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This environmental impact assessment addresses the  design, 

construct ion,  and operat ion of an electric generating p l an t  (3 to 4 MWe) 

and research s t a t i o n  [ H a w a i i  Geothermal Research S ta t ion  (HGRS)] i n  the  
Puna d i s t r i c t  on the  I s land  of Hawai i .  The f a c i l i t y  w i l l  include con t ro l  

and support bui ldings,  parking l o t s ,  cooling towers, s e t t l i n g  and seepage 

ponds, t h e  generat ing p l an t ,  and a v i s i t o r s  center .  

a t  the  f a c i l i t y  w i l l  eva lua te  the  a b i l i t y  of a successfu l ly  f low-tested 

w e l l  (42-day flaw test) t o  provide steam f o r  power generation over ax 

Research activities 

extended period of time (two years) .  In f u t u r e  expansion, research ac t iv-  

i t ies may include d i r e c t  heat  appl ica t ions  such as aquaculture and t h e  

e f f e c t s  of geothermal f l u i d s  on var ious p l an t  components and spec ia l ly  

designed equipment on test modules. 

of t he  f a c i l i t y  w i l l  r equi re  the  disturbance of about 1.7 ha (4.1 acres). 
Xo f u r t h e r  dis turbance is ant ic ipa ted ,  unless  it becomes necessary t o  

rep lace  t h e  seepage pond with an i n j e c t i o n  the  production 

w e l l  is i n  service and adjacent  roads and transmission l i n e s  are adequate. 

Disruption of competing land uses w i l l  be minimal, and loss of w i l d l i f e  

h a b i t a t  will be cceptable. Noise should not s i g n i f i c a n t l y  affect 
w i l d l i f e  and l o c a l  res idents ;  t h e  most noisy activities (well  d r i l l i n g  
and flow testlng) have been completed. 

w i l l  not be la rge ,  and impacts on competing uses are unlikely.  Socio- 

economic impacts w i l l  be small because the  p ro jec t  w i l l  not employ a 

l a r g e  number of l o c a l  r e s iden t s  and few construct ion workers wil l  need 
to f ind  local housing. 

t h e  f a c i l i t y  should not  be s u f f i c i e n t  t o  a f f e c t  humans, p l a n t s ,  o r  wild- 

l ife,  Repugnant, odor-producing, hydrogen s u l f i d e  (H2S) emissions would 

occasionally be de tec tab le  t o  nearby r e s iden t s ,  but only under a combina- 
t i o n  of unfavorable condi t ions ( w e l l  venting under poor climatic conditions 

during downtime when discharged geothermal f l u i d s  are required t o  bypass 

H2S abatement equipment). 

Construction-related impacts would be r e l a t i v e l y  minor. Construction 

Water use during construct ion 

Routine opera t iona l  e f f e c t s  would a l s o  be minor. Air po l lu t ion  by 

However, under these conditions,  t he  wel l .  w i l l  



be vented to the  emergency H2S abatement equipment (hydrogen peroxide 

system). 

of i n j e c t i o n  are mare problematical., 

The e f f e c t s  of water withdrawal will be minimal but  t h e  e f f e c t s  

I f  necessary, t he  operators  of t he  

research s t a t i o n  are prepared t o  replace t h e i r  proposed seepage pond 

with a deep i n j e c t i o n  w e l l .  

seepage through t h e  s e t t l i n g  pond could contaminate e x i s t i n g  potable  

w a t e r  supplies,  i n j e c t i o n  into a deep aqu i f e r  would reduce the  l ikel ihood 

of contamination. 
contamination. 

While the re  is a remote p o s s i b i l i t y  that 

Shallow aqu i fe r s  w i l l  be monitored f o r  evidence of 

Operation of t he  f a c i l i t y  may bring a few new re s iden t s  t o  Hilo, 

Hawai i ,  bu t  the  impact on the  socioeconomic character of the  Puna d i s t r i c t  
is not expected t o  be s ign i f i can t .  

an interest in preserving t h e i r  p r imi t ive  cu l tu re  and n a t u r a l  surroundings 

and may v i e w  this projec t  as a p o t e n t i a l  i n d i r e c t  t h r e a t  t o  t h e i r  environ- 
merit. 

Some na t ive  H a w a i i a n s ,  however, have 

- 

Such opposit ion is not unique to pro jec t s  such as t he  HGRS. 
The most l i k e l y  accident  r e s u l t i n g  from operation of t he  f a c i l i t y  is 

uncontrolled release of geothermal f lu ids .  

p ipe l ine  rupture ,  f a i l u r e  of the w e l l  casing, o r  loss of con t ro l  a t  t h e  

Such a release may be due t o  

wellhead (blowout). 
only planned production w e l l  has been successfu l ly  completed. 

hood of des t ruc t ion  of the  research s t a t i o n  by volcanic erupt ion during 

its two-year operat ing l i f e  is believed to be less than 1%. 

The latter type of release is unl ike ly  because the  

The l i k e l i -  

i v  
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1. DESCRIPTION OF THE PROPOSED ACTION 

Over 90% of  the  energy-used i n  H a w a i i  is supplied by imported 

Since the o i l  embargo of 1973, there  has  been a petroleum products. 

heightened awareness of Hawaii ' s  dependence on petroleum suppl ies  from 
unre l i ab le  sources and t h e  impact of t h e  increasing cos t  of those supplies.  

In response, an e f f o r t  has been made t o  i d e n t i f y  and develop energy 

suppl ies  indigenous t o  E a w a i i .  

s o l i d  waste and biomass f u e l s ,  ocean thennal and geothermal energy. 
These include s o l a r  and wind energy, 

Solar  hea te r s  and biomass f u e l s  are now providing l imi ted  energy f o r  

domestic ho t  water and process heat ,  but geothermal electrical power is 

the  l a r g e s t  p o t e n t i a l  source of energy f o r  H a w a i i .  I n i t i a l  explorat ion 
on the  I s land  of H a w a i i  i nd ica t e s  t h a t  economically explo i tab le  geothermal 

reservoirs, character ized by r e l a t i v e l y  high temperatures and pressures ,  

exist; A test f a c i l i t y  is planned that w i l l  i nves t iga t e  the  p o t e n t i a l  

uses of the geothermal energy by conducting experimental tests of 

electrical power and nonelec t r ic  appl icat ions.  
The H a w a i i  Geothermal Pro jec t  (HGF) is a coordinated research e f f o r t  

of t h e  University of Hawai i .  
H a w a i i  and by t h e  U.S. Department.of Energy (DOE). 

i n i t i a t e d  in 1973 i n  an e f f o r t  t o  i d e n t i f y ,  generate,  and promote the  

use of geothermal energy on t h e  I s land  of Hawai i .  
A number of s'tages were involved as the  pro jec t  developed: 

(1) explorat ion (surface methods), (2) test  d r i l l i n g ,  (3) well completion, 
(4) extended flow t e s t i n g ,  and ( 5 )  construct ion of t he  IIawaii Geothermal 
Research S n (HGBS). The continuous flow-testing s t age  was corn- 

p le ted  i n  t h e  f i r s t  half 
earlier enviro&ental 

It is funded by the  State and County of 
The projec t  was 

ac t ion  t h a t  was the  subjec t  of an 
t assessment '(EIA) - The r e s u l t s  of these t 

tantial, geothermal resource exists. 
d s  f o r  construct ion of t he  research s t a t i o n  were 

ending the  favorable outcome of Fed 9 State, and 
County l icens ing  actions.  

of the commitment of Federal  and State funds t o  the  project .  

Federal  and State EIAs are required because 

Inves t iga t ions  thus f a r  concluded have provided i n i t i a l  basel ine da t a  

descr ibing the  e x i s t i n g  environmental s e t t i n g  of t he  d r i l l i n g  site and 

1 
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vicinity before drilling was begun. 
the drilling phase and flow-testing operations so that changes to the 
environs of the immediate drilling area could be detected. This type 
of comparative data is essential to the development of mitigating measures 
that W L l l  provide for environmentally acceptable operations of the HGRS. 

Data gathering continued throughout 

The purpose of this DOE-sponsored assessment is to describe the 
activities and potential impacts associated with the construction and 
operation of the HGRS (the culminating phase of the HGP). 

1.1 SITE LOCATION 

The Hawaii Geothermal Project well (HGP-A) is located in the Puna 
district on the southeast side of the Island of Hawaii (Fig. 1.1). Puna 
represents about 15% of the land area of the Island. The sire (Fig. 1.2) 
is about 6.4 km (4 miles) east-southeast of the town of Pahoa, adjacent 
to the Pahoa-Pohoiki Road (19"28'30"N by I54"53'30"W) . 
the site and is easily visible from the site; the Pu'ulena, Pawai, and 
Kahuwai craters are located at about the same distance south of the site. 
Lava Tree State Park is 1.6 km (1 mile) north of the site, and a 
University of Hawaii Experimental Station is located 1.6 km (I mile) 
south of the site. 

. 

The Pu'u Konualoa volcano is about 1.2 km (0.75 mile) northeast of 

1.2 PRIOR GEOTHERMAL DEVELOPMENT 

Drilling for geothermal energy began on the Island of Ekwaii in the 
early 1960s. Four wells were drilled in the Puna region, ranging in 
depth up t o  305 m (1000 ft). None of these wells were successful in . 

recovering steam. 
The HGP-A well was drilled,in April 1976. This well was completed 

to a depth of 1967 m (6453 ft). 
(678OF) was recorded, making it one of the hottest geothermal wells in 
the world. Surface casing was set to a depth of 692 m (2270 ft), and 
a 19.4-cm (7-5/8-in.) slotted liner was placed from the lower end of the 
casing to the bottom of the holeO2 

A bottom-hole temperature of 358OC 

. 
V 
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KILO METERS 

Fig .  1.1; Location of EGP-A w e l l  within Puna district  of the Island 
R. M. b i n s ,  Environmental Impact Statement for the of Rawaii. 

Hawaii Geothermal Research Station UtiZizing the HGP-A Well at PWZQ, 
Island of Hawa<i, prepared for the Department of Planning and Economic 
Development, State of Hawaii, March 1978. 

Source: 
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I n i t i a l  flow t e s t i n g  of the HGP-A w e 1 1  took place in Ju ly  1976, and 

fu l l - sca l e  flow t e s t i n g  w a s  completed by mid-1977. 

continuous, wide-open discharge through a 7.6-cm (3-in.) o r i f i c e ,  t h i s  

w e l l  was producing 37,800 kg/hr (83,400 lb /h r )  of steam and water a t  a 

wellhead pressure of 1.16 x lo6  Pa (168 psig) and a t  a temperature of 

190°C (374'F). 

steam q u a l i t y  w a s  between 60 and 70X.2 Approximately 3.5 MW of electrical 

power (30 MW of thermal power) could be supplied from t h i s  w e l l ,  depending 

on t h e  s i ze  of t he  o r i f i c e .  
temperatures is ava i l ab le  (Table 1.1) . 

After  42 days of 

The enthalpy of t he  w e l l  w a s  494 ca l /g  (890 Btu/lb). The 

A wide range of operat ing pressures  and 

The w e l l  is located on a 1.7-ha (4.1-acre) si te that is v i r t u a l l y  

undeveloped (except f o r  the well). 
f a c i l i t i e s  that were i n s t a l l e d  f a r  t h e  flow test. 
encloses a small area surrounding these i n s t a l l a t i o n s ,  but the  rest of 

the  site is not fenced (Fig. 1.4). 

(10 x 15 f t ) ]  w a s  excavated to a depth of about 1.5 m ( 5  f t )  to c o l l e c t  
and dispose of f l u i d  produced during the  flow test. Vir tua l ly  a l l  the 

f l u i d  was discharged underground by seepage through scoriaceous basa l t  

and lava tubes on and beneath the  f l o o r  of t he  p i t . &  

evidence of previous activity is a holding pond C0.68 x lo6  l i t e r  
(0.18 x lo6  gal ) ]  f o r  d r i l l i n g  f l u i d  (no longer in use). 
ment has a syn the t i c  (butyl)  l i n e r  and is surrounded by a dike crm- 
s i s t i n g  of e a r t h  f i l l .  'Although the  l i n e r  leaks,  there  is usual ly  a 

s u b s t a n t i a l  amount of standing rainwater in the  impoundment. 

Figure 1.3 is a diagram of ex i s t ing  
A 

A small, unlined p i t  [3 x 5 m 

Aside from the  w e l l  and flow-test equipment, the  only remaining 

This impound- 

1.3 PROJECT DESCRIPTION 

A s i n g l e  geothermal w e l l  (HGP-A) w i l l  p 
This f a c i l i t y  will generate a sma the  HGRS. 

for a l o c a l  u t i l i t y  and 

appl ica t ions  of geothermal f lu ids .  

11 t es t , exper imenta l  power and none lec t r i ca l  

Recent p ro jec t  schedules call f o r  p l an t  s t a r t u p  i n  e a r l y  1980. 

The p lan t  is scheduled f o r  shutdown two years a f t e r  s t a r tup .  Power p lan t  



Table 1 . I .  HCP-A wellhead conditiolis and produced fluid cliaracteristics 

Estimated 
electrical 

power output 

Steam Wellhead Wellhead 

(10' kg/hr) (I@ Ib/W (10' kdhd (lo3 I b h )  (%) (103  pa) Ioc(oF)I 
pressure temperature 

Orifice Total mass flow Steam flow rate 
size quality 
tcm) MWe' 

~~~ ~-~ -~ 

20.3 45.9 101 31.8 70 64 3 52 51 146 (295) 3.3 
15.2 44.9 99 31.8 70 66 372 54 149 (300) 3.4 
10.2 42.2 93 30.0 * 66 64 6'90 I O 0  170 (338) 3.5 
7.6 40.4 89 28.1 62 M) 1 I40 I65 189 (372) 3.5 
6.4 38.1 84 26.3 58 57 1630 236 205 (401) 3.3 

4.4 35.0 77 23.0 51 52 25'90 376 226 (439) , 3.0 
5.1 37 .o 82 25 .O 55 53 2020 293 215 (419) 3.1 

Source: llawaii Natural Energy Institute, Strnimry Geothermal Energy in Hawaii - Hawaii Geofherniul holecr, University of Ilawaii, 
Honolrrh~, January 1978. 
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Fig. 1.3. Hawaii Geothermal Project - fl t equipment and 
instrumentation. Source: R. M. Kamins, Env5rcmentat Impact Stutement 
for the Hawaii Geothermat Research Station U t i k k i n g  th RGP-A WezZ a t  
Funu, Iszmrd of Hawaii, prepared for the Department of Planning and 
Economic Development, State of Hawaii, March 1978. 
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Fig .  1.4.  Existing construction at  the proposed Hawaii Geothermal 
Research Station. Source: R. M. W i n s ,  Environmental Impact Statement 
for the Hawaii GeothermaZ Research Station UtiZiz ing  the HGP-A Well a t  
Puna, Island of Hawaii, prepared for the Department of Planning and 
Economic Development, State of Hawaii, March 1978. 
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operat ions after shutdown could be resumed by the  H a w a i i  Electric Light 

Company (HELCO), but  agreement on t h i s  point  has not  y e t  been reached. 
Depending on p r o j e c t  funding,. a v a r i e t y  of experimental power and non- 

electrical app l i ca t ions  of geothermal f l u i d s  wil l  be t e s t e d  concurrently 

with power p l a n t  operation. 

t ha t  it can be re loca ted  a t  another site i f  t he  p ro jec t  is terminated 
because of s i te  problems such as lava flows. 

- 1  

3 - *  

Equipment w i l l  be designed s p e c i f i c a l l y  so 

1.3.1 Construction 

The HGRS dll be constructed on a 1.741 (4.1-acre) site. A pre- 
l iminary base l ine  site p lan  iden t i fy ing  the  major pieces  of equipment 
and connecting piping is shown in  Fig. 1.5, 

test-pad shade, (3) support  f a c i l i t i e s ,  (4) a low-level-type, direct-contact  

condenser, ( 5 )  a d r a i n  f i e l d ,  (6 )  a steam-water separa tor ,  (7) switchgears, 
(8) transformers,  and (9) load banks for d iss ipac ing  power i n  excess of 

t h a t  which can be t ransmit ted o r  used by t h e  s t a t ion .  

The induced-draft, evaporative cooling tower u n i t  will be t h e  most 
prominent f e a t u r e  of t h e  HGRS and wi l l  have o v e r a l l  dimensions of 5.6 m 
(height),  8.8 m ( ins ide) ,  and 19 m (length) (19 x 29 x 62 f t ) .  

(30 x 40 f t )  r e t e q t l o n  pond and an equal ly  s i zed  seepage pond. 
the  s i te  access road, the  fwo ponds w i l l  be hidden f r o m  view behind the 

cool ing towers . 
(1.9 acres); paved areas will cover 0.37 ha (0.91 acres), including 

0.10 ha (0.24 acres) of parking and turnaround areas; and crushed s tone  

around the p lan t  equipment should cover 0.26 ha (0.65 acres). 

capable of sus ta in ing  the  expected traffic and loads. 
estimate of $0.4 mi l l ion  f o r  o n s i t e  labor ,  an average of e igh t  t o  t e n  

w r k e r s  w i l l  be on t h e  site. 

workers on the  s i te  might exceed 20. 

w i l l  have t o  be brought on site during construction. 

I 

Prominent f e a t u r e s  of the s t a t i o n  include (1) cooling towers, (2) a 

L 

c 

The injection well (Fig. 1.5) w i l l  be replaced by a 9.1 x 12.2 m 
From 

As depicted by Fig. 1.5, a perimeter fence w i l l  enclose 0.77 ha 

During construct ion,  t he  paved roads accessing t h e  si te should be 

Based on a rough 

, 
During peak work per iods,  the number of T 

Drinking water and por tab le  t o i l e t s  
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A n  artist 's conception of the HGRS is presented i n  Fig. 1.6. 
Possible  a l t e r n a t i v e s  t o  t h i s  basel ine HGRS design are discussed i n  

Sect. 5.2. 

(297 m2 (3200 ft2)] t h a t  w i i l  be b u i l t  on the  1.7-ha (4.1-acre) s i t e  

adjacent t o  the  HGRS. 

- *  

Figure 1.6 does Bot show a v i s i t o r  ihformation center  bui lding 

- 6  

N e t  electrical power generated by the  HGRS will be t ransmit ted by 

The l i n e  will  run along Pahoa-Poholki Road and Pahoa-Kapoho Road f o r  a 
t o t a l  of about 2 km (1.2 miles). 
r e s i d e n t i a l  de l ivery  l ine  but will occupy a new right-of-way extending 
9.1 m (30 f t )  from the  road center.  The l i n e  will be s t rung on s ing le  

1 a 34.5-km (2 l .kd le )  transmission l i n e  t o  the  Kapoho Substation (Fig. 2.7). 

It w i l l  run parallel to an e x i s t i n g  

L 

f 

poles  set 0.3 m (1 f t )  from t he  edge of the  right-of-way. 

be financed and constructed by HELCO. 

The line wi l l  

1.3.2 Operation 

Operation of the  HGRS will normally cons is t  of electrical power 

production and experimental t e s t i n g  

After. a recent  42-day, 7.6tcm (3-in.) t h r o t t l e d  flow test,6 the  HGP-A 

w e l l  produced 37,860 kg/hr (83,400 lb /h r )  of a 64/36% steadwater mixture 
a t  a temperature of 190°C (374OF). 

Using the  steam f r a c t i o n  of t h i s  wellhead flow, the  proposed power 
p l a n t  should be capable of generating a minimum gross electrical output 
of 3.3 MWe. 

presented in Fig. 1.7. 
numbered streams (Fig. 1.7) are summarized i n  

1.3.2.1 Equipment se l ec t ions  

process and power equipment 

A s i m p l i f i e d  flow chart of the proposed power p l a n t  i s  

Mass flow rates of t he  major cons t i tuents  i n  the  

The bas ic  equipment s e l ec t ions  of primary concern w i l l  be the  ' 

condenser, cooling tower, and hydrogen s u l f i d e  (H2S) abatement subsystems. 

The u l t imate  choice wil l  be complicated by the  interdependence of these 

subsystems and by t he  economic trade-offs. 
There are two types of condensers ava i lab le  i n  the market: (1) contact  

condensers and (2) sur face  condensers. I n  contact condensers, the vapor 

(steam) and the  cooling l i qu id  (water) come i n  d i r e c t  contact with each 

o the r  and are mixed in the  condensing process. This is a disadvantage 
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AIR AND 
EVAPORATED WATER 
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'GASES INCLUDE C02, N2, CONDENSATE) 
HZS, CHq AND Hz. 

Fig .  1 . 7 ,  B a s e l i n e  power p lant  u s i n g  i r o n  c a t a l y s t  H2S abatement system. Source: Research 
Corporation of t h e  U n i v e r s i t y  of Hawaii, A Geotherma2 EZectSc and Nonelectric Researoh FaciZity 
Utilizing the €lGP-A We22 on the Island of FlmkzCi, 
Research arid Development Administration,  D i v i s i o n  o f  Geothermal Research, Apr i l  1977.  

vol. I: Technica l ,  prepared f o r  t h e  U.S. Energy 



Table I .2. Errtinlaled tlawaii p w e r  plamt Mebm compsitions"*b 
- 

Stteam 
I 2 3 4' 5 6d 7 8 9* lo/ 11 I2 13 14 I sa 16 

('onslifuent 

53,400 53.400 
30,(KH) 30,000 
105.78 0.12 105.66 
38.01 0.15 37.86 

30.30 30.30 
I .us I .os 

113 183 183 

374 374 374 

53,400 1.120 52.280 71.6 

105.66 105.66 
37.86 37.86 

30.30 30.30 
I .os I .os 

113 183 I80 

374 374 373 

3 1.70 
I 1.36 

9 .w 
0.32 
52.2 

I .42 

90 

' 3.7 
54,@)3 

31.70 
I I .36 

9.w 
0.32 

0.2 53. I 
I S') 
7.1 IS 

129.- I32 

I IO 'M 

36,608 
53,080 ' 1,875,433 1,981,734 

(805)h 

129- 132 4,550 -4,650 4.110- 4910 

0.9 39.3 0.2 2.440.559 
I .59 56.3 57.9 

14.7 

85 85 I IO 83 

76.492 
13.516 

(91 I) 
2.27- 3.03 

32.8 3 3 . 9  
30.30 
I .os 
2 ,440,Sd 

14.7 

100 

0.3 
0.4 

P 
F- 

85 

O A l l  l low rates are given in p w d s  per h w r  ( I  Ib/lir = 0.454 kg/hr). 
hNoncoudenuible niass f low rafea eiitertiy the plant arc based on a "bof eufiuiate" in: P. M . Kroopnick et al.. "Gewlieniisfry of a tlawaii <;eollierinil Well: IICP-A," iii G t d i e r i d  Hc- 

cIiiferniittent source; wi l l  release I l ls  in flashed Sledill a1 a concenfratio(i of 710 ppniw or 375 ppiiiv. 
dAll iii)iiroiideiisibles are a s s i i i i ~  lo be ejected frt~in fhe low-level-type coiideiwr. 
' l l w  st)lubility of iionc:oiideiiribles i r i  the ejector sysfein are iiot considered. 
JAssuiues tlraf 30%of ( l a  Ii2S.C01, riid HZ aiid loO"/u of tlu air and Nl eirtcring IIW condcnsercjector syrlen~ are ejected. 
#The cooling tower asuiiies a liquid-titgas ratio of0.8, tlle heat of vapuriration at 4 I'C ( I  OSOF), aid 2oL% sensibIe/W% evapordlive couliiig. 
"A1iut)spheric C02 entering the cooling Iuwcr (see H. C. Weast, fluridboob oJ'C/ioiiiiurfv rnwl f'/aysics. 51rl ed., Cheiiiical Rubber Co.,Clcvchnd, 1970 - 1971). 
'Range oTI'rec sulfur and i l l s  values rcllecft the uncertaiiity ill H I S  releasc rates froni the cuding ttmrer. 
Illydrogen liberrfed by II1S oxidation is cuiisuii~d iii catalyst repncralion. 

soiirws ( iwici l> 1978 AnririulIltz'liiig Iku t iw~io i i r ,  veil. 2, Sect. 2, p. 375, Table I .  
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in the usual steam power plant, in which treated water is used to produce 
steam, because of the relatively large volume of the cooling water that must 
be treated if part of it is to be returned to the boiler. 
geothermal power plant, the-condensate is not returned t o  a boiler because 
new steam is obtained continuously from a geothermal well. Direct-contact 
condensers are recommended whenever feasible because they are lower in cost,  

more efficient, and use less water than surface condensers. 

However, in a 

The selection of the H2S abatement method may dictate the type of 
condenser t o  be used, The Stretford process requires the use of a surface 
condenser t o  isolate the noacondensible gas stream from the cooling water. 
Alternatively, the "iron catalyst" system of H2S abatement treats cooling 
water and can handle the large volume of flow from a barometric condenser. 

As currently conceived, the condenser for HGP-A is the direct-contact 
barometric or lowlevel jet type, Because the cooling water must be pumped 
back t o  a cooling tower with.the condensate, it may be desirable t o  use the 
low-level jet pump for this function. This would reduce the size of the 
condenser and also the length of ducting between the turbine exhaust and 
the condenser. 

1,3.2,2 H2S abatement system 

Ideally, an upstream (between the wellhead and the user) H2S removal 
system would 
ment for the 
of the user. 
thus permit wider scale use of standard construction materials in the re- 
source user's facilities, 

desirable because it would offe in addition to H2S abate- 
steam is ventsd upstre= er; abatement of H2S 

It also would reduce corrosiveness of the steam condensate and 

To date, unfortunately, no such abarement method 
ilable or projected for the near term, Abatement methods must be 
d downstream after the steam is used). 

Although the iron catalyst system is indicated (Fig. 1.7) in the 
preliminary design configuration, both the iron catalyst and Stretford 
process abatement systems are candidates that will be evaluated during 
the detailed design phases. 
disadvantages associated with these systems. 

to determine which would be most effective from an operational and 

Table 1.3 lists some of the merits and 

Other H2S abatement processes will be given further consideration 
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Table 1.3. Summary of major features of the candidate H2S abatement methods 

Iron catalyst system Stretford process 

Advantages 
Typical water treatment process equipment 
can be utilized:' 
Equipment required is relatively simple. 
Use of barometric condenser in power plant is 
possible. 
Procurement cost is lower relative to Stretford 
process. 
Procurement lead times are shorter than in 
Stretford process. 

Process is  independent of basic power cycle and can be an 
independent facility. 
Process is well established; although the process has yet to 
demonstrate performarlce for H2S abatement at a geothermal 
power plant, confidence in its success is high. 

' 

Inherent corrosion problem of iron catalyst system is 
eliminated. 
Commercially pure sulfur is produced. 

I 

Disadvantages 
Chemistry is not fully understood; system requires 
tune-up and trial to establish proper injection rates 
and additives (catalyst and coagulant aids) during 
system startup. 
Cooling water is very corrosive necessitating special 
construction materials. 

Process is complex relative to iron catalyst system. 
Cost is high. 
Use of surface condenser in power plant is required. 
Procurement lead times are longer than in iron catalyst system. 
Effectiveness is dependent on condensate pH in the condenser. 

Potential settling of precipitates and attendant 
plugging of cooling loop condenser holwell, 
cooling tower sump, valves, pipes, etc., necessitate 
special attention in equipment and system design. 
Sludge disposal is a consideration; although the 
t i 2  S in the s t e m  is two orders of magnitude less 
(-3 compared with 222 ppm) at Puna than at the 
Geysers, resulting in significantly less sludge 
production, sludge dewatering, handling, and 
disposal may still be a problem. 
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economical viewpoint under the specific conditions at the HGRS. 

Incineration processes and a number of chemical extraction'processes 
are commercially available. 
HpS concentration, operating pressure and temperature, and the presence 
of large concentrations of carbon dioxide that may drastically affect 
the selectivity and absorption efficiency of the chemical removal 
processes. 

Although the research power plant design considerations will 
significantly influence the abatement method selected, other considera- 
tions, including compatability of the candidate systems with the overall 
research facility; H2S abatement requirements; and the comparative operating 
and maintenance costs, reliabilities, and procurement lead times of the 
systems, will weigh heavily in the selection process. 

The factors affecting process selection are 

Iron catalyst system 

In this system, approximately 70% of the noncondensables in the 
stek dissolve in the cooling water and steam condensate mixture in the 
condenser hotwell; the balance is removed from the condenser by the 
noncondensables ejector system and is ducted to the cooling tower airstream. 
In plants not equipped for 82s abatement, the gases dissolved (including 
H2S) in the cooling water/condenaate are air strlpped from solution in 
the cooling tower ,and released t o  the atmosphere. 

ions via injection of ferric sulfate. 
dissolved 82s t o  yield elemental sulfur, water, and ferrous ions. 
cooling water is aerated in the cooling tower, the ferrous ions react 
with oxygen to re-form ferric ions'; continuous regenerathn .of ferric ions 
is thus provided to sustain the H2S reactions, which repeat continuously 
to yield sulfur. 
clarifiers (after flocculation) as a sludge and dumped at an approved 
site. The H2S ducted to the cooling tower as part of the condenser vent 
gases is similarly treated after the X2S is scrubbed from the airstream 
by the falling water, which is high in ferric-ion content. Overall H2S 

abatement efficiencies of up to 92X have been reported. 

To prevent the emission of RpS, the cooling water is dosed with ferric 

As the 

The sulfur thus formed is removed from the system via 
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The bas i c  elements -of a typ ica l  i ron  c a t a l y s t  system include the  

c a t a l y s t  i n j ec t ion  system, the  c l a r i f i e r ,  t r a n s f e r  pumps, t he  f loccu la to r /  

c l a r i f i e r ,  and the'  sludge-handLing system. 

abat ing H2S emissions is used only with power p l an t s  employing d i rec t - '  

contact  condensers or processes i n  general  i n  which H2S is dissolved i n  

the  cooling water and released by a i r  s t r ipp ing  i n  cooling towers. The 

system has the  advantage of being inherent ly  simple and u t i l i z e s  con- 
vent ional  in-water treatment systems. It has some disadvantages, including 

increased corrosiveness of the  cooling water/condensate, p o t e n t i a l  plugging 

of t h e  cooling water/condensate piping, and the  need f o r  removal and 
handling of the s u l f u r  sludge produced by the  process. 

Note t h a t  t h i s  method of 

S t r e t fo rd  process 

c .  . 

I n  the power p lan t  configuration incorporating the  S t r e t fo rd  process 
the  direct-contact condenser of Fig. 1.7 is replaced by a sur face  condenser, 

thus precluding release of H2S v i a  the  cooling water. 
The S t r e t fo rd  process is a proprietary process widely used t o  

desu l fur ize  process gas streams. 
steam power p lan ts ,  t he  noncondensable gas purged from the condenser is 
washed with an iqueous so lu t ion  of sodium carbonate, sodium ammonium 

polyvanadate, and anthraquinone d isu l fonic  acid.  The H2S i n  t h e  purge 

As t yp ica l ly  applied . t o  geothermal 

I 

I 

, gas is  absorbed i n  the  so lu t ion  and reacts with the  sodium carbonate 
I 

t o  y ie ld  sodium b i su l f ide ,  which is  subsequently oxidized i n  the  process 

to elemental su l fu r .  Following oxidation, t he  so lu t ion  is rec i r cu la t ed  

t o  the absorber column, and a sulfur-bearing f r o t h  is separated,  f i l t e r e d  

o r  centrifuged, washed, and melted t o  produce commercially pure su l fur .  

Oxidation of t he  sodium b i su l f ide  is ef fec ted  by - the  vanadate, which is 
reduced from a 5-valent t o  a 4-valent state. The vanadate is, however, 
later regenerated t o  a 5-valent state through a mechanism involving oxygen 

t r ans fe r  through the  anthraquinone d i s u l f u r i c  acid. 

The S t re t fo rd  process is e s s e n t i a l l y  an independent f a c i l i t y  col located 

with t h e  power p l an t  and has no d i r e c t  inf luence on t h e  power cycle.  

thus does not  have the added corrosion problem associated with the  i ron  

c a t a l y s t  system. 

It 
1 

It has, i n  addi t ion,  t he  advantage of producing a 

. 
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commercially saleable product in lieu of a sludge requiring disposal. 
does, however, .have the disadvantage of being more complex and costly than 

It 

the iron catalyst system. - .  

I 

r 

1.3.2-3 System description 

Of the total.wellhead steam, approximately 98% will pass through 
the plant's turbine, and the remaining 2% will be needed by the ejector 
system to remove small amounts of noncondensibles (Le., air, carbon 
dioxide, HzS, etc.) from the low-level-type barometric condenser. 

70% of the noncondensibles'in the geothermal steam will dissolve in the 
About 

cooling water and condensate mixture stream leaving the condenser system. 
The remaining 30% of the geothermal noncondensibles and air entering the 
condenser system (by leakage and with the cooling water) will be ejected 
to the evaporative cooling towers. 
the plant's cooling water will result in an H2S release in the cooling 
tower exhausts of 1.0 to 1.4 kg/hr (2.3 to 3.1 lb/hr) at a concentration 
of 0.9 to 1.2 p p m ~  (0.7 -to .1.0 PPUIV). 

Catalytic oxidation of the H2S in 

Condensed geothermal steam fr& the condenser supplies the makeup 
These towers will evaporate water for the evaporative cooling-towers. 

18,144 kg/hr (40,000 lb/hr) of water and will release 6124 kg/hr 
(13,500 lb/hr) of blowdown liquids. 

Blowdown from the cooling towers will contain elemental sulfur, iron 
hydroxide, atmospheric dust, trace elements, and other extraneous 
substances. 
weight) water sludge. 
contain 12.7 to 15 kg/hr (28 to 34 lb/hr) of elemental sulfur, depending 
on the efficiency of the H2S abatement system (in the range 78 t o  94%). 
The clarified blowdo 6000 kg/hr (13,200 lb/hr) 1 and flashed separator 
liquids from the steam-water-separator (11,250 kg (24,800 lb)] are sent 
to a retention pond to allow any precipitates and wellbore solids t o  

sertle out. 
amounts of carbonates and sulfates. 
pond is then sent to a separate seepage pond for disposal by percolation. 
An injection well is not required because of the excellent permeability 
of the surrounding lava, 

These solids are-separated from the blowdown as a 9OX (by 
This sludge is rhen dried for disposal and will 

The precipitates will consist largely of silicates and smaller 
Clarified water from the retention 

Also, because the groundwater is brackish in 



20 

t h i s  area, the disposal  of geothermal f l u i d s  does not present  a problem. 

The temperature of the l i q u i d s  i n  the  two ponds w i l l  not exceed 7S0C 
(167'F). Flashing t h e  separa tor  l i q u i d s  t o  atmospheric pressure wil l  

generate 2345 kg/hr (5170 lb /hr )  of steam containing 0.07 kg (0.15 lb) 

Based on operat ing experiences with Unit 11 a t  the  Geysers,' only 
6 t o  8% of t h e  H 2 S  enter ing  the  proposed power p l an t  wi l l  be released. 

The f i n a l  design of t he  HGRS power p lan t ,  however, may spec i fy  the  

S t re t ford  process f o r  H 2 S  abatement. 

t h e  H 2 S  enter ing  the  p l an t  is expected t o  be released.* 
power plant, t h i s  level of H 2 S  abatement would correspond t o  a normal 

release rate of 0.7 kg/hr (1.5 lb /h r )  of H 2 S  in t h e  cooling tower 

exhausts 

of H 2 S .  

With this process, less than 4% of 
For t h e  proposed 

In addi t ion  t o  normal power p l an t  operations,  equipment f a i l u r e s  
and o t h e r  causes of power p lan t  downtime can a f f e c t  t he  release of geo- 

thermal f l u i d s  t o  the  environment. Based on operat ing experiences with 

Unit 11 a t  t h e  Geysers, the  HGRS power p l an t  should have an a v a i l a b i l i t y  

f a c t o r  of 76 t o  87L9 
Much of t he  H 2 S  released t o  the  environment by t h e  HGR!S could occur 

during downtimes. During these downtimes, the  HGP-A w e l l  flow must be 

maintained ar a s i g n i f i c a n t  level t o  avoid unstable w e l l  operation and 
thermal stresses in  t he  wellbore. During turbine downtimes, geothermal 
steam from the  steam-water separa tor  w i l l  be condensed by the  p l a n t ' s  

cooling system. 

increase by 24X during turb ine  downtimes. 

Both cooling water flow and evaporative rates w i l l  

Operating experience with Unit 11 a t  the  Geysers i nd ica t e s  that t he  

This is due t o  HGRS power p l an t  can expect 10% cooling system downtime. 

t he  corrosive na ture  and s o l i d s  content of the  p l an t  cooling water. 
the  EIGRS power p l an t  used a S t r e t f o r d  process f o r  H 2 S  abatement, cooling 

system downtimes would be s ign i f i can t ly  reduced. 
downtimes, the HGP-A w e l l  will e i t h e r  be shut  i n  o r  t h e  w e l l  flow w i l l  

be d iver ted  t o  t h e  s i lencer .  

I f  

During cooling system 

HGRS power p l an t  designers have indicated that they plan t o  allow 

less than 1 hr  of s i l e n c e r  operat ion each month. During s i l e n c e r  

operation, approximately 27,700 kg/hr (61,000 lb /hr )  of steam and 

~ 

c 
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J c  * 

I 

10,160 kg/hr (22,400 lb/hr) of geothermal liquids will be released. 
Silencer steam should contain 620 ppmw (330 p p w )  H2S, and the flashed 
geothermal liquids'should contain 5.pprrrw H2S. 

Since specific planned activities for the experimental power and 
nonelectrical research facility have not been outlined, their operation 
cannot be elucidated in chis assessment. 

It is anticipated that two workers will normally be required to 
operate the HGRS 

1.4 KNOWN ENVIRONMENTAL ISSUES 

The State of Hawaii has prepared and issued a Final Environmental 
Impact Statement on the HGP-A power plant. 
issues include potential n 
Native Eawaiian groups have expressed interest and concern regarding the 
development of geothermal resources in Hawaii. 
environmental impacts are discussed in Sect. 3 of this assessment. 

The known environmental 
H p S  odor at nearby residences. 

These and other potential 

c 
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2. DESCRIPTION OF THE EXISTING ENVIRONMENT 

The following sec t ions -cons t i t u t e  a descr ip t ion  of the  ex i s t ing  
environment i n  t h e  Puna d i s t r i c t .  Subjects t o  be covered include geology, 

s o i l s ,  geothermal resources,  atmospheric c h a r a c t e r i s t i c s ,  hydrology, water 
qua l i ty  and use, land use, h i s t o r i c  and archaeologic sites, landmarks, 

noise,  ecology, demography, socioeconomics, and c u l t u r a l  values,  

2.1 GEOLOGY, SOILS, AND GEOTEfERMAL RESOURCES 

2.1.1 Geology 

The southeastern p a r t  of t he  Is of  B a w a i i  i s  dominated by an 

asymmetrical sh i e ld  volcano (Kflauea i t s  associated r i f t  zones 

(Fig. 2.1). 
passes through the Puna d i s t r i c t  and the geothermal w e l l  is located within 

it.l The southwest r i f t  zoue extends i n t o  the  Ka'u d i s t r i c t  - 50 km 

(30 miles) or more west of t h e  w e l l  s i t eO2 
systems (Fig. 2.1) are a l s o  r e l a t e d  t o  Kilauea. 

The cast rift zone i s  of p a r t i c u l a r  i n t e r e s t  because it 

The Hi l ina  and Koae f a u l t  

Two centers of erupt ion of lava a t  the  sur face  have been active i n  
t h e  p a s t  two centur ies  - Kilauea and i ts  l a r g e r  neighbor t o  the  west, 
Mauna Loa. 

t he  f i r s t  ha l f  of t h e  twentieth centur ies ,  but  Kilauea has been more 
active s ince  the  1950s. A t h i rd  volcano, Hualalai ,  has been dormant s ince  

1801. 

Kilauea is probably s t i l l  i n  its growth stage.2 

begins t o  s w e l l ,  
bu r s t  through t h e  sur face  along olie 

As the  f lank  erupt ions take place,  t he  caldera  a t  Kilauea subsides. 

&una Loa was more active throughout t he  nineteenth and 

Mauna Loa achieved its present  s i z e  by the  end of the  Ice Age, but  

Major erupt ions of Kilauea occur as f lank  eruptions.  As Kilauea 

a wells up fn t he  caldera.  lank eruptions 

0 t h  of the  p r inc ipa l  r i f t  zones. 

Earthquakes always accompany the  eruptions.  Earthquake precursors 
increase in frequency and i n t e n s i t y  as Kilauea swells over a period of 
several months preceding a f l ank  eruption. 

erupt ion commences and continues sporadical ly  as long as Kilauea continues 

t o  subside and the  f l ank  erupt ions persist. 

Seismicity reaches a peak as 

23 
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Fig .  2.1.  Relationship of the geothermal w e l l  site to the east r i f t  

zone of Kilauea. Source: R. M. Kamins et a l . ,  EnvirohentaZ BaseZ6w . 
Study for Geothermal Development i n  Puna, Eaw~ii, Hawaii Geothermal 
Project, University of Hawaii, Honolulu, September 1976. 
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Earthquake a c t i v i t y  does not  always cu lq ina te  i n  volcanic  eruption. 

An earthquake swarm took place i n  the  Puna d i s t r i c t  i n  1924 without the  

occurrence of volcanism. 
a f a l s e  sense of s ecu r i ty  when, in 1955, earthquake Swarms were followed 

by massive erupt ions t h a t  l a s t e d  in t e rmi t t en t ly  f o r  88 daysO2 

T h i s - l e d  the  r e s iden t s  of the  community i n t o  

2.1.1.1 Structure ,  physiography, and s t ra t igraphy 

The d e t a i l e d  geologic discussions that follow are l a rge ly  d i r ec t ed  
t o  t h e  east r i f t  zone, where the  w e l l  site is located. 

zone t rends 6.4 km (4 miles) southeast  from t h e  caldera  of Kilauea. 

then tu rns  65" -northeast  and extends t o  Cape Kumukahi, t he  easternmost 

The east r i f t  

It 

po in t  of t h e  Puna d i s t r i c t .  

d i s t ance  of about 115 la (70 miles) . 
From there ,  it passes out  t o  sea f o r  a 

The r i f t  zones of t h e  Hawaiian volcanoes are not  believed t o  extend 

below t h e  ocean f loo r ;  t he  lava migrates l a t e r a l l y  from the  sh i e ld  
volcano (e.g., Kilauea), producing f lank  erupt ions up t o  160 km (100 m i l e s )  
away 

The east r i f t  zone has several d i s t i n c t i v e  physiographic fea tures .  

It is l inked t o  t h e  ca ldera  of Kilauea by a series of p i t  craters, which 

are r a t h e r  unevenly d i s t r ibu ted .  
t h e  w e l l  s i te are located th ree  p i t  craters -Pu'uleaa,  Pawai, and 

Kahuwai. About sixty s p a t t e r  and cinder cones and two parasitic s h i e l d  
volcanoes are also found along the  east r i f t  zone. 

c inder  cone, Pu'u Honualoa, lies about 1 km (0.6 mile) nor theas t -of  t he  
w e l l  s i te  (Fig. 1.2). 
f a u l t  scarps. 
are i n  tu rn  covered by more recent lava  flows.2*3 

Within 1.2 km (0.75 mile) south of 

A 45-m (-150-ft) 

Final ly ,  t he re  are a number of s l i g h t l y  eroded 

Older lava flows are truncated by these scatps ,  which 

The s t r a t i g r a p h i c  sec t ion  exposed i n  the  Ka'u and Puna d i s t r i c t s  

is divided i n t o  two volcanic  series. The lower (older)  series is ca l l ed  

t h e  Hi l ina  and i s  separated from the  upper series (Puna) by t h e  Pahala 
ash,  a sandy-to-silty v i t r i c  yellow ash. 

b a s a l t  l ava  flows, together with cinder cones and ash deposits.  

Hi l ina  volcanic  series is a succession of t h i n  lava flows with a cumula- 

t i v e  thickness of a t  least 305 m (1000 f t ) .  The overlying Puna series 

Both series cons i s t  of oceanic 

The 



26 
,I/ 
f ,  

I 

ranges from one o r  two t h i n  flows t o  a thickness of more than .128 m 

(420 f t ) .  

and the  r i f t  zones rad ia t ing  from i tO3 

The Puna series has been erupted e n t i r e l y  from Kilauea caldera  

The s t ra t igraphy a t  the  HGP-A w e l l  is  r e l a t i v e l y  simple (Fig, 2 . 2 ) .  

A n  upper u n i t  extends from the  sur face  t o  a depth of about 550 m (1800 f t ) .  

This u n i t  cons is t s  of subae r i a l  volcanics (aa and pahoehoe flows, ash,  

and cinders) .  

on t h e  sea f loo r )  .4 

The lower u n i t  cons i s t s  e n t i r e l y  of pi l low lavas (erupted 

The geothermal reservoi r  may be i so l a t ed  from the  shallow p a r t  of 

t he  sec t ion  by an impermeable cap, 
(2200 and 3500 f t ) ,  f r ac tu re s  are f i l l e d  by secondary mineral izat ion,  

and the  b a s a l t  is highly a l t e r e d  by migrating f l u i d s  of volcanic  or ig in .  
This mineral izat ion may have produced an impermeable seal over the  res- 
e rvo i r  rock t h a t  contains open f r ac tu res  between depths of 1100 and 

1400 m (3500 and 4500 f t )  .4 

(6000 f t ) .  

Between depths of 670 and 1100 m 

A second producing zone lies below 1800 m 

It has a l s o  been suggested t h a t  c i r cu la t ion  of shallow, cold water 

prevents the  upward movement of hot  r e se rvo i r  water. 

of the  reservoi r  cap is uncertain,  i t  is evident from the  temperature 

curve of Fig. 2.3 t h a t  convective c i r cu la t ion  of the  r e se rvo i r  water i s  

inhibi ted.  

Although the  na ture  

In t rus ive  rocks are a l s o  exposed i n  t h e  r i f t  zones of Kilauea. These 

rock bodies are mainly v e r t i c a l  dikes  t h a t  are a few centimeters t o  a 

few meters wide, and some of them are c lus te red  i n  zones t h a t  are several 

hundred meters wide. 

many of them s t r i k e  parallel t o  the  east r i f t  zoneO3S4 

They are w e l l  exposed i n  the  w a l l s  of the caldera ,  and 

Fracture  porosi ty  ( e s s e n t i a l  t o  many geothermal reservoi rs )  bears a 
s p a t i a l  r e l a t ionsh ip  t o  the  v e r t i c a l  dikes and t h e i r  associated f i ssures .  

The r i f t  zones are long, narrow fea tu res  bounded by dikes. 
dikes  are formed by upward movement of magma along parallel f i s s u r e s  
within the  r i f t  zone. Fissures re-form repeatedly due t o  (1) deformational 

adjustments during volcanic episodes and (2) cooling a f t e r  t he  termination 

of each eruption. Transverse f r ac tu res  o r  f a u l t s  crossing the  r i f t  zone 

may r e s u l t  i n  unusually high f r a c t u r e  porosi ty  where they i n t e r s e c t  

longi tudina l  f i s sures .  

Clusters  of 

.. 
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Fig, 2.2, Generalized stratigraphic section of the HGP-A well. 
rce: Research Corporation of the University of Hawaif, A GeotkrmaZ 

EEec6c and Nonelectrk? Reaearch FaOiZity Utilizing the HGP-A Well 
on the I s m  of Hmaii, vol. I, TecknicaZ, prepared f o r  the U.S. Energy 

April 1977. 
r . Research and Development Administration, Division of Geothermal Research, 
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2.1.1.2 ‘ Tectonic h i s  t o ry  

The Hawaiian I s lands  chain is very young by geologic standards. The 

o ldes t  rocks of the’major €glands exposed above sea l e v e l  are believed 

t o  have formed during the  Pliocene epoch (3 t o  12 mil l ion  years  ago). 
On the b a s i s  of rad ioac t ive  age da t e s  and o ther  evidence, the rocks 

of Oahu and i s l ands  f u r t h e r  south are believed t o  be no o lder  than 

Pleis tocene (15 thousand t o  3 mi l l i on  years) .  
The Is land  of Hawaii is the  youngest of a l l  the  is lands.  It is t h e  

only i s land  having an extensive h i s t o r i c  record of volcanic  a c t i v i t y  

(a s i n g l e  erupt ion occurred on Maui i n  the  eighteenth century) and the  

only i s land  considered t o  be seismical ly  active. A l l  the  lava flows of 

the  Is land have normal magnetic p o l a r i t i e s ,  suggesting t h a t  they belong 

t o  t h e  Bruhnes paleomagnetic epoch (less than 800 thousand years old) .  
The rocks of Kilauea and Mauna Loa are the  youngest of a l l .  The 

o ldes t  members of t h e  Hi l ina  volcanic  series of Kilauea in t e r f inge r  with 
the  youngest Ninole series of Mauna Loa; therefore ,  t he  o ldes t  rocks 
exposed a t  Kilauea are probably about 100 thousand years old.  

volcanic  series, which ove r l i e s  the Hil ina,  is subdivided i n t o  two 

members: 
capped by sand‘dunes, and (2) a h i s t o r i  member t h a t  is s t i l l  accumulating. 

Table 2.1 is a record of erupt ions on t h e  east r i f t  of Kilauea t h a t  have 

occurred i n  the  h i s t o r i c  period. 

The Puna 

(1) a p reh i s to r i c  late Pleis tocene member, which i n  places is  

Faul t  movement is also s t i l l  taking place. Many Puna lava flows of 

recent  age cascaded over o lder  f a u l t  scarps  but were themselves displaced 

- r  

by subsequent movement. 

2.1.1.3 S e i s n i c i t y  . 

The Is land  of H a w a i i  is the  only i s land  i n  the  Hawaiian chain t h a t  

could be character ized *as a seismical ly  active region. 

quakes occasional ly  occur on the  o ther  i s lands ,  t he  g r e a t  majority take 
place on H a w a i i ;  most of t he  earthquakes are small and do l i t t l e  o r  no 

damage. 

Although earth- 

-_ 

P 

The U.S. National Oceanic and Atmospheric Administration (NOM) 

provides a more o r  less complete list of earthquakes (modified Mercal l i  

i n t e n s i t y  > V) i n  the lbwaiian I s lands ,  beginning with a major earthquake 
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Table 2.1. Historic eruptions of the east rift of Kilauea, 1750-1969 

Year 
Duration Area Volume 
(hys) (sq miles) (sq Ian) (lo6 yd3) (lo6 m3) 

1750(?) 
1790(?) 
184W 
1884 
1923 

196W 
196 1 
1962 
1963 
1963 
1965 

1 9 5 9  

26 
1 
1 

88 
36 
3 

- 2  
3 
2 

10 

1.57 
3.04 
6.60 

At sea 
0.20 
6.1 
4.1 
0 3  
0.02 
0.06 
1.3 
3 .O 

4.07 
7.87 

17.09 
At sea 

0.52 
15.8 
10.6 
0.8 
0.0s 
0.16 
3.4 
7.8 

19.5 
37.7 

28 1 .o 

0.1 
120.0 
155 

3 .O 
0.4 
1.1 
9.1 

23.0 
1965 1 0.23 0.60 1.2 
1968 5 0.0 1 0.03 0.1 
1968 15 0.8 2.1 9.0 . 
1969 6 2.3 6.0 22.0 
196gd May 24-Nov. 20 4.8 12.4 71.0 

14.9 
28.8 

214.8 

0.08 
91.8 

118.5 
2.3 
0.3 
0.8 
7-0 

17.6 
0.9 
0.08 
6.9 

16.8 
543  

OBroad zone along the east rift, including the well site. 
bc ludes  the immediate area of the well site. 
CFour miles east of well site. 
dStill in progress on date of recording; this eruption occurred 10 to 15 miles west of 

the well site. 
Source: G. A. Macdonald and A. T. Abbott. Volcanoes in rheSea - The Geology of 

Huwaii, University of Hawaii Press, Honolulu, 1970. 
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i n  1868 and extending through 1970.5 
earthquakes are a l s o  l i s t e d  by NOM.  

Between 1834 and 1868, two o ther  

The geologic-geographic d i s t r i b u t i o n  

of these ear thquakes- i s  shown in Table 2.2. 
Although the re  is no published record of earthquakes i n  H a w a i i  f o r  

t he  f i r s t  ha l f  of t h e  1970s, a p a r t i c u l a r l y  s t rong earthquake (7.2 on 

the  Richter scale) occurred immediately offshore of Kaimu Beach on 

the  south coas t  of the  Puna d i s t r i c t  i n  November 1975. If i t  had occurred 

on land, it would have been capable of causing near ly  t o t a l  des t ruc t ion  i n  
t h e  e p i c e n t r a l  area and extensive damage i n  immediately adjacent  regions. 

The earthquake of 1868, which a l s o  occurred near the  south coast  of 
t h e  I s land  of H a w a i i ,  had an estimated i n t e n s i t y  2 X (modified Mercalli). 

This earthquake caused near ly  complete des t ruc t ion  of wooden s t r u c t u r e s  
a t  Keiawa,  Punaliu, and Ninole, located near t he  terminus of the south- 

w e s t  r i f t  zone of Kilauea, and it caused lands l ides  beyond Hilo on the  

east coas t  as f a r  as Waipio and Hamakua. 
southwest r i f t  zone from Pahala t o  Kilauea. 

accompanied t h e  opening of a f i s s u r e  4.8 km (3 miles) long. 

s w e l l s  of 0.3 t o  0.6 m (1 t o  2 f t )  occurred, and a t s u d  wave exceeding 

18 m (60 f t )  i n  height  s t ruck  the  Ka'u-Puna coast ,  sweeping s t r u c t u r e s  

off  t h e  beach.2,5 

F issures  extended along the  
A t  Kohuku, volcanic erupt ions 

Ground 

The year  of 1868 is the  only h i s t o r i c  period i n  which Mauna Loa 

In  addi t ion  t o  the  f i s s u r e  erupt ion on the  Southwest r i f t  zone of 

Kilauea, an offshore erupt ion occurred on the  seaward extension of the 

e a s t  r i f t  zone. 

and Kilauea erupted simultaneously. 

Since 1834, a t  least 5 intermediate-intensity (Mercalli VI and VII) 
.and 16 minor-intensity (Mercalli V) earthquakes have been experienced a t  

Kilauea and i ts  associated rift zones. A l l  the  intermediate shocks were 
capable of causing l i g h t  t o  moderate damage t o  wooden s t ruc tu res .  Three 

of t he  intermediate shocks took place along the  east r i f t  zone of Kilauea 

i n  the  Puna d i s t r i c t ,  two occurred a few months before the  extensive 

volcanic  erupt ions of  1955, and t h e  t h i r d  occurred during t h a t  eruption.5 
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Table 2.2. Distribution of earthquakes, 1834-197W 

Location Number 

Hawaiian Island chain 
Island of Hawaii 

Kilauea 
Mauna Loa 
HUalalai 

Faults subparallel to rifts 
Kaoiki (Mauna Loa) 
Kealakekua (Mauna Loa) 

South and south coast 
Other localesb 
Unidentified by locale 

Volcanoes and associated rifts 

I02 
85 

47 
21 
20 
6 

5 
1 

6 

2 
I? 
I8 

Other islands 13 

Unidentified by locale 4 

‘There may be minor errors in the classification due to 
uncertainty of epicenter locations. 

buncertain association with volcanoes, rift zones, and 
subparallel fault systems. For example, two earthquakes have 
been identified as having occurred at Hilo, on the east coast. 
They could have been placed in either the b u n a  Kea or 
Maw Loa rift zones. Perhaps, on the other hand, they are 
unreiatcd to volcanism. 

Source: J. L Coffman and C. A. von Hake, Eds., 
Emthquuke History of the United Stares, National Oceanic 
and Atmospheric Administration, U.S. Department of Com- 
merce, U.S. Government Printing Office, Washington, D.C.. 
1973. 

c 
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2.1.2 S o i l s  

Much of t he  Puna d i s t r i c t  has a t h i n  covering of h i s to so l s  (sparse,  

- 
well-drained , organic soils> t h a t  commonly occur on geological ly  young 

lava  flows. Ent i so ls  (weakly developed s o i l s  found on old beach sands 

and volcanic  ash) are found west of t he  w e l l  site. The o lder  h i s t o s o l s  

are very f e r t i l e ,  supporting lush  vegetat ion,  papaya orchards, and sugar- 
cane. 6 

A t  t he  w e l l  site, however, lava flows are so recent  (1955) t h a t  soil 
has not  had s u f f i c i e n t  time t o  develop. 

abundantly evident within the  1.7-ha (4.1-acre) w e l l  s i te  and its immediate 

surroundings. 

Fresh cinders  and aa lava are 

The area is i n  the  i n i t i a l  s t age  of revegetation. 

2.1.3 Known geothermal resources 

Although a number of potent geothermal re rce sites probably 

exist i n  t h e  v ous r i f t  zones of the I s land  of H a w a i i ,  the  only known 

geothermal res 
prepared. 

on t h e  b a s i s  of a geophysical (self-poten all anomaly, together with 

o ther  evidence. Two o the r  se l f -poten t ia l  anomalies are located on the  

east r i f t  of Kilauea, and 

has not  been’ demonstrated, po ten t i a l  exists.’ Research s c i e n t i s t s  

involved in t h i s  pro jec t  believed t h a t  t h e  Pahoa s i te  offered t h e  b e s t  
chance f o r  recovering 1 f lu id .  Their optimism was rewarded by 

electrical generating c i t y  c l e a r l y  d strates t h a t  commercial 

Had t h e  casi ended through the  one .[ to 1070 m 

(3500 f t )  ] before i n s t a l l i n g  the  s l o t  

w e l l  might have been even b e t t e r .  Th 

cooler ,  shallower water t o  mix with t 

ce area is the  s i te  f o r  which t h i s  assessment w a s  
The Pahoa s i t e  of t he  east r i f  zone of Kilauea was  se lec ted  

ough the  presence of a geothermal resource 

HGP-A w e l l .  The estimated 3.5-MWe 

1 energy is f e a s  land of Hawai i .  

the  performance of t he  

e casing procedure allows 

r v o i r  water.8 

Macdonald appraised the  l i k e  ood f o r  geothermal development 

i n  a l l  six major r i f t  zones of t h e  I s land  of H a ~ a i i . ~  He concluded 

t h a t  only two of these zones ( the  southwest r i f t s  of Mauna Loa and Kilauea) 

are perhaps as promising as t a r g e t s  f o r  geothermal explorat ion as the  
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east r i f t  of Kilauea. 

energy po ten t i a l  throughout its length,  the  resources are expected - 
t o  be  most promislng near the.center .  of volcanic  a c t i v i t y  ( the  summit 

of Mauna Loa and the  craters of Kilauea). 

energy development, much of t h i s  land l ies within H a w a i i  Volcanoes 

National Park, where development is not  permitted. Furthermore, if a 
proposed n a t u r a l  area reserve is establ ished,  i t  w i l l  l i m i t  the  development 

of t he  geothermal resources of t he  east r i f t  zone of Kilauea t o  a length 
of 13 km (8.1 miles) southwest from the  HGP-A w e l l  site. Although the  

o ther  th ree  major rift zones should be explored f o r  geothermal energy, 
they are not  as promising as resource regions. The northeast  r i f t  zone 

of Mauna Loa has been inactive f o r  a very long time, and pe t ro logic  

evidence suggests that rap id ly  r i s i n g  magma has t ransfer red  l i t t l e  hea t  

t o  the  surrounding country rock i n  the  two major r i f t  zones of Hualalai. 
It is less l i k e l y  t h a t  geothermal development w i l l  occur i n  the  

near fu tu re  on the  o ther  i s lands  of t h e  H a w a i i a n  chain. 
ho t  water resources are known t o  exist on Molokai and Oahu. Haleakala on 

the  I s land  of Maui erupted during the  eighteenth century (geothermal 

resources occur i n  assoc ia t ion  with recent  volcanism) . ' 

While each of these r i f t  zones may have geothermal 

Unfortunately f o r  geothermal 

Nevertheless, 

- 
According t o  Macdonald, " A t  the  present state of knowledge, it is 

d i f f i c u l t  t o  make a worthwhile appra i sa l  of the i s land ' s  geothermal 

resources and impossible t o  make a r e l i a b l e  one."9 

the  estimates provided by o thers  (Helsley and Furumoto), and he concluded 

t h a t  po ten t i a l ly  there  are perhaps 60 and 360 megawatt cen tur ies  of 

Macdonald summarized 

electrical power ava i l ab le  from geothermal resources i n  the Kapoho 

Geothermal F ie ld  (KGF), where the  HGP-A w e l l  is located,  and f o r  the  

Is land of Hawai i ,  respect ively.  Macdonald's estimates f o r  the  KGF are 
perhaps conservative, combining Furumoto's lower estimate of reservoi r  

volumes (6 lan3) with Helsley's lower estimates f o r  permeabili ty [l m i l l i -  

darcy (averaged over a l-km-thick production zone)] and assuming an 

energy conversion e f f ic iency  of 12%. According t o  o thers ,  t h e  KGF 

reservoi r  volume may be a s  high as 9.5 km3. 
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There are two p r inc ipa l  ;Lmpediments t o  the development of geothermal 

energy i n  Hawai i :  
separated from major-population centers  by open sea, and (2) there is a 

higher element of f i n a n c i a l  r i s k  associated with long-term development 
where frequent ( i n  t h e  geologic time sense) seismic and volcanic  a c t i v i t y  

cons t i t u t e s  a hazard. The remoteness of the resource t o  population centers  

is probably t h e  more formidable obs tac le  t o  geothermal development. 

ana lys i s  of t he  r i s k s  associated with seismic and volcanic  a c t i v i t y  is 
presented i n  Sect.  3.2.1. 

(1) the  loca t ion  of t he  most l i k e l y  resources are 

An 

2.2 ATMOSPHERIC CHARACTERISTICS 

2.2.1 Climate 

Except f o r  t he  highest  e1evations;the Hawaiian I s lands  are typ i f i ed  

by a mild oceanic climate. 
s o l a r  r ad ia t ion  and d a i l y  temperatures vary l i t t l e  seasonally.  

weather p a t t e r n  of t he  I s lands  is dominated by t h e  almost constant north- 

east tradewinds. 

ing topography, as Eawaii 's mountains in t e rcep t  t h e  moist tradewinds and 

obs t ruc t ,  acce le ra te ,  o r  d e f l e c t  t he  winds. P rec ip i t a t ion  v a r i e s  g r e a t l y  

within sho r t  d i s tances  o r  rises i n  elevat ion.  The windward (northeast)  

s i d e  of an i s l and  receives much more rain t 

3ecause of t h e i r  loca t ion  i n  the  t rop ic s ,  
The 

Local weather conditions are determined by the  surround- 

the  leeward (southwest) 
side. Because the  tradewinds l o s e  moisture as they rise over the mountains, 

t he  g r e a t e s t  amount of p rec ip i t a t ion  in the  I s lands  general ly  occurs i n  t h e  

higher e levat ions.  

Major storm f r o n t s  do occur, predominantly i n  the winter ,  when t h e  

tradewinds-occasionally- s lacken and br ing kona storms (SO ca l l ed  because 

they usual ly  come from the  south,  kona). 
accompanied by thunder and l igh tn ing  and may r e s u l t  i n  a l a rge  amount of 

r a i n f a l l  in a s h o r t  time. 

The kom storms are a f t e n  

Temperatures along t h e  Puna coast  vary l i t t l e  seasonally o r  d iurna l ly .  
Nearby Hilo is 12.2 m (40 f t )  above sea level and experiences a range of 

only 2.7OC (S°F) between monthly means.1° 

coast  commonly f l u c t u a t e  by 4.4 t o  8.3OC (8 t o  15'F) betveen ea r ly  morning 

Daily temperatures along the  
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and la te  afternoon extremes.2 
si te is 175 m (574 f t )  above sea l e v e l ;  temperatures on si te  w i l l  be  

similar t o  those in 'Hi lo .  Annual temperature ranges around the Puna 

d i s t r i c t  are l i s t e d  i n  Table 2 .3 .  

By comparison, the e leva t ion  of t h e  p ro jec t  

Average annual r a i n f a l l  i n  Puna ranges from a low of 190 cm (75 i n . ) ,  
along the  south coast ,  t o  more than 500 cm (200  in.) on the  low f lanks 

of Mauna Loa, along Puna's northern margin. 
coast  (approximately 6 .5  km (4 miles) from the  HGP-A s i t e ] ,  records an 

average of 250 cm ( 9 8  in.) of r a i n  annually.1° 

receives  about 290 cm (115 in.) of r a i n  p e r  year.1° 

is r e l a t i v e l y  evenly d i s t r ibu ted  throughout the  year , .with a s l i g h t  peak 

during the  winter kmra storm season. 

Kapoho, located nearer  the  

The p ro jec t  s i te,  inland,  

The p rec ip i t a t ion  

Humidity a t  the  s i t e  2s moderate t o  high. Windward areas such as 

Puna tend t o  be cloudy ( 8 / 1 0  o r  more cloud cover) 40 t o  60% of the  

dayl ight  hours and clear ( 3 / 1 0  o r  less cloud cover) 15 t o  20% of the  
time. 11 

Wind pa t t e rns  are dominated by the  northeast  tradewinds, which 

frequent ly  exceed 5 .5  m/sec (12 mph) . 
t he  tradewinds are dominant during 90% of the  summer and 50% of the  
winter. l o  

pol lu tan ts .  However, topography can exe r t  a marked inf luence on l o c a l  
wind pa t te rns  by def lec t ing  and obstruct ing the  tradewinds. 

Strongest during the  afternoons , 

The frequent tradewinds tend t o  r ead i ly  d isperse  any airborne 

c 

2 .2 .2  A i r  qua l i t y  

Because of its loca t ion ,  remote from i n d u s t r i a l  and urban emission 
I 

sources, concentrations of the primary a i r  pol lu tan ts  ( those f o r  which 

ambient standards have been-promulgated) are expected t o  be q u i t e  low. 

P r io r  t o  d r i l l i n g ,  a i r  samples were col lec ted  a t  the  HGP-A s i t e  and analyzed 

, f o r  some of these  p o l l u t a n t s , . a s  w e l l  as f o r  hydrogen su l f ide .  

presents  the  r e s u l t s  of t h i s  sampling a t  t h e  s i te  and a t  Sul fur  Banks, 

Table 2 .4  

I 

I 
I 

a 

s i te  of considerable volcanic  a c t i v i t y ,  f o r  comparison. 

S t a t e  of H a w a i i  ambient a i r  qua l i t y  standards are a l s o  presented. 

cases,  t he  State standards a r e  more s t r ingen t  than Federal  ambient standards. 

The appl icable  

In a l l  
* 
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Table 23. Temperature ranges in and around Puna district 

Mean temperature 
[‘C (OF)] 

Elevation above 
Station sea level 

Em (Wl January August 

Hi lO 12 (40) 22 (71) 24 (76) 
Mountain View 466 (1 530) 18 (65) 21 (70) 
Hawaii Volcanoes National Park 12 10 (3971) 14 (58) 18 (64) 

Source: D. Blumenstock and S. Price, “The Climate of Hawaii,” in climares 
of the States, vol. 2, Water Information Center, Inc., Port Washington, N.Y., 
1974. 
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Table 2.4. Redtitling air quality measurement at  the HGP-A site 
and at a site of volcanic activity for comparison 

Air quality measurement should represent background concentrations. 

Concentration of gases 
From measurements 

between 1971 and 1975 

HGP-A site Sulfur Banks 
( P P d  (PPm) 

State of Hawaiiu 
ambient air quality 

standard (PPm) 

- ~- ~ 

Sulfur dioxide <os u p  to 25 0.01 (24-hr average annual arithmetic mean) 
(SO2 1 

Hydrogen sulfide cas u p  to 5 No standard - odor threshold * 0.03 
(H2 SI 

Nitrogen dioxide <0.3 0.08 (24-hr average aimual arithmetic mean) 
(NO2 1 0.04 

Carbon monoxide cos u p  to 3 9 .O (1 -hr average) 
(CO) (8-hr average) 

O I n  all  cases, the State of Hawaii Ambient Air Quality Standard is more stringent than the Federai 
standard (Hawaii Environmental Laws and Regulations, Department of Health, Chap. 43, amended Feb. 13, 
1976, effective May 13,1976). 
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From Table 2.4, i t  may be observed tha t ,  excepting carbon monoxide, the  

s e n s i t i v i t y  of the  sampling methods was not  s u f f i c i e n t l y  low t o  determine 

whether t he  concentrations-of t he  pol lu tan ts  a t  the  pro jec t  s i te  were 

below the  S t a t e  ambient standards. 
sampling during in tense  v d c a n i c  act iv‘ i ty  suggest t h a t  nearby volcanism 

does not  apparently a f f e c t  concentrations of s u l f u r  dioxide, carbon 

monoxide, and hydrogen s u l f i d e  a t  the pro jec t  s*ite. 12’13 

The sampling r e s u l t s  and later 

Such is not  t he  case, however, f o r  atmospheric mercury. Atmospheric 

mercury has been measured a t  the  HGP-A site on numerous occasions, 

including before  -d r i l l i ng ,  during d r i l l i n g ,  during w e l l  t e s t ing ,  and 
during periods of in tense  volcanic  a c t i v i t y  nearby when the w e l l  was 
shut  in.  12-14 

site is extremely va r i ab le  and d i r e c t l y  cor re la ted  with volcanic a c t i v i t y  

along the  nearby east r i f t  zone. Atmospheric mercury a t  the  s i t e  has been 
recorded a t  16 t o  18 pg/m3 and a t  4.9 l.4g/m3 during two periods of volcanic 

a c t i v i t y .  
atmospheric mercury levels a t  the  pro jec t  s i te  ranged between 0.2 and 

1.5 ug/m3 .of t o t a l  mercury 

atmospheric mercury levels ranging from 0.001 t o  0.03 l.4g/m3 reported from 
nonvolcanic regions. 14, 15 

These measurements i nd ica t e  t h a t  atmospheric mercury a t  t h e  

Even during periods of r e l a t i v e l y  l i t t l e  a c t i v i t y ,  background 

These concentrations may be compared to  

2.3 HYDROLOGY, WATER QUALITY, AND WATER USE 

Because sur face  water is near ly absent a shor t  d i s tance  inland 

from the  coas t ,  t h i s  s ec t ion  is primari ly  devoted t o  groundwater. 
s u b s t a n t i a l  amount of base l ine  groundwater d a t a  has been co l lec ted  from 

A 

nearby w e l l s  and spr ings t h a t  could be a f fec ted  by geothermal resource 
development. Enough da ta  have a l s  xom the  HGP-A w e l l  

t o  formulate some t e n t a t i v e  conclusions regarding re la t ionships  between 

geothermal water on the  one hand and shallow aqui fe r  waters and seawaters 
on the  other.16 
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2,3.1 Surface water 

Surface-water sources i n  the  Puna d i s t r i c t  are near ly  nonexistent,  

except f o r  isolated'ponds,  spr ings ,  o r  reservoi rs .  

cons is t s  of undissected uplands displaying few es tab l i shed  stream channels, 

Although stream channels became establ ished on the  northeast  coast  of 

Most of the  area 

Mauna Kea (Fig. 1.1), where volcanic a c t i v i t y  has ceased, recurr ing 

eruptions i n  the  Puna d i s t r i c t  prevent the  development of an in tegra ted  

drainage pat tern.  

develop due t o  l imi ted  watersheds and the  high permeabili ty of Quaternary 

b a s a l t  and s o i l  t h a t  l i e  a t  t h e  surface throughout the Puna d i s t r i c t . 6  
A t  its neares t  point ,  the  P a c i f i c  Ocean lies about 5 km (3 miles)  south- 

east of t he  HGP-A w e l l .  Groundwater reaches the  surface,  discharging as 

a spr ing (Isaac Hale Park) on the  s teep ,  rocky s lope  adjacent t o  t he  south 
coast .  
t he  sea. 

l a rge ly  through roof catchment and s torage  i n  cisterns.16 
developed areas such as Pahoa are supplied with water pumped from the  

South Hilo d i s t r i c t  by the  County publ ic  water supply. 

v i c i n i t y  of the  pro jec t  s i t e  general ly  produce water t h a t  is  too brackish 

f o r  e i t h e r  domestic o r  a g r i c u l t u r a l  use. 

Streams are in t e rmi t t en t  and ponds o r  lakes  do not  

This sur face  water travels only a shor t  d i s tance  before  reaching 

Household water suppl ies  i n  t h e  r u r a l  areas of Puna are obtained 
The more 

Wells i n  the  

0 -  

- -  

2.3.2 Groundwater 

Groundwater resources i n  H a w a i i ' s  Puna d i s t r i c t  occur i n  both con- 

f ined and unconfined  aquifer^.^ A por t ion  of the  water may be confined 

within porous compartments bounded by r e l a t i v e l y  impermeable dikes.  

dikes  are commonly v e r t i c a l  or s teeply  dipping. Regionally, f r e s h  water 
occurs as a broad, lens-shaped, unconfined groundwater body, commonly ca l l ed  
a Ghyben-Herzbetg lens ,  which f l o a t s  on the  denser salt  water beneath 

t h e  Island. A t yp ica l  Ghyben-Herzberg lens  may not be present i n  t h e  

shallow aqui fe rs  t h a t  surround the  HGP-A w e l l  s i te .  

of w e l l  water suggest t h a t  a b a r r i e r  (possibly dikes) prevents normal 

in t e rac t ion  with seawater. 

These 

Chemical analyses 
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Eight sites have been used t o  evaluate the groundwater qua l i t y  of 
Puna.16 

Table 2.5 lists the-chemicaL analyses f o r  each s i te .  

samples f romwel l s  within 4.8  km (3 m i l e s )  of HGP-X are brackish and 

unusable as potable water. Although i t  does not  q u i t e  meet U.S. Environ- 

mental Pro tec t ion  Agency (EPA) water qua l i ty  standards (Table 2 . 6 1 ,  water 
from.the All ison and A i r s t r i p  w e l l s  could b e  considered potable f o r  

p r iva t e  use. 

Kalopana Sta t ion ,  which are 5.5  km (3.4 miles) and 9.0 km ( 5 . 6  miles) 
from t h e  HGP-A w e l l ,  respect ively.  

The loca t ion  of each w e l l  and spr ing is i l l u s t r a t e d  i n  Fig. 2 . 4 .  

In general ,  water 

Potable water is ava i l ab le  from w e l l s  a t  Pahoa S ta t ion  and 

The mean residence time f o r  waters from shallow w e l l s  does not 
exceed a few years,16 
isotope r a t i o s  compare with those of l o c a l  rainwater. 

l o c a l  recharge and shor t  res idence times. 

T r i t i u m  concentrations (Table 2 . 5 )  and oxygen 

These da ta  suggest 

Fecal col i form analyses (Table 2.7) i nd ica t e  general ly  pollution-free 
reservoi rs .  

believed t o  b e  associated with l o c a l  contamination during sampling. 

The high coliform concentrations i n  the  Allison w e l l  are 

Chemical analyses of downhole samples from t h e  HGP-A w e l l  i nd ica t e  
t h a t  t h e  geothermal r e se rvo i r  water d i f f e r s  from shallow w e l l  water i n  

several Important respects.16 

d a t a  f o r  t h e  HGP-A w e l l .  
d i f f e r s  from shallow aqui fe r  water i n  the  following respects :  

a c i d i t y  (pH va lue  of ' ~ 3 ,  compared t o  pH of >7 f o r  shallow w e l l s ) ,  ( 2 )  high 
s i l i ca  content (440 mg/ l i t e r ,  compared t o  a maximum of 80 mg/ l i te r  f o r  

shallow w e l l s ) ,  and (3) very low tritium content.  High a c i d i t y  and si l ica 
content are normal c h a r a c t e r i s t i c s  of geothermal water. 

Table 2.8 lists a summary of geochemical 

While the  water is  brackish (nonpotable), it 

(1) high 

The low tritium content is s i g n i f i c a n t  because i t  indica tes  a 
r e l a t i v e l y  long 
The tritium content [<0.1 tritium u n i t s  (TU)] suggests t h a t  g e o t h e m l  

water has  a residence time exceeding 50 years.16 

the re  is l i t t l e  hydraul ic  communication with shallow aqui fe rs  where 

idence time compared t o  water i n  shallow aquifers .  

This ind ica tes  t h a t  
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Fig. 2.4. Location of sampled wells and spring, Puna, Hawaii. Source: P. M. Kroopnick et a'l. 
HGP-A, HIG-78-6, No. 4, prepared for th Hydrology and Geochemistry of a Hawaiian GeothermaZ System: 

National Science Foundation, Grant GI-38319, and the Energy Research and Development Agency, Grant 
EY-76-C-03-1093, May 1978. 



Tabk 2.5. Chenieal data fur Funr area wells 
All cunrentratiutlr are in milligraiiir per Iller. 

Na K CU Mg CY I I C O ~  So, SiOi IU' L ) i s # r w  Temperature 
I"C(aF)I USC;S/BWS No. Nan# lrcni HGP-A &le 

[kin tniiks)f 

29nb-u I R l w a  Statiw 5.5(3.4) 0106-76 7.30 36.0 2.72 1.58 2.7 13.5 48 21.1 50.0 'j.9 
9-5 felev. 21 5 ni 07-21-75 23.3(73.9) 6.65 19.3 2.7 1.6 1.9 9.8 44 27.3 10.6 

(705 (1); 
pu1npedl 

2487-01 Kalapaiia Station 9.0(S.6) 01-06-?5 28.5t83.3) 7.68 89.6 5.20 5.30 6.6 132.2 
9.7 (ekv. 229 111 07-21-75 20.8(69.4) 7.05 78.8 5.0 5.9 5.6 120 

(752 ti); 
plllllpel) 

(38 ft)l 1021-75 e.0 5.8 32.0 27.m 10s 330 23.0 I 

3w1-01 Airstrip Well 4.3t2.7) 01-06-75 xi.rn(9.2) 7.42 238 13.6 23.0 28 303.5 48 201 71.3 . 
(287 It); dePtiI 

3080-02 Kapulw Shalt 6.5(4.1) O I M . ~ ~  25.5t77.9) 780  85.8 6.60 42.4 37 16.9* 372 20 53.6 14.1 
9 lelev. 12 IH 07-21-75 22.1 (71.8) 7.10 86.5 6.2 23.2 25.7 95.7 328 22.7 10.5 

9-6 lekv. 88 in 07-22-75 33.5(92.3) 7.75 223 168 12.5 27.2 316 44 211 r i . 1  

87 ni (285 ft)l 

lebr.  43 ni 
( I40 l1J;deptli 

281 1 Allison Well 4.6t2.9) 0147-75 37.8(1(10.0) 7.35 216 10.8 13.4 15 281 132 69.2 24.1 12.9 

4 4 1 1 1 ( ~ 4 4 r ~ ) ~  . 
Iswc ilale 5.3 (3.3) 0147.75 36.0(96.8) 2020 86.0 32.4 2 W  3534 56 507 81.5 8.5 
Park Spring 1027-75 2t40 87.5 981p 239 3660 61.0 552 

2 783-0 I Malania Ki Well 2.7 ( t  .7) 0147-75 52.2 (126.0) 66% 210 3811 144 471 100.7 15.0 
9-9 lelrv. 83 I11 07-22-75 7.45 2890 149 117 293 5120 128 598 86 

(274 TI); depth 

(elev. 183 in 07.2 I -75 2uoo 195 8t 59 3410 335 7.3 

16n IO 183 111 
(550 ill 6ou  ti)^ 

84 ~ ( 2 7 6  ft)] 
G3 (;eutheriitaI NO. 3 t.3w.8) 01.07-75 Y ~ . U ( I W A )  6.85 2osn I'm 76.8 52 3274 W 314 96.6 10.3 

(600 ti); depth 

G.3-I Ceotleriival No. 3'' 1.3t0.8) 97-11-75 74.0t 165.2) 1.4 1740 I58 71 62.5 2980 20 317 9 . 1  
(Tliiel) 

l i i t i t i i t i  tcpBrted ~II triliiciir iiii~~r(TUL 
I____ -- I - 

"Sl1,IWCl data. 
' 1111s rmplc  taken I S  IO I8 in (50 t o  6U Is) k l r i w  water nirfiice. 

SIBIIIC~. P.M. Krtuipiitck e( al.. //iq/ro/tKi* utd  ~;~v*./ic*ttrarr,i* o ~ J  u Iluiwiiutt (;r.o//i~.rit~~lSvsrt,tti: //C/'-tt, lll(;-784i. Nu. 4. piepared lor Ilic National Science I:oiiiiJa~~o~~. (iruiit 
GI. IS 11'). ;iid the lincigy Kes~rrcli ~ t l  l k v e l ~ ~ ~ i n ~ n t  A~cioy.  (iraiil IiY-76-('43- I(H3, May 1978. 
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Table 1.6. US. Environmental Protection Agency drinking 
water standards for potential HGPA contaminants 

Parameter Drinking water standard 
( P P d  

Total dissolved solids (TDS) 
Cadmium (Cd) 
Copper (CUI 
Chromium (Cr) 
Mercury (Hg) 
Manganese (Mn) 
Lead (Pb) 
Sulfate (SO4) 
Zinc (Zn) 

sow 
0.0 1w 
lb 
0.OY 
0.002a 
0.05b 
0.054 

2506 
5b 

aSource: "National hterim Primary Drinking Water Regu- 

bSource: "National Secondary Drinking Water Regula- 
Iations," Fed. Regist 40(248): 59566-59588 (1975). 

tions." Fed. Regist. 42(62): 17143-17146 (1977). 

. 
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Table 2.8. HCP-A geochemical summary 

All concentrations in iiiilligrams per liter of total discharge. 

SiOl S' pH Tritium c1 Na K Ca M6 

Downhole 1040 730 123 53.8 1 .o 440 135 3 <O.I , 
Nonflowing (average of five 

profiles) 
Mean 1040 730 123 53.8 I .o 440 135 3 0. I 
Standard deviation 465 270 46 49.5 0.7 230 96 

692 m (2270 ft) (2-14-77) 4720 2008 245 445 14.0 432 0.66 3 
Low flow (average of four 1040 480 103 22.6 0.25 710 2.5 

samples) 
Weir box 

Approximate steady state 780 390 68 24 0.1 1 41 8.5 
(1 -30-77) 

Source: P.M. Kroopnick et al., Hydrology and Geocheniistry of a Hawaiian GeothertnalSystem: tlPG-A, HIG-78-6, No. 4, 
prepared for the National Science Foundation, Grant GI-38319, and the Energy Research and Development Agency, Grant 
EY-76-C-02-1093, May 1978. 
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tritium levels* are high (between 7.3 and 18.0 TU) and t h a t  recharge 

probably takes p lace  from a more d i s t a n t  source. 

is available, it has been suggested t h a t  t he  s lopes of Mauna Loa may be 
the  recharge area f o r  t h e  geothermal reservoir .  

Although no evidence 

Chemical analyses f o r  trace elements produced the  following r e s u l t s :  

(1) copper, chromium, and n i cke l  concentrations were below the  threshold 
of detection. (0.1 m g l l i t e r ) ,  (2) cadmium and lead concentrations were 

barely de t ec t ab le  (50.01 mg/l i ter)  , (3) zinc and manganese concentrations 
were lL0.20 mgjl i te r .  

form (cinnabar)]  w a s  present,  ranging from several hundred micrograms 

per  l i t e r  a t  the  beginning of t h e  flow tes t  t o  less than 50 u g / l i t e r  a t  
the  end, 

a notable  exception) are below EPA-recommended maximum concentrations 

(Table 2.6). 

A s i g n i f i c a n t  concentration of mercury ( i n  p a r t i c u l a t e  

suggesting that most trace-element concentrations (mercury is 

P. M. Kroopnick e t  al. suggest t h a t  impermeable v e r t i c a l  dikes  may 

The measured chemical parameters of t h e  

form a b a r r i e r  between the  geothermal water and the  ocean water on the  

south s i d e  of t h e  r i f t  zone. l6 

w e l l  under no-flow conditions do not  vary appreciably as a funct ion of 
depth. 

desp i t e  i ts  o r i g i n  a t  g r e a t  depth where typ ica l  seawater would normally 
be present.16 . 

The HGP-A w e l l  water is only s l i g h t l y  s a l i n e  (%5 t o  10% seawater) 

The ch lo r ide  concentration s t e a d i l y  increased from 2500 mg/ l i te r  a t  
the beginning of the 42-day flow test t o  3200 mg/l i te r  a t  the end of the  
test.16 This suggests t h a t  saltwater encroachment may take place as 
r e se rvo i r  water is withdrawn ove 

geotherrhal reservoi r  water during continuous discharge. 

extended period of time. 

Water from an intermediate-depth aqui fe r  evident ly  mixes with 
Figure 2.5 

i l l u s t r a t e s  water temperature as a funct ion of depth under no-flow 

* 
Natural  tritium concentration i n  rainwater before  1952 (pre-bomb) 

17 was 8 tritium u n i t s  (TU), and the  h a l f - l i f e  of tritium is 12.33 years. 
A concentration of 0.1 TU (decay through 6 half- l ives)  implies a ground- 

bombs began (1952). T r i t i u m  l e v e l s  i n  excess of 8 TU ind ica t e  t h a t  
groundwater w a s  produced by r a i n  t h a t  f e l l  more recent ly  than 1952. 

5 water age of a t  least 74 years  before  atmospheric t e s t i n g  of hydrogen 
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Fig .  2.5. Downhole temperature f o r  HGP-A. Source: P .  M. Ktoopnick 
et a l . ,  HydroZOgy and Geochemistry of a Hawaiian &otherma2 System: 
BCP-A, HIG78-6, No. 4, prepared for t h e  Nat iona l  Sc ience  Foundation, 
Grant GI-38319, and t h e  Energy Research and Development Agency, Grant 
Ey-76-C-03-1093, May 1978. 
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conditions w i t h  a long period of temperature s t a b i l i z a t i o n  and f o r  a 

short-duration flow test. 

shallow water source is hav5ng.a-cooling e f f e c t  upon the  geothermal 

reservoi r  water during flow tes t ing .  

I 
The temperature curves suggest t h a t  the more 

- -  
A probable cause of t h i s  mixing is the  manner i n  which the  HGP-A w e l l  

w a s  completed. l7 

l i n e r  r a t h e r  than with cemented casing. 

reduce the  generating capaci ty  of t h e  w e l l ,  i t  should have l i t t l e  o r  no 

e f f e c t  on shallow aqu i fe r s  having p o t e n t i a l  potable water resources. 

The intermediate-depth i n t e r v a l  w a s  completed w i t h  s l o t t e d  
While t h i s  completion method may 

2.4 LAND USE 

Land use on t h e  I s land  of H a w a i i  is about evenly divided between 

a g r i c u l t u r a l  and fores ted  land (Table 2.9). The third-ranking category 

is rec rea t iona l  use,  pr imari ly  because of the  H a w a i i  Volcanoes National 

Park surrounding Kilauea (Fig. 1.2). 
The Puna d i s t r i c t  is primari ly  f o r e s t  (commercial and noncommercial 

.open land). Other l a r g e  land categories  are conservation ( fo re s t  reserves) 
and agr icu l ture .  The soils of t h e  Puna d i s t r i c t  are w e l l  drained, and they 

are r e l a t i v e l y  young s o i l s  t h a t  have developed on lava (h is toso ls )  and 

weakly developed soils t h a t  have developed on volcanic ash ( en t i so l s ) .  

Therefore, t h e  po ten t i a l  f o r  large-scale, highly productive a g r i c u l t u r e  is 

limited. Table 2.10 lists ex i s t ing  land-use acreage i n  the  Puna dis t r ic t .  

Open land (75% of t h e  land area) dominates i n  t h i s  category. 

includes p a r t  of t he  H a w a i i  Volcanoes National Park and State land. 

Recreation 

The area surrounding the  p ro jec t  s i t e  is predominantly open land of 
ohia f o r e s t s  of var ious ages. 

lava flows i n  Hawaii.) 

meters of t he  s i te  -Malama Ki and Nanewale (Fig. 2.6). About 4.5 lan 
(2.8 miles) w e s t  of t he  si te,  land is cu l t iva t ed  f o r  sugar. 

(The ohia tree commonly colonizes recent  
There are two f o r e s t  reserves within a f e w  kilo- 

Papaya orchards 

l i e  a similar d i s t ance  east of t he  s i te .  
lava flow, the  e n t i r e  pro jec t  s i te and much of t he  area immediately sur- 

Because i t  is covered by a 1955 

. rounding it is not  valuable  a g r i c u l t u r a l  land. According t o  the  Hawaii 
S t a t e  Conservationist  (Appendix A ) ,  there  is no unique farmland near the 

pro jec t  s i te .  The neares t  prime farmland is c lose  t o  Pahoa, approximately 
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Table 2 9 .  Land use - Isiand of Hawaii 

Sugar cane 
Vegetable 
Orchard 
crazing 
Dairy 
Poultry 
Idle agriculture 
Forest 
Forest reserve 
Recreation 
Game management 
National’park 
Urban 

Undeveloped residential 
Developed 

Pali and barren land 
Water 

114,775 
1,916 

21,529 
794,629 

3 
7 
0 

197,823 
710,260 

794 
19,288 

21 1,688 

46,449.4 
775.4 

8,712.8 
321,586.4 

1.2 
2.8 
0.0 

80,059.0 - 
287,442.2 

321 3 
7,805.8 

85,670.1 

74,429 
12,146 

421.945 
101 

2,581,333 

30,12 1.4 
4,9 15.5 

170,761.1 
40.9 

1,044,665.4 

Source: University of Hawaii, At& of Kowoii, Department 
of Geography, University of Hawaii Res,  Honolulu, 1974. 
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Table 2.10. Ertisting land use in Puna district 

Land area 

(ha) 
Existing land use 

(acre) 

Residential 2,219.3 898.1 5 

Nonmanufacturing 391.6 158.48 
R e t a i l .  28.8 11.66 
Services 124.1 50.22 
social 42.2 17.08 
Recreation 52,095.1 2 1,082.89 
Agriculture 27,748.1 1 1,229.66 

Open (forest) 237,3703 96,063.76 

320,051.F 129,524.88 

Manufacturing 32.1 12.99 

Transportation (non-road) 0.0 0.00 

uTotal does not include 
Source: Hawaii County Research and Development De- 

partment, unpublished data, 1976. 

. 
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Fig. 2 .6 .  Land-use map of  the Puna district .  Source: R .  M. Kamins, 
Enmkonmentat Impact Statement for  the H ~ i i  Geothemat Research Station 
UtiZizing the HGP-A Welt a t  Puna, IsIand of Hawait, prepared for  the 
Department of Planning and Economic Development, State of Hawaii, March 
1978. 
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5 km (3 miles) northwest o f . t h e  site. The University of H a w a i i  Agr icu l tura l  

Experiment S t a t i o n  is over 0.8 km (0.5 m i l e )  from the  site. 
I Direc t ly  adjacent  to  t h e ' s i t e  ( t o  t h e  south across  the  Pohoiki Road), - _  
I land t h a t  w a s  covered by the  1955 lava  flow has been subdivided i n t o  0.4-ha 

(l-acre) homesites (Fig. 2.7). The majori ty  of these  l o t s  are vacant: 

t he re  are only about one dozen residences within a 1.6-Ian ( 1 - m i l e )  r ad ius  

the  s i te  and is located i n  t h e  Le i l an i  Estates (Fig. 2.7). 

Estates, a subdivis ion w i t h  a number of occupied residences,  is about 

2.5 Ian (1.6 miles) northwest of t he  site. 

I of the  site.6 The neares t  occupied residence is 1.1 km (0.7 m i l e )  from 
I The Nanewale 

I .  

2.5 HISTORIC AND ARCHAEOLOGIC SITES AND NATURAL LAND- 

2.5.1 Hi s to r i c  

The Puna d i s t r i c t  has played a r t i v e l y  in s ign i f i can t  r o l e  i n  

Hawaiian h i s to ry ;  it has produced no important family o r  ch ief .  

quently, t he re  are few h i s t o r i c  or archaeologic si tes in  t h e  d i s t r i c t .  

Table 2.11 lists all the  sites on the  "National Regis ter  of H i s to r i c  
Places"l* t h a t  are located i n  the  southeastern ha l f  of the  I s land  of 
Hawai i .  No s i te  i s  than 40 km (25 miles) from the  p ro jec t  s i te .  

Conse- 

2.5.2 Archaeologic 

The few archaeo 

i s t a n c e  from t 

proximately 6. i l e s )  nor theas  t the  w e l l  s i te  and 

t h a t  exist i n  Puna are along the  coas t ,  

The petroglyphs a t  Kapoho (Fig. 1.2) 

c o n s t i t u t e  t h e  nearest archaeologic site. Th 11 s i te  is cove 
a 1955 lava  flow that  has buried any archaeologic remains tha t  ma 
ex is ted  a t  t h e  site. An area within a 1.6-km ( 1 - m i l e )  r ad ius  of t he  

pro jec t  site was studied f o r  evidence of any material of archaeologic 
importance.19 The area tudied consis ted of both recent and p reh i s to r i c  

lava flows, 

cen tur ies .  

i nd ica t e  p reh i s to r i c  human occupation in the  immediate v i c i n i t y  of the  

p ro jec t  site.12 

ew a reas  tha t  were untouched by lava  for many 
No evidence of archaeologic material w a s  found t h a t  would 
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Fig. 2.7. Land use in the immediate vicinity of the project site. 
Source: R. M. Kamins, EnviromentaI Impact Statement for the Hawaii 
Geothermal Research Station UtiZizing the HGP-A Yell a t  P~crra, Island 
of Hmaii, prepared for the Department of Planning and Economic Development, 
State of Hawaii, March 1978. 
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Table 2.1 1. National historic sites in the southeastem half of the Island of Hawaii 

Distance from 
Name Location well site Comment 

(km) (mile) 

U.S. Post Offce 
building 

Kinoule and Waianiienue Streets, lfilo XO >24.8 Dates from 1937 to 1938. 

Footprints - 1790 Hawaii Volcanoes National Park (HVNP) X O  >24.8 Footprints of ancient, native 
Hawaiians, preserved in 
volcanic ash. 

Kilauea crater HVNP 40 24.8 Volcanic crater, roughly 3 km 
in diameter. 

from 1877. 
Otd Volcano House No. 42 

Whitney Seismogra HVNP 40 24.8 Contains early (1961) equipment , 

to record volcanic activity. 
Wilkes campsite Mauna Loa volcano in HVNP >70 M3.5 Camp of U S .  Exploratory 

Expedition, 1840-1841. 

40 24.8 Original tourist hotel, dates HVNP 

Vault No. 29 

Ainapo Trail 

Ahole Holua Complex 
South Point Complex 

Mauna Loa volcano in HVNP 

South of Milolii on Ahole Bay 
Southern tip of island 

(MenrJes trail) 
XO 

“I 00 

>24.8 Customary route to summit 

r62.1 Remains of ancient structures. 
~ ~ 6 2 . 1  

complete record of Hawaiian 
occupation on the island. 

(prehistoric to 1961). 

Archaeological site - provides most 

Puna-Kau’a Historic District tNNP - Palidla vicinity 70 43.5 Prehistoric village and temple 

hhnUkd bay Petroglyphs Southwest of  Waiohinu at Manukr Bay >lo0 X 2 . 1  Petroglyphs in phoe hoe lava. 
sites; petroglyphs. 

Source: U.S. Department of the Interior, The National Register ofHlsfodc Maces, 1976; and “Annual Listing of National Register 
of Historic Maces,” Fed. Regist. 43(26): 5163-5345 (1978). 
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2 . 5 . 3  Natural landmarks 

Two loca t ions  on the Island of H a w a i i  (Mauna Kea and Hakalawena  

2farsh) are located on the  %at iona l  Registry of Natural  Landmarks."lg 

Both sites are over 80 kn (SO m i l e s )  northwest of the p ro jec t  s i te .  

Although it is not  on the  Registry,  Lava Tree S t a t e  Park, located 

1.6 km (1 m i l e )  nor th  of the pro jec t  s i te ,  is an area of considerable 
na tu ra l  i n t e r e s t .  It cons is t s  of a number of standing t r e e  molds o f ,  

cooled lava and some kipukas (densely fores ted  and i so l a t ed  parcels  of 

land untouched by recent  volcanism). 

2 .6  NOISE 

2.6.1 Noise c h a r a c t e r i s t i c s  of the  s i t e  

There have been no measurements of background noise  a t  the  HGP-A 

site. 

(probably less than 45 dB(A)]. 

v i c i n i t y  is infrequent t r a f f i c  on the adjacent Pohoiki Road. 

Because of i t s  r u r a l  s e t t i n g ,  noise  l eve l s  a r e  expected t o  b e  low 
The major source of noise  i n  the s i t e  

2 . 6 . 2  Noise regulat ions 

There are no s p e c i f i c  State or County regulat ions t h a t  apply t o  

noise. 

2 . 7  ECOLOGY 

This sec t ion  addresses terrestrial  ecology and endangered species. 

There are no aquat ic  species because there  are no na tu ra l  sur face  waters 

i n  the  project  area (HGP-A w e l l  s i t e ) .  
The Hawaiian Is lands are removed from mainland p lan t  and animal 

populations by 3220 t o  6440 km (2000 t o  4000 m i l e s )  of open ocean. 

na t ive  f l o r a  and fauna of H a w a i i  developed from the  r e l a t i v e l y  few species  

The 

of p lan ts  and animals t h a t  were able to  successful ly  colonize t h e  Is lands.  

The i so l a t ed  populations evolved i n t o  races and species q u i t e  d i f f e r e n t  

from t h e i r  mainland anceStors. 

fauna, therefore ,  is unique. 

Much of the  Hawaiian na t ive  f l o r a  and 

L -  

I -  

- 
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rival of man on the  I s lands ,  two f a c t o r s  have contr ibuted 

t o  the  dec l ine  of the  na t ive  Hawaiian biota:  (1) the  in t roduct ion  of 

exot ic  species and .-(Z) h a b i t a t  'de.struction. . 
European and Asian p l an t s  and animals have become es tab l i shed  as repro- 

ducing-populations on t h e  I s lands  and have replaced much of t h e  endemic 

b i o t a  through competition and predation. 

t h e  I s l ands  have increased pressure on na t ive  b i o t a  through h a b i t a t  

des t ruc t ion .  ' Consequently, 

e x t i n c t  and many are curren 

Relic populations of t h e  na t ive  Hawaiian f l o r a  and fauna exist pr imari ly  

on high mountain s lopes 

- ^  

Hundreds of species of 
- _  

Western man's encroachments on 

f Hawaii's endemic species a r e  now 

the  Federal  l ist  of endangered species.  

in other  areas not  amenable to  man's a c t i v i t i e s .  

2.7.1 Terrestrial ecology of the  site and environs 

2.7.1.1 Vegetation 

The pro jec t  s i te  and its immediate v i c i n i t y  was covered by a 1955 

lava flow. The p l an t  and animal communities represented on s i te  are 
those t y p i c a l  of the  earliest s tages  of primary succession on lava flows 

i n  Hawai i .  The undis'turbed 'p 

lava  (blocky lava) covered by a dense growth of l ichens ,  with sca t t e red  

f e r n s  and ohia: tehua (Met~OS~derO6 coZZ&z) 

i n  height  . 
of forests dominated by 

ohia. Since most of t h e  flows are r e l a t i v e l y  re , the  f o r e s t s  are 
mostly small. Near Lava Tree State Park [about (0.6 m i l e )  from the  

ions of the flow cons i s t  of barren aa 

apl ings  less than 1 m (3.3 f t)  

The region surrounding the  

(small "is land overed by recent  

flows) on which the  o h k  trees reach 3 4 f t )  i n  height.  The 

ground cover 11 t h e  ohia f o r e s t s  co 

f e rns  ( D ~ c r c m o p t e ~ a  ZineCrris) , grasses 
s l a rge ly  of f a l s e  staghorn 

e v e r a l  species of wild 

mmon i n  H a w a i i ) .  Treef e rns  (Ciboti p.) and ieie vines  

(Freycinetia arborea) occur i n  

All t he  endemic p lan t  species  f 
t he  s i te  are common i n  H a w a i i  on recent  lava  flows. 

more mature f o r e s t s  of the kipukas. 
n the  ohia f o r e s t s  i n  the region of 
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I n  dis turbed areas near  the  s i te ,  the  vegetat ion cons is t s  predomi- 

nant ly  of introduced trees, shrubs, vines,  and grasses.  

vegetat ion is found along roads, i n . t h e  v i c i n i t y  of Lava Tree State 

Park, and i n  most areas downslope of t he  d r i l l i n g  site. 

along the  roads and trails  cons i s t s  of such p lan ts  as mango (Mangifera 
indica) ,  papaya (Carica sp.) , guava ( P s i d i m  &ma) ,  bamboo (Bambusa 
spp. 1, kukui ( A Z e d t e s  mo~uccanu) , sugarcane (Saccharum offidrrmwn) , 
bana (&sa sp.), Indian pluchea (Ptuchea ind<ca), Jamaica vervain 

(Stac!@arpheta j'amczicensis), and s e n s i t i v e  p l an t  (Mimosa pudica). 
planta t ion  of Norfolk I s land  p i n e s  (Araucma ezcezsa) occurs between 
Lava Tree S t a t e  Park and the  d r i l l i n g  site, and the re  are groves of 

a l b i z i a  (AZbiziQ fcrZcatar&z> along the  road and a t  the  park, 

Such exo t i c  

Exotic vegetat ion 

A 

2.7.1.2 Fauna 

The only na t ive  Hawaiian -1s are the  Hawaiian hoary b a t  (Las<umts 
cinereus semotus) and t h e  Hawaiian monk seal (Monacms schcruinslandi)'. 
Both are l i s t e d  as endangered by the  U.S. Department of t he  In te r ior .20  

Only t h e  b a t  po ten t i a l ly  occurs i n  the  region surrounding the  site. 

b a t s  requi re  r e l a t i v e l y  dense she l t e r ing  tree o r  shrub growth f o r  roost ing 

habitat.21 

they may occur i n  oh& f o r e s t s  on surrounding lands. 

The 

Thus, b a t s  would not  u t i l i z e  the  r e l a t i v e l y  barren site, but  

Introduced mammals 
such as rats (Rattus sp.) and mongooses (Herpestes amopwrctatus) may a l s o  

be  expected t o  occur i n  surrounding lands,  espec ia l ly  i n  the  a g r i c u l t u r a l  

areas within a few kilometers of the  site. 
Land b i r d s  of e igh t  famil ies  have populated H a w a i i  without known 

help from man.22 These colonizers  evolved i n t o  many unique species ,  
endemic t o  the  Islands,  Of t h e  66 endemic Hawaiian land b i r d s  t h a t  were 

known during t h e  nineteenth century, about 35% are now ex t inc t  and over 

40% are considered rare o r  endangered. The endangered Hawaiian b i r d s  
account f o r  about ha l f  of a l l  the  b i rds  of t he  United States l i s t e d  on 

t h e  endangered spec ies  list. 2o 

Although ohia f o r e s t s  provide h a b i t a t  f o r  the  majority of na t ive  

f o r e s t  b i rds  on Hawai i ,  most species  occur only a t  higher e levat ions.  

Of the  na t ive  Hawaiian b i rds ,  only two species  would be expected i n  the 
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young ohia f o r e s t s  near t h e  low-elevation [175 m (574 f t ) ]  p ro j ec t  site: 

(1) the  Hawaiian hawk (Buteo s o Z i M u s )  and (2) the  Hawaiian short-eared 

owl o r  pueo (Ash pZananeus s d c h e n s i s ) .  
( 1 - m i l e )  r ad ius  of t h e  si te are not  s u i t a b l e  f o r  these  species;  individuals  

would be expected t o  occur only in passage. 

by a noted o rn i tho log i s t  were a l l  introduced species  and include the  
spot ted dove, melodious laughing thrush, Japanese white-eye, common myna, 
house f inch ,  r i ceb i rd ,  and cardinal .  23 

The h a b i t a t s  within a 1.6-k~n 

Birds observed a t  the  si te 

The Puna d i s t r i c t  is uot  an area of p o t e n t i a l  endangered p l an t  

species.  
of human use have eliminated rare endemics. 

s u l t a t i o n  wi th  l o c a l  a u t h o r i t i e s  have f a i l e d  t o  reveal any evidence of 

rare o r  endangered p l an t  species  in t he  v i c i n i t y  of the  site. 

Apparently, t h e  na tu ra l ly  induced dis turbance and the  h i s to ry  
F ie ld  surveys12 and con- 

- - - -  - -  
E 2.7.2.2 A n i m a l s  

There are 12 land animal spec ies  on t h e  I s land  of H a w a i i  t h a t  are 
l i s t e d  by t h e  Federal  government as endangered with ext inct ion.  2o  

Table 2.12 lists these species  and t h e i r  preferred hab i t a t s .  The only 

spec ies  t h a t  could occur near t he  s i t e  ( the  Hawaiian hoary b a t  and the  
Hawaiian hawk) would only occur as t r a n s i e n t s  (Sect. 2.7.1.2). 

2 .8  DEMOGRAPHY, SOCI ONOMICS, AND CULTURAL VALUES 

The Puna d i s t r i c  estimated 1976 population of 7800) is t he  second 

e d i s t r i c t s  on the  I s land  of H a w a i i .  Only the  most populous of t h e  
'South Hilo d i s t r i c t  has  a l a r g e r  population (39,600 i n  1976). Neverthe- 

less, the  Puna d i s t r ic t  is sparse ly  populated. The a g r i c u l t u r a l  town of 

Pahoa (1970 population of 924) is the  population center  nearest  the s i te  
(about 5.6 km (3 .5  miles) northwest]. Hilo,  t he  l a r g e s t  c i t y  on the  
I s land  (1970 population of 26,3531, is about 24 km (15 m i l e s )  nor th  of 



Table 2.12. Endangered wildlife of the Islrnd of Hawaii 

Name Habitat Present distribution 

Hawaiian dark-rumped petral (rtuir) 

(Ptercxlromu phueopygiu sundwichensis) 
Hawaiian goose (nene) 

(Bruntu sandvicensis) 
Hawaiian duck (koloa) 

(Anus wyvilliunu) 
Hawaiian hawk (io) 

(Bit ttw w lituriir u) 
Hawaiian coot (alae keokeo) 

(Fulicu umericunu ului) 
Hawaiian stilt (ueq) 

(Himuntopus himuntopus Knirdseni) 
Hawaiian crow (uluh) 

(Corvus tropicus) 
Akiapolaau (Hemignuthus wilsoni) 

Hawaii akepa (ukepu) 

011 (Psittirostm psittacea) 
(Loxops coccinea coccinea) 

Piilila (Psittirostm builleui) 

Hawaiian hoary bat 
(Lusiimis cinerats semotiis) 

Oceanic, nests on walls of craters 

Lava flows 5000-8500 ft 

Coastal lagoons, marshes, and 

Widespread, open forest, 

Ponds and lagoons 

away from water 

mountain streams 

agricultural land, grassland 

Ponds, lagoons, marshes 

1000-8000 ft, forested and 

Upper mountain forests, tall 

Native forests 

ranching areas 

kat,, nianiane 

~ 

Flanks of Mauna Kea and Mauna Loa 

Slopes of Mauna Loa and Hualalai; 

Reintroduced experimentally 
reintroduction on Maui 

Slopes of Mauna Loa, windward 

Migrates between islands 
and Kona coasts 

Coastal shoreline 

Higher elevations on north and south 

Upper forests of Mauna Kea and 

Widely scattered on Mauna Kea, 

Kona and Kau districts 

Mauna Loa 

Mauna Loa, and Hualalai 

i 

Dense mountain rain forest 

Mamane-naio foiests, Mauna Kea 

Mature ohia-lehua and koa forests 

with fern understory 

7000-9000 ft 

I '  : . 
I 

I 
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t h e  site. The 1976 population of t he  Is land of H a w a i i  was 76,600, which 

is equivalent t o  an o v e r a l l  population densi ty  of 7.5 persons per square 
kilometer (19 persons per  square mile), while t he  population densi ty  f o r  
t h e  Puna d i s t r i c t  was 6.4 persons per  square kilometer (17 persons per  

square mile) .6,12 

t h e  p ro jec t  s i t e ’ a n d  a l s o  about 1.6 km (1 mile) no r th  of the  site. 
neares t  occupied dwelling is in t h e  former development (Lei lani  Estates) 

and is located approximately 1.1 km (0.7 mile) southwest of the  site 
(Fig. 2.7). 
pro j ect si t  e. 6 

(Table 2.13). 
products such as sugar,  papaya, and macadamia nuts.  

c u l t u r a l  s ec to r ,  t h e  sugar indus t ry  is the  l a r g e s t  full- t ime employer, 

wi th  papaya second. 

provided by t h e  papaya, macadamia nut, and anthurium indus t r i e s  (Table 2.14). 
Unemployment rates i n  t h e  Puna d i s t r i c t  have been about 10% in  recent  

years,6 compared with a s ta tewide f i g u r e  af 7.4% i n  197S,24 

H a w a i i w i l l  increase  t o  115,000 to  137,000 ( a  50 t o  79% increase  over 

1976 t o t a l s )  and t h a t  t h e  Puna d i s t r i c t  w i l l  increase t o  8,400 t o  13,000 
(an 8 t o  67% increase over 1976). 
j e c t i o n s  reflects uncertainty of t he  f u t u r e  of ag r i cu l tu re  and tourism. 

The a b i l i t y  of e x i s t i n g  services t o  handle projected growth w i l l  depend 
l a rge ly  on the  geographical d i s t r i b u t i o n  of the growth, whether i n  popu- 
l a t i o n  centers such as Pahoa o r  in more remote areas. More cent ra l ized  

growth is expected t o  requi re  expansion of municipal water suppl ies  and 

i n i t i a t i o n  of sewage treatment, while o the r  services (e.g., schools, f i r e  

and po l i ce  services, and r ec rea t ion  f a c i l i t i e s )  are considered adequate 
i n  such places  as PahoaO6 

Res ident ia l  areas are under development immediately t o  the  west of 
The 

There are a dozen houses wi th in  1.6 km (1 &le) of the  

The l a r g e s t  employment s e c t o r  i n  the  Puna d i s t r i c t  is ag r i cu l tu re  
The manufacturing sec to r  includes processing of a g r i c u l t u r a l  

Within the  agri -  

S igni f icant  seasonal o r  part-time employment I s  

Project ions t o  1990 i nd ica t e  t h a t  t he  population of t he  County of 

Among o the r  f ac to r s ,  the range of pro- 
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Table 2.13. Employment (by sector) of Puna district residents 

Sector 

Agriculture 718 
Retaillwholesale trade 548 
Construction 502 
Service (including government) 467 
Manufacturing (including agricultural processing) 309 
Transportation, communications, utilities 228 
Finance, insurance, real estate 101 

12 Fishing, hunting - 
2885 

24.9 
19.0 
17.4 
16.2 
10.7 
79 
3.5 
0.4 

100.0 
- 

Source: RM. Kamins, Environmental Impact Statement for the 
Hawaii Geothemi  Research Station, Utiiking the HGP-A Well at Amcr, 
Islond of Hawaii, prepared for the Department of Planning and 
Economic Deveiopment, State of Hawaii, March 1978. 



63 

Table 2.14. Summary of employment statistics 
for major agricultural activities in Puna 

Employment 
Crop Seasonal or 

part-time Full-time 

sugar 428 
papaya - 265 227 
Macadamia 81 205 
Anthurium 95 235 
Other flowers 116 (County) 67 {County) 
Truck fanning 30 

Source: County of Hawaii Research and De- 
velopment Department and State of Hawaii Depart- 
ment of Agriculture, unpublished data, 1976. 

. .  
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3. POTENTIAL ENVIRONMENTAL IMPACTS 

The p o t e n t i a l  enviromental- impacts of the  proposed ac t ion  during 

the  construct ion and operat ion phases are evaluated as they relate t o  

geology, water and a i r  qua l i t y ,  water and land use,  h i s t o r i c  and 

archaeologic resources and n a t u r a l  landmarks, noise,  ecology, and 
socioeconomics . 
3 . 1  IMPACTS OF CONSTRUCTION 

The following sec t ions  consider the  environmental impacts of 
construct ion of the  parer  p lan t ,  a power l i n e ,  and various research 
modules. 

3.1.1 Geological impacts 

There w i l l  be  no geological  impacts during p l an t  construction. 

The lone production w e l l  has been completed and flow tested.  

usua l ly  be shu t  i n  during construction. 

f l a t  area so t h a t  excavation activit ies w i l l  no t  lead t o  massive s lope  

f a i l u r e .  

It w i l l  
The s i te  is i n  a r e l a t i v e l y  

3.1.2 Impacts on .air qua l i ty  

A i r  emissions d u r i  the  construct ion phase of t h e  pro jec t  w i l l  

emissions from diesel machinery and some f u g i t i v e  dust .  cons i s t  of ex 
Diesel emissions w i l l  be minor, i n t e rmi t t en t ,  and af sho r t  duration. 

They should be  r ead i ly  dispersed and should have no e f f e c t  on a i r  qua l i ty .  

The high p rec ip i t a t ion  and humidity should hold f u g i t i v e  dus t  and releases 
t o  a minimum. 

3.1.3 Impacts on water qua l i t y  and use 

No f r e s h  sur face  water o r  groundwater e x i s t  a t  the  site; hence, no 
- potable water of l o c a l  o r ig in  w i l l  be consumed during construction. Water 

f o r  construct ion purposes w i l l  be obtained from the  County publ ic  water 

67 
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supply system. 
ends near Lava Tree State Park, about 0.4 km (0.25 m i l e )  from t h e  con- 

s t r u c t i o n  area,l and water w i l l  be hauled from the re  by truck. 

A d i s t r i b u t i o n  l i n e  serving the  Pahoa community present ly  

There should be no s i g n i f i c a n t  e f f e c t  on groundwater qua l i t y ,  and 
the re  w i l l  be  no sur face  discharge during construction. 

construct ion waste f l u i d s  w i l l  be discharged i n  an approved s e p t i c  tank. 
Recent-age lava  flows are highly su i ted  f o r  use as s e p t i c  tank .dra in  
f i e lds .  

of, (1) the  r e l a t i v e l y  low rate of liquid-waste discharge and its d i l u t i o n  
by i n f i l t r a t i o n  of a s u b s t a n t i a l  amount of rainwater and (2) the  brackish 

na ture  of l o c a l  groundwater. 

Sani tary and 

Measurable degradation of water qua l i t y  is no t  expected because 

3.1.4 fmpacts on land use 

The HGP-A w e l l  s i te  cons is t s  of 1.7 ha (4.1 acres)  of land t h a t  is 

cu r ren t ly  occupied by a holding pond, a parking l o t ,  a geothermal w e l l ,  
and associated t e s t i n g  and muffling equipment, Because a l l  o n s i t e  con- 

s t r u c t i o n  activities w i l l  d i s tu rb  ground t h a t  w a s  covered by a 1955 lava 

flow (Sect, 2.4), t he re  w i l l  be no encroachment on valuable  a g r i c u l t u r a l  
land. 

Park; therefore ,  c o n f l i c t s  with r ec rea t iona l  uses of the  park are not 
an t ic ipa ted  . 

The p ro jec t  s i te  is not  v i s i b l e  from the  nearby Lava Tree S t a t e  

The land d i r e c t l y  across  t h e  Pohoiki Road from the  HGP-A w e l l  s i te  
is zoned r e s i d e n t i a l  and has been subdivided i n t o  home l o t s  (Fig. 2.7) ; 
however, t he re  are few residences within the  subdivision. 

house is 1.1 km (0.7 mile) from the  pro jec t  site, 

and the  at tendant  increase  i n  t r a f f i c  on the  Pohoiki Road could a f f e c t  

nearby residents .  

the  communities near the  w e l l  s i t e  should serve t o  minimize po ten t i a l  

con f l i c t s .  

The c loses t  

Construction activit ies 

Present ly  planned public information meetings involving 

The e n t i r e  Puna d i s t r i c t  i s  sparsely populated and e s s e n t i a l l y  ru ra l .  
The HGP-A w e l l  has a l ready somewhat changed the  r u r a l  o r  "natural" s e t t i n g  

of t he  immediate area. Even with mit igat ing measures such as attractive 

fencing and landscaping, construct ion of a p i l o t  power p l an t  a t  the s i t e  

w i l l  f u r the r  change the character  of the  area. The e f f e c t s  of commercial 
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development of the  geothermal resource would be even grea te r .  

HGP-A w e l l  power p lan t  and geothermal energy i n  Puna are perceived w i l l  

depend upon the  ind iv idua l  viewex. Publ ic  meetings involving the  l o c a l  

populace i n  the  e a r l y  s tages  of t h i s  geothermal pro jec t  should help t o  
ensure as few c o n f l i c t s  as possible.  

How the 

Construction of the  new power l i n e  w i l l  r equi re  extension of the  
u t i l i t y  rfght-of-way t o  5.15 m (17 f t )  beyond the edges of the  roads. 

Loss of developed r e s i d e n t i a l  land w i l l  be avoided by s t r ing ing  the l i n e s  

on the north s i d e  of the Pohoiki Road across  from the  Le i l an i  Estates 

l o t s  adjoining the  road, 

w i l l  be taken from the Nanewale Fores t  Reserve. 
Approximately 120 m (400 f t )  of right-of-way 

3.1.5 Impacts on h i s t o r i c  and archaeologic resources and 
n a t u r a l  landmarks 

There a r e - n o  sites of h i s t o r i c  o r  archaeologic value near enough 

t o  the  p ro jec t  s i t e  t o  be a f fec ted  by pro jec t  activit ies (Sect. 2.5). 

Since t h e  p ro jec t  s i t e  is s i t u a t e d  on a 1955 lava flow, construct ion 
activit ies are not  l i k e l y  t o  d i s tu rb  any archaeologic resources. There 
are no n a t u r a l  landmarks near the  si te (Sect. 2.5) 

3.1.6 Noise-related impacts 

There w i l l  b e  no add i t iona l  w e l l  d r i l l i n g  at t he  HGP site unless  t h e  
seepage pond's performance is unsat isfactory.  

during t h e  construct ion phase of t he  pro jec t  w i l l  be the  d i e s e l  con- 

s t r u c t i o n  machinery t h a t  w i l l  be  operated during normal working hours. 

Noise levels from heavy d i e s e l  equipment general ly  reach 85 t o  90 dB(A) 

a t  15 m (50 f t )  from the  sourceO2 

propagation, sound a t tenuat ion  by d is tance  should reduce these noise  

l e v e l s  t o  49 t o  54 dB(A) a t  t h e  neares t  residence (1.1 km (0.7 m i l e )  from 

the  s i t e ] .  
dences and atmospheric absorption should fu r the r  reduce these noise  l eve l s .  

The U.S. Department of Housing and Urban Development r a t i n g  system 

f o r  r e s i d e n t i a l  noise  levels categorizes  as "normally acceptable" noise  

levels i n  excess of 65 dB(A) f o r  less than 8 h r  in a 24-hr per iod .3  

The major source of noise  - 

Based on physical laws of wave 

Deflect ion by vegetat ion between the w e l l  s i te  and the resi- 



70 

The U.S. Environmental Pro tec t ion  Agency recommended maximum outdoor 

r e s i d e n t i a l  day/night no ise  level is 55 dB(A).3 

t h e  estimated n o i s e  levels resu l t ing .  from construct ion act ivi t ies  will be 

lower than 55 dB(A) and thus w i l l  f a l l  wi th in  both criteria. Because the  

noise  levels are su i t ab ly  low and because construct ion act ivi t ies  a t  t h e  

site are expected t o  last only a few months, noise  from projected con- 
s t r u c t i o n  is not expected t o  produce any long-term e f f e c t s  on nearby 

A t  t he  neares t  residence,  

res idents  . 
3.1.7 Ecological impacts 

For the  most p a r t ,  p ro j ec t  construct ion a c t i v i t i e s  w i l l  d i s tu rb  only 

terrestrial areas of t h e  pro jec t  s i te  t h a t  have already been cleared. 
Vegetation t h a t  may be  destroyed by add i t iona l  c lear ing ,  i f  any, w i l l  

cons i s t  of l i chens  and small oh& sapl ings on the  1955 lava flow. 
ea r ly  successional  h a b i t a t  surrounding the  site is not  s u i t a b l e  f o r  

endemic wi ld l i fe .  Construction of the  new transmission l i n e  w i l l  involve 

a small  loss of roadside vegetat ion consis t ing of mixed ohia woodland and 
numerous introduced weedy species.  Construction a c t i v i t i e s  and noise  may . 
disp lace  a few individuals  of t he  nearby introduced w i l d l i f e  species ,  but 

t he  t o t a l  number displaced will be small i n  r e l a t i o n  t o  the  populations 

present i n  the  surrounding hab i t a t s .  

does not  occur on o r  near t h e  s i te  (Sect. 2.7.2); therefore ,  the pro jec t  

w i l l  no t  a f f e c t  these species.  

The 

C r i t i c a l  h a b i t a t  f o r  endangered species  

3.1.8 Socioeconomic impacts 

Tota l  construct ion employment is no t  expected t o  exceed 25 persons 

a t  any one time, with e ight  t o  ten  persons being a more typ ica l  f i g u r e , .  

(Sect. 1.3.1). Host of t h i s  construct ion fo rce  will be  s k i l l e d  labor  
(employees of t h e  HGRS pro jec t  pa r t i c ipan t s ) .  

may be required,  but  t he  Puna d i s t r i c t  labor  pool, with its r e l a t i v e l y  

high unemployment rate (Sect. 2.8), is expected t o  accommodate t h i s  
demand. 

w i l l  probably commute from Hilo,  the  neares t  major c i t y .  

A few unski l led laborers  

Construction personnel not  a l ready r e s iden t s  of t he  Puna d i s t r i c t  

A s l i g h t  increase 

*. 
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i n  l o c a l  spending may r e s u l t  (e.g., f o r  grocer ies  o r  automobile f u e l ) ,  

but the  Hilo area would be expected t o  bene f i t  pr imari ly  from any employee 

spending. 
negl ig ib le  socioeconomic impact. 

Thus, p ro j ec t  canstruct ion employment w i l l  l i k e l y  represent  a 

3 . 2  IMPACTS OF OPERATION 
I , 

The following sec t ions  consider t he  environmental impacts of power 

generation and of t h e  operat ion of var ious research modules. 

3 . 2 . 1  Geological impacts 

Induced se i smic i ty ,  subsidence, and groundwater degradation are the 

i pr inc ipa l  geological ly  r e l a t ed  opera t iona l  impacts. Impacts on groundwater 
1 are considered separa te ly  i n  Sect. 3 . 2 . 3 .  Natural  geological phenomena 

such as earthquakes and volcanic  erupt ions are unplanned events and are 
considered i n  Sect. 3.4. 

The operar io  of t h e  HGRS is not  l i k e l y  t o  c se induced seismici ty .  - 
It is general ly  recognized t h a t  induce 

of waste f l u i d  a t  high pressure and high discharge rate.') 
e i smic i ty  is caused by r e i n j e c t i o n  

Combined 
~ 

discharge from t h e  w e l l  and cooling tower, however, is r e l a t i v e l y  small 
13.8 t o  6 . 3  Uterlsec (60 t o  100 gpm) 
f l o o r  of a seepage pond by grav i ty  flow. 

The low production rate [10.5 l i ter/sec (166 gpm)] from a s ing le  w e l l  and 

nd w i l l  i n f i l t r a t e  through the  

Subsidence is not  expected . -  to have a s u b s t a n t i a l  environmental impact. 

t he  na ture  of t he  reservoi r5  (pillow lava with f r a c t u r e  porosi ty  and 
hydropressure, as opposed t o  interbedded sedimentary rock w i t h  primary 

porosi ty  and geopres e )  suggest t h a t  subsidence w i l l  be minimal. 
subsidence d id  occur, t he re  would be  no s i g n i f i c a n t  e f f e c t  

on the  environment beyond the  HGRS boundary. Possible  e f f e c t s  of subsidence 
on HGRS f a c i l i t i e s  are t r ea t ed  as accidents  (Sect. 3 . 4 ) .  Subsidence 

- would not be harmful t o  the  surroundings because there is no surface 

drainage t h a t  could conceivably be  disrupted o r  ponded. 
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3.2.2 Impacts on a i r  qua l i t y  

During pro jec t  operation, a i r  qua l i t y  could be a f fec ted  by releases 
of noncondensible gases o r  b the r  cons t i tuents  of geothermal f l u i d s  i n t o  
the  atmosphere, 

re leased from t h e  cooling towers should not  s i g n i f i c a n t l y  a f f e c t  l o c a l  

air  qual i ty .  Chemical analyses of the  geothermal f l u i d s  were obtained 

during earlier flow tests a t  the  HGP-A site. 

t h a t  hydrogen s u l f i d e  (H2S) is the  only noncondensible gas present t h a t  
has a po ten t i a l  f o r  adverse e f f e c t s  on l o c a l  a i r  qua l i ty .  

is c lose ly  associated with volcanic a c t i v i t y  on the  Is land of H a w a i i ,  is 

a l s o  present i n  t h e  geothermal f l u i d s  a t  t h e  HGP-A site. 
s t i t u e n t s  of t he  geothermal f l u i d s  t h a t  could po ten t i a l ly  a f f e c t  a i r  q u a l i t y  

have been ident i f ied .  

Due t o  the  moderate and humid climate, water vapor 

These analyses ind ica t e  

Mercury, which 

No o ther  con- 

3 .2 .2 .1  Hydrogen s u l f i d e  

A i r  qua l i t y  e f f e c t s  of H2S are of concern a t  t he  HGP-A s i te  only i n  
r e l a t i o n  t o  its p o t e n t i a l  f o r  nuisance odor. 

from H2S occur only above 100 ppmO6 

unpleasant odor of H2S is de tec tab le  a t  atmospheric concentrations of 

approximately 30 ppb. 
f o r  exposure t o  H2S during an 8-hr working day is 10 ppmO6 Adverse e f f e c t s  

on s e n s i t i v e  species  of p l an t s  have been demonstrated a t  H2S concentrations 
above 300 ppb.’ 

Adverse human hea l th  e f f e c t s  

However, t he  c h a r a c t e r i s t i c  and 

The recommended maximum atmospheric concentration 

The p r e d r i l l i n g  a i r  qua l i t y  measurements a t  t he  HGP-A s i te  are 
The odor of H2S was not  de tec tab le  p r i o r  t o  de t a i l ed  i n  Table 2.4.  

d r i l l i n g ,  nor is the  odor de tec tab le  ( a t  present) when the  w e l l  is 
shut  in. 

the  w e l l ,  and nearby r e s iden t s  have complained of odor during some w e l l  

tests. 

With abatement, H2S emissions r e su l t i ng  from normal power p lan t  operations 

w i l l  be  an order  of magnitude less than those r e s u l t i n g  from w e l l  t e s t ing .  

Ambient H2S measurements recorded a t  the  HGP-A site during th ree  

However, during w e l l  flow tests, H2S odor is prevalent near 

Because of these complaints, an H2S abatement system is  planned. 

previous w e l l  flow tests are de ta i l ed  in Table 3.1.  
spheric  concentration measured during f lash ing  flow w a s  7 ppm (measured 

The highest  atmo- 

? 
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Table 3.1. Results of atmospheric H2 S measurements in the HGP-A I 
I site vicinity during three flow tests 
1 

Concentration 
(PPb) 

HGP-A well flow test 

1 
I 
I Flashing flow test (4 hr) on Nov. 3,19760 

In plume fl0 m (33 ft) from wellhead] 
In plume [ 100 m (328 ft) from wellhead] 
Outside plume (10 m (33 ft) from wellhead] 

Flashing flow test on Apr. 22-23, 1977b*c 
Directly over water outfall at well 

Downwind [30 m (98 ft) from well1 

Preflashing flow test on Feb. 2, 1978d 

3100 
800 
600 

7000 
lo00 
600 
300 

1700 
1300 
15 

Upwind [3 m (10 ft) from well] 

Downwind [ 110 m (361 ft) from well] 

Steam over weir box at well 
Well platform (in steam plume) 

Downwind [ 100 m (328 ft) from well] 
Downwind +90° [20 m (66 ft) from well] 

+ 

* Flashing flow test on Feb. 2,1978 First half hour Second half hour 
Steam over weir box at well 500-700 700-1000 
Well platform (in steam plume) 1 loo 700-900 
Downwind [ 100 m (328 ft) from well] 10-20 5-10 

. 

OSource: B1.-Siege1 and S.M. Siegel, “Geotoxicology, Task 4.1,” inPhase1I.I - WeN 
Testing and Analysis, Progress Report for the First Quarter of Federal FY77, Hawaii 
G e o t h e d  Project, University of Hawaii, Honolulu, 1977. 

IrSource: B.2, Siegel and S.M. Siegel, unpublished memorandum to Dr. John Shupe, 
Director, Hawaii Geothermal Project, Apr. 28, 1977. 

CAmbient concentrations were also measured in over 20 locations along the roads and 
in nearby subdivisions. AU measurements were below 200 ppb, which was the sensitivity 
limit of the instrumentation. The odor of H2S was detectable along the road to Cape 

- Kumuhaki up to 0.5 km (0.3 mile) from the site and dong the Pahoa Road up to 0.8 km 
(0.5 miie) downwind o f t  

dSource: BZ. Siegel 
Geotoxicity Phase 111, Supplement No. 5, Hawaii Geothermal Project, University of 
Hawaii, Honolulu, Feb. 8,1978. 

. Siegel, Aeromew of the Febmury 2, 1978 Flash1 
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just above the wellhead), which is below the recommended concentration 
for industrial exposure to H2S. Atmospheric concentrations of H2S fall 
off rapidly with increasing dlstaace from the well. .During flow tests, 

ambient H2S concentrations generally fell below 200 ppb beyond a few 
hundred meters from the well. 
concentrations were determined at 20 locations in the community surrounding 

the well site. Except in the immediate vicinity of the well, ambient 
H2S concentrations were between 30 ppb (odor threshold) and 200 ppb within 
0.8 km (0.5 mile) of the well. 
abatement should reduce these ambient levels by an order of magnitude 
[3 to 20 ppb within 0.8 km (0.5 mile) of the site]. 
immediate vicinity of the power plant, atmospheric H2S concentrations 
should not exceed the odor threshold of 30 ppb. 
operations should definitely not cause a nuisance odor at the nearest 

During the April flow tests, ambient H2S 

During normal power plant operations, H2S 

Except in the 

Normal power plant 

residence [1.1 km (0.7 mile) from the site]. 
and the abatement system are off line will H2S emissions approach the 
levels that occur during well testing. 
appropriate weather conditions, H2S odor may be detectable at nearby 
residences. 
and it is possible to partially shut in the well for extended power 
plant downtime. 

Only when both the turbine 

At these times and with the 

This set of circmstances is not expected to occur often, 

3.2.2.2 Mercury 

Environmental sampling for mercury was initiated in the earliest 
stages of the HGP-A project because of the toxicity of mercury and its 
known association with regions of volcanic activity. 
ambient air quality standards for mercury. The U.S.  Environmental Pro- 
tection Agency has suggested a maximum concentration of 1 ug/m3 for long- 
term exposure of the general public to atmospheric mercury.8 
American Conference of Governmental Hygenists has adopted a standard for 
the workplace environment of 50 ug/m3 of inorganic mercury in the 
atmosphere. 
2300 g/day, established for the chloro-alkali and mercury ore processing 
industries. a 

There are no Federal 

The 

The only point-source emission standard for mercury is 



7s 

J 

I 

I 

.' 

3 

Natural  thermal and volcanic sites on the  I s land  of H a w a i i  have 

been shown t o  exh ib i t  elevated atmospheric mercury concentrations.  lo  '' ' 
From 1971 t o  1976,- htmospheric-mercury was measured a t  a number of 

active volcanic  si tes i n  H a w a i i  Volcanoes National Park. The average 

mercury concentrat ion i n  80 samples from these s i tes  was 15 vg/m3 

( re fs .  12 and 13). 
i n  nonthermal regions of t h e  world are general ly  w e l l  below 0.1 ug/m3 

( r e f s .  14 and 15). Atmospheric mercury concentrations i n  excess of 
40 ug/m3 have been recorded at  two sites i n  H a w a i i  Volcanoes National 
Park.ll 

i n  Puna, 200 rcg/m3.0f mercury was measured ( the  highest  atmospheric 

concentration of mercury ever recorded on the  I s land  of H a w a i i )  l 3  

Sampling f o r  ambient atmospheric mercury w a s  i n i t i a t e d  a t  the 

Even though the  HGP-A s i te  is a t  least 10 km 

By cont ras t ,  ambient atmospheric mercury concentrations 

During a recent  erupt ion a t  Kalalua, along the  east r i f t  zone 

HGP-A s i t e  p r i o r  to  d r i l l i n g  the  w e l l  and has continued durfng w e l l  
t e s t i n g  (Table 3.1). 
(6.2 m i l e s )  from any known active volcanic s i t e  along the  east r i f t  
zone, t he  HGP-A site has a high mercury background. 

d r i l l i n g  a c t i v i t y  a t  the  si te,  atmospheric mercury levels of 1 1.1g/m3 

recorded on s i te  were well above those expected i n  nonvolcanic regions 

of the world. 

9.9 ug/m3 were recorded a t  t h e  site during a weU. f lash ing  test (Table 3.2). 
Although these  high values were i n i t i a l l y  a t t r i b u t e d  t o  the release of 
geothermal f l u i d s  containing mercury, i t  w a s  la ter  discovered tha t  

in tense  volcanic  a c t i v i t y  had been occurring a t  t h a t  time along t h e  east 
rift zone. 
t he  w e l l  was shut  i n  on many occasions when high atmospheric mercury 
l e v e l s  were recorded at the  HGP-A site.  
a t t r i b u t e d  t o  release of geothermal f l u i d s  i n t o  the  atmosphere. 

ind ica t ions  are t h a t  atmospheric mercury levels a t  the  HGP-A s i te  are 
determined by events t h a t  occur along t h e  east r i f t  zone. The r e s u l t s  

of extensive aerial and ground-level sampling along the  east r i f t  zone 

during the  erupt ion of Kalalua have been reported by B. 2. Siege1 and 

S. M. Siegel.13 

a c t i v i t y  i n  H a w a i i  a f f e c t s  atmospheric mercury l eve l s  a t  sites f a r  from 

the eruption. 

P r i o r  t o  any w e l l -  

I n  Ju ly  1976, atmospheric mercury concentrations of 

From t h e  r e s u l t s  provided i n  Table 3.2, it is evident t h a t  

The*high levels could not  b e  
A l l  

Their study subs tan t ia tes  t he  theory that volcanic  
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Tabie 3.2. Results of ambient atmospheric mercury sampling at the HGP-A site and at Sulfur Banks 

Date Well activity 
Total atmospheric mercury 

HGP-A Suifur Bank+ 

5-79  
5-76b 
6-24/2576' 
7-22-76' 
102 1-76' 
11-2-76' 
11-3-76' 
1 1-3-76' 
1 1-76' 
7-77c 
8- 1 2-77d 
9- 15-7@ 
9-3077d 
2-2-7ae 
2-2-7ge 

Predrilling 
Postdrilling 
Well flowing 
Flashing ( fust hour) 
Well shut-in 
Warmup phase of flow test 
Flashing flow (first two hours) 
Flashing flow (second two hours) 
Two weeks after well shut-in 
Weil shut-in (45 days before Kalalua eruption) 
Well shut-in (30 days before Kalalua eruption) 
Well shut-in (36 hr after Kalalua eruption) 
Well shut-in (1 7 days after Kalalua eruption) 

. Wellshut-in 
Well flashing 

1.1 i 0.58 
1.2 

<1 .o 
9.9 

16.1 
16-18 
18.0 
7.0 

13-29 
0.8 
0.5 
0.2 
4.5 
1.5 
1.6 

2.6 f 0.51 
53-10.0 

47.5 

1.4 
0.2 
1.1 

11.3 

=Sulfur Banks is an active, thermal site in Hawaii Volcanoes National Park. 
bSource: R.M. Kamins et al., Environmental Baseline Study for Geotherrnai Development in Puna, Hawaii, 

Hawaii Geothermal Project, University of Hawaii, Honolulu, September 1976. 
'Source: BZ. Siegel and S.M. Siegel, "Geotoxicology, Task 4.1," in Phase III - Well Testing and Analvsis. 

Progress Report for the First Quarter of Federal FY77, Hawaii Geothermal Project, University of Hawaii, Honolulu, 
1977. 

dSource: B.Z. Siegel and S.M. Siegel, Measurements at HGP-A During the Kalalua Emption of September 1977, 
Hawaii Geothermal Project Supplement, University of Hawaii, Honolulu, 1977. 

eSource: BZ. Siegel and S.M. Siegel, Aemmeny of the February 2. 1978 Flarhing, Geotoxicity Phase 111, 
Supplement No. S, Hawaii Geothermal Project, University of Hawaii, Feb. 8,1978. 

I- 

. 
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I n i t i a l  analyses of geothermal f l u i d s  brought t o  the  surface a t  t h e  
+ HGP-A s i te  yielded an average mercury content of 1.0 p g / l i t e r ,  with a 

maximum of 6.0 p g l l l t e r .  Later .samp.ling of the geothermal reservoi r ,  a t  

var ious depths,  measured t o t a l  mercury concentrations averaging less 

than 10.0 u g / l i t e r  a t  a l l  depths except 305 m (1000 f t ) ,  where t o t a l  mercury 

I ”  

I 

w a s  recorded a t  44.4 p g / l i t e r .  

44.4 p g / l i t e r  as a worst-case assumption and assuming that a l l  mercury i n  

Using the highest  concentration of 

t h e  geothermal f l u i d s  would be released t o  the  atmosphere, normal power 

p lan t  operat ions would r e s u l t  i n  release of approximately 40 g/day of 

Considering even the  most conservative meteorologic conditions,  the  release 

mercury. 

set by t h e  U.S. Environmental Pro tec t ion  Agency f o r  the  mercury industry.  

This is l e s s - t h a n  2% of t h e  mercury point-source emission standard 
8 

of 40 g/day of mercury would not  increase the  ambient atmospheric mercury 

levels a t  the  HGP-A s i t e  s u f f i c i e n t l y  t o  be d is t inguishable  above the  
ex i s t ing  background mercury levels. Release of mercury during operat ion 

of the p ro jec t  w i l l  not  a f f e c t  a i r  qua l i ty .  

.. 
3.2.2.3 Postoperat ional  ambient a i r  qua l i t y  monitorinq 

Monitoring of the  ambient a i r  f o r  H2S and mercury as w e l l  as f o r  
s u l f u r i c  ac id  (H2SO4), s u l f u r  dioxide (SO21 , and a r sen ic  w i l l  be conducted 

a f t e r  pro jec t  Operations commence. 

done a t  t h e  p ro jec t  boundary and a t  t he  neares t  residence. 
of t he  instrumentation w i l l  be 10 ppb of atmospheric H2S, which is s u f f i c i e n t  
t o  de t ec t  H2S before nuisance odor levels are reached. 

w i l l  be monitored on a weekly b a s i s  a t  30 si tes i n  the  area surrounding 

the  p ro jec t  sites. Disposable o r  mobile de tec tors  capable of  detec t ing  

concentragions as low as 30 ppb (near t h e  nuisance odor threshold) w i l l  be 

Continuous monitoring of H2S w i l l  be 

The s e n s i t i v i t y  

In  addi t ion,  82s 

used. 

Ambient measurements of atmospheric concentration of mercury, a rsen ic ,  

H2SO4, and SO2 w i l l  be made weekly a t  the p ro jec t  boundary (an 8-hr sample). 

The de tec t ion  limits w i l l  be  as follows: 

so2 10 PPb 
H2S04 0.1 mg/m3 

Tota l  mercury 0.1 ug/m3 

Arsenic (111) 5 PPb 
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3.2.3 Impacts on water qua l i t y  and use 

This sec t ion  addresses the  impact of production and i n j e c t i o n  of 

geothermal f lu id .  
whereas in j ec t ion  takes place i n  a shallow, unconfined aqui fe r .  

only reduces the  quant i ty  of ava i l ab le  groundwater suppl ies ,  but  i n j e c t i o n  
a f f e c t s  t he  qua l i t y  of those supplies.  

Productizn‘ takes place from a deep, confined aqu i f e r ,  
Production 

Production of geothermal f l u i d  w i l l  have no e f f e c t  on water use i n  

the  Puna d i s t r i c t .  
P. M. Rroopnick e t  al. t h a t  shallow aqui fe rs  ( p o t e n t i a l  suppl ie rs  of 

potable o r  a g r i c u l t u r a l  water) are not hydraul ical ly  connected with the  

geothermal resenroir .  l6 Furthermore, groundwater resources ‘ in  the  area 

are underut i l ized a t  present.  

because of low population densi ty ,  high r a i n f a l l ,  and general ly  poor-to- 
marginal groundwater qua l i t y  (as determined from nearby w e l l s ) .  . 

It is evident from the  geochemical inves t iga t ions  of 

Lack of demand f o r  groundwater may continue 

In jec t ion  of g e o t h e r k l  f l u i d  w i l l  take place i n  a shallow aqui fe r  

where groundwater resources could conceivably occur. 

follows considers t he  impact on water qua l i t y  of (1) poss ib le  nearby, 

undiscovered potable groundwater and (2) downgradient ex i s t ing  w e l l s  

t h a t  are s u i t a b l e  f o r  l imi ted  water uses .  

The ana lys i s  t h a t  

I f  there  is any potable o r  a g r i c u l t u r a l  groundwater i n  the  immediate 

v i c i n i t y  of the  seepage pond, it w i l l  be degraded. 

groundwater is present wi th in  a 4.8-km (3-mile) r ad ius , l  and its presence 
nearer the  s i t e  cannot be d e f i n i t e l y  excluded. 

shallow test holes  could be d r i l l e d  t o  evaluate  the  p o t e n t i a l  f o r  

degrading groundwater sources near the  s i te .  

Marginally s u i t a b l e  

Several add i t iona l  

The po ten t i a l  f o r  contaminating the  nearby ex i s t ing  w e l l s  cannot be 

assessed wi th ’ the  information present ly  avai lable .  I f  the  chemical com- 

pos i t ion  of the geothermal f l u i d  does not change during the  operat ion of 

the HGRS, dispers ion  through the  aqui fe r  (unquantif i ed  a t  present)  and 

i n f i l t r a t i n g  rainwater may adequately d i l u t e  the  r e l a t i v e l y  s m a l l  discharge 

from the  seepage pond [4.8 liter/sec (76 gpm)]. The r e s u l t s  of the 42-day 

flow test, however, showed t h a t  the  concentration of ch lor ide  ion  i n  the  

geothermal f l u i d  increased by about 25%, ’ 
encroachment may b e  taking place during r e se rvo i r  drawdown. 

implying t h a t  saltwater 
Uncertainty 

. 
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concerning the  chemical c h a r a c t e r i s t i c s  of t h e  geothermal discharge after 
prolonged flow and lack of da t a  r e l a t ed  t o  d ispers ion  c h a r a c t e r i s t i c s  

prevent an adequate ana lys i s  of . the  p o t e n t i a l  degradation of water qua l i t y  
i n  ex i s t ing  w e l l s .  

Per iodic  monitoring of water wells should be  required as long as the  

HGRS is operating. 

(Table 2.5 and Fig. 2.4). 
Baseline data f o r  t he  water w e l l s  are already available 

Increase i n  ch lor ide  concentration would be 

an exce l len t  ind ica tor  of contamination. 

Groundwater qua l i t y  could be protected by subs t i t u t ing  an i n j e c t i o n  

w e l l  f o r  the  seepage pond so t h a t  geothermal f l u i d  would be discharged t o  
a deeper and more brackish aquifer .  An i n j e c t i o n  w e l l  is ac tua l ly  being 

considered f o r  t he  HGRS i n  case the  seepage pond proves t o  be inadequate 

f o r  handling t h e  geothermal discharge. 

is considered i n  g rea t e r  d e t a i l  i n  Sect. 3 . 4 . )  
development of the Xapoho Geothermal F ie ld  (KGF) by p r iva t e  i n t e r e s t s  would 

r equ i r e  the  i n s t a l l a t i o n  of one o r  more in jec t ion . t se l l s .  

(Overflow from the seepage pond 
Future commercial-scale 

1 

3 . 2 . 4  Impacts on land use 

It is unavoidable t h a t  construct ion and operation of a geothermal 

power p l an t  w i l l  somewhat al ter the  r u r a l - n a t u r e  of the  surrounding region. 

Land-use c o n f l i c t s  with nearby r e s i d e n t i a l  areas have occurred during 
w e l l  t e s t i n g  as a . r e s u l t  of increased noise  levels and H2S odor. 
discussed i n  Sects. 3.2.2 and'3.2.6, normal power p lan t  operation w i l l  

g r ea t ly  reduce both noise  and release of H2S over the l e v e l s  experienced 

during w e l l  t e s t ing .  

t e s t i n g  would occur only when the  w e l l  is venting t o  the  atmosphere as a 
r e s u l t  of both the  H2S abatement system and the  turb ine  being-off  line:..' 

Major c o n f l i c t s  with nearby r e s iden t s  are not an t ic ipa ted  as a r e s u l t  of 
power p lan t  operation. 

could be a f fec ted  by operation of t h e  power p l an t  (Sect. 2.4). 
land a t  t h e  H a w a i i  Experimental S t a t ion  (0.8 lan (0 .5  m i l e )  from the  s i t e ]  

w i l l  not be a f f ec t ed  by cooling tower d r i f t  o r  H2S (Sect. 3.2.2). 

As 

Noise and E2S levels approaching those during 

There are no prime or  unique farmlands near  the  pro jec t  s i te t h a t  
Agr icu l tura l  
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The power p lan t  w i l l  not  be v i s i b l e  from the  nearby Lava Tree S t a t e  

Normally, a plume from the  cooling tower should not  be v i s i b l e .  Park, 

Only during unusually cool %eather should a plume be evident,  but topo- 
graphy and vegetat ion should hide the plume from park v i s i t o r s .  
construct ion of a new transmission l i n e ,  parallel t o  an ex i s t ing  l i n e  and 

crossing the  Pohoiki Road f i v e  times, w i l l  create a v i s u a l  c l u t t e r  t h a t  

w i l l  degrade the  area's a e s t h e t i c  character  bu t  should not  a f f e c t  use of 
the  area. 

The 

1 

3.2-5 Impacts on h i s t o r i c  and archaeologic resources 

A s  discussed in Sect. 3.1.5, t he  proposed 
impacts on h i s t o r i c  o r  archaeologic resources. 

3.2.6 Noise-related impacts 

TO date ,  t he  major source of noise  a t  the  

pro jec t  w i l l  have no 

HGP-A projec t  s i t e  has 

. 

been venting of t he  w e l l  during w e l l  tests. 

i n  measured noise  levels of 98 t o  101 dB(A) a t  15 m (50 f t )  from the 

venting w e l l .  l7 

l eve l s  recorded during w e l l  venting t o  approximately 85 dB(A) a t  15 m 
(50 f t )  from the  w e l l  and t o  74 dB(A) a t  the Pohoiki Road, 50 m (165 f t )  

from the  w e l l . ' 7  

noise t o  less than 50 dB(A) a t - t h e  neares t  residence. However, complaints 

of t he  low "jet roar" noise  during w e l l  venting are s t i l l  made by nearby 
residents .  These complaints probably arise from the  f a c t  t h a t  the low- 

frequency noise  r e su l t i ng  from w e l l  venting is r ead i ly  d i sce rn ib l e  over 

t he  low background noise  [probably less than.45 dB(A) i n  t h i s  r u r a l  

area] t h a t  cons i s t s  primarily of high-f requency sounds (e. g. b i rds  and 

in sec t s  singing and wind blowing). 

Init ial  w e l l  tests resu l ted  

Equipment modifications and mufflers have reduced noise  t 

Attenuation by d is tance  should reduce w e l l  venting 

Because w e l l  venting w i l l  be eliminated, noise  l e v e l s  during normal 

power plant  operat ion w i l l  be considerably lower than those produced 
during w e l l  flow t e s t s .  

only during periods when both the  turbine and the  H2S abatement system 

are off l i ne .  When t h i s  circumstance occurs, f u l l  w e l l  venting should 

last  less than one day u n t i l  t he  w e l l  can be p a r t i a l l y  shut  i n ,  

The w e l l  w i l l  be venting f u l l  t o  the  atmosphere - 
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The major source of noise during normal power p lan t  operat ion w i l l  

be the  cooling towers, which produce much lower sound l e v e l s  than a 

venting w e l l .  
of about 80 dB(A) a t  3 m (10 f t )  from the  towers. l8 

t o  less than 45 dB(A) a t  the  nearest residence. 

cooling tower is a l s o  d i f f e r e n t  from t h a t  produced by a venting w e l l ,  i n  

t h a t  cooling tower noise  cons i s t s  pr imari ly  of high-frequency " w h i t e "  

noise.  

than 45 dB(A)] is not  l i k e l y  to  be  d i sce rn ib l e  above normal background 

noise. 

A t yp ica l  cobling tow'er is expected t o  produce noise  l e v e l s  

This should a t t enua te  

Noise produced by the 

A t  t h e  nea res t  residence,  noise  from the  cooling towers [at  less 

3.2.7 Ecological impacts 

Habi ta t  f o r  endangered and/or endemic species  does not occur on o r  
near t h e  s i te ,  Col l i s ions  with the  new transmission l i n e  by t r ans i en t  

Hawaiian hoary b a t s  o r  Hawaiian hawks are unlikely.  

w i l l  no t  a f f e c t  these  important w i l d l i f e  species.  
associated with the  p ro jec t  operat ion could cause displacement of a f e w  
individuals  of t he  introduced w i l d l i f e  species  t h a t  occur near the  site. 
The number displaced w i l l  be small i n  r e l a t i o n  t o  the  populations i n  

nearby h a b i t a t  and should be of no s ignif icance.  

Pro jec t  operat ions 
Noise and a c t i v i t y  

Analyses of t h e  geothermal waters a t  the  HGP-A s i te  ind ica t e  t h a t  
t he  water is of r e l a t i v e l y  good qual i ty .  
content is approximately 2500 ppm. 

of d r i f t  e l iminators  on modern cooling*towers,  cont r ibu tes  t o  the  con- 

c lusion t h a t  salt d r i f t  from the cooling towers will be ins igni f icant .  

In any case, d r i f t  e f f e c t s  from the  cooling towers would be l imi ted  t o  
within a few hundred meters of the towers, thereby a f f ec t ing  only the  
ea r ly  successional vegetat ion on the  recent  lava flow. 

The t o t a l  dissolved-solids 
This f a c t ,  combined with the  e f f i c i ency  

Mercury releases 
from t h e  cooling tower should not cause a de tec tab le  increase i n  ambient 
mercury over the  present  high background concentrations caused by 

volcanic a c t i v i t y  on the  nearby east r i f t  zone (Sect. 3.2.2). 

s u l f i d e  emissions from power p lan t  operat ions w i l l  be w e l l  below the  

300-ppb threshold concentration f o r  e f f e c t s  on s e n s i t i v e  vegetat ion 

Hydrogen 

(Sect. 3.2.2). 
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3.2.8 Socioeconomic impacts 

Tota l  employment during operat ion of t he  research s t a t i o n  is not 
- .  . .  . expected t o  exceed two persons a t  any one t i m e  (Sect. 1.3.2). 

force  w i l l  probably cons is t  of  persons already employed by the  HGRS 

p ro jec t  pa r t i c ipan t s  and w i l l  not  represent  a demand on t h e  Puna d i s t r i c t  
l abor  pool. Members of t h e  small operat ion s t a f f ,  i f  not  a l ready res idents  

of t h e  Puna d i s t r i c t ,  w i l l  probably commute from Hilo, t h e  neares t  major 

c i t y ,  

grocer ies  o r  automobile f u e l ) ,  bu t  t h i s  would be  more l i k e l y  t o  occur i n  
t h e  Hilo area. 
represent  a neg l ig ib l e  socioeconomic impact. 

This work 

A s l i g h t  increase  i n  l o c a l  spending may r e s u l t  (e.g., f o r  

Thus, operat ion of the  research s t a t i o n  w i l l  l i k e l y  

The i n t e r e s t s  of na t ive  Hawaiians i n  geothermal development on the  

I s land  of H a w a i i  are cur ren t ly  being evaluated by DOE with respec t  t o  the  
proposed pro jec t ,  Several  discussions have been held between representa- 

t i v e s  of na t ive  Hawaiian groups and DOE i n  order t o  ensure t h a t  na t ive  

Hawaiian.concerns are known t o  DOE f o r  p ro jec t  planning purposes. 

expressed i n  formal presentat ions by na t ive  Hawaiian representa t ives  a t  the  

Geothermal Resources Council meeting i n  Hilo (July 1978, unpublished), 

t h e  p r inc ipa l  geothermal i ssues  are associated with a combined set of l e g a l  
and c u l t u r a l  re la t ionships  t h a t  determine ownership of the  geothermal 
resource and stewardship of a l l  n a t u r a l  resources. 
i n t e r e s t s  cen ter  on the  quest ion of "What is progress?" and are not  unique 
t o  geothermal development. The electrical production of the  DOE-supported 

p ro jec t  is r e l a t i v e l y  small, so t h a t  no s i g n i f i c a n t  impact on na t ive  
Hawaiian c u l t u r a l  i n t e r e s t s  is expected. 

As 

Other na t ive  Hawaiian 

A n e t  result of t h e  p ro jec t  is a decrease i n  the  dependence of t h e  
I s land  of H a w a i i  on f o s s i l  fue ls ,  which w i l l  po t en t i a l ly  manifest i t s e l f  
i n  small economic savings i n  electrical uses on the  Is land.  

3.3 SITE RESTORATION 

Decommissioning plans have not  been included i n  the  proposed 

ac t ion ;  however, a l l  construct ion a c t i v i t i e s  are e s s e n t i a l l y  revers ib le .  
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1 .  
I 

I . 

I f  required,  t he  generator could be removed; the  cooling tower and 

research modules could be  dismantled; and the  w e l l  could be  plugged and 
abandoned as i n  o i l -  w e l l  pfocedures: 

I n  the  humid, t r o p i c a l  climate of the  Puna d i s t r i c t ,  vegetat ion 

would r ees t ab l i sh  i t s e l f ,  subjec t  only t o  the  na tu ra l  cons t ra in t  of 

s o i l  development on the  recent  lava  flows. 

3.4 ACCIDENTS 

The ser ious  accident t h a t  i st  l i k e l y  t o  occur is an uncontrolled 

release of geothermal f lu id .  Release of f l u i d  may occur a t  the  wellhead 

(blowout), i n  t h e  wellbore, o r  i n  pipel ines .  Blowout-prevention equipment 
has been i n s t a l l e d  on the  HGP-A w e l l .  Nevertheless, malfunctioning 

equipment, human e r r o r  i n  judgment, or negligence occasionally leads t o  

blowouts. A blowout is most l i k e l y  t o  occur when a workover r i g  is being 
lace worn-out casing. Blowout can a l s o  occur i f  the casing 

ruptures  a t  a shallow depth. 

cont ro l led  by cement i n j e c t i o n  through d i r e c t i o n a l  r e l i e f  w e l l s .  
A blowout t ha t  occurs below ground can be 

This 
procedure, however, is of ten  expensive and t i m e  consuming; furthermore, 

t h e  r e s u l t s  may not  b e  sa t i s f ac to ry .  
Geothermalblowouts do not  car ry  the  r i s k  of f i r e  of o i l  f i e l d  

blowouts; neverthele  o handle because of t he  

e of superhea 
f ace  c ra te r ing ,  (2) contaminati t he  surface,  water, and 

am o r  hot 'water.  A blowout may r e s u l t  i n  

atmosphere, (3) excessive noise,  (4) w of geothermal energy, and 
( 5 )  i n ju ry  t o  personnel. Because of its h temperature, blow 

water could destroy ve 

probable area of d i r e c t  impact due t o  
about 4 ha (10 ac . Noise and H2S would affect a much wider 
area. 

Casing may rupture  during the  p r  ge as a r e s u l t  of 
(1) subsidence caused by withdrawal of f l u i d ,  (2) an earthquzke, 

(3) a lands l ide ,  o r  ( 4 )  corrosion. 

t h i s  s i te ,  and a lands l ide  w i l l  not occur. 
Induced seismici ty  is unlikely a t  

Subsidence is unl ikely 
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because of t h e  na ture  and depth of t he  reservoi r ,  

i n s t a l l a t i o n  of a f l e x i b l e  j o i n t  between the  w e l l  casing and t h e  p ipe l ine  
a t  t h e  sur face  w i l l -  prevent- rupture  i n  rase subsidence does occur. l 8  The 

most l i k e l y  causes of casing f a i l u r e  are n a t u r a l  se i smic i ty  and corrosion. 
Cement packing around the  casing is intended t o  contain the  f l u i d s  i n  t h e  
event of a casing f a i lu re ;  however, l a rge  displacement along a f a u l t  may 

rupture  the  cement packing as w e l l .  

water w i l l  decompose most cements a f t e r  a period of t i m e .  

ruptures  i n  a groundwater aqui fe r  and the  r e se rvo i r  f l u i d  is steam-flashed, 

groundwater contamination and waste of geothermal energy w i l l  occur. 
rupture  takes  place in t he  cap rock o r  reservoi r ,  l i t t l e  o r  no damage 

t o  the  environment o r  waste of energy w i l l  r e s u l t ,  but  t h e  w e l l  would have 

t o  be recompleted. 

Nevertheless, t he  

Furthermore, ho t  and a c i d i c  brackish 
I f  t h e  casing 

If 

Ruptured geothermal p ipe l ines  may cause in tense  but  b r i e f  sur face  
s p i l l s .  

of ruptur ing a pipel ine.  

prevent escape of f l u i d  i n  case the  inner w a l l  ruptures.  
ou t  and a ruptured w e l l  casing may be d i f f i c u l t  t o  br ing  under control ,  
p ipe l ines  can be  i so l a t ed  by shut t ing  i n  the  w e l l  and closing down the  
generating plant .  

Thermal expansion j o i n t s  are i n s t a l l e d  t o  reduce the  p o s s i b i l i t y  

The more cri t ical  l i n e s  can be double-walled t o  

Although a blow- 

Overflow of t he  seepage pond could r e s u l t  i n  a temporary sur face  

discharge of geothermal f lu id .  

than 1 ha (2.5 acres) because of t he  high i n f i l t r a t i o n  and r e l a t i v e l y  low 
discharge rates. It is ant ic ipa ted  t h a t  s i l ica  w i l l  p r e c i p i t a t e  on the  

bottom of the seepage pond. Per iodical ly ,  encrusted silica w i l l  be 
removed with a backhoe from the  bottom of the  bas in  t o  prevent the  i n f i l -  

t r a t i o n  rate from f a l l i n g  below the-discharge rate. 

The af fec ted  area would probably be less 

I f  s i l i ca  deposi t ion 
proves t o  be  a ser ious  problem, the  seepage pond w i l l  have to  be  enlarged 
o r  an in j ec t ion  w e l l  w i l l  b e  required. 

t h a t  an in j ec t ion  w e l l  would be required in case of fu l l - sca le  f i e l d  

development ( severa l  production w e l l s ) ,  i t  is  believed t h a t  a seepage 
pond w i l l  be  adequate t o  handle the  low discharge rate from the  HGRS. 

While i t  is general ly  recognized 

F 
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I f  a volcanic  erupt ion occurred along the  east r i f t  of Kilauea and 

lava inundated t h e  s i te ,  t h e  e f f e c t s  -of the lava flow would be f a r  more 

damaging t o  t h e  immediate surroundings than an uncontrolled r e l ease  from 

t h e  w e l l .  There might be a long t i m e  i n t e r v a l ,  however, before  the  w e l l  

valves below ground l e v e l  and covering them.19 

w e l l  i n  t h i s  manner is probably impract ical ,  but  a lava-diversion b a r r i e r  

might o f f e r  adequate pro tec t ion  aga ins t  a blowout. 

Macdonald estimates t h a t  t h e  chance of inundation by lava i n  the  east 
r i f t  of Kilauea is 4% during t h e  operat ional  l i f e t i m e  of the  w e l l  
(30 years)  l9 While the  wellhead can be protected,  t he  generating p l an t  
and research modules would be destroyed, unless located on h i l l s  where 
inundation is near ly  impossible.19 

c lose  proximity t o  the  wellhead negates t h a t  option; therefore ,  a 
lava-diversion b a r r i e r  appears t o  be the  only a l t e r n a t i v e  mit igat ing 

measure f o r  .both t h e  wellhead and the  i n s t a l l a t i o n s  t h a t  surround it. 
Unfortunately, lava-diversion b a r r i e r s  are not  always as e f f e c t i v e  as 

- 

1 -  . 
I 

' cou ld  be reckpped. G. A.  Macdonald suggests loca t ing  cr i t ical  wellhead 

Recompleting the  HGP-A 

The g r e a t e s t  volcanic  r i s k  is the  des t ruc t ion  of t he  research s t a t i o n .  

The need t o  loca t e  the  s t a t i o n  i n  

I - 
* containment devices. Strong earthquakes always precede and accompany 

P 

a volcanic  erupt ion,  so t h a t  s t r u c t u r a l  damage is l i k e l y  t o  occur even i f  

inundation by lava does not. 
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4. COORDINATION WITH FEDERAL, STATE, AND LOCAL PLANS 

Because of Federal, S c a t e ;  -and local involvement in planning and 
funding of the HGP, no conflicts with plans appear t o  exist. 
of Hawaii has prepared an Environmental Impact Statement for the power 
plant project, 
been received and published in the Final Environmental Impact Statement 
issued by the State. 
The following Federal and State agencies were also contacted during 
preparation of this Environmental Impact Assessment: (1) the U.S. Soil 
Conservation Service and (2) the County of Hawaii. 

The State 

Comments from a number of Federal and State agencies have 
' 

No major conflicts with agency plans have surfaced. 

c 
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5 ,  ALTERNATIVES 

I 

I 

, 1 

- c  

c 

c 

. 

_- 
This sec t ion  .-&dresses okher nonconventional a l t e r n a t i v e s  t o  f o s s i l  

f u e l  energy resources,  as w e l l  as d i f f e r e n t  site and design geothermal 

a l t e rna t ives .  

5.1 PROJECT ALTERNATIVZS 

The o v e r a l l  ob jec t ive  of H a w a i i ' s  S t a t e  Energy Program is t o  reduce 
petroleum imports per  cap i t a  as rap id ly  as possib1e.l The County, State, 

Federal, and p r i v a t e  funds appropriated f o r  t he  Hawaii  State Alternative' 
Energy Program from 1972 ~ 

strations and biomass have the most support from the  p r i v a t e  sec tor .  

biomass pilot pro jec t  (molasses t o  alcohol) on Uui is in the  planning 
stage.  

and a g r i c u l t u r a l  waste products are under way. 
of s o l a r  and biomass energy seems to be assured. 

is projected that biomass will accdunt f o r  30% of t h e  S t a t e ' B  energy 
requirements. Ocean Thermal Energy Codversion (OTEC) technology has not 
developed s u f f i c i e n t l y  t o  warrant fundin of p i lo t - sca le  pro jec ts .  Most 
research t o  da t e  involves bench-scale heat  exchangers, biofouling, and 
salt-scale i n h i b i t o r  experiments. 

1977 are l i s t e d  in Table 5.1. Solar demon- 
A 

Numerous o ther  biomass p ro jec t s  involving sugarcane, corn, a lgae,  
Future p r iva t e  development 

By the  year 2000, it 

1 

The technology exists fo r  the conversion of geothermal energy t o  

electrical power, 

of geothermal energy is the high f i n a n c i a l  risk involved i n  successful ly  

completing a production well. 
pi lo t - sca le  development of.  the  successful  HGP-A.production w e l l .  

nonconventional energy a l t e r n a t i v e s  t i t h e r  are successful ly  competing 

f o r  support from t h e  p r i v a t e  sec to r  o r  are not being developed because 

the  technologies are not s u f f i c i e n t l y  advanced t o  warrant the  construct ion 
of p i l o t  o r  demonstration f a c i l i t i e s .  

na t ive  energy resources will have t o  be developed in order t o  meet the  
objec t ive  of the  State Energy Program. Abandonment of support f o r  the 

HGRS would be a ser ious  impediment t o  achieving t h a t  object ive.  

The p r i n c i p a l  impediment t o  t h e  private development 

The tLme appears t o  be r i g h t  f o r  the  
Other 

It is  t h e  considered judgment of program developers that a l l  alter- 
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Table 5.1. Hawaii State Alternative Energy 
Program funding - 1972 to 1977 

Cumulative funds 

Total Private sector 
Subprogram (millions of dollars) 

Geothermal 6.7 
Solar demonstration 2 -7 
Soh-wind 13 

Biomass 1.1 
Energy systems 0.3 

0.7 Operations and facilities 
14.1 

OTEC technology 1.3 

- 

0.144 
1.022 

0.005 
0.336 
0.035 . 

- 
1.542 

Source: Energy Resources Coordinator, 2977 
Annual Report, Department of Planning and Eco- 
nomic Development, State of Hawaii, Honolulu, 
February 1978. 

* -- 
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The Department of Planning and Economic Development forecasts that 7% 

of the State's energy requirements w i l l  be supplied by geothermal resources 
by the year 200OOr . - -  . .  

. f  . 

c 

i. 

" 

c 

5.2 SITE AND DESIGN ALTERNATIVES 

5.2.1 Site alternatives 

Site alternatives were limited by a number of factors. Site selection 
for the HGP-A well was based on two years of geophysical exploration, 
geothermal test holes, and negotiations for land acquisition.2 The 
exploration effort was limited by time and funding constraints and by 
inaccessibility to remote areas. 
test holes on the southwest rifts of Mama Loa and Kilauea as well as 
on the present site was abandoned for lack of funds. 
resources are available only in the younger rift zones of Hawaii 
(Sect. 2,1.3).3 
Volcanoes National Park, where land development is prohibited by law. 2 ,  

Hence, most of rhe exploration effort was concentrated east of the park 
along the more readily accessible east rift zone of Kilauea (Fig. 1.1). 
Negotiations for the most promising site (based on geophysical evidence) 
were unsuccessful. 
prime alternative .site. 

There is no reasonable alternative location for the HGRS.2 The 
successful completion of the HGP-A well dictates the location of the 
research station because $t would be costly, inefficient, and environ- 
mentally disruptive to transmit the steam and hot water over any diatanceO2 
Developipg a new production well at another sire might be a less costly 
alternative, but a risk of failure exists that could force a return to 
the original site. 
used in the development of the HGP-A well would never be recovered, 
except through its sale to commercial interests. 
would inevitably lead to greater environmental impact. 

The original proposal t o  drill production 

Low-risk geothermal 

Substantial lengths of these zones lie within Bawaii 

Land was finally acquired for the HGP-A well at a 

Even if a new production w e U  were successful, funds 

Private development 
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5.2.2 Design a l t e r n a t i v e s  

The major HGRS design a l t e r n a t i v e s  are concerned with power p l an t  
.- - 

operations. 

commercial hydrogen s u l f i d e  (H2S) abatement technology, tu rb ine  se l ec t ion ,  
and t h e  design of an inexpensive electrical load-dissipation bank. 

thermal steam’ before it en te r s  t he  power p l an t  , t he  commercial technology 

ro accomplish this does not ye t  exist. 

These a l t e r n a t i v e s  include the  se l ec t ion  of an acceptable . 

Although p ro jec t  planners would p re fe r  t o  scrub H2S from the  geo- 

Downstream removal of E2S using an i ron  c a t a l y s t  system o r  a 
S t r e t fo rd  process is l i k e l y  for- t he  BGRS power p l a n t .  
t he  two processes was  made in t h e  HGRS proposal t o  DOE on April 6, 1977. 
Overall, a power plant using an i ron  c a t a l y s t  system would be less 

expensive but not as e f f e c t i v e  o r  r e l i a b l e  as a power p l an t  using a 
St re t fo rd  process for H2S abatement. 

A comparison of 

Turbine se l ec t ion  is another possible  HGRS power p l a n t  design 

a l te rna t ive .  Three turb ines  are being considered: (1) an advanced 
wellhead turbine,  (2) a modified Westinghouse turb ine ,  and (3) a surplus  

U.S. Navy turbine. 
generating a va r i ab le  net power output of 2 t o  3 MWe and would allow the  

most e f f i c i e n t  and f l e x i b l e  use of t h e  geothermal f l u i d s  by the  HGRS, 

The modified Westinghouse turbine would be capable of generating a f ixed  

n e t  power output of 2 Mwe and a var iab le  amount of geothermal f l u i d s ,  

depending on the  production characteristics of the  HGP-A w e l l .  
o ther  turbines ,  t h e  surplus  ~ v p  turbine would operate  in a noncondensing 
mode f o r  sho r t  periods. 

exhaust of the  MW turbine will militate against  its se l ec t ion  f o r  t he  

The advanced wellhead turbine would be capable of 

Unlike the  

The nuisance value of the  H 2 S  re leased in t he  

HGRS. Power generated by the  navy turbine would be d iss ipa ted  a t  the  site. 
A less s i g n i f i c a n t  HGRS power p lan t  design alternative involves the  

o n s i t e  d i s s ipa t ion  of excess electrical power. 

will be sen t  t o  load-dissipation banks t h a t  consume the  power in r e s i s t o r s  

o r  by boi l ing  excess geothermal l iqu ids .  

Excess electrical power 

Trade-off s tud ie s  are cur ren t ly  under way f o r  a l l  t he  power p lan t  

design alternatives mentioned, and a complete conceptual design of the 

EGRS power p l an t  is due later this year (1978). 
operation is presented in Sect. 1.3. 

A descr ip t ion  of power p l an t  

c 

4 
, 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

P. 0. BOX 50004, H ~ o l u l U , - H I  -96850- - 

Mr. B i l l  Staub 
Oak Ridge National Laboratory 
P. 0. Box X 
Oak Ridge, TN 37830 

October 11, 1978 

Dear Mr. Staub: 

Subject: Agricul tural  Lands of  Importance t o  the S t a t e  of  Hawaii 

The at tached map shows prime and other  important ag r i cu l tu ra l  lands of 
statewide o r  local importance around a 3-mile radius  of the  geothermal 
well i n  Puna, Hawaii. Most of 
the area is i n  ohia f o r e s t .  Some sugarcane is  grown between Pahoa and 
Kaniahiku Village.  The University Experiment S t a t i o n  conducts tests on 
orchard crops such as macadamia nuts,  guava, and papaya. 

Also attached is a b u l l e t i n  by the  S t a t e  Department of Agriculture t h a t  
defines prime and other  ag r i cu l tu ra l  lands i n  Hawaii. 

There are no unique lands i n  this area. 

Sincerely,  

[Jack P. Kana12 2 
S t a t e  Conservationist 

Attachments 
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I 




