
. 
t DOE/EA-O07 1 

4 
$ t  

ENVIRONMENTAL ASSESSMENT 

Hydrothermal Geothermal - 

Subprogram 

Hawaii Geothermal- Research Smtion 
Hawaii County,. Hawaii L1 ' 

. June 1979' 

- -  U.S. DEPARTMENT OF ENERGY 
Assistant Secretary for Energy Technology 

- 
Washington,. DC 20545 ____- 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



i 



SUMMARY 

This environmental impact assessment addresses the design, 
construction, and operation of an electric generating p lan t  (3 t o  4 We) 
and research s t a t i o n  [ H a w a i i  Geothermal Research S ta t ion  (HGRS)] in the  
Puna d i s t r i c t  on the  fs land of Hawaii .  The f a c i l i t y  will include cont ro l  
and support buildings, parking l o t s ,  cooling towers, s e t t l i n g  and seepage 

ponds, the  generating plant ,  and a v i s i t o r s  center. 
a t  the  f a c i l i t y  will evaluate the  a b i l i t y  o f  a successfully f l o w t e s t e d  
w e l l  (42-day flow test) t o  provide steam. f o r  power generation Over an 
extended period of time (two ykars). 
ities may include d i r e c t  heat appl icat ions such as aquaculture and the  

e f f e c t s  of geothermal f l u i d s  on various p lan t  components and spec ia l ly  
designed equi?mnt on test modules. 

of t he  f a c i l i t y  will require  the disturbance of about 1.7 ha (4.1 acres). 
h’o fu r the r  disturbance i s  ant ic ipated,  unless it becomes necessary t o  
replace the  seepage pond with an i n j ec t ion  w e l l ,  because the  productiao. 
w e l l  is in service and adjacent roads and transmission lines are adequate. 

Disruption of competing land uses will be minimal, and loss of w i l d l i f e  
hab i t a t  w i l l  be@ceptab$ Noise should not s ign i f i can t ly  a f f e c t  
w i l d l i f e  and l o c a l  res idents ;  the  most noisy activities ( w e l l  d r i l l i n g  
and flow testing) have been completed. 

Research activities 

In fu tu re  expansion, research activ- 

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

< 

Water use during construction 

economic impacts w i l l  be small because the  pro jec t  will not employ a 

large number of local res idents  and few construction workers will need 
t o  f ind  local housing. 

the  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, plants ,  o r  wild- 

Ufe. Repugnant, odor-producing, hydrogen su l f ide  (H2S) emissions would 
occasionally be detectable  to nearby residents ,  but only under a combina- 
cion of unfavorable conditions ( w e l l  venting under poor c l imat ic  conditions 

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

H2S abatement equipment). However, under these conditions, t h e  w e l l  w i l l  

Routine operat ional  e f f e c t s  wwld also be minor. Air pol lu t ion  by 



be vented go t he  emergency H2S abatement equipment (hydrogen peroxide 

system). 
of h j e c t i o n  are mare problematical.. 
research s t a t i o n  are prepared t o  replace t h e i r  proposed seepage pond 

with a deep in jec t ion  well. 
seepage through the  s e t t l i n g  pond could contaminate ex i s t ing  potable 
water supplies, injection i n t o  a deep aquifer  would reduce the  l ikelihood 
of contamination. Shallow aquifers  w i l l  be monitored f o r  evidence of 
contadnation. 

The e f f e c t s  of water withdrawal will  be minimal but the  e f f ec t s  
If necessary, the operators of the  

While there  is a remote p o s s i b i l i t y  tha t  

Operation of the  f a c i l i t y  may bring a few new residents  t o  Eilo,  
Hawaii, but the impact on the  socioeconomic character of the  Puna d i s t r i c t  
is not expected t o  be s ignif icant .  
an interest i n  preseming t h e i r  primitive cu l ture  and na tu ra l  surroundings 
and may v i e w  this project  as a po ten t i a l  i nd i r ec t  threat t o  their environ- 
ment. Such opposition is not unique t o  projects  such as the  HGRS. 

Some nat ive  H a w a i i a n s ,  however, have 

The most l i k e l y  accident resu l t ing  from operation of the  f a c i l i t y  is 
uncontrolled release of geothermal f luids .  Such a release may be due t o  

pipel ine rupture, f a i l u r e  of the  w e l l  casing, or  l o s s  of control  a t  the  
wellhead (blowout). The latter type of release is unlikely because the 
only planned production w e l l  has been successfully completed. 
hood of destruction of the research s t a t i o n  by volcanic eruption during 
its -year operating l i f e  is believed t o  be less than 1%. 

The l i k e l i -  
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1. DESCRIPTION OF THE PROPOSED ACTION 

Over'SOX of the energy-used in H a w a i i  is supplied by imported 

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

heightened awareness of Hawaii's dependence on petroleum supplies from 
unrel iable  sources and the  impact of t he  increasing cost  of those supplles. 
In zesponse, an e f f o r t  has been made t o  ident i fy  and develop energy 
supplies indigenous t o  Eawaii. 
so l id  waste and biomass fue ls ,  ocean thermal and geoihermal energy. 

domestic hot water and process heat,  but geothermal electrical power is 
t he  l a r g e s t  po ten t i a l  source of energy f o r  H a w a i i .  In i t ia l  exploration 
on the  Is land of E a w a i i  ind ica tes  t h a t  economically exploi table  geothermal 
reservoirs ,  characterized by r e l a t ive ly  high temperatures and pressures, 
exist. 
uses of t he  geothermal energy by conducting experimental tests of 
electrical power and nonelectr ic  applications.  

These include s o l a r  and wind energy, 

Solar heaters  and biomass fue l s  are now providing l imited energy for 

A test f a c i l i t y  I s  planned that will investigate the  po ten t i a l  

The.&& Geothermal Project- (HGP) is a coordinated research e f f o r t  
f of the  University of Hawai i .  It is funded-by the  State and County of 

E a w a i i  and by t he  US. Department of.Energy (DOE). 
i n i t i a t e d  in X973 in an e f f o r t  t o  ident i fy ,  generate, and promote t he  
use of geothermal energy on the  Is land of Hawaii .  

A number of &ages were involved as the project  developed: 
(1) exploration (surface methods), (2) test d r i l l i n g ,  (3) w e l l  completion, 
(4) extended flow tes t ing ,  and (5) construction of the Hawaii  Geothermal 
Research S ta t ion  (HGRS). The continuous flow-testing stage was com- 

pleted in t he  f i r s t  half of l977, an act ion that was the  subject  of an 
earlier enviroru;lental impact assessment (EIA).l 
indicated that a subs t an t i a l  geothermal resource exists. 

The pro jec t  was 

The results of these tests 

Accordingly, funds f o r  construction of the  research s t a t i o n  were 
made available,  pending t h e  favorable outcome of Federal, State, and 

Co'mty l icensing actions. 

of the corumitmenc of Federal and State funds t o  The project.  

describing the  e x i s t i n g  environmental s e t t i n g  of the  d r i l l i n g  s i te  and 

Federal and State EIAs are required because 

Invest igat ions thus f a r  concluded have provided i n i t i a l  baseline data 

1 
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v i c i n i t y  before d r i l l i n g  w a s  begun. 
the d r i l l i n g  phase and flow-testing operations so that changes t o . t h e  
environs of the  immediate d r i l l i n g  area could be detected. This type 

of comparative data is essential t o  the  development of mitigating measures 
t h a t  w i l l  provide f o r  environmentally acceptable operations of the  HGRS, 

The purpose of this DOE-sponsored assessment is t o  describe t h e  

Data gathering continued throughout 

activities and po ten t i a l  impacts associated with the  construction and 
operation of t he  HGRS ( the culminating phase of the  HGP), 

1.1 SITE LOCATION 

The E a w a i i  Geothermal Project w e l l  (EGP-A) is located in the  Puna 
district on the  southeast s i d e  of the Island of Hawaii (Fig. 1.1). 
represents about 15% of the land area of the  Island. The site (Fig. 1.2) 
is about 6.4 km (4 miles) east-southeast of the  town of Pahoa, adjacent 
co the  Pahoa-Pohoiki Road (19a28'30''N by lS4°53'30''W). 

. The Pu'u Honualoa volcano is about 1.2 fcm (0.75 mile) northeast  of 
the site &d is eas i ly  v i s i b l e  from the site; the  Pu'ulena, P a d ,  and 

Kahuwai craters are located a t  about the same distance south of t he  site. 
Lava Tree State Park is 1.6 hn (1 mile) north of the site, and a 
University of Hawaii Experimental Stat ion is located 1.6 Ian (1 mile) 
south of t he  site. 

Puna 

. 

1.2 PRIOR GEOTBERMAL DEvEtOPMENT 

Dri l l ing  for geothermal energy began on the Island of Hawaii in the 

ea r ly  1960s. 
depth up t o  305 m (1000 f t ) .  
recoverlng steam. 

Four w e l l s  were d r i l l e d  in the  Puna region, ranging in 
None of these wells were successful in 

The HGP-A w e l l  was d r i l l e d  in April  1976. This w e l l  was completed 
t o  a depth of 1967 m (6453 f t ) .  
(678'F) was recorded, making i t  one of the ho t t e s t  geothermal wells in 
the  world. 

a 19.4-a (7-5/8-in.) s l o t t e d  liner was placed from the lower end of the 

casing t o  the  bottom of the holeO2 

A bottom-hole temperature of 358OC 

Surface casing w a s  set t o  a depth of 692 m (2270 ft), and 
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K I LOMETER S 

Fig. 1.1. Location of EGP-A w e l l  within Puna district of the Island 
R. M. B;amins, Enviromnentot Impact Statement f o r  tke of Hawaii. 

Bmcii Geothermat Reseurch Station Utilizing the EGP-A Welt a t  Ptouz, 
I s Z d  of Hmii, prepared for the Department of Planning and Economic 
Development, State of 'tlawaii, 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 l l  took place in July 1976, and 

ful l -scale  flow t e s t ing  was completed by mid-1977. 

continuous, wide-open discharge through a 7.6-cm (3-in.) o r i f i c e ,  this 
w e l l  was producing 37,800 kg/hr (83,400 lb/hr)  of s t e a m  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 qual i ty  was between 60 and 7 0 L 2  Approximately 3.5 MW of electrical 
power (30 MW of thermal power) could be supplied from this w e l l ,  depending 
on t he  s i z e  of the or i f ice .  
temperatures is ava i lab le  (Table 1.1) . 

After 42 days of 

The enthalpy of the w e l l  was 494 cal /g  (890 Btuilb). The 

A wide range of operating pressures and 

The w e l l  is located on a 1.7-ha (4.1-acre) s i t e  that is v i r t u a l l y  
undeveloped (except f o r  the w e l l ) .  

f a c i l i t i e s  that were installed fo r  the flow test. 
encloses a small area surrounding these ins t a l l a t ions ,  but the rest of 

the si te is not fenced (Fig, 1.4). 
(10 x U f t ) ]  was excavated t o  a depth of about 1.5 m (5 f t )  t o  co l l ec t  
and dispose of f l u i d  produced during the  flow test. Virtually all t he  
f l u i d  was discharged underground by seepage through,scoriaceous basa l t  
and lava tubes on and beneath the  f loor  of the  p i t s 4  

evidence of previous a c t i v i t y  is a holding pond 10.68 x lo6 l i ter  
(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). 
men= has a synthetic (butyl) liner and is surrounded by a dike con- 
s i s t i n g  of ea r th  f i l l .  
subs t an t i a l  ~ m ~ u n t  of srandiag rainwater in the  i m p o ~ d m e n t . ~  

Figure 1.3 is a diagram of exis t ing  
A cyclone fence 

A s m a l l ,  unlined p i t  [3  x 5 m 

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

This impound- 

Although the liner leaks,  there  is usually B 

1.3 PROJECT DESCRIPTION 

A s ing le  geothermal w e l l  (HGP-A) w i l l  provide geothermal f l u i d s  t o  
the  HGRS. 

f o r  a l o c a l  u t i l i t y  and w i l l  test experimental power and nonelectr ical  
applications of geothermal f luids .  

The p l a n t  is scheduled f o r  shutdown two years a f t e r  s tar tup.  

This f a c i l i t y  w i l l  generate 8 smal l  mount of electrical power 

Recent project  schedules c a l l  for plant startup in early 1980. 
Power p l a n t  
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Table I . I .  HCP-A wellhead conditions and produced fluid characteristics 

Esti111ated 
electrjcal 

power output 
MWe 

Wellhead 

(10) kg/lir) (I@ Ib/h) (IO3 kdW (10' Ib/Ilr) (st) (103  IoceF,I 

Wellhead 
pressure temperature 

Steam 
quality 

Steam flow rate Total iiiass flow Orifice 
sire 
(cm) 

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 ( 3 0 )  3.4 
10.2 42.2 93 30.0 66 . 64 6'90 100 I70 (3311) 3.5 
7.6 40.4 89 28. I 62 60 I I40 165 189 (372) 3.5 
6.4 38.1 84 26.3 58 57 1630 236 205 (401) 3.3 
5.1 37.0 82 25.0 55 53 2020 293 215 (419) 3.1 
4.4 35 .o 77 23.0 51 52 2590 376 226 (439) 3 .0 

Source: I lawuii Natural Energy Institute, Stmimnry GeorAetr,url Energy in f luwi i  - IIawuii Georlierniul eojecf, University of Iluwaii, 
Ilonolulu, January 1978. 
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SEPARATOR AND SILENCER 

R TEMPERATURE 

WATER HEIGHT 

WIRE LINE 6-in. DISCHARGE 
DOWNHOLE 

LIP PRESSURE 
(TOTAL MASS FLOW RATE) 

CONTROL VALVE 

POWNHPfC 
GAGES TO TWIN 

VALVE 

EA0 . PRESSURE 
0 TEMPERATURE 

Fig. 1.3.  Hawaii Geothermal Project - flow-test equipment and 
instmentation.  Source: B. M. Kamins, GntrironmentaZ Imact Statement 
for $he Baa55 Geothemt Research Station U t W z i n g  the &-A WetZ a t  
Rina, I s m  of B a w d < ,  prepared for the Department of Planning and 
Economic Development, State of Iiawaii, March 1978. 
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BUTYL-LINED DRILLING 
FLUID RESERVOIR 
(NO LONGER I N  USE) 

* 0 50 - 
METERS 

Fig. 1.4. Existing construction a t  the proposed tlawaii Geothermal 
Research Station. Source: R. M. M n s ,  h.rtriromentat I r p c t  Seatement 
for  the E d 3  S e o t h e m l  Research Station UtiEizing the B3P-A WetZ ct 
?una, Isiand of Haw&:, prepare6 for the Department of Planning and 
Economic Development, State of Hawaii, March 1978. 

. 
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operations a f t e r  shutdown could be resumed by the  H a w a i i  E lec t r ic  Light 
Company (EELCO), but agreement on t h i s  point has not ye t  been reached. 
Depending on project  funding,. a var ie ty  of experimental power and non- 
electrical appl icat ions of geothermal f l u i d s  w i l l  be tes ted  concurrently 
with power p lan t  operation. 
t h a t  it can be relocated a t  another site i f  the  project  is terminated 
because of si te problems such as lava flows. 

Equipment w i l l  be designed spec i f i ca l ly  so 

1.3.1 Construction 

The HGRS will  be constructed on a 1.7-ha (4.1-acre) site. A pre- 
liminary basel ine si te plan ident i fying the  major pieces of equipment 
and connectlng piping is shown in Fig. 1.5. 

Prominent fea tures  of the  s t a t i o n  include (I) cooling towers, (2) a 

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 dra in  f i e l d ,  ( 6 )  a steam-water separator,  (7) switchgears, 
(8) transformers, and ( 9 )  load banks f o r  d i ss ipa t ing  power in excess of 

t h a t  which can be transmitted o r  used by the  station. 
The induced-draft, evaporative cooling tower unit w i l l  be the  most 

prominent fea ture  of the  RGRS and w i l l  have overa l l  dimensions of 5.6 m 
(height), 8.8 m (inside),  and 19 m (length) (19 x 29 x 62 f t ) .  

(30 x 40 ft) re teq t ion  pond and an equally s ized seepage pond. 
the  site access road, rhe two ponds w i l l  be hidden f r o m  v i e w  behind the 

The i n j ec t ion  well (Fig. 1.5) will  be replaced by a 9.1 x 12.2 m 
From 

cooling towers. I .  

As depicted by Fig. 1.5, a perimeter 
(1.9 acres); paved areas w i l l  cover 0.37 ha (0.91 acres), including 
0.10 ha (0.24 acres) of parking and turnaround areas; and crushed stone 
around the  p lan t  equipment should cover 0.26 ha (0.65 acres) . 
capable of sustaining the  expected t r a f f i c  and loads. 
estimate of $0.4 m i l l i o n  fo r  onsite labor,  an average of e ight  t o  ten 

m r k e r s  w i l l  be on the site. * 
workers on the  s i te  might exceed 20. 

will ‘have t o  be brought on site during construction. 

During constructioo, the paved roads accessing the  si te should be 

Based on a rough 

During peak work periods, the number of 

Drlnklng water and portable t o i l e t s  
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. Fig* 1.5. Ilawaii Geothermal Research Station fac i l i ty  site plan. Source: Research Corporation 
of elie University of Hawaii, A GeothernM1 EZeotr4o and Nonelsotr& Heaea~ch FacriZity UtiZiaing the 
NOP-A WeZZ on the b land of tlcrwuii, vol. I ,  Technicat, prepared €or the U.S. Energy Research and 
Development Administration, Division of Geothermal Research, April 1977. 

P 
0 
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An artist’s conception of the HGRS is presented i n  Fig. 1.6. 
Possible  a l t e rna t ives  t o  this baseline HGRS design are discussed i n  
Sect. 5.2, 
(297 m2 (3200 f t2>]  t ha t  &l be b u i l t  on the 1.7-ha (4.1-acre) s i t e  

Figure 1.6 does not show a v i s i t o r  information’center building 

adjacent t o  the  HGRS. 
N e t  electrical power generated by the  HGRS will be transmitted by 

a 34.5-km (21.4-mile) transmission l i n e  t o  the Kapoho Substation (Fig. 2.7). 
The l i n e  w i l l  run along Pahoa-Pohoild 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  del ivery line but will  occupy a new right-of-way extending 
9.1 m (30 ft) from the road center. The l i n e  w i l l  be s t rung on s ing le  
poles set 0.3 m (1 f t )  from the  edge of the right-of-way. 
be financed and constructed by HELCO. 

It w i l l  rtm p a r a l l e l  t o  an ex i s t ing  

The line w i l l  

1.3.2 Operation 

Operation of t he  HGRS will normally consist of electrical power 

production and experimental t e s t i n g  of process and power equipment. 
After a recent 42-day, 7 . 6 - a ~  (3-fa.) t h ro t t l ed  flow test,6 the HGP-A 

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

Using the  steam f rac t ion  of this wellhead flow, the  proposed power 
p l a n t  should be capable of generating a minimum gross electrical output 
of 3.3 W e .  

presented in Fig. 1.7. 
numbered streams (Fig. 1.7) are summarized i n  Table 1.2. 

1.3.2.1 Equipment se lec t ions  

A simplified flat chart of the proposed power plant is 
Wss flow rates of the  major const i tuents  in the  

The bas ic  eqdpmeat se lec t ions  of primary concern will  be the  

condenser, cooling tower, and hydrogen s u l f i d e  (H2S)’ abatement subsystems . 
The ultimate choice will be complicated by the  interdependence of these 

subsystems and by the  economic trade-offs. 

condensers and (2) ’ surf  ace condensers . 
(steam) and the cooling l iqu id  (water) come in d i r e c t  contact with each 
o ther  and are mixed in the  condensing process. 

There are. cwo types of condensers avai lable  in the  market: (1) contact 
In contact condensers, the vapor 

This is a disadvantage 
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Fig. 1 .7 .  Baseline power plant using iron catalyst l t p S  abatement system. Source: Research 
Corporation of the Univereity of Hawaii, A Ceotherma2 EZeotrh and Noneteetrio Research FaoiZity 
Utiliaino the llGP-A We21 on L-he Isknd of llawaii, 
Reeeurclt and Development Administration, Division of Geothermal Research, A p r i l  1977. 

vol.  I: Technical, prepared for the U.S. Energy 
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in the usual steam power p l k ,  in which treated water is used t o  produce 
steah, 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 aot returned t o  e boiler because 
new steam is obtained continuously from a geothermal w e l l .  Direct-contact 
condensers are recommended whenever feasible because they are lower in cost, 

However, in a 

more efficient, and use less water than surface condensers. 
The selection of the H2S abatement method may dictate the type of 

condenser to be used. The Stretford process requires the hse of a surface 
condenser to isolate the narrcondensible gas stream from the coolfag water. 
Alternatively, the "iron catalyst" system of H2S abatement treats cooling 
water and can handle the large volume of flaw from a barometric condenser. 

As currently conceived, the condenser for HGP-A is the direct-contact 
barometric or low-level jet type. Because the cooling water mu5t be pumped 
back t o  a cooling tower with.the condensate, it may be desirable to 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 be desirable because it would offer, in  addition to H2S abate- 
ment for the user,'abatement of H2S released when steam i s  vented upstream 
of the user. 
thus permit wider scale use of 
source iserts facilities. TO te, Mfort=ately, no such abatement method 
is available or projected for the near term. 
employed downstream (Le., after the steam is used). 

preliminary disign configuration, both the iron catalyst and Stretfotd 
process abatement systems are candidates that dl1 be evaluated during 
the detailed design phases. 
disadvantages' associated with these systems. 

t o  determine which would be most effective from an operational and 

It also would reduce corrosiveness o f  the steam condensate and 
tandard construction materials in the re- 

Abatement methods must be 

Although the iron catalyst system is indicated (Fig. 1.7) in the 

Table 1.3 lists some of the merits and 

Other H2S abatement processes will be given further consideration 



Tabto 1.3. Summary of major features of the candidate H2S abatenwnt arethods 

Iron catalyst system Stretford process 

Typical water treatment process equipment 
can be utilized. 

Eqriipiirent required is  relatively slmpla. 

Use of barometric condenser in power plant i s  
possible. 

Procurement cost i s  lower relative to Stretford 
process. 

Procurement lead l ima are shorter than in 
Stretford process. 

Cheniistry is  not fiilly understood; system requires 
tune-up and trial to establislr proper injection rates 
and additives (catalyst and coagulant aids) durinB 
system startup. 

Cooling water is very corrosive necessitatliig special 
consirtiction ciraterials. 

Potential settliirg of precipitates and attendant 
plugging of cooling loop condenser Irotwell, 
cooling tower sump, valves, pipes, etc., necessitate 
special attention in equipnient and system design. 

Sludge dispnal is a consideration; dtlrouglr the 
IIaS in the steam Is two orders of mabvitrrde less 
(-3 compared with 222 ppni) at  Puna than at (Ire 
Geysers, resulting in significantly less sludge 
production, sludge dewateriirg, handling, arid 
tlisposal iiiay sti l l  be a probleni. 

Advantages 

Process is independent of basic power cycle and can be an 
independent facility. 

Process is well establislred; although the process has yet to 
demonstrate perforniarlce for t la  S abatement at a geotliern,al 
power plant, confidence in its success is  higlr. 

Inherent corrosion problem of iron catalyst systeiil i s  
eliminated. 

Commercially pure sulfur Is produced. 
I 

Disadvantages 

Process is  complex relative to iron catalyst system. 

Cost is  high. 
Use of surface condenser in power plant i s  required. 

Procurement lend tinies are longer than in iron catalyst system. 

Effectiveness is  dependent on condensate ptl itr the condenser. 
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economical viewpoint under the  spec i f i c  conditions a t  the HGRS. 
Incineration processes and a number of chemical extract ion processes 
a r e  commercially available.  
H2S concentration, operating pressure and temp 

of l a rge  concentrations of carbon dioxide that may dras t i ca l ly  affect 
the  s e l e c t i v i t y  and absorption eff ic iency of the chemical removal 
processes. 

Although the research power p l a n t  design considerations will  

s ign i f i can t ly  influence the abatement method selected,  other considera- 
t ions,  including covpatabi l i ty  of the candidate systems with the  overa l l  

research f a c i l i t y ;  H2S abatement requirements; and the comparative operating 
and maintenance costs,  reliabilitles, and procurement lead times of the  

systems, will  weigh heavily in the  se lec t ion  process. 

The fac tors  a f fec t ing  process se lec t ion  a re  
j l f  * - .  tu=, and the  presence 

Iron catalyst system 

In this system, approxinately 70% of the noncondensables in the  
ste& dissolve in the  coollng water and steam condensate mixture i n  the  

condenser hotwell; t he  balance is removed from the  condenser by the  
noncondensables e jec tor  system and is ducted t o  the  cooling tower airstream. 
In p lan ts  not equipped f o r  H2S abatement, 
H2S) i n  the cooling water/condensate are air s t r ipped from solut ion i n  
rhe cooling rower .grid released to the  atmosphere. 

ions via in j ec t ion  of f e r r i c  sulfate. 
dissolved H2S t o  y ie ld  elemental su l fur ,  water, and ferrous ions. 
cooling water is aerated irr the  'cooling tower, the  ferrous ions react 
wirh oxygen to te-form.ferr ic  ions; continuous regeneration of f e r r i c  ions 
is thus provided t o  sus ta in  the  H2S reactions,  which repeat continuously 
to  y ie ld  sulfur .  

c l a r i f i e r s  (af tet  f locculat ion)  as a 
site. 
gases is s imi la r ly  treated a f t e r  the  H2S is scrubbed from the  airstream 

by the  f a l l i n g  water, which is high in ferric-ion content. Overall H2S 

.abatement e f f i c i enc ie s  of up to  92% have been reported. 

L 

To prevent ?he emission of EzS, the cooling water is dosed with f e r r i c  
The f e r r i c  ions react with the  

As t he  

The su l fu r  thus formed is removed from the  system via 

ge and dumped a t  an approved 
The H2S ducted to t he  coollng tower as p a r t  of the condenser vent 

I 
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The bas ic  elements of a typ ica l  i ron  ca t a lys t  system include the 
ca t a lys t  i n j ec t ion  system, the c l a r i f i e r ,  t r ans fe r  pumps, t he  f loccula tor /  
clarifier, and the sludge-handling system. 
abating H2S emissions is used only with power p lan ts  employing d i rec t -  
contact condensers o r  processes in general in which H2S is dissolved in 
the  cooling water and released by a i r  s t r ipp ing  in cooling towers. The 

Note tha t  t h i s  method of 

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

increased corrosiveness of the  cooling water (condensate, po ten t i a l  plugging 
of t he  cooling water/condensate piping, and the need f o r  removal and 
handling of the su l fu r  sludge produced by the  process. 

S t re t ford  process 

In the power plant  configuration incorporating the  S t re t ford  process 
the direct-coniact condenser of Fig. 1.7 is replaced by a surface condenser, 
thus precluding release of H2S via the  cooling water. 

The St re t ford  process is a proprietary process widely used t o  
desulfurize process gas streams. 
steam power p l a n t s ,  the  noncorrdensable gas purged from the condenser is 
washed with an aqueous solut ion of sodium carbonate, sodium ammonium 
polyvanadate, and anthraquinon disulfonic  acid. The 82s in the  purge 

gas is absorbed in the solut ion and -acts with the sodium carbonate 
t o  yield sodium bisu l f ide ,  which is sGbsequently oxidized i n  the  process 
to  elemental su l fur .  Following oxidation, t he  so lu t ion  i s  rec i rcu la ted  
t o  the absorber column, and a sulfur-bearing f r o t h  is separated, f i l t e r e d  

As typ ica l ly  app l i ed . to  geothermal 

0 
\ 

or centrifuged, washed, and melted t o  produce commercially pure sulfur .  
Oxidation of the sodium b i su l f ide  is effected by the vanadate, which is 
reduced from a 5-valent t o  a 4-valent state. The vanadate is, however, 

a mechadsm involving oxygen 

\ 

later regenerated t o  a 5-valent 

t ransfer  through the  
The St re t ford  f a c i l i t y  collocated 

with the  power p lan t  and has no d i r e c t  influence on the  power cycle. It 
thus does not have the added corrosion problem associated with the i ron 

ca ta lys t  system. It has, i n  addition, the  advantage of producing a 
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commercially saleable product in l i e u  of a sludge requiring disposal. It 
does, however, have the  disadvantage of being more complex and cos t ly  than 

the  i ron  ca t a lys t  system. . .  

1.3.2.3 System descr ipt ion 

O f  the  t o t a l  wellhead steam, approximately 98% w i l l  pass through 

the  plant ' s  turbine,  and the remaining 2% w i l l  be needed by the  e j ec to r  
system t o  remve small amounts of noucondensibles (Le. , air, carbon 
dioxide, H2S, etc.) from the  low-level-type barometric condenser. 

70% of the  noncondensibles in the  geothermal stem will dissolve i n  the  
cooling water eind condensate mixture stream leaving the  condenser system. 
The remaining 30% of the  geothermal noncondensibles and air enter ing the  
condenser system (by leakage and with the  cooling water) w i l l  be ejected 
t o  the  evaporative cooling towers. 
the  p l a n t ' s  cooling water w i l l  r e s u l t  in an H2S release in the  cooling 
tower exhausts of 1.0 t o  1.4 kg/hr (2.3 t o  3.1 lb/hr)  a t  a concentration 
of 0.9 t o  1.2 ppmw (0.7 to 1.0 ppanr). 

About 

Catalyt ic  oxidation of the  H2S in 

Condensed geothermal steam f r &  the cqndenser- supplies t he  makeup 

These cowers will evaporate water f o r  t he  evaporative cooUng.towers. 
18,144 kg/hr (40,000 lb/hr) of water and w i l l  release 6124 kg/hr 
(13,500 Ib/hr)  of blowdown l iquids .  

hydroxide, auaospheric dust,  trace elements, and other  extraneous 
sub~tances .  

weight) water sludge 
conrain 12.7 t o  15 kg/hr (28 t o  34 Ib/hr) of elemental su l fur ,  depending 

ou the  eff ic iency of t he  H p  abatement system (in the  range 78 t o  94%).  
The c l a r i f i e d  blowdown [600 kg/hr (13,200 Ib/hr)  1 and flashed separator 
l i qu ids  from the  steam-water separator  [11,25O kg (24,800 l b )  1 are sent 
eo. a re ten t ion  p 
settle out. Th 
mounts of carb 
pond is then sent t o  a separate  seepage pond f o r  disposal  by percolation. 

- Blowdown from the cooling towers will contain elemental su l fur ,  iron 

These solids are separated from the blowdown as a 90% (by 
This sludge I s  then dr i ed  for disposal  and will 

t o  allow any prec ip i t a t e s  and wellbore so l id s  t o  

r e c i p i t a t e s  will consist l a rge ly  of silicates and smaller 
tes and su l fa tes .  Clarified water from the  re ten t ion  

An i n j ec t ion  w e l l  is not required because of the excellent permeability 

of the  surrounding lava. Also, because the groundwater is brackish in 
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this area, the disposal  of geothermal f l u i d s  does not present  a problem. 
The t e q e r a t u r e  of the  l iqu ids  in the two ponds will  not exceed 75OC 
(167'F). 
generate 2345 kg/hr (5170 lb/hr)  of steam containing 0.07 kg (0.15 lb) 
of H2S. 

Based on operating experiences with U n i t  11 at the Geysers,' only 

6 t o  8% of the LI2S enter ing the proposed power p lan t  w i l l  be released; 
The final design of the  HGRS power p l a n t ,  however, may specify the  
S t re t ford  process f o r  H2S abatement. 
t he  E2S enter ing the p l an t  is expected t o  be releasedO8 
power plant,  this level of H 2 S  abatement would correspond t o  a normal 
release rate of 0.7 kg/hr (1.5 lb/hr)  of E2S in the  cooling tower 
exhausts . 

Flashing t h e  separator  l iqu ids  t o  atmospheric pressure w i l l .  

With this process, less than 4% of 
For the  proposed 

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

thermal f lu ids  t o  the environment. Based on operating experiences with 
Unit 11 at the  Geysers, the HGRS power p l a n t  should have an a v a i l a b i l i t y  
f ac to r  of 76 t o  87L9 

Much of the H2S released t o  the  environment by the  HGRS could occur 

during d m t i m e s .  During these downtimes, the  HGP-A w e l l  flow must be 
maintained a t  a s ign i f i can t  level to avoid unstable w e l l  operation and 
thermal stresses in the  wellbore. During turbine downtimes, geothermal 
steam from the steam-water separator will be condensed by the  p l an t ' s  
cooling system. 

increase by 24% during turbine downtimes. 

Both cooling water flow and evaporative rates will 

Operating experience with U n i t  II a t  the Geysers ind ica tes  tha t  t he  

This is due t o  HGRS power p l a n t  can expect 10% cooling system downtime. 
the  corrosive uature  and so l id s  content of the p l a n t  cooling water. 
the EGRS power p l a n t  used a St re t ford  process f o r  H2S abatement, cooling 
system downtimes would be s ign i f i can t ly  reduced. 
downtimes, the Em-A w e l l  will e i t h e r  be shut in o r  the w e l l  flow will 

If 

During cooling system 

be diver ted t o  the  silencer. 
HGRS power p l a n t  designers have indicated that they plan t o  allow 

less than 1 hr  of s i l ence r  operation each month. During s i l ence r  
operation, approximately 27,700 kg/hr (61,000 Ib/hr)  of steam and 
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10,160 kg/hr (22,400 l b /h r )  of geothermal l iqu ids  w i l l  be released. 
Silencer steam should contain 620 ppmw (330 ppmv) HzS, and the flashed 

geothermal l i qu ids  -should contain 5 ppmw H2S. 

nonelec t r ica l  research f a c i l i t y  have not been outlined, t h e i r  operation 
cannot be elucidated in this assessment. 

Since spec i f i c  planned activities f o r  the experimental power and 

It is ant ic ipated that two workers w i l l  normally be required t o  
operate the  EGRS power plant.  

1.4 KNOWN EmIRoNkrENT~ ISSUES 

The State of Eawaii has prepared and Issued a Final Environmental 
Impact Statement on t he  HGP-A power plant .  

i s sues  include po ten t i a l  nuisance noise and H2S odor at  nearby residences. 
Native Eawaiian groups have expressed interest and concern regarding the  
development of geothermal resources in Hawaii .  These and other po ten t i a l  
environmental impacts are discussed in Sect. 3 of t h i s  assessment. 

The known environmental 

I ”  

i . 

. .  
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2. DESCRIPTION OF THE EXISTING ENVIRONMENT 

The following sec t ions-coqs t i tu te  a descr ipt ion of the  ex is t ing  
environment i n  the  Puna d i s t r i c t .  Subjects t o  be covered include geology, 

soils, geothermal resources, atmospheric characteristics, hydrologp, water 
qual 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 GEOTHERMAL RESOURCES 

2.1.1 Geology 

The southeastern pa r t  of the  Island of H a w a i i  is dominated by an 
asymmetrical sh ie ld  volcano (Kilauea) and its associated r i f t  zones 
(Fig. 2.1). 
passes through the  Puna d i s t r i c t  and the geothenaal w e l l  is located within 
it.' The southwest rift zone extends i n t o  the  Ka'u dis t r ic t  - SO km 

The east r if t  zone is  of pa r t i cu la r  i n t e r e s t  because it 

(30 miles) o r  more w e s t  of t he  w e l l  site.' The H i l i n a  and Koae f a u l t  
systems (Fig. 2.1) are a l s o  r e l a t ed  t o  Kilauea. 

the  pas t  two centur ies  -KiKilauea and its l a r g e r  neighbor t o  the  west, 
%una Loa. 
the  f i r s t  half  of the  twentieth centuries, but Kilauea has been more 
actfve since the 1950s. 
1801. 
Kilauea i s  probably st i l l  in its growth s tageO2 

begins t o  swell, lava w e l l s  up i n  the  caldera. 
bu r s t  through t h e  surface along one o r  both of the pr inc ipa l  r i f t  zones. 

As t h e  flank eruptions take place, the  caldera a t  Kilauea subsides. 

increase in frequency and in t ens i ty  as Kilauea swells Over a period of 
severa l  months preceding a f lank  eruption. 

eruption commences and continues sporadically as long as Kilauea continues 

Two centers  of eruption of lava at  the  surface have been active in 

Mauna Loa was  more ac t ive  throughout the nineteenth and 

A t h i r d  volcano, Hualalai, has been dormant since 
-una Loa achieved its present s i z e  by the  end of the Ice Age, but  

Major eruptions of Kilauea occur as f lank eruptions. As Kilauea 
Then flank.eruptions 

Earthquakes always accompany the  eruptions. Earthquake precursors 

Seismicity reaches a peak as 

t o  subside and the f lank  eruptions pe r s i s t .  

23 
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Earthquake a c t i v i t y  does not always culminate in volcanic eruption. 
An earthquake swarm took place in the Puna d i s t r i c t  in 1924 without the 
occurrence of volcanism. 
a f a l s e  sense of secur i ty  when, in 1955, earthquake swazms were followed 

by massive eruptions t h a t  l as ted  in te rmi t ten t ly  fo r  88 dayse2 

This led the residents  of the community in to  

2.1.1.1 Structure,  PhysiograDhy, and s t ra t igraphx 

The de ta i led  geologic discussions t h a t  follow are la rge ly  directed 
t o  the  east rift zone, where the w e l l  s i te is located. 

zone trends 6 .4  km ( 4  miles) southeast  from the  caldera of Kilauea. 
then turns  6S0 northeast  and extends t o  Cape Kumukahi, the.easternmost 
point  of t he  Puna d i s t r i c t ,  
d is tance of about 1U km (70 miles). 

The r i f t  zones of the Hawaiian volcanoes are not believed to  extend 
below the  ocean f loor ;  the  lava migrates l a t e r a l l y  from the  sh ie ld  
volcano (e. g. , Kilauea) , producing flank eruptions up to  160 km (100 m i l e s )  

The east rift 
It 

From there,  it passes out t o  sea f o r  a 

away , 
The east r i f t  zone has several d i s t i n c t i v e  physiographic features.  

, 

It is linked t o  the  caldera of Kilauea by a series of p i t  craters, which 

are ra the r  unevenly dis t r ibuted.  Within 1. (0.75 mile) south of 
t h e  w e l l  site are located three p i t  craters 
Kahuwai. About sixty spatter and cinder cones and two parasitic sh ie ld  
volcanoes are also found along the east rift zone. 

cinder cone, Pu'u Eoaualoa, lies about 1 km (0.6 mile) northeast of the 
w e l l  site (Fig. 1.2). Finally,  there  are a number of s l i g h t l y  eroded 
f a u l t  scarps. 

'de-, Pawai, and 

A 45-m (150-ft) 

Older lava flows are truncated by these scarps, which 
covered by more reeent lava flows. 2* 

ra t igraphic  s ion exposed in the  Ka'u d i s  tricts 
is divided i n t o  two volc  

the  H i l i n a  and is separated from the upper series (Puna) by the  Pahala  
ash, a sandy-to-silty v i t r i c  yellow ash. 
basa l t  lava flaws, together with cinder cones and ash deposits. 

Bi l ina volcanic series is a succession of t h in  lava flows with a cumla- 

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

es is  ca l led  

Both series cons is t  of oceanic 

The 
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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  rift zones radiat ing from it.3 . 

The Puna series has been erupted en t i r e ly  from Kilauea caldera 

The stratigraphy a t  the EGP-A w e l l  is r e l a t ive ly  simple (Fig. 2.2). 

An upper unit  extends from the  surface to  a depth of about 550 m (1800 f t ) .  
This u n i t  consis ts  of subaerial  volcanics (aa and pahoehoe flows, ash, 

and cinders). The lower u n i t  
on the  sea f loor)  .4 

The geothermal reservoir  
the sect ion by an impermeable 
(2200 and 3500 f t ) ,  f rac tures  

consis ts  en t i r e ly  of pillow lavas (erupted 

may be i so la ted  from the  shallow pa r t  of 
cap. 
are f i l l e d  by secondary mineralization, 

Between depths of 670 and 1100 m 

and the  b a s a l t  is highly altered by migrating f lu ids  of volcanic origin.  
This mineralization may have produced an impermeable seal Over the res- 
ervoir rock t h a t  contains open f rac tures  between depths of U O O  and 
1400 m (3500 and 4500 f t )  .4 

(6000 f t )  . 
A second producing zone l i es  -below 1800 m 

It has a l so  been suggested t h a t  c i rcu la t ion  of shallow, cold water 
prevents the  upward movement of hot reservoir  water. 
of the  reservoir  cap is uncertain, i t  is evident from the  temperature 
curve of Fig. 2.3 t ha t  convective c i rcu la t ion  of the reservoir  water is 
inhibi ted . 

Although the nature 

Intrusive rocks are a l so  exposed in the  rift zones of Kilauea. These 

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

few meters wide, a d  some of them are clustered i n  zones t h a t  are several 
hundred meters wide. 
many of them s t r i k e  p a r a l l e l  t o  the east r i f t  zone. s4 

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

Fracture porosity (essential t o  many geothermal reservoirs)  bears a 
s p a t i a l  re la t ionship t o  the  vertical dlkes and t h e i r  associated f issures .  
The r i f t  zones are long, narrow features  bounded by dikes. 
dikes are formed by upward movement of magma along parallel f i ssures  
within the r i f t  zone. 
adjustments during volcanic episodes and (2) cooling a f t e r  the termination 

of each eruption. 

Clusters. of 

Fissures re-form repeatedly due t o  (1) deformational 

Transverse f rac tures  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 fracture porosity where they intersect 
longitudinal f issures .  
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~ 2.1.1.2 Tectonic h is tory  

The Hawaiian Is lands chain is very young by geologic standards. The 

o ldes t  rocks of the'major i i l & d s  exposed above sea level a r e  believed 
t o  have formed during the  Pliocene epoch (3 t o  12 mil l ion years ago). 
On the  bas i s  of radioact ive age da tes  and other  evidence, the rocks 

of Oahu and is lands fu r the r  south are believed t o  be  no older  than 
Pleistocene (15 thousand t o  3 mil l ion years). 

* 

The Island of H a w a i i  is the  youngest of a l l  the  islands.  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 ing le  eruption occurred on Maui in the  eighteenth century) and the  
only i s land  considered to be seismically 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 that they belong 
to  the  Bruhnes paleomagnetic epoch ( l e s s  than 800 thousand years old). 

The rocks of Kilauea and Mama Loa are the youngest of al l .  The 

o ldes t  members of the  H i l i n a  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 over l ies  the Hilina, is subdivided i n t o  two 
members: 
capped by sand'dunes, and (2) a h i s t o r i c  member t h a t  is s t i l l  accumulating. 
Table  2.1 is a record o f  eruptions on the  east rift of Kilauea t h a t  have 
occurred i n  the h i s t o r i c  period. 

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

The Puna 

(1) a prehis tor ic  late Pleistocene meTPber, which in places is 

. 

Fault movement is also still t a k i n g  place. a n y  Puna lava flaws of 

by subsequent movement. 

2.1.1.3 Seismicity 

The Is land of H a w a i i  is the  only i s land  in the H a w a i i a n  chain t h a t  
could be characterized as a seismically ac t ive  region. 
quakes occasionally occur on the  other  i s lands ,  the grea t  majority take 
place on Eawaii ;  most of the earthquakes are small and do l i t t l e  o r  no 

Although earth- 

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

'provides a more o r  less complete list of earthquakes (modified Xercalli 
i n t ens i ty  2 V) i n  the Xawaiian Islands,  beginning with a major earthquake 
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Table 2.1. Historic eruptions of the ust rift of Kihuea, 1750-1969 

Year 
Duration &ea Volume 

(sq d e s )  (sq km) (IO6 yd’) (IO6 m3) 

1750(?) 
l790(?) 
1W 
1884 
1923 
1959 
196W 
1961 
1962 
1963 
1963 
1965 
1965 
1968 
1968 
1969 
196gd 

26 
1 
1 
88 
36 
3 
2 
3 
2 

10 
1 
5 
15 
6 

May 24-Nov. 20 

1.57 
3.04 
6.60 

At sea 
020 
6.1 
4. I 
0 3  
0.02 
0.06 
13 
3 .O 
023 
0.0 1 
0.8 
2.3 
4.8 

4.07 
7.87 
17.09 
Atsea 
0.52 
15.8 
10.6 
0.8 
0.05 
0.16 
3.4 
7.8 
0.60 
0.03 
2.1 
6.0 
12.4 

19.5 
37.7 

2s 1 .o 

0.1 
120.0 
155 
3.0 
0.4 
1 .I 
9.1 
23.0 

1.2 
0.1 
9.0 
22.0 
71.0 

14.9 
28.8 
214.8 

0.08 
91.8 
118.5 
23 
03 
0.8 
7.0 
17.6 
0 9  
0.0s 
6.9 
16.8 
543 

=Broad zone dong the east rift, including the well site. 
bhciudes the immediate ana of the well site. 
CFow miles east of well site. 
dStilI in progress on date of recording; this eruption occurred 10 to 15 miles west of 

Source: G. A Macdonald and A. T. Abbott, Volcmroes in thesea - The Geobgy of 
the well site. 

HawazX University of Hawaii Ress, Honolulu, 1970. 
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i n  1868 and extending through 197OO5 
earthquakes are a l so  l i s t e d  by XOAA. 

of these earthquakes-is shown ~ I Z  Table 2.2. 

the  f i r s t  half  of t h e  1970s, a par t icu lar ly  strong earthquake (7.2 on 
the  Richter scale) occurred immediately offshore of Kaimu Beach on 
the  south coast  of t he  Puna d i s t r i c t  in November 1975. I f  i t  had occurred 
on land, it would have been capable of causing nearly t o t a l  destruct ion i n  
the ep icent ra l  area and extensive damage i n  immediately adjacent regions. 

t he  Island of H a w a i i ,  had an estimated in tens i ty  a X (modified Xercalli). 
This earthquake caused nearly complete destruct ion of wooden s t ruc tures  
a t  Keiawa, Punaliu, and Ninole, located near the terminus of the south- 
w e s t  r i f t  zone of Kilauea, and it caused landslides beyond Hi10 on the 
east coast  as f a r  as Waipio and Hamakua. 
southwest r i f t  zone from Pahala t o  Kilauea. 
accompanied the  opening of a f i s s u r e  4.8 km (3 miles) long. 
swells of 0.3 t o  0.6 m (1 t o  2 f t )  occurred, and a t& wave exceeding 
18 m (60 f t )  in  height s t ruck  the  Ka'u-Puna coast ,  sweeping s t ruc tures  
off the  beach. 

Between 1834 and 1868, two other 
The geologic-geographic d i s t r ibu t ion  

Although there  i s  no published record of earthquakes i n  H a w a i i  f o r  

The earthquake of 1868, which a l so  occurred near the  south coast  of 

Fissures extended along the  
A t  Kohuku, volcanic eruptions 

Ground 

The year of 1868 is the  only h i s t o r i c  period in which Mauna Loa 
and Kilauea erupted simultaneously. 

-In addi t ion t o  the  fissure eruption on the  southwest r i f t  zone of 
Kilauea, an offshore eruption occurred on the seaward extension of the  
east r i f t  zone. 

intermediate- ht L t Y  (2lercalli VI A d  V I f )  

and 16 minor-intensity (Mercalli V) earthquakes have be& experienced a t  
Kilauea and its associated r i f t  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 ructures .  Three 
of the  intermediate shocks took place along the  east rift zone of Kilauea 
in  the  Puna d i s t r i c t ,  two occurred a few months before the extensive 
volcanic eruptions of 1955, and the  th i rd  occurred during that e r ~ p t i o n . ~  

Since 1834, a t  least 
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Table 23. Dis!ribution of earthquakes. 1834-197W 

Location Number 

Hawaiianlslandchain 
IsIand of Hawaii 

KiIauea 
lMaunaLoa 
Hualalai 

Kaoiki (Mama Loa) 

Volcanoes and associated rifts 

Faults subpadel to rifts 

Kealakekua (Mama Loa) 
South and south coast 
Othcr iocdeP 
Unidentified by locale 

Other islands 

85 
47 

21 
20 
6 

5 
1 

6 

2 
12 
18 

13 
Unidentified by locale 4 

102 

~~ 

=There may be minot errors in the classifcation due to 
uncertainty of epicenter locarions. 

%certain association with volcanoes, rift zones, and 
subparailel fault systems For example, two earthquakes have 
been identified Y having occurred at Hilo, on the cast coast. 
They could have been placed in either the Mauna Kea or 
~Mauna Loa rifk zones. Perhaps, on the other hand, they an 
unrelated to volcanism 

Source: J. L Coffman and C. A. von Hake, E&., 
E a r t h ~ ~ ~ k e  Hitrory of the Ukited Stares, National Oceanic 
and Atmospheric Administration, U.S. Department of Com- 
merce, U.S. Government Printing Office, Washington, D.C., 
1973. 
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2.1.2 S o i l s  

Nuch of t h e  Puna d i s t r i c t  has a th in  covering of h i s toso ls  (sparse, 

well-drained, organic soils’) tha-t commonly occur on geologically young 
lava flows. Ent isols  (weakly developed soils found on old beach sands 
and volcanic ash) are found w e s t  of the  w e l l  site. 
are very f e r t i l e ,  supporting lush vegetation, papaya orchards, and sugar- 

6 cane . 
A t  t he  w e l l  site, however, lava flows are so recent (1955) t h a t  s o i l  

The older h i s toso ls  

has not  had su f f i c i en t  time t o  develop. 

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

Fresh cinders and aa lava are 

The area is i n  the  initial s tage of revegetation. 

2.1.3 Known geothermal resources 

Although a number of po ten t ia l  geothermal resource sites probably 
exist in the  various rift zones of the  Island of Hawaii ,  the  only known 
geothermal resource area is the  si te f o r  which t h i s  assessment w a s  
prepared. 
on t he  bas i s  of a geophysical (self-potential)  anomaly, together with 
other  evidence. 
east rift of Kilauea, and although the presence of a geothermal resource 
has not been demonstrated, t he  poten t ia l  exists . Research s c i e n t i s t s  
involved in t h i s  project  believed that the  Pahoa si te offered the bes t  
chance f o r  recovering geothermal f luid.  
the  successful flow test of the  HGP-A w e l l .  
electrical generating capacity c l ea r ly  demonstrates that commercial 
development of geothermal energy is f eas ib l e  on t he  Island of Hawai i .  
Had the  casing been extended through the  impermeable zone [ t o  1070 m 
(3500 f t ) ]  before i n s t a l l i n g  the  s lo t t ed  liner, the  performance of the  
w e l l  might have been even be t te r .  
cooler, shallower water t o  mix with the  hot reservoir  waterO8 

i n  a l l  six major r i f t  zoues of t he  Island of HawaiiOg H e  concluded 
tha t  only two of these zones ( the  southwest r i f t s  of Mauna Loa and Kilauea) 

are perhaps as promising as ta rge ts  f o r  geothermal exploration as the  

The Pahoa s i te  of the  east rift zone of Kilauea w a s  selected 

Two other self-potent ia l  anomalies are located on the  

Their optimism w a s  rewarded by 
The estimated 3.5-Ne 

The inadequate casing procedure allows 

G. A. Macdonald appraised the  l ikelihood f o r  geothermal development 
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east rift of Kilauea. 
energy poten t ia l  throughout its length, the resources are expected 
t o  be most promising 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 lies within Hawai i  Volcanoes 
National Park, where development is not permitted, Furthermore, i f  a 
proposed na tura l  area reseme is established, i t  w i l l  l imf t  the development 
of the  geothermal resources of t he  east rift 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 

other  three major rift zones should be explored f o r  geothermal energy, 

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

Unfortunately f o r  geotherml  

they are no t ' a s  promising as resource regions. 

of Mauna Loa has been inact ive f o r  a very long time, and petrologic 
evidence suggests that rapidly r i s i n g  magma has t ransferred l i t t l e  heat  
t o  the  surrounding country rock in the  two major rift zones of Hualalai. 

It is less l i k e l y  tha t  geothermal development w i l l  occur in the  
near fu ture  on the other is lands of the  Eawaiian chain. 
hot water resources are known t o  exist on Holokai and Oahu. Kaleakala on 
the Island of Maui erupted during the  eighteenth century (geothermal 
resources occur in association with recent volcanism) .' 

The northeast  r if t  zone 

Nevertheless, 

According to  Xacdonald, "At the present state of knowledge, it is 
d i f f i c u l t  t o  make a worthwhile appraisal  of the is land 's  geothermal 
resources and impossible t o  make a r e l i a b l e  one."4 
the estimates provided by others  (Kelsley and Furumoto), and he concluded 
tha t  po ten t ia l ly  there  are perhaps 60 and 360 megawatt centur ies  of 

Xacdonald stmmmrized 

electrical power avai lable  from geothermal resources i n  the Kapoho 

Geothermal Field (KGF), where the  KGP-A w e l l  is located, and f o r  the 
Island of Hawai i ,  respectively. Macdonald's estimates f o r  the KGF are 
perhaps conservative, combining Furumoto's lower estimate of reservoir  

voltmtes (6 l a 3 )  with Helsley's lower estimates fo r  permeability [l m i l l i -  
darcy (averaged over a 1 - b t h l c k  production zone)] and asswning an 
energy conversion eff ic iency of 12%. According to  others,  the KGF 
reservoir  volume may be as high as 9 .5  km3. 
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There are two pr inc ipa l  impediments t o  the development of geothermal 

energy in Hawaii :  
separated from major-population centers  by open sea, and (2) there  is a 
higher element of f inanc ia l  r i s k  associated with long-term development 
where frequent ( i n  the  geologic time sense) seismic and volcanic a c t i v i t y  
cons t i tu tes  a hazard. 
is probably t h e  more formidable obstacle  t o  geothermal development. 
analysis  of the  risks associated with seismic and volcanic a c t i v i t y  i s  

presented in Sect. 3.2.1. 

(1) the  locat ion of the  most l i k e l y  resources are 

The remoteness of the  resource t o  population centers  
An 

2.2 ATMOSPHERIC CHARACTERISTICS 

2.2.1 Climate 

Except f o r  the  highest  elevations,  the  Hawai ian  Is lands are typi f ied  
by a mild oceanic clfmate. 

s o l a r  rad ia t ion  and da i ly  tanperatures vary l i t t l e  seasonally. 
Because of t h e i r  locat ion in the  t ropics ,  

The 

weather pa t t e rn  of the  Is lands is dominated by the  almost constant north- 
east tradewinds, Local weather conditions ar'e determined by the  surrowd- 
ing topography, as Hawaii ' s mountains in te rcept  t he  moist tradewinds and 
obstruct ,  accelerate, o r  de f l ec t  the  winds. 

within sho r t  distances o r  rises in elevation. The windward (northeast)  

s i d e  of an i s land  receives much more r a i n  than the  leeward (southwest) 
side. 
the  g rea t e s t  amount of prec ip i ta t ion  in the  Is lands generally occurs in the  
higher elevations.  

tradewinds occasionally slacken and bring kana. stonns (so ca l led  because 
they usually come from t he  south, koncz). 
accompanied by thunder and l ightning and may result in a l a rge  amount of 

Prec ip i ta t ion  var ies  grea t ly  

Because the tradewinds lose mofsture as they rise over the mountains, 

Major storm f ron t s  do occur, predominantly i n  the  winter, when the  

The koM: storms are of ten  . 

r a i n f a l l  in a shor t  time. 

Nearby Hilo is 12.2 m (40 f t )  above sea l e v e l  and experiences a range of 

only 2.7OC (S°F) between monthly means.1° 
coast conslonly f luc tua te  by 4.4 t o  8.3OC (8 t o  lS°F) between ear ly  morning 

Temperatures along the  Puna coast l i t t l e  seasonally o r  diurnally.  

Daily temperatures along the  
\ 
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and late afternoon extremes.2 
s i te  is 175 m (574 f t )  above sea level; temperatures on si te  dll be 

By comparison, the elevat ion of the  project  

similar t o  those in'Hilo. 
d i s t r i c t  are l i s t e d  in Table 2.3. 

b u a l  temperature ranges around the Puna 

Average annual rainfall in Puna ranges from a low of 190 cm (75 in.), 
along the south coast ,  t o  more than SO0 cm (200 in.) on the  low flanks 

of &una 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 (98 in.) of r a i n  annually.10 
receives about 290 an (115 in.) of r a i n  p e r  year.1° 

Kapoho, located nearer the 

The pro jec t  site, inland, 
The prec ip i ta t ion  

is r e l a t ive ly  evenly d is t r ibu ted  throughout the  year, with a s l i g h t  peak 
during the winter kmcz s t o m  season. 

Humidity a t  the  si te is moderate t o  high. Windward areas such as 
Puna tend t o  be cloudy (8/10 o r  more cloud cover) 40 t o  60% of the 
daylight hours and clear (3/10 o r  less cloud cover) 15 t o  20% of the  
time. 11 

Wind patterns are dominated by the  northeast  tradewinds, which 
frequently exceed 5.5 m/sec (12 mph) .lo 
the  tradewinds are dominant during 90% of t he  summer and SOX of the 
winter.1° 
pollutants.  
wind patterns by def lect ing and obstructing the  tradewinds. 

Strongest during the afternoons, 

The frequent tradewinds tend t o  readi ly  disperse  any airborne 
However, topography can exert  a marked influence on loca l  

2.2.2 Air aua l i ty  

Because of its location, remote from indus t r i a l  and urban emission 
sources, concentrations of the  primary a i r  pol lutants  (those f o r  which 
ambient standards have been promulgated) are expected to  be qui te  low. 

Pr ior  t o  d r i l l i n g ,  a i r  samples were collected a t  the EGP-A s i t e  and analyzed 
f o r  some of these pol lutants ,  as w e l l  as f o r  hydrogen sulf 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  Sulfur Banks, a 

s i te  of considerable volcanic ac t iv i ty ,  f o r  couparison. 

T a b l e  2.4 

The applicable 
State of H a w a i i '  ambient a i r  qual i ty  standards 
cases, the  State standards are more s t r ingent  

sre  also presented. In  a11 
than Federal ambient standards. 
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Table 23. Temperature ranges in and around Puna district 

Station 
Im (Wl January August 

Hilo 12 (40) 22 (71) 24 (76) 
Mountain View 466 (1530) 18 (65) 21 (70) 
Hawaii Volcanoes National F’ark 1210 (3971) 14(58) 18 (64) 

Source: D. BlGenstock and S. Ria, “The Cfimate of Hawaii,” in CEmrcs 
of rhe Sma, vol. 2, Water Information Center, Inc., Port Washington, N.Y., 
1974. 

Mean temperature 
[*C m1 

Elevation above 
tea level 
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Table 2.4. PmidlIing 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 

GaS between 1971 and 1975 
HGP-A site Sdfb Bankt 

( P P d  ( P P I  

State of Hawaii0 
ambient air quality 

-dad ( P P d  

~~~ 

sutfur dioxide a 5  up to 25 0.01 (24hr average annual arithmetic mean) 
(soz I 

Hydrogen sulfide a5 upto 5 No standard - odor threshold e0.03 
(H2 SI 

Ntrogen dioxide 
(NO2 I 

a2 0.08 (244~ average ahnual arithmetic mean) 
0.04 

Carbon monoxide a.5 up to 3 9.0 (1-hr average) 
(CO) (8-hr average) 

=In dl cases, the State of Hawaii Ambient Air Quality Standard is more stringent rhan the Federal 
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,  it may be observed that, excepting carbon monoxide,'the 

s e n s i t i v i t y  of the sampling methods w a s  not su f f i c i en t ly  low t o  determine 
whether the  c o n c e n t r a t i o w o f - t h e  pol lutants  a t  the  project  site were 
below the  State ambient standards. 
sampling during intense volcanic a c t i v i t y  suggest t ha t  nearby volcanism 

does not apparently a f f e c t  concentrations of su l fu r  dioxide, carbon 
monoxide, and hydrogen su l f ide  a t  the pro jec t  site.12*13 

Such is  not  the  case, however, f o r  atmospheric mercury. 
mercury has been measured a t  the  EGP-A site on numerous occasions, 
including before d r i l l i n g ,  during d r i l l i n g ,  during w e l l  t e s t ing ,  and 
during periods of intense volcanic a c t i v i t y  nearby when the w e l l  w a s  
shut  These measurements ind ica te  that atmospheric mercury at the  
s i te  is extremely var iab le  and d i r e c t l y  correlated with volcanic a c t i v i t y  

along t he  nearby east r i f t  zone. Atmospheric mercury at the  si te has been 
recorded a t  16 t o  18 rrg/m3 and at  4.9 u g h 3  during two periods of volcanic 
ac t iv i ty .  
atmospheric mercury leve ls  a t  the  project  s i te ranged between 0.2 and 

1.5 u g h 3  .of t o t a l  mercury. These concentrations may be compared to 
atmospheric mercue  leve ls  ranging from 0.001 t o  0.03 ug/m3 reported from 
nonvolcanic regions.14,15 

The sampling results and later 

Atmospheric 

Even during periods of r e l a t ive ly  l i t t l e  ac t iv i ty ,  background 

L 

2.3 HYDROLOGY, WATER QUALITY, AND WATER USE 

Because surface water is nearly absent a shor t  distance inland 
from the  coast ,  t h i s  sec t ion  is primarily devoted t o  groundwater. 
subs t an t i a l  ambunt of basel ine groundwater data  has been col lected from 
nearby w e l l s  and spring 
development. 
t o  formulate some tentative conclusions regarding relat ionships  between 
geothermal water on the one hand and shallow aquifer waters and seawaters 
on t h e  other.16 

A . 

Enough data  have also been col lected from the  HGP-A w e l l  

I 
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2.3.1 Surface water 

SurfaceAwater sources in the Puna dis t r ic t  are near ly  nonexistent, 
except f o r  i s o l a t e d  ponds, kpr&gs, o r  reservoirs .  

consis ts  of tmdissected uplands displaying few establ ished stream channels. 
Although stream channels became established on the  northeast  coast  of 
!fauna p a  (Fig. l.l), where volcanic a c t i v i t y  has ceased, recurring 
eruptions in the  Puna d i s t r i c t  prevent t h e  development of an integrated 
drainage pattern. 

develop due t o  l imited watersheds and the  high permeability of Quaternary 
basalt and s o i l  t h a t  l i e  a t  the  surface throughout the Puna d i s t r i c t O 6  
A t  its nearest  point ,  the  Pacific Ocean lies about 5 km (3 miles) south- 
east of the  EGP-A w e l l .  Groundwater reaches the surface,  discharging as 
a sprfng (Isaac Hale Park) on t h e  s teep,  rocky s lope adjacent t o  the  south 
coast. 
the  sea. 

Eousehold water supplies in the  r u r a l  areas of Puna are obtained 
la rge ly  through roof catchment and s torage in cisterns. l6 
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 public water supply. 
v i c i n i t y  of the  pro jec t  s i te  generally produce water tha t  is too brackish 
f o r  e i t h e r  domestic o r  ag r i cu l tu ra l  use. 

Xost of the  area 

Streams are in te rmi t ten t  and ponds o r  lakes  do not  

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

The more 

Wells in the  

2.3.2 Groundwater 

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

A portion of the water may be confined f ined and unconfined aqu i f e r sO3  
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  o r  s teeply  dipping. 
occurs as a broad, lens-shaped, unconfined groundwater body, coannonly ca l led  
a Ghyben-Herzberg lens ,  which f l o a t s  on the  denser salt water beneath 
the  Island. A typ ica l  Ghyben-Herzberg lens may not be present i n  the  
shallow aquifers  t h a t  surround the  HGP-A w e l l  site. Chemical analyses 
of w e l l  water suggest t h a t  a b a r r i e r  (possibly dikes) prevents normal 
in te rac t ion  with seawater. 

These 

Regionally, f r e sh  water 



Eight sites have been used t o  evaluate the groundwater qua l i ty  of 
The locat ion of each w e l l  and spring is i l l u s t r a t e d ' i n  Fig. 2.4. 

Table 2.5 lists the.chemica1 analyses f o r  each site. 
samples from w e l l s  within 4.8 km (3 miles) of HGP-A are brackish and 
unusable as potable water. Although it does not qu i t e  meet U.S. Environ- 
mental Protection Agency (EPA)' water qua l i ty  standards (Table 2.6), water 
from t he  Allison and Ai r s t r ip  w e l l s  could be considered potable f o r  
pr iva te  use. 
Kalopana Stat ion,  which are 5.5 km ( 3 , 4  miles) and 9.0 km (5.6 m i l e s )  
from t h e  HGP-A w e l l ,  respectively. 

Xn general, water 

Potable water is avai lable  from w e l l s  a t  Pahoa Stat ion and 

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

resemoirs .  l 1  

believed t o  be associated with l o c a l  contnmlnntion durfng sampling. 

T r i t i u m  concentrations (Table 2 - 5 )  ' and oxygen I 
These data suggest 

Fecal colff  orm analyses (Table 2.7) indicate  generally pollution-f ree 
The high coliform concentratfons i n  the  Allison w e l l  are 

Chemical analyses of downhole samples from the  EGP-A w e l l  ind ica te  
t h a t - t h e  geothermal reservoir  water d i f f e r s  from shallow w e l l  w a t e r  in 
several important respects.16 
data f o r  the  HGF-A w e l l .  While t he  water is brackish (nonpotable) , it 
differs from shallow aquifer  water i n  the  following respects: 

ac id i ty  (pH value of %3, compared t o  pB of >7 f o r  shallow w e l l s ) ,  (2) high 
s i l ica  content (440 mg/l i ter ,  compared t o  a maximum of 80 mg/liter for 
shallow w e l l s ) ,  and (3) very low tritium content. High ac id i ty  and silica 
content are normal cha rac t e r i s t i c s  of geothermal water. 

Table 2.8 lists a slamnary of geochemical 

(1) high 

The low tritium content is s igni f icant  because ' i t  indicates  a 
r e l a t i v e l y  long residence time compared t o  water in shallow aquifers. 
The tritim content [ coo l  tritium u n i t s  (TU)] suggests t h a t  geothermal 
water has a residence tfme exceeding SO years. l6 This indicates  t ha t  
there  is l i t t l e  hydraulic communication with shallow aquifers.where 
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Table 3.6. US. Environmental Rotection Agency drinking 
water standards for potentiai HGP-A contaminants 

Parameter Drinking water standard 
( P P d  

Total dissolved solids (‘IDS) 5W 
Cadmium (Cd) 0.0 1w 
Copper (CUI l b  
Chromium (Cr) 0.OY 
Mercury (W 0.002a 
Manganese (Aw 0.09 
Lead (Pb) 0.05a 
Sulfate (SO,) 2SM 
zinc (zn) 56 

uSource: “National Ihterh Primary Drinking Water Regu- 

bSource: “Nationd Secondary D-g Water Regula- 
lations,” Fed Re&% 40(248): 59566-59588 (1975). 

tions.” Fed Regist. 42(62): 17143-17146 (1977). 
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TaMe 2.7. Mlcrobiologicnl quality of groundwater, Puna, Hawaii 

Reniark Data of Coliform MPN Fecal colifonn MPN 
sample (No. per 100 ml) (No. per 100 ml) Name Well/shaft State 

number number 

9-5 2986 Paltoa 1-6-75 a U Undilorinattd i 

9-7 2487-01 Knlapana 1-4-75 U e3 Unchlorinated 
saniple 

saniple 
‘J 3080-02 Kapuho shaft 1-6-75 460 <3 
9-6 308 I Airstrip ‘ 1-6-75 <3 U 
9-9 2783 Malama Ki 1-7-75 0 <3 

Isaac tlala 1-7-75 1,500 7 
Deach krk, 
liot spring water 

288 I AHhn 1-7-75 a24.000 93 Well botloin 
mud in sample 

Source: R hi. Kamins e: ai., 14hhnnterrol DmD/hte Srtnly for (;cofhenrral Dmdopment in Am, l/uiwrii, llawaii 
-- 

Geotliennal Project, University of Ilawall, tlonolulu, September 1976. 
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Table 2.8. HGP-A pocliemical suinmary 

All cuticentrations h iiiilligranis pi Utcr of total discharge. 

a Na K Ca My si02 S’ pi1 Tritium 

Downhole 1040 730 123 53.8 I .o 440 135 3 C0.I , 
Nonflowiny (averaye of five 

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

692 in (2270 fl) (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 

sa m plcs) 
Wcir box 

Approximate sletlcly slate 780 390 68 24 0.1 I 41 8.5 
( 1-3077) 

P m 

Source: P.M. Kroopitick et 81.. lfydrolqy atid Gedmisrry o/u IIawu~~u~i Cmr/ierr,rol Sjsleni: fIPC-A, HIC78-6, Nu. 4, 
prepared for the National Science Fotiiidation, Grant CI-3M3 19, and l l ie hergy Ilesearclr and Oevelupment Agency, Grant 
KY-76-(3-02- 1003, May 1978. 
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tritium levels" are high (between 7.3 and 18.0 TU) and tha t  recharge 
probably takes place from a more d i s t an t  source. 

is avai lable ,  it has been spggested tha t  the slopes of Mauna Loa may be 
the  recharge area f o r  the  geothemal reservoir.  

(1) copper, chromium, and nickel  concentrations w e r e  below the threshold 

of detect ion (0.1 %/liter), (2) cadmfrmr and lead concentrations were 
barely detectable  (%O. 01 mg/li ter)  , (3) zinc and manganese concentrations 
were 'bO.20 mg/liter. 
form (cinnabar)] w a s  present, ranging from several hundred micrograms 
per l i ter  a t  the beginning of the  flow test t o  less than 50 vg / l i t e r  at  
the  end, 
a notable exception) are below EPA-recamended maximum concentrations 
(Table 2.6). 

€ o m  a b a r r i e r  beween the  geothermal water and the ocean water on the  
south s i d e  of t he  rift zone.I6 
w e l l  under no-flow conditions do not  vary appreciably as a function of 
depth. 
desp i te  its or ig in  a t  grea t  depth where typ ica l  seawater would normally 
be present . 

The chlor ide concentration s t ead i ly  increased from 2500 mg/l i ter  a t  
the beginning of the 42-day flow test t o  3200 rngjliter a t  the  end of the  
test.16 This suggests that saltwater encroachment may take place as 

reservoir  water is withdrawn over an extended period of time. 

Although'no evidence 

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

A s igni f icant  concentration of mercury [in particulate 

suggesting tha t  most trace-element concentrations (mercuty is 

P. M. Kroopnick e t  a l e  suggest t h a t  impermeable vertical dikes may 

The measured chemical parameters of t he  

The HGP-A w e l l  water is only s l i g h t l y  s a l i n e  (n4 t o  10% seawater) 

. 

Water from an intermediatedepth aquifer  evidently mitres with 
geothermal resenroir  water durfng continuous discharge. 
i l l u s t r a t e s  water temperature as a function of depth w.der no-flow 

Figure 2.5 

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

17 was 8 tritium units (TU), and the  ha l f - l i fe  of tritium is 12.33 years. 
A concentration of 0.1 TU (decay through 6 half-l ives) implies a ground- 
water age of a t  least 74 years before atmospheric tes t ing  of hydrogen 
bombs began (1952). T r i t i u m  levels in excess of 8 TU indicate  tha t  
groundwater was produced by r a i n  tha t  f e l l  more recently than 1952.  



48 

0 

too0 

2000 

c. 

C 3000 

E 
a 

- 
c 

4000 

SO00 

6000 

7GW 

ES -4603 
TEMPERATURE ('C) 

4 0 0  200 300 400 

I I 1 

- 500 

a TEMPERATURE ON CI . AUG 29,1976 (FOLLOWING rOOO J 
SHUT-IN FOR LONG PERIOD t OF STABILIZATION 1 c 

3 
-0  T'EMPERATURE ON 0 

FEE. 9. f 4 7  [DURING 
DISCHARGE THROUGH 4 .5 -a  
(194-in.) ORlFlCEl 

- 

- tsoo 

,--------8mOM 

1 1 I 1 1 I 
200 400 600 

TEMPERATURE (*F) 

Fig. 2.5. Downhole temperature for HGP-A. Source: P. M. Kroopnick 
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conditions wi th -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 having a-cool ing  e f f e c t  upon the geothermal 
reservoi r  water during flow test ing.  

was  completed. I f  

l i n e r  r a the r  than with cemented casing. 

reduce the  generating capacity of the  w e l l ,  it should have l i t t l e  o r  no 
e f f e c t  on shallow aquifers  having po ten t i a l  potable water resources. 

The temperature curves suggest t h a t  the  more 

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

The intermediatedepth internal was completed with s l o t t e d  
While t h i s  completion method may 

2.4 LAND USE 

Land use on the Island of E a w a i i  is about evenly divided between 
a g r i c u l t u r a l  and forested land (Table 2 .9 ) .  The third-ranking category 

is recrea t iona l  use, primarily 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 primarily f o r e s t  (commercial and noncommercial 
open land) . 
and agricul ture .  
are r e l a t i v e l y  young soils t h a t  have developed on lava (his tosols)  and 
weakly developed soils t h a t  have developed on volcanic ash (en t i so ls ) .  

Therefore, t h e  po ten t i a l  f o r  large-scale, highly productive ag r i cu l tu re  is 
limited. Table 2.10 lists e x i s t h g  land-use acreage- in  the  Puna d i s t r i c t .  
Open land (75% of t h e  land area) dominates i n  t h i s  category. 

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

oh& f o r e s t s  of various ages. 
lava flows in Hawaii.) 
meters of t he  s i te  - Malama Kl and Nanewale (Fig. 2 . 6 ) .  

(2.8 miles) w e s t  of the  site, land is cul t iva ted  f o r  sugar. 
l i e  a similar d is tance  east of the  site. 
lava flow, the  e n t i r e  project  s i te  and much of the area immediately sur- 

rounding it is not valuable ag r i cu l tu ra l  land. 
S t a t e  Conservationist (Appendix A) ,  there  is no unique farmland near the 

project  site. 

Other l a r g e  land categories are conservation ( f o r e s t  reserves) 
The s o i l s  of the Puna d i s t r i c t  are w e l l  drained, and they 

Recreation 

The area surrounding the  pro jec t  site is predominantly open land of 

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

About 4.5 km 
Papaya orchards 

Because it I s  covered by a 1955 

According t o  the H a w a i i  

The nearest  prime farmland is close to  Pahoa, approximately 
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Table 29.  Land use - Island of Hawaii 

Land use 
Landarea 

sugar cane 
Vegetable 
Orchard 
Grazing 
Dairy 
Poultry 
Idle agriculture 
FOreSt 
Forest reserve 
Recreation 
Game mana3ement 
National park 
Urban 

Undeveloped residential 
Dewloped 

pali and bamn land 
Water 

i i 4 , m  
1,916 

21,529 
794,629 

3 
7 
0 

197,823 
710,260 

794 
19288 

211,688 

74,429 
12,146 

421,945 
101 

46,449.4 
775.5 

a , x s  
321,586.4 

1.2 
2.8 
0.0 

80,059 .o 
287,4422 

321 3 
7,805.8 

a5,67o.i 

30,121 -4 
4315.5 

170.76 1 .I 
403 

2581,333 1,044,665.4 

Source: University of H a d ,  Arbs of H0wa.i. Department 
of Geography, University of Hawaii Res, Honolulu, 1974. 



. .. 

TabIe 2.10. Erdsting land use in Rma district 

Land area 

(acre) (ha) Existing land use 

Restdentiat 
Manufacturing 
Nonmanuficturing 
Retail 
Services 
social 
Recreation 
rtgriarlture 
Transportation @on-road) 
open ( f o e )  

2,2193 
32.1 

39 1.6 
28.8 

124.1 
422 

52095.1 
27,748.1 

0.0 
237,3703 
320,051 .e 

898.15 
1299 

11.66 
50.22 
17.08 

21,082.89 
1 1229.66 

0.00 
96.063.76 

158.48 . 

129,524.88 

OTotal does not include roads. 
Source: Hawaii County Research and Development De- 

partment, unpublished data, 1976. 
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ES- 4541 

=MEDIUM O E N S I ~ ,  
r.'=;IWW. OENSITY 

I N E N S I V E  AGRICULTURE 

r,'151€XENSlVE AGRICULTURE 
!ORCHARDS MILLS 

=OPEN AREA 0 1 2 3 4 s  
l l ' l ! i  

CONSERVATION KILOMEfERS 
ALTERNATE URBAN EXPANSION 
(Urn. MEOIUU. AND HIGH OENSITY USES ONLY) . 
Fig. 2.6. Land-use map of the Puna district. Source: R. X. Kamfns, 

E d r o r a e n t d  ImpQct Statement for the Eawcz i i  &otherma2 Rzsearch Stcrtion 
Ilt<tizing the ZGP-A Vel2 at Puna, IsZand of Zawaii, prepared for the 
Department of Planning and Economic Development, State of Hawaii, Xarch 
1978. 
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5 kn ( 3  miles) northwest of t he  site. 
Experiment S ta t ion  is over 0.8 €a (0.5 m i l e )  from the  site. 

land that was covered by the  1955 lava flow has been subdivided i n t o  0.4-ha 
(l-acre) homesites (Fig. 2.7). 
t he re  are only about one dozen residences within a 1.6-la ( l - m i l e )  r ad ius  

of t he  site.6 
the  si te and is located fa the  L e i l a n i  Estates (Fig. 2.7). 

Estates, a subdivision with a umber of occupied residences, is about 
2.5 lan (1.6 miles) northwest of the site. 

The University of Hawaii Agricul tural  

Direct ly  adjacent t o  t h e ' s t t e  ( t o  the  south across the Pohoiki Road), 

The majority of these l o t s  are vacant; 

The nearest  occupied residence is 1.1 km (0.7 m i l e )  from 
The Nanewale 

2.5 HISTORIC AND ARCEA€OLOGIC SITES AND NATURAL LANDliARXS 

2.5.1 E i s t o r i c  

The Puna d i s t r i c t  has played a r e l a t i v e l y  ins igni f icant  r o l e  in 
H a k i i a n  his tory;  it has produced no important family o r  chief . Conse- 
quently, t he re  are few h i s t o r i c  or archaeologic sites in the  d i s t r i c t .  
Table 2.11 lists all the sites on the  "National Reglster of H i s to r i c  
Places"18 that are located in the  southeastern half  of the Is land of 
Hawaii .  No site is less than 40 lm (25 miles) from the pro jec t  site. 

2.5.2 Archaeolonic 

The few archaeologic sites that exist in Puna are along the  coast ,  
some dis tance  from the  pro jec t  site. 
are approximately 6.9 laa (4 .3  miles) northeast  of t he  w e l l  s i t e  and 
cons t i t u t e  the  nearest  archaeologic s i teO6 The w e l l  s i t e  is covered by 

a 1955 lava flow that has buried any archaeologic remains t h a t  may have 
existed a t  the  site. An area within a 1.6-lan ( 1 - m i l e )  radius  of the  
project  s i te  was studied f o r  evidence of any material of archaeologic 
importance.19 

lava flows, as well as a few areas t h a t  were untouched by lava f o r  many 
centuries.  
indicate prehis tor ic  human occupation in the  immediate v i c i n i t y  of the 
project  site. 12  

The petroglyphs a t  Kapoho (Fig. 1.2) 

The area studied consisted of both recent and prehis tor ic  

No evidence of archaeologic material w a s  found that would 
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Fig. 2.7. Land use in  the immediate vicinity of the project s i t e .  
Source: R. K. Kamins, &virmen$d  lmpacf Statement fbr the Ecmaii 
&othemaZ Iieseamh S ta t ion  U t i t i z i q  the m - a  Yet; o t  ?mz, 3'Wprd 
ofHami<,  prepared for the Deparmnt of Planning and Economic Development, 
State of Hawaii, krch 1978. 



Table 2.1 I .  National histuric sites in the sotitheastem half of the Island of Hawaii 

Distance from 

(kni) (mile) 

well site Coinment Naiiie Location 

U.S. Pat Office Kinoufe and Waianaenue Streets, Hilo X O  >24.8 

Footprints - 1790 Mawaii Volcanoes National Park (IRINP) X 0  >24.8 
building 

IIVNP’ 

Old Volcano House No. 42 HVNP 

Wliitney Seismogmplr IlVNP 
Vault No. 29 

Wilkes canipsite 

Aiiiapo Trail 

Ahole llolua Complex 

.South l’oin t Coinplex 

Mauiia I d a  volcano in IIVNP 

Mauna Loa volcano in IlVNP 

Soullr of Milolii on Aliolc bay 

Southern tip of island 

(MenrJes trail) 

Pima-Kaa’a I listoric District IIVNP --. Rltsla Vicidty 

40 24.8 

40 24.8 

40 24.8 

>70 M3.5 

xo ~ 4 . a  

d o 0  e62.1 

e100 E62.i 

70 43.5 

Manuka Day I’etroglyphs , Southwest of  Wdoliinu st Mtlnuka Bay >io0 X 2 . 1  

Dates from 1937 to 1938. 

* I  

Footprints of ancient, native 
Ilawaiians, preserved in 
volcanic ash. 

in diameter. 
Volcanic crater, rouglily 3 knr 

Original tourist hotel, dates 

Contnins early (1961) eyuiplnent , 

from 1877. 

to record volcanic activity. 

Cainp of U.S. Exploratory 
Expedition, I 840- - I84 I. 

Custoniary route to suininit 
(preliistoric to 1961 ). 

Reiiirins of ancient structures. 

Archaeological site - provides most 
complete record of llawiiiian 
occupation on tlie island. 

Il-ehistoric villago and temple 
sites; petroglyplis. 

Petroglyplis in plroc hoe lavn. 
.-- 

Soarce: U.S. Ihpartinent of the Interior, 77teNuriud Rcgisrer ofilisrudc Plums, 1976; and “Annual Listing of Nationnl Register 
of llistoric I’laces,” I M .  Re@. 4326): 5163- 5345( 1998). 
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2.5.3 Xatural landmarks 

Two locations on the  Island of H a w a i i  (Nauna Kea and Nakalawena 

Xarsh) are located on the  "gational Registry of Xatural Landmarks."1g 
Both sites are over 80 km (SO miles) northwest of the  project  site. 

Although i t  is not on the  Registry, Lava Tree State Park, located 

1.6 km (1 sile) north of the  project  site, is an area of considerable 

na tura l  interest. 
cooled lava and some k~pukcrs (densely forested and i so la ted  parcels of 
land untouched by recent volcanism). 

It consis ts  of a number of standing trce molds of 

2.6 NOISE 

2.6.1 Noise charac te r i s t ics  of the s i te  

There have been no measurements of background noise a t  the  HGP-A 
site. 
[probzbly less than 45 dB(A)].  

v ic in i ty  is infrequent t r a f f i c  on the  adjacent Pohoiki Road. 

Because of its r u r a l  s e t t i ng ,  noise levels are expected t o  b e  low 
The major source of noise in the  si te 

2.6.2 Xoise regulations 

There are no spec i f ic  S t a t e  o r  County regulations tha t  apply t o  
noise. 

2.7 ECOLOGY 

This sect ion addresses terrestrial ecology and endangered species. 
There are no aquatic species because there are no natural  surface waters 
in the  project area (KGF-A w e l l  s i te) .  

The Hawaiian Islands are removed from mainland plant  and animal 
populations by 3220 t o  6440 Ian (2000 to 4000 miles) of open ocean. 
nat ive f l o r a  and fauna of H a w a i i  developed from the  r e l a t ive ly  few species 
of plants  and animals t ha t  were ab le  to successfully colonize the Islands.  

The isolated populations evolved in to  races and species qu i t e  d i f fe ren t  

from the i r  mainland ancestors. 

faunz, therefore,  is unique. 

The 

Xuch of the  Kawaiian nat ive flora and 
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Since the arrival of on the  Islands,  factors have contributed 

t o  the  decl ine of the native Hawaiian biota:  (1) the introduction of 
exot ic  species and '(2) habi tkt 'destruct ibn.  
European and Asian plants  and animals have became established as repro-  
ducing populations on t he  Islands and have replaced much of the  endemic 
b io t a  through competition and predation. 
the  Is lands have increased pressure on native b io t a  through hab i t a t  

destruction. 
ex t inc t  and many are cur ren t ly  on the  Federal list of endangered species. 
Relic populations of t he  nat ive Eawaiian f l o r a  and fauna exist primarily 
on high mountain slopes and in other areas not %enable to  man's a c t i v i t i e s .  

Hundreds of species of 

Western man's encroachments on 

Consequently, many of Hawaii's endemic species are now 

2.7.1 Terrestrial ecoloRy 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. 
those typ ica l  of the  earliest stages of primary succession on lava flows 
in H a w a i i .  
lava (blocly lava) covered by a dense growth of l ichens,  with scattered 
ferns  and o h h  khua Wetrosideros c o t t h a )  saplings less than 1 m (3.3 f t )  

i n  height .. 
ohia. 
mostly small. N e a r  Lava Tree State Park [about I km (0.6 mile) f rop  the  

site] are a few k<pz&s (small "islands" not covered by recent 
flows) on which the  oh& trees reach 30 m (98.4 f t )  in height. The . 

ground cover in a l l  the  ohia f o r e s t s  cons is t s  la rge ly  of f a l s e  staghorn 
fe rns  (Dkwopteris Z$ne&) ,  grasses, and several species of w i l d  

orchids (common in Hawaii)  . Treef erns (Cibotiwn sp. ) and ieie vines 
(Frey&netk cm3omcr) occur in the more mature f o r e s t s  of the k@&zs. 
All the  endemic plant  species found in the  oh& f o r e s t s  in t he  region of 

the  s i t e  are common in H a w a i i  on recent lava flows. 

The plan t  and animal communities represented on si te  are 

The undisturbed portions of the flow cons is t  of barren aa 

The region surrounding the  site cons is t s  of fo re s t s  dominated by 
Since most of the  flows are r e l a t i v e l y  recent, the f o r e s t s  are 

. 



58 

In disturbed areas near the  site, the  vegetation cons is t s  predomi- 

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

vegetation is found along roads, i n - t h e  vicinity of Lava Tree S t a t e  
Park, and in most areas dawnslope of t he  d r i l l i n g  site. 
along t h e  roads and t ra i ls  cons is t s  of such plants  as maago ( .Mqifera 
indica), papaya ( C d a  sp.), guava (Psid<aun guajava), bamboo (Bumbusa 
spp.), kukui (AZezdtea moZuccanrr) , sugarcane (Sacchmwn o f f ~ n a m m ) ,  
bana (Mu8a sp.), Indian pluchea (Pzuchea < d h a ) ,  Jamaica vervain 
(S tachy taqhe ta  & d c e n s i s ) ,  and sens i t i ve  p lan t  (*sa p d i c a )  . A 

planta t ion  of Norfolk Is land pines (Arraccmur esceZea) 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  (AZbizk f a Z c d )  along the road and a t  the park. 

Such exot ic  

Exotic vegetation 

2.7.1.2 Fauna 

The only nat ive  Hawaiian mamals are the  Eawaiian hoary b a t  (Za&uru~ 
cinereus semotus) and the  Hawaiian monk seal (Monacm s c k ~ m t r m d i ) .  
Both are l i s t e d  as endangered by the  U.S. Department of the  In te r ior .20  
Only t he  b a t  po ten t ia l ly  occurs in the  region surrounding the site. 
ba t s  require  r e l a t ive ly  dense she l te r ing  tree o r  shrub growth f o r  roosting 
habitat .2f 
they may occur in o h k  f o r e s t s  on surrounding lands. 
such as rats (Rattus sp.) and mongooses (EeTestes rrurapunctatus) may also 

be expected t o  occur in surrounding lands, especial ly  in the  ag r i cu l tu ra l  
areas within a few kilometers of the site. 

The 

Thus, bats  would not u t i l i z e  the  r e l a t i v e l y  barren si te,  but 

Introduced mnmmnls 

Land b i rds  of e ight  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,  
endenic t o  the  Islands,  Of t he  66 endemic Eawaiian land b i rds  t h a t  were 
known during the  nineteenth century, about 35% are now ex t inc t  and over 

40% are considered rare o r  endangered. l 1  The endangered Hawaiian b i rds  
account f o r  about half  of a l l  the b i rds  of the United S ta tes  l i s t e d  on 

L 

t he  endangered species list . 2o 

Although ohia f o r e s t s  provide hab 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 elevations.  

Of the nat ive Hawaiian birds ,  only two species would be expected i n  the 
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young oh&z fo re s t s  near the  Low-elevation (175 m (574 f t ) ]  project  site: 
(1) t he  Hawaiian hawk (Buteo soZi*dus) and (2) the  Hawaiian short-eared 
owl o r  p e o  (Asw f7Lmneus s&chensis) The habi ta t s  within a 1.6-km 
(1-mile) radius  of the  si te are not su i t ab le  fo r  these species; individuals 
would be expected t o  occur only in passage. 

by a noted orni thologis t  were a l l  introduced species and include the 
spotted dove, melodious laughing thrush, Japanese white-eye, c~mmon myna, 

Birds observed a t  the  site 

house finch, r iceb i rd ,  and cardinal.23 

2.7.2 Endangered species 

2.7.2.1 P l a n t s  

The Puna d i s t r i c t  is not  an area of po ten t i a l  endangered p lan t  
species. 
of human use have eliminated rare endemics. Field surveys12 and con-' 

su l t a t ion  with l o c a l  au tho r i t i e s  have f a i l e d  t o  reveal any evidence of 
rare or  endangered plant  species i n , t h e  v i c i n i t y  of the  site. 

Apparently, the  na tura l ly  induced disturbance and the  h i s to rg  

2.7.2.2 Animals 

There are 12 land animal species on the  Island 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 extinction.20 
Table 2.12 lists these species and t h e i r  preferred habitats.  The odty 

species that could occur near the  si te ( the  Hawafian hoary ba t  and the  
Hawaiian hawk) would only occur as t rans ien ts  (Sect. 2.7.1.2). 

2 . 8 DEMOCRAPEIP, SOCIOECONOMICS, AND VALUES 

The Puna d i s t r i c t  (estimated 1976 population of 7800) is the  second 
most populous of t he  nine d i s t r i c t s  on the  Island of BawaFf. 

South Hilo d i s t r i c t  has a l a rge r  population (39,600 in 1976). Neverthe- 
less, the  Puna d i s t r i c t  is sparsely populated. The ag r i cu l tu ra l  town of 
Pahoa (1970 population of 924) is the  population center nearest  the site 
[about 5.6 km (3.5 miles) northwest]. 

Island (1970 population of 26,3531, is about 24 la (15 m i l e s )  north of 

Only the  

Hilo, the  l a rges t  c i t y  on the  



Table 2.12. Endangered wildlife of the Island of llawaii 

Nanie Mabi tat Present distribution 

llawaiian dark-rumped petral (rrort) 
(Pterodrom phampyglu sunhulchensh) 

I lawaiian goose (netre) 
(Brunru sarrhicensls) 

llawuiian duck (hlw) 
(Anus iqvvilhtu) 

llawaiian hawk (lo) 
( l l t r i a r  sollrurirru) 

Hawaiian coot (alae keukm) 
(Atlicu amedcunu ulul) 

llawaiian stilt (am) 
(tfinru~rroprts hinirrrr mprs Knttdsejri) 

I lavwiian crow blah) 
(COWUS rmplats) 

A kiapolaau (Ilenilgtqhtts tuilsonl) 

l’cllila (Alrrirwm hillerti) 

tfawaiian !loury bat 
(Lusittrtcs cltreretts semorm) 

Oceanic, nests on walh of craters 

Lava flows 500O-t1500 ft 

Coastal lagoons, marshes, and 

Widasproud, open forest, 

Ponds and lagoons 

away from water 

mouiitain streanis 

agricitltural land, grassland 

Ponds, lagoons, marshes 

lOOO-80oO fi, forested and 

Upper mountain forests, tall 

Native forests 

rilncliing areas 

kau, nianiane 

Dense mountain rain forest 

Maiiiune-naio forests, 
with fern understory 

7000~-9000 f? 
Matitre ohia-lehua and koa forests 

Flanks of Mauna Kea and Mauna h a  

. I  
Slopes of Maunlr h a  and Ilualalai; 

Rein trodaced experinientally 
reintroductionan Maui 

Slopes of Mauna Loa, windward 

Migrates between islands 
and Kona coasts 

8 

Coastal shoreline 

Higher elevations on north and south 

Upper forests of Mauna Kea and 

Widely scattered on Mauna Kea, 

Kona and Kau clistricts 

Mauna Loa 

Mama Loa, and Hualalai 

Marina Kea 

a\ 
0 
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t h e  site. The 1976 population of the  Island of H a w a i i  w a s  76,600, which 
is equivalent t o  an overa l l  population density of 7.5 persons per square c .  t i  

kilometer (19 persons per iq&re mile), while t h e  population densi ty  f o r  
the  Puna d i s t r i c t  was 6.4 persons per square kilometer (17 persons p e r  

square mile) .6’12 

Residential  areas are under development immediately t o  the west of 

t h e  project  s i te and also about 1.6 Ian (1 mile) north of the site. 
nearest occupied dwelling is in the  former development ( L e i l a n i  Estates) 

and is located approximately 1.1 Ian (0.7 mile) southwest of the  si te 
(Fig. 2.7). There are a dozen ‘houses within 1.6 Ian (1 mile) of the 
project  site.6 

The 

The l a r g e s t  employment sec tor  in the  Puna d i s t r i c t  is agr icu l ture  
(Table 2.13). 
products such as sugar, papaya, and macadamia nuts. 

c u l t u r a l  sector ,  t h e  sugar industry I s  the  l a rges t  full-time employer, 
with papaya second. 
provided by t h e  papaya, macadamia nut, and anthurium industries (Table 2.14) . 
Unemployment rates in the  Puna d i s t r i c t  have been about 10% in recent 
years,6 compared with a statewide f igure  of 7.4% in A975.24 

The manufacturing sec tor  includes processing of ag r i cu l tu ra l  

Within the  agri- 

Significant seasonal or  part-time employment i s  

Projections t o  1990 indica te  tha t  the population of the County of 
H a w a i i w f U  increase to  115,000 t o  137,000 (a SO t o  79% increase over 
1976 t o t a l s )  and that the  Puna d i s t r i c t  will increase t o  8,400 t o  13,000 
(an 8 t o  67% increase over 1976) . 
j ec t ions  reflects uncertainty of the  fu ture  of agr icu l ture  and tourism. 
The a b i l i t y  of ex is t ing  services t o  handle projected growth will depend 
la rge ly  on t he  geographical d i s t r ibu t ion  of the growth, whether in popu- 
l a t i o n  centers such as Pahoa or in.more remote areas. More central ized 
growth is expected t o  require  expansion of municipal water supplies and 

I n i t i a t i o n  of sewage treatment, while other  services (e.$., schools, fire 
and pol ice  services, and recreat ion f a c i l i t i e s )  are considered adequate 
i n  s u d  places as Pahoa.6 

Among other  fac tors ,  the  range of pro- 
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Table 2.13. Employment (by sector) of Puna district residents 

Sector 

A&UltUXe 
Retail/whalesate trade 
Constructlo ' n  
service (including govenunmt) 
Manufimwhg (including agricurtunl processing) 
Transpoxtation, communications, utilities 
F m c e ,  insurance, real estate 
Fishing, hunting 

718 
548 
502 
467 
309 
228 
101 
12 

2885 
- 

24 9 
19.0 
17.4 
163 
10.7 
7 9  
3.5 
0.4 

100.0 

Source: RIM. Kunins, Environmenrrrl Impact Statement for the 
Hmaii Gwthermol Resear& Stotton, Utilizing the HGP-A Well at Aurs 
I .  of H&, prepared for the Department of Planning and 
Economic Development, State of Hawaii, March 1978. 
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Table 2.14. Summary of employment statistics 
' for major agricutturat activities in Puna 

Emolovment * -  

Crop Seasonal or 
part-time Ful-time 

susar 428 
kPW 265 227 
Macadamia 81 205 
Anthiuium 95 235 
Other flowers 116 (County) 67 (County) 
Truck farming 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 ENFTIRONMENTAL iIdAcTS 

The po ten t i a l  environm'ental. impact's of the  proposed ac t ion  during 

the  construction and operation phases are evaluated as they relate t o  
geology, water and air qual i ty ,  water and land use, h i s t o r i c  and 
archaeologic resources and na tu ra l  landmarks, noise, ecology, and 
socioeconomics. 

3.1 IMPACTS OF CONSTRUCTION 

The following sect ions consider the environmental impacts of 
construction of the  power plant ,  a power line, and various research 
modules . 
3.1.1 Geological impacts 

There w i l l  be  no geological impacts during plant  construction. 
The lone production w e l l  has been completed and flow tested. 

usual ly  be shut  i n  during construction. 
f l a t  area so t h a t  excavatfon activities w i l l  not lead  t o  massive slope 
f a i l u r e  . 

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

3.1.2 Impacts on air qual i ty  

Air emissions during the  construction phase of the project  will  

cons is t  of exhaust emissions from d i e s e l  machinery and some fug i t ive  dust. 
Diesel emissions w i l l  be minor, in te rmi t ten t ,  and of sho r t  duration. 
They should be readi ly  dispersed and should have no e f f e c t  on a i r  qual i ty .  
The high prec ip i ta t ion  and humidfty should hold fug i t ive  dust  and releases 
t o  a minimum. 

3.1.3 Impacts on water quality and use 

No f resh  surface water o r  groundwater exist 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. 

f o r  construction purposes w i l l  be obtained from the County public water 
Water 
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supply system. 
ends near Lava Tree State Park, about 0.4 km (0.25 mile) from the con- 
s t ruc t ion  area,l and water vill be hauled from there  by truck. 

There should be no significant e f f e c t  on groundwater qual i ty ,  and 

A d i s t r ibu t ion  l ine  serving the Pahoa cammunfty presently 

there  w i l l  be no surface discharge during construction. 
construction waste f l u i d s  will be discharged in 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 drain 
f ie lds .  Measurable degradation of water qual i ty  is not  expected because 

of, (1) the r e l a t ive ly  low rate of liquid-waste discharge and its d i lu t ion  
by i n f i l t r a t i o n  of a subs tan t ia l  amount of rainwater and (2) t he  brackish 
nature of l o c a l  groundwater. 

Sanitary and 

3.1.4 Impacts on land use 

The HGP-A well si te  consis ts  of 1.7 ha (4.1 acres) of land that is 

current ly  occupied by a holding pond, a parking l o t ,  a geothermal w e l l ,  
and associated t e s t ing  and muffling equipment. .Because all ons i te  con- 

s t ruc t ion  activities w i l l  d i s turb  ground that was covered by a 1955 lava 
flow (Sect. 2 . 4 ) ,  there  w i l l  be no encroachment on valuable ag r i cu l tu ra l  
land. 
Park; therefore,  con f l i c t s  with recreat ional  uses of the park are not 
ant ic ipated . 

The land d i r ec t ly  across the  Pohoiki Road from the  BGP-A w e l l  s i te 
is zoned r e s iden t i a l  and has been subdivided i n t o  home l o t s  (Fig. 2.7); 

however, there  are few residences within the subdivision. 
house is 1.1 km (0.7 mile) from the  project  site. Construction activities 

and the  attendant increase in 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 te should serve t o  minimize poten t ia l  
confl ic ts .  

The project  s i te is not v i s i b l e  from the  nearby Lava Tree State 

The c loses t  

Presently planned public inf onnation meetings involving 

The entire Puna d i s t r i c t  is sparsely populated and essent ia l ly  rural .  
The HGP-A w e l l  has already somewhat changed the r u r a l  o r  "natural" s e t t i n g  
of the  immediate area. Even with mitigating measures such as attractive 

fencing and landscaping, construction of a p i l o t  power plant  a t  the s i te  

w i l l  fu r ther  change the character of the area. The e f f ec t s  of commercial 
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development of the  geothermal resource would be even greater.  
HGP-A w e l l  power p l a n t  and geothermal energy i n  $una are perceived w i l l  
depend upon the  individual viewer. Public meetings involving the  l o c a l  

populace in t he  ear ly  stages of t h i s  geothermal project  should help t o  
ensure as few conf l i c t s  as possible. 

Bow the 

Construction of t he  new power line w i l l  require  extension of the  
u t i l i t y  right-of-way t o  5.15 m (17 f t )  beyond the edges of the roads. 
Loss of developed r e s iden t i a l  land will 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 Lei lan i  Estates 
l o t s  adjoining the road. 
w i l l  be taken from the Xaaewale Forest  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 ' 
natura l  landmarks 

There are no sites of h i s t o r i c  o r  archaeologic value near enough 
to  t h e  project  s i t e  t o  be affected by project  activities (Sect. 2.5). 

Since the  project  s i te  is s i tua ted  on a 1955 lava flow, construction 
. -  activities are not l i k e l y  t o  d is turb  any archaeologic resources. There 
are no na tura l  landmarks near the site (Sect. 2.5). 

3.1.6 Noise-related impacts 

There w i l l  be  no addi t ional  w e l l  d r i l l i n g  a t  the HGP site unless the  
seepage pond's performance fs unsatisfactory.  
during the  construction phase of t he  project  w i l l  be the d i e s e l  con- 
s t ruc t ion  machinery tha t  will be operated during normal working hours. 
Noise levels from heavy d i e s e l  equipment generally reach 85 t o  90 dB(X) 
a t  15 P (SO ft) .  from the source.2 

propagation, sound attenua on by distance should reduce these noise  
levels t o  49 , t o  4 dB(A) a t  the  neatest residence (1.1 km (0.7 mild from 
the site]. 
dences and atmospheric absorption should fur ther  reduce these noise levels. 

The U.S. Department of Housing and Urban Development ra t ing  system 
f o r  r e s iden 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  i n  a 24-hr period. 

The major source of noise 

Based on physical laws of wave 

Deflection by vegetation between the w e l l  s i t e  and the tesi- 
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The U.S . Environmental Protect ion Agency recammended mxinxum outdoor 
r e s i d e n t i a l  day/night noise  level is 55 dB(A) . 3  

t he  estimated noise- levels . tesul t ing.  from construction activities w i l l  be 
lower than 55 dB(A) and thus dl f a l l  within both criteria. Because the  

noise l eve l s  are su i tab ly  low and because construction activities a t  the  
si te are expected to  last only a few months, noise  from projected con- 
s t ruc t ion  is not expected t o  produce any long-term e f f e c t s  on nearby 
residents  . 

A t  the  nearest  residence, 

3.1.7 Ecological impacts 

For the  most par t ,  p ro jec t  construction activities w i l l  d i s tu rb  only 

terrestrial areas of t he  pro jec t  s i te  t h a t  have already been cleared. 
Vegetation t h a t  may be destroyed by addi t iona l  c lear ing,  i f  any, w i l l  
cons is t  of l ichens and small ohia saplings on the 1955 lava flow. 
ear ly  successional hab i t a t  surrounding the  site is not s u i t a b l e  f o r  

The 

endemic wildl i fe .  Construction of the  new transmission l ine w i l l  involve 
a s m a l l  loss of roadside vegetation consis t ing of mixed oh& woodland and 
numerous introduced weedy species. Construction activities and noise may . 
displace a f e w  individuals of t he  nearby introduced w i l d l i f e  species,  but 
the t o t a l  number displaced will  be small in r e l a t i o n  t o  the  populations 
present in the  surrounding habi ta ts .  
does not occur on o r  near t he  s i te  (Sect. 2.7.2); therefore ,  the  pro jec t  
will not  a f f e c t  these species. 

Critical hab i t a t  f o r  endangered species 

3.1.8 Socioeconomic impacts 

Total  construction employment is not 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 gu re  
(Sect. 1.3.1). Nost of t h i s  construction force will  be  s k i l l e d  labor 
(employees of t he  EGFS projec t  par t ic ipants ) .  
may be required, but the  Puna d i s t r i c t  labor pool, with its re l a t ive ly  

high unemployment rate (Sect. 2.81, is expected to  accommodate t h i s  
demand. 

w i l l  probably commute from Hilo, the nearest major c i t y .  

A few unskilled laborers 

Construction personnel not already res idents  of the Puna d i s t r i c t  
h s l i g h t  increase 



71 
C 

in l o c a l  spending may r e s u l t  (e.g., f o r  groceries 1 * a  or  automobile f u e l ) ,  

but t he  Hilo area would be k e c t e d  t o  benef i t  p h a r f l y  from any employee 
spending. 
negl ig ib le  socioeconomic impact. 

Thus, p ro jec t  ccmstruction employment w i l l  l i k e l y  represent a 

3 .2  IMPACTS OF OPERATION 

The following sect ions consider the  environmental impacts of power 
generation and of t he  operation of various research modules. 

3 . 2.1 Geological impacts 

Induced seismicity, Subsidence, and groundwater degradation are the  
pr inc ipa l  geologically r e l a t ed  operat ional  impacts. 
are considered separately in Sect. 3.2 .3 .  Natural geological phenomena 
such 8s earthquakes and volcanic eruptions are unplanned events and are 
considered in Sect. 3 . 4 .  

Impacts on groundwater 

The operation of t he  HGRS is not l i k e l y  t o  cause induced seismicity.  
It is generally recognized t h a t  induced seismici ty  i s  caused by r e in j ec t ion  
of waste f l u i d  at  high pressure and high discharge rate.& 
discharge from the  w e l l  and cooling tower, however, is r e l a t i v e l y  small 

f loo r  of a seepage pond by gravi ty  flow. 
Subsidence is not expected t o  have a substantial envir  

The low production rate [10.5" liter/sec (166 gpm)] from a s 
the  nature of t he  reservoirS (pillow lava with f r ac tu re  porosity and 
hydropressure, as opposed t o  interbedded sedimentary. rock &th primary 
porosity and geopressure) suggest t h a t  subsidence w i l l  be minimal. 

on the  environment beyond the  EGRS boundary. 
on HGRS f a c i l i t i e s  are t rea ted  as accidents (Sect. 3 . 4 ) .  Subsidence 
would not be harmful t o  
drainage t h a t  'could conceivably be disrupted or ponded. . . 

Combined 

i 13.8 t o  6 . 3  liter/sec (60 t o  100 gpm)]  and w i l l  infiltrate through the 

Even i f  subsidence did occur, there  would be ILO s ign i f i can t  e f f e c t  

Possible e f f e c t s  of subsidence 
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3.2.2 Impacts on a i r  qua l i ty  

During project  operation, a i r  qua l i ty  could be a f fec ted  by releases 
of noncondensible gases o r  b the r  c o n k t i b e n t s  of geothermal f l u i d s  i n t o  
the  atmosphere. 
released from the  cooling towers should not s ign i f i can t ly  a f f e c t  l o c a l  
air quali ty.  Chemical analyses of the  geothermal f l u i d s  were obtained 
during earlier flow tests a t  the EGF-A site. 
t h a t  hydrogen s u l f i d e  (E2S) is t he  only noncondensible gas present that 

has a poten t ia l  f o r  adverse e f f e c t s  on l o c a l  a i r  quali ty.  
is closely associated with volcanic a c t i v i t y  on the  Is land of Eawaii, is 
a l s o  present in the  geothermal f l u i d s  a t  the  HGP-A site. 
s t i t u e n t s  of the  geothermal f l u i d s  that could poten t ia l ly  a f f e c t  air qua l i t y  
have been ident i f ied.  

Due t o  the  moderate and humid climate, water vapor 

These analyses ind ica te  

Mercury, which 

No other  con- 

3.2.2.1 Hydrogen s u l f i d e  

Air qual i ty  e f f e c t s  of H2S are of concern a t  the  EGP-A site only in 
r e l a t ion  t o  its po ten t i a l  f o r  nuisance odor. 
from E2S occur only above 100 ppmO6 
unpleasant odor of E2S is detectable  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 sens i t i ve  species of p lan ts  have been demonstrated a t  82s concentrations 

above 300 ppb.' 

Adverse human heal th  e f f e c t s  
However, the cha rac t e r i s t i c  and 

The recommended maximum atmospheric concentration 

The p red r i l l i ng  a i r  qua l i t y  measurements a t  the  HGP-A si te are 
The odor of H2S w a s  not detectable  p r io r  t o  de ta i led  in Table 2.4. 

d r i l l i n g ,  nor is the  odor detectable  (at present) when the w e l l  is 
shut in. 
the  w e l l ,  and nearby res idents  have complained of odor during some w e l l  
tests. 

With abaternent, E2S emissions resu l t ing  from normal power plant  operations 

However, during w e l l  flow tests, EI2S odor is prevalent near 

Because of these complaints, an E2S abatement system is planned. 

w i l l  be an order of magnitude less than those r e su l t i ng  from w e l l  t es t ing .  
Ambient H2S measurements recorded a t  the HGP-A si te during three  

previous w e l l  flow tests are de ta i led  in T a b l e  3.1. 
spheric concentration measured during f lashing flow w a s  7 ppm (measured 

The highest atmo- 
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Table 3.1. Results of atmospheric HIS measurements in the HGP-A 
site vicinity during three flow tests 

HGP-A well flow test Conccntra tion 
(PPb) 

Flashing flow test (4 hr) on Nov. 3,19760 
In plume (10 m (33 ft) from wellhead] 

. In plume (100 rn (328 Fc) from wellhead] 
Outside plume ( 10 m (33 ft) from wellhead ] 

Flashing flow test on Apr. 22-23, 1977b*C 
Direct!y over water outfall at well 
Upwind [3 m (10 ft) from well] 
Downwind (30 m (98 ft) from well] 
Downwind [ 110 m (361 ft) from well] 

Reflashing flow test on Feb. 2,197gd 
Steam over weir box at well 
well p ~ o &  (in steam pime) 
Downwind +90J (20 m (66 ft) from well) 
Downwind (100 rn (328 ft) from well] 

Flashing flow test on 
Steam aver weir box at well 
Well piatform (in steam piume) 
Downwind (100 m (328 ft) from well] 

3100 
800 
600 

Fitst half hour 
500-700 

1100 
10-20 

7000 
IO00 
600 
300 

I700 
1300 
IS 

Second half hour 

700-900 
5-10 

700-1000 

aSource: BL. Siegel and SM. Sieget, “Geotoxicology, Task 4.1,” inPhaseiII - Well 
Taring and Ana@& Rogress Report for the Firsr Quurter of Fedeml FY77, Hawaii 
Geothermal Roject, University of Hawaii, Honolulu, 1977. 

kource: BZ. Siegei and SM. Siegel. unpublished memorandum to Dr. John Shupe, 
Director, Hawaii Geothermal Project, Apr. 28, 1977. 

CAmbient concentrations were also measured in over 20 locations dong the roads and 
in nearby subdivisions. AlJ measurements were below 200 ppb, which was the sensitivity 
limit of the instrumentation. The odor of Has was detectabfe dong the road to Cape 
Kumuhaki up to 0.5 Jun (0.3 mile) from the site and dong the Pahoa Road up to 0.8 km 
(0.5 d e )  downwind of the site. 

dSource: BL. Siegel and SY. Siegei. Aeromeny of the Fcbruaty 2. I978 Flashing, 
Geotoxicity Phase III, Supphment No. 5 ,  Hawaii Geothermal Project, University of 
Hawaii, Honoiuiu, Feb. 8,1978. 
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j u s t  above the  wellhead), which is below the  recommended concentration 
f o r  i ndus t r i a l  exposure t o  E2S. Atmospheric concentrations of H2S f a l l  
off rapidly with increasing dis tance ftom' the  w e l l .  .During flow tests, 

ambient H2S concentrations generally f e l l  below 200 ppb beyond a few 
hundred meters from the  w e l l .  
concentrations were determined at  20 locations i n  the  community surrounding 
the w e l l  site. 

During the  Apri l  flow tests, ambient H2S 

Except in the  immediate v i c i n i t y  of the well, ambient 
H2S concentrations were between 30 ppb (odor threshold) and 200 ppb within 

0.8 km (0.5 mile) of the  w e l l .  
abatement should reduce these ambient leve ls  by an order of magnitude 
[3  t o  20 ppb within 0.8 km (0.5 mile) of the  s i t e ] .  
immediate v i c i n i t y  of the power plant ,  atmospheric H2S concentrations 
should not exceed the odor threshold of 30 ppb. 

During normal power plant  operations, H2S 

Except in the  

Normal power plant  
operations should definitely not cause a nuisance odor a t  the nearest  
residence [ l . l  km (0.7 mile) from the  s i t e ] .  
and the abatement system are off l ine will H2S emissions approach the 
levels that occur during w e l l  tes t ing.  
appropriate weather conditions, E2S odor may be detectable  a t  nearby 

Only when both the  turbine 

A t  these times and with the 

residences. 
and i t  is possible t o  p a r t i a l l y  shut i n  the w e l l  f o r  extended power 
plant downtime. 

This set of circumstances is not expected t o  occur often,  

3.2.2.2 Mercury 

Environmental sampling f o r  mercury w a s  i n i t i a t e d  i n  the  earliest 
stages of the EGP-A project  because of the  tox ic i ty  of mercury and its 
known association with regions of volcanic ac t iv i ty .  
ambient a i r  qua l i ty  standards f o r  mercury. 
tect ion Agency has suggested a matffmum concentration of 1 vg/m3 f o r  long- 

term exposure of the general public t o  atmospheric mercury.8 The 

American Conference of Governmental Hygenists has adopted a standard f o r  
the workplace environment of 50 ug/m3 of inorganic mercury i n  the 
atmosphere. 
2300 g/day, established fo r  the chloro-alkali and mercury ore  processing 

There are no Federal 

The U.S. Enviromnental Pro- 

The only point-source emission standard f o r  mercury is 

industr ies  . a 



5 75 

Xatural thermal and volcanic sites on the  Island of H a w a i i  have 
y sg 

been shown to  exhibi t  elevated atmospheric mercury concentrations . l o  9 

From 1971  t o  1976, ktmosphe'ric'mercury w a s  measured a t  a number of 

active volcanic si tes in H a w a i i  Volcanoes National Park. 
mercury concentration i n  80 samples from these sites w a s  15 u g h 3  
(refs. 12 and 13). 
in nonthermal regions of the  world are generally w e l l  below 0.1 ug/m3 

The average 

By contrast ,  ambient atmospheric mercury concentrations 

(refs .  14 and 15). Atmospheric mercury concentrations i n  excess of 
40 pg/m3 have been recorded a t  two sites i n  H a w a i i  Volcanoes A; L a t iona l  

Park.ll 
in Puna, 200 pg/m3 of mercury was measured ( the highest  atmospheric 
concentration of mercury ever recorded on the  Is 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  

During a recent eruption a t  Kalalua, along the east rift zone 

HGP-A s i t e  p r io r  t o  d r i l l i n g  the  w e l l  and has continued during w e l l  
t es t ing  (Table 3.1). 
(6.2 miles) from any known ac t ive  volcanic s i t e  along the east r i f t  

zone, the  HGP-A si te  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 u g h 3  

recorded on s i t e  were well above those expected i n  nonvolcanic regions 

of the world. 
9.9 ug/m3 were recorded a t  the  s i te  during a w e l l  f lashing test (Table  3.2) 
Although these high values were i n i t i a l l y  a t t r i bu ted  t o  the release of 
geothermal fluids containing mercury, it w a s  later discovered that  

intense volcanic 'ac t iv i ty  had been occurring a t  tha t  time along the east 
r i f t  zone. 
the w e l l  w a s  shut in on many occasions when high atmospheric mercury 
leve ls  were recorded a t  the HGP-A site. 
a t t r ibu ted  t o  release of geothermal f lu ids  into the  atmosphere. 
indications are t h a t  atmospheric mercury levels a t  the  HGP-A s i t e  are 

Even though the  HGP-A s i t e  is a t  least 10 km 

Pr io r  t o  any w e l l -  

In July 1976, atmospheric mercury concentrations of 

From the  esults provided i n  Table 3.2, it  is evident t h a t  

The high levels could not be 
A l l  

determined by events that occur along the east r i f t  zone. The re su l t s  
of. extensive aerial and ground-level sampling along the east r i f t  zone 

during the eruption 'of Kalalua have been reported by 8. 2. Siege1 and 
S. M. Siegel .13 

a c t i v i t y  in H a w a i i  a f f ec t s  atmospheric mercury leve ls  a t  sites far from 
t h e  eruption. 

Their study substant ia tes  t h e  theory tha t  volcanic 
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Table 3.2. Results of ambient atmospheric mercury sampling at the HGP-A site and at Sulfur Banks 

Date Well activity 
Total atmospheric mercury 

bgirn' 
HGP-A SuIfur Bankp 

~~ 

5.755 
5-76b 
6-24125-76' 
7-22-76' 
10.2 1-76' 
1 1-2-76' 
1 1-3-76' 
1 1 -3-76c 
11-76' 
7-77c 
8- 1 2-77d 
9-15-77d 
9-30.77d 
1-2-78' 
32-78' 

Predrilling 
Postdrilling 
well flowing 
Flashing ( f i t  hour) 
Well shut-in 
Warmup phase of flow test 
FIashing flow ( f i t  two hours) 
Flashing flow (second two how) 
Two wceb after well shut-in 
WelI shut-in (45 days before Kalalua eruption) 
Well shut-in (30 days before Kaiaiua emption) 
Well shut-in (36 hr after W u a  eruption) 
Well shut-in (I  7 days after Kalalua eruption) 
well shut-in 
Well flashing 

1.1 f 0.58 
1.2 

<I .o 
9 9  

16.1 
16-18 
18.0 
7 .O 

13-29 
0.8 
0.5 
0.2 
4.5 
15 
I .6 

~ _ _ _ ~ ~  ~ 

2.6 i 0.5 1 
5 3- 1 0.0 

47.5 

1.4 
0.2 
1 .I 

11.3 

aSulfur Banks is an active. thermal site in Hawaii Volcanoes National Park. 
bSource: RX. Kamins et al., Emironmental Baseline Sd.v for Geothermal Development in Ria. Hawaii, 

Hawaii Georhermal Project, University of Hawaii, Honolulu, September 1976. 
cS~urce: BZ. Siege1 and S.M. Skgel, "Geotoxicobgy, Task 4.1," in Phase III - Well Tesnhg und ha[vsis. 

Rogress Repon for the Fint Quaner of Federal FY77, Hawaii Geothermal Project, University of Hawaii. Honolulu, 
1977. 

dSource: B.Z. Siegel and S.M. Siegel, rMcaswements at HGP-A During the Kaiaiua Eruption ofSeptember I977, 
Hawaii Geothermal Project Supplement. University of Hawaii, Honoiulu, 1977. 

CSource: BZ. Siegel and S.M. Siegel, Aemmeny of tfze Febnrary 2. 1978 Flahing, Geotoxicity Phase III, 
Supplement Xo. 5, Hawaii Geothermal Project, University of Hawaii, Feb. 8,1978. 
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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 he  
HGP-A si te yielded an average mercuq content of 1.0 s g / l i t e r ,  with a 
maximum of 6.0 rrgll l ter .  Later .sampling of the  geothermal r e semoi r ,  a t  
various depths, measured t o t a l  mercury coacentrations 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 
was recorded a t  44.4 pg/ l i te r .  

44.4 p g / l i t e r  as a worst-case assumption and assuming tha t  all mercury in 
the  geothermal f l u i d s  would be released t o  the  atmosphere, normal power 
plant operations would r e s u l t  in release of approximately 40 g/day of 
mercury. 

set by the  U.S. Environmental Protection Agency f o r  the mercury industry. 
Considering even the  most conservative meteorologic conditions, the release 
of 40 g/day of mercury would not increase the  ambient atmospheric mercury . 

l eve l s  at  the  HGP-A site su f f i c i en t ly  t o  be distinguishable above the 
exis t ing  background mercury levels. 
of the project  will not a f f e c t  a i r  qual i ty .  

Using the  highest concentration of 

This is less than 2% of the  mercury point-source emission standard 
8 

Release of mercury during operation 

3.2.2.3 P s  

Monitoring of the ambient a i r  f o r  H2S and mercury as w e l l  as f o r  
su l fu r i c  acid (B~SOI+) ,  su l fu r  dioxide (SOz),  and arsenic  will be conducted 
a f t e r  project  operations commence. 
done at the  project  boundary and a t  the  nearest  residence. 
of the  instrumentation w i l l  be 10 ppb of atmospheric H2S, which is su f f i c i en t  
t o  de tec t  H2S before nuisance,odor leve ls  are reached. 
w i l l  be monitored on a weekly bas is  a t  30 sites i n  the area surrounding 
the  project  sites. Disposable o r  mobile detectors  capable of d e t e c t h g  
concentrations as l o w  as 30 ppb (near the nuisance odor threshold) will be 
used. 

Continuous monitoring of Ii2S will be 
The s e n s i t i v i t y  

I n  addition, tf2S 

. 

Ambient measurements of atmospheric concentrations of mercury, arsenic ,  
H2SO4, and SO2 will be made weekly a t  the project  boundary (an 8-hr sample). 
The detection l imi t s  w i l l  be as follows: 

so2 10 PPb 
H2S04 0.1 mg/m3 
Total  mercury 0.1 vg/m3 

Arsenic (111) 5 PPb 
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3.2.3 Impacts on water qual i ty  and use 

This sect ion addresses the  impact of production and in jec t ion  of 
geothermal f h i d .  
whereas in jec t ion  takes place in a shallow, unconfined aquifer.  

only reduces the  quantity of avai lable  groundwater supplies,  but in jec t ion  
a f f ec t s  the  qua l i ty  of those supplies. 

Produc t h '  takes place f tom a deep, confined aquifer  , 
Production 

Production of geothermal f l u i d  w i l l  have no e f f e c t  on water use in 
the  Puna d i s t r i c t .  
P. M. Kroopnick et al. t ha t  shallow aquifers (poten t ia l  suppl iers  of 
potable o r  agr icu l tura l  water) are not hydraulically connected with the 
geothermal reservoir.  l6 Furthermore, groundwater resources in the area 
are underutilized a t  present. 

because of low population density,  high r a i n f a l l ,  and generally poor-to- 
margina l  groundwater qual i ty  (as determined from nearby w e l l s ) .  

It is evident from the  geochemical invest igat ions of 

Lack of demand f o r  groundwater amy continue 

Inject ion of geothermal f l u i d  w i l l  take place i n  a shallow aquifer  

The analysis  t ha t  where groundwater resources could conceivably occur. 
follows considers t he  impact on water qua l i ty  of (1) possible nearby, 
undiscovered potable groundwater and (2) downgradient exis t ing w e l l s  
t ha t  are su i t ab le  f o r  l imited water uses. 

If there  is any potable o r  ag r i cu l tu ra l  groundwater i n  the immediate 

v i c in i ty  of the seepage pond, it w i l l  be degraded. 
groundwater is present within a 4.8-km (3-mile) radius , l  and its presence 
nearer the s i t e  cannot be de f in i t e ly  excluded. 
shallow test holes could be d r i l l e d  t o  evaluate the  poten t ia l  fo r  
degrading groundwater sources near the  site. 

The poten t ia l  f o r  contaminating the nearby exis t ing w e l l s  cannot be 

assessed with the information presently available. I f  the chemical com- 
posit ion of the geothermal f l u i d  does not change during the operation of 

Xarginally su i t ab le  

Several addi t ional  
' 

the HGRS, dispersion through the aquifer  (unquantified a t  present) and 
i n f i l t r a t i n g  rainwater may 

from the seepage pond [ 4 . 8  

flow test, however, showed 
geothermal f l u i d  increased 

encroachment may b e  taking 

adequately d i l u t e  the r e l a t ive ly  small discharge 
liter/sec ( 7 6  gpm)] . 
t ha t  the  concentration of chloride ion i n  the  
by about 25%, l6 implying tha t  saltwater 

place during reservoir  drawdown. Uncertainty 

The r e s u l t s  of the 42-day 
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concerning the  chemical charac te r i s t ics  of the  geothermal discharge a f t e r  
prolonged flow and l ack  o 
prevent an adequate ana lps i .  of the  po ten t i a l  degradation of water qual i ty  
i n  exis t ing w e l l s .  

ta re la ted  to  d i  s ion  charac te r i s t ics  

Periodic monitoring of water w e l l s  should be required as long as the 

HGRS is operating. 
(Table 2.5 and Fig. 2.4). 
an excellent indicator  of contamination. 

Baseline data f o r  t he  water wells are already ava i lab le  
Increase in chloride concentration would be 

Groundwater qua l i ty  could be protected by subs t i tu t ing  an in j ec t ion  
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 in jec t ion  w e l l  is actual ly  being 
considered f o r  the  EGRS in case the  seepage pond proves t o  be inadequate 
f o r  handling the  geothermal discharge. 
is considered in grea ter  d e t a i l  in Sect. 3.4.) 
development of t he  Kapoho Geothermal Field (KGF) by private i n t e r e s t s  would 
require the  i n s t a l l a t i o n  of one o r  more in jec t ion  .veils. 

(Overflow from the seepage pond 
Future commercial-scale 

3.2.4 Impacts on land use 

It is unavoidable tha t  construction and operation of a geothermal 
power plant  w i l l  somewhat alter the  rural nature of the  surrounding region. 
Land-use conf l i c t s  with nearby r e s iden t i a l  areas have occurred during 
w e l l  t e s t ing  as a . r e s u l t  of increased noise leve ls  and H2S odor. 
discussed in Sects. 3.2.2 and 3.2.6, normal power plant operation w i l l  

g rea t ly  reduce both noise and release of H2S over the levels experienced 
during w e l l  tes t ing.  
t e s t ing  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 B2S abatement system and the  turbine being off l ine .  
Xajor conf l i c t s  with nearby residents  are not ant ic ipated as a result of 
power plant  operation. 

could be affected by apera t ion  of t he  power plant  (Sect. 2 . 4 ) .  

land a t  the Hawai i  Experimental Stat ion [0.8 Ian (0.5 mile) from the  s i t e ]  
w i l l  not be affected by cooling tower d r i f t  or  8 2 s  (Sect. 3.2.2). 

As 

Noise and H2S levels approaching those during 

e no prime o r  unique farmlands near the project s i te  tha t  

Agricultural  

I 

I 
I 
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The power plant w i l l  not be v i s i b l e  from the nearby Lava Tree State 

Normally, a plume from the  cooling tower should not be v is ib le .  Park. 

Only during unusuaily cool. 'weather should a plume be evident, but topo- 
graphy and vegetation should hide the plume from park v i s i to r s .  
construction of a new transmission l i ne ,  parallel t o  an exis t ing  l i n e  and 

crossing the Pohoiki Road five times, w i l l  create a v i sua l  c l u t t e r  t h a t  
will degrade the area's aes the t ic  character but should not a f f e c t  use of 
the area. 

The 

3.2.5 Impacts on h i s t o r i c  and archaeologic resources 

As discussed in Sect. 3.1.5, the  proposed project  will have-no 
impacts on h i s t o r i c  o r  archaeologic resources. 

3.2.6 Noise-related impacts 

TO date,  the  major source of noise a t  the HGF-A project  s i te  has 
been venting of the  w e l l  during w e l l  tests. 
in 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 
levels recorded during w e l l  venting t o  approximately 85 dB(X) a t  15 m 
(50 f t )  from the w e l l  and t o  74 dE(A) a t  the Pohoiki Road, 50 m (165 f t )  
from the  w e l l . "  Attenuation by distance should reduce w e l l  venting 

Ini t ia l  w e l l  tests resul ted 

Equipment modifications and mufflers have reduced noise 

noise t o  less than 50 &(A) a t  the nearest  residence. 
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 fact tha t  the low- 

frequency noise resu l t ing  from w e l l  venting is readi ly  discernible  over 
the low background noise [probably less than 45 dB(A) in t h i s  r u r a l  
area] tha t  consis ts  primarily of high-frequency sounds (e.g., b i rds  and 
insects singing and wind blowing). 

power plant operation w i l l  be  considerably lower than those produced 
during w e l l  flow tests. 
only during periods when both the turbine and the 82s abatement system 
are off l ine .  When t h i s  circumstance occurs, full w e l l  venting should 

last less than one day u n t i l  the  w e l l  can be p a r t i a l l y  shut in. 

However, complaints 

Because w e l l  venting w i l l  be eliminated, noise levels during normal 

The w e l l  wi l l  be venting f u l l  t o  the atmosphere 
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The major source of noise during normal power plant operation w i l l  
be the cooling towers, which produce much lower sound levels than a 
venting w e l l .  A typical ing tower is exp t o  produce noise levels 
of about 80 dB(A) a t  3 m (10 f t )  from the  towers.l* This should a t tenuate  

to  less than 45 dB(A) a t  the nearest residence. 
cooling tower is a l s o  d i f f e ren t  from tha t  produced by a venting w e l l ,  in 
t ha t  cooling tower noise consis ts  primarily of high-frequency "whi t e"  

noise. A t  t h e  nearest  residence, noise from the cooling towers [at less 
than 45 dB(A)] is not l i k e l y  to  be discernible  above normal background 
noise. 

. .I 

Noise produced by the  

3.2.7 Ecological impacts 

Habitat f o r  endangered and/or endemic species does not occur on o r  
near t h e  site. 
Hawaiian hoary ba ts  or  Eawaiian hawks  are unlikely. 
w i l l  no t  a f f e c t  these important w i ld l i f e  species. 
associated with.the project  operation could cause displacement of a few 
individuals of the  introduced wi ld 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 ion  t o  the populations i n  
nearby hab i t a t  and should be of no significance. 

the  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  el iminators on modern cooling towers, contributes to  the  con- 
clusion tha t  sa l t  d r i f t  from the  cooling towers w i l l  be insignif icant .  

Collisions k i t h  the new transmission l i n e  by t rans ien t  

Project  operations 
Noise and a c t i v i t y  

Analyses of t he  geothermal waters a t  the  HGP-A s i t e  ind ica te  t h a t  
The t o t a l  dissolved-solids 

This f ac t ,  combined with the  eff ic iency 

d r i f t  e f f e c t s  from the  cooling towers would be l imited t o  
within a few hundred meters of the towers, thereby af fec t ing  only the 
ear ly  successional vegetation on the  recent lava flow. Mercury releases 
from the  cooling tower should not cause a detectable  increase in  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). 
su l f ide  emissions from power plant  operations w i l l  be w e l l  below the 
300-ppb threshold concentration fo r  e f f ec t s  on sens i t ive  vegetation 

Hydrogen 

(Sect. 3.2.2). 
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3.2.8 Socioeconomic impacts 

Total  employment during operation of the research station is not - -  . .  
e expected t o  exceed two persons a t  any one time (Sect. 1.3.2) . 

force w i l l  probably consis t  of persons already employed by the  HGRS 

project  par t ic ipants  and w i l l  not represent a demand on the  Puna d i s t r i c t  
labor pool. Members of t he  small operation s t a f f ,  i f  not already residents  
of the  Puna d i s t r i c t ,  w i l l  probably commute from Hilo, t h e  nearest  major 

c i ty .  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  
groceries o r  automobile fue l ) ,  but  t h i s  would be more l i k e l y  t o  occur in 

t h e  Hilo area. 
represent a negl igible  socioeconomic impact. 

This work 

Thus, operation of the research s t a t i o n  w i l l  l i k e l y  

The interests of native Hawaiians in geothermal development on the 
Island of H a w a i i  are current ly  being evaluated by DOE with respect t o  the  
proposed project.  Several discussions have been held between representa- 

t i ves  of nat ive Hawaiian groups and DOE in order t o  ensure t h a t  na t ive  
Hawaiian-concerns are hewn t o  DOE f o r  project  planning purposes. 
expressed in formal presentations by nat ive Hawaiian representatives a t  the  
Geothermal Resources Council meeting in Hilo (July 1978, unpublished), 
the pr inc ipa l  geothermal issues  are associated with a combined set of l e g a l  
and cu l tu ra l  re la t ionships  tha t  determine ownership of the  geothermal 

resource and stewardship of a l l  na tura l  resources. 
interests center on the  question of ''What is progress?" and are not unique 

t o  geothermal development. The electrical production of the DOE-supported 
project  is r e l a t ive ly  small, so t h a t  no s igni f icant  impact on native 
Hawaiian cu l tu ra l  interests is expected. 

Island of H a w a i i  on f o s s i l  fuels ,  which w i l l  po ten t ia l ly  manifest i t s e l f  
i n  small econOmic savings in electrical uses on the  Island. 

As 

Other native Hawaiian 

A ne t  result of t he  project  is a decrease i n  the  dependence of the  

3 . 3 SITE RESTORATION 

Decommissioning plans have not been included i n  the proposed 
* 

action; however, all construction activities are e s sen t i a l ly  reversible: 
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I f  required, the  generator could be removed; the cooling tower and 
research modules could be dismantled; and the  w e l l  could be plugged and 

. '  t . I F  
abandoned . .  as in oii w e l l  $focedures.. . - 

In the  humid, t rop ica l  climate of the  Puna d i s t r i c t ,  vegetation 
would rees tab l i sh  i t s e l f ,  subject  only t o  the na tu ra l  constraint  of 
s o i l  development on the  recent lava flows. 

3 .4  ACCIDENTS 

The ser ious accident that is most l i k e l y  t o  occur is an uncontrolled 
release of geothermal f luid.  
(blowout), i n  the  wellbore, o r  in  pipelines.  
has been i n s t a l l e d  on the  HGP-A w e l l .  
equipment, hrrman e r r o r  in judgment, o r  negligence occasionally leads t o  
blowouts. 
used t o  replace worn-out casing. 
ruptures a t  a shallow depth. 
control led by cement in j ec t ion  through d i r ec t iona l  r e l i e f  w e l l s .  
procedure, however, is of ten  expensive and time consuming; furthermore, 
t he  results may not be  sa t i s fac tory .  

Geothermal blowouts do not carry the  r i s k  of f i r e  of o i l  f i e l d  
blowouts; nevertheless,  they are d i f f i c u l t  t o  handle because of t he  
presence of superheated steam o r  hot  water. 
1) surface crater ing,  (2) contamination of the  surface,  water, and 

atmosphere, (3) excessive noise, (4) waste of geothermal energy', and 
( 5 )  in jury  t o  personnel. Because of its high erature ,  blowout-released 

water could destroy vegetation. 
probable area of d i r e c t  impact due t o  any s ing le  excursion would b e  

about 4 ha (10 acres) 
area. 

(1) subsidence,caused by withdrawal of f l u id ,  (2) an earthquake, 

(3) a landsl ide,  o r  (4) corrosion. 
t h i s  site, and a landsl ide w i l l  not occur. 

Release of f l u i d  may occur a t  the  wellhead 
Blowout-prevention equip-t 

Nevertheless, malfunctioning 

A blowout is most l i k e l y  t o  occur when a workover r i g  is being 

Blowout can a l so  occur i f  the casing 
A blowout that occurs below ground can be 

This 

A blowout may result in 

It is estfmat 

Noise'and 82s nufsanc uld affect a much wider 

Casing may rupture during the  production s tage  as a r e s u l t  of 

Induced seismicity is unlikely at  

Subsidence is unlikely 
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because of the  nature and depth of the reservoir.  

i n s t a l l a t i o n  of a f l ex ib l e  j o i n t  between the  w e l l  casing and -the pipel ine 
a t  the  surface w i d  prevent- rupture i n  case subsidence does occur. The 

most l i k e l y  causes of casing f a i l u r e ' a r e  na tura l  seismicity and corrosion. 
Cement packing around the casing is intended t o  contain the f lu ids  i n  the  
event of a casing fa i lure ;  however, large displacement along a f a u l t  may 
rupture the cement packfng as w e l l .  
water w i l l  decompose most cements a f t e r  a period of time. 

ruptures i n  a groundwater aquifer and the reservoir  f l u i d  is steam-flashed, 
groundwater contamination and w a s t e  of geothermal energy w i l l  occur. 
rupture takes place i n  the  cap rock o r  reservoir,  l i t t l e  o r  no damage 

t o  the  environment o r  waste of energy w i l l  result, but  the  w e l l  would have 
t o  be recompleted. 

Nevertheless, the 

Furthermore, ho t  slhd ac id i c  brackish 
I f  the  casing 

If 

Ruptured geothermal p ipe l ines  may cause intense but br ie f  surface 
s p i l l s .  

of rupturing a pipeline. 
prevent escape of f l u i d  in case the  inner w a l l  ruptures. 
out and a ruptured w e l l  casing may be d i f f i c u l t  t o  bring under control,  
pipelines can be i so la ted  by shut t ing in 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  poss ib i l i t y  

The more critical lines can be double-walled t o  
Although a blow- 

Overflow of the  seepage pond could r e s u l t  i n  a temporary surface 
discharge of geothermal f luid.  
than 1 ha (2.5 acres) because of the  high i n f i l t r a t i o n  and r e l a t ive ly  l o w  

discharge rates. 
bottom of the seepage pond. Periodically,  encrusted si l ica w i l l  be 
removed with a backhoe from the  bottom of the basin t o  prevent the infil- 

t r a t i o n  rate from f a l l i n g  below the  discharge rate.l 

proves t o  be a ser ious problem, the seepage pond w i l l  have t o  be enlarged 
o r  an in jec t ion  w e l l  w i l l  be required. 
t ha t  an in jec t ion  w e l l  would be required i n  case of ful l -scale  f i e l d  

development (several production wel ls) ,  i t  is believed tha t  a seepage 
pond w i l l  be  adequate t o  handle the  l o w  discharge rate from the  EGRS. 

The affected area would probably be less 

It is ant ic ipated tha t  si l ica w i l l  p r ec ip i t a t e  on the  

If  s i l ica  deposition 

While it is generally recognized 
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I f  a volcanic eruption occurred along the  east r i f t  of Kilauea and 
lava inundated the site, the  e f f ec t s -o f  the lava f l a t  would be f a r  -re 
damaging t o  the  i k e d i a t e  i&ouhdings than aa &ontrolled release from 
t h e  w e l l .  There might be a long t i m e  i n t e rna l ,  however, before the  w e l l  
could be  recapped. 
valves below ground l e v e l  and covering them.19 

G. A. Macdonald suggests locat ing cri t ical  wellhead 

Recompleting the EGP-A 

w e l l  in t h i s  manner is probably impractical, but  a lava-diversion b a r r i e r  
might o f f e r  adequate protect ion against  a blowout. 

Macdonald estimates t h a t  the chance of inundation by lava in the  east 
r i f t  of Kilauea is 4% during t h e  operat ional  l i f e t ime  of the  w e l l  
(30 years).14 While the wellhead can be protected, t he  generating p lan t  
and research modules would be destroyed, unless located on h i l l s  where 
inundation is nearly 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 rna t ive  mitigating 
measure f o r  both the  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 barriers are not always as e f f ec t ive  as 
containment devices. Strong earthquakes always precede and accompany 
a volcanic eruption, so that s t r u c t u r a l  damage is l i ke ly  t o  occur even if 
inundation by lava does not. 

The g rea t e s t  volcanic risk is the destruct ion of the  research s t a t ion .  

The need t o  loca t e  the  s t a t i o n  in 

. .  
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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 t he  HGP, no conf l i c t s  with plans appear to exist. 
of H a w a i i  has prepared an Environmental -act Statement fo r  the power 
p l a n t  project ,  

been received and published in the  Final  Environmental Impact Statement 
issued by t he  State ,  
The following Federal and State agencies were also contacted during 
preparation of this Environmental Impact Assessment: 
Conservation Service and (2) t he  County of Hawaii .  

The State 

Comments from a number of Federal and State agencies have 

No major conf l ic t s  with agency plans have surfaced. 

(1) the U.S. S o i l  
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5. ALTERNATIVES 

! 

.- 

This sect ion .-aiidresses oiher  noncunventional a l t e rna t ives  t o  f o s s i l  
f u e l  energy resources, as w e l l  as d i f fe ren t  si te and design geothermal 

a l te rna t ives .  

5 , l  PROJECT A L ~ I V E S  

The overa l l  objective of H a w a i i ' s  S t a t e  Energy Program is t o  reduce 
petroleum imports per  capi ta  as rapidly as possib1e.l 
Federal, and pr iva te  funds appropriated fo r  t he  H a w a i i  State Alternative 
Energy Program from 1972 t o  1977 are listed in Table 5.1. 
s t r a t i o n s  and biomass have the  most support from the  pr iva te  sector.  

biomass p i l o t  project  (molasses t o  alcohol) on Maui is in the  planning 
stage. 
and ag r i cu l tu ra l  waste producfs are under way. 
of so l a r  and biomass energy seems t o  be assuzed. 
is projected that biomass will account fo r  30% of the  State's energy 
requirements. 

developed su f f i c i en t ly  t o  warrant funding of pilot-scale projects.  
research t o  date involves bench-scale heat exchangers, biofouling, and 
salt-scale inhib i tor  experiments , 

The County, State, 

Solar demon- 
A 

Numerous other  biomass projects  involving sugarcane, corn, algae,  

Future private development 
By the  year 2000, it 

ocean nemal Energy codversion (OTEC) technology h s  not 

Most 

. 
The technology exists for the conversion o f  geothermal energy t o  

electrical power. 

of geothermal energy is the high f inanc ia l  r i s k  Involved in successfully 
completing a production w e l l .  
p i lot-scale  development of thelsuccessful HGP-A production w e l l .  

nonconventional energy alternatives e i t h e r  are successfully competing 

fo r  support from t h e  pr iva te  sec tor  o r  are not being developed because 
the technologies are not su f f i c i en t ly  advanced t o  warrant the construction 
of p i l o t  o r  demonsttation f a c i l i t i e s .  

nat ive energy resources w i l l  have t o  be developed in order t o  meet the  

objective of the State Energy Program. Abandonment of support f o r  the 
HGRS would be a ser ious impediment t o  achieving that objective. 

The pr inc ipa l  impediment-ro the pr iva te  development 

The time appears t o  be r igh t  f o r  the  

Other 

It I s  the considered judgment of program developers that a l l  alter- 
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Table 5.1. Hawaii State Alternative Energy 
R o ~  funding - 1972 to 1977 

Cumulative funds 
Subprogram (miIlions of dollars) 

Total Privatesector 

Geothermal 6.7 0.144 
Solar demonstration 2.7 I .022 
Solar-wind 1 3  
OTEC techology 13 0.005 
Biomass 1.1 0336 
Energy systems 0 3  0.035 
Operations and facilities 

14.1 1.542 
- 0.7 - 

Source: Energy Resources Coordinator, I977 
h u u l  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 requiremeats will be supplied by geothermal resources 
by the year 2000.r .- . - .  

5.2 SITE,AND DESIGN ALTERNATIVES 

5.2.1 Site alternatives 

Site alternatives were UPlited by a n d e r  of factors. Site selection 
for the HGF-A well was based on two years of geophysical exploration, 
geothermal test holes, and negotiations for land acquisition.2 The 
exploration effort was llmited 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. 

The original proposal to drill production 

Low-risk geothermal 
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. 2s 
Hence, most of the 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 HGRSO2 The 
successful completion of the EGP-A well dictates the location of the 
research station because it would be costly, inefficient, and environ- 
mentally disruptive to transmit the steam and hot water over any distanceO2 
Developing a new production well at another site might be a less cost-IJr 
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 t o  greater environmental Fmpact. 

Substantial lengths of these zones lie within Hawaii 

Land was finally acquired for the HGP-A well at a 

Even if a new production well were successful, funds 

Private development 
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5.2.2 Design alternatives 

The major HGRS design alternatives are concerned with power p lan t  

These Blternatives include i h e  se lec t ion  of an acceptable 
. - *  

operations. 

commercial hydrogen s u l f i d e  (H2S) abatement technology, turbine se lec t ion ,  
and the design of an inexpensive electrical. load-diss ipat ion bank. 

Although pro jec t  planners would prefer  t o  scrub H2S from the  geo- 
thermal steam before it enters the  power p lan t ,  the commercial technology 
t o  accomplish this does not yet  exist. 

Downstream removal of 82s using an i ron  c a t a l y s t  system o r  a 
S t re t ford  process is l i k e l y  for. the HGRS power p a t .  

t he  two processes w a s  made in the  HGRS proposal. to.DOE on Apri l  6, 1977. 
Overall, a power p lan t  using an i ron  ca t a lys t  system would be less 
expensive but not as e f f ec t ive  o r  r e l i a b l e  as a power plant using a 
St re t ford  process f o r  H2S abatement. 

A comparison of 

- 
Turbine se lec t ion  is another possible HGRS power p lan t  design 

al ternat ive.  Three turbines are being considered: (1) an advanced 
wellhead turbine, (2) a modified Westinghouse turbine,  and (3) a surplus 
U.S. Navy turbine. 
generating a var iab 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 the geothermal f l u i d s  by the  HGRS. 

The modified Westinghouse turbine would be capable of generating a f ixed 
ne t  power output of 2 We and a var iable  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,  the  surplus navy turbine would operate in a noncondensing 
mode f o r  shor t  periods. 

exhaust of the  navy turbine w i l l  militate against  its se lec t ion  f o r  the 
HGRS. 

The advanced wellhead turbine would be capable of 

Unlike the 

The nuisance value of t he  H 2 S  released in the  

Power generated by the  navy turbine would be diss ipated at  the  site. 
A less significant HGRS power p lan t  design alternative involves the 

ons i t e  d i ss ipa t ion  of excess electrical power. 
w i l l  be sent  t o  load-dissipation banks that consume the  power in r e s i s t o r s  

Excess electrical power 

o r  by boi l ing excess geothermal l iquids .  

Trade-off s tud ies  are current ly  under way f o r  a l l  the power p lan t  
design a l t e rna t ives  mentioned, and a complete conceptual design of the 

HGRS power p lan t  i s  due later this pear (1978). 

operation is presented in Sect. 1.3. 
A descr ipt ion of power p l a n t  

f 
\ 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

P. 0 .  BOX 50004, HUnOlulU, AI - 96850 - 

October 11, 1978 

Mr.  B i l l  Staub 
Oak Ridge Xational Laboratory 
P. 0. Box X 
Oak Ridge, TN 37830 

Subject: Agricultural Lands of  Importance t o  the State o f  Hawaii 

The attached map shows prime and other  important agr icu l tura l  lands of 
statewide o r  local importance around a Smile radius o f  the  geothermal 
well i n  Puna, H a w a i i .  Most of 
the  area is in ohia fores t .  Some sugarcane i s  grown between Pahoa and 
Kaniahiku Village. The University Experiment S ta t ion  conducts t e s t s  on 
orchard crops such as macadamia nuts, guava, and papaya. 

Also attached is  a bu l l e t in  by the S ta t e  Department of Agriculture t h a t  
defines prime and o ther  agricultural lands i n  Hawaii. 

There are no unique lands i n  t h i s  area. 

Sincerely, 

'Jack P. Kanalz 2 
Sta t e  Conservationist 
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