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. . .  

Normal major o p e r a t i o n s  planned f o r  the H a w a i i  Geothermal P r o j e c t  

(HGP-A) a t  Puna w i l l  probably c o n s i s t  of 

* v e n t i n g  of geothermal f l u i d s  through a "silencer" f o r  10% 

of the time 

.power gene ra t ion  u s i n g  a tu rbogene ra to r  with a steam condenser 

and coo l ing  t o w e r s - f o r  70% of t h e  t i m e  

* o p e r a t i o n  of the coo l ing  towers a l o n e  f o r  20% of the t i m e .  

The es t ima ted  e q u i v a l e n t  s imple  sou rce  sound levels a t  50 f t  f o r  t h e s e  

major o p e r a t i o n a l  modes are 84 dBA, 7 4  dBA, and 7 4  dBA r e s p e c t i v e l y .  

I f  w e l l  f l u i d s  are a c c i d e n t a l l y  vented  d i r e c t l y  t o  t h e  atmosphere,  t h e  

equ iva len t  s imple  s o u r c e  sound level expected is  125 dBA a t  50 f t .  

sou rces  are expected t o  r a d i a t e  broad band n o i s e .  The tu rbogene ra to r  

A l l  

and i t s  b u i l d i n g  are expected t o  r a d i a t e ,  i n  a d d i t i o n ,  a n o t i c e a b l e  

60 Hz tone .  

Normal weather c o n d i t i o n s  c o n s i s t  of n e a r l y  c o n s t a n t  n o r t h e a s t  

t r a d e  winds about  9 months of t h e  y e a r .  .Dur ing  t h e  o t h e r  3 months 

(win te r ) ,  clear windless  n i g h t s  occur of t e n .  During tradewind weather ,  

i o rma l  n o i s e  sou rces  are n o t  l i k e l y  t o  be  a u d i b l e  more than  about  

2000 f t  upwind o r  more than  about  5000 f t  downwind. During c lear ,  

windless  n i g h t s ,  the range  of a u d i b i l i t y  f o r  n o r i s l  ope ra t ions  is 

l i k e l y  t o  b e  about  10,000 f t  i n  a l l  d i r e c t i o n s .  I n  t h e  case of ac- 

c i d e n t a l  v e n t i n g  d i r e c t l y  t o  t h e  atmosphere,  the ven t ing  n o i s e  may 

b e  a u d i b l e  a t  ranges of seven m i l e s  o r  more from t h e  HGP-A. 

During normal o p e r a t i o n s ,  r e s i d e n t s  o r  p rospec t ive  r e s i d e n t s  i n  

areas proximate t o  t h e  HGP-A can b e  expected t o  b e  annoyed. Within 



about 400 f t  of t h e  HGP-A, 50% t o  100% of p rospec t ive  r e s i d e n t s  ( t h e r e  

are none nm)  can b e  expected t o  b e  h i g h l y  annoyed Ci.e., s u f f i c i e n t l y  

annoyed t o  complain v igo rous ly ,  threaten l e g a l  a c t i o n ,  o r  i n s t i t u t e  

l e g a l  a c t i o n ) .  The ex-pected percentage  h i g h l y  annoyed dec reases  t o  

about 20% t o  50% a t  lOQO t o  2000 f t  from t h e  HGP-A. I n  t h e  range  

4000 t o  5000 f t ,  where the nearest e x i s t i n g  r e s i d e n c e s  are l o c a t e d ,  

i t  is l i k e l y  t h a t  about  one person  i n  ten w i l l  b e  h i g h l y  annoyed. 

t h e  case of a c c i d e n t a l  v e n t i n g  d i r e c t l y  t o  t h e  atmosphere,  t h e  range  

a t  which 1 person i n  10 can b e  expected t o  be h i g h l y  annoyed is 3 t o  5 

I n  

m i l e s ,  depending on weather  cond i t ions .  A t  t h e  HGP-A V i s i t o r s '  Center  

sound levels from t h e  t h r e e  normal ope ra t ions  are expected t o  be  d i s -  

t i n c t l y  n o t i c e a b l e  a t  68 dBA, 58 dBA and 58 dBA. I n  t h e  event  of 

a c c i d e n t a l  d i r e c t  ven t ing ,  t h e  sound l e v e l  a t  t h e  V i s i t o r s '  Center  could 

b e  an i n t o l e r a b l e  108 dBA. 

There appear  t o  b e  no c u r r e n t  l e g a l  l i m i t s  t o  n o i s e  emissions from 

ope ra t ions  of t h e  HGP-A. H a w a i i  County* h a s  t h e  s t a t u t o r y  au t t l o r i ty  t o  

develop and en fo rce  n o i s e  r e g u l a t i o n s .  I n  t h e  event  t h a t  t h e  HGP-A 

proves , as expected,  t h e  commercial v i a b i l i t y  of t h e  Kapoho Geothermal 

Field, both residents and developers would be protected from the  effects 

of excessive n o i s e  i f  H a w a i i  County p l a c e s  a p p r o p r i a t e  n o i s e  r e g u l a t i o n s  

i n  e f f e c t  p r i o r  t o  i n i t i a t i o n  of des ign  e f f o r t s .  

The conclus ions  s t a t e d  i n  t h i s  r e p o r t  are t e n t a t i v e  s i n c e  they  

are n o t  supported by an adequate  d a t a  base.  While t h e  development of 

a p p r o p r i a t e  n o i s e  r e g u l a t i o n s  does no t  r e q u i r e  a d d i t i o n a l  in format ion ,  

reasonably  a c c u r a t e  Z r e d i c t i o n s  of sound levels, community impact and 

* The S t a t e  o f  Hawaii has  similar, b u t  independent ,  s t a t u t o r y  a u t h o r i t y .  



3 . 
community response requires the acquisition of def init ive data. These 

data should include, a t  l eas t ,  -sting ambient sound l eve l s ,  sound 

levels  and spectral characteristics of a l l  sound sources, and community 

attitudes towards noise f r o m  geothermal power generation. Sufficient 

data should be acquired t o  b e  s t a t i s t i c a l l y  s ignif icant .  
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1.0 INTRODUCTION 

1.1 HISTORICAL PERSPECTIVE 

H a w a i i  p r e s e n t l y  depends on imported petroleum products  t o  meet 

over 90% of i ts  energy needs. Geothermal energy is one of t h e  most 

promising alternate forms of antural energy a v a i l a b l e  t o  H a w a i i .  The 

H a w a i i  Geothermal P r o j e c t  (HGP-A) w a s  i n i t i a t e d  i n  1973 t o  c o o r d i n a t e  

the  r e s e a r c h  and development necessary  t o  move geothermal energy i n  

H a w a i i  from a dream t o  commercial r e a l i t y  1 . 
There are t h r e e  prime areas f o r  p o t e n t i a l  geothermal development, 

a l l  i n  active v o l c a n i c  areas on t h e  I s l a n d  of H a w a i i .  One of t h e s e  

areas, t h e  east r i f t  zone of Ri lauea  volcano w a s  s e l e c t e d  f o r  i n i t i a l  

exp lo ra t ion .  

showed t h a t  t h e  HGP-A w e l l  ha s  t h e  p o t e n t i a l  t o  develop about  3.5 MW 

of electrical  power (We) wi th  a 3-in.  diameter  o r i f i c e .  

1 . 2  PRESENT DEVELOPMENT 

The HGP-A w e l l  w a s  d r i l l e d  A p r i l  1976. The f low t e s t i n g  

P resen t  development p l a n s  are l i m i t e d  t o  t h e  c o n s t r u c t i o n  and 

o p e r a t i o n  of t h e  HGP-A w e l l  s i t e .  Curren t  p l ans  c a l l  f o r  t h e  genera- 

t i o n  of approximately 3.5 MWe over a two y e a r  per iod .  

t ime,  f low parameters  w i l l  b e  measured t o  evaluate t h e  e x t e n t  of t h e  

under ly ing  geothermal r e s e r v o i r ,  sometimes c a l l e d  t h e  Kapoho geothermal 

f i e l d .  P l ans  inc lude  s e l l i n g  about  2 XWe t o  H a w a i i  Electric L igh t i cg  

Company (HELCO) , opera t ion  of a V i s i t o r s '  Center ,  and, i f  funds become 

a v a i l a b l e ,  t e s t i n g  a var ie ty  of n o n - e l e c t r i c a l  a p p l i c a t i o n s  of geo- 

thermal  f l u i d s  . 
1.3 FUTURE DEYELOPMENT 

During t h i s  

The pace of f u t u r e  2evelopment w i l l  depend impor tan t ly  on t h e  
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. . *  

results of the planned two-year o p e r a t i o n  of HGP-A. Extens ive  develop- 

ment i n  the Puna area is l i k e l y  if the geothermal  f i e l d  is found t o  

be  l a r g e  enough t o  warrant. t h e  r e q u i r e d  investment .  P r i v a t e  groups 

appear  a l r e a d y  t o  b e  accumulating geothermal lease r i g h t s  i n  t h e  Puna 

area. 

Development is a l s o  p o s s i b l e  i n  two o t h e r  areas of t h e  I s l a n d  

of H a w a i i  thought  t o  b e  most promising. 

zone of Ki lauea  and t h e  southwest  r i f t  zone of Mauna Loa2. 

t h e r e  are many o t h e r  areas i n  t h e  S t a t e  of H a w a i i  where l o c a l  warm 

s p o t s  have been found, s e r i o u s  p l ans  f o r  t h e i r  development are pre- 

mature a t  t h e  t ime of t h i s  r e p o r t  ( J u l y  1979) .  

1.4 SCOPE OF REPORT 

These are t h e  southwest  r i f t  

While 

This r e p o r t  concerns p r i m a r i l y  the environmental  n o i s e  expected 

t o  arise from c o n s t r u c t i o n  and o p e r a t i o n  a t  HGP-A, 

c ludes  a b r i e f  d i s c u s s i o n  of expected n o i s e  effects i f  t h e  geothermal  

f i e l d  is developed. Some of t h i s  d i s c u s s i o n  is a p p l i c a b l e  t o  n o i s e  

problems that may ar ise  if o t h e r  geothermal  f i e l d s  a r e  found and 

developed,  b u t  s i t e - s p e c i f i c  d i s c u s s i o n  of o t h e r  f i e l d s  can b e  

formulated only  when exact l o c a t i o n s  are i d e n t i f i e d .  

The r e p o r t  in- 

Time and funding  l i m i t a t i o n s  made i t  imposs ib le  t o  conduct  t h e  I 
complete in fo rma t ion  search necessa ry  t o  p repa re  a comprehensive 

r e p o r t .  

f i e l d s ,  e s p e c i a l l y  the Geysers. This r e p o r t  i nc ludes  only second-hand 

r e f e r e n c e s  t o  such  informat ion .  No measurements of ambient sound 

There is much in fo rma t ion  concerning n o i s e  a t  o t h e r  geothermal  

levels near  t h e  HGP-A are a v a i l a b l e ,  no r e l i a b l e  and c a r e f u l l y  checked 

sound level measurements from the HGP-A w e l l  o p e r a t i o n  are a v a i l a b l e ,  

and t h e  making of such measurements was no t  p o s s i b l e  dur ing  t h e  pre- 

I 
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paration of this report. 

sound sources and sound levels thus require experimental verification. 

Numerous changes in engineering structures and equipment at HGP-A, some 

significant, have been made, and may continue to occur. 

allow for a comprehensive discussion of all changes. 

Numerical data in this report concerning 

Time did not 
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2.0 DESCRIPTION OF HAW1 GEOTHERMAL RESEARCH 
STATION AND PROXWE AREAS (2,3) 

~ 

2.1 SITE. 

2 .1 .1  Loca t ion  

The s i t e  f o r  t h e  HGF-A is a 4.1 a c r e  p a r c e l  (approx. 600 x 330 ft) 

i n  t h e  Puna d i s t r i c t  of t h e  I s l a n d  of H a w a i i .  

mate ly  20 m i l e s  SSE of H i l o ,  about  halfway ( 4  miles) between t h e  towns 

It is l o c a t e d  approxi- 

of Pahoa and Pohoik i  ( s e a s h o r e ) ,  on t h e  n o r t h e a s t  s i d e  of t h e  Pahoa- 

Pohoik i  Road. The e l e v a t i o n  is about  600 f t  above sea l e v e l .  

2.1.2 Topography (gee Geology S e c t i o n  of 'Overview' Report)  

The s u r f a c e  material of t h e  s i t e ,  and of much of the sur rounding  

area as w e l l ,  is rough v o l c a n i c  material r e s u l t i n g  from a lava f low 

i n  1955". The s u r f a c e  con tour s  are g e n t l e  w i th  an average  s l o p e  of 

about  150 f t pe r  mile. 

2.1.3 Climate (See Environmental  S e c t i o n  of 'Overview' Report)  

The mean tempera tures  expected a t  t h e  s i t e  va ry  from about  69OF 

(January) t o  about  74OF (August). 

t o  va ry  by 8 t o  15'F between e a r l y  morning and l a te  a f t e r n o o n  extremes.  

Da i ly  tempera tures  are expected 

The. ra infa l l  a t  t h e  s i t e  is expected t o  b e  about  115 i n .  p e r  

y e a r .  Humidity is expected t o  be  moderate t o  h igh  wi th  8/10 cloud 

cover about  50% of d a y l i g h t  hours .  

The s i t e  l o c a t i o n  is moderately exposed t o  t h e  normal (9 months 

of t h e  yea r )  n o r t h e a s t  t radewinds ,  which f r e q u e n t l y  exceed 12 mph. 

Yar i ab le  winds,  i nc lud ing  a n e a r l y  qu ie scen t  atmosphere,  a r e  probable  

f r e q u e n t l y  du r ing  the w i n t e r  season  and a r e  p o s s i b l e  a t  o t h e r  times**. 

"See f o o t n o t e  t o  Sec. 2.1.5 
**Personal obse rva t ion  on Hawaiian weather  by a u t h o r .  



2.1.4 - Bio ta  (See Environmental Sec t ion  of 'Overview' Report)  

Ground cover  nea r  t h e  HGP-A si te i s  gyp ica l  of t h a t  on recent 

lava flows. It consists p r i m a r i l y  of s c a t t e r e d ,  small o h i a  s a p l i n g s  

less than 4 f t  h i g h  and some fe rns .  The mostly blockly  lava is covered 

wi th  a dense growth of lichens. 

Animals are expected i n  t h e  area only  as t r a n s i e n t s  or as domes- 

t icates.  Some b i r d s  inhabit  t h e  area. 
a 

2.1.5 -- Land Use (See H a w a i i  Legal  Aspects Sec t ion  of 'Overview' Report)  

3 Land use has  been desc r ibed  as fo l lows  : "The area surrounding 

t h e  p r o j e c t  s i t e  is predominantly o h i a  f o r e s t s  of v a r i o u s  ages.  

are two f o r e s t  reserves w i t h i n  a few k i lome te r s  of  t h e  s i t e  - Malama K i  

Th.ere 

and N a n e w a l e .  About 2.8 miles w e s t  of t h e  s i t e ,  land  is c u l t i v a t e d  f o r  

sugar .  Papaya orchards  l i e  a similar d i s t a n c e  east of t h e  si te. . .  

The n e a r e s t  prime farmland i s  c l o s e  t o  Pahoa, approximately 3 miles 

northwest  of t h e  si te.  The. Un ive r s i ty  of H a w a i i  A g r i c u l t u r a l  Experiment 

S t a t i o n  i s  Q . 5  m i l e s  from t h e  s i te .  

"Di rec t ly  ad jacen t  t o  t h e  s i t e  (.to t h e  south  a c r o s s  Pohoiki  Rd.), 

l and  t h a t  w a s  covered by t h e  1955 lava flow has  been dubdivided i n t o  

l-acre homesites". The ma jo r i ty  of t hese  l o t s  are vacant ;  t h e r e  are 

only about one dozen r e s idences  w i t h i n  a l-mile r a d i u s  of the  s i te2.  

The n e a r e s t  occupied r e s idence  is 0.7 m i l e  from t h e  s i t e  and i s  

l o c a t e d  i n  L e i l a n i  Estates. The Nanewale Estates, a s u b d i v i s i o n  with 

a number of occupied r e s idences ,  is about  1.6 miles nor thwes t  of t h e  

s i t e  . '' 

*The L e i l a n i  Estates. F igure  7 i n  R e f .  2 shows t h e  l ava  flows of 
1955 n e a r  t h e  L e i l a n i  Estates as e n t i r e l y  t o  the  nor th  of t he  
Pohoiki  Road, and t h e r e f o r e  sugges ts  t h a t  t h e  L e i l a n i  E s t a t e s  
were n o t  covered by t h e  1955 l a v a  flow. 
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There is  a l s o  an area c a l l e d  "Lanipuna Gardens" immediately east 

of t h e  HGP-A si te ,  north.  of  t h e  Pohoiki  Road. 

be a s s igned  an  urban l and  use by H a w a i i  County2. 

2 . 2  PLANNED COMPONENTS AND STRUCTURES4 

This area appears  t o  

The major components of t h e  planned power p l a n t  c o n s i s t  o f  

t h e  w e l l  head 

a f l a s h  tank  t o  s e p a r a t e  steam and l i q u i d s  

a steam t u r h i n e  wi th  condenser and gene ra to r  

a power t r ans fo rmer  

a gas  e j e c t i o n  system 

coo l ing  towers  

K2S sc rubbe r s  

p i p i n g  f o r  w e l l  f l u i d s ,  steam, and l i q u i d s 2 .  

A s e p a r a t e  n o i s e  abatement system Chumorously c a l l e d  a "s i lencer" )  i s  

planned f o r  use when w e l l  f l u i d s  are n o t  d i r e c t e d  t o  t h e  tu rbogene ra to r  

o r  t o  t h e  cool ing  towers. These components and a n c i l l a r y  s t r u c t u r e s  

are planned f o r  c o n s t r u c t i o n  a long  t h e  s o u t h e a s t  and n o r t h e a s t  boundar ies  

of the s i te .  

The major s t r u c t u r e s  f o r  the power p l a n t  are 

a tu rhbgene ra to r  b u i l d i n g  (approx. 78' long  x 26' wide x 4Q' high)  
with a t t a c h e d  c o n t r o l ,  o f f i c e ,  l a b o r a t o r y ,  and s t o r a g e  rooms 

coo l ing  towers (approx. 50' long  x 24' wide x 30' high)  

a V i s i t o r s '  Center  (approx. 76' long x 38' wide x 25' high)  

smaller s t r u c t u r e s  inc lude  a wel lhead p la t form,  a s team t rea tment  
tower, and an H2S abatement system. 

The V i s i t o r s '  Center  is planned f o r  cons t ruc t ion  along t h e  w e s t  

end of t he  s i t e ,  a d j a c e n t  t o  t h e  Pahoa-Pohoiki Road. 
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2.3  PLANNED OPERATING PROCEDURES 

2 .3 .1  - Flow T e s t i n g  

Engineers  i n  charge of  HGP-A cons t ruc t ion  and ope ra t ions  s ta te  

t h a t  f low t e s t i n g  w i l l  be  accomplished only when wel lhead l i q u i d s  are 

exhausted t o  t h e  atmosphere through a " s i l ence r "  and steam-liquid 

s e p a r a t o r  stacks. The eng inee r s  do no t  i n t e n d  t o  exhaust wel lhead 

f l u i d s  d i r e c t l y  t o  t h e  atmosphere. 

2.3.2 Power Generat ion 

During power genera t ion ,  p l a n s  c a l l  for a l l  steam t o  he condensed 

and on ly  l i q u i d s  t o  be exhausted t o  t h e  atmosphere ( v i a  pumps and 

cool ing  towers) ,  

2 .3 .3  Turbogenerator Outages 

Should i t  be necessary t o  s h u t  down t h e  turbogenera tor ,  p l a n s  

call f o r  wel lhead l i q u i d s  t o  be  d i v e r t e d  t o  t h e  "s i lencer" -separa tor  

stacks. I f  t he  turbogenera tor  downtime i s  expected t o  exceed two 

days,  p l a n s  c a l l  f o r  t he  w e l l  t o  be s h u t  down. The two-day t i m e  

pe r iod  appears  t o  be s e t  by t h e  l i m i t e d  c a p a b i l i t y  of o f f - l i n e  H2S 

scrubbers .  
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3-0 MAJOR NOISE SOURCES 

3.1 DLRECT VENTING 

Direct ven t ing  o f  geothermal f l u i d s  o r  steam t o  t h e  atmosphere 

r e s u l t s  i n  t h e  most s e r i o u s  n o i s e  source expected a t  HGP-A. No measure- 

ments of  sound p r e s s u r e  level  (SPL) appear  t o  have been made dur ing  

d i r e c t  ven t ing  of the c u r r e n t  w e l l .  

ven t ing  of similar w e l l s  a t  the Geysers f i e l d  has shown SPL's as h igh  

as 125 d e c i b e l s  A-weighted (dBA) a t  50 f e e t  . 

Measurements made dur ing  d i r e c t  

5 

3.2 VENTING VIA 1 1 ~ ~ ~ ~ ~ ~ ~ 1 1 6  

To reduce the SPL r e s u l t i n g  from d i r e c t  ven t ing ,  test  eng inee r s  

Measurements made i n s t a l l e d  a device  c a l l e d  a " s i l e n c e r / s e p a r a t o r "  

dur ing  f l a s h i n g  wi th  the  " s i l e n c e r / s e p a r a t o r "  i n s t a l l e d  showed t h e  

SPL t o  be  about  96 dBA a t  50 f e e t  when a 3-inch d iameter  o r i f i c e  w a s  

used. By modifying somewhat t h e  " s i l ence r / sepa ra to r " ,  t he  SPL w a s  

reduced by about  5 dE, t o  about  91 dBA a t  50 f e e t .  The SPL w a s  

f u r t h e r  reduced by approximately ano the r  7 dE, t o  about  84 dBA a t  

50 f e e t ,  by reducing  t h e  o r i f i c e  s i z e  (and hence the  f low rate)  from 

3 i nches  i n  d iameter  t o  1-3/4 inch". 

In the case of  a n  a c c i d e n t ,  such as w e l l  blowout o r  p i p e  r u p t u r e ,  

t h e  f r e e  ven t ing  w e l l  f l u i d s  should be  expected t o  c r e a t e  an SPL o f  

about  125 dBA a t  50 f t 5 .  Because t h e  HGP-A s i t e  i s  an active ea r th -  

quake zone, a c c i d e n t a l  s t r u c t u r a l  f a i l u r e s  are p o s s i b l e  a t  any time. 

*The d a t a  were r e p o r t e d  wi thou t  comment concerning in s t rumen ta t ion  
o r  measurement procedures.  The v a l u e s  g iven  he re  a r e  averages of t h e  
d a t a  r epor t ed  reduced t o  5Q f e e t  by t h e  i n v e r s e  square  law.  Evaluat ion 
of  t h e  r epor t ed  d a t a  sugges t  t h a t  t he  averages may be accu ra t e  w i t h i n  
+ 5 dBA. - 
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3 .3  TURROGENERATOR AN) TURBOGENERATOR BUILDING 

The turhogenera tor  can he expected t o  be  noise5,’. An SPL i n  

the  range of 65 t o  85 dBA should he expected i n s i d e  tELe turbogenera tor  

bui lding*.  

prominent pu re  tone a t  about 6Q Hz. 

The no i se  from t h e  turhogenera tor  w i l l  probably inc lude  a 

8 

. 
The planned turbogenera tor  b u i l d i n g  is a l a r g e  s t r u c t u r e  (see 

4 Sec. 2.2)  . It has a cor ruga ted  metal r o o f ,  cor ruga ted  metal s i d i n g ,  

and l a r g e  openings t o  the  o u t s i d e  atmosphere n o t  only a long  i t s  s i d e s ,  

b u t  a t  t h e  very top of  t h e  40-ft h igh  s t r u c t u r e  as w e l l .  The ha rd  

i n t e r i o r  s u r f a c e s  can be expected t o  a l low n o i s e  emi t t ed  by the  turbo- 

gene ra to r  t o  b u i l d  up. Some of t h i s  no i se  w i l l  escape v i a  t h e  openings. 

The h i g h  i n t e r i o r  sound levels, p a r t i c u l a r l y  those  a t  low f r equenc ie s ,  

can be expected t o  cause t h e  metal roof  and s i d i n g  t o  v i b r a t e ,  thereby 

making them e f f i c i e n t  sound gene ra to r s .  Unless a r c h i t e c t u r a l  changes 

are made t o  reduce sound bu i ldup  i n  the  b u i l d i n g  and v i b r a t i o n  of  t h e  

b u i l d i n g  s u r f a c e s ,  the  turbogenera tor  and i t s  b u i l d i n g  could become 

a major source  of n o i s e  a t  HGP-A. The p lans  sugges t  t h a t  t he  a rch i -  

t e c t s  are aware t h a t  a no i se  problem exists, s i n c e  a c o u s t i c  i n s u l a t i o n  

(Cor t r ansmi t t ed  sound, n o t  r e f l e c t e d  sound) i s  s p e c i f i e d  f o r  the  o f f i c e  

which a d j o i n s  the turbogenera tor  room. 

A secondary source  of  no i se  resul ts  from t h e  des ign  which in- 

co rpora t e s  undamped s h e e t  metal f o r  t h e  roof of t h e  turbogenera tor  

bu i ld ing .  So,und levels c r e a t e d  by h.eavy r a i n f a l l  can be s u f f i c i e n t l y  

*NO d i r e c t  in format ion  w a s  o b t a i n a b l e  a t  t h e  t i m e  this r e p o r t  was pre-  
pared. 
a 300 MW Steam turb ine .  After t h i s  r e p o r t  was prepared ,  a r e c n e t  re- 
ference39 w a s  found which sugges t s  t h a t  a 3.5 MW steam turbogenera tor  
may have an equ iva len t  SPL as l o w  as 53 dBA a t  50 f t .  A 22 dB SPL 
buildup due to  r eve rbe ra t ion  e f f e c t s  i n  t h e  turbogenera tor  b u i l d i n g  
would p lace  t h e  r e s u l t i n g  SPL a t  about  75 dBA i n s i d e  the  bu i ld ing .  

The estimate is hased on a repor ted7  n o i s e  level  of 9 3  dBA nea r  



high. t o  s t o p  conve r sa t ions  i n  and near  t h e  hu i ld ing .  

With t h e  p r e s e n t  des ign4  equ iva len t*  e x t e r i o r  sound levels can b e  

expected i n  t h e  range of  6Q t o  80 dEA a t  50 f t ,  w i th  a pronounced tone  

a t  60 Hz. 

3.4 COOLING TOWERS 

Cooling towers are known t o  be  major  o p e r a t i o n a l  n o i s e  sou rces  a t  

geothermal power gene ra t ing  uni t s3s5 .  

r e p o r t e d  t o  create a sound leve l  of about  80 dBA a t  10 f t 9 .  

Typ ica l  coo l ing  towers are 

Since t h e  

coo l ing  towers are l a r g e  sou rces ,  t h e  i n v e r s e  squa re  l a w  cannot  be 

a p p l i e d  d i r e c t l y  t o  t h e  r e p o r t e d  sound level. However, t h e  r e p o r t e d  

value can b e  used t o  estimate t h e  f i e l d  sound p res su re  levelslO. 

t u r n s  o u t  t o  be  equivalent** t o  about  75 dBA a t  50 f t .  

r e p o r t e d  t o  b e  p r i m a r i l y  "high-f requency ' w h i t e '  noise"9. 

3.5 PIPING FOR WELL FLUIDS, S T W ,  AND LIQUIDS 

This  

This n o i s e  is 

F l u i d  flow in p i p i n g  i s  known t o  r e p r e s e n t  a s i g n i f i c a n t  p o s s i b l e  

sou rce  of noise11,12. Where t h e  p i p e s  are only  a few inches i n  d ia -  

meter, l i t t l e  n o i s e  i s  l i k e l y  t o  be r a d i a t e d  d i r e c t l y  from t h e  p ipe  

w a l l s .  The p i p e  w a l l s  ac t ,  however, as e x c e l l e n t  a c o u s t i c  t r ansmiss ion  

l i n e s .  I f  t h e  p i p e s  are a t t a c h e d  s o l i d l y  t o  l a r g e r  s u r f a c e s ,  t h e s e  

surfaces can become important  r a d i a t o r s  of sound. The s p e c i f i c  sources  

of n o i s e  are  turbulence  and ( i n  l i q u i d s )  c a v i t a t i o n  i n  the  f lowing 

f l u i d  where flow changes t a k e  p l a c e .  Such n o i s e  is  h i g h l y  s e n s i t i v e  

t o  f l o w  v e l o c i t y .  The w e l l  f l u i d s ,  be ing  a mixture  of steam and l i q u i d ,  

*Th.e tu rbogene ra to r  h u i l d i n g  i s  an  extended source ,  and t h e  inve r se  
square l a w  does n o t  apply u n t i l  one i s  more than  about  300 f t  from 
t h e  bu i ld ing .  The SPL range g iven  he re  is in tended  t o  r e p r e s e n t  an 
e q u i v a l e n t  s imple  source ,  thus  a l lowing  use of t h e  i n v e r s e  squa re  l a w  
f o r  e s t i m a t i o n  a t  l a r g e r  d i s t a n c e s .  

**Equivalent simple source ,  see l a s t  foo tno te  re: tu rbogene ra to r  bu i ld ing .  
The a u t h o r  does n o t  r ega rd  t h i s  as a dependable estimate. 
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. 

can he expected t o  provide  a third source  of n o i s e  as l i q u i d  p a r t i c l e s  

impact p ip ing  components a t  va lues  and p ipe  w a l l s  whenever there is  

change i n  f low d i r e c t i o n .  Current  cons t ruc t ion  p l a n s  show t h a t  a 

small p o r t i o n  of the  p i p i n g  system w i l l  be  underground and enclosed 

i n  an “ a c o u s t i c  valve box”. 

above ground w i l l  be  wrapped with i n s u l a t i o n .  

treatments on f lu idborne  and s t ruc tu reborne  sound t o  r a d i a t i n g  s u r f a c e s  

i s  n o t  clear a t  t h e  t i m e  of w r i t i n g  t h i s  r epor t .  

The p lans  a l s o  show t h a t  some p i p e s  

The e f f e c t s  of t hese  

No estimate can he made a t  t h i s  time about  t h e  sound levels 

t o  h e  expec ted  from no i se  genera ted  as a r e s u l t  of f l u i d s  f lowing 

i n  p ipe  l i n e s .  

3 .6  OTHER OPERATING NOISE SOURCES 

It is p o s s i b l e  t h a t  t he  f l a s h  tank, gas e j e c t i o n  system, H2S 

scruhbers ,  and o t h e r  components may e m i t  no i se .  An e a r l y  p l an  of the 

HGP-A shows an  a i r  compressor13. 

no i se  sou rces .  

t h e  turbogenera tor  b u i l d i n g  may be a minor sou rce  of no ise .  

e s t ima te  can be  made a t  t h i s  time about  the  sound levels t o  be  expected 

f r o m  other operating noise sources. 

3.7 CONSTRUCTION NOISE SOURCES 

Air compressors are w e l l  known as 

The a i r  cond i t ion ing  equipment f o r  t h e  o f f i c e  a r e a  of 

No 

Some heavy materials-moving equipment w i l l  be  necessary  dur ing  

s i t e  p repa ra t ion  and cons t ruc t ion .  Cons t ruc t ion  s p e c i f i c a t i o n s  appear 

t o  inc lude  a t tempts  t o  c o n t r o l  no i se  emissions.  Numerical performance 

s p e c i f i c a t i o n s  on no i se  emiss ions  are absen t ,  however, and the  spec i -  

f i c a t i o n s  r e f e r  t o  s t a t e  n o i s e  r e g u l a t i o n s  t h a t  have no e f f e c t  on the 

I s l and  of H a w a i i . *  U s e  of n o i s e  c o n t r o l s  appears  t o  be a t  t h e  op t ion  

of the Cons t ruc t ion  Nanager. 



F a b r i c a t i o n  of metal components (including roof  and s i d i n g  f o r  t he  

turbogenera tor  b u i l d i n g )  and materials hand l ing  can b e  expec ted  t o  

r e s u l t  i n  s p o r a d i c  h igh  impact sound levels.  

Noise levels c r e a t e d  by diesel-powered equipment can be e,xpected 

t o  be  about  90 dBA a t  50 f t  from each source l5 .  

tools are used i n  f a b r i c a t i n g  metal s t r u c t u r e s ,  t h e  sound l e v e l s  a t  

50 f t  from each  source  can  be  expected t o  vary from 7Q t o  9Q dBA 

depending on the  sound r a d i a t i o n  c h a r a c t e r i s t i c s  o f  t h e  s t r u c t u r e  heing 

f a b r i c a t e d .  It i s  l i k e l y ,  h u t  no t  c e r t a i n ,  t h a t  most c o n s t r u c t i o n  

a c t i v i t y  w i l l  take p l a c e  d u r i n g  d a y l i g h t  hours. 

I f  pneumatic impact 

3.8  NON-HGP-A NOISE SOLXCES 

Kuses c a t e r i n g  t o  H a w a i i ' s  t o u r i s t  i n d u s t r y  use the Pahoa-Pohoiki 

Road f r e q u e n t l y  d u r i n g  t h e  daytime. These buses  are d i s t i n c t l y  aud ib le  

as they use lower gea r s  i n  c l imbing from the  seashore  (Pohoiki) toward 

Pahoa. 

dEA a t  50 f t .  

t h e  HGP-A s i te .  

3.9 AMBIENT NOISE LEVEL 

The sound levels e m i t t e d  by t h e s e  buses  i s  probably about  80 

There are no o t h e r  s i g n i f i c a n t  n o i s e  sou rces  a t  o r  near  

'Ihe ambient n o i s e  l eve l  i s  t h e  level r e s u l t i n g  from a l l  t hose  

act ivi t ies  t h a t  are indigenous o r  customary i n  a n  area. A t  t h e  HGP-A 

s i te ,  buses  (Sec. 3.8)  might be cons idered  p a r t  of t h e  ambient. S ince  

the primary concern of t h i s  report is w i t h  the environmental  e f f e c t s  

a t  l o c a t i o n s  t h a t  may be remote from t r a f f i c ,  t h e  buses  a r e  t r e a t e d  

here as i n t r u d i n g  n o i s e  sources .  

. 
*See Sec. 5.3.2 
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There appears  to  be  very l i t t l e  human o r  animal l i f e  c u r r e n t l y  

r e s i d e n t  w i t h i n  several miles of t h e  geothermal s i t e .  R e  p r e v a i l i n g  

c u r r e n t  ambient sound l e v e l  is, the re fo re ,  se t  p r i m a r i l y  by b i r d s ,  in-  

sects, wind, and r a i n .  

No measurements o f  ambient sound levels near t h e  HGP-A appear t o  

have been madei6. 

probably less than 45 dBAI6. 

sounds,  t h e  ambient l e v e l  w i l l  depend on wind and r a in .  Because t h e  

ground cover is  low and s p a r s e ,  t he  sound level  from wind e f f e c t s  of  

moderate tradewinds on f o l i a g e  and l and  forms probably is  i n  the 

range 35 t o  45 dEA. The sound l e v e l  from moderate r a i n  impact ing on 

rock and s p a r s e  f o l i a g e  is probably in the same range. During t i m e s  

of very  l i g h t  winds and r a i n  t h e  ambient sound l e v e l  is probably about  

20 t o  25 dEA17918. 

h ighe r  ambient sound l e v e l s .  

One estimate is that t h e  a d i e n t  sound level is 

In t he  absence of b i r d  and i n s e c t  

Bi rd  and i n s e c t  sounds could,  i f  p r e s e n t ,  cause 



4.0  EXPECTED NOISE ENVIRONMENT 

4.1 AT THE HAWAII GEOTHERMAL PROJECT (Ha-A), PUNA DISTRICT 

On t h e  b a s i s  of p r e s e n t l y  known c o n s t r u c t i o n  and o p e r a t i n g  p l ans ,  

t h e  noise  environment of th.e HGP-A could be  unpleasant .  The known 

major n o i s e  sou rces  (?silencer" vent ing  , tu rbogenera tor  ope ra t ion ,  

and coo l ing  tower o p e r a t i o n )  can a l l  h e  expected t o  c o n t r i b u t e  t o  

t h i s  environment. 

Normal o p e r a t i o n  calls f o r  ven t ing  steam t o  t h e  atmosphere only  

via  t h e  " s i l ence r "  and only  when b o t h  t h e  t u r b i n e  and t h e  H2S aba te-  

ment system are  o f f  l i n e l 9 .  Such "vent ing  should las t  less than  one 

day u n t i l  t h e  w e l l  can be p a r t i a l l y  s h u t  in"19. 

The H2S abatement system c u r r e n t l y  planned r e q u i r e s  use of t h e  

coo l ing  system (.towers). Opera t ing  exper ience  a t  the G y s e r s 2 0 ,  sug- 

g e s t s  that coo l ing  system downtime r e s u l t i n g  from us ing  t h e  planned 

H2S abatement sys tem should  b e  about  lo%, o r  aljout 72 h r s  p e r  month. 

During such downtimes, t h e  U.S. Dept. of Energy states 2o t h a t  " t h e  

HGP-A w e l l  f low m u s t  be maintained a t  a s i g n i f i c a n t  l e v e l  t o  avo id  

uns t ab le  w e l l  o p e r a t i o n  and thermal  stresses i n  t h e  wel lborne."  

appears  r easonab le  t o  expec t ,  then ,  about  t h r e e  days p e r  month of  

" s i l ence r "  ope ra t ion .  Thus, t h e r e  w i l l  be ,  on average,  a source  of  

broadband n o i s e  of 84 - + 5 dBA a t  50 f t  f o r  t h r e e  days each month. 

It 

In ano the r  mode of  o p e r a t i o n ,  t h e  tu rbogene ra to r  is o f f  l i n e ,  

and t h e  steam i s  exhausted d i r e c t l y  via t h e  coo l ing  towers. Operat ing 

exper ience  a t  t h e  Geysers20 sugges t s  t h a t  t u rbogene ra to r  downtime a t  

W - A  w i l l  h e  i n  t h e  range  13% t o  24%, o r ,  on average ,  between 95 

and 1 7 Q  h r s  p e r  month. During t h i s  t i m e ,  cool ing  water flow w i l l  

i n c r e a s e  about  24%20. 

probably create about  75 dBA a t  50 f t .  

The cool ing  towers dur ing  t h i s  time w i l l  

17 
I 
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I 
I '  

I n  the normal mode of ope ra t ion ,  h o t h  t h e  tu rbogene ra to r  and t h e  

cool ing  towers w i l l  c r e a t e  sound. 

towers  w i l l  b e  about  75 dEA a t  50 f t  wh i l e  t h a t  fzom t h e  turbogenera tor  

and i ts  b u i l d i n g  w i l l  be  between 60 and 80 dBA a t  50 f t  w i t h  a pro- 

nounced 60 Hz tone.  

The sound level from the  cool ing  

During a l l  of t he  above, some c o n t r i b u t i o n s  can be  expected 

from o t h e r  sources of noise .  Their e f f e c t s  cannot be eva lua ted  

wi thou t  more information.  

The major n o i s e  sources  w i l l  be c l e a r l y  ev iden t  a t  t h e  V i s i t o r s '  

Center ,  and they w i l l  provide a n  impressive demonstrat ion of t h e  noise- 

producing c a p a b i l i t y  of  geothermal power genera t ion .  

V i s i t o r s '  Center  is b a s i c a l l y  a covered, open-air  s t r ~ c t u r e . ~  

loca ted  about  320 f t  from the  " s i l ence r " ,  about  360 f t  from the  turbo- 

gene ra to r  bu i ld ing ,  and about  3 4 0  f t  from t h e  cool ing  towers. 

are no i n t e r v e n i n g  l a r g e  s t r u c t u r e s .  

methods ( o t h e r  than w e l l  shut-down o r  a c c i d e n t a l  f r e e  vent ing)  can be  

expected t o  create sound levels i n  t h e  V i s i t o r s '  Center of about  6 8  

dBA about  10% of t h e  t i m e  from ven t ing  w e l l  f l u i d s  v ia  t h e  " s i l ence r "  

The planned 

It is  

There 

The foregoing  t h r e e  ope ra t ing  

dur ing  coo l ing  tower downtime, about  58 dBA with.  an  a u d i b l e  Hz tone  

about  7Q% of t h e  t i m e  from tu rbogene ra to r  p l u s  cool ing  tower ope ra t ion ,  

and about  58 dBA about  203 of t h e  time from cool ing  tower o p e r a t i o n  

dur ing  turb.ogenerator dotmtime. 

time-varying) . 
4 . 2  SOUND PROPAGATION I N  THE ATMOSPHERE 

A l l  sounds are s t e a d y  (i.e.,  n o t  

It is w e l l  known t h a t  sounds in t h e  atmosphere are a t t e n u a t e d  

with i n c r e a s i n g  d i s t a x c e  from a sound source.  

s i t e  s p e c i f i c  measurements of  sound a t t e n u a t i o n  have been made, i t  is 

Although a g r e a t  many 
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p o s s i h l e  only  t o  make approximate advance estimates of a t t e n u a t i o n  f o r  

any site. 

quency, relative humidity,  temperature  and wind, as w e l l  as on tem- 

At t enua t ion  depends n o t  on ly  on d i s t a n c e ,  l ju t  a l s o  on f r e -  

p e r a t u r e  g r a d i e n t s ,  wind g r a d i e n t s ,  and turbulence  in t h e  atmosphere. 

A t t enua t ion  a l s o  varies w i t h  t h e  source  h e i g h t ,  receiver h e i g h t ,  top- 

ography, t h e  p o r o s i t y  of t h e  ground hetween source  and receiver, and 

t o  a minor extent, on vege ta t ion .  when d i s t a n c e s  are l a r g e  ClQaO f t  

o r  more), temporal v a r i a t i o n s  in wind and tempera ture  Cturbulence) 

i n  t h e  atmosphere can cause n o t i c e a b l e  f l u c t u a t i o n s  i n  sound l e v e l .  

A t  distances g r e a t e r  than  about  300 f t ,  each of the  n o i s e  sou rces  

on HGP-A can be regarded  as a p o i n t  source.  I n  a q u i e t ,  p e r f e c t  

atmosphere,  t h e  normal a t t e n u a t i o n  expected is 6 d e c i b e l s  p e r  doubl ing  

of d i s t a n c e  (6 dB/dd)- from the a c o u s t i c  center of the s o u r c e  ( .spherical  

sp read ing  ru le ] .  Measurements have  shown t h a t  the a t t e n u a t i o n  a c t u a l l y  

exper ienced  is g r e a t e r  than  6 dB/dd. Such a d d i t i o n a l  a t t e n u a t i o n  is 

c a l l e d  "excess" a t t e n u a t i o n .  For  p r a c t i c a l  purposes  i n  e s t i m a t i n g  

normal excess  a t t e n u a t i o n ,  s t anda rd ized  a t t e n u a t i o n  curves  can be  

used f o r  daytime*21. Approximate v a l u e s  f o r  daytime a t t e n u a t i o n  are 

g iven  in Table I. 
. 

Table I. APPROXIMATE DAYTIME EXCESS ATTENUATION I N  A UIET REAL 
ATMOSPH-ERE AT 700F AND 70% RELATIVE HUMIDITY 41 

Frequency, f Excess At t enua t ion ,  A, 
(.HZ 1 (dB/1000 f t )  

500 
1000 
2000 
4000 
8000 

0.8 
1.7 
3.3 
6.6 

13.2 

*A new American Nat iona l  Standard (.Proposed ANSI Standard S1.26) on 
c a l c u l a t i o n  of sound abso rp t ion  i n  the  atmosphere has been i n  p r e p a r a t i o n  23 . 
This s t anda rd  may provide va lues  p r e f e r a b l e  t o  those  used i n  t h i s  r e p o r t .  
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Regression a n a l y s i s  d m w s  t h e  va lues  i n  Table. I can he r ep resen ted  t o  

I -  

I -  

good accuracy hy the equa t ion  

Ae 1.59 x 10-3 dB/1000 f t .  G4.12 

During t h e  n ight t ime,  e s p e c i a l l y  on s t i l l  n i g h t s ,  t h e r e  is less  

turbulence  i n  t h e  a i r ,  and there is  less a t t e n u a t i o n  a t  l a r g e  d is -  

tances .  A reasonable.  estimate of a t t e n u a t i o n  a t  7Q°F and 7Q% re la t ive  

humidi ty  under s u c h  cond i t ions  can be ob ta ined  by  us ing  22 

3.22 x f2 dB/lOOQ f t .  c4 22 

Wind and temperature  g r a d i e n t s  i n  t h e  atmosphere act  t o  bend t h e  

sound r a y s  emanating from a source.  With t h e  normal decrease  i n  

temperature  w i t h  i n c r e a s e  i n  e l e v a t i o n ,  sound r a y s  a r e  b e n t  upwards. 

The r e s u l t  i n  a quiescent  atmosphere is t h a t  excess  a t t e n u a t i o n  in-  

creases d rama t i ca l ly  (28 dE o r  more)24 beyond tlie reg ion  of graz ing  

inc idence ,  i n  the a c o u s t i c  shadow zone. When t h e r e  i s  a wind, f r i c t i o n  

wi th  the  e a r t h ' s  s u r f a c e  c r e a t e s  a wind g r a d i e n t  i n  which wind v e l o c i t i e s  

i n c r e a s e  up t o  about 5Q0 f t  above t h e  s u r f a c e .  Sound r a y s  propagated 

upwind are b e n t  upwards; those  propagated downwind are b e n t  downwards. 

The r e s u l t  is t h a t  t h e  shadow zone c rea t ed  by a temperature  g r a d i e n t  

(when one exists) i s  m o d i f i e d .  The upwind shadow zone is mved 

c l o s e r  t o  t h e  source ;  the downwind shadow zone may be removed e n t i r e l y z 5 .  

The r eg ion  of g raz ing  inc idence  is, of course ,  in f luenced  by t h e  

heigh.t of  t h e  source.  Source h e i g h t s  a t  t h e  HGP-A can he  e s t ima ted  

as 1 0  t o  50 f t  f o r  d i r e c t  vent ing  from the  " s i l ence r "  (with t h e  low 

frequency p o r t i o n  of t h e  source  a t  the  g r e a t e r  h e i g h t ) ,  about  40 f t  

f o r  t h e  turbogenera t ion  b u i l d i n g  roof- level  openings and Q t o  30 f t  

f o r  t h e  cool ing  towers. It thus  appears  t h a t  t he re  w i l l  be a range of 

areas of g raz ing  inc idence  t h a t  depend on the  mode of p l a n t  ope ra t ion .  
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For a source  heigh.t  of 1Q-15 f t ,  a r e c e i v e r  h e i g h t  of 5 f t ,  and a 10-15 

mph wind d u r i n g  an o v e r c a s t  day, the g r a z i n g  a r e a  is about  4QQ f t  upwind 

of- the source .  For sou rce  h e i g h t  of 30 t o  40 f t ,  t h e  g raz ing  a r e a  is 

probably about  800 f t  upwind of t h e  source .  There is no shadow zone 

i n  t h e  downwind d i r e c t i o n .  

On cool.  clear nitzhts. which are o f t e n  e m e r i e n c e d  du r ing  t h e  

d n t e r  I n  K a w d i .  t h r e  is a temerature i n v e r s i g n  near  the ground. 

This i n v e r s i o n  acts t o  bend sound rays downwards. ,With t h e  1inh.t 

winds Cp-4 mph) c h a r a c t e r i s t i c  of such t i m e s ,  there w i l l  be no shadow 

tone i n  any d i r e c t i o n  a long  reasonabjlv f l a t  t e r r a f n .  

The porosity of t h e  ground s u r f a c e  i s  known t o  have an  e f f e c t  on 

a t t e n u a t i o n .  The e f f e c t  is dependent on source  h e i g h t ,  r e c e i v e r  h e i g h t ,  

s o u r c e  r e c e i v e r  d i s t a n c e ,  and frequency.  A t  th.e HGP-A, sou rce  h.eigh.ts 

are v a r i a b l e  and t h e  sound is broad-band. Thus ground Doros i ty  should 

have l i t t l e  n o t i c e a 6 l e  e f f e c t  on a t t e n u a t i o n .  

The fo rego ing  d i s c u s s i o n  i s  summarized i n  Table 11.' The va lues  

g iven  are approximate,  and s i t e  s p e c i f i c  measurements are warran ted  t o  

v a l i d a t e  o r  improve them. 

4 . 3  SOLTRCE NOISE CHARACTERISTICS 

To p r e d i c t  a-weighted sound l e v e l s  i n  t h e  area proximate t o  HGP-A, 

i t  i s  necessarv  t o  know t h e  spectral  d i s t r i b u t i o n  of sound energy f o r  

t h e  sou rces .  

l i t t l e  of i t  w a s  d i r e c t l y  a v a i l a b l e  t o  the  au tho r  a t  t h e  time t h i s  

While some d a t a  have been ob ta ined  a t  similar p l a n t s 8 , 9 , 2 7 ,  

r e p o r t  was prepared .  For l a c k  of b e t t e r  i n fo rma t ion ,  t h e  sound s p e c t r a  

f o r  a l l  t hese  major sound sources  can he taken a s  wh i t e  over  t h e  a u d i b l e  

* frequency range wi th  a low frequency (160 Hz) tone added from turbo- 
* 

*Taken h e r e  a s  t h e  frequency range of t h e  p r e f e r r e d  s e r i e s  of oc tave  
bands w i t h  c e n t e r  f requencies '  from 63 t o  8000 Hz. 
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I 

genera tor  ope ra t ion  and having SPL (-unweigh.ted) ahout the same as t h e  

o v e r a l l  A-weighted turbogenera tor  sPL8. 

r equ i r e s  b e t t e r  information about s p e c t r a l  i n t e n s i t i e s  than w a s  a v a i l -  

Adequate p r e d i c t i o n  a l s o  

a b l e .  The source sound l e v e l s  used i n  t h i s  r e p o r t  are those descr ibed  

e a r l i e r  (Sec. 4.1) with  the added s p e c t r a l  assumptions descr ibed  above. 

For t he  purpose of this r e p o r t ,  sounds as 250 Hz o r  less are assumed 

t o  propagate wi th  n e g l i g i b l e  excess a t t e n u a t i o n  except  in shadow 

zones. 
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Table 11. TOTAL EXPECTED ATTENUATION RELATIVE TO SPL AT 
50 FT FROM SOURCE; SOURCE HEIGHT 30 TO 40 FT; 
RECEIVER HEIGET 5 FT; TEMP 70. + 5OF APPROX., 
RELATIVE HUMIDITY 70 + 20X ASPFOX. 

Distance F r e q u e n c y  D a y t i m e ,  Upwind* Daytime, Downwind** Nights*** 

- 

(ft) (Hz) (dB1 (dB1 (dB1 

500 63 
125 
25 0 
500 

1,000 
2,000 
4,000 
8,000 

1,000 63 
125 
250 
500 

1,000 
2,000 
4,000 
8,000 

2,000 63 
125 
250 
so0 

1,000 
2,000 
4,000 
8,000 

4,000 63 
125 
250 
500 

1,000 
2,000 
4,000 
8,000 

8,000 63 
125 
250 
50 0 

1,000 
2,000 
4,000 
8,000 

20 
20 
20 
20 
21 
22 
23 
27 

36 
36 
36 
37 
38 
39 
43 
49 

60 
60 
6 1  
62 
63 
67 
73 
87 

66 
67 
68 
69 
73 
79 
83 

119 

73 
74 
75 
79 
85 
99 

1 2 5  
179 

20 
20 
20 
20 
2 1  
22  
23 
27 

26 
26 
26 
27 
28 
29 
33 
39 

32 
32 
33 
34 
35 
39 
45 
59 

38 
39 
40 
41 
45 
5 1  
65 
91 

45 
46 
47 
51 
5 7  
71  
97 

1 5  1 

20 
20 
20 
20 
20 
21 
23 
30 

26 
26 
26 
26 
26 
27 
31 
47 

32 
32 
32 
32 
33 
35 
42 
73 

38 
38 
38 
38 
39 
43 
59 

121 

44 
44 
44 
45 
47 
54 
85 

209 
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16,000 63  
125 
250 
500 

1,000 
2,000 
4 , 000 
8,000 

80 
81 
85 
9.J 

104 
131 
184 
291 

52 
53 
57 
63 
76 

1Q 3 
15 6 
26 3 

50 
50 
50 
5 1  
55 
7 1  

133 
3 80 

*Overcast ,  winds 10-15 mph; s p h e r i c a l  spreading  p l u s  A, p e r  Eq. 4.1 

**Overcast, winds 10-15 mph; s p h e r i c a l  spreading  p l u s  A, p e r  Eq. 4.1 
p l u s  shadow zone e f f e c t s  

***Clear, winds 0-4 mph; s p h e r i c a l  spreading  p l u s  A, p e r  Eq. 4.2 

4.4 NOISE PREDICTIONS FOR AREAS PROXIMATE TO HGP-A 

Once source  no i se  s p e c t r a  i n  octave bands a r e  known, we can use 

t h e  a t t e n u a t i o n  va lues  i n  Table I1 t o  estimate t h e  A-weighted SPL a t  

va r ious  d i s t a n c e s  from HGP-A. We f i r s t  c a l c u l a t e  c o r r e c t i o n  f a c t o r s  

(.Table 111) t o  apply t o  A-weighted SPL's a t  50 f t . *  The procedure 

fo l lows  t h a t  descr ibed  by Peterson  and Gross 28 , 

Table 111. CORRECTION FACTORS TO BE SUBTRACTED FROM A-WEIGHTED 
SOUND PRESSURE LEVELS AT 50 FT (EQUIVALENT) DISTANCE 
FROM NOISE SOURCES HAVING A WHITE SPECTRUM 

Dis tance  Day t i m e  , Upwind* Daytime, Dwonwind" Nights 
( f t l  (dB) (dB) (dB) 

50 0 
500 24 

1,000 42 

4,000 81 

1 6  ,QOO 106 

2,000 7Q 

8,000 93 

*See foo tno te s  t o  Table 11. 

0 
24 
32 
42 
53 
65 
78 

0 
24 
31  
39 
47 
56 
6 4  

Using t h e  e s t ima ted  source  SPL's (Sec. 4 . 1 ) ,  w i t h  the  assumption 

t h a t  a l l  sou rces  have white s p e c t r a ,  w e  can now estimate the  A-weighted 

*Note that t h e  c o r r e c t i o n  f a c t o r s  c a l c u l a t e d  he re  apply only t o  whi te  
source  s p e c t r a .  Thei r  a p p l i c a t i o n  t o  sounds having source s p e c t r a  o t h e r  
than whi te  can r e s u l t  i n  s i g n i f i c a n t  e r r o r .  
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. .! , 

SPL a t  v a r i o u s  d i s t a n c e s  from HGP-A (-Table I V )  . 
Tahle IV. A-KEIGRTED COMMUNITY NOISE LEVELS, L EXPECTED 

DURING VENTING VLA "SILENCER". * TOL&ANCE IS 
ESTIMATED AS APPROXIMATELY - + 5 dB. 

Dis tance  Day t i m e ,  Upwind** Day t i m e  , Downwind** Nights ** 
<.ft) <a 1 (dB1 

50 
500 

1 , OQO 
2 , OOQ 
4,000 
8,000 

16 ,oao 

84 
60 
42 
1 4  - - - 

84 
6Q 
52 
42 
31 
19 - 

84 
60 
53 
45 
37 
28 
20 

*Increase  a l l  levels by about  4Q dB f o r  f r e e  ven t ing ;  w h i t e  sou rce  
spectrum assumed 

**See foo tno te s  Tahle  11. 

Table V. A-WEIGHTED COMMUNITY NOISE LEVELS, LA, EXPECTED 
DURING TURBOGENERATOR OPERATION OR COOLING TOWER 
ONLY OPERATION*. TOLERANCE IS  ESTIMATED AS 
APPROXIMATELY + 10 dE. - 

Dis tance  Daytime, Upwind** Daytime, Downwind** Nights** 
ut> C&) CdB 1 CdB 

5a 
5QO 

1, OQO 
2,000 
4,000 
8 , oaa 
16,000 

*White source  spectrum assumed 
**See f o o t n o t e s  Tahle 11. 

75 
51 
43 
33 
22 - 
- 

75 
51 
44 
36 
28 
1 9  - 

Although t h e  A-weighted SPL (-LA>- is a good d e s c r i p t o r  f o r  s t e a d y  

community n o i s e ,  i t  has  aome drawbacks when used t o  desc r ibe  t i m e -  

vary ing  n o i s e .  Accordingly,  t h e  U.S. Environmental  P r o t e c t i o n  Agency 

(EPA) has in t roduced  t h e  concept of day-night sound leve l  (.Ldn) i n  i t s  

"levels" document 29 . For t h e  s t eady  n o i s e s  t y p i c a l  of  HGP-A ope ra t ion ,  
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Ldn is 6.4 dE g r e a t e r  than  LA. 

are given i n  Tables V I  and V I I .  

For completeness,  t h e  expec ted  Ldn va lues  

T a 6 l e  V I .  DAY-NIGHT SOUND LEVELS, Ldn, EWECTED DURING VENTING 
V I A  "SILENCER".* TOLERANCE I S  ESTIMATED AS 5 5 &. 

Nights** 
C W  

D i s  tance Daytime, Upwind** Day t i m e ,  Downwind** 
C f t l  cdB1 1 

50 
500 

1, OOQ 
2,000 
4 000 
8 ,  ooa 

16,000 

sa 
66 
48 
20 - 
- - 

90 
66 
58 
48 
37 
25 - 

*Increase  a l l  levels by 40 dB f o r  f r e e  v e n t i n g  
assumed 

**See foo tno te s  Table  11. 

9Q 
66 
59 
5 1  
43 
34 
26 

r h i t e  sa trce s p e c t r  Lm 

Table V I I .  DAY-NIGHT SOUND LEVELS, Ldn, EXPECTED DURING TUREO- 
GENERATOR OPERATION OR COOLING T O W  ONLY OPERATION.* 
TOLERANCE IS ESTIMATED AS APPROXIMATELY 2 10 dB. 

Dis tance  Daytime, Upwind** Daytime, Downwind** Nights** 
(%t l  (-dB >. (dB) (dB1 

50 
500 

2 ,OQO 
4,000 

16,000 

1,000 

8 aoa 

81 
57 
39 

*White source  s p e c t r a  assumed 
**See foo tno te s  Table 11. 

81 
57 
49 
39 
28 

81 
57 
50 
42 
34 
25 



5.Q CRITERIA FOR COMMUNITY NOISE LEVELS 

5.1 EFFECTS OF NOISE ON PEOPLE 

There are t h r e e  sound . l eve1  r e l a t e d  e f f e c t s  of n o i s e  on people  

most impor tan t  t o  o p e r a t i o n  of  HGP-A: damage t o  h e a r i n g ,  speech 

i n t e r f e r e n c e ,  and s leep interference3 ' .  

h e a r i n g  when LA exceeds about  15 dE. 

only  upon t h e  ambient sound level, h u t  on the d i s t a n c e  between speaker  

and l i s t e n e r  and the v o c a l  e f f o r t  o f  the speaker .  Normal communication 

becomes d i f f i c u l t  a t  d i s t a n c e s  g r e a t e r  than  20 f t  i n  ambient sound 

levels greater than  50 dMX.  

g r e a t e r  t han  about  30 dBA result in s l e e p  m ~ d i f i c a t i o n ~ ~ .  

levels j u s t  s t a t e d  are those  a t  the ears of t h e  l i s t e n e r .  

There is  a r i s k  of damage t o  

Speech i n t e r f e r e n c e  depends n o t  

There is  some evidence t h a t  n o i s e  levels 

A l l  n o i s e  

Very impor t an t  t o  o p e r a t i o n  of  KGP-A may be the psycho log ica l  

effects o f  n o i s e .  

of t h e  n o i s e  sou rce .  I f  t h a t  sou rce  is acceptaKle o r  d e s i r e a b l e  t o  

t h e  l i s t e n e r ,  the  n o i s e  has a r e a s s u r i n g  e f f e c t .  I f  t h e  no i se  r e c a l l s  

t o  t h e  l i s t e n e r  f e a r s  r e l a t e d  t o  t h e  sou rce ,  i t  can t r i g g e r  a nega- 

t ive response.  

response t o  no i se .  

5 . 2  

An a u d i b l e  n o i s e  reminds a l i s t e n e r  of the presence  

Wller30 p r e s e n t s  a good d e s c r i p t i o n  of p sycho log ica l  

EXPECTED RESPONSE'OF PEOPLE TO NOISE 

A comprehensive r e v i e w  of  surveys  of sound levels and community 

response has  been p resen ted  by S c h ~ l t z ~ ~ .  

such surveys  have been p resen ted  in terms of outdoor  sound level i n  

no r the rn  (.cool) c o u n t r i e s .  The responses ,  however, are i n f e r r e d  t o  

be  those  of people  i n s i d e  t h e i r  houses.  A t y p i c a l  a t t e n u a t i o n  f o r  t h e  

w a l l s  o f  n o r t h e r n  homes i s  28  dB33. 

of low-evalua t ion  i n  H a w a i i  is  approximately 1 2  dB36. 

are p resen ted  i n  Tahle V I 1 1  t oge the r  w i t h  the  outdoor  Ldn expected t o  

S c h u l t z  p o i n t s  o u t  t h a t  

The a t t e n u a t i o n  of homes t y p i c a l  

Schu l t z ' s  r e s u l t s 3 4  



r e s u l t  i n  a similar response a t  t r o p i c a l  l o c a t i o n s  i n  H a w a i i .  

Table  V I I I .  SUMMARY OF EXPECTED COMMUNITY RESPONSE TO NOISE 

Outdoor Ldn 
% Highly Annoyed 
(IApprox. Range) 34 

Near HGP-A 33 Cold Climate 

sa 
6 0  
7Q 
80 
PO 

34 
4 4  
5 4  
6 4  
7 4  

0- 9 
3-21 

13-39 
3 7-75 
65-100 

There is  some evidence t o  sugges t  t h a t ,  a t  outdoor  sound l e v e l s  

above about Ldn=65 dB (50 dE i n  t r o p i c a l  H a w a i i ) ,  peop le ' s  response 

i s  dependent p r i m a r i l y  on the  a b s o l u t e  level of t he  i n t r u d i n g  no i se .  

A t  lower sound levels,  response appears  t o  be p r i m a r i l y  dependent on 

t h e  d i f f e r e n c e  between tEu l e v e l  of the  i n t r u d i n g  no i se  and the  ambient 

noise t h a t  would exist i f  t h e  i n t r u d i n g  n o i s e  were absent. 

t rud ing  n o i s e  10 dB above the  ambient w i l l  sound twice as loud as t h e  

ambient sound l e v e l .  Pure tones  as much as 10 dB below the  ambient 

are o f t e n  c l e a r l y  aud ib le .  

An in- 

The I*% h i g h l y  annoyed" in Tahle VI11 is of  v i t a l  importance in 

e s t i m a t i n g  community response.  This is the p o r t i o n  of the p u b l i c  

exposed t o  t h e  no i se  t h a t  can be expected t o  demonstrate d e f i n i t e  and 

conscious response.  Those who are simply aware of  t h e  no i se ,  b u t  do 

n o t  respond t o  i t ,  are n o t  inc luded  i n  % h i g h l y  annoyed. I t  i s  the  % 

h igh ly  annoyed who can h e  expected to  voice  complaints ,  t h r e a t e n  l e g a l  

a c t i o n ,  and t o  i n i t i a t e  such  a c t i o n .  
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5.3 M S ,  STATUTES, ORDINANCES, REGULATIONS, AND GUIDELINES 

5.3.1 County of  H a w a i i  

There appear  t o  be no H a w a i i  County o rd inances  o r  g u i d e l i n e s  

concerning n o i s e  cr i ter ia .*  

5.3.2 S t a t e  of H a w a i i  

There appear  t o  fie no S t a t e  r e g u l a t i o n s  concerning community 

noi se  a p p l i c a b l e  t o  Hawaii County. mere are several s t a t u t e s  wU&. 

apply t o  no i se  p o l l u t i o n ;  Hawaii Revised S t a t u t e  CHRS] Chapters 342,  

343 ,344  and HRS Sec t ion  46-37. 

Under HRS Chapter  342 ,  "Environmental Quality", t h e  H a w a i i  S t a t e  

Department of Health (DOH2 h a s  t h e  a u t h o r i t y  t o  adopt  r u l e s  and regu- 

l a t i o n s  c o n t r o l l i n g  and  p r o h i b i t i n g  n o i s e  p o l l u t i o n  i n  any p a r t  o f  t h e  

S t a t e .  The s t a t u t e  d e f i n e s  excessive no i se  as "the presence  of sound... 

which. endangers  human h e a l t h ,  welfare o r  safety,  animal  l i f e ,  o r  p rope r ty  

o r  which unreasonably i n t e r f e r e s  w i t h  the  comfortable  enjoyment of l i f e  

and p r o p e r t y  ..." 
l a t i o n s ,  "Vehicular  Noise Regulat ion f o r  Oahu," and Chapter 44B, 

"Community Noise Cont ro l  f o r  Oahu".  

e f f e c t  and are n o t  enforced  on t h e  I s l a n d  of Hawaii. As a matter of 

i n t e r e s t ,  Chapter 44B s p e c i f i e s  excessive n o i s e  i n  r e s i d e n t i a l  and 

p r e s e r v a t i o n  d i s t r i c t s  as any n o i s e  t h a t  exceeds 55 dEA (45 dBA from 

10 p.m. t o  7 a.m.) mre than  2 minutes  i n  any 20 minute pe r iod  of t i m e .  

This i s  e q u i v a l e n t  t o  Ldn'55 dB. 

The DOH has  adopted Chapter 44A, P u b l i c  Heal th  Regu- 

These r e g u l a t i o n s  are n o t  i n  

The t i t l e  of HRS Chapter 343 ,  "Environmental Qua l i ty  Commission 

*Noise p r o v i s i o n s  do appear  i n  the Camprehensive Zoning Code of the 
Ci ty  and County of Honolulu, hut. t hese  do no t  apply i n  H a w a i i  County. 
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and Environmental Impact Statements" is adequate  t o  desc r ibe  i t s  

contents .  The H a w a i i  S t a t e  Enviroumental Impact Statement2 w a s  

r equ i r ed  under this s t a t u t e .  

HRS Chapter 344, "S ta t e  Environmental Pol icy"  i d e n t i f i e s  guide- 

l i n e s  under w h i c h  to  "encourage product ive  and en joyable  harmony be- 

tween man and h i s  environment.. ." 
HRS Sec t ion  46-17 w a s  enac ted  by t h e  S t a t e  L e g i s l a t u r e  i n  1974 t o  

allow coun t i e s  t o  adopt more s t r i n g e n t  ord inances  r e g u l a t i n g  no i se  

(.among o t h e r  "nuisances") than  those  "embraced w i t h i n  any s t a t u t e  o r  

rule of the Sta te . "  The County of H a w a i i  thus  has t h e  s t a t u t o r y  author-  

i t y  to  adopt  and enforce  a n  ordinance on community no i se  c o n t r o l .  

5.3.3 Fede ra l  

Two p u h l i c  l a w s  t h a t  apply d i r e c t l y  t o  t h e  problem of community 

n o i s e  on the I s l and  of HAwai i  are t h e  Nat iona l  Environmental  P o l i c y  

A c t  of 1964 (NEPA) (Publ ic  Law 91-190) and t h e  Noise Cont ro l  Act of 

1972 (Pub l i c  Law 92-574), as amended. The Federa l  E I A  w a s  r equ i r ed  3 

under NEPA. The EPA's Of f i ce  of Noise Control  and Abatement ope ra t e s  

under p rov i s ions  of the Noise Control  A c t  of 1972. The most r e c e n t  

amendment t o  t h i s  A c t  i s  P u b l i c  Law 95-609, t h e  "Quiet Communities A c t  

of 1478". 
. 

Under t h i s  amendment, EPA may provide  suppor t  t o  communities 

s eek ing  h e l p  i n  s e t t i n g  up n o i s e  c o n t r o l  programs. 

5.3.3.1 U.S. Environmental  P r o t e c t i o n  Agency 

A g r e a t  d e a l  o f  in format ion  has  been make a v a i l a b l e  by the  Of f i ce  

of Noise Aliatement and Cont ro l  of t h e  EPA. Some of i t  h a s  heen used 

i n  prepar ing  t h i s  report7,15*17s29s30. The EPA has  publ i shed  recent ly36  

a v e r s i o n  of i t s  I ' levels" document29 t h a t  summarizes t h a t  document i n  

l e s s  t e c h n i c a l  terms. The g i s t  o f  t h e  "levels" document i s  a recom- 

mendation t h a t  Ldn L 55 dE outdoors  i n  r e s i d e n t i a l  and o t h e r  outdoor  
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areas where q u i e t  is tI.le h a s % s . f o r  use, and t h a t  L h  5 45 dR i n s i d e  

r e s idences .  

5 . 3 . 3 . 2  U.S. Department of Housing and Urban Development 

W i t h  its C i r c u l a r  139Q.2  (IAugust 4 ,  19711, €IUD h a s  publ i shed  

s t a n d a r d s  under which. i t  w i l l  gua ran tee  loans  f o r  housing.  Th.e 

p o r t i o n s  o f  Circular 1 3 9 0 . 2  p e r t i n e n t  t o  this r e p o r t  are summarized 

i n  T a l j l e  IX. 

T a b l e  IX. INTERIM EXTERNAL NOISE EZQOSURE STANDARDS FROM 
HUD CIRCULAR 1390 .2  ( e d i t e d  f o r  t h i s  r e p o r t ]  

Una cc e p t a6 1 e Exceeds 80 dBA ( 6 4  dEA*Z 60 min p e r  24 h r s  
Exceeds 7 5  dBA (5'3 &A*] 8 h r s  p e r  24 h r s  

Normally unac ce p t ab.le Exceeds 65 dBA (-49 dBA*1 8 h r s  p e r  24 h r s  

Normally accep tab le  Does no t  exceed 65 dEA C49 dRA*) more than  
8 h r s  p e r  24 h r s  

Acceptable  Does n o t  exceed 45 dBA (28 dBA*) more than 
30 min p e r  24 hrs 

*HUD s t a n d a r d  a d j u s t e d  f o r  1 6  a d e s t i m a t e d  d i f f e r e n c e  between t h e  
average 28 dB e x t e r i o r - i n t e r i o r  a t t e n u a t i o n  expec ted  f o r  housing 
i n  co ld  climates and t h e  average  12  dB a t t e n u a t i o n  expec ted  in 
t r o p i c a l  H a w a i i .  The a u t h o r  prepared these adjustments  t o  i l l u s -  
trate t h i s  r e p o r t .  They d id  n o t  o r i g i n a t e  w i t h  HUD. 

C i r c u l a r  1 3 9 0 . 2  a l s o  i d e n t i f i e s  t h e  fo l lowing  as "accep t ah le"  

i n t e r i m  s t a n d a r d s  f o r  n o i s e  exposure f o r  s l e e p i n g  q u a r t e r s  i n  new o r  

rehab . i l i  t a t e d  r e s i d e n t i a l  cons t ruc t ion :  

- does n o t  exceed 55 dEA f o r  more than  a n  accumulat ion of  
6 0  minutes  i n  any 24-hr p e r i o d ,  and 

- does n o t  exceed 45 dBA f o r  more than  30 minutes  dur ing  
n igh t t ime  s l e e p i n g  hours  from U p.m. t o  7 a.m., and 

- does n o t  exceed 45 6BA f o r  more than  a n  accumulation of  
e i g h t  hours  i n  any 24-hr day. 



6.0 EXPECTED IMPACT AND COMMUNITY REACTION 

The estimates of impact and r e a c t i o n  d i scussed  i n  t h i s  s e c t i o n  

depend upon the sound levels and s p e c t r a  i d e n t i f i e d  i n  preceding  

s e c t i o n s .  Since many of these sound levels are based on an inade- 

qua te  d a t a  base ,  t h e  es t imated  impact and r e a c t i o n  should  be  taken as 

approximate.  Themarg in  of e r r o r  can be  s i g n i f i c a n t l y  reduced when a n  

adequate  d a t a  liase is  obtained.  

6.1 AT HGP-A 

V i s i t o r s  t o  HGP-A w i l l  lie a c u t e l y  aware of  n o i s e  from p l a n t  

ope ra t ion .  Except dur ing  pe r iods  of heavy r a i n ,  t h e  daytime ambient 

sound level Clevel i n  t h e  absence of p l a n t  ope ra t ion ]  should  b e  i n  

the range 25 t o  45 dEA. Thus t h e  no i se  r e s u l t i n g  from any o p e r a t i o n  

except  w e l l  shut-down o r  f r e e  ven t ing  can be expected t o  be i n  the 

range of 13 t o  43 dE above the ambient sound level.* The expected 

68 dBA sound level from ven t ing  v ia  t h e  " s i l ence r "  C l O X  of the  t i m e ]  

w i l l  require n o t i c e a b l y  inc reased  voca l  e f f o r t  t o  communicate i n  o r  

nea r  t h e  V i s i t o r s '  Center  a t  d i s t a n c e s  from speaker  t o  l i s t e n e r  g r e a t e r  

than  about  4 f t .  The expected 5 8  dBA sound level  from turbog-nerator  

and/or  cooling t o w e r  o p e r a t i o n  (90% of t h e  t i m e )  w i l l  cause the same 

e f f e c t  a t  d i s t a n c e s  g r e a t e r  than  about 9 f t .  

I n  the u n l i k e l y  even t  of a c c i d e n t a l  v e n t m g  of w e l l  f l u i d s  d i r e c t -  

l y  t o  th.e atmospfiere, t h e  sound level a t  t h e  V i s i t o r s '  Center  w i l l  

probably be about  1 0 8  dBA, a level t o  which exposure f o r  even s h o r t  

pe r iods  (e.g. ,  a few minutes)  can cause a t  least  a temporary h e a r i n g  

l o s s  . 37 

*See las t  paragraph. Sec. 4.1  
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6 .2  AREAS PROXIMATE TO THE HGP-A 

6.2.1 Current  R e s i d e n t i a l  De+lopment 

As mentioned earlier @ec. 2.1.5), t h e  n e a r e s t  occupied r e s idence  

is 0.7 mile (about  3,700 f t )  from HGP-A, and the re  are o n l y  about  a 

dozen r e s idences  c u r r e n t l y  w i t h i n  1 mile (,about 5,300 f t )  of HGP-A 

Cl-mile re s idences )  . 
The day-night sound level a d n l  from KGP-A o p e r a t i o n s  dur ing  

tradewind weather  a t  t h e  I-mile re s idences  w i l l  probably be  i n  the  

range  of n o t  a u d i b l e  upwind t o  27-32 dH downwind 90% of t h e  t i m e  and 

35-37 dE 10% of the t i m e .  S ince  t h e  ambient sound level a t  n i g h t  is 

expec ted  t o  have a day-night level  of about  35 dE, t he  p r o b a b i l i t y  o f  

s e r i o u s  complaint  is  s l i g h t .  Less than one person i n  t e n  is l i k e l y  t o  

be  highly annoyed* dur ing  tradewind weather. 

The day-night sound level from HGP-A o p e r a t i o n  dur ing  clear, s t i l l  

n i g h t s  a t  t h e  1-mile re s idences  w i l l  p robably  be  i n  t h e  range of 42-44 

dB 10% of t h e  t i m e  and 33-35 dE 90% of t he  t i m e .  S ince  t h e  ambient 

level may be  as low as 20 dB a t  n i g h t ,  HGP-A o p e r a t i n g  n o i s e  can be 

expec ted  t o  b e  c l e a r l y  audib le .  During tu rbogene ra to r  ope ra t ion ,  t h e  

60 H z  tone can be  expected t o  s t a n d  o u t ,  s i n c e  sound a t  such a low 

frequency propagates  wi th  a lmost  no excess  a t t e n u a t i o n .  

of complaint f o r  normal ope ra t ions  i s  h i g h e s t  dur ing  t h i s  t i m e .  

r easonable  e x p e c t a t i o n  is t h a t  one o r  two persons  i n  t e n  may be  h i g h l y  

The p r o b a b i l i t y  

A 

annoyed. 

In t h e  event of a c c i d e n t a l  f r e e  Venting of w e l l  f l u i d s  t o  t h e  

*See Sec. 5 . 2  f o r  d i s c u s s i o n  of % h i g h l y  annoyed. 



atmosphere, day-night sound levels a t  t h e  1-mile r e s idences  dur ing  

tradewind weather  can he expected t o  vary from ahout  5Q dE upwind t o  

ahout 75 dB downwind. .During clear, s t i l l  weather ,  day-night sound 

levels of about  83 dB can be expected.  A l l  r e s i d e n t s  l i v i n g  w i t h i n  

1 mile of the HGP-A are l i k e l y  t o  be  h i g h l y  annoyed. The pe rcen t  

h i g h l y  annoyed can be expected t o  be  less than  1 i n  10 on ly  a t  d i s -  

tances  g r e a t e r  than  about  3 miles downwind dur ing  tradewind weather  

and g r e a t e r  than  about  5 miles in a l l  d i r e c t i o n s  dur ing  c lear ,  s t i l l  

weather .  

6.2.2 P o t e n t i a l  R e s i d e n t i a l  Development 

Two p a r c e l s  of l and  cont iguous t o  the HGP-A, L e i l a n i  Estates and 

Lanipuna Gardens, are a l r e a d y  planned f o r  urban use2s3. Lei lani  Estates 

has a l r e a d y  been subdivided i n t o  one-acre l o t s .  

It i s  ques t ionab le  p r a c t i c e  t o  base  d e c i s i o n s  about  a l lowable  

source no i se  levels on t h e  n o i s e  level expected a t  t h e  n e a r e s t  

e x i s t i n g  residence2s3.  Proper ty  Owners and p o t e n t i a l  r e s i d e n t s  can 

become very h i g h l y  annoyed (i.e., l i t i g i o u s )  i f  they pe rce ive  t h a t  

no i se  h a s  confer red  economic d i s b e n e f i t s  upon them. The h i s t o r y  of  

no i se  c o n t r o l  is  r e p l e t e  w i th  case h i s t o r i e s  of s u b d i v i s i o n s  developed 

near  ope ra t ing  a i r p o r t s  where new homeowners have c r e a t e d  s t r o n g  pres- 

s u r e  on a i r p o r t  ope ra t ions  us ing  n o i s e  as t h e  v e h i c l e  f o r  t h e i r  ob- 

j e c t i o n s .  A prudent  course of a c t i o n  i s  t o  s p e c i f y  the  m a x i m u m  allow- 

ab.le sound level a t  or beyond t h e  proper ty  l i n e  of t h e  p rope r ty  on which 

t h e  sou rce  i s  loca ted .  A s  an example, Chapter 44B of H a w a i i  Pub l i c  

Health Regulat ions ( see  Sec. 5.3.2) s p e c i f i e s  a 70 dBA sound l e v e l  

limit a t  t h e  proper ty  l i n e  of an i n d u s t r i a l l y  zoned d i s t r i c t  except  

where i t  a b u t s  a d i f f e r e n t l y  zoned d i s t r i c t .  I f  t h a t  d i s t r i c t  is 
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r e s i d e n t i a l ,  t h a  maximum a l lowah le  n o i s e  level* a t  the houndary between 

the two d i s t r i c t s  is 55 dEA dur ing  t h e  daytime U a.m. t o  1Q p.m.1 and 

45 dBA dur ing  t h e  n igh t t ime  [lo p.m. t o  7 a.m.) .  

If the source  sound levels and propagat ion  f a c t o r s  f o r  c l e a r  

q u i e t  n i g h t s  d i scussed  i n  e a r l i e r  s e c t i o n s  of t h i s  r e p o r t  are even 

approximately accu ra t e ,  the r e g i o n  w i t h i n  abou t  400 f t  of t h e  HGP-A 

noise sources  are i n  m ' a  "normally unacceptali le" range f o r  n o i s e  

exposure Csee Sec. 5.3.3.2) laO% of t h e  t i m e  Cfor 10% of the t ime t h e  

normally unacceptal j le  range is  600 f t ) .  

f o r  H a w a i i  home styles, t h e  e f f e c t i v e  normally unacceptab le  range 

I f  HUD's c r i t e r i a  are modif ied 

vould h e  i n c r e a s e d  from 400 and 600 f t  t o  about  1,000 and 2,000 f t .  

For 100% of the  time, t h e  area w i t h i n  about  700 f t  w i l l  have outdoor 

sound levels i n  excess of EPA's recommended m a x i m u m  Ldn of 55 dB (.for 

10% o f  th.e t i m e  t h e  range downwin& would b e  aobut  1,400 f t )  . 
The r e g i o n  within about  one m i l e  of t h e  HGP-A may be analogous 

t o  new housing developments n e a r  a i r p o r t s  used on ly  on weekdays.** 

For 90% of t h e  t i m e  du r ing  tradewind weather ,  probably about  one person 

i n  t e n  would be  h i g h l y  annoyed by n o i s e  from t h e  HGP-A, a t  d i s t a n c e s  

g r e a t e r  than  about  1/2 mile. 

buy. 

And that person is most l i k e l y  n o t  t o  

Between abou t  1 / 4  and 1 / 2  mile from t h e  HGP-A, one o r  two people  . 
in t e n  are l i k e l y  t o  be h i g h l y  annoyed. When the  d i s t a n c e  becomes 

50.0 ' f t  from t h e  HGP-A, 2 t o  5 people  ou t  of t e n  would be h i g h l y  annoyed. 

For 10% of  t h e  time Cventing via " s i l e n c e r " ) ,  i nc reased  no i se  levels 

w i l l  r e s u l t  i n  an  inc reased  % h i g h l y  annoyed. 

*Level t h a t  must n o t  be exceeded more than 2 minutes  i n  any 2Q-minute per iod .  
**The new owner i n s p e c t s  on weekends and buys on th.e b a s i s  of  t he  "quiet"  area.  

He complains l a t e r  on t h e  b a s i s  of the  n o i s e  h.e h e a r s  a f t e r  moving in .  



S a l e s  r e s i s t a n c e  by p o t e n t i a l  r e s i d e n t s  who ba r  the n o i s e  h e f o r  

purchase can h e  expected t o  e l i c i t  some r e a c t i o n  from p o p e r t y  sales- 

men and developers .  %re  impor t an t ly ,  those  who bought a n  q u i e t  days 
. .  

and found o u t  about  the n o i s e  l a t e r  are l i k e l y  t o  b e  more i r a t e  and 

vocal  than  the  percentages  j u s t  d i scussed  would sugges t .  

6 . 3  POTENTIAL DEVELOPMENT OF KAPOHO GEOTHERMAL FIELD 

S u b s t a n t i a l  development of t h e  Kapoho geothermal f i e l d  can b e  

expected i f  o p e r a t i o n  of HGP-A s u c c e s s f u l l y  demonstrates  the e x i s t e n c e  

of a s i g n i f i c a n t  energy resource .  Extensive d r i l l i n g ,  grading,  con- 

s t r u c t i o n ,  and power gene ra t ion  will fol low.  Without c o n t r o l s ,  n o i s e  

l e v e l s  f o r  t h e s e  o p e r a t i o n s  can be expected t o  equa l  o r  exceed those  

c u r r e n t l y  expected from c o n s t r u c t i o n  and ope ra t ion  of HGP-A. 

from free-vent ing w e l l s  can be expected t o  be s i g n i f i c a n t .  

a t  o t h e r  geothermal steam f i e l d s ,  e s p e c i a l l y  t h e  Geysers, can be  

va luab le  i n  d e f i n i n g  t h e  expected no i se  exposures  from v a r i o u s  f i e l d  

development and ope ra t ing  components. A t  l eas t  one community organ- 

i ~ a t i o n ~ ~  i n  Puna has  a l r eady  expressed g r e a t  concern about  t h e  n o i s e  

expected from development o f  t h e  Kapoho geothermal f i e l d .  

The no i se  

Experience 

It is w e l l  known among noise c o n t r o l  spec ia l i s t s  t ha t  t h e  eas ies t  

and least expensive way t o  c o n t r o l  n o i s e  is by provid ing  adequate  

performance s p e c i f i c a t i o n s  h e f o r e  des ign  of p o t e n t i a l  no i se  sources  

has  begun. It is  much more d i f f i c u l t  and expensive t o  " f ix"  a n o i s e  

sou rce  a f t e r  i t  h a s  been built than  t o  des ign  n o i s e  c o n t r o l  i n t o  i t .  

The County of H a w a i i  has t he  s t a t u t o r y  a u t h o r i t y  t o  develop and 

adopt  n o i s e  r egu la t ions .  A l t e r n a t e l y ,  t h e  County of H a w a i i  might work 

with th.e H a w a i i  State  Department of Heal th  t o  have t h e  p r o t e c t i o n  of 

Chapters 44A and 44B of H a w a i i  Pub l i c  Heal th  Regulat ions extended t o  



apply in Hawaii County. 

both the community and the developers w i l l  he protected. 

If noise limits are properly set in advance, 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

7 . 1  Noise levels a t  a proposed V i s i t o r s '  Center  on the s i t e  of  t he  

Hawaii Geothermal Research S t a t i o n  CHGP-A) can he expected t o .  

impress v i s i t o r s  wi th  n o i s e  from geothermal power genera t ion .  

Normal no i se  levels a r e  expected t o  be i n  the range 58-68 dBA 

i n  t h e  V i s i t o r s '  Center. Accidenta l  f r e e  ven t ing  of  geothermal 

w e 1 1  f l u i d s  w i l l  create levels up t o  about  108 dBA. 

Inadequate  a t t e n t i o n  has  been devoted t o  t h e  impact of no i se  

expected from ope ra t ion  of t h e  HGP-A. L i t t l e  a t t e n t i o n  appears  

t o  have been p laced  on n o i s e  c o n t r o l  i n  the des ign  of the turbo- 

gene ra to r  b u i l d i n g  and the  cool ing  towers. Both appear  t o  be 

capable  o f  c r e a t i n g  no i se  levels t h a t  p o t e n t i a l  r e s i d e n t s  i n  the  

proximate community would he l i k e l y  t o  f i n d  ob jec t ionab le .  The 

7 . 2  

silencer" used f o r  r e c e n t  f l o w  tests is inadequate .  L i t t l e  e f f o r t  I1 

appears  t o  have been s p e n t  t o  design one t h a t  would reduce ven t ing  

no i se  t o  a level accep tab le  t o  p o t e n t i a l  r e s i d e n t s  of proximate 

urhan t racts .  

7 . 3  Noise levels expected a t  the  n e a r e s t  e x i s t i n g  r e s idences  from 

normal op rea t ions  of t h e  HGP-A appear  t o  be l o w  enough t h a t  

s u b s t a n t i a l  nega t ive  r e a c t i o n  s h m l d  n o t  be expected most of  

t he  year .  During clear,  s t i l l  n i g h t s ,  one o r  two o u t  of t e n  

people  i n  the  e x i s t i n g  r e s idences  are l i k e l y  t o  be s u f f i c i e n t l y  

h igh ly  annoyed t o  i n s t i g a t e  a c t i o n .  Accidenta l  f r e e  ven t ing  of 

geothermal w e l l  f l u i d s  can he expected t o  r e s u l t  i n  s u b s t a n t i a l  

nega t ive  r e a c t i o n .  

7 . 4  There appear  t o  be no community n o i s e  r e g u l a t i o n s  o r  ordinances 

a p p l i c a b l e  t o  geothermal development i n  H a w a i i  County. Both t h e  
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S t a t e  and the County have independent  s t a t u t o r y  a u t h o r i t y  t o  

develop r e g u l a t i o n s  and/or  ordinances.  The immediate development 

and adopt ion  o f  a p p r o p r i a t e  r e g u l a t i o n s  and/or  ord inances  would 

be i n  t h e  b e s t  i n t e r e s t s  of both r e s i d e n t s  and developers .  To 

be c o s t  e f f e c t i v e ,  such adopt ion  should  precede f u r t h e r  geothermal 

development. 

Th.e community r e a c t i o n s  p r e d i c t e d  in t h i s  r e p o r t  are hased on an 

inadequate  d a t a  base .  There appear t o  be no e d s t i n g  measure- 

ments of  amhient sound levels  , no c a r e f u l l y  documented measure- 

ments of  sound levels c r e a t e d  by t h e  HGP-A w e l l ,  and no f i r m  data 

a v a i l a b l e  concerning sound levels and s p e c t r a  f o r  t h e  components 

and s t r u c t u r e s  a c t u a l l y  t o  be  ope ra t ed  and b u i l t  a t  t h e  HGP-A. 

The p r e d i c t i o n s  i n  t h i s  r e p o r t  are t h e r e f o r e  only t e n t a t i v e .  An 

improved d a t a  base  i s  necessary  t o  v a l i d a t e  or improve them. Such 

a d a t a  b a s e  should  i n c l u d e  a t  l e a s t  measurement of t h e  ambient 

sound level, de t e rmina t ion  o f  sou rce  sound levels and s p e c t r a  

(at least oc tave  band l e v e l s )  f o r  a l l  sou rces  on t h e  HGP-A, and 

o b j e c t i v e  i d e n t i f i c a t i o n  of a t t i t u d e s  in t h e  Puna d i s t r i c t  

towards n o i s e  from geothermal power genera t ion .  

7.5 

. 
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