of trees over  a p p r e c i a b l e  d i s t a n c e s  i s  ev iden t  i n  t h a t  t h e  l e v e l s  

a t  s i x t e e n  of t h e  measurement p o i n t s  are i n a u d i b l e  and very  n e a r l y  s o  

a t  t h e  remaining p o i n t s .  
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Table 2 .  Computed sound p r e s s u r e  l e v e l s  f o r  
Kentucky Lake NEC Surrogate  S i t e  

Sound p res su re  l e v e l Q  [dB(A) 1 

Noise computation Trees i n  f u l l  Trees 
p o i n t  number f o l i a g e  b a r e  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14  
15 
16 
1 7  
18  
19 
20 

8 
7 
0 
0 
0 
0 
0 
6 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

66 
64 
6 1  
60 
57 
59 
6 1  
61  
6 1  
58 
56 
54 
52 
5 1  
50 
49 
49 
49 
48 
47 

R e :  2 x 10'' N/m2.  a 

The l e v e l s  vary  a long  t h i s  l i n e  from a minimum of 47 dB(A) a t  p o i n t  20 

t o  a maximum of 66 dB(A) a t  p o i n t  1. The a t t e n u a t i o n  e f f e c t  o f  a t h i c k  

s t a n d  of trees ove r  a p p r e c i a b l e  d i s t a n c e s  i s  ev iden t  i n  t h a t  t h e  l e v e l s  

a t  s i x t e e n  of t h e  measurement p o i n t s  are i n a u d i b l e  and very n e a r l y  s o  

a t  t h e  remaining p o i n t s .  
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APPENDIX 

INPUT DATA FORMAT 

CARD 1 FORMAT '(715, 2 FIO. 3) 

COLUMNS VARIABLE NAME MEANING 

1-5 M 
6-10 N 

11-15 NBP 
16-20 NOT 
21-25 NOP 

26-30 IWIND 

31-35 IBOUN 

36-45 GS 
46-55 A I  

Number'of g r i d  p o i n t s  i n  X-direction 
Number of g r i d  p o i n t s  i n  Y-direction 
Number of s i t e  boundary p o i n t s  
Number o f  cool ing  towers 
Number of p o i n t s  a t  which no i se  l e v e l s  

0 -No wind o r  temperature e f f e c t s  
1 -Wind and temperature e f f e c t s  

considered 
0 -Coordina tes  of a l l  boundary p o i n t s  

no t  i n p u t  
1 - Coordinates of all boundary po in t s  

i npu t  
G r i d  s i z e  i n  meters 
Acoustic impedance of a i r  

are t o  be  computed 

CARD 2 FORMAT (I 3) . (SKIP I F  IBOUN = 0) 

COLUMNS VARIABLE NAME MEANING 

1-3 NUM Number of boundary po in t  i n  ROW 

CARD 3 FORMAT (2013) (SKIP I F  IBOUN = 0) 

MEANING ' .  COLUMNS VARIABLE *NAME . ''. . 

X-coordinates of boundary p o i n t s  i n  row :. ;, 
1-NUM IVECT 

- - .(&&E 2 AND. 3- ARl%..REPEATED 2N. 'TIEPES) . 

COLUMNS VARIABLE NAME MEANING 

1-80 I C X ,  I C Y  X and Y g r i d  coord ina tes  of cool ing  
towers 

(REPEATED IF.',bHIR,E' THAN 10 COOLING TOWERS) 
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n 
CARD 5 FORMAT (2014) 

COLUMNS VARIABLE NAME MEANING 

1-30 I B X ,  I B Y  X and Y are g r i d  coordinates  of p o i n t s  
a t  which no i se  l e v e l s  are t o  be 
computed 

(REPEATED I F  MORE THAN 10 POINTS) 

CARD 6 FORMAT (10F8.2) 

COLUMNS VARIABLE NAME MEANING 

1-80 BDYEL Base e l e v a t i o n  of cool ing towers 

(REPEATED I F  MORE THAN 10 TOWERS) 

CARD 7 FORMAT (14) 

COLUMNS VARIABLE NAME: 

1-4 NOSP ( I )  

CARD 8 FORMAT (1015) 

COLUMNS VARIABLE NAME 

1-50 NVECT ( I ,  J) 

CARD 9 FORMAT (F5.1, 7F5.2) 

COLUMNS VARIABLE NAME 

1-5 TEMP 
6-40 ATMOS 

CARD 10 FORMAT (7F6.2) 

COLUMNS VARIABLE NAME 

1-42 A R I M  

MEANING 

Number of computation p o i n t s  which are 
screened from cool ing tower I 

MEANING 

Grid coord ina tes  of p o i n t s  J screened 
from cool ing tower I 

MEANING 

Ambient temperature - 'Celsius 
Octave band atmospheric absorp t ion  

values  - dB/100 meter 

MEANING 

Octave band spectrum shape va lues  t o  be 
sub t r ac t ed  from A-weighted l e v e l  a t  
cool ing  tower r i m  
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CARD 11 FORMAT (6F10.2, E15.3) 

COLUMNS VARIABLE NAME MEANING 

1-10 R Cooling tower base  r a d i u s  (m) 
11-20 H Cooling, tower hydrau l i c  he igh t  (m) 
21-30 T Depth of packing below r i n g  beam (m) 
31-40 D Distance from pond t o  packing (m) 
41-50 HP Open he igh t  a t  tower base  (m) 
51-60 BEL Eleva t ion  of tower base  (m) 
61-75 R M '  Water mass flow rate (kg/sec)  

(REPEAT NOT TIMES) 

0 1 2  FORMAT .(3F10.4) 

COLUMNS VARIABLE NAME MEANING 

1-10 VANE Wind d i r e c t i o n  r e l a t i v e  t o  X-axis ( r ad . )  
11-20 BETA Wind speed g r a d i e n t  (m/sec/m) 
21-30 GAMMA Temperature g rad ien t  ("C/m) 

7 

CARD 13 FORMAT (2014) 

COLUMNS VARIABLE NAME MEANING 

1-80 IVEG ( I ,  J) Code f o r  v e g e t a t i o n  a t t e n u a t i o n  
0 -No v e g e t a t i o n  a t t e n u a t i o n  
1 - Shrubbery and g r a s s  - no f o r e s t  
2 - Fores t  - no shrubbery or  g r a s s  

(NOT X NOP VALUES) 
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LEVEL 21.6 (DEC 7 2 )  OS/360 FORTRAN H 

COMPILER O P T I O N 9  - MANE= J A I N , O P T = 0 2 , L I N E C N T ~ 6 0 ,  S I Z E = 0 0 0 0 K ,  
SO ORCE , I B C D I C ,  NO L I S T ,  NODECK, LO AD, RAP, NOEDIT,  NO I D ,  NOXREP 

C ** ** **** **. *** ** ** ** 
C 
c 
C PROGRAM COOLNOISE 
C 
C PROGRAM AOTHOR 
C * T.G.CARLEY 
C * 
c I* ********I ******* +**** 
C 
C 
C T H I S  PROGRA9 COHPOTES T H E  OCTAVE BAND A N D  
C OVEdALL N O I S E  LEVELS AT S P K I P I E D  P O I N T S  
C I N  M Y  V I C I N I T Y  OF A GROnP O F  POWER PLANTS 
C U f l I 2 H  & R E  SERVED 8 1  NATURA! DRAFT COOLING 
C TO U d  0.5. 
C 
C 
C 
C 

ISN 0 0 0 2  D I R F N S I O N  P O W ( U J ) . I B ( 7 2 , 1 2 0 )  .BOUNBD(20 .7 )  ,BOONDA : 2 0 , 7 ) ,  
> I C X ( U O )  , I C Y ( U 0 ) , I B X ( 2 0 )  , I B Y ( 2 0 ) , A R I N ( 7 ) ,  A T N O S ( 7 )  , R  (40) , R ( U O ) ,  
>T;UO) ,D:UO) ,HP :4O)*,BBL:PO),RN:UO) ,P:UO),BANn;7),RDYBND;7), 
> R I M U U (  7) ,R I R B N D ( 7 )  ,BDYUU(7)  , S L V L ( 7 )  , NPTSCR ( U 0 , 2 0 ) ,  PR (7). 
> A Q A Y l  :7) , A R A Y 2  : I )  

ISN 0003 D I N E N S I O N  I V E C T ( 1 2 0 )  ,BDYEL(?O)  ,NVECT ( U 0 , 2 0 ) , 1 O S P : U O )  , I V E G : U U , 2 0 )  
f S N  OOOU E O U I V A I E N C E  ( P O l ( 1 )  , W ( l ) )  
ISN 0005 PI=3.1 U159 
ISN nnnh R E A D ( 5 , l O O o )  N,d,NBP,NOT,NOP,IYIND,IBOOND,GS,AI 
ISN 0007 1000 POR’4AT : 7 1 5 , 2 E 1 0 . 3 )  

C 
ISN no08  

ISN 0013 
ISN 0011 
ISN 0012 
ISN 0 0 1 3  

1 5 N  0015 
ISN 0017 
ISN 0018 

ISN 0 0 2 0  

I S N  0 0 2 2  
ISN 002U 
ISN D O 2 5  
I S N  0026 
T S N  002s 

ISN 0030 
ISN 0031 

ISN o o i a  

TSN onis 
ISW 0021 

ISN 0029 

ISN 0 0 3 2  
ISN 0033 
I S N  003U 
TSN 0635 

. 

I F  :IBOWMD. E Q . 0 )  GO TO 6 

1-1 

READ ;5,1002) 
I 2 = l  
J=1 

I B ( 1 , J )  = 1 
1 2 = I 2 4  1 
GO -0 15 

3 I B ; I , J ) = O  

C 

1 R E A D ( 5 , l O O l )  N U 1  
( I V B C T  (K) , K = 1  ,NUN) 

2 X F : J . L T . f V E C T ; I I ) )  GO TO 3 

15 . l = J + l  
I P ( J . ~ T . R )  G O  r )  u 
GO T3 2 

1P:I .C.T.N) G O  T J  6 
GO -0 1 

U 1 - 1 4 ?  

6 CONTINOY 
1001 PORrAT (T3) 
1 0 0 2  POFIIAT ;20I 3) 

1020 POR’IAT (201 4) 

1030 P O R R A T  ( 2 O I U )  

R E A D ( 5 , 1 0 2 0 )  :1:1:1) , I C Y  : I ) , I = l , N O T )  

R E A D : 5 , 1 0 3 0 )  t 1 d X : I )  , I B Y  ; I ) , I = l , N O P )  
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ISN 0036 
T S N  0037 

ISN O O l E  
YSN 0039  
ISN O O U O  
ISN 0042  
ISN 0003 
I S H  OOOU 

ISM 0006 

ISN 0048 
ISH 0009'  
ISN 0 0 5 0  
ISN 0051 
ISN 0 0 5 2  
ISN 0053  
ISN 0054 
ISN 0055 

ISN 0056 
ISN 0057 
ISN 0059 
ISN 0059 

ISN 0045 

ISN 0007 

ISN 0060 
ISN 0061 
ISN 0062 
ISN 0061  

ISN 0064 
ISN 0065 
ISN 0066 
ISN 0067 
ISN 0069 
ISN 0069 

ISN 0070 
ISN 0071 
ISN 0 0 7 2  
ISN 0 0 7 3  
ISN 0 0 7 4  
ISN no75 

T S N  0076 
ISN 0077  
ISN 0078 
ISN 0079 

READ ;5,1015) ; B J Y E L  :I() ,K- l , I lOP)  
1015 PORWAT(10?.9.2) 

DO 7 I = l , I O T  
REAI):S , 1 0 2 8 )  W O i P ( 1 )  
1P::NOSP:I))  .EQ.O)  GO TO 7 
J I = N O S  P (I) 
READ :5,1029) 

7 C O N T I N O E  , 
102% POIINAT ; X U )  
1029 ?ORNAT ( 1 0 1 5 )  

R E A D ; 5 , 1 0 0 5 )  T E J P ,  (ATPIOS ( 1 ) , 1 = 1 , 7 )  
1 0 4 5  PORl lAT:  R . 1 , 7 P ~ . 2 )  

R E A D ( 5 , l O U O )  ( A R L N ( 1 )  , 1 = 1 , 7 )  
1000  POPNAT : 7 P 6 . 2 )  

DO' 10 I=l,  WOT 

10 2 5 ?ORN AT :6 P l  0.2, E 1 5 . 3 )  
R EAR (5 . 119 0) 

11 90 F n R M k T  : 3 P l O .  4) 

C 

:NfBCT :I, J) , J=1, .IN) 

1 0  R E A D : 5 , 1 0 2 5 )  R ; I ) , H : I ) , T : I )  , D : I )  , H P ( I ) , B E L ( I )  , R N ( I )  

V I 1  E, B ETA, G & M  WA 

C *****READ SCREENIN;  DATA VALUES OF I V E G  *****  
READ : 5 , 1 0 3 0 )  
I I R I T B : 6 . 6 0 0 0 )  

:AVEG ( 1 , J )  ,J=1, UOP) ,I= 1, NOT) 

SRITE( 6,6010) ( d ( 1 )  ,H(I) , T ( I )  , D ( I )  , H P ( I )  , B E L ( I )  , R N  ( I )  , I=  1. NOT) 
6000 PORNAT 1.1' ,5OX, 'COOLING TOYER DATA' , / /6X, 'COOLING TOYIR',UX,'HYDRA 

> O L I C * ,  3 1 , ' P A C K I J G  D E P T R * , S I , ' P O N D  T 0 * , 6 X , ' P O l b  T O  P l N G ' , 6 X , ' R A S E 1 ,  
>7X, 'COOLIWG MATAR',/' ' , 6 X , ' B A S E  RAD1US' ,6X, 'HE1GHT' ,5X,  'BELOU R I N  
>G BEAM ', 1 X  , 'PACI(ING R E I C R T ' ,  2X, 'BEAR HEYGHT',5X, 'ELEVATION ' , 6 X , ' F L  
>OW R I T E ' , / *  ' , 7 L , '  ( I rBTERS)  ',7X,' ( R E T E R S )  ' ,7X. '  (METERS) ' ,BX,'  (METYA 
>S) ' ,6X,' :NETERS) ' , 7X , '  ; N E T E E S )  ' ,EX, '  :KG/SEC) ' )  

6010 PORNAT : 'O'  , lX,7d15.3) 
CALL POYER (R8H,  C, D, R R , PO Y ,  NOT) 
P R I T Z  :6,60U5) N J T  

6045  FORMAT ('0' ,2X,////UOX, 'THE A C O U S T I C  POYER OP T H E  COOLING TOYERS IN 
> I I A T T S ' , / 5 5 1 , 1 4 , *  C O O L I N G  TOYERS') 

I I R T ? E : 6 , 6 0 5 0 )  :POW : I )  , I = l , H O T )  
6050 PORNAT (loa 10.3) 

6 0 5 5  FORMAT ('0' , 2 1 , / / / / 5 3 1 , ' N E C  S I T E  D A T A ' )  

1070 PORNA?:SX,'NURBdR O F  G R I D  P O I N T S  I N  THE X A N D  Y D I R E C T I O W S ' , / S X , ' X  
> = ' , 1 5 , 2 X , ' T  = ' , 15 , / /5X, 'NUHBBR OF P O I N T S  D E F I N I N G  S I T E  EOUNDASY 
> - ' , 1 5 , / / 5 X , ' N J N B E R  OF COOLTNC TOYERS - ' , 1 5 , / / 5 X ,  'NUnBLR O F  POTY 
> T S  AT YHICR N O I J E  L E V E L S  ARE TO B E  CALCULATED - ' , 1 5 , / / 5 X , ' G R I D  S I  
>ZE - ' , E 1 0 . 3 , ' N i T E R S  PER G R I D  U N I T ' , / / S X , ' A C O U S T I C  IYPEDANCE OF " H  
>% A f l B I E N T  A I R  - ' ,910.3,2X, '  NKS-RAYLS', / / /)  

I I ~ I T E  : 6 , 6 0 5 5 )  

Y R I T E  ( 6 , l O  70) I, N, NBP, HOT, NOP, GS , A I  

Y R I T Z  ( 6 , 1 1 0 0 )  
11r)O PORNAT ; S X , ' G R I D  LOCATIONS OF T H E  COOLIWG TOYEFS',/lOX,'X',IlX,'Y') 

11 10 PORVAT ( (  ' l X , I U ,  BL.10)  ) 
Y u I T E  :6 ,1120)  

1 1 2 0  P O R N A ? ( S I , ' C R I D  L O C A T I O J S  ON THE BOUNDARY AT Y H I C H  NOIS: L E V E L S  k R  

URTTE : 6 , 1 1 1 0 )  : I r X : I ) , I C V : I )  , I = l , N O T )  

> E  "0 B E  C A L C U L A F B D ' / 1 O X , ' X ' , ~ l K , ' T ' )  
Y I I I T E  :6,1130) 

Y R I T ?  : 6 , 1 1 4 0 )  

:IBX :I) . I B T  3) ,I=l ,IOP) 
11 30 FORMA? ( ( B X , I 4 , 8 L , I 4 ) )  

1 1 U O  PORYAT (5X,  'OCTAVE BAND ATTENUATIONS THAT GIVE SPECTRUN S H A P E  RELAT 
> I V P  TO THE O V E d a L L  A-IIYIGHTED LBVEL AT TAE COOLING TOYER R I N ' / / 1 2 X  
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ISN 0080 
ISN 0081 
ISN 0082 
I S I  0 0 8 3  
ISN 0080 
ISN 0 0 0 5  

ISN 0086 
ISN 0087 

ISN ooee 
ISN 0089 

ISN 0090 
ISN 0091 
ISN 0092 
ISN 0093 

ISH 0 0 9 U  
ISN 0095 
ISN 0096 
I S N  0091 
ISN 0098 
ISN 0100 
I S W  0101 
ISN 0102 
ISN 0103 
ISR OlOU 

ISR 0105 
ISN 0106 
ISN 0107 

xsn 0108 
xsa 0109 

ISN 0110 

ISN 0111 
ISN 0 1 1 2  
ISN 0114 
TSN 9115 
ISN 0117 

ISM 0118 
ISN 0119 
ISN 0121) 
ISN 0 1 2 1  
ISN 0122 
YSN 0 1 2 3  
ISN 0 1 2 0  
ISN 0 1 2 5  

>, 'OCTAVE BAND Cdl lTEB PBEQIIENCY * , /6X, '125* ,5X, '250* ,5X,*S00* ,6X,*  
> i o o o * ,  ax, * 2000 *, VI, * aooo , ux, eooo*)  

U R I T E : 6 , 1 1 5 0 )  ; A R I ! I : I ) , I = l , 7 )  

U R I T E : 6 , 1 1 6 0 )  T J d P  

Y R I T E ( 6 . 1 1 6 2 )  

1150 P O B l A T ( S X ,  C 6 . 2 , 0 ( 2 X , F 6 . 2 ) )  

1160 POR!lAT(*O* , / / 5 X , * T E l P E R A T U R E  = * , F 5 . 1 , *  DEGREES C E L S I U S ' , / / / )  

1 1 6 2  POENAT :'O* , * * * *e *  3CTAVE BAND ATMOSPHERIC ABSORPTION ATTENUATION C 

1170 FORRAT(5X, * A R B l U A T I O W  C O E F F I C I L W T S  - DB PER' 100 M E T E R S * , / / l Z I , ' O C  
>TAVE B I N D  CENTEd PRBQOENCIES * , /6X,  * 125', SX.' 250' , 5 1 ( , * 5 0 0 ' ,  6X, * 1000 
> * , U X ,  * 2000 * , UX , * UOOO* , U X  , * 80 0 0'  , / / 5 X  ,P 6.2.6 :2X , P 6 . 2 )  ) 

> O P P I C I F N T S  *#***,/) 
U R I T E ; 6 , 1 1 7 0 )  ;AI'!lOS (I) , I = 1 , 7 )  

U R I T E ; 6 , 1 1 9 1 )  V r l E , B E T A , G A I n A  
1191 F O R l A T ( 5 X ,  * U I R D  D I E R C T I O N  R E L A T I V E  T O  THE X A X I S = ' , F l O . U , *  R A D I A N S '  

> , / /SI ,  'THE WIND S P E E D  GRADIENT=' ,  FlO.U,*METERS PER SECOND PER METE 
> R  9 ,  //S X, * T H E  T M P E R  ATllEl7 GRAD1 ENT = *  , P10. U , * DBG REES C E L S I U S  PER fly?' 
> E R ' )  

C ** I N I T I L L I Z E  ACCUHJLATED BAND LEVELS ** 
DO 8 I = l , N O P  
DO R J=1,7 
B O U N B D ( 1 , J )  = 0. 

R BOONDl, :I,J) = 0. 

DO 3 5  I = l , U O T  
DO 35 J = l , N O P  

35 MPTSCR ( I , J ) = l  
bo 37 I = l , N O T  
I P ( N O S P ( 1 )  .EQ.O) GO TO 37 
LIW=NOSP ( I )  
DO 36 J = l , L I M  
J T = N V E C T  :I, J)  

C ****** ***BOUND AdY P O I N T  CALCULATIONS ******** 

36 YPTSCE ( 1 , J T )  =O 
37 COUTIWUP 

C 
I=1 

20 V R I T E ( 6 . 1 2 2 O )  1 , I B X : I )  ,IBY ;I) 
1 2 2 0  FOPRAT(*1*,101,*800NDARY P O I N T  NUNBER' , I4 ,2X, 'LnCATED AT G R I D  LOCA 

>TTON X = ' . 14 ,2L ,*AND Y = ' , I U , / / / )  
30 RLBPX = ( I B X  (I) -1) *GS 

RLBPY = ; I B Y  z)-l) *GS 
C. 

C **I** EXCESS ATTENUaTION FOR SCREENING ***** 
40 I C = l  

U 1  CONTINUE 
I P ( N P T S C R ( I T , I ) . V E . O )  GO TO 50  
I T - I T +  1 
1P : IT .GT.UOT)  G J  TO 1 4 0  
GO TO 4 1  

C 
50 PSQR = ( Y ( I T ) * X i ) / ( Z . * P f * R  ( I T ) * H P  ( I T ) )  

Cl=U."lO 
R I l A  = 10. * A L O G I O ( P S Q R / C l )  

PLCMY = (ICY 3 T j - l )  *GS 
OELTX = RLBPX - RLCTX 
DBLTY = RLBPY - ELCTY 
n E L T Z  = B D Y E L ; I )  - B E L i I T )  

RLCTX = (rcn(rr) -1 )  *GS 

Y 
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ISN 0126 
ISN 0127 
ISN 0128 
ISN 0130 
ISN 0131 
ISN 0132 
ISN 0133 
ISN 013U 
ISN 0135 
ISN 0116 

ISN 0137 

ISN 0138 

ISN 0139 
XSU 0140 
ISN 0141 

l -  

ISN 0153 
I S N  015U 

ISN 0155 
ISM 0156 

ISN 0157 
ISN 0158 
ISN 0159 

ISH 01U2 
ISN 0103  
ISN 0104 

Isn 0 1 ~ 5  
I S N  01U6 

ISA 0107 
I S N  0108 

ISN 0149 
ISN 0 1 5 0  

ISN 0151 
ISN 0152 

ISU 0160. 
ISN 0162 
ISN 0163 

s 2  
54 

6 0  
C 

C 

C 

70 

C 
C 

80 

C 
C 

1 2 3 0  

D I S T R = S Q R T  :DELT4**2+DELTI**2)  - R : I T )  
D I S T = S  QRT (DISTR**2+DELTL**Z)  
1I ;DELTX.EQ.O.)  GO TO 52 
ANG = ATAU (DELTL/DELTX) 
GO T O  5 U  
ANG=PI  /2. 
CONTINUE 
ACTN = ATAN:SQRr;:DIST+2.+R;IT))/DISr)) 
PSQB = ( O ( I T ) * A i / ( ( P I * * 2  ) * ( D I S T * * 2  *Z.*DIST*R ( I T )  J ) ) * A C T N  
BOONA = lO.*ALO;lO : P S Q B / C l )  

CALL A OCT : RIHBN3,AE I N  , B I  MA) 

CALL AOCT:BDYBNJ,ABIR,BOUNA) 

DO 7 0  I1=1,7 
R I R U S ( I l ) = R I R B ~ ~  :I1) 
CALL AYBGHT ( R I J O W ,  1 . 0 )  

DO 80 f l t 1 . 7  
BDY (IW ; 11) = BDTB N J (1 1 ) 
CALL AUBGRT :BDYJY,  1 01 

****e O R I T E  ONAPTENnATED LEVELS ***** 
O A I ~ B ( 6 . 1 2 3 0 )  i P , I C X I ; I T )  , I C Y  ; I T J  
P O R R A T ( 2 I , ' > > > >  COOLING TOUER NO. ', 12,'  LDCATEn AT C Q I D  LOCATIOY 

> X = ' , 1 4 , 2 X , * A d D  T = ' , I U , / / / )  
O R I T B (  6,1200) 

l2PO FORMAT :5X, 'OVERaLL A N D  OCTAVE BAND N O I S F  LPVELS - R E : 2 . E - 0 5  NEUTDY 
>S P E E  IETER**Z---ATTEUUATION DOE ONLT TO WAVE S P R E A D I N G ' )  

O R I T E ( 6 , 1 2 4 2 )  

W R I T 1 ; 6 , 1 2 5 0 )  a I q A ,  ; R I 4 B N D : 1 1 ) , 1 1 =  1.7) 

1242 ?ORrlAT : 'O@ ,SI,'***** O C T A V E  B A N D  AND OVERALL S O U N D  PRESSUPP L E V E L  
>AT "RE C O O L I f f i  POUER R I R  * * * * * ' , / A  

1250 FORVAT (51, 'A-YEiGHTED OVERALL LEVEL =' .P6 .2 , / / 5X, 'A-UEICRTED 3CTAV 
> E  B A l D  L B V B L S ' , / / 1 2 X 0 ' 0 C T A l E  BAND CENTFR FREQUENCY-HZ' , / 6 X ,  * 125'  ,5 
>X,  ' 250 ' , SX , ' 50 0' ,6X, 80 0 0' , //5X, Ph . 2  
>. 6 ( Z X ,  ? 6 . 2 )  ) 

1 00 0' ,0 X ,  '20 00 ,U 1, ' UOOO ' , U X, 

P R I T E  : 6 , 1 2 5 2 )  
1 2 5 2  VORIAT ('0'.5X,'***** ONATTENOATED OCTAVE BAND A N D  OVERALL SOUND PR 

>ESSURE LXVEL AT THE BOUNDARY P O I N T  ***** ' , I / )  
W R I T E : 6 , 1 2 6 0 )  d O O l A ,  ;BDYBND :Il) , I l=l ,n  

1260 P O R N A T  (51, aURUBLCHTED O I E R A L L  LEVEL . = ~ . P 6 . 2 . / / 5 X . ' U N U E I C H T e D  O C T A V  
>E BAND LBVELS ' , / / 12X0 'OCTAVE B A N D  C E N T I R  ~ R E Q U E N C Y - H 2 ' , / 6 X , ' 1 2 5 ' , 5  
> X ,  '2 S O ' ,  SX, '500' ,6X, ' 1000'  ,4X, ' 2 0 0 0 '  ,4 1, 'UOOO' ,U X, '8000 ' , / /5X,  P6.2 
>, 6 ( 2 1 , ? 6 . 2 )  ) 

bo 90 I l= l , l  

CALL A S O R B  ; A T R O i , S L V L , D I S T )  

c *e*** EXCESS A T Z E N U A T I O N  FOR ATROSPHERIC ABSOFPTION *I*** 
90 S L V L ; I l ) = B D Y O W  ( L l )  

C 
C ****I EXCESS ATTENUATION DUE TO W I N D  ***** 

I P ( I W I l l D , E Q . O )  , i O  T O  100 
CALL WIND :01!3T,tXIP.IIRC, BDYBUD.VAliE, BETA,GANHA J . .  

100 CONTXNOE I .  

c ***** E X C E S S  A T T E N U ~ T I O U  FOR GRASS A N D  S R R I J B ~ ~ R T  ***** 
I V = I V E C  :IT ,I) ,. 
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n 

ISN 0165 
ISH 0 1 6 6  
ISM 0 1 6 7  

ISN 016A 
ISN 0 1 6 9  

ISN 0 1 7 0  
ISM 0171  
ISN 0 1 7 2  
ISN 0 1 7 4  
ISN 0 1 7 5  
ISN 0176 
ISN 0178  
ISN 9 1 7 9  
TSN 0130  

ISN 0 1 8 1  

ISN O l A Z  
ISN 0 1 8 3  
TSI 01A4 
ISH 0 1 8 6  
ISN 0 1 8 7  
ISN Ol8R 
ISN 0 1 9 0  
ISN 0 1 9 1  
ISN 0192  

T S N  0 1 9 3  
ISN 019U 

ISN 0 1 9 5  
ISN 0 1 9 6  
ISN 019R 
ISN 0199 

ISN 0200 
ISN 0201 

ISN 0202  
TSN 0 2 0 3  
ISN 020U 
ISN 0 2 0 5  

ISN 0206  
ISY 0 2 0 7  
ISN 0208  
T S N  0209  
ISN 0210  
ISN 0 2 1 1  

ISH 0 2 1 2  
ISN 0 2 1 l  
I S N  021U 

CALL VIG:BDTBWD,DIST,IV) 
WRITE( 6,1270) 

1 2 7 0  P O R I A 1  :*O' ,SI, a * * * * *  ATTINOATED O C T A V E  BAND LEVELS AT THE BOUNDART 
> POIBT a*****,//) 

WRITE (6.20 50) (BDTBMD (J) ,3sl , 7) 
2050 ?ORRAT (SX, 'OUWELGBTED LEVELS WITH EXCESS ATTENUATfON',/SX,~6.1,6 12 

>X,F6.1)) 
C 

DO 120  Jt1.7 
R K l =  :BOUNBD :I, J) ) / l o .  
1 F : A B S  :RKl).GT.LO.) RKl=-20. 
RKZ=lO.**(RKl) 
R K 3 =  ;EDTEND ;J) ) / l o .  
I F ( A B S  (RK3) .GT.LO.) RK3=-20. 
R K U = I O  .** ( R K 3 )  
SOIl=RR2+3KU 

120  BOUN 9 D  (1.J)  = lO.*ALOG 1 0  (SUM 1) 

CALL APECHT (BDYJYD,  - 1 .) 

DO 130  J = 1 , 7  
RK5=:BOUNDA:I,J))/lO. 
1F:ABS ;RKS).GT.LO.) RK5=-20. 
R K  6= 10. ** ( RK 5)  
R K 7  = :BDTBND;J))/lO. 
IP(ABS (RK7) . G T . L O . )  RR7=-20. 
R KA= 10. ** ( PK7) 
SWM2=a K6 +R K 8  

1 30 BOUN DA ( I ,  J ) = 10. ALOG 1 0  ( S Uf4 2) 

PRITE(6 .2060)  (jDY@ND(J) , J = 1 , 7 )  

C 

C 

C 

2060  POHNA? ;5X,'A-WSA;HTYD LEV"L-5 WITH EXCFSS A T ~ E N n R T I O Y ' , / S X , P ~ . l , ~  ( L  
> X e P 6 . )  e / / / / / )  

C ** INCRFNENT ' I T '  PJ9 NEXT C O O L I N G  TOWER * *  
1': = I T t 1  
IF(1T.GT.NOT) G J  T3 1 4 0  
G O  TO 41 

140 CONTINOE 
C ** WQTTE TOTAL ATTEJIJATED LFVEIS PCR BOUNDAPT P3INT ** 

URITE:6,2670) I 
2 0 7 6  PORf4AT ( ~ ~ X . ' T O T A L  OCTAVO @ A N D  LSVELS WITH EXCESS ATTENIJATTON F O 5  B 

> O O N D R R ~  P O ~ N T - * , I U , / / U S X ,  'OCTAVS B A N D  C Z Y T E ~  F R E Q U E N C Y - H Z '  ,/usx, 9 1 
> 2 s 0 ,5x , a  2 5 o 0 , s x, 0 5 o o 0 , 6  x ,I 1 o o n * , u x 0 2 o O G  0 ,4 x ,I uo on , u x ,I e o o o 0 ) 

2080  

2090 
C 

1 4 5  

2 1 0 0  

WRITE (6 ,20  80 )  (JOUNBD (I ,  J)  ,J= 1 ,7)  
POR'IAT :25X,'UNWSIrJHTED',9X,P6. 2,6 :2X,P6. 2 ) )  
W R I T E (  6,20 90) (JOUNDA ( I ,  J) , J = l , 7 )  
PORYAT :25X,'A-Y3ICHTED', 9X,P6.2,6 ;2X , P6. 2) ) 

DO 1U5 J = 1 , 7  
A R A Y  1 ( J )  = B O O N B D  ;I, J )  
AaAY2(J)=BCUNDA(I,J) 
CALL OVER : A R A Y l , U Y O A )  
l f !? ITE16.2100~ UdOA 
- O R R A T  ; i o *  , U ~ I , ~ U N W E I G H T E D  O V E R A L L  L E V E L  = # , ~ t o . 2 , '  D B  - RE 2 * 1 0 *  

>* : - 5 )  NZYTONS PS2 S Q W A R E  WETER', / / )  
CALL OVSR(ARAY2,AWQA) 
P F I T I  :6 ,2 l  10)  A J O A  

2110  POPW4r(46X,'A-U~IGHTED O V E R A L L  LEVEL = ' , P ln .2 , '  DB - RE 2*10**:-5 

. 
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>) NEUTONS PER SJOARE I E T E R ' )  
C 
C ** I H C R E I E H T  'I' ?Od NEXT BOUNDART P O I N T  ** 

X=Itl .' ., 
1 I : I . G T . R O P )  GO T 3  150 
GO TO 20 

150 CONTINUE 
WEITE (6,2 120) 

2120 FORMAT  SI,'*^*^ LE B E U I T  EST P I N I S  * * * * * a )  
C 

S T O P  
END 

.ISN 0215. 
TSN 6216 
XSR O21A 
ISN 0219 
XSW 0220 
ISW 0221 

ISN 0222 
I S N  0223 

LEVEL 21.6 :DEC 72)  OS/360 PORTRAN H 

COR P f I . E R  O P I I O N S  - R I  R E =  JAIW , O P T = O Z , L I  NECNT=6 0, SI ZE=000 OK, 
SOIlRCE , b B C D I C  ,110 L I S T  , NODECK , LOAD, RAP, N O E D I T ,  NO I D  , NOXBEP 

C ' .  
C 

ISN 0002 Sn B R O O T f N E  A N T  (BAND A R I  I , A L I V E L )  
I S W  0003 n X R E H S I O l  BAWD (7)  , A R I I  (7) 
ISN O O O U  DO 10 I=1,7 
ISN onos 10 B A R D ( I ) = A L E V ~ - a R f f l  (I) 
ISN 0006 RETURN 
ISN 0007 END 

LEVFL 21.6 (DEC 72) OS/360  PORTRAN H 

C O T  P I  LER OPTIONS - NA !E= JAII,OPT=O2,LIRECUT=60, SIZE=000 OK, 
S O U R C E , d B C D I C ,  UOLXST, NODECK, L O l D .  RAP.WOEDIT. WOID, W O X R E P  

C 

ISY 0002 SOBRO0,TINE ASORd :ATNOS,SLVL, DIST) 
C ***** SUBROUTINE T O  ATTEHOATE OCTAVE 

DTIEHS,ION .ATROS ; I )  , S L V L  :7) 
BAND .LEVELS P J R  ATHOSPHERIC.  ABS0RP"ION ****t 

c l  I S N  0003 
I S Y  ooou " DO 10 ' I l= l :7  
ISN 0005 10 S L V L ; I 1 )  = S L V L : I l ) -  :ATIOS:Il))*~DIST/lOO.) 
T S R  0006 R E T U R N  
ISN 3007 END 



24 

LEVEL 21.6 :DEC 72)  O S / 3 6 0  PORTRAN H 

COR P I L Z R  O P T I O N S  - NARES dAIN , O P T = 0 2  , L I  l lECRT=60 ,  SI Z F S O O O O K ,  
SOURCE ,3 BCD I C ,  NO L I S T ,  NODECK, LO AD, NAP, N OED1 T, NO I D ,  N OXR E P 

C 
C 

C ***** TO A-WEIGRT A=-1  ***  TO IJNWEIGHT A = * l  ***** 
ISN 0002 SUBROUTIN8 AWEGdT (RND.OGT,A) 

ISN 0003 DIMENSION BIIDWGP : 7 )  
ISN oooa BNDWCT(1) =BNDWGf( l )  t (16.l*A) 

ISN 0006 BNDOGT ( 3 ) = B N D O G 2 ( 3 )  (3.211) 
ISN 0007 BNDWGT(5)=BNDWGP(5)  - (1.2*A) 
ISN 0008 BNDWGT :6)=BNDOGP:6)  - ( l . O * A )  
ISN 0009 BNDWCT(7)=BNDWGL(7) (1.7*A) 
ISN o o i n  RETURN 
ISN 0011  END 

ISN 0005 BNDWGT ;2)=BNDWGf i 2 )  + (8.6*A) 

n 

LEVEL 21.6 ;DBC 72)  05/360 l O R T B I l l  H 

COHFILEE OPTIONS - HAHI= d A I U ~ O P T ~ O 2 ~ L I I ~ U T ~ 6 O ~ S f Z E ~ 0 0 0 0 K ~  
S O O B C E , d B C D I C 8 1 0 L I S T ,  RODBCK. LOAD. N A P , l l O B D I ? . N O I D , I I 0 1 8 E l  

C 
C 

ISN 0002 SOBROUTIRE OQBR(BUDL.OlRAL) 
ISN 0003 D I H E l l S I O U  BUDL (7) 

ISN 0005 DO 10 511.7 
ISN 0006 I ? ( B U D L ( J )  .LE.O.) GO TO 5 
ISN 0008 8 PSQ=lO.**(  (BmL(J)) /lo.) 
ISN 0009 GO TO 10 
ISR 0010 5 PSQsI) .  E -10  

ISN 0012 IP(SUM.GT. 1.1) GO TO 15 
ISN O O l U  0 VR A Ii. 0. 
rsn 0015 GO TO 20 

I S Y  0017 20 RETURN 
Isn 0018 END 

ISN 0004 sun=o. 

ISN 0011 i o  sun=sun4esp 

ISN 0016 15 OVRAL=l0 .*ALOGlJ (SI JN)  

LEVEL 2 1 . 6  (DEC 7 2 )  O S / 3 6 0  FORTRAN H 

I SN 
I S N  
I SN 
I SN 
ISI 
I SN 
I SN 
ISN 

COWPILER O P T I O N S  I NAVE= J A I N , O P T = O 2 , L I ~ E C N T = 6 O , ' S I Z E 1 0 0 0 0 R ,  
SOURCE , bBCDIC.  NOLIST.  NODECK, LO & D e  NAP, NOCDIT ,NOID,  NOXREP 

C 
C 

0 0 0 2  SnBR J U T I N E  POWEd ;R, H ,T, D, RH, POW, NOT) 
000 1 DIHENS ION R (  40) , H :UO) , T  :UO), D LUO) , R R  :UO) ,POW :U 0) 
0oou A = 0 . 9 5 E - 5  
0 0 0 5  a= 1.85-5 
0006 DO 10 I T = l , N O T  
000' 
0009 RETUaN 
0 009 END 

10 DOW : I T ) = ! t q  ( I T )  * d ( I T )  * ( A *  ( ( T ( I T ) / R  ( I T ) )  **2.)*B* ( ( D ( I T ) / H ( f T ) ) * * 2 . ) )  
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LOVEL 21.6 (DEC 7 2 )  OS/360 FOBTRAN H 

C O P P I L Z R  OPTIONS - N A M E =  JA1100PT~02,L1NECRT=60,S12~~0000K, 
SOURCE, dBCD IC. NOLIST. RODECK. LO 1D . RAP, N OEDIT, N O Z D ,  NOX REF 

C 
C 

ISN 0002 S O B R O U T I R E  VEC :dDTBND,DIST.IV) 
ISN 0 0 0 1  DIRENS I01 B D T B N J  :7) , FR 17) 
ISN 0004 IF( IV.EQ.0)  GO PO 5 0  
ISN 0006 IP I IP .PQ.2 )  GO PO 20 
ISN 0009 D 9  10 1 = 1 , 7  
ISN 0009 PR :I) = 125. 
ISN 0 0 1 0  IP ( I .EQ.1 )  G O  T J  1 0  
ISN 0 0 1 2  PI! : I ) =  125. * ;2. ** (1-1) ) 
ISN 0 0 1 3  1 0  BDTE!ND:I)=BDTB1J:I)- ;.18*ALOG10 :PR; I ) )  -. 3 l )*DIST 
ISN O O l U  GO TO 50 
ISN 0015 2 0  DO 30 1 = 1 , 7  
ISN 0 0 1 6  PR (I) = 125. 
ISN 0017  1 P ; I . E Q . l )  GO T J  30 
ISN 0 0 1 9  
ISN 0 0 2 0  3 0  BDTBWD(I)=BDTBNd(I) - 0 . 0 1 + (  (PR(1) )  **0.3333)*DIST 
ISN 0 0 2 1  50 RETURN 
ISN 0 0 2 2  E R D  

rR (I) = 125. (2. +* :I- 1)  ) 

LEVEL 21.6 :DEC 72)  Qs/360 PORTRAW M 

ISN 0 0 0 2  
xsn 0003 
zsn ooou 
I S R  0006 
ISN 0007 
ISN O O O R  
ISN 0 0 0 s  
ISN 0 0 1 0  
ISN 0011  
ISN 0 0 1 2  
I S N  -0013 
ISN O O l U  
ISN 0 0 1 5  
ISN 0017 

ISN 0 0 1 9  

ISN 0 0 2 2  
ISN 0 0 2 3  
ISH 0024 

ISN 0 0 2 6  
ISN 0 0 2 7  
ISH 0 0 2 8  
ISU 0030 
ISN 0 0 3 1  
ISN 0 9 3 2  
ISN 0034 
ISN 0 0 3 5  
ISU 0936 
ISN 0037 

Isw 0018 

rsn 0020 

xsn 0 0 2 5  

C 
C 

25  

5 
1 0  

2R 
29  

30 

40 

45 
46 
50 

COH FILER OPTIONS - YABEm AAIII, OPT=OZ,LI IIBCNT=60, S I  ZK=0000K0 
SOORC!3~6BCDIC0UOLIST, RODZCK . LOAD, MAP.BOEDIT~NOID,IO~RE? 

S O B R  OOTI NE V I R  D ;DIS T .T EN P . ARG , BOT B R D  . V A N  E, BETA, CAR R A )  
DIRGNS I O N  ?R p), BDTBRD :7 )  
IF(GAMRA.SQ.0. .AUD.BBTA.EQ.O.) GO TO 50 
ATER = TEMP 273.2 
SPEED = ZO.O!PSJRT(ATER) 
PHICR=AECOS((SPtBD/ (2. *ATEH)) (GAHNA/BmA)) 
COP1 = 3.22 
PHI = A N G - V A N E  

ALPHA= (SPEED*GAflIA) / ;2.*ATEM) 
DENOR= (BITA*COS(PEI)) -ALPHA 
1P:ABS :ALPRA)-BA?A) 10.5.5 
I P ( A L P R L . G T . 0 . )  GO TO 30 
ISRDY :SORT; :L.*SPEED)/  :DENOR))) *COP1 
RhT = DIST/XSHDI 
1 TT- 27. 
IP(RAT.GK.3) G O  TO 28 
ATT=9. : R A l - l .  ) 
DO 29 f = l . l  
BDYBBD :I)=BDTBNO (I) -ATT 
GO TO 50 
DO U 6  P 1 . 7  

IP( I .EQ. l )  GO T3 40 
FR ;1)=125.*:2.**(1-1)) 
FTR=PR :f)*DIST 
IP(PTR.LT. 1.21965) G O  TO U6 
B D T B N D  ; I ) = B D T B ! J J  ; I )  -lo.* :,,LOG ; P T R )  -5.086) 
CORTIN OD 
R!?TOEB 
El D 

IP:ABS :PRI)-PHI;B) 25 ,30 ,30  

pa :I) = 12s .  
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