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FOREWORD 

A t  the request o f  the Department o f  Energy's D iv i s ion  o f  Environmental 
Control Technology, Lawrence Livermore Laboratory (LLL) organized a workshop 
on environmental con t ro l  technology appl icable t o  The Geysers-Calistoga known 
geothermal resource area (KGRA). Approximately 80 experts i n  we1 1 d r i  11 ing, 
geothermal operations, noise abatement, hydrogen s u l f i d e  abatement, power 
p lan t  operation, materials, systems design, systems contro l ,  and lega l  
regulat ions gathered t o  discuss ways t o  prevent, control ,  and m i t i ga te  
undesirable environmental impacts caused by geothermal development a t  The 
Geysers . 

The workshop, held a t  the Oakland Hyatt House, October 11 and 12, 1978, 
was funded under programs managed by Douglas W. Boehm, D iv i s ion  of 
Environmental Control Technology, O f f  i c e  o f  Environmental Compliance and 
Overview, under the Assistant Secretary f o r  Environment, DOE. 
a ser ies of workshops funded by the Assistant Secretary for  Environment. 
Cosponsors were the Geothermal Environmental Overview Pro ject  (GEOP) of LLL 
and the Geothermal Resources Impact Pro ject  Study (GRIPS). 
powers agency o f  Napa, Sonoma, Lake and Mendocino Counties w i t h  the C a l i f o r n i a  
Energy Commission and DOE as ex-of f  c i o  members. 

Preparations, l og i s t i cs ,  and 1 aison f o r  the workshop were provided by 
the Geothermal Resoures 'Council (GRC) under executive d i rec to r  David N. 
Anderson by subcontract from LLL. The GRC i s  a m u l t i d i s c i p l i n a r y  non-prof i t  
organization whose purpose i s  t o  promote the development o f  geothermal energy. 

It was p a r t  of 

GRIPS i s  a j o i n t  
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ABSTRACT 

This repo r t  i s  the proceedings o f  s i x  work groups t h a t  discussed 
techniques t o  prevent and abate noise, hydrogen su l f ide emissions, hnd 
accidental s p i l l s  of chemi'cals and geothermal wastes a t  The Geysers-Cal is toga 
KGRA. 

systems, components, and mater ia l  and t h e i r  effects 'on emissions were a l s o '  
discussed. The comnents and recomendations o f  the work groups are included 
i n  the  proceedings. 

Problems associated w i th  wel l  completion and production, 'and w i t h  

A b r i e f  summary of the recomendations from the workshops i s  as fol lows: 
1; Develop a coat ing t o  p ro tec t  the w e l l  

dr  i 11 i ng. 
2. <Develop be t te r  techniques for cement emplacement.3 

3. Set up a program t o  t e s t  candidate cements under simulated and 
actual  operat i ng cond i t i ons : 

4.' Develop a down-hol o use on wel ls  i n s t a l l e d  i n  
lands l ide areas. 

i o n  dur ing a i r  

f 5. Improve knowledge o f  H2S p a r t i t i o n i n g  Sn'condensers. ' 

6. Encourage development o f  a l t e r n a t i v e  methods 'of H2S abatement. . 

I n s t a l l  berm and sump systems t o  conta'ln s p i l l s  o n ' a l l  power plants. 
8. Develop automati s f o r 3 h e  l i q  po r t i on  o f  f l u i d  

hand1 ing,  systems 5 .  

9. Strengthen t h e  L iqu id  Waste Hauler law t o  include equipment checks; 
driver certification standard or defective 
equipment. . a  

la. 
11. 

Develop a mu f f l e r  f o r  steamcventing a t  the wellhea 
Develop ,a dynamic computer model t o  'aid i n  design1 

contro ls  f o r  steam-gathering systems. . 

13. Carefu l ly  w i g  

1 



INTRODUCTION 

The purposes o f  the workshop were t o  review e x i s t i n g  technology, evaluate 
new ideas, and plan the development of techniques, systems, materials, and 
hardware f o r  f u tu re  use i n  preventing, con t ro l l i ng ,  or  m i t i g a t i n g  undesirable 

onmental impacts o f  geothermal development i n  The Geysers-Cal istoga 

A steer ing committee (Appendix A) suggested top i cs  f o r  the workshop and 
prepared a l i s t  o f  par t ic ipants .  

The workshop was attended by about 80 experts (Appendix B) i n  wel l  
d r i l l i n g ,  geothermal operations, noise abatement,. hydrogen s u l f i d e  abatement, 
power p lan t  operation, materials, systems design, systems control,  and lega l  
regulat ions. The f i r s t  morning included a welcome by Dave Anderson, 
Geothermal Resources Council, an in t roduct ion by Paul Phelps, LLL, and the 
keynote address by Suzanne Reed, C a l i f o r n i a  Energy Commission. The attendees 
then s p l i t  i n t o  s i x  work groups (Appendix C) according t o  t h e i r  areas o f  
expertise. Work groups were kept small (10 t o  20 persons each) so t h a t  ideas 
could be i n fo rma l l y  presented. 
encouraged t o  move from one work group t o  another during the second day o f  the 
workshop. A t  the conclusion o f  the workshop, each chairman submitted a 

w r i t t e n  summary o f  h i s  group's proceedings, comments, and suggestions. 
I n  t h i s  workshop, we s o l i c i t e d  the advice and opinions o f  people expert 

i n  t h e i r  f i e l d .  
i n  the sumnaries from the work groups. 
complete coverage, the e d i t o r  has supplemented the chairmen ' s  notes w i t h  .- 

Planning t o  meet fu tu re  problems was emphasized. 

People w i t h  expert ise i n  several areas were 

Where possible, these have been preserved i n t a c t  as received 
However, i n  the i n t e r e s t  o f  more 

addi t ional  information from publ icat ions or p r i va te  conversations and i s  
so le l y  responsible f o r  any errors  t h a t  may resu l t .  

Speci f ic  comnents and recornendations together w i t h  sources o f  addi t ional  
informat ion are included a t  the end o f  the proceedings. 
and recommendations received during discussions w i th  ind iv iduals  or small 
groups outside the workshop sessions are as fol lows: 

This comnent was p a r t i c u l a r l y  

Addi t ional  comments 

Regulations are a moving target.  
frequent when the top i c  was abatement o f  noise and H2S 
bench and small p i l o t - sca le  tes ts  serve only t o  screen 

emissions. A t  best, 
out  poor performers 

2 
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among candidate con t ro l  techniques. Actual performance o f  a con t ro l  technique 
depends t o  a large extent on f l u i d  chemistry, f l u i d  dynamics, systems design, 
and systems dynamics. Therefore, a f u l l  scale i n s t a l l a t i o n  i s  needed t o  t e s t  ' 

expensive and may requ i re  one or  two years lead t ime f o r  
i n s t a l l a t i o n .  I n  addition, from one t o  f i v e  years may 
evaluate the technique's performance and e f f e c t  on other components o f  the 
geothermal system. ~ Short-term ( l ess  than f i v e  years) changes t o  more 
s t r ingent  regulat ion 
operator with an obs 

c a r e f u l l y  evaluated t o  j u s t i f y  abatement costs and addi t ional  hazards caused 
by abatement chemicals. We can expect t ruck accidents t h a t  cause accidental 

s p i l l s .  Transporting mater ia ls t o  and from Geysers Uni ts 1 through 12 
involves t ruck ing  over narrow mountain roads w i t h  sharp curves and steep 

grades. These roads are p a r t i c u l a r l y  hazardous i n  the winter when they are 
s l i c k  w i th  rain,  snow, or  i 
would harm the environment, p a r t i c u l a r l y  i f  they were s p i l l e d  during a 

erformance .of a given con t ro l  technique. These i n s t a l l a t i o n s  are 

an e a s i l y  leave the steam producer o r  power p l a n t  
te--but expensive-piece o f  almost new junk. 

The degree o f  hydrogen s u l f i d e  abatement required needs t o  be 

Many o f  the chemicals used f o r  H2S abatement 

m when cleanup would be d i f f i c u l t .  I n  t h i s  respect, s p i l l s  o f  50% 
droxide so lut ions present a special hazard. They would be d i f f i c u l t  

t o  contain and clean up even i n  the d r y  p a r t  o f  the year. A s p i l l  o f  a 

t ruckload (about 5000 ga l )  o f  t h i s  strong caust ic during a rainstorm would 
almost c e r t a f n l y  be washed i n t o  adjacent streams where i t  could be expected t o  
e l iminate much aquatic l i f e  f o  a considerable distance downstream. Also, any 
animal which t r i e d  t o  d r i nk  t h  contaminated water could be ser ious ly  injured. 

required. The average concentrat ion o f  
ds 200 ppm. If the noncondensable gas 

ted d i r e c t l y  t o  the atmosphere w i t h  no 
20 ppm) f o r  H2S would. be exceeded 
he adjacent work areas under 
t should be possible t o  reduce 
sing some o f  the more hazardous 

stream from a PO 

a nuisance p r i m a r i l y  because o f  
i t s  odor. The C a l i f o r n i a  ambient a i r  standard (0.03 ppm f o r  H2S emissions 



averaged over an hour) i s  based on the odor threshold. Because o f  t he  hazards 
associated with chemicals needed t o  a t t a i n  such a high abatement e f f ic iency,  
there seems t o  .be a need t o  evaluate the degree o f  abatement a c t u a l l y  needed 
i n  remote areas (such as those occupied by Uni ts 1 through 12 
e l im ina t i ng  the odor nuisance i n  these remote areas j u s t i f y  the cost  and 
hazards o f  the abatement chemicals? 

I n  s e t t l e d  areas (such as Cobb-Valley and Anderson Spring 
nuisance i s  probably unacceptable. However, these areas are a t  a lower 
elevat ion where the t e r r a i n  I s  r e l a t i v e l y  gentle, roads are much better,  and . 

snow melts rap id ly .  Therefore, accidental s p i l l s  are less l i k e l y  and easier 
t o  clean up when they do occur. 

4 



WELL COMPLETION AND PRODUCTION 

Cha i rman - Lou 1 s 

This work group considered problems associated w i t h  geothermal we1 1s from 
d r i l l i n g  through production. The fou r  problem areas t h a t  seem t o  need 
addi t ional  a t ten t i on  are 

. oeros ion o f  d r i l l  casing and d r i l l  s t r i n g  during a i r  d r i l l i n g ,  
empi acing cement, 

mpatabi 1 i t y  of c 
11 , f a i l u r e  caus by landslides. 

t w i th  the geothermal environment, 

, geothermal wel ls a t  The G sers are d r i l l e d  

t o  cause the mud t o  lump, cake, and lose 
es are used. 

During the i n i t i a l  s ta  
with conventional d r i l l i n g  muds. However, when the wel l  reaches a depth where 
high temperatures ( 12OoF) beg 
viscosi ty,  a i r  d r i l l i n g  techn D r i l l  c u t t i n g s , i n  the a i r  stream 
produce a sandblasting e f f e c t  t h a t  erodes the 
p ro tec t i ve  coat ing would r 
casing t o  help prevent f a i  

and the formation 
reservo i rs  foun 

ill s t r i n g  and casing. A 
ce t h i s  erosion and r e  

e through the l i f e  of 

t i n  a more competent 

Cement s hou 1 d mplaced so as t o  provide a good bond between the casing 
nsure the i n t e g r i t y  o f  the well .  The low pressure 

t The Geysers do not have the hydrostat ic head t o  .support a 
i c i e n t  column cement during emplacement. As a resul t , . the . e  

a considerable l o  
and the forma 



The high temperatures encountered i n  geothermal we1 1s cause cement 
problems. 
Therefore, h igh concentrations o f  retarders are needed t o  keep the cement from 

It i s  d i f f i c u l t  t o  cool the system before cement placement. 

s e t t i n g  before it i s  proper ly emplaced. These retarders sometimes keep the 
cement from cur ing properly. 
formation of the proper c r y s t a l l i n e  structure. Also, water may b o i l  out, 
leaving dry  cement, vo id  spaces, steam pockets. A f t e  
thermal cyc l i ng  can cause f a i l u r e  because fhe casing, ce 
formation have d i f f e r e n t  c o e f f i c i e n t s  o f  expansion. 

formation. As a resul t ,  l oca l  i f e r s  (not  common a t  The G 
contaminated. I n  a worst case, ment f a i l u r e  might cause a 

A good cement f o r  geothermal appl icat ions should meet t 
c r  i t er i a : 

u r i n g  curing, the high temperatures may prevent 

Cement f a i l u r e s  could cause loss o f  geothermal f l u i d  i n t o  

1. 
2. 
3. 

4. It should be durable. 
5. 
6. The cost should be reasonable. 

It should be easy t o  emplace. 
It should be compatible w i t h  the geothermal environment. 
It should have a low permeabil i ty. 

It should have high compressive strength. 

Work i s  needed t o  develop a cement t h a t  w i l l  meet these c r i t e r i a .  

I n  the  past, most blowouts i n  producing wel ls  a t  The Geysers have 
resul ted from landslides. A program i s  now under way t o  locate new wel ls  i n  
nonslide areas and t o  phase out the o l d  wel ls i n  s l i d e  areas. Another 

approach t o  c o n t r o l l i n g  blowouts i n  s l i d e  areas involves developing a 
down-hole safety  valve t o  shut the wel l  i n  completely i f  the casing i s  c u t  by 
a landslide. This valve would have t o  be designed t o  w i ths t  
erosion, steam temperatures, pressures, and f low rates, and 
seal when required. 
(about 500 ft deep) and would have t o  c los 
the casing. 

Recommendations : 

It would be placed i n  the wel l  below 

1. Develop a coat ing t o  p ro tec t  he wel l  casing fr 

6 



d r i l l i n g .  

2. 
between the casing and the formation. 
placement problems and minimize l o s t  c i rcu la t ion ,  

Develop be t te r  techniques f o r  emplacing cement t o  ensure a good bond 
The use o f  addi t ives might help solve 

3. 
4. 

Establ ish be t te r  cement bond logs t o  analyze cement jobs. 
Conduct bench tes ts  under simulated condi t ions o f  temperature, 

pressure, and chemical environment t o  evaluate a l l  forms o f  polymer and 
p l a s t i c  cements as we l l  as the present type o f  Port land cements. 

actual  environment where they w i l l  be used. 
f a c i l i t y  f o r  t h i s .  

6. 
1 ands 1 i de areas. 

5. Set up a program t o  t e s t  a l l  promising cements i n  the f i e l d ,  i n  the  

Developers could provide a t e s t  

Develop a down-hole safety  valve t o  use on wel ls  i n s t a l l e d  i n  

Add it i onal I n  f ormat i on 

Brookhaven Nat ional  Laboratory publ ishes a qua r te r l y  progress repor t  
e n t i t l e d  Cementing o f  Geothermal Wells t h a t  describes work i n  t h i s  area 
sponsored by DOE-Division o f  Geothermal Energy. Other useful  references 
include: 

Brook haven Nat i  onal Laboratory, Upton, New York, BNL-50777, November 1977. 
Ecbnomic Assessment o f  Polymer Concrete Usage i n  Geothermal Power Plants, 

A. L. Sug Roberts, 

Cat i f  orn i a Div is ion  





HYDROGEN SULFIDE ABATEMENT 

Chairman-Upstream Abatement--Gordon W. A1 l en  
C ha I rm an-Down s tream Ab a tement -- Ne i 1 A. Moyer 

r 

This subject  was'covered by two work groups. The f i r s t  considered 0 

processes f o r  abating hydrogen s u l f i d e  i h  -the steam supply systems upstream 
from the turbine. The second-*consid d processes f o r  abat i  
s u l f i d e  emissions downstream from the turbine. 

I .  Upstream Ab atemen t, 

, presented background 
informat ion concerning ' PG&E ' s p a r t i c i p a t i o n  i n  developing hydrogen su If i de 
abatement systems inc lud ing the burnebscrubber, the Fe c a t a l y s t  system, the ' 

deuterium corporat ion process, and the EIC-copper s u l f a t e  process. 
For optimum con t ro l  H2S emissions, upst am processes have these 
tages over downstrea 

1 

1. They continu even when the p l  i s  b f f  l ine,  
2, ',They can be located ne source and thus con t ro l  

emissions from a l l  downstrea 

1 
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t o  minimize steam stacking, a p a r t  o f  the steam supply may be switched from 
power p lan t  A t o  power p lan t  B i n  a short period o f  t ime a f t e r  p l a n t  A i s  shut 
down f o r  a scheduled or unscheduled outage. 
steam enter ing an H2S abatement u n i t  i n  the l i n e  t o  p lan t  B could change 
considerably. Operating condit ions i n  the abatement u n i t  must be changed 
automatically; t h i s  requires r e l i a b l e  instruments t o  detect  and signal  the 
necessary adjustments. 

enter ing H2S i n  a f i e l d  t e s t  conducted a t  PG&E's Unit 7. This i s  a 
p rop r ie ta ry  "black box" process and we have no informat ion on 
parameters. 

Thus, the cha rac te r i s t i cs  o f  the 

The deuterium proess was discussed b r i e f l y .  A p i l o t  p l a n t  removed 95% o f '  

Warren Smith--Union O i l  Company, described t h r o t t l i n g  contro ls  used on 
wel ls during power outages t o  reduce emissions and conserve the resource. 
Since 1972, 10-in. Fischer Vee-ball valves have been used i n  t h i s  
appl icat ion.  These valves are now operated manually but they can a1so.be used 
w i th  automatic controls, which would provide quicker response and be t te r  
control .  

Union has also been experimenting w i th  a scrubber system t o  remove water 
and pa r t i cu la tes  from the steam. I n  t h i s  system, water i s  i n jec ted  i n t o  the 
steam upstream o f  a separator. The in jected water, together w i t h  water 
droplets present i n  the steam part iculates,  i s  then separated from the steam 
i n  the separator. Results t o  date look promising and work on t h i s  system i s  
cont i nui ng. 

oxide t o  remove H2S from steam were also described. 
mater ia ls were not very sa t i s fac to ry  because o f  problems associated w i t h  
regenerating the sorbent and w i th  react ion products t h a t  coat the surface o f  
the sorbent. 

The use o f  sodium hydroxide and hydrogen peroxide t o  con t ro l  hydrogen 
s u l f i d e  during a i r  d r i l l i n g  was also described. 
hydrogen peroxide so lut ions are in jected i n t o  the blooey l i n e  where they react  
w i t h  the hydrogen s u l f i d e  as fol lows: 

Invest igat ions i n t o  the use o f  s o l i d  sorbents such as z inc oxide and i r o n  

I n  general, these 

The sodium hydroxide and 

H2S + 2 NaOH + 4 H202 = Na2S04 + 6H20 
Over 90% o f  the hydrogen s u l f i d e  i s  r o u t i n e l y  removed from the btooey l i n e  
eff luent ( d r i l l  cu t t i ngs  and f l u i d  waste from d r i l l i n g ) .  

10 



inc luding H2S, from the steam. Addit ional  treatment would be required t o  

charcoal and i s  

on on long range operat ing f a c t  
enerat ion e f f i c l e n c y ,  the  e f f e c t  o f  

such as t r a c e  element 
a n d  steam on power p l a n t  

11 
1) 



formed by react ion 2) are inso lub le so 

components, and data f o r  scale-up ( inc lud ing mater ia ls evaluation). 

scrubbing tower. Hydrog ihe  i team reacts wi th  the copp 
so lu t i on  as fo l lows: 

I n  t h i s  process, t h  contacts a copper s u l f a t e  so lu t i on  i n  a 

and the cuprous 
. These so l i ds  are.  

or  leached 'with oxygen e i t h e r  separated from the so lu t i on  and roasted i n  a i r  

under pressure t o  regenerate copper sul fate.  
reactions 1) and 2)  may be par  
w i l l  probably requi re  addi t ion 
carbonate, ammonia, sodium hyd 
neu t r a  1 i zed. 

removing hydrogen s u l f i d e  from steam upstream from the power plant.  
addi t ion t o  being an upstream process, i t  has the advantage t h a t  the primary 

reagent (CuS04) can be regenerated on s i t e .  Therefore, the need t o  
t ransport  chemicals t o  the s i t e  i s  minimized. A disadvantage i s  t h a t  copper 
ion from the copper su l fa te  so lu t i on  and f r e e  s u l f u r  from react ion 2) may 
become entrained i n  the steam and be swept i n t o  the turbine. The copper i o n  
could p la te  out  on ferrous metals t o  produce a b i m e t a l l i c  couple which would 
cause electrochemical corrosion and lead t o  ea r l y  f a i l u r e  o f  such components 
as turb ine blades. 
passing through the turb ine and decrease the e f f i c i e n c y  o f  the tu rb ine  
blades. 
operating . 

The s u l f u  acid generated i n  

agent such as calcium 

This i s  the process i n  the most advanced stage o f  development f o r  
I n  

The f r e e  s u l f u r  might p la te  out as the steam cooled whi le 

These factors  w i l l  be invest igated whi le the demonstration p lan t  i s  

M. Tolmosoff --Northern Sonoma County A i r  P o l l u t i o n  Control D i s t r i c t ,  
expressed concern about con t ro l  over H2S emissions from steam stacking 
during a power p lan t  outage. 
a power p l a n t  outage occurs, the problems 

predominate use o f  manual cont ro ls  f o r  we 

It was the con 
approach . for  be t te r  cont ro l  inv 

ogether w i th  chemical treatme 

The r e s u l t i n g  discussion concerned how and when 

d t o  remove H2S. the group t h a t  the m 

S j  

12 
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? 

i 
H202) 

~ 

I 

Steam t h r o t t l i n g  ihvolves both th supply system and the power 
I 

p l an t  conf igurat ion.  Where possible, power p l a n t  s i t e s  are planned so t h a t  

steam supply systems. * Thus, when one u n i t  i s  shut down, the steam supply t o  
an be t h r o t t l e d  down and sent t o  the operating uni t .  

o f  t h i s  approach w i l l  requi re  some degree o f  f i e l d  u n i t j z a t i o n  w i t h  a 

I two independent u n i t s  can be located on the same s i t e  w i th  interconnected 

Optimum use 

I 

I designated operator when more than one steam suppl ier  i s  involved. 
I 
i 
I Downstream Abatement 
i 
i 
~ : Downstream from the turbine, 
1 
i 

I 

are two e f f l u e n t  streams containing hydrogen s u l f  ide--the noncondensable 1 
i 

I 
tream and the s t  condensate, P a r t i t i o n i n g  H2S between the 

1 

the condensate w i l l  become more basic and H2S w i l l  d issolve i n  the 
condensate. 
condensers i l l u s t r a t e  t h i s .  

The fo l l ow ing  data f r o m  power p lants  equipped w i t h  d i r e c t  contact  

2~ s p l i t  . 

(NC gas/, 
condensate) 

The Geysers 200 4 , 000 30/70 
70/30 

H2S NH3 c02 
( PPm) ( PP ( PPm 1 

I 

i o The f l ow  rates. A t  h igh stea here w i l l  be less 
1 
i ensable gases 

nc rease s , the 
I 

The type o f  condenser and i t s  design. I n  d i r e c t  contact condensers 
- .  

13 



used on Geysers Uni ts 1-11, about 0% of the H2S i s  i n  the noncondensable 

gas f r a c t i o n  and about 70% d isso l  
expected t o  remain i n  the noncondensable gas f r a c t i o n  f r Q m  new u n i t s  equipped 
w i t h  surface condensers. 
misleading because they are so very dependent on condenser design and the 
physical  chemistry o f  the const i t utents. 

P a r t i t i o n i n g  H2S between the condensate and noncondensable gases i s  a 
key factor i n  se lect ing processes f o r  abating H2S emissions downstream from 
the turbine. 
a model for  H2S p a r t i t i o n i n g  performance i n  surface condensers so t h a t  
various design parameters can be evaluated. 

the condensate. Most of the H2S i s  

However, p a r t i t i o n i n g  ca lcu lat ions can be h igh l y  

I n  pa r t i cu la r ,  work i s  needed t o  develop, evaluate, and va l i da te  

Garrat t  Sharp--Pacific Gas and E l e c t r i c  Co., described PG&E' 
with the i r o n  ca ta l ys t  system and recent work using hydrogen per 
sodium hydroxide t o  supplement the i r o n  ca ta l ys t  system. 

of the H2S dissolves i n  the condensate w i th  the remainder exhausting i n  the 
noncondensable gas stream. Because the condensate i s  used as 
the H2S i s  str ipped out  i n t o  the a i r  stream i n  the cool ing t o  
ca ta l ys t  system i s  a wet  oxidat ion process designed t o  t r e a t  the H2S i n  the 
condensate. 

I n  Geysers power p lants  equipped w i t h  d i r e c t  contact condensers, about 70% 

This system involves a wet oxidat ion process which incorporates 
the fo l lowing reactions. 

1) 
2)  
3 )  

H2S + OH- = HS- + H20 
HS- + 2Fe+3 + OH- = S + 2Fe 
Fe+2 + HS- + OH- = FeS + H,O 

+2 

L 

4) 
5 )  

Fe+3 + 3 OH- = Fe(OH)3 
4 Fe+2 + O2 + 2H20 = 4 Fe+3 + 

+ H20 

4 OH- 

Hydrogen s u l f i d e  dissolves i n  the s l i g h t l y  basic so lut ion t o  form 
b i s u l f i d e  ion hs shown i n  react ion 1). 
s u l f u r  by f e r r i c  i on  as shown i n  react ion 2) .  
i n  excess o f  the stoichiometr ic amount o f  f e r r i c  ion, the excess can reac t  
with ferrous ions t o  form ferrous s u l f i d e  as shown i n  3). 
hydrogen s u l f i d e  w i l l  overload the system and s i g n i f i c a n t l y  decrease i t s  
e f f  i c i ency. 

The b i s u l f i d e  i s  oxidized t o  f r e e  
I f  hydrogen s u l f i d e  i s  present 

A large excess of 

Sol ids containing sul fur ,  ferrous su l f ide,  and f e r r i c  hydroxide are formed 
14 



by react ions 2), 3 ) ,  a . These so l i ds  form a sludge t h a t  tends t o  c o l l e c t  
on surfaces i n  the cool ing e plugging and i m  
t ransfer.  These so l i ds  must be rem uously and hauled 
disposal s i t e .  F e r r i c  ions 
w i t h  oxygen f 
also necessar 

regenerated by the reac t i on  o f  fer rous i on  
cool ing tower as 

would otherwise 

r allows about 20 

15 



sodium carbonate. Vanadate i n  the so lut ion oxidizes the dissolved H2S t o  
su l fur .  The reduced vanada then regenerated ox idat ion w i t h  a i r  

resence o f  anthraquinone 

u t i o n  and converted t o  a 
operates wel l  ov 
eratures below '7 
most e f f i c i e n t  on. A t  temperatu 

r a t e  o f  s u l f u r  s o l u b i l i z a t i o n  o increase s ign i f  
reduces the e f f i c i e n c y  o f  s u l f u r  sep n. The proce s f l e x i b l e  t o  

changes i n  H2S concentr 
r e l a t i v e l y  l i t t l e  loss o f  e f f i c i ency .  
p a r t i c u l a r  system, major modif icat ions may be needed f o r  s i g n i f i c a n t  long term 
changes i n  H2S concentration. 

f u r  i s  separated 
pure cake which can be sold. 

ange (7OoF t o  
r a t e  f o r  vanadium may 

p t  a temporary overload w i t h  
However, depending on the design of a 

A small purge o f  S t re t fo rd  so lut ion i s  required t o  remov l f a tes  and . 

es produced by side reactions i n  the process. 
i n jec ted  underground a t  The Geysers and should not cons t i t u te  an environmental 
hazard except i n  the case o f  accidental s p i l l s .  
process i s  about 99.9% pure and does not present a disposal problem because it 
can be sold. Some S t re t fo rd  so lu t i on  could escape as droplets in 
from the cool ing tower. If so, it could have detr imental e f f e c t s  on p lants  i n  
the immedidate v i c i n i t y .  

This process has previously been used i n  petroleum r e f i n e r i e s  where the 
usual requirements al low no more than 10 ppm o f  H2S t o  be discharged t o  the 
atmosphere i n  the t a i l  gas. Parsons designs f o r  no more than 5 ppm H2S i n  
the t a i l  gas and expects no more than 1. Outages i n  the process are caused 
p r i m a r i l y  by f a i l u r e s  i n  pumps and blowers t h a t  can be replaced r e a d i l y  by 
spare uni ts .  The r e l i a b i l i t y  o f  the S t re t fo rd  scrubber i s  very high. 

The Diamox process used i n  Japan t o  scrube coke oven gas was also 
described. 
consumes a l o t  o f  steam. 
achieve a low leve l  o f  H2S emissions. 

This purge w i l l  be 

Sul fur  produced i n  the 

d r i f t  

This process, which uses recycled l i quo r  fed t o  a Claus u n i t ,  
It requires a large amount o f  equipme 

Konrad Semrau--SRI Internat ional ,  discussed the Fumaks and Ta 

The Fumaks process incorporates a Basic scrubber w i t h  wet oxidation. . A i r  
processes used i n  Japan t o  remove H2S from coal gas. 

i s  used, t o  ox id ize H2S t o  f ree- s u l f u r  i n  the presence .of a c a t a l y s t  which . 
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consists o f  a n i t r a t e d  a r y l  compound such as p i c r i c  acid. 

w i t h  wet oxidation. ir i s  used t o  ox id ize the H2S t 
napthoquinone sul fonate as a catalyst .  Ammonium s u l f  
as a byproduct. 

He also discussed t h  o f  ox id i ze rs  such as 

C12 and SO2 t o  replace H 
determine the f e a s i b i l i t y  o f  such oxidants because i t  i s  d i f f i c u l t  t o  c o n t r o l  
end products. Also, react ion ra tes  and stoichiometr 

The Takahax process incororates a basic scrub 

d d i t i o n a l  research would be needed t o  

discussed using hydrogen peroxide t o  
abate hydrogen s u l f i d e  i n  steam condensate and wel l  d r i l l i n g  operations. 

I n j e c t i n g  H202 i n t o  steam condensate oxidizes the s u l f i d e  w i t h i n  15 
seconds a t  5OoC i n  the presence o f  t race amounts o f  soluble i r o n  s a l t s  (0.1 
mg/l t o  2 mg/l). The product o f  the react ion under i d  and neutra l  

Under a1 k a l i  ne condi t ions redomi na te l y  c o l l  o ida l  sulphur. 
the predominant product i s  sul fate.  Mole r a t i o s  o f  1/1 t o  1/4 

t o  H202 are needed f o r  essen t ia l l y  complete reaction. 
ra t i os '  apply under ac id  o r  neutra l  condit ions; t he  higher mole 

M e  

r a t i o s  f o r  a1 k a l  i ne condit ions. 

U n i t  11 condensate ( d i r e c t  co 
improve the  e 
High abatemen Another process (wi th  

A s i m i l i a r  process has been applied w i t h  modif icat ions i n  t r e a t i n g  PG&E 

ser). 
n ca ta l ys t  process rem0 

The H202 i s  used t o  

i r o n  s a l t )  i s  expecte nsate from surface 

condenser uni ts.  . 

Spray- i n j e c t  i ng H 
ince the process i s  successful ly used i n  
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ACCIDENTAL SPILLS 
Cha i rman- A. L . . Franks 

This work group considered 1 technology applicable to 
accidental spills that occur while handling geothermal fluids, drilling muds, 
chemicals, fuels, liquid wastes, and solid wastes. 

drilled in unstable slide areas metimes moved, causi 
ruptured pipe and well casing. All new wells are now drill 
non-slide areas. A certified en 
before drilling starts. Require well completion 

ed by the California ivision of Oil and Gas and 
Water Quality Control Boa 
urbance of the environmen 

In the early stages o f  development at The Geysers, some wells were 

geologist has to approve the site 

. inimized by drilli 
from the same pad. 
sump for up to six wells is also very cost effective. 
construction costs more than compensate for the increased costs of directional 
dr i 1 1  i ng. 

There are still ,25 or 30 old wells in slide areas. These wells are under 
a program to prevent failures as follows: 

It has been found that the use of one pad and one well 
The savings in 

0 The area is checked for movement. 
0 Some slide areas are being dewatered. 
0 Tilt meters have been installed next to some wells. 
0 Wells have been reworked to strengthen systems in slide zones. 
0 Wells in slide areas are being replaced with new wells in stable 

areas. 

abandoned. 
This program is considered very effective. 

and many were constructed on slides. 
by a civil engineer with experience in soils. 
of clay two feet thick and have a permeability of 1 x 
less. 
seasonal occurrence with an additional two foot free board. 
located by a certified engineering geologist in a non-slide area. 

When it is not possible to prevent failure, wells are "filled" and 

Before 1972, pits for storing drilling muds and fluids were not regulated 
Since 1972, each pit has been designed 

They must be lined with a layer 
cm/s (1 ft/yr) or 

They are designed to contain all of the flow of a 100-year storm during 
They must also be 
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I n  the past, s p i l l s  o f  d r i l l i n g  mud caused environmental damage from 
t o x i c  chrome compounds used t o  contro l  the v i s c o s i t y  o f  the mud. 
now done w i t h  l i g h t  muds t h a t  do not contain t o x i c  mater ia ls  such as chrome. 
When,the d r i l l  s t r i n g  reaches a depth (1500-2000 ft) where temperatures are 
hot enough (170OF) t o  cause lumping and caking i n  the mud, the use o f  mud i s  
stopped and a i r  d r i l l i n g  procedures are used. 

w i t h i n  90 days. 
disposal s i t e  as c lass i f i ed  i n  Subchapter 15 o f  the C a l i f o r n i a  Administrat ive 

u r a l  and construct ion pract ices since 1972 have been s a t i s f a c t o r y  
w i t h  few problems. The cost has been moderate f o r  s ing le we l l  pads and has 
resu l ted  i n  substantia1.savings when more than one w e l l  i s  d r i l l e d  using the 
same mud p i t .  

minor adverse e f f e c t , o n  the environment. S p i l l s  can be con t ro l l ed  i n  as 
l i t t l e  as 30 minutes f o r  a s ing le w e l l  and 2 hours f o r  a wel l  f i e ld - -w i thou t  
damage t o  wells. The steam producers are experimenting with automatic shut- in 
valves i n  o l d  systems and are i n  g complete automation i n  Uni t  15, which 
i s  now under construction. 

caused problems w i t h  s p i l l s  from systems handling h o t  water, condensate, and 
f l u i d s  from H2S abatement systems.gMost o f  the problems e x i s t  a t  o l d  power 
p lants  t h a t  are not equipped w i t h  containment berms and c o l l e c t i o n  sumps. All 
new p lants  are required t o  have berms and sumps designed w i t h  low-permeabil ity 
mater ia ls  meeting Regional Water Q u a l i t y  Control Board requirements. 
going t o  r e t r o f i t  a l l  o f  the o l d  plants w i t h  berms and sum 
replac ing a l l  t r a n s i t e  pipes w i t h  h igh-st rength. f iber  glas 
tower systems. 

The e x i s t i n g  systems include check valves and automat 
t h a t  are act ivated when a break occurs i n  a 1 i ne between a cool ing tower and a 
condensate pond or between a pond and an i n j e c t i o n  welt. There are ais0 high- 
and low-level alarms on cool ing tower sumps and condensate ponds. 
i n j e c t i o n  we l l s  are avai lab le f o r  back-up capacity. 

All pipel ines f o r  t ransmi t t ing f l u i d s  are designed t o  prevent rupture 
dur ing any landsl ide t h a t  causes two adjacent supports t o  f a i l ,  Union O i l  

D r i l l i n g  i s  

A f t e r  d r i l l i n g  i s  completed, p i t s  must be closed and capped with c lay  
Excess f l u i d s  are e i t h e r  evaporated or  hauled t o  a c lass 11-1 

S p i l l s  from the steam c o l l e c t i o n  and transport  system have caused only  a 

I n  the past, f a i l u r e s  i n  pipes, pumps, and operational +procedures have 

Extra 
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Company has had landslides that  destroyed four adjacent supports without 
f a i lu re  of the condensate pipeline. 
of major amounts of f luids have also been installed.  
what drains from pipelines i n  the broken sections. 
routed away from streams or other environmentally sensit ive areas when 
poss i b 1 e. 

water (from l i q u i d  dominated reservoirs) i n  The Geysers KGRA. 
water resource is developed and the f l u i d  chemistry and physical 
characterist ics are known, the design of the system and the type of materials 
can be determined. More experience w i t h  these systems will be required before 
control methods can be developed. 

The cost for controlling existing steam systems is reasonable even though 
condensate l ines have to  be replaced every few years because of corrosion. 
The cost of r e t ro f i t t i ng  old power plants w i t h  berm and sump systems is small 
compared to  benefits. Controlling s p i l l s  from liquid-dominated systems could 
be expensive. 

d r i l l i n g ,  constructing, and maintaining geothermal f a c i l i t i e s  must be trucked 
into The Geysers. 

Check valves and controls t o  prevent loss 
S p i l l s  are limited t o  

The pipelines are also 

There are l i t t l e  or no data available on transport of geothermal hot 
When the hot 

Because of the remote location, a l l  materials and chemicals used for 

Toxic wastes and excess f lu ids  produced by geothermal 

spi 1 
defective 
existence 
of e i ther  
sensit ive 

operations are trucked out t o  authorized d i sposa l  s i tes .  Materials trucked 
into The Geysers include 50% hydrogen peroxide, 50% sodium hydroxide, fuels,  
d r i l l ing  muds and gel compounds, copper sulfate ,  iron sulfate ,  fungicides, 
biocides, and chlorine. Materials hauled from the s i t e  include sal ine 
dr i l l ing  f l u i d s  and sludges from the hydrogen sulfide abatement systems. 

s t h a t  occurred i n  the past involved bo th  truck accidents and 
equipment. 
is not  effective. 

The licensing program for  liquid waste haulers now i n  
There is no program for  checks on cer t i f ica t ion  

of toxic material occurred i n  a 
d be h igh .  

1. The existing program for locating wells i n  the non-slide areas and the 
program to replace the 25-30 wells i n  s l i de  areas should b o t h  be continued. 
2. We recommend that  existing practices for  constructing p i t s  for  d r i l l i n g  

operators or equipment. I f  a spil 
location, the cost for cleanup cou 

Conclusions and Recommendations: 
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muds be continued. When c lays are vai lable,  subs t i tu te  1 iners us ing 
cement t reated so i ls ,  chemical t r e a  and o i l  base pavement have been 
used. Addi t ional  research on the l a t t e r  three methods would be useful. 

f i t t e d  with berm and sump 
and t h a t  f u r the r  work be done on automatic cont ro l  

e x i s t  i ng f 1 u i d hand1 i n g  systems. 
4. We recommend t h a t  the  L iqu id W auler Law be s gthened t o  inc lude 

d an appropri schedu 1 e o f  f i nes 

can be obtained 
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NO1 SE 
Chairman--Phi lip Lei tner 

This work group considered the control of no e emitted du 
development, including all phases om well drilling through p 
operation. 

Geothermal industr perations in The Geysers-Calistog 
significant source of noise. As the development of geothermal 
resources has moved closer to residential areas in recent years, noise 
emissions from large-scale steam venting and other sources have res 
comnunity annoyance and compla s (Illingworth, 1976). Since ambi 
levels are generally quite low and 
environment, geothermal industry no 
potential to delay or prevent 
in certain parts of the KGRA. 

oise i s ,  subject to local regulation in California, with 
counties and municipalities responsible for setting and enforcing standards. 
All counties are required by state law to include a Noise Element in their 
General Plan. This document does not set noise standards, but rather provides 
information about existing noise conditions, develops criteria for effective 
land-use planning to protect against excessive noise exposure, and establishes 
a policy basis for noise standards. The enactment of a noise ordinance by the 
County Board of Supervisors may follow adoption of the Noise Element as a part 
of the General Plan. 

At the present time, there are no local noise regulations governing the 

ce many local residents 

e 1 ec tr ic generating capacity 

Comnufl 

geothermal industry in The Geysers-Calistoga KGRA. Lake County has been 
considering a draft noise ordinance for some time; Sonoma County has no noise 
ordinance. In the absence of uniform county-wide standards, geothermal noise 
emissions have been regulated on a project-by-project basis by county 
Conditional Use Permits. A project Use Permit generally specifies maximum 
permissible sound pressure levels as measured outside the nearest residence. 
These limits are usually set at 55 or 60 dBA during the day and 40 or 45 dBA 
at night. Whether existing noise control technology is adequate to meet these 
conditions for a particular project will depend on the distance between noise 
source and receptor and any special circumstances such as topographic barriers. 
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Noise Sources .. 
thermal development 

). The ECT klorkshop diTcussions 
centered on those operations t h a t  involve the large-scale releaqe o f  

geothermal, steam t o  the atmosphere, since they are most l i k e l y  t o  be 
accompanied by.very high noise levels and have created the greatest pub l i c  
concern. 

BLE 1. Noise sources associated w i t h  geothermal development 
a c t i v i t i e s  i n  The Geysers-Calistoga KGRA,a , 

- ,  

Deve 1 opment I Maximum souyd pressure l e v e l  
a c t i v i t y  e j (dBA),at 15.2 m (50 ft) 

S i te  preparat i on/road construct  i on 95 
< - .  

f ,  

Compressed a i r  * 

. 88 , No steam I _  

I n  steam w i t h  blooey l i n e  ex r t u  122 
I n  steam w i th  dry  cyclonic mu f f l e r  ‘ 100 
I n  steam w i t h  wet cyclonic mu f f l e r  90 

85 ! 
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Compressed a i r  d r i l l i n g :  The l a s t  stage i n  d r i l l i n g  a geothermal 
wel l  a t  The Geysers involves using compressed a i r  ra ther  than mud as a 
c i r c u l a t i n g  medium. 
re turns rock cu t t ings  t o  the  surface and i s  exhausted through 
the  "blooey l ine".  When a steam-bearing zone i s  encountered, a l l  steam 

produced from the wel l  i s  also r 
line'. A i r  d r i l l i n g  i n  steam w i t  
attenuate noise can r e s u l t  i n  sound pressure leve ls  over 120 dBA a t  15.2 m (50 

Large diesel-powered compressors prov ide the  a i r ,  which 

ased t o  atmosphere through the blooey 
n l y  a blooey l i n e  expander tube t o  

ft). 
Well clean-out and test ing:  Each new wel l  i s  usua l ly  vented t o  

atmosphere a t  the f u l l  production r a t e  t o  unload loose rock and other debris. 
Unmuffled venting f o r  clean-o be extremely noisy; sound pressure leve ls  
o f  125 dBA have been measured a t  2 m (50 ft). 
run  by venting steam under d i f f e r e n t  pressure and f low condi t ions f o r  per iods 

o f  a few hours t o  a few days. 
ef fect iveness are avai lab le and can attenuate emitted noise leve ls  t o  90-110 
dBA a t  15.2 m (50 f t ) .  

outage occurs, it i s  usual ly  necessary t o  vent a l l  or  a po r t i on  o f  steam f i e l d  
production t o  atmosphere. If it appears t h a t  the outage w i l l  not exceed 2 

days, steam w i l l  continue t o  be released through a muf f le r  near the  power 
plant.  
from p lan t  vent muf f lers  o f  commercial design, whi le  rock muf f le rs  now i n  use 
a t  some generating u n i t s  can attenuate steam-release noise t o  70-85 dBA a t  the 
same distance. 

Wellhead venting dur ing power p lan t  startup: A l l  wel ls  i n  a steam 
f i e l d  are completely shut i n  during unscheduled outages o f  more than 2 days, 
as wel l  as during scheduled outages f o r  maintenance and overhaul. When steam 
production resumes, s o l i d  debris and condensate must be unloaded from many or 
a l l  o f  the wells. 
periods up t o  several hours. 
con t ro l  t h i s  noise, which can reach 125 dBA a t  15.2 m (50 f t ) .  

through a newly-constructed p ipe l ine  before the power p lan t  s t a r t s  up, 
p ipe l ine  vents are opened for  a short  t ime t o  c lear  debris. 
the steam-gathering p ipe l ines must be cleaned per iod ica l ly .  

Production tes ts  are then 

Commercial t e s t  muf f le rs  o f  varying 

Steam stacking a t  power p lant :  When an unscheduled power p lan t  

Noise leve ls  as high as 110 dBA have been measured a t  15.2 m (50 f t )  

This general ly requires f u l l  vent ing a t  the wellhead f o r  
No muf f l ing  devices are cu r ren t l y  avai lab le t o  

Other steam-venting operations: When steam transport  i s  

Rock catchers i n  
This operation 
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requires unmuffled release o f  steam f o r  minutes. Replacing wellhead 
alves can r e s u l t  i 
ely, t h i s  procedure i s  

Pipe and valve noise 
e f f e c t i v e  control ,  residual  noise f r o  
may become more important. Valves us h r o t t l i n g  or  
f l o w  can be responsible f o r  loud, 

the dominant noise .source a t  any distance 
large fans and f a l l i n g  water create a broa 

several hours o f  unmuffled steam venting; 

venting noise i s  brought under more 
ent f low through valves and pipes 

l y  high .f requenc 
Cooling tower noise: Th i c a l  d cool ing tower i s  usua l l y  

m (500 ft). 

needed i n  the construct ion o f  power plants, pipel ines, and other f a c i l i t i e s .  
Maximum noise leve ls  are usual ly about 95 dBA a t  15.2 (50 ft) from these types 
o f  equipment. 

Noise Control Technology 
I n  recent years the geothermal indust ry  has made a number o 

ve g r e a t l y  reduced 

d e t a i l  a t  the ECT W 

separator /muff 1 e r  

substant ia l ly .  

ander tube j us t  before 

Sound pressure . levels a t  15.2 m (50 ft) from these devices do 



not exceed 90 dBA, even with steam f l o w  ra tes o f  45,000 t o  90,000 kg/hr 

(100,000-200,000 lb/hr) .  Although cyclonic separator/muff lers are large and 
expensive ($25,000-50,000), they are now used r o u t i n e l y  by a l l  d r i l l i n g  
operators a t  The Geysers because o f  t h e i r  proven r e l i a b i l i t y  and ef fect iveness 
i n  reducing noise. 

accomplished through the cyclonic separator/muffler whi le  the d r i l l  r i g  i s  
s t i l l  i n  place. 
some addi t ional  erosion of, the separator/muff ler from rocks and smaller 

part icu1ates.entrained i n  the steam. Wells may be cleaned ou t  a f t e r  the 
separator/muff ler i s  removed from the s i t e .  Although the operation may l a s t  
on ly  a few hours, the unmuffled noise can r e s u l t  i n  complaints from residents 
more than a m i l e  d is tant .  

The por tab le comnercial muf f lers  used i n  production t e s t s  are marginal ly 
e f fect ive;  an increased attenuation o f  10 dBA or  more would be usefu l  i n  some 
si tuat ions.  
t o  day l ight  hours and by d i r e c t i n g  steam f low i n t o  the p ipe l ines when these 
are avai lable. 
r e l a t i v e l y  b r i e f  per iod a t  each well ,  improved noise contro l  technology was 
not seen as a c r i t i c a l  need. 

Large metal muf f lers  f o r  p l a n t  
vents, commercially designed and manufactured, have been used r e g u l a r l y  for  

Well clean-out and testing., I n i t i a l  we l l  clean-out can usual ly  be 

While t h i s  provides e f f e c t i v e  noise attenuation, there may be 

However, the impacts can be minimized by r e s t r i c t i n g  operations 

Since production t e s t s  are usual ly  conducted only  once f o r  a 

Steam stacking a t  power p lant :  

many ye,ars a t  the generating un i t s  o f  The Geysers Power Plant. Muf f lers  o f  
t h i s  k ind  have not reduced noise as much as i s  desirable f o r  some sens i t i ve  
locations. However, where the generating u n i t s  are remote from r e s i d e n t i a l  

areas they are probably adequate. 
condi t ions ,a t  The Geysers, where they have suffered from corrosion, sca l ing 
and plugging, v ibrat ion,  and erosion due t o  par t icu la tes.  

Recently Union O i l  Company has successful ly adapted a rock mu f f l e r  design 
t o  handle the large steam flows t h a t  must be vented t o  atmosphere during a 
power p l a n t  outage. These muf f lers  are simply large concrete p i t s  f i l l e d  w i t h  
lava rock. 
p i t .  Their effect iveness i n  noise at tenuat ion i s  outstanding and maintenance 
requirements have been m,inimal. Many o f  the e x i s t i n g  generating u n i t s  a t  The 
Geysers have been r e t r o f i t t e d  w i t h  rock muff lers. 
the cost--approximately $150,000-200,000 f o r  a rock mu f f l e r  sized f o r  steam 

They are not durable under service 

Steam i s  released through a d i f f u s e r  system a t  the bottom of the 

The major disadvantage i s  
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f low rates o f  450,000 kg/hr (~1;000,000 lb /hr )  or  more. 
more expensive than the  comnercial p l a n t  vent mu f f l e rs  t h a t  have,been used i n  
t h  i s  appl i cat  i on. 

pa r t i c i pan ts  considered tha t  developing an e f f e c t i v e  and p r a c t i c a l  method fo r  
reducing steam-vent noise a t  the wellhead i s  the noise con t ro l  issue o f  
h ighest p r i o r i t y  f o r  several reasons: 

occurr ing geothermal i ndus t r y  operation, 

This i s x o n s i d e r a b l y  

Wellhead ,venting dur ing power p l a n t  startup: he ECT workshop 

. *  

I e Wellhead vent ing generates by f a r  the most noise o f  any r e g u l a r l y  

it may lead t o  unacceptable e f fec ts  on adjacent comnunities, and 
'no .adequate con t ro l  technology i s  .current ly avai lable. 

The use of standard comnercial blow-off s i lencers i s  considered 
impract ica l  because o f  severe operating condit ions. These devices cannot 
wlthstand the rock smal ler-part iculates,  and slugs o f  water t h a t  can be 
discharged i n  the geothermal steam 'during we l l  clean-out. Furthermore, 
contaminants i n  the steam can cause accelerated metal corrosion on the one 
hand and scal ing and plugging on the 0 th  

If steam f i e l d  production could be vented through a rock mu f f l e r  a t  the 
power p lan t  during,outages, wel ls would not have t o  be' shut- in and the 
extremely high noise leve ls  accompanying well  clean-out and generating u n i t  * 

s tar tup could be avoided. 
abatement goals*because the large quan t i t i es  o f  steam vented through the rock 
mu f f l e r  cannot present ly be t reated t o  remove the H2S. Union O i l  Company 
and other steam suppl iers recent ly  i n i t i a t  a'program t h a t  avoids w e l l  
shu t-i n during short-term unscheduled. ou t a  s while i t  minimizes steam 
stack ing and assoc i a t  
i n s t a l l e d  on -.wells w i  
more. Within 4 hours an' outage,' steam f i e l d  production can be c u t  
approximately i n  ha l f ;  i f ' t h e  outage is-expected t o  l a s t  mor 
steam can be s h i f t e d  over i n t e r t i  ines t o  adjacent gen 

wells, and wellhead venting during p 

t h a t  'cannot. be l inked t o  other 
f a c i l i t i e s ,  steam f i e l d  production,*can bei throt t led back t o  40-50% o f  normal 
ra tes  and the remainder stacked-at the p lant '  f o r  1 or 2 days a t  most before 

However, t h i s  procedure would c o n f l i c t  w i th  H2S 

Vee-ball t h r o t t l i n g  valves' are befng 
ates o f  27,000 kg/hk (60,000 lb /h r )  o r  

outages it i s  cessary t o  completely shut- in steam ' 

Unfortunately, t h i s  so lut  i s  not avai lab a t  iso la ted power'plants . 
i t s  by h t e r t i e  

p l a n t  s tar tup can be ellminated. 
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wel l  shut- in i s  required. I n  addition, o f  course, t h i s  procedure i s  not 

useful  i n  long-term scheduled o r  unscheduled outages a t  any geothermal power 
plant; i n  these cases the steam f i e l d  must s t i l l  be shut-in. 

Two basic approaches t o  the noise problem associated 
venting were discussed a t  length during he ECT Workshop: 

1. Adapting technology used t o  suppress supersonic j e t  a i r c r a f t  
noise t o  produce a flow-through steam vent nozz le ld i f f  

2. Adapting the rock mu f f l e r  design f o r  the 
special requirements o f  wel l  clean-out venting. 

The noise created by supersonic j e t  engine exhaust i s  q u i t e  s i m i l a r  t o  
t h a t  from venting geothermal steam. I n  both cases, a very loud broad-band 
noise i s  generated mainly by turbulent  mixing between the ambient a i r  and a 
supersonic j e t  o f  hot gas t h a t  e x i t s  through a r e s t r i c t e d  nozzle. The basic 
goal i n  j e t  noise suppression i s  t o  b r i ng  the v e l o c i t y  o f  the supersonic f low 
down i n t o  the sonic region i n  the shortest  possible distance from the nozzle 
e x i t .  

by the a i r c r a f t  indust ry  on the physics o f  j e t  noise and on various methods of 
j e t  noise suppression. 
I n s t i t u t e )  presented the r e s u l t s  o f  h i s  extensive studies on j e t  noise 
phenomena and noise suppression concepts t o  the ECT Workshop. 
conf igurat ions have been tested and some may apply t o  con t ro l  o f  geothermal 
steam venting noise. 
created by small rods inserted i n  the f low f i e l d ,  by a secondary j e t  i n j e c t i o n  
perpendicular t o  the primary j e t ,  by inducing ambient a i r  f low around the j e t  
w i t h  s ing le or double shrouds, and by d i v i d i n g  j e t  f low through m u l t i p l e  
ex i ts .  

However, some o f  the most e f f e c t i v e  suppressor designs may not be easy t o  
adapt t o  geothermal wel l  venting because they requi re p lac ing m u l t i p l e  tubes 

and shrouds i n  the path o f  the steam discharge. A device o f  t h i s  type could 
be damaged from rocks and smaller pa r t i cu la tes  during wel l  clean- 

I n  any event, i t  w i l l  not be possible t o  immediately bu 
f u l l  -scale j e t  noise suppressors f o r  the geothermal indust ry  
known about the physics o f  steam j e t  mixing w i t h  ambient a i r ,  a program o f  
basic measurements w i l l  be required t o  define the range o f  operating 
condit ions encountered i n  steam venting. 

A great deal o f  research has been carr ied ou t  by the U.S. government and 

Professor Henry T. Nagamatsu (Rensselaer Polytechnic 

Many suppressor 

. 
Jet exhaust v e l o c i t i e s  can be reduced by shock waves 

The noise l eve l  has been reduced 5-20 dB w i th  these techniques. 

Since l i t t l e  i s  

These data w i l l  al low se lec t i ng  a 
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few a l te rna te  suppressor conf igurat ions f o r  model study under scaled f l ow  ' 
condit ions. Only then w i l l  i t be possible t o  proceed t o  fabr icate,  i n s t a l l ,  
and f i e l d  t e s t  f u l l - s c a l e  noise suppressors f o r  wel t  clean-out. Because of 
the research and development e f f o r t  needed, it i ss ib le  a t  t h i s  t ime t o  
forecast the ef fect iveness or +cost o f  'any such devices. 

r the con t ro l  o f  steam-venting noise 
a t  the wellhead. The larger  p lant  ven rock muff lers are known t o  be 
extremely e f f e c t i v e  i n  noise reduction; i t  i s  reasonable t o  p r o j e c t  t h a t  a 
proper ly  sized wellhead rock mu f f l e r  could achieve an at tenuat ion o f  a t  l eas t  
30-40 dBA (i.e., from an unmuffled l e v e l  o f  125 dBA t o  85-95 dBA 
question a t  present concerns the d u r a b i l i t y  o f  t h  
well  discharge t o  the rock mu f f l e r  during clean-6 
pa r t i cu la tes  may cause some accel ated erosion, especia l ly  a t  90' elbows, 
but use o f  tee f i t t i n g s  and heavy einforced sections where needed, a 
per iod ic  repa i r  and replacement, should prevent any r e a l  d i f f i c u l t i e s  

about $20,000; however, there should be l i t t l e  maintenance expens 
the c a p i t a l  out lay i s  erable, the current p rac t  
through d i r e c t i o n a l  d r i l l i n g  should make the per w e l l  
techno1 ogy more rea sonable. 
s ing le  rock mu f f l e r  can serve a1 them. Furthermore ock muf f lers  w i l l  
on ly  be needed a t  those 
receptors. A t  -least on 
muf f lers  f o r  use during 
r e s i d e n t i a l  'area, perat ional  ear 
possible a t  t h a t  time t o  evaluate t h e i r  pe 

Small rock muff lers show promise 

i p i n g  t h a t  would ca r ry  the 
Rocks and smaller 

The i n i t i a l  i n s t a l l a t i o n  cost o f  h wellhead rock mu f f l e r  i s  

o f  t h i s  con t ro l  
wells are d r i l l e d  from the same pad, a 

ens i t ive 'no is  

up o f  'cer ta in  e x i s t i n g  wel ls c lose t o  a 

Other steam-venting operations: 

hours. S imi lar  conside 

F ina l ly ,  new rock catchers a 
venting dur ing clean-out can 

Pipe and valve noise: The theo re t i ca l  and p r a c t i c a l  aspects of p ipe 
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and valve noise problems are we1 
avai lab le f o r  many appl icat ions.  
deal e f f e c t i v e l y  with valve noise i n  e x i s t i n g  steam gathering systems where 
needed. 
(e i t he r  o f f - the-shel f  or custom-designed) t o  solve noise problems i n  t h i s  area 
a t  moderate cost. 

The most p r a c t i c a l  and cost-ef fect ive approach 
t o  cool ing toyer noise problems i s  t o  s i t e  the f a c i l i t y  a t  an appropriate 
distance from r e s i d e n t i a l  areas. It may also be possible t o  take advantage of 
topographic b a r r i e r s  t o  f u r t h e r  attenuate noise. When a power p lan t  w i t h  i t s  
associated cool ing tower must be located near sens i t i ve  receptors, several 
kinds o f  noise reduction technology are avai lable. For example, low noise 
l e v e l  fans may be specif ied. 
a t  a lower speed a t  n i g h t  when less cool ing i s  necessary. Cooling tower 
manufacturers can provide d e t a i l s  on the effect iveness and expense o f  these 
noise reduction features. 
large s i ze  o f  these f a c i l i t i e s .  

Mobile and s tat ionary engines and power equipment: 
r e a d i l y  avai lable f o r  c o n t r o l l i n g  noise from the power equipment used i n  s i t e  
preparation, well d r i l l i n g ,  and power p l a n t  and p ipe l i ne  construction. 
Properly placing s tat ionary equipment on the work s i t e  can reduce the exposure 
of receptors. Correct operational procedures can minimize noise emissions and 
can especia l ly  help i n  avoiding sudden changes i n  noise i n t e n s i t y  and 
frequency. Noise con t ro l  technology, i nc lud ing  e f f e c t i v e  muff lers,  acoustic 
barr iers ,  and enclosures, can be used when the cost i s  j u s t i f i e d  by the need 
t o  p ro tec t  nearby receptors. 

nderstood. 
oise reduct ion devices can be i n s t a l l e d  t o  

Commercial vendors can provide the necessary expert ise and equipment 

A v a r i e t y  o f  q u i e t  valves are 

.Cooling tower noise: 

It i s  also possible t o  speci fy  fans t h a t  operate 

I n  general, costs are q u i t e  high because o f  the 

Methods are 

Conclusions and Recommendations 

indust ry  noise a t  The Geysers, there are s t i l l  occasional episodes o f  very 
high noise emissions. The major remaining problem i s  unmuffled venting o f  
large amounts o f  steam a t  each wellhead during power p lan t  startup. 
general noise standards e x i s t  now, it i s  l i k e l y  t h a t  new geothermal 
development p ro jec ts  w i l l  prove unacceptable i f  they entai  1 unmuffled we1 lhead 
venting w i t h i n  two mi les o f  r e s i d e n t i a l  areas. 

Although considerable progress has been made i n  reducing geothermal 

While no 
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Thus, there i s  a c lear  need f o r  noise contro l  technology t h a t  can 
s i g n i f i c a n t l y  reduce wellhead venting noise. 
seems t o  be adapting the rock mu f f l e r  design t h a t  has been used successful ly 
i n  steam venting a t  he power plant.  
steam vent nozzle/d fuser for wellhead venting based on the technology used.. 
i n  con t ro l  o f  noise from supersonic j e t  engine exhaust. 
cont ro ls  appear t o  be adequate i n  most s i tuat ions t o  keep noise from other 
geothermal. i ndus t r y  sources bin< acceptable l i m i t s  d i t i o n a l  improvements 

can continue t 
necessary. 

operations a t  The Geyser 

con t ro l  measures are- requi red. Furthermore, steam-venting noise should not 
present d i f f i c u l t i e s  a t  most l iquid-dominated geothermal resource areas, so 
t h a t  noise con t ro l  systems developedtfor Th 
w i l l  mot- be widely used elsewhere. 

The most promising approach 

It may alsQ be possible t o  develop a 

Ex i s t i ng  noise 

It i s  important t o  emphasize 
s i  te-spec i f  i c  
m r e s i d e n t i a l  

por-dominated rese rvo i r  

Several recomendations are indicated by the f i nd ings  o f  the EC7 Workshop: 
1. The development o f  a rock muff ler capable o f  reducing steam venting 

noise a t  the wellhead t o  95 dBA or  less should be vigorously pursued. Because 
o f  the cost o f  these ins ta l l a t i ons ,  it w i l l  be important t o  a r r i v e  a t  accurate 
methodology f o r  determining the correct  s i ze  and conf igurat ion i n  p a r t i c u l a r  
appl icat ions.  
sizes, and shapes o f  rock or aggregate should be evaluated. 

2. 
a i r c r a f t  engines may have m e r i t  f o r  c o n t r o l l i n g  geothermal steam vent ing.  
noise. 
promising a l ternate designs. It w i l l  be very important t o  aim a t  designs t h a t  
can combine e f f e c t i v e  noise suppression with moderate cost and reasonable s ize 
and we i gh t . 

3. Any federa l  program t o  develop noise con t ro l  technology appl icable t o  

I n  addition, the p r a c t i c a l  performance o f  d i f f e r e n t  types, 

Various concepts derived from j e t  noise suppressors developed for 

An extensive R&D e f f o r t  w i l l  be needed t o  i d e n t i f y  and t e s t  the most 

The Geysers should invo lve the close cooperation and assistance of the p r i v a t e  
sector, inc lud ing steam suppl iers and u t i l i t i e s .  , 
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I 

SYSTEMS, COMPONENTS AND MATERIALS 

This work group examined the systems, components, and materials used in 
the design of the steam-gathering system and power plants. 
conditions under which noise and discharges of H2S-bearing steam and 
condensate would impair the environment. 

0 Determine the location, freque and magnitude of the impact to 
gage the severity o f  the problems, 

0 ascertain what could be done with existing technology to mitigate 
these problems, and 

We assessed the 

The aims were threefold: 

I 

e establish appropriate and needed areas for research and development. 
While there are a number of bleeds and vents from the piping system and 

separator in the steam-gathering system, H2S discharges from these sources 
are relatively minor. 
is generated and significant amounts of H2S are discharged:. during well 
startup when flow is initiated to heat up and dry out the well 
load change at the power plant requires steam-venting at the vent station to 
maintain pressure control on the steam supply system. 
sulfide gas is discharged to the atmosphere with the steam. ,The period of 
well heatup and dryout is short, so the 

There are two circumstances under which a lot of noise 

In each case, hydrogen 

ty of the steam generates 

A variety,of mu e discharge pipe 
However, these 
use particulates 

with varying degrees of success in at 
muff 1 ers have no 

ck bed is about 1,2 

I 
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development are needed i n  t h i s  area. Steam suppliers have come t o  accept t h a t  
they should minimize the amount and durat ion o f  steam venting when the power 
p l a n t  load i s  reduced. Regulat ions-requir ing t h a t  the wel ls  be shut i n  w i t h i n  
2 hours f o r  a scheduled p lan t  outage--and w i t h i n  4 hours f o r  an unscheduled 
p lan t  outage l a s t i n g  more than 24 hours--have been imposed. To comply w i t h  
these new requirements, the steam suppl iers f o r  Uni ts 13 and 15,-which are 
cu r ren t l y  under construction, are i n s t a l l i n g  automatic t h r o t t l i n g  valves a t  
the wellhead. These w i l l  be c e n t r a l l y  con t ro l l ed  t o  respond t o  load changes 
i n  the power p lan t  and w i l l  e l iminate venting o f  excess steam. A descr ip t ion 
of the con t ro l  system f o r  the steam supply network f o r  Uni t  15 i s  attached f o r  
reference ( see Add it i onal Information). , 

The automatic steam-throt t l ing valve i s  located close t o  the wellhead t o  
minimize the length o f  steam p ip ing  t h a t  must withstand the we l l  shutoff 
pressure o f  500 psig. A 10-in. b a l l  valve was tested i n  the f i e l d  and 
provided good steam t h r o t t l i n g ,  but-  the p a r t i c u l a r  valve's bearing was damaged 
a t  a d i f f e r e n t i a l  pressure of 350 psi. This b a l l  valve was f ie ld-modi f ied f o r  
t h i s  appl icat ion.  
t o  operate s a t i s f a c t o r i l y  because b a l l  valves are commonly subjected t o  more 
severe service condi t ions i n  industry. 

E lect ron ic  controls are now comnonly used on increasingly complex and 
sophist icated contro l  systems. Presently avai lab le technology can provide the 
required automation without special research and development devoted t o  
hardware. Re l i ab l y  operating the instrumentation and controls, however, 
requires understanding o f  the special condi t ions imposed by contaminants i n  
geothermal steam and condensate. For instance, the e f f e c t  o f  long-term 
hydrogen s u l f i d e  attack on e lect ron ic  equipment i s  disastrous. 

When the e lect ron ics are housed i n  NEMA 4 cabinetry, they are 
successfully i so la ted  from weather and noxious vapors. By c i r c u l a t i n g  the a i r  
w i t h i n  the cabinet, and by prov id ing proper i n t e r n a l  absorptive f i l t e r s  t o  
clean up a i r  introduced by opening the cabinet door f o r  service or  inspection, 
one can assure t h a t  even the most sens i t i ve  o f  e lec t ron i c  devices can operate 

The manufacturer i s  conf ident t h a t  valves can be furnished 

i n  the f i e l d  i n d e f i n i t e l y  and dependably. 

Par t icu la tes i n  the steam can deaden a t ransmi t ter  i f  they choke o f f  an 
impulse l i n e  w i t h  deposits or  s i l t .  
minimize t h i s  problem. 
surges can v i r t u a l l y  el iminate s i  1 t i n g  and clogging o f  the separator--and 

Prudent i n s t a l l a t i o n  pract ices can 
A1 so, adequately s i z ing  separators t o  accommodate f l o w  
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consequent blow-through o f  p a r t i c u l a t e  matter i n t o  the turbine. 
Although instruments and hardwar r e  avai lable, the u l t imate success o f  

the con t ro l  system f o r  the steam gath ng network w i l l  be determined by the 
degree t o  which we understand and design',khe con t ro l  system t o  respond t o  the- 
wel l  and p ip ing  system f l ow  dynamics. Set t ing the contro ls  proper ly t o  
balance each c i r c u i t  i n  the p ip ing  network--so as t o  prevent steam venting on 
the one hand and inadvertent t r i p p i n g  o f  the turb ine on the other, i s  a 
complex problem, whose so lu t i on  w i l l  have t o  be establ ished .by t r i a l  and 
error.  The problems stem from the s ize o f  the system: the steam gat 
system connects as many as 19 wells, each wel l  has a d i f f e r e n t  f low rate,  and 
the length o f  p ipe from wellhead t o  p lan t  amounts t o  some 28,5000 t o t a l  feet 
o f  cap ac it ance . 
i n  designing automatic contro l  systems .for steam gathering p ipe l i ne  netw,orks 
t h a t  handle large volumes, 
representation o f  such a system would al low suppl iers- . to determine i n  advance 
the heat t rans fe r  losses, optimize heat insulbt ion,  minimize system warmup and 
s tar tup times, and maintain constant stable pressures a t  the po in t  where steam 
t ransfers  t o  the. power plant. ,Contro l ler  design and setti.ngs 
such .a model would ass i s t  the supplieFs i n  minimizing an otherwise prolonged 
design and operational s tar tup time. 

Research i s  needed t o  develop a p red ic t i ve  dynamic computer model t o  a i d  

Computer modeling an expandable mathematical 

Conclusions and Recommendations! 

1. .Muff lers -wi th 
venting. They should b 
Research and developmen 

2. Research i s  n 
a i d  i n  designinig autamatic con t ro l  systems f o r  "large volume steam-gathering 
networks . 

Environmental r e g u l a t i m s  for.  the geothermal indust ry  
the steam. suppti ers and the u t i  1.i t y  technology i n  instruments 

and con t ro l  systems has been advancing a t  a r a t e  t h a t  has al.loNed the,engineer 

computers5 data transmission equipment,.and other -standard<controls. 
i s  .notiethe c a p a b i l i t y  but rather  the cos t ,o f  meeting the regulat ions.  

eet the changing regulat ions being done through ,the -use of 

1 

The ksey 
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4. Within the scope o f  subjects discussed,' i t  was the general 
conclusion o f  the group t h a t  technologies t o  solve most problems associated 
w i t h  systems, components, and mater ia ls  a t  the Geyers already e x i s t  between 
the steam suppl ier  and the u t i l i t y .  
t o  f i n d  solut ions. 

However, both t ime and money are needed 

Addi t ional  Information 

A CONTROL SYSTEM FOR STEAM GATHERING AT ME GEYSERS 

Wil l iam L. O'Daly Gennaro M o r e l l i  

Thermogenics, Inc. Daniel , Mann, Johnson, & Mendenhall 
A Subsidiary o f  
Hughes A i r c r a f t  Company Los Angeles, C a l i f o r n i a  90010 
Culver City, C a l i f o r n i a  90230 

3250 Wi lsh i re  Boulevard 

Steam gathering and de l i ve ry  t o  the new P a c i f i c  Gas & E l e c t r i c  Company 
(PG&E) Un i t  15 a t  The Geysers w i l l  be con t ro l l ed  by an automatic computerized 
system. 

Thermogenics, Inc., lease owner and operator, and the consul t ing f i r m  o f  
Daniel, *ann, Johnson, & Mendenhall (DMJM) i n i t i a t e d  the development o f  a 
con t ro l l ed  steam-venting system i n  response t o  Northern Sonoma County A i r  

Po l l u t i on  Control D i s t r i c t  (APCD) requirements f o r  reducing t o t a l  H2S 

emissions. 
i n s t a l l i n g  a gathering system tha t  could r a p i d l y  reduce emergency steam 
venting during a i r  q u a l i t y  episode a le r t s .  

p lan t  outages. A t  e x i s t i n g  plants, t h i s  venting continues unabated u n t i l  the 
gathering system can be turned down. The steam wel ls are manually shut i n  i f  
the power p lant  i s  t o  remain out o f  service f o r  an extended time. Manual 
shutdown of e x i s t i n g  steam f i e l d s  can take several hours. 

The Northern Sonoma County APCD requirement f o r  the Thermogenics steam 
f i e l d  spec i f  i es capabi 1 i t y  t o  reduce unabated steam venting by 60 percent 
w i t h i n  one hour. As o f  t h i s  wr i t ing,  the C a l i f o r n i a  A i r  Resources Board i s  

The APCD's approval o f  a construct ion permit was contingent on 

Total reservo i r  steam venting usual ly  occurs because o f  unscheduled power 
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close t o  approving r u l e s  t h a t  would requi re reducing H2S emissions r e s u l t i n g  
from "stacking" (ven 15 minutes. Commitment of funds 
by Thermogenics, ' Inc c t  a gathering system t h a t  would 
comply w i t h  the APCD vent i  forded a basis for  j u s t i f y i n g  
addi t ional  funds f o r  a completely automatic system. 

Automatic contro l  systems added about 15 % * t o  the investment cost  of the 



contro l  emissions. 
remote, manually operated system i n t o  an automatic system and establ ished a 
contro l  center f o r  operating f u t u r e  steam reservoirs. 
rea l i zed  i n  operating manpower alone has been determined t o  be cost-ef fect ive.  

The s imp l i f i ed  f l o w  diagram presented above (Fig. 1) shows the major 
components of the Thermogenics steam gathering system. 
wells connected by p ipe l i ne  w i t h  PG&E Un i t  15. A condensate l i n e s f r o m  Unit 15 
returns water t o  a c o l l e c t i o n  sump. The sump del ivers  the condensate t o  
i n j e c t i o n  wel ls by pipel ine.  Powered con t ro l  valves are located a t  each well ,  
a t  the condensate sump ex i t ,  and a t  the steam manifold venting system. 

Remote s ta t i on  con t ro l l e rs  are i n s t a l l e d  near the con t ro l  valves, and a 
cen t ra l  s t a t i o n  c o n t r o l l e r  i s  located i n  an operator 's con t ro l  room. The 
centra l  s ta t i on  c o n t r o l l e r  i s  composed o f  a cathode ray  tube (CRT) , terminal 
and a centra l  processor u n i t  (CPU). The steam gathering system i s  designed t o  
be monitored and operated from the contro l  room. No operator w i l l  be required 
t o  perform programed functions. 
steam venting and every other operating func t i on  desired. 

operating condit ions. The computer w i l l  accept p l a i n  English words and common 
symbols. 
keyboard and a video screen (CRT). 

any speed ( f rac t i ons  o f  a second) because they are electro-hydraul i c  and 
computer-controlled. Except f o r  emergency venting, however, valve controls 
are programmed t o  open and close only a t  rates safe f o r  the preservat ion of 
the we1 1 s. 

Routine funct ions and operations, i n  addi t ion t o  emergency venting, * t h a t  
can be performed w i t h  the automated contro l  system are: 

1. 

2. 

3. 

The addi t ion o f  c o n t r o l l e r s  and computers has converted a 

The savings t o  be 

. 
There are nine steam 

The preprogrammed computer w i l l  * c o n t r o l  the 

The operator can, however, modify set po ints  t o  correspond w i t h  changing 

Comnunication with the computer i s  through a standard tab letop 

Control valves can be opened and closed s i n g l y  or simultaneously and a t  
~ 

Con t ro l l i ng  the steam f low a t  each w e l l  f o r  optimal steam r a t e  
e x t r a t i  on; 
Automatic balancing o f  the system f o r  de l i ve r ing  steam a t  the flow, 
pressure, and temperature required by the turbine; 
Accelerated p lant  startups and shutdowns; 

4. Continuous data c o l l e c t i o n  on w e l l  production and status; 
5. Central ized operation and con t ro l  o f  both the newly i n s t a l l e d  h 

f u t u r e  Thermogenics steam gathering systems; 
/ 
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6. Per iodic data p r i n t o u t  as progr n operator conanand; 

7. 

1. Reduced H22 emissions, 
2. Fewer operators, 

Data acqu is i t i on  during wel l  t e  
The above c a p a b i l i t i e s  r e s u l t  i n  the fo l lowing advantages: 

3. Steam conservation r e s u l t i n g  from f a s t e r  and more accurate ' 

. i  

op e r a t  i on s , 
4. Fast response t o  the steam turb ine needs, 

rends i n  an t i c ipa t i on  

6. Central contro 
7. Reduced ma er  d i sc re te  instruments. 

ions a t  The Geysers w i l l  I 

c i e n t  use of 
y con t ro l  1 i ng 
n ; accepting the 

, 

requi re  r e l a t i v e l y  1 
t h i s  equipment can b 
operations. 
challenge o f  H2S emissions abatement f i  s e t s  a new trend i n  operating steam 

This bo ld  approach taken by Thermogen 

gathering systems 

The generous donation o f  t ime and expert ise by p a r t i c i p a t i n g  
organizations and t h e i r  employees i s  g r a t e f u l l y  acknowledged. 
we thank the members o f  the steer ing committe (Appendix A) and the i nd i v idua ls  
who chaired i n d t v i  sessions o f  the workshop: Gordon W. Allen, P a c i f i c  Gas 

I n  pa r t i cu la r ,  

on t o  the s t a f f  o f  
The Geothermal Resources Council f o r  t h e i r  excel lent  j o b  o f  prov id ing l i a i s o n  
and l o g i s t i c  support f o r  the meeting, and p a r t i c u l a r l y  t o  Dave Anderson who 
chaired the general sessions and provided many valuable suggestions f o r  
conducting the workshops. 
(LLL) who helped arrange and conduct the workshop. 
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APPENDIX A. Membership l i s t  f o r  s teer ing committee, 
The Geysers -Ca 1 i stoga env ironmenta 1 c o n t r o l  techno logy workshop. a 

George A. Frye 
Geothermal Resources D i v i s i o n  D i v i s i o n  o f  O i l  and Gas 
Aminoil USA, Inc. Department o f  Conservation 
1250 Coddi ng town Center 
Santa Rosa, CA 95401 Santa Rosa, CA 95401 

Dr.  Alexander N. Graf Warren A. Smith 
Lawrence Berkeley Laboratory Union Geothermal D i  
Earth Sciences D i v i s i o n  Union O i l  Co. o f  C a l i f o r n i a  
Bldg. 90, Room 1012E P.O. Box 6854 
l -Cyc lot ron Road Santa Rosa, CA 95406 

David Snetsinger 
David M. H i l l  Water Q u a l i t y  Control  Board 
C a l i f o r n i a  Energy Resources and North Coast, Region 1 

1000 Codd i ng town Center 
1111 Howe Avenue Santa Rosa, CA 95401 
Sacramen to, CA 95825 

Hutch Hutchinson Michael W. Tolmasoff 
The Ben H o l t  Co. 
201 South Lake Avenue Control  D i s t r i c t  
Pasadena, CA 91101 141 North Street 

D r .  P h i l i p  Le i tne r  
S t .  Mary's College Carl J. Weinberg 
Moraga, CA 94575 P a c i f i c  Gas and E l e c t r i c  Co. 

H. Jack M i l l e r  

240-0 Coddingtown Center 

Development Commission 

Northern Sonoma County A i r  P o l l u t i o n  

Healdsburg, CA 95448 

3400 C r o w  Canyon Road 
San Ramon, CA 94583 

aTopics included i n  the workshop were suggested by the s tee r ing  committee 
which met a t  the San Francisco A i r p o r t  H i  1 ton, San Franc 0, Cal i forn ia ,  on 
Ju l y  12, 1978. A l i s t  o f  workshop p a r t i c i p a n t s  was also gested by the 
s teer ing committee. 



Appendix 6. L i s t  o f  attendees a t  The Geysers-Cal is toga environmental c o n t r o l  

9900 Crow Canyon Road 
San Ramon, CA 94583 

(415) 820-2000, X-273 

P.O. Box 98 
Davis, CA 95616 

* (916) 758-2360 

E I C  Corp ora t  i on 
55 Chapel St .  
Newton, MA 02158 

Scott  BROWN 
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39 Washington Ave. 
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Research Department 
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1009 W i  l s h i r e  Blvd, 
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( 707 ) 546- 7301 
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P.O. Box 100 
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P.O. Box 1507 
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Appendix C. Work groups, workshop on environmental con t ro l  technology f o r  

sers-Calistoga KGRA 

Fol lowing i s  a l i s t  of the s i x  workshop work groups, each w i th  a 
breakdown of some important sub-items as i d e n t i f i e d  by the  s teer ing  
committee. This T i s t ' o f  t o p i c s ' i s  not a l l - i n c l u s i v e  and i s  intended t o  guide 
the  discussions but not t o  l i m i t  them. Note t h a t  these work group top ics  and 
sub-topics should be considered, when possible, by each work group i n  the 
l i g h t  o f  both e l e c t r i c  and non-electr ic development o f  the  resource. 

WORK GROUP NO. 1 
Hydrogen Su l f ide  - Upstream of Turbine 

Control Techniques 
1. Chemical 
2. Mechanical 

- T h r o t t l i n g  Valves 

- Systems Design 
- Mater ia ls  
- Automatic Controls 

Control Areas 
, 1. Wells ( d r i l l i n g  and clean-out) 

' 2. P ipe l ine steam vents 
3. I n  l i n e  steam (ahead o f  turb ine)  
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WORK GROUP NO. 2 
Hydrogen S u l f i d e  - Downstream o f  Turbine : f  . 

Control Techniques 
1. Chemical 

- T h r o t t l i n g  Valves 
- Systems Design 

- M a t e r i a l s  
- Automatic Cohtrols 
- Condensers 

Control Areas + '  
1. 
2. 

Steam condensate (condenser and bot we1 1 ) 
Non-condensable I Qasse 

WORK GROUP NO. 3 
Noise 

Drillinq 
1. 
2. 
3. 

Test ing 
1. 
2. 

3. Bleeders 

49 



WORK GROUP NO. 4 
Acc i denta 1 Spi 1 1 s 

1. Condensate Systems 
2. D r i l l i n g  F lu ids  and Wastes 

3. 
4. Other 

F lu ids  frwn Hydrogen Sul f ide Abatement 

WORK GROUP NO. 5 
We1 1 Compl e t  i on I and Production 

1. Casing - Thermal Stress 
- Carrosion and Erosion 

- Thermal Stress 
- Chemical S t a b i l i t y  

2. Cements 

WORK GROUP NO. 6 
Systems, Components and Mater ia ls  

1. 

2. 

Pipel ines and Power Plants 
- Mater ia ls  and Components 

- Corrosion - Erosion 
- Control Valves 
- Instruments 

Systems Design 
- Automatic Controls 
- 
- Condensers 

Back up and Bypass Systems 

U.S. Government Printing Office: lW0/4489-10218768 
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