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Areas of Concern 

The following posed as  questions, represent topics requiring 

additional evaluation, research o r  both: 

@ What kinds and quantit ies of data and what forms of analysis and 

modelling a re  required t o  carry out confusion-free baseline 

measurements in proximity t o  an active volcanic zone? 

How do micrometeorological and microtopographic features of the Puna 

District a f fec t  the dispersal of emissions from a geothermal power s ta t ion? 

@ Independent of contained toxicants, how does localized deposition of steam 

condensate a f fec t  exposed organisms, especially with respect t o  

suscept ibi l i ty  t o  fungi and bacteria? 

8 Is the prediction of m u l t i - w e l l  f i e l d  compositional impacts based upon 

multiplication of single-well composition and impact a valid procedure? 

a Similarly, can predictions from s i t e s  and f i e lds  t o  regions be effected 

by use of simple scale-up multipliers? 

0 A r e  thebiota  and ecosystems of a volcanic community pre-selected by 

colonization f o r  resistance t o  toxic gases and gas mixtures? 

@ What are  the major compartments,transfer numbers and f a t e s  of geothermal 

toxicants in the Puna d i s t r i c t ?  

. 



Aerometry a t  HGP-A d a t e s  back to  May, 1975. A t  t h a t  t i m e ,  

a semi-cleared a r e a  e x i s t e d  around the  p rospec t ive  d r i l l  s i t e  

b u t  no heavy equipment had y e t  l o c a t e d  the re .  The a r e a  a d j o i n s  

Pohoiki  Bay Road, a connec t ion  between Pahoa and the  Black Sand 

beach b u t  was then and i s  now l i t t l e  t r a v e l l e d .  A t  no time 

have ambient l e v e l s  of  CO exceeded 1 ppm, even when heavy d i e s e l -  

powered equipment w a s  i n  use.  

have n o t  reached the  0 .1  ppm l e v e l ,  nor would t h e  low t r a f f i c  

d e n s i t y  l e a d  one t o  expec t  s i g n i f i c a n t  l e v e l s  o f  N-oxides, or 

o t h e r  ox idan t s .  

S i m i l a r l y ,  NO, concen t r a t ions  

Within the s e n s i t i v i t y  l i m i t s  of tube d e t e c t o r s ,  bo th  

SOg and H2S were monitored from the  1975. 

a e r e s o l  measurements have been taken,  b u t  i n  gene ra l ,  a c i d i t y  

is  a p o t e n t i a l  problem only where s u s t a i n e d  fumerol ic  emiss ions  

are i n  evidence or  p e r i o d i c a l l y  a t  more remote l o c a t i o n s  a s  a 

consequence of v o l c a n i c  e r u p t i o n s  (see above).  

Occasional  H2S04 

I n  a d d i t i o n  t o  s u l f u r  gases ,  evidence f o r  a tmospheric  

i n t roduc t ions .  of mercury and a r s e n i c  has  been sought. As (111) 

a r s i n e  has  n o t  been d e t e c t e d  using sample  volumes i n  excess  o f  

O.Sm3 c o l l e c t e d  over .  approximately 4 h r  pe r iods .  Even i n  t h e  

plume a t  ca 3 m d i g t a n c e  from the  s e p a r a t e r s ,  tube d e t e c t o r s  

s e n s i t i v e  t o  0.5 ppm are also nega t ive .  The recommended As 

(111) a i r  s t a n d a r d  is  0.05 ppm ( 2 4  hr average) .  

- 

The i n i t i a l l y  r e l a t i v e l y  less s e n s i t i v e  d e t e c t o r  tube 

procedures  f o r  SO2 and H2S showed no change from t h e  p r e d r i l l i n g  

s t a g e  of May ‘75 through subsequent pe r iods  of  flow and steam 



product ion  tests up t o  the  most r e c e n t  measurements of  

January  1980 (Table 1 1. Even wi th  more s e n s i t i v e  methods, 

the  lowered d e t e c t i o n  l i m i t s  o f  30 ppb were n o t  a t t a i n e d  a t  

100 m downwind from the  w e l l  head. 

The assessment  of the w e l l s '  c o n t r i b u t i o n  to  a i r  . 
mercury levels w a s  complicated by the  r e l a t i v e  proximi ty  of 

active n a t u r a l  emiss ion  sites. Thus, i n  J u l y  1976, when the  

w e l l  was f l a s h e d  f o r  t he  f i r s t  t i m e ,  t he  downwind mercury : 

l e v e l  appa ren t ly  r o s e  t o  9.9 ! ~ g * m - ~  from a p rev ious  month's 

va lue  of  1.0 ~ g * m - ~ ,  and remained h igh  i n t o  November of  t h e  

same y e a r  (Table  1 >. I n  l a t e  June 1976, when t h e  HGP-A 

ambient w a s  low, t h e  Ki lauea  fumeroles r a i s e d . t h e  a i r  l e v e l  

a t  t h e  S u l f u r  Bank t o  47.5 p g ~ m - ~  from a l e v e l  of 7.6 11g.m-3 

t h e  p rev ious  month. 

t h e  S u l f u r  Bank area s t i l l  measured 1 7 . 4  !~g-m-3. 

of s e v e r a l  weeks i n  h igh  Hg l e v e l s  between HGP-A and the  

S u l f u r  Bank area serve 40 km t o  the  west may have been wind- 

And i n  November, a t  HGP-A s h u t  down, 

A de l ay  

r e l a t e d .  I n  October ,  1977, when t h e  S u l f u r  Bank r o s e  t o  

11.3 ~ g * m - ~  from an  all-time low of 0.2 llg*m-3, a 6-fold 

rise from i t s  level  of 2 months ear l ie r .  

The upsurge of  a i r  mercury levels dur ing  f l a s h i n g  was 

o r i g i n a l l y  thought t o  have been a "burst"  r e l e a s i n g  accu- 

mulated mercury a t  depth.  During t h e  J u l y  1976 t e s t i n g ,  i t  

w a s  n o t  known t h a t  i n  a d d i t i o n  t o  S u l f u r  Bank a c t i v i t y  a 

new Fast R i f t  Zone emiss ion  c e n t e r  - t he  Heihe iahulu  spa t te r  

cone about  13 km t o  t h e  w e s t  of  t h e  w e l l  -- had been active 

f o r  two months. Subsequently t h i s  cone w a s  t e s t e d  and found 

2 
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t o  be  a h i g h l y  i n t e n s i v e  mercury e m i t t e r  and one of t he  

p robab le  sou rces  o f  t h e  r e l a t i v e l y  h igh  l e v e l  recorded  a t  

the  f l a s h i n g  of HGP-A. Subsequent measurements, made i n  Ju ly-  

September 1977, show the  presence  a t  t h e  w e l l  s i t e  n o t  on ly  

of a i r  mercury b u t  a l s o  o f  H 2 S O 4  -- a l though the  w e l l  i t s e l f  

had been s h u t  down s i n c e  May 1977. The p resence  of t h e s e  

t o x i c  gases  can only  be  a s c r i b e d  t o  n a t u r a l  a r e a  contaminat ion ,  

n o t  emanating form t h e  w e l l  i t s e l f .  

Tests conducted s i n c e  d r i l l i n g  of  HGP-A began have 

y i e l d e d  no ev idence  of a s u s t a i n e d  build-up of mercury o r  

any o t h e r  p o t e n t i a l l y  t o x i c  e lements  a t  o r  around t h e  w e l l  

s i t e  t h a t  can be a t t r i b u t e d  t o  geothermal energy develop- 

ment o p e r a t i o n s .  The conc lus ion  reached by t h e  r e s e a r c h e r s  

i s  t h a t  " t h e r e  i s  no reason  t o  assume t h a t  HGP-A i t s e l f  

has  n e g a t i v e  emiss ion  f e a t u r e s  o t h e r  than  H 2 S  and n o i s e ,  b u t  

i s  in f luenced  by i t s  proximi ty  t o  n a t u r a l  geo t o x i c a n t  

s o u r c e s  ( S i e g e l  and S i e g e l ,  1977). 

The dependency was w e l l  i l l u s t r a t e d  i n  the  chronology 

of the 1977 Kala lua  e r u p t i o n  by comparing a i r  mercury l e v e l s  

a t  v a r i o u s  Ki l auea  sites wi th  those  a t  HGP-A b e f o r e ,  dur ing  

and a f t e r  t h e  main e r u p t i v e  e v e n t s  (F ig .1  ). 
. .  

Mercury ana lyses  of steam condensates r e v e a l s  r e l a t i v e l y  

h igh  s t a r t  up l e v e l s  followed by r a p i d  approach t o  a n  

asymptot ic  emiss ion  rate of approximate ly  1 g p e r  24 h r s  

cor responding  t o  approximately 100 K l b s  .hr-1 mass flow 

a f t e r  a n  o p e r a t i n g  t i m e  >10 h r  (F ig .2  ).  



Table 1 . An Aerometric Chronology at HGP-A 
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Date Well Status Sulfur Bank HGP-A Air Values (100 m) 
H2S Hg 
ppb pg.m-3 

so2 Air Value 
( ~ g * m - ~  Hg) ppb 

May '75 

May '76 

June ' 76 

July '76 

Nov. '76 

Apr .  '76 

July '77 

Aug. ' 7 7  

Oct. '77 

July ' 78  

Nov. ' 7 9  

Jan. '80 

Pre-drilling 

Pos t -d ri 1 ling 

1st flow test 

Flashing 

Shut down 

Shut: down 

Shut down 

Flow test 

Shut down 

Shut down 

Shut down 

Flow test 

2.6 

7.6 

47.5 

- 

17.4 

- 
4 . 6  

0.2 

11.3 

3.8 

6.0 

- 

<500* 

< 500 

< 500 

< 500 

<so0 

< 300 

<300 

< 300 

< 300 

<30** 

< 30 

<200+ 1.1 

< 200 1.2 

< 200 1 .o 

< 200 9.9 

- 10 .o 

< 200 - 
< 200 0.8 

<30* 0 . 8  

< 30 4.8 

< 30 1 . 2  

< 30 1.3 

< 30 0 . 8  

- ~- ~ 

*ppb <500 and <300 denote detection limit values for tube SO2 methods 

**ppb <30 denotes detection limit value for instrumental SO2 methods 

'ppb <200 deonots detection limit'value for tube H2S methods 

*ppb <30 denotes detection limit value for ROTEC and Houston Atlas 

- . . .  

instruments. 
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F i g u r e 1  . T i m e  cour se  of a i r  mercury i n c r e a s e  a t  Ki lauea  
sites and HGP-A dur ing  the pe r iod  of t h e  1977 Kala lua  
e r u p t i o n .  
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. . .  
F i g u r e 2 .  
and release of a tmospheric  Hg a t  HGP-A. 

R e l a t i o n  between mass. flow of geothermal  f l u i d  
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Reference may b e  made h e r e  t o  EPA N a t i o n a l  Emission Standards 

121:0461, 1976: 

I n c i n e r a t i o n  of wastewater ,  s l u d g e  

Hg allowed, 1600 g p e r  day 

Coal f i r e d  power p l a n t  

Hg allowed, 2300 g p e r  day 

T y p i c a l l y ,  Puna Dis t r ic t  r e s i d e n c e s  make use  of roof  

t o p  water catchments.  On A p r i l  7 ,  1977, fo l lowing  an extended 

8 month per iod  of flow tests, f l a s h i n g s  and s h u t  downs, l o c a l  

r e s i d e n t s ,  near  HGP-A voiced t o  t h e  Hawaii County Council  

t h e i r  o b j e c t i o n s  t o  derous H2S emissions and t o  t h e  i n t r o d u c t i o n ,  

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

response,  t h e  D i s t r i c t  Heal th  O f f i c e  f o r  Hawaii County under- 

took an a n a l y s i s  of catchment water s u p p l i e s .  Five p r i v a t e  

r e s i d e n c e s  were s e l e c t e d ,  t h r e e  downwind r e l a t i v e  t o  t h e  

normal tradewinds and 0.8-1.6 km from HGP-A; one somewhat 

more d i s t a n t  (3 .5k .r~ )  and WNW from t h e  wel lhead,  and one 

cont ro l"  house over  8 km d i s t a n t  and s l i g h t l y  West of due 1 1  

North from HGP-A (F ig . ,  3 , Table  2 ) .  The most s e r i o u s  

complaints  o r i g i n a t e d  from t h e  Nanawale Estates (Reich, r b )  

and t o  a lesser e x t e n t  from the L e i l a n i  Estates r e s i d e n t s  

South of the -Kuheta house (k). The r e s u l t s  of a n a l y s i s  are 

a l l  w i t h i n  s a f e  water q u a l i t y  s t a n d a r d s  f o r  human u s e .  

e. HGP-A Well Chemistry: Radon 

i. Report  of P a u l  Kruger,  Dept.  of C i v i l  
Engineer ing,  S t a n f o r d  U n i v e r s i t y  15 February,  1978 

An experiment t o  test t h e  f e a s i b i l i t y  of s t u d y i n g  radon 
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Table 2 . Sta t e  of H a w a i i  Department of Heal th  Rooftop 
Water Catchment Analyses near  HGP-A 

(Downwind Sampling, 19 A p r i l  1977)  

S ITE Analys is  (mg 11-l) 
Residence Di s t ance  HGP-A SO2 H2S F- SO; NO? AS HG 
(map. code) (km) 

Danie ls  (d)* > 8  1 .0  ND ND ND ND ND ND 

Hughes (H) 0 . 8  1.0 ND ND ND 0 . 0 3 8  ND ND 
Kubera (K) 1.1 1 .3  ND ND ND ND ND ND 
Rothblum ( rb)  1 . 6  0 . 4  ND ND ND ND N D N D  
Reich (r) 3.5 0.2 ND ND ND N D N D  ND 

40 CFR 142 or  USPHS 

P o t a b l e  waters f o r  human 
use. 

Recommended L i m i t s  f o r  none 2 ~ 1 0 ' ~  2 . 4  250 10 0.05 ~ 2 ~ 1 0 - 3  

*"Cant r o 1" res i d  ence 
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Figure 3. 
in relation to HGP-A downwind direction. 

Site disfribution for rooftop rain water catchings 

9 
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Table  3. Reservoi r  Radon P r o j e c t  HGP-A Puna, H a w a i i  
J u l y  19, 1977 

Sample C o l l e c t i o n  Data 

T i m e  Sample B o t t l e  pwh Twh Weir h t  ' l ip  Orifice 
(HST) No. No. (p s ig )  (OC) H ( i d  ( p s ig )  ( i n )  

1133 S t a r t  10 123 0 0 8 

1205 1 1-3471 148 188 7.5 58.5 

1235 2 18-3290 122 180 6.75 46.0 

1305 3 13-3 132 111 176 6.40 41.1 

1320 4 17-3125 105 175 6.31 39 .o 

1335 5 11-3134 101 173 6.25 37.5 

1335 6 -3128 101 173 6.25 37.5 

1336 s t o p  8 

1422 S t a r t  170 183 0 0 1.75 

-4 1455 I 5-3462 295 21 1 5.5 7.0 

1525 8 18-3432 365 225 5.5 7.5 

1555 9 19-3466 385 227 5.5 8.5 

1625 10 12-3131 395 229 5.5 8.5 

T e s t  a b o r t e d  
. , .  

1636 1.75 



Table  4 . Reservoi r  Radon P r o j e c t  HGP-A Puna, H a w a i i  J u l y  1 9 ,  1977 
R u s s e l l  James Flow Ca lcu la t ions  

W h Qt Qs X 
pg (k lb  /hr) No. ( in)  (k lb /h r )  ( p s i g )  Pox6 (Btu / lb)  ( k l b / h r )  

Sample Weir H t  W 

1 7 .5  1 6 2  5 8 . 5  2.626 7 0 0  36 3 20 1 0 . 5 5  

2 6 .75  1 2 4  46 .O 2.415 7 20 29 5 17 1 0 . 5 8  

736 265 156 0 . 5 9  3 6 . 4  109 4 1  .O 2.292 

4 6 . 3 1  105 39 .O 2.296 7 3 0  258 * 153 0 .59  

596 6 . 2 5  10 3 37 .5  2.303 7 3 3  250 147 0 . 5 9  

7 5 . 5  7 4 . 6  7 .O 3.886 60  2 134 59 0 . 4 4  

8 5 . 5  74 .6  7 . 5  3 .802  6 0 0  137 6 2  0 . 4 6  

9 5 . 5  7 4 . 6  8 . 5  3.645 617 139 6 4  0 . 4 6  

10 5 .5  74 .6  8 . 5  3 .645  617 139 € 4  0 . 4 6  



c o n c e n t r a t i o n  dependence on flow rate cond i t ions  i n  an 

undeveloped, s team-f lash ing  r e s e r v o i r  was c a r r i e d  o u t  a t  

the HGP-A geothermal w e l l  i n  Puna, H a w a i i  on J u l y  19,  1977. 

The w e l l  had been shu t - in  f o r  an extended pe r iod  under a 

l o c a l  agreement t o  r e s t r i c t  f low t e s t i n g  of t he  w e l l  t o  a 

maximum of 4 hours  p e r  day. The tes t  c o n s i s t e d  of f lowing 

the  w e l l  f o r  a t o t a l  p e r i o d  of  4 hour s ,  two hour s  wi th  an 

8-inch o r i f i c e  p l a t e  provid ing  maximum flow ra te  and two hours  

wi th  a 1-3/4" o r i f i c e  p l a t e  provid ing  almost  minimum flow 

rate. O r i f i c e  p la te  change consumed abou t  46 minutes ,  n o t  

s u f f i c i e n t  t o  r e s u l t  i n  s i g n i f i c a n t  coo l ing  of  the  wel lbore  

s y s  tern. 

The tes t  w a s  accomplished by sampling the  main s team l i n e  

a t  t h e  wel lhead wi th  evacuated  b o t t l e s  a t  ha l f -hour  i n t e r v a l s  

ove r  t h e  two 2-hour f low-rate  p e r i o d s ,  and r eco rd ing  the 

wel lhead cond i t ions  and flow rate  by t h e  R u s s e l  James method 

12 

(1962).  The sample c o l l e c t i o n  d a t a  and t h e  c a l c u l a t i o n  of  

flow rate by the  James method are given below (Tables  3 .and 4 ). 

The radon a n a l y s i s  d a t a  (Table 5 )  and t h e  radon, flow 

rate a t  t h e  8" o r i f i c e  t o  a va lue  of about  250 k l b / h r  

c o n s i s t e n t  w i th  a corresponding dec rease  i n  wel lhead p r e s s u r e  

and radon concen t r a t ion ,  except  f o r  t h e  l a s t  sample a t  1335 
* , . .  

HST. A f t e r  t h e  o r i f i c e  p l a t e  change of  46 minutes ,  t he  w e l l  

e x h i b i t e d  a reasonably  s t eady  flow rate ,  wh i l e  the wel lhead 

p r e s s u r e  r o s e  t o  a maximum. The radon concen t r a t ion  showed 

a t i m e  p r o f i l e  similar t o  t h a t  a t  t h e  l a r g e r  flow rate. 

P re l imina ry  a n a l y s i s  o f  t he  da t a  w a s  made under the 



1 3  

Table  5 .  Rese rvo i r  Radon P r o j e c t  HGP-A Puna, Hawaii 
July 1 9 ,  1977 

Radon Analys is  Data of Co l l ec t ed  Samples  

1205 

1235 

1305 

1320 

1335 

1335 

1455 

1525 

1555 

1625 

148 

122 

111 

105 

10 1 

10 1 

29 5 

365 

3 85 

39 5 

188 

180 

176 

175 

173 

173 

21 1 

225 

227 

2 29 

363 

29 5 

265 

25 8 

250 

250 

134 

137 

139 

139 

129 111 

85 98  

7 5  99 

6 8  90 

1 5 4 ( ? )  65 

44 4 8  

453 4 70 

428 5 3  1 

368 4 85 

428 49 5 

1.16 

0 . 8 7  

0 .76  

0 . 7 6  

2 .4  

0 . 9 2  

0 . 9 7  

0.81 

0 : 7 6  

0 . 8 6  

. . . -  
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g e n e r a l  e v a l u a t i o n  of  radon a s  an i n t e r n a l  t r a c e r  f o r  geothermal 

f l u i d  t r a n s p o r t .  Radon measurements a r e  u s e f u l  f o r  s tudy  of  

geothermal  r e s e r v o i r  behavior  (S toker  and Kruger,  1975) .  A 

review of  some of  the  d a t a  p o t e n t i a l l y  d e r i v a b l e  by radon 

c o n c e n t r a t i o n  measurement was r epor t ed  by Kruger ,  Warren, and 

Honeyman (1977),  Among them are experiments  focused on the  

r e l a t i o n s h i p  be tween radon concen t r a t ion  and f low regime i n  

producing geothermal  r e s e r v o i r s .  Steady-s ta te  product ion  

should r e s u l t  i n  s t e a d y - s t a t e ,  c o n t r a t i o n  of  radon on the b a s i s  

of  a c o n s t a n t  emanation of radon from the  formation and a 

cons t an t  pe rmeab i l i t y  f i e l d  i n  t h e  r e s e r v o i r .  S e r v e r a l  models 

can be  de r ived  depending on radon emanaiton from th ree  types 

of sou rce :  (1) hydrothermally-deposited radium c l o s e  t o  the  

we l lbo re ;  (2)  radium i n  a b o i l i n g  l i q u i d  below some l i q u i d -  

steam i n t e r f a c e ;  and (3) radium p r e s e n t  i n  the  pathway from 

steam source  t o  the  w e l l .  

Data ob ta ined  f o r  vapor-dominated r e s e r v o i r s ,  such as 

The Geysers i n  C a l i f o r n i a  and.’Larderel lo ,  I t a l y  sugges t  a 

r e l a t i o n s h i p  i n  which the  radon concen t r a t ion  changes 

d i r e c t l y  w i t h  change i n  flow rate;  t h e  t r a n s i e n t  time 

dependent on r e s e r v o i r  c h a r a c t e r i s t i c s .  The model of  f low 

rate dependence’ 6f S t o k e r  and Kruger (1975) f o r  l i qu id -  

dominated r e s e r v o i r s  as conf ined  h o r i z o n t a l  f low i s  based on 

a d e r i v a t i o n  of t he  r e l a t i o n s h i p  between radon concen t r a t ion  

and flow r a t e  i n  which the  radium concen t r a t ion  i s  uniformly 

depos i t ed  i n  a l a r g e  r e s e r v o i r .  For these  cond i t ions ,  t he  

radon concen t r a t ion  should  show t r a n s i e n t s  w i th  flow ra te  
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p r o p o r t i o n a l  t o  ( 1  - e-AT) and f o r  s t e a d y  s t a t e  flow show 

a n  e q u i l i b r i u m  va lue  independent of  Q. 

A comparison of t h e  radon c o n c e n t r a t i o n  and flow r a t e s  

f o r  t h e  HGP-A w e l l  t e s t  i s  given i n  Table6  . In c o n t r a s t  t o  

t he  tests a t  t h e  vapor-dominated f i e l d s  a t  The Geysers and 

L a r d e r e l l o  where t h e  r a t i o  (Rn>/Q w a s  approximately c o n s t a n t  

o v e r  l a r g e  changes i n  Q, i n  t h i s  tes t  t h e  radon c o n c e n t r a t i o n  

was approximately t h e  same o v e r  a change of about a f a c t o r  

o f  2 i n  Q ,  i n  agreement w i t h  the l i q u i d  r e s e r v o i r  model, 

These shor t -per iod  d a t a  sugges t  t h a t  t h e  dra inage  from t h e  

HGP-A r e s e r v o i r  fo l lows  a r a d i a l  f low p a t t e r n  o v e r  a l a r g e  

r e s e r v o i r  i n  which t h e  c o n c e n t r a t i o n  of  radon does n o t  depend 

s t r o n g l y  on f low r a t e  (S toker  and Kruger, 1975) .  

The t r a n s i e n t  form of t h e  r e l a t i o n  h a s  a f a c t o r  of 

(1 - e-xT) where t can be  expressed by t h e  volume swept by 

t h e  f low ra te ,  Q. I f  t h e  volume swept,  Vg, does n o t  depend 

s t r o n g l y  on Q,  t h e  change i n  c o n c e n t r a t i o n  w i l l  vary  accord ing  

t o  (1 - e -a/Q),  where a-AVg. To v e r i f y  such a radon 

concen t r a t ion  change wi th  change i n  f l o w  ra te ,  a longe r  experi-  

mental  per iod  i s  proposed. 

For a radon h a l f  l i f e  of  3.8  days,  t h r e e  f o u r t h s  of 
' . . .  

s a t u r a t i o n  e q u i l i b r i u m  i s  a t t a i n e d  i n  one week. Therefore ,  

a t es t  o f  two-week d u r a t i o n  is sugges ted ,  one week a t  8" 

o r i f i c e  p l a t e  flow c o n d i t i o n s  and a second a t  1-3/4" o r i f i c e  

p l a t e  flow. During t h e  two-week p e r i o d ,  s u f f i c i e n t  samples 

w i l l  be taken a t  each flow rate t o  e n s u r e  a mean s t a n d a r d  

d e v i a t i o n  of  l e i s  than 5 3 %  (12  samples a t  each f l o w  r a t e  



16 

Table 6. Chamber S imula t ion  Tests f o r  t h e  P h y t o t o x i c i t y  of -Atmospher ic  
Mercury 

Form of  
Hg t e s t e d  . 

P l a n t  
Response 

Cas to r  Bean 
~g Concent ra t ion  (usern-3) 

10 50 10 50 10 50 

Coleus 0 1 e ande r 

None 
(10 days)  

Ch lo ros i s  ( X  leaf s u r f a c e )  0 
Necros is  ( X  l e a f  s u r f a c e )  0 
Absc iss ion  ( X  l e a f  drop) 3 

Chloros I s  
N i c r o s i s  
Absc i s s ion  

Chlorosis 
Necros i s  
Absc i s s ion  

Hg ( a 3 1 2  Chlo ros i s  
(1.5 days)  Mecrosis 

Absc i s s ion  

0 3 
0 2 

13 47 

0 0 
0 6 
0 4 

0 
0 
3 

0 0 
0 0 

22 94  

9 0 
2 10 
4 8 

7 
0 

10 

0 12 
3 12 
7 36 

Q 10 
9 23 
0 0 

0 0 0 0 10 26 
0 a 3 12 5 15 

11 32 8 24 1 4  32 
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The above r e s u l t s  were a r r i v e d  a t  a s  fol lows:  

The average radon c o n c e n t r a t i o n  i n  samples of  t he  

w e l l  f l u i d s  c o l l e c t e d  under r e s t r i c t e d  product ion  

( 1 3 7  K l b  HzO/hr) w a s  0.85 nano c u r i e s  of radon 

p e r  l i t e r  of w a t e r  c o l l e c t e d  .. The f i r s t  

assumption t o  be made is t h a t  radon is  s t r o n g l y  

p a r t i t i o n e d  i n t o  t h e  vapor phase when t h e  w e l l  

f l u i d s  a r e  f l a s h e d  t o  s team ( i . e . ,  a l l  t h e  radon 

i s  i n  t h e  gas  phase ane none i n  the  l i q u i d ) ,  I f  

one-athen assumes t h a t  a l l  t h e  w a t e r  c o l l e c t e d  w a s  

condensed from steam, then t h e  radon produced by 

t h e  w e l l  i s  c a l c u l a t e d  as 0.85 n C i / n .  x 62 K l b / h r  

s team x 0.455 Rllb  = 2 3 . 3 ~  C i  Rn/hr. 

I f  one assumes t h a t  t he  w a t e r  samples c o l l e c t e d  was a mixture  

of s team and unflashed w e l l  f l u i d  a c o r r e c t i o n  m u s t  be made 

t o  r e m v e  t h e  w a t e r  f r a c t i o n ;  t h i s  c o r r e c t i o n  i s  made by 

m u l t i p l y i n g  by t h e  i n v e r s e  of  t h e  s team q u a l i t y  ( t o t a l  

d i scharge /s team d i s c h a r g e ) .  For t h e  p r e s e n t  case, t h i s  

fac tor  is 2.21. Thus; 

Radon d ischarge  = 0.85 n CiRn/% x 62 K l b / h r  x 2.21 x 

0.455 L / l b  = 52.8 uCi Rn/hr. 
. . . a  

The c a l c u l a t i o n  of radon c o n c e n t r a t i o n s  i n  t h e  a i r  a t  

t h e  w e l l  s i t e  and down wind w a s  made through t h e  use of H2S 

as a "tracer" f o r  radon. 

c a l c u l a t i o n  are (1)  t h e  H2S and Rn p a r t i t i o n  r a t i o s  between 

The assumptions made f o r  t h i s  

t h e  l i q u i d  and f l a s h e d  steam phases  a r e  s imi la r  and (2)  t h a t  

a tmospheric  d i l u t i o n  of  radon w i l l  be  s i m i l a r  t o  t h a t  f o r  H2S. 



based on a c o n s e r v a t i v e  i n d i v i d u a l  r e l a t i v e  s t a n d a r d  

d e v i a t i o n  f o r  a . s i n g l e  sample of - + l o % ) .  The exper iences  

gained dur ing  t h i s  f i r s t  f e a s i b i l i t y  t es t  i n d i c a t e s  t h a t  

t h e  proposed n e x t  experiment  can be  r u n  s u c c e s s f u l l y .  The 

s t a n d a r d  d e v i a t i o n s  of t h e  means a t  b o t h  f low rates  should 

be  s u f f i c i e n t l y  s m a l l  t o  see i f  a dependence of  e f f l u e n t  

c o n c e n t r a t i o n  w i t h  1 - e -a/Q exis ts .  

ii. Report  of  Donald Thomas, H a w a i i  

I n s t i t u t e  of  Geophysics (20 September 

19 7 8) 

I n  r e g a r d  t o  t h e  radon r a d i a t i o n  h a z a r d  p r e s e n t e d  by HGP-A, 

t h e  radon c o n c e n t r a t i o n s  i n  t h e  w e l l  f l u i d s  have been determined 

by Dr. P.  Kruger  at Stanford University. These concentrations 

have -been  used t o  c a l c u l a t e  t h e  expec ted  t o t a l  radon o u t p u t  o f  

t h e  w e l l  p e r  hour  as w e l l  as the  expected radon c o n c e n t r a t i o n s  

b o t h  a t h e  w e l l  head and a t  a d i s t a n c e  of  0.15 km. The r e s u l t s  

o f  t h e s e  c a l c u l a t i o n s  are as fo l lows:  

T o t a l  radon = 23.9 uCi Rn/hr ( d u r i n g  "normalff 
p rod uc t ion )  

= 192 u C i  Rn/hr ( f u l l  d i s c h a r g e ,  w o r s t  
case). 

Radon,concent ra t ion  = 6.68 x p C i  Rn/R a i r  a t  
a t  w e l l  head w e l l  head (dur ing  normal d i s c h a r g e )  

- . .  
Radon c o n c e n t r a t i o n  =.5.01 x p C i  Rn/R a i r  

( d u r i n g  normal d ischarge)  a t  d i s t a n c e  of 
0.15 km 

= 6.8 x p C i  Rn/R a i r  ( f u l l  
d i scharge ,  w o r s t  ca se )  

Note t h a t  EPA g u i d e l i n e s  f o r  upper l e v e l s  of radon c o n c e n t r a t i o n  

i n  h a b i t a b l e  s t r u c t u r e s  i s  0.5 p C i  Rn/R a i r  (O'Connell  and 

Gilgan,  1978).  
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c 

The H2S c o n c e n t r a t i o n s  i n  t h e  w e l l  d i s c h a r g e  is approximately 

650 ppm while atmospheric  c o n c e n t r a t i o n s  of H2S a t  the w e l l  

head are approximately 4 ppm. Assuming t h e  same d i l u t i o n  

f a c t o r  f o r  radon, one may c a l c u l a t e :  

0 .85 n C i  l?n/kc = 0.85 p C i  Rn/gc 

0.0052 p c i  Rn/gm a i r  

0.85 p C i  Rn/g x 4/650 = 

t h e  average  molecular  weight  of a i r  is 28.8 g/mole and t h u s  

one l i t e r  of a i r  weighs 1.284 g. 

5.2~10-~ p C i  Rn/gm a i r  x 1.28g/k = 6.68  x p C i  Rn/k. 

The H2S c o n c e n t r a t i o n  a t  0.15 km from t h e  w e l l  head was found 

t o  h e  30 ppB. I f  one assumes a d i l u t i o n  of radon by a similar 

f a c t o r  (7.5 x 10”) t h e  radon c o n c e n t r a t i o n  a t  0.15 km i s :  

6.68 x p C i  Rn/k x 7.5 x = 5.01 x loe5 p C i  Rn/ll a i r  

The w o r s t  case c a l c u l a t i o n  is  done s i m i l a r l y  u s i n g  t h e  h i g h e r  

radon c o n c e n t r a t i o n  (1.16 p C i  Rn/L). 

A s  mentioned above, EPA g u i d e l i n e s  f o r  h a b i t a b l e  dwel l ings  

i s  0.5 p C i  Rn/ 1 air  and i s  h i g h e r  by n e a r l y  two o r d e r s  of 

magnitude t h a n  t h e  levels observed a t  t h e  w e l l  s i t e  and by 

nearly f o u r  orders  at  a distance of 0 . 1 5  km. 

iii. Report  of P h i l l i p  Manly, 
Gamma Corpora t ion ,  Honolulu, H a w a i i  (2 February,  1979) 

Radon-222,_being . .  a n a t u r a l l y - o c c u r r i n g  i s o t o p e  is  r e g u l a t e d  

only  by S t a t e  Department of Heal th‘and  Department of Occupa- 

t i o n a l  S a f e t y  and Heal th  CDOSH) r e g u l a t i o n s .  The r e g u l a t i o n s  

of the Nuclear Regulatory Commission do n o t  apply  because t h e  

i s o t o p e  i s  n o t  by-product o r  s o u r c e  mater ia l .  S tandards  s e t  

by the Environmental  P r o t e c t i o n  Agency f o r  d r i n k i n g  w a t e r  

apply t o  radon only  t o  the e x t e n t  t h a t  radon daughters  d i s s o l v e d  
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i n  water must meet t h e  a lpha  a c t i v i t y  l i m i t s .  

The S t a t e  Department of Hea l th  r e g u l a t i o n s  (Chapter 33) 

set occupa t iona l  l i m i t s  on radon and i t s  daughters  i n  a i r  

of 30 p C i / l  f o r  a 40 hour week and 10 p C i / l  f o r  a 168 hour  

week. For areas where t h e  g e n e r a l  p u b l i c  may have a c c e s s ,  t he  

l i m i t s  are set  lower by a f a c t o r  of 10. 

The l i m i t s  set by DOSH f o r  occupa t iona l  workers are t h e  

same as t h o s e  s e t  by t h e  Department of Hea l th .  However, 

t h e  DOSH r e g u l a t i o n s  a l s o  i n t r o d u c e  t h e  concept  of working 

l e v e l ,  where one working level is  equ iva len t  t o  1.3E5 M e V / l  

of a lpha  a c t i v i t y  from any combination of a lpha  e m i t t i n g  

daugh te r s  of radon.  The concept  of working l e v e l  was developed 

f o r  u se  i n  uranium mines, where radon and i t s  daughters  were 

always p r e s e n t ,  b u t  h a r d l y  eve r  i n  equ i l ib r ium.  

and c a l c u l a t i o n  of a i r  a c t i v i t y  w a s  made s imple r  when only  

t o t a l  a lpha  a c t i v i t y  had t o  be ,measured ,  w i thou t  r e l a t i n g  

i t  t o  a i r  c o n c e n t r a t i o n  of radon. 

Measurement 

Kruger measured an average  radon a c t i v i t y  i n  steam con- 

d e n s a t e  of 890 pCi/l and 850 p C i / l  f o r  t h e  two tests he made 

(ICurger, 1977) .  Donald Thomas used t h e s e  d a t a ,  a long  wi th  

d a t a  on t h e  hydrogen s u l f i d e  c o n c e n t r a t i o n  i n  t h e  steam, a t  

t h e  well-head,. and a t  t he .  pe r ime te r ,  t o  ‘estimate wors t  case 

a i r  c o n c e n t r a t i o n s  of 9E-3 p C i / l  a t  t h e  well-head and 6.8E-5 

p C i / l  a t  t h e  f a c i l i t y  pe r ime te r  (Thomas, 1978).  

An a l t e r n a t e  method f o r  c a l c u l a t i n g  worst  c a s e  concentra-  

Zions invo lves  c a l c u l a t i n g  the radon a c t i v i t y  i n  t h e  steam 

i t s e l f .  The steam condensate  concen t r a t ions  are d iv ided  by 
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1670 (.the volume r a t i o  of steam t o  water )  and m u l t i p l i e d  by 

2 .21  (.the steam t o  t o t a l  d i s c h a r g e  r a t i o )  t o  o b t a i n  an  

estimate of t h e  a i r  a c t i v i t y  a t  t h e  well-head: 

A (pCi / l )  = (890 PCi / l )  (2.21) 
1670 

A (pCi / l )  = 1 . 2  p C i / l  (well-head radon a c t i v i t y )  

Using t h e  hydrogen s u l f i d e  r a t i o  from well-head t o  f a c i l i t y  

pe r ime te r  (.4 ppm/30 ppb = 133) t h e  a c t i v i t y  a t  t h e  f a c i l i t y  

perimeter can  b e  e s t ima ted  a t :  

A (pCi / l )  = 1 . 2  p C i / l  
133 

A (pCi / l )  = 0.009 p C i / l  ( f a c i l i t y  pe r ime te r  radon a c t i v i t y )  

The worst-case estimates f o r  radon a c t i v i t y  a t  t h e  w e l l -  

head are a f a c t o r  of 25 below t h e  a l lowab le  l i m i t s  f o r  

occupa t iona l  workers ,  u s i n g  a 40 hour work week. I n  

a d d i t i o n ,  t h e  estimates of radon a c t i v i t y  a t  t h e  f a c i l i t y  

pe r ime te r  are a f a c t o r  of 1000 below t h e  a l lowab le  l i m i t s  

f o r  non-occupational workers,  u s i n g  a 168 hour r e s i d e n c e  

t i m e .  

of the exposure exceed 25% of the a p p l i c a b l e  l i m i t s  should  

According t o  t h e  r e g u l a t i o n s ,  on ly  when estimates 

a moni tor ing  program b e  i n s t i t u t e d  t o  monitor exposure.  

Such a p r o g r a i  is  c l e a r l y  n o t  necessary , ,  - . .. 
S i t u a t i o n s  could  deve lop  a f t e r  a d d i t i o n a l  c o n s t r u c t i o n  

of f a c i l i t i e s  t h a t  could  a l low c o n c e n t r a t i o n  of radon 

daughter  a c t i v i t i e s  and l e a d  t o  h i g h e r  exposures .  I f  the 

steam were rou ted  i n t o  a c losed  b u i l d i n g  ( e .g .  t u r b i n e  

b u i l d i n g )  i n  which t h e  radon could escape, then  the par-  

t i c u l a t e  radon d a u g h t e r s m i g h t  c o l l e c t  i n  the b u i l d i n g  i n  
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c o n c e n t r a t i o n s  much h i g h e r  than estimate above. In such c a s e s ,  

a d d i t i o n a l  measurements of a c t u a l  radon daughter  a c t i v i t i e s  

should  b e  performed t o  determine t h e  a c t u a l  radon and radon 

daughter  a c t i v i t y  l e v e l s .  

Radon is  cont inuous ly  released from t h e  ground. A world- 

2 wide f l u x  average  f o r  t h e  radon f l u x  is 4.25E-5 pCi/cm -sec 

(Wilkening, e t .  a l . ,  1972), o r  0.095 C i - m i  -day. Some d a t a  on 

uranium a c t i v i t y  in l o c a l  s o i l s  i n d i c a t e s  t h a t  t h e  l o c a l  f l u x  

may be 10 times less than t h e  worldwide average (McP!urtry, 1979). 

2 

A t  f u l l  power product ion  t h e  HCP-A w e l l  w i l l  be producing 

3 . 5  MWe of power, w i t h  a steam consumption of 60,000 l b s l h r .  

The release of  radon from t h e  w e l l  i s  e s t i m a t e d  t o  be: 

Rn (Cn/da) = 60,000 l b s / h r )  (.455 l / l b )  (0.89E-9 C i / l )  

x ( 2 4  h r / d a )  

Rn (Ci/da)  = 5 .8E-4  Ci/da ( a c t i v i t y  r e l e a s e d )  

This  release is e q u i v a l e n t  t o  t h e  r e l e a s e  of  radon from 

between one t e n t h  and one square  mile o f  land. 

worldwide s c a l e  t h e  release i s  minimal, i t  may cause  a l o c a l  

p u r t u r b a t i o n  i n  t h e  a c t i v i t y  levels of radon and subsequent  

Although on a 

i n c r e a s e  i n  , r ad ia t ion  

A study. has been 

r e l e a s e  of c o a l - f i r e d  

exposure.  

performed compar.ing t h e  r a d i o a c t i v i t y  

power p l a n t s  w i t h  the  release from nuclear -  

powered p l a n t s  and; t h e  new f e d e r a l  r e g u l a t i o n s  (McBryde, e t .  a l . ,  

1979).  I n  t h i s  s tudy ,  t h e  radon r e l e a s e d  from a 1000 Mwe coal-  
" 

f i r e d  p l a n t  were estimated a t  0 . 4  Ci/yr .  This  release, a long  

wi th  releases of  o t h e r  uranium and thoriym i s o t o p e s ,  r e s u l t e d  
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i n  h i g h e r  popula t ion  dose estimates than  the  emiss ions  from a 

1000 1il.Je nuclear-powered p l a n t .  By comparison, t h e  HGP-A w i l l  

release 0.2 Ci /yr .  of radon. 

A f t e r  t h e  s team i s  condensed, i t  w i l l  be  allowed t o  per- 

c o l a t e  back i n t o  the  groundwater. Depending on the  time t h a t  

t he  radon daughters  have grown i n  from t h e  radon i n  t h e  steam 

b e f o r e  the radon w a s  off-gassed,  t h e  a c t i v i t y  l e v e l s  i n  t h e  
\ 

condensate  may exceed the  15 p C i / l  l i m i t  f o r  d r i n k i n g  water 

e s t a b l i s h e d  by t h e  EPA ( t h e  measured a c t i v i t y  i n  s team conden- 

sate  w a s  890 p C i / l ) .  This  a d d i t i o n  of radon daughter  a c t i v i t y  

t o  t h e  ground water may cause i n  i n c r e a s e  i n  a lpha  a c t i v i t y  

of d r i n k i n g  water a t  a w e l l  near  t h e  geothermal w e l l .  

From a p r e l i m i n a r y  assessment  of t h e  radon measurements 

made of steam condensate ,  i t  was concluded t h a t  t h e  radon pre- 

s e n t e d  no hazard e i t h e r  t o  o c c u p a t i o n a l  workers o r  t o  the ge- 

n e r a l  p u b l i c .  The environmental  impact w a s  a l s o  e s t i m a t e d  t o  

be minimal on a worldwide scale.  However, because o f  l a c k  of  

d a t a  on the e x i s t i n g  n a t u r a l  environment,  the e x t e n t  o f  t h e  

environmental impact on a l o c a l  scale could n o t  be determined. 

A d d i t i o n a l  sampling w a s  recommended t o  determine the e x i s t i n g  

radon envi rmment ,  and to  measure any impact t o  i t  from t h e  

o p e r a t i o n  o'f t h e - ~ ~ p -  w e l l .  . 



b. Mercury 

The a d d i t i o n  of s o i l  and water mercury a n a l y s e s  t o  

t h e  techniques  f o r  geothermal e x p l o r a t i o n  w a s  i m p l i c i t y  i n  

t h e  e a r l y  demonstrat ion t h a t  t h e  element is  a s s o c i a t e d  

wi th  v o l c a n i c  and fumerol ic  a c t i v i t y .  (Eshleman e t  a l ,  

1971; Aid in '  yan and Uzerva, 1966, Karasik and Morozov, 1966) 

and e x t e n s i v e  l a t e r  s t u d i e s  i n  wide ly  s e p a r a t e d  v o l c a n i c  

systems ( S i e g e l  and S i e g e l  1979 a , b , c ;  B r i l l  e t  a l .  1979, 

McKurtry e t  a1  1979, 1980, S i e g e l  e t  a 1  1979, S i e g e l  e t  a 1  

1980 a ,b ,  Phelps  e t  a 1  1979).  

S p e c i f i c  use of mercury i n  t h e  condensed phase w a s  

sugges ted  by Mat l ick  and Rurseck (1975). S o i l  and ground- 

water surveys  were d i s c u s s e d  i n  t h e  F i n a l  Report  i n  DOE/ 

ID/01713-5, H a w a i i  Geothermal Resource Assessment Program 

( I n v e s t i g a t i o n  of Low Temperature Resource on t h e  I s l a n d  

of Oahu, H a w a i i ) ,  I n  a s t u d y  o f  t he  L u a l u a l e i  Val ley ,  

Waianae Coast ,  Oahu, t h e  r e p o r t  s ta tes  "The a b i l i t y  of  

s o i l  mercury t o  assist  i n  d e f i n i n g  areas of s u b s u r f a c e  

thermal  a c t i v i t y  i n  areas which have no o t h e r  obvious 

s u r f a c e  m a n i f e s t a t i o n s  h a s  l e d  t o  t h e  a p p l i c a t i o n  of t h i s  

technique.  . .'I. It  f u r t h e r  concluded t h a t  i n  g e n e r a l  s o i l  

Hg p a t t e r n s  arise from thermal ly  d r i v e n  outgass ing;  t h a t  
' . -  

mercury and radon o u t g a s s i n g  a re  broadly  a s s o c i a t e d ,  and 

t h a t  ground w a t e r  and s o i l  mercury l e v e l s  are c l o s e l y  

c o r r e l a t e d  . 
Some 10 y e a r s  of "roadside" sampling f o r  a tmospher ic  

mercury onthe f o u r  major i s l a n d s  a l s o  s u g g e s t  t h e  i n d i c a t e r  

t 
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v a l u e  of Hg aerometry.  Understandably,  a i r  sampling a t  

the  one meter l e v e l  i s  s u b j e c t  t o  the  u s u a l  a tmospheric  

p e r t u r b a t i o n s .  These i n c l u d e  n o t  on ly  winds and convec t ive  

p rocesses ,  b u t  a l s o  the  masking e f f e c t s  of  i n t e n s e  sou rces .  

Thus, H a w a i i  i t s e l f ,  w i t h  i n t e n s e  emiss ions  on Mauna Loa,  

a t  Ki lauea  and a long  Ki lauea  East R i f t  i n f l u e n c e s  a i r  levels  

over  the  e n t i r e  ESE. eo WSW.sector of  t h e  I s l a n d ,  w i t h  only  

NE-facing areas n e a r  b a s e l i n e  l e v e l s  (F ig .  4 ). 
I 

In  the  case  of Maui, of the  s i x  areas recognized by 

s t a n d a r d  geophysical-geochemical methods, two can be c l o s e l y  

confirmed by a i r  sampling,  e s p e c i a l l y  the  Haleaka la  SW r i f t ,  

two a d d i t i o n a l  areas i n  broad agreement and two n e g a t i v e  

(F ig .  5 Table 7 ). 

On Oahu, t he  two most promising areas,  one on the  

Windward c o a s t ,  one on t h e  leeward Waianae c o a s t  are shown 

by bo th  procedures  (Fig.  6 ).  

And on Kaua i ,  there are p o s s i b l e  a i r  Hg anomalies  i n  

the  pos t - e ros iona l  v o l c a n i c  area,  b u t  a l s o  one unexplained 

h i g h  a t  t h e  head of Waimea Canyon (Fig.  7 ). 



Figure  4 .  Atmospheric mercury d i s t r i b u t i o n  on t h e  I s l a n d  
of H a w a i i .  
minat ions over  t h e  per iod  1970-1979. 
+20% of t h e i r  means or  less. 

All v a l u e s  i n  lJg.m-3 are means of 4-40 d e t e r -  
Standard e r r o r s  are 

- 
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Figure  5. 
of Maui. 
a t i o n s  over  t h e  per iod  1973-1979. ' Standard  e r r o r s  are 
+20% of  t h e i r  means o r  less. 
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Figure  6. Atmospheric mercury d i s t r i b u t i o n  on t h e  I s l a n d  
of Oahu.  A l l  v a l u e s  i n  ~ g - m - ~  are means of 3-10 determin- 
a t i o n s  over  t h e  p e r i o d  1969-1979. 
+20% of t h e i r  means o r  less.  

Standard e r r o r s  are 
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F igure  7. Atmospheric mercur d i s t r i b u t i o n  on t h e  Island 

a t i o n s  over  t h e  per iod  1975-1979. 
+25% of t h e i r  means o r  less. 

of Kauai. A l l  va lues  i n  pg-m- 3 are means o f  3-6 determin- 
Standard errors are 
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Table 7. Value of Mercury Aerometry i n  Geothermal 
Explora t ion :  
Lacking Curren t  Volcanic-fumerolic A c t i v i t y  

A Comparison f o r  t h e  I s l a n d s  

I s l a n d  S i t e s  By 
Standard Methods 

S i t e s  By 
H g- A e  rome t r y  

Ma u i  Haleaka la  - SW R i f t  (1) + 
+ - . .  Haleakala,  - E R i f t  (2) 

Pauwela ('3) - 
Lahaina ( 4 )  - 

Olowalu-Ukumeh ame (5 - 

+ 

Honokawaii (6) 

Oah u Waimanalo 

Lualualei  

Honolulu Volcanic  

Haleiwa 

Laie 

P e a r l  Harbor 

Kauai Pos t -Eros iona l  Volcanic 

+ 
+ 
+ 

+ - 
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Thus, i n  s p i t e  of i t s  more f u g i t i v e  c h a r a c t e r ;  Hg 

aerometry;  a s imple  and inexpens ive  a n a l y t i c a l  procedure 

has genuine promise as an  a d j u n c t  f o r  e x p l o r a t i o n .  As 

po in ted  o u t ,  the  more d e t a i l e d  measurements taken  a t  

L u a l u a l e i  suppor t  t h i s  conclus ion .  

. .  

\ 



Tab le  8. Environmental  Toxicant  Output i n  R e l a t i o n  t o  Scale-up of Geothermal Energy Product ion  

** Energy Output S c a l e  Fac to r  P o s s i b l e  Hg Emission* H2S Emission 

Ab a t  ement % 
megaWat ts Sources  metric t o n s  .yr-1 

g 24 hr -1  

97 99 

3 

25 

200 

500 

1000 

3000 

1 (Kapoho) 1 

8.33 (Kapoho) 1 

66.6 (Kapoho) 1 

166.6 (Kapoho) 1 

333.3 (Hawaii) 4 

1000 ( S t a t e )  10 

* 1.09 277 8.3+ 2 .8  

9 .13  - 69.1 23.3 

72.6 - 562.8 186.5 

181.6 - 1383. 466.2 

363. .- 2766. 932. 

1089. - 8298. 2796. 

*0.001 ppm wel lhead  maximum a t  100 k i l o - l b - h r ' l ,  Steam Qual. 0 .6  
**700 ppm wel lhead  maximum a t  100 k i lo - lb -h r " ,  Steam Qual .  0.6 
+ c u r r e n t ,  u s i n g  C a u s t i c  Soda and r o c k p i l e  Sparger  system * P r o j e c t e d  f o r  completed g e n e r a t o r  f a c i l i t y .  

w 
N 
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c. Sca i.az-up 

Under c u r r e n t  p r o j e c t i o n s  HGP-A w i l l  b e  a producing 3 

t 

megawatt ( e l e c t r i c )  g e n e r a t i n g  s t a t i o n  i n  1981, o p e r a t i n g  

a t  a mass f low of 100k-1b.hr-l wi th  a steam q u a l i t y  of - ca 0.6.  

As of January,  1980, t h e  w e l l  f l u i d  contained about 

0.001 ppm of Hg (very h i g h  e s t i m a t e )  and 700 ppm H2S. 

I f  i t  i s  assumed s tha t  t h e  Kapoho . r e s e y o i r  i s  chemical ly  

homogeneous, and "that HGP-A is a r e p r e s e n t a t i v e  s a m p l e  of 

t h a t  hydrogeothermal f i e l d ,  then  t h e  s c a l e - f a c t o r  f o r  any 

f u t u r e  g e n e r a t i n g  c a p a c i t y ,  megawattage projectedl3megawatts  

c u r r e n t  can b e  used f o r  p r o j e c t i n g  mercury and hydrogen s u l -  

f i d e  emissions.  

The most immediate f u t u r e  g o a l  f o r  geothermal develop- 

ment a t  Kapoho i s  25 megawatts. T h i s  i n t e r m e d i a t e  s t e p  would 

b e  fol lowed,  i f  performance and economic r e s o u r c e s  w a r r a n t ,  

by development i n t o  200-500 megawatt range.  The l a t t e r  i s  a 

p r o j e c t e d  c e i l i n g  f o r  t h e  Kapoho r e s e r v o i r  based on cont inuous 

o p e r a t i o n  i n t o  t h e  l a te  2 1 s t  cen tury .  

Beyond t h i s  s i n g l e  h i g h l y  promising r e s e r v o i r  are t h e  

a d d i t i o n a l  hydrogeothermal f i e l d s  on t h e  I s l a n d  of Hawaii, 

w i t h  perhaps a p o t e n t i a l  of 1000 megawatts and a t o t a l  c e i l i n g  

v a l u e  f o r  t h e  s ta te  l y i n g  between 2000 and 3000 mW. 

Following p r e s e n t  chemical emission s t a n d a r d s ,  two 

p o t e n t i a l  l i m i t s  t o  t h e  o v e r a l l  development of geothermal 

energy r e s o u r c e s  are mercury and hydrogen s u l f i d e .  These 

limits are embodied i n  t h e  EPA's N a t i o n a l  Emission Standards 

121:0461 (1976) and the more r e c e n t  40CFR 51.24, Fed. Reg. 
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43 (118):26382 (1978), t h e  1977 Clean A i r  Act; P reven t ion  of - ---- 
S i g n i f i c a n t  A i r  Q u a l i t y  D e t e r i o r a t i o n  (PSD). - 

The former sets upper l i m i t s  on Hg ou tpu t  of 1600 o r  , 

2300 g per 2 4  h r .  p e r i o d ,  depending upon t h e  n a t u r e  of t h e  

f a c i l i t y .  Using HGP-A as t h e  o p e r a t i n g  model and assuming 

t h e  Kapoho r e s e r v o i r  t o  b e  b road ly  r e p r e s e n t a t i v e  of r e s e r v o i r s ,  

no amount of scaie up. seems capable  of . a t t a i n i n g  emiss ions  

limits f o r  Hg ( T a l e  9 ) ,even  on a s ta te -wide  l e v e l .  And i t  

is r e a s o n a b l e  geochemically t o  expec t  t h e  h i g h e s t  Hg l e v e l s  

t o  b e  a s s o c i a t e d  wi th  t h e  I s l a n d  of H a w a i i .  

The PSD l i m i t  f o r  geothermal H2S from any s p e c i f i c  sou rce  

i s  250 tons  p e r  yea r .  For p r e s e n t  purposes ,  w e  d e f i n e  t h e  

Kapoho f i e l d  as a source ,  hence,  t h e  250 t o n  l i m i t  would ap- 

p l y  n o t  only t o  HGP-A as a g e n e r a t i n g  f a c i l i t y ,  b u t  t o  a l l  

subsequent  wells and power s t a t i o n s  on t h e  Kapoho r e s e r v o i r .  

Obviously, HGP-A i t s e l f ,  unabated is  i t s e l f  margina l  assuming 

continuous o p e r a t i o n  a t  a mass flow of 100 Kilo-1b.hr-l and 

t h a t  the 700 ppm H2S c o n t e n t  is a s t e a d y  s t a t e  v a l u e  under 

o p e r a t i n g  c o n d i t i o n s .  

R e s u l t s  of t h e  w e l l  tests completed i n  Janua ry ,  1980, 

show t h a t  of t h e  700 ppm wellhead H2S, 22 ppm are r e l e a s e d  

a f t e r  c a u s t i c  soda  t r ea tmen t  and t h e  use  of t h e  r o c k p i l e  

s p a r g e r  sys tem (L. Lopez, Geothermal-Generator P r o j e c t  Pe r sona l  

Communication, February, 1980) . This  g ives  an  abatement v a l u e  

of 97%. 

megawatts would f a l l  w i t h i n  PSD l i m i t s .  

t h a t  the g e n e r a t i n g  f a c i l i t y  at HGP-A w i l l  p rovide  r e a d i l y  f o r  

A t  t h i s  e f f i c i e n c y ,  any power r a t i n g  up t o  ca 90 

It is  expected, however, 
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T a b l e  9 .  HGP-A Dr i l l s i t e  S o i l  and P l a n t  Mercury 
Levels as Rela ted  Well S t a t u s  

Mercury Content 
Cyperus Metros ideros  

Date Well S t a t u s  A i r  Water S o i l  P l a n t  S o i l  P l a n t  
pg-m-3 pg- g-1 P g - kg-1 

May 75 P r e - d r i l l i n g  1.1 - 4 3  130 d 59 2 6 3  

May 76 P o s t - d r i l l i n g  1 . 2  5 . 0  1 4  1 160 356 571 

J u l y  76 F l a s h i n g  9.9 4 . 6  140 171  381 584 

Nov. 76 Shut down 10.0 1 .0  20 7 1 8 9  474 608 

Aug. 77 Flow tes t  0 . 8  1 .0  1 3 0  1 1 7  250 522 

J u l y  78 Shut down 1.2 0 .4  1 7 8  138 397 572 
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99% abatement.  

become c a  268 megawatts (s x 3 mW), a t  99% abatement,  t h e  

932 tons  of H2S produced on t h e  I s l a n d  of H a w a i i  with 1000 matts 

Accordingly,  t h e  upper PSD l i m i t  Kapoho would 

- 

ou tpu t  would b e  permissable  i f  4 o r  more of t h e  7 i d e n t i f i e d  

r e s e r v o i r s  were a b l e  t o  d i v i d e  t h e  emission burden more o r  

less equa l ly .  

. . .  
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