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1 . 0  I N T R O D U C T I O N  

This sec t ion  discusses assessment techniques and 
r e s u l t s  of noise  as r e l a t e d  t o  operation of the wel l  d r i l l i n g  
s y s  tern. 

1.1 Overview 

This r epor t  p resents  r e s u l t s  of a study t o  determine the 
acous t i ca l  no ise  d i s t r i b u t i o n  and impacts of t h e  geothermal/geo- 
pressure wel l  d r i l l i n g  operat ion near  Chocolate Bayou i n  South 
Texas. 

Detailed noise  survey data  were included a s  p a r t  of t he  
study f o r  computer simulations t o  develop r ep resen ta t ive  and w o r s t  
case d r i l l i n g  operat ion n o i s e  p red ic t ions .  
base l ine  n o i s e  measurements throughout t h e  Peterson Landing r e s i -  
d e n t i a l  a r e a .  
i t s  c l o s e  proximity t o  t h e  geothermal w e l l  s i t e .  

Also  conducted were 

This inhabi ted a rea  was of primary concern due t o  

1 . 2  Objectives and Techniques 

The p r i m a r y  s tudy  objective was t o  a s s e s s  the environ- 

mental n o i s e  impact due t o  a wel l  d r i l l i n g  f a c i l i t y  near the  South 
Texas community of Peterson Landing on t h e  Chocolate Bayou. 
perform t h i s  assessment, a systematic da ta  acqu i s i t i on  and analy- 
s i s  process was necessary.  The var ious assessment s teps  included 
t h e  fol1o;;ing: 

To 

perform f i e l d  measurement survey of a l l  
areas  t h a t  may be a f f ec t ed  by the proposed 
p r o j e c t .  

1 



acquire ava i lab le  acous t i ca l  da ta  pe r t inen t  
f o r  charac te r iz ing  (and corroborat ing 
measured data) t h e  sound f i e l d s  i n  p o t e n t i a l l y  
a f f ec t ed  areas  

process data  and descr ibe t h e  no i se  charac te r  
of  the  study area  

acqui re  acous t i ca l  da ta  on opera t iona l  equip- 
ment (complete d r i l l i n g  r i g  system) assoc ia ted  
with t h e  p ro jec t  

exerc ise  Radian's Environmental Noise Predic- 
t i o n  Model (ENPM) t o  descr ibe sound f i e l d s  
from these  sources 

e s t a b l i s h  evaluat ion c r i t e r i a  against  which 
t o  measure noise  impacts 

assess  impact of no ise  by  imposing fo recas t  
no ise  f i e l d s  upon e s t ab l i shed  ambient condi t ions 

recommend mi t iga t ing  measures i f  required and 
re-run t h e  ENPM i f  necessary t o  determine de- 
gree of acous t i ca l  n o i s e  abatement i f  required 

perform an opera t iona l  per iod noise  survey 
throughout concerned areas  

1 . 3  Summary of Results 

To accura te ly  fo recas t  p o t e n t i a l  noise  impacts, i t  was 
necessary t o  ob ta in  a descr ip t ion  of t he  r ad ia t ed  noise  a t  

2 



pre-se lec ted  dis tances  from the  d r i l l i n g  operat ion i n  terms o f  
octave band sound pressure l e v e l  and d i r e c t i v i t y .  These data  
were unavailable from the d r i l l i n g  r i g  manufacturer making i t  
necessary t o  perform source measurements on a d r i l l i n g  r i g  of 
s i m i l a r  c h a r a c t e r i s t i c s .  

It had i n i t i a l l y  been an t i c ipa t ed  t h a t  a 2100 HP d r i l -  
l i n g  system was t o  be used a t  the Chocolate Bayou we l l  s i t e .  
a system was loca ted  opera t ing  near  H a l l e t t s v i l l e ,  Texas i n  an 
environment which dupl icated the  Chocolate Bayou loca t ion  i d e a l l y .  
Sound pressure l eve l s  and d i r e c t i v i t y  data were measured and used 
as  input  da ta  i n  Radian's Environmental Noise Predic t ion  Model 
(ENPM) . 
served as a reference noise  source i n  order  t o  p red ic t  the Choco- 
l a t e  Bayou d r i l l i n g  operat ion noise  impacts. 

Such 

Thus , the  r e t r i e v e d  data  from the H a l l e t t s v i l l e  operat ion 

Analysis of the e x i s t i n g  sound f i e l d  throughout t he  
Peterson Landing area  revealed a dominant inf luence from noise  
r ad ia t ed  by the  Monsanto Chemical f a c i l i t i e s  loca ted  across the 
Chocolate Bayou. 
cerned r e s i d e n t i a l  base l ine  data  graphica l ly  displayed t h a t  with 
proper d r i l l i n g  r i g  o r i e n t a t i o n  no add i t iona l  noise  (Ldn) t o  the  
Peterson Landing a rea  would be c rea ted .  T h e  H a l l e t t s v i l l e  data  

d i d  i n d i c a t e  obvious d i r e c t i v i t y  c h a r a c t e r i s t i c s  , making system 
o r i e n t a t i o n  a c r i t i c a l  considerat ion f o r  the  Chocolate Bayou 
i n s t a l l a t i o n .  

Overlaying the  ENPN (Lh) r e s u l t s  onto the con- 

Once d r i l l i n g  had begun, a complete noise  survey was 
again performed throughout the  concerned a rea .  
cerned area  was perpared showing sound l e v e l  i sop le ths  i n  terms 
of  Ldn with the d r i l l i n g  system i n  f u l l  operat ion.  
survey data  demonstrated (as pred ic ted)  no percept ib le  noise  was 
added t o  the  Peterson Landing r e s i d e n t i a l  area due t o  the d r i l l i n g  
opera t ion .  

A map of the con- 

The f i n a l  
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2 .0  BASELINE AND SOURCE MEASUREMENTS 

This sec t ion  contains the r e s u l t s  o f  the d r i l l i n g  
system noise  pred ic t ions  and concerned a rea  base l ine  noise  surveys.  

2 . 1  D r i l l i n g  Rig Source Data 

To p red ic t  the  expected acous t i ca l  s t r e n g t h  and r ad ia -  
t i o n  pa t t e rns  from the  d r i l l i n g  r i g  system (genera tors ,  pumps, 
e l e c t r i c  and d i e s e l  engines) t h e  acous t i ca l  character  of t he  
complete system must be known. 
o f  r a d i a t e d  l e v e l s  i n  terms of d i r ec r ion  and d is tance  from the  
source under var ious opera t iona l  modes. 

This includes knowing t h e  s t r eng th  

I n i t i a l l y ,  a 2100 HP d r i l l i n g  system was t o  be used f o r  
Radiated noise  information i n  terms the  Chocolate Bayou p r o j e c t .  

of octave band sound pressure l e v e l  and d i r e c t i v i t y  was unavai l -  
ab le  from t h e  manufacturer. 
these  data  from a s i m i l a r  system operat ing i n  a s i m i l a r  environ- 
ment. 
v i l l e ,  Texas. 

I t  was the re fo re  necessary t o  ob ta in  

Such a d r i l l i n g  system was located operat ing near  H a l l e t t s -  

O n  January 1 7 ,  1978  sound pressure levels w e r e  measured 

a t  H a l l e t t s v i l l e .  
of  t h e  system t o  be used a t  t he  Chocolate Bayou geothermal wel l  
s i t e .  

The d r i l l i n g  system was general ly  r ep resen ta t ive  

Complete octave band d a t a  and dBA l e v e l s  w e r e  measured 
i n  four  vec tors  a t  d i s tances  of 1 0 0 ,  300, 600 ,  and 900 f e e t  f r o m  
t he  d r i l l i n g  r i g  perimeter.  
1, 2 ,  3 ,  and 4 .  
Environmental Noise Predic t ion  Model (ENPM) and used as  a f a c t o r  
i n  o r i e n t i n g  t h e  d r i l l i n g  f a c i l i t y  a t  t h e  Peterson Landing s i t e .  

The r e s u l t s  a r e  p l o t t e d  i n  Figures 
These source da ta  were used f o r  input  i n t o  the  

4 
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2.2 Peterson Landing Community Baseline Noise Survey 

A t  t h e  Peterson Landing a r e a ,  noise  measurement loca t ions  
were pre-se lec ted  based upon t h e  d r i l l i n g  r i g  l oca t ion  and the  land 
use i n  t h e  proximal a rea .  An i n i t i a l  dBA sound pressure  l e v e l  sur-  
vey was performed on January 1 9 ,  1978. This exerc ise  cons is ted  
o f  measuring t h e  ambient &A l e v e l s  every 1500 t o  2000 f e e t  wi th in  
the r e s i d e n t i a l  a rea  surrounding t h e  proposed geothermal/geopres- 
sure  wel l  s i t e .  Other no i se  data  a l so  compiled w e r e  measurements 
made every 1000 f e e t  p a r a l l e l  t o  t h e  road leading t o  the  Monsanto 
Chemical p l a n t .  The r e s u l t i n g  sound l e v e l  contours a r e  shown i n  
Figure 5 .  

An in t ense  24-hour measurement program was performed on 
January 27  and 28, 1978 a t  t h e  same pre-se lec ted  points  surround- 
ing  the concerned a rea .  These add i t iona l  base l ine  da t a  were 
achieved during th ree  8-hour per iods ,  0700-1600, 1600-2100,  and 
2100-0700. These da ta  were compiled and yielded a desc r ip t ion  
of  t h e  ambient n o i s e  l e v e l s  e x i s t i n g  around t h e  Peterson Landing 
area  over a 24-hour per iod (Ldn) . The r e s u l t s ,  a s  a funct ion of 
time of day, a r e  shown i n  Figures 6 ,  7 ,  and 8 .  

The base l ine  ambient r e s u l t s  show a d e f i n i t e  inf luence 
from t h e  Monsanto Chemical p l an t  rad ia ted  no i se .  The va r i a t ions  
i n  t h e  24-hour SPL da ta  can be a t t r i b u t e d  t o  Monsanto production 
changes, steam blow-off, and l o w  frequency f l a r e  no i se .  

In  genera l ,  a l l  f i e l d  measurements were made i n  accor- 
dance with ASNI S 1 . 1 3 - 1 9 7 1 ,  Methods f o r  the Measurement of Sound 
Pressure Levels.  Standard non-acoustical  data  (temperature,  hum- 
i d i t y ,  wind speed, e t c . )  along wi th  observed extraneous inf luences 
were logged pe r iod ica l ly  during each measurement per iod .  Cali-  
b ra t ion  o f  t h e  instrumentation was performed p r i o r  t o ,  dur ing,  
and subsequent t o  each sample exe rc i se .  The instrumentat ion used 
s a t i s f i e s  t h e  spec i f i ca t ions  f o r  sound l e v e l  meters.  

9 
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2 . 3  Noise F ie ld  Predict ions 

The predic t ion  of no ise  f i e l d s  caused by acous t i ca l  
r a d i a t i o n  from a wel l  d r i l l i n g  operat ion involves considerat ion 
o f  many complex and i n t e r a c t i n g  mechanisms. 
propagation f ac to r s  combine i n  a complicated fashion i n  e s t a -  
b l i s h i n g  t h e  n o i s e  l e v e l  a t  a point  of i n t e r e s t .  
s t andpo in t ,  t h e  rad ia ted  noise  c h a r a c t e r i s t i c s  a re  a funct ion of 
d r i l l i n g  s p e e d ,  acous t ica l  s i l e n c i n g  p r o p e r t i e s ,  age and mainte- 
nance condi t ion.  
propagation f a c t o r s  such a s  temperature, humidity, wind, and 
physical  b a r r i e r s .  

Many source and 

From a source 

The r ad ia t ed  sound i s  influenced by severa l  

To accommodate such a numerous and d iverse  s e t  of var-  
i a b l e s  i n  t h e  p red ic t ion  o f  d r i l l i n g  operat ion no i se ,  soph i s t i ca t ed  
a n a l y t i c a l  techniques a r e  required.  
i n  Radian's Environmental No i se  Predic t ion  Model (ENPM) were em- 
ployed f o r  pred ic t ing  no i se  r e l a t e d  t o  t he  Chocolate Bayou wel l  
d r i l l i n g  opera t ion .  

Such techniques incorporated 

The ENPM, presented i n  d e t a i l  i n  Appendix A ,  i s  a com- 
puter  program which ca l cu la t e s  t h e  no i se  l eve l s  i n  a community due 
t o  the e f f e c t  of an acous t i c  source.  
app l i ca t ion  i s  t h e  2100 HP d r i l l i n g  f a c i l i t y .  The d r i l l i n g  r i g  i s  
described i n  t h e  model by i t s  l o c a t i o n ,  sound pressure  spectrum, 
and r ad ia t ed  sound l e v e l  a s  a funct ion o f  d i r e c t i o n .  The d r i l l i n g  
f a c i l i t y  acous t ic  source c h a r a c t e r i s t i c s  were i n f e r r e d  from mea- 
surements of t h e  sound pressure  spectrum generated by t h e  f a c i l i t y  
a t  H a l l e t t s v i l l e ,  Texas . 

The acous t i c  source i n  t h i s  

The ENPM f i r s t  descr ibes  t h e  frequency and d i r e c t i o n a l  

These 

c h a r a c t e r i s t i c s  of t h e  d r i l l i n g  f a c i l i t y .  
propagation losses  from t h e  source t o  t h e  concerned a r e a .  
propagation losses  include geometric spreading, molecular absorp t ion ,  

Then i t  ca l cu la t e s  the 
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and vegetat ion a t t enua t ion .  
on t h e  acous t ic  source ( d r i l l i n g  f a c i l i t y ) ,  t he  t o t a l  sound pres-  
sure  spectrum can be obtained a t  any given f a r  f i e l d  po in t  wi th in  
the concerned a rea .  The r e s u l t i n g  predic ted  sound pressure  l e v e l s  
( L h )  a r e  shown overlair ,  on the  Peterson Landing s i t e  map i n  Figure 
9 .  

By f ac to r ing  i n  these  va r i ab le  e f f e c t s  

15 
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3.0  EVALUATION OF IMPACTS 

E 
0 

This sec t ion  discusses the c r i t e r i a ,  assumptions, 
mi t iga t ing  measures, r e s u l t s  of the mathematical modeling 
predic t ions  and impact on e x i s t i n g  community noise  l e v e l s  
of the  noise  emission from the  proposed d r i l l i n g  system. 

3 . 1  Es tab l i sh  Evaluation C r i t e r i a  

The environmental no ise  guidel ine c r i t e r i a  adopted f o r  
t h i s  evaluat ion i s  documented i n  E P A ' s  "Information on Levels o f  
Noise Requis i te  t o  Pro tec t  Public Health and Welfare with an 
Adequate Margin of Safety."  These c r i t e r i a  are  general ly  accepted 
as a v a l i d  approach t o  assess ing  the response of humans t o  
environmental no i se .  

To q u a n t i t a t i v e l y  measure t h e  impact of n o i s e ,  EPA 
recommends t h e  use o f  a measure, Ldn, the  long-term equivalent  
A-weighted sound l e v e l  (a  s ing le  value measure t h a t  approximates 
sound a s  processed by  the  human ea r )  w i t h  an adjustment t o  account 
f o r  d i f fe rences  i n  response during daytime and night t ime per iods .  

The data  acquired during t h e  various measurements p r o -  

vide the  b a s i s  f o r  computing Ldn t o  descr ibe base l ine  condi t ions 
i n  these  terms. The predic ted  no i se  e f f e c t s  from t h e  d r i l l i n g  
system i s  a l s o  i n  terms of Ldn i n  order t o  assess  t h e  expected 
human response t o  n o i s e  assoc ia ted  with the  p r o j e c t .  

A complete discussion of t h e  q u a n t i t a t i v e  l e v e l s  of  
n o i s e ,  expected human response,  and t h e  c r i t e r i a  aga ins t  which 
predic ted  impact was evaluated a r e  presented i n  Appendix B .  
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3.2  Mi t iga t ing  Me as ures 

The d r i l l i n g  system noise  impact can be mi t iga ted  by  
appropr ia te ly  pos i t ion ing  the  system such t h a t  the  major r ad ia t ed  
acous t i ca l  lobes a re  d i r ec t ed  away from inhabi ted  a reas .  

The i n i t i a l  Ldn pred ic t ions  performed are  based upon 
no i se  r ad ia t ion  c h a r a c t e r i s t i c s  of the d r i l l i n g  system a t  
H a l l e t t s v i l l e ,  Texas and Monsanto Chemical p l an t  near  t he  
Chocolate Bayou wel l  s i t e .  The ENPM r e s u l t  as  shown i n  Figure 10  
ind ica t e s  t h a t  add i t iona l  no i se  r ad ia t ed  from the d r i l l i n g  system 
w i l l  have no appreciable environmental e f f e c t  on the  Peterson 
Landing community and r e s iden t s  along the  concerned por t ion  of 
the  Chocolate Bayou. 

3 . 3  I n t e r p r e t  a t  ion of Results 

The assessment of environmental noise  impact i s  based 
upon the  c r i t e r i a  of Appendix B, the  pred ic ted  l e v e l s  of Section 
3 . 2 ,  and r e s u l t s  of an opera t iona l  per iod noise  survey throughout 
concerned a reas .  

An es t imate  o f  the expected reac t ion  o f  a community 
t o  i n t rud ing  noise  comprised o f  many types i s  depicted i n  Figure 
11. The f igu re  shows the percentage o f  people annoyed as a func- 
t i o n  of Ldn. 
when Ldn i s  around 55 dB. Organized community response and l e g a l  
ac t ion  may be expected when noise  l e v e l s  exceed 65 dB o r  more. 

It can be seen t h a t  17% of the people become annoyed 

A review of Figure 11 i l l u s t r a t e s  t h a t  within the 
Peterson Landing a r e a ,  noise  l e v e l s  of 4 5 - 5 0  dB within the  
r e s i d e n t i a l  a rea  would be acceptable as noise  of t h i s  range 
cur ren t ly  e x i s t s .  Introducing noise  o f  45-50 dB would increase  
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the  l e v e l  nominally of about 3 dB, a value t h a t  i s  hardly 

d i sce rn ib l e .  The d r i l l i n g  system noise pred ic t ion  shown i n  
Figures 9 and 1 0  i l l u s t r a t e s  an add i t iona l  noise o f  40-50 dB 
throughout the  northwestern comer  o f  Peterson Landing 
r e s i d e n t i a l  a rea .  These r e s u l t i n g  l eve l s  a r e  within the  guide 
l i n e s  f o r  hea l th  and welfare as recommended by EPA. 

On August 4 and 5 a f i n a l  24-hour noise  survey was 
performed during normal d r i l l i n g  operation phases.  
survey i t  was found t h a t  a new 4800 HP d r i l l i n g  system was being 
used i n  place of  the proposed 2100 HP system. 
powerful system was found t o  be approximately 1 7  t o  20 percent  
q u i e t e r  due t o  sound-proof engine enclosures .  
operat ion only 2 of the 3 1600 HP engines a re  running. 

During the  

The new and more 

During normal 

The 24-hour exerc ise  was performed a t  the  same pre- 
s e l e c t e d  loca t ions  as the previous survey. The r e s u l t i n g  sound 
l e v e l  contours f o r  0700-1600,  1600-2100,  and 2100-0700 hours 
a re  shown i n  Figures 1 2 ,  13 ,  and 14 .  Comparison o f  the 24-hour 
da ta  with d r i l l i n g  a c t i v i t y  with the previous 24-hour ambient 

da ta  revea ls  only minor d i f fe rences .  
i t  can be seen t h a t  the Monsanto Chemical f a c i l i t i e s  provide more 
than adequate background noise  necessary t o  m a s k  t he  concerned 

d r i l l i n g  operat ion no i se .  

From these observat ions,  
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APPENDIX A 

ENVIRONMENTAL NOISE PREDICTION MODEL (ENPM) 



Q 

The environmental noise  model i s  a computer program 
which ca l cu la t e s  the  noise  l eve l s  i n  a community due t o  the 
combined e f f e c t s  of s eve ra l  acous t ic  sources .  
su re  l e v e l  i s  ca lcu la ted  a t  each of a rectangular  a r ray  of 
" g r i d  points"  d i s t r i b u t e d  over the  community a rea  o f  i n t e r e s t .  
Figure A - 1  ou t l ines  the  s t eps  involved i n  these ca l cu la t ions .  

The sound pres-  

The f i r s t  s t e p  i s  t o  describe the frequency and 
d i r e c t i o n a l  c h a r a c t e r i s t i c s  of each acous t ic  source.  This may 
be accomplished by  specifying each piece of equipment's l o c a t i o n ,  
sound power spectrum, and d i r e c t i v i t y  p a t t e r n .  
these source c h a r a c t e r i s t i c s  -may be i n f e r r e d  from measurements 

A l t e rna te ly ,  

of the  sound pressure spectrum a t  severa l  loca t ions  about the 
source.  Next, the  propagation losses  from each source t o  each 
g r i d  poin t  a r e  ca l cu la t ed .  By summing the cont r ibu t ion  from 
each source,  the  t o t a l  sound pressure spectrum i s  obtained a t  
each f a r f i e l d  g r i d  po in t .  By properly weighting i n  frequency 
and time, the  l eve l s  a r e  converted t o  u n i t s  of L dn (day-night 
average sound l e v e l ) .  
p l e t h s )  a r e  determined by l i n e a r  i n t e r p o l a t i o n  between g r i d  

Contours of equal sound l e v e l s  (Ldn i s o -  

po in t s .  

l o c a t i o n ,  

Source Description 
\ 

Each acous t ic  source i s  described i n  the  model by i t s  
sound pressure spectrum, and r ad ia t ed  sound l e v e l  as 

funct ion of d i r ec t ion .  The model handles d i r e c t i o n a l  pa t t e rns  
by i n p u t t i n g  the sound l e v e l  i n  a r b i t r a r i l y  s e l e c t e d  d i r e c t i o n s .  
The sound l e v e l  i s  then l i n e a r l y  i n t e r p o l a t e d  i n  the o the r  
d i r e c t i o n s .  
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The model has a provis ion f o r  using sound pressure 
s p e c t r a l  measurements a t  a r b i t r a r y  loca t ions  t o  charac te r ize  

an acous t i c  source.  The sound i s  assumed t o  be e n t i r e l y  due t o  
a s i n g l e  source a t  a s p e c i f i e d  loca t ion .  
Figure A - 2  t he  measurements a r e  a t  loca t ions  M , ,  M,, and M , .  

The propagation l o s s  po r t ion  o f  t he  model i s  used t o  co r rec t  
each sound pressure spectrum t o  the  a r b i t r a r i l y  s e l e c t e d  refer-  
ence radius  (points  p 1, p 2 ,  and p 3). In t e rpo la t ion  of  t he  sound 
f i e l d  between the  measured d i r ec t ions  provides a complete des- 
c r i p t i o n  of the  sound f i e l d  due t o  the acous t ic  source.  

In  the example of 

FIGURE A-2  

Propagation Losses  

The i n t e n s i t y  of  sound waves changes with propagation 
f o r  s eve ra l  reasons.  Geometric spreading lo s ses  occur when the 
a rea  covered by a wavefront increases  with t i m e .  Molecular 
absorpt ion i s  the t r a n s f e r  o f  energy from the  ordered sound 
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waves to random molecular vibrations and to higher molecular 
translational kinetic energies. Vegetation attenuation is due 
to the absorption of sound energy by grasses, trees, bushes, 
etc. Barriers reflect and diffract sound energy. The individual 
propagation effects are discussed in more detail below. 

Geometric Spreading 

Consider sound waves due to a point source which 
radiates uniformly in all directions. When the sound waves 
emitted at time t 
are evenly distributed over a spherical surface to radius ro. 
The radiated sound energy E is evenly distributed over this 
surface, which has an area 4nr:. 
unit area, is the sound parameter perceived by the human ear and 
by microphone. 

have traveled a distance ro, the wavefronts 
0 

The intensity, or energy per 

The intensity is E/4nrG. 

Thus the effect of the geometric spreading is that 
the intensity varies as the inverse square of the distar,ce of 
the receiver from the source. In terms of sound pressure 
level, this is a 6 dB l o s s  per distance doubling. 

Molecular Absorption 

As sound waves propagate through the atmosphere, some 
energy is lost to the molecules in the air. Two mechanisms 
contribute to this l o s s .  First, the compressions and rarefac- 
tions due to traveling sound waves can jolt some molecules into 
higher energy vibrating states. The other effect is slightly 
higher average molecular kinetic energies after passage of a 
sound wave. This may be thought of as using some of the sound 
energy to raise (very slightly) the temperature of the gas. 
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Both molecular absorption mechanisms a re  highly 
frequency dependent. More energy i s  l o s t  a t  h igher  frequencies 
than a t  lower f requencies .  The a t tenuat ion  i s  constant when 
expressed i n  u n i t s  of dB l o s s  per  u n i t  l ength .  This means t h a t  
f o r  a given length of sound t r a v e l ,  the  f r a c t i o n  of the t o t a l  
sound energy which i s  l o s t  t o  molecular energy i s  cons tan t .  

250 500 1000 

2 . 0  2 . 5  3 . 0  

A t  sound ranges up t o  2 , 0 0 0  f e e t  from the  source,  
geometric spreading i s  the  major propagation lo s s  f a c t o r .  Be- 
yond 2000 f e e t  from a source,  the  molecular absorption losses  
a re  most important.  A t  d is tances  beyond a mile ,  small d i f f e r -  
ences i n  a t tenuat ion  c o e f f i c i e n t s  w i l l  cause s u b s t a n t i a l  
d i f fe rences  i n  sound pressure l eve l  p red ic t ions .  Besides 
frequency, molecular absorption depends on temperature, humidity, 
and micrometeorological dis turbances.  

2000 4000 8090 

4 . 0  8 . 0  1 5 . 0  

The values of sound a t tenuat ion  c o e f f i c i e n t s  used i n  
the  Vickers' noise  impact study are  l i s t e d  i n  Table A - 1 .  These 
values should be adequate up t o  ranges of about t w o  mi les .  F o r  
l a r g e r  ranges,  a t tenuat ion  c o e f f i c i e n t s  matched t o  the appro- 
p r i a t e  h u m i d i t y ,  temperature, and a i r  s t a b i l i t y  f o r  each s i t u a -  
t i o n  should be used. 

Frequency (Hz) 

TABLE A - 1  

62 .5  125 

ATTENUATION COEFFICIENTS FOR SOUND PRESSURE LEVEL 
LOSSES DUE TO MOLECULAR ABSORPTION 

Attenuation I I 
Coefficient 
(dB/1000 f t . )  1 1 . 0  1 1.5 
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CORPORATION 

P Vegetation Attenuation 

Sound energy can also be lost to vegetation, such as 
grasses, bushes, and trees. The amount of attenuation depends 
on the type of vegetation and on the path of the sound wave. 
Generally speaking, as  the vegetation more completely blocks 
the direct-line path from source to receiver, the attenuation 
increases. This loss is frequency dependent. As in molecular 
absorption, it is constant when expressed in units of dB per 
unit distance. 

Barrier Attenuation 

Another form of attenuation is due to obstacles 
which partially obstruct the sound path. This causes losses 
because of reflection and diffraction of sound waves. Typical 
barriers include walls, buildings, and storage tanks. For 
some types of barriers (e.g., housing developments), the l o s s  
can be represented fairly accurately by a constant number of 
dB per unit distance, together with a maximum allowable loss. 
For other barriers, such as walls, the l o s s  is a rapid drop 
in level at the barrier edge. The computer model can handle 
bo th  of t h e s e  types of barriers at arbitrary locations. 
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The following discussion presents the basis for 
evaluating the effect of noise associated with operating a 
large well drilling system. 

1.0 Qualitative Considerations 

The degree to which humans are disturbed or annoyed by 
noise is dictated by a number of factors. 
generally agreed that the response to unwanted sound (i.e., 
noise) depends upon three things: 

However, it is 

The strength and character of the intruding 
noise, 

The level of background (ambient) noise exist- 
ing prior to introduction of the intruding 
noise, and 

The type of working or living life styles 
of humans occupying the area under study. 

It is helpful in evaluating the effect of added noise 
to the environment to have a qualitative feel for each of these 

Methods for quantitative assessment will be discussed , factors. 
later. 
of factors relating noise to human response. 

The discussion below provides a "relative" assessment 

The strengh and character of intruding noise are de- 
scribed by (1) the frequency distribution of the noise, ( 2 )  the 
noise level, and ( 3 )  the time pattern of noise. 

Considering the first, human hearing sensitivity is 
more acute in the high frequency region than in the low frequency 
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region. Consequently high frequency noise will be judged as "nore 
pronounced". by listening. To accommodate this spectral distri- 
bution with a simple prediction of human response, the A-weighted 
measure of sound was devised. This measure emphasizes the high 
frequency content of noise while rejecting some of the low f r e -  
quency content in a similar fashion as the ear does. The A- 
weighted sound level has been demonstrated to be an accurate 
measure for evaluating the effects of noise on speech communica- 
tion, hearing hazards, and human disturbance and annoyance. 

The effect of the intensity of noise is rather obvious. 
With increasing level comes increasing difficulty in hearing com- 
munications and consequently increased indignation or annoyance 
toward the intruding noise. At very high noise levels and with 
continued exposure, the hazard of hearing loss becones a reality. 

The temporal or time pattern of noise becomes impor- 
tant because humans adapt more readily to a smooth, rather broad- 
band noise intrusion than one that is intermittent or unex- 
pected. For example, impulsive noise such as that associated with 
pile drivers or intermittent noise such as from blow-off valves 
are readily identifiable and can be the cause of annoyance. 
Sources that are identifiable have been shown to be more dis- 
turbing than those than are not. 
is equally important. Noise that interferes with sleep, TV- 
watching, communication, etc., will generate considerable nega- 
tive response from listeners. 

The time that the noise occurs 

. The second factor, -- level of ambient noise, is important 
because h,umans tend to judge added and intruding noise on the basis 
of the noise that was present prior to the time that the new noise 
was introduced. If the new noise has character that is readily 
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i d e n t i f i a b l e  and e x h i b i t s  d i s t i n c t i v e  sounds, such as  r a i l r o a d  
ca r  switching o r  the whine of  engines ,  i t  w i l l  be r ead i ly  not iced  
by r e s iden t s  and may be judged as object ionable .  

the  same charac te r  as ambient w i l l  be l e s s  no t iceable  by  r e s iden t s .  
Added noise  of  

For  example, h igher  noise  l e v e l s  from increased t r a f f i c  a c t i v i t y  
w i l l  s t i l l  manifest no ise  charac te r  s i m i l a r  t o  e x i s t i n g  l e v e l s ,  
and w i l l  hardly be not iced  by neighbors and probably w i l l  not  be 
considered as ob jec t iona l .  

The t h i r d  f ac to r ,  having t o  do w i t h  l i v ing  s t y l e s  o f  
near v i c i n i t y  r e s iden t s ,  concerns t h e i r  working and l i v ing  pat-  
t e rns .  I n  qu ie t  r u r a l  a r eas ,  one might expect considerable 
object ion t o  intruding noise wile attempting t o  s leep.  
ve r se ly ,  t h i s  same noise may not be not iceable  t o  an o f f i ce  
worker i n  the c i t y .  

Con- 

In  summary, the following qua l i t a t ive  guidelines are 
, I  estimating e f f e c t s  o f  noise:  appl icable  t o  

1) I f  the intruding noise i s  s ign i f i can t ly  
above ambient noise ,  adverse react ion 
i s  l i k e l y .  

Noise tha t  i n t e r f e r e s  w i t h  s leep ,  speech, 
o r  te lev is ion  watching is par t i cu la r ly  
annoying. 

Noise possessing prominent d i sc re t e  tones 
i s  much more annoying than broad band noise .  

Short-duration o r  frequent changes i n  
noise leve ls  tend t o  increase annoyance. 
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2.0 Quantitative Considerations 

Based upon many laboratory and field studies, quan- 
titative values of noise level can be related to effects, in 
general, upon people. Some twenty different measures of noise 
have been developed and are used in practice. 
measure is generally adopted to satisfy the specific objectives 
of a noise evaluation program. 

A particular 

Criteria documented by the Environmental Protection 
Agency in "Information on Levels of Noise Requisite to Protect 
Public Health and Welfare with an Adequate Margin of Safety" 
are recommended as the basis for evaluating the effect of noise 
associated with construction and operation of a refinery complex. 

In development of the criteria, EPA did not make a 
distinction between health and welfare, but defined health as 
the World Health Organization does as "a total physical, physio- 
logical and psychological well-being of the individual and not 
merely an absence of disease or infirmity". (Therefore] speech 
communication, sleep disturbance] hearing hazards, etc., fall 
into the area of health and welfare.) 

To quantitatively assess the impact of noise, EPA re- 
commends the use of a measure, Ldnl the long-term equivalent 
A-weighted sound level with a weighting to account for dif- 
ference in response during daytime and nighttime periods. 
Mathematically Ldn is expressed as: 

- Ln+10 7 

Ldn ! - 2 

= 10 log &- 15(10Ld'10) + 9(10 -) jdB 

Ld = Long-term equivalent A-weighted sound level (I ) eq 
for daytime (0700 to 2200 hours) 
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L = L f o r  nighttime (200 t o  0700 hours) 
n eq 

which e s s e n t i a l l y  s t a t e s  t h a t  a 10 dB penal ty  i s  appl ied 
f o r  nighttime opera t ions .  For  the purposes of t h i s  program, i t  may 
be assumed t h a t  L i s  measured o r  p red ic ted  sound l e v e l  ap- 
proximated by a normal d i s t r i b u t i o n  having a s tandard deviat ion 
equal t o  zero and t h a t  the l eve l s  a r e  those t h a t  a r e  exceeded 
50% of  the time. 

eq 

Table B - 1  summarizes noise l e v e l  limits i n  terms of 
considered e s s e n t i a l  t o  p ro t ec t  publ ic  welfare  and 

= 55 dB a re  values t h a t  
eq 

and L 
dn eq 

s a f e t y .  
a r e  representa t ive  of most  conditions i n  the v i c i n i t y  of the 
proposed r e f ine ry .  F o r  more d e t a i l e d  charac te r iza t ions  , the  EPA 
" levels"  document should be examined. This t ab le  serves  as the 
b a s i s  f o r  general  assessment of environmental noise  as required 
by t h i s  program. 
by considering the f ac to r s  discussed below. 

Note t h a t  Ldn = 55 dB and L 

Further  refinement o f  these can be achieved 

The a b i l i t y  t o  communicate e f f e c t i v e l y  depends upon 
the  presence and l e v e l  of  ambient o r  "masking" no i se .  
o f  Table B-2 i l l u s t r a t e  the person-to-person separat ion t h a t  
w i l l  permit 95% speech i n t e l l i g i b i l i t y  i n  the  presence of d i f -  
f e r e n t  A-weighted sound l e v e l s  and vocal e f f o r t s .  
a r e  r ep resen ta t ive  of  male voices with ind iv idua ls  face- to-face 
outdoors.  

The values 

The data  

Additional -evaluation may be made by considering the 
e f f e c t  of noise  upon comunicat ions by telephone. 
o f  telephone usage i n  the presence of s t eady- s t a t e  masking noise  
may be obtained from Table B - 3 .  

The q u a l i t y  
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EFFECT LEVEL A E A  

Hearing Loss Lm-,,,,t S 70 dB All areas  

W A D E A M  
(CORPORATION 

~ 

L& s 55  dB 

P 

I Outdoors t n  rcsi- 
d c n t l a l  a reas  and 
f a n s  and other 
outdoor c reas  where 

TABLE B - 1  

L,q(24) 55 d3 

lnaoor a c t r v i t y  
i n t c d e r e n c e  
and annoyance 'L 

Ldn 5 45 d3 

eq(24) ' 4 3  

PU3LIC H&ALTK hND ELFARE 

people spend widely 
varying amounts o f  
time and o the r  places 
i n  which q u i e t  is a 
basis €or use. 
Outdoor zreas where 
people spend l imi ted  
amounts of  t im, 
such as schoo.1 yards,  
playgrounds, e t c .  
indoor r e szdenr ra i  
a reas  
Other indoor areas  
wi th  human a c t i v i t i e s  
such as schools ,  e t c .  

Outdoor a c t i v i -  
t y  Fnter fe rcnce  
and annoyance 

TASLE B-2 

WIWLM A - V E I C X E D  SOUND LEVELS mi VlLL P a ! f  ACCEPTABLE SPEECH 
C O W U X I C A i I O N  TOR VOICE L E E L S  AND L I S T Y E 4  DISTANCES SHOWN 

Ambient S o u n d  Level in dBA 

Vocal  E f f o r t  

V e y  Distance Loud Lov Normal Raised 
7 8  60 66 7 2  * 

72 54 60  66 

so 
66 48 5 4  60 

0 
1 
2 
3 
I 

56 62 68 

5 
6 
12 

46 
44 
3a 

5 2  
50 
u 

sa 
56 
50 

64 
62 
56 
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TABLE B - 3  
CJUALITY OF TELEPHOXE USAGE IR THE P!'..ZSEXCE OF STL4DY-STATL 

r w m c  NOISE 

Talephone 
Usage 

Satisfactorp 
Sl ight ly  D i f f i c u l t  
D i f f i c u l t  

The change in ambient sound level is an important 
factor in assessing the impact from added noise sources. 
is possible to just detect a 2-3dBA change while a 5 dBA change 
is readily apparent. 
people as a doubling of the loudness of sound and each 10- 
decibel increase impresses a listener as doubling the loudness. 

It 

A 10-decibel increase is judged by most 

A s  such, preconstruction ambient level associated with the 
ar.ea becomes increasingly important 

3.0 Wildlife and Domestic Animals 

The effects of noise upon wildlife and domestic animals 
are not well understood. Studies of animals subjected to vary- 
ing noise exposures in laboratories have demonstrated physio- 
logical and behavioral changes and it may be assumed that these 
reactions are applicable to wildlife. However, no scientific 
evidence currently correlates the two. 

c 

It is known that large animals adapt quite readily to - 

high sound levels. 
loud noises disrupt broodiness in poultry and consequently can 

Conversely, it has been demonstrated that 

affect egg population. 
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WIRIDUAIN 
COR P O R A T l O W  

‘D 

The major e f f ec t  of noise on wi ld l i f e  i s  re la ted  t o  

Probably the most i m -  

the  use of auditory s igna ls .  
f o r  survival  in  some wi ld l i f e  species.  
portant  e f f ec t  i s  r e l a t ed  t o  the prey-predator s i t ua t ion .  
The effect iveness  of an animal t h a t  r e l i e s  on i t s  ears  t o  locate  
prey and t h a t  of an animal t h a t  r e l i e s  on i t s  ears  t o  detect  
predators a re  both impaired by intruding noise.  

Acoustic s ignals  a r e  important 

In  addi t ion,  the reception of auditory mating s ignals  
could be l imited and, therefore ,  a f f ec t  reproduction. Distress 
o r  warning s igna ls  from mother animals t o  infants  ( o r  vice  versa) 
o r  within groups o f  soc i a l  animals could be masked and p o s s i b l y  
lead t o  increased mor ta l i ty .  There a re  clues tha t  short-term 
high noise  l eve l  may s t a r t l e  w i l d  game birds  and s t o p  the 
brooding cycle f o r  an e n t i r e  season. 

The e f f e c t s  a r e  only qua l i t a t ive  and as such, com- 
p r i s e  c r i t e r i a  than can be used as guidance o n l y .  
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