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PREFACE 

The following report  on environmental issues related t o  the de- 
velopment of geothermal energy i n  the S ta te  of Oregon is par t  of the U. s. 
Department of Energy's Geothermal Overview Project which is  administered by 
the University of California Lawrence Livermore Laboratory. The purpose of 
the  Geothermal Overview Project is to  provide the U. S. Department of Energy 
with information on exis t ing environmental data and major environmental is- 
sues, and to  make recmendat ions  fo r  resolving these issues. Information 
i n  t h i s  report  is intended for  use i n  planning and decision making. 
t h i s  report  has been prepared for  the Assistant Secretary fo r  Environment, 
U. S. Department of Energy, it is  expected tha t  the  contents w i l l  a l so  be of 
use t o  others in the public and pr ivate  sectors  who are concerned with de- 
veloping geothermal resources i n  an environmentally sound manner. 

Although 

One of the  keys t o  an e f fec t ive  overview study is  the ear ly  in- 
volvement of a l l  interested par t ies ,  including representatives of local ,  
state and federal  governments, industry, research organizations, consultants, 

-un ivers i t ies ,  land owners, public i n t e re s t  groups, and loca l  c i t izens.  

We sincerely thank a l l  of the individuals, organizations and agen- 
cies that have helped with the  many phases of the overview study. 
t he i r  cooperation and contributions, t h i s  report  would not have been pos- 
sible.  W e  especially thank Paul Phelps, N e i l  Crow, the  Geothermal Overview 
Project  Staff of the Lawrence Livennore Laboratory, Phi l ip  Leitner of St.  
Mary's College of California, Debra Justus of the Oregon I n s t i t u t e  of Tech- 
nology, our advisory comanittee members and the  workshop speakers, discussion 
leaders and participants.  

of Dorothy Malek, who coordinated the  workshop a c t i v i t i e s  and typed the  
f i n a l  report. 

Without 

Firrally, we grateful ly  acknowledge the invaluable contributions 
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c r;' 
EXECUTIVE SUMMARY 

I 

Background 

1 

The purpose of t h i s  report  is t o  present an assessment of the 

en ta l  issues which may influence the development of geothermal 

resources i n  Oregon. ,The report  is intended t o  provide the Assistant Sec- 

r e t a ry  f o r  Environment, U.S. Department of Energy, with si te-specific and L 
regional data  on environmental aspects of geothermal energy development i n  

dregon. 

vant research and fo 

The information and recommendations are intended fo r  planning rele- 

king policy decisions. 

A n  advisory committee composed of representatives from environ- 

mental i n t e re s t  groups, land management agencies, univers i t ies ,  developers, 

regulatory agencies, etc. vas formed t o  assist in se t t i ng  the  direct ion of 

the study. It was  recommended by the advisory committee ear ly  in the  study 

that e f f o r t s  should not focus j u s t  on Known Geothermal Resource Areas (KGRA's) 

because of the minimal amount of information known about t he  state's geother- 

that there  was as much likelihood of, 

as within them. 

o t en t i a l  regions o r  

ades, High Lava 

e. These larger  

sues and concerns re la t ing  t o  geothermal development in 

these provinces were ident i f ied and assessed in s i q  general categories of L -rrJ 
potent ia l  environmental impacts: Geological and Subsidence, Air Quality, 5d 
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Water Quality, Ecosystems, Socioeconomics and Noise. 

ing data base for  each of these areas was  defined and evaluated and recom- 

I n  addition, the exist- 

mendations made where additional data and research are required t o  ensure 

environmentally sound development of geothermal energy i n  Oregon. 

t 

F' A v i t a l  par t  of t h i s  study was a f r e e  flow of information with 

early involvement of a l l  interested par t ies  and a workshop where everyone 
i; 

1 -  had an opportunity t o  contribute t o  the ident i f icat ion and pr ior i t iza t ion  

of issues. Almost 150 people attended the two day workshop which included 
e 
c representatives from local,  state and federal  governments, industry, research 

r organizations, consultants, universit ies,  land owners, public i n t e re s t  groups 

and loca l  cit izens.  Their par t ic ipat ion provided support f o r  developing a 
L; 
r- consensus on the major environmental issues and the i r  ideas and recommenda- 

t ions form an in tegra l  pa r t  of the report. 

Details of the study are discussed i n  the  following sections of c 
the  report. The more important general observations and high p r io r i ty  issues  F7 

and recommendations are emphasized in t h i s  summary. A detai led ranking of 
e 

the  high p r io r i ty  issues  was  not possible because of t he  need f o r  more pre- 

cise def in i t ion  of resources and t h e  strong dependence of p r io r i ty  on site 

specif ic  l oca l  issues. 

issues could be resolved, it was  a l s o  recognized that any one of many issues  

could be used as a bar r ie r  t o  impede the  development of g 
energy in 

Oregon. The development moratorium on Newberry Crater I s  an example of the  

c; 
ii 

Although i t  was generally f e l t  that most environmental 

I '  
State's resolve t o  protect Oregon's environment and natural  resources. 

' Geothermal Enviroqmeatal Issues In Oregon 
i 

L* 
Geological A Geological L 

W i l l  withdrawal of geothekmal f l u i d s  increase subsid 
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i n  the  region? Th i  

gory 

f o r  l o c a l  areas within t h e  Brothers Fault  Zone, Basin and Range and Alvord 

Desert provinces. 

are: 

only issue within the  geological impact cate- 
r 

was ident i f ied  as poten t ia l ly  a high p r i o r i t y  issue and then only 

L The most s ign i f icant  geological issues  f o r  each region 

li 

Western Cascades - - - - - - - Slope S t a b i l i t y  
Id 

High Cascades - - - - - - - - Accidental Mixing of Water 

_- 

I Other Provinces - - - - - - - Subsidence 

Given su i t ab le  subsurface reservoirs ,  in jec t ion  of f l u i d s  appears from the  

experience in t h e  o i l  industry, as an attractive poss ib i l i t y  f o r  disposing 

' of geothermal wastes and mitigating subsidence.' It is imperative, however, 

t ha t  site spec i f i c  information on Oregon's po ten t ia l  sites be collected for 

modeling of subsidence associated with groundwater extraction. 

_- 

The most sig- u 1 n i f i can t  da ta  gaps required include: 

Baseline level ing surveys t o  es tab l i sh  background sub- 

sidence due t o  other  na tura l  and anthropogenic sources 

Baseline monitoring of seismic a c t i v i t y  

Topographic and geologic maps 

Air Quality 
lhl 

Air qual i ty  i ssues  were strong 

eat ion method, L e .  electrical (f lash or 

i s sues  included : 

ndent on t h e  resource u t i l i -  

ry) 'or direct .  High p r i o r i t y  

* Western Cascades - - - - - - V i s i b i l i t y  reduction and H2S odor 

0 High Cascades - - - - - - V i s i b i l i t y  reduction and H2S odor 

Alvord Desert - - - - - - Fugitive dus t  and v i s i b i l i t y  re- 
duction 

/&J 
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Vale - - - - - - 0 - 
Brothers Fault Zone - 0 - - - Fugitive dust  and v i s i b i l i t y  re- 

- -. - Fog, Icing of roads and powerlines 

duct ion 

Substantial  da ta  gaps exist for:  

Emission characteristics f o r  po ten t ia l  geothermal sources in O r e -  

gon. Improved emission characterization is the most immediate 

need and i t  i s  suggested that fu ture  analyses such as those done 
'\ 

by the  U.S. Geological Survey include a l l  consti tuents h i s to r i ca l ly  

found i n  geothermal f luids .  

Meteorological da ta  on elevated winds, thermal s t r a t i f i c a t i o n ,  

turbulence characteristics and fog frequency. 

data  acquis i t ion program should be i n i t i a t e d  in those regions hav- 

ing high poten t ia l  f o r  geothermal resource development. 

A meteorological 

Air qual i ty  data on TSP, Sop, C02 and H2S and other  consti tuents 

ident i f ied  by geothermal source analysis  is lacking. Air qual i ty  

monitoring sites should be established i n  high poten t ia l  areas. 

Water Quality 

Water qual i ty  issues  of high concern included: 

Thermal degredation of surface waters 

Drawdown and degredation of ground water and hot springs 

Chemical degredation of surface water. 

I 

I A l l  of these issues  were of high concern in t h e  High and Western Cascades, 

and Klamath Fal ls ,  while they were considered of less importance in other  

regions. 

of  geothermal water associated with.potent ia1 resources. 

Substant ia l  data gaps exist in t he  characteristics and amounts 

- Precise  environ- 
I -' L mental impacts cannot be defined without this information, and hydrological 

. 
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l i t y  baseline s tudies  o f  streamflaw, springs and groundwater 

of prospective geothermal f i e l d s  are recommended. 

F.  I 

Ecosystems 

Can biological resources, Including sensi t ive prant and animal 
kl 

& 

1; 
species and the i r  habi ta ts ,  be adequately protected In  the Alvord Valley? 

W i l l  geothermal development alter the unique ecological communities which 

have developed around hot springs and elsewhere i n  the  valley? Major con- 

cerns were expressed fo r  the a b i l i t y  t o  preserve rare and endangered plant 

and animal species, unusual ecosystems and cri t ical  wi ld l i fe  habi ta t  i n  the  

Alvord Valley with the  development of geothermal energy. The Alvord Valley 

was c lear ly  the geographic area of most concern. 

been ident i f ied as-having par t icular  biological and s c i e n t i f i c  value and 

two rare f i s h  species occur I n  Alvord Valley hot springs. 

of rare and endangered plant  species have a l s o  been located in the  Alvord. 

The east base of the Steens is an important big'game wintering range f o r  

deer, antelope and big horn sheep. 

p r i o r i t y  be given to  a survey of the  Alvord Valley ecosystems t o  define een- 

s i t i v e  species and habi ta t s ,  and define areas unsuitable fo r  geothermal de- 

velopment. 

veys may preclude impacts t o  sens i t ive  ecosystems. 

Socioeconomics 

I *  

L 
L 

Several hot spriugs have t 
A large number 

It was recommended that the h+ghest 

El 
/j 

sj; 

u 
Careful f a c i l i t y  s i t i n g  on- the  bas is  of thorough baseline e m -  

W i l l  geothermal development st imulate additional growth and change 

t h e  economic base of a region? W i l l  it cause population changes in isolated 

* I  

. rural areas? What level of, geothermal deveaopment is compatible with cur- 

rent land use pat terns  and what would be the e f f e c t  on aesthet ics?  
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b The following specif ic  high p r io r i ty  statewide socioeconomic 

issues were identified: 

"Boom-bust" cycle 

Oregon's energy self-sufficiency 

0 Tax and royalty payments t o  loca l  governments 

Conflicts with agricul tural  uses 

Aesthetic and h i s to r i ca l  land use values 

L 
f '  

Community planning capabi l i t i es  t 
Cultural ident i ty  

Public uncertainties 
I' 

Underlying these issues is the fundamental question of public perceptions 

of potent ia l  "trade-off involved where geothermal development occurs i n  

sparsely populated, undeveloped or primarily agr icu l tura l  areas. Unknown 

1 '  ( in  the  mind of the public) geothermal impacts are weighed against  known 

agricul tural  and recreational uses of r u r a l  lands, especially those unique 

areas which contribute t o  the "Oregon image". 
e =  

I 
The issue of aes the t ics  o r  visual pollution was  considered i n  

several sections of t h i s  report  even though it was considered inappropriate. 

f In every case, however, it was considered a substant ia l  issue which could be 

the bas i s  f o r  opposing geothermal developments i n  such sensi t ive areas as 

L the  Alvord Valley, High Cascades and Western Cascades. 

Noise - 
W i l l  noise from construction or operation of geothermal f a c i l i t i e s  c become a nuisance, infringe on existing land use pat terns  o r  be detrimental 

t o  wildlife? Although t h i s  i s sue  was not generally expected t o  be a pri-  
- 

4 -- 
mary issue restricting the development of geothermal energy iP the  state, i 
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a s igni f icant  deficiency i n  the data  base was Ident i f ied which l imi t s  the 

The deficiency ident i f ied was in the 

Noise baseline data should be phased in 

of the impact projection. 

timing of information gathering. 

1.' L 
a t  an earlier time than presently required, %.e., a t  f u l l  - f i e l d  develop- 

ment state - which may be a f t e r  considerable exploratory act ivi ty .  Early 

ident i f ica t ion  of noise receptors was considered essent ia l .  

* .  Conclusions 

A general underlying fea ture  impacting most of the environmental Y 
issues  raised i n  t h i s  study was  the lack of basic information on the  

nature and character is t ics  of the  poten t ia l  resources, 

method of u t i l i za t ion ,  and 

exis t ing environmental conditions. 
c 

This information void subs tan t ia l ly  reduces the precision and accuracy with 

which high p r io r i ty  issues  can be ident i f ied because of t he i r  strong site 

spec i f ic  nature  and dependence on loca l  issues. Lack of information on bow 

geothermal developments are l i k e l y  t o  proceed in Oregon and specific regions 

of the  state l e a d s  t o  public misperceptions. 

and its loca l  environment needs t o  be improved subs tan t ia l ly  and col lected 

in advance of development. 

Baseline data  on the  resource 

c Although it is d i f f i c u l t  t o  rank the  issues  raised because of their 

i '  si te spec i f ic  nature, several  generalizations regarding i ssue  types and re- 

giOnS can be made based on the  importance of the resetvoir ,  l ikelihood of 
.ki 

brpact, and seveFity of potential impact. For example, it is clear that 

the  folloving three issues  must be. addressed if geothermal energy is t o  de- 

velop rapidly i n  t he  areas noted. 

I t 
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Can geothermal energy be developed in an aesthetically 

acceptable'manner in the state and in part 

Alvord Valley, High Cascades and Western C 

Can water quality and quantity be maintain 

development of geothermal energy? 

Can the ecosystems of the Alvord Valley be preserved with 

the development of geothermal energy? 

i 

Although these issues may not be given the highest priority ranking i n  any 

specific development, the Alvord Valley, water quality, aesthetics and 

ecosystems themes were considered in more than one section and ranked as 
L 
L being of substantial concern. 

t 
i 
k 
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INTRODUCTION 

9 

Geothermal resources appear t o  be widespread in Oregon from the  
Li 

Western Cascades and eastward t o  the  Idaho border (Figure 1, Table 1). 
i- 

Oregon's known and poten t ia l  geothermal resource areas are same of the  

most promising in the  nation and have the potent ia l  of annually displacing 

seven bi l l i on  barr  

0 th  high and low 

il* Although there are indications that 

single geoth * Kh=th Falls,  has been extensively tes ted* 

Elsewhere, knowledge of the extent of reservoirs is based on indirect  in- r l  

.formation, and scat tered shallow wells and hotsprings. Uti l izat ion has 
Q 

been minimal and the  production has been too erratic or small in scale t o  

def ine  the  potent ia l  of any given area. 

rely 
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f ig,l GEOTHERMAL RESOURCE 
MAP OF OREGON* 

\ tow Temperature Geothermal @ KGRA 

11111 Sugsested Areas for  Exploration 
P 
0 

Geothermal Exploratory We1 1 

Fluid Transport Corridor 

Resource Areas 

' *  Heat Flow Contours From the Geothermal Task Force Report to 
the Alternate Energy Development Commission 
for the State of Ore 

1 HFU = 10''cat cm2/sec or 4.19x10'*W/M2 
r 
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TABLE 1 

f" Identification of Resources i n  Figure 1"  

Mean We1 1 head We1 1 head Resource 

Power Distance 
ldentif ied Reservoir Reservoir Thermal Thermal t o  Load 

# . - Name (OC) (M1 ) (x10 SBTU) ( ~ 1 0 6  BTU) (Mile) LOC on Map Temp Vol y e  Enfrgy 

1 M t .  Hood . 

2 Carey/ 
Austin 
KGRA 105 0.79 0.20 761 

KGRA . 125 0.79 0.25 951 

1 KGRA 125 0.79 0.24 913 

L 
3 Breitenbush 

4 Belknap- 
Foley KGRA 113 

I 
r i  

1.58 0.41 1 , 560 

5 k c r e d i e  
J; KGRA ' 91 0.79 0.17 647 

6 Newberry 

7 Klamath & 

L Crater KGRA 230 11 . 28 6.9 26 , 300 

Klamath Hills . 
KGRA 130 29.9 8.18 31 , 100 

KGRA 118 1.87 0.54 2,050 

5,290 

Om74 2 , 820 

le58 * 0.45 1,710 

875 

8 'Summer Lake 

9 

f 1  r*i 

evi ew 
KGRA 150 3.67 1.39 L 

C' 

f *  
L '  
1% 

13,300 
14 Alvord 

15 Vale KGRA 28.07 11.2 42, 600 
0.79 0 3 9  1,190 

KGRA 192 7.05 3.49 LA 
P 

20-47 Port 1 and 

Oregon City 

Sal m/Al bany 

17-42 Port 1 and 

33-53 Corval 1 is 

Spr i ngf i et d 
33-42 Eugene 

Springfield 

Bend/ 

25-38 Eugene 

16-25 Electric 

K l  math 
0-10 Falls 

0-5 Lakeview 

Electric 

0-8 Burns 

8-13 La Grande 

E1 ectr ic 

0-10 Val e/Ont ar i o 
Electric 

* .  
From the Geothermal Task Force Report to  the Alternate Energy Development 
t?nmm(afiinn for the State of Oregon, 1980, 

' 6  
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l i t t l e  is known about the  geologic se t t i ng  of the geothermal resource. 

Population density is low and there are no major population centers. Land 
, 

use is centered on fores t ry  and recreation. 

ness areas, a number of major dams, and power transmission l i n e s  near known 

or  poten t ia l  geothermal resource areas . 

There are designated wilder- 

The High Cascades, an elongated north-south trending b e l t  of 

lower Pliocene t o  Recent extrusives,  is  dominated by composite volcanic 

cones dating from the L a t e  Pleistocene. Though current ly  dormant, t h e  High 

Cascade volcanoes i n  Oregon have been ac t ive  u n t i l  recent ly  (e.g. pumice on 

M t .  Hood dated a t  ca. 200 f 150 yrs. B.P., increasing fumarolic a c t i v i t y  as 

recently as 1908, etc.). The current  a c t i v i t y  of M t .  St .  Helens attests t o  

b c 
L 
L 
L 
c 
L 
c 

t he  poten t ia l  f o r  renewed volcanism. 

t i on  systems have been ident i f ied  i n  the High Cascades, it 1s widely be- 

l ieved tha t  M t .  Hood and other volcanic cones have s igni f icant  geothermal 

potential .  

t ions  i n  the High Cascades. 

being uninhabited f o r e s t  lands and wilderness areas. 

are the dominant land use. 

Though no l a rge  hydrothermal convec- 

t 

L 
c 
f 

Warm springs and fumaroles are the  major geothermal manifesta- 

Population is very low with much of the  area 

Recreation and fores t ry  

The High Lava Plains,  a dry, la rge ly  undissected, poorly drained 

plateau of low r e l i e f ,  is transected by the  northwest-striking Brothers 

Fault  Zone. The Brothers Fault  Zone, a segment of t he  Oregon-Nevada line- 

ament, i s  the northern boundary of the Basin and Range Province i n  Oregon. 

This zone of fau l t ing  apparently marks the  thermal as w e l l  as tectonic  bound- c ary of the Province. Though l i t t l e  de ta i led  information is avai lable ,  geo- 

is- thermal resources are l i k e l y  associated v i t h  res idua l  magmatic heat  under- 

l y i n g  recent ly  formed rhyo l i t i c  and rhyodacltic volcanic vent complexes I 

i 
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berry and Diamond Craters). "Blind" geothermal anomalies, tha t  is, those 

without obvious surface expressions may be awaiting discovery. Population 

density is very 

west and Burns 

Wildlife Refuge, an area of extremely low re l i e f  (Le. 125 sq. m i .  w i t h  

only two t o m s  of signiffcant s ize ,  Bend i n  the 

only 15 f t .  relief) and many miles of i r r i ga t ion  canals. 

The Basin and Range province is a tectonical ly  ac t ive  area with 

generally north-trending horsts,  t i l t e d  f a u l t  blocks, and grabens typical ly  

forming'basins with i n t e r i o r  drainage. Though heat flow within the province - 

s igni f icant ly  exceeds the world average, re la t ive ly  l i t t l e  is known about 

spec i f ic  geothennal prospects. An exception is the Klamath Fa l l s  KGRA. 

Due t o  similar structural 'and l i tho logic  se t t ings ,  a geothermal model de- 

veloped f o r  the  Klamath F a l l s  area, may be applicable t o  other grabens with- 

in the  province. Klamath Fa l l s  has the  most widespread use of geothermal 

energy f o r  dSxect applications in the  United S ta tes  and includes commercial 

the Basin and Range province of southern Oregon, 

near Known Geothermal Resource 

idties, scat tered 

n e  Alvord Valley, a graben bound on the west by the Steens Hountain 

fault, lies in the easternmost Basis and Range region of Oregon. 

i s  f i l l e d  with various unconsolidated o r  poorly consolidated sediments. 

The va l ley  
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Depth t o  bedrock is  generally unknown with the  exception of a s ing le  w e l l  

east of Fields tha t  encountered bedrock a t  600 f t .  Although very l i t t l e  is 

known about the  subsurface geology of the Alvord Valley, it is considered a 

resource with electricity-generating potential .  A model has been proposed 

wherein meteoric water from adjacent mountains c i rcu la tes  i n to  an area of 

high geothermal gradient. The Steeas Basalt and Steens Mountains Volcanic 

Ser ies  are l i k e l y  functional geothermal aquifers. There are only three 

small sett lements i n  this largely unpopulated area. Land use i s  devoted 

mainly t o  stock grazing, recreat ion and r e s t r i c t ed  areas under i r r igat ion.  

During the  turn  of the century borax was produced south of Alvord Lake. I n  

w e t  years Alvord Lake expands northward over a surface of extremely low re- 

lief t o  flood the Alvord Desert playa. 

The Vale-Ontario area is on the  western f lank  of a l a rge  s t ruc tua l  

trough, the Snake River downwarp, which extends across Idaho i n t o  eastern 

Oregon. A geothermalmodel proposed f o r  the  nearby Cow Hollow anomaly may 

apply t o  others  in the  area, t h a t  is, f au l t i ng  has v e r t i c a l l y  moved reser- 

v o i r s  against  impermeable strata t o  form t raps  f o r  geothermal f lu ids ,  Up- 

ward leakage along f a u l t  planes is manifested by hot springs. Reservoir 

rocks are probably the  Grassy Mountain Basalt (ea. 2,500 ft.) and the  Ckqhee 

Basalt (ca. 6600 ft.).  The basa l t s  are recharged near t he  margins of t he  

Snake River Basin. Vale and Ontario, the  two main population centers  in t h e  

area, are closeby known or suspected geothermal areas. 

la rge ly  on i r r i ga t ed  agr icu l ture  and food processing. 

run near ~ R A ' S .  

The economy is based 

Some i r r i g a t i o n  canals 

~ 

' LaGrande lies within the'Grande Ronde Valley, a graben within an  

area of block fault ing.  The va l ley  is a u n i t  of the Grande R o d e  River Basin. 
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k Land use is devoted almost exclusively t o  agriculture,  lumber and recrea- 

t ion  related industries.  

rhal potent ia l ,  very l i t t l e  about the resource has been published. 

Although there are posi t ive indicators of geother- 

Any devel- 

opment would l i ke ly  be concentrated near Hot Lake Spring (180'F). The asso- 

c ia t ion  of a hot spring boundary f a u l t  zone and Columbia River Basalt a t  

depth, suggests a geothermalmodel in which heat may be transferred t o  t 
meteoric waters within the basa l t  a d  circulated v i a  various channels back 

t o  the surface. 

E '  

These provinces are h F g e  areas and have been only generally de- 

l ineated in terms of the  occurrence of geothermal resources. There has been 

A recent study by Battelle-Northwest ident i f ied f i v e  geothermal 

systems in Oregon which could begin produc 

an economically campet * years)* These systems 

e l e c t r i c i t y  in the 1980's Or, 

ldera  (Brothers scades), Vale Hot Springs 
C '  

itad 

f economics. 

!iJ 
L 
L 

I 

Although sites vith high resource poten t ia l  can be ident i f ied,  t h e  

existence of lega l ,  economic, and in 8-e cases, the types of environmental 
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constraints  discussed i n  this report  may l i m i t  actual development. In ad- 

I 

di t ion ,  the  nature of the  geothermal resource i n  terms of the  generating 

capacity is largely unknown f o r  l a rge  areas of Oregon; presently undiscovered 

f L 

t resources may be the  ones t o  be developed. 

Environmental impacts w i l l  d i f f e r  widely and depend on the  type . f .  

of geothermal resource, location, s tage of development and ult imate end use. 

Table 2 lists the  environmental s e t t i ng  and possible  types of development 

prevalent at  some of the  known geothermal areas i n  Oregon. 

L 
I -- L 

L The purpose of t h i s  report  is t o  present an assessment of the  key 

environmental issues  which may influence the  development of geothermal re- € L sources in Oregon. The report  is intended t o  provide the  Assistant Secretary 

for Environment, U. S. Department of Energy, with s i te -spec i f ic  and regional 

da ta  on environmental aspects of geothermal energy development i n  Oregon. 

The information and recommendations are intended f o r  planning relevant re- 

P u 

I 
search and f o r  making policy decisions. 

An advisory committee composed of representatives from environ- 

mental i n t e r e s t  groups, land management agencies, un ivers i t ies ,  developers, 

regulatory agencies, etc. was formed t o  assist in s e t t i n g  the  d i rec t ion  of 

t he  study. Major issues  and concerns r e l a t ing  t o  geothermal development 

were ident i f ied  and assessed in six general categories  of po ten t ia l  environ- 

mental impacts: Geological and Subsidence, A i r  Quality, Water Quality, 

Ecosystems, Socioeconomics and Noise. In addition, t he  exis t ing data base 

f o r  each of these areas was defined and evaluated and recommendations made 

b 

L 
where addi t ional  data  and research is required t o  ensure environmentally 

sound development of geothermal energy in Oregon. 

L 
c, 

A vital  p a r t  of this study was a free flow of information with 
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ear ly involvement of a l l  interested pa r t i e s  and a workshop where everyone 

had an opportunity t o  contribute t o  the  ident i f ica t ion  and p r io r i t i za t ion  

of i ssues .  Almost 150 people attended the  two day workshop which included 

I '  

representatives from loca l ,  state and federa l  governments, industry, re- 

search organizations, consultants, un ivers i t ies ,  land owners, public inter-  

est groups and loca l  c i t izens.  Their par t ic ipa t ion  provided support fo r  

developing a consensus on the major environmental i s sues  and t h e i r  ideas 

and recommendations form an in tegra l  pa r t  of the  report .  .Details of the  

study are discussed in the  following sect ions of the report .  

L 
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GEOLOGICAL AND SUBSIDENCE ISSUES 
RELArED TO THE DEVELOPMENT OF GEOTHERMAL 

ENERGY SOURCES IN THE STATE OF OREGON 

SUMMARY 'b 

W 

Ir 

w 

Iw 
, 

The objective of the  geologic analysis  was, on a region by region basis, 
t o  ident i fy  poten t ia l  geologic hazards r e l a t ing  t o  geothermal resource 
development. 
ident i f ied  were evaluated i n  terms of t h e i r  po ten t ia l  environmental impact. 
Signif icant  data  gaps and areas of needed research were determined. 

Of the  poten t ia l  geologic hazards considered par t icu lar  a t ten t ion  was 
given t o  seismicity and subsidence. 
estimated according t o  the  following criteria: 

Based on exis t ing geological/geophysical data  the  hazards 

Geologfc r i s k  fo r  each region was 

Seismic r i s k  

LOW: His tor ica l  record indicates  r e l a t ive ly  l o w  in t ens i ty  and 
frequency of earthquakes. 
of Holocene active faul t ing.  . 

L i t t l e  o r  no known evidence 

MODERATE: His tor ica l  record indicates  f a i r l y  intense and fre- 
quent earthquakes and/or considerable evidence of known or  
strongly suspected ac t ive  f au l t i ng  during the  Holocene. 

HIGH: His tor ica l  record indicates  f r e  t, high in t ens i ty  earth- 
quakes associated with numerous known ac t ive  f au l t s .  

Subsidence risk 
Estimates were de using Table 5-1 of report  [SAN/1269-1], 
"Evaluation of Geothermal energy explorat ion and resource 
assessment -- f i n a l  report," Vol. 1: 

e j  

A review of geothermal k subsidence modeling (1 For a m p l e  : 

Geothermal production zone is within competent basement 
rock; primarily from f r a c t u r e  porosity; greater  than 1.5 
km. deep. Overburden contains an aggregate of > 500 m. 
of competent rock (basalt ,  andesite,  welded t u f f ,  etc.); 
deep water t a b l e  (> 400 rn. below surface); small fraction 
(* 10% by volume) of mudstone, claystone, o r  weak shales;  
apparent lateral compression > overburden. 

rock; from sediments c1.0 X lo6 yrs. B.P. (Pliocene-~olo- 
cene); primarily from matrix porosity; less 1.5 km. deep. 

i d  

I L 

U HIGH: Geothermal production zone is above competent basement 

i 
id 

L 
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Overburden is en t i r e ly  c l a s t i c  sediments (alluvium, sands, 
silts, clays); shallow water t ab le  ( c  200 m. below surface); 
a large f rac t ion  (> 25% by volume) of mudstone, claystone 
or  weak shales; apparent lateral compression e overburden. 

The r e su l t s  of seismic/subsidence-risk evaluations, based on exis t -  
ing geologic information and environmental considerations, a r e  sum- 
marized i n  Figure 1. 

For each region - the  most s ign i f icant  geologic consideration is be- 
lieved t o  be: 

1. Western Cascades . . . . . . . . . . . .  Slope s t a b i l i t y .  
2. High Cascades . . . . . .  Accidental mixing of geothermal 

waters and shallow groundwater. 
3. Brothers Fault Zone . . .  Effect of geothermal production 

on flow/quality of mixed (geo- 
thermal and groundwater) waters 
a t  shallow depth i n  Harney Basin. 

4. Basin and Range . . . . . . . .  Subsidence associated with 

5 .  Alvord Desert . . . . . . . . .  
6 .  Western Snake River Basin . . .  
7. LaGrande . . . . . . . . . . . .  

shallow production. 
11 

#I 

11 

Data/information gaps believed t o  be s igni f icant  are: 

1. 

2. 

3. 

4. 

Topographic maps. 
Zone, Basin and Range and Alvord Desert require  more de ta i led  
topographic coverage than current ly  exists. Specif ical ly ,  U.S. 
Geological Survey quadrangles, 75 min. or  a t  least 15 min., are 
es sen t i a l  as a base f o r  de ta i led  geologic mapping and geophysical 
surveys . 
Geologic maps. 
naissance-geology maps now avai lable  is needed i n  order t o  eval- 
ua te  geologic r i s k s  as w e l l  as t o  fur ther  def ine the  geologic 
s e t t i n g  of known or  suspected geothermal resource areas. 
Baseline level ing surveys. 
for.any of t he  areas under consideration. 
entiate any subsidence re. geothermal exploi ta t ion from other 
causes (natural  o r  man-induced) level ing da ta  should be col lected 
regularly and f o r  a s igni f icant  i n t e rva l  (preferably several  
years) p r io r  t o  production. 

Seismic monitoring. 
pre-impact phase of geothermal development. 
seismic monitoring of po ten t i a l  sites is recommended. 

Extensive areas within t h e  Brothers Fault  

Geologic mapping in more d e t a i l  than t h e  recon- 

Apparently such da ta  does not exist 
In order t o  d i f fe r -  

Baseline data  should be obtained during the  
Seismic and micro- 

L 
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5. Environmental geology studies.  An .important element of sound 
land-use planning is geologic mapping for  the del ineat ion of 
geologic hazards (e.& landslides,  l iquefact ion and differen- 
t i a l  s e t t l i n g ,  etc.). For example, a slope s t a b i l i t y  map should 
be compiled as par t  of a broader environmental geology investi-  
gation of the  Western Cascades. 

Based on considerable experience, par t icu lar ly  i n  the  o i l  industry, 
there  is  no evidence of s ign i f icant  seismic a c t i v i t y  due t o  
f l u i d s  injected a t  low pressure. This experience includes low- 
pressure in jec t ion  of very la rge  quant i t ies  i n  complexly faul ted 
and seismically ac t ive  te r ra ins .  
Rangely and Rocky Fla t s ,  Colorado were conducted a t  high pressures, 
w e l l  abwe  those contemplated fo r  low-pressure in jec t ion  of spent 
geothermal f luids .  I n  f a c t ,  f l u i d  in jec t ion  tha t  keeps pressures 
w e l l  below the  l o c a l  f rac ture  pressure of rocks w i l l  l i k e l y  avoid 

. ser ious induced seismicity. Therefore, given su i tab le  subsurface 
reservoirs ,  in jec t ion  appears a t t r a c t i v e  fo r  disposing of geothermal 
wastes and mitigating subsidence. 

The oft-cited experiments a t  

Considerable data  and experience with modelling of subsidence 
associated with groundwater and petroleum extract ion provide a 
foundation f o r  subsidence assessment i n  geothermal areas. However, 
Oregon is a region of highly varied volcanic and sedimentary rocks 
with a wide range of engineering properties.  Moreover, there  is 
insuf f ic ien t  knowledge of t he  detai led s t ruc tu ra l  geology, layering 
geophysics and material behavior i n  the  known o r  po ten t ia l  geother- 
mal  resource areas. 
t i a l  that t h i s  information be collected.  

It is imperative in evaluating subsidence poten- 
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Notes: - 

Figure 1. Subsidence and Seismicity-risk Evaluation 
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For t h e  Basin and Range, Brothers Faul t  Zone, Western Snake River Plain,  Alvord Desert and LaGrande, subsi- 
dence is generally considered t o  be f o r  deep d r i l l i n g  (> 2,000 f t . )  with production from competent rock 
(e.g. basa l t ) ;  moderate, perhaps high loca l ly ,  where shallow production may be from incompetent reservoir  
rocks (9. breccias, gravel, etc.) with an overburden mainly of unconsolidated t o  semiconsolidated sediments. 
Low to moderate (locally)" means t h a t  i n  general environmental impact would be low throughout the  region, 1) 

but l oca l ly  s ign i f icant  (s. near population centers,  i r r i ga t ion  canals, etc.) * * 
No shallow production is current ly  foreseen f o r  the Alvord Desert. 
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GEOLOGIC SETTING AND RISK EVALUATION 
s t e rn  Cascades: t 

b 
The Western Cascades province is a north-south trending, highly dissected 
b e l t  of Tertiary volcanic and volcanoclastic rocks on the western flank 
of the Cascades. 
predominate (Table I). There are numerous f a u l t s  and lineaments, includ- 
ing a major f a u l t  o r  f a u l t  zone which extends along nearly the e n t i r e  
length of the boundary between the Western and High Cascades. 
f e w ,  i f  any known s t ruc tura l  indicators of high compression (i.e. over- 

I n  general, th ick assemblages of competent volcanics 

w There are 

t us ts ,  reverse f a u l t  recumbent folds,  etc.). 

Population density is  lowaand-there are no major population centers. 
use is concentrated on forestry and recreation. 
nated wilderness areas, a number of major dams, and power transmission 
l i n e s  near known or  PO 

Since 1841, the beginn i c  ac t iv i ty  i n  Oregon, the 
Western Cascades has been a region of low in tens i ty  and frequency com- 
pared t o  events reported elsewhere i n  Oregon. The h i s to r i ca l  record, 
though b r i e f ,  is corroborated by the  f a c t  that there are few, i f  any, 
known f a u l t s  t ha t  may be ac t ive  a t  the  present time. Moreover, there 
are ample reservoirs  f o r  low pressure inject ion of spent geothermal waters. 
Given the  above considerations seismic r i s k  is judged t o  be low. 

In addition t o  a promising geologic se t t ing ,  i ts proximity t o  major popu- 
l a t i o n  centers within the  Willamette Valley makes the Western Cascades an 
a t t r a c t i v e  geothermal prospect. Regional heat flow values vary regularly 
from 1.0 HFU ia t he  west t o  3.0 HFU i n  the eastern th i rd  of the  province 
where there is a b e l t  of hot springs oriented pa ra l l e l  t o  the  regional 
structure.  
geothermal poten t ia l  because of the masking e f fec t  of unusually high pre- 
cipitation and an abundance of cold shallow water. 
t i ve ly  l i t t le is known about t he  geologic settiug of the geothermal re- 
source. For example, t he  source of heat in the  eastern th i rd  of the  
province may be due t o  localized heat source(s), deep circulat ion of 
geothermal fluids from the High Cascades, or lateral e f f ec t s  of c rus t a l  

h volcanism in t he  Hlgh Cascades. 

Land 
However, there are desig- 

d 

t i a l  geothenaal resource areas. IlJ 

L 
i i  

of recorded s 

In fact, these f igures  may be conservative indicators of . 

Unfortunately, rela- 

k 
IJ 

L 
I; 
// 

ific, it is judged t o  be generally 
low for t he  Western Cascades. The expected production tone(s) are l i k e l y  
t o  be in or above competent basement rock and/or within Competent volcanic 

primarily from f rac ture  porosity .in a region of r e l a t ive ly  high 
L 

Overburden would l i k e l y  contain more than 500 meters of com- 
t en t  volcanics (basalt,  andesite,  etc.) and about 10% by volume, or 

than lo%, but less than 25% by volume, of re la t ive ly  incompetent 
le is shallow. 
stress which is essentially tensional. 

Geostatic pressure.apparently exceeds 

Amajor consideration in t he  Western Cascades is slope s t ab i l i t y .  
ear th  movements (Le. landslides,  block slumping, ear th  flows, etc.) are 
potential hazards in areas overlain by g lac i a l  till or underlain by 
weathered or hydrothermally a l te red  volcanoclastic sediments. 

Hass 

Sn par t icu lar ,  
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weathexed t u f f s  and breccias, mainly i n  the L i t t l e  Butte Volcanic Series 
and Sardine Formation, form highly unstable s o i l s  containing concentrations 
of expandable clays. The hazard is especially acute where these conditions 
obtain in conjunction with steep slopes. 
the  Western Cascades are recommended t o  delineate bedrock hazard areas. 

High Cascades: 

The High Cascades, an elongate north-south trending b e l t  of lower Pliocene 
t o  Recent extrusives, is dominated by composite volcanic cones dating from 
the Late Pleistocene. These volcanos, typified by al ternat ing layers  of 
competent andesi t ic  flows and incompetent u n i t s  of ash, pumice, tuff  and 
cinder, are b u i l t  on a platform of mafic volcanics. The mafic extrusives 
apparently f i l l e d  a gradually subsiding graben-like depression defined by 
flanking faul ts .  
iod of extensive Alpine glaciat ion during the Pleistocene. 
dormant, High Cascade volcanoes i n  Oregon have been ac t ive  u n t i l  recently 
(e.&. pumice on M t .  Hood dated a t  ca. 220 f 150 yrs. B.P. increasing fuma- 
r O l i C  a c t iv i ty  as recently as 1908, etc.). 
St. Helens attests t o  -the potent ia l  f o r  renewed volcanism. 

Geologic engineering s tudies  i n  

Locally, thick g l ac i a l  deposits are t h e  product of a per- 
Though currently 

The current ac t iv i ty  of M t .  

Population is very low; much of t h e  area being uninhabited fo re s t  lands 
and wilderness areas. Recreation and forestry are the dominant land use. 

Though the peaks are seismically act ive,  in tens i ty  leve ls  are low, 
fact, the e n t i r e  Cascades is h i s to r i ca l ly  an area of low in tens i ty  seismic 
ac t iv i ty ,  No major f a u l t s  known t o  be ac t ive  have been reported in the 
l i t e r a tu re .  

Though no l a rge  hydrothermal convection systems have been ident i f ied i n  
the  High cascades, it is widely believed that M t .  Hood and other volcanic 
cones have s ignif icant  geothermal potential .  
mas are l i k e l y  t o  provide suf f ic ien t  res idual  heat t o  dr ive geothermal 
systems. However, there is no consensus regarding several  models that 
have been suggested. 
manifestations i n  the  High Cascades. 

Environmental r i s k  due t o  subsidence may vary from l o w  t o  moderate. Ex- 
pected production zones would probably be above competent basement rock; 
from fractures  in capetent volcanic flows o r  matrix porosity within weak 
volcanic uni t s  (i.e. cinder beds, breccias, ash, etc.). Overburden would 
have a t  least an aggregate of from about 100 m. t o  more than 500 m. of com- 
petent rock and greater than lox, but less than 25% by volume of ash and/or 
other clayey weathering products. 
and geostat ic  stress greater  than lateral compression. 
ment on the  flanks of the  volcanoes would entail greater  risks from subsi- 
dence than d r i l l i n g  sites a t  lower elevations within the  High Cascades. 

I n  

Earthquake r i s k  is considered low. 

Associated near surface mag- 

Warm springs and fumaroles are the major geothermal 

The water t ab le  is shallow, recharge high, 
In general, develop- 

L 
A major geologic consideration is the  potent ia l  fo r  accidental  mixing of 
geothermal f l u i d s  and shallow groundwater . 
t o  a.characteristic a l te rna t ion  of competent units (e.p. lava flows) and 
incompetent units (-e&. ash, debris  flows), par t icu lar ly  a t  high elevations 

L 
This consideration is re lated 
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within the High Cascades, The incompetent u n i t s  tend t o  be highly perme- 
able  and may be d i r e c t  conduits t o  springs and/or l a t e r a l l y  t o  the shallow 
groundwater system. Dri l l ing under these conditions is d i f f i c u l t  a t  best 
and the  poten t ia l  f o r  accidental  mixing, therefore,  a s igni f icant  hazard. 
Groundwater is used loca l ly  fo r  drinking (e.8. w e l l  water a t  Timberline 

ons idera t  ion erning development a t  high elevations are the  
o t e n t i a l  for landslides,  avalanches and mudflows due t o  rapid spring and 
m e r  melting-of snow. Thawing and water sa tura t ion  of underlying s o i l s  

and intensely fractured rock occur. 
lava flows and t ab le  zones of weathered and otherwise a l te red  sedimen- 
t a ry  rocks comp of volcanoclastics,  which, due t o  the  high precipita- 
t ion  and generally extreme relief, pose problems of slope s t a b i l i t y .  The 
load-bearing capacity of l oca l ly  th ick  beds of loose ash, pumice and cin- 
ders,  is low. 

There are stable zones of unaltered 

I 

. . 
- 

High Lava Plains,  a dry, l a rge ly  undissected, poorly drained plateau 
of low r e l i e f ,  is transected by the  northwest-striking Brothers Fault  Zone. 
Miocene t o  Holocene volcanics and continental  sediments predominate (Table 
11). Sedimentary deposits are mainly poorly indurated tuffaceous sand- 
stones, s i l t s t o n e s  and claystones of lacus t r ine  and f l u v i a t i l e  origin.  
With these are interbedded basa l t s  and andesi te  flows, including widespread 
sheets  of massive welded tuf fs .  
s i l ic ic  flows - occur throughout t he  province. 
which decrease in age from east t o  w e s t  are widely and I r regular ly  spaced 
along the  Brothers Fault  Zone. Pleistocene and Holocene deposits are domi- 
nantly unconsolidated sediments and basal ts ,  t he  former consis t ing of a l lu-  
vium, aeolian,  l acus t r ine  and playa deposits,  t e r r ace  gravels, landsl ide 
debris,  etc. ,  which are almost exclusively r e s t r i c t ed  t o  depressions (.e.g. 
Barney Basin) and stream val Quater- 
nary basal t6  are wid 

Thick assemblages of volcanics - basic o r  
S i l i c i c  volcanic domes, 

ys (e.g. Donner and Bli tzen River). 
m e  of them are v recent (e.q. Diamond 

densi ty  is very low with only two t o m s  of s ign i f icant  
t and Burns i o  the  east. A par t icu lar ly  sens i t i ve  area 

is the  Malheur Wildl i fe  Refuge, an area of extremely law r e l i e f  (i.e. 125 
miO2 with only 15 f t .  relief) and many miles of i r r i g a t i o n  canals. 

northern boundary of 
. of fau l t ing  apparent1 ermal 8s w e l l  8s t ec tonic  bowdary of 

t he  province. Though the h i s t o r i c a l  record is poor, the area is apparently 
One of low seismic a c t i v i t y  (%.e* a sfngle i n t ens i ty  111 ear thqwke that 
occurred near Rend in 1943). onlg one pos'sibly active f a u l t  is kaowa. 
Given t h e  geologic evidence and t h e  low population density,  t he  Brothers 
Fault Zone is believed t o  be an area of law seismic r i sk .  

e Brothers Fault  Zone, a segment of t he  Oregon-Nevada lineameat, i s  the 

' 
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The geologic se t t i ng  (i.e. recent volcanism, scattered hot springs and 
w e l l s ,  etc.) and extensive heat-flow studies  indicate  a posi t ive c o r r d a -  
t i on  between the  Brothers Fault Zone and poten t ia l  geothermal resources. 

ugh l i t t l e  detailed information i s  available,  geothermal resources are 
l ike ly  associated with residual  magmatic heat underlying recently formed 
rhyo l i t i c  and rhyodacitic volcanic vent complexes (e.g. Glass Buttes) and 
mafic vent complexes and basalt flows (e.g. Newberry Crater, Diamond Cra- 
ters). "Blind" anomalies, t ha t  is, those without obvious surface expres- 
s ion  may be awaiting discovery. 

Environmental r i s k  due t o  subsidence i s  generally low. 
are ant ic ipated from deep production (>2,000 f t . )  from 
seated geothermal aquifers  of thick,  competent volcanic assemblages (e.& 
Steens Basalt). These are typica l ly  overlain by impermeable "caprock" of 
tuffaceous sediments and tuf fs .  However, production of shallow, in te r -  
mediate temperature geothermal waters from aquifers  within semiconsolidated 
and unconsolidated sediments i n  depressions such as the  Harney Basin may 
have a moderate, perhaps loca l ly  high probabi l i ty  of induced subsidence. 

A primary concern is t h e  effect of geothermal production on flow and qua- 
l i t y  of mixed waters (geothermal and groundwater) a t  shallow depth i n  the 
Harney Basin. 
permeable conduits t h a t  connect deep and shallow water-bearing uni t s .  
However, l oca l ly  a ce r t a in  f r a c t i o n  of ascending geothermal f l u i d s  escapes 
from fault-plane conduits and percolates  l a t e r a l l y  i n t o  w a l l  rocks a t  rela- 
t i ve ly  shallow depths. 
through permeable facies of bedrock and val ley f i l l  in Warm Spring Valley 
where it ult imately mingles with cold groundwater o r  s l i g h t l y  thermal water 
from t h e  north and w e s t .  S l igh t ly  thermal waters, apparently due t o  such 
admixing, are tapped by municipal and i r r i g a t i o n  w e l l s  near Burns. 
thermal waters and, indeed, hot springs, are used f o r  i r r i g a t i o n  elsewhere 
in t h e  Basin (e.g, Warm Spring Valley). A par t icu lar ly  sensitive resource 
i s  Sodhouse Spring which supplies s l i gh t ly  thermal water t o  Malheur Lake, 
in f a c t ,  8-12% of the  t o t a l  inflow t o  the  lake. 
poss ib i l i t y  should not  be ignored that geothermal production may improve 
the  potab i l i ty  of mixed, s l i g h t l y  thermal waters by removbg the  more highly 
mineralized geothermal f lu ids .  

Basin and Range: 

The Basin and 'Range province is a t ec ton ica l ly ' ac t ive  area with generally 
north-trending horsts ,  t i l t e d  f a u l t  blocks, and grabens typical ly  foming 
basins with i n t e r i o r  drainage. 
vince in Oregon cons is t s  of thickhssemblages of Cenozoic volcanics and 
sedimentary deposits of v o l c d c  provenance (Table 111) , 
re lat ionships ,  scat tered in t rus ives  and erupt ive volcanic centers  are 
characteristic. 
tu f f s ,  breccias, pyroclastics,  mars and tu f f  r ings.  
incompetent lacus t r ine  or f l u v i a t i l e  deposits,  typ ica l ly  tuffaceous and 

As a ru le ,  Over much of the  cen t r a l  p l a i n  there  are few 

For example, geothermal water migrates northward 

Sl ight ly  

On t h e  other  hand, t he  

In gross aspect,  t h e  Basin and Range pro- 

l a  facies 

Extrusives ranging from mafic t o  silicic occur as flows, 
Sediments are mainly 
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in te r f  ingered with flows. 
goni t ic  t u f f s  are widespread i n  some uni t s  
Fm.). 
pluvial ,  and a l l u v i a l  sediments were deposited i n  topographic lows. 
general, thicknesses are unknown, but at  least 1,300 f t .  have been reported 
near Summer Lake and 1,000 f t .  near Lakevi 

There are only two sizeable population-commercial-tr at ion centers 
within the Basin and Range province of southern Oregon, Klamath Fa l l s  and 
Lakeview. Both are located near Known Geothermal Resource Areas. Irri- 
gation and watering of l ivestock are loca l  a c t i v i t i e s  ered through- 
out t he  B a s h  and Range. 

Although the h i s to r i ca l  record is poor, recurrence of an average magnitude 
5.2 ( intensi ty  V-VI) earthquake per 20 years has-been calculated fo r  the 
Basin and Range of Oregon. I n  f a c t ,  recent seismic ac t iv i ty  seems t o  be 
concentrated south of the,Eugene-Denio f a u l t  zone, one of two major north- 
west-striking lineaments recognized i n  southern Oregon. An example is the 
Warner Valley earthquake swarm of 1968 with maximum magnitude 5.1. It has 
been suggested tha t  a greater regional s t r a i n  rate obtains south of the 
Eugene-Denio l i n e  than t o  the north. It should a l so  be noted tha t  southern 
Oregon is adjacent t o  areas outside the  state that have experienced more 
frequent and intense earthquakes. A history of considerable tectonic acti- 
v i t y  is corroborated by many f a u l t s  of Pleistocene and Holocene age. Given 
t h e  above, the  Basin and Range province of southern Oregon is judged t o  be 
an area of moderate seismic r isk.  

Diatomaceous sed 

During much of the  Pleistocene and €? 

, welded tu f f s ,  and Pala- 
"Yonna" Fm4, Fort Rock 
e unconsolidated f luv ia l ,  

In 

iw Though heat flow within the  Basin and Range s ignif icant ly  exceeds the  world 
average, re la t ive ly  l i t t l e  is known about spec i f ic  geothermal prospects. 
An exception 1s the  Klamath Fa l l s  KGRA. 
l i tho logic  se t t ings  a geothermal model developed €or the  Klamath Fa l l s  area 
may be applicable t o  other grabens within the  province. 
Klamath Fa l l s  area includes deep c i rcu la t ion  of meteoric waters, perhaps 
t o  a depth of 15,000 f t .  with convective transportation of heat in a cycli-  
cal system. Widespread volcanic sequences are potent ia l ly  major geothermal 
aquifers (e.g. Steens Basalt). Essentially inpetmeable, volcanically de- 
rived sediments that occupy t h e  val ley bottoms are i n  e f f ec t  a caprock that 
cts as a thermal insulator  as well a8 a hydraulic seal. Geothermal waters 
ise along major fault-plane conduits and s p r  
i s t r i bu t ion  channels (e.g. f ractured basa l t  lu ediments and associated pyroclast 

Due t o  similar s t ruc tu ra l  and 

The model for the 

LI 

iJ  

e in concept, a c t u a l o p  
i n  de ta i l .  Geophysical surveys in  the  Klamath F a l l s  area out l ine a sub- 
surface model that i s  unexpected beneath the  featureless  f loor  of the  gra- 
ben valley. A quil t - l ike pat tern of t u t e d  blocks arranged at various 
depths and bounded by intersecting faults is further cmpl ica ted  by buried 
basa l t  flows in the  val ley f i l l .  
has obviously important ramifications for the  d is t r ibu t ion  of geothermal 

Given the  above model, subsidence r i s k  is d i rec t ly  re la ted t o  depth of pro- 
duction. 

L .  

The high degree of compartmentalization 

b i d s ,  t h e i r  chemistry, and recharge of the  thermal reservoir... i;" 
1 That is, re la t ive ly  deep w e l l s  producing from such uni ts  as the 



"lower lava rocks" o r  pre-"lower lava rocks" of the  Klamath Fa l l s  area 
are unlikely t o  induce subsidence because production would be from o r  above 
competent basement rock, within competent volcanic rock sequences, and pr i -  
marily from f rac ture  porosity. Though the  overburden would be predominant- 
l y  c l a s t i c  sediments, i t  is assumed tha t  an aggregate of at least 100 m. 
of competent rock would be present. Furthermore, it is generally t r u e  t h a t  
the water t ab le  would be shallow, overburden content more than 10% but less 
than 25% by volume of mudstone, claystone o r  weak shales,  and lateral com- 
pression would be s igni f icant ly  less than the weight of overlying rocks. 

In contrast ,  subsidence poten t ia l  is at  least moderate where production 
would be from shallow permeable u n i t s  within unconsolidated t o  semi-consoli- 
dated sediments. I n  some areas, f o r  example, t he  Lakeview area where shal- 
low gravels and d e l t a i c  deposits may contain geothermal reservoirs  of econ- 
omic value, subsidence could be loca l ly  large. 
consis t  of Pliocene o r  younger unconsolidated sediments yielding geothermal 
water from matrix porosity. The sediments overlying the  reservoir may con- 
t a i n  r e l a t ive ly  l i t t l e  competent rock. Xowever, geothermal prospects in 
t he  Basin and Range province of Oregon tend t o  be elongate along f a u l t s  
bordering grabens where val ley f i l l  is re l a t ive ly  th in ,  thereby reducing 
subsidence potential .  

It is possible that intensive exploi ta t ion of geothermal waters on a la rge  
scale could draw down shallow producing hot w e l l s  (e.g. f o r  heating, water- 
ing l ivestock, etc.) in t he  Klamath F a l l s  area. In f a c t ,  over t h e  last  50 
years formerly flowing hot springs below the hot-well area of Klamath Fa l l s  

i n  past  years. 
hot wells i s  the cause. 
Fa l l s  area because of its long h is tory  of geothermal exploitation. 
vironmental impact of addi t ional  production could, therefore,  be serious. 

i 
I 
t 
1 
t 
t 
I 

I 
Alvord Valley: I 

The production zone would 

f 
have disappeared. Hydraulic heads of ex is t ing  hot  w e l l s  have a l so  declined L 

It has been suggested that heavy use of water from shallow 
The problem is pa r t i cu la r ly  evident in t he  Klamath 

En- 

The Alvord Valley, a graben bounded on t he  w e s t  by t h e  Steens Mountain 
f a u l t ,  lies in the eastennost Basin and Range region of Oregon. The Pueblo 
Mountains and Steens Mountain are immediately adjacent t o  t h e  w e s t .  Steens 
Mountain, a massive f a u l t  block t i l t e d  t o  t h e  west, forms a bold escarpment 
overlooking the  valley. The basement complex of Paleozoic metamorphics and 
Late Jurass ic  plutonic rocks, is overlain by th ick  assemblages of flows and 
volcanic-derived sediments ranging in age from Oligocene (?) t o  t he  present 
(Table IV). The s t ra t igraphic  section, w e l l  exposed along the  face  of Steens 
Mountain, is noted f o r  t he  grea t  thickness (7,500+ f t . )  of basa l t i c  and ande- 
s i t i c  flows and flow breccias which comprise t h e  Steens Basalt and Steens 
Mountain Volcanic Ser ies  of Miocene age. 
tufiaceous, sedimentary rocks interbedded with flows and t u f f s  of Miocene 
and Pliocene age. 
Early Pliocene. 
consolidated sedkaents (Le. l acus t r ine ,  f luviat i le ,  aeolian,  l ands l ide  debris,. 

- 
i 
i 

t 

L 

L Abwe are generally fine-grained, 

Prominent basa l t  flows date from the  Late Miocene and 
The val ley is f i l l e d  with various unconsolidated o r  poorly 



playa deposits, etc.) ging i n  age from P1 e t o  Holocene. With the  
exception of a s ingle  
Fields ,  depth t o  bedrock is generally unknown. 

Dominant s t ruc tu ra l  features  are the major north-trending boundary f a u l t s  
and subsidiary f a u l t s  on either s ide  of the valley ( t o t a l  ve r t i ca l  dis- 
placement: 5,000 f t .  min.; 10,000 f t .  max.) Transverse f a u l t s  s t r ik ing  
t o  the  northwest, the alignment of hot springs and or ientat ion of mafic 
dikes and dike swarms suggest tha t  the Brothers Fault Zone extends beneath 
the  val ley as par t  of the Oregon-Nevada lineament. Given the pa t te rn  of 
fau l t ing  and unconformities exposed adjacent t o  the  valley,  the  s t ruc ture  
beneath the  valley f loor  is presumed t o  be complex. 

There are only three s m a l l  settlements in t h i s  largely unpopulated area. 
Land use is devoted mainly t o  stock grazing, recreation and restricted 
areas under i r r iga t ion .  
south of Alvord Lake. .In w e t  years Alvord Lake expands northward over a 
surface of extremely low re l i e f  t o  flood the  Alvord Desert playa. 

1 that encountered k a t  600 ft.  east  of 

During the turn of the century borax was produced 

Though the h i s to r i ca l  record is very poor, Alvord Valley is not known t o  
be near areas of high magnitude and/or frequent earthquakes. 
earthquakes felt loca l ly  i n  1928 were associated with exceptional a c t i v i t y  
in hot springs. 
tectonic  ac t iv i ty .  For example, f r e sh  displacements were reported i n  1884 
and there  are raised graded valley f loors  with entrenched streams, scarp- 
lets on newly formed a l l u v i a l  fans, faceted a l luv ia l  fans and youthful 
gullies entrenched in pediments. Therefore, earthquake r i s k  i s  rated mod- 
erate, although overa l l  environmental impact must be rated low. 

However, 

There is a lso  considerable indirect evidence of recent 

ough very l i t t l e  is known about the  subsurface geology of the Alvord 
l l ey ,  it is considered a resource with electricity-generating potential .  
model has been proposed wherein meteoric water from adjacent mountains 

c i rcu la tes  in to-an  area of high geothermal gradient. The Steens Basalt 
and Steens Mountains Volcanic Ser ies  are l i k e l y  functional geothermal aqui- 
fers. Both are l a r g d y  b r i t t l e ,  extensively jointed and faul ted flows. 
They a l s o  contain scoriaceous and fragmental zones, some interbeds of basal- 
t i c  sandstone and s i l t s tone ,  and a t  least one major unconformity. Overly- 
ing tuffaceous sediments are la rge ly  aquicludes and aquitards with good 
thermal iasu la t ing  

is probably low. 
t u r e  perosity within th ick  assemblages of competent volcanics o r  basement 
rock. Overburdenwould l l k e l y  contain 100 m. o r  more of competent rock 
(e.g. basal ts ,  welded tu f f s )  and sediments would n t a in  a small t o  moder- 

weak shales and the  
l ike.  Shallow production from permeable units within unconsolidated P l io-  
cene t o  Holocene sediments would cer ta in ly  e n t a i l  greater r i sk ,  perhaps 
loca l ly  high. However, shallow production is current ly  not contemplated 
f o r  the Alvord Valley. In any case, the  environmental h p a c t  of subsidence 
would be low. An exception may be in t he  cen t r a l  val ley vhere the  gradient 
i s  very low and drainage pat terhs  could be loca l ly  a l t e r ed  by subsidence. 

ed wtth deep production 
Geothermal fluids'would be extracted primarily from frac- 

* ate amount ( ~ 2 5 %  by volume) of  nnfdstone, c lays t  
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Concern has been expressed regarding the e f f ec t  of production on hot springs,  
which support a ra ther  unique fauna and f iora .  
serve fur ther  a t tent ion,  disruption due t o  deep production is unlikely. 

Along the  lower reaches of t he  eastern scarp of Steens Mountain, land- 
s l i des  are a po ten t i a l  geologic hazard. 
ident i f ied  by a hummocky topography caused by reverse ro ta t ion  landslides.  
Sliding is associated with incompetent tuffaceous beds. 

Though t h i s  matter u y  d r -  

Areas of par t icu lar  concern are 

i -  
Vale: - 
The Vale-Ontario area is on t h e  western f lank of a l a rge  s t ruc tu ra l  trough, 
t h e  Snake River downwarp, which extends across Idaho i n t o  eastern Oregon. 
Recent s tudies  along t h e  western margin have revealed a complex zone of 
nearly v e r t i c a l  northwest-striking f a u l t s  downthrown t o  the  northeast. 
The extrusion of lavas and deposit ion of f luvial- lacustr ine sediments con- 
temporaneously with downwarping and faul t ing,  resul ted i n  thick accumula- 
t ions  of Tert iary rock (Table V). Where exposed, t he  Sucker Creek Forma- 
t i o n  of upper Miocene age consis ts  of unindurated, clayey l ake  bed deposit  
with high volcanic tuf f  content. 
be poten t ia l  geothermal reservoirs.  
thick uni t  of great  lateral extent,  believed t o  be the  bes t  po ten t ia l  geo- 
thermal reservoir.  The Deer Butte Formation which over l ies  t he  Owyhee Ba- 
salt  is a competent un i t  of f i n e  grained, tuffaceous beds grading upward 
i n t o  w e l l  cemented arkoses and conglomerates. 

The Pliocene is represented by the  Idaho Group which i n  the  Vale area con- 
sists of the Kern Basin Formation, Grassy Mountain B a s a l t  and Chalk Butte 
Formation. The Kern Basin Formation cons is t s  of minor basa l t  flows and 
sills associated with loosely consolidated beds of fluvio-lacustrine or i -  
gin that weather i n t o  "hoodoo" forms i n  outcrop. The Grassy Mountain Ba- 
salt  is a possible  geothermal reservoir.  
Formation, a very poorly consolidated f luvial- lacustr ine u n i t  of l o w  poro- 
s i t y  and permeability with interbeds of t h i n  basa l t  flows. 
Formation crops out  throughout much of t he  area where it has a "healing" 
e f f ec t  on f au l t s .  
surface sediments i n  that there  is no evidence of s lope in s t ab i l i t y .  

Holocene alluvial deposits are confined mainly t o  t h e  flood p la ins  of the 
Malheur and Snake rivers. Adjacent-to these are eroded remnants of Pleis to-  
cene terrace gravels up t o  30 f e e t  thick. 

S i l i c i c  rocks within the  formation may 
Superjacent is the  Owyhee Basalt, a 

It is overlain by the  Chalk Butte 

The Chalk Butte 

S i l t  content apparently exceeds clay content in near 

b 

V a l e  and Ontario, the  two main population centers  i n  the  area, are c lose  
by known o r  suspected geothermal areas. 
i r r iga t ed  agr icu l ture  and food processing. 
near KGRA' s 

There is no record of major earthquakes in the  Vale-Ontario area. 

e 
The economy is  based la rge ly  on 

Some i r r i g a t i o n  canals run t 
Unt i l  

recent ly  no f a u l t s  o r  fault-related s t ruc tures  were even known. However, 
a zone of r igh t - la te ra l  tear-fault ing,  t h e  V a l e  zone, is now recognized. 

L 
e 
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I n  f ac t ,  numerous steeply dipping f a u l t s  with displacements of only a f e w  
hundred feet or so may i n  aggregate t o t a l  several  thousand feet of displace- 
ment. In addition, concealed f a u l t s  apparently e x i s t  beneath the Idaho 

roup sediments and vo nics. None of the f a u l t s  i n  t h e  Vale-Ontario area 
Given the above his tory of r e l a t i v e  quiescence and 

ctive f au l t s ,  the  Western Snake River P la in  i n  Oregon is be- 
l ieved t o  have low earthquake potent ia l .  

There is a c lose  association between the  locat ion of the Cow Hollow geo- 
thermal anomaly and pa t te rn  of fau l t ing  near Vale. 
about 6 m i l e s  apar t ,  the  Willow Creek f a u l t  and Bully Creek f a u l t ,  de l i -  
neate a northwest-trending graben j u s t  south and west of Vale. 
Hollow anomaly lies along t h e  Willow Creek f au l t .  
graben is a t h i r d  f a u l t ,  t he  Malheur River f au l t .  
and Malheur River f a u l t  in te rsec t  i n  Vale at  the  si te of Vale Hot Springs. 

A-geothermal model proposed f o r  the Cow Hollow anomaly may apply t o  o thers  
i n  the area, t h a t  is, f au l t i ng  has ver t i ca l ly  moved reservoirs  against  b- 
permeable strata t o  form traps f o r  geothermal f lu ids .  
f a u l t  planes is manifested by hot springs. 
t he  Grassy Mountain Basalt (ca. 2,500 f t . )  and the  Owyhee Basalt (ca. 
6,600 f t . )  

Subsidence associated with deep production (Le. Owyhee Basalt) is unlikely. 
Expected production zones would be above basement rock but within competent 
volcanics, from f rac ture  porosity, and a t  depths greater  than 1.5 km. Over- 
burden would contain about 100 m. of competent rock (e.g. Grassy Mountain 
Basalt) and probably more than lo%, but less than 25% of mudstone, clay- 
stone or weak shales. 
compression would be less a force  than overburden pressure. 
sidence poten t ia l  may be  associated with shallow production (e.& Grassy 
Mountain Basalt) primarily because of the general incompetency of the over- 

Two p a r a l l e l  f a u l t s  

The Cow 
Perpendicular to the  
The Willow Creek f a u l t  

Upward leakage along 
Reservoir rocks are probably 

The basa l t s  are recharged near the  margins of the  Snake River 
where they crop out and are i n t e r s e k e d  by high angle f au l t s .  

S t a t i c  water l e v e l  is shallow (e200 m.) and lateral 
A moderate sub- 

t h i n  the  Snake and Malheur 
except where sub- 

LaGrande lies within the Grande Roade Valley, a graben within an area of 
block fault@. 
compound s t r u c t u r a l  depression within the  Blue Hountain sec t ion  of the  
Columbia Plateaus physiographic province. 
of v i r t u a l l y  impermeable rnetasediments and volcanics with d i o r i t i c  and 

The va l ley  i s  a u n i t  of t he  Grande Ronde Biver Basin, a 

The basement complex is composed 
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granodioritic intrusions of pre-Tertiary age (Table VI). 
tant and widespread l i thologic  uni t  is the Columbia River Basalt which con- 
sists of a t  least 3,000 f t .  of basal t  (Miocene) and overlying andesi t ic  
flows (Pliocene?). 
yield large quant i t ies  of water, though comunication between these water- 
bearing zones is discontinuous and erratic. Extensive jo in t s  and f i ssures  
allow ve r t i ca l  movement of groundwater through flows tha t  ac t - a s  confining 
layers. 
with lacustr ine deposits of Plio-Pleistocene age. 
the valley the i r  thickness exceeds 2,000 f t .  
creasingly impermeable with depth so that  l i t t l e  groundwater is extracted 
below 300 f t .  Holocene deposits include alluvium, colluvium, welded tuff  
and a l i g h t  gray volcanic ash up t o  10 f t .  thick. The topography within 
the valley in te r ior  i s  very subdued with gradients as gentle as one foot  
per m i l e .  The water t ab le  i s  near or  s l i gh t ly  above the major drainage. 

The most impor- 

Interflow zones of fluvio-lacustrine sediments may 

Overlying the Columbia River Basalt are fanglomerates inrerfingered 
I n  some places within 

The lake deposits are in- 

Land use is  devoted almost exclusively t o  agriculture,  lumber and recrea- 
t ion  related industries.  

The GrandeRonde graben is pa r t  of a northwest s t r ik ing  f a u l t  system. 
f a u l t s  display re la t ive ly  young, uneroded scarps that apparently cu t  and 
displace basal ts  beneath the  val ley f i l l .  Latest deformation, folding 
followed by fault ing,  is middle t o  la te  Pleistocene. 
area is re la t ive ly  aseismic and no post-Pleistocene deformation has been 
reported, seismic r i s k  is believed t o  be low. 

Although there are posi t ive indicators of geothermal potent ia l ,  very l i t t l e  
about the resource has been published. 
concentrated near Hot Lake Spring (180'F). 
boundary f a u l t  zone and Columbia River Basalt a t  depth, suggest a geother- 
malmodel. That is, heat may be transferred t o  meteoric waters within the 
Columbia River Basalt and circulated v i a  various channels back t o  the sur- 
face. 

Because l i t t l e  is known about the resource, the  poten t ia l  f o r  subsidence 
may range anywhere from low t o  moderate. Expected production zones would 
probably be above basement rock, from competent volcanics a t  depths per- 
haps less, perhaps greater,  than 1.5 km. Production would be primarily 
from f rac ture  porosity and/or matrix porosity within interflow units.  
Overburden would be clastic sediments with a small amount (ea. 10% by vol- 
uhe) t o  moderate amount (>lo%, 525% by volume) of mudstone, claystone o r  
weak shales. There may be some interbedded welded tu f f s .  Geostatic pres- 
sure would be mre signif icant  than lateral compression. 
duction would l i ke ly  be along the  s i d e  of the val ley where the overburden 
is re la t ive ly  th in  and there is no major land development. 

The 

Because the LaGrande 

Any development would l i k e l y  be 
The association of a hot spring, 

However, pro- 



TABLE I ' 

Western Cascades : General I zed Geologl c Cot umnl 

I I 

h d l f t e d  from Peck, et-. 1964. 
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TABLE I1 

High lava Plains: Generalized Geologic Column1 

QUATERNARY 

PLIOCENE- 
PLEISTOCENE 

~ ~~ 

PLIOCENE 

MXOCENE & 
PLS OCENE 

MIOCENE 

Unconsolidated sediments and basalts: Alluvium, aeolian, lacustrine, playa, 
terrace gravels landslide debris etc. almost exclusively restr icted to  
depressions (e.%. Harney Basin, Fort Rock Valley) and stream valleys (e.%. 
Donner und Blrtzen River , S i  1 ver Creek). Qua ternary basal t s  widespread: 
some very recent (e.9. Diamond Craters, Lava Mountain); also mafic vent 
complexes and pyroa as t i cs . 
Widespread basalt flm (includes early shield-forming basalt flows o f  
Newberry Volcano) and sedimentary rocks. 

Tuffaceous sedimentary rocks , tuffs and interbedded basal t s  and andesite 
flows : Sediments well t o  semi-consolidated lacustrine ss. and s i1  ts ts  . ; 
massive sheets o f  welded t u f f  (e.9. Welded t u f f  o f  Double 0 Ranch). 
Complex interbedding and interfrngering of sediments and volcanics. 

.Tuffaceous sedimentary rocks , mostly fine-grained o f  lacustrine and f lu-  
v i a t i l e  origin. 

~ 

Widespread, thick assemblages o f  basal t S ,  basal t i c  andesites and andesites a 
X?,OOO' max. (e.9. Steens Basalt i n  SE; part o f  Columbia River Grp. i n  NW) 
with interbeds-of tuffaceous sedimentary rocks. Underlain by up t o  2,000' 
o f  s i l i c i c  extrusfves i n  SE; tuffaceous sediments i n  NW. 

E IModified from Greene, Walker and Corcoran, 1972; Walker, Peterson and Greene, 1967. 
Q\ 
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Bash and Range:. General ized Geologic Column1 

WESTERN 

* 

EASTERN 

P L E I S m -  
HOLOCENE 

-- 

PLIOCENE- 
HOLOCENE 

Fluvial, terrace & lacustrine de- 
posits; landslide debris; basal- 

{ t i c  tuffs & assoc, mars; pumice; 
all  wium. 
Basalt flm. I 

. L -  

Lacus t r ine  , f l u v i a t i l e  
& aeolian seds.; land- 
s l ide debris; basalt & 
andesite flows; a l lu-  
vium & playa deposits. PLEISTOCENE? 

0-500' LATE PLEIS- 
TOCENE or 
EARLY PLEISI 
TOCENE * 

Andesitic flows. - 

basalt tuffs, breccias ti f laws; 
mars, t u f f  rings & welded tu f f s  
(inchdes "Yonna" Fm. 8 Fort 
Rack Fm.) 

PLIOCENE PLIOCENE Tuffaceous sed$.., tuffs, 
basal t i c  & andesitic 
flm. 

Basalt flows. PLIOCENE 20- 
600' 

focal ly 
13 gOOO'+  

. . 

EARLY P t  IO- 

MIDDLE MIO- 
CENE? * 

CENE 
EARLY PLIO- 
CENE & LATE 
MIOCENE 

Basalt flaws. Rhyolit ic & dac i t ic  tuff, t u f fa - .  
ceous seds. subordinate basalt 
& andesite flows & palagonltic 
tuffs. 

MIOCENE 

Rhyolit ic & 'dad t i c  tuffs , 
tuffaceous.&;ds. , s i l i c i c  
flaws. 

, , , ~ 1  ., , Basa l t  lh andesite flaws & 
f 1 ow brecci as (includes 
Steens Basalt,  Steens 
Mountain Volcanic Series, 
etc. ) . Several thousand 
feet  thick. 
.Mainly l i t h i f i e d  & altered 
s i  l i c i  c , tuffaceous sed. 
rocks (Pike Creek Fm.), 

OLIGOCENE- 
EARLY MIO- 
CENE 

Andesite & basalt f laws , pyro- 
clast ics & seds. o f  volcanic 
provenance. 
Dacite flows. 

several sources , including Walker , ( 

OLIGOCENE or 

Komplled trol 
PRE-OLIGOCENE 

.d Repenning, 1965; Peterson L McIntyre, 1970. )63 ; Wal ker 
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PLIOCENE 

* 

LA7'E MIOCENE 

CENE 
& EARLY PLIO- 

TABLE I V  

Tuffaceous sedimentary rocks , including semiconsol idated 
lacustrine tuffaceous ss. and s i1  tst.; t u f f s  and inter-  
bedded basaltic and andesitic flows (includes Alvord 
Creek Fm.). 

Basalt flows. 

Alvord Valley: Generalized Geologic Column1 

OLIGOCENE ? 

PRE-TERTIARY 

PLIOCENE- 
HOLOCENE 

Pike Creek Fm.. L i t h i f i ed  and altered ' s i l i c i c ,  tuffa-a 
ceous sedimentary rocks , including tu f fs  and extrusive/ 
intrusive rhyolite. 

Basement complex . Metamorphic rocks (Paleozoic) and 
plutonic rocks (Late Jurassic). 

Lacustrine , f luv ia t i l e  and aeolian sediments; landslide 
debris; playa deposits; alluvium. 

I #  MIOCENE 

Tuffaceous sedimentary rocks; s i l i c i c  t u f f s  , including . 
some part ly t o  density welded tuffs; rhyol i te and dacite I f 1 ows . 

I c 
Basalt and andesite flows and flow breccias (includes 
Steens B a s a l t  and Steens Mountain Volcanic Series.) I 

I I 

I I 

1Modi f f  ed from Walker and Repenning , 1965. 

I 

"01 der-a1 lu-  
v i  um" 

800 ' + 



TABLE V 

RECENT 

PLEISTOCENE 

MIOCENE 

Val e : General i zed Geologic Cot umn' 

Mafnly sand and s i l t  i n  flood plains of Snake 
and Mal  heur Rivers . 
Eroded and terraced unconsol idated gravel , 
sand, s i l t  and clay. On bench'es above present . 
fladd plains o f  Snake and Malheur Rivers. 

50 '+ 

t t e  Fm.. era l ly  incompetent u n i t  o f  
re lat ively unconsol idated tuffaceous conglom- 
erate, sandstone and s i1  tstone o f  lacustrine 
and f l u v i a t i l e  origin; lesser amounts o f  ash 
and fresh-nater lfmestone; occasional inter-  
beds of basalt. 

Grassy Mountain Basalt. Thin ffaws of o l iv ine 500- I r 'pM)o '  
I 
I 

Basin Fm.. Tuffaceous ss. and s i l t s t .  w i t h  
bedded tuffs, ash deposits and massive t u f f  brec- 

beds common i n  basal part  of sec- 

Deer Butte Fm. . Fine-grairkd tuffaceous sedi- 
dtng upward in to  massive s i l i c i f i e d  
qd rhyol i te-grani t e  conglomerates. 

750 ' 

1,250' 
. .  

w e e  Basal t . Massive , scoriaceous basalt f laws 
with tu f fs  and ash deposits. 

Sucker Creek Fm.. Bedded, massive tuffs and 
tuffaceous shs. with minor s i l t s t .  and ss.. In- 
cludes massive flows and intrusions o f  rhyolite; 
also basalt i n  lower part. 

. 1Modified from Corcoran, et, fi., 1962. 
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RECENT 

PLIOCENE E 
PLEISTOCENE 

* 

' PLIOCENE ? 
E MIOCENE 

MIOCENE 

PRE-TERTIARY 

Alluvium, colluvium, welded tuff; also l i g h t  
gray volcanic ash up t o  10' thick. 

deposits of fine sand, s i l t  and clay inter-  

boulders and clay. 

Columbia River Basalt. Sequence of basalt 
lava flows constituting the thickest and 
most widespread part  of un i t  overlain by 
platy andesite flows. 

Tuff-breccia , welded and s i l i c i f i e d  tuff ,  
andesite and dacite flows. 

Basement complex o f  metasediments and vol- 
canics with d io r i te  and granodiorite Intru- 
sions . 

Fanglomerate and lacustrine deposits. Lake 0) 2,000 ' 
finger with a l luv ia l  fans o f  unconsolidated 

>/ 3,000' 

K 
0 

f" r e-" r -- 



.- 
A21 p 

SUECTED BIBLIOGRAP 

With the overview nature of this study i n  mind the following biblio- 
graphy is selective. In  fact, numerous local studies o f  limited 
scope were also consulted. There is a substantial body o f  unpub- 
lished lfterature;  i n  particular, masters and doctoral theses and 
open-file reports of the Oregon Department o f  Mineral Industries 
and the U.S. Geological Survey. 

1 
!j 
li 

1 
I 

OREGON : GENERAL GEOtOGY /GEOTHERMAL 

Baldwln; E.M., 1964. Geology o f  Oregon: Eugene, University o f  Ore- 
gon Coop Book Store. 165p.. 

Beaulieu, L O . ,  1971. Geologic formations o f  western Oregon (west 
of longitude 1210 30'): Oregon k p t .  Geol . Mineral Indus. , B u l l  . 
70, 72p.. 

Beaulieu, 3.0. , 1972. Geologic formations o f  eastern Oregon (east 
o f  longitude 1210 30'): Oregon Dept. Geol. Mineral Indus., B u l l .  
73, 80p.. 

Oregon: Oregon Dept. Geol. and Mineral Indus. Misc. Paper 14. 

L 

i 
b Bowen, R.G. and Peterson, N.V., 1970. Thermal springs and wells i n  

Bowen, R.G., Biackwell , D.D. , and H u l l  , D., 1975. Geothermal studies 
and exploration in-Oregon: Oregon Dept. Geol. and Mineral Indus. 
Open-File Report No. -7, 65p 

Bowen, R.G., &. a., 1977. Geothermal exploration studies i n  

Couch, R.U. and Lowell , R 
Oregon-1976 : Oregon Dept. 

release i n  Oregon: Ore Bin, . V o l e  33, No. 4, 

ineral Indus. Misc. Paper 19. 

71. Earthquakes and selsmk energy 

L 

L 
L 

L '  

Hull , D.A. et. a1 .# 1977, Preliminary heat-flow map and evalua- 
, t ion o f  OregonF geothermal energy potential : Ore Bin, Vol 39* 

at composition and esti- 
reservofr temperatures of selected hot  

S. b o 1  , Survey Open-file Report, 27p. , 

1979. Assessment o f  geothermal resources of 
8: U.S. Geol. Survey Circ. 790, 163p.. 



A22 

Riccio, 3.  F., 1978. 

Wells, F. G . ,  and Peck, D. L., 1961. Geologic map of Oregon west of the 

Walker, G.W.. corn 1 1973. Preliminary geologic and tectonic maps 

Preliminary geothermal resources map o f  Oregon: 
Ore Dept. Geol. and Min. Indust., Geologic Series GMS 11. 

121st meridian: U.S. Geol. Survey, Misc. Geol. Inv. Map, No. 1-325. 

of Oregon east -+7  o the 121st meridian: U.S. Geol. Survey, Misc. 
Fie ld  Stud.  Map,"fio. MF-495. 

WESTERN CASCADES 

Beaulieu, J.D., 1971. Structure of the Oregon Cascades: Ore 
B i n ,  Vol. 33, No. 8, p. 160-163. 

Griggs, A.B., 1969. Geology of the Cascade Range, i n  Mineral and 
Water Resources of Oregon: Oregon Dept. Geol. and mneral Indus. 
B u l l .  64, p. 53-59. 

Hamond , P.E., e& at., 1975. Geology o f  the Austin-Ba by-Brei ten- 
bush hot springs area , northern Cascade Range , Oregon 9 abstr. ) : 
U.N. Symp. Dev. Use Geothenn. Resour. , .2nd, Abstr. , unpaginated. 

Peck, D.L., et.  a., 1964. Geology of the central and northern 
parts of tE Western Cascade Range i n  Oregon : U.S. Geol . Survey 
Prof. Paper 449. , 56p. 

terrains i n  the western Cascade Range, Oregon; Geol. SOC. Amer. 
Reviews i n  Engineering Geology, Vol. 111, p. 113-124. 

U.S. Department of Agriculture. Forest Service. Pacific North- 
west Section, 1977. Draft environmental statement: Geothermal 
development-Breitenbush area. 139p. plus Appendices . 

Wheeler, H.E. , and Mallory , V.S., 1969. Oregon Cascades i n  re- 
la t ion  t o  Cenozoic stratigraphy, i n  Columbia River Basalt Sym- 
posium, Znd, Proc. , Cheney, Wash.,p. 97-124. 

Swanson, F.3. and Swanston, D.N., 1977. Complex mass-movement 

HIGH CASCADES 

Allen, J.E. , 1966. The Cascade Range volcano-tectonic depression 
of Oregon, i n  Transactions of the Lunar Geological Field Con- 
ference, Bend, Oregon, August 1965: Oregon Dept. Geol. and Min- 
eral Indus. , p. 21-22. 

Bowen, R.G., 1979. 
Oregon ' Acad. Sci . Thermal waters of the Mount Hood area (abstr.): 

Proc., Ann. MtgOr Feb. 24, 1979. In press. 



. .  . .  

Couch, R. , Gemperle , M. , and Pitts , S., 1979 
Mount Hood and western Cascades structure ( 
Sci . Proc. , Ann Mtg. , Feb. 24, 1979. In press. 

Dole, H.M. , ed., 1968: Andesite conference guidebook: Oregon Dept. 
Geol . and mneral Indus. B u l l  . 62 , 107p.. 

Griggs, A.B., 1969. Geology of the Cascade Range 
' Water Resources of Oregon: Oregon Dept. Geol. an 

Gravity study of 
tr.): Oregon Acad. c 

1 

L 

l]i 

e; 

B u l l .  64, p. 53-59. E '  
hi 

Pitts,  S., et. 1979. Aeromagnetic and gravity measurements o f  
es: a structural interpretation (abstr.) : Oregon the centr'iir 

Acad. Sci. Proc., Ann. Mtg., Feb. 24, 1979. In press. 

Taylor, 'E.M. , 1979. Pleistocene volcanic history of central High 
Cascades, Oregon (abstr.): Oregon Acad. Sci. Proc., Ann. Mtg., 
Feb. 24, 1979. In press. 

and a reconnaissance geologic map of the central portion o f  the 
High Cascade Mountains: Oregon Dept. Geol. and Mineral Indus. Map 

b 
Williams , H. , 1957. A geologic map of the Bend quadrangle , Oregon, 

I '  
b cales: 1:125,000 and 1" t o  4 ins.) wi th  t e x t .  

, W.S., 1969. Geology and petrology of the M t .  Hood area: a 
st,udy of High Cascade volcanism: Geol. B u l l  , Vol 88, 
NO. 6, p. 969-1006. 

I; HIGH LAVA PLAINS 

Lj et. al., 1976. gress report on heat-flow study of 
Bin ,  Vol. 38, No. 3, the B r o t h e r n a r t  Zone fi central 

orcoran , R .E. , 1972. ogic map 
of the Burns quadrangle, Oregon: U.S. Geo 

MacLeod, N.S., Walker, G.W and McKee, E.H 1975. Geothermal 
significance o f  eastward 
domes i n  southeastern Oregon: U.N. Symp. Dev. Use Geotherm. 
2nd, p. 465-474; also U.S. Geol . I Survey Open-File Report. 75-348. 

Piper, A.M. , Robinson, T.W. , and Park C.F., Jr., 1939. 
and ground-water resources o f  the Harney Bastn, Oregon: 
Survey Water-Supply Paper 841, 189p. 

Nevada l ine 

Survey Map 1-680. 
I) 

G' 
L 

crease t n  age o f  l a te  Cenozofc rhyolitlc 

L 
Ir' Stewart, J.H.@ Walker, G.W., and Kleinhampl, F.J.. 1975. Oregon- 

: Geology, VOl .  3' No. 5, p. 2 



A24 

U.S. Department of Interior. Bureau o f  Land Management., Glass B u t t e  
geothermal interest area: Environmental analysis record, p. 1-70. 

Wal ker , G.W. , Peterson, N .V. , and Greene , R.C., 1967 . Reconnaissance 
geologic map of the east half of the Crescent quadrangle, Lake, De- 
schutes, and Crook Counties, Oregon: U.S. Geol. Survey Map 1-493. 

Walker, G.W. and Swanson, D.A., 1968. Summary report on the geology 
and mineral resources of the Harney Lake and Malheur Lake areas of 
the Malheur National' Wildlife Refuge north-central Harney County, 
Oregon: U.S. Geol. Survey B u l l .  1260-L, 17p.. 

Walker, G.W. 1969. 'Geology of the High Lava Plains province, i n  
Mineral and Water Resources o f  Oregon: Oregon Oept, Geol.. and mn- 

' era1 Indus. But 1. 64, p. 77-79. 

Walker, G.W., 1974. Some implications of late Cenozoic volcanism 
t o  geothermal potential i n  the High Lava Plains o f  south-central 
Oregon: Ore Bin, Vol .  36, No. 7, p. 109-119. 

BASIN AND RANGE 

Couch, R., and Johnson, S o ,  1968. The Warner Valley earthquake 

Lawrence, R.D., 1976. Strike-slip faul t f n g  terminates the Basin 

sequence: May and June, 1968: Ore B i n ,  Vol. 30, No. 10, p. 191-204. 

and Range province In Oregon: Geol SOC. America B u l l  . , Vol . 87, 
NO. 6 ,  p. 846-850. 

Peterson, N.V., and Groh, E.A.. 1967. Geothermal potential  of the 
Klamath Falls area, Oregon: A preliminary study: O r e  B i n ,  Vol. 29, 

Peterson, N.V., and McIntyre, J.R., '1970. The reconnaissance geology 

NO. 11, p. 209-231. 

and mineral resources of eastern Klamath County and western Lake 
County, Oregon: Oregon Dept. Geol. and Mineral Indus. B u l l .  66, 
70p.. 

Sammel E.A., 1976. Hydrologic reconnaissance of the geothermal 
area near Klamath Falls , Oregon: .U.S. Geol . Survey Water Resources 
Investigation 76-127. (With a section on preliminary interpretation 
o f  geophysical data by D.L. Peterson). 

Sammel, E.A., 1980. Hydrogeologic appiaisal of the Klamath Falls 
geothermal area, Oregon: U. S. Geol. Survey Prof. Paper 1044-6, 

0,s. Department o f  Interior. Bureau o f  Land Management. 
KJamath Basin: Environmental analysis record for proposed geo- 
thermal leasing, p. 7-14. 

45p. 
.- . 



. *  
id 

- .  . . .  .. , 

A25 

G.W., 1963. aissance geolog of the eastern half 
of the Klamath Falls (AMs) quadrangle, Lake and Klamath Counties, 
Oregon: U.S, Geol . Survey Map MF-260. 

Walker, G.W. and Repenning, C.A., 1965. Reconnaissance geologic map 
of the Adel quadrangle, Lake, Harney and Malheur Counties, Oregon: 
U.S. Geol . Survey Map 1-446. 

geologic map of the east  half of the Crescent quadrangle, Lake, 
Deschutes, and Crook Counties , Oregon: U.S. Geol . Survey Map 1-493. 

Walker, G.W., Peterson, N.V., and Greene, R.C., 1967. Reconnaissance 

Walker, G.W., 1969. Geology o f  the Basin and Range provlnce, i n  
Mineral and Water Resources of Oregon: Oregon Dept. Geol. and- 
Mineral Indus. B u l l .  64, p. 83-88. 

'ALVORD DESERT 
Cleary, 3.G,, 1976. Alvord Valley, Ore 

tion (abstr.): Amer. Assoc. Pet. Geol. 
No. 8,  p. 1,394. 

geothermal investiga- 

ti 
., Vol. 60, 

Fuller, R.E., 1931. The geomorphology and volcanic sequence of 
Steens Mountain .An-southeastern Oregon: Washington Univ. Geology 
Pub. , Vol. 3, NO. 1, p. 1-130. 

L 
Russel, J.C., 1903. Notes on the geology of Southwestern Idaho 

and southeastern Oregon: U.S. Geol. Survey B u l l .  217, 83p.. 

U.S. Department of Interior. Bureau of Land Management. 
Environment analysis record: Alvord Desert geothermal leasing 
program, 64p. pl us Appendices . 

Walker, G.W. , and Repenning, C,A., 1965, Reconnaissance geologic 
map of the Adel quadrangle, Lake, Harney, and Malheur Counties, 
Oregon: U.S, Geol. Survey Map 1-446. 

Williams, H., and Compton, R,R., 1953. Quicksilver deposits o f  
Steens Mountain and Pueblo Mountains southeast Oregon: U.S. Geol . 
Survey B u l l  . 995-8, 77p.. 

1975. v 1 
t 
L 
i; 
t VALE AREA L 

Bowen, R.G., and 6lackwell, D.D., 1975. The Cow Hollow geothermal 
anomalym Malheur County, Oregon: Ore Bin,  Vol. 37, No. 7, p. 109-120. 



A26 

Corcoran, R.D., et. at., 1962. Geology of the Mitchell Butte 

Larson , K. , and Couch, R. 

quadrangk Orzon: Oregon Dept. Geol. and Mineral Indus. Geol. 
Map Ser. GMS-2. 

1975. Preliminary gravity maps o f  the 
Vale area, Malheur County, Oregon: O r e  B i n ,  Vol. 38, No. 8, p. 138- 
142. 

results o f  seismic reflection study i n  the Mitchell Butte quad- 
rangle, Oregon: Ore Bin, Vol. 38, No. 8, p. 129-137. 

Lil l ie ,  R.J., French, W.S., and Couch, R.W., 1975. Preliminary 

Newton, V.C., Jr., and Corcoran, R.E., 1963. Petroleum geology of . 
the western Snake River basin: Oregon Dept. Geol. and Mineral 
Indus. O i l  and Gas Invest. 1. 

LAGRANDE 

Hampton, E.R., and Brown, S.G. 1964. Geology and ground-water pe- 
sources o f  the Upper Grande konde River basin Union County, Ore- 
gon: U.S. Geol. Survey, Water-Supply Paper 1597, 99p., 

Schlicker, H.G., and Deacon, R.J., 1971. Engineering geology o f  
the LaGrande area, Union County, Oregon: 16p.. L 

L 
c 
c 
t 
b 
i 

h 

L - 
L 



OREGON GEOTH IRONMENTAL Om 
1 



L 

h 

i 

i; 

AIR QUALITY IMPACTS OF GEOTmRMAt 

ENERGY DEVELOPFEHT IN OREGON 

D. L. Freeman and W. G. N. Slim 

Prepared for the 

Oregon Graduate Center 

November 1979 



- TABLE OF CONTENTS 

ACKNOWLEDGHENTS .,....~...............'......................,.,...,....~~i 

LIST OF TAJ3LES 

LIST OF FIGURES . 

L -t' . ................................. ........................ iv 

' = 8 w . . ' . . ~ . . g . 8 . ' . ' . .  
................................ 

I. SUMMARY ......................................................... 1 LJ 
11. INTRODUCTI .................................................... 3 

CONSIDERATIONS .......................................... 9 

b A. RESOURCE DEVELOPMMT (EXPLORATION/CONSTRUCTION) ............. 9 

B. RESOURCE UTILIZATION (PLANT OPERATION) ...................... 10 

2. Ensrgy Cmversi .................... 12 
16 3. Chmical Clmac h i d  . . ' ' . .*. '* .  

4. Waste Ekat Rejection Syst  ................ 20 
23 mmm3 - * - * * * . *  

28 IV. DATA REQUIRE .......................................... 

1. Types of t ' tilization .................................... 11 i 



1 

V I I .  CONCLUSIONS/RECOMMENDATIONS ..................................... 84 

A. RECAPITULATION ............................................. 84 

B .  DATA REQUIRENEXTS .......... :... ............................ 85 

C. ADDITIONAL NEEDS ........................................... 88 

REFERENCES ........................................................... 94 

HYPOTHETICAL CASE STUDY ................................. 101 
_. - .. - .-- . 

APPENDIX A: 
. . .  ..-- ... -..-. - ---. -. 

A. SOURCE PARAMETERS .......................................... 101 

B. METEOROLOGICAL DATA ........................................ 104 

C.  VISIBLE PLUME LENGTH ....................................... 111 

L e 

i 
D. FOG OCCURRENCE ............................................. 118 

E .  D R I F T  DEPOSITION ............................................ 133 

F. SUMMARY ........................... ;... ..................... 146 

APPENDIX 5:  ONTARIO AIRPORT CLIAIATOLOGICAL DATA ...................... 151 

ii 





LIST OF TABLES , 1  

i$ 

u 1 i d  Table 1: son of Noncondensable in  Steam fl-om 17 
Wells at  Two Geothermal Plants 

Expected Waste Heat Emissions During Power Plant 
Operation for Alternative Electrical Generating 
Processes, 1000 Me Plant (kilowatt-hourslyear) 

Table 2: 

21 

35 Table 3: Climatological Data 

Table 4: Surface Temperature ("C) , Major Elem Cowsition 
t 

(mg LO1) and Estimated Aquifer werature ("a Of Hot 36 
Springs i n  Oregon 



LIST OF FIGURES 
i c 

6 Figure 1: 

Figure 2: 

Odor Thresholds of a Number of Sulfur Compounds 

Simplified Solematic Diagram of Non-Electric Use 
(Space Heating) of Geothermal Energy 11 

Figure 3: Dry-Steam Cycle 13 

Figure 4: Flashed-Steam Cycle 14 

Figure 5: Binary System 14 

f 
h 

, Figure 6: Ranges of Chemical Constituent Concentrations in 
Geothermal Fluids - mg 4-l 

18 

Figure 7: Artist's Conception of a SO MVe Binary Cycle Geothermal 
Power Complex with Wet-Type, Mechanical Draft Cooling 

Tower Comp l ex 24 
Figure 8: Air Quality Status ikp - by County 
Figure X-1: 

Figure A-2: 

Vale, Oregon and Immediate Vicinity 

Area Map of Vale and Ontario, Oregon 

86 

102 

10s c 
107 

I08 

Figure A-3: 

Figure A-4: 

Figure (2-5: 

Ontario Airport and.Immediate Vicinity 

Windrose f o r  Ontario Airport - 1948 to 1954 
Windrose f o r  Hypothetical Site at Vale, Oregon, 
Extrapolated from Data for Ontario Airport 

t 110 

Figure A-6: Psychrometric Chart Used in Esrimating Visible 
Plume Length 112 c 

Figure A-7: Downwind Surface Moisture Concentration X(g m'3) f o r  
Windspeeds and Effective Plume Heights in Table A-7 126 

Figure A-8: Hours per Year During which Cooling Tower Fog Could 1 28 Augment Naturally E-es ting Fog 

Figure A-9: Extra Hours of Cooling Tower Fog per Year, During 
Periods when No Fog Occurs Naturally 129 

Figure A-IO: Drift Data f o r  a Mechanical Draft Cooling Tower at a 
134 100 MW Geothermal U n i t  at The Geysers, California 

L 
c. 
f '  e 

.Figures A-ll(a-d) : Cooling Tower Water Drift Deposition Rate [g rn-2) ' .  

sec'l) and Equivalent Precipitation Rate {mm hr-l) 139-142 * L 
144 \. - 

b 

Figure A-12: . h u a l  Average Drift Deposition ( lo2 g m*2). Average 
Amounts of Moisture Deposition from Cooling Tower Drift 

V 



This chapter communicates an e f fo r t  t o  ident i fy  a i r  qual i ty  issues asso- 

c ia ted with the development of geothermal resources i n  Oregon. 

objectives a re  to:  

The chapter's 

* inventory presently available data, 

assess the available data to  determine t h e i r  adequacy fo r  making a i r  c 
qual i ty  impact estimates 

ident i fy  data needs which must be met t o  make r e a l i s t i c  a i r  qual i ty  

impact estimates 

ey a i r  qual i ty  issues which may hinder o r  obstruc 

. ment of theyresource. 
t 

Thus, the purpose o 

decisions pertaining to  fut 

he chapter is  t o  provide informatio 

viromenta1 effects  of geothermal 

L energy developme 

of the chapter (sections 11 through IV) examines gene- 

t s  such as The Geysers 

i e l d  in California and Wairakei, New Zealand, and summarizes the kinds of 

uality impacts. 

nclude: climate; 

lopmeilt i n  Oregon. The 

1 

I 



i 

Y 

1 
L include general environmental concerns such as aesthetics. 

quality issues include: 

Specific air t i 
i 

visibility reduction, 

fogging and icing from cooling tower emissions, 

cooling tower plume visibility, 

odor nuisance of hydrogen sulfide (HzS], and 
t 
1. increased air concentrations of other substances found in geothermal 

fluids. 
- 1  

Finally, section V I 1  summarizes conclusions and outlines needs for addi- L 
t tional data and research. 

are insufficient far making realistic air quality impact assessinents. 

It was concluded that presently available data 

Reconnnendations are given for acquiring additional data which will allow more 

realistic assessments. Other suggestions include: 

research on the oxidation of H2S t o  SO2 in moist plumes, 

establishment of a stare-wide ambient H2S standard, 

research on the effects of geothermal effluents on native and culti- 
* -  

vated plant species, 1 
- research in complex terrain meteorology, 

refining the state-of-the-art of regional-scale visibility and complex 

terrain modeling, and 

=search and development for H2S-abatement technology and on-site 

testing of energy-conversion systems. 

2 I 
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i Os, 11. INTRODUCTION 

. Oregonians have a broad reputation for, being "environmentally conscious ." L 

L a  
is also wide has substantial g resources. 

A moot question, then, resources in Oregon can 

L developed in 

are the key air id 

- acceptable levels. 

ischarses appro times as much 



t 
e, 
i energy released carbon dioxide (C02) t o  t he  atmosphere a t  a rate comensurate 

with the  Monte Amiata f i e l d  i n  I ta ly :  

per  megawatt-day basis)  could be ten  times that of a foss i l - fue led  p lan t  

(Axtmann, 1975). And, f o r  those readers who think t h a t  such issues would 

t there ,  the  C02 discharge rate (on a 

not impede geothermal development i n  Oregon, they might s tudy the  plume v i s i -  i 
b i l i t y  arguments t h a t  helped delay geothermal development a t  Breitenbush, 

A 
"t 

b Oregon and study the current arguments i n  Oregon t o  delay nuclear reac tor  

construction u n t i l  the national problem of long-term storage of nuclear wastes 
F 

is solved. 

geothermal development i n  Oregon should not be  underestimated. 

In other  words, the  s ignif icance of a i r  qua l i t y  issues to  fu tu re  i 

L 
I 

Unfortunately, though, it is  d i f f i c u l t  (if not impossible or  even use- 

less) t o  attempt t o  generalize about e f f ec t s  f r o m  emissions t o  the atmosphere' 

associated with the use of geothe-1 energy. 

t ions  are so difficult include: 

chemical (and thexmal) character izat ion and (2) there  are many d i f f e ren t  ways 

to  u e  the  avai lable  energy. As an e x q l e  of d i f f e ren t  chemical character i -  

ra t ions,  mercury concentrations i n  non-condensfble gases have been measured 

t o  range from 0.03 micrograms per l i t e r  (pg L-I) a t  Heber, Cal i fornia  t o  5 . 8  

ug X o l  a t  the Geysers Unit 3 (Robertson sf aZ., 1978). 

d The reasons why general i ta-  

(1) each geotherrnarl f i e l d  has a unique e 
1 
I 

And, though few gener- 

a l i za t ions . can  be made about u t i l i z a t i o n ,  one f a i r l y  safe  general izat ion is 

tha t  more deleter ious effects can be e q e c t e d  from electrical power generation 

a t  a once-through, vapor-dominated f i e l d  and fewer air qua l i ty  iqac ts  should 

r e s u l t  f r o m  the d i r e c t  use of geothermal heat such as f o r  d i s t r i c t  heating I L 
with re in jec t ion  or when a secondary working f l u i d  i s  used. Thus, given the 

r e s u l t  f r o m  the d i r e c t  use of geothermal heat such as f o r  d i s t r i c t  heating I L 
with re in jec t ion  or when a secondary working f l u i d  i s  used. Thus, given the 

existence of so many poten t ia l  var iables ,  i t  is d i f f i c u l t  t o  make r e a l i s t i c  

speculations of e f fec ts .  L 

f 

t 
4 
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To circumvent these d i f f i c u l t i e s ,  it might be thought be t t e r  t o  approach 
c 

a i r  qua l i ty  issues  of geothermal energy development from a regulatory view- 

point.  

Protection Agency (EPA) have e s t  i r m ,  r e a l i s t i c  regulations.  Conse- 

quently, developers are fr 

unrea l i s t i c  regulations. 

standard (although i n  an EPA report  b a r t ley ,  1978, i t  is  recommended tha t  

"H2S emissions . . . should be limited to  an average of not more than 10% of 

the loading i n  the raw fluid"--which var ies  dramatically from f i e l d  t o  

Unfortunately, though, nei ther  t he  s t a t e s  nor t he  U.S. Environmental 

l? 

i t h  changing, nonuniform and/or 

there  is  no federal  HzS emission 

L* 
i 

California has a statewide rage standard of 30 pa r t s  

per b i l l i o n  by vof 

has yet  to  es tab l i sh  an H2S standard. Further, as shown i n  Figure 1, there 

(ppbv), New Mexico has a 3 ppbv standard, and Oregon 

what d i f fe ren  rs define as the odor 

threshold f o r  H2S--and there ar avai lable  t o  specify 

at.amount of H2S 

e ter iora t ion  (PSD) regu- 
1 

I 
I 

5 
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.questions such as these result in great uncertainties and dissatisfactions 

with approaching the environmentally acceptable development of geothermal 

ir 
,LJ 
L 

ergy from the regulatory viewpoint. 

L Nevertheless, such difficulties and uncertainties have nOt signifi- 

cantly impeded lawmakers from creating a legal fTamework fo r  air quality 

regulations. For example, on federal lands (and approximately one-half of 

federal lands) the U.S.  Geological Survey (USGS) supervises geo- L 
thermal operati 

developers must determine baseline meteorologi k; 

7 
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c 
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I be made by the U-S. Department of Energy (DOE) if t h i s  agency would help 

remove s c i e n t i f i c  and technological uncer ta in t ies .  

In this chapter, some of the  air qual i ty  issues w i l l  be described tha t  

require  scientific and/or technological resolut ion t o  a s s i s t  i n  the  environ- 
L 

mentally acceptable development of geothermal energy i n  Oregon. 

section, some generic issues  will be described for each of the  iden t i f i ed  

In the nexz 

I phases of geothermal development and then summarized for a l l  phases. Follow- 7 L 

ing these generic issues ,  data needs, s i te  spec i f i c  issues ,  and data 

def ic iencies  w i l l  be zddrsssed. 
i 
b There a r e  a number of objectives f o r  t h i s  chapter. One is simply the 

des i re  t o  provide in te res ted  Oregonians with background information for a i r  ~ 

quality aspects of geothermal energy development. A second objective,  more 

relevant to  t h e  sponsor (the U.S. DOE), is t o  provide information needed t o  

I 
f '  

make decisions on future funding f o r  atmospheric s tud ies  tha t  will r e su l t  in 
L 
b 
t 

environmentally acceptable development of  geothermal energy i n  Oregon and 

elsewhere. 

(1) an inventory of avai lable  data;  (2) an assessinent o f  t h i s  data;  (3) iden- 

Toward accomplishing t h i s  object ive,  the chapter w i l l  contain: 

t i f i c a t i o n  of data  gaps; and (4) ident i f ica t ion  of what i s  perceived t o  

I be important a i r  qua l i ty  issues .  

1. 
I 
i 
II 

L 
h 

8 



111. GE 

1 Air qual i ty  and climate e f f ec t s  of geothermal e l e c t r i c a l  power 

generation depend on various fac tors  such as chemical composition of . 

, p lan t  design and operating>characteristics, and local  

s sect ion w i l l  discuss these fac tors  and ident i fy  

1, 

k 
Ill4 

i 

i 

i 

potent ia l  e f f ec t s  i n  a general sense. 
I 

I These generic e f f ec t s  can f i r s t  be categorized by two stages of 

I source development and resource u t i l i z a t i o n .  

L A. RESOURCE DEVELOPMENT (EXPLORATION/C~NSTRUCTION) : In *e 

resource development phase; air qual i ty  w i l l  be affected by an increase 

nstruct ion,  power plant construction, 

a c t i v i t i e s  and odic water- 

e s t  holes must be 

cal composition, 

c t ion  holes would 

I 9 
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L blowout OCCUTS when the bottom-hole pressure overcomes the  well's 

hydrostat ic  weight. Blowouts can r e s u l t  in  an uncontrolLed re lease  o f  

con tminzn t s .  However, -improved d r i l l i n g  technology has wde blowouts . 
1 
L 

rare occurrences. 

Release of  H2S and other non-condensable gases can' a l so  occur when 

wells into vapor-dominated reservoirs  are blown for cleanout. However, 

L 
'8 

t h i s  type of re lease  is temporary and unique t o  vapor-dominated (dry- 
i 
! 

* s teaa)  f ie lds .  (A dzz-steam f i e l d ,  as  owosed t o  a liquid-dominated, o r  

hot water, f i e l d ,  is a geothermal r e se rvo i r  from which the f l u i d  

I 

- 
eaerges at the e a r t h ' s  surface as s t e m . )  - k, 

I 
t 

, 
In summary, armospheric impacts during the e " p l o r a t i o n / c o n s t m -  

t ion  phases of geothermal development should be  temporary and 

local,  and hence minimal, barring accidental  blowouts which have a low 

probabi l i ty  o f  occurrence. Further discassion will be  l h i t e d  t o  the 

plant  operation phase. 

8. RESOURCE UTILIZATION (PUNT OPEMTION) : I t  is during the ac tua l  
t 

u t i l i z a t i o n  phase that  a i r  quali ty-climate e f f e c t s  a r e  most s ign i f i can t .  

The degree and nature of  these impacts are dependent on four sajor 

factors:  

1. Type o f  u t i l i z a t i o n .  t 
2. Type o f  energy conversion cycle  used for e l e c t r i c a l  power 

b 
tu 

generation. 

Ckmical cha rac t e r i s t i c s  of the working f l u i d .  

Types of waste heat  r e j ec t ion  s y s t e m  (cooling towers) . 

. .  

3.  

4 .  

EacS of these four major factors w i l l  now be considered. 
L 
I 
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cs d i c t a t e  t ha t  the  working 

o f  l S O ° C  (about 300'F) t o  make elec-  

i r e c t ~ u t i l , i z a t i o n )  feas ib le .  A t  

temperatures >150°C, u t i l i z a t i o n  &st be direct; t h i t  is, the  heat 

i r e c t l y  rather than converted, f o r  e.uample, t o  

e l e c t r i c a l  energy. Exampl of d i r ec t  u t i l i z a t i o n  a re  d i s t r i c t  space 

heating, greenhouse heating, and f o r  certain industr ia1 processes such 

the Ore-Ida food processing p lan t  a t  Ontario, 

In  d i r ec t  u t i l i i a t i o n  syste  s passed through heat 



t -  

Y 

i n  some cases,  there  may be need for a waste hea t  r e j ec t ion  system. 4'  
1, However, these fzctors are common t o  both d i r e c t  and power-generation 

u t i l i z a t i o n  systems. 

power generation. 

Further discussion w i l l  be l imited t o  e l e c t r i c a l  L 
emitted during e l e c t r i c d l  power production are d i r e c t  re leases  during 

all stages of development (e.g. well blowouts, steam Line vents,  e tc . )  
I 
i 
L 

aad releases o f  heat, water vapor, and contaninants durThg p l a n t  q e n -  

t ion .  The latter source, because of its continuous nature, is most 

kr important i n  terms of air pollut ion and climate modification potential. 

However, t he  significance of these re l eases  depends upon the type of 

energy conversion cycle used. 

(a )  Dry-SteQm ~ y c t e :  Tnis type of system is illustrated in Figore 

t. 
t 

3. In t h i s  PTCCeSSJ .unique t o  d y - s t e m  f i e l d s  such as "be Geysers, 
California ,  steam f r o m  the s q p l y  well is passed through a f i l t -  =r o r  

c e n t r i u g a l  separator t o  remove p a n i c u l a t e  n a t t e r  and is then ussd 

d i r e c t l y  to  dr ive a tuzbine.  

denser and cooling tower. 

Spent steam is c i rcu la ted  trhrough a con- 

Son-condensable gases a r e  continuously 

emitted tfirou3h the gas-ejection sys t ea  and cooling tower e.xhaust. In a: 
many cases gases from the gas-ejection system are vented d i r e c t l y  i n t o  

the cooling tower a i r  str5am €or ea r ly  d i l u t i o n .  Wazer vapor is emitted t 
b 
I 

from the cooling tower and, to a degree, dissolved so l ids  are emisxed 

from the cooling tower in  d r i f t  droplets.  Drift d r w l e t s  are small 

droplets  t h a t  are caught i n  the air stream and exit through the cooling 

tower e.xhzus t . i 
"k 
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L 

b 
0.2% Noncondcnslbie 
GIKS to Annorpkrrr 

‘ A  
L 

i 

L 

b o l f n g  Tawet Exhaust 
84% a t  S t e m  and Olssolvcd 

L 

L 
icl 

b 
Dry-Steam Cycle. Figure reproduced from Wimer e t  a t .  

i kd (1977) . 
It is-unlikely that a system based on a dry-steam cycle will have 

any applicability in Oregon since t are no identified dry-steam 

eothermal water that is 
L 

iri 

I 

k thdram. hs the water nears  tSe 

surface, pressure decreas tly so that a portion (which 

ically near 20%) boils 

fficiency and results in f ‘  

r other means. L effects on 

flashed-steam 

cycle is illustraxed in Figure 4. 
1 
L-’ . .  
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I I b o t v  InjaEngn 'ff8ll j **' 
Figure 4 .  Flashed-steam cycle. Reproduced from Wimer et aZ. (19771. 
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(C) Binary Gycte: This is  a process i n  which hot water from the 

reservoir is used t o  heat a secondary f l u i d  (e.g., freon o r  isobutane) ' d" 
lower boiling point,  generaiing a vapor tha t  is  used to  drive 

bine (Figure 5 ) .  This vapor is then condensed and recirculated u - i n  a closed system. The geothermal f l u i d  i s  also maintained in  a closed 

and, if re- inject ion is; e is  no interact ion of the f l u i d  

with the atmosphere; hence, the only emissions f r o m  t h i s  systeo, a r e  

mo is a r e  is system ext rac ts  energy fmm the t o t a l  f l u i d  and 

more e f f i c i e n t  than the flashed-steam system. 

emissions of pol lutants  found 

containment o f  the 

method is  applicable t o  regions 

s the most l i ke ly  type 

mer e t  at., 1977).  

geothermal e l e c t r i  - 

l an t s  with equiva- 

f o r  cooling water, 

r a v a i l a b i l i  t y  . 



L’  
h. (dl . Totat FZow System: This process is s t i l l  i n  the design and 

t e s t i n g  s tage but holds promise f o r  b e t t e r  ef5iciency than the flash or 
P 

bin- systems. In this method, both the s t e a  and water a r e  used in . 1 
t 
t, 
h 
L 

one generating process that combines a steam turbbe and waterdheel. 

The system proposed by Austin et at. (19731 allows for re - in jec t ion  oZ 

the spent f l u i d ,  with non-condensable gases i n j ec t ed  by a sp i r a to r  i n t o  

the disposal  wells,  so t h a t  there would be no atmospheric emissions of 

cmtaminants .  

pond. 

Cooling would be actomplished v i a  cooling towers o r  s?ray 

3 .  chemical Chcuvlct&st.ics of the worktnq FZuid: A t  a given L -  

s i t e  with a given type o f  power p lan t ,  the  kinas and quanzi t ies  of  en is -  L 
sions t o  the atmosphere depend, first, upon the  kinds and q u z n t i t i e s  of 

f ’  
$r constiruesits present  i n  the geothermal f l u i d .  I n  turn, t h i s  depenh  on 

the geodlemistry of the underground reservoi r .  The chenical c o q o s i t i o n  hi 
of tie geoaieraal  f l u i d  can vary subs t an t i a l ly  f r o m  r e se rvo i r  t o  reser- 

f ’  
v o i r  and even a t  d i f fe ren t  s i t e s  within the same reservoi r .  Table I b 

I d e s  an i l l u s t r a t i v e  conparison of gases in steam from wells at The 

Geysers, California and Wairakei, New tealand. Figure 5 shows ranges 02 

h i s t o r i c a l  DeaSUTements of const i rnents  on a logarithmic sca l e  *&at 

a lso  shows some of the wide var ia t ions  poss ib le .  
fl 

or environmental hazards. Eaission l eve l s  h i s t o r k a l l y  associated with 

geotheraal. power p lan ts  have not  been high enough t o  be t  

hazards, but because of *he v z r i a b i l i t y  from s i t e  t o  site, ser ious 

e f f e c t s  could occur a t  new s i t e s .  Scme of the cons t i tuents  that have 

16 
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co Gases in  Steam from 
Wells at Two Geothermal PowerdPlants. Reproduced 

EPA Publication EPA-600/9-77-010 (19771. 

rlydrogen sulfide 5 -  1 .a0 222 40 
Camon dioxide - 2!30 3 . 5 a O  3 260 - 600 
b?,!ethme 
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oduce larger  p a r t i -  

i b i l i t y  reduction. 

roduce su l fur ic  
- ,  

i n  at large distances down- 

wind. In view of the time required fo r  this whole process, these e f f ec t s  
b 

duction and acid rain) most l i ke ly  t o  occur on a 

f large-scale  geotherinal development. hi 
'6; 
1 

i ental  e f fec ts  on vegetation. Sensi- 

towers in The Geysers 

n and ,Malenkamp, 

h vapor pressure, Hg 

(Rosen- and Malenkamp, 1978) . 

L 

ubstance nay have 

harmful e f f ec t s  on human health and some plant  and animzl species (see 

Shei le r ,  1975). 

L 
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Carhn Eo&& (C02) is a normal component o f  the atmosphere. L 
I, 

' t  
Impacts upon the climate caused by increased atmospheric CO;! a r e  s i g -  

n i f i c a n t  i n  a global context; a . s i g n i f i c a n t  increase o f  CC, in the 

e a r t h ' s  atmosphere could cause an increase of the earth's mean tempera- r- 
ture . 

Radon (222Rn), a radioact ive noble gas, is produced by the decay 

of uranium i n  rocks a t  geothemaf reservoi r  depths and is normally 

h 

t 
& -  

diffused through the ea r th ' s  sur5ace. 2Z2R, and its short- l ived daugh- t 
t tzr products hzve be53 found In t race  amounts in t he  non-condensable 

gas port ion o f  geothemal steam a t  The GeysersS but within the range of 

concentrations measured a t  background locat ions (Serpz 22 at., 1977). t 
4 .  Waste Beat Rejection S p s t n s  (Cooling Towers1 : The nzture 

of  the e f f e c t  on the atnosphere of geothermal resource development can L 
ategorized into:  

(i). Air qua l i ty  degradarion through release of conr2mirr;ints n o t  

normally present in the atinosphere i n  s i g n i f i c a n t  zmounts 

t (e.g. HzS, 8 ) .  

(ii) Local climate or weather sod i f i ca t ion  t h n u g h  releases o f  heat 

and water vapor. E 
i 

The f irst  category includes a l l  of  hose contaminvlts discussed e a r f i e r ;  

i n  what follows, some comments w i l l  be inade aboat the second category. 

t 
t 

& 2 preliminary t o  considering inadvertent weather nodif i ca t ion  

cffecrs, it is noted t h a t ,  c l a r a c t e r i s t i c a l l y ,  geothe- power p lan ts  

have low thermal e f f i c i enc ie s .  Thermal e f f ic iency  a n  be defined as 

b 
k 

L 20 



Li 
where % = heat  contained i n  

b EE = electrical energy 

I Thermal e f f i c i enc ie s  for geo POweT plants  ==ge from to 18%, e 
compared with 30 to  30% for fossi l  fue 

power plmtsa Con- L sequently, geothermal p larger Of heat 

p e r  unit  of e l e c t r i c a l  

p lan ts ,  by a fa of 4 to 5 .  Table 2 makes illustrative 
oli 
i son of  waste heat  o for d i f f e ren t  types o 

I 1000 W e  range. 
zpli 

Table 2. Expected Waste eat EInissions D=in& Povrer 
i 

L 
b; 

c 

f o r  A 1  t e n a t i v  Elec t r ica l  Generating Process 
lowatt-hours/year) . Reproduced from U .S. EPA L EPA-600/9*77-010 (1977). 

L 
I 
t 
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The po ten t i a l s  for inadvertent weather modification (ttiz., fogging, 

ic ing,  cloud stimulation, e tc . )  a r e  d i r e c t l y  dependent q o n  ?Ale t n e  of  

waste heat r e j ec t ion  system used. Environmental concerns over the 

a v a i l a b i l i t y  and adequacy o f  cooling-water suppl ies  and po ten t i a l  bio- 

log ica l  e f f e c t s  of warming natural bodies of water have led t o  the use 

of air as a coolant because o f  air's subs t an t i a l  capacity for dispersing 

waste heat .  The most common a i r  cooling method is the cooling tower.  

Since the cooling tower i s - t h e  foca l  po in t  of atmspfie.. - ic  estissions 

during p l an t  operation ( the  non-condensable gases are f requent ly  injected 

into the  cooling tower) , the cooling tower's design is a determining 

f ac to r  in the u l t i n a t e  dispersion of einissions . Relevant design chzmac- 

t e r i s t i c s  are : 

dra f t  cooling towers use a c??&ey e f f ec t  (nk-, hot air's buoyancy) to  

c rea t e  air  movement. Typically, these towers a r e  high ClOO to  150 a) ana 

crea te  densi ty  dicferences s u f f i c i e n t  t o  maintain a large updraft  

velocity.  MecFqziccrt dmfe  cooling towers r s f y  on fans t 9  move ambient 

a i r  through the system, usually are lower (1.5 t o  25 m) and a l e  grouped 

into rows of  about ten c e l l s .  

(b) Methud uf 

towers a re  those ia 

brought i n to  d i r s c t  

mainly by evaporation, so that the eff ic iency '  of  t h i s  method may vary 

with climate and season. Wet-type cooling towers  may b e  e i t h e r  

Seat lhns fer :  

which the f l u i d  is bmksn into f i n e  droplets  and 

contact w i t h  *&e a i r  stream. Heat i s  d iss ipa ted  

ilet-type o r  evaporative cooling 

mechanical &et or  nat.Jral draft. In ?his  type, contaminants in c!!e 
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f l u i d  a re  released along with the heat and water vapor; the contami- 

nants may be gases, par t icu la tes ,  or contained i n  d r i f t  droplets .  

ers c i r cu la t e  the  f lu id  being cooled in a 

conduction and convection, the same 

processes used by the radiator  of 

d i r e c t  in te rac t ion  of the f l u i d  w i t h  the a i r ,  only the  heat is trans- 

fe r red  t o  the e re .  Consequently, dry-type cooling towers may 

cause less  env e wet-type. (See, however, 

Since there  is no 

aporative loss t o  the atmo- 

sphere, dry-typ ooling towers do not require a continuous water 

supply;- this obvious a t t r ac t ions  fo r  a r i d  areas However, dry- 

type towers are expe e to construct and may wer the overal l  p lan t  

derations,  w type, mechanical d r a f t  

r geothermal power plants  t o  date .  Wet, mechani- 

grsates t 1 oca mpact because o f  :heir low 

pollutants. Figure 7 i l l u s -  

rea t ing  a v i s ib l e  plume of  f i n e  water 
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Figure 7.  Artist's c o n c q t i o n  o f  a SO ,We b i n a r y  cycle geothermal 
power p l a n t  w i t h  wet-type, rnechanical d raf t  cooling tower 
complex. Reproduced from Wirier et a t .  (1977). 

c 
t 

t 

L 
b 
b 

drople ts .  

and nay be objectionable t o  nany p e q l e  f o r  a e s t h e t i c  reasons. 

The presence o f  this v i s i b l e  plume can cause ground sSadowing 

(3) Fogging mrd Icing: If Lie satunted plume contacts  the 

f '  ground, local ground fog will occur. Under f reezing conditions,  this 
b 

fog can also cause i c ing  of surfaces within the sa tura ted  plume. These 

conditions will persist u n t i l  mixing reduces the mount of l iqu id  water 

to a cmcen t ra t ion  below Cbe sa tu ra t ion  amount and a l l  of the added 

L 
wzter re-evaporaTes. L 

(c )  Drif6 Deposition: As air is passed through a wet-type cooling $, 
L 

tower, water drople t s  may be caught i n  the flow and ca r r i ed  out with &&e 
t 
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s ,  typ ica l ly  amounting t o  

g speeds t h a t  depend on . 0.001 to  0.01% 

see-1, large 

enough r'hat' they break away f r o m  the plume and re deposited On the  

ground. The impact from d r i f t  depos 

hundred meters of the cooling tower and can contr ibute  to  ic ing  o f  

(d) Precipitation Augmentation: Prec ip i ta t ion  could conceivably 

ii) induced convection and subsequent 

ec ip i t a t ion  scavenging of plume dmple  

Howev moisture deposited from d r i f t  droplets.  and Hoult 
. shown, the residence time of a droplet  i n  a typical 

tower plume has-been shown t o  be less  than the time required for natural  

formation of raindrops;-consequently, raindrops probably could not be 

formed i n  a plume by water vapor condensation alone. 

I L 
r y  large power stations d moisture fluxes from cooling towers 

ociated with na tura l  small compared with tho 
& 

I thunders t o m s  tha t  heat re le=e.alone could generate 

i orm clouds-except through a dynamic action at the 

i s t i n g  cloud. Since 
tci 

power ,plants erY low levels, 

hese towers are not l i ke ly  t o  in tens i fy  clouds with bases a few 

ti/ e e t  above t h e  ground ( H u f f ,  1972). 

2s 
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i 
i 

L 

An estimate or" the aa.xintum surface rzinfall  enhancement tha t  could I 
r e s u l t  from p rec ip i t a t ion  scavenging of piume drople t s  can be  made by 

+ 
1 

considering tSe amounts of water involved. Mechanical d r a f t  towers a t  

a 100 klW geothermal power p l an t  would emit about IO5 g sec'?, or about 

3.15 x IO6 m3 of moisture. Areas of  geothermal po ten t i a l  i n  

Oregon t yp ica l ly  have anhual p rec ip i t a t ion  frequencies of 5 t o  lS% . f r 

f 

L 
With a mzximum annuzl p rec ip i t a t ion  frequency o f  IS%, the  anount or" 

moisture e n i t t e d  during periods o f  p rec ip i t a t ion  would be  abour 4.i x t 

lo5 in3 y r l .  If all of  t h i s  moisture were captured by p rec ip i t a t ion  and r 
L 

deposited aver a c i zk le  of  radius  two ka around the  s i t e ,  the  r e su l t i ng  
I 

t 
k 

addi t ion  t o  annual rainfall would be, a t  most, 3 . 7  CZI yr'!. 

we have not considered r a i n f a l l  i n t e n s i t y  or t he  col leczion e f f i c i ency  

o f  f a l l i n g  drops. 

(Here, 

Consideration of  e i t h e r  of these -factors w i l l  

decrease the preceding estimate.  Studies  inade by Dana and Wolf (1977) 

have ind ica ted  t h a t  rainfzll enhancelnent resulzing f s o m  prec ip i t a t ion  

scavenging of  plume d m p l e t s  can be  s ign i f i can t ,  even in  l i g h t  rains.) 

Annual p rec ip i t a t ion  in even the d r i e s t  p a r t s  of Oregon is at least  f '  
18 Consequently, prec ip i t a t ion  augmentation by z4%s process, t 
though perhaps not insi,aTiificant, should be confined loca l ly  and azy b e  

benef ic ia l  i n  dry, i r r i g a t e d  areas. - _  
t 
L 

Additional p rec ip i t a t ion  f r o m  d r i f t  d rople t s  could be s i g n i f i c a n t  L 
wichin a few hundred meters of t he  tower; t h i s  depends q o n  cooling t 

tower water flow and d r i f t  rate. . .  in 

(e) CZouO Develapment: Alt.??ough hea t  and water vapor emissions 

L from mechanical d r a f t  cooling towers a t  a 100 k@f geothemal  power p lan t  
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stratus cloud development a generating s t a t i o n  of 500 ~MW using the  

flow method Id have a thermal output of 2300 t o  2400 W, using 

emission rates calculated by Quong (1977). 

mechanical draft  cooling towers ar 

study by Hanna (1974b). 

This i s  i n  t i e  same range as 

In t h i s  study, c l  development i n i t i a t e d  by 

ing tower complex with a thermal o u t p t  of 2900 IYW w a s  estimated 

This included occurrence of a cumulus cloud 

.. 

t o  occur 10% of the  time. L 
1; with base at a height of.0.5 km 

e horizon on rainy days (Hanna, 19f4b). 

n t  is probably - i n s i  

So although 

the  100 EaU 

l a rger  p lan ts  i n  ' L  
, i ;  

cj 

basis  of  a numer- 

at ion^ experiment, the poten t ia l  f o r  cloud i n i t i a t i o n  is 

arger  for dry 

.would be unwise to assume that the more expensive dry towers would prove t o  

- {f) Snow Augmen$ution: L i t t l e  infonnaticr 

ooling towers. 

( 

d from mechanical draft towers at Oak Ridge 

* Tennessee having a thermal -output o bd 

, L  27 



N. DATA REQUIREMENTS 

To assess potential inpacts of geothernal resource development, an ade- 

quate baseline data set must be established. By "baselinetf is meant: 

conditions before development. The required data falls into three general 

categories : 

A. Source data; 
B. Meteorological data; and 
C. Air quality data. 

In what follows, comments about data needs in each of these tbree categories 

will be made. 

A. soma DATA: Required source data includes information on the 

various substances that could be released into the atmosphere (emissions), 

and operating characteristics of the power plant (plant design). 

1. 1;Snisswn.s: The first requisite in determining severity of 

atmospheric emissions from a power plant is identification of the kinds and 

quantities of substances that may be emitted. This entails: 

(a) Analysis of the geothermal fluids as they will ultimately be used 

in power production (i.e. a t  reservoir depths). 

done for all canstituents historically found in geothernal f l u i d s .  

Departinent of Interior has published a guide (Crittenden, 1977) that lists 

Analysis should initially be 

The U.S. 

the following substances: C02, H2S, SO2, MI,, As, Ag, E, Ba, Cd, Cr, Cu, Fe, 

Hg, t b ,  Mo, L W ~ ,  Pb, Se, Sr, and In. These constituents should be quantified 

by acczpted laboratory methods as outlined in Presser and Barnes (1974) 

and B r o w n ,  st aZ. (1970); 

(b) Analysis of geothermal gases a d  water at places where they 

are released naturally into the atnosphere as gas or gas-liquid mixtures, i.e. 

at naturally occurring hot  springs or fumaroles; 
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(c) Determination o f  the radioact ivi ty  of geothermal f lu ids ;  and 

(d) Analysis of natural ly  occurring a& 

. I  2 f o r  those propert ies  t ha t  aetermine impacts on. v i s i b i l i t y .  

analysis,  these properties include s i ze  d is t r ibu t ion ,  shape, surface character- 

ist ics,  re f rac t ive  index, and homogeneity (Fenn, 1976). 

For a detai led 

' t 
L 

1 
L 

L 
I 
I; - 

II 
L 

However, an estimate 

local  v i s i b i l i t y  e f f ec t s  can be measured by a dichotomous par t icu la te  

1 -  sampler and/or nephelouketer. 

These analyses should be e first goal of a bas 

so t h a t  subsequent ambient a i r  qual i ty  measurements include relevant 

const i tuents  a d  properties.  

P h t  Desifl: Besides the composition of the f l u i d  used as input 

L t o  the power plant ,  emission charac te r i s t ics  depend on' the operating character- 

i s t ics  of the-power g l an t  and include: 

(a] type of.energy'conversion cycle used; 

l ing  tower operation charac te r i s t ics  (including exhaust 'height, 

s ize  d is t r ibu t ion  and emission r a t e ,  exhaust veloci ty  and volume, 

e and effectiveness of  a i r  pol lut ion control technology used. 

type of power plant  may ult imately depend on'its cooling water require- 

ments, "especially i n  the more a r id  regions of  eastern Oregon. Hence a hydro- 

survey of those-portions of . the  state having geothermal potent ia l  *with 

iven location 

necessary t o  know 

movement of emissions from 

a t  the receptor. 
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I 

Since .potential  po l lu tan ts  are emitted and transported a t  d i f f e ren t  l eve l s  L 
above the surface,  knowledge of wind flow pa t te rns  within the boundary layer,  

and t h e i r  seasonal and annuzl frequency d is t r ibu t ions  a re  necessary. Since I 
b most plume models require  data  at plume height (which is dependent upon thermal 

s t r a t i f i c a t i o n )  diurnal pa t te rns  of ve r t i ca l  temperature .s t ructure ,  including 

inversion heights and their ieasonal var ia t ion,  a r e  a l so  necessary. 

baseline data acquis i t ion plan should include : 

1. Atmosphehc s o t o z d i ~ s ,  taken over a period o f  two weeks 

season. These may be made using radiosondes, 

p iba ls ,  o r  a i r c r a f t  f l i g h t s .  matever  method 

t r a t i n g  a t  least 1 km into the atmosphere and 

direct ion,  temperature, and r e l a t i v e  humidity 

tethersondes acuust i c  

used should be cayable 

Hence a t 
i 

each 

L should measure wind speed a d  

a t  d i sc re t e  i n t e rva l s .  To ' I  

radar, 

of pene- 
I :  

determine diurnal var ia t ions,  soundings should be made a t  l e a s t  twice dai ly ,  
L 

preferably once i n  the ear ly  morning ( j u s t  before sunrise) and once a t  mid to 

late afternoon, when inversion heights are,  respectively,  minimum and maxinun. I 

If possible,  socidings should be made a t  the  point of emissions, i . e .  a t  the L 
expected power plant  s i t e .  

define upper level flow pat terns .  

Soundings a t  other  points  may be desirable  t o  

L Wind flow pat terns  a t  and near the surface are modified by local  t e r r a i n  

and diurnal drainage patzerns created by d i f f e r e n t i a l  heating of the surface.  1 

Dispersion models capable of handling campiex t e r r a i n  require data  a t  topo- 
L 
L 
I 

graphically s ign i f icant  points.  Kence a second baseline da ta  requirement is: 

2 .  A Smface MeteoroZoghaZ Recording IQetwrk: The number of s t a t ions  

w i l l  be d e t e n i n e d  by the  topographic complexity of zhe area. Each s t a t i o n  

should be capable of producing hourly averages of meteorological parameters 

within the following constraints  (Crittenden; 1977): (i) r e l a t i v e  humidity o r  
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dew point with an accuracy of +2'F, (ii temperature range Of -''OF to +1300FJ 

(iii) wind speed s t a r t i ng  threshold of 1 mph and an accuracy of 0 . 5  mph, o r  1% 

of t h e  wind speed, whichever is  greater, '  ( iv) prec ip i ta t ion  accurate within 

20.01 inch, and (v) data recovery over at  least 75% of the,base period. If c 
L 

L -  

\ 

a one s t a t ion  should be placed 50 t o  200 f ee t  above the ground a t  the 

point of projected emissions. 

ti Potential  impacts previously mentioned include fogging, icing, and cloud 

development. 

know t h e i r  natural  occurrence i n  the  absence o f  geothermal 

th i rd  baselin s therefore: 

To determine the  sever i ty  of  these impacts, it is necessary t o  

3 .  flaturat Frequency of Occmeme of Fog and GZoudinesa (cloud type 

Is of sky cover]: The meteorological data should be gathered over 

: The objectives of an a i r  qua l i ty  monitoring network 
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I 
L resource u t i l i za t ion .  Since these poten t ia l  2o l lu tan ts  deFend on reservoir  

geochemistry which can vary considerably from s i te  t o  s i t e ,  t he  most e f fec t ive  I 

approach would be t o  conduct source tests before deciding which const i tuents  
t 
L 
L 
i 

to monitor. 

t o  be monitored should include par t icu la tes ,  SOx, M43, YOx, CO, H2S, and hydro- 

carbons (Crittenden, 1977), as well as S02, Ci4, 5, the t race  elements As and 

Hg, and 222R.n. 

s e n s i t i v i t y  o f  1 ppbv, w i t h  a precision of 10% of f u l l  scale. 

recommended that f i n e  pa r t i c l e s  be monitored, s ince it is highly l i k e l y  that 

f ine-par t ic le ,  ambient-air-quality standards w i l l  soon be set .  

.This is the suggested a?proach. Sowever, any list o f  substances 

H2S analy t ica l  equipment should have a minimum detectable 

I t  is  a l so  

! 
i 

1 In addition, chemical react ions i n  the atnosphere inay produce new const i tu-  
. 

ents .  The most prominent example is the  oxidation of H2S t o  SO;! and su l f a t9  

pa r t i cu la t e  matter,which may degrade v i s i b i l i t y .  V i s i b i l i t y  da ta  should be 

obtained using a long-path method such as camera o r  telephotometer for ade- 

quate representation of  overal l  v i sua l  range (white, 19781, and should be 

obtained i n  a manner compatible with EPA PSD (prevention of s ign i f icant  de te r -  

iorat ion)  c r i t e r i a ,  when they become avai lable .  

Since there  is  some uncertainty as t c  w h a t  substances should be monitored 

and much uncertainty as t o  what ambient stamdards should be imposed f o r  most 

of the  poten t ia l  pol lutants  ident i f ied ,  l i t t l e  can be sa id  about nethodologies 

or minimum d e t e c t a b i l i t i e s .  EPA's Environmental itionitoring and Support 

Laboratory - Cas Vegas is  current ly  engaged i n  methodology development 

(Hart'ley, 1978). 

geothermal e f f luen t s  can be found in  EPA-600/7-78-121. 

A col lec t ion  of papers r e l a t ing  to  sampling methods for 

In view of the re l a t ive  infancy of the geothernal industry,  especial ly  

i n  Oregon, i n i t i a l  continuous monitoring network designs w i l l  be subject t o  
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revisions. 

possible with loca l  meteo 

However, the networks should be designed t o  conform as closely as .'J 
log ica l  and topographical conditions and should 

oncentrations climatologically upwind and downwind of  . u l t ima te ly  ind ica te  

L 

t 
i projected o r  actual emi g si tes .  should be i n  accordance with 

nitoring Wor requirements. 

Sam2ling should be done within 5 m of  ground level  and concentrations 

1 should be averaged over small enough time periods tha t  diurnal variations 

w i l l  be evident. . 

I n i t i a l  (baseline end over a period of a t  l ea s t  
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L I V* SPECIFIC REGIONS OF OREiGON - 
In t h i s  section, we w i l l  consider t h e  spec i f ic  areas of Oregon iden t i f i ed  L 

1 
I 

in  the planning stages of  the  Oregon Geothermal Environmental 

and discussed a t  the  Geotherinal Workshop held a t  Portland, 27-28 March 1979. 

In pa r t i cu la r ,  we w i l l  consider the  climatology, topography, present a i r  

i e w  Project  

qual i ty ,  avai lable  source and meteorological data, and any unique issues 

re la ted  t o  geothermal development in each area. 

I 

L 

A summary of climatological charac te r i s t ics  of each area is  shown i n '  

The parameter values l i s t e d  a re  long-term trends over wide areas 

Data from National Weather 

Table 3. 
I 

and could be d i f f e ren t  a t  any pa r t i cu la r  s i t e .  L 

Service stations mentioned in the t ex t  is compiled i n  two publications: 

CZGnatoZogicd Pmzdbaok of the CoZmbiCr aasin States (1968 and 1975) and 

ninsrztic swrpnary of the U.S. (1920). 

The U.S. Geological Survey has done chemical analyses on gases and waters 
I 

from hot springs sca t te red  throughout the s t a t e  of Oregon (Mariner, 2t at., L 

1974 and iMariner, et GZ., 1975). Although these analyses were not done for 
b 

the purpose of characterizing geothermal f lu ids  for impact assessinents and 

omit analysis  for some relevant substances (e.g. H*S), they do provide an 

1 -  idea of  the wide var ie ty  of chemical const i tuents  found i n  hot spring waters 

;.cross the  state; therefore,  the data w i l l  be referred t o  in  the present L 
1 
4 k 

L report .  A summary o f  r e s u l t s  from these analyses, arranged by areas,  is 

;resented i n  Tables 4, 5, and 6. An open f i l e  report  on these and more 

Yecent analyses including all work done i n  tSe s t a t e  of Oregon by the  . .  U.S. t 
Ceological Survey is i n  preparation and will be avai lable  during 1979. t 

L 

L 
h 
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Table 5 .  Chemical Composition of scaping from Hot Springs 
- i n  Oregon (volume percent -4 I B l  u 
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DESERT: This a r e  ons is t s  mainly of the Alvord Desert - mwn 
u 

- Gecjthermal&es~urce - Area (KGRA), an area of 176,835 acres i n  the remote SE 

corner of Oregon. 
b 

- .  , L  1. T o p o g M p k :  The Alvord Desert KGRA consis ts  of  the Alvord Desert 

I Basin (elevation 4100 f t )  oriented roughly NNE-SSW, bounded on 

Mountains which rise t o  9100 f t  a t  t h e i r  highest point,?and on the L 

i eas t  by a plateau 

mit tent  streams and drainages. 

miles long by 10 miles wide. 

ea with elevations near 4300 f t  and cut by small i n t e r -  

Dimensions of the basin are  roughly 30 t o  35 

i i  
i C Z k . t e :  Eastward moving maritime a i r  masses from the Pacific 

Ocean, which have lready lost much of.their moisture ascending the Cascades, b 
t are  further-reduced i n  moisture-content by the Steens Mountain Range b 

~ 

quently the area’s climate is generally a r id .  Mean annual prec ip i ta t ion  i s  

, L  

I 

I ’  

Ibi 

4 . .  
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b 

Lr 

t 

of dust a l o f t ,  producing dust clouds and dust storms. Dust devi l s  QCC'LT Lr 

frequently during the summer. \ 
b 

3. AvdlabZe Oata 

I (a) Source L4ztcz: The only avai lable  source data  a r e  chemical analyses 

done by Mariner, e t  aZ., (1974, 1975) on water from hot springs i n  and around 1 

t he  Alvord Desert KGFA. These analyses showed r e l a t i v e l y  high amowts of L* 

boron a t  four  of  the six hot springs sampled and a r e l a t ive ly  high amowt of 

mercury at an unnamed hot q r i n g  near  Hot Lake. 

. (b) A i r  QuaZi*~ Dah: No records of air qua l i ty  f o r  the area e.xist. 

However, e s sen t i a l ly  the  only source of pa r t i cu la t e  matter a t  present is dust 

i 

I 

L 

i 
f r o m  occasional high wind storms and the only local  SOUTC= of noxious gases k3 

is from infrequent vehicular t r a f f i c .  Consequently, a t  present,  the a i r  is  t 
generally pr i s t ine .  

(c) E4eteoralogicaZ Datcr: Meteorological data  are  sparse and consis t  I 
H almost exclusively of surface temperature and prec ip i ta t ion  da ta  from Hational 

Weather Service climatological s t a t ions  i n  the area.  

Andrews wit!!in the KGRA, and Juniper Lake, approximately 10 miles north of the 

KGRA. The nearest  s t a t ions  t h a t  have data on winds aloft are Burns and 

Winnemucca. The Winnemucca s t a t i o n  a l so  makes routine observations o f  v e r t i c a l  

These s t a t ions  include 

I 

temperature s t ruc ture .  There is no surface wind data f o r  t he  K G 2 A  except 

f o r  11 years of monthly average, prevai l ing wind direct ion a t  Andrews; these 

data do not include any data  on speed frequencies or d i s t r ibu t ions .  

Department a t  the University of  Oregon maintains instruments t o  record s o l a r  

The Physics 

I 

radiat ion and energy at Whitehorse Ranch, a few miles east of the KGRA. These L 

iJ instruments w i l l  be supplemented i n  the near fiiture by wind recording equipment 
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u .  
L from the Atmospheric Scienc 

i n  wind power, s tudies  (Hews 

Department a t  Oregon S ta t e  University, t o  be used 
I,, - 

4 .  Potentiat Issues era t iom:  Geological and 

ence indicate a large geothermal reservoir with temperatures L 
makes u t i l i za t ion  of geothermal energy f o r  e l e t t r i c a l  

Therefore, consideration of L production the most l ike ly  type of  development. 

L; 
impacts should include a l l  aspects o f  e q l o r a t i o n ,  construction, 

< >  

cooling towers. 

lopment occurs 

rsions could lead 

i c l e  t r a f f i c  
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(d) Decreased v i s i b i l i t y  is of special  considerztion because of aes the t i c  
\ 

and philosophical viewpoints about pol lut ing one of t he  few areas i n  Oregon 

t h a t  possesses p r i s t i n e  a i r  qua l i ty .  

points  could c rea te  o ther  issues  of confrontation concerned, for example, with 

the subjective "visual pollution" of power p lan ts  i n  an otherwise pr imit ive 

landscape. 

These aes the t i c  and philosophical view- 

(e) Because o f  t he  a r i d i t y  of the region, there  is uncertainty about 

the f e a s i b i l i t y  of using a binary system o r  a iy  system that requires supple- 

mental cooling water. Dry-type cooling towers may be necessary. 

B. BROTHERS FAULT ZONE: This region extends f r o m  t he  foothills of the 

Cascade Mountain Range near Bend, eastward t o  the Burns a rea  and the nQrthern 

t i p  of the Steens Mountains. 

E j o r  stntctural lineament (Hull, et a l . ,  1977a). 

within t h i s  region are Burns Butte and Newberry Caldera XGRA's, the  G l a s s  

Buttes heat flow anomaly, and Harney Basin. 

I t  is defined by the  Brothers Fault  Zone, a 

Areas of  geothermal i n t e r e s t  

1. Tmugrmhy: The Burns Butte KGRA cons is t s  of one square mile 

i n  the f o o t h i l l s  WNW of Sums, at  its highest point an elevation of 4900 f t ,  

surrounded by irregular f o o t h i l l  terrain t o  the north and f l a t l and  t o  the 

south. The Glass Buttes area consis ts  of a low range of h i l l s  about 2900 f t  

above the surrounding land with an elevation of 6400 f t  a t  i t s  highest  point.  

Locally, the t e r r a i n  in the Glass Buttes zrea var ies  f r o m  high rocky outcrop- 

pings t o  r e l a t ive ly  f la t  terraces .  

complex topography, which may cause d i f f i c u l t y  i n  developing r e a l i s t i c  a i r  

These two areas have siinilar irregular and 

qua l i ty  models. 
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I 

Y '4 portion Of the Brothers - 

Fault Zone and consis ts  of a large enclosed basin containing Harney'and 

Malheur -Lakes a t  an elevation of -about 4100 ft.  

The Harney Basin area l i es  a t  the 

b 

The land is f a i r l y  leve l  

* *  
ttd with occasional low h i l l s :  

Newberry Caldera KGRA comprises Newberry Crater near Bend; a collapsed 
k 

. volcano with e leva t ions-a t  the rim over 7000 ft  and -containirig'two very cold 

bS at near 6oo* f r *  The Outer lakes, Paulina Lake and East 

slopes taper  down t o  about 4000 t o  4500 ft  within 10 t o  20 miles. 

L the ra in  Shadow of the Cascades, the Brothers 

r a c t e r i s t i c s  a re  ar idi ty;  wide temperature 
k i  

b 
ranges, short ,  warm summers and cold winters 

Except a t  Newberry Crater, annual precipitation. i s .  10 t o  12 inches, 

mostly occurring during to March with a seconda=y maximm in May and 



1 

runoff. Air movement i n  areas of broken topography is of t en  gusty and can 

t r igge r  severe dust storms. 

Newberry Caldera KGRA was included in  the Brothers Fault Zone area  

because it l ies  a t  the westernmost end of t ha t  f a u l t ;  however, it is climato- 

log ica l ly  d i f fe ren t .  The Newberry Caldera KGRA receives about three t h e s  the  

prec ip i ta t ion  of  o ther  geothermal areas i n  the zone and temperatures should 

be lower though no long-tern temperature data are avai lable  for the  immediate 

v i c in i ty .  An annual-mean prec ip i ta t ion  map of Deschutes National Forest shows 

a s ingular i ty  i n  the v i c in i ty  of Paulina Lake o f  about 30 inches annually. 

Tine very cold temperature of the lakes, with the enclosed nature of the rim, 

make t h i s  area suscept ible  t o  strong temperature inversions.  However, the 

consequences of  strung inversions a re  d i f f i c u l t  to  aSsess because vent i la t ion  

ccnditions a re  unknown. 

3. AvaiZabZe Dak 

(a) Source D a t a :  Aqparently, there  are no data  avai lable  concerning 

c k n i c a l  composition of geothermal f lu ids  o r  natural  emissions i n  the Glass 

Buttes area. Nevertheless, the area has geothermal poten t ia l  based on geo- 

logical  evidence, mainly temperature gradient data  from the  d r i l l i n g  of  a 

water w e l l  (Hu l l ,  et a t . ,  l977a). The principal  econonic mineralization of  

the area is mercury, so its presence i n  geo thena l  f l u i d s  i n  high concentra- 

t ions  is a reasonably good poss ib i l i t y .  There are no known hot springs i n  

the Glass Buttes area and the  uninhabitsd nature of the area makes i t  l i k e l y  

tha t  any development i n  the area would be for power generation using e i t h e r  

binzry or f l a sh  systems. 
. .  

i I 

Similarly, no geochemical data  appear t o  exis t  f o r  Burns Butte KGRA. 

Several "warmrf springs are present but the authors have found no estimates of  < 
i 
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aquifer  temperatures i area. Proximity t b  the communities o f  Burns and 
\ 9 ges ts  t h a t  both d i r ec t  and indirect  u t i l i za t ions  would be economically i I  

viable. 

Two wells Located NE o Burns, 15 t o  20 miles Erom Burns Butte KGRA, 

have been found to contain abnormally high amounts of boron and arsenic 

Leonard, ~ 1970) . Further information on water resources can be found i n  

A pf EAR No. I* (19771. 

-Two springs Harney Basin area we b 
1 ;  e t  at .  (1974 and 1975). 

indicated r e l a t ive ly  high amounts of boron and arsenic (see Tables 1 and 5 ) .  

One of them, an unnamed hot spring near Harney Lake, Id 

L 
I ‘ ’  

iu 
i r e c t  evidence i s  available,  geological evidence 

k 
ii 

49 



& 
Suntex and Squaw Butte (20 m i  E). The nearest  f i r s t - o r d e r  climatological 

I 
I 
Ir s t a t i o n  i s  a t  Burns (60 m i  E). This s t a t i o n  rout inely records surface mete- 

orological data  and has h i s t o r i c a l  records of winds a l o f t ,  although it no 

longer makes routine soundings. e 
Burns Butte KGRA is  located adjaceni t o  the Burns National Weather 

Service s t a t i o n  and i s  therefore well-represented for most meteorological 

parameters except for ver t i ca l  temperature s t ruc ture .  However, the  c o q l e x i t y  L 
I 
t 

of the t e r r a i n  requires that development in  t h i s  area be preceded by a more 

extensive data  acquis i t ion program, par t i cu la r ly  wind flow a t  surface points  

and vertical temperature s t ructure .  

In  addition to  the National ?leather S ta t ion  a t  Burns, the  Atmospheric 
t 

Sciences Department a t  Oregon S ta t e  University mzintains a windrun aneardmeter 

on Burns Butte f o r  wind power studies. This instrument is at an elevation of 

L 
I 
t 

8307 ft, 35 f t  above local  ground level .  I t  began operation in Decernber 1976 

and provides monthly average wind speeds (‘dewson and Caker, 1978). How- 6; 
I=’ ever, the windpower s i t e  is at  a location of e.qected high winds, r a the r  than 

“typical“  winds. L 
Climatological s t a t ions  i n  the  Harney Basin area for which there  a r e  

long-tern surface t e q e r a t u r e  and prec ip i ta t ion  data include Malheur Refuge 

Headquarters, Buena Vista Sta t ion ,  and 00 Ranch. The nearest f i r s t - o r d e r  c 
climatological s t a t i o n  is a t  Burns, which borders Harney Basin on the  north 

s ide .  

b .  The only avai lable  data within the Newberry Caldera KGRA is prec ip i ta -  

t ion  da ta  a t  Pautina Lake. These data  show an annual g rec ip i t a t ion  of 30 

! inches. 

Brothers (35 t o  40 m i  E) and Bend (20 m i  N). 

Nearby surface cl inatological  data  can be obtained from s t a t ions  a t  kd 

1 -  However, these s i t e s  may not be 

representative of conditions at  Newberry Crater,  especial ly  th in  the r i m .  

The nearest f i r s t -o rde r  climatological s t a t i o n  is a t  Burns (loo+ m i  E ) .  

Sb 

e 

L 



I 

(c) Air QzuzZity Data: Air qual i ty  i s  not monitored anywhere within 

the region but should generally be very good with two exceptions; 
L 
‘I, 

bd (i) During periods of high winds and dry conditions, 

the  la te  spring and summer, dust storms contribute t o  the particu- 

late loading of the atmosphere. 

In the v ic in i ty  of Burns, effluents f r o m  the Hines Mill can degrade 

during 

hi 
(ii) 

d 

b 

e air qual i ty  i n  tha t  area under inversion nditions 

traffic voIume, absen 

bers of  polluting industries i n  the r gion mike other  co*taminant 

L sources nearly negligible.  

b 4. P o t m t i a Z  Issues and SpeciaZ Comiderations: There a re  features 

of the Brothers Fault Zone 

eneral pr inciples .  

s may inclute  a l l  obj 

51 



t: 

(i) It appears t ha t  t he  inner r i m  could be s u s c q t i b l e  t o  s t rong 
, 

surface temperature inversions.  Hence, emphasis should be placed on deter-  

inining s t rengths ,  frequencies, and heights of inversions and s t ab le  layers .  f 

These da ta  could probably most readi ly  be acquired with a tethersonde w i t h  

penetrat ive capab i l i t i e s  of a t  least 1500 f t .  

(ii) Because of the  elevat ion of Newberry Crater  above t h e  surround- ~ 

ing landscape, some data on v e r t i c a l  wind speeds night be desirable  i n  ad&- i, 

t ion  t o  thermal s t ruc tu re .  These data could be used t o  deternine the degree 

of impact a t  receptors a t  lower elevat ions.  This is speculative.  Also, L 

wind data should be taken a t  points  around the  outs ide slopes t o  provide a t 
t de ta i l ed  p ic ture  of a i r  flow around the c r a t e r .  

(c) Glass Buttes and Burns Butte KGRA are areas  of  r e l a t i v e l y  complex 

F. t e r r a in .  Modeling requirements w i l l  be more s t r ingen t .  L 
(d) The Harney Basin area includes a l a rge  ?art of  the  Malheur Wildlife 

RerZlge and Diamond Crater's proposed Natural Resource Area. Thou3h current  i 
knowledge indicates  t h i s  area's po ten t i a l  is  f o r  direct u t i l i z a t i o n ,  it is 

not conclusive. Air qua l i ty  issues  here would include those factors that 
kl 

L a f fec t  local wi ld l i f e ,  such as cooling tower emissions of  H2S. 

C. SOUTHERN BASIN AND WiGE: This region cons is t s  of  much of the 

northern p a r t  of the vast  Great Basin that covers p a r t s  of Oregon, Nevada, 
b 

California ,  Aritons, and New Mexico. 

Lakeview, Klamath Fa l l s  and Summer Lake KGRA's. 

The region includes Crump Geyser, 

I f 
1. Topogrwhy: The land generally c o q r i s e s  several  enclosed I, 

6 undrained basins a t  elevat ions of  4000 t o  4500 f t ,  separated by la rge ly  N-S 

oriented highlands or plateaus.  These basins a r e  c h a r a c t e r i s t i c a l l y  s teep  i 
b 
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i b  
.yr 

on s ide  and gently Sloped on the other  as a r e su l t  o f  block fau l t ing  and 
'44 

I with dimensions typ ica l ly  25 t o  50 miles N-S and 10 t o  25 miles E-W. 
Y 

Many of them contain remnants f = i e n t . p l w i a l  1akes'such as S-er Lake 

Lake KGRA) , Lake Abert, and C r u q  Lake (Crtnrrp Geyser E R A )  . 
* Klamath Falls KGRA ties near the southern extremity o f  Upper Klamath 

he center  of the Greater Klamath Basin, whose western edge i s  
3 

formed by the  Cascade Mountain Range, This KGRA a lso 
some Of the 

~ 

$d 

more complex t e r r a i n  ( footh i l l s  and broken plateau lands) o f  the perimeter o f  
I 

ki thern Basin and Range province 

The region is s i tua ted  i n  the  lee  of the Cascade Mom- 

secondary maximum 
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L 

! f 

t 
Surface windroses for Klamath Falls sfiow SW t o  SE winds 30 t o  40% of the  

L 

time with 42% calms (speed 13 mph). Ju ly  windroses show northwesterly winds 
L 

40 t o  50% w i t h  46% calms. Throughout the reg ion , - the  prevai l ing (synoptic 

sca le )  winds are general ly  westerly but w i t h  more souther ly  flow during t h e  

winter and norther ly  during the summer. 

of November t o  June; l i g h t e r  winds, s teered .by  loca l  topography and d iurna l  

Strongest winds occur during t he  months 

drainage, can vary f r o m  s i t e  t o  s i t e .  

I .  
I .  
I 

I 
(a)  Source D a t a :  Spring waters analyzed by Mariner et aZ. (1974 and 

L- 
L 
t 

1975) have indicated r e l a t i v e l y  high concentrations of boron and arsenic  

i n  Cnmnp Spring (Crump Geyser KGRA) and high concentrations of boron, mercury, 

and methane gas in waters f r o m  Barry Ranch Hot Springs (Lakeview KGRA) (see 

Tables 4-6). Adel Bot Spring and Fisher Hot Spring (Cnwp Geyser KGRA] have 

. .  , also been noted to  "smell of H 2 S '  (&,Ut No. 6, 1975). 
, 

Chemical analyses of 57 wells and hot springs i n  the  v i c i n i t y  o f  Klamath 

Falls KGRA have been reported by Sammel (1976). . These include analyses for 

t he  const i tuents  ga, Sob, Ca, HCO3, C l ,  B, K, C03, S i l i c a  (Si02) A d  As, but 

not H2S, ;W3 or Hg. I t  should b e  noted t h a t  some of  the conclusions reported 

i n  Same1 (1976) have been modified based on new information and changes w i l l  

be reported in  a s c i e n t i f i c  publ icat ion in  preparation (Sanmel, 1979). 

I 

L 
L 

* .  Temperature gradient data  f r o m  various wells and pre-dr i l led  holes i n  the  

area have been tabulated i n  publications by the  Oregon Department of  Geology 

and Nineral Industr ies  (Bowen, et GZ., 1975; Hull, et at., 1978). 

temperatures and flow r a t e s  have a l so  been reported for f ive s p r i n g s - i n  the  I 
I 

Surface 

Summer Lake KGRA (FAR No. 7, 1976) and 15 springs and wells i n  t he  v i c i n i t y  
I: 

- bil 
! 

t 1  
\ of Klvnath Fa l l s  KGRA (EAR No. 4 ) .  However, none of these da ta  or any o ther  

b 1  
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able is sufficient characterize geothermal fluids adequately 
i 
y of estimating potential ai 

t L tional Weather Service 

{ I  

- 

climatological stations in the region. 

Lake KGRA; Ade 

These include:, Paisley, in the Summer 
k; 

r; 
Ird ~ near Cnunp Geyser KGRA; Lakeview in Lakeview KGRA; and Klamath Falls in 

. Klamath KGRA. Records from' Klamath Falls include long-term annual, monthly, 

means of surface wet- and dry-bulb teqeratures-, cloud cover, 

ght, and relative humidity e nearest first-order station is ' 

eaf the extreme NE portion of the region. There are no long-term 

-average wind speeds and are located+at high points not representative of 

agriculture. Dry winds during the summer create local dust storms and increase 

5 5  1 t 
1 



dust and hay pollen concentrations. 

smoke from burning garbage dumps, sawmills, and dust from nmerous unsurfaced 

roads. Near the  la rger  communities, addi t ional  sources of a i r  po l lu tan ts  are 

automobile exhausts, smoke from home heating units, heating fue ls ,  and slash- 

Other sources of  air contaminants a r e  

and n!ill-waste burning. 

No quant i ta t ive  data is ava i lab le  f o r  

e.g. HzS. I t  has been noted tha t  some hot 

and concentrations of .002 t o  '03 ppm have 

spec i f i c  contaminants of i n t e r e s t  , 

springs i n  the  area smell of  H2S 

been reported. These concentrations 

encompass typical thresholds o f  odor detection. 

4.  Potential Isrzes and SweciaZ Considerations 

. (a) Aridity and wide temperature ranges imply the same 

already discussed f o r  the Alvord Desert and Brothers Fzult Zone: decreased 

v i s i b i l i t y  and ic ing  and fogging poten t ia l .  Avai labi l i ty  of suppleznental 

cooling water 

pluvial  lakes 

(b) "he 

may not be 

i n  the basins; however, t h i s  depends on the  exact s i t i n g .  

enclosed basins i n  the region may be suscept ible  t o  temperature 

la rze  a question because of the  presence of m a y  

- 

inversions tha t  w i l l  t r ap  pol lutants .  

pol lut ion buildups could occur. 

contain lakes, there  could be natural OccuTrences or' low l eve l  fog when cold 

a i r  sett les over the  water. 

emissions from cooling towers. 

During periods of stagnation, a i r  

Also, since many o f  the enclosed basins 

This phenomenon could be enhanced by water vapor 

(c] This region includes the Summer Lake Game Vanagement area,  an 

important waterfowl habi ta t ,  znd the Hart $fountain Natural Antelope Refuge 

i n  the highlands eas t  o f  Warner Valley i n  C ~ m p  Geyser KGRZ. Consequently, 

any eventual impact assessment should include a study of the e f f ec t  of 

geothernal e f f luents  on biological receptors.  
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(d) At the southern end of S m e r  Lake, along the.Chewaucan River, is 

Here, issues relating to air quality heavily used for-recreation. 

odor nuisance and visibility impairment may be particularly contro- 

region includes the Gearhart Hountains Wilderness Area, $1 ' 
L 

located 20 to 30 miles NE of Klamath KGRA and 20 to 30 miles MI of Lakeview 

KGRA. As an automatically-designated Federal Class 1 area, it is protected 

by the Clean-Air Act Amendments of 1977 from any-degradation of visibility. 

cated in extreme eastern 

River Plain. It includes 

ut 23,000 acres around t 

ain varies from flat or 

000 Et, to gently 

ns of t h e  area 40 

land comprises many 

1 

es of buttes with 



depending on the  precise  p lan t  location, cooling tower emissions could have a 

s ign i f i can t  i q a c t  on the town of Vale, e q e c i a l l y  if the  cooling towers were 

located near the  iMalheur River where low l eve l  winds could be channeled by the  

r i v e r  basin in to  the town. 

f o r  complex-terrain, a i r -qua l i ty  models w i l l  be moderate t o  severe. 

In general, it can be expected t h a t  requirements 

2.  Zimatz: The climate of the  area is typ ica l  o f  eastern Oregon, 

with hot, dry summers and cold winters. 

the  Cascade 2nd Blue Mountains,which serve t o  remove moisture from eastward 

The climate is influenced by both 

moving a i r  masses. Consequently, as  i c  reaches t h i s  area,  the  a i r  is more 

typ ica l ly  continental  in nature. 

In general, annual temperature means show l i t t l e  vari 

ranging f r o m  48.8OF a t  Beulah (elevation 3000 f t  i n  the western portion o f  

the  area) t o  5Z.S°F a t  Owyhee Dam (elevation 2400 E t ,  a t  the southern perim- 

e t e r ) .  For fu r the r  d e t a i l s ,  see Table 3.  

The area is subject t o  per iodic  intrusions of continental  a i r  masses 

from inland western Canada o r  the Great Basin t o  the  southeast .  This leads 

t o  periodic extreme cold spells with resu l t ing  pe r s i s t en t  s t ab le  o r  inversion 

conditions. 

i n  the  immediate are2, long-term records from Boise, Idaho [approximately 

50 miles eas t  and a lso  located i n  the Snake River Plain in a s imilar  environ- 

ment) msy be  representative.  Boise data  indicate  tha t  the  probabi l i t i es  

of occurrence o f  a stab1e. layer  o r  temperature inversion with base below 

1640 ft (500 a) in January a r e  61% and 43%, respectively,  f o r  1200 Greenwich 

Although there  a re  no long-term records of ver t i ca l  temperature 

Mean Time (GHT) (0400 Local Mean Time (LMT)) and 38% and 22%, respectively,  

f o r  0000 GXT (1600 LNT). The probabi l i t i es  of a stab15 layer  o r  inversion 



u 

se below 500 m t h a t  pe r s i s t s  for longer than f i v e  days a re  5 t o  8% and 
L 
@i 
:b 
b i  

1 t o  2%, respectively. 

land areas around Vale than near Ontario, because o f  the  s imi la r i ty  of the  Boise 

These f igures  a re  probably more representative of f l a t -  

Airport and Vale sites. S t a b i l i t y  episodes are probably more frequent and bi 
severe i n  the-canyons and basins amund the perimeter of the  general area. 

ki 
r ec ip i t a t ion  (40%) occurs during the winter with small 

L 

L 
li 
1 

ts  (10%) during the summer, primarily from convective thunderstorms. 

Surface data for Ontario show predominantly W to  SW winds i n  January with 

strongest winds (IO. 5 

the time. In J u  

(12.5 mph hourly averag 

These figures may not accurately represent conditions a t  Vale as the Snake 

River valley may channel the winds a t  

e SSE. Calms ( ~ 3  mph) occur about 58% of 

the NNW, and calms occur 23% 

3. Avccituhle D a t u  ii 

u i (a) Source Data Several hot springs i n  t h  region were included in 

chemical analyses done by the U.S. Geological Survey, including Vale Hot 
I '  SJ Springs ( in  the i t c h e l l  Butte Hot Spring, 

named hot Sprin u 
d 

i generally higher than that for 

4 
\ 

with t enperat 

I power product 

sd 

I 

4 

! L' s9 



reservoir  i n  Oregon, and may have 

30 years (Bowen, 1979). 

hi 

- 

Lr 
a poten t ia l  of 870 :ilw over a period of 

L; * 
\ 
b 

Xo deep w e l l  data is  avai lable ,  and. there  has been no analysis  of  H2S 

concentrations i n  any waters i n  the area. 

Long-term surface records of  temperature and 
L 

prec ip i ta t ion  are avai lable  f o r  several  climatological s t a t ions  i n  the  area, 
i 

-1 

L 

~ 

including Beulah, Juntura, Nyssa, Ontario, Owyhee Dam,  and Vale. 

f o r  Ontario include: 

Records 

long-mrn hourly means by month o f  wet-bulb temperature, 

L dry-bulb temperature, and r e l a t ive  humidity; monthly frequency of occurrence 

of  wind speed and direct ion;  j o i n t  d i s t r ibu t ions  of temperature/wind speed/ 
I 

r e l a t i v e  humidity by months; and frequency o f  cloud cover i n  tenths  by months. 

I 

& No upper-level wind o r  s t a b i l i t y  data  are avai lab le  within the region. 

The nearest  s t a t i o n  regular ly  rscording these data is the NWS s t a t i o n  a t  Boise 

Airport, 50 n i l e s  east of  Ontario. Data fmm t h i s  s t a t i o n  may a t  best  approxi- L 
mate conditions a t  Vale but orographic e f f e c t s  probably lead t o  s ign i f icant  

differences.  

A i r  qua l i ty  is not present ly  being aonitored on a 1 
continuous b a s i s  anywhere within the region; however, the qua l i ty  o f  the air I t 1 

should be  generally good exce?t i n  the immediate v i c in i ty  of  the communities 

o f  Ontario and, t o  a l e s se r  extent,  Vale and Hyssa, though more data are  

needed t o  t e s t  t h i s  hypothesis. Par t icu la te  matter is  primarily from dust 

storms during the non-irrigating season, when winds s t i r  up dust from dry ih 

f i e l d s .  Other sources of  pa r t i cu la t e  matter a re  smoke from range f i r e s ,  t 

b 
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t 
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L 
L E. LA G W E :  The La Grande geothermal i n t e r e s t  a rea  includes pa r t s  

t of Baker and Union counties i n  northeast  Oregon. In pa r t i cu la r ,  it comprises 

the  Grande Ronde and Baker Valleys. There a re  no KGRA's i n  the area. t 

L 1. Topography: The t e r r a in  of the area generally shows high re l ief ,  

varying from high rugged mountains t o  deep valleys and ro l l i ng  h i l l s .  The B 
region includes the  two large val leys  Grande Ronde and Baker, drained by the 

L.l 

Grande Ronde and Powder Rivers, respectively.  
1- 
L 

i 
I 
I 
t 

The Grande Ronde Valley is roughly. diamond-shaped w i t h  its la rges t  axis 

about 20 miles long, oriented SSE-?INW. 

westernmost apex. 

NW-SE, with the  c i t y  of  Baker a t  its south end. 

by f o o t h i l l s  of about 5.500 ft i n  elevation and i t  is in t h i s  general area 

tha t  geothermal i n t e r e s t  is centered because o f  the  presence of numerous 

known hot springs and the Craig Mountain Fault Zone. 

The c i t y  o f  La Grande l i e s  at its 

Baker Valley is an oval-shaped basin some 17 miles i n  length 

The two valleys a re  separated 

This area is fu r the r  bounded by more f o o t h i l l s  r i s i n g  600 t o  1200 f t  above 

the Baker Valley floor and 2500 t o  3500 f t  above the Grande Ronde Valley, and 

which lead eventually t o  the high peaks of the Blue ,clountains t o  the north and t 
west, and the Wallowa !4ountains t o  the eas t ,  with elevations up t o  10,000 f t .  

2. CZimte: In general, the climate of the area is dry with high 

summer temperatures and low winter temperatures and is  influenced by the  

Cascade and Blue ttaountain Ranges. Because of the wide range of elevations 

and exposures, local  climates within the area are diverse. 

Because of  the enclosed nature  of the Grande Ronde and Baker Valleys, 

1 
i i 
.. 

1 

they a re  subject t o  per iodic  inversion conditions which may sometimes last f o r  
c 

days. Primarily for t h i s  reason, the Oregon Energy Fac i l i t y  S i t i n g  Council 
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has c lass i f ied  them as l e s s  than su i tab le  f o r  nuclear and coal-f i red power 

(Huggins, zt ai!. , 1978). 

Annual prec ip i ta t ion  var ies  widely:‘ 23:4 inches a t  Elgin, 20.3 inches 



Additional in fomat ion  on the composition of water from w a r m  springs and 

L 
Ir 

wells i n  the area is tabulated in  Huggins, et aZ. (1978). The objective of 
f 

L t h i s  survey was t o  ident i fy  the location, ownership, surface temperature, axd 

composition of 27 springs and wells i n  the area.  f 
I Consequently, the results 

are inadequate for making an assessment of the c o q o s i t i o n  of deep f l u i d s  t h a t  

would be used f o r  energy applications.  

A well 236 f t  dee? was d r i l l e d  near Baker by the  Oregon Department of. 

Geology and (ciineral Industries.  The purpose was t o  compare so l a r  radizt ion 

versus geothermal heat f o r  ‘heating near-surface waters. A descr ipt ion of  this 

and o ther  monitor wells i n  the s t a t e  can be found i n  Bowen, et a2. (1975). 

L 

! 

c 

i 

t 
t 

(b) Meteorok@caZ Data: Long-term records of surface temperature and 

f prec ip i ta t ion  a r e  avai lable  from numerous National Weather Service s t a t ions  

i n  the area,  including Bzlcer, La Grande, Elgin, Cove, and Union. In addition, 
e 

s t a t ions  a t  Baker and La Grande also rout inely record surface wind, r e l a t ive  

hmidi ty ,  and sky cover. 

The nearest  s t a t ion  from which data on winds a l o f t  are avai lable  i s  

i 
t 

Pendleton, 50 miles west,across the Blue Mountains and i n  a d i f f e ren t  clilnatic 

regime. 

sion frsquencies f o r  the area. 

There a re  no long-term data on ve r t i ca l  temperature s t ruc tu re  a r  inver- 

L 

t 
The Atmospheric Sciences Department at Oregon S t a t e  University has been 

co l lec t ing  wind data  in  the area f o r  windpower analysis  sinc, October 1977. 
i 
i 

Instruments 2 t  Haines and La Grande record monthly average wind speeds from 

w i n c i n m  anemometers at  30 t o  50 f t  i n  height.  In addition, an hourly s t r i p  
L. 

chart  recorder is being maintained a t  the La Grande elevator ,  connected t o  an b L. 
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instrument a t  136 f t  i n  h ght, which gives hourly wind ve loc i t ies ,  includ- 

ing direct ion (Hewson a d  Baker, 1978). 

L* 

(c) Air W Z i t y  OQta: The only air  contaninant currently being monitored 

i n  t h i s  area is TSP, which has been monitored since 1970 i n  La Grande and Baker. 

There have been numerous violations of the a i r  

but s ince  most'violations can be at t r ibuted t o  natural ly  entrained dust,  these 

areas are considered t o  have met the par t iculate  standards (Oregon A i r  Quality 

Report 1977, 1978). 

but as Baker 

I 
L 

I. 
h 

No records ex i s t  f o r  other,  more relevant,  contaninants 

gher elevations 

4. Spec ia t  Issues cnd Considerations 

ca tes  reser-  

ing construc- 
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(c) In general, t h i s  is an area o f  steep t e r r a i n  with high r e l i e f .  This 
k 

could have a pronounced e f f ec t  on local  flow pat te rns  and could make modeling 

r-= e f f o r t s  d i f f i c u l t ,  depending on the pa r t i cu la r  s i t e .  

(d) c i s  area is heavily used f o r  recreat ional  puqoses .  Consequently, 

impacts tht  would be to le rab le  i n  more urban environments may be in to le rab le  

L 

b 
here. 

Mountains t o  the northeast ,  i s  a designated Federal Class 1 area and is thus 

protected from v i s i b i l i t y  degradation by the Clean Air Act .Anenbents of 1977. 

This region includes the  Cascade bIountzins west of 

In par t icu lar ,  the Eagle Cap Wilderness area,  located in the Wallowa 

L 
t 

t 
F. MESTERN CASCADES: 

the  c r e s t  with elevations roughly 1500 to.4000 f t .  

Breitenbush, NcRedie Hot Springs, Belknap-Foley Xot Springs, and Carey Hot 

Spring. 

It includes four  KG2A's: 

L 1. 2'o~ogrqihy: The t e r r a i n  of the region is characterized by s teep,  

t generally E-W oriented ridges,  which a re  divided by val leys  and canyons cut  by 

the Clackamas, Santiam, and HcKenzie Rivers, and smaller drainzges. These 

canyons and valleys a re  subject t o  frequent temperature inversions and s t a b i l i t y  

episodes from nighttime, cold-air  drainage. The s i tua t ion  is fu r the r  conpli- 
6' 

cated by the rugged and complex t e r r a in  tha t  s t e e r s  low level  winds and w i l l  L 
r make modeling a t tenpts  extremely d i f f i c u l t .  

2 .  Ctimrstz: The most s ign i f icant  climatological f ac to r  o f  the 

Cascade Range is  its Tresence as a ba r r i e r  to  incoming maritime air masses 
b, 

I -  
from the Pacif ic  Ocean. !&*en these a i r  nasses are orographically l i f t e d  by the  

4 mountains they a re  cooled adiabat ical ly ,  and almost always result i n  condensa- 

t i o n  and copious amounts o f  p rec ip i ta t ion .  Because of the  p e a t  local relief,  

. .. 
i 

t -  
prec ip i ta t ion  can vary s igni f icant ly  over short  distances,  especial ly  i n  
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Annual amounts o f  Precipitation near the  KGRA's range from 70 t o  80 inches 

near Breitenbush and Carey Hot Springs and 70 inches near Belknap-Foley Hot 

Springs, t o  45 t o  55 inches near McRedie Hot Springs. 

t ion-occurs from November t o  February with very l i t t l e  during July and August. 

biost of  the precipita- 

Id A large pa r t  of the winter precipi ta t ion occurs as snowfall, varying 

great ly  with elevation. Annual mean snowfall ranges from 20 inches a t  Oakridge 

, w  

R I  

(elevation 1300 f t ,  near McRedie 

Forks Fish Hatchery (elevation 2475 f t ,  near Brei 

of the  local  var ia t ion,  a t  Wicopee (elevation 2873 f t )  snow data for 23 years 

? I  

h i d  

931 and 1965 show an L 
Hatchery, data f o r  roughly the same period show an annual mean of 20.6 inches. 

a t ions  are only 7 t o  8 miles aTart (bot5 near ,%Redie Hot Springs 

During zhe he precipi ta t ion is associated with convective 



I. 
~ Wind data a r e  sparse but the strongest winds, associated w i t h  eastward mov- L 

ing storm systems, a r e  west t o  southwesterly and occur during the winter months. L 

Smer t ime strong winds a r e  northwesterly and are associated with the  subtropi- 

c a l  high pressure zone which i s  usually establ ished over the Pacific during 

these months. Summer winds are  generally not so strong as winter winds. 

i 

L 

Light winds occur more frequently than high winds and are  more s ign i f i can t  

with respect t o  a i r  pol lut ion.  Flow pa t te rns  under these conditions a re  more 

dependent on local  topography and diurnal drainage pa t te rns  tfian synoptic . 

weather patterns,  and consequently slay vary f r o m  drainage t o  drainage. 

3.  Ava32uhk 3cr ta  

(a) Source kik: Studies by Mariner, et cl. (1974, 1975) included 

chemical analyses of surface water from several  hot springs i n  the West 

t 
L 
1 
t 

k 

L 
t Cascades (see Tables 4 and 5 ) .  

t r a t ions  of arsenic  i n  Austin Hot Springs and Breitenbush Hot Spring (Breiten- 

These analyses showed r e l a t i v e l y  high concen- 

bush and Carey KGRA's) and in  Selknap Hot Spring (Belknq-Foley KGW), and a k 
f high boron concentration in  McRedie Hot Spring (ItlcRedie K G U )  . 
L 

These analyses a lso indicated that Breitenbush KGM is the only presently 

iden t i f i ed  KGRA i n  the region with geothemal f lu ids  hot enough t o  support 

e l e c t r i c a l  power generation. Nevertheless, because data  is so sparse,  the 

k 

West Cascades could s t i l l  have poten t ia l  as a geothermal e l e c t r i c a l  power 

source. I t  has been postulated,  in f a c t ,  tha t  this region could eventually 

prove t o  be  one of the  biggest fields with e l e c t r i c a l  power generation poten t ia l  

i n  the world (Bowen, 1979). 

fu r the r  enhanced by its proximity to  rriajor population centers  and ene'rgy 

1 -  

& Its  importance as  a po ten t ia l  energy source is 

markets i n  the Willamette Valley. 
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(b) MeteorotogicczZ O a h :  Meteorological d a t a a r e  a l so  sparse and con- 

sist almost so le ly  of long-term monthly and annual means and extremes of  

surface temperature and precipi ta t ion from National Weather Service climatolog- 

ical  s t a t ions  ese include Marion Forks Fish Hatchery, Detroit,  and Three 

Lynx (in and near  Breitenbush and Carey Hot Springs KGRA's), McKenzie Bridge 

, -Y 
il 
1 

and Belknap Springs 8N (Belknap-Foley Hot Springs KGRA), and Wicopee and G 

Oakridge Salmon Hatchery (McRedie Hot Spring KGRA).  I '  w 
The only f i r s t -o rde r  NWS s t a t i o n  close t o  the areas of i n t e r e s t  t h a t  

regularly records hourly and upper level  data is at Salem (elevation 200 f t ) ,  

0 miles west of Breitenbush KGRA and a t  a lower elevation i n  the 

;LJ 

ley.  I t  i s  doubtful t h a t  data  

e West Cascades, except r synoptic scale winds. 

NWS s t a t ions  a t  a t ion  1315 f t )  and Sexton Summit (elevation 
i '  L 3s cord hourly surface data .  The Medford 

s t a t ion  also makes upper a i r  observations da i ly ,  but these s t a t ions  a re  remote 

: u  
f '  
b 

raphically steered 
4 

J 

d 

studies  t o  regions of the West Ca 
#J 
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(c) A i r  r@uzZity kta: No a i r  qua l i t y  da ta  a re  avai lable  anwhere i n  the 

region but a i r  qua l i ty  is generally very good because of remoteness from 

C '  i ndus t r i a l  a c t i v i t y  and heavy vehicle traffic.  A t  present, the only major con- 

L t r i bu to r s  of TSP a re  smoke from s lash  burning and f i e l d  burning in the Willamette 

t Valley. 

t ions  of pa r t i cu la t e  matter. 

Logging operations and lumber mills may contr ibute  t o  local  concentrz- 

, 4.  P o t m t i a Z  Issues and Sueciczt Considerations 

(a) The nature of the  t e r r a in  of  the  West Cascades could lead t o  local, 1 

severe stagnation conditions. This e q h a s i t e s  the necessi ty  f o r  long-term 

monitoring of the ve r t i ca l  s t ruc tu re  of  the atmosphere ZucdZy as par t  o f  any 

baseline s tud ies .  This should include data on the ve r t i ca l  structure of 

Lr 

temperature, wind, and moisture f i e l d s  tha t  shows t h e i r  diurnal  var ia t ions .  1 
Also necessary a re  continuous monitoring of cemperature, r e l a t i v e  humid- 

i t y ,  wind speed 2nd d i rec t ion  a t  surface locations i n  t h e  loca l  a rea  of 
e 

t i n t e r e s t .  

€ (b) The rugged t e r r a in  cha rac t e r i s t i c  of  the area will serve t o  steer 

low leve l  winds,and vent i la t ion  conditions w i l l  be  uncertain.  Any modeling L 
undertaken for t h i s  area w i l l  have to  u t i l i z e  models capable of  handling 

complex three-dimensional flow f i e lds .  
t e (c) High r e l a t i v e  humidity and periodic  low temperatures of  the 2rea - 

would s e w e  t o  heighten the occurrence o f  v i s i b l e  cooling tower plume and 

fogging/icing episodes. 

(d) The West Cdscades region is an area noted f o r  its scenic beauty and L: 
1 recreat ional  opportunities.  Hence, the biggest obstructions t o  geothermal 

t development would probably be  those fac tors  t ha t  degrade the  p r i s t i n e  nature -. 

4 
L 
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of the area. In terms of air quality, these would in ( J  - 
I 

d tion, presence of visible plumes, and H2S odors. The degree of impact 

of these factors cannot be estimated on t. available data- 

eas of the West . .  
areas, most notably Breitenbush KGWwhich adjoins the ? l t .  Jefferson wilder- ~. 

ness area (USDA-FS-RS-FES(ADM)-77-3, 1978). This and ot 
L 

from visibility degradation by the Clean Air Act Amendinents of 1977. Air 

in these areas. L 
- .  L .- 

k '  
L 

nge, with elevations above 5000 ft and 

e 
P 

A 

1 

f 

t 
b' 71 



j 

i 

L location. Such s i t e s  would have conditions s imi la r  t o  those described i n  the 

L West Cascades section. 
f 

2.  CZCmte: The climate o f  the High Cascades is  governed by the  i 

1 -  same fac tors  as the West Cascades. 

higher elevations most of the wintertime prec ip i ta t ion  is  snow. 

The major difference is tha t  with the 
h. 

This region . 

has recordcd sczz of  the la rges t  snowfall amounts i n  the  United S ta tes .  

r Annual prec ip i ta t ion  var ies  s ign i f icant ly  on a west t o  eas t  t raverse  of i 

the Cascade c re s t .  Amounts range from 85 inches a t  bfusick (elevation 5530 f t ,  
i 

west of c r e s t ) ,  69 inches a t  Crater Lake (elevation 6475 f t ,  j u s t  east  of 

c r e s t ) ,  t o  46 inches a t  Fish Lake (elevation 3839 f t ,  i n  southern Cascades). 
L 

and about 20 inches a t  Chemult (4760 f t ,  eas t  s ide  of Cascades near f o o t h i l l s ) .  

1 
I 
t 

Annual snowfall amounts a t  selected s t a t ions  include 430 inches a t  

Musick, 541 inches at  Crater Lake, SO0 inches a t  >It. Hood Ski :4eadows (border- 

ing bt t .  Rood KGRA), 324 inches at Ode11 Lake, 183 inches a t  F i s h  Lake, and 

167 inches a t  Chemult. This snow remains on the  higher peaks year-round. 

Janu2ry mean temperature, represented by s t a t i o n s  a t  4500 t o  6500 f t ,  

f are  near 25 t o  30°F on the eas t  s ide  and 30 t o  35OF on the west. July means 

are  near 60'F a t  a l l  points i n  t h i s  elevation range. Temperatures at  higher 
I 

t 4 
L b 
i- 
i f 

elevations such as N t .  Hood KGW should be s ign i f i can t ly  lower. 

ranges a re  about lS°F on the west s ide  of the c r e s t  and 25*F a t  the higher 

elevations eas t  o f  the c res t .  

and 40 t o  4S°F on the eas t .  

January da i ly  

Ju ly  da i ly  ranges a r e  25 t o  35'F on the  west 

L i t t l e  in fomat ion  on r e l a t ive  humidity i s  avai lable  for elevations 

representative of t h i s  region but i s  expected to  be near 80 t o  90% i n  

January and 20 t o  30% in  July.  This should show considerable var ia t ion east  

t o  west and values w i l l  be lower during periods o f  continental  dry a i r  pene- 

t r a t i o n  from east  of the Cascades. 

t 

i 



data' are near1 nexistent . Prevailing directions on the west s ide  #J 
%( r ly ,  with tendencies t o  SW i n  winter and W i n  summer. Near the  

r' 

e r l y  flow, especially during the winter when the 

continental high pre ssur  m is established. ind data  from a 30 f t  

high anemometer a t  M t .  Hood i Meadows (elevation 6600 ft ,  bordering :.it. Hood 

KGRA) show mean monthly speeds of IS t o  18 mph, predominantly SSW but with 

d t winds. Data f o r  29 years a t  Government Camp (eleva- 

t i on  3900 f t ,  near M t .  Hood KGRA) -show prevailing SW winds during every month 

except December and january when . the prevailing direct ion i s  east ,  
I t  

During period of  calm o r  l i gh t  winds e rugged t e r r a i n  of t he  area 

ave a significant effect on air-flow patterns a t  lower elevations. 
hi 

i ' t  

I :  v i r tua l ly  no useful source data  i n  t h e  High 

alyted hot springs waters a re  from Kahneeta 
I Hot Springs on the lower east s ide  of  the ran 

temperatures of 210 t o  280'F (Mariaer, e t  a t .  

Suggests reservoir bJ 

d 
1 ;  

A t  elevations representative of t h i s  province, the only known geothermal 

manifestations are warm springs and €ma 

bas is  f o r  i t s  designation as a KG 

High &ascade.volcanos a re  some .of the most promising geotherma 

es on M t .  Hood and t h i s  is t h e  

areas Surrounding the 

doing exploratory 

s of subsurface 

of  data i n  the 
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(b> LetzorgZogicat h5a:  Long-tern climate data ,  cons is t ing  of monthly 

and annual means o f  surface temperature and p rec ip i t a t ion  are ava i lab le  a t  

several  s t a t i o n s  a t  e levat ions representat ive of the  High Cascades, including 

those mentioned previously.  Data f r o m  Government C q  include prevai l ing 

d i rec t ion ,  and maximum t o t a l  p rec ip i t a t ion  for 1 t o  1 2  consecutive hour 

periods. 

No da ta  for upper l eve l  wind, temperature, o r  r e l a t i v e  humidity d i s t r ibu -  

t i ons  a r e  ava i lab le  a t  s i t e s  representat ive o f  the High Cascades. The nearest  

such s t a t i o n  is  Salem, i n  a much d i f f e ren t  climatic regime, 

The U.S.  Forest  Service co l l ec t s  meteorological data at  ?!t. Hood Ski 

Meadows f o r  avalanche forecas ts .  These da ta  a re  ava i lab le  f o r  winter months 

s ince 1975 and include wind speed and d i rec t ion  fmm a 30 f t  anemometer, snow 

depth, water equivalent, and maxisum, m i n i m  and mean da i ly  temperatures. 

These data are  avai lable  fmm the Rocky Mountain Forest and Range E.xperiment 

S ta t ion  i n  Denver, Colorado. 

The Atmospheric Sciences Department, Oregon S t a t e  University, maintained 

a windrun anemometer on Snow Peak fron June 1976 t o  February 1977 (see Mete- 

orological  Data, West Cascades). "his department a lso s a i n t a i n s  a wind 

spectrum analyzer a t  Tygh Ridge (elevation 3083 f t )  j u s t  east of t he  Cascades 

i n  northern Oregoqwhich may have wind data  loca l ly  representat ive of t h e  east 

port ion of t h e  northern High Cascades (Hewson and Baker, 1978). 

(c) A i r  WZi3 Dcta: ;\lo long-term da ta  on a i r  qua l i t y  ex is t  for the  

High Casczdes. The a i r  qua l i t y  should be general ly  near p r i s t i n e  a t  these 

elevat ions with the  excel lent  vent i la t ion  conditions and absence of contaminant 

sources. The only major source is  smoke from sldsh burning and occasional 
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foreit fires. The extent of Willamette Valley field-burning smoke penetration 

to these areas is unknown. bd 

4. 

(a) Evidence of-geothermal resources in the High Cascades is geological 

and nothing conclusive can be said of its potential for direct utilization. 

Any near-term utilization is likely to be direct (see item b). However, the 
u 

area has been estimated to be potentially one of the biggest fields in the 
hl 

world with temperatures sufficient f o r  electrical power production and should 
Y 

L be so considered. 

(b) Mt. Hood KGRA is a wilderness designated area and under Forest 
tn 

Service regulations is unavailable f o r  development. However, plans are under- 
, 

way f o r  geothermal heating of Timberline Lodge and Northwest Natural Gas Co. 

of Portland is investigating the potential f o r  piping geothermal heat to the 

urban areas of the Willamette Valley 

determining the impact of long disrance transport of heated fluids, e.g. 

microclimate modification in the immediate vicinity of  a hot pipeline, (buried 

o r  above surface), and the probability and nature of potential leaks and 

id 

,311 
I 

Immediate be placed On 

*hd 

ad 
esultant emissions into the immediate atmosphere. 

I 
J most obvious climatic characteristic of this province is its 

Research is necessary into the question of deposition of conf,=i- snowfall. 
A 

e . ,  what will be the effect on water resources 

. boron] and its a pollutant 

ascades, is an area of 

e the biggest obstacle for geothermal 
Jici 

1 
I 
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development in this area is the possibility of compromising its pristine 

nature. 

Class 1 area. 

the degree of impact of geothennal development in terms of visibility degrada- 

tion, as well as the presence and persistence of vis-ible cooling tower plumes, 

and H2S odors. 

in all categories. 

The bit .  Hood wilderness area is an automatically designated Federal 

In this connection, emphasis should be placed on determining 

Data necessary f o r  such determination are insufficient 
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J 
I o thermal Works hop 

nnental issues a ated with geothermal - 1  
Table 7 presents potent ia l  air q u u t i t y  issues m 

I subgroup of tha t  meeting. However, i t  was 
d 

ident  from discussions -. t ha t :  

L b l e  data  prevents any firm ident i f ica t ion  

and p r io r i t i za t ion  of po ten t ia l  issues tha t  a re  spec i f ica l ly  a i r  qual i ty  

re la ted.  Additional data requirements w i l l  discussed in the next section. 

Until these data needs are sa t i s f i ed ,  a i r  qua l i ty  issues must remain. conjec- 

t u ra  

4d 

h i  

+ 2 .  The main iss may impede or  obstruct geothermal development 

broad issues tha t  not easily categorized but li 
a i r  qua l i ty  issues .  1 

7w 

A. GENERAL ISSUES 



f a b l e  7. PotemLa.l . 4 i r  Qrulity Issues 
f 
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i 

liquid-dominated type and can be developed using 
J/ 
I stream scrubbing process, which may have an 

m 
78) .  

s t o  rhe flashed-steam system (see p .  91). 

possible that binary systems will be used, in which case emissions 

Research is currently being conducted 
i 

tsll on the applica 

. p '  

b 
\ '  

I 

water vapor will be eliminated, 

h 

, b  
There is also a degree of mistrust in the public's attitude; a "guilty 

until proven innocent" philosophy. No doubt, this philosophy has'gained 

L more followers sinc 

Perhaps the best solution to the problem of public distrust of new 
Y technologies would be 

i 
d 

- serve"= an example 

lantat a promising site such.as Vale, Oregon. Such a demonstration plant 

I 

+w 

I 
rce sites in Oregon are located w 

ij 
ose-development on the 

monstration plant tha 

t rical power gene rating 

h 
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AIR QUALITY ISSUES 
L One of the purposes of t h i s  study was to  iden t i fy  and p r i o r i t i z e  those 

f 

air qua l i ty  issues ,  r e d  or inargined, which may impede geothemal energy 

development i n  Oregon. I t  i s  d i f f i c u l t  if not impossible t o  estimate the 
! 
f 

L-! 
probabi l i ty ,  l e t  alone the  severi ty ,  of po ten t ia l  a i r  qua l i t y  impacts on the 

basis  of  information present ly  avai lable .  Also, the  degree t o  which specific 

issues  might obstruct  development depends p a r t i a l l y  upon public opinion [which 
I 1 ' 

may be based on past  experience ra ther  t h  

nat ional ,  and internat ional  events (e .g . ,  another OPEC o i l  boycotr), and 

future  events)* fu ture  s t a t e ,  

upon many other  f ac to r s  such as  the occurrence of another incident similar t o  

L the  one a t  Three Mile Island. As an example, geothermal energy development 
L 4 is associated i n  the minds of many people with HzS odor nuisance from e.qer i -  

I ences a t  The Geysers; however, with the use of binary systems i n  which 

geothermal f lu ids  are completely enclosed and reinjected,  there  should be 

tl no odor problem a t  a l l .  Thus, t he  following p r i o r i t i z e d  l i s t  (with p r i o r i t i e s  

set only t o  the degree possible) should be considered t o  be conjectural .  

Recommendations f o r  additional da ta  and research t h a t  . w i l l  f u r the r  r e f ine  and 
f 

p r i o r i t i z e  these issues are  presented i n  the next section. 
.. .* . 1. V < 6 * y ~ z ~ z t y  Reduction: This ef fec t  can a r i s e  fmm two sources: 

[a) Par t icu la te  loading of  the atmsphere f r o m  dust  suspenqion 

during construction. The degree of t h i s  impact depends on s o i l  conditions 

and dryness, as well as the  care  taken during construction t o  minimize s o i l  1 
disturbance. 

(b) H2S emissions and atmospheric oxidation processes. . H2S is 

slowly oxidized t o  SO, and SO: i n  the unperturbed atmosphere (DOE/EDP-0014, 



SI i n  a moist, polluted 

from wet and dry deposition a re  uncertain 

r i c  .condition s possible t h a t  much 

mosphere and oxidize t o  su l fa te  par t ic les .  

through condensation and coa 

ameter-range ( 

ocess, v i s i b i l i t y  

L 

b 

L 
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I 

even though it  may be objectionable only f o r  aes the t ic  reasons. Plume v i s i -  
t 

L 
\ 

L b i l i t y  and v i s ib l e  length a r e  determined by wind speed and dispersion charac- 

t e r i s t i c s  as well as ambient temperaturs and r e l a t i v e  humidity; consequently, 

more knowledge of loca l  meteorology is necessary t o  quantify its impact. 
1 

L 4.  Odor Nuisrmce of E2S: This is regarded as a poten t ia l  issue because i 

of its associat ion i n  the minds o f  many people with geothermal energy. 

With up-to-date technology i n  abatement systems or the  use of the binary 

conversion cycle, the true impact of H2S may be minimal. 

actual  status as a r e a l  i s sue  cannot be estimated without more knowledge 

1 
L 

However, its . 

f of t he  type of development tha t  may occur i n  Oregon and the  amount of H2S 

present i n  geothermal fluids. 
b 

5 .  I'izcreased Ambient Conczntmtions of 92S, Boron ( E ) ,  &!etFm ( C H t )  , 

L 
L 
c 
I 

c 
f 
i 
i 

Amonic tf lE,)  , kfersuy tEg) , Arsenic (As), Carbon Eozide /COS) , and O t F w  

C'tttuenta: 

information on: 

- 
This issue is the most d i f f i c u l t  t o  judge because of lack of 

(a) Kinds and quant i t ies  of const i tuents  present in geothermal 

f lu ids  ; 

(b) Type of energy conversion cycle t o  be used; 

(c) Effects on biological receptors such as  crops, vegetation, and 

wi ld l i fe ,  and concentrations tha t  can cause deleter ious e f fec ts ;  

(d) Plant s i t i n g .  

With the use of closed cycle energy conversion systems, there  may be no 

s igni f icant  i s sue  concerned with air  pol lu tan ts .  

completely contained, t h e i r  e f f ec t s  nay be minimized by se l ec t ive  plant  s i t i n g  

based on local  meteorology t o  achieve optimum vent i la t ion  and dispersion condi- 

t ions.  Presumably, too, appropriate abatement systems w i l l  be q p l i e d .  

Even if e f f luents  are not 

82 i 
I 
k 



missions is l i ke ly  to  be most severe i n  areas 

d i t ions  occur frequently, such 

Cascades o r  in  eastern Oregon under conditions of 

t ion and resul t ing stagnation. 
air penetra 

Accideneal Release of S~3conciary Fluids Used in B i n a r y  Systems: 

The use of vo la t i l e  f lu ids  such as isobutane o r  propane i n  binary loops 

ca r r i e s  a poten t ia l  f o r  accidental releases if system leaks should occur 



VII. CONCLUSIONS/IZECOENDATIONS 
f '  
t 

The primary factor hindering any useful predictions of air quality impacts L 
from geothermal resource development in Oregon is the absence of zdequate source, 

meteorological, and baseline air quality data. In this final section of the t 
chapter, therefore, we will include a brief recapitulation of available data.and I , 

data gaps. Following this recayitulation, suggestions will be made for acquir- 
t 

ing additional data and undertaking relevant research. 

A. RECQPITULATION L 1. Available source data are limited mainly to analyses of waters 

F "  . from hot springs and shallow wells throughout the state. These measurements 

were mzde for t h e  most part w i t h  the purpose of estimating geothermal reser- 
L 

L voir temperatures (e.g. on the basis of silica concentrations as outlined in 

Fournier and Rme, 19661. Consequently, these measurements omitted analysis P '  
for many constituents that may be environmeatally hazardous. In addition, e 
concentrations of those constituents that were measured may have changed during 

ascent of geothermal waters to the surface, Therefore, the measured concentra- 
L 

I, 
t 

tions may not be representative of geothermal. fluids as they occur at gr- oater 
depths and as they are used as input to energy extraction systems. 

projections as to the type of development chat may occur in Oregon are specu- 

lative and there is no information as to the nature or amount of eventual 

emissions f r o m  geotheml electrical generating plants. 

Further, 

In fact, some of the 

proposed energy conversion systems have not even been tested. Finally, 

natural emissions fmm hot ?rings and fumaroles have not been analyzed for 

i 
I '  

many constituenrs relevant to air quality, although many have been described 
t 

B as having a "rotten eggt1 odor. 

extremely neager. 

Thus, in summary, available source data are 

& 
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2. Meteorological data in areas of Oregon having geothermal poten- 

ted almost exclusively to long-te 

and precipitation taken at isolated stations and, occasionally, to near-surface- 

level, average wind speeds. Exceptions are National 

at Klamath Falls, and Ontario, but these stations are only marginally b 
representative of conditions at remote sites in southeastern Qregon and the 

Cascades. Consequ ealistic air quality impact estimates will require 

more extensi 

characterist 

3. Useful a 

oxidants, and CO at 

heral to geotherma 

southeastern e no air  quality 
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AIR QUALITY t 
t '  

COUNTIES MEETlNG PRIMARY 
' AMBIENT AIR Q U A U T Y  STANDARDS 

0 AMBIENT AIR Q U A U T Y  STANOAROS 
COUNTIES NOT MEETlNG PRIMARY 

AIR QUALITY STATUS MAP 
BY COUNTY L 

Figure 8 .  From "Oregon Environmental Quality Profile 
1978,'' EPA publication EPA 910/9-78-049C, 1373. t 

'i 
86 L 



1. Fate of H2S h. $he Atmosvhere: The most-important oxidizing 

reaction for H2S appears to be P 

d 
d 

I This reaction is quite slow in the gas phase; in the presence of airborne 

particles witA a concentration of 200 particles/cml the lifetime of 1 ppb 

H2S is estimated to be about 28 hours (Seinfe 

O3 are soluble in water and the oxidation rate of H2S in a moist plume nay 

be very fast. More information is needed on the behavior Of H*S and 

A 

d f975) * However3 H2S and 
J 

in 



2. EstubEshmt of W s s w n  S- For BgS: A t  present there  

a re  no Oregon or U.S. standards f o r  ambient H2S concentrations, alt5ougn it 

was recommended i n  the EPA report  by Hartley (1978) tha t  H2S emissions be 

l imited to  10% of the loading in the raw f lu id .  New Mexico has 2 3 ppbv 

standard and California has a 30 ppbv standard (1 hour average), although 

the California standard is under review and may be lowered. The Occupational 

Health and Safety Act siandard f o r  H,S is 20 ppm, applicable inside buildings. 

To provide developers with a ta rge t  f o r  control l ing HpS emissions it is 

essent ia l  t ha t  the s t a t e  o f  Oregon es tab l i sh  an ambient H,S standard. A 

standard of 10 ppbv would fa l l  below the median threshold of detection estab- 

l i shed  by most s tudies  of H,S e f fec t s  (e.g., see Figure IC> . 

. 

Ir 

S 

1. 

1 

L 

i 

4 
1 
i 

L 

i 

i. 
3. ZffecSs o f  Geothema I Zf-fluents on Vzgetation : Research is 

necessary to  deternine the e f f ec t s  of po l lu tan ts  fomd  i n  geo thena l  f l u ids ,  

on nat ive and cu l t iva ted  plant  species; i n  par t icu lar :  

(a)  the effect  o f  long-tern tow-level exposure o f  H$ on cu l t iva ted  

species (hay, grain, sugar beets, potatoes) in terns of i n j q ,  growth 

reduction, and yield;  and 

(bf the e f f ec t  of deposition of substances found i n  cooling tower 

those mentioned above, and on native species such as Douglzs Fir and Ponderosa 

Pine. 

L 
(r 

I 

plumes and d r i f t  droplets  (e.g. boron, SO,) on cul t iva ted  species such as 
i, 
1 
kr 

!' 

4! 
i 

r 

L 
4 

4.  C o m l e  Te.-M..3n i Y e 2 ~ o ~ l o ~ :  Much research is  needed concerning 

meteorology i n  complex t e r r a in .  Specific areas in  which more information 

is needed include (Koch, e t  aZ., 1977;- Barr, e2 a i .  , 1976) : i 
driven winds and t h e i r  coupling/decou- 

r, 
pling with synoptic scale flows; I 

90 
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Y 
d -(b) Turbulence generation by thermally driven drainage 

flows and waves in the lee of ridges; -- J 
Y 

d 
Amplification of horizontal plume spread caused by 

and upslope 

plume separa- 

rocesses and pluiie meandering when high terrzin elevations are con- P 
Ii 

(d) Definition of the mnner in which plume impingement occurs in srj 

i ,--.- 
d 

II 

errzin; and how this is affected by atmospheric stability; 
Y 

(e) Initiation of moist convection as a result of differential heating 

d 
d 

- -  
rJ 

JI d reattachnent on the lee side of a ridge, 

i 
1 

I 

*i 
.I 

i 
I 

i 
1 yw 

I 

J ted that concentra- 
l k  
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processes and which may be applicable t o  areas i n  Oregon. A model which 

assesses the  impact, a t  large distances,  of SO2 emissions f r o m  multiple point  

sources is described i n  Liu and h a n  (1977). However, these models were 

developed f o r  SO;! emitt ing sources and neglect t h e  i n i t i a l  transformation of 

H2S t o  SO2 typ ica l  of geothermal power p lan ts  using, f o r  example, the  

flashed-steam conversion cycle. 

developed f o r  complex t e r r a i n  and even fewer have had exgerimental ver i f ica-  

t i on .  Therefore, c lear ly ,  much addi t ional  research is  needed. 

Further, few regional scale models have been 

(b) Complez Terrain MocizZing: Although present ly  ava i lab le  models such 

as the EPA "Valleyif model, may be applicable to  many of  the areas discussed 

i n  sect ion V, the  t e r r a i n  of  some areas, such as the  Cascades, is so c o q l e x  

tha t  ,oround-level concentrations predicted by these models may be t o t a l l y  

unrealistic. 

t e r r a i n  have only order-af-magnitude predict ive capab i l i t y  (e.g., seg Barr 

&t ct., 1976 and references there in) .  Consequently, there  is a need for 

models which can more adequately hzndle three-dimensional flow f i e l d s  i n  

complex t e r r a in ,  especial ly  under stable conditions. 

Ia general, current ly  avai lable  air qua l i ty  models f o r  complex 

(c) Drift  Depositwn i4odetiz.g: There is an abundance of models which 

These a re  summa- describe plumes and d r i f t  deposition from cooling towers. 

r ized and compared i n  publications by EkVehil and h'eikes (1975) and Chen 

and Hvlna (1978). However, it was concluded by these and other  invest igators  

t ha t  what is needed i n  t h i s  area is more data  with which t o  t e s t  these 

models under d i f fe ren t  metecrological conditions. This data, obtained under 

a var ie ty  of  meteorological conditions and at  various si tes,  should consis t  of 

simultaneous illeasurements of contaminant concentrations i n  cooling tower 
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u 
water, droplet  d i s t r ibu t ion  a t  the tower e x i t ,  d r i f t  r a t e ,  ground deposition 

rate d is t r ibu t ion ,  and on-si te  weather conditions. 
QJ 

I 
r$ 

rl 
4 6. 

*II rl Energy-Conmrsion Systems: 

by Hartley, 1978) is ef fec t ive  i n  removing H2S from raw s t e m  before the 

steam enters  the plant .  

of plants  using the  dry-steam cycle. 

of a process similar to  the EIC process tha t  would be applicable t o  the  

f lashed-stem cycle and wit‘h which H2S can be removed from the  f l u i d  prior t o  

The EIC upstream scrubbing process (described 

rl 
Ad This eliminates H2S emissions even during shut-downs 

However, there  is a need f o r  development 
d 

-- 

ri i 

YrCI 

i 

1 

i 

i 

1 

’*.r 

I 

.wT’ 

id 

J 

Id 
s 1  

c 
‘ i  

93 



! 
I 

LI 

I 
Lr REFERENCES 

Anderson, G .  E., 1971: 
kfeteorolog,,, 10, 377-386. 

Austin, A. L., e t  at. ,  1973: 
f m m  GeothmnaZ Bot W n e  Deposits. 

'Tdesoscale influences on windfields.ff  J. of A p t .  
$ 7  

A. 

CA, Report UCIU-51366. 1 '  

1 The Total  Flow Concept for  Recsruery of Energg 
Lawrence Livermore Laboratory, Livemore, 

Axtmann, R. C., 197Sa: 
Science, 187, 795-803. 

fTnvironmental impzct of a geothermal power p l an t . f f  
% 

c, , 197%: 
thermal power." 
GeotkmaZ Resource DeveZqment. 
Berkeley Laboratory. 

"Chemical aspects of  t he  environmental impact of geo- 
In Proceedings of the Second Unit& flations Confmence on 

4 Berkeley: University o f  Cal i fornia ,  Lawrence 

7- 

Barr, S., R. E. Luna, W .  E. Clements, and H. W. Church (Eds.), 1976: Report 
of a j o i n t  ERDWEPA workshoD on &search meeds f o r  Atmospheric 3 m s p o r t  and 
Dif'fksion i n  CompZez Terra&, 23-30 September 1976, Albuquerque, Nl. Avail- 
able  as CONF-7609160 f r o m  NTIS, Springfield,  VA. 

Snap Beans. 

Bowen, R. G. ,  1979: 
Geothermal Environmental Workshop, Harch, 1979. 

Malheur Co., Oregon." Thz Ors-Bin, 37, 109-121. 

Oregon Department of Geology and :-finera1 Industr ies ,  Contract No. 50122129. 

Briggs, G .  A . ,  1969: 
ava i lab le  f r o m  Clearinghouse, Springfield,  VA. 

Bennett, 3 .  P., 1977: Intaractive L"ffec5.s of 82s ond Ozone on the ZieZd of 
L 

t Lawrence Livermore Laboratory, Livermore, C.4, Report UCRL-13807. 

L i 

4, 

i 

L 

L 

Coments before the s t ee r ing  committee for t h e  Oregon 

, and D. 0. Blackwell, 1975: 

, e t  a t . ,  1975: 

'Tfle Cow Hollow geothermal anomaly, 
f +  

GeothennaZ S&xdies cnd Fqkrcrtion i n  Oregon. 

I 
FZme Rise, :GC C r i t i c a l  Review Ser ies ,  USAEC-TID-24635, 

, 1973: Effusion Estimtion for SmcrZt  W s s w n s ,  as  referenced ! 

i 
i 

in Hanna, 1974c. Available as Atmspheric Turbulence and Diffusion Labora- 
i tory (ATOL) Contribution No. 79, P.O. Box E, Oak Ridge, TN. 

Brown, E . ,  M. W. Skougstad, and M. J. Fishman, 1970: 
t i on  and analysis  of  water samples f o r  dissolved minerals and gases." 
of Techn4ques of ~ater-Resources Investigations o f  the u, S. ceo ZogicctZ sumey. 
U.S. Government Pr int ing Office, Washington, D.C., Stock No. 2401-1015. 

men, N. C. J., and S. R. Hanna, 1978: 
sons ." A-tnosphercl;~ Znv&mment, 12, 1725-1734. 

f?F.fethods for col lec-  
Book 5 

€ I  
' i  "Drift inodeling and monitoring c o q a r i -  

I 
I 

CZktic s-2~ of the ihzited S h t e s .  USDA, Weather Bureau. 1930. 

94 

i 

h 



i 4  

* SY 

:w 
CZimato Zogicsl Bandbook of .the Cotwnbia Basi States. Pacific Northwest: 
River Basins Commission, Vancouver, V3A. 1968 and 2975. 

Crittenden, M., 1977: Guide es  for AcquiAng EnvironmentaZ Basetine Data 
on Federal Geotknnat Leases 

Culkowski, W .  hf. ,  1962: - I 1  alous snow a dge; Tennessee ." h!onihZy 

Dana, M. T . ,  and M. A. Wolf, 1977: 
of Cooling Tower Condensate. Battel  t No. BNWL-2295, UC-12. Battelle, 
Pacific Northw.es t Laboratories ; Rich 

* 

U.S. Geological Survey, Menlo Park, CA. 

Review, 90, 194-196 

nt  Due t o  Scavenging 

DOE/EDP-0014, 1978: 

for Environment 

Ermak, D. L., 1978; "A s 

ement District 

EPA1910/9-78-049C, 1978: Oregon EflvLronmentaZ QwzZ~fq L ~ f i Z 2  1978. U.S.  EPA, 
ion 10, Seat t le ,  WA. 

9s 



i j  

Fern, R. W. , 1976: In Emzdbook otz AemsoZs, DelUliS, R. (Ed.). U.S. Energy 

Springfield,  VA. i 

i' 
I L' Research a d  Development Administration. Avzilable as TID-26608 f r o m  NTIS, 

L Ferpwon, D.,  1978: Ursgon's Gmat &sin C ~ w z t r y .  Gail Graphics, Burns, OR. . b 

i I 

Fournier, 3. O., and Rowe, J. J., 1966: 
tures f r o m  the silica content of water f r o m  hot springs and wet stream wells." 

IfEstimation of  underground tempera- 

r~m. J. of s d ~ e ,  264, 685-697. 
f '  

"Geothermal energy t o  supply Ore-Ida plant." Geothemat  Bzer3y Magazine, 
Vol. 7, No. 1. 19?9. i, 

a Gifford, F. A., 1968: *An Outline of Theories of Diffusion in  the  Lower 
Layers of the Atmosphere," Chapter 3 of MeteoroZogy d A t o m i c  E'CJZJ - 2968, 
D .  Slade, Ed., 66-105. 

\ 
Gunn, R.,  and Kinzer, G. D . ,  1949: "The Terminal Velocity of Fall for Water 
Droplets i n  Stagnant Air.'' J. of  Meteorolos, 6, 243-248. 

Hanna, S. R., 1974a: "Fog and d r i f t  deyosition from evaporafive cooling 
towers. lf  kctear Safety,  IS, 190-196. 

, 1974b: Weteorological e f f ec t s  o f  the  mechanical-draft cooling 
towers of  the Oak Ridge Gaseous Diffusion Plant." In Cooling Tower Zmiron- 
ment - 2974. U.S. Energy Research m d  Developnent Administration, Office of 
Public .V€airs. Also avai lable  as CONF-740302 from NTIS, Springfield,  VA. 

, 1974c: "Meteorological Effects of the Cooling Towers a t  the 
Oak Ridge Gaseous Diffusion Plant.  I1 - Predictions of Fog Occurrence and 
Drift  DeposiZion .'I 
Pmbutzrre and Diffurion L u E o r c r ~ ~ ~  (ATIIL), Oak Ridge, Tennessee, 1974 
Annual Report- lS-S4. Available as ATDL-75/17 from lvTIS, Springfield,  VA. 

In Emiromnentd Researeh L&orztaries, Aihoqher ic  

4 

i- I 

Hartley, R. P . ,  1978: PoZZution ControZ C u ~ d a m e  ?or Geothenat Zneryy 

Laboratory, U.S. EPA, Cincinnati, OH. Available as EPA-600/7-78-101 from 
iXI'IS, SprLzgiield, VA, 

Hewson, E. W.,  and R. W. B&er, 1978: 5%nd Power: JTett;ork r&;zLi;?ower over $he 
Pa&j%c Florehest. 
Development- Report BPA 77-2. 

Development. EPA-600/7-78-101, June, 1978, Indus t r ia l  Environmental Research f 

cc, 

a Oregon S t a t e  University Office of Energy Research and 

f 

i hff ,  F. A:, 1972: 
tower eff1uents.l' &ZZ. of Pn. tVet20r01. Soc., 33, 639-644. 

"Potential  augmentation of  prec ip i ta t ion  fron cooling 

A 

I Huggins, R. (Ed.), 1978: tJorfheast Srggon CecthemaZ ?reject. Eastern 
Oregon Community Development Council, Pac i f ic  ?.iorthwest Regional Commission 
Grant Xo. 106900S8. I 

c 
96 



lackwell, R; Bowen on, 1977a: Beat Ftow 
hers FauZt %ne. 
ile Report'0-77-3. 

of Geology and Mineral 2 
-01 
4 , 

rson, 1977b: "Preliminary 
al energy potential . A 

'4. 
, e t  aZ., 1978: GeothemaZ Gmdient D a t a ,  Oregon Department 

and -Mineral In tries Open-File Rep0 8-4. 

Pickering, E. R. 

-2260 by Geomet 

, 97 
I 



t 

t 

, T. S. Presser, J. B .  Rapp, and L. M. Willey, 1975: The iNmr ond 
Bate ZZments, Gas, and Isotope Compositions of the %&pal Bot Springs 07 
JTevada d Oregon. U.S Geological Survey Open-File Report. USGS, Henlo 
Park, CA. 

< 
McVehil, G. E., and K. E. Heikes, 1975: 'Cootinf!  Tower Plume f40deling anr! 
&rt Measurmznt, A Review of the S&ez-of-the-Art. 
Contract G-131-1, by Ball Brothers Research Corp., Boulder, CO. 

Nuber, J. A.,  A. Sass, M. T. Mills, and C. S. ?derris, 1378: A RS&ZV of 
Regional-Scute A i r  QuaZiQ tyodets for  Lmq Distance Xsperswn Modsting i n  the 
Four Corners ha. Contract 03-6-02-35254 by Environmental Research ana 
Technology, Inc. for NOAA. EPA-600/7-78-066, Washington, D.C. 

Prepared for B E  

O r q O ? z  A i r  @ c Z i t y  Repoe 1377, 1978: 
Quality, Air Quality Control Division. 

Oregon S ta t e  Departaent o f  Environmental 

Overcamp, T. J., and D. T.  Eoult, 1971: 
towers .'? Atmoqke&c Environment, 5, 751-765. 

Paquin, C . ,  1979: Pac i f ic  Gas and E lec t r i c  Research Engineer. Personal 
Communication with Dan Freeman. 

Pol icastro,  A. J., W. E. Dunn, M. L. Breig, and J. P .  Ziebarth, 1979:  EvaZwz- 
tion of Mathmtical  ~ o d e l s  for Salt &iYt Deposition J+orn !?atziraZ hf* 
Cooling Towers. 
Laboratory, 9700 S .  Cass Avenue, Argonne, IL .  

"Precipitation in the wake or" cooling 

Division of Environmental Impact Studies,  Argonne National 

Presser, T. S.,  and Ivan Barnes, 1974: Spe&aZ Tech&pes for Det;eM?riziq 
C77efiiccrl h p e r t i z s  of G e o t b m l  Vaters, U . S .  Geological Survey Kater- 
Resources Investigations 22-74. (Request from Presser, 'MID, USGS, Menlo 
Pkrk, CA.) 

Quong, R., 1974 : A Faste-Beat Zejection Systzm fo r  the Totat-Flm hrraine 
Cancqt  Using Bot Geothermal 32-672.e~. Lawrence Livemore Laboratory, Liver- 
more, CA, Report UCID-16694. 

Reed, Iy. ,J .$ and G. E. Campbell, 1975: Tnvironmental Izpact of Development 
i n  the Geysers Geothermal Field,  USA." 
rYatians Confersnce on Geotfiemal Resources. Berkeley: University of California, 
Lawrence Berkeley Laboratory. 

Reismann, J. I . ,  1972: "A Study of Cooling Tower Recirculation." Presented 
at  K n t m  Am.uaZ Meeting of AM, New York. X O V .  26-30, 1972. 
As referenced i n  Hanna, 197Jb. 

Robertson, 0. E. ,  zt a t . ,  1978: Tiiemical Characteritarion of Gases and 
Heavy Metals i n  Geothermal Effluents. f *  GeotkemaZ Resources CaunclL't, 

In ,3,.oceedings of she Second gn<k:zd 

As=, NY. 

,Eww., 2, 579-582. 

98 



Roffman, A., 1979: "Precipitation Rates Due to  Drift Depositio 
Comparison Between Measurements and Predictions. In  4 th  S y q o  
Turbulence, Diffusion, and A tZuthn of &he ~ ~ t ~ ~ ~ ~ ~ g i ~ z  
Society. . Janury 15-18, 197 
45 Beacon S t . ,  Boston, MA. 

va&* American Meteorologi 

Rosen, L. C., and C. R. Molenkamp, 1978: An Entrdrommtcrt . m e h e w  of Go-  
,thema2 Development: The Ceysers-CaZ$stoga KGRA. Vol. 2: Air - 2 i t y .  

. Lawrence Livermore Laboratory, Livemore, CA, Report UCRL-52496, 

A., 1976: EydrmtOgi 
t h  FatZs, Qregon. U. 

t ion  Open-File Report WRI 76-12 

R e c o ~ i s s a n c e  of the ~ ; ~ ~ t h ~ ~ z  bea 
Geo 10 g i  cal Sumey W a t  - Resources Invest i ga - 

Sammel, Ed, 1979: Personal communication with Dan Freeman. 
~ 

Seinfeld, J. H., 1975: A i r  PoZtution - PhysicaZ mrd memicat Fundamentats. 
HcGraw-Hill Book Co.,, New York, ,W. 

SeQa, 
Geysers Ceothemat Power PZant: GZzviromnentat %ace of the Release of 222Rr,. 
Pacific Gas and Electr ic  Company, San Ramon, 2~~ Report No. 420-77-22. 

p a ,  L. R. hspaugh, P .  L. Phelps, and A. J. Soinski, 1977:' The 

1975 : "Geothem on. I' s of  the First 
s, m e i r  Toxicity a d  ? r F o r i t  

S z ing  &oth&Mnat Laboratory zf,q 
lettuce t o  geothermal J. of  Environ. sei. 

a i r  Pollution - pbtosynthe t  
Eeatth, 10, 603-622. 

S'thsonian Neteorotogicat TabZes, Sixth Revised Edition. Published 
thsonian Ins t i tu t ion ,  Washington, D.C. 1966. 

NO. SS03-001S. 

99 



1 
White, IC. L., 1978: Edmmert taZ Overvim Rsport on U t a h  GeothemaL Resource 
Areas, VoZ. 1, Air WZity Section. Lawrence Livermore Laboratory, Livemore , 
CA, Report UCRL-13955, Vol. 1. 

IYilby, F. V., 1969: V a r i a t i o n  in recognition odor threshold o f  a panel." 
J. A i r  PoZt. Con.tr02 ASSOC.,  19, 96-100. ' 

\Vimer, R. D . ,  P .  N. La Mori, and A. D. Grant, 1977: I'Potential environmental 
issues re l a t ed  t o  geothernal power generation i n  Oregon .'? . m e  Ore-Sin, 39, 
73-91. 

Wood, B., 1973: In GeothemZ Energy, C. H. Armstead, Ed. United Nations 
Educational, Sc i en t i f i c ,  and Cultural  Organization (UNESCO), 7 Place de 
Fontenoy, 75700 Paris. Printed in France by Imprimeries RBunies de CWb4ry .  

100 

c 





' APPENDIX A 

HYPOTHETICAL CASE STUDY 
k' 

J- 

- 

quality impacts from a 100 MW geothermal elec- 

1 

d be noted at 

ed area where impacts will be most significant; 

entatkve of the climate in eastern Oregon. 

atmosphere. In a binary system with re-injection of the geothermal 
P 
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1" 

i n j e c t  heat and moisture in to  the atmosphere, but with the flashed- 

steam system dissolved so l id s  and non-condensable gases present i n  

the geothermal water may a l so  be emitted. 

1 
100 m long by 25 rn wide, and cons is t s  of ten individual cooling ce l l s ,  

as i l l u s t r a t e d  i n  Figure 7 o f  the main body of t h i s  chapter. Based on 

t descr ipt ions of similar-type plants  (Paquin, 1979 Rosen and trnlenkamp, 

Parane t e r  

individual c e l l  radius 

I 

L 
1' 



Also,. the buoyancy f lux  F, is  (Briggs , 1969) : 

T 
F = V (Tp - Ta) = gV (1'- 

P P 
IC$ ~ e c ' ~  'T 

where g is the acce lera t ion  of g rav i ty  ( 9 . 8  m sec-2) and T and Ta 
P 

I. 

1 -  
(OK) are the plume initid temperature and ambient seaperamre,  respec- 

t i ve ly .  The buoyancy f l u x  paraineter is used in plume r i s e  e s t ina t ions ,  
t 

4k 
*- 
t 
- discussed Later i n  t h i s  sec t ion .  

4. 
1 -  B. METEOXOLOGICAL DATA: Meteorological data used i? this analysis 

are l o n g - t e n  trends at the Ontario a i r p o r t ,  Ontario, Oregon, taken from \ 
t 
L L5e Climatological Handbook of the Columbia Basin S?atts (1968). Tine 

data include: 

(5 )  .4mual j o i n t  p robabi l i ty  frequencies o f  surface temperaTurs T i 
t 

and r e l a t i v e  h m i d i t y  f ,  f o r  windspeed c lasses  U 

2.0 

2 . 0  m sec'l, 

\ u c 6 . 5  m sec-'J 6.5 5 u c 11.0 rn sec-1, and u > 11.0 m see-1. 

' c i i )  klonthly means of  T, f ,  U, and cloud cover a t  four times each I 
day (0500, 1100, 1700, 2300 :%T) . 

(iii) Annual and mnt i ly  windruses . 

I 
i i 

i 

These data are summarized i n  Appendix B .  

Figure A-2 shows the r e l a t ive  locations o f  the Ontario Airport and i 

f 
Vale. I t  is assumed t h a t  temperature and r e l a t i v e  humidity trends a t  . -  

Vale are well represented by the Ontario a i q o r t  data ,  s ince the two i 

locat ions are separated by 19 km with no intervening topographic o b s t m c -  

t ions and about 30 m dif2erenca i n  elevazion. 
L 

t 
104 





Because o f  't5e s e n s i t i v i t y  of wind t o  local topography, near-sur- 

face wind data from Ontario Airport  may not r q r e s e n t  conditions a t  

Vale. equency i n  the To estimate annual drift deposit ion and fog 

f the Vale s i t e  a knowledge of wind flow around the s i t e  is 

necessary. This is discussed i n  the f o l l o w t a g  

Figures A-2 and A-3 show the topographical s e t t i n g  around the 

Ontario Airport and Figure A-4 is  the annual windrose constructed f r o m  

Ontario Airport data.  

major topographical features  are  the Snake River val ley,  which runs 

south to north near the s i te ,  and the Malheur River va l ley  to  the west- 

southwest. 

(This windrose is tabulated i n  Appendix B.) The 

The l a t t e r  is bounded on the north by a range of h i l l s  t o  

the west and northwest, running f m m  Malheur Butte t o  a point  north of 

the  a i rpo r t .  

From F i g u r e  A-4 it is seen tha t  the s t rongest  winds are from the 

northwest and north-northwest sec tor ,  which ind ica tes  Llat these hills 

do not pose a large obstacle  t o  high winds. Mid-scale winds (1.6 t o  

5.6 m sec'l) occur most f requent ly  f r o m  the west-southwest, ind ica t ing  

some channeling of westerly winds by the Malheur River val ley.  

w i n d s ,  driven i n  part  by diurnal var ia t ions  i n  the pressure gradient  

Light 

r e su l t i ng  f r o m  d i f f e r e n t i a l  surface heating (drainage w i n d s )  show a 

trend t o  south-southwest and northeast  flow, following the course of 

the va l l ey  and h i l l s .  

Figures A-1 and A-2 show the topographical s e t t i n g  around the sugge- 

sted  s i t e  a t  Vale. For t h e  purpose o f  extrapolat ing Ontario Airport  

data t o  the Vale s i t e ,  severa l  observations can be made: 
1 i' 

t 
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N 

S 
Line Iengta corresponds to percent of year tbat 
wind blows from direction indicated. 
Speed classes (meters/ second 1 : i 

a$-i.6 16-11.4 

IS-3.6 11.4. 

Cuim (speed <O.S m/sscf  occiirs II% of the yeor. 

. .  
F i y r e  A-4.  Windrose f o r  Ontario a r p o r t  - 1948 t o  1954. 

Constructed f r o m  Data in-Ciimatoloqical Hand- 
2ook of the Columbia Basin States (1968). 
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1 

rl 
ul 

1. The major topographical feature  near the Vale s i t e  is the 

Rhinehart Buttes area,  immediately south and eas t  and r i s ing  steeply 

to  120 t o  l S 0  m above the s i t e .  

eliminate most winds from the southeast quadrant, channeling them into 

eas t e r ly  o r  southwesterly direct ions.  Winds from the northwest sec tor  

This highland area w i l l  probably 

w i l l  probably be steered to  a more westerly direct ion.  

2. To the norxh, the t e r r a in  r i s e s  more gently t o  some 100 m above 

the s i t e  a t  a distance of six t o  seven km, The t e r r a in  is broken by the 

Willow Creek drainage, which could provide some channeling f o r  northerly 

winds and drainag 

3 .  To the w s t  and to  *&e east-northeast  along the 
1 

"I Malheur River va i o  Airport, the e.xposure is unob- 

ions should be similar to  

those a t  Ontario Airp f components: (i) as a 

r e su l t  of s teer ing  b 

1 accelerat ions as the 

the but tes  area to  the soUfie=t, and t i i >  some 

J 

t-southwest t o  north-northeast 

nehart  Buttes highlands; 

omponents because of t h i s  

impinge on the Butces area; 

109 
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I 
S 

Line length corresponds to percmt of yeur that 
wind blows f rom direction indice ted .  
S p e d  classes (meters / second 1 : - 

as-t.6 u-11.4 

1.64.6 11.04 

Cairn (speed <OS m/sacf occurs 1 I %  of the year. 

Figure A-5 .  Windrose f o r  HypotAetlcal Site 2t Vale, Oregon; 
Extrapolated from Data f o r  Ontar io  A i q o r t .  
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4 .  Westerly flows show a somewhat higher percentage i n  the high 

1 

iJ 
- 

b d  

speed range, because o f  accelerat ion mentioned previously.  ,* 

d 
J ’  
1 9- 

I t  should be no ted - tha t  there  may be addi t ional  topographic 

effects not accounted for i n  t h  1 .  

4 
1 (i) Under som conditions of southeast  flow, a l e e  eddy 

I 
d 

-_ 
I 

could be establ ished near the  base of the butzes,  which could capture 

emissions i n  a c i r cu la r  flow pa t te rn .  Such conditions include strong 
4 

I + *  

,# southeast  winds and neutral  unstable temperature 
- 

(ii) With condi t i  w sun angle, and 

resu l t ing  shadowing at  the base of  the 

ard flow from the 

I 

Figure A-6 shows the amount of water vapor tha t  a i r  can contain as  



Air Temperature, "C 
.- 

I 
i 
t 
I 

b 

L' 
L 

i 

i Figure A-6. Psychrometric Chart Used in E s t h t i n g  Visible 
Plume Length. 
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Y 

a function of dry bulb temperature a t  1000 mb pressure. The curred 
#d 

i 

I 
ne represent F uuxxirmrm) amount of water vapor at 

Add the  given teapera tme .- 
I 
I 

I 
d 

If point A represents the cooling tower plume a t  the e x i t  (3S°C, 

ated) and point B represents ambient conditions, then, a s  the 
P I  

w 
* I  

1 

b plume is m i x e d  with the ambient air ,  the  temperature and mixing r a t i o  w 

ilogram of dry air) a t  the plume axis w i l l  

f r o m  point A t o  point B'. (Here it  i s  

super-saturation w i l l  occur i n  the plume. If super- 

e plume w i l l  follow a path somewhere Setween the 

e s t r a igh t  dashed l i ne . )  From B' t o  B, the plume 

is unsaturate ll be  represented by a s t r a igh t  l ine .  A t  B' the  

so that t h i s  is  the point a t  which re-evapora- 
i 

uced to  the value a t  3 '  i s  thus an estimari? 

the s t r a igh t  l i n e  

vaporation can occur 

sappears quickly. 

include monthly-mean 

rinined and plotzed 

were assumed, and 

f re-evaporation 
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I 
f 
L 

was determined graphica l ly .  This was then converted t o  a re-evaporation k 
concentration X (g m-j) by using the  dens i ty  of dry a i r  a t  s t a t i o n  r 
pressure (950 mb) and plume re-evaporation teaperatme. 

A summary of Xr f o r  the four times of each dzy and month i s  given 

in Table A-2; Here, NP means that no v i s i b l e  plume, o r  only a shor t  

(el00 m) plume, w i l l  occ-a .  

Table A-2. Re-evaporation Plume Moisture Concentrations x& m - 3 ) ,  Based 
on a GraFhical I n t e q r e t a t i o n  of t h e  Psychrometric CSart, by 
Month and Tiine 02 Day a t  Ontario A i q o r t ,  Ontario,  Oregon. 
(NP means no v i s i b l e  plume, or a v e e  short plume.) 

TIME. 
N D  - -  (iMST) J - F M X M  - - - - - - 0 - 5 - A - J - J 

OS00 3.4 4 . 2  5 .8  6.8 9 .7  13.7 20.5 19.5 12.7 7.1 4 . 6  4 .0  

1100 4 .3  S.6 8 .6  14.8 22.2 26.3 NP NP 24.9 13.4 6 .6  4 .6  

1700 5 . 2  7.8 13.0 24.2 35 .2  NP NP NP ;vP 24.3 10.0 5 . 2  

2300 3 . 8  4 . 8  6.5 1f.C 16.5 22.2 40.1 2i.S 21.4 9.7 6.0 4 . 5  

2 .  Gaussian Plume ‘Model: Tine method used for est imat ing down- 

wind moisture concentrations is  based on the statistical Gaussizn model. 

The nain assumptions for this model are :  

(a) Concentzations downwiad fmm the saurc3 fo l low the 

normal p robab i l i t y  d i s t r i b u t i o n  in both t \ e  v e r t i c a l  and cross-wind 

d i rec t ions .  

(b) The s-&stance re leased  is i n e r t .  It not s t r i c t l y  . .  

cor rec t  t o  t r e a t  water as an inert substancs, but,  tacking a s-le 

method f o r  t n a t i n g  a substance which chmges phase, this assumption 

is made. In  e E e c t ,  *&is ass*snption i p o r e s  latent heat  thzt  is 

1 I4 

t L 
i, 



I 

wi 
3 

7 
c 

1 

, 

i 

released through condensation. 

heat  re lease  w i l l  c a s e  the plume to  rise higher than an otherwise 

similar, dry p 

If a condensed s t a t e  pe r s i s t s , .  t h i s  

The governing Gaussian Plume Model for a point 

where 

X = downwind plume moisture concentration at  distance x(g 
P 
Q = source s t rength (g sec‘l) 

wind speed (m 

Y = ‘crosswind distance from 

2 distance from ground level (in) 

H emission height (sum of source height h, and 

plume rise nH 

Zandard deviation of plume concentration i n  the horizon- =y’ % 
ertical  respectively (m) . 

i 
J 

d Pasquill s tabi l i ty  
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Eq. ( 4 1 . i ~  used. Previous s tudies  Save shown t h a t  individual  plumes 

from such a source begin to  merge .a f te r  about SO m arUi a l l  plumes have 

combined by about SO0 m (Hanna ,  1 9 7 4 ~ ) .  

tower (Hanna, l974b) showed that v i s i b l e  plume lengths are  mos2 s a t i s -  

f a c t o r i l y  nodeled if it is assumed t h a t  a l l  plumes combine. 

combined plume w i l l  take longer to  disperse  to  the re-evaporation 

A study of  a similar cooling 

Since a 

poin t ,  consenratisin is also maintained by using the point  source 

equation. 

A t  the  plume axis (y = 0, z = H) , equation (4) r2uuces t o  i 
L 

i 

c 

t 

b 

i k 
I 

where the  bracketed term accounts for plume reflection from the ground. 

Except fur conditions of  downwash (defined in t he  next seczion) ,  there  

should be  l i t t l e  sueace re f lec t ion .  Even with downwash, it has been L 
i 

observed that the plume typ ica l ly  r e c w e r s  and begins t o  rise again 

a f t e r  about 100 m (Hanna, 1973a). Further, if the w i n d  is blowing 
i 
i 
L nearly p a r a l l e l  t o  t he  l i n e  of c e l l s ,  the  cooling towe:: presents  l e s s  L 

or' an obstrtction and therefore  downwasS is less l i k e l y  to 0cc-a  

(Reisman, 1972). 

If no r,oflection is assumed, the point  source equation reduces to 

n 

I 
L ! 

At tSe downstream point where re-zvaForation occurs,  the t o t a l  

plume concentration ;< determined from L\e psychrometric cha r t  is a r L 
I 116 
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mixture of cooling tower moisture XP moisture Xab. In 
d ,  

I if entrained ambient moisture were not considered; i.e., considering the 

effects of entrained moisture will result in longer estimates of visible 

plume lengths. 
i 

was used, although this is not an exact relation. In effect, the background 

concentration of moisture was subtracted from that necessary for re-evapora- 

d 
A d  

Id 

I 

4 
1 

I 

r i 
J 

i- f 

A 
d 

- -  

I 

1 
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plumes, (whidi occur i n  d r i e r  condi t ions) ,  t he  r e s u l t s  are near ly  the same. I, 

Table A-fb. Maximum Visible Plume Lengths (100's of meters) for a Hypotheti- 
cal s i te  a t  Vale, Oregon. Estimated using X = X r .  

.. P 
Months 

D - - -  Time J I F - M A M J J A  - - - - - - S 0 N 

OS00 15 I3 9.2 7.5 6 . 1  8.6 6 . 8  7 . 7  11.5 15.5 13.5 13 

1100 8 . 3  6.9 2 . 5  1.9 l < I  <I el 1.2 2.5 7 8.1 

1700 7 4.9 3.1 2.2 1.1. <I < l  <l  el 2 . 2  5 . 3  6 . 5  

2300 13 10.1 7.9 3.9. 2 . 8  3.7 2.4 3.1 7.2 11.3 10.2 12.5 

In addi t ion  t o  the assumptions discussed previously,  it wits i m p l i c i t l y  

assumed that surface values of U,  T,  and E are q p l i c a b l e  a t  plume he ight .  

Increased windspeeds at plume height  w i l l  disperse the plume m a r e  quickly 

and v i s i b l e  plume len3rhs w i l l  b e  sho r t e r .  The source w e  ~ T B  considerixg 

is low, so t h a t  va r i a t ions  in T and f should be small. 

Two addi t iona l  sources or' po ten t i a l  error are unce r t a in t i e s  i n  the  

dispers ion c o e f f i c i e n t s  uy and gZ a t  la rge  d is tances  from the source, and 

innacuracies i n  graphica l ly  de tmnin ing  re-evaForazion concentrations xr. 

For these reasons, r e s u l t s  i n  Tables A-3a and A-3b should be  considered order- 

of-magnitude estimates,  p a r t i c u l a r l y  f o r  plume lengths g r e a t e r  than 1 km. 

D. FOG OCCURRENCE: Estimates of th ma-xinum p r o b a b i l i t i e s  of 

increased fog occcrrrence from water vapor emissions from tSe cooling tower 

are =de in tdras of  hours p e r  year .  

for est imat ing plume lengths except t h a t  the  r e s u l t s  arg 

year r a the r  than for s p e c i f i c  times of day and mo 

. -  
R e  method is siAlar t o  t h a t  used 

118 i. 



d. 
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This analysis of fog occurrenc 
based On the 

% J ,  

frequency with which the condensed part of the plme touches the ground. 

As air flows across the cooling tower complex, the a i r  may form a wake 

and’captive eddy on the l ee  side. The boundary region of th is  wake is 

characterized b 

,i 
.d 

=ge with the free air 

Ooling tower plume is bent and I . *  

partly entrained into the wake, and thus brought to the ground. This 

Ji is known as downwash. 
4 

iggs CL973) ’ downwash 

and of wind blowing 



a t  t em? eratur e 

1 
i 

r 

L 
i 40 

L i  
T. The r e l a t i v e  hunidi ty  is defined by 

e 
€ 5  - 

eS 
(91 

where e is the v2por pressure (the p a r t i a l  pressure exerted by water 

v q o r )  and es is the sa tura t ion  vapor pressure. Since e /es - w  - /ws, 

w mzy be approximat& by 

wsf w = -. 100 

Knowing t he  dens i ty  of  air, we can convert AM t o  a conczntracion d e f i -  

c i t  Ax (g r3), by which is meant the amount or" additional moisture t.bt 

m u s t  be  added to achieve saturation and condensation. fa this m e r ,  

using' c l imatological  data fzom Ontario a i q o r t ,  an annual jo i i i t  proba- 

b i l i t y  d i s t r i b u t i o n  of Ax and windspeed U w a s  derived (Table A - 4 ) .  This 

table was used as repr5sentat ive o f  the  Vale s i t e .  

Table A-4. .4nnual J o i n t  Probability Distrijution of  hx (g and 
U (m sec'i) at Ontario Airport .  (Effective values, used 
in  ca lcu la t ions ,  in parentheses) . 

AX Class ( g ut-3) 

5 6 2 3 4 1 
0-0.5 0.5-1.-0 1.0-2.0 2.0-s.0 s.0-10.0 >10.0 

U-Class (a sec-1) (0.01) (0.5) (1.0) (2.0) (5.0) (10.0) 

1 0-2 (1) 0.134 0.035 0.066 0.087 0.068 0.078 

2 2-6.5 (4) 0.0s 0.031 0.060 0.109 0.082 0.1O.d 

5 6.5-11.0 (9) 0.002 0.002 0.008 0.033 0.025 0.023 

0.001 



i - p  

, d  'noted t h a t  the windrose created for the  Vale s i t e  

(Figure A-S) and Table 

va l s .  This is because 

d i rec t ion  f 

rent ways (see Appendix). 

same, and since the  Vaie windrose is 

*.I 

1 

e d 5 n  the data  source in  two diffe- 

1 However, since the  classes are roughly the  

extrapolation of data from 



over a sec t ion  of width (E + 100 m) a t  distance x from the  l i n e  
I 8 

, source. (I00 m is the length of  the cooling tower complex). i I 
t 
t In using Equation ( 1 2 3 , - i t  is‘assumed that the  wind is  blowing 

perpendicufar t o  the l i n e  of towezs. This assunption is conservative 
k 

i 

k because : 
4 

I ( i )  As the wind blows more parallel t o  a l i n e  of  cooling towers, 

the  plumes merge s o r e  quickly, which resalts i n  increased buoyancy and i 
higher i n i t i a l  rise. With higher initial rise, the pltune w i l l  touch . the  

t 

LL. 

i 
I ground less f requent ly  near the  tower. 

t 

& (ii) A t  windspeeds greater than 3.5  rn set-1, downwash is nore 

I I important than v e r t i c a l  d i f fus ion  i n  bringing the  plume t o  the ground ne= 

to the  SOI;VC=. 

pendiczalar t o  the tower. 

the e f f e c t i v e  plume height .  

Downwash is most l i k e l y  tQ occur when the wind is per- 
1 
i Downwash is considered i n  the  se l ec t ion  of H, 
L 

t 

Lk In equations (11) and (E), the  e f f e c t s  of aonospneric s - a b i l i t y  

are accounted for i n  the dispers ion parameter ot. P r q e r l y ,  a long tern 
I 

average concentrztion x should be ca lcu ia ted  using joint p r o b a b i l i t i e s  
t 

1 

i 
1 

of windsgeed and s t a b i l i t y .  However, this infornation is not ava i l ab le  

for any s i t z  near enougn t o  the  Vale s i t e  t o  be representa t ive .  

rbzson, and for s i q l i c i t y  of calcalations, it is assumed that the  a m -  

sphere is nearly neu t r a l  for the purpose of annual averages. 

condition, uz is given as a funct ion of  d i s t ance  by (Rriggs, 1973): 

For this 1 

i For this  

t 

Q = ( . 07x) ( l  + .OOlSX) ‘I/* 
z 

where x is  the downwind d i s t v l c e  in m. L 
i f 

122 



4 .  - Plume Rise oes notaoccur, f inal  plume 3 
d 

rise AH can be tral and unstable conditions, by 

1 (14) 

J 

he average windspead, and F the - 
cy flux F is given by eqm- 

" .  
4 

w t ion  ( 3 ) .  - For a plume temperature o f  3 S o C  (308'K) and ambient tempera- 

placed by an e f f e c t i  Ro = 14,s m, F ranges from 



aT 
32 

0.01'C m o l .  For - = 0 (isothermal) s = 3 sec-?. Plume rise 

ranges ~ & 3  t h i s  equarion are presented in Table A-6. 

Table A-6. Plume Rise Ranges Using Equation (1s) [Stable! Atmoqhae)  

U 
.L 

hN (I cel l )  OH (10 cells] 

160 - 230 m 330 - 500 m 

100 - 150 m 210 - 310 m 
1 m sec-1 

4 m sec-1 

Because o f  ambiguities i n  buoyancy flux deterxiinations which depend 

TOR the plume and aabient t e q e r a t u r e s ,  and uncer ta in t ies  i n  p i m e  rise 

estimations using empirical f o m l a s  from data taken at various sites, 

plume r i s e  values were se lec ted  from the low s ide  o f  the  rznges l i s t e d  

i n  Tables A-5 and A-6. This select ion also is a conservative approxima- 

t i on  

than 

In addition, because the €our a sec'! winweed class is gr5a ter  

t ie downwash c r i t e r ion  of 3.5 m secoL, the efzec t ive  plume height 

f o r  this c la s s  was a r b i t r a r i l y  lowered t o  2s a. 

During periods of  downwash, the e f f s c t i v e  source height f o r  a low 

mechaniczl draft cooling tower is zero (Hanna, 1974a). Because the  

plume in this s i t u a t i o n  may quickly recover and szart t o  rise, ef fec t ive  

plume heights for the 9 and ll a sec" c lasses  were selected a s  IS a. 

Table A-7 lists ef fec t ive  plume heigbts as used i n  the remainder o f  t h i s  

analysis .  

Tzble A-7.  Effect ive Plane Heights for Windspeed Classes Tzble A-7.  Effect ive Plane Heights for Windspeed Classes 

I 
1 

.I 
i 

i 

t 
i 
i 
L 

9 11 wind speed (in sec-I) - d - 4 - 1 

e f fec t ive  plume height H (m) 150 2s 1s 15 c- 
i 
k a  

t 
i 

i 

I 
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id 

3 
1 

1 
1 

e heights  for 4,  9 ,  and 11 m sec'l windspeeds account 

n t  occurrence of downwash'at these speeds. Downwind con- 
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Figure A-7. Downwind Surface Moist'ae Concana t ion  
x(g tuo3) for Wbdspeeds and Effective 
Plume Heights in Table A-7. 
collzespond to xi,(x) in Equztion (171.) 

(Values shown 
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Figure A-8. burs  p e r  Year During !Vhich7Cooling Tower 
i 

Fog Could Augment Xaturally Occurring Fog. 
100 and 200 m Figures Are Quzdrant Averages. 
Other Figures a r e  22%' Sector  Averages. Lr 

f '  
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F- 
L 

L 
L 

fog occurrence in *&e v i c i n i t y .  

imity,  could a l so  be a source of  na tu ra l ly  occurring fog .  

The Malheur .River, also i n  close prox- 

Figure A-9 represents periods of  zhe year when M 2 0.5 g m-3 ( i .e. ,  

l e t t i n g  k nm f r o m  2 t o  6 in  equation (18)). During these per iods,  

the ambient a i r  is lower i n  moisture content and no fog i s  l i k e l y  t o  L 
occur natura l ly .  

a r e s u l t  o f  plume downwdh near the  tower. 

Fogging e f f e c t s  during these conditions a r e  pr imari ly  

t -  
In both Figures A-8 and A-9, differences i n  elevation hzve been d i s -  i 

i 
regarded. Since a plume t rave l ing  t o  the southeast  i s  more l i k e l y  t o  

i q i n g e  q o n  the elevated terrain there ,  p robab i l i t i e s  of fog occzr- 

i 

Pence zre l i k e l y  higher.  1 
Sub-freezing temperatures in conjunction with surface fog can lead 

t o  ic ing .  Icing would most l i k e l y  occur during a port ion of tiiose hours 

i n  Figure A-8 (natural ly  occurring fog per iods) .  These numbers would 

then reFresent an upper bound fo r  i c ing  2requency as well .  Xear high- 

way 20, there  w i l l  then 5e at most 10 to  1s hours of i c ing  per year 

a t t r i b u t a b l e  t o  cooling tower  oFerations,  probably much l e s s .  

Close t o  the tower, where downwash e f f e c t s  are inportant ,  icing 

t 

L 
inight be expected d u r i n q  a f r ac t ion  o f  preaicxed fog  eTisodes which 

co r reqonds  to the natuml f-requency of  occurrence o f  s u b f r e e z i n g  

t e q e r a t u r e s .  

annually i n  the Vale area. Thus, near the cooling tower (I00 m and l e s s ) ,  

cooZing tower induced ic ing  would occur at most during 80 to 90 hours 

per  year, probably l e s s .  

L 
I 

Sub-freezing teq tera tures  occur 15 t o  20% of the tiae 

F '  

6 .  Fog rnzensiqf: I n  :!e foregoing analysis, log i n t e n s i t y  was 
t. 

not considered. Fog i n t e n s i t y  i n  te rns  o fhor i zo r i t a l  v i s i b i l i t y  is 
8 '  
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I; 

given by Trabert‘ 

(21) 
1 ,  

V is  v i s i b i l i t y  (m D is:thk average fog droplet diameter (urn), 

and w is the liquid water content (gm-’) (Ha 1 9 7 4 ~ ) .  

Figure A-7 gives d ind cooling- tower 

“%ions x ( g  m-’I under conditions f o r  the various windspeeds con- 

occu?rences are due mainiy to ‘downwas 

distances for high’ 

2 .0  g m-3. 

ges from 1 .O to 
L 

A lower limit t o  v i s i b i l i t y  is given by assuming that all 

o f  the 9 and 

oisture concentration occurs at 3000 a with x = 0.19 

from Equation 421). 



i 
L. 

1 
In r e a l i t y ,  v i s i b i l i t i e s  will be grea ter  because, excegt f o r  sam- 

h 
ra ted  ambient conditions,  not all of the plme moisttrre w i i l  be i n  con- 

t densed form. 

1 
In t h i s  a n d y s i s ,  it was assumed that the wind'biows perpendiczlar 

t o  the row of  cooling tower c e l l s ;  I With wind blowing p a r a l l e l  t o  the  

cooling tower, downwash i s  mininized and plume mer3ing is enhanced. t 
L 

With the r e su l t i ng  increased buoyancy, i n i t i a l  rise i s  grea te r  and t.he 

plme is less l i k e l y  t o  contact the surface.  

e f f e c t s  will be reduced if the s t r u c t u r e  is oriented p a r a l l e l  to the  

prevai l ing wind d i rec t ion ,  Lq this case south-southwest to north-north- 

Consequently, fogging 

I '  
i 
L, 

west. 

This type o f  analysis could also be used f o r  estimating concentra- 

t ions  of inert  non-condensable gases emitted through tfie cooling tower 

6; e,xhaust. However, the contaminant of most i n t e r e s f ,  3 ~ , S , i s  ~i r eac t ive  

rpecies.  An analysis  of e-xpectzd H2S concentrations is thus complicated 

by chemical t m s f o n z t i o n s  which would decrease H2S cone- anrra t ions  ana c 
increzse conccntrations o f  its c2eaical products SO2 , sulfatzs , and 

H2S04 aerosol. 

It should b e  noted that a s t a t i s t i c a l  analysis such as this, based 

on annual p m b a b i l i z i e s  of wind and m i s t u r e  concentrztions,  overlooks 

seasonal va r i a t ions  and diurnal  wind-stabi l i ty  cor rh la t ions .  "?us, for 

example, there  w i l l  be a much l a rge r  proportion o f  induczd f o g  during 

k -  
the winter, when cold t e q e r z t u r e s  r s s u l t  in smaller a b i e n t  saturation 

d e f i c i t s .  L 

t 

t 



t 
I t  should a l so  be re-emphasized tha t ,  because o f  the assumptions i d  

made, the r e s u l t s  of t h i s  study should be considered upper limits only. b 

li Actual cooling-tower-induced fog occurrences w i l l  probably be  much less.. 

E .  DRIFT DEPOSITION: In the preceeding discussion of fog enhance- 
I 

L ment it was assumed that, because of t h e i r  satall diameters and s e t t l i n g  

speeds of a few cm per  second, fog droplets do not s e t t l e  out of the 

plume. 

have terminal ve loc i t ies  on the order o f  1 m sec-I,  so t ha t  t h e i r  deposi- 

t ion from the plume t o  the ground because o gravi ta t ional  s e t t l i n g  must 

be accounted for. 

of  its diameter 

However, d r i f t  droplets,  with diameters typ ica l ly  50 t o  1000 wn, 
id 

As the terminal veloci ty  VT of a droplet  is a function 

he downstream dis t r ibu t ion  o f  deposition depends upon 

i z e  d is t r ibu t ion .  

i t  may evaporate and t esul t ing mass loss will decrease 

As the droplet  f a l l s  through unsaturated 
b 

i ts  s e t t l i n g  velocity,  allowin a r r i ed  fa r the  , even to  the 

point  o f  t o t a l  evaporation. In add dropiets with temj.na1 velo- 

c i t i e s  sna l l e r  than the typ 1 turbulent f luctuat ions of ve r t i ca l  

h does not account 

cat ions of disregar  evaporation o r  turbulent diffusion 

ass fraction, as  a 
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k 

Figure A-10. Drift Data f o r  a !4ec,%icaL D ~ d t  Cooling Tower 
at a 100 MW Gzothemal Unit at The Geysers, 
California. 
Molenkaq (1975). 

Figure reproduced f n n  Rosen and 
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1 Table A-8 .  Drift Data €rom Unit 11, The Geysers, Cal i fornia  (Rosen 

Gum and Kinzer (1949). 
i and Molehkamp, 1978). Terminal Fal l  Velocit ies from 

#’ 

Droplet Mass Cumulative 
Diameter, D Ident i f ie r*  Fraction, .mi Mass Fraction L 

CvmI 
t 



a t  height z is given by 

where bkl is the  inaximm plume rise. 

The v e r t i c a l  ve loc i ty  of the d r i f z  droplet, Wd(L) is given by 

- w,(z) = w(2)  

wnere VT is the  terininzl f a l l  veloc i ty  o f  the drift d rop le t -  

In tegra t ion  of Equations (22) and (23) from height zero. (heighr: 

of cooling tower) to height z y ie lds ,  rerpettiveLy, t h e  time t for the 

plume cen te r l ine  t o  reach height t, and the tine t 

t o  reach height  t. 

for the  d r i f t  d rop le t  t 

Because che d r f z  drople t  cakes longer t o  rise “co a s p e c i f i c  height 

than does t!!e plume cmteriine,  it wdergoes a horizontal  d i e l acemen t  

from &e plume c e a t e r l i n e .  TSis Sor i ron ta l  displacement will 5e equzi 

t o  the  i n i t i a l  plume radius, a f t e r  a t i n e  given by 
RO J 

RO 
t d - ” -  U 

where U is  the  a b i e n t  windspeed. 
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' ,  

Equations (24) and C2 
' U  

solving 

The time of  rise of  the d r i f t  droplet  t o  height tb is then given by 

Equation (25),  using zb f o r  z.  

i 
Assuming no evaporation, t he  dis tance 

assumed. If the d r i f t  



by distances x i  and X i + l ,  the  d is tance  to deposi t ion for drop le t s  of 
. . -  

diameter D .  and Di+Z, r e s p e c t i v d y .  

(g sec'l) and mi the  mass 

Thus, if Q i s  t h e  d r i f t  rate d 1 

ion of &oylets  in the diameter range 

i+ l Di t o  D the  deposit ion r a t e  Fdi a t  d i s tances  between x and x i i+l' 

is 

2 .  Calculations:  Calculations were made for each windqeed 

c l a s s ,  using i) a s b g l e  c e l l  as t!be source ( Q ~  = 53 g sec-!, 

Ro = 4.6 m) , and ii) t en  cells  as the source (Qd = 630 3 sec" , 
(> 

R = 14.S n) . Figures A-ll(a-d) i l l u s t r a t e  the  r e s u l t s .  In these 

Figures, the b=rs represent distznces  over which drople ts  i n  a given 

diameter s i ie  range, i den t i f i ed  by t h e  adjacent  Let ter  here ana i n  

O e f f  

Table x-8, a re  assumed t o  f a l l  uniformly. 

curve and the  lower curve the one cell curve. 

polzted between SO and SO0 meters and the  resultant curve is the  so l id  

The q p e r  curve is the  ten c e l l  

Tine zwo c m e s  were i n t e r -  
- 

black l i n e .  

In addi t ion to  the d e p s i t i o n  rate  (g sec-') f o r  each vwindsseed 

class, Figures A-ll(a-d) show the equivalent prec ip i ta t ion  r a t e  (m hr-!). 

A prec ip i t a t ion  r a t e  02 one m h r - l ,  o r  about one i n - p e r  dai, is 

equivalent to *&e rainfall  r a t e  during a very rainy winter  l a y  i n  

Westen Oregon. The r e l a t i v e  sever i ty  and e f f e c t s  o f  various prec ip i -  

t a t i o n  r a t e s  are shcwn i n  Table A-9 (Roffman, 1979). I t  should be 

reca l led  here t ha t ,  in  addi t ion t o  o ther  a s s u q t i o n s ,  a d r i f t  ratt or" 

0.01% of  the cooling tower flow was assrtmed. With a d r i i t  rats of 
L 
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Figure A-llb. Cooling Tower Vat- Drift Deposition 2 a t e  f '  
(g r2 sec-l) and Equivalent Precipitation am 

Rate (mm hr'l) for U = 4 in 
H = 25 ai. 
diametsr classes of Tablt A-8 .) 
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Figure A - l l d .  Coolh3 Tower 14kt2r Drift Deposition Rate 

(Let ters  correspond to d r o p l e t  

(g mo2 sec'l) and Equivalent Pr5cipi tas ion 
Rate (mm hr-l) f o r  U = 11 m sec-I and 
H = 15 in. 
dianetsr classes of Table A-8.)  
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0.001%, common with many of todayls cooling rowers, the values in 

Figures A-ll(a-d) would be an order of magnitude l e s s .  

Table A-9- A Guide o f  the Degree of Nuisance Associated With Preci- 
pitation Rates of 0.0005 mm hr-l to  0.05 mm hr-" Table 
reproduced from Ro 

P m i g i  tartan 9eqm o f  Wrancr rOcmr.+aI Effercr 
Race. mnlhr 

C I S 1  *an u a a s  Unnocterrble to $ne smse 3 lV icu Ie  P Ie tx t  d i t s  i 

uouie nonnatty WJS u r m o c i e ~  

a m ¶  i ; I  re .a-dr 

Redtdiiy <~CLC'.M w i c n  a 
sensi t?ve $doer 

loooers a tlfqnt : i n q l h q  
swntien on .no face 

qlrrra 

0.30s UI u . a z  Easily 4ccaczL6 bUC mc 

5.312 co 0.oZS. S b i n S  OW!Wd CW¶. *IndOrJ dnd 



Fi-gure A-12. Annual Average Drift Depositicn (IO2 g 
Average Xnounts of Moisture DeTosition f x m  
Cooling Tower D r i f t .  
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Surface deFosition of cooling tower d r i f t  may, however, .have a d 

~ a re  present in the  cooling tower water i n  large enough concentrations. . 

, . If the concentrations are-known, 

,mated from Figure A - 1 2  by multip 

fac tor .  For example, boron (8 )  

springs has been found. to  be 9 . 4  mg .K1, or 9.4 x log4 g B per 100. g 

L these numbers by the<appropriate 

i 

L 

ould include an 

concentrations. In  the case of boron, t h i s  i 

fa l l  veloc i t ies  

ear the Iow 



seen th2t f o r  drople t  d izne ters  less *hzn 200 Qm, turbulent  d i z f u i o n  

e f f e c t s  may be s i g n i f i c a n t .  

droplet  diameter a t  100 wn (men and Hanna, 1978). 

r e s u l t s  of  this b a l l i s t i c  nethod of ana lys i s  a r e  inost accurate c lose  

ItIosc c'-Irr=nt olodels place the c r i t i c a l  

Consequently, the  

t o  the tower where the  la rger  drops f a l l .  

the method overpredicts,  so t ha t  this nethod is conservative a t  large 

distances .  Since predicted deposit ion r a t e s  a t  500 m 2i'e an order o f  

A t  distances  beyond 200 a 

magnitude smaller than predicted deposit ion ratgs at 200 lil and l e s s s ,  

the method i s  nost accurate where i q a c t s  a r e  nost  s ign i f i can t .  

In  using t h i s  metfiod, evayoration e f f e c t s  were a l s o  ignored. 

1, Since evaporation Leads to a 2roport ionately larger sass l o s s  for sinall 

drople t s  thvl f o r  large drops, the r e s u l t  of disregarding evaporztion 

is also mst s i m f i c a n t  a t  large dis tances .  

deTosit ion r a t e s  w i l l  be displaced away ?=om tibe Cooling tower .  

The n e t  r e s u l t  is that  

L 
[ '  

F .  S r n Y  

L 1. C r i t i c a l  .AssumPtions: ?"'is analys is  wzs based on several  

h 
c r i t i c a l  assumptions were : L 

r 

a s s u q t i o n s ,  which were ;?lade f o r  s i q l i f i c a t i o n  and conservatism o f  

_predictions. These assumpions were discussed i n  the t e x t .  The aost 

(a) Select ion of source parameters. The selected parameters 

nere based on descr ipt ions of  existing geothemal  s i t e s  a~ shbuld 5e L. 

i '  
general ly  reyresentat ive o f  a 100 bW g5othe-1 e l e c t r i c a l  generzting i 
plant  using present technology. 

tower watsr flow yzte is on the high s ide  or' drizt raze ranges a t  exist-  

ing mec:;nical cirdt cooling towers. 

e S e c t s  would be an order-of-magnitude l e s s .  

T'ne d r i f t  r a r e  of 0.01% of the cooling 
I ,  

With a ctriFt r a t e  of o . o o ~ ~ ,  d r i f t \  
& 

i 



(b) 

Vale s i t e .  A 

t o  assess. 

the surface 

--. 
b.i 
L 

I 

I 

a t  l e a s t  represent long-tern gross features  of windspeed and wind d i rec-  

t ion  pat terns  a t  Vale. 
I (c) Selection of effective plume heights. Because of i) un- 

ce r t a in t i e s  i n  the appl icabi l i ty  t o  the present case of  dry plume r i s e  

formulas, w i th - the i r  necessary buoyancy f lux  estimations 

wind-stabi l i ty-correlat ion data, iii} a des i re  to  maintain conservatism 

of predictions,  and, especial1 

i i  
1 '  : u  

ere arbitrarily selected for the higher 

ese cloudy winter 
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(b) Fog Enhancement Near the cooling tower, fog would result  \ 
L mainly from downwash i n  high winds. 'This fog would occur mostly i n  

the  northeast  and southeast  quadrants a t  diszances less t42n 200 m, L 
at  most 300 t o  400  OUTS per year,  mainly in the winter.  

during these pertods should be .greaLer than 10 t o  20 in. 

V i s i b i l i t i e s  

t 

L 
L 
t 
L 
t 

A t  further d is tances ,  SO0 m and grea ter ,  fog would occur during 

periods of low ambient s a tu ra t ion  d e f i c i t  ( i . e . ,  hign r s l a t i v e  

humidity) ana so could augment existing Zog. Fog occurrences L 
near ffighways 20 a d  26, including downwash fog, should amount to no 

more than 50 t b  SO hours per year.  In  inost cases, t h i s  would r s s u l t  

i n  v i s i b i l i t i e s  greatsr than 100 in. 

Within the Vale city l imi t s ,  fog occurrences would amount t o  Less 

than 40 t o  SO hours per  y e a r ,  with v i s i b i l i t i e s  g rez t e r  than LOO m. 

Ic ing could OCC'C~'~ &en fog is present w i t h  subfreezing tapera- 

tures. Along ffighways 20 and' 26 and witSin t!\e Vale c i r f  LlmiC,s, tSis 

would result i n  icy conditions duriag a t  m s t  10 t o  lS hours per y e s .  

F In the Rhinenz t  Buttes area,  t o  :he southeast ,  fog o c c ~ ~ ~ e n c e  

could b e  higher -&an pradicted as the  plume contacts  t h i s  e l e n z e d  

t e r r a i n  . 
In  the east-northeast  d i rec t ion ,  the d i r ec t ion  o f  y reva i l ing  w i q d s ,  

cooling-tower fog  would pmbabIy enhance already e.xisting fog i n  the  

v i c i n i t y  of  severa l  large sewage ponds a t  distance of 0 . S  h from the  

tower, as well as evaporation fog from the 4lalIeur f i v e r .  
t 
t To put  *&ese conclasions i n  perspect ive,  it should be noted that  

e 

L 

L natura l  fog occurrence aomts  to 3 - 3 5  annually a t  Ontario w o r t .  

Tnis i s  equivalent t o  300 houzs per year .  

I48 

L 

t 
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(c) Drif t  De t considering contaminants d i s -  
> .  

L" 

h solved i n  d r i f t  water, icant impact of cooling-tower 

u ld  be within r .  Tnis impact is prima- 

ociated with rain". With a ku 

I '  
cooling tower d r i f t  r m a x i m u m  equivale prec ip i ta t ion  . 

mm hr-I with a 1 m sec'l windspeed a t  
i d  

distance of 

t he tower. Even t h  a d r i f t  r a t e  of 0.001 d a resu l t ing  

n r a t e  of 0.27 mm hr - l ,  t h i s  would be regarded as  highly 

objectionable by Roffman's (1979) c l a s s i f i ca t ion  scheme. 
Irt 

A t  d is tances  of 300 m from the  tower (roughly the  distance t o  
ki 

Highways 20 and 26) ,  with the wind blowing toward the highways, the  

)J valen t  prec ip i ta t ion  r a t e  would be 0 . 1  to  0.2 mm hr'' with a dr i f t  

r a t e  of 0.01%. 

r a t e s  would be 0 .01  t o  0.02 mm hrol, noticeable b u t  not necessar i ly  

ob j eczionable . 

With a drift r a t e  of 0.001%, equivalent prec ip i ta t ion  
kct 

u 

id 

! eyond 200 m, the  annual moisture contribution from 

1 em, with a 0.01% d r i f t  r3;te. 

8 . 5  cm of prec ip i ta t ion  annualy. Consequently, 
b 

he impact of cooling 

lu 

ndensab le gaies 

t i on  is needed on 

ds and the e f f i -  

id 

b 
tement systems which would be used, as well as the behavior 

a l l y  ac t ive  contaminants H2S and SO2. 
ji 

1J 
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Finally,  as s t a t e d  previously,  the r e s u l t s  o f  th i s  study should 

Its purpose w a s  t o  be more iastruc- be considered highly t en ta t ive .  

t i v e  than conclusive. Impscts could be minisired by locat ing the plant f 
L 

at a more renote s i t e ,  away f r o m  urjan areas and major highways, and by 

or ien t ing  the cooling tower p a r a l l e l  t o  prevai l ing w i n d s .  X nore precise 

analysis  would require  de t a i l ed  information on the chemical camposition of 

the geothemal  fluid used, ?rant operating c ~ a r a c t e r i s t i c s ,  types a d  

ef f ic ienc ies  or” pol lu t ion  abatement s y s t e m ,  a d  local meteorology zs 

measured a t  the s i t e .  In p a r t i c u l a r ,  sore data would be  needed r e l a t i n g  
1 
i 

xind and s t a b i l i t y  cSazaccteristics. ir 

1 
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2. 

' Spec1 Category (i scc-1) 

0.5-1.6 I .6-5.6 5.6-11 .I >11.4 '1'0 t a 1 
(9) -- (1  1) Perceirt (1) 
0. 4.35 

1.9 3.8 0. 5.34 
1.9 2.8 0.04 4 .74  

1.7 2.3 0.02 4.02 
1.8 2 .0 3.83 
1 .4  2.4 3.90 

1. 1 . 7  0.01 2.99 

(4 )  - -- -I_. - 

1. 3 .0 0.8 0.04 5.14 
1.1 1.8 0.22 3.12 

1.5 0.13 0.01 2.54 c. 
cn 
co 1 . 4  2.3 0.02 3.97 

2 . 3  5.3 0.03 8.21 
1 . 4  2.9 I ) .  09 5.49 

2.6 7.9 0.04 11.24 

1.3 3 .7  3.8 0.12 8.92 
1.5 4 .3  4 .4  0.23 10.43 

11.1 -.--- .*- -- P 
11.1 
I_ 

Total 36.3 50.3 12.94 0.59 99.93 

Average 
- ~ p e e c ~  (ni sec-l)  

2.6 
2.5 
2 . 1  

2.6 

2.8 
3.3 
2.6 
2 . S  

2.6 

2.9 
2.9 
3.7 
4.8 
5.2 

- 
2.9 

'Fable B-9. Annual I t i irc l  Percentage Preqriency by Ili rect ion for Ontario Airport. 
(lk~socl 011 cliita in  Clinntological Ikiriclbook of the CoZzimbia Bauin 
Shatss,  1968.)  
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WATER RESOURCES AND WATER QUALITY ,WACTS 

c1 

RELATED TO THE DEVELOPMENT OF GEOTHERMAL t L 
ENERGY SOURCES IN THE STATE OF OREGON 

ABSTRACT isi 

This report  provides a survey of Oregon's Known Geothermal Resource Areas 
(KGRA's) part icular ly  i n  regard to  regional water resource character is t ics  
and 1979 geothermal developmen c t i v i t i e s ,  Water use requirements were 
estimated from a projected 25 year development scenario f o r  nine major 
geothermal resource areas i n  Oregon. Potent ia l  s ignif icant  water use re- 
quirements include: the Alvord and Vale KGRA's, which reportedly have 
geothermal resources par t icular ly  suited for electrical power generation, 
and the Cascades' hot water resources,'which have potent ia l  use i n  d i rec t  
heating . 
A review of the chronological account of geothermal a c t i v i t i e s  and impacts 
was projected for each of Oregon's KGRA's. Water qual i ty  issues and con- 
cerns regarding prospective geothermal a c t i v i t i e s  within the resource areas 
were ident i f ied and ranked, The major concerns were: potent ia l  surface 
water pollution and degredation, changes in the  ground-water regime, both 
chemical, thermal and hydraulic, erosion and sedime tation, subsidence and 
land mass movements. 

Water quali ty baseline informati cted about Oregon's geothermal 
resources. The chemical ' a t t r ibu tes   of Oregon's hot springs and wells were 
compared and considered as models for  heated waters t o  be drawn for elect- 
r i c a l  power generation or d i r ec t  use heating. On the  basis  of water qua- 
llty standards, most of the thermal spring waters would be undesirable t o  
discharge d i r ec t ly  t o  surface waters following thermal recovery, A call 
was made f o r  improving the  water qual i ty  data  base and establishing mean- 
ingful monitoring of Oregon's geothe 
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I. INTRODUCTION 

The environmental issues w h i c h w i l l  determine the acceptabili ty of geother- 
m a l  resources u t i l i za t ion  need t o  be resolved fo r  exploration of Oregon's 
resources. Known hydrothermal reservoirs i n  Oregon need t o  be assessed and 
demonstrated by the state and industry t o  u t i l i z e  hydro(geo)-thermal re- 
sources optimally i n  terms of economic and environmental constraints. 

Environmental impact data relevant t o  geothermal resource development are 
sparse since there are only three sites in the world with a signif icant  
his tory of geothermal power generation. 
from geothermal resources is a relatively.new industry, geothermal hot water 
and steam have been used beneficially f o r  centuries. 
and d i r e c t  heat uses by industry have been manifest f o r  decades. 
ing shortage of o i l  and natural  gas is expected t o  cause a rapid increase 
in the u t i l i z a t i o n  of geothermal resources; concurrently there  is an in- 
creased environmental consciousness regarding exploration, development and 
u t i l i z a t i o n  of natural  resources which brings us t o  examine the  poten t ia l  
water resource and water qual i ty  impacts associated w i t h  the development 
of geothermal resources within the  S t a t e  of Oregon. Exploitation of geo- 
thermal energy, l i k e  that of any other energy source, can r e s u l t  in nega- 
t i v e  impacts on the  water qual i ty  of an area. 

While electrical power production 

Non-electrical space 
The grow- 

However, i f  we ident i fy  the  key water-quality issues related t o  the  devel- 
opment of Oregon's geothermal resources, and co l l ec t  avai lable  information 
about them, we can d i r e c t  our e f fo r t s  towards s tudies  that w i l l  e f f i c i en t ly  
ident i fy  and evaluate the poten t ia l  impacts of such development. 
then ident i fy  and use the  correct types of pollution control technology t o  
control unavoidable impacts, the impacts of geothermal development on Ore- 
gon's geothermal resources w i l l  be minimal. 

I f  we 

This report  supersedes the  March 1979 Oregon Geothermal Enviromnental Over- 
view Workshop's water qual i ty  sessions' record, which is presented in the 
Appendix. This report  expands on the workshop discussions and subsequent 
reviews. Additional bibliographic documentation has been provided concern- 
ing Oregon's environmental water data  base and on t he  water related impacts 
and water assessments of emerging energy technologies associated with the  
poten t ia l  regional geothermal developments. 

Ob j ec t ives  

The goals of this project pa ra l l e l  those of the  overview workshop, which 
are: 

0 Ident i fy  water qual i ty  issues of concern i n  the  development of g e e  

P r i o r i t i z e  these water qual i ty  issues. 
Inventory and assess the  avai lable  data on these issues. 

thermal energy. 

0 Determine gaps in the  data  and information. 
0 Suggest needed water qual i ty  studies. 
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In accomplishing these goals i t  was hoped a l s o  t o  s a t i s f y  some tasks asso- 
ciated with Oregon S ta t e  University's Water Resources Research Ins t i t u t e ' s  
e f f o r t s  with the Pac i f ic  Northwest River Basins Commission on providing a 
"Water Assessment of Emerging Energy Technologies" with a focus on geother- 
mal  a c t i v i t i e s  in the  S ta t e  of Or,egon, including: 

se lec t ion  of candidate areas f o r  po ten t ia l  locat ion of emerging 

comparison of s i t i n g  criteria of geothe energy technologies 

evaluation of resource requirements of energy development pa t te rns  

(geothermal) technologies; 

t o  s i t i n g  characteristics i n  each water accounting uni t ;  

and water accounting uni t ' s  resource ava i lab i l i ty ;  and 

ter d e f i c i t s  of emerging energy deployment 

o r t  is t o  assess current and fu ture  water qual i ty  
issues  facing t h e  S ta t e  of Oregon as concerns the po ten t i a l  development of 
geothermal energy as a resource. 
water resource and water qua l i ty  information r e l a t ing  t o  poten t ia l  geother- 
m a l  a c t i v i t y  has been made. Characteristics and poten t ia l  a c t i v i t y  fo r  
Oregon's known geothermal resource areas (KGRA) have been ident i f ied.  
Estimates of water use f o r  d i r e c t  heat  u t i l i z a t i o n  and power production 
have been compiled; t h e  combined Western Cascade use projections are t h e  
l a rges t  of t he  systems considered, being as mu 

, f o r  supplying 000 Wt d i r e c t  heating. 

A sect ion.of  
l i t y  during geothermal resource developments. 

A comparison has been made of recent1 
state's thermal springs and wells with accepted water qua l i ty  standards 
f o r  human, i r r i g a t i o n  and l ivestock consumption.- On the  basis of present 
water qua l i ty  standards, most of Oregon's thermal 
f o r  disposi t ion t o  surface waters. 

A ranking of general environments 
and noise  pollution) has-been made f o r  seven ident i f ied  KGRA's of t h e  state, 
encompassing periods from pre-lease exploratory s tage  through f i e l d  and 

in the  geothermal projections sec t ion  has been used f o r  estimating water 
requirements of geothennal activities. 

Available bibliographic materials regarding water resources and water qua- 
l i t y  for  the Oregon KGRA regions has been studied. -,Limited infomat ion  was 
found. Accordingly, b a s e l b e  s tudies  and geothermal monitoring s tudies  em- 
phasizing the gathering of water resource and water qual i ty  information are 
recommended . 
A summary of the water qual i ty  session of Oregon's Geothermal Enviroomental 

A systematic statewide invest igat ion of 

as 40,000 l/s (1400 cfs) 
. r  

s report  del ineates  regulations f o r  maintaining water qua- 

reported water chemistry of the 

ers are undesirable 

ts (ecological, air, water, s o l i d s  

The scenario outlined 'operat ional  s tages  of geothermal energy extraction. 
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Overview Workshop is included in the Appendix. 

This report  is based on available published findings and reports of others  
and is not or ig ina l  research. 
inated resources. 
found in Reference 27. 
logy from various geothermal resource types can be found i n  References 76 
and 86. 

This discussion is l i m i t e d  t o  hot-water dom- 
A general discussion of geothermal resource types can be 

Similarly, discussions of power production techno- 

Economic analysis of water resource and water qual i ty  impacts and.waste 
water treatment technology were considered t o  be beyond the  scope of the 
work of the overview. 
nologies, including processes concepts and costs  of waste water treatment 
and disposal, are covered in a recent EPA publicationi36 
tha t  t h i s  report  be periodically edited and upgraded t o  include economic 
analyses of proposed geothermal projects waste water treatment as new in- 
formation becomes available on geothermal site select ion i n  Oregon and as 
baseline water resource and water qual i ty  data improve. 

We are grateful  f o r  the information that has been made avai lable  f o r  this 
report  and thank those who have contributed t o  elements of the  various 
sections . 
We hope that by providing t h i s  information, r a t iona l  development of geo- 
thermal resources can progress with minimal impact on our environmental 
resources. Finally, we feel we have adequately ident i f ied  the probable 
occurrence of water resource and water qual i ty  impacts associated with geo- 
thermal a c t i v i t i e s  in Oregon's KGRA's; we wish t o  emphasize that in some 
cases the severi ty  of the e f f ec t s  may be low eventhough the chance of oc- 
currence might be ranked high. 

Geothermal energy development pollution control tech- 

It is recommended 

11. OREGON GEOTHERMAL PROJECTIONS 

Oregon's (KGRA's) Known Geothermal Resource Areas 

Table I is a current compilation of Known Geothermal Resource Areas (KGRA) 
reservoir temperatures, electrical power potentials,  intended power cycle 
types and water u t i l i z a t i o n  estimates associated with projected geothermal 
developments within Oregon. KGRA's and PGRA's f o r  Oregon are delineated on 
Figure 1. 

Because the site spec i f ic  locations, depth of strata, resource qual i ty  and 
volume t o  be tapped of most of these potential 'geothermal developments are 
not firm, it is d i f f i c u l t  t o  relate what aquifers and water courses might 
be spec i f ica l ly  influenced by recovery and use of the  avai lable  geothermal 
energy. 
fu l ly  assessed in terms of: 

Similarly, since the State 's  geothermal resources have not been 
development character (liquid dominated, liquid 

ddnated-binary,  o r  vapor dominated), production type (electrical parer vs. 

qual i ty  and potent ia l  volume), it is d i f f i c u l t  t o  discuss geothermal exploration, 
space heat-), reservoir extent (strata depth, geologic formation, resource I 



TABLE I. OREGON K G R A P o R l R U t  WATER USE 

E - 22,990 acres 160 - 770 
! 
CUSSEUTTES ' mm 
08TARXO - ORE IDA 

+'F 6141 - 12,830 

I I1 
I 

BINARY/ 
m n  

(1) Source - Bewen. R.C. 
(2) MI electrical for 30 years 
(3) Source - tmfronmental Readiness Document Scpt., 1970 b(lC/LRbaoS 
(4) Source - Wilmer, Rodney 0. et al. "Potential Cnviroraacntal Issues Related to Geothermal Povcr Generation in Oregon,- Ihc Ore. Bin Val. 39 W. 5, b y ,  1977 
(SI Source - lower bau& B m r d .  J.L Ed. "Resent Statas and Future Prospects tor lOon dcctric uses of Cmthe-1 R~~~~~~~~ k., 1975 m a  - $1926 

(6) Pcrsaaal c o - m i c a t i o n  with Paul Lineau (OH) Aug., 1979. 

a. G e o t h e ~ l t n v i r o m a i a t a l  Overview Study Workshop Presentation Mr. 26-29, 1979 
b. Personal coamuniclltiba July, 1979 

uppar bound; r e t t e d  to personal Nlaaaunicatlba with Paul Linenu (OIT) July, 1979 

. .  
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development and production a c t i v i t i e s  which would s ignif icant ly  impact water 
quali ty aspects of par t icular  aquifers and watersheds 
information has been a f a i l i ng  of most Environmental Impact Statements (EIS) 
which have been writ ten t o  date (1979) for  the development of Oregon's geo- 
thermal resources. 

I n  t h i s  report  we too must deal with regional KGRA's rather than specified 
sites fo r  discussing possible water quali ty impacts connected t o  explora- 
t ion  and development of geothermal energy within the  state. There is limited 
quantitative information available about possible water quality impacts be- 
cause the  type of resource, i ts depth, quali ty and production character is t ics  
a t  specif ic  sites i n  each KGRA is  unknown. I n  other words, a scenario of 
projected development a c t i v i t i e s  has been designated (Table I) fo r  which we 
are t o  next consider the water resource and quality issues f o r  each KGRA. 
The overa l l  scenario may e i ther  underestimate or  overestimate possible de- 

The lack of such 

1 
1 

1 , 

i 
velopments in the Sta te  of Oregon. 

Resource Applications and Economic Value 

1. Histor 1 Applications of Geothermal Resources 

Geothermal energy is the heat energy that exists within the earth's crust. 
Geothermal energy is  one of only a few energy resources indigenous t o  Oregon. 
Although ident i f ied geothermal resources in Oregon have lower temperatures 
than i n  some other areas of the United States, resource'assessment and u t i l -  
i za t ion  is taking place i n  the state. 
presently the most extensive geothermal d i r ec t  u t i l i za t ion  of any state, 
examples include greenhousing (Lakeview, Klamath Falls,  Cove, Vale), agri- 
cu l tu ra l  applications and processing (Klamath Falls,  Ontario, Vale), space 
heating (Klamath Fal ls ,  Lakeview, Vale, Hot Lake, Haines, Breitenbush H o t  

It should be noted tha t  Oregon has 

tar io)  and numerous geothermally heated spas and pools.32 

u t i l i z a t i o n  i n  Oregon predates the w h i t e  man. Indians used the 
hot springs f o r  cooking and medicinal purposes, as did ear ly  settlers. The 
f S r s t  l a rge  scale commercial use of geothermal was  in Klamath Fa l l s  i n  the 
1890's and ear ly  1900'6, i n  a large resort-spa on the s ide  of Klamath Union 
High Scho01.~7 In 1928, Butler's ,Natatorium was constructed t o  take advan- 
tage of the hot  water resource underlying the ci ty .  A t  present, over 400 
wells serve more than 500 s t ructures  i n  Klamath Fa l l s ,  including a hospital, 
c i t y  schools and the Oregon I n s t i t u t e  of Technology. Other uses include 
m i l e  pasteurization, concrete curing, highway snow removal, laundry hot 
water and heated swimming pools. Some locations u t i l i z e  waste hot water 
discharged i n t o  storm sewers. Overall, about 60 megawatts thermal (Mw,) 
of the  present MWt t o t a l  of d i r ec t  use geothermal energy is being u t i l i zed  
a t  Klamath Fal ls ,  (see Table 

e c o k i c  benefits. For examp do-Bel Creamery estimates its annual f u e l  

fue l  costs  were about $100,000 (at pre-inflation prices).  A t  the  new la rger  
campus (440,000 sq 

ed i n  s ignif icant  

Savings at $20,000. A t  Orego i t u t e  of Technology's old campus, annual 

feet), OIT spends about $25-30,000 annually for  its 
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geothermal heating system; i f  o i l  were used, it would cost  $250,000 (11,000 
bbls of equivalent o i l ) .  The economic value of the geothermal resource as 
energy can be computed on a site specif ic  basis by comparing geothermal 
heating costs  t o  conventional f u e l  costs. I n  most cases, the initial cap- 
i t a l  investment is higher for  geothermal than f o r  conventional fuel,  but 
savings i n  fue l  purchases over the l i f e  of the project usually exceed t h i s  
gap re la t ive ly  quickly i n  cases of d i r ec t  heat applications. As conventional 
fue l  prices rise, the economic value of geothermal energy as a subs t i tu te  of 
these fue ls  w i l l  a l so  rise.57 

2. General Statewide Developments 

It is probable tha t  Oregon w i l l  eventually r ea l i ze  s ignif icant  electric 
power generation from its geothermal reserves, but this is not a near term 
prospect . 
Estimates of future  d i r ec t  use of Oregon's "beneficial heat" t o t a l  3,222 x 
l O l 8  J available. 
p lo i ta t ion  o r  only 1025 M W t  f o r  a century of u ~ e . 5 ~  Similarly, the fu ture  
e l e c t r i c  power potent ia l  fo r  the state is  2031NWt f o r  30 years of exploita- 
t ion  o r  677 NWt-centuries. Estimates of future  electrical power potent ia l  
from Oregon's geothermal sources are influenced by the optimism of estima- 
to r s  r e l a t ive  t o  consideration of the  t o t a l  resource development and ex- 
pected technological break-throughs The resource poten t ia l  summed from 
U.S.G.S. Circular 790 (dated 1978)53 is more conservative than offered i n  
U.S.G.S. Circular 726 (dated 1975) and the  corresponding estimates made by 
B ~ w e n , ~ ~  as shown i n  Table I. 

This resource would develop 3416 MWt fo r  30 years of ex- 

Direct use applications--especially in agr icu l tura l  processing, greenhous- 
ing and d i s t r i c t  heating--hold the greatest  immediate potential .  For ex- 
ample, Ore-Ida Foods is converging its Ontario plant  t o  geothermal process 
heat. 
potato and onion products. 
ject w i l l  reduce f o s s i l  f u e l  consumption by half  and r e s u l t  i n  a ne t  annual 
savings of $1 million. 
1979. Other potent ia l  agr icu l tura l  applications include greenhousing, crop 
dehydration, a l f a l f a  drying, beet  sugar processing and mushroom growing. 
The Geo-Heat Uti l izat ion Center (OIT) has produced an assessment of "Agri- 
business G e o t h e T l  Energy Ut i l iza t ion  Potent ia l  of Klamath and Snake River 
&sins, Oregon.'' 4 

A three year geothermal resource assessment was i n i t i a t e d  i n  1976 a t  Ht. 
Hood. 
and US-FS. Dril l ing a t  Timberline Lodge was completed i n  1978, did not reach 
ta rge t  depth and accordingly a su i tab le  geothermal resource has not y e t  been 
ident i f ied  f o r  development of spacedeat ing and snow removal systems. 

The narrat ive f o r  some of this sect ion was abstracted,  updated and revised 
from Reference 32 "Preliminary Geothermal Prof i le ,  S t a t e  of Oregon" Geother- 
mal Policy Project, National Conference of S t a t e  Legislatures, 1405 Curtis 
Street ,  Ste. 2300 Denver, Colorado, October, 1978, pages 7-9 and personal 
communications .3*20*37 

This f a c i l i t y  processes about one mill ion pounds per day of frozen 
I f  successful, t he  geothermal conversion pro- 

The new system is scheduled fo r  operation i n  late 

This cost-sharing project  involves the Oregon DOGAMZ, USGS, US-DOE 
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Northwest Natural Gas Company ( ? W I G ) ,  continues t o  d r i l l  a t  Old Maid F la t  
on the  w e s t  f lanks of M t .  Hood. NWNG envisions a $50 mill ion project  in- 
volving a 43 m i l e  (69.2 Ian) ipe l ine  (48 inch d i m e t e r  (1.22 m)) t o  major 
i ndus t r i a l  users in the Por and area (including Oregon City and camas, 
Washington) t o  supply geothermal d i s t r i c t  heating, pulp and paper process- 
ing industries.  

Klamath F a l l s  has received a DOE/DGE grant f o r  a downtown geothermal heat- 
ing d i s t r i c t .  The project  Phase I is designed t o  provide heating f o r  14 
c i ty ,  county, state and federa l  buildings and is scheduled fo r  operation 
by 1980. Total  cos ts  w i l l  be approximately $1.5 mil l ion of which approxi- 
mately 75% wil l  be contributed by DOE. Phase 11 w i l l  cover 11 c i t y  blocks 
by providing addi t ional  connections t o  adjacent building. 
provide heating t o  54 user blocks and w i l l  be completed i n  3 t o  5 years 
through a bonding program; the  bonding w i l l  be repaid by connection and 
user fees. 
f o r  addi t ional  applications. 

A s  these examples indicate,  Oregon is i n  the  forefront  of geothermal d i r e c t  
use development. 
t he  contribution of the  resource t o  the state's energy fu ture  appears high- 
l y  s ignif icant .  

on is given in Section 11,3 regarding the  individual resource sites. 

Y 

Phase 111 w i l l  

Subsequently Klamath F a l l s  w i l l  examine its geothermal resources 

Add t o  t h i s  Oregon's geothermal e l e c t r i c a l  po ten t i a l  and 

Additional information on geothermal resource development 

3. Water Resource Characteristics and Development Act iv i t ies  
of Oregon's KGRA'S 

Oregon's geothermal resources are primarily the  liquid-dominated type, as 
opposed t o  being vapor-dominated (dry steam) o r  geopressured. 
Table I, Oregon is  blessed w i t l i  moderate and low temperature l iqu id  geother- 
m a l  resources f o r  development. A listing of the locations, temperatures, 
volumes, and energies of Ident i f ied hot-uater hydrothermal convections sps- 
tems within Oregon are given i n  Table 11.53 
nar ra t ive  of the  water resource characteristics and a c t i v i t i e s  of Oregon's 
KGRA's regions, including: Western Cascades, High Cascades, Brothers Faul t  
Zone, Southern Basin and Range, Snake River Plain,  and the  Columbia River 
Region. 

As noted in 

Following t h i s  l i s t i n g  is a t 

. a. Western Cascades 

Total  KGRA acres: 13,445 
Surface Temperature: 99OC 
Estimated subsurface temperature: ,15O0C 
Approximate number of hot springs: 
Natural surface discharge: 56.66 L/s 

60 

' Present Development Status. Space heating i n  two r e s o r t s  
and pool heating. 
Energy'Co. and the  Department of Geology and Mineral Industries.  

Temperature gradient holes have been d r i l l e d  by the  Sunoco 
Sa le  to 
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Sunoco of 5818 Acres in 4 parcels f o r  geothermal development took place 
in 1979; 1 parcel received no bids (1,029 acres). 
leases have been issued in 1979 covering 15,887 acres. 

In te res t  has been shown in examining the resource t o  assess the f e a s i b i l i t y  
for,direct-use or  electrical applications. 

Twelve noncompetitive 

Surface Water0l5 Streams in the  Breitenbush Geothermal 
Area (BGA) drain in to  the  North Santiam and Clackamas River systems. 
the larger  t r ibutary streams are the Breitenbush River, Collawash River, 
Whitewater Creek, Woodpecker Creek and Devils Creek. 

The average discharge of the North Santiam River measured over a 48-year 
period a t  agaugng s t a t ion  0.5 mile below Boulder Creek is 1,017 cubic .feet  
per second (c.f.c.) o r  736,800 acre-feet per year. 
inches of runoff per year. 

Flow of the Breitenbush River has been gauged since 1932 at  the s t a t ion  
above Canyon Creek. 
ft3/second, or 422,400 acre-feet per year, which is equivalent t o  74.69 
inches of runoff per year. 

The sediment yield of streams in the  Willamette Basin is low because of 
favorable physiographic and climatic conditions. 
basal t ic ,  andesit ic,  and pyroclastic rocks underlying the western slope of 
the Cascade Range were generally qui te  r e s i s t an t  t o  erosion, but may be 
local ly  unstable. 
trees, shrubs and other plants  t ha t  grow profusely in the moderate maritime 
climate. 

The Willamette Basin Task Force report  indicates that average annual yield 
of sediment in the High Cascades area is estimated t o  be 50-150 tons per 
square mile. The Western Cascades area yield is 150-300 tons per square 
mile. Median pa r t i c l e  s i z e  of streambed sediments taken from the North 
Santiam a t  the  Mehama sampling s t a t ion  is 120 mm compared t o  0.6 mm in sam- 
ples  taken from the Willamette River a t  Portland. Weighted mean concentra- 
t i o n  of sediments measured a t  the same sites shows 45 pprn f o r  the North 
Santiam and 71 ppm fo r  the Willamette. 

The Geological Survey has obtained temperature data  f o r  the  North Santiam 
River below Boulder Creek since 1951, The highest temperature recorded was 
19OC and the  lowest w a s  a t  the freezing point a t  several  times during the 
winters of 1954, 1956 and 1974. 

A t  t h e  s t a t i o n  Breitenbush River above Canyon Creek, the  Geological Survey 
has stream temperatures since 19500 The measured highest temperature re- 
corded vas 1 8 O C  on July 27, 1973, Freezing temperatures have been recorded 
on several days in December 1972 and Jan&ry 1973. 

Waters in streams draining the BGA are of excellent chemical and biological 
quality. These waters have few colonies of coliform and streptococci and 

Among 

This represents 63.94 

During that period the average flow has been 533 

Soi l s  derived from the 

Further protection against  erosion is provided by the 
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wells cbssidend Thereal springs 

BelLrup - loley 2 a l o  14.22 3 ' 61-89 85.92 4107 1,ooO-2.m - - - -. noc sprrngm 

2 0 lS.2 41-71 w 497 ~.M)6J.OOO 

150 *110.125 4662,000 

160 75-140 e130 

16-22 '47-300 H 1,3aO-3,200 Alvord Desert 4 35-95 

Klmmth ?all. 400 2 6 S M  '15-95 8 16-87 30-1000 '10) 250-3.060 
com. 

80 cod. 

Wmt t h c r u l  gradients reported In thlm tab le  YCI. calculated by subtrmctlm w I n  annual alr 
tempecmtat.. f r a  raximua reportab f l u i d  taparatur*m I n  w e l l s  and t ea t  holce and dlwldlng by the 
tom1 depths of the  well.. The rcsclltlng l inear  grdfentm do not reflect actual depth. of 
occurrence of themel waters or vmrlationm dua to chacylr In  them1 conductivity wlth depth. 
and they m y  be s t c o y l y  influenced by convective flw I n  tha wells and In  tho foruc lons ,  
most places. thorefore, the grndlmtm do not represent conductive thermal gredlenta I n  the 
u t t h * s  CN.~. "Cond." probmbla eonduet in  grad la to ;  "conr." - affected by convection. 

Teqmcaturem of cock-umtor cpcllllbratlon m t l u t e d  by memns of cheelcal gcatherwamterm; 
somtlt unrel leble  for l ~ t e m p e r a t u r e  vatere mlmn posmlble effects of mlxlng. lonlc I n t e r  
fmnce, hlgh comentratlonm of dlmmolrcd w l l d s ,  nmorphow mlllea, and other factors a r e  ac- 
counted fori not conaidered cel lable  tor clD.t of the lornr tcsp.rature -term Included In thlm 
table. In  mma arum wh.re e q u l l l b r a t l ~  tempmracarem a r e  not avallabla for lnc tcapeca turo  
#term. r t l ~ t m  from hlgh-tcapatamre .prlngs a r e  given. Wt of theme emtluatea are 
taken fm Brook m n d  otherm. hydrothema1 cwrecclon myatma wlth reservoir tcllparatures ~ 9 0 * C .  
thlm volume. 

A t  

neat source robable lateral migration from Rolocene v o l u n l c  ccntcte. nmt f l a  
110-140 mU/m!. Includem Bcknap Springs KCM, Foley Sprlngs high-teepermcure syata .  
and Bigelw lot Springs. *Chmlcedony and MaU-Cm geothenwmetere (BelLrup and 
?oley Hot Springs). 

Beat source probmble l a t e r a l r l g r a t l o a  from Roloeene volcamic cmtera. neet f l w  
:lo5 H h 2 .  Includem NcCredla Hot Sprlngm K W .  Mtmon and Wall Creek not Sprlnge. 

Chalcedony geotheraaaster (ncCredle tlot Springs). 

Deep c l reu la t lon  in complexly faul ted graben. Agrrlfert Permima and himmslc 
greemtonem. 'Ma-K-Ca geothemmeter  (Hot lake Rot Springm), chalcedony gcocher- II 

-ter (?kdiul not Springs). 

Deep clrcu1at lan in  faults. Grasmy 
nlgh convective gradients a t  place 
a t  Vale Rot Springs high-temperature ayatem. 

C l r c u 1 a t l a  In  faultm 10 rhyol i t ic  dwc: possible 
122-193 mUfmz. 

Deep c i rcu l r t lon  n m r  rim of caldera<?). Aquifers In b e i a  scdirmts, 1nterlrj.rd 
volwnlc rackm. Zleat flow 80-105 mW/d. 'Quart., M a 4 4  gcothe-term, 
respec t l m l y .  

Deep cfrculnlon. p o a l b l e  mguntle source ( rhyol i t ic  lnrr\lrlona). Aqulfers In 
bamln d i m e n f n ,  Interlayered volcanic rocks. 
f a u l t  zone). Quart; gcotbaar ra te r  in  Rmroey take high-tempermtura o y e t a .  

Deep c i rcu la t ion  la f e u l t s  (T). *%UT gradient holem 4 0 0  m deep In laccouduet- 
l v i t y  scdlnnts. "'Sulfate-mygen lsotopm geothe-ter (Alwrd. Bot k k t ,  and 

e+ 
'lt8-lt-C. g c o t h e m m t e r ,  Ihrnterm and h r r 7  

10 B a u l t  and Coldfa  Mver h o a l t  G w .  
t flm 102 W/UZ (we.). **x. t w p r e  

Water quality beet In north (Brothers 

Hickey Bot Springs( la 230.C "3 
* 1  ? 

e l n o l r t i o n :  p s l b l s  heat somce i n  Ifmrner bnge to mot. Aquifers lo  n U e p  
fill dapbmlts. 
Ranch well.. 

R e a t  flow %lo5 H h 2 .  

Deep e l rcu la t lon  I n  m g e  fau l t s ,  Tcrtlary m l m n i c  rocks. b r a  than 500 w e l l m  
umed for apece hentin8. llottest - t e r m  hmve disselrcd molldm *l.M)O -/I.. Nsny 
aquifer. in t e r t i a r y  and Pleistocene rocks. Reat flov 60 H / m 2  la tovar Kbrath  
lake b e l n .  "Chalcedony, Ma-K-U geothemmeterm for pr incipal  gmthe-1 
reservoir& 

Thermal eprlqtm are d e f h e d  for  t h l s  repon aa chase h l w  mrface temperatarem a t  lmmt 1W 
above noen manual air  temperatures. Therul well .  are alao deflned on the bamle of m f n h  temp- 
erature* 1W above meen annual air temperaturea but, In  addition, are required to hmve therm1 
uradlentm exceeding the 30 C/km average for continental crust rocks. Cr l te r la  ueed In melectlng 
and defining the favorable area. include the temperature and t h e r u l ~ r a d i v a t  m l n h  demcrlbcd 
k b a  for theme1 u d l m  and Springm. In d d l t i o a .  regional conductive h u t - f l w  meaeurments 
-re given considerable wight .  especially In a f o ,  aream for which hydrolosic data mug~ertcd 
only a r g l n m l  f a w r a b l l l t y  but for  which regloaul h u t  flove -re hlgh. R e a t  f l w  le generally 
greater than 60 m W / d  la m o m t  aream. h e  Index of water quality, conecatration of dissolved eolldm. 
Is reported for areas fiere it Is taocn. but thin Index warn not a d  me a brsfm for  melectlon of 
favorable armo. 
lfeted. 
-term a l m t  la the  r l c i n l t y  of momt hluh-temperature eymtemm. m n l l a b l e  data pecal t  depiction of 
favorable arms on17 a t  a feu much lout lonn .  

0 
P 

any c o n f l m d  high-taperature  g c o t h e r u l  mymtam are not included In the  areno 
Althwsh It ray be ammmed thmt eondltlons fmvorable for the  occurmce of l o r t o p e r a t u r ~  
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Total KGRA acres: 7,579 L 
Total S t a t e  and Private  Acres: 

Surface Temperature: 86OC 
Estimated subsurf ace temperature: 
Natural surface discharge: 15.83 l i ters lsecond 

160 (160 acres a t  Austin HS 
System heing developed by PGE) 

L 125 O C  

F j1 

Present Development Status: Recreational bathing only. Li 
Two shallow temperature gradient holes have been d r i l l e d  i n  the  v i c i n i t y  in 
1975 and 1976 by DOGAMI. 

b 
Leasing on t he  KGRA lands w i l l  not  be considered u n t i l  t h e  Clackamas Land 
Management Planning process has been completed. The document is scheduled 
f o r  release in late 1979. Noncompetitive leasing outs ide the  KGRA is ten- 
t a t ive ly  scheduled following rece ip t  of Fo res t4e rv ice  recommendation. 

The poten t ia l  fo r  u t i l i z a t i o n  of Carey Hot Springs i s  now w e l l  known at 
t h i s  point. 

c 
i '  L 
f McCredie Hot Springs KGRA (South of B r e i t e n b ~ s h ) ~ ~  
t. 

Estimated reservoir  temperature: 75OC - 12OOC Lm 

Total KGRA acres: 3659 
Surface temperature: 73OC (164OF) 
Natural surface discharge: 4.80 L/s I 

L 
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The t u f f s  and older volcanic rocks of the Western Cascades occur i n  the  
western and topographically lower pa r t s  of the BGA. They a l so  underl ie  
the High Cascade volcanic rocks a t  least i n  the  western edge of the High 
Cascades. 
and they are tapped by a w e l l  reported t o  be a few miles w e s t  of the BGA. 
Generally, these rocks have r e l a t ive ly  low permeabi1ity.and yield water 
only slowly t o  w e l l s .  
an unusual hydrologic phenomenon---perhaps a highly fractured zone or  a 
layer  of abnormally high permeability. 
Willamette National Forest, these rocks yield water in quant i t ies  adequate 
f o r  domestic supplies t o  w e l l s  ranging from about 100 t o  600 f e e t  i n  depth. 

1 
1 
t 

Breitenbush Hot Springs apparently issues  from these rocks, 

Therefore, the hot springs may be associated w i t h  

I n  the  Cascade f o o t h i l l s  west of 

L 

The only data avai lable  on ground water qual i ty  i n  the  BGA is the  analysis  
of water from Breitenbush Hot Springs. (See Table IV) 
from considerable depth, so probably is not representative of water from 
shallower aquifers. Water from zones l i ke ly  t o  be tapped by wells should 
be s imilar  t o  water from streams, but somewhat higher i n  dissolved consti- 
tuents. The ground water should be of excellent qua l i ty  su i t ab le  f o r  dom- 
estic and other uses. 

That water may rise 
# 

L 

1 
Stream classif icat ion.  Breitenbush River and a l l  i t s  tri- 

r butar ies  are closed f o r  i ndus t r i a l  usage. 

Carey Hot Springs KGRA (Part of Austin Hot Springs)32 
(North of Breitenbush) 

h 

f- 

No geothermal development or leasing has taken place 2n t he  McCredie area. i 

L 
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t ' have low concentration dissolved const i  s,- including heavy metals. 

L 
f 
id 

Concentrations of nutr ients  such as nitrogen and phosphorus a l so  are low. 
Analyses of water from Breitenbush and North Santiam Rivers, shown on pages 
47 and 48, are representative of waters from streams in the area. 

Streams in the area @re tr ibutary t o  r ivers  tapped f o r  domestic water a t  
the following recreation sites and urban areas: 

- S i t e  Source 
Clachmas River 
Clackamas River 

Oregon City 
City of Estacada 
Whispering Fa l l s  C.G. Unnamed tributary,  N. Santiam River 
Riverside C.G. Unnamed t r ibutary,  N. Santiam River 
Whitewater C.G. Whitewater Creek (no developed source) 
Cleator Bend C.G. ' Breitenbush River (no developed source) 
Breitenbush C.G. Unnamed tributary,  Breitenbush River 
City of Detroit  Breitenbush River 
City of Idanha *Cabin Creek 
Breitenbush Forks- S. Fk. Breitenbush River (no devel- 

Devils Creek Recreation 

Breitenbush Hot Springs i e ld  Creek 

V i l l a  Maria Lodge 
Chemeketans Cabin 
*Outside the area 

L 

1 

L 
L 
L 
L 
1 
II 

Recreation Resid. Tract oped source) 

Resid. Tract 

Resort (USFS permit) 

Devils Creek (no developed source) 

Shallow Well 
Whitewater Creek (no developed source) 

Ground Water ,15 L i t t l e  d i r ec t  information is avai lable  con- 
ning ground water i n  the  BGA. The only known developed ground-water sup- 

1 y . h  the area i s  the w e l l  that supp Lodge * 

e volcanic roc occur in the  topographically 
I 

higher pa r t s  of the  area, are generally considered.to be highly fractured. 
They readi ly  receive 
f ree ly  t o  maintain t 
regional water t ab le  i n  those rocks lies a t  a depth of a t  least a f e w  hun- 
dred feet, re f lec t ing  the  high permeability of the rocks and the depth of 
surface erosion. w e l l s  are known t o  be d r i r l ed  e rocks in the BGA. 

The alluvium along the Breitenbush Riv 
t o  l o c a l  stream valleys consist  of unconsolidated, poorly s t r a t i f i e d  and 
len t icu lar  beds-. Where these deposits have suf f ic ien t  thickness and l ie 
below the water table,  they may contain ground water that could be used 
loca l ly  f o r  domestic smrces. 
adjacent t o  streams, probably is in hydraulic continuity with the stream. 
Thus, these deposits may receive some recharge from the  streams when stream 
stages are high and may contribute t o  streamflow during low-flow periods. 
To date, no wells are known t o  tap these deposits. 

t r a t ion  from precipi ta t ion and discharge water 
-weather flow of streams. In most places, the 

Ground vater in these deposits, himediately 

I" 
$ 8  
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hydroelectric project  operated by the Eugene Mater and Electric Board. 
unique fea ture  of t h i s  project  is the diversion of pa r t  of the McKenzie 
River flow through a tunnel i n t o  Smith Reservoir, and then back i n t o  the 
McKenzie River a t  Trail Bridge Reservoir through a power tunnel and pen- 
stock, 

A 

Discharge - Average discharge of t h e  McKenzie River a t  the  Clear Lake out- 
l e t  (32-year average) is 486 cubic feet/second (cfs) and 352,100 acre-feet/ 
year. Minimum discharge during t h e  same period a t  the  C l e a r  Lake o u t l e t  
was 160 cfs .  
yearly discharge (66-year period) was 1,693 c f s  and 1,227,000 acre-feet/ 
year. 
t i on  was 805 cfs. 

For the North Santiam River a t  the  Boulder Creek gauging s t a t ion  over a 
50-year period average discharge i s  1,020 c f s  and 739,000 acre-feet/year. 
Minimum discharge is 250 cfs ,  recorded i n  1909. 

Temperature - Average temperature of the McKenzie River a t  the McKenzie 
Bridge gauging s t a t i o n  is 45.5"F, with a minimum of 40°F and a maximum of 
51.8"F. 
Kenzie system. 
reservoirs,  snowmelt, and g lac ie r  seepages comprising the  source f o r  t h i s  
sect ion of the river.  

A t  the  gauging s t a t i o n  below McKenzie Bridge the average 

Minimum discharge during the  period of record of t h i s  gauging sta- 

Temperatures measured a t  this s t a t ion  are the lowest i n  the Mc- 
Low temperatures are a t t r ibu tab le  t o  the  subterranean 

Temperature data have been recorded f o r  the North Santiam River at the 
gauging s t a t i o n  below Boulder Creek since 1951. The highest temperature 
recorded was 64°F on July 27, 1973. 
were recorded on several days during the winters of 1954, 1956 and 1974. 

Temperatures a t  the freezing point 

Sediment - Discharge of the McKenzie River a t  the  Coburg gauging s t a t ion  
is 18 percent of the  Willamette River's streamflow a t  Portland. 
y ie ld  at  Coburg is 9 percent of t he  y ie ld  a t  Portland. 
tiam River at Mehama, streamflow is 10 percent of t h e  Willamette River 
streamflow at  Portland, while sediment yield is 6 percent of the  Willamette 
River Sediment yield a t  Portland. 
area ranges from 50 t o  300 tons per square mile. 

P a r t i c l e  s i z e  of streambed sediments from the  McKenzie River a t  the Coburg 
gauging s t a t i o n  is 55 mm compared t o  0.6 nun f o r  the Willamette River a t  
Portland. For the  North Santiam River a t  the  Mehama gauging s ta t ion ,  par- 
t icle s i z e  of streambed sediments is 120 mu. 

Weighted mean concentration of aediments measured at  the  Coburg, Mehama and 
Portland gauging s t a t ions  respectively is 34 ppm, 45 ppm, and 71ppm. 

Domestic Use - Surface water from the  McKenzie River is the domestic source 
fo r  approximately 125,000 persons in t he  City of Eugene and unincorporated 
Glenwood, Oakway and Santa Clara suburban areas. 
available, but  a subs tan t ia l  percentage of the  4,600 residents  of the  Hc- 
Kenzie Valley east of Springfield a l s o  r e l y  on surface waters of the  Hc- 
Kenzie Mver f o r  domestic water supplies. 

Sediment 
For the  North San- 

Annual y ie ld  of sediment i n  the  study 

Exact ffgures  are un- 
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k The draft environmental impact statement p 
1980 and leasing w i l l  not be addressed u n t i l  the  document is f ina l .  
lease applications received f o r  t h i s  KGRA have been withdrawnm97 

Belnap-Foley (McKenzie River area) 32 

KGRA acres: 4796 
Surface Temperature: 7loC 
Natural Surface Discharge: 
Estimated Reservoir Temperature: 149°C 

le w i l l  be i n i t i a t e d  i n  
All 

75 gpm (5.7 L/s)  

Draft EIS i n  process of 
during la te  1980 
leases  in area. 
ious' companies f o r  fu tu re  consideration f o r  electrical power p r o d ~ c t i o n . ~ ~  

The poss ib i l i t y  of geothermal resources in the  McKenzie River &ea is sug- 
gested by hot  springs issuing from Intermediate Age rocks a t  Belnap, Foley 
and Bigelow. A l l  of these hot springs emerge within a few hundred f e e t  of 
the 18OO-foot contour. 
regional water table. Whether the  hot springs are d i r ec t ly  over t h e i r  heat  
source o r  find t h e i r  way through vents from geothermal systems related t o  
more recent volcanism of the  High Cascades f a r the r  t o  the  east is a subject  
of conjecture. Some geologists suggest that the  hot springs known a t  the  
surface may be recirculat ing r e l a t ive ly  near surface waters, and t h a t  hot 
water or steam systems deeper underground may be e f fec t ive ly  sealed off by 
r e l a t ive ly  impermeable layers of si l ica derived from the abundant silica 
ash deposits of the Western Cascades. Chemical and trace element data  col- 
lected and analyzed by the  U.S. Geological Survey suggest thermal aquifer  
temperatures f o r  Belnap Hot Springs ranging from a low of 56OC t o  a high of 

The Oregon Department of Geology and Mine 
w e u s  l n  the Belnap Foley area f o r  temperature-gradient studies. One of 
these wells, d r i l l e d  on t he  f l o o r  of Horse Creek Valley, yielded tempera- 
ture-gradient measurements w e l l  above t h e  7OC/lOOm minimum of ten  used as 
a guideline f o r  economically attractive geothermal resources. The second 
w e l l  was d r i l l e d  on the  lower Slope of a r ldge about 1/2 to 3/4 mile north- 
w e s t  of Belnap Hot Springs. Measurements in this w e l l  suggested an  above 
normal, but  lower than economicaLly attractive, temperature gradient. Tem- 
perature gradients  l i s t e d  f o r  both w e l l s  have not  been adjusted t o  cor rec t  
f o r  lateral movement of cool ground water, a f ac to r  that can influence tem- 
perature  gradient measurements a t  intermediate depths . 88 

The Belnap Foley area is drained by t h e  McKenzie and North Santiam River 
systjems. Among the larger streams are Horse Creek, White Branch, Lost 
Creek, Deer Creek, Smith River, Parks Creek, Browder Creek, Lynx Creek, 
and Down- Creek. Also v i thh  the  area ar 
acres and e e h t  lakes  to t a l ing  332 acres. 

T r a i l  Bridge, Smith and Carmen Reservoirs are components of a 90 megawatt 

eview (August, 1979); leasing i s  expected t o  occur 
Sunoco Energy Development Company applied fo r  

Eugene Water and Elec t r ic  Board (EWEB) working with var- 

It has been suggested that this may represent a 

ii 135 O C  . a8 
Industr ies  has d r i l l e d  two 

li 
li 
id 
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inage Systems, Reservoirs and Lakes - 
11 

bee reservoirs  t o t a l ing  259 

I '  
b 
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A three year resource assessment of the M t .  Hood Volcano w a s  begun i n  1977 
as a j o i n t  e f f o r t  by the U.S. Department of Energy, U. S. Geological Survey, 
U.S. Forest Service and the Oregon Department of Geology and Mineral In- 
dus tries. 

M t .  Hood Geothermal Assessment Project  - current s t a t u s  participants:  
DOGAMI, USGS. 

Studies completed (C) or in Progress (IP): 

Surface Temperature? 90°C 
Estimated Subsurface Temperature: 125OC 

The only hot spring i n  the M t .  Hood area is Swim Hot Springs which flows 
a t  1.58 L/s  a t  27OC, 
of M t .  Hood are a t  least 20 fumarolic vents with temperatures ranging from 
50-8SoC. 

East and northeast of Crater Rock near the summit 

DOGAMI: gravity study of M t .  Hood cone and flanks (C) 
geology study of Columbia River basa l t s  (C) 
stratigraphy study of O l d  Maid F la t  area (C) 
geologic and geochemical survey of M t .  Hood andesi tes  (C) 
heat flow analysis  of 13 area w e l l s  (C) - (11 d r i l l e d  by 

DOGAMI, 1 by NGMG, 1 by NWGTH Corp.) 
USGS : seismic re f lec t ion  and re f rac t ion  s tudies  (IP) 

spontaneous poten t ia l  (IP) 
aerial infrared study of M t .  Hood cone and f lanks (IP) 
gradient w e l l  d r i l l i n g  for hydrological data (water 

audiomagnetotelluric (IP) - subcontracted t o  Lawrence 
qual i ty ,  temperature and depth) (IP) 

Berkeley Laboratories 

I n  association with the  Northwest Natural Gas Co., (NWNG) exploration d r i l l -  
ing by the  N.W. Geothermal Corporation, i n  r e tu rn  f o r  p a r t i a l  funding by 
USDOE of d r i l l i n g  a t  Timberline Lodge and Old Maid F la t ,  is continuing. 
Dr i l l ing  took place a t  Timberline Lodge during 1976, 1977 and 1978. 
c u l t i e s  hampered the d r i l l i n g  process as the  gradient hole s t r i n g  twisted 
off a t  1380 feet .  Temperatures were isothermal t o  600 f e e t  and thence the 
thermal gradient was reported as 2OO0C/h. Dr i l l ing  provided data  f o r  the 
M t .  Hood geothermal assessment program, however the  d r i l l i n g  did not  reach 
t a rge t  depth and accordingly a su i t ab le  geothermal resource wasn't ident i -  
f i e d  f o r  development of space-heating and snow removal systems which had 
been proposed f o r  the M t .  Hood Lodge area. 

NWNG i s  interested i n  providing d i s t r i c t  heating f o r  i ndus t r i a l  users  i n  
the  Portland area; for example, f o r  the processing of wood and paper pro- 
ducts. A t  Old Wid  F la t  on the w e s t  flanks of the  slope, a hole was d r i l l e d  
t o  4002 f e e t  in August, 1978; although the  r e su l t s  w e r e  not  conclusive, NWNG 
reports  encouraging temperatures of approximately 79.4OC. Flow tests are 
being considered for t h i s  site. They are continuing during 1979 t o  explore 
on t he  w e s t  s ide  of M t .  Hood, where twelve holes have been authorized; pre- 
sen t  d r i l l  sites receiving a t t en t ion  include one near highway 26 and another 
on &Gee Creek. 

D i f f i -  
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The North Santiam River is the domestic source for  approximately 120,000 
persons including residents of Salem, Stayton, Turner, Keizer, suburban 
east Salem, and the Ja e Water District. , 

Within the study area the following sites u t i l i z e  the McKenzie River o r  
t r ibu tary  streams -for domestic water: 

i; 

I, 
1 
L 

Fish Lake Campground 
C l e a r  Lake Day U s e  Area 
Clear Lake Resort 
Melakwa Boy Scout Camp 
Scott  Creek Recreation Residen 
White Branch Youth Camp 

2 Eugene Wa and Electr ic  Boar 

No use i s  made of surface water from the North Santiam River and t r ibutary 
streams within or  adjacent t o  the study area. 

I; 
ij 

L 

Groundwater. L i t t l e  is known about the groundwater condi- 
t ions of t he  Western Cascade formations i n  the study area since there has 
been l i t t le  o r  no d r i l l i n g  exploration of water well dr i l l ing .  
rence of water is probably controlled by the j o i n t  and f rac ture  pattern,  
as many of the sedimentary and pyroclastic rock uni t s  .which comprise the 
bulk of the  formation are lacking i n  porosity and are Impervious. 

The High Cascade formations of the Belnap Foley, McKenzie River area have 
an extremely complex groundwater system. 
porous and broken lava flow uni t s  with re la t ive ly  impervious f i n e  grained 
interbeds have produced perched<water tab les  and confined aquifers  with 
very la rge  volume flows. 
as w e l l  as the  g l ac i a l  deposits re ta ins  the bulk of the precipi ta t ion and 
produces an even discharge in to  the  Hdenzic  River. 
River i s  primarily spring f ed  w i t h  large volume f l o w s .  
are not exposed but discharge d i r ec t ly  in to  the bottom of the  river.  
mendous flows of water were encountered i n  the acava t ion  of the Carmen- 
Smith diversion tunne tha t  required spec ia l  design changes and increased 
cost  of construction. The lava f i e l d  and cinder blankets absorb the  m e l t -  
ing snow d i rec t ly  int the  ground l ike  a hugh sponge. 

The only u t i l i z a t i o n  of groundwater in the  High Cascades has been f o r  water 
w e l l s  f o r  public use a t  recreational developments. Water w e l l s  in t he  Mc- 
Kenzie River va l ley  are usually shallow and probably tap near surface water. 
Deeper w e l l s  encounter fine grained lake sediments with l i t t l e  o r  no water 
yield. These deposits blanket the  bedrock. Well d r i l l i n g  is d i f f i c u l t  in  
the g l ac i a l  and a l l u v i a l  deposit6 the coarse bou which makes 
advancing t h e  casing d i f f i cu l t .  

The occur- 

The combination of extremely 

The open and parous nature of the lava formations 

The upper McKenzie 
Many of the springs 

We- 

u Total KGRA acres: 8,671 - ( A l l  National Forest Land) 
The KGRA is in an area c lass i f ied  as Wilderness 



c22 

the  gauge. 
the summit, and the West Fork of the Hood River has a runoff of 203 cm above 
a s t a t ion  26 km northwest of the summit. 
Hood area is ref lected a t  a s t a t i o n  on Bull Run River, 29 km northwest of : 
the summit, where the  average is more than 305 cm. 
deeply-circulating ground water in most of the springs is probably very 
small because the runoff is large. 

Recently, Lawrence Berkeley Laboratory, the U.S. Geological Survey, and the 
Oregon Department of Geology and Mineral Industr ies  conducted a study of 
the  geothermal resources of Mount Hood. The report  of t h i s  studygo pub- 
l ished February, 1979, coritained geochemical analyses of streams, warm and 
cold springs, gas samples from the  fumaroles, and rock samples. Repeated 
sampling of Swim Springs Waters (Mt. Hood's only warm-spring area located 
on the south flank) showed l i t t l e  overa l l  change i n  water chemistry between 
summer and winter. 
based on analyses of Swim Springs and numerous cold springs, indicated that 
a la rge  component of the warm water a t  Swim is from near-surface (snow and 
glac ie r  m e l t )  runoff. It is hypothesized that snow and glacier-melt  w a t e r  
near the  summit of M t .  Hood passes i n  c lose proximity t o  the  hot  cen t r a l  
"neck" of the mountain, becomes heated, migrates down-slope and mixes with 
ambient cold water along its path with the r e s u l t  that a small portion of 
the mixed warm water surfaces a t  Swim Springs.102 

Sandy River has a runoff of 178 c m  above a gauge 30 tan w e s t  of 

The grea tes t  runoff i n  the M t .  

The component of any 

Oxygen and hydrogen isotope da ta  and mixing calculations 

Newberry Crater KGRA (Cascades and Brothers f a u l t  zone)32 

Total  KGRA acres: 31,284 
Paulina Springs: 57'C (135'F) 
East Lake Springs: 66°C (150'F) 
Estimated subsurface temperature: Chemical concentrations .. 

are too c lose  t o  those of normal groundwater t o  apply 
geothermometry techniques. 

Present Development: None a t  present (resort  heating in 
past) .  
flows (1400 yrs) and hot springs in both Paulina and East Lakes. 
ent problem is that there  are heavy flows of cold ground water a l so  in the 
v i c i n i t y  . 
U.S. Geological Survey is continuing a gradient hole d r i l l i n g  program begun 
in 1977. 
anomalies. 

Lease applications appear t o  cover the e n t i r e  area of the Newberry Volcano. 
Leasing on noncompetitive lands may take place within the nwt  12 months 
(Le., summer, 1980). KGRA lease sale i s  speculatively scheduled by 1981. 

This is a promising area as bes t  indicators  are the recent g lass  ' 

An appar- 

USGS w e l l  12 down t o  1300' in lake sediments with no observed heat 

In 1975 Oregon House Jo in t  Resolution 31 directed the Energy F a c i l i t y  S i t i ng  
Council t o  designate Newberry Crater and surrounding roadless areas as un- 
su i t ab le  fo r  thermal power plants.  

Most of the interest ia Newberry has been for power generation. Considering 
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There is some interweaving between interested agencies and developers re- 
garding assessing M t .  Hood's geothermal resources. The USGS w i l l  cooper- 
ate on the  d r i l l i n g  of two of MJNG's 12 holes. An addi t ional  8 holes are 
pa r t  of the continuing (1978-1979) d r i l l i n g  program coordinated by the 
USGS; presently (August, 1979)  they are on t he i r  4th hole being d r i l l ed  
about the base of t he  mountain. Dr i l l ing  w i l l  commence in August, 1979 
a t  the base of Poochie Ski Run. The ta rge t  of these s tudies  is the  find- 
ing of a su i t ab le  reservoir and determining its extent a6 previously, only 
marginal temperatures fo r  a qual i ty  geothermal resource have been found on 
the  w e s t  f lanks of the mountain. 

Regarding exploration impacts on water quality,  the majority of the holes 
have been approved through the  USFS environmental impact statement (EIS) and 

lora t ion  permit process. 
imal. 

To date ,  impacts on water qual i ty  have been 
D r i l l  hole locations have been s i t e d  t o  sa t i s fac tory  sites t o  

nimize enviromnental.concerns, including stream proximity. Above ground 
mud p i t s  (steel basins) have been used instead of in-group sumps. 
t ions  on use of foam in the d r i l l i n g  process has been maintained.34 

Cascade Range, and receives most of i ts prec ip i ta t ion  during the  fall and 
winter from storms that or ig ina te  in the  north Pac i f ic  and move southward 
and eastward across the  range, The average annual prec ip i ta t ion  is about 
102 ch a t  Portland and increases t o  the east, t o  a maximum near the crest 
of the  range. 
ment Camp the average i s  230 cm. Prec ip i ta t ion  decreases rapidly t o  the 

Prec ip i ta t ion  f a l l  
ferred t o  be within a recharge area, and ground water tends t o  move dovn- 
ward. 
band around the  mountain where springs tend t o  discharge, and below which 
perennial streams are cammon. Above the band, many streams are intermit- 
tent ;  in small 
snow. 

At depths ranging t o  a t  least 25Om in the  v i c i n i t y  of Timberline Lodge, 
ground water occurs in perched zones between or within andesi te  flows. 
The warm water emanating a t  Swim Springs may have circulated deeper than 
some of t h e  perched zones, probably or iginat ing at  elevations higher than 
Timberline Lodge. The water comes to  the  surface a t  Swim, where there  is 
an abrupt f l a t t en ing  of the topographic elope; M t .  Hood andesi te  flows tend 
t o  d ip  down the  mountain, and some permeable zones may intersect the  land 
surface here. 

esite flows'or andesi te  debris  and pre-Mt. Hood andesi te  and basal t6  
se, 1968); these older  rocks are less permeable and may tend t o  d i r e c t  

Restric- 

Hydrologic Setting.IQ2 M t .  Hood lies along the axis of the 

Records of the  National Weather Service show that a t  Govern- 

east and i S  O d y  2 within 50 Ian of the crest. 

bave an a l t i t u d e  of about 1,500 m on M t .  Hood is in- 

The t r ans i t i on  from recharge t o  discharge area is  manifested by a 

spring, from melting 

The Swim area also lies near a contact between M t .  Hood 

ground water t o  the  surface. 

Distr ibut ion of runoff of streams draining M t .  Hood corresponds tha t  of 
precipi ta t ion.  Records of a gauging s t a t i o n  on Salmon River, 7 miles south- 
east of the s d t  of M t .  Hood (east of Trillium Lake near highway U.S. 26) 
show an average runoff of about 80 an, per year f o r  the drainage area above 
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Several reservoirs are located i n  the geothermal lease areas, most of 
which are less than 3 acre-feet. The prirnary purpose of the reservoirs 
is  to  provide water fo r  livestock, but a l so  provide water f o r  wild l i f e  
and habi ta t  t o  the aquatic plants and amphibians. 
water i n  these reservoirs is adequate i n  most years. 
municipal, industr ia l ,  domestic, and l ivestock water w i l l  double by the 
year 2020. Ground water supplies are estimated t o  be adequate to  meet 
the demand. 

The ava i lab i l i ty  of 
Projected needs f o r  

A l l  of the streams flow in to  the Harney Basin which has no outflow. The 
Harney Basin watershed provides the a l l  important habi ta t  fo r  waterfowl. 
However, the Malheur Lake leve ls  f luctuate  greatly from year t o  year. In 
1972, a high water year, 250 cubic hectometers (200,000 acre-feet) flowed 
in to  the lake. In 1973, only 90 cubic hectometers (75,000 acre-feet) 
flowed in to  Malheur Lake. During the high water year of 1972, the Donner 
und Blitzen River contributed 55 percent of the inflow, and the S i lv ies  
River, d i r ec t  precipitation, and Sodhouse Spring contributed 28, 13, and 
4 percent respectively. 

In the drought year of 1973, the Donner und Blitzen River was again the 
principal contributor of water with 62 percent of the  t o t a l  inflow. 
Si lvies  River, d i rec t  precipitation, and Sodhouse Spring contributed 1, 
25, and 12 percent respectively. 

The 

Groundwater inflow, other than Sodhouse Spring, appears t o  be negligible. 
A large amount of the snowmelt runoff does not reach the  Malheur Lake be- 
cause the stream waters are diverted for  i r r iga t ion  use. 

Most of the outflow from the  lake is from evaportranspiration (81 percent 
i n  1972 and 96 percent i n  1973), but some surface outflow from Malheur Lake 
goes through the Narrows in to  Earney Lake. 
negligible. 

Groundwater outflow a lso  seems 

Southern Basin and Range (Alvord KGRA)32 

Total KGRA acres: 176,835 
Surface temperature: 76OC 
Estimated subsurface temperature: 200-210°C 
Flow rate: 
Present Development: None 

135 GPM 8.52 L/s approximate a t  Alvord Hot Spring 

Active area of exploration. 
pe t i t i ve  sale. 
Approximately 60 gradient w e l l s  have been permitted f o r  d r i l l i n g  in the  
Alvord Valley. 

The Alvord Valley is remote with rough terrain.  Uti l izat ion,  i f  the re- 
source proves capable, w i l l  l i k e l y  be f o r  power generation. 

Lawsuits concerning rejected landlease bids and environmental concerns are 
pending. 

Leases issued in 1976. Injunction delayed com- 
Speculation is that there w i l l  be a sale i n  January, 1980. 
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L the  rapid growth rate i n  Deschutes County, direct-use applications may 
prove economically viable if the resource is located such that  pumping 
out of the crater would not be necessary. 

L 
Brothers Fault Zone (Burns Butte KGRA)32 

Total KGRA acres: 640 
Surface temperature: 68% 
Estimated subsurface temperature: 135% 

stimated surface discharge: 9.17 L/s 

-No near term plans f o r  the u t i l i za t ion  of the  resource are known. 

precipi ta t ion f a l l s  during the winter months i n  the form of 
snowfall. 
10 percent of the  annual t o t a l  precipitation. Precipitation i n  this area 
is noted t o  increase a t  a ra te ,of  one inch f o r  each 100 m (300 fee t )  gain 
in elevation. 

July, August and September are the d r i e s t  months with less than 
t 

Mean annual precipi ta t ion a t  Burns is 15 inches 

L Most of the  runoff i n  the  lease area occurs i n  winter and early spring and 
var ies  from 2.5 t o  5.0 cm (one o r  two inches). 
cause rapid snow m e l t  and consequently heavy runoff. 

Warm spring chinook winds 

As typical  of eastern Oregon, the evapor 
oration varying from 102 mm (40 inches) in the forested areas t o  152 mm 
( 6 W  inches) in t ower, open valleys. 

on rate is high with pan evap- L 

t .  
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ge annual sediment production is less than one-tenth acre  
square mile but varies widely according t o  geology, so i l s ,  amount of run- 
of f ,  slope, land treatment practices and upstream watershed conditions. 
Many o f  the  smaller streams have l i t t l e  o r  no flow except during periods 
of melting'snow and high runoff. Water temperatures f o r  many of these 
streams are commonly Zldegrees  C (70 degrees F) or  higher i n  late summer 
and near freei ing from November t o  April. 
with dissolved oxygen co 
t o  1 2  mg/liter. 

Water qual i ty  of the perennial st 

They are generally w e l l  aerated 

is good t o  excellent but decreases 
t an t i a l ly  ia t he  downstream portions because of increases i n  mineral 
ent. The amount is  usually pre- 

l i f  orm contamina ti ers due t o  the l o w  
in the areas of 

1 ; .  Ground water is usually found.in alluvial depoaits and some volcanic rocks 
a t  a depth of 18 t o  180 m (60 t o  600 feet).. These volcanic rock aquifers  
are only moderately permeable but the annual recharge t o  these aquifers I s  
very low. . The'quality of the.ground water is f a  
source f o r  the  City of Hines 'is located in a l luv  
lease area. 

t o  good. The main water 
material adjacent t o  the LId 

1 
I 
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old borax works i n  Sections 11 and 14, T. 37S, R. 33E. 
thermal'springs i n  t h i s  area and they follow'a l inear  trend that have map- 
ped as a f a u l t  (Figures 4 and 5 ) .  
from 2 t o  2-1/2 miles south of Alvord Lake. 
l i n e  of springs a la rge  pool has been formed, cal led Borax Lake or  Hot Lake. 
It is about 275 yards in diameter and discharges about 900 gallons per min- 
ute. The series of hot springs have b u i l t  up a deposit of porous s i l i ceous  
s in t e r ,  so t ha t  they now discharge above the present val ley floor.  Because 
the deposited s i n t e r  is porous, the static pressure of the  springs causes 
slow seepage of spring water over a considerable surface. 
l i n e  of springs there  is an outcrop of cemented, fine-grained conglomerate. 
h i s  is  thought t o  be a crest of a f a u l t  block which has become almost sub- 
merged under the ac t ion  of erosion and the  accumulation of more recent de t r i -  
t u s  a t  its base. 
errupts  from the f a u l t  along its eastern scarp. 

Springs in Borax Lake are the  water source f o r  Borax Lake, Lower Borax Lake 
Reservoir, and other channels in t h i s  drainage. 

There are several 

This l i n e  of ho t  springs trends B. 20W 
A t  the southern end of t h i s  

Jus t  w e s t  of t h i s  

This probably d ips  westward, and t h e  l i n e  of hot  springs 

h 

Water flows out  of Borax Lake through two channels, one on the w e s t  s i d e  and 
one on the  south side. 
ponds northeast  of the Lower Borax Lake Reservoir, by-passing the reservoir.  
A t  other times most of the flow goes in to  the reservoiro I f  the  Borax Lake 
were ever breached on the  north and east s ides ,  there  would not  be overland 
flow t o  the Lower Borax Lake Reservoir and channels downstream in T37S, 
R33E, Sections 3, 10 and 15. Flow from t h i s  source is usually greater  in 
the f a l l  than i n  late summer, but no addi t ional  flow data is available.  

A t  the  north end of t he  Lower Borax Lake Reservoir is a dike and headgate 
that were b u i l t  t o  control  water f o r  i r r iga t ion .  However, there  has been 
no i r r i ga t ion  here f o r  5 years, I f  the flow were adequate, the reservoir  
could cover 27 t o  30 acres. 
t h e  reservoir is 4 t o  5 f e e t  deep a t  Its deepest part .  

A t  times there is no overland flow i n t o  the reservoir.  
is accretion from the s l i g h t l y  higher areas t o  t h e  east. 

Channels north of the  Lower Borax Lake Reservoir dra in  i n t o  Alvord Lake. 
During the  summer t h i s  flow is about .01 cfs in places, 
of t h i s  channel are pools. 
deep and 1 t o  5 acres in size. 
the Borax Lake, there  is addi t ional  standing water. 

it is usually dry by mid-summer. 

Data in the files of Conservatior. Division, USGS, show that i n  1959 a d r i l l  
hole was made about a quarter of a mile east of the series of hot  springs. 
It penetrated the porous sinter and produced steam when about 150 feet deep. 
The w e l l  was plugged off  and abandoned. 

On October 24, 1974, most of t h i s  flow went i n t o  

1I 

The normal high water floods about 20 acres and L 
L 
L 
t 

Then the  only flow 

The northerly pa r t  

In  the  f a l l ,  when the  flow increases out  of 
In places there  are flooded meadows 1 t o  8 inches 

Alvord Lake is ephemeral. Maximum water depth does not  exceed a foot  and 

I 
L 

t 
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Alford Valley is a longmorth-south f a u l t  trough-east of Steens Mountain, 
one of the d r i e s t  par t s  of Oregon. Alvord Lake i t s e l f  is a playa, o r  in- 
termittent lake, usually dry every slfmmer except fo r  a small pool known as 
Borax Lake, which is kept f i l l e d  by a warm spring. 
pool o r  lake is created by r a in  and snowmelt, chiefly runoff from Trout Creek, 
a spring-fed stream flowing out of the mountainous area t o  the southeast, 
The alkaline waters of the lake are not usable fo r  i r r iga t ion ,  and the wide 
f l a t s  that are periodically flooded are barren and do not support even the 
alkal i - res is tant  plants. 

Each year a very shallow 

- Water. Hydrologic Cycle - 1 precipi ta t ion f o r  the  
Southern Basin and Range is about 8 inches, dis t r ibuted rather  evenly through 
the year except f o r  July and August, which together receive only 8 percent 
of the annual moisture, mostly from thunderstorms. The Steens Mountain, bor- 
dering the  study area on the  w e s t  is an ef fec t ive  bar r ie r  and as the air rises 
over the mountain, i t  loses much of i t s  moisture. The en t i r e  study area lies 
i n  t h i s  r a i n  shadow of Steens Mountain. Annual snowfall amounts t o  about 23 
inches, with over 60 percent of t h i s  amount f a l l i n g  in January and February. 

These lands are located in a clos basin, the Alvord Desert B a s i n ,  a north- 
south oriented s t ruc tura l  valley. 
through the area and on Alvord Desert and Alvord Lake, which are both la rge  
playas. There i t  evaporates. 

Water co l lec ts  on the many mall playas 

A number of perennial streams enter the study area from the w e s t ,  draining 
the east slope of Steens Mountain. These include Castle Rock, McCoy,'Mos- 
quito, W i l l o w ,  Cottonwood, Big Alvord, L i t t l e  Alvord, Pike, Indian, Wildhorse, 
Carlson and Bone Creeks. Other drainage ways on the  east slope of the moun- 
t a i n  are intermittent,  running water during spring snowmelt and summer thun- 
derstorms. Trout Creek heading in  the  Trout Creek Mountains enters  the study 
area from the  south. Although a perennial stream, most o r  a l l  of the flow 
is diverted f o r  hayland i r r iga t ion  upstream of the subject area or simply 
disappears i n  the ground and water from Trout Creek reaches its ultimate des- 
t inat ion,  Alvord Lake, only-in t he  spring months of exceptional high water 
years. 

There are three main areas of hot  spring a c t i v i t y  the Alvord Valley gra- 
ben. 
Mickey Hot Springs include fumaroles, several vents , -c lear  pools 8 t o  10 
f e e t  in diameter, s in t e r  cones and boiling mud-pots. The hot spring system 
has b u i l t  a s i l iceous s i n t e r  apron approximately 1,300 feet in diameter. 
The e n t i r e  area surrounding the  springs had a hollow sound when walked Over 
and water can be heard underground. The flow from Mickey Hot Springs has 
been estimated at  from 20 t o  100 gallons p 

The cen t r a l  area of hot spring a c t i v i t y  i s  the  Alvord Hot Springs i n  sec- 
tion 32, T34S, R34E, There-are a series of 6 t o  8 springs aligned i n  a 
north-south direct ion tha t  Russell (l903) describes as being s i tuated along 
the  Steens Mountain faul t .  These springs flow approxhately 135 gallons 
per minute. 

The southernmost area of hot springs a c t i v i t y  is located in and around the 

The northernmost is Mchey Hot Springs in section 13, T.33SS Re35E; 
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& Mickey Hot Springs - Sample taken from pool below main pool. 
i n  solution - 0.168 percent. 

Alvord Hot Springs - Sample taken i n  main vent. 
0.298 percent. 

Total so l ids  
B2O3 ppm. t 

L 
i 

Total so l ids  i n  solution- 
Spectographic analysis of solids:  

(1) 
(2) 
(3) Concentrations 1%-0.14: 

Concentrations more than 10% -- Silicon, sodium 
Concentrations 10%-1% -- Potassium (high, Boron (low) , Calcium 

Crump Geyser KGRA (East of Lake~iew)~ '  

Total KGR4 acres: 85,663 
Surface temperature: 78OC 
Estimated subsurface temperature: 18OOC 
Flow rate: 0.073 L / s  

Moderate amount of leasing ac t iv i ty  and exploration. t 
Sale of 35,974 acres i n  1975 went t o  Chevron. 
were taken by Chevron in 1976. 
no bids .97 

Reoffer of addi t ional  acres 
Reoffer of additional lands i n  1978 brought 

Very l i t t l e  is known about the Crump Geyser i n  h y d r ~ c y c l e . ~ ~  

Klamath Fa l l s  KGRA 

Total KGRA acres: 50,300 
Surface temperature: 74°C 
Estimated subsurface temperature: 120°C 
Flow rate: 3.33 li ter/second (Olene Gap Hot Springs) 

L 
Ll 
t 

Klamath Fa l l s  has the most widespread use of non-electric geothermal appli- 
cations i n  the U.S. Over 400 w e l l s  supply space heat t o  500 structures,  in- 
cluding a college campus and a hospital. It is estimated that t o t a l  use of 
geothermal energy is 60 Mwt. Apparently only a small portion of the area's 
potent ia l  is being used. 

I n  the 1978 summer the c i t y  d r i l l e d  some w e l l s  t o  supply a greenhouse within 
College Indus t r ia l  Park adjoining OIT. 
procedure, reportedly with d r i l l i n g  mud leakage. Temperatures were measured 
and were found unsatisfactory f o r  development; there  is speculation that a 
cross fault exists between the resource and the  w e l l s .  
dus t r i a l  Park's pursuit  of a l o c a l  w e l l  f o r  its geothermal heat supply has 
been abandoned with the  possible prospects of using surplus hospi ta l  and 
OIT waste heating water. 

G 
i 
I 
i 

Problems occurred with the d r i l l i n g  

Accordingly the  In- 

Klamath Falls is developing a m n i c i p a l  heating d i s t r i c t  f o r  its c 'atral  
buildlng are&. 
state and federal  buildings by 1980. 
there w i l l  be a second phase expansion whereby addi t ional  connections w i l l  
be made t o  adjacent buildings; t h i s  expansion w i l l  cover 11 c i t y  blocks. 
Phase Iff  w i l l  be t o  provide services t o  54 user blocks. 

This project is t o  provide heating for 14 c i t y ,  county, 
Following its first year of operation 

I. 
Optimistic projections 

f 
b 
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There are a number of BLM owned shallow stockwater wells within o r  adja- 
cent t o  the  KGM. Most are powered by windmills. Available data follows: 

T37S, R34E, W.M. 
Sec. 22: NEW Total Depth 119 f e e t  

hr 
Calderwood Desert Well 

S t a t i c  Water Level 94 f e e t  
27 GPM Bail Test with 5 foot  drawdown 

i, 
l i  

Sec. 31: S- Black Butte Well 
Total  Depth 68 f e e t  
Static Water Level 37 f e e t  
No Test Data 

Mann Lake Well 

No Other Data 

T32S, 12353, W.M. 
Sec. 31: S%S& Total Depth 230 f e e t  

T34S, R35Et W.M. Alvord- Well No. 1 
~ e c .  3: S E & ~  Total Depth 196 f e e t  

Sec. 10: S&S& Alvord Well No. 2 

IA 
L 
i 

No Other Data 

Total  Depth 60 f e e t  
No Other Data 

Sec. 27: NW%S& Alvord Well No. 3 
Approx. 25 GPM 
NO Other Data 

T35S, R35E, W.M. ord Well No. 4 L] Sec. 3: l?i&SE)t 

T32S, R36E, W.M. White Sage We 

No Other Data 
C. 14: S W W &  Total Depth 160 f e e t  ij 

EI 
i; 
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Only i n  recent 
t i a n  w e l l s .  
indicate  tha t  a la rge  quantity of water may be available.  
t i o n  wells in t he  area reportedly 
depths of 100 t o  400 feet. 

Sediment Load - There is no known da ta  on sediment loads carr ied by the  
n U O  ppm. 

s have pr iva te  land owners in t h e  area d r i l l e d  i r r iga-  
The f a c t  t h a t  t h i s  is the  sump area of a closed basin would 

Several i r r iga-  
3,000 gpm from t o t a l  

L streams of t he  area, 

lved Solids - Alvord Valley 
are saline with t o t a l  dissolved s o l i d s  around 3,000 milligrams per  liter. 
Boron and l i thium are anomalously high; in frict, boron i n  the form of borax 
was ac t ive ly  produced from the Hot Lake area at  the  tu rn  of tbe century. 
Samples taken by Libbey (196Q) are summarized below. 
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and dac i t i c  ash flows; minor amounts of basal t  and volcanic sediments. 
Specific capaci t ies  are largely untested, as w e l l  logs have not reported 
t h i s  un i t  within the K l m ’ t h  Basin. This un i t  l i es  below lower basal t  
aquifer and a t  considerable depth. 

There are many wells (reportedly AS0 geothermal w e l l s  i n  1979) located in 
the area, however, t o  date no serious decline i n  water levels  has occurred. 
This is evidenced by observation w e l l s .  Annual water l eve l  f luctuations 
are greater i n  wells located in the recharge areas than those i n  the  dis- 
charge areas. 

Water qual i ty  is the highest i n  the  recharge areas and declines i n  quali ty 
as it flaws toward the discharge areas. 
with the recharge area having the coldest water. 
charge areas have low temperatures of 40°F t o  50°F and have a l l  quant i t ies  
of dissolved chemicals. 

Temperatures correspond to  quali ty 
Water i n  wells i n  the re- 

(See tables  fo r  water quali ty) 

There are several l o c a l i t i e s  within the Klamath River Basin tha t  have geo- 
thermal groundwater. 
Klamath Falls. 
heating purposes. 
imately 1800 feet .  

The larger  more developed area is in northeastern 
In 1975 there were approximately 400 wells u t i l i zed  f o r  

The depth of these wells range from 100 f e e t  t o  approx- 
Temperatures average less than 190°F. 

Lost River Sub-basin - the Lost River Sub-basin is a natural ly  
The r ive r  originates a t  the ou t l e t  of Clear Lake i n  north- closed basin. 

eastern California and drains the eastern 9OX of the area considered i n  t h i s  
analysis . 
Lost River enters  Oregon a t  the southeast end of Bryant Mountain flowing 
northwesterly on the w e s t  s ide  of Langell Valley, continuing westward t o  
the  northern end of Poe Valley. It enters  Klamath Valley through Olene Gap 
flowing southward along t h e  east s ide  of Klamath Valley and eventually dis- 
charging i n t o  Tule Lake in northeastern California. 

Other main sources of water contributing t o  the Lost River drainage system 
are Gerber Watershed with an average runoff of 50,000 CFS and Bonanza Spring 
producing 100 cubic feet lsec.  A diversion was made between Lost River and 
Klamath River f o r  flood control and i r r iga t ion  purposes. The Lost River 
Sub-basin includes the*following f i v e  valleys: Langell, Yonna, Swan Lake, 
Poe and Klamath. The regional water tab le  of these val leys  is generally 
the  Lost River. The r ive r  apparently is the loca l  base l e v e l  fo r  ground 
water moving beneath these valleys.  

Perched water tables  occur above the r eg iona lva te r  table,  are evidenced 
by springs in the  juniper tablelands and pine plateaus area. 
these springs may vary from less than 1 gpm t o  s e v e r e  hundred gpm. 

The’primary use of water is f o r  i r r iga t ion  of droplands in the  Klamath Pro- 
ject area. 

Flow from 

Upper Klamath Lake -The Klamath River drains  only a small 
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have been made-for completing phase 111 In  three t o  f i v e  years (by 1984). 
Phase I1 would be covered by bonding and repaid by connection and user 
fees  . 28 

- Water" Hydrologic Cycle - Annual prec ip i ta t ion  i n  the  
Klamath area t o t a l s  15 inches. Water i n  the Klamath Basin or iginates  as 
prec ip i ta t ion  with the majority of i t  f a l l i n g  during the  period of October 
through March. 
and September receive the minimum. 

December and January receive the maximum and July,  August 

er tablelands and pine plateau areas receive most of the precipi- 
t a t i on  i n  the  form of snow. Mid-winter r a ins  occur frequently a t  the lower 

L 
6 1  eleva tiomid. 
b 

Prec ip i ta t ion  can be divided i n  
ear th 's  land surface: (1) surface runoff, (2) evaporation and transpira- 
t i o n  losses  and (3) seepage in to  the  ground (recharge). 

Surface runoff i s  by rivers such as Klamath River and Lost River. They are 
fed through snow m e l t ,  r a i n  and discharge from springs. 

Evaporation and transpiration.occurs from lakes,  from the s o i l  and by vege- 
ta t ion.  Evapotranspiration data  on the  vegetated areas have been estimated 
t o  be 1 1/2 feet/year from la rge  stands of pine trees, and less than 1 foot  
from sagebrush 

The remaining p 
water table.  
These spaces are generally less than 1 inch i n  diameter. 

three categori  nce it has reached the 

l o s t  percolates i n t o  the  ground 
Ground water flows through spaces between rocks or fractures. 

. Ground water can 

- stream and lake deposited silt,  sand, 

l e ted  Sn t h i s  un i t  range from 0.01 t o  
volcanic e jec ta ,  t h i n  basalt and andesitic 

own and average 0.45 gallons per minute 
1 layers  may y Id 2-10 gallons per d n -  

f e r  - moderate to-highly fractured 
lows and pyroclast ic  material asso- 

Specific capaci t ies  of w e l l s  completed in 

G 
c 
I, 
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foot  of drawd 

ciated.with errupt ive centers. 
t h i s  u n i t  range from less than one t o  over 100 gallons per minute per  foo t  
of drawdown and average approximately 25 gallons per minute per  foo t  of 

d fractured series 
layers of scoria and cinders. Specific 

capac i t ies  of wells completed in this un i t  range from 35-500 gallons per 
minute per foot  of drawdown and average about 145 gallons per minute per 
foo t  of drawdown. 

Volcanic Ash Aquifer - massive beds of l i g h t  colored r h y o l i t i c  
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Level of Potential  Pollution - No reason is seen for  an in- 
crease i n  pollutants, unless either:  

1 )  

2) 

New wells are allowed t o  discharge t o  the surface instead 
of being heat-exchanged with cool meteoric water; or 
Wells are d r i l l ed  in to  deeper aquifers (perhaps 900 m 
(3,000 f t . )  or deeper). 

Summer Lake Hot Springs KGRA32 

Total KGRA acres: 13,631 
Surface temperature: 43Oc 
Estimated subsurface temperature: 14OOC . 

Sale of acreages in 1976 was fo r  7.521 acres; 
quished i n  1979. 
campsites and a geothermally heated pool. 
w i t h  geothermal energy f o r  close t o  60 years. 

Summer Lake occupies the  center of the f loor  of a basin bounded on the w e s t  
by the  bold scarp of forested Winter Ridge and on the east by gentler slopes 
covered only w i t h  desert vegetation. The lake water is shallow and saline.  
White crus ts  of c rys ta l l ine  minerals coat the  dry pa r t  of the lakebed. In 
May and June, 1941, the water surface was  a t  4,147.2 f e e t  a l t i t u d e  and the 
greatest  depth was found t o  be "less than 2.5 feet" by a survey party of 
the U. S. Bureau of Land Management. 
The lowest recorded water l eve l  was measured by leveling as 4,144.86 feet on 
September 30, 1961. 
t o  April, 1905, a t  4,151.4 feet .  

Most of the  inflow comes from spring-fed Ana River. 
t he  head of Ana River about 4 m i l e s  north of the  lake, beneath the water 
surface of a reservoir behind a diversion dam completed i n  1923. 
flow of the springs has decreased from about 140 cfs,  1950-14, t o  about 90 
cfs, 195163. The decrease is due i n  pa r t  t o  back pressure caused by sub- 
merging the  springs and t o  diversions by wells from the same underground 
6ource of water. 

however these were rel in-  

The bathhouse has been heated 
Summer Lake Hot Springs is a recreation site with several  

The lake is pract ical ly  dry a t  times. 

The highest recorded lake l eve l  occurred from February 

The springs appear at  

The t o t a l  

L 
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L 
The latter seems unlikely in the near future,  because of the cost  of the 
deeper dr i l l ing ,  and the general lack of i n t e re s t  i n  exploration for  a deep 
geothermal aquifer for  generation of e l ec t r i c i ty .  
d ies  of chemistry, heat content and pollutants w i l l  be required. 

I f  it occurs, new stu- 
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I 
! The water of Ana River is used t o  i r r i g a t e  meadowlands and t o  maintain a L- 

large refuge for migratory waterfovl. 
with increased use of water for i r r iga t ion  a& wildfowl propagation has 
caused less water t o  reach the  lake; in recent years, therefore, the lake 
level has been consistently about 4 f e e t  lower than it was from 1905 t o  1912, 
and the concentration of dissolved mineral matter is correspondingly greater. 
The water of streams and springs entering the lake is re l a t ive ly  s o f t  and is 

The decrease in spring flow coupled 

I 
good f o r  f r r iga t ion  and domestic use. L 

t '  L, 
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portion (approximately 10%) of the  area considered i n  t h i s  analysis. 
r i ve r  flows from Upper Klamath Lake southward through Link River t o  Lake 
Ewauna. It flows from Lake Ewauna along the northwest s ide  of Klamath 
Valley over lava ridges near Keno, descending through a deep canyon i n t o  
California. It eventually reaches the  Pac i f ic  Ocean. The major water 
source f o r  Upper Klamath Lake is the  Williamson River (outside of the anal- 
y s i s  area) and many springs beneath it. The portion of the area considered 
i n  t h i s  analysis  contributes only a minor portion of the Klamath River flow. 

The 

. 
ii 

L 
L 

Potent ia l  Pollutants27 - The pr incipal  pollutant is heat; 
t h i s  i s  derived from a l l  wells, whether heat-exchangers or d i rec t  consumers 
of geothermal f luid.  
any mineralized water, as none is produced from the  wells. 
holes consuming geothermal reservoir f l u i d  have any geothermal discharge. 

Those holes involving heat-exchange do not discharge 
Only those few 

Water Pollution Potent ia l  

Summary of Baseline Water Characteristics - Klamath Basin 
groundwaters f a l l  i n t o  two main chemical groups. Cool wells and springs 
are of the  calcium magnesium bicarbonate type with low TDS (about 55 ppm). 
The second type of water, occurring i n  warm and hot  wells and springs most- 
ly within the basins of the  Klamath graben, is sodium bicarbonate chloride 
s u l f a t e  water with TDS averaging 700 ppm (and reported as high as 4,000 ppm). 
Boron and f luor ide  concentrations increase with temperature. 
discussion of water characteristics of Kl 
(in press). 

Water pol lut ion data are very scarce, inc  
They show principal ly  that pulp and paper operations a t  Klamath Fa l l s  and 
ag r i cu l tu ra l  i r r i ga t ion  discharge more pol lutants  and possibly toxic  sub- 
stances than the  geothermal system can be shown t o  contain. 

amath Lake and Klamath River show indications of these. 

L 
1 

c 
Li 
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For a detai led 
Basin, refer t o  Geonomics 

t e  and probably meaningless. 

Among these 
ustrial and ag r i cu l tu ra l  wastes are pest ic ide residue, various phosphate 
tilizers, and sulfate and chloride Sons. Partial analyses of water from 

Potent ia l  Water Pol lutants  - The pr inc ipa l  pol lutants  from 
scharge are chloride ions (perhaps 50 to  60 ppm, Table SV) and boron, 
out 1 ppm on t he  average. In comparison, l o c a l  cool surface waters 

o l lu t ing  consti tuents are not  recognized from the  sca t te r ing  of par- 
emical analyses avai lable  t o  t h i s  study. Eowever, no data  are avail- 

t i on  poten t ia l  may be altered. 

ppm boron and 1 t o  10 ppm chloride 

ab le  concerning metals or other  trace element contents of these waters. When 
these addi t ional  data  are obtained, the  PO 

from thermal wells goes i n t o  l o c a l  surface waters. Host w e l l s  do not d i r ec t ly  
produce the  reservoir  f l u id ,  but u t i l i z e  heat-exchanging in the  w e l l  with cool 
meteoric water supplied through the  municipal water' system. The heated muni- 
c i p a l w a t e r  is discharged t o  the  eewer system when depleted of its heat. 
Those wells (principally OIT and Klamath B i l l s )  consuming reservoir  f l u i d  
a t  the  surface, dispose of t he  heat-depleted f l u i d  i n  a similar manner. 

Poten t ia l  Pollution Mechanisms and Pathways - Direct discharge 

I' 
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The western Snake River basin is divided, f o r  the purpose of discussion, 
i n t o  f i v e  subareas, including: 
Creek. To date, there  has been no production of geothermal waters i n  the  
region except f o r  a few shallow wells near Vale Hot Springs. However, t he  
presence of other hot springs and warm water w e l l s  i n  the environs, along 
with the background knowledge of the subsurface geology from o i l  and gas 
tests d r i l l e d  i n  the  basin, ind ica te  that the required conditions f o r  non- 
e l e c t r i c  u t i l i z a t i o n  are present. 
gradient of about 85'C/lan. 
90' t o  l0O'C are expected a t  1 km. depth at  the Grassy Mountain Basalt and 
from 140' t o  165'C from deeper d r i l l i n g  i n t o  the Owyhee Basalt. Faul t  re- 
la ted  geothermalwaters are expected t o  occur from near the  surface t o  depths 
of 1 km. 

Ontario, Nyssa, Adrian, Vale and Bully 

The region has an average geothermal 
Geothermal f l u i d  temperatures i n  the range of 

. 
A discussion of the individual thermal water occurrences is given f 

i n  the accompanying sections. h d  

c 

t 

Surface Water - The two major r i v e r s  in t h i s  region are the 
Malheur River and the Owyhee River. 
heur generally flows w e s t  t o  east, and jo ins  the  Snake River north of Ont- 
ario, Oregon. Major t r i bu ta r i e s  of the Malhuer within the geographical 
boundaries of the EAR are Bully Creek, W i l l o w  Creek, and the  North Fork 
Malheur River. 
River south of Nyssa, Oregon. 

According t o  the  Oregon Department of Environmental Quality (1975), "most .of 
Oregon's water qual i ty  problems are d i r ec t ly  associated with def ic iencies  
in water quantity." With respect t o  the current established water qual i ty  
standards i n  Oregon, both the Malheur and Owyhee Rivers exhibi t  subs tan t ia l  
p a r t i a l  o r  f u l l  time noncompliance of temperature, turbidi ty ,  and suspended 
so l ids  parameters. 

Seasonally high turb id i ty  measurements are due t o  land runoff and i r r i g a t i o n  
r e tu rn  flows. High temperatures are not  due t o  heated e f f luent  discharges, 
but ra ther  from so la r  rad ia t ion  heating diminished flows. 

Average annual discharge measured at  the  Owyhee River below the Owyhee Dam 
is only 252 cfs. 
tained below W h e e  Dam, and do not  r e f l e c t  quant i t ies  of water which have 
been diverted from the  reservoir t o  regions outs ide the  r i v e r  basin. Maxi- 
mum flows f o r  t h e  1970-1975 period was 22,900 c f s  and the  minimum flow was  
1.8 c f s  in 1973-1974, i l l u s t r a t i n g  the  v a r i a b i l i t y  of discharge i n  t h i s  region. 

Low flow augmentation of the Malheur River would help improve the  water qua- 
l i t y  of t h i s  region. A proposal has been made t o  d ive r t  some water flowing 
i n t o  the Malheur Lake Basin (a closed basin without any na tu ra l  o u t l e t s  
which adjoins the Malheur River Basin) t o  a reservoir  which would be sit- 
uated between t h e  Halheur River and Halheur Lake Basins. 
then be used t o  increase flows and water qual i ty  f o r  e i t h e r  basin. 

from prec ip i ta t ion  and in f i l t r a t ion .  
i n  t h i s  area, ground water is not  abundant, and occurrences are local ized 

Within the  area of the EAR, the  Mal- 

The Owyhee River flows south t o  north and jo ins  the Snake 

This occurs mainly during low flow periods. 

Note that discharge values f o r  t he  Owyhee River are ob- 

This water would 

.. ._ 
Ground Water - Shallow ground water i s  recharged annually cc 

Ib 
Due t o  the  l o w  prec ip i ta t ion  rates 
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A bed of silt  and clay on the  valley Sloor extends onto the foot  of adjoin- 
ing rock-slopes for  about 100 f ee t  above the present l eve l  of Summer Lake. 
The high l eve l  of th i s  a l luv ia l  deposit t e s t i f i e s  t o  the previously much 
greater extent of Summer Lake. The clayey alluvium confines the extensive 
ground-rwater body In the volcanic bedrock. 
table  (pressure level)  suf f ic ien t ly  high that the water w i l l  flow out over 
the clay confining layer a t  50 t o  100 f e e t  abwe the l eve l  of the lake. 
Consequently, d r i l l ed  w e l l s  and natural  breaks i n  the confining blanket of 
clay allow the a r tes ian  ground water t o  flow from the lava bedrock. Numer- 
ous springs s p i l l  over the  edge of the  clay around the w e s t  and north s ides  
of the  basin, and a few rise In  ar tes ian  fashion through the clay near the 
north end of the basin; Ana Springs is the la rges t  of these. 

This ground water has a water 
54 
1 ,  

Li 

u 
e Lakevie2 

b Total KGRA acres: 12,165 
Majority of land i n  private ownership 
Surface Femperature: 96OC 
E s t i m a t e  subsurface temperature: 138OC 
Flow rate: 
Existing use: 

ki 
600 gpm (37.85 L/s) Hunter's Hot Spring lu Commercial greenhouse and r e so r t  heating. 

A c t i v i t y P  c i t y  swim 01 w e l l  cleaned out in 1979. Pre- 
viously w e l l  had been rumored t o  be 200 f e e t  deep but was found t o  be caved 
in.  The restored w e l l  has been l ined and logged fo r  temperatures. 

Hunter's w e l l  was u n t i l  recently badly scaled up and less than a 3/4 inch 
stream was being emitted; following use of a cable too l  f o r  opening the 
well, a geyser-like flow resulted,  having a 3" stream. The w e l l  wa6 a Con- 
crete shaf t  t o  40 f e e t  depth and is onnected by tunnel t o  gravity feed the  
lodge there. A pump ins t a l l a t ion  f t h i s  f a c i l i t y  is planned. 

sidered f o r  Lakeview. 
but additional gradient holes o r  w e l l s  are required before the regions sub- 
surface temperature contours can be drawn. Approval f o r  d r i l l i n g  tests have 
been given. Economic and engineering f e a s i b i l i t y  s tudies  including hydrology, 

g organized (1979) fo r  .se 

01 
?L; 
I 
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Planned Activity: A d i s t r i c t  heating system I s  being con- 
The geothermal resource I s  presently unquestioned 2 

e; 

i 

l i t y ,  economics are b 
R 

is heing used f o  

ectlon site. Three blocks awa 
d t o  550 feet but which has be 

servation purposes 
i l i t y  and resolve questions on the  resource; t h i s  w e l l  may later be used 

lugged back t o  230 f e e t  

k!!d 

he c i t y  uses a w e l l  f o r  

a t  zone. This.information is being evaluated by NWNG f o r  
t L 
b Snake River Plain 

select ing a re in jec t io  strata f o r  t he  d i s t r i c t  heating system.it  I s  con- 
sidering. Temperature fo r  these wells have not yet s tab i l ieed  (&gust, 
1979) thermally f o r  establishing reinject ion depths 
are planned f o r  assessing the resource. 

S i x  additional holes 

. .  
2 

Lci 
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with a probable thickness of 1 t o  1.5 km. A major northeast-trending geo- 
logic  s t ructure ,  the Malheur River f a u l t  (Bowen and Blackwell, 1975) appears 
t o  pa ra l l e l  the Malheur River from Vale t o  Ontario. 

Waring (1965) reported a 73OC hot spring along the  Malheur River three miles 
w e s t  of Ontario. 
l oca l  residents did not know of it. 
t o  be present. 
gradients and here above-normal temperature may be found; water volume may 
not be adequate.44 

I, 
L A f i e l d  check has f a i l ed  t o  confirm t h i s  occurrence and 

No other surface indications are known 
The only shallow ta rge t  zone is  inferred from measured w e l l  

1- Nyssa Subarea44 
L 

This subarea i s  largely i n  the  flood p la in  of the Snake River except f o r  t he  
northwest quarter which is ro l l i ng  sagebrush-covered h i l l s .  Like other bot- 
tomlands in t h e  region, high-intensity agr icu l ture  is the predominate land 
use and perishable high-value crops such as sugar beets, onions, potatoes, 
corn and beets, predominate. I n  the  f o o t h i l l s  dairying and catt le feeding 
are important ilidustries. A f r u i t  and vegetable cannery and a sugar m i l l  
are important processors of l o c a l  crops and provide year-round employment 
i n  the  region. 
sources and delivered by di tches  and pipelines. As surface water alloca- 
t ions  are used up, groundwater is beginning t o  supply increasing amounts of 
i r r i g a t i o n  water. Outside of the  cities, most domestic w a t e r  is from ahal- 
low w e l l s  . 
Rocks underlying the  subarea are fine-grained claystone, s i l t s tone ,  and sand- 
stone of the Chalk Butte Formation. 
areas and fine-grained alluvium the flood p la ins  of the Snake River. 
o i l  w e l l  tests show that the  Grassy Mountain Basalt occurs at  a depth of 
about 1 km and the Owyhee Basalt at about 2 km. 

There are no geothermal manifestations known in t h i s  subarea; however, temp- 
e ra ture  gradients, both measured and those interpreted from water w e l l  logs, 
show geothermal gradients greater  than 100°C/km at  several locations. 
most prominent geothermal anomaly is the Cow Hollow geothermal anomaly which 
extends In to  the  southwestern edge of t h i s  subarea. 
have interpreted that t h i s  anomaly is caused by hot water o r  steam moving up- 
ward along the Willow Creek f a u l t  zone and tha t  d r i l l i n g  t o  depth of 1 o r  2 
lcm should loca te  high-temperature water o r  steam. There is a l s o  a poss ib i l i t y  
that high-temperature f l u i d s  might be located by d r i l l i n g  near t h e  s t r i k e  s l i p  
f a u l t  interpreted by Couch (1977) as some measured gradients and water w e l l  
data show above-regional gradients along the  f a u l t  zone. 
ervoir  horizons, the  Grassy Mountain Basalt and the  Owyhee Basalt are probably 
nearer the  surface i n  the  western pa r t  of the  subarea so d r i l l i n g  there  would 
not have t o  be as deep as in the eastern section. In the eastern p a r t  of the  
Nyssa subarea, it is expected that the  same deep reservoirs  discussed earlier 
are present, and a t  depths similar t o  t'hose at  Ontario. ' 

t 
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The water f o r  i r r iga ion  is supplied mainly from surface 

1 

Terrace gravels cover the  lower bench c, 
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The 

Bowen and Blackwell (1975) 
* _i 

The po ten t i a l  res- 

_ _  
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L _ -  
Adrian Subarea44 i 

-. 
I This subarea lies along t he  t r ans i t i on  zone between t h e  Snake River P la in  and 
L 



and u t i l i zed  mainly f o r  i r r igat ion.  
produce less than 100 gallons per minute. 
gravelly alluvium along'the Snake River, and the Idaho Formation. 
ci t ies of Nyssa and Ontario have wells which produce more than 1,000 gal- 
lons per minute from 40 foot  thick gravels, and w e l l s  a t  a sugar refinery 
a t  Nyssa produce 20 

Mariner, et alo174 discusses the chemical character is t ics  of $elected hot 
springs in Oregono Three such springs are located within the area of in- 
terest, namely Mitchell and Beulah Hot Springs, and an unnamed hot spring 
near L i t t l e  Valley. 

Present demand f o r  water in the  Malheur River basin is  higher than the 
amount natural ly  available. More than one-half of the water stored i n  
Owyhee Reservoir i s  diverted t o  the lfalheur River Basin (Oregon State Water & Resources Bo 

Cow Valley ( 
Ground Water A r e a  by the  State in 1956 due to  declining ground water levels  
(Bartholomew, et al., 1973). Since t h i s  declaration and resu l tan t  controls 
placed on ground water pumpage, withdrawals have s tabi l ized t o  a point equal 
t o  the  recharge, approximately 4,000 acre-feet per year. As long as ground 
water use remains below th is  figure,  it is expected that the ground water 
table  w i l l  remain stabi l ized (Bartholomew, et al., 1973) .l3 

I n  general, w e l l s  within the region 
Notable exceptions occur in 

The u *  
ip. Format iono 

300 gallons te from the underlying Idaho 

u 

OE,, and v ic in i ty)  had been declared a Critical , i  
L -  
ei 

Ontario ORE-IDA (Near Ontario, Oregon) u 
iva te  Development S i t e  Acreage: 

Surface Temperature8 No surface geothermal waters 
timated Subsurface (7,000 ft.) Temper 
timated minimum fl 
i s t i n g  uses: Ontar 

Planned Development: C 

CH2M-Hi11 Boise office3 provided eng 
development on 200 acres. 
tricted, wildcat hole information available fo r  re la t ing  expected downhole 
temperatures and water avai  

Reinjection of spent geoth 
u n t i l  production w e l l  and stablished. E s t i -  
mated depth for  re inject ion 

200 Acres 

Regional o i l  w e l l  information related but res- li 
I t i r e l y  decided 

f e e t  t o  prevent 

4 of the  Ontarior ands of the Hal- 
heur and Snake Rivers. With the exception of a mall block of h i l l  land in 
the  northwest comer, this is  a l l  high-useagricultural ,  indus t r ia l  or resi- 
den t i a l  land. Ontario is the ' t rad ing  center of the study area, and probably 
75 percent of the-population is located in the Ontario subarea. Most of the 
area is covered'with recent alluvium from the Malheur and Snake Rivers; under- 

L. 

r lying the  alluvium are s i l t s tones  and claystones of the  Chalk Butte Formation 

!idd 
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zone located j u s t  south of the  river, but a 3 2 h  o i l  test i n  the SW 1/4 
of Sec. 21, TUS, R45E.shows there  is a l so  a high geothermal gradient of 
147OC/km on the north s ide  of the r iver ,  
thermal gradients along the  Willow Creek f a u l t  zone, t he  west boundary of 
the Vale horst ,  indicate  r i s ing  thermal waters t o  the  southeast of Vale.44 

The Vale subarea is made up mostly of ro l l i ng  foo h i l l s  of the Owyhee Up- 
lands that form the western and southern boundary of the Western Snake River. 
The Malheur River, one of the  pr incipal  t r i bu ta r i e s  of the  Snake, has cut  a 
val ley one t o  three miles wide and i n  places two t o  three benches or terraces 
have been formed by this erosion. Willow Creek, a t r ibu tary  t o  the Malheur 
River, has a l s o  eroded a f l a t  val ley two t o  three miles wide and enters  the 
Malheur Valley a t  Vale. 

Farming a c t i v i t i e s  and a l l  of the  homes are located within these two val leys  
and a few of t h e i r  small t r ibu tar ies .  
h i l l s ,  are used f o r  grazing. Land ownership pat terns  follow the topography, 
w i t h  nearly a l l  of the val ley land and near f o o t h i l l s  under pr iva te  owner- 
sh ip  and the higher h i l l y  land in federal ownership. The long growing sea- 
son, nearness t o  processing p lan ts  and r e l a t ive ly  abundant water has encour- 
aged the development of large-scale farming within t h e  valleys. Most of the  
water used f o r  i r r i g a t i o n  comes from ditches from nearby surface storage res- 
ervoirs.  

Water qua l i ty  of the Malheur River is low a t  present and intensive i r r i g a t i o n  
use degrades it fur ther .  
and dissolved solids.  
phorous, are high; phosphorous concentrations are par t icu lar ly  high. 
nutr ient  concentrations have stimulated heavy a l g a l  growth, 
of dissolved so l id s  i n  the  Nalheur average Over 1,000 mg/L. 
tamination of the Malheur also exists. Dissolved oxygen concentration fluc- 
t ua t e  with l o w  flows and a l g a l  ac t iv i ty .  One in t en  year low flow f o r  the 
Malheur is a low as 32 c f s  f o r  a period of one month. 
so l id  contributions t o  the Nalheur from National Resource Lands within the  
area are reportedly insignif icant .  

Warm-water w e l l s  and the  high geo- 

The uplands, consisting of rounded 

This stream is seasonally warm, high In  sediment 
Concentrations of basic  nutr ients ,  nitrogen and phos- 

High 
Concentrations 
Bacterial con- 

Sediment and dissolved 

Ground Water.- Several ground water aquifers  exist within the  
area. 
able. 
within the town of Vale are 20-40'. 

The shallou wells are located in flood p l a in  alluvium of the  Malheur River. 
With f e w  exceptions groundwater f o r  i r r i g a t i o n  is l imited t o  shallow gravel 
zones near exis t ing  streams. 
ing can sometimes be located in perched lenses at  r e l a t ive ly  shallow depths 
i n  the  footh i l l s .  

Quality of water varies among the aquifers;  some waters are not pot- 
Some deeper w e l l s  500-600' produce warm water. Most potable w e l l s  

Lesser amounts of groundwater f o r  s tock water- 

9.44 Bully Creek Subarea 

Geothermal manifestations in t he  subarea are N e a l  (Bully Creek) Hot Springs 
i n  the  NW 1/2  of Sec. 9, T18S, .R43E, and an unnamed warm spring about one 
mile t o  the  northeast  of N e a l  Hot Springs. N e a l  Hot Springs has a maximum 
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Owyhee uplands. 
Snake River. 
yon several  hundred feet deep. The presence of Mitchell B u t t e  Hot Springs 
and Deer Butte Hot Springs within Owyhee Canyon, along w i t h  several  more 
along t h i s  same trend i n  the Owyhee Basalt t o  the southwest suggest the pre- 
sence of a major thermal zone. From geologists'  reports  i t  has been re la ted  
tha t  d r i l l i n g  t o  a depth of 0.5 t o  1 km between the Owyhee Canyon and Adrian 
has a good chance of locat ing hot water between 50' and 100°C. After leav- 
ing the canyon the r i v e r  meanders through a flood p la in  and jo ins  the Snake 
River about 7 km north of Adrian. 

Truck gardening takes place along the bottomlands of the Snake and Owyhee 
Rivers and the  ra i s ing  of hay, a l f a l f a  and the  other grain crops in the  adja- 
cent foo th i l l s .  I n  the upland areas cattle ra i s ing  and dairying a r e . t h e  main 
land uses. Most of the population i n  the subarea is located near the eastern 
edge i n  Adrian and along S ta t e  Highway 201which leads north t o  Nyssa and 

Farms are present throughout a l l  of the region except i n  the higher 
h i l l s  i n  the  southwest corner. Surface water provides most of the  i r r i g a t i o n  
water while shallow w e l l s  provide most domestic water. 

Along the eastern edge are the f l a t  bottomlands of the  
I n  the southwest corner of the  Owyhee River has eroded a can- 
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L Vale KGRA32 

Total  KGRA acres: 23,998 
Surface temperature: 73OC 

Surface discharge: 1.26 L/s  
Present Development: 
Planned Development: 

4d Estimated subsurface temperature: 160-180'C 

Several l o c a l  uses for space heating 
Geothermal heating and cooling f o r  
a mushroom growing f a c i l i t y .  

ii 

6 

iw 

t . 
The City is interested in a d i s t r i c t  heating system f o r  publ ical ly  owned 
buildings. 
and industrial processing (agribusiness) appears excellent. - 

The poten t ia l  f o r  non-electric applications f o r  space heating 

Vale subarea has be esignated as a Known Geothermal Resource Area 
RA) by the  U.S. Geological Survey and geothermal leases on the  federa l  

lands within t h e  block are offered for sale by competitive bidding. A t o t a l  
of 8,393 acres of the  federa l  leases have been granted a t  pr ices  ranging be- 
tween $3 and $16.16 per acre. 
f o r  much of the  pr iva te  land. 

Vale Hot Springs, located on the  eastern edge of the c i t y  of Vale, has a 
surface temperature of 7'$ and a v i s i b l e  flow of 25 t o  50 gallons per min- 
u t e  (1.50 t o  3.0 1/2). Chemical analysis  on the hot spring waters shows It 
has dissolved so l id s  of 882 ppm. 
Plated reservoir  temperature of 157OC (Mariner and others,  1975). A shallow 
w e l l  d r i l l e d  50 m east of the  hot springs was reported t o  have temperatures 
of 110'C. Other shallow wells with temperatures s l i g h t l y  over boi l ing are 
located within a half mile of the  hot springs, a l l  on the  south s i d e  of the  
Malheur River. On t he  north s i d e  of the river near Vale, j u s t  t o  the  north 
of Rhinehart Buttes, shallow wells d 

Geothermal leases have a l so  been negotiated 
1 

L 

i 
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The alkali r a t i o  indicates  a minimum esti- 
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o t  i n t e r sec t  the  high-temperature ii-l 
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A Phase I examination of geothermal a t t r i bu te s  fo r  the area was  i n i t i a t e d  
i n  1975 and is compiled in Reference 39. 
homes, i ndus t r i a l  uses are being evaluated. 
resource def in i t ion  and f e a s i b i l i t y  analyses proposed f o r  increased geother- 
mal ut i l iza t ion .  A potato alcohol plant is being considered fo r  development 
Southeast of Hot Lake. 

Economics of space heating of 
Phase I1 plans f o r  improved 

Water - The Baker and Grande Ronde Valleys are s t ruc tu ra l  de- - 
pressions produced by folding and fault ing.  
i n  the area are associated with f a u l t s  bordering the  valleys. 
water (>2loC) springs and w e l l s  i n  t he  area have been identified.39 

Powder River (drainage past  Baker) 44 

Most of the  geothermal springs 
Over 3 1 w a r m  

The Powder River rises in the  Blue Mountains. 
water reaches of the  r ive r  are the  highest in the range, many of them r i s i n g  
t o  a l t i t udes  of 8,000 t o  9,000 feet .  
l i t t l e  streams tumble swif t ly  down the s teep canyons. 
flows more gently through the round, open val leys  near Baker, then more rap- 
i d ly  again through a l te rna t ing  canyons and small i r r iga t ed  valleys,  t o  j o i n  
the Snake River a t  Robinette. The low-water flow of many of the streams is 
completely used for  i r r iga t ion .  The water of Rock Creek is used t o  develop 
e l e c t r i c  power, and Goodrich Creek furnishes the municipal water supply f o r  
Baker . 

The peaks beside the head- 

From these mountains a multitude of 
The growing r i v e r  

There is as yet  no upstream storage t o  control  the floods t h a t  occur a t  rare 
intervals .  Flooding along the  Powder River is sometimes due, at  least i n  
par t ,  t o  ice jams as the  late winter r a ins  s w e l l  t he  streams. 
flow of the  Powder River is 247 c f s  near Richland from a drainage area of 
1.310 mi2 .  

The Powder River has a s igni f icant  concentration of dissolved so l id s  (190 t o  
200 ppm of which 30 ppm is silica). Where the river emerges i n t o  open val- 
leys,  i t  has deposited its bedload of gravel and sand t o  construct a l l u v i a l  
fans, such as the  one on which Baker is located. These gravelly deposi ts  
yield moderate supplies of water t o  w e l l s .  A t o t a l  of only a dozen w e l l s  
are used f o r  i r r iga t ion  i n  Baker Valley and the  heating area of t he  Powder 
River. Not over 2000 acres are being i r r iga t ed  by w e l l s  i n  t he  Powder River 
Basin. The chemical qua l i ty  of the  ground water of the  basin is mostly good 
t o  excellent. 

The average 

Grande Ronde River (flaw pas t  LaGra~de)~~ 

The l a rge  fault-block val ley that l ies between Union and Elgin became known 
t o  ear ly  French trappers as Grande Ronde, a name that soon was t ransferred 
t o  the  river. 

Rising in t h e  snowbanks and springs of t h e  Blue Mountains, the river mean- 
ders  l a z i l y  through the la rge  f l a t  valley,  much of t he  flow confined in a 
straightened cutoff channel known as t he 'S t a t e  ditch.  
t he  pr incipal  t r ibu tary  is Catherine Creek, which dra ins  the  southwest s i d e  

In this val ley reach, 
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surface temperature of 8 7 O C  and water analyses indicate  tha t  minimum sub- 
surface reservoir temperatures are 173OC t o  1 8 1 O C  (Mariner and others,  1974). 
Two water w e l l s  on the  east edge of the subarea show above-normal gradients. 
The Nelson w e l l  i n  Sec. 34, T18S, R43E has a reported water temperature of 
21OC a t  a depth of 58 m, which indicates  a geothermal gradient of 1S7°C/km. 
The BLM Vines H i l l  w e l l  i n  Sec, 22, T19S, R43E, has a water temperature of 
3 1 O C  from a 219-m depth, indicating a gradient of 94OC/km. 

A prospective d r i l l i n g  t a rge t  is  along the western edge of the subarea. 
Owyhee Basalt appears very close t o  the surface, probably covered only by 
a t h in  layer  ( 0  t o  1000 m) of Chalk Butte Formation. The high temperatures 
indicated by the geochemical analysis  (Mariner, 1974) f o r  Neal Hot Springs 
may give an indicat ion of reservoir  conditions. A f a u l t  zone postulated by 
Couch (1977) from geophysical data appears t o  be the zone of leakage of the  
geothermal f lu ids .  

t 4  zone appears t o  be 

The ( t  

L; 

From the present indications fur ther  d r i l l i n g  along this 

- Water - The Bully Creek Subarea is loca ted ' in  the f o o t h i l l s  
of the Owyhee Uplands; the Malheur River has excavated a f l a t  val ley about 
3 km wide through the middle of the area and Bully Creek, following a val ley 
about 1 l / 2  km wide, flows i n  from the northwest. Along the  north s i d e  of 
the Malheur River is  a broad gravel covered bench with Bully Creek Valley 
dividing it i n t o  w h a t  is  known as East Bench and West Bench. As an inter- 
mit tent  t r ibu tary  . I  of the Malheur, Bul reek usually carries a high sedi- 
ment load. 

Farming takes place i n  the  val ley and i n  .the bench area and grazing in the 
rest of the h i l l s ,  
that use water from the Malheur River and from Bully Creek Reservoir. 

id 

g- 

Most of the  i r r i g a t i o n  water is provided by surface canals 

Ground Water - Bully Cre north of the  main stem of the Mal- 
heur, drains  the east slope of lava rock ridge. A few i r r i g a t i o n  w e l l s  i n  
t h i s  area obtain y ie lds  of 500 gpm from the  lava associated with the  Idaho 
Formation, the  Malheur River and Bully Creek-flood-plains; more w e l l s  w i l l  
probably be constructed as more is learned about the  subsurface of t he  p a r t  
of the  basin. 
duce warm o r  hot water, 
water f o r  domestic wells in the  gravel terraces. Away from the  val leys  a 

Several springs are within the area including some which pro- 
In the  East and West Bench areas there  is su f f i c i en t  

erched zones. Quality 
f e r  contains water with 

Resort Hot Springs 
Hot Lake Courtright Well 
Medical Hot Springs 

109OC Radium Hot Springs 



and federal pollution control requirements must be m e t  i n  t 
development and operation of geothermal systems, 

T i  

Is 

Environmental impacts anticipated with geothermal a c t i v i t i e s  are projec 
f o r  Oregon's developments i n  Section I11 water related environmental iss 
t o  be considered i n  geothermal energy direct heat or electrical power p& 
planning include: lo4 t 

t h a t  geothermal f lu ids  released t o  natural  aquatic bodies w i l l  degrade watex 
qual i ty  and r e s u l t  in negative impacts t o  f i s h  and other aquatic organism! 
These negative impacts can be avoided by simply preventing geothermal d i s L  
charges t o  aquatic bodies or by maintaining those d i sc  es below harmful 
l eve ls  , 

Water Quality - One of the  most ser ious water qual i ty  concerns 

\ 
The disposal of toxic f lu ids  is closely regulated i n  Oregon, with no dis- L 

c 
t 

t 

charges permitted. 
mize equipment f a i l u r e  resu l t ing  i n  accidental  releases of fluids t o  aquat 
bodies. In areas where the  geothermal f l u i d s  are potable o r  of i r r i g a t i o n  
qual i ty ,  i t  may be possible t o  obtain permits f o r  surface discharge or cas- 
caded uses of the geothermal f l u i d  (e.g,, i r r i ga t ion )  a f t e r  some of the hea 
is extracted. 

Direct heat projects  should be designed t o  avoid or mid- 

Hot Springs - One of the most ser ious concerns associated with th? 
withdrawal of geothermal f l u i d  is its possible e f f ec t  on hot spring a c t i v i t y b  
Geologic and hydrologic data  are of ten  insuf f ic ien t  t o  predict  po ten t ia l  im- 
pact. As a result, the d r i l l i n g  of geothermal f l u i d s  i n  areas adjacent t o  
hot springs is usually controversial  and may be prohibited within a ce r t a in  
radius  , 

c Subsidence - Land Slides,  l iquefact ion and mass ear th  movements may 
be a problem i n  any area i f  ne t  f l u id  withdrawals exceed na tura l  recharge or 
injection. The ac tua l  incidence of subsidence depends on t h e  nature of the  
reservoir  and the surrounding geologic formations - *f rac tu re  permeability 
reservoirs,  subsidence should be negligible,  whereas in sedimentary r e s e r v o i r s t  
subsidence could be a subs tan t ia l  problem. 
may be reduced through a well-planned program of in j ec t ion  of the geothermal 
fluids.  Moreover, such in jec t ion  also consewes the geothermal resource and 
would extend the reservoir 's  producing l i f e ,  

Surface disposal  of geothermal waters of similar  qua l i ty  of Oregon's thermal 
spring and w e l l  waters would presently be undesirable, based on water &em- 
i s t r y  and current standards, I n t e r  basin t ransfer ,  re in jec t ion  (or recircu- 
l a t ion )  of associated hydrothermal f l u i d s  w i l l  involve considerable flows 
which may s igni f icant ly  a f f e c t  regional hydrology and must be ranked as a 
ser ious concern along w i t h  other water qual i ty  issues  such as discharge of 
spent f l u i d s  t o  surface waters, erosion and sedimentation impacts, land- 
s l i d e s  and subsidence, resource depletion and ground water degredation. 

f 
In t h i s  latter case, subsidence 

ii 
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I. 

bb 
Regulation bel ineat ion Regarding Water Quality and Geotherrclal Resource 
Developments 

The United States Geological Survey i d e n t i f i e s  t he  "geothermal resource base" 
t 
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of t he  Wallowa Mountains; i t  reaches the val ley f loor  a t  Union, and from 
there  it w i n d s  north through the val ley t o  j o i n  the  old channel of the 
Grande Ronde near Cove, 
i ts mountain canyon several  miles eastward from LaGrande. 
a l s o  flows across a gravel fan before reaching the Grande Ronde. From t h e i r  
confluence, t he  r ive r  meanders widely over a very f l a t  pa r t  of the  val ley 
f loo r  as f a r  as the  bedrock canyon carved through Pumpkin Ridge, below which 
the r ive r  enters  t he  smaller Elgin Valley. 

Economical supplies of water can be obtained from w e l l s  in the  lava bedrock, 
i n  the gravelly alluvial-fan deposits, and i n  the sand and f i n e  gravel beds 
within t h e  val ley alluvium. 
the  val ley f loor ,  and springs flow from the  bedrock and gravel aquifers  
around the  edges of the valley. 
contain water t h a t  is near boi l ing temperature. 

The r i v e r  drains  3,950 square miles, mostly mountainous and forested. 
c ip i t a t ion  over the  area i s  moderate (30 inches annually) annual run-off, 
would cover the basin more than 13 inches deep i f  i t  could be spread uni- 
formly over itr 
380 c f s  (from a 678 m i 2  drainage area) and a t  Elgin is 660 cfs (from 1250 
m i 2  drainage area). A t  Troy, where the drainage area is  3,275 square miles 
and the lowest streamflow measuring s t a t i o n  is operated, the average flow 
is 3,200 c f s  a f t e r  the  upstream needs have been taken out, The fores t s ,  
meadows, and i r r iga t ed  f i e l d s  of the  Grande Ronde basin consum or  evaporate 
about 18 inches of water. This flow is about twice the  t o t a l  n e t  inflow 
contributed t o  the  Snake River by a l l  other Oregon streams although the  drain- 
age area a t  Troy is less t 
t r ibu ta r i e s  i n  Oregon (19, 

Ground water in the  alluvium of the  Grande Valley ranges from s o f t  t o  
only moderately hard; i t  varies in chemical content temporally and s p a t i a l l y  
in accordance with adjacent surface runoff. Warm t o  hot water occurs along 

i l ica,  sodium bicarbonate, chloride, and s u l f a t e  and 

The r ive r  has b u i l t  a gravelly fan extending from 
Catherine Creek 

Li 
L 
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The water tab le  stands c lose  t o  the l e v e l  of 

IJ Springs r i s ing  along f a u l t l i n e s  a t  Hot Lake 

Pre- 

The Grande Ronde River a t  LaGrande average discharge is 

f i f t h  of t he  t o t a l  of the  combined Snake River : 

the  Powder and Grande Rode  River basins. This water car- 

11. WATER QUAL1 

This chapter covers delineations of O r  l a t i ons  regarding water qua- 
l i t y ,  geothermal reseurce developments, and water qual i ty  i ssues  and concerns 
re la ted  t o  proposed geothetmal act 

Discussed in Section I11 5s the  current  understanding among state agencies 
f o r  the  coordinated ac t ion  of the development of geothermal resources. This 
proceeds with the  developer complying w i t h  the Department of Geology and 

t h i n  the state. 

Mineral Industr ies  (DOGAMI) rules ,  regulations and environmental protect ion 
s t ipu la t ions  r e l a t ing  t o  exploration and development of geothermal resources 
%n Oregon. S t a t e  water qual i ty  standards, Forest Service management goals 
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Act Amendments of 1972 (PL 92-5001, the Clean A i r  A c t  as amended (PL 91-604 
and PL 95-95), the  Safe Drinking Water Act (PL 93-523), the Resource Con- 
servation and Recovery A c t  of 1976 (PL 94-580), the  Noise Control A c t  of 
1972 (PL 92-574), and the  Toxic Substances Control A c t  (PL 94-469). Laws 
aimed principally a t  broad-scale encouragement of energy resource develop- 
ment include: the Geothermal Stream A c t  of 1970, the Federal Nonnuclear 
Energy Research and Development Act of 1974, and the Geo theml  Energy Re- 
search and Development Act of 1974. Laws aimed principally a t  broad scale 
protection of environmental values include: 
Policy A c t  of 1969, the  Fish and Wildlife Coordination A c t ,  the  Endangered 
Species A c t  of 1973, the Wilderness Act, and the  Marine Protection, Research 
and Sanctuaries A c t  of 1972. Generally these laws, programs and acts have 
spec i f ic  goals f o r  maintaining environmental qual i ty  and standards, which 
must be m e t  by commercial o r  i ndus t r i a l  developments, 

Oregon's concerns fo r  geothermal development include meeting the government 
regulations mentioned above. There are substantive and procedural require- 
ments which developers are t o  follow i n  exploring and developing geothermal 
energy. Legal and in s t i t u t iona l  constraints t o  geothermal development along 
with a categorization of state laws in Oregon are presented i n  Reference 56, 
The article "Administrative R uirements for Development of Geothermal Re- 
sources, the  S ta te  of Oregon"@ is not a step-by-step checklist  of require- 
ments but a guide for  overcoming hurdles faced by the geothermal developer. 
It is noted that Oregon's 1975 leg is la ture  vested a l l  jur i sd ic t ion  over geo- 
thermal w e l l s  in the  Department of Geology and Mineral Industries. 

The DOGAMI environmental protection s t ipulat ions (February, 1979), appli- 
cable f o r  exploratory d r i l l i n g  f o r  geothermal energy resources, apparently 

the National Environmental 

supercede and make moot previous agreements with other state agencies f o r  
conditions which might a f f ec t  water quality,  

during the period of resource exploration, providing suf f ic ien t  care is take 
t ions noted that a developer can proceed with l imited authori ta t ive constra 

d r i l l i n g  rules. I f  the resource is found then a site specif ic  EIS is  re- 
quired before development can proceed, 

DEQ and other agencies review t h e  EIS and provide comments on the planned 
geothermal development, They list water qual i ty  standards established by 9 

the  Oregon Department of Environmental Quality (DEQ) and the Forest Service 
Stream Management Goals. 
marizing sane environmental impact concerns and rais ing questions regardingb 
federal  enforcement of state environmental protection requirements by federr . 
land managers.31 It appears that ertisting state laws, regulations and a g e n b  
agreements f o r  f lu id  discharge cover geothermal exploration a c t i v i t i e s  but 
are inadequate f o r  f lu id  disposal from f i e l d  development and operations. 

Concerns and Issues 

The DOGAMI d r i l l i n g  stipula- 

dr i l l ing ,  operating and abandoning test w e l l s  and accordingly meeting 

Generally, agency EIS review has involved resum- 

Introduction t 
Early developments of geothermal a c t i v i t i e s  in California (1960) had imp< \ d 

i 

i 
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the stored thermal en above 15OC t o  10 km depth i n  the  earth 
f o r  the 50 states. 
greater  than 2000 feet (609.8 m) f o r  applying geothermal regulatory require- 
ments under the aegis  of the Department of Geology and Mineral Industr ies  
(DOGAMI). Wells cooler than 250'F (121.loC) and shallower than 2000 f e e t  
(0.61 lan) would be administered by the State of Oregon's Water Resources 
Department (DWR) , whereby a water r i g h t  would be required fo r  "beneficial  
use" i f  i ndus t r i a l  use exceeds 5000 gpd (0.22 L/s). It should be noted that 
development on federal  land requires a federal  lease (BLM or  USFS) and com- 
pliance with USGS operating regulations. Dri l l ing on federal  land a l s o  re- 
quires  state DOGAMI permits f o r  both shallow and deep wells, and compliance 
with DEQ regulations. 
permits, and DEQ regulations compliance; and development on pr iva te  land re- 
quires  DOGAMI permits and DEQ compliance. 

As noted i n  Tables I and I , some of the KGRA's reservoir  waters 
have temperatures below '250°F (121.1OC) . Characterist ics of geothermal re- 
sources cannot be determined without d r i l l i n g  of deep w e l l s ,  a process that 
exis t ing regulations allow only a f t e r  issuance of permits from DOGAMI. 

a l l  po ten t ia l ly  interested state agencies (DOGAMI, DWR, DOE, DSL, F&W, Hwy. 
Comm., etc.) f o r  consi ra t ion  before a permit is issued. 

DWR policy is t h a t  geo 
(0.22 L/s)  must be reinjected o r  'subjected t o  subsequent water f i l ings .  
Land disposal of geothermal f l u i d s  needs a DEQ (Department of Environmental 
Quality) permit; while beneficial  use does not  require  a DEQ permit, a water 
r igh t  is needed. 
exists fo r  coordinated act ion on the  development of geothermal resources. 
That is, t he  commercial developer has been encouraged t o  follow DOGMIX'S 

m a l  Resources in Oregon" and i f  the  resource is found with temperatures 
above 250'F (121.1%) and deeper than 2000 feet, production would follow 
under DOGAMI's authority.  t f i t  t h i s  description, 
i ts regulatory d ispos i t ion  would be handled on ase by case bas is  with the 
per t inent  interested agencies. For t h i s  reason the  geothermal water qual i ty  
impacts suggested in t h e  workshop discussions and expanded upon in t h i s  re- 
por t  are generalized fo r  both warm water near-surface (hydrothermal) systems 
and deep geothermal systems wi cern f o r  temperature or  depth limita- 
t i ons  . 
A survey of environmental regu plylng- t o  geothermal exploration de- 
velopment and use is found In Reference l and a general guide f o r  negotiat- 
ing and obtaining regulatory approvals is given i n  Reference 102. Detailed 
information o leasing, s ta tu tory  r e spons ib i l i t i  1 def in i t ions  is 
also given 

A summary of Federal Pol lut ion Control Laws Administered by the  Environmental 
Protection Agency requiring or re la ted  t o  geothermal pol lut ion cont ro l  is 
found in "Pollution Control Guidance f o r  'Geotherinal Energy Development" by 
Robert P. Hartley.36 The 6,ignificant federa l  laws include those applying t o  
a l l  indus t r i a l  developments, such as: t he  Federal Water Pol lut ion Control 

Oregon's l a w  es tabl ishes  250°F (121.1OC) and w e l l  depth 

Development on state land requires a DSL lease, DOGAMI 

On 
. t h e  DOGAMI permits, copies of the applications t o  d r i l l  are d is t r ibu ted  t o  

rmal f l u i d s  (from w e l l s  producing over 5000 gpd 

A condition of understanding among state agencies seemingly 

les and Regulations...Relating t o  Exploration and Development of Geother- 

I f  the  resource does 

he appendicies of this reference. 
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i- 
L design. Secondly, the  probable impacts on surface runoff should be consi- - dered i n  terms of surface water degredation by geothermal plant  eff luents ,  

d r i l l i n g  and t e s t ing  runoff t o  streams, erosion and sedimentation of streams 
associated with road construction and site preparation, and land s l i d e s  and 
subsidence contributions t o  stream sediment loads. Thirdly, probabi l i ty  of 
accidental  s p i l l s ,  such as by w e l l  blowouts should be assessed. Fourthly, 
ground water degredation and interference with nearby wells by leakage of 
the  geothermal w e l l  should be considered, i n  addition t o  resource degreda- 
t i on  and reinject ion effects .  Finally, cooling tower d r i f t  components should 
be considered regarding the i r  possible chronic e f f ec t s  with possible i so la ted  

1 
t 

i 
t 
1 

f 
L storm runoff of assembled deleter ious constituents. 

Baseline water qual i ty  information sources f o r  Oregon's KGRA's are presented 
i n  the  next paragraphs. 

Water qua l i ty  standards fo r  drinking water (Oregon, recommended and manda- 
tory (USPHS), i r r i ga t ing  water (threshold and l imiting),  and l ivestock feed- 
ing (threshold and l imit ing)  f o r  numerous chemical elements and compounds 
are l i s t e d  i n  Table 111. Accordingly, t he  l imi t s  f o r  potable water are in- 
dicated on Figure 2. 
of Oregon's thermal springs and w e l l  water qua l i ty  data  with acceptable use 
standards. 

This information is for use in comparing the  qual i ty  

Table IV is  a sunrmary of regional thermal spring and w e l l  water chemical anal- 
yses recently published i n  Reference 89. Ranges of concentrations of elements 
and chemical compounds are l i s t e d  in mg/L or ppm f o r  each of the  KGRA's of 
Oregon. 
thermal springs and w e l l s  is indicated on Figure 2, along with the range ac- 
cepted fo r  potable waterso 

It is noted t h a t  the  chemical a t t r i b u t e s  of the  waters of many of Oregon's 
thermal springs and w e l l s  exceed exis t ing water qua l i ty  standards, including 
.many elements and t o t a l  dissolved so l ids ,  as l i s t ed :  

Arsenic a l l  areas exceed (but LaGrande) 
Bicarbonate all areas exceed (but Klamath Falls,  Alvord) 
Boron a l l  areas exceed 
Bromide 
Calcium 
Chloride a l l  areas exceed 
Copper all areas exceed 
Fluoride a l l  areas exceed 
Hydrogen Sulf ide exceeded by Mt.  Hood (gas) and Alvord (water) 
I ron  
Lead all areas have 0.06 standard is 0.05 ppm 
Lithium 
Manganese 
Mercury exceeded at  LaGrande 
PH 
Sodium 

!IDS a l l  areas exceed 

Accordingly, t he  range of these concentrations found i n  Oregon's 

exceeded by Belnap, Breitenbush, Klamath, Alvord 
exceeded by Belnap, McCredie, Klamath F a l l s  

exceeded by Klamath, Alvord, Vale 

exceeded by Alvord, B e l ~ p ,  McCredie, Breitenbush 
exceeded by McCredie, Breitenbush, Klamath, Alvord 

exceeded by Klamath, Alvord, Burns, Vale, LaGrande 
exceeded by Belnap, HcCredie, Breitenbush, Klamath 
Fa l l s ,  Alvord 
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s t r ingent  re ter qual i ty  1 opments progressed, 
condensate quant i t ies  and surface waste discharges grew with resu l t ing  de- 
gradation of water qua l i ty  in nearby streams. 
face discharges, were toxic  t o  salmonids and boron posed agr icu l tura l  pro- 
blems. 
the problem of d i r e c t  discharge of condensate t o  surface waters. With re- 
lnj ection the  water qua l i ty  problems associated with geothermal developments 
i n  these areas became more a t t r i bu tab le  t o  lax land management than from 
ef f luent  discharges (i.eOp erosion from road construction, f a i l i n g  sump p i t s  
and accidental  breaks i n  condensate l ines).  Now associated requirements are 
su f f i c i en t ly  t i g h t  and methods'of construction have become suf f ic ien t ly  im- 
proved t h a t  even the land management problems are minor. These experiences 
are important f o r  the development of geothermal resources i n  Oregon because 
they show that problems can occur, problems can be mitigated and the  re- 
sources can be successfully developed with present day technology without 
s ign i f i can t  adverse impacts t o  regional water qua&ity. 

Water qual i ty  management actions within the  regulatory system i n  Oregon w i l l  
require  measures t o  be taken t o  prevent geothermalwaters from entering sur- 
face  or ground waters of an area. For those suspecting some eventual degre- 
dation of watersqual i ty  associated with geothermal developments w i l l  event- 
ua l ly  occur, t h e i r  concerns should be tempered by a benefit-to-cost analysis  
re la ted  t o  the  development and poten t ia l  impacts, damage and losses. That 
is, the  probabi l i ty  of t he  impact should be assessed, the expected harm o r  
l o s s  ident i f ied  and quantified i n  terms of ne t  value, and the cos t  of in- 
creased protection t o  prevent the accidental  impact should be put i n t o  bal- 
ance i n  terms of t rade o f f s  with the ene f i t s  of developing the resource for 8 

its energy supply. 

Management of g e o t h e k l  developments are important but are beyond the  scope 
of t h i s  report ,  which is directed t o  identifying water qua l i ty  issues,  avai l -  
a b i l i t y  of water qua l i ty  baseline information and information needs. As 
geothermal energy developments progress, however, monitoring programs w i l l  
be required t o  ensure the  effectiveness of the program management. 
t i on  on stream and ground water qua l i ty  w i l l  be necessary t o  evaluate impacts, 
*if they occur. This, report  hopefully w i l l  supply ident i f ica t ion  of sources 
of available baseline information f o r  geothermal developments now under con- 
s idera t ion  fn Oregon. Monitoring programs should be planned t o  improve t h i s  
meager data  base and i n i t i a l l y  should be directed t o  resolve the  i ssues  and 

4 t 
Ammonia releases i n  the sur- 

. Reinjection of the e f f luent  t o  lower aquifers provided resolve t o  
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impact8 associated with 
geothermal developments, t h e  f i r s t  s t ep  should be t o  ident i fy  the possible 
water contaminants that e x i s t  in regional geothermal waters of the  KGRA and 
t o  document the baseline chemical composition of t he  waters of the area's 
hot springs and well& Constituents deleter ious t o  fu tu re  water re-uses 
should be ident i f ied.  Information on the  basic  geothermal waters, condenser 
exchange waters, process wastes and cooling tower eff luents  should be found 
through exploratory d r i l l i n g  anti projected process synthesis, analysis  and 
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TABLE IV. CHEMICAL ATTRIBUTES OF OREGON'S HOT SPRINGS AND WELL WTERS. 
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TABLE 111. WATER QUALITY STANDARDS AND ACCEPTABLE L I M I T S  FOB DRINKING, 
IRRIGATION AND LIVESTOCK WATERS. 

Parameter 

ksenlc 
hrlun 
Blarbonate 
Bomn 
hlclrrm 
thlorlde 
b p w  
FlWrldC 
Kydrogen Sulfic 
Iron 
Lead 
I(agneslum 
knganese 
k%UW 
Kitrate 
SOdlllm 

Sulfrte 
Potaslm 
kllmlnum 
Bromide 
ttmntf 
Llthlm 
kslun 
Rubidlun 
todlne 
lntfmny 
hmonl um 
arbon Oloxlde 

?hosphate 

Spcdflc bnd. 
klkrllnlty 

kcomnendea 
USPHS 

. 01 
range 25-550 
nnge C1-1 
rmge .9-150 
2S08 

1.7 
1 .od 

.3d 

.ad 

.002 

range . b 5 5  

45 
range i.5-5OC 
250 
nnge 
range C.25 
range Ctl 
(2 
range .6 

c.02 (rtNY 

range 5 

5 0 0 '  

Oregon 

. 01 
1 .o 

.I 

2s 
.oos 

1 .o 

1 .a 
.a 

.as 
I 

+mge<6.S 

1 .o 

.5 

100 
0.1 

200 

7.0-8. 
500 

to - 

Uater nimq- 

5.0 

2 

350 
1 .a 

1000 

6.0-9. 
1500 

600 

Lfvetto 
ThnsholQ 

1 

500 

so0 
1 500 

1 

250 

200 
lo00 

6.0-8. 
2500 

- 

500 

lo00 
3000 

6 

500 

400 
2000 

s.t -0.0 
swr 

- 
*Conantratl*rs ltsted In  mg/& (ppm) 
Mor Sourn; - Geonomlcs, Inc. i Subsurface Ihvlommn&l 4ssesnaent for Four Geothermal Systems 

Wor Soumr - 6eoncdcs. hc. ; Subsurface Envlomrntal ksessuent for Four 69ethennal System 

Mnor Sourrc3 - ' blamer. Mark J.; Uater and Uaste-Uater Tachnology 

For Oregon ; The Oegon M n i s t n t f v e  Rules Chap. 340 

for Oregon ; the Oregon h&ninfttrrtlve Ruler Chap. 340 

€PA; Quallw Crlterlr for Hater 1976 
~ I m m  contminant lrwl seedfled i n  l r t l m r l  fn ter l i  Crluy Orlnklng Y a w  kgulrtlont ( P A ,  19761 
~XIU co-tmnrnt level specifled i n  aatlrnrl kconhr) M n k l n g  Wter Regulations (@A, ~ s n r )  
h p t t b t e  -0c for potable aten; MWCS ( ~ i g ~ n  4) 



bm3 
TM 

c03 
SIO* 

m4 

*2 

#a+K 

n o  
'V 
Sb 

I 
Re 
cs 

11 
S r  i ~ I 

1 c I 
CONCENTRATIWI RANGES m9/1 (PP) 

FIGURE 2. (Continued) 

f 
t rr- 



L 
c49 



. . . '  . _  

C52 

Fluid requirements f o r  electrical power generation and d i r ec t  use operations 
fo r  Oregon's po ten t ia l  geothermal developments are l i s t e d  i n  Table 1, Sec- 
t i on  11. Assuming an average production per w e l l  per day of 670,000 gallons 
of f l u i d  and a t o t a l  of 10 w e l l s  required t o  supply a 50 megawatt power plant,  
a t o t a l  of 6.7 mill ion gal/day o r  10.4 CU. ft./second o r  294 L/s would be re- 
quired t o  support each power plant,  This would r e s u l t  in reduction in s t r e a m -  
flow from the  area t o  the  extent that addi t ional  groundwater recharge would 
be induced t o  replenish the  water pumped. 
m a l  reservoirs  under economic u t i l i z a t i o n  w i l l  be depleted in 25 t o  50 years. 
It is possible that the  geothermal reservoirs  i n  the  Cascade areas contain 
enough water t o  maintain production fo r  as long as they are needed or that 
they w i l l  be recharged by na tura l  means. 
Basin and Snake River p la in  may have insuf f ic ien t  waters fo r  long term geo- 
thermal energy production. 

It is in te res t ing  t o  note that d i r e c t  use of Breitenbush's and M t .  Hood's 
geothermalwaters is being promoted f o r  community and commercial heating 
with projected transport  distances as f a r  as 70 lan from the  source f ie lds .  
These associated water t ransfers  f o r  such d i r e c t  use heating are consider- 
able when compared t o  t r ibu tary  flows of streams in a watershed. That  I s ,  
the  maximum flow rate of 40,000 L/s (1412.4 cfs.) (Table I) nearly matches 
t h e  Cascade Range's Metolius River's average flow of 1479 c f s ,  which is al- 
most en t i r e ly  derived from spring flow. 
Bull Run has a mean annual average flow of 2,302 c f s ,  and the  annual runoff 
f o r  the Oregon Closed Basin (Burns, Harney, Hart Mountain, and Malheur Refuge) 
is 1650 cfs. 
in the  Breitenbush EIS (15) o r  t h e  Oregon Geothermal Environmental Overview 
Workshop (See Appendix) review of water qual i ty  issues  re la ted  t o  the  de- 
velopment of geothermal energy of Oregon. However , t he  Belnap-Foley E d 8  
gave adequate mention of t he  problem. 

It is believed tha t  most geother- 

However, areas of t he  Southern 

For capa r i son ,  the Sandy River near 

The volume of these flow t ransfers  was  not  ser iously considered 

I f  t he  upper range of d i r e c t  use f l u i d  requirements (40,000 L/s) is appro- 
pr ia ted  from the  High and Western Cascades f o r  commercial heating i n  the  
Willamette Valley, then consideration on t h e  ,changes of runoff from t h e  
groundwater and geothermal resource connection t o  stream suppl ies  should 
be given, 
f i can t ly  a f f e c t  streamflow, there  could be some conf l i c t  w i t h  f i sher ies '  
needs during periods of exceptionally low etreamflow. 
f o r  analysis  of t h i s  possib 

In t he  s i t ua t ion  regarding t h e  development of the hydrothermal resources of 
M t .  Hood, t h e  resource has no t  become f u l l y  ident i f ied  and accordingly the 
qual i ty  of t he  resource waters might be d i f f e ren t  from the  region's thermal 
springs. From surface information the  depth of t he  resource might be postu- 
l a t ed  t o  be a t  1000 f e e t  depth, whg8 af te r ,explora t ion  and assessment, it 
might be eveloped from 2000 fee t .  A t  M t .  Hood, t he  developers, includ- 
ing NWNG are seeding Columbia River Basalts which should contain waters 
of sa t i s fac tory  qua l i ty  f o r  in te rbas in  t ransfer ,  rather than the geothermal 
resources associated With deep c i rcu la t ion  zones found along f a u l t s  a t  other  
sites. 

I f  pumping of groundwater f o r  geothermal use is found t o  signi- 

Better information 
conf l i c t  w i l l  be obtained during test d r i l l -  

ing and production testing. A8 

34 

I f  t h i s  resource can be  established t o  provide fresh,  c lean w e l l  
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Cesium, Antimony, No standards were found l i s t e d  f o r  Oregon's water for:  
Carbon Dioxide, Sodium and Potassium, Phosphates, Uranium, Calcium Carbonates, 
Rubidium, Iodine, or Ammonia. 

d 
I 
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& 

b 

On the  bas i s  of water qual i ty  standards most of the thermal spring waters 
would be undesirable t o  discharge d i r ec t ly  i n t o  surface waters. 
disposal of re la ted geothermal waters of similar qual i ty  would have t o  be 
through ponding with evaporation o r  re inject ion i n t o  subsurface stratao Al- 
ternat ively,  surface water t ransfer  and recirculat ing schemes could be used 
incorporating down-hole heat exchangers, providing the economics of the  sit- 
uation j u s t i f i e s  the development of the geothermal resource. Perhaps appeals 
could be made f o r  permits t o  discharge spent d i r e c t  heat f l u i d  appropriated 
from one area t o  subsequently be released i n t o  regional streams, if it could 
be shown tha t  the  resu l tan t  mix of the waters would meet the  acceptable water 
qua l i ty  standards, and i f  energy recovery benefi ts  would be substant ia l  t o  
serve as a j u s t i f i a b l e  tradeoff. 

Accordingly, 

Ranking of Water Quality and General Environmental Impacts 
of Geothermal Act iv i t ies  

The Appendix presents the water qua l i ty  session record of Oregon's Geothermal 
Environmental Overview Workshop held March 28-29, 1979 in Portland, Oregon, 
The primary water quality'concerns with geothermal developments f o r  the state 
were shown in Table I of the Appendix as: hot  water disposal t o  surface wat- 
ers, surface water degredation by contaminants from the geothermal plant ' s  
eff luent ,  erosion and sedimentation impacts associated with construction 
e f fo r t s ,  land s l i d e s  and subsidence, groundwater degredation by lowering of 
phraetic surfaces and subsequent change o r  regional hot  springs' output and 
resource depletion. 
workshop par t ic ipants  f o r  each of the KGRA's, Subsequent t o  the  workshop a 
review of the  chronological account of geothermal a c t i v i t i e s  and impacts was 
made64 f o r  each of the  KGEU's. 

b 

L 

Id 

LJ 

c 
These concerns were accordingly ranked j o i n t l y  by the 

Information f o r  accurate iden t i f i ca t ion  and quant i f icat ion of possible  geo- 
thermal a c t i v i t y  impacts on water resources and water qua l i ty  is not avail- 
ab le  a t  t h i s  s tage  of development of t he  geothermal resources in the  S t a t e  
of Oregon. However, i t  is possible  t o  estimate the probabi l i ty  f o r  occur- 
rence (not severi ty)  of e f fec ts ,  On a high-moderate-low basis ,  the  proba- 
b i l i t y  f o r  possible  impacts during various s tages  of geothermal exploration, 
developbent and operation activities were estimated and accordingly presented 
in Table 11. These rankings were assembled from reviewing of t he  Oregon 
Geothermal Environmental Overview Wor p's d r a f t  Proceedings and avai lable  
KGRA environmental assessment reports  t should be noted that t h i s  tabula- 
t i o n  covers periods from pre-lease tory operatioas through f u l l  f i e l d  
development and operational a c t i v i t i e s  and t h a t  t he  impacts f o r  t he  Oregon 
KGRA's are summarized and ranked far ogical  consider ons, air, water, 
so l id s  and noise  pol lut ion concerns. 
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u Water Resources 

Large quant i t ies  of energy underlie many of Oregon's geothermal areas; how- 
ever, t o  t ransfer  this energy t o  the  surface requires  l a rge  flows of water. 
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TABLE V. CHRONOLOGICAL ACCOUNT OF GEOTHERMAL 
ACTIVITIES AND IMPACTS / * '  / / / / / / 

0 - No Impact 
1 - Lmr lnpllct 
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lu water, then the  t ransfer  of d i r ec t  heating waters t o  the  Portland area would 
be useful domestic supply. Accordingly, the disposal of spent hydrothermal 
f l u i d s  of acceptable qual i ty  would provide few problems. 
a t  the resource level are not of sa t i s fac tory  qual i ty  f o r  discharge a f t e r  com- 
mercial heating use i n  the  Portland area, then it has been suggested that a 
surface o r  water w e l l  supply near the geothermal development area be used f o r  
t he  heat exchanger f lu ids  i n  down hole heat exchangers a t  M t .  Hood. Subse- 
quently, these waters would be transferred t o  the  Portland area and used f o r  
indus t r ia l  heating and then released f o r  domestic use. 

I f  the waters found 
Ld 

I 

ci 

b Ground Water 

Pumping of 6.7 mill ion gal/day (294 L/s) from a deep geothermal source would 
deplete  t he  overa l l  groundwater storage by the volume pumped unless an equal 
volume was reinjected.  
The e f f ec t s  of pumping from such aquifers  commonly extend over grea t  distances 
from pumping centers,  par t icu lar ly  where the  aquifers  have r e l a t ive ly  low 
transmissivity values, as would be expected from aquifers  i n  the  t u f f s  and 
older volcanic rocks. One e f fec t  of such development could be the decl ine 
i n  water l e v e l s  and yie lds  of wells in t he  affected area, which may extend 
several  miles from the  pumping centers. 
the  reduction of flow from hot springs i n  t h e  environs. 
are closely associated with the  source of geothermal f lu id ,  the  flow may de- 
c l i n e  soon af ter production of geothermal f l u i d  begins .e8 

kd 
Deep sources can be expected t o  be confined aquifers. 

u 

e Another possible e f f ec t  could be 
I f  these springs 

I '  

bld 

1 
I 

Bi 

Disposal of spent d i r e c t  use f l u i d s  appropriated from a d i f f e ren t  area may 
have i ts  advantages i f  the  chemical qua l i ty  of the  receiving waters needs 
refreshing. On t he  other hand, cen t r a l  continuous re in jec t ion  of 40,000 L/s  
of poor qua l i ty  f l u i d s  t o  subterranean aquifers  would possibly create pro- 
blems such as ground movements, s l i d e s  and u p l i f t s  of the upper strata, and 
a f fec t  regional aquifers, springs and seeps. Discharge of the geothermal 
waters d i r ec t ly  i n t o  surface waters might have a negative impact i f  the ther- 
mal  waters have elevated temperatures above those of the regional streams. 

he High and Wes rn Cascade resources are f u l l y  efined and the  de- 
velopment options announce4there i s  need t o  challenge the  poten t ia l  bene- 
f i t s  of energy supply and water qua l i ty  enhancement of the  developments with 
the possible negative impacts. There i s  continued need t o  r e f l e c t  on the  
volume of flows being considered f o r  t ransfer ,  in event t he  High and West 

Geothermal Resources 

water re- 
source (hydrology and water quality) impacts associated with the  progressive 
developments of recovering avai lab le  geothermal energy i n  Oregon. 

Table I1 of the  Appendix was put together during the  March 28-29, 1979 Ore-  
gon Geothermal Overview Workshop water qua l i ty  session t o  tabulate: 
t he  a v a i l a b i l i t y  of site spec i f i c  water baseline information within Oregon's 
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Type o f  Party Descriptor-Purpose Location, Watershed 6 Frequency Period of Parameters Blbllagraphlc Status Cbmnents 6 Evaluations 
Record Measurdd Cltatfon, Study kspansible Wo. af Stations This report 

L q i s l a t l v e  Issrm Oregon 33 

40 Explmtlon,  leasing 
and dril l ing,  data Oregon 

S t a b  gCathmnS1, Orcgan, 41 p d l m t  through FA depth. status 23 
pmpect mlls, holes 8,  1979 
gradient holes 
shallower than 500' 

tion m e a r c h  pennits 6 
Geotharnal cxplora- Omgm 1978 Well 6 leasfng 81 

status, Ore- 
Ida, flt. Wood 
Assessment 

Environmental ngu- US-includes those for 2 
la t ion forgeothtml Oregon 
exploratlon. Dev. I 
Use 

for us. Oregon - Hat Geothcnal sltc 
potential Lake, Alvard. Hickey. 

Vale, Bra1 tenbush. ti* analysis 
Klamath Falls, Crunp 
Lakevitw 

Ctmnical analy- 30 data compilation In- 
sls, radfoac- camplete 

July 1971- 67 C 

G-ter levels Orcsan 1968-1972 1 C 

Water Resources Data monthly 1977 water quality 93 C 

Decemlber * 

1976 
OregonWater Myhlag tcda ta .  Onsan 
Resources groundwater. quality 
Depa r tmn t 

. 
t*np., dfs- USGS 
charge spec. 
cond . 



TABLE V I 1  

Party 
ksponsi b l e  

vscs 

VSGS 

SaterResatmc 
Csearch tmt m 
hrsan mt. 
Energy 

bescrtpter-Purpose 

Nevada L Oregon 35 
spring i n  13, 9 Ore- 
gon counties - Baker. 
Clackams , Ikschutes , 
Grant , . tlamey , K l  IM tl 
Lake, Lane, ctalheur, 
wlrlon, UMt l l la ,  
Union. Wasco 

Oregon 32 springs 

Uwyttee Rlver Basin 
WalReur River Basin 
M e r  Rlwr Basin 
Burnt R i v e r  Basin 

Oregon R iven  and 
Lakes 

(hrgan 

Mt. Haad, Carey, 
BreltenEUsh, FkCredie 
Ismberry Crater, 
Alvord, C m ,  Genet 
Vale, Klamath 

Period of 
RccOrd 

1974 

Rmner!? of 
1972 II 197: 

Paraneterr B ib l l q raph lc  
Citation, I This report 

Measured 

I 
gcat?lermal w e l l  

temp. flowrate 

potential, cur- 

status, leas1 

e lect r ica l  

rent status 

59 

77 

. -- 
Xnnnents II Evaluations 

Planning report 

Preltminary p r a f i l e  



TABLE V I 1  (Continued) 

Party 
Respurn i ble 

bcscri p tor-Purpose 

IlYsesncnt of  gm- 
them1 resources 
far U.S. types sys- 
tem 

Grwnd uater rtuUy 

st* of  ndlaactfr  
tlantnts in  craters 

€mlranrantal llnalr 
s la  Record 

Emtmnmental Analy 
sis Record 

ocation. llatershed 4 
flo. o f  Stations 

Klamath Falls 

38 springs tested l n  
orugac 

28 sprtngs ln Oregon 
tested 

Klsnath Bash SSO 
wells 

Falls 13 mlls 1 
springs tested 

Klamath Falls 

Bully C m l t ,  Vale 
01 strict 

Freavenev . -  Period of  
k 0 r d  

iUlllrr 197f 
to sunner 
I978 

1911) 

1975' 

1970 

Ilw. 1971 

1976 

Parame ten 
MeasurCd 

mll data, 
p m l p l  tation 
wter chcrals- 
try tmpcra- 
turn 

temp. vatcmc 
f l o w  rates 

graund 
levels , qual f ti 
OCCv*rcflC@, 
ova i 1 a b i  1 i ty  

2%. 23!h, 
tm. PH 
antlcipatcd 
itnpacts, char1 
acteristfcs oi 
Envl ranrrnt 
water supply I 
quallty, well! 
temp. l f l m  

anticipated 111 

characteris t i c  

%pAI!* 

pacts, Ew. 

%a= 

Blbliographic 
Citation, 

TMr report 
- 

46 

53 

98 

43 

58 

11 

9 

- 
itatus 

- 
c 

C 

C 

C 

C 

C 

C 

- 

: m t s  6 Evaluations 

Final report 

commts on status of 
mllr 

cements on status of 
mlls 

Conplcte Enviranrrnta' 
Ana lysis 

Canplete Environnenta 
Analysts 

CJ 
QI 
hr 



TABtE Vlf. (Contlnued) 

hrctr 
Responsfble 

;ca-l?eet 
f t f  l i ra t tan 
enter O I T  

LL 

Descrf ptarcPvrpoJe 

sutlace water &OW 
h r c f  pf tatfon record 

stshn o f  
well Imnfts, well. 
dccpcr than 600' 

~ l o g f c a l  recon- 
na f ssance 

inoffwtofn-  
tcrnedfate temp. 
rlatds, heat extruc- 
Lfon, retnjcctfm 

COrWBfon 
woblems 

m gact-t 
eatfng 

et  water mll rttrdy 

location, Watershed 
No. of Statlms 

oreson 

ampn 2l wells 

Klamath Falls * 300 

Klamath Falls 

Klarasth Falls, 6 
ells 

Omnath Falls 

tlmath Falls water 
iwp ln  from 46 wells 

monthly 

rrantb 

FZEI 

i g n  

Fecanl - 
current to  
b v .  8.19 

fall 1973 
thrt, Scpt. 
I974 

bv. 29,19tr 
o w  23, 
977 

lllnncr 1974 

- 

Parameten 
&asrtre;d 

weathcr 
records dit- 
charge 

ststus 

rcslwl 
hyclrolcagl 
groundwater 
flow, c h f c a  
content of 
groundwater, 
S i  content 
t q .  dfstri- 
button 

systel 
wcf geathn- 
mal flufds 

rhenlistry 8 
tcnp. r a t ty .  
SIWeI; ,  caco 
:a, alkalinfji 
bH, ?la, C1,Ec 
if, SO4. S iA 

If mll 

:hentfcal 
tnalysls, tanp 
re11 depth, 
tater level 
Carac teris tfc! 

l@o-chcmtstry 

61 bl lographic 
Citation, 

This  report 

68 

24 

84 

m 

47 

45 

21 

- 
State! 

- 
C 

C 

C 

C 

~- 
C m n t s  1 Evaluatfon 
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TABLE VI 1. (Continued) 

bcrtptar-PurpaH locatton, Watershed 
. Re. o f  Stations 

Party 
Respomfblc 

PA 

E tat A 
sfs Record 

1 Analy 
sis Record 

Pla l i t r  of Brwnd- 
water 

Addttim 

A l r w d  Desert 

# a m y  Easln 

Colwnbia Rtver G r w p  
Basalt 

brtMs't, ~regbn- 
Grand@ Ron&, Burnt 
R., h t l l l d  R.. 
Deschutes R. Basin 

Measured 

quality, nell! 
temp. 6Clm 

1915 Anticipated fn 
pacts. water 
supply 6 qual i 1  
Emiromrent 
well temp. 6 
f law 

1974 Antfcipated ir 

temp.6flon 
water supply d 
quallty, area 
mvf ronnmt 

" 

. pacts, m l l s  

lug. 1930 - thennal gmvnd 
Icpt. 1932 water and 

springs, chcm- 
k a t  ronpasl- 
tfon discharge 

~~ ~ 

Biblfographic 
C1 ta tion, 

fhfs report 

12 

8 

75 

5s 

94 

- 
Statu! 

- 
C 

C 

C 

C 

C 

- 

Canments 6 Evaluation 

Canplctc Envinmnenta 
Analysls 

..", 

% ,- 



TABLE V I 1  (Continued) 

Party 
Respansf ble 

Descrl ptor-Purpose 

Emlranrmta l  Analp 
s l r  

Emi ro twn ta l  Asses! 
mnt 

State Polfcles f o r  
Geothermal dovelap- 
mt 

Revfeu a t  water 
qual l ty  standards 

.mation, Watershed 6 
Wo* o f  Stations 

Wtm Ois t r l c t  

k t  U.S. 

(hugan 

m. Hood 

U.S. Oregon palfclt!s 
Included 

orcgan 

Perlod of  Parameters 
Record I Measurtid 

977 ntlclpated tn 

978 

I 

s tandard 
or temp.. tur 
ld i ty,  fecal t. - 

81 b l  lographle 
Citatlon, 

This report 

10 

13 

43 

i m  

90 

14 

83 

79 

- 
,tatus 

- 
C 

C 

C 

C 

C 

C 

C 

- 

amnents 6 Evaluations 
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Party 
Rtsponsl ble 

VSM 

USGS 

USM 

.oca tlon, Watershed 
Uo. o f  Statlons 

saker. Valley 

Klamath R t w  b s t n  

DrmnJ, Resame 
Area Hamy and H a t  
h r  mantles 

Baker county- 
Northern Maltem 
m t Y  

Harrtey Valley 

- 
Period a 
Record - 

kly-De. 
1954 

;9Z?!t434 
1979 Othci 
1956-1979 

I950.19St 
1956 t o  
1979 

iutunn 196( 
IPrlng 
l u t m  196! 

Parameters Bf bl  lograph1 
C i  ta t ton , 

This report 

lnfomtlon 
reservoir 
charucterlsttcs 

c h n t c a l  
w a l l t y  o f  
water  

mmY, 
gnnmdnater 
quality, tcnp, 
no11 records, 
aquifer char- 
a c t w l s  t i cs  
graumter 
characterlstfcs 

ckfcal  analy- 
sis, w e l l  data 
slgnt f lcanct 
o f  c t m l c u l  
c m t l  twntr 

clmnlcal maly- 
sts w e l l  data 
significance 
o f  chemicals 

grwndwattr 
occurrence, 
rc~ham, dls- 
charge, qual i ty 
thermal water 
W l i t Y ,  
streamflow, 

f o r  future 
development 

aV8i lab1 1 I ty 

49 

54 

35 

17 

42 

- 
Statu4 

- 

C 

C 

C 

C 

C 

- 

Comnents L Evaluation 
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Type o f  Par ty  bscrlptor-Purpose locatlon, Watershed 6 Frequency Perlod of Parameters Blbllographlc Status Conmcnts 6 Evaluations 
Study Responslble No. o f  Stations Record hasunid C1 t a t  ion, 

fhls report 

EPA QualI ty C r f t e r l a  US.  Oregon Included 28 C 

B OOGAnt Rules relatfng ta Oregon 22 C 

for Water 

geothernal dw. and 
explora t lon 

B Statesltfng Nuclmrmdfhcml Oregon water and land 66 C 
task force plant sftlng we m t r l c -  

tlm to plant 
S I  t lng 

B . EPA Fel lut lm control pollutlon llnl- 36 C 
Gufdamd tatlam, pollu- 

tion technology 
summy of lam 
relatlng to 
geatheml 
p l l u t l on  con- 
trol '  

6 LR,  USGS, QeocMcal study m. Hood, %fa bra June 1977 - Geochedcal 102 C 
DOGA#f Sprfngs, Old k l d  Oct. 1978 analysls of  

gases, area 
WrologY 

Flalts waters, rocks 6 

PWRBC &ctrolaglc Xnfana- Oregon Water Resources 69 C 

dralnage b a s h  72 C 

t lon 70 

USGS Surface Water Sumy Oregon Overrlm o f  

B USDA, FS Emlrarrntal Study Bclnap-Foley 88 contln- 
Uf VI 

i 
- g  
a, 
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C 
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- 
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m. of  Stations 
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springs 8nd wells 
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geothmnal potmtta l  

Groundwater 
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The GEOTHERM information was recently used t o  create USGS C i  u la r  790 As- 
sessment of Geothermal Resources of the United States - 1978” which was 
most helpful i n  preparation of t h i s  report. 
GEOTHERM f i l e  is maintained a t  Menlo Park by Mr. Jim Swanson (415) 323-8111. 
Water resource, temperature and quality information on Oregon’s hydrothermal 
systems is  currently being reviewed and updated - by the USGS of f ices  a t  Menlo 
Park. 

The USGS western region’s 

Lack of Information on Geothermal Waters and Recommendations 
fo r  Water Resource Monitoring Associated with Geothermal 
Developments 

There i s  a paucity of information relat ing the quali ty of deep (>2000 feet 
(0.61 km)) geothermal reservoirs i n  Oregon. 
t i on  of surface hot springs and shallow w e l l s  of the KGRA are only indica- 
t i v e  of what might e expected on commercially developing the geothermal 
resource a t  depth. 

Many states require observation w e l l s  as a permit requirement t o  provide 
baseline information on groundwater quality. W e l l s  are needed fo r  evoluat- 
ing the  geothermal resources and the groundwaters of the  state; however, 
even shallow holes are too expensive fo r  the developer to  consider unless 
exploration is t o  lead assuredly t o  development of the geothermal resource. 
It has been related that  fo r  a 4000 foot  hole in Eastern Oregon, a d r i l l  
stem test would cost  $30,000 (1979) and a 5000 foot  w e l l  might cost  $1,000,000 
Such expense would be unjustified i f  the hole were only t o  be used fo r  obser- 
vational purposes on groundwater t ab le  drawdown, w e l l  interference studies,  
water quali ty analyses, and so for th ,  when there is no assurance t o  the in- 
dustry that the resource can be economically developed. 

Industry relates that there is no problem i n  going from exploration w e l l s  
t o  development w e l l s ,  as long as preliminary information is adequate t o  make 
predictions of the resource. 
a geothermal reservoir w i l l  be economically viable, based on whether there  
exists: 
duction temperatures should be 150°C or greater; fo r  space heating tempera- 
tu res  5OoC t o  15OOC are sat isfactory,  depending upon the par t icu lar  use), 
suf f ic ien t  volume of geothermal f l u i d  in the reservoir t o  maintain production 
f o r  30 t o  50 years o r  there  must be hydrologic conditions t h a t  allow recharge 
of the reservoir, and the reservoir system has a natural  means t o  accumulate 
f lu ids  (e.g., via an impermeable bar r ie r  such as by fau l t ing  of geologic 
s t ra ta ) .  
proprietary (beyond four years on submitting the information t o  DOG=) u n t i l  
the resource has been assessed and leases and claims f i l e d  by the  developer. 
Thus, considerable time might elapse and expenses accumulated by industry 
before water resource and qual i ty  information might be released through pub- 
l i c  documents concerning possible environmental impacts. In i t ia l  flow test- 
ing only indicates the  rate a t  which the w e l l  can be produced, not t he  l ife 
of the w e l l  o r  the ult imate reservoir capacity, nor i f  recharge poten t ia l  
exists. To determine if a reservoir has suf f ic ien t  capacity t o  f u l f f l l  the 
needs of a major industr;ial or in s t i t u t iona l  user could require many years 
of production and longterm test ing and monitoring. 

The baseline chemical composi- 

88 

The developer obviously seeks t o  f ind whether 

suf f ic ien t  temperature fo r  its intended use (for electric power pro- 

Tes t  holes are information producers and the  data  taken is held 
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geothermal regions, 2) ongoing or proposed projects  which might o f f e r  water 
qual i ty  information', 3 
gions which might l imi  
quired t o  resolve impact concerns, 5 )  mitigation fac tors  and regulation con- 
t r o l s  f o r  l imit ing water impacts, and 6 )  the  expected r isks  associated with 

Several bibliographic searches were made through Oregon S ta t e  University's 
Kerr Library computerized information r e t r i e v a l  terminal, 
made with LIRS (Library Information Retrieval System), DOE Technical Infor- 
mation Center a t  Oak Ridge, Tennessee, and others. I n  general, it can be 
sa id  that there is limited documentation on Oregon's geothermal water re- 
sources; reference t o  relevant information, which was found f o r  th i s  survey, 
i s  given in Tables V I  an 

Table V I  cites reference numbers associated with those of the test's biblio- 
graphy f o r  spec i f ic  topics  (including: surface water, ground water, thermal 
waters, water qual i ty  standards and regulations, and KGRA environmental as- 
ses smen t rep o r  t s) . 
Table V I 1  provides a s rts ( to ta l l ing  68 
in number) which were found relevant f o r  r e l a t ing  water resource information 
needed f o r  this project,  
Baseline water qual i ty  (before any geothermal developments were initiated), 
M - Monitoring s tudies  (including discharge and w e l l  d r i l l i n g  events), I - 
Impact Studies (e.g., condensate e f f ec t s  on biota) ,  R - Resource Studies 
(e.g., water use 's tudies ,  etc.) and S - Source Studies (e.g., condensate 
chemistry cooling tower d r i f t ,  etc.). 
t i on  of the  regional watershed considered, the  responsible publishing agency, 
the  purpose of the  study, periods ofxecord,  water qual i ty  parameters mea- 
sured comments. 

Such cross  referencing of information wo I d  be an imp0 
Oregon Geothermal Environmental Workshop's documentation effor ts .  

The U.S, Geological Survey a t  12201 Sunrise Valley Drive, Reston, Virginia 
h i t i a t e d  a geothermal resources computer f i l e  (GEOTIfERM) in 1976.91 The 
computerized f i l e  is an "a t t r ibu te  or properties" f i l e  containing basic  des- 
c r ip t ive  and numeric data  records which describe and character ize  various 
a t t r i b u t e s  of regional geothermal resources. 
should be able t o  obtain information on a par t icu lar  geothermal f i e l d  o r  
area, associated information on chemical analyses of geothermal e f f luents  

pressure, 

e chances of finding adverse impacts f o r  the re- 
othermal developments, 4) suggested projects  re- 

eothermal development i n  the KGRA. 
i 
1& 
ii 
li 

c 
II 
c 
L 
u 
1, 

1 
1 

Contacts were 

r y  of the  various avai lable  r 

The s tudies  are l i s t e d  according t o  type: B - 

The tabulator a l so  includes the  loca- 

n t  extension of the 

Through computer searches one 

formation on t h e  w e l l  and d r i l l  hole including: 
ss flow; volume flow, enthalpy, area, volume, heat, and heat  

lux. It would be most helpful  t o  gain access t o  such information d i r e c t l y  
as geothermal resources are being explored i n  Oregon but l i t t l e  information 
s presently avai lable  because of the  need for maintaining the  information 
s proprietary. Commercial developer's well and drill hole information is 

maintained confident ia l  by Oregon's Department of Geology and Mineral In- 
dus t r i e s  (DOGAMI) f o r  a t  leas 
agencies o r  reporting sources ordingly, the USGS GEOTHERM computer f i l e  
cannot be expected t o  be up t o  date. 

id  

years before releasing it t o  other 
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Pollutant loading l imitat ions may be based, as discussed earlier, upon ef- 
f luent  and emission standards when such are developed. In the  interim, 
those l imi ta t ions  w i l l  be based upon calculations and judgments, by the  
permitting agency, as t o  loadings tha t  w i l l  allow ambient air and water 
standards t o  be m e t .  Also as discussed earlier, ambient standards may con- 
t r o l  l imitat ions even a f t e r  the development of e f f luent  and emission stand- 
ards, where the latter would allow ambient standards t o  be violated. Thus, 
ambient monitoring a t  receptor points w i l l  a l so  be required, in most cases, 
in addition t o  eff luent  and emission monitoring. 

This document suggests pollutant monitoring locations and frequencies. 
does not  describe actual sampling and analyt ical  techniques. 
t h a t  i n i t i a l  monitoring may be more cumbersome u n t i l  the  industry and a data  
base have been suf f ic ien t ly  developed, and u n t i l  geothermal spec i f ic  monitor- 
ing methodologies have been developed. 
Support Laboratory-Las Vegas is currently engaged i n  methodology development. 

It 
It recognizes 

EPA's Environmental Monitoring and 

A i r  and Water Point Source Monitoring 

Any planned waste l iqu id  discharges or  gas emissions resu l t ing  from mater- 
ials used i n  the geothermal energy conversion process must be monitored by 
the operator i n  accordance with permit requirements. For l iqu id  discharges, 
the  required measurements may include volume, selected chemical consti tuents,  
suspended sol ids ,  temperature, pH, and radioactivity.  Gas emission measure- 
ments w i l l  include volume and concentrations of regulated consti tuents such 
as hydrogen sulf ide.  Any o r  a l l  of 
the  pol lutants  l i s t e d  i n  Sections I V  and V may require  measurement. 

Some planned d i r e c t  discharges and emissions are l i k e l y  t o  be intermit tent ,  
such as a t  wellheads, vents,  and bypasses, w h i l e  o thers  may be continuous, 
such as a t  separators, mufflers, scrubbers, gas e jectors ,  cooling towers, 
and spent l iqu id  drains. It is anticipated tha t ,  on t he  whole, continuous 
discharges, where permitted, w i l l  g rea t ly  exceed intermit tent  discharges in 
volume. 

Monitoring of wastewater surface discharges and gas emissions should be con- 
ducted a t  each planned discharge site a t  a frequency commensurate with the  
character of discharge, e.g. less frequently f o r  discharges of uniform char- 
acter. 
simultaneously . 
The frequency, duration, and method of sampling should be such that a cal- 
culated average consti tuent loading f 50% w i l l  encompass the  t r u e  average 
loading over any period of time. 

In most cases, it is  expected that discharges and emissions w i l l  be f a i r l y  
uniform t o  t h e  &tent  that they r e s u l t  from f l u i d  consis tent ly  withdrawn 
from t h e  geothermal reservoir.  This would suggest that high frequency samp- 
ling is probably not  demandad. The sampling frequency f o r  continuous dis- 
charges might reasonably be monthly, with a sampling duration of 24 hours. 
For t reated e f f luents  and emissions, where treatment may not  provide con- 
s i s t e n t l y  predictable results, the  required frequency may be weekly o r  more 

Radiological analysis  may be required. 

Often, l i qu id  e f f luents  and gases w i l l  be combined and can be sampled 



. .  . .  
i 

C71  

After the exploratory and resource assessment period has passed, then some 
addi t ional  baseline information might ult imately be released regarding the 
water qual i ty  of a geothermal reservoir. 
beneficial  on suggesting the water qual i ty  impacts of developing a KGRA but  
might be somewhat incomplete from the regulatory o r  environmental agency's 
perspective, and thus addi t ional  observational wells might be required a t  
the development stage, ra ther  than a t  the  time of exploration of KGRA. 

The uncertainty of ava i l ab i l i t y  of geothermal water, and of its possible 
e f f ec t s  on the shallower groundwater in the areas can be resolved i f  the 
spent geothermal f l u i d  is returned t o  the  production reservoir. Observa- 
t ion  wells might subsequently be needed a l so  t o  monitor where re in jec t ion  
f ron t s  pass, once a geothermal f i e l d  is developed. 

Such information would be most 

L 

i, 
1; 

s i n  the  state progress, then the forms and amounts 
of hot  water avai lable  €or e l e c t r i c a l  power and d i r e c t  heating use w i l l  be- 
come more precisely known. Accordingly, the  w e l l  and production sites w i l l  
become ident i f ied  through sales and leases. S i t e  spec i f ic  baseline surveys 
of the hydrology and water qual i ty  of regional ( s t r e a m  and ground) waters 
w i l l  need t o  be advanced p r io r  t o  geothermal f i e l d  development and operations 
in order t o  evaluate and control  t he  poss ib i l i t y  of adverse impacts following 

These spdies w i l l  need t o  be concerned with the t rans ien t  as w e l l  
as the  s p a t i a l  var ia t ions of the geothermal and ground water reservoir  var- 
i ab le s  such as: 
thalpy, reservoir  area, reservoir  volume, heat  f lux,  t o t a l  stored heat,  
t o t a l  recoverable heat, re in jec t ion  flows, geohydrologic and geochemical 
information. 
ments f o r  reporting t o  GEOTHEW, and following a systems perspective as 
offerred in Reference 29 on Regulatory Water Quality Monitoring, would be 
helpful. Such information would be needed f o r  numerical modeling of geo- 
thermal reservoi rs  which would be useful  i n  optimizing operations of power 
or  d i r e c t  heat plants. Details f o r  surface monitoring of geothermal areas 
with emphasis on subsidence research is given in Reference 95. It is recom- 
mended that coordinated s tudies  be b i t i a t e d  now t o  monitor the  e f f ec t s  of 
development of Oregon's geothermal resources. Runoff from watersheds need * 

t o  be gauged, stream sedimentation basel ine established, ground water levels 
and qual i ty  monitored. 
serve as proper baselines f o r  evaluating t h  
developments in Oregon. 

. si t ing.  

depth, pressure, temperature, mass flow, volume flow, en- 

Supplying t rans ien t  flow information according t o  the require- 

This hydrologic and water qua l i ty  information would 
of geothermal water 

Effluent and Emission Monitorinq* u 
Monitoring as described here is primarily f o r  the  purpose of determining the  
quantity of pol lutants  discharged t o  the  air, surface water, and ground water. 
As G U C ~ ,  monitoring must include sampling and analysis  f o r  contaminants a t  
e f f luent  and emission points. These measurements w i l l  be required as a p a r t  
of permit conditions t o  ensure that permitted loading l i m i t s  are in fact met .  

'This document derived rimarily from Pollution Control Guida 
thermal Energy Development , EPA-600/7-78-101, pages 114-119. 
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Ambient Water Monitoring 

I n  the past ,  it has been common t o  require industr ies  t o  monitor discharges, 
but not surface receiving water quality. 
have been made by regulatory agencies. 
velopers t o  monitor ambient water quality. 
not required, voluntary monitoring w i l l  l i k e l y  be t o  t h e i r  advantage, pa r t i -  
cular ly  if discharge loading l imitat ions are based upon water qual i ty  stand- 
ardso 
concentration l imi t s  within the  receiving waters under a l l  flow conditions. 

Monitoring points should be selected t o  ensure, as a minimum, t h a t  the qual- 
i t y  of surface water be monitored where i t  is accessible  t o  the use of others. 
I n  many cases, t h i s  may be a t  the downstream point of in te rsec t ion  of the 
developer 's property l i n e  and surf ace drainage. However , i f  the  developer l s 
property is leased public land, water qual i ty  and thus, monitoring s t a t ions  
may be maintained within the  leasehold, s ince a l l  but operationally unsafe 
areas may still be publicly accessible. 

Surface water qual i ty  monitoring may be required even if there are no planned 
surface water discharges. One of the  reasons f o r  t h i s  i s  air pol lutants  from 
geothermal operations may r e s u l t  i n  atmospheric "fallout" contamination. 
Another is that, i f  surface containment is employed, leakage may occur. 

Water qua l i ty  monitoring should include the same const i tuents  and proper- 
ties fo r  which e f f luents  are monitored. 

The locations,  frequency, and duration of surface water ambient monitoring 
should be determined a f t e r  consideration of several fac tors  such as: 

The bulk of those measurements 
Permits may require geothermal de- 

Even i f  ambient monitoring is 

Limitations, thus developed, are intended t o  prevent violat ions of 

size, flow, and f low v a r i a b i l i t y  of the  receiving water body 
stream mixing characteristics 
volume of t h e  discharge 
chemical and physical characteristics of the  discharge and the 

waste water treatment system charac te r i s t ics  
0 air emission characteristics 

downstream water uses 

consistency thereof 

upstream pol lut ional  discharges 
stream ecology 

Despite t h e  apparent canplexity of the  monitoring se lec t ion  process, the 
resu l t ing  monitoring scheme would be expected t o  be r e l a t ive ly  simple. 
One extreme might be represented by a uniformly low volume, low s a l i n i t y  
discharge i n t o  a l a rge  flowing stream. Monitoring then might be ope grab 
sample upstream and one downstream taken monthly a t  points  of well-mirred 
stream flow. 
s a l i n i t y ,  r e l a t ive ly  nonuniform discharge i n t o  a low o r  var iably flowing 

The other extreme might be represented by a high volume, high 
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of teno  Planned, intermit tent ,  d i r ec t  discharges, where the  content and vol- 
ume are not  known pr ior  t o  release, should be sampled whenever they occur, 
fo r  a duration proportional t o  tha t  f o r  continuous discha,rges, perhaps 1/7 
t o  1/30 of the t o t a l  discharge t i m e .  

l d  

i 
A l l  discharge permits ill requ$re tha t  monitoring be done by the operator, 
that records of measurements be maintained f o r  inspection by the regulatory 
agency, tha t  loading data  fo r  a l l  releases be submitted periodically t o  the 
regulatory agency and that standard violat ions be reported. The regulatory 
agency may sample discharges t o  confirm operator monitoring r e s u l t s  and t o  
determine permit compliance. L 

Ambient A i r  Monitoring 

A n  i n i t i a l  ambient air sampling and analysis  program should be established 
by the  geothermal operator f o r  a l l  geothermal energy conversion f a c i l i t i e s  
which require  emission monitoring. Such a program can be expected t o  last 
a t  least u n t i l  data accumulation is suf f ic ien t  t o  show that ambient air quali- 
t y  standards are not  violated o r  adverse impacts do not occur as a result of 
the emissions. 

Ambient air monitoring should be designed on a casedy-case bas i s  t o  ensure 
receptor protection (or t o  de t ec t  standards violat ions)  a t  the f ac i l i t y ’ s  
boundary w i t h  other pr iva te  o r  public property o r  even within its boundaries 
i f  t h e  property is accessible  f o r  public use. Monitoring sites should be 
selected t o  conform with pr incipal  direct ions of pol lutant  t ransport  by in- 

l i n g  frequencies a t  those points. 

Ambient monitoring sites should be established on the  s of a pr io r  con- 
tinuous sampling program a t  a l l  compass octants  from the  production facil- 
ities o r  the  geographic center of t he  production f i e ld .  S i t e s  should be a t  
distances from the source(s) su f f i c i en t  t o  del ineate  pol lutant  dispersion 
charac te r i s t ics  and to encompass any area where concentrations above ambient 
may be caused by such source(s). 
of suffi  
the  year’ 
so that concentrations may be rela 

Where pat terns  are developed by the continuous sampling program, the  same 
s t a t ions  may be used f o r  monitoring, with the sampling frequencies ascer- 
tained from an analysis  of t he  concentrations VS. time dis t r ibut ions.  The 
monitorihg program might thus l i e  somewhere.between the extremes of continu- 
ous sampling a t  a l l  s t a t ions  t o  no sampling a t  any stat 
would 

I 
Li 
i, 

1, 

G 
The continuous sampling program should be 

t o  terrestrial receptor effects, 

urat ion t o  include charactm’is t ic  weather var ia t ions throughout 
l i n g  should be done within 5 meters (v fee t )  of ground level, 

1 
u 
ii 

be expected Fn most cases. 

* b y  ambient-air  monitoring 
periodic reevaluation, and redesign t o  conform t o  expanded or reduced pro- 
duction or t o  natura l  f ac to r s  not known a‘t the time of .prosram establishment. 
This may be par t icu lar ly  t r u e  f o r  la rger  and expanding production f a c i l i t i e s  
and/or those with r e l a t ive ly  high non-condensible gas f rac t ions  in the  r a w  
geothermal f l u i d  . 

’. 
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c, L capabi l i ty  should e x i s t  t o  sample each aquifer a t  two o r  more points down- 

gradient from principal  in jec t ion  wells. 
be used where determined appropriate. 

Existing water supply w e l l s  may 

I' 
The frequency of ground water aquifer sampling will depend pr incipal ly  upon e 
the rate of in jec t ion  and the qual i ty  characteristics of the injected f l u i d  
VS. those of t he  aquifer. 
probably demand higher frequency sampling than lower in jec t ion  rates of "Clean- 
er" f luids .  
frequency w i l l  be near the optimum. 
frequent sampling. 

Simple grab samples should be su f f i c i en t  f o r  ground water monitoring. 

Higher in jec t ion  rates of more sa l ine  brines would 

In most cases, however, i t  is expected tha t  a 30-day sampling 

t Various charac te r i s t ics  may demand more 

F '  
Land-Disposed Wastes 

Land-disposed wastes requiring control  by i so l a t ion  are determined by chemi- 
cal characterization. 
under control of the  geothermal operator w i l l  be required under S ta t e  and 
Federal regulations t o  determine whether any const i tuents  escape by leaching 
o r  percolation t o  surface and/or ground water. Monitoring requirements w i l l  
be similar t o  those described above fo r  ambient surface waters and f o r  ground 
water. 
ground water aquifer  may need t o  be monitored. 

Monitoring of storage, treatment, and disposal sites 

The most s ign i f icant  difference is that probably only the uppermost 

Noise Monitoring 

Monitoring of noise is accomplished by noise measurements a t  the property 
line o r  the  boundary with other use areas, at  points nearest  the  noise source. 
It is  probable that a set monitoring schedule need not be established. 
measurements should be made upon a change in type - o r  mode of operation. 
Measurement methodologies have been developed f o r  many spec i f i c  noise sources 
and can be integrated t o  measure overa l l  noise a t  the boundary site. 

Rather, 

A noise monitoring program should be established by the operator t o  assure 
himself that violat ions of local ,  S t a t e  and Federal regulations do not occur. 
Because noise cannot be Ignored, it may be monitored frequently by regulatory 
agencies . 

Baseline Air and Water Monitoring 

Pr ior  t o  geothermal energy production, the  exis t ing state and na tura l  varia- 
t ions  of air and water qua l i ty  should be determined in d e t a i l  by the  devel- 
oper in accord with the  needs of regulating agencies. Baseline descr ipt ions 
are in f a c t  pa r t  of t he  requirement f o r  environmental impact reports  and 
analyses, which, in turn,  are required for a l l  pro jec ts  on Federal Lands and 
most on state lands.- Baseline assessment may require  long-term, detai led 
measurements t o  es tab l i sh  the  bas i s  f o r  d i f fe ren t ia t ing  na tu ra l  and operation- 
caused changes. 
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stream already contaminated by upstream users. 
frequent monitoring might be required a t  several  upstream and downstream 
stat ions.  
sured, and data  composited. I n  addition t o  determining consti tuent con- 
centrations,  e f f luent  loadings may be confirmed. 

Frequency of ambient water monitoring should be commensurate with varia- 
b i l i t y  i q  ef f luent  charac te r i s t ics  and stream flow. However, it appears 
l i k e l y  tha t  i n  most cases, monthly sampling might be acceptable, because 
of t h e  expected uniformity of discharge character is t ics .  

I n  t h i s  case, much more 

Several cross-sectional grab samples might be taken, flows mea-  

Ground Water Monitoring 

Spent f l u i d  is l i k e l y  t o  be injected in many, i f  not most cases to,  o r  be- 
low the geothermal reservoir t o  alleviate reservoir depletion and subsidence. 
Inject ion is a l so  l i k e l y  t o  be the  most environmentally acceptable disposal 
method f o r  high s a l i n i t y  f lu ids ,  i f  performed properly. 

Subsurface in jec t ion  may be the  disposal method of choice, even i f  spent 
f l u i d  cannot be feas ib ly  returned t o  the  geothermal reservoir. 
case i n  known geopressured areas, where in jec t ion  would probably be t o  shal- 
lower aquifers  with similar chemical character is t ics .  

Inject ion i n  any case 
accidental  system disruption, of contaminating aquifers  usable f o r  other 
purposes, such as drinking water. 
ser ious consequences. 
i f  not impossible, t o  re turn  the  aquifer t o  i t s  or ig ina l  condition. 
fulmonitor ing may be the  only way t o  ensure tha t  s ign i f icant  contamination 
does not  occur with injection. 

Because of t he  ser ious nature o f , p o t e n t i a l  ground water contamination, the 
Environmental Protection Agency is current ly  conducting a study t o  design 
an adequate ground water monitoring methodology f o r  geothermal operations. 

s tudies  of geology, hydrology, scal ing and corrosion, reservoir  
etc. by other  agencies w i l l  have d i r e c t  bearing on b j e c t i o n  tech- 

nology and, i n  turn, monitoring methodology, Unti l  monitoring methodologies 
are f u l l y  developed, interim requirements w i l l  necessar i ly  be imposed, based 

a l l  aquifers  overlying the  geo- 
The monitored const i tuents  should 

include a l l  those that would be measured I f  t he  waste water were surface- 
discharged, and perhaps others,  I chemicals are added t o  promote inject ion,  

Methods, pr incipal ly  electro-chemical, are being researched t o  monitor by 
in jec t ion  w e l l  instrumentation, t h e  locat ion and extent of migration of in- 
jected f lu ids ,  Unt i l  6uch methods are perfected, monitoring may require  
sampling from W e l l s  i n t o  each.aquifer. Sampling, by f l u i d  r e t r i eva l ,  of 
multiple aquifers  from one w e l l  should not be encouraged because of poten- 
tial mixing. Sampling w e l l s  should surround the geothermal operation, and 
a l l  should be located witbin a'-few hundred yards of re in jec t ion  wells. The 

This i s  the  

potent ia l ,  as a r e s u l t  of unplanned o r  

Such contamination could have the  most 
I f  such contamination occurs, it m y  be d i f f i c u l t ,  

Care- 

-the-art in jec t ion  technolo 

ter chemical c 
herma1 reservoir  should be monitored. 

. 
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these estimates are established, and a spec i f ic  si te selected,  more accur- L 
ate estimates of impacts can be made. 
mental problems, coupled with appropriate mitigation measures f o r  l imit ing 
the severi ty  of the  impact of problems which cannot be avoided, can nearly 
always reduce impacts t o  acceptable levels and a t  reasonable cost. 

Careful planning t o  avoid environ- 
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There is need f o r  a program of well-planned baseline measurement of water 
qual i ty  parameters near Oregon's hydro thermal areas , and the l o c a l i t i e s  
where the  spent f lu ids  w i l l  be emplaced. It is  a l s o  important t o  f ind ways 
t o  ident i fy  geothermal f l u i d s  and ground waters, so t h a t  mixing of the d i f -  
fe ren t  kinds of waters can be recognized. This can be done by establishing 

by use of t racer  and tagging techniques i n  which eas i ly  detected elements 
are added t o  source waters. 

To conserve and t o  achieve the grea tes t  beneficial  use of Oregon's geother- 
m a l  resources and t o  protect  ground water from damage that might be caused 
by excessive reservoir drawdown o r  by improper disposal of spent geothermal 
f lu ids ,  a program of reservoir  management should be established a t  the  be- 
ginning of reservoir  development. Running records of geothermal w e l l  oper- 
a t ions  can be used t o  determine the rate a t  which the  geothermal w e l l s  can 
be produced and t o  make predictions of the  reservoir  capacity. It takes a 
long time, measured In  years, t o  determine f i n a l l y  whether a reservoir actual- 
l y  has the capacity t o  supply a ce r t a in  quantity of water a t  a ce r t a in  temp- 
erature ,  and f o r  how long. Monitoring and engineering s tudies  i n i t i a t e d  a t  
an ear ly  date w i l l  hasten such determinations, 
mer time w i l l  allow refined predictions of the  qua l i ty  of the disposal water; 
for  example, i f  the  or ig ina l  f l u i d s  are c lose  t o  potable o r  i r r i g a t i o n  water 
standards, the chemistry might change with time so t h a t  beneficial  use of 
the  f l u i d  would be possible, 

Many of Oregon's geothermal sites have high erosion po ten t i a l  and s igni f i -  
cant sedimentation problems might r e s u l t  from f i e l d  a c t i v i t i e s  associated 
with bringing a plant  on l ine .  Although there  are concerns with sediment 

i ndus t r i a l  "progress". 
sources of Oregon's KGRA's would cause worse impacts than the  logging industry. 
It is recommended tha t  areas of highly erodible s o i l s  a t  spec i f i c  sites be 
careful ly  mapped and t h a t  sediment loading of t h e  streams be monitored t o  
provide basel ine information on possible  impacts following operation of the 
geothermal development. 

The limits t o  development f o r  spec i f i c  Oregon KGRA's t i e d  t o  water resource 
i n t e r e s t s  include: 

Mater m y  not be ava i lab le  in su f f i c i en t  quan- 
tities f o r  development and cooling water may 

transmission distances need t o  be ser iously 
considered, Area disturbance and erosional 
e f f e c t s  are of high concern regarding geothermal 

I charac te r i s t ic  chemical f ingerpr in ts  of a l l  kinds of water i n  a region, or  

Monitoring of water chemistry 

I 

, runoff i n t o  adjacent streams associated with clear cu t t ing  and road con- 
s t ruc t ion  f o r  logging, Oregonians accept the  trade-offs of the  impacts with I 

It is not  l i k e l y  t h a t  development of geothermal re- 

Alvord (300 Mile) 

have t o  be transported t o  site, economics of 
r- 
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(GEAP) has prepared a document en t i t l ed  “Guideline 
mental Baseline Data on Federal Geothermal Leases. 
cr ibes  procedures f o r  gathering chemical, physical 
a one-year period pr ior  t o  submission of a plan fo r  production, as required 
by the  Geothermal Steam Act of 1970. 
Geological Survey Area Geothe 
according t o  spec i f ic  needs. 

The Department of Energy, Division of Geothermal Energy has developed general 
requirements f o r  describing baseline data acquis i t ion and evaluation method- 

The U.S.Fish and Wildlife Service has prepared a handb k f o r  gathering and 
assessing biological data, and f o r  mitigating impacts.38 Each of the sources 
of information should be used by the developer in se t t i ng  up a baseline mon- 

Baseline water and air  qua l i ty  
s tage f o r  later ambient monitoring during full-scale operations. 
should include measurements o 
later during construction and 
With this view in mind, i t  would be expected t h a t , t h e  operational monitoring 

r Acquiring Environ- 
The document des- 
biological data  f o r  

The da ta  are submitted t o  the U.S. 
Supervisor, who may alter the requirements I 

s ology in environmental reports  on DOE-sponsored geothermal activit ies.78 L 
t ito r ing  program. 

toring should be viewed as se t t i ng  the 
Thus, it 

a t ion  of the  energy conversion f a c i l i t y .  

This, of course, re- 

e same consti tuents t ha t  w i l l  be monitored 

i l i z e  basel ine stations established earlier. 
ordinated planning throughout development. 

,L 
_- 

IV, RECOMMENDATIONS AND CLOSURE 

The primary emphasis of this report  has been on the environmental e f f ec t s  
that could result from geothermal resource development in the S t a t e  of Oregon. 
The environmental e f f ec t s  considered were poten t ia l  surface water pol lut ion 
and degredation, changes in t he  groundwater regime, both chemical and hydrau- 
l ic,  subsidence and induced seismic events, which may in tu rn  a f f e c t  t he  
ecology and socioeconomic itions of a site. 

It is recammended that geothermal resource and water qual i ty  information be 
made avai lable  t o  the public as ea r ly  as possible during the exploratory 
and development s tages  of t he  geothermal a c t i v i t y  by industry. As geother- 
m a l  p ro jec ts  become advanced, it w i l l  be recognized there  w i l l  be but a 
l imited amount of money avai lable  f o r  basic environmental research, and 
that i t  should be spent where i t  w i l l  do the  most t o  a l l e v i a t e  severe im- 
pacts  t o  water quality.  The data  needed from the  developers w i l l  enable 
t h i s  money t o  be spent more e f f i c i en t ly ,  The research areas f e l t  t o  be s ig-  
n i f i can t  are: determining the  hydrothermal reservoir  characteristics and 
accurately projecting the  po ten t i a l  water needs of the  u t i l i t y  developing 
t h e  site, ground water contamination, resource depletion, erosion, S&i- 
mentation and s i l t a t i o n ,  effects of t ransferr ing hydrothermal waters t o  
other  watersheds, and mass S o i l  movements associated with subsidence, 

b .  
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Improved estimates of t he  magnitude of the  resource, the type of heat-energy 
conversion method, and the  s i z e  of industry t o  be served are urgently needed 
’to provide an understanding of t he  poten t ia l  water use of the f a c i l i t y .  Once 
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are sparse. 
benefi ts  on u t i l i z a t i o n  of Oregon's geothermal resources can be achieved 
through a program of reservoir management. 
carefu l  planning can avoid some of these concerns and provide appropriate 
mitigation measures t o  reduce the  severi ty  of the adverse e f f ec t s  so that 
acceptable benefi t  t o  cost  r a t i o s  can be achieved. 

It may be related t h a t  as the  data  base is  improved, increased 

With an improved data  base, 
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development, reinjected i f  used would be 
(med-high) concern. 

Vale (770 We) most water is already committed for  i r r iga t ion ,  
groundwater degradation of (medium) concern. 

recreat ional  and wilderness area, accordingly 
would be closed t o  power development; t ransfer  
of waters from region t o  other watersheds f o r  
u t i l i z a t i o n  disposal would need t o  be resolved. 
High concern f o r  surface and ground water, hot 
springs and resource degradation, re in jec t ion  
i f  used would a l so  be a prime concern. 

M t .  Hood 

Newberry Caldera evelopment by S t a t e  action. 

f Burns groundwater degradation poten t ia l  of medium 
id t o  high concern. 

Klamath pr incipal  concer s heat degradation and water 
level degradation of the  resource as current ly  
being used; concern is  fo r  hot springs and re- 
source degradation and the attendant e f f ec t s  
of downhole heat exchangers and reinjection. 

pr incipal  concerns regarding hot spzings and 
resource degradation; re inject ion e f fec ts ;  
area disturbances, erosion and landslides;  
and surface and ground water degradation. 

near M t .  Jefferson Wilderness and Breitenbush 
River; accordingly closed t o  power and indus- 
rial uses; t ransfer  of waters to other w a t e r -  
heds f o r  u t i l i z a t i o n  and disposal need t o  be 

reso degradation of prime 
concern i f  geothermal developments proceed a t  
l a rge  scale;  groundwater degradation of medium 
high concern 

I 
Western Cascades 

ij 

L 
L resolved a 

P I  

Breitenbush 

1‘ 
L injec t ion  contamination 

1 t Crump Geyser hydrocycle. 

water ava i l ab i l i t y  and re in jec t ion  and con- 
tamination of groundwaters of concern. 

Environmental impact data  relevant t o  developments of the geothermal re- 
sources of the above mentioned areas (with the  exception of Klamath Fa l l s )  1” 
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Bureau o f  Land Management. Final Environmental Statement, Geother- 
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PRIMARY ISSUES 

A tabulation of primary issues  associated with regional geothermal develop- 
ment i n  Oregon is  goven i n  Table 1 as generated i n  the  workshop discussion 
sessions. Concerns (ranged as high, medium, low or  chronic) included: 

H 

H 

H 

H 

H 

B 

L-M 

L 

C 

C 

hot water disposal i n to  surface waters with resu l t ing  
thermal degradation - 

drawdown and degradation of ground water and hot springs 

poten t ia l  negative re in jec t ion  aspects a f fec t ing  inter-  
mediate ground water zones 

chemical degradation of surface water 

degradation of surface waters from construction re la ted  
(roads, clearcuts,  building pads, etc.) erosion and sedi- 
mentation 

land settlement, subsidence and landslides 

degradation of surface waters from w e l l  d r i l l i n g  and 
t e s t ing  a c t i v i t i e s  

accidental  releases associated with blowouts 

cooling tower plume releases of trace metals that 
ult imately could become bio-accumulated 

ecosystem damage 

Rankings were assigned regarding the  water qua l i ty  concerns f o r  seven re- 
gional sites, as w e l l  as overa l l  concerns fo r  t he  projected geothermal 
development within t h e  S ta t e  of Oregon. 

Environmental problems associated with geothermal energy recovery include 
waste heat  disposit ion,  brackish water disposal, re in jec t ion  and reservoir  
depletion. There is associated concern with regard t o  casing requirements 
of the  geothermal w e l l s .  

The disposal of thermal groundwater from w e l l s  i n t o  surface streams, and 
the  resu l tan t  thermal pol lut ion of the receiving waters was  recognized as 
a problem in t he  southern p a r t  of t h e  state. Both the  Department of En- 
vironmental Quality and the S t a t e  Water Resources Department r u l e s  and 
regulations discourage l a rge  scale discharges of this type. 
exis t ing ru les  do not adequately address the discharge of small mounts  of 
thermal groundwater, (less than 5,000 gpd); these smaller discharges are 
primarily responsible f o r  the  ex is t ipg  thermal pol lu t ion  problems. Programs 
are being considered by the’state that would encourage o r  require  the use 
of down-hole heat exchangers as a means of resolving this problem. 

However, t he  
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OREGON'S GEOTHERMAL ENVIRONMENTAL 
OVERVIEW WOkSHOP WATER QUALITY SESSION RECORD 

March 28-29, 1979 
Portland, Oregon 

Reporter: Larry S. Slo t t a  

ABSTRACT 

The purpose of t h i s  sect ion is t o  relate the  key water qual i ty  issues  re- 
lated to  the development of geothermal energy in the  S ta t e  of Oregon as 
discussed a t  the  March 28-29, 1979 Oregon Geothermal Environmental Over- 
view Workshop. This br ief  report  lists the  workshop par t ic ipants '  views 
of the  current water qua l i ty  data base f o r  several  po ten t ia l  geothermal 
areas i n  Oregone 
sent ly  hindered f o r  lack of a resource and an environmental data basee 
format f o r  col lect ing sources of avai lable  environmental data  is l i s t e d  
f o r  encouraging exchange of f i e l d  i n f o r k i o n .  

INTRODUCTION 

Regional site developments f o r  geothermal power are pre- 
A 

Water qual i ty  issues  were discussed in sessions of t he  March 28-29, 1979 
Oregon Geothermal Environmental Overview workshop. 
pr ior i t ized  f o r  regional  known geothermal resource areas (KGRA) under con- 
s idera t ion  f o r  development within the  state. 
water resource (environmental and water quality) information bases were 
noted t o  be lacking f o r  proper assessment of geothermal poten t ia l s  and im- 
pacts. 

Leo D e  ro jec t  Manager of Bat Pac i f ic  Nor t Laboratories, 
made a major presentation, in the  introductory session, which a l te red  the 

ter qua l i ty  i ssues  surround= 
esentation is appended. 

a f f e c t  surface and subsurface 

These concerns were 

The geothermal resource and 

ts within a typ ica l  geothermal p l an t  
(Figure 

The i ssues  

is chart of Figure 1. 
1 was abstracted from the  Draf t  Proceedings of t he  =/GRIPS Geysers-Calistoga 
KGRA Water Quality Workshop, Jan.'1978, edited by K. Pimentel.) 
and concerns discussed in the  water qual i ty  sessions a t  the March 28-29, 1979 
Portland geothermal workshop pivoted about the  interact ions noted in Figure 1 
but with site spec i f i c  considerations. S i t e s  included: Klamath Fal ls ,  Ore- 
Ida Development and Yale in the Western Snake River Plain,  Mt. Eood i n  the 
High Cascades, k c r e d i e ,  Belnap, Austin Hot Springs and Breitenbush in t he  
Western Cascades, Alvord :in t h e  SoutFLetn Basin and Range, and LaGrande. 
a t t r i b u t e s  of Lakeview are considered similar t o  Klamath F a l l s  and the attri- 
butes of Burns t o  be l i k e  those of Alvord. Figure 2 i l l u s t r a t e s  the regional 
KGRA (Known Geothermal Resource Areas) of Oregon. 

The 

I 
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It was recognized tha t  secondary u t i l i z a t i o n  of geothermal f lu ids  can be 
accomplished through the i r  use as i r r iga t ion  water, provided they do not 
contain substances harmful t o  crops. Trace metal impurit ies encorporated 
i n  the discharge stream was of concern t o  the  water qual i ty  workshop group. 
The opportunities avai lable  f o r  other secondary uses of geothermal water, 
including drought r e l i e f  and waterway enhancement, and aquaculture, were 
discussed and t h e i r  development encouraged. Correspondingly, concern was 
expressed regarding the  possible over development of hot  water aquifers. 

Concerns were raised about re in jec t ion  of excess condensate as affect ing 
subterranean pressures, chemical and thermal fronts.  There are problems 
with in jec t ing  la rge  flows, and with trace impurity buildup i n  the aquifers. 
With re in jec t ion  there  is a real lack of monitoring methods f o r  determining 
resu l tan t  strata fracturing, subsidence, trace impurity buildup and aquifer 
contamination. 

It was recognized tha t  sa t i s fac tory  sewage-type treatment of excess conden- 
s a t e  bearing contaminants o r  high leve ls  of dissolved s o l i d s  before subse- 
quent release would be expensive; in some cases the  r e tu rn  of these waters 
to  intermediate levels would be an acceptable disposal concept. 

Problems with erosion and sedimentation i n  mountainous t e r r a i n  were dis- 
cussed. 
f o r  construction of access roads, w e l l  pads, power plants  and/or processing 
plants  could r e s u l t  in sedimentation of adjacent surface waters. 
brought out, however, that logging and fores t ry  operations are successfully 
carr ied out within the S ta t e  by applying mitigating measures, such as: 
soundly constructing roads and construction areas, providing open drainage 
on water courses, 'and restor ing vegetation t o  pro tec t  the  na tura l  set t ing.  
I n  many cases, access roads t o  geothermal sites would be on improved log- 
ging roads and the  associated impacts would be l imited t o  that which has 
been acceptable t o  the State 's  economy over the years. 

It was recognized that c lear ing and grading operations necessary 

It was  

Well blowouts were prac t ica l ly  dismissed by the  water qua l i ty  workshop dis- 
cussion group because w e l l  d r i l l i n g  technology has su f f i c i en t ly  advanced 
t h a t  blowouts can be l imited o r  controlled by responsible operators working 
with qual i ty  equipment. S t a t e  ru l e s  regulating exploration of geothermal 
resources in Oregon adequately address the problem of blowout prevention. 

Cooling tower d r i f t ,  the  atmospheric transport  of water containing trace 
contaminants, was considered t o  be d i f f i c u l t  t o  pred ic t  (or t o  ult imately 
measure). Nonetheless, It was  considered an I ssue  and would be l i s t e d  as 
a poten t ia l ly  chronic negative Impact. 

I n  general, the po ten t i a l  impacts a t  Oregon sites presently would be con- 
s t i t u t e d  as var iab le  because each Oregon Gite i8 hydrogeologically unique. 
Disposal problems will therefore  be site specific.  
water qua l i ty  and other environmental risks, there  are benef i t s  tha twar-  
r a n t  s i t i n g  of geothermal demonstration pro jec ts  a t  an ea r ly  date. 

b 

In view of t h e  possible  

DATA GAPS 

The water qual i ty  discussion group next attempted t o  Ident i fy  data gaps 

\ 
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TARE Ire WATER QUALITY DATA STATUS: AVAILABILITY AND 'REQUIREMENTS FOR ASSESSMENT OF POTENTIAL 
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t o  the prac t ica l  u t i l i za -  and t o  give recommend 
t ion  of geothermal energy. 
documented about Oregon's geothermal water resources. 
of hot water tha t  geothermal plants  would have available f o r  generations is 
not presently precisely known. Baseline surveys of the hydrology and water 
qual i ty  (for springs, streamflow and groundwater) of prospective geothermal 
f i e l d s  are not available. These surveys need t o  be established pr ior  t o  
geothermal f i e l d  development i n  order t o  evaluate the poss ib i l i t y  of ad- 
verse impacts following s i t i n g ,  L i t t l e  is known about the var ia t ion  of t h e  
characteristics of Oregon's ground/geothermal waters with space o r  time. 
Continued withdrawal of geothermal f l u i d  could reduce the  amount of heated 
reservoir  water and thereby' change the  temperature and chemical character- 
ist ics of nearby springs, 
permeability, and storage are insuf f ic ien t  t o  assess the hydrologic nature 
of t h e  reservoir. To assess impacts on water quality,  data should be col- 
l ec ted  not  only on standard water qual i ty  parameters but a l so  on the loca l  
hydrologic systems and the  charac te r i s t ics  of geothermal water t h a t  would 
d isc lose  t h e i r  impacts on surface and ground waters. 

Table I1 is a tabular summary of discussions which occurred in the 1979 
Oregon Geothermal Water Quality Workshop sessions regarding barriers t o  
regional geothermal developments. 

fo r  s tudies  t o  1 
I n  general it was recognized that l i t t l e  is 

The forms and amounts 

I n  most geothermal areas, data  on rock porosity, 

The subject heading include: 

Hydrology & Water Quality S ta t e  of Knowledge 
Chance of Finding an Adverse Impact t o  Technology Development 
Mitigation Requirements (controls) 
Period of Program Delay Resulting from an Adverse Finding 
Environmental Risk of Proceeding with Technology Development 

It was  recommended that coordinated s tudies  be I n i t i a t e d  now t o  monitor 
t he  e f f e c t s  of developme Oregon's geothermal resources. Watersheds 
need t o  be monitored, str 
tinent hydrologic and water quality information generated for potential 
geothermal sites. Presently, there  are few water quality-quantity base- 
l i n e s  f o r  evaluating the  e f f ec t s  of ho t  water development i n  Oregon. 

It was reported that water qua l i ty  i n f o  
exceed $2000 t o  $30,000 per water sampl 
production and not  f o r  formation tests. 
be encouraged t o  gather and share  as much hydrogeologic information as pos- 
sible.during exploration d r i l l i n g  f o r  later environmental impact assessments. 

CONSTRAINTS 

The delay of geothermal developm 
exis t ing  water quality,  resource recovery, and discharge regulations and 
standards. S t a t e  laws and regulations f o r  f l u i d  discharge cover geothermal 
exploration activities but are inadequate €or f l u i d  disposal from f i e l d  
developments. The disposal of g e o t h e h a l  f l u i d s  on land current ly  requires  
a Department of Environmental Quality permit. I f ,  however, these f l u i d s  
are put t o  a benef ic ia l  secondary use a Department of Environmental Quality 

- 
edimentation baselines established, and per- 

n from middepths  w e l l s  w i l l  
11s are d r i l l e d  primarily f o r  

It was suggested that developers 

with c l a r i f i ca t ion  of 
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pe rn i t  may not  be necessary; but a water r igh t ,  issued by the S t a t e  Water 
Resources Department, may be required. l b '  
Discussion was  held on the  "flexible" Oregon geothermal l a w  i n  which 250°F 
was established as the  minimum temperature f o r  applying geothermal regula- 
tory requirements. Presently most geothermal prospecting i n  Oregon has re- 
t u n e d  with water below 250'F resul t ing i n  some confusion f o r  developers 
regarding regulatory res t r ic t ions .  Representatives of Oregon's Department 
of Geology and Mineral Industries,  and the  S ta t e  Water Resources Department 
both f e l t  they could "flexibly" operate under the current ru les  toward pro- 
gressive development of geothermal energy in the  State. 

~ 

IL 
Encouragement was given in the  water qual i ty  session f o r  some near term 
geothermal si te demonstration s tudies  within the S ta t e  f o r  proper u t i l i za -  
t i on  of hot water as a viable  alternative energy resource. 
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ECOSYSTEMS 

RELATED TO T€E DEVELOPMENT OF GEOTHERK4L 

ENERGY SOURCES IN TiiE STATE OF OREGON 

L 
Lk 

1. INTRDDUCTION 

The geographic areas in Oregon considered t o  have geothermal potential  
range from the  Western and High Cascades t o  the high desert  regions of 
eastern Oregon. Tbey are large areas and have been only generally delin- 
eated i n  teras of the occurrence of geothermal resources. There has been 
no commercial development of the geothermal resource f o r  e l e c t r i c a l  use 

: i n  Oregon and as ye t  there is littl er ta ih ty  as t o  wher 
development may occur. 

&thin each area 
P '  

A recent study by Bat te l le  Northwest ident i f ied f i v e  geothermal systems in 
Oregon which could begin producing e l e c t r i c i t y  in the 1980's on an  econo- 
mically competitive basis (at ~ 5 0  w e  fo r  30 yeare).l2 These systems are 
the Newberry Caldera (Brother6 Fault tone/High Cascades) , Vale Hot Springs 
(Vale), Mickey Bot Springs (Alvord Valley), Borax Lake (Alvord Valley) and 
Crump's Hot Springs (Basin and Range Province). Of these, Newberry Caldera 
appears t o  be the best candidate 'for near-term development in terms of ocon- 
omics. However, Newberry Crater has been designated as unsuitable f o r  sit- 
ing of geothermal e l e c t r i c  generating f a c i l i t i e s  by the Oregon energy Facil- 
i t y  Si t ing Council (see Section V I I ) ;  according t o  current regulations, geo- 
therms1 power plants  greater than 25 mw may not be licensed i n  the  Newberry 
Crater area.39 Thus, although we can ident i fy  some sites with high resource 
potent ia l ,  the existence of legal ,  economic and, in  some cases, the types 
of environmental constraints t o  be discussed in t h i s  report  may l i m i t  ac tua l  
development, In addition, t he  nature of t he  geothermal resource i n  term of 
generating capacity is largely unknown for la rge  areas of Oregon; presently 
undiscovered resources my be t h e  ones t o  be devel 

Because.no geoth 
geothetmal resource-ecosystems e f f ec t s  s tudies  have been carried out vhich 
are speciffc  t o  the  ecosystems which may be affected fa t h i s  state. Effects  

ed out  a t  tbe Geyser6 KGRA Sn California d p sent  data  on cer- 
ich occur in eeothermal areas in Oregon. $ 9 8 5 5  However, the 

Geysers bas ao ecological counterpart i n  any of t h e  Oregon geothermal areas 
and it can be assumed that even rpecies common t o  Oregon and the  Geyser8 are 
genotypically dff ferent  rad m y  react  to  d s s i o n s  components differently.  
In audition, t h e  physical and chemical charac te r i s t ics  of the geothermal re- 
I)ource in Oregon are only poorly defiaed; t h e i r  qualitative r a d  q w n t i t a t i v e  
correspondence vitb. Geysers emf6sions parameters h vholely conjectural. At 
this t b e  it is riot known t o  wbat  extent information gained at t h e  Geyeers 
Or elsewhere i s  applicable in oskipg predictions about Ampacts t o  Oregon 

~ 
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~ 

ed in Oregon, no 
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adopted 8dministrative rule of the Oregon Energy Facility Siting Council 
(OAR 345-75-025(3) (c)) .38 The Ene Facil i ty Siting Council '(EFSC) has 
responsibility for  establishing standards for  the s i t ing  and regulation 
of g e o t h e m l  electr ic   generating f ac i l i t i e s  greater than 25 &w and geo- 
thermal pipelines reater than f ive miles long and s l x  inches in  diameter 
(ORs 469.470(3)) .49 The r u l e  does not preclude s i t ing merely on the basis 
of location of the species, but requires a determination that construction 
and operation w i l l  not jeopardize the continued existence of the species or 
destroy habitat c r i t i c a l  t o  its existence. 

lil 
1 
, 

bJ 

d 

L 

As part of its administrative r u l e  relating to  endangered species, the EFSC 
has stated as policy i t s  intention t o  expand the rule t o  include species 
whose existence i n  Oregon may be threatened, even though the pecies may 
not be threatened or endangered in other parts of i t s  range.3g By doing so 
i t  recognizes the value of rare species and peripheral and disjunct popula- 
tions fn terms of habi ta t  diversity and etabi l i ty ,  evolution of species, 
for scient i f ic  purposes and s h p l y  i n  terms of preservation of the state'6 
diverse environment. A recently published report, which resulted from the 
Oregon Rare and Endangered Plant Project (discussed in  the following part  
of th i s  Section, is expected t o  form the basis €or expansion of the rule  
with respect t o  plant species.54 

An adequate data base is needed t o  assess the ~ t a t u s  of species which are 
cruspected of befng rare,  endangered or threatened 80 that ,  i f  these species 
are encountered in a proposed development situation, a proper determination 
of whether the species' existence would be jeopardized may be made. In addi- 
tion, these data may indicate, a t  an ea r ly  stage, areas which have concentra- 
tions of such species and in which there would lfkely be severe constraints 
on si t fng of geothermal facf l i t i es .  

A complete data base €or rare and endangered crpecies is also needed for  use 
v 

in expansion of the state euitability/uosuitabillty classi- 
otherma1 e lec t r ica l  generating fac i l i t i es .  This c b s s i f i -  

n V I 1  of this report. G 
'i; 

The most comprehensive compilation of information on rare and endangered 
vascular plant rpecies in Oregon 1s that of the Oregon Rare and Endangered 
Plant Project (c/o Jean Siddal l ,  535 SW Atwater Road, Lake Oswego, Oregon 
970%). Participants b the  project include approximately 300 professional 
and amateur botanists vho have personal knowledge of species distributions 
and who have compiled information from f i e ld  notes, herbarium rpecimens and 
the  taxonomic l i terature.  Infornation $8 also contributed by federal re- 
rwrce agencies; the BLM and Forest Service are anployfng increasing numbers 
of contractors urd reasohal botanists t o  conduct inventories of federal lands. . 
The Bare and Endangered Plant Project concerns i t ee l f  both with rpecies which 
m y  be cndangered or threatened as biological mitities (and are thus e l a i b l e  
for national Ustfng) and with 8pecies vhich may be of - in te res t  in Oregon 
Only, due t o  the i r  rare or endedc rtatus or because they are represented 
h Oregon .B peripheral or disjunct populations of rpecies vhich pay be 
otherwise more widespread. 

1 '  
tbi 

2 .  
(4J 
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Geothermal heat cannot be effect ively transported any distance and must be 
u t i l i zed  essent ia l ly  where it is found. This concentrates development im- 
pacts a t  the  point where the resource exists and makes the  nature of such 
impacts highly si te and project specific.  Since spec i f ic  development sites 
are a s - y e t  unknown, i t  is not possible t o  know whether exis t ing si te speci- 
f i c  inventories w i l l  be of use as baselines; care must be taken not t o  gen- 
e ra l i ze  unduly from such exis t ing si te spec i f ic  data. 

The ecosystems elements or a t t r i bu te s  which are most sens i t ive  and of most 
concern are: 

rare and endangered species 
unique ecosystems 
c r i t f c a l v i l d l l f e  babi ta t s  
agr icu l tura l  and na tura l  vegetative productivity 

The potent ia l  e f f ec t s  t o  these ecosystems components include: 
habitat  elimination 

0 habi ta t  disturbance, including harassment 
surface water modification 
aquifer  modification 

0 chronic, cumulative and synergis t ic  e f fec ts ,  especial ly  
r e l a t ing  t o  emissions 

a e f f e c t s  re la ted t o  increased access; other  e f f e c t s  caused 
by increased a c t i v i t y  resu l t ing  from, but no t  necessarily 
spec i f i c  to, geothermal development. 

I 

Other topics  discussed at  t h e  OGEOS ECOSYSTEMS WORKSHOP held in Portland . in March, 1979 included climate modification and its h p l f c a t i o n s ,  noise, 
t he  relat ionship of physiography t o  poten t ia l  effects and the adequacy of 
existing regulatory control  of geothermal d s s i o n  components, such as H2S 
and boron. A summary of the ECOSYSTEMS WORKSHOP is presented in Appendlx 
Am 

11. BARE d ~ ,  ENDANGERED pLlwT SPECIES 

Issue 

Endangered and threatened p lan t  species are protected from activities which 
vould jeopardize t h e i r  fu ture  existence under the  Federal andapgered Species 
Act of 1973- @.Le 93-2O5)mu NO plant  species which exist in Oregon have 
been officially l i a t e d  under t h e  Act at this t h ;  hdwever, f i f ty-one plant 
rpecies  have been formally proposed for listing as endangered and are pro- 
tected,  as ff they were o f f i c i a l l y  listed, from federal activities which 
vould threaten their uis tence .71  

This anme ret of epecies h protected in the Biting process by a recent ly  
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The Plant Project has been working sinc 1974 with a provisional list of 
approximately 600 Oregon plant species.f1 Deletions of species from the 
l is t  have been made as new populations have been located. indicating that 
the species is not as rare as previous infomation suggested. Deletions 
have a160 been made when suff ic ient  evidence indicates that the species 
should not be considered threatened o r  endapgered. Likewise, when herbarium 
record locations are f i e l d  checked with negative resu l t s ,  indicating that 
there may be fewer populations than previously, species may be added t o  the 
list.  Additions are a l so  made t o  t h e  l ist  when s ignif icant  threats  t o  a 

' species are identified.  Project a c t i v i t i e s  have been reviewed by the Ore- 
gon Rare and Endangered Plant Species Taskforce, a federal and s t a t e  inter-  
agency s teer ing committee. The most recent revision of the  list vas made 
by t he  Project technical advisory committee (mainly academic plant taxono- 
mists) i n  June. 1979. The product.of t he  determinations made in  that review. 
en t i t l ed  Rare, Threatened and Endangered Vascular Plants in Oregon-an 
fnterim Report, vas published by t he  Oregon Natur 1 Area Preserves Cormnittee 
t o  the  Oregon Sta te  Land Board in October, 1979. 5 t  

Information on species locations and s t a tus  has een compiled by subunits 
of counties, and is available from the  The Plant Project a l so  
produces species location maps by geographic area. As examples, the  spe- 
cies list for  the  Alvord Valley and the species d is t r ibu t ion  map f o r  a por- 
t i on  of the Alvord Valley are presented in Table 1 and Figure 1, respective- 
ly. Summary s t a tus  reports w i l l  eventually be produced as a f i e l d  guide. 

Data Adequacy . 

The Oregon Rare and Endangered Plant Project has produced a thoroughly 
f i e l d  searched, w e l l  documented and professionally reviewed compilation 
of knowledge about the  known dis t r ibu t ion  and s t a tus  of rare, threatened 
and endangered vascular plant  epecies i n  Oregon. The data indicate that 
rare, threatened or endangered plant epecies exist in a l l  of the geographic 
areas i n  which geothermaldevelopment pray occur. The degree of adequacy of 
these data varies widely from area t o  area. Of t he  areas thought t o  have 
geothermal potential ,  t h e  Western Cascades and the  Klamath Basin (especfally 
mny  forested areas and the  areas fokmerly comprieing the  Klamath Indian 
Reservation) are poorly known. Conversely, t he  Lakeview, Vale and Burns 
areas are re la t ive ly  w e l l  etudied due in Large p a r t  t o  activities of t he  
federal agencies. in those arcas.55 

The dis t r ibut ions of rare and endangered plant  rpecies are not adequately 
known f o r  t h e  purpose of geothermal development p h u h g  o r  f a c i l i t y  s i t i ng .  
It $6 inportant t o  recognize that t h e  absence of records of species at par- 
ticular locations pray mean that they have aimply a o t  been found or searched 
for,  not necessarily t h a t  they do not u is t  there. In each Case *ere rpe- 
cffic development i s  proposed, rite intensive inventories v l l l n e e d  t o  be 
undertaken and h p a c t s  t o  rpecies arsessed. Where rare or endangered rpecics 
w i l l  be affected, a determination will be made as to vhether the rpecies' 
'continued existence would be jeopardized. Such a deteforination vil l  .be based 
b large par t  on t h e  8pa t i a lm.d  numerical relationship of t h e  effected pop- 
u la t ion  t o  the rest of the rpccies. T&e data base ray be adequate f o r  ruch 
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TABLE 1. Rare, threatened or endangered plant species of the Alvord Valley, 

lar  Plants in  Oregon,. Appendix B, Siddall and Chambers, 1978.=> 
L i s t  compiled.by the Oregon Rare and Endangered Plant Project. 

L 

I- Oregon. From Report on the Rare, Threatened and Endangered Vascu- 
f 
L 

GEOGRAPHIC AREA LIST* HARNEY COUNN 
1. 

Homey County Subunit 6 - ALVORD VALLEY 
Status+ - 

sfiw TF - -  OR - ? 

L 
Foml I y/S pe c le r 

A LISMATACEAE 
Alismo gromineum vur. gromineum 111 

Ib 

L 
APIACEAE (UMBELLIF EWE) 

Rhysopterus plurijugvs 
f 

i CT 

ASTERACEAE (COMPOS I TAE) 
Choetode lpha whee leri t ’ Ill 

BORAGINACEAE 
Cryptontha proprio 
Plogiobothrys safsus * f 0 I b .  

111 

1. BRASSICACEAE (CRUCIFERAE) 
Droba douglostl 
brippo cofyctno vor. columbiae 

Pediowctus s lmpntt  vor. tobustior 
CACTACEAE 

CT 111 
CT Il l  ‘H. 

I 
CAMPANULACEAE 

Nemoc lodus rletdus 111 

111 
CYPERACEAE 

Carex limnophtla 0 3 L 
FABACEAE (LEGUMINOSAE) 

Astragalus alvordensfs 
Luplnus btddlet 

Phocello crosstfolia 
’ HYDROPHYLtACEAE 

LIUACEAE 
Allium nedtnse 
Allium porvun 
CaIothortut tmmeomis 

1 CT lb 
Cf Ib 

Ib 

111 
111 t 111 . 

b 
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FIGURE 1. OREGON RARE a ENDANGERED PLANT PROJECT . 
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Alvord Volley - po HARNEY COUNN 
2 

b 

NYCTAGINACEAE L; Mitobi l is  bfge lovii 111 

ONAGRACEAE 
Camissonio pygmaea h\ 

(Oenothero boothfi vor. pygmaea) Ib 
I 

PAPAVERACEAE 
id 

Argemone munfto rtp. totundata 
k '  

111 

** ir A l l  species  l i s t e d  on the "1977 Provisional L i s t  of Rare, Threatened 
and Endange d Plants  i n  Oregon" are included i n  these Geographic 

0 ,  Area lists. 

' 

55 
+ s t a t u s  Legent 

u 

S/Fw - On Smithsonlan I n s t i t u t i o n  Report on Endangered Plant  Species ' 
of the United States ,  January 1975 (published i n  the Federal 
Register, Ju ly  1, 1975) o r  the U.S. Fish and Ui ld l i f e  Service 
listing of p l an t s  proposed as endangered, Federal Register, 
June 16, 1976- 

CT - candidate threatened, Federal  Register, July 1, 1975.55 
PE - proposed endangered, Federal Register, June 16, 1976.71 

Rare and Endangered Plan t  Species Taskforce, August 

il 

L 

U 

TF - Recommended for l i s t b g  as Endangered in Oregon by 

OR --Distribution %a Oregon 

fa  = narrow endemics 
f b  = regional  endemics 

fIa = wide range but r a r e l y  co l lec ted  
I f b  - widely d i s junc t  populations 

IV - unusual population 

u 
If1 * tare in Oregon; *ore abundant elsewhere 

++ Species with tanges vhich Snclude this mabunit which 

W s t e  coolpiled by the Oregon Bare and &danger& Plant  Project. " 

re should .. 

L 
occur here bu t  for  w-ich 110 6ites are present ly  known. 

c 

G 
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GEOGRAPHIC AREA LIST* HAR NEY COUNTY t 

TABLE 1. Rare, threatened or endangered plant species of the Alvord Valley, 
Oregon. From Report on the Rare, Threatened and Endangered Vascu- 
lar Plants in Oregon,Appendix B, Siddall and Chambers, 1978.35 
L i s t  compiled by the Oregon Rare and Endangered Plant Project. 

Homey County Subunit 6 - ALVORD VALLEY 

Famlly/Species 

ALISMTACEAE 
Alisma gramineum var . gromineum 

APIACEAE (UMB ELLlF EWE) 
Rhysopterus p h i  jugus 

ASTERACEAE (COMPOSITAE) 
Chaetade lpha whee leri 

BORAGINACEAE 
Cryptantha propria 
Plagiobothrys salsus ++ 

BRASS ICACEAE (CRUCIFERAE) 
Orabo douglotii 
fbrippa calycino VQT. colwnbiae 

CACTACEAE 
Pediowctus simpnii  var. robustior 

CAMPANULACUE 
Nemacladus rigidus 

CYPERACEAE 
Carex limnophila - 3 

FABACEAE (LEGUMINOSAE) 
Astmgalus alvordensis 
Lvptnw blddlef 

HYDROPWLLACEAE 
Phacelia crassifolia 

LILIACEAE 
Allium nevadense 
Allium parvum 
Calochortus brueavnfs 

Status+ - 
s/Fw TF - -  

CT 

. 

CT 
CT 

. 

CT 
CT 

e 

OR - 
111 

fb 

' I l l  

b .  
Ill 

111 
I l l  

111 

Ill 

111 

lb 
Ib 

Ib 

111 
' Ill 

111 

L 
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and Uildlife as threatened or  endangered in Otegon.41 This is an unoffi- 
c i a l  list,  which has not been codified BS an administrative rule.  
federally protected species are included on the l is t ;  one federally pro- 
tected species ( the gre wolf) is not included, as it is believed t o  no 
longer exist in Oreg0n.~3~42 The only protection for  the remainder of the 
species l i s t e d  by ODFW is provided by their  inclusion in  a longer list of 
non-game species protected from "taking" by an Oregon administrative r u l e  
(OAR 635-07-360); no 

SiX 

i; 

ecif ic  provision against habitat destruction is 
Lu provided i n  the rule .  €1 

A t  t h i s  time, animal species which may be eatened or endangered only 
i n  Oregon have not been included i n  the EFSC s i t ing  standard. However, 
the ODFW has submitted a l i s t  of "species of special concern" t o  the EFSC, 
which has indicated its intention t o  inc de such species in its s i t i ng  

k 

bd standard relating to  endangered species. tY ,s8  , 

L 

Bi 

L 

Since both federal and s t a t e  laws protect certain endangered or threatened 
species, an adequate data base is  necessary t o  make proper s ta tus  determina- 
tions in the s i t ing  process. In addition, since the lists of protected 
epecies are likely t o  expand, it is imperative that  special attention be 
given t o  species whose s ta tus  indicates that they are likely candidates 
for  such l i s t ing ;  t h i s  should include the "species of special concern" 
denoted by the Oregon Department of Fish and Wildlife. 

Available Data 

The tvelve species i t i f i e d  by the ODFU as threatened or  endangered in 
Oregon and the eight species l i s t e d  or  proposed or  .listing by the U. S. 
Fish and Wildlife Service are listed in Table 2.61#4 In addition, f i ve  
f i s h  8 eciee which have been proposed for inclusion in the ODFU list are 
shovn.g2 Their present s ta tus  i s  indicated and the geothermal tegions 

t if ied.  ' known 01 gyS#;gf o include portions of these rpecies' ranges are iden- 

Comprehensive review of distributions and status  of rare and endangered 
vertebrate animal species have been presented in a series of publications 
of the Oregon State  University Agricultural Experiment Station (Endangered 
Plants and Anfmals of Orego shes (Bond 1974) ;l 11. hphibians 

i s t s  of species considered -rare or en- 
dangered in Oregon by these authors d i f fe r  from the federal and ODFW lists, 
in that  they are more inclusive, and in rome cases, d i f fe r  8s t o  s ta tus  

(Storm, 1966) 85 irdS (Harshall, 1969)g31 f v .  -1s 
Verts, 1972) .3 

tld 

L: . A l l  rtate and federally listed vertebrate species are in- 
Oregon State  University publications iaclude literature re- 

rds of museum crpecbens, and comments from practicing profes- 
teur t o o l o ~ i e t s  as t o  t h  ent distribution and s ta tus  of 

Since the publication of these reviews bas b e m a  scattered litera- 
ture  on rare and endangered eninral epecics. Of interest here are those 
publications which deal with distributions and colo 

i 

I*I 
L J  
L 

of I ecies Irnm or 1LJ ruspected t o  occur a Oregon geothermal&rcas, 1 t D 1 7 D g D 2 5 D 7 e  those 
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a determination fo r  certain species, but in most cases additional f i e l d  
surveys would be requi red  . 
The exis t ing data base appears t o  be suf f ic ien t  t o  delineate geographic 
areas i n  which constraints on geothermal s i t i n g  are l ike ly  due t o  concen- 
t ra t ions  of rare or endangered plant species. Such an evaluation has not 
been undertaken and is beyond the scope of t h i s  overview. 

Recomenda t ions 

Expansion of the existing data base f o r  rare and endangered plant species 
is needed t o  f a c i l i t a t e  geothermal s i t i n g  decisions once specif ic  develop- 
ment i s  proposed. Both ecological and dist r ibut ional  information w i l l  be 
required, so that impacts may be properly assessed and so tha t  the relation- 
ship of effected populations t o  t he  v i ab i l i t y  of the species may be deter- 
mined - 
Since the  existing data base has been compiled and presented in various 
ways, future efforts should emphasize f i e l d  sunteys. Field inventories 
should be conducted: 

* in those geothermal areas most l i ke ly  t o  be developed 
o r  where development i t 3  considered most immlnent 

by species known t o  exist within the  geothermal areas; 
this w i l l  include f i e l d  surveys of habi ta t s  vhere t h e  
species is expected t o  occur, throughout its t o t a l  range. 

Of critical importance is t h a t  data  acquired in these *entories be entered 
i n t o  the  Oregon Rare and Endangered Plant  Project data base, so that species 
composition of par t icular  areas may be readily assessed, and 80 t h a t  d i s t r i -  
butions and s t a t u s  of upecies may be reviewed fn  a comprehensive manner. 

Iff. BABE AND mANGEBED ANIMAL SPECIES 

Issue - 
Endangered and threatened aaimal crpecles are protected from activities vhich 
would jeopardize t h e i r  f u t  e existence under t he  federal  Endangered Species 

l i f e  Service as endangered or threatened are noticed in the  Federal Register 
and, subsequently, included h t he  species lists in SO CFR Part  17, To da te  
@even enimal species vhich occur o r  may occur in Oregon have b en l i s t e d  under 
the  Act mid one rpecie has been formally proposed f o r  ltstb&.21'2 These 
rpecles are a l s o  protected in the sit- process by t h e  ailministrati e rule6 
of the Oregon Energy Fac i l i t y  S i t ing  Council (OAR 345-7S-025(3) ( c ) )  . 
(Dikussion of EFSC jur isdict ion,  its s i t l n g  rtandard relating t o  endangered 
and threatened species, and anticipated expansion of that rule t o  include 
species of interest io. Oregon only is included in Section 11 of this report. 
These subjects apply tqually t o  ablmnl species.) 

~ Act of 1973 (P.L. 93-205).' Species designated by t h e  U.S. Fish and Wild- 

%8 

Twelve anha1 rpecie8 have been classified by t he  Oregon 
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present species lists for particular geothermal areas,18,26 and those wbich 
review the current s ta tus  of rare  or  endangered species.19~20*77 

A ser ies  of recent environmental documents produced by several federal agen- 
c ies  l i s t  rare  or  endangered species known t o  or  expected t o  occur i n  the 
areas under consideration here.62’70 The d~str3butlons are  summarized in 
Table 3. Only those species l i s t e d  or proposed for listing a t  the s t a t e  o r  
federal level have been included. 

Of particular interest  i n  t h i s  discussion are  species of hot springs, as 
these are habitats most l ikely t o  be associated with geothermal development. 
Two rare f i sh  species are known t o  occur in hot springs and leEes in  the 
Alvord Valley: the  Alvord Chub (Gila a1vordensis)l and the Borax Lake Chub 
(Gila sp. - t o  be described). The l a t t e r  is endemic t o  Borax Lake and has 
only recently been recognized as dist inct  from the former. 
j ec t  of a doctoral thesis by Jack Williams a t  Oregon State University. 

Data Adequacy 

Rare and endanger 
i n  a l l  geographic areas in vhich geothermal development i s  being postulated, 
except the LaGrande region. 
f a l l  into several categories and the adequacy of data cate- 
gor ies . 

1) Species which e genuinely rare  or are rarely observed. For ex- 
ample, as of 1977, the Oregon Department of Fish and Wildlife reported that  
the kit fox, a species of the high desert valleys of Malheur, Harney and 
Klamath counties, had been sighted or taken only six times since 1968.41 
The wolverine, a species of remote high elevations in the Cascade, Blue and 
Steen Mountains, had been reported 25 times since 1965.41 Other species 
known or  suspected t o  occur i n  Oregon geotherolal areas which fa l l  i p t o  this 
category are the western spotte frog and the peregrbe falcon. 

t i t a t  requirements. Data are certainly not adequate for  planning 
geothermal development activit ies (in relation t o  these epecies) h areas 
where they are thought t o  exist. S i t e  intensive inventories w i l l  be re- 
quired once development i s  proposed, with further studies of habi 
behavioral requ 

ened by generally distributed habitat  destntctfon. The bald eagle and the 
uorthern rpotted owl are rpecies which &re dependent on aature forests. 
Despite federal land rpanagement policies t o  preserve known nest sites .Dd 
8nag8, 18 these mature forests are hamested, potential habitats ’for these 
rpecies decrease. Other widely distributed form of dbturbance, ruch .B 
pesticides, powerlines and incressed human contact, further 0 af fec t  the ~ U C -  
cess of these species. 

ported I t5  bald eagle nest rites 

It i s  the - 7Yb 

vertebrate animal apecies are known or thought t o  occur 

Species classified as endangered or  threatened 
am 

L i t t l e  is known of the 8pecffic locations of these rpecies or of 

f these rpecies are encountered, 

olay be rather generally d i s t r ib  ed, but are threat- 

bcatiorre of these rpecics are fa 1 tcaoWn; the ODFU re- 
e 1974 breeding 

\ 
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TABLE 2. Animal species l i s t e d  or  proposed for l i s t i n g  as threatened 

or endangered by t he  U.S. Fish and Wildlife S rv i ce  or by 
t h e  Oregon Department of Fish and Wildlife. 4,81 

t 
t 

t 

Species S t a t e  Geothermal region known ::%sa Status41 or suspected t o  nc d 
species '  range 1 * fl,fY,37 

~ 0 0 0 0  Sea o t te r  T 

Wo lver ine T High Cascades; Blues6 Steens 

xit  fox T Khmth, balheur, &3mey COS. 

~ ~ 0 0 0  Columbien white -ta i led deer E E 

Grey wolf E * m * o o o  

Xesten spotted frog T High Cascades; E, Oregon 

California brown pelican E E YlaEath Falls area? 

om*-- Aleutian Canada goose E & 

American peregrine falcon E E 

Arctic peregrine falcon E E t 

Northern bald eagle E 

Northern spotted 0 w 1  T 

Malheur WR; hke ,  bschutes Cos. 

T generally distributed; Descbtes, 
Klamath cos.; fhnrey k k e  
Yer tern Chscades 

Vesten snowy plover , T kke,  hrney Cos. 

Uarner sucker P Y a m s  Valley, k k e  Cor 

AIVotd a b  P Alvord Valley, thrney Coo 

Borax &ke chub P Borax Sake, a n e y  Coo 

Oregon tu i  chub P fLtton Spring, lake  00. 

Forket Spring dace P ?orket Spring, l a k t  Coo 

b g o n  $ilorrspot butterfly P rno-o- 

o o m ~ ~ m ~ ~ c ~ - m ~ o ~ - * -  

w 

E 0- listed 8s m d . n p n d  

~ p -- ptopo8ed for  l l r t ing  * - according t o  the Oregon Department of Fish and Wildlife, 
volf is beliewed t o  no longer exist An Oregon.23*42 

-T -- 1a8ted 8 S  t h n r t U W d  

L 
L 
L 
L 
c 

L 

i 
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and 103 w i d e l  scattered,pairs of spotted owls which had been recorded by 
Eric Forsman.fl This infomation suggests specif ic  areas l ike ly  t o  sup- 
port these species. 

f o r  these species and 6ome 
general things are known about t he i r  behavior in re la t ion  t o  human act i -  
vi ty .  
where specif ic  locations are known. Recent experience gained by land man- 
agement agencies i n  preserving and buffering habitats of these species 
should be d i rec t ly  applicabl 

Species which are endemic t o  particular areas and which may have 
always been rare. The Alvord Chub, Borax Lake Chub, Warner Sucker, Fosket 
Spring Dace and the Oregon Tu1 Chub are f i s h  species, each endemic t o  one or 
t o  a few springs or  lakes i n  Lake County o r  the Alvord V a l l e y . 1 ~ ~ ~  Each 
would be threatened in the event tha t  its specif ic  habi ta t  was modified i n  
same deleterious manner. Similarly, t h e  eastern Oregon populations of the 
western snowy lover are highly dependent on Summer Lake and Harney Lake 

Habitat requirements a r e  w e l l  

This infomation ifi adequate f o r  i n i t i a l  planning i n  those instances 

geothermal planning and development. 

3) 

fo r  breeding. 3! 

Locations of these species are well trnawn. The small numbers of 
populations indicate tha t  the areas inhabited by these species should not 
be disturbed u n t i l  thorough investigations of habi ta t  requirements bave 
been conducted and determinations have been made t h a t  a c t i v i t i e s  re la t inn  
t o  geothermal a c t i v i t i e s  Will not jeopardize the species, Because of the  
Small numbers .of individuals and populations involved and the extreme physio- 
log ica l  adaptations of the hot springs species, it may be that no a l t e ra t ion  
of the physical and chemical parameters of these habi ta ts  w i l l  be possible. 

Of importance with vertebrate animals is each epec behavioral tolerance 
t o  human intrusion and t o  spec i f ic  aspects of development. Although 8ome 
faformation is available for certain species, idormation on vhat types of 
disturbance affect par t icular  8pecies and w h a t  distances cons t i tu te  adequate 

ection V, C r i t i -  

L I  

I I J  

1 
u 

i i  
L. 

/& 

prepared f o r  

These maps should h d i c a t e  which 
the  geothermal regions, i n  a manner similar t o  those being prepared by the  
Oregon Rare and Endangered Plant Project 
locations are current and which are from o t  recently ver i f ied)  records. 
To the  extent possible, current d i s t r ibu  f rare and endangered species 

,should be d e t e d n e d .  For a o s t  6pecies. t h i s  a c t i v i t y  will probably have to  
ruf f ice  u n t i l  spec i f i c  development eites are proposed. As with a l l  other  
ccosystans aspects, o w e  spec i f ic  development fi proposed, the  ac is t ing  data 
base rhould be expanded f o r  t he  par t icu lar  uea.  Field surveys ehould be 
conducted t o  discover previously unreported rare and endangered epecies, t o  
mupplement existing information on rpecies dis t r ibut ions,  and t o  assess irn- 
pacts  t o  rare, threatened and endangered opecies. 

f w e s t i g a t i o n  of the habi ta t  tequirernents of  rare and endangered hot ,spr ings 

. 

P '  

u 

L i '  
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species, whose locations are known, should begin immediately. 
critical importance f o r  the Alvord Chub and the Borax Lake Chub, as the 
springs which they inhabit have already been iden i f ied  as belng l ike ly  

The existing data base on the extent of buffer zone necessary t o  protect 
the existence of rare or  endangered species should be expanded where pos- 
sible.  S tudies  should be conducted concomitant with any new developments 
within the  geothemal regions, as discussed in Section V. 

The s ta tus  of species which have been identified as species of concern in 
Oregon (as i n  the  Oregon Sta te  University publications and the l i s  of 
"species of special  concern" transmitted t o  the EFSC by the 0D,),E291,31927957 

but which have not been designated 8s protected species by state o r  federal  
agencies, should be assessed. Where approgriate, these species Should be 
listed for  protection. Although an area of investigation which is not speci- 
f i c  t o  geothermal development planning, its 8ccamplis)rment would preclude 
questions concerning the s t a tus  of these species once geothermal (or other) 
developnent commences. 

I V .  UNIQUE ECOSYSTEd 

This is of 

candidates for geothennal e l ec t r i ca l  production. 15 

I 

Issue - 
Certain ecosystems represent associations of organisms which have adapted 
t o  unusual environmental si tuations.  Hot springs ecosystems are of parti-  
cular concern because they may be especially vulnerable t o  the kinds of dis- 
turbance associated with geothermal development. Hot springs may be adverse- 
ly affected or  destroyed'by the  lowering of groundwater levels  in the  vicin- 
%ty of a geothermal f i e l d ,  ff the geothermal and hot springs reservoirs are 
connected, o r  simply by mechanical damage of the spring during exploration 
or development. 

The waters of hot springs represent the l imi t s  of biologicai adaptation t o  
temperature extremes and-to various chemical substances. Hot springs are 
extremely diverse chemically and serve as reservoirs of metabolically un- 
usual o r  unique microorganisms. A knowledge of these orgaaisms and t he i r  
adaptations is significant t o  the understanding of many basic s c i e n t i f i c  

# and applied technical problems. 

Other habitats of concern are those which serve a8 outstanding examples of 
more or less cormmon ecosystems. In addition t o  maintaining natural  diver- 
s i t y ,  atch.areas,  i f  presemed, serve as metersticks against which to mea- 
sure 8bilar habi ta ts  which are being changed by human ac t iv i t ies . .  

rystans a d  repres€.ntathe . a m p l e 8  of other - t u r d  .+cosystems may be  pro- 

Available Data 

A pap of thermal 8pr-s and vells in Oregon has been campiled by Bowen 

- ~ 

,An  adequate da te  base is needed t o  iPsure t h a t  biologically unique eco- 

tected and preserved. - 
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and Peterson.' Hot sp  ngs of par t icu lar  bio cal in t e re s t  in Oregon 
have been ident i f ied  by Dr. R. W. Castenholz, an authority on hot springs' 

-organisms.3 These springs are l i s t e d  i n  Appendix 8 .  Fish species endemic 
t o  Oregon hot-spr ings have been discussed in'Section 111, 
ab le  on the  chemical composition and thermal charac te r i s t ics  of Oregon hot 
springs .30,43 Data on t he  hydrological relationships between geothermal 
resources and s p  

d fb'preserve exam- 
ples  have been made on federal ,  state and pr ivate  leve ls .  
Northwest Research Natural A r e a  Committee of the U.S. Forest Service con- 
ducts intensive na tura l  area e t  ies and recommends designation of Research 
Natural Areas on federal  lands.yB The Sta te  Natural Area Preserves Advisory 
Committee recommends state-ovned lands which should .be preserved as S ta t e  
Natural Area Preserves.. It has conducted a preliminary inventory of a l l  
s t a t e  lands t o  determine potent ia l  preserve candidates. It a l s o  r eg i s t e r s  
other lands which have na tura l  area  characteristic^.^^ . 

A conference involving federa l  and state natural  resource agencies, repre- 
sentat ives  of the  academic community and the Nature Conservancy i n  1973 

Data is avail-  

t springs is largely 

o inventory s ignif icant  na tura l  ecos 
The Pac i f ic  

ed in publication of Research Natural Area Needs i n  _the Paci f ic  North- 
This publication identifies'ecosystems within each of the state's 

phic provinces vhich need t o  be represented by preserved na tura l  a reas  
and ranks them as t o  pr iors ty  f o r  a t tea t ion .  Possible locations of repre- 
sen ta t ive  examples of ecosystems were ident i f ied,  e i the r  as spec i f ic  loca- 

which the-ecosystem was known t o  

The Oregon Natural Heritage Program of the  Nature Conservancy i d e n t i f i e s  
outstanding na tura l  areas  through a statewide inventory of na tura l  communi- 
ties, species and features.  The Heritage Program consolidates information 
about federal, state and pr iva te  lands and provides a statewide camprehen- 
e ive overview of na tura l  her i tage resources. 

munities, aquatic types, 'kpecial  p lan t  and -animal species and outstanding 
na tura l  features.  The data  system includes: a aap  f i l e  containing element 
Occurrence da ta  recorded on 7.5' U.S.G.S. topographic maps; a geographic 
mnua l  with detai led SnforrPation on each mapped occurrence; and a computer- 
i t e d  f i l e  containing abstracted information on each occurrence. In addi- 
t ion,  there  i s  a manual f i l e  v i t h  a l l  non-locatio 1 information on each 
element, such as species' l i fe  b is tory 'da ta ,  ctc.& Natural areas data  
eurumari w f o r  n Oregon were in 1977 and 1978, 

The Heritage Program. inventory has been transferred t o  and will be main- 
t a ined  kr the fu tu re  by t h e  Oregon Department of S t a t e  Lands. 

data  are col lected as 

respectively I 
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is inadequate for  the purposes of geothermal development planning. While 
s ignif icant  research in to  the physiological and ecological requirements of 
many thermophilic organisms has been carried out, 0regon.hot springs have 
not been systematically characterized. And , although Castenholz has indi- 
cated hot springs which he Consider6 of par t icular  biological i n t e re s t ,  we 
do not know that  a l l  ecorogically s ignif icant  hot springs have been iden- 
t i f  l ed .  

Determinations of hydrological connections between geothe 
and specific hot springs have not been made. ThuG, the potent ia l  f o r  hot 
springs reservoir drawdown due t o  geothermal development is not known fo r  
specif ic  cases and predictions of the type and magnitude of impacts t o  hot 
springs ecosystems cannot be made. 

Data are not adequate f o r  understanding the hot springs ecosystems, f o r  
predicting potent ia l  e f fec ts  on them, or for  making reasoned deczsions as 
to whether par t icular  springs need protection from geothermal development 
or can be allowed t o  be modified t o  some extent. 

Data re la t ing  t o  potent ia l  natural  areas in Oregon is substantively ade- 
quate f o r  t h e  purpose f o r  which i t  is gathered. The inventories have not 
been completed, however, and representative examples have not been desig- 
nated f o r  protection. 
vhich would not conf l ic t  with s ignif icant  examples of ecosystems which 
might smeday be chosen for  preservation, these data are incomplete. 

/ 

For t h e  purposes of planning geothermal a c t i v i t i e s ,  

The status of most geothermal areas, with respect t o  containing unique 
ecosystems or best examples of ecosystems, is currently unknown. 

Recommendations 

Biological and physical/chemical irwentor ies should be conducted of bot 
springs whsch are in areas expected t o  support geothermal development. 
I n i t i a l  emphasis should be placed upon those springs which have been M i -  
c a t e d  as being of par t icu lar  biological Snterest and any other6 in areas 
where development i s  considered most iPlmlnent. ,Investigation of these hot 
springs is a high pr io r i ty  as they are ecosystems which will be most fa i th-  
f u l l y  associated with geothermal a c t i v i t y  and, thus, most l i ke ly  t o  be af- 
fected. Similar reconmendations have been made by Castenholz and by the  
Geothermal Task Force o the Natural Area Preserves Advisory Committee t o  

The physical relationship of hot eprings aquifers t o  those Ukely  t o  be 
exploited f o r  geothennal f l u ids  should be investigated. This can be done 
by water monitoring, programs which obtain flow rates and temperatures of 
8prirrgs,and wells over t h ,  and which sample t h e  waters f o r  analysis  of 
8elected elements. From these da ta  hot wr ing  and geothermalvaters ray 
be characterized and hydrological relationships asseseed * -  . 
%%e state data base on ecosystems should be expanded and analyzed to the 
point of identifying examples of all eignif icant  ecosystems f o r  each geo- 
graphic province. This should be done in a timely manner, even though it 

the  S ta t e  Land Board. 3.45 
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may not ,e poss e t o  provide fo r  actual  acquisit ion o r  preservation o 
the  sites a t  the~t i rne.  
these areas  and a l so  could provide the basis  f o r  inclusion of the areas 
i n  the  geothermal si te unsui tabi l i ty  c lass i f ica t ion  discussed in Section 
VI1 . . _  

Such ident i f ica t ion  may allow development t o  avoid 

V. CRITICAL WILDLIFE HABITATS 

Issue 

Certain habi ta ts  are c r i t i c a l  - to  the  existence of par t icu lar  w i ld l i f e  popu- - 
l a t ions .  Such habi ta ts  may be of importance i n  a s ingle  portion of a spe- 
cies' l i f e  cycle as, f o r  example, breeding, nesting o r  fawning, wintering 
or  migration. They may be as small as single  trees or  snags f o r  cavity 
nesting birds  or may encompass very la rge  areas as, f o r  example, migratory 
routes. Certain habi ta t s  may be c r i t i c a l  t o  &ingle wi ld l i f e  species, while 
others ,  such as wetlands, may be important t o  a - l a r g e  var ie ty  of species. 

For geothermal development t o  occur $n a manner least deleterious t o  exist- 
ing wi ld l i f e  populations, it is necessary t o  know the  d is t r ibu t ions  of 
w i ld l i f e  species and of habi ta ts  cri t ical  t o  each, so t ha t  d i r ec t  habitat 
l o s s  may be minimized. It w i l l  a l s o  be necessary t o  know enough about the 
behavior of individual species t h a t  t h e i r  response t o  the a c t i v i t i e s  asso- 
ciated with geothermal development can be predicted and taken i n t o  account 
in the  s i t i n g  and operation of geothermal f a c i l i t i e s .  

- 
_ I  

Available Data 

The Oregon Department of Fish and Wildlife has ident i f ied  "habitats of spe- 
c i a l  concern" in Oregon i n  a t ransmi t ta l  t o  the  Oregon Energy Fac i t y  Si t -  

defines habi ta t s  of spec ia l  concern as "areas where animals concentrate 
seasonally €or purposes of reproduction, wintering, feeding and rear ing of 
young; or, unique hab i t a t s  l imited in scope, of ten  conspicuously d i f f e ren t  
from surrounding vegetation and topography, and essen t i a l  t o  maintaining 
species d ive r s i ty  and abundance." The l i s t  of habi ta t s  of spec ia l  concern, 
rpecies  us@ the habi ta t s  and poten t ia l  con f l i c t s  with each habi ta t  type 
i s  reproduced here as Table 4 .  As noted in the  letter of transmittal, t he  
l ist  can be used t o  ident i fy  w i l d l i f e  values inherent in po ten t i a l  energy 
development sites. 

Those conf l i c t s  denoted which are most l i k e l y  t o  r e s u l t  from geothermal 
development are : 

ing Council (November 16, 19791, r e l a t ing  t o  wi ld l i f e  protection. f 4  It 

conversion of babi ta t  t o  other  uses 
0 disturbance by human activity 

water withdranal 
0 pol lu t ion  U 

With respect  to the discussion of hot  springe and unique habi ta t s  in the 
previous rect ion,  it rhould be noted t h a t  alkaline lakes,  landlocked rprings 
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and basins, mineral springs and water 60urces in arid lands are included 
ia t he  list of habi ta t s  of special  concern. 

Habitat6 c r i t i c a l  f o r  ce r t a in  wi ld l i fe  species are knm t o  occur i n  each 
of the broad geographic areas being considered f o r  geothermal development. 
The physical extent of the c r i t i c a l  habi ta t s  var ies  among the areas; i n  
addition, the significance of habi ta t s  i n  terms of a part icular  species' 
o r  se t  of species' well-being varies.  

The Environmental Assessment Repor t 6  and Environmental Impact Statements 
which deal  with the potent ia l  geothermal areas l i s t ,  and i n  6ome cases map, 
the  d is t r ibu t ions  of cri t ical  wi ld l i fe  habitat6 known t o  occur i n  each 
r e g i 0 n . ~ ~ - 7 0  Emphasis 16  on big game species and waterfowl; in 6me cases 
limited information on upland game birds and raptors  is included. ffabitats 
mentioned i n  these reports as being s ignif icant  are indicated by area in 
Table 5. 

Figure 2 indicates  major waterfowl flyways in the  Pac i f ic  Northwest. They 
encompass a l e a s t  part6 of the  Vale, Basin and Range and Brothers Fault 
Zone areas." The Vale area i s  indicated as a major wintering area, due 
i n  pa r t  t o  la rge  food supplies produced by intensive" agricul ture  i n  the  
area. The sa l ine  lakes of south cent ra l  and southeastern Oregon, especially 
Summer, Harney and Halheur Lakes, provide extremely productive wintering and 
breeding habitats. 
a s igni f icant  res t ing  area f o r  a high percentage of waterfowl i n  the Pac i f ic  
Flyway . 22 , 28 

Harney and Malheur Lakes are within the Halheur National Wildlife Refuge and 
are, thus, protected by the administrative rules of the Oregon Energy Facil- 
i t y  S i t i ng  Council, which designate areas "unsuitable" for  geothermal e lect-  
r i c a l  development (see Section V I I ) . ~ ~ , ~ ~  Because of its management as a 
wi ld l i f e  refuge and because of the locat ion there  of the Malheur Environ- 
aneatal Field Station, t h i s  area has been well studied. Much of the data 
acquire t r may be applicable t o  aon-protected s proximal t o  the 

Additional information on crit ical  w i l d l i f e  hab i t a t s  res ides  with t h e  Oregon 
Department of Fish and Wildlife and the U. S. Fish.and Wildlife Service, t he  
agencies responsible for  manage e w i l d l i f e  populations. Certain of 
these data  have been published, $,Yb,8f but a great dea l  of information $6 
not  readi ly  accessible.  The orajority of the  published data  concerns b ig  
game species. 

There is a rcat tered l i t e r a t u r e  on critical hab i t a t s  of non-game ~ p e c i e s ,  a 
l a r g e  p a r t  of vhich dea ls  with the dfs t r lbu t ions  a t  requir-ents of 
the  northern spotted owl, osprey and other  rapto 19*20,25*5**59 

I n  addition, the Oregon Natural Heritage Program Inventory includes site 
data for critical habi ta t s  of rare or endangered an-1 r p e c i e ~ . ~ ~ * ~ 5  

The Klamath Basin, w h i l e  not a major wintering area, is 

refuge . P3,8%,S7 
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L TABLE 5 .  Critical Wildlife Habitats Known to Occur in Oregon Geothermal  area^^^'^* 

Antelope suPPner range 0 

Antelope kidding 

Boosevelt e l k  winter range 

0 

0 

0 0 

i 
t 

0 0 

0 

Rocky &k. elk*- 

Hale deer vinter range 0 

Mle deer sumr range 

Blacktail deer 

Black bear* 

0 e 0 

.i * 0 0 
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Sagegrouse rtntttlng 
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FIGURE 2. Major flyways of the Pacif ic  Northwest with Oregon wintering grounds. 
From Atlas of Oregon, Loy, 1976.28 
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re la t ive  t o  human ac t iv i t i e s  and particularly t o  those ac t iv i t i e s  associated 
with geothermal development. A two-year s tudy  which compared wildl i fe  be- 
havior and numbers on effected (quiet) and uneffected (noisy) study sites 
at the Geysers d id  not detect any obvious or dras t ic  e f fec ts  from noise or 
human disturbancea24 Cr i t i ca l  l i fe  cycle stages, especially breeding or 
wintering periods, may be more sensit ive t o  human disturbance than these 
results indicate. 

I 
t 

The ferruginous hawk, a species recognized as being sensi t ive t o  disturbance 
and prone t o  nest desertion during incubation, was subjected t o  experimental 
disturbance a t  the INEL geothermal si te a t  Raft River, fdaho.56~76 The study 
assessed the populational impacts of noises and other types of disturbance 
simulating those associated with routine operation a t  a development site. 
Resul ts  indicated that certain types of a c t i v i t i e s  (approaching nests on 
foot o r  i n  a vehicle) produced s ignif icant  impacts (lowered fledging rates), 
while other types of disturbance (intermittent, abrupt noises or continuous 
noises) did not appear to. From the study, preliminary reconmendations were 
made fo r  buffer zones relating to  all human ac t iv i t i e s  and t o  construction 
ac t iv i t ies .  

Data Adequacy 

In general, a great deal  is known about the dis t r ibut ions and critical habi- 
tats of big game and upland game species and waterfowl, since these are 
studied and managed by state agencies f o r  sporting fnterests .  
federal  land management agencies Planage f o r  game species and, t o  aome ex- 
t en t ,  f o r  cavity nesting birds and raptors. Much less w e l l  knovn are t h e  
ident i ty  and extent of critical habi ta ts  of many wi ld l i fe  species which 
are not of any demonstrated economic importance. 

Habitat data fo r  game species are probably adequate f o r  planning geothermal 
development, a t  least in terms of minimizing d i r ec t  habi ta t  modification o r  
loss. Conversely, t he  habi ta t  requirements for  most small, inconspicuous 
animal species and the dis t r ibut ions of such habi ta ts  are too poorly known 
t o  assure protection of critical habitats.  

Behavioral data  are inadequate f o r  determining appropriate buffer zones be- 
tween critical wi ld l i fe  habi ta ts  and geothermal development ac t iv i t i e s .  
Existing data suggest that the physical extent of t he  buffer zone required 
will vary according t o  species, type of disturbance and l ife cycle stage. 

In addition, 

i 
L 
I 
c 
I, 

L 
c 
L 
L, 
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Existing data may be adequate to  i n i t i a l l y  el5mlnate certain areas from 
consideration fo r  geothermal development. %ample8 might be the areas a t  
the east base of Steens Ht., which serve as important wintering and/or year- 
long range for  bighorn sheep, antelope and mule deer, and those areas ad- 
jacent t o  and including Summer Lake, which are important as waterfowlvin- 
ter- and breeding habitats. 

Recommendations - 
Critical vildlife habi ta t  maps rhauld be developed from e d s t f n g  information 

i 
I, 
t 
cr - 
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f o r  the  geothermal regions. Known c r i t i c a l  habi ta ts  should be included as 
a component of the geothermal suitability/unsuitability c lass i f ica t ion  dis- 
cussed i n  Section V I I .  li 

I 

Areas not included i n  known c r i t i c a l  habitat  
fowl, cavity nesting birds and raptors w i l l  need t o  be inventoried fo r  in- 
conspicuous animal species before extensive development of geothermal re- 
sources. This  should occur on a site specific and project specif ic  basis.  

Cr i t i ca l  wi ld l i fe  habitats w i l l  require buffering from Beotherma1 a c t i v i t i e s  
and from increased del iberate  o r  inadvertent harassment which may ensue from 
increased ,human access. This  w i l l  be especially important f o r  habitats which 
suppor t  c r i t i c a l  l i f e  cycle stages, such as reproductive or wintering persods. 
In  each case where geothermal development is proposed near a crit icalwild- 
l i f e  habi ta t ,  behavioral studies of the species involved should be in i t i a t ed ,  
i n  order t o  determine adequate buffering of habi ta ts  pr ior  t o  the s i t i n g  of 
f a c i l i t i e s .  
before pre-development a c t i v i t i e s  have altered baseline population leve ls  
o r  behavioral patterns. 
be monitored during operation of the geothermal f a c i l i t y  in order t o  assess 
the adequacy of the  buffer zone provided and t o  low fo r  recognition and 
mitigation of unforeseen impacts. 

f big and upland game, vater- 

It i s  imperative tha t  these behavioral_etudies be conducted 

Behavioral reactions and population levels  should 

VI.  NATURAL AND AGRICULTURAL PRODUCTIVITY 

the state'e economy, and es l l y  that of the regions being con- 
sidered fo r  geothermal development, is highly dependent on vegetative pro- 
ductivity. Timber production is of primary Smportance in the Western and 
High Cascades provinces; Douglas f ir  and ponderosa pine tire econodcally 
s ign i f icant  Over la rge  areas which are now considered t o  have geothermal 
potential .  I n  addition t o  timber, most provinces east of the  Cascades have 
valuable grating resources in t he  form of extensive areas  of sagebrush and 
nat ive  grasses; alfalfa is widely cult ivated for hay. Grain production i s  
important in the  LaGrande area. Intensive production of,-potatoes, onions 
and other vegetables on the r i ch  agr icu l tura l  b a d 6  of the Snake River P la in  
near Vale y ie lds  some of the  highest t o t a l  crop values in the  state and forms 

... 

it, it is h p o r t a n t  t o  h o w  what the  c f fec te  t o  vegetation from geothermal 
development w i l l  be. It is assumed t h a t  with proper planning direct loss 

habitatr vill  be avo d or rinrmized. - 
' We will concentrate here fec te  of geo 

'electrical production on natural and agr icu l tura l  vegetation. 
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Available Data 

' Prediction of the e f fec ts  of geothermal emissions t o  natural  and agricul- 
t u r a l  vegetation w i l l  depend on knowledge of a range of site- and project- 
specific parameters. These include: 

qual i ta t ive 
emissions pathways, including local  meteorology, surface and 

regional and loca1,vegetatioa composition; 
uptake and accumulation behavior and sens i t iv i ty  of 

quantitative composition of emissions; 

groundwater systems, and so i l s ;  

individual plant species and of consumer and decomposer 
portions of food chafns. 

Emissions composition and magnitude w i l l  c lear ly  be related t o  specif ic  
project design and t o  the nature of the  geothermal f lu id  t o  be uti l ized. 
Information is available about the chemical composition of thermal springs 
and wells in Oregon and these data suggest pollutants which may be of con- 
cern.30~43 However , since the hydrological connections between hot springs 
and geothermal reservoirs are largely unknown, these data pray or may not be 
definit ive.  
sulf ide,  bo on, f louride and heavy metals can be expected t o  be possible 

Based on experience a t  the  Geysers and elsewhere, hydrogen 

pollutants. 19 
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Emissions composition and magnitude may be bounded by regional or  project- 
specif ic  regulatory l imi t s  i n  e f fec t  at  the  time of development. Present 
data are not adequate t o  allow predictions about the possible composition 
of power plant emissions for the various geothermal regions of Oregon. 

Likewise, emissions pathways w f l l  be highly site-specific. 
t a t i on  stress and damage a t  the Geysers indicated both f o l i a r  and root up- 
take of boric acid (considered the  most probable source of vegetation dam- 
age there).29 Drift deposition on foliage appeared t o  be a more s ignif i -  
cant source of stress and'drrmage than s o i l  accrrmulation; l i t t l e  boron was 
present in deep s o u  layers. Host v i s i b l e  damage was confined t o  distances 
less than 500 meters from cooling towers and most stressed vegetation (as 
evidenced by aerial infra-red photography) was within 550 meters. 

Weteorological information is available from a number of s o ~ r c e s . ~ * ~ g * f 3  
Hydrological data is compiled for  both surface and groundwater regimes by 
t h e  Oregon Department of Water Resources48 and soil surveys and maps have 

every case, however, these data  are on 'a re la t ive ly  gross scale f o r  predic- 
t i on  of anfssions pathways and would need t o  be supplemented by site-specific 
rtudies. This is a normal circumstance in the  energy,faci l i ty  s i t i n g  pro- 
cedure. 

The natural vegetation of Oregon has been described Sn d e t a i l  by Ranklin 
8nd Dyrness.1S u p s  irrdicate the  general vegetation regions 8nd the text 
dfscusses the  composition and circumstances of occurrence of major plant 

'conrmunities and associations vf tbfn each region. Current data relating 

Studies of vege- 
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i been published by the U.S.D.A. Soil Conservation Service, In v i r tua l ly  L 

- 
6, 
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t o  types of agr icul tural  crops i n  each county are available f 
Department of Agriculture and the Oregon Sta te  University Extension Service. 

-- I n  s i t u  s t u d i e s  of the e f fec ts  of geothermal missions components on Oregon 
plant cormnunities have not been carried out, since there has been no geo- 
thermal e l e c t r i c a l  development here. A recent s tudy  by Thompson and Kats 
of the e f fec ts  of H2S d i d  include several species vhich occur i n  Oregon.60 
That s tudy  indicated that  Douglas f i r ,  of major economic importance i n  the  
Cascades, i s  one of the  species most sensi t ive t o  t h i s  pollutant. Ponderosa 
pine, the  dominant species in most timbered areas east of the Cascades, was 
also tested, as were two crop species s ignif icant  t o  Oregon agriculture,  
namely sugar beets and a l fa l fa .  

As mentioned, the Geyse 
of the  vegetation stres 

. Vegetation near . the  uni t s  exhibited symptom typical of boron toxici ty ,  
w i t h  big leaf maple (a minor component of Western Cascades forests)  exhi- 
bi t ing  the most extensive damage. For some species, including big leaf 
maple and Douglas fir,  boron leve ls  were signif icant ly  higher i n  damaged 
leaves than in undamaged leaves during some test periods. 

Indirect  evidence pointed t o  su l f a t e  as a possible source of damage t o  
Douglas f ir  and big leaf maple. Sulfate  was measured a t  deposition rates 
similar t o  f o l i a r  fert i l izer application rates ,- although it was sometimes 
higher i n  the  circulat ing vater. I n  comparisons of Douglas f i r  needles 
(two tests) , damaged t i s sue  had s ignif icant ly  higher su l fur  concentrations 
than undamaged tissue.  Similar r e s u l t s  were obtained in one of three tests 
o f  big  leaf maple leaves. However, Sn each case, boron leve ls  were a160 
signif icant ly  higher i n  damaged leaves, SO the  cause of damage is uncertain.29 

The the Geysers contains a good general discussion of 
the  impacts on vegetation caused by potent ia lmajbr  components of geothermal 
emissions. It presents‘normal levels of cleme 
the  envirorment, threshold leve ls  f o r  damage 
of vegetation. General pr inciples  of plant- 
uptake, roo t  versu 
uptake and removal re discussed 

Additional data  on t h e  effects of geothe 
cluded in Pespanses 

egetation study indicated t h a t  boron caused most 
d-ge near operating geothennal un i t s  3 9  

. 

uptake of disso 

(Hudd and Kozloski, 1975).34 

The avai lable  data  are natural  and agr icu l tura l  
ecosystems wbich mray be expected t o  be effected by geothermal emissions. 
Even 80, rpecies imrentories will be required once development aites are 
.erected. Chemical composition of geothermal f lu ids  and, thus, of potent ia l  
anissions u e  poorly known; they t r i l l  be described OQ a site- and project- 
opecif ic  basis. %oriSs~one pathways -1 be 80 highly Bite-specific that 
data presented at currently avai lable  males will not be su f f i c i en t  for pre- 
d ic t ion  of effects .  Data on e f f e c t s  of various poten t ia l  emissions campo- 
nents on individual 8pecies are avai lable  fn only a few h tances .  
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e 
A thorough l i t e r a tu re  search should be conducted to  delineate the known 
range of sens i t iv i ty  of native (or closely related) species t o  suspected 
emissions components. In s i t u  s t u d i e s  a t  operating geothermal power plants  

applicable t o  Oregon species. The l i t e r a tu re  review w i l l  be useful i n  de- 
signing further e f fec ts  etudies. 

It is not pract ical  t o  recommend that a l l  plant species present in poten- 
t i a l  geothermal areas in Oregon be assayed for  t h e i r  response t o  putative 
components of geothenaal emissions. 
panded t o  include dominant native or  important cultiva.ted plant species 

Douglas f f r ,  ponderosa pine, sagebrush, aat ive grasses, a l f a l f a ,  onions 
and potatoes are among the  species which should receive at tent ion i n  a pre- 

geothennal resource chemical composition becomes available and the Plagni- 
tude of emissions components can be predicted, cffecks studies keyed to 
local ly  occurring species and emissions can be designed. 

In i t i a l ly ,  major emphasis should be placed on studies of the  e f fec ts  of 
boron on key native vegetation and crops, since boron emissions from power 
plant cooling towers have been h p l i c a t e d  as causing v i r tua l ly  a l l  observed 
vegetation damage a t  t h e  Geysers. Study of Douglas f i r  Should be given 
high pr ior i ty  because it is so ~ S g a i f i c a n t  t o  Oregon's economy and as i t  
$6 a species f o r  which damage appeared t o  be rated t o  t i s sue  leve ls  of 
boron and/or sulfur  at the Geysers. In addition, since Thompson's work 
has sham it t o  be especially sensi t ive t o  H2S9 fur ther  investigatlons of 
the  relationship of H2S t o  damage t o  Douglas f i r  are of critical importance. 

Research on native and cultivated species should include the synergistic 
and cumulative e f fec ts  of boron, H2S and heavy aetals at  low dosages, as 
w e l l  as the consequences t o  natural ,  agr icul tural  and human food chains, 
in  the  event that e igaif icant  e f fec ts  t o  vegetation are discovered. 

formulate regulatory limits f o r  d i f fe ren t  emissions components, perhaps by 
vegetation regions, depending on the var ia t ion i n  sens i t i v i ty  of plant species. 

Data on emissions composition, emissions pathways and l oca l  vegetation pat- 
terns w i l l  be acquired at the necessary leve l  of d e t a i l  f o r  prediction of 
e f fec ts  only un a site- and prodect-specific bash. Qne specif ic  develop- 
Pent i s  proposed, t he  types and concentrations of emissions (related t o  

l i n e  meteorological and hydrological pat terns  established, and the composi- 
tion a d  baseline productivity level6 of  vegetative systems deterplined. 
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n other areas, such as the Geysers, may yield information which is di rec t ly  

However, basic research should be ex- 
I 

which occur in areas vhere geothermal ac t iv i ty  is considered most l ikely.  

Uminary survey of emissions effects.  Once area-specific iaformation on 

i 

Results of l i t e r a t u r e  review and physiological research should be used t o  

L 

I 

i 
L 

currest ly  available anissions control technologies) w i l l  be assayed, base- 

Based upon projected anheions l eve ls  reaching the vegetation, predictions 
vfll be made es t o  the  Qpacts t o  ecosystems productivity. The ease and 
confidence in predict- d i r ec t  acute, synergistic,  cumulative and food 
chain tffects w i l l  be determined la rge ly  by the extent t o  which the 

r 
L 
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physiological research recoramended here has been conducted prior t o  th i s  
stage. Additional investigations keyed t o  local conditions and species 
w i l l  generally be necessary and it w i l l  be c r i t i c a l  t o  monitor variation 
and trends i n  emissions, cmissions pathways and vegetative productivity 
levels . 

OREGON'S GEOTHERMAL SUITABILITY/UNSUITABILITY CLASSIFICATION V I 1  

The Oregon Energy Facil i ty Siting Council (EFSC) has jurisdiction over the 
s i t ing  and regulation of geothennal e lectr ic  generating f a c i l i t i e s  greater 
than 25 mw (ORS 469.470(3)) and has the authority to  designate geographic 
areas within the s t a t e  which are suitable or unsuitable for  use a s  sites 
for geothennal power plants (ORs 469.470(2)m"* The Council w i l l  not ac- 
cept applications for s i te  c e r t i f i  ates fo  ites within areas designated 
a s  unsuitable (OAR 345-4O-020(2)) .59** esignations of areas as s u i t -  
able or  unsuitable may be amended by th c i l  (OAR 345-40-020(3)) 

To date the EFSC has classified as unsuitable designated natural resource 
areas, including national parks, monuments and memorials; wilderness and 
roadless areas; botanical, geologic, historic,  scenic and recreation areas; 
research natural areas; v i ld l i f  e management 'areas; and s t a t e  parks .39,46 
I n  addition, the Newberry Crater area, including Newberry Crater, North 
Paulina Roadless Area, South Paulina Roadless Area and the Lava Cast For- 
est, has been classified as unsuitable for  geothermal e lectr ic  generation 

Figure 3 indicates those areas c lass l f ie  by the EFSC as unsuitable for  
use a s  sites for  geothermal parer plants, Note that  a l l  areas ldentlfied 
as "less suitable'' on h s map are designated as 'gunsuitable", according 
t o  OAR 345-40-030(1) d , # 6  

. 

(OAR 345-40-030(3)) m3' 

Jtecommenda tions 

The unsuitability c l a s s t f i  
areas with concentrations of rensit ive ecosystems elements discussed ia 
t h i s  report, particularly rare 8nd endangered epecies, certain hot springs 
and other unique ecosystems, best uamples of natural ocosyetems and criti- 
cal wildlife babitats. Other considerations,-ruch as air quality, water 

hould be expanded to  include 

t r ic t ions  and aesthetics, wight a160 be incorporated int'o the- c lass i f i -  
ion scheme. Many participants i n  the ECOSYSTEMS WORKSHOP fe l t  that  high 

unsuitability f o r  
r i t y  should be given t o  accomplishing a resource bventory of the Alvord 

Valley, with 8ubSequent partitioning as t o  L geothermal electrical development. 

I 

* ORS (Oregon €&vised Statutes) s la t ton which pro- 6.- 
vides rtatutory authority fo r  otate  rilPliaietrative agencies , 

** OAR (Oregon Administrative Rules) are adopted by rtate agencies, 
councils and commissions. 

rs 
h 

L 
ouncils or coxnissions t o  hplanent  the atate rtatutes. 
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FIGURE 3 Areas classif ied by the Oregon PIergy Faci l i ty  Sit ing Council 
as unsuitable for use as s i t e s  for  geothetme1 power plants. 
Areas identified 6s "less suitable" are designated as 
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VISI. SUMMARY OF RECOMMENDATIONS 

The recommendations presented i n  t h i s  report have been c lass i f ied  as being 
of high, medium o r  low priorsty. In general, highest p r ior i ty  has been as- 
signed t o  those a c t i v i t i e s  which would circumvent confl ic ts  between geother- 
mal development and important ecosystems components. The ranking i s  based 
upon ecosystems component s tud ies ;  where appropriate and possible, emphasis 
on par t icular  geothermal regions is indicated. 

The recommendations are summarized below; details 
responding sections of the text.  

High pr ior i ty  

The Oregon Energy Fac i l i ty  Si t ing Council classif$cation of areas  suitable 
o r  unsuitable fo r  the s i t i n g  of geothermal pover plants should be expanded 
t o  include geographic areas containing concentrations of sensi t ive ecosystem 
elements discussed i n  t h i s  repor t ,  par t icular ly  hot springs and other unique 
ecosystems, rare and endangered plant and animal species, prime examples of 
natural  ecosystems, and c r i t i c a l  w i l d l i f e  habitats.  Additional factors ,  
such as water restrictions and air quality, should also be considered f o r  
inclusion as components of the  classi f icat ion,  

It is  proposed that the  expansion of the  sui tab 
f i ca t ion  be organized by ' the Oregon Department of Energy, as a taskforce 
involving input from the  Oregon Rare and Endangered Plant Project, t he  state 
Natural Area PreSeWeS Advisory Committee, the Oregon Department of Fish and 
Wildlife and others with specialized experise in these areas. Recommenda- 
t ions would be made t o  the EFSC r inclusion i n  its rruitabil i ty standard. 

In i t i a l  reconmendations should be based upon exis t ing data bases; f iveator- 
i e s  should be de l ineated  by the taskforce of areas for which the data are 
not  adequate t o  make Beteminations of 8u i t ab i l i t p  o r  unsuitabil i ty.  M d i -  
t i ona l  recommendations should be made on a periodic basis,  8s new information 
on the s t a tus  and d is t r ibu t ion  of components c l a r i f i e s  t he  s u i t a b i l i t y  of 
par t icu lar  geographic areas f o r  geothermaldevelopment. It i s  felt that a 
c la s s i f i ca t ion  which c lear ly  Sdentifies those areas with *%igh".ecosystans 
values w i l l  r e s u l t  not only in protection of these lsensitive components, 
but w i l l  a160 c l a r i f y  constraints  pr ior  to development act 
Cumvent conflicts at the  time of development. 

t o  del ineate  areas unsuitable for  geo 
t ical  importance due t o  the  known existence of rens i t ive  ecosystems com- 
ponents (including rare and endangered plant  and animal species, unique 
hot wrings and critical wi ld l i fe  habi ta ts)  and due t o  t he  f a c t  that geo- 
the- rites there been ident i f ied  88 1 candidates for developcnt.  

Biologic& chemica physical &entories of hot  springs w i t h i n  the geo- 
thermal regions should be conducted. nigh p r i o r i t y  is assigned t o  these in- 

ded in the cor- 

- 

i m b i l i t y  c h ~ s i -  

d be given t 
This i s  of cri- 

because these ccoeylstems are the  00s f a i th fu l ly  associated 
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with geothermal potent ia l  and are, thus, the most l i ke ly  t o  be disturbed 
by development ac t iv i t ies .  
identified which could begin producing e l ec t r i c i ty  on an economically com- 
pe t i t i ve  basis  in the near future; thus, potent ia l  disturbance of these 
springs may be imminent. 

I n i t i a l  emphasis should be placed on these springs where development is 
considered most imminent and upon those2which have been identified as be- 
ing of par t icular  biological interest or which support rare, endemic f i s h  

Additionally, f o r  hot springs where development i s  considered most l i ke ly  
or where development is expected t o  occur in the near future,  the  hydro- 
logic relationship of hot spring waters and geothermal f lu ids  should be 
investigated through water sampling programs. 

Medium Pr ior i ty  

The following recummendations fo r  expanded inventories and f i e l d  investi-  
gations are made fo r  the purpose of f a c i l i t a t i n g  s i t i n g  decisions once 
specif ic  geothermal development i s  proposed. 
rived from the inventories is  a l so  eeen as cycling in to  future  recommenda- 
t ions f o r  c lass i f ica t ion  of areas as sui table  or unsuitable for geothermal 
power plants,  as discussed previously. 

The existing data base f o r  rare and endangered plant  species should be ex- 
panded. Field surveys should emphasize 1) areas where geothermal develop- 
ment is considered most imminent or most l ikely,  2) species known t o  occur 
in geothermal areas; t h i s  will include f i e l d  surveys of habi ta t s  where these 
species are expected t o  occur, throughout t he i r  t o t a l  range. 
be incorporated i n t o  t h e  Oregon Rare and Endangered Plant Project data base 
so that species composition of geothermal areas may be readily assessed and 
so that the  dis t r ibut ions and s t a t u s  of species may be reviewed in a compre- 
hensive manner. 

The data bases of rare and endangered animal species and cri t ical  wi ld l i f e  
habi ta t s  should be compiled and expanded f o r  the  geothermal regions. Haps 
indicating the  dis t r ibut ion of rare and endangered species and the distribu- 
t i on  and areal extent  of critical habi ta ts  should be refined. The s t a t u s  of 
"8pecies of special  concern," which have not been designated as endangered 
or threatened a t  the state or federal  level ,  should be reviewed and t he i r  
dis t r ibut ions included in the  mapping effor t .  Where appropriate, rpecies 
should be o f f i c i a l l y  l i s t e d  f o r  protection. 

The designation of prime examples of a l l  r ignif icant  na tura l  ecosystems for 
fu ture  protection should be completed, Once these areas are Identified,  
even though actual acquisit ion or preservation measures have not been hi- . 
t i a ted ,  development could proceed around them, thus preventing confl ic t8  re- 
l a t i n g  t o  preservation of natural areas, 

. Additional research as t o  the extent of buffer zones necessary for the  con- 
tinued existence of rare and endangered rpecies and maintenance of critical 

In  addition, several hot spring areas have been 

* -  species. 

The information t o  be de- 

New data should 

* 
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wild l i fe  species should be conducted. Such research may be done by u t i l i -  
zing experimental disturbances which s h u l a t e  those associated with geo- 
thermal development and operation, o r  by assessing behavioral react ions of 
species t o  ac tua l  disturbance from other types of development. 

Low P r i o r i t y  

Basic research should be conducted on t he  e f f ec t s  of geothermal emissions 
on dominant or economically important plant  species. I n i t i a l  emphasis 
should be placed upon the  study of boron, as it has been implicated i n  
causing most damage a t  the Geysers. Additionally, the  e f f ec t  of H2S on 
Douglas f i r ,  a species par t icu lar ly  sens i t ive  t o  sulfur ,  should be continued. 

Relatively low p r io r i ty  has been assigned t o  these emissions studies,  be- 
cause the areal extent of vegetation damage around the  Geysers cooling towers 
was qui te  small (less than 550 meter radius). This distance may, however, 
be s ignif icant  in areas supporting intensive agriculture;  crops grown i n  
such areas  (e.g., Vale) should be tes ted  f o r  t h e i r  s ens i t i v i ty  t o  poten- 
t i a l  geothermal pollutants.  

I f  appropriate, regulatory l i m i t s  f o r  geothermal emissions components should 
be formulated, based on epecies censi t ivl ty .  

S i t e  and project  epecif ic  s tudies  w i l l  be necessary f o r  r a r e  and endangered 
species, unique habi ta ts ,  critical wi ld l i f e  habi ta ts ,  vegetative product- 
i v i ty ,  erc. , once geothermal development sites are proposed. These 6tudieS 
are given low p r i o r i t y  here only because they cannot be conducted u n t i l  t h e  
site, project  design, and t h e  nature of t h e  geothermal resource have been 
ident i f ied and defined. Once t h i s  occurs, bite and project  rpecff ic  in- 
vest igat ions will be of highest  p r ior i ty .  
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APPENDIX DA 

OGEOS ECOSYSTEMS WORKSHOP SUHUY 

The ECOSYSTEMS Workshop considered the ecosystem elements of concern, 
classes of e f fec ts  t o  these ecosystems from geothermal power development 
and methods by which the  e f fec ts  might be avoided or  mitigated. 
were identified which would be l ike ly  t o  be of concern in each of the  
geographic areas for  which geothermal scenarios were being postulated, 

The ecosystem elements or  a t t r i bu te s  which are most sensi t ive and of most 
concern are: 

Issues 

-rare and endangered species 
-c r i t i ca l  wi ld l i fe  habi ta ts  
-unique ecosystems, especially bot springs 
-agricultural and natural  vegetative productivity 

The potent ia l  e f fec ts  t o  these ecosystem components .include: 
-hab it a t  elimfna t i on 
-habitat disturbance, iacludfng harassment 
-climate modification and its implications 
-surface water modification 
-aquifer modiffcation 
-effects of noise 
-chronic, cumulative and s y n q g i s t i c  effects ,  especially relat- 

-increased access and other secondary effects ,  iacluding 
h g  t o  e d S S i 0 n S  

Urbanization 

The relationship of physiography t o  these potent ia l  e f f ec t s  was discussed, 
as was the adequacy of e x i s t h g  regulatory control of geothennal emission 
components, such as H2S and 8 .  

Methods t o  avoid or  a l l ev ia t e  adverse impacts include site- and project- 
specif ic  b a s d i n e  studies and monitoring of emissions effects .  

Compilation of a state data base f o r  rare and endangered species, critical 
wi ld l i fe  habi ta ts  and unique ecosystems would be valuable f o r  select ion of 
su i tab le  sites. Geographic areas containing concentrations of sens i t ive  
ecosystem elements should be ident i f ied as unsuitable f development or 
parti t ioned according t o  suitabi l i tp/wsuitabfl i ty  pr io  t o  development. 

Specific biological resource information for t h e  ge,ographic areas under 
consideration comes primarily from five sources: ERA environmental assess- 
ment reports,  0. S. Forest Service and Bureau of Land Management iaventories 
and resource management plans, input from Oregon and U.S. Fish and Wildlife 
personnel, information from t h e  Oregon Bare and Endangered Plant Project,  
and the  Oregon Heritage Program of t h e  Nature Conservancy. Hot springs of 
par t icular  biological interest have been ident i f ied by Dr. R, W. Castenholz, 
Univerei t y  of Oregon. 
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SOCIOECONONIC ISSUES 
RXLATED TO THE DEVELOPMENT OF GEOTHERMAL 
ENERGY SOURCES IN THE STATE OF OREGON 

I. INTRODUCTION 

The purpose of t h i s  report is t o  identify soc ia l  and economic issues which 
may influence the development of geothermal resources in Oregon. The report 
u t i l i ze s  the general framework of the emerging f i e l d  of Social impact assess- 
ment. 
places society ( S O C f a l  systems) on the  "receiving" end of proposed develop- 
ments, e f for t s  t o  distinguish between development-related and "exogenous" o r  
outside impacts on society, and conceptual separation of economic, socioecono- 
mic, and social  impacts. This introduction br ief ly  reviews these components, 
describes the procedures used in the  preparation of this report ,  and provides 
an outline of this report. 

A. A General Framework 

The basic Social impact assessment model views proposed developments, such 
as those related t o  geothermal resources, as potentially significant inter- 
ventions in to  ongoing Social processes. Since soc ia l  systems (groups, com- 
munities, organizations) continually change, analyt ical  focus of social  im- 
pact assessment focuses on how the proposed development w i l l  alter the future 
course of the social system under study. And, since developments do not uni- 
formly impact a l l  aspects o r  features of society, a major task of social  as- 
sessment is t o  determine which aspects of eociety are most l ike ly  to  be 
changed by the proposed development. 

That framework includes the following components-a general model which 

The question of which aspects of society might be changed closely para l le l s  
the organizing question fo r  t h i s  r e p o r t 4 i c h  socioeconomic issues may emerge 
with the development of geothermal resources in Oregon. Jus t  as the "which 
aspects" question typically leads  t o  consideration of a comprehensive listing 
of social  impact variables (See Figure l), the  "which issues" question leads 
t o  a review of possible natural  resource-related concerns. A socioeconomic - issue is roughly comparable t o  a socioeconomic variable, in that both r e fe r  
t o  some specific aspect of society which may change because of the proposed 
development. The basic difference is best described as one of public moti-  
vation-an issue re fers  t o  8me aspect of society which is eeen as especially 
significant,  and is l i ke ly  t o  provoke strong public reaction o r  comment. A 
specif ic  variable, while susceptible t o  change, i s  not necessarily a l so  de- 
fined as a key issue by potentially impacted publics. Thus, identified eocio- 
economic issues are discussed in this report as key soc ia l  impact variables. 
However, there are possibly other social  h p a c t  variables which are not dis- 
cussed in this report because tEq would probably not be 8een as c r i t i c a l l y  
important t o  impacted publics. 

A major challenge in nearly a l l  80&1 impact 
changes which .can r ea l i s t i ca l ly  be at t r ibuted 

studies is to separate those 
to the proposed development 
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FIGURE 1. Social Impact Categories, 
. Variables and Components . 

i, Social Impact Categories Social Impact Variables Social Impact Components 
I. WAYS OF LIFE A-Community Culture Change 

(Subculture, Trait, or 
Theme) 

Opportunities 
. B--Leisure & "Cultural" 

C--Recreational Opportunities 1-Carrying Capacity 
2-Available Lend & Facilities 
%-Recreational Demand 
4--"0p timal Recreationis t*' 

D--Special Group Access 
L 
1 

i 

(Elderly, Handicapped, 
Poor, Transit-Dependent) 

€--Security (Anxiety, Unpre- 
dictability, & the L "Unknown") 

F--Open Space 

11. SPECIAL CONCERNS A--Minority 6 Civil  Rights 1-Minority Group Impacts. 

&-Historical & Archaeologi- 

A--Value Orientations 
&-Value Rankings 

2--Ci~il Rights 

cal Sites* 

A-Places 
&-Practices 
cI-"ThiSlgS" 

A-Physical Cohesion (Barriers) 
&-Social Class 
C--Attitud.e b Value Cohesion & 

Conflict 
D-Action Alternative Cohesion 

b Conflict . L 

-ity Activities 



Social Impact Categories . 

VI. SOCIAL INSTITUTIONS 

E3 
Social Impact Variables Social Impact Components 

A-Educational Instftutfon 1-Educational Resources 
a--Fundlng 
b--Programs 
c--Personnel 
d--Facilities & Equipment 

2-Educa tional "Users" (S tu- 
dents & Employers) 

3-Educational Characteris- 
tics of Population 

4-Educational 6 Scientific . 
Opportunities 
a--Range of Opportunities 
b-Access by Educational 

& Scientific "Users" 

. 1' 
11 
I 

a . 

&-Family Institution 1-Family Characteristics 
2-Family Economic Indicators 
3--Family Forest Resource Use 

P 
c 
I 
I 
G 
I; 
L 

C-Economic Institution 1- (Employment i Unemployment)* 

%Rural Poverty 
(Employment & Income) 2-(1ncome)* 

D--Economic Institution 1-Transportation (Forest Access) 
(Infrastructures) a-Legal Access Limits- 

(Easements; Special Use 
Permits; Trespass) 

b-Travel Time 
c-Seasonality of Access 

' . do-Transportation Equipment 
Type (Foot, Horse,:Boat, 
Plane, Auto, ORV, Rail) 

e-Transportation Facilities . 
(Roads, Trails, Uater, 
Airstrips, Railroads) 

f--Experience Type (Travel- 
Through vs. Destination) 

g-Travel Route "Difficulty" 
2--Cammunications 6 Hedia 

a--Media Harket (Population 
Site & Structure) 

&-Forest as "Supplier" of 
Information 6 Issues 

c--Impacts on Media Advertiserr 

a-Utility Uses of Forest 

b-Utility Access,& Development 
c--'%onsump tion" fmpa;cts 

(Population & Economic 
d--Supply Capability Thresh0 

(Population & Use uatc) i 
e--Special Districts as Volun- 

tary Associations & Social I 

- .  

. 3-Utilities 6 Special Districts 1 
. 1- 

k 

Resources 

56 
-port Syrtems L 
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Social Impact Variables Social Impact Components 
dd. SOCIAL INSTITUTIONS -Econonic Institution 4--Housing 

4 :  (con t inued ) b--Housing Quality 
(continued 1 (Infrastructures) a--Housing Supply System 

h; 

id 

L 

c--Housing-Related Econo- 
mic Factors 

d--Forest-Related Housing 
Materials 

Emergency Preparedness & 
L a w  Enforcement 
a--Natural Disaster Potentsal 
b--Emergency Infrastructure 

(What is "Legal"?) 
d--Illegal (or "Deviant") 

. Behavior (Incidence & 
Locat ion) 

Sys tem (Personnel, 
Equipment ) 

f--En f or cemen t "Res u1.t s" 
(Arrests, Convictions, 

. Litigation, Property 

. c-Normative Questions 

e--Law Enforcement & Justice 

. Impqct) 
g--Safety (Accidents) 

a-Physical & Mental Health - 
b-Health System Resources 

(Facilities & Equipment, 
Personnel) 

c-Money to Counties. 
(Public Health Services) 

d--Health Services "Demand" 
(Population Change) 

6-Heal th 

7-Social Services & Public 
Assistance 
a-social services "suppliers" 

b--Social Services "Receivers" 
c-Money to Counties 

d-Fores t as Formal/Informal 

(Funding & Personnel) 

(Social Services 

Social Service Organization 
1 &-Political Xnstitution 1-Governmental Site & "Density" 

2-Governmen t Fin'ancing 
%-Cititen-Covemment Linkages 
4-Voluntary Associafion Activity 
S-4tgislative & Partiran 

tolltlcal Activity 

L 
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Social Impact Categories 
VI. SOCIAL INSTITUTIONS F-Religious Institution 

Social Impact Variables 

(continued 1 

&-Military Institution 

A--Land Allocation & Use VII. LAND TEhVRE & 
LAND USE 

&-Land Use Regulation 

VIII. COMENNITY CONTEXT A-Community Identity 
&-%ense of Place" 

IX. POPULATION DYNAMICS A--Population Size (Growth, 
Stability, Decline) 

&-Population Density 
C--Displacement of People 

D--Population Distribution 
&-Population Hobility . 

Social Impact Components 

1-Religion-Based Ethical ' E  Norms & Values 
2--Reliiious Sys tern Resources 
.l--Official Forest Use 
2-Forest Products Consumption 

1-Actual Use Compatabflity 
2--Suitability (Environmental 

3-Aesthetic Effects 

1-Conditional Use & Building 

2-Comprehensive Planning & 

Carrying Cspacity) 

(Viewer Access)* 

Permits 

Zoning 

I--Population Size Perspectives 
2-Population Size Change 

I--Physical Displacement. 
2--Use Displacement 

1-Geographical Mobility. 
2-Social Hobility 

?-Population Structure 
(&e 4 k x )  

. 

i 

b 
bd 

i 
Li 
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from those which are l ike ly  t o  occur anyway or should be ins t ead  a t t r ibu ted  
t o  simultaneous new developments. The "=.ogenous variable" issue is one of 
the several  unanswerables in" soc ia l  assessment and poses especially d i f f i -  
c u l t  questions where, as is the case in many of the areas potent ia l ly  fm- 
pacted by geothermal development in Oregon, localized development of energy 
resources are both new t o  rura l ,  somewhat isolated communities and multi- 
faceted. Exploration fo r  natural  gas and f o s s i l  fuels,  and r e t r o f i t t i n g  of 
hydroelectric projects,  are also being considerea i n  the  v ic in i ty  of many 
potent ia l  geothermal areas. This makes it very d i f f i c u l t  t o  i s o l a t e  the  
specif ic  changes o r  issues which might be a t t r ibu ted  t o  geothermal develop- 
ment. In many instances, the  issues are similar,  and the poss ih i l i ty  of 
geothermal development may alter the  amount o r  timing of change, but not 
t he  basic thrust. 

"What's the  difference between soc ia l  and economic impacts?" is a frequent 
question. Although the  emphasis should always be directed toward an inte- 
grated, interdiscipl inary assessment, i t  is a l s o  useful t o  conceptually 
distinguish between soc ia l  and economic impacts even though t h i s  report  
uses the general l abe l  of "socioeconomic" issues or impact variables. The 
approach used i h  this report  recognizes three overlapping groupings of 
issues o r  variables: typical economic impacts, such as employment, income. 
and economic benefits  and costs, socioeconomic infrastructure  hpacts , .such 
as transportation, u t i l i t ies ,  health services, and soc ia l  impacts, encompass- 
ing the other soc ia l  ins t i tu t ions  and speckal c lus te rs  of var iables  or issues  
which may not be eas i ly  quantified or  expressed monetarily, such as Symbolic 
meanings, cu l tura l  and subcultural themes, and basic values. Figure 1 is a 
comprehensive list of possible impact variables in these three groupings. 
Appreciation of the  f u l l  range of potent ia l  impacts is important, since 
"socioeconomic assessment" is often limited t o  consideration of a few key 

' 

ree stages: (1) a lit- 
era ture  search f o r  soc ia l  and economic *act s tudies  of exis t ing o r  proposed 
geothermal developments outs of Oregon, (2) a review of s tudies  and related 
material  on Oregon and those areas l i k e l y  t o  contain geothermal resources, 

d (3) par t ic ipat ion i n  two workshop sessions designed t o  s o l i c i t  estimates 
othermal development in Oregon. 

impacts of geothermal development outside of Oregon are Sculler, et  al. (1976) 
and Goodnight (1977). The first report  (%Legal, Ins t i tu t iona l ,  and P o l i t i c a l  
Problems in  Producing Electric Power from Geothermal Resources in Calffornfa") 
is organized in terms of 10 groups of %ontechnical problems surrounding geo- 
thermal development." These are leasing, exploration, reaching agreement f o r  
u t i l i za t ion ,  power plant  construction, transmission, financing, environmental 
reporting, the r o l e  of t he  California Energy Commission, proposed air pollu- 
t i on  regulations, and the  p o l i t i c a l  economies of individual counties. Separate 
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chapters deal with each "problem," and examine both statewide and loca l  
issues. In  general, the report describes issues and problems v i t h  some 
reference t o  both h is tor ica l  si tuations and current developments in C a l i -  
fornia. It does not provide a detailed case study analysis of any exist- 
ing or  planned developments, although the report does contain an excellent 
bibliography. Unfortunately, the chapter which might have included some 
of the most interesting discussion of socioeconomic issues (Chapter 12- 
The Po l i t i ca l  Economies of Counties) was also the shortest ,  and the 5 1/2 
pages of text  provide only the br iefest  overview, with a primary focus on 
responses of loca l  government. Despite these l imitations,  the document 
provides a good overview of a f u l l  range of potent ia l  socioeconomic issues, 
and would be a valuable reference for  persans interested in similar issues 
in Oregon. 

The second report ("COminUnity Impact Assessment of a Diversified Geothermal 
Energy Project Pxoposed for  the Raft River Valley, Idaho") is a more typical 
community study. The f i r s t  half consists of socioeconomic prof i les  of the 
general area and the potentially impacted county and communities. I n  addi- 
t ion t o  the usual sections on econodc and infrastructure (housing, educa- 
tion, etc.) conditions, the prof i le  chapters a lso include sections on "Poli- 
tical Issues and Personal Philosophies" and "Social Considerations." 
addition t o  a description of the cul tural  his tory of the area, these sections 
also describe at t i tudes of residents concerning geothermal development (which 
are generally very favorable), some of which were obtained through two small- 
scale public opinion surveys. The organization of the chapter which des- 
cribes potential  impacts paral le ls  that of the  prof i le  chapters. I n  addition 
t o  a discussion of impacts on population, employment, and community services, 
there is a lso  a section on "Pol i t ical  Issues and Social Considerations,'' 
which describes potential  *acts on a variety of soc ia l  conditions in the 
area. Finally, because of the relationship between the proposed geothermal 
development (an EDRA therm1 loop test f a c i l i t y  u t i l i z ing  geothermal water) 
and land use planning, the  last chapter presents an extensive discussion of 
growth management issues and strategies.  In all, t h i s  appears t o  be a very 
comprehensive study whgch u t i l i z e s  a variety of data sources and is sensi t ive 
t o  loca l  socioeconomic conditions. It is a good sample study for  those who 
might investigate similar loca l  s i tuat ions in Oregon. 
southern Idaho bears some similarities [in obviously varying degrees] t o  the 
Vale, Ontario, Lakeview, and Klamath Fa l l s  areas in Oregon.) 
also contains an excellent bibliography of growth impact studies, particular- 
l y  those concerning coal and gas'development in the Rocky Mountain states.) 

In 

(The study area in 

(The report 

2. Oregon Geothermal Social and Economic Impact Studies 

In terms of materials on Oregon, preparation of t h i s  report  involved neither 
primary data collection nor v i s i t i ng  KGRA's (although the authors had some 

.. 
* '  

A similar study which addresses impacts in an urban area is CH2MHil1 (1979). 
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b l i a r i t y  with the  surrounding communities). I n  c rast t o  companion 
documents prepared f o r  several  other states (Utah, Louisiana), the Oregon 
project was  not directed toward preparation of a socioeconomic overview of 
exis t ing conditions. 
exis t ing documents and personal observations gathered from workshops and 
other sources. ' 

The materials on Oregon f e l l  i n to  three categories: (1) socia l  and economic 
background material prepared f o r  Oregon KGRA's, (2) discussion of soc ia l  and 
economic impacts which appear as sections of Environmental Impact Statements 
(EIS) (or, in the  case,of the Bureau of Land Management-Environmental Analy- 
sis Reports [EAR]) on proposed geothermal developments in Oregon, and (3) 
impact s tudies  and other materials which, although not s p e c i f i c - t o  geother- 
mal developments, include information on geographical areas and communities 
adjacent t o  KGRA's. 

The only document which assembles any soc ia l  and economic background data  
by KGRA is "General Description of Oregon's Regions of High Geothermal Poten- 
. tial," prepared by Debra Justus, Oregon I n s t i t u t e  of Tec€pology, Klamath 
Falls.' The ten page report  very b r i e f ly  summarizes key socioeconomic and 
geothermal resource charac te r i s t ics  f o r  nine KGRA's, which have been grouped 
in to  four regions (Southern Basin and Range; Western and High Cascades, La- 
Grande, and Western Snake River ain) and provides a quick first look a t  

One of the  most comprehensive l i s t i n g s  of a var ie ty  of recent (1967-77) plan- 
ning studies  is "Community Planning in Oregon8 A L b t  of Publications," pre- 
pared by the  Bureau of Governmental Research and Service, University of Ore- 

The bibliography is organized by the State 's  14 Administrative 
With each d i s t r i c t ,  there  are separate l i s t i n g s  f o r  counties and 

Since planning documents frequently contain a wealth of back- 

Thus, the  information assembled on Oregon consis ts  of 1 
ir' 
t 
L 
L 
t 
Ld 

L; dominant socioeconomic condit 

L 
c 
L 

ground socioeconomic data  as w e l l  as summaries of cs t izen  concerns, many 
f the documents could be very helpful  i n  i n i t i a t i n g  a socioeconomic over- 
iew or  impact study related t o  geothermal resources. 

does not contain a l l  such s tudies  (federal  Environmental Impact Statements, 
f o r  example, are not l i s t ed )  it is a helpful guide t o  a variety of locally- 
relevant studies. As one would expect, sparsely populated counties with f e w  

While t h i s  document 

* ?  

L 
i 3, 
Ad 

*Final Environmental Impact Statemiat, Geothermal Development in t h e  Breitenbush 
area, Willamette and Ht, Hood National Forests, 1978. A more recent study which 
focusses on the M c b i e  area is Draft Environmental Statement, Geothermal Leas- 
ing i n - t h e  Belknap-Foley area, Willamette National Forest, 1979. 

i 
' 
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the  Bureau of Land Management is very similar t o  the standard EIS format. t 
The discussion of social  and economic impacts i n  the Breitenhush Final En- 
vironmental Statement i s  based primarily on s t a t i s t i c a l  data, with l i t t l e  
emphasis on qual i ta t ive descriptions of potentially impacted communities. 
Recreational use of the area is. given f u l l e r  treatment, and portrays the 
diverse recreational ac t iv i t i e s  i n  the area. The impact analysis was less 
comprehensive, and discussion of community impacts focused more on w h a t  
North Santiam communities could of fe r  i n  the way of services than the pos- 
s i b l e  e f fec ts  of an influx of workers and the i r  families on such services. 

The two documents concerned with the Vale Area (Proposed Leasing V a l e  Addi- 
tion, EAR, July, 1975, and EAR for  Proposed O i l  and Gas Leasing in the Vale 
Area, February, 1977) together provide a substantial  data source for  that 
area and a good example of a re lat ively comprehensive socioeconomic assess- 
ment. Neither document provides the detailed examination of issues that  is 
found in the Raft River study mentioned above, but the mention of "human 
values" and "attitudes and expectations'' in the 1977 document suggests at  
least an awareness of a fu l l e r  range of soc ioecondc  impacts than is usually 
addressed in such documents. 

3. Workshop Sessions 

t 
1 

L 
L 
t; 
r; 

In addition t o  the Socioeconomic Subsession of the Portland workshop, a L 
I 
Id 

1 

second workshop was held as pa r t  of the Annual Meeting of the Northwest 
Anthropological Conference (Eugene, March 24, 1979). A summary of the Port- 
land Subsession is included in Appendix A, and much of that material has 
been incorporated into this report. The Eugene meeting focused on potent ia l  
impacts on t rad i t iona l  l i f e s ty l e s  and t h e  extent t o  which geothermal devel- 
opment para l le l s  impacts associated with other natural  resource developments, 
such as dams. A n  issue which emerged a t  that meeting was the potent ia l  im- 
pact a f t e r  the construction crews have lef t  the community (the "bust" s ide  
of the "boom-bust" cycle), and, in the  longer run, possible impacts of "de- 
commissioning" a geothermal f a c i l i t y  following the expected 30 year l i f e  
cycle. 

C. Outline of Report 

The out l ine  of t h i s  report  is as follows: 
.I. Introduction 

Socioeconomic Issues by Region (and Subregion, vhere 
appropriate) 

If. General Statewide Issues 
111. 

c 
f 
& (The following out l ine w i l l  be used for each of - six 

3 e g i o n s  and Subregions) 

B. Lis t  of Rata Sources 
Six High Pr ior i ty  Socioeconomic Studies 
A. Public Perceptions of Geothermal Development and 

the Symbolic Meaning of Special Places 

A. List of Issues and Data Sentences (Prioritized) e. 

i .. 

L IV. 
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.Bo  The Economics of Geothermal Development in Oregon 
C. Geothermal Development and Dispersed Wildland 

Recreation-Levels of Campatability and Conflict 
D. The Applicabili ty of the  "Boom-Bust" Cycle t o  

Geothermal'Exploration and Development in Oregon 
E. The Role of Geothetmal Development in the  Maintenance 

of Resource-Dependent Industr ies  in Smaller Communities 
F. Domestic and Community Geothermal Heating Applications: 

The Case of Klamath Fal ls ,  Oregon 
L 
L 
1 

The information provided in this report  is seen as consis tent  with the gen- 
eral organization of t he  Oregon Geotherhal Environmental Overview Study. 
Sections 11 and 111-A ident i fy  key socioeconamic issues  and var iables  re- 
l a t ed  t o  geothermal development. 

addi t ional  information on l i k e l y  issues  and needed studies.  
presents an integrated look a t  what are seen as key socioeconomic issues  
in terms of what appear t o  be high p r i o r i t y  socioeconomic s tudies  f o r  Oregon 

Section 111-B summarizes the  exis t ing 
base and lists organizations and individuals who may be sources of 

Section I V  

i 
t i  

Id 
The format f o r . t h e  presentation of information on each of six areas (Section 
111) is as follows. a l i s t , o f  issues  is presented, as in t h i s  example: 

Population Dynamics-How w i l l  geothermal development impact 
current pat terns  of population change? 
clude a s h i f t  from r u r a l  t o  urban, outmigration of young 
adults,  and settlement by former migrant ag r i cu l tu ra l  workers. 

Current pat terns  in- L 
L 
6 
I 
li 

The term "Population Dynam ics" i s  t h e  general  Social  impact variable which 
encompasses the  issue. A comprehensive l i s t i n g  of such var iables  is shown 
in Figure 1. A person wishing t o  carry out  research on t h e  i s sue  may there- 
f o r e  wish t o  consult a la rger  handbook on soc ia l  impact assessment (U.S. 
Forest Service, 1979) which describes how t o  use t h e  var iab le  In a s o c i a l  
fmpact study. In the above example, 
it is believed that population change is a matter of concern, and that the  
i s sue  could emerge as p a r t  of consideration of geothermal development. The 
da ta  sentence which begins ("Current pa t te rns  include. . .") is a very br ie f  

. statement of current  conditions which bear on the,issue.  The information in 
these sentences was obtained from t h e  document t i t l e d  'Qeneral Description 

I >  

The question is the specific issue. 

r other  socioeconomic 

Regions have been 
f t he  'issue to  t h e  S t a t e  
c r u c i a l  t o  ex is t ing  

ons and C2) t he  l ikelihood of the i s sue  emerging in 
1 development. The second i s sue  r e f l e c t s  pas t  concern 

uh%ch.ixterested organizations could : 

ium pigh, Medium, Medium Low, and 
a suhrmary p r i o r i t y  score was  calcu- 

t h  the issue. The ranking scene on 

l a t ed  for each issue, by assigning 6 points  t o  a High ranking, 5 points  to  
a Medium High r a m ,  etc. and camhiniag the points on the two dimensions i d  
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i n t o  a s ingle  score (ranging from 2 [Low on both dimensions] t o  12  [High L 
on both dimensions J ) . 
Second, a l i s t i n g  of po ten t ia l  data sources is shown. This l i s t i n g  includes 
published documents, organizations which are l i k e l y  t o  have conducted socio- 
economic studies,  and, i n  several  instances,  individuals who have expressed 

economic s tudies  i n  the  area. 
the  best  e f f o r t s  of the authors in t he  time a l lo t t ed  f o r  t h i s  study. 

I 
L . i n t e r e s t  in spec i f i c  socioeconomic issues  o r  who have carr ied out socio- 

This is not  ab exhaustive l i s t i ng - i t  r e f l e c t s  

I '  
While the  very br ief  "study proposals" which comprise Section IV are not L 
necessarily ident ica l  t o  the key issues  ident i f ied  elsewhere, they appear 
as "packages" which could provide needed data  on a va r i e ty  of in te r re la ted  
issues. Section IV should be understood as an e f f o r t  t o  suggest high pri-  
o r i t y  socioeconomic s tudies ,  r a the r  than general environmental impact stu- 
d i e s  which include soc ia l  and economic impacts among a number of other  factors .  

t 
t 

11. G E K U  STATEWIDE ISSUES 

Host of the  following issues  emerged as p a r t  of the  Socioeconomic Sub- 
session of the  Portland Workshop. 
sect ion are important issues. Some of them are mentioned again i n  a 
somewhat d i f f e ren t  form i n  the  sect ions dealing with the  seven areas 
(Section 111). Further, they a l s o  emerge as p a r t  of t he  discussion of 
s i x  high p r i o r i t y  socioeconomic s tudies  (Section IV). 

The statewide issues  have been grouped i n t o  three  sections. Within each 
section, we have designated two o r  three i ssues  as the highest  p r i o r i t y  (H). 
This P r io r i t i za t ion  was  done by the authors of t h i s  report ,  and reflects 
both t h e i r  best  judgement and t h e i r  appraisal  of the  concerns of Workshop 
par t ic ipants .  (It was not possible t o  include the  p r i o r i t i z a t i o n  as p a r t  
of the  workshop activities.) 

of the i ssues  l i s t e d  i n  this 

E 

A. Economic Issues 

(H) How w i l l  geothermal development impact Oregon's energy "self- 
sufficiency," and chapge present and fu tu re  expenditures f o r  "imported" 
f o s s i l  fue ls?  

(H) To w h a t  extent  w i l l  a "Boom-Bust" cycle  be experienced as p a r t  of 
geothermal development? Would a power plant  have a pos i t ive  economic 
@act on a small community such as Vale? Would it supply jobs, 
a t t r a c t  industry, increase the  tax base? O r  would the  project  be 
of grea te r  ben t o  outs ide in t e re s t s?  L 

(a) If the  pro jec t  were to  occur outs ide t h e  town lihits, would the  f r ac t ion  f =  

i 
L - 

of taxes and roya l t i e s  f i l t e r e d  down from county and state cof fers  
su f f i c i en t ly  offset t h e  impacts of an incoming labor force and other 
e f f e c t s  of exploration and co Ll - ruct ion such as noise pollution? 

If  tourism is a primary local industry could the  pro jec t  se r ious ly  L 
de te r io ra t e  t he  t o u r i s t  a t t r ac t ions?  

t 
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I f  direct-use applications are l ike ly  t o  be of inmediate, tangible 
econamic benefit  t o  loca l  o r  regional economies, where w i l l  incentives 
came from f o r  an industry i n  which it is only prof i table  t o  develop 
power generating f a c i l i t i e s ?  

W i l l  geothennal development decrease u t i l i t y  rates? 
How w i l l  it af fec t  the mix of u t i l i t y  services currently provided? 

From the point of view of organized labor, i f  the creation of energy 
equals the creation of jobs, who and how many w i l l  be employed? 
Where w i l l  they be trained? 

B. Recreation and Land Use Issues 

Slow the increase? 
L 
t 

1 
b 
c1 

(a) Should development occur i n  areas which are highly valued throughout 

(H) What trade-offs confront a r u r a l  community choosing between t rad i t iona l  

the  state f o r  aesthetic,  h i s tor ica l ,  o r  ideological reasons? 

land uses-particularly stock grazing and agriculture-and geothennal 
development? 

Would development a f f ec t  pe e's opportunities fo r  recreation in a 
given area, whether o r  not they are loca l  t o  tha t  area, and whether 
they are backpackers, hunting and fishing enthusiasts,  off-road 

Do hunting and f ishing enthusiasts in par t icu lar  comprise a "si lent  
majority" which could represent a powerful lobby against  geothermal 
i f  t h e i r  recreational opportunities are imp 

Who controls the resource i f  a KGRA occupie 
pr ivate  land? 

I; vehicle operators, o r  sightseers? 

L 
G 
I; 

i d  

I 

at ing coincide with 

nhabited development d 

01 

d planning capabi l i t i es  
e ly  plan f o r  the changes 

which development would bring? 

(H) How will  development a f f ec t  cu l tu ra l  ident i ty  in the loca le  being 
developed? Are changes in cu l tu ra l  i den t i ty  or community self-image 
necessarily good or bad? 
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(H) Public perceptions of geothermal development are uncertain and 
nebulous. 
overall  "climate" towards development in Oregon? 

What social  and po l i t i ca l  confl ic ts  may occur locally with exploration, 
construction, and development? 
an influx of outsiders? The outsiders t o  the community? 

Would a community have greater control over a resource best suited 
fo r  power production or  direct-use? 

How would local  p o l i t i c a l  structures have t o  change t o  adequately 
manage the new industry and community changes it would bring? 

What is the relationship between t h i s  uncertainty and the 

Would a community react adversely t o  

Would a community react adversely t o  a power plant proposal i f  the 
e l ec t r i c i ty  cannot be shown t o  be of d i r ec t  loca l  benefit? 

Can development be halted a f t e r  deep-well exploration has proven 
successful? 

How would geothermal development impact community self-sufficiency, 
independence, and security? 

111. SOCIOECONOMIC ISSUES BY REGION 

Vale KRGA 

A. L i s t  of Issues and Data Sentences 

bl-kI/i'~-H* Cohesion and Conflict-Haw will  geothermal development impact a t t i tudes  
toward governmental a c t i v i t i e s  and land use planning? 
ments strongly support loca l  control and r e f l ec t  concern about 
intrusion from outside governmental bodies. 

Local senti-  

l&/kl-& Land Use/Agriculture--How w i l l  geothermal development impact exis t ing 
agricul tural  and grazing ac t iv i t ies?  Some agricul tural  a c t i v i t i e s  
are highly dependent on i r r iga t ion  and access t o  grazing lands. 
Geothermal development (and /or increased wa ter-dependen t agricul- 
t u r a l  processing associated with geothermal development) could 
impact water r igh ts  and dis t r ibut ion and water avai labi l i ty .  A 
re lated potent ia l  impact is subsidence. 

k-L/H Land Use/Recreation--How w i l l  geothermal development impact recreational 
activities? ERA'S near Vale are located on land used f o r  recreation 
by l oca l  residents. Activit ies ' include bunting, fishing, and off- 
road vehicle use. Activities are highly dependent on f i s h  and 
v i l d l i f  e. ....,.,.,.. 

* 
See discussion of pr ior i t iz ipg  system'.on p.ages E l O - E l l .  

c -  
i 

t 
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Employment-Haw will geothermal development impact existing local 
labor market characteristics such as seasonal variation, dominance 
of agricultural skills, and vertical stratification (from landowners 
to migrant laborers)? Local labor force i s  highly dependent on 
agriculture and food processing. Existing levels of s k i l l  may not 
be sufficient to fill geothermal-related employment. 

existing subcultural groups? Recent changes have had a major impact 
on the Basque community, and'further de opment could impact the 
Mexic erican community. 

Population Dynamics--How will geothermal development impact current 
patterns of population change?' Current patterns include a shift 
from rural to urban, outmigration of young adults, and settlement 
by former migrant agricultural workers, 

Basic Values/Rural Lifestyle-How will geothermal development impact 
the ability to preserve a rural lifestyle which is preferred by a 
segment of the population? Nearby areas, such as Ontario and 
Nyssa have' grown rapidly, and this growth may impact lifestyle 
opportunities in the Vale area. 

n/n 

?l-t/E Basic Values/Subcultures--How will geothermal development impact 

t/h 

Appendix V ("Responses to better So 

lands is also an important concern. 
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Land Use/Dispersed Recreation-How will geothermal development impact 
use of non-Wilderness forest lands by motorized and nonmotorized 
recreationists? 
tional use from Willamette Valley residents. 
range of forest recreation-hunting, fishing, hiking, camping, driving 
for pleasure, and off-road vehicles. 
Wilderness Roadless Areas which offer Wilderness-type recreation. 
Geothermal activities (road construction, machinery movement, powerline 
rights-of-way) may parallel those currently associated with timber 
harvest and power transmission, and these impacts may be seen as an 
increase of activities which already exist in parts of the area. 
Other geothermal impacts (high noise level, steam plumes, pipeline 
rights-of-way) will be new to recreational users of the area and may 
have additional impacts. 

Breitenbush and Ht. Hood areas receive heavy recrea- 
Uses include the full 

Areas are adjacent to non- 

&-H Cohesion and Conf lict-How will geothermal development impact the 
complex network of governmental and private landowners in the area? 
The Breitenbush area contains an especially complex mix of ownerships 
and responsibilities. 
and private lands. 
on Forest Service lands. There are a160 Summer Home Permitees on 
Forest Service land. 
of nearby Wilderness Areas, although the Corps of Engineers and the 
Oregon State Parks have recreational interests associated with the 
Detroit and Green Peter Reservoirs. 

Existing hot springs are on both Forest Service 
There are a number of long-standing mineral claims 

The Forest Service is responsible for management 

y1-L/yI Land Use and Symbolic Meanings/Thennal Resort Recreation-How will geo- 
thermal development impact recreational use and facilities at 
Breitenbush and McKeneie areas? Existing resorts have special historic 
meaning for many people in the Willamette Valley, and have only 
recently begun to attract increased recreational use (the Belknap 
area in the HcKenzie Valley is undergoing renovation). The rela- 
tionship between geothermal development and the future of these 
areas is complex. Their SymbOliC meaning suggests that issues could 
emerge if their existence was threatened by geothermal development. 
Existing recreationaluse is low, but could increase with additional 
investment in the facilities. 
a major expansion of recreational use would be favored by the public 
(or, perhaps, even by the current owners of the areas-Mckenzie and 
Breitenbush both have a complex mix of public and private ownership). 

M-L/kl-& Community Services-How will geothenaaf development impact the provision 
-of services in North Santiam communities (Detroit, Hill C i t y ,  etc.)? 
The existing semice base has been changing with 8ome decline in 
forest products employment and 8ome increase in tourism. 
impacts related to geothermal development therefore depend on the 
scope of development. 
of the population decline associated with forest products. 

However, it is a160 unclear whether 

Potential 

For -le, inmigration could "replace" some 



Employmen t--Eow 1 geothermal development impact existing forest 
products-dependent employment? Potential impacts are complex. 
Former forest products workers could probably not readily move into 
specialized power-related employment, although they might fill 
transitory construction jobs, 
occur where geothermal development influenced levels of timber harvest. 

@ 1 

An indirect employment impact could 

B. List of Data Sources 

A Comprehensive Land Use Plan for the Minor Development of Blue River, 
Lane County Department of Environmental Management, Eugene, Oregon, 
1975. 

Corps of Engineers' studies on Detroit an 

Corps of Engineers' studies on Struble Dam expansion and Operation 

Geothermal Development: Breitenbush Area, Final Environmental Impact 

Hogg, Thomas C. and Courtland L. Smith, Socio-Cultural Impacts of Water 
Resource Development in the Santiam River Basin, Water Resources 
Research Institute, Oregon State University, Corvallis, Oregon, 1970. 

Oil and Gas Leasing: Upper Willamette Environmental Analysis Record: 

and Maintenance of Cougar Dam and Reservoir. 

Statement, U.S. Forest Service, Eugene, Oregon. 

(McKenzie Area) 

Eugene District and Salem Resource Area, 
Eugene, Oregon. 

Smith, Courtland, L. and Thomas C. Hogg, "Benefits and Beneficiaries: 
Contrasting Economic and Cultural Distinctions ," Uater Resources 
Research, 7, April, 1971. 

chard N., The McKenzie Valley, A Social Situational 
Analysis, Willamette National Forest, Eugene, Oregon, 1977. 

Council of Governments, Eugene, The Ht, Hood National Forest, - 
Portland, may have additional da 

eau of Land finag-ent, 

(Santiam Area) 

a1 data may be available through Lane County and the Lane 

Breitenbush Area. 

- I  ,Wgh Cascades 

A. List of Issues and Data Sentences 

W-H/kS-N Symbolic Meaning/Land UselRecreation-How will geothermal development 
impact SpmbOliC meanings and recreational use of Newberry Crater? 
The Newberry Crater-Paulina Lakes area bas special significance for 
a segment of Central Oregon population, particufarly in the Bend 
area. It is  also an area of heavy recreational use and is adjacent 
to the W i n e  area, which has extensive recreational home development. 

LA 
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B. 

Land Use/Recrea tion--Har will geothermal development impact recreational 
use of Mt. Hood and Timberline Lodge? Mt. Rood National Forest is 
the major forest recreational area for Portland area residents. 
area receives heavy summer and winter recreation use, by motorized 
and nonmotorized recreationists. 
several major environmental conflicts, such as those relating to 
ski facilities, Timberline Lodge (and parking at the Lodge), the 
Bull Run Reservoir, and trail preservation. Tfte public visibility 
of such conflicts suggests that the area is carefully watched by a 
politically active segment of urban residents. 

Basic Values / Subcultures-How w i  11 geothermal development impact the 
Warm Springs Reservation? A number of issues could emerge if 
geothermal activities occur on the Reservation or if Indian water 
rights are directly or indirectly impacted. 
include potential impacts on Reservation economic activity 
(tourism and forest products) and coordination with multiple 
governmental units. 

The 

ft has been the setting for 

Additional issues 

List of Data Sources 

Note: The following sources refer to the Mt. Hood and Warm Springs 
areas. 
are those relating to Bend and Deschutes County and are listed 
in the section on the Brothers Fault Zone. 

The Newberry Crater/Paulina Lakes area data sources 

Comprehensive Plan, Warm Springs Cammunitp, Confederated Tribes of 
the Warm Springs Reservation of Oregon with technical assistance 
from Cornell, Howland, Hayes and Merryf ield-Hill, Portland, Oregon, 
1971. 

Comprehensive Plan, Warm Springs Reservation, (same citation as above), 
1968. 

Summary: Critical Energy Issues for the CRAG Region, Columbia Region 

Timberline Lodge management has been the subject of extensive study 

Additional data may be available from the Colrrmbia Region Association 

Association of Governments, Portland, 1976. 

and impact assessment by the Ht. Hood National Forest. 

of Governments (CRAG), Portland. 

Brothers Fault Zone 

A. List of Issues and Data Sentences 

Economic Base-How will geothermal development impact grazing and 
i 
-I 

L related agricultural activities? The area is sparsely populated, 
and the o l a h  economic activity is ranching. 

LIH 
L 

t 
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&-L Land Use/Recreation-Haw irill geothekl development impact tourism and 
recreation? 
limited to businesses which are dependent on U.S. 20 traffic. 
However, hunting and rockhounding are important recreational 
activities which could be impacted by geothermal development. 

Community Services-How will geothermal development impact the pro- 
vision of services' in adjacent settlements (Hampton, Riley) and 
larger towns located some distance from potential geothermal 
resources (Burns, Bend)? The area is located roughly mid-way 
between Burns and Bend, and the only concentrations of population 
between these towns are found in small settlements. 
increased activity would probably impact these small settlements, 
although the existing level of services is such that basic services 
(perhaps including housing) would be sought in Bend or Burns. 

The contribution of tourism to the economy is generally 

L/@A-A 

Thus, any 

B. To the extent that issues involve Bend and Deschutes Countv. the 
_ I  

following data eources may be helpful: 

Bend Area Comprehensive Plan, tterson, Langford, and Street, 
Hedford, 1976. 

Central Oregon Open Space Recreation Study, Central Oregon Inter- 

Deschutes County Overall Economic Development Plan, Central Oregon 

Deschutes County Overall Economic Development Plan, Deschutes 

Wilen, Richard N. , Social Impact Analysis, Deschutes *National Forest, 

governmental Council, Redmond, 1974. 

ernmental Council, Redmond, 1976. 

ounty Economic Development Committee, Redmond, 1976. 

tional Forest, Bend, 1977, 

A. List of Tssues and Data Sentences 

ki/bi-~ onomic Base-How will geothetma 
forest and agricultural products (potatoes)? Much of the area's 
produce i s  exported in raw fom=-geothermal deve 
impact local food processihg and lumber drying. 

J ' Community Services-How will geothermal development impact the -ability 
of smaller communities, such as Cove, to provide services in response 
to a temporary influx of construction workers? The Hot Lake Hot 
Springs area is adjacent to the small town of Cove-direct heat 
applications vould probably be utilized locally rather than in the 
county's largest community (La Grande) same 15-20 miles away. 

Wb1-b 
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will geothermal development which is 
water-dependent (greenhous ing)-impac t exis t h g  vater rights? 
Water rights are important to the area's dependence on agriculture. 

Land Use/Recreation--How will geothermal development impact existing 
hot springs resorts? Although the primary recreational activity in 
the area is oriented more to forest lands, intensive geothermal 
development could impact the operation of existing hot springs 
resorts, some of which are also capable of non-recreational 
geothermal uses (greenhousing) . 

Basic Values/Subcultures-How will geothermal development impact 
existing cultural homogeniety of area? Relative isolation of area 
and reliance on traditional resource-dependent economic base (forest 
products and agriculture) have led to a higher degree of cultural 
homogeniety than is found in other areas, such as Bend and Ontario 
-geothermal-related inrmigration could impact this homogeniety. 

B. List of Data Sources 

Alternative Growth Futures for Union County, Oregon, Oregon State 
University &tension Service , Corvallis , 1977 . 

City of Cave Land Use Plan, Blue Mountain Intergovernmental Council, 
Enterprise, 1975. 

Enterprise, 1975. 
Cove Area Land Use Plan, Blue Hountain Intergovernmental Council, 

Economic Effects of Future Growth Alternative in a Rural Oregon County, 
Oregon State University Department of Agricultural and Resource 
E~onomics, Corvallis, 1976. 

The Other Side of the Mountains: A Statistical Handbook of Northeast 
Oregon, Eastern Oregon Community Development Council, La Grande, 
1975 . 

.Profile of a Rural Growth Center: Union County, Oregon, Oregon 
State University Extension Service, Corvallis, 1977. 

Twelve Decades: The Bistorical Context of Developmental Decisions, 
La Grande, Oregon, University of Oregon Bureau of Governmental 
Research and Service, Eugene, 1970. 

Udon Area Land Use Plan, Blue Mountain Intergovernmental Council, 
Enterprise, 1975. 

~conomists and tsociologiste at Eastern Oregon State College have 
worked with the U.S. Forest Service on a study of ranching lffe- 
styles in the Hells Canyon area. 
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Alvord URA 

A. i List of Issues and Data Sentences 

i d  

I 

tl 

Li 
L' 

n/n Symbolic Meaning-How will geothermal development impact the symbolic 
meanings of the Steens/Alvord area which are strongly felt by urban 
Oregonians, most of which have not actually visited the area? With 
heavy recreational use of areas (Cascades) which are closer to 
Willamette Valley urban areas, attention has turned to less populated, 
less developed areas, such as the Steens Mountains and Alvord Desert. 
While not having the heavily forested and high alpine character- 
istics of the Cascades, these areas are increasingly perceived as 
having high symbolic significance and therefore meriting special 
protection from development. 

currently an essentially uninhabited area? With the exception of 
the small  settlement of Fields, and the community of Bums, there 
are no community services in the area. Even small-scale exploratory 
activity would require temporary "camp" facilities. 

use of the area and existing relationships between recreationists? 
Recreational use of the Alvord Desert is "light" by usual standards, 
although the environment is very fragile. 
adjacent to the Alvord and an integral visual and eymbolic part of 
the Alvord, is moderate, but heavily concentrated by existing roads 
and camping and hunting facilities. Steens/Alvord area is also the 
focus of conflict between recreationists along dimensions such as 
roaded VS. non-roaded travel, off-road vehicles, possible Wilderness 
Area designation, appropriateness of large hunting enc nts, and 
permissible levels of hunting activity. 

Community Services-How will geothermal development impact what is n / H  

Land Use/Recreation--How will geothemal development impact rec ri/n 

Use of the Steens Mountains, 
- 

e -  

ulation Dpnamics--How will geothermal development impact the distri- 
ution of population within the area? 
rea,"any temporary or permanent location of new populations is 
ikely to have an impact, even if 

In an essentially unpopulated jtl/H 
r 

Y are "self-c~ta~ed" with bJ 
I ,  respect to community services. 

#/kl-H ducational and Scientific Activities-How will geothermal development 
impact use of the Alvord Desert for educational and scientific 
purposes? The hot springs, boiling mud pots, and rare species of 
fish represent a special resource which could be impacted by geother- 
mal development. These features, in addition to other aspects of 
the fragile desert eco-system, could be impacted by geothermal 
development activities. Ecological impacts in the Alvord Region are, 
in general, more likely to become focal issues because o f  the special 
values associated with the fragile, aon-renewable desert ecology. 

I L  

LJ 

L 
, l r ,  
kd 

t 
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F4ki-H Cohesion and Conf lict-How will  geothermal development Impact 
relationships between different resource interests and existing 
a t t i tudes  toward, and experience with, planning and management 
ac t iv i t i e s  of different  governmental units? 
and rural ,  ranching l i f e s ty l e  contrast with the government 
agencies (Bureau of Land Management) , environmental organizations 
(Oregon High Desert Study Group), and private commercial organiza- 
t ions (absentee ranch owners) which are intensely interested i n  
the  future of the area. 

The sparse population 

B. L i s t  of Data Sources 

Personnel at  the  Malheur Field Station may be an additional data 
source. Data may also be available from the Southeast Oregon 
Council of Governments, Vale. 

Archeaological study teams which have carried out summer f i e l d  
programs in the Alvord may be im additional data source. 

Southern Basin (Klamath Fa l l s  and Lakeview) 

A. L i s t  of Issues and Data Sentences 

Special Note: Socioeconomic issues i n  t h i s  Region reflect very different  
circumstances than i n  the remainder of Oregon. F i r s t ,  a history of 
geothermal domestic heating i n  Klamath Fa l l s  means tha t  public concerns 
and lack of knowledge about geothermal resourtes are less l ike ly  t o  
be an issue. This is less the case i n  Lakeview although even there 
it appears tha t  the type of geothermal development (d i s t r i c t  heating 
and indus t r ia l  use) w i l l  probably be similar t o  tha t  of Klamath Falls.  
Secondly, development in Klamath Fal ls ,  and t o  6ome degree in Lakeview, 
i s  occuring i n  a re la t ive ly  urban sett ing,  which means t h a t  issues  
re la ted t o  recreational lands and the placement of workers in a r u r a l  
se t t ing  are less l ike ly  t o  emerge. 

. 

- kqk1-H Economic Base-How w i l l  geothermal development impact the economic 
base of Klamath Fa l l s  and Lakeview? In both areas, d i r ec t  heating 
applications could assist the t rad i t iona l  fores t  products industry 
as w e l l  as provide the incentive f o r  diversification. 

Land Use/Urbanization-b wil l  geothermal development impact patterns 
of resident ia l ,  commercial, and indus t r ia l  land use? Direct heat 
applications, and, more importantly, t he  formation of heating 
districts could have an impact on land use patterns,  t o  the extent 

served by geothermal resources. 

Community Services-How Will geothermal development impact community 
services in Lakeview and Klamath Falls? Potent ia l  impacts in 
Klamath F a l l s  center on waste water disposal, while those in Lakeview 
could involve a greater range of impacts on cammunity ~ervices, 
should geothermal development stimulate economic expansion and 
inmigration. 

M-H/rI-H 

. t h a t ,  for  example, property usere prefer  t o  locate  in areas 

h W i  
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Symbolic Meaning--Haw will potential reductions in reservoir temperature 
and hot spring flaw impact public percpetions of geothermal resources? 
Klamath Falls is 811 interesting situation because some residents 
already believe that individual and multi-family wells have impacted 
hot springs and that the potential for pollution of underground 
freshwater sources through reinjection is high. 
with geothermal heating in Klamath Palls which makes it unique, and 
common understandings and perceptions of existing impacts on the 
resource could be an issue impacting future development, particularly 
where the development is an increase in scale and ownership (from 
single- and multi-family household heating to central heating 
district use by downtown off ices) . 

rl/y1 

It is the experience 

q / b L  Cohesion and Conflict-How vi11 geothermal development impact patterns 
of intergovernmental cooperation? Facility siting, pipeline 
location, and federal funding are all issues that involve several 
different governmental units. 
with federal agencies (U.S. Forest Service, airbase at Klamath 
Falls), increasing federal involvement b direct heat development 
(heating districts) may require new types of intergovernmental 
involvement. 

Although both areas have experience 

B. List of Data Sources 

The Klamath Co conomy: Status and Prospects, Oregon Employxnent 
Division, S 

Geo-Heat Utilization Center, Klamath Falls. 
Klamath Falls Hot Water Well Study, Oregon Institute of Technology, 

Klamath County Overall Economic Development Plan, Klamath County 
c Development hsociation, Klamath Falls 

evelopment Plan, Itlamath Falls Central Business District, 
Klamath Falls Planning Dep 

is an important data source and depository. 

Forests have personnel (cultural resource specialists, cultural . 

t, Klamath Falls, 1975. 

The Heat Ut egon Institute of Technology 

Both the Fremont (Klamath Falls) National 

e additional 
rocio-economic data. 
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IV.  SIX HIGH PRIORITY SOCIOECONOMIC STUDIES 

This section br ie f ly  describes s i x  socioeconomic s tudies  which could focus 
on different  aspects of geothermal development i n  Oregon. 
high pr ior i ty ,  since the exis t ing information base is very weak. 
have a l so  pr ior i t ized  the six (see Figure 2), and indicated the i r  r e l a t ive  
appl icabi l i ty  t o  d i f fe ren t  geographical areas within the state. 
t iza t ion  of the  study was  a "forced choice" ranking, and a l l  six were ranked. 
However, it should be noted that a l l  six are seen as p r i o r i t y  studies; the 
ranking therefore provides an additional ranking of high p r io r i ty  studies. 

The "titles" of the s tudies  are as follows: 

A l l  six are judged 
However, w e  

The pr ior i -  

- Public Perceptions of Geothermal Development and the Symbolic 
?leaning of Special Places 

- The Economics of Geothermal Development in Oregon 

- Geothermal Development and Dispersed Wildland Recreation-- 
Levels of Compatability and Conflict 

Exploration and Development i n  Oregon 
- The Applicability of the "Boom-Bust" Cycle t o  Geothermal 

- The Role of Geothermal Development i n  the Maintenance of 
Resource-Dependent Industries in Smaller Communities 

- Domestic and Community Geothermal Heating Applications: The 
Case of Klamath Fal ls ,  Oregon 

Public Perceptions of Geothermal Development and the  Symbolic Meaning of 
Special Places 

This study would address two major issues. F i r s t ,  w h a t  are public percep- 
t ions and understandings concerning poten t ia l  geothermal development i n  
Oregon? Diverse segments of t he  public currently hold "images" of w h a t  they 
know about geothermal development, and, more importantly, w i l l  act in terms 
of those images on public questions re la t ing  t o  geothermal development. As 
mentioned elsewhere in t h i s  report ,  many features  of geothermal development 
f a l l  i n to  t h e  categories of "new" and ''unknown" f o r  most Oregonians. Oregon- 
ians  are familiar with, and can understand changes i n  t h e  scale of, natural  
resource a c t i v i t i e s  such as timber harvest, hydroelectric power, transmission 
l ines ,  and power generating facilities located at  hydroelectric sites or in 
large urban areas (Portland, Eugene). They are less familiar with large 
d r i i l i n g  r igs ,  generating facilities located in r u r a l  areas (such as might be 
u t i l i zed  a t  geothermal well-heads), and pipelines. While fami l ia r i ty  does . 1 

in fomat ian  OII the  images and understandings currently held by diverse seg- 
not mean approval or  acceptance, it is nonetheless important t o  obtain some 

ments o€ t he  public in Oregon. 

The second major issue which should be explored by this study is, what  public 

4 L 
L -  
i 
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FIGURE 2.. Prioritization and Area Applicability 
of Six High Priority Socioeconomic 
Studies 
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perceptions relate t o  poten t ia l  impacts on places which are the focus of 
strongly held "symbolic meanings"? 
meanings are perceptions, a t t i t udes ,  or  be l i e f s  that are a t t r ibu ted  t o  spe- 
c ia l  characteristics of a place, even though the  individual may not have 
v i s i t ed  the  area and may hold what others  may perceive as "incorrect" images 
of the same place. 
development. For example, some persons a t  the  Portland workshop were per- 
plexed a t  why the  Newbery Crater area near Bend had so quickly been removed 
from consideration as a poten t ia l  geothermal site. Someone else mentioned 
that probably 7-10 months of any typ ica l  scenic calendar devoted t o  either 
the  Cascades o r  "famous8' Oregon scenes would show possible areas f o r  high 
elevation (or, i n  t he  case of Alvord, desdrt)  geothermal exploration. It 
is especial ly  important t o  study this issue  i n  conjunction with the first 
i ssue  (public perceptions of po ten t ia l  geothermal development) s ince public 
concerns about geothermal development w i l l  apply current ly  held understand- 
ings of possible  impacts t o  strongly held symbolic meanings a t t r i bu ted  t o  
those spec ia l  places considered f o r  development ac t iv i ty .  

The Economics of Geothermal Development i n  Oregon 

Although several of t h e  other  p r i o r i t y  s tudies  have obvious economic compo- 
nents, a study which would give spec ia l  a t t en t ion  t o  economic aspects of 
geothermal development is especial ly  important. Among the many economic 
issues  which might be investigated,  the following appear t o  have the  high- 
est pr ior i ty :  

With respect t o  these places, symbolic 

This is a par t icu lar ly  important i s sue  f o r  geothermal 

- 

1. 

2. 

3. 

What are the  economic advantages (benefits)  and h p a c t s  
(costs) of geothermal energy in comparison with alter- 
na t ive  sources of energy avai lable  t o  Oregonians? This 
camparison would involve both ex is t ing  (hydro, f o s s i l ,  
nuclesr)  and fu tu re  (solar, methane, wood f i b e r )  sources. 
This comparative question a l s o  includes cont ras t s  between 
those energy resources avai lable  within the  state and 
those which must be "imported" from elsewhere. 

How are the  economic benef i t s  and cos t s  of geothermal 
development t o  be d is t r ibu ted  among po ten t i a l  client and 
consumer groups? This question includes consideration 
of payment and d i s t r ibu t ion  of roya l t i e s  or p r o f i t s ,  
appropriate taxing policy, a b i l i t y  of local consumers 
( industr ia l ,  commercial, and r e s iden t i a l )  t o  benef i t  from 
local ized geothermal development, and payment of develop- 
xnent-generated l o c a l  economic impacts. 

What are t h e  labor  force  and other employment impacts of 
geothermal development in Oregon? AlthoGh same matters 
re l a t ed  t o  this questk could be covered in other  6tUdieS 
( boom and bust, maintenance of exis t ing  industry), an 
i s sue  which is c e r t a i n  t o  demand study is t he  -act on 
employment. This i s  a par t i cu la r ly  sens i t i ve  i s sue  in those 
areas, many, ff not  all,  where wood products employment 
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faces continuing in s t ab i l i t y  and automation. 
character is t ic  of many communities adjacent t o  E R A S ,  such 
as Klamath Falls,  Lakeview, La Grande, Lebanon, Sweet Home, 
Burns, and Bend). 
by t h i s  s tudy  include potential  t ransferabi l i ty  of existing 
s k i l l s  i n to  geothermal-related employment, impacts on 
patterns of labor organization (unions), required job 
training and retraining, and Snipacts on t rad i t iona l  intra- 
and intergenerational occupational 

(This is 

Hatters which should be investigated 
* 

As with the other studies, the economic study must be placed within the cur- 
ren t  s i tua t ion  in Oregon, The economics of the  energy s i tuat ion i n  Oregon 
include a number of special features which are relevant t o  potent ia l  impacts 
of geothermal development, These include heavy reliance on hydroelectric 
power, which, together with use of wood f iber ,  give the impression of poten- 
tial "state self-sufficiency" i n  energy production, concentrated energy-in- 
tensive industries,  which are often the major industry in the conanunity 

. (aluminum production in The Dalles, Troutdale, heavy metals production in 
Albany), and a mix of public and private u t i l i t i e s ,  with continuing pressure 
in the major metropolitan area (Portland) for  conversion t o  public u t i l i t i e s .  
An additional related factor is the very diverse ahd complex impact of the 
Trojan Nuclear p 

Geothermal Development and Disp Wild eation-Levels of Campat- 

Several issues  surround the 1 conflicts between geothermal develop- 
ment and outdoor recreation. Although some questions focus on impacts a t  
established geothermal resor t s  (Breitenbush, LaGrande), most relate t o  dis- 
persed recreation away from highly developed campsites. This type of re- 
creation is both motorized and non=motorlted, and includes areas Such as 

I: 
i; and the  proposed complex a t  Pebble Springs. 

b a b i l i t y  and Conflict 

e Alvord Desert, designated Wilderness Areas and adjacent lands, and other 
eas (usually administered by the U.S. Forest Service o r  the Bureau of Land 
nagement) which have only primitive road development or are currently road- 

less. 
diverse, as is t he  recreation clientele which u t i l i z e  the areas. A study iS 
needed t o  begin t o  assess degrees of r e l a t ive  conpatability and conf l ic t  be- 
tween geothermal a c t i v i t i e s  and dispersed outdoor recreation. In some of 
the  Western Oregon areas the major nonrecreational a c t i v i t y  is timber harvest. 
Same of the timber harvest activities may be sfmifnr t o  those associated with 
geothermal development (.road construction a trucking) while others are less 
pa ra l l e l  (establishment of a d r i l l i n g  site) The 'study could begin with an 
examination of ds t ing  research related t o  er harvest, and then mme t o  
examine para l le l s  and contrasts with geothennaldevelopment. Of part icular  . 

bterest would be relationships" between development and recreation a t  those 
higher elevations (generally above 6000 feet) where timber barvest activities 

u 
c 
u 
L 

The areas which might be impacted by geothermal development are very 

G .  
i rad do not  occur. 
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The Applicability of the "Boom- Bust" Cycle t o  Geothermal Exploration and 
Development in Oregon 

Many of the  most pressing socioeconomic issues center on the extent t o  which 
geothermal exploration and development (and eventual decomissioning) w i l l  be 
accompanied by the %oom-bust" cycle which has been associated with other 
types of intensive energy development. 
fo r  Oregon since many, if not most, of the geothermal sites are located in 
isolated ru ra l  areas fo r  which the nearest "urban" center is a small, typic- 
a l l y  one-industry community. 

Because there is a rapidly growing research l i t e r a t u r e  on energy-related 
boom-bust cycles, much of the  e f f o r t  in t h i s  study could be directed to- 
ward exploring the r e l a t ive  appl icabi l i ty  of known boom-bust s i tuat ions t o  
potent ia l  geothermal development a c t i v i t i e s  in Oregon. Attention should be 
directed t o  the scale and scope of exploration ac t iv i ty ,  associated employ- 
ment and infrastructure  impacts, and the  extent t o  which geothermal e q l o r a -  
t i on  and development can be integrated with exis t ing community l i fes ty les .  

This study should be of par t icu lar  interest t o  r u r a l  and small town people. 
(The study on the  cornpatability with dispersed outdoor recreat ion would be 
of special  i n t e r e s t  t o  urban populations.) 
ceiving end" of such cycles do not necessarily face uniformly negative im- 
pacts,  much of the  uncertainty accompanying new developments flows from 
questions r e l a t ing  t o  cos ts  of providing services,  impacts of population 
growth, potent ia l  conf l ic t  with d i f fe r ing  l i f e s t y l e s  and values associated 
with the new development, and community s t a b i l i t y  a f t e r  the boom is over. 
These questions are cent ra l  t o  any investigation of boom-bust po ten t ia l  and 
are of special  importance f o r  considering geothermal development in areas 
which still  await t h e i r  f i r s t  boom. 

The Role of Geothermal Development in the  Maintenance of Resource-Dependent 
Industries in Smaller Conrmunit ies  

Whereas major changes in energy supply, such as construction of a nuclear or 
f o s s i l  f u e l  plant, may, in turn, st imulate changes in the indus t r i a l  base of 
adjacent communities, there are several  interest ing cases in Oregon in which 
loca l ly  based, d i r ec t  heat geothermal development may facil i tate the contin- 
uation of exis t ing resource-dependent industry. Wood products, in Lakeview 
and Klamath Fans, and food processing, in Vale-Ontario, are both somewhat 
energy-intensive, and therefore could benefit  from development of l oca l  alter- 
nat ive heat sources. / 

This is a high p r io r i ty  study because it addresses some of the problems f a c b g  
small communities which are dependent on several  l a rge  resourcedependent in- 
dustries.  Although it $6 obvious that  energy cos t  is only one of t h e  many 

This is an especially important issue 

* 

While cammunities on the  "re- 

* 
See Cortese and Cortese (.l978) and L i t t l e  and Lovejoy (1977). 
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fac tors  wbich may threa 
these communities, loca 
f i can t  short-term (20-30 years) impacts and may provide more time f o r  these 
coxomunities t o  strengthen t h e i r  indus t r ia l  base. The usual response of re- 
source-dependent camunit ies  has been t o  seek a new economic base, and th i s ,  
i n  turn, may have a major impact on l i f e s t y l e s  associated with the t rad i t iona l  
economic base. Geothermal development i n  areas such as Lakeview and Vale- 
Ontario may have the opposite effect ,  t o  the  extent that it reduces energy 
cos ts  f o r  major resource-dependent industr ies  and thereby sustains  exis t ing 
l i f e s ty l e s .  

Domestic and Community Geothermal fl 
Falls ,  Oregon 

tegrated study of the  Lmpacts of household and community heating applications. 
The s i tua t ion  is part icular ly  intriguing because many households in the c p -  
rmunity have f o r  many years drawn heat from single- o r  multi-family w e l l s .  
More recently, a community system 
EL core of downtown buildings. 

One of the key issues  i n  the  discussion of "energy alternatives" is the  ex- 
t e n t  t o  which they of fer  the poss ib i l i ty  of community (small-scale hydro- I 

e l e c t r i c  or wood f i b e r  generating f a c i l i t i e s )  or even household (solar) 
'oself-sufficiency." There are -obviously a number of economic, social ,  apd 
psychological issues  related t o  r e l a t ive  community and household energy self- 
sufficiency, and the Klamath Fa l l s  case provides an exceptional opportunity 
t o  investigate two major questions. F i r s t ,  w h a t  i s  the  impact of exis t ing 
s ingle  o r  multiple family heating self-sufficiency on household expenditures, 
energy consumption patterns,  a t t i t udes  toward energy and energy al ternat ives ,  
and household "well-being"? Second, what is the impact of the development 
of a community heating system on households which have existing geothermal 
heating and on those households within the  aame community which do not have 
geothermal heating? 
of geothermalheating t o  other energy resources within a community, and is 
especially appropriate f o r  the Klamath F a l l s  s i t ua t ion  because of the seg- 
ment of the community which already has geothermal heating. 

the fu ture  of the &hting indus t r ia l  base in 
i l ab l e  d i r ec t  heat resources may have signi- 

g Applications: The Case of Klamath 

. From a socioeconomic perspect is an idea l  site f o r  an in- 

truction t o  provide heat t o  

This second question addresses the interrelat ionship 

t 
t 

* 
Same of these iesues may have been addressed in the  report  t i t l e d  Klamath 
Falls Bot Water W e l l  Study, Or-egon I n s t i t u t e  of Technology, Geo-Heat  U t i l i -  
zation Center, Klamath Falls, cno date). 
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i d  LJ VI. SUMMARY 

c 
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li 

This brief summary lists and pr ior i t izes  statewide and area-specific soc ia l  
and e c o n d c  issues related t o  potential  geothermal development, provides 
an overview of the state of knowledge concerning these issues, and outlines 
six social  and economic studies which d g h t  be undertaken. 
t i f i e d  (both in t h i s  summary and in the Appendix on socioeconomic issues) 
range from the usual economic variables, such as employment and income, t o  
standard "socioeconomic," community service concerns commonly associated 
with "boom-bust" cycles, as w e l l  as social  and cul tural  issues which, though 
less susceptible t o  quantitative analysis, merit detailed consideration be- 
cause they may form the  basis for  strong and sometimes emotional opposition 
t o  new "unknown" aspects of geothermal development. 

Eight high pr ior i ty  statewide issues were identified (see Summary Table 1 
and the more detailed discussion i n  the appropriate Appendix). Underlying 
these issues is the fundamental question of public perceptions of the poten- 
tial "trade-offs" involved where geothermal development occurs i n  sparsely 
populated undeveloped or  primarily agr icul tural  areas. Unknown (in the mind 
of the public) geothermal impacts are weighed a g a b s t  known agricul tural  and 
recreational uses of ru ra l  lands, especially those unique areas which con- 
t r ibu te  to  the  "Oregon image." Other issues focus on potential  cammunity 
impacts, possible "boom-bust" cycles, and f i s c a l  and tax consequences and 
changes in the loca l  labor force. These issues are statewide in the sense 
that they tap matters of concern in many Oregon conununitie 

The issues iden- 

1 

L 

1; 

t' 

Summary Table 1 also lists pr ior i ty  issues fo r  seven areas within t h i s  state. 
As expected, some statewide issues are also of special  importance i n  cer ta in  
loca l i t i es .  How these issues might emerge on geothermal developments ob- 
viously depends on factors  such as pre-existing social  and economic condi- 
tions, local experience with energy and other natural  resource development 
and both the  perceived and l ike ly  scale and timing of geothermal development. 
In terms of the general types of issu and the i r  l ike ly  constituencies, the 
oeven areas f a l l  in to  two categories. Four of the areas, Western and High ' 

Cascades, Brothers and Alvord, are sp sely populated , with signif  $cant ac tua l  
o r  potent ia l  recreational use, and have important symbolic value t o  predami- 
nately urban populations. 
geothermal development in these areas w i l l  be similar t o  other "classic" en- 
vironmental or p eservation issues which stress recreation, scenery and "am- 
opoiled" areas. 
and Klamath Falls)  are more similar t o  contr 
economic growth, and governmental involvemen loca l  a f fa i r s .  Constituencies 
are thus more Ukely t o  be local and r e f l e c t  the concerns of small towns. 

particular s i t e ?  One can conclude from the pr ior i t iz ing in th is  report  that 
@me issues are more likely t o  attract public attention or c rys ta l l ize  pub- 
Uc opposition. On the  other band, many etate and loca l  emrirorrmental con- 
troversies are triggered by 18sues.which, although i n i t i a l l y  judged as rela- 
t ively unimportant, bring for th  a pol i t ica l ly  potent response from a mobil- 
i z e d  public. Thus, a l o w  pr ior i ty  issue could escalate in to  a major contro- 
versy ia which, through the jo- of a minor issue with more important 

Socioeconomic issues which emerge in response t o  

In contrast, issues in the other three' areas (Vale, LaGrande 
sies over planning and zoning, 

here issues which very probably w i l l  ha1 ermal development at a 
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concerns and an expansion of the  involved public, geothermal development 
is delayed or hal ted .  

A general assessment of the state of knowledge concerning soc ia l  and econo- 
m i c  issues re la ted t o  geothermal development (especially i n  Oregon) is tha t  
although there is a growing l i t e r a t u r e  concerning a variety of such impacts, 
there i s  l i t t l e  systematic information on e i ther  potent ia l  soc ia l  and econo- 
mic impacts of geothermal development i n  Oregon, or  general data on t he  
issues ident i f ied as important f o r  such development in Oregon. The Appendix 
reviews data sources and exis t ing materials. The several  socioeconomic stu- 
d ies  of geothermal development elsewhere typical ly  concentrate on the  usual 
economic and community infrastructure variables, and only ind i rec t ly  explore 
other soc ia l  and cu l tura l  issues. While s tudies  of those Oregon communities 
with some geothermal experience (Vale-Ontario, Klamath Falls)  could provide 
valuable information, there have been only limited e f fo r t s  t o  obtain detai led 
socioeconomic impact data. 

It would be foolhardy t o  predict  t ha t  geothermal development I n  Oregon w i l l  
proceed without the emergence of some public opposition. 
mentally conscious Oregonians may be a t t rac ted  by posi t ive features  of such 
development, issues  concerning a variety of impacts and public perceptions 
(and misperceptions) of the rpajor stages of geothermal development are l ike ly  
t o  generate public controversy. Although a pr ior  understanding of l i k e l y  
issues  does not automatically minimize such conf l ic t ,  a commitment t o  engage 
i n  s tudies  directed toward such issues may facilitate public understanding 
of geothermal development. Six high p r io r i ty  socioeconomic study topics 
emerged as pa r t  of the ident i f ica t ion  of key socioeconamic issues. 
following l i s t i n g  is fur ther  pr ior i t ized  in terms of statewide in te res t .  
(Section IV of the  Appendix on Socioeconomic Issues provides addi t ional  de- 
t a i l  and a p r io r i t i za t ion  by geographical area.) 

While many environ- 

The 

- Public Perceptions of Geotherrmal Development and the Symbolic 
Heaning of Special Places (Highest Prlofity). 
examine public perceptions and understandln~s concerning potential 
ReothenPal development in Oregon and perceptions relating t o  possible 
geotherPial bpac ts  on places which are the focus of strongly held 

h i s  study would 

u6mbOU.C olW!lb@ 

0 The Economics of Geothemal Development in Oregon. Topics w h i c h  
could be addressed ia this study include the economic advantages 
(benefits) and hpacts  (costs) of geotherm;il energy i n  comparison 
with al ternat ive sources of energy available t o  Oregonians, 
al ternat ives  f o r  the dis t r ibut ion of economic benefi ts  and cos ts  
of such development among potent ia l  c l i e n t  and consumer mupse 
and labor force and other employnent irppacts of the various stages 
of geothelaaal developnent. 

- Geothenal Pevelopment and Mspersed Ui1-d Recreation-Levels of 
Oompatability and Conflict. m s  study might explore s e v e d  issues 
nlating t o  potentfal  coaflicts between geothermal development and 
outdoor recreation, and exBmine parallels and contrasts with timber 
harvest impacts (probbly the major non-mcreational ac t iv i ty  on 
w o n  tipiberlana~). 
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- The AppUcadl i ty  he "Boom-Bust" C$ Geothenaal E%ploratim 

and Development i n  Oregon. Hany community issues focus on the extent 
t o  w h i c h  geothermal development n i l 1  generate severe rapidly C h a n g i n g  
demands for community services. 
with other types of energy development (gas and c 

Lependent Industries in &naller Oomunities. 
communities in Which locally based, d i rec t  heat geothermal develop 
ment may facilitate the continuation of  existing resource-dependent 
industries,  such as wood products and food processing. A closely 
related issue is the  possibly favorable impact of geothermal deve lop  
Bent on local energy costs. 

Klamath hlls, Oregon. A key issue in current discussions of "energy 
alternatives"' is the possibi l i ty  of conunwity o r  even household 
energy self-sufficiency. Klnnuth Falls is an ideal s i t e  for an 
integrated study of the impacts of household and community heating 
applications . 

Contrasts with impacts associated 
1 WY be =eful* 

- The Hole of Geothermal Development i n  the bintenance of Resource- 
Thh  study would examine 

- Domestic and Community G e o t h e d  Heating Applications: The Case of 
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Statewide Generic "hom-bust" cycles 
I ssues  (All HI OreRon's energy self- 

(I. S-am Table 1. Pr io r f ty  Social  and Economic Issues 

Use Issues  
Confl ic ts  with agricul- 

t-i U S ~ S  

V s l e  

Western ~~e~ 

Him Cas-- 

- 

1 

Coordination with irri- 
gated farming and 
graslng access (H) 

Y 

0 

suff iciencly 
TBX and myalty payments 

t o  l o c a l  governments 

Impacts on agrilcultural  
and forest products 
processing (PM) 

Y 

Impacts on conuaunity 
economic base (Lake- 
view and K Falls) (MH) ''I 

Aesthetic, h i s to r i ca l ,  or 
symbolic land values 

Coordination with exis t ing  hot  
water rights (MH) 

Population growth and 
d i s t r ibu t ion  (H) 

Poten t i a l  f o r  increased rec- 
r ea t iona l  use and access (H) 

Impacts on educational and 
s c i e n t i f i c  a c t i v i t i e s  (H) - 

Coordination nith urbanizing 
land uses (MH) 

Local recreat ional  use 
. (fishing, hunting, 
ORVs) (H) 

wilderness area impacts (H) 
Coordination with dispersed 

recreat ion (MH) 
Coordination with public and 

p r iva t e  landholders (MH) 
Recreational use of PIt, Hood 
and Tlrnberline Lodge (MH) 

Brothera I 64 I .e 

frr carnie 

Alvord 

Southern Basin 

Community Services and 
Public Perception Issues 
Community planning capabilities 
Cultural ident i ty  
Public uncertaint ies  

Community planning attitudes (MH) 

symbolic meaning of flewberry and 

Impacts on Warm Springs Indian 
Paul ina  areas (MH) 

Reservation (MH) L 

0 

@# 

Symbolic meaning of Qregan desert (H) 
Impacts on community services (€4) 
Wfes ty le  conf l ic t s  (ranching, farm- 
ing, urban recreat ionis te ,  
absentee landowners) (MH) 

Impacts on community services (MH) 

G ,  
@ This e- Uets only those statewide hXWXI rated a8 high p r io r i ty  (H) and area i s sues  mted as high (H) or w 

modemtel3, high (MH) priority. 
in t h e  A P ~ ~ ~ ~  
l o  Mgh r moderately high p r l o r i t y  l a sues  Identified.  

Many other i s sues  were iden t i f i ed  as meriting considemtion, and these are discusued 

r' P cr-  F F " " ~ ~ L " " S " r . _ l F " J E " l r r ~ r " " ~ P " l ' r  F " 7 r  
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. Appendix A 

CONDENSED SUMMARY REPORT 

Socioeconomic Subsession 
OGEOS Workshop. 

rch 28 and 29, 1979 
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The socioeconomic subsessions of the OGEOS Wor 
attended with high sustained attendence over two days. 
l ist of attendees shows a t  least f i f t een  participants i n  addition t o  the 
subsession chairman, h i s  associates, and LLL personnel who s a t  in on a 
portion of the first day's meeting. 
and viewpoints was represented including u t i l i t y  and mineral exploration 
in te res t s ,  environmental concerns, sub-state, regional perspectives, and 
various p o l i t i c a l  and economic viewpoints. 
discussion and the fleshing out of a number of soc ia l  and economic issues 
of potent ia l  impact t o  geothermal development i n  Oregon, but it a l so  
resulted i n  the  lack of a consensus on the p r io r i ty  of the issues on a 
statewide o r  regional basis. 
t o  adequately conceptualiee development scenarios f o r  both direct-use and 

roductim s i t u a t  epresents a significant issue in i tself .  

It was decided a t  the outset  that "socioeconomic" would be given a 

A reconstructed 

A significant range of i n t e re s t s  I 
k 

This variety l e d  t o  healthy 

The cause of t h i s  disagreement-an inab i l i t y  

broad, inclusive def ini t ion f o r  working purposes. 
t o  indicate factors  which have direct impact upon people, society, com- 
munities, p o l i t i c a l  inst i tut ions,  families, employment, taxes, and symbolic 
o r  cu l tura lva lues .  . It was a l so  necessary t o  distinguish between impacts 
rerated t o  exploration, direct-use, and powemproduction respectively. 
This dis t inct ion was d i f f i c u l t  t o  maintain because of .the-difftculty in 

The term was thus taken 

b predicting where a t  manner sites w i l l  be developed. 

ion was devoted t o  iscussion of potent ia l  
Through the course ues-surrounding geothermal development in Oregon. 

of discussion five general categories of issues were identified: economic, 
po l i t i ca l ,  recreational, l a n d  use, and other. 
the points of view.of (1) small town residents i n  eastern Oregon, 
(2) Willamette Valley residents,  and (3) organized labor. 
centered on the  poten t ia l  impact of geothermal development on l oca l  decision- 
making processes, service sector  capabilities, resource ownership and control, 
and community image." The recreation, land use, and p o l i t i c a l  categories 
are somewhat fntertwined. Much has been paid about how objections t o  
g,eothenaal development are la rge ly  "polit ical ,  " part icular ly  when they are 
biased on claims that wilderness areas are unsuitable f o r  developmnt. 
Rather than po l i t i ca l ,  we consider this issue a land use conflict. When 
the issue concerns areas regularly used f o r  recreational purposes (unlike 
wilderness areas), ve consider this a re tima1 issue. Of course, 0~1: 

Economic issues emerg 

P o l i t i c a l  

i 

L 
t"l 
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usage of the term p o l i t i c a l  indicates  public sec tor  i n s t i t u t i o n s  and 
t h e i r  domain ra ther  than conf l ic t s  between opposing i n t e r e s t  groups. 
Land use issues  comprised three d i s t i n c t  types: (1) those re la ted  t o  
resource control,  ownership, and management, (2) those re la ted  t o  zoning 
i n  both urban and r u r a l  contexts, and (3) those re la ted  t o  areas of spec ia l ,  
aes the t ic  value. 
was not  brought out by the group. 
the  more general i s s u e  concerning areas which are highly valued throughout 
the state f o r  t h e i r  spec ia l  qua l i t i e s  o r  symbolic meaning. 
Desert and Paulina (Newberry) Crater controversies r e f l e c t  t h i s  issue. 
Other issues  which did not ea s i ly  f i t  i n t o  these categories included 
impacts on cu l tu ra l  i den t i ty  and community self-image, t h e  relat ionship 
between power production and energy supply and cost  f o r  adjacent 
communities (would l o c a l  communities enjoy d i r ec t  benef i t s  of power 
production), and public perceptions and knowledge concerning geothermal 
development, energy trade-offs, and poten t ia l  impacts. 
i n  a l l  of the above categories have been incorporated-into the main 
report--they appear as part of the l i s t i n g  of statewide issues,  discussion 
of s i x  hiRh p r i o r i t y  socioeconomic s t u d i e s ,  and the l i s t i n g  of i s sues  
for each of seven regions. 

zat ion of these issues  and the  discussion of addi t iona l  sources of da ta  
f o r  research and bibliographic purposes (i.e., closing of da ta  gaps). 
Two s igni f icant  data  gaps emerged. 
and s o c i a l  data,  appropriate f o r  s i te -spec i f ic  analyses, from various 
regions around the  state. 
a t t i t u d i n a l  s tud ies  are needed f o r  modeling development pa t te rns  and socio- 
economic impacts. Although the Oregon Land Conservation and Development 
Commission requires  comprehensive land use planning on a l o c a l  and regional  
leve l ,  there  is st i l l  a shortage of r e l i a b l e  socioeconomic baseline da ta  
f o r  much of Oregon. The group did suggest a number of s tud ies  which may 
be useful  f o r  the  OGEOS. 

The other  data  gap i s  a l s o  an i ssue  i n  i t s e l f ,  and a contributing 
This is the  l ack  of information on 

It is worth noting t h a t  the i ssue  of "visual pollution" 
This problem is most l i k e l y  linked t o  

Both the Alvord 

The spec i f i c  i s sues  

Thursday's subsession was devoted t o  both the attempted p r i o r i t i -  

One is the  lack  of basel ine economic 

Input-output analyses, community prof i les ,  and 

f ac to r  in many other  i s sues  as w e l l .  
how geothermal development is l i k e l y  t o  proceed in Oregon. I n  as much as 
t h i s  i s sue  was responsbile f o r  the  disagreement on p r io r i t i za t ion ,  it can 
be considered the s ing le  most important i s sue  iden t i f i ed  in t he  subsession. 
This i s sue  i s  p a r t l y  due t o  the d i f f i c u l t y  i n  predict ing si te loca t ion  and 
quality.  It is a l s o  p a r t l y  due t o  the fact t h a t  no site thus far developed 
is considered typical.  In any case it seems t o  underl ie  o ther  issues ,  
is perhaps responsible f o r  what have been ca l led  "perceived problems," 
and represents a need t o  inform t h e  public of t h e  parameters of geothermal 
development including the  economic and environmental cos t s  and benef i t s  
of both power production and direct-use applications.  

Final ly ,  i t  is clear that al l  of the i ssues  should be addressed 
in a comparative framework, i n  which po ten t i a l  favorable and adverse 
impacts of geothermal are contrasted t o  those associated with nuclear 
and f o s s i l  fuel sources. Such an emphasis should a l s o  focus on the  
relative contribution of geothermal t o  Oregon's energy "self-sufficiency," 
in terms of the  extent t o  which geothermal development could impact 
present and fu ture  expenditures for "imported" f o s s i l  f u e l s  . 
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NOISE ISSUES 
RELATED TO THE DEVELOPMENT OF GEOTHERMAL 

ENERGY SOURCES IN THE STATE OF OREGON 

INTRODUCTION and SUMMARY 

Present u t i l i za t ion  of geothermal energy i n  Oregon is l imi t ed  t o  four areas. L 
Sources of hot water are used in each case. The w e l l s  used a t  present are 
shallow. 
a t e ly  dense (Klamath' Fal ls)  . Noise problems during plant  operation, a f t e r  
d r i l l i n g  operations and construction are complete, are almost nonexistent. 

The population i n  the areas var ies  from s l i g h t  (Vale) t o  moder- 

Li 

With the exception of the four regions of present hot water u t i l i za t ion ,  
Klamath Fal ls ,  Vale, t ake  County, and LaGrande, most of the area of current 
Oregon known Geothermal Resource Areas (KGRA's) are remote and presently 
used fo r  summer homes and recreation ac t iv i t i e s .  

i 

Exploration and test d r i l l - )  
ing in these remote regions may o r  may not be creating a noise problem for 
birds  and animals that could reduce the i r  use of present habitats. 

Future sound problems resul t ing from the development of geothermal energy 
sources w i l l  be very dependent on w h a t  the  present and future  exploration 
and test d r i l l i n g  operations find. 
sources presently being developed i n  Oregon has signif icant  noise associated 
with exploration, test d r i l l i ng ,  f i e l d  development, and plant construction, 
but l i t t l e  with operation. 
tms, and dry steam systems each r e s u l t  in operational sound problems as 
w e l l .  
blem due t o  steam venting, t he  use of air d r i l l i ng ,  and possible w e l l  blow- 
outs. 

Hot water of the  lower temperature 

The hoped f o r  binary systems, f lash  steam sys- 

The dry steam system is known t o  add extensively t o  the noise pro- 

The areas around Klamath Fa l l s ,  Vale, Lake County, and LaGrande are suff i -  
c ien t ly  populous tha t  the  major receivers of sound from geothermal develop- 
ment a c t i v i t i e s  are the people working on or near the  sites o r  having homes 
nearby the  w e l l  areas. 
ceivers of sound from future  development. 

People w i l l ,  i n  these same capacit ies,  be the  re- 

Even where the areas are presently remote, some amount of urbanization w i l l  
be necessary during test d r i l l i ng ,  f i e l d  development, and f a c i l i t y  construc- 
t ion.  
nent urbanization w i l l  result. 

In cases where the water o r  steam w i l l  be used on site, some perma- 

During exploration and test dr i l l$ng,  sounds from the  a c t i v i t i e s  may prove 
disturbing t o  t h e  present recreat ional  uses. Where the  areas are cri t ical  
habi ta ts  fo r  birds  and animzls, there  could be permanent or long-term los s  
of these uses. 

Sound l eve ls  resul t ing from geothermal energy f i e l d  development facil i t ies 
construction, and u t i l i za t ion  are governed by federa l  regulations on geo- 
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thermal development, st 1 noise. These each 
apply t o  ongoing projects and may apply t o  the  project s t a r t i ng  a t  differ-  
ent  times 'during the project d 

Environmental assessments of 8 planned project are required by federal  regu- 
la t ions  which apply t o  federal  lands only and possibly on state and pr iva te  
lands where federal  money is  t o  be used fo r  development.. 

Much of the bas i  of t h i s  evaluation comes from the discussions during the  
workshop held on March 28, 1979. 
with the Oregon Graduate Center f o r  Study and Researc 
Issues/Recomendations are d i rec t ly  from tha 

1. 

The report  of t h i s  subsessionl is on f i l e  
e following 

Is sues /Recommends t ions 
A. Inventories 
- Issue is  deficiency in present timing and process of the 
gathering of information on soc ia l  and environmental systems. 

_ _  Recommendations include 

1. Early ident i f icat ion of 
a. Noise receptors 

1) Human 
2) Animal 

A) Fish and wi ld l i fe  
B) Domes t i c  l ivestock 

b. Use areas 
1) Residential areas 
2) Recreational areas 
3) 
4) Migratory routes (land and air) 

Sensit ive habi ta t s  (breeding grounds, etc.) 

2. Revisions in baseline requirements 
a. The time frame Over which noise baseline data  is t o  

be gathered, i.e., one year, should shorten t o  a 
more reasonable time. 
Noise baseline data should be phased i n  a t  an earlier 
time than presently required, Le., at  ful l - f ie ld  
development state - which may be a f t e r  considerable 
exploratory a c t i v i t y  allowing up t o  four w e l l s .  

Noise baseline data  acquis i t ion is in need of be t t e r  

b. 

C. 
. definit ion.  

B. Mitigation of Impacts 
- Issue is lack of recognition (in the  l i t e r a t u r e  and by other  
inquiry) of state-of-the-art in noise control. 
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Recommendations include 

1. Application of ex is t ing  technology i n  
a. Cooling tower noise control  

b. 

C. 

Continued research i n  pers i s ten t  problems, such as 
muffling of steam release. 

Dr i l l ing  noise abatement ( r ig  enclosure, etc.) 
S i t e  treatment and planning f o r  noise reduction 

2. 

C. Ident i f ica t ion  of Data Needs 

I s sue ' i s  outdated source l e v e l  data  i n  l i t e r a t u r e  and rel iance 
of public bodies and geothermal developers on this data. 
Recommendat ion 

Responsible public body, such as EPA, Office of Noise Control, 
should address the  updating, publication and dissemination of 
current noise source data ,  including the  noise  sources atten- 
dant t o  exploration and construction phases. 
Issue is inconclusive da ta  on e f fec t s  of noise  on domestic 
animals, f i s h  and wi ld l i fe ,  including birds.  
Recommenda t ion 

Continue research i n  t h i s  area current ly  in research by Bonne- 
v i l l e  Power Administration and under grant by St.  Mary's College, 
Moraga, California. 
Further l i t e r a t u r e  review is planned by t h i s  task  force  and w i l l  
be reported i n  the  conclusion t o  t h e  study. 

- 

- 

! 
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I .  NOISE SOURCES 

Dependence on Development Type and Phase 

Geothermal energy may be developed fo r  four basic types of uses depending 
on t he  temperature of the water or steam. 2 3 4 5  * 9 9 

temperature of water above ambient could be used d i rec t ly  t o  supply energy 
t o  an a c t i v i t y  such as processing food, heat l o s s  from occupied spaces, 
cooling occupied spaces, etc. 
t o  make t he  process useful on a la rge  scale. 

erate e l e c t r i c a l  power,which is cal led a Binary System. 
require surface temperatures i n  excess of lSO°C where the  boiling of ' the 
secondary f lu id  takes placeO3 Higher temperature w i l l  be needed t o  make 
the  process economically feas ib le  f o r  re la t ive ly  low energy cost  areas 
such as Oregon. + 

t o  generate e l ec t r i ca l  power usually called Flash Systems. Some flashing 
of water t o  steam takes place when surface temperatures exceed 100°C. 
evaluation of t h i s  system3,5,30 put the lowest temperature f o r  reasonable 
steam generation at  200°C. 

4. 
goes under the  
can be used. 

The development of a geothermal energy f i e l d  can be broken down in to  four 
phases.294 During t h i s  phase, 
po ten t ia l  areas of development are found and as many as four test w e l l s  may 
be dr i l led .  This is the  main w e l l  d r i l l -  
ing phase. This I s  when the pumping facll- 
ities or the  power generation f a c i l i t i e s  are constructed along with the  ex- 
tensive f l u i d  delivery piping system. 
Operation. 
number of years. 

This divis ion is not t he  only one possible but seems the most useful in 
examining t h  noise'source and seems t o  best  f 

The sources of noise from exploration a c t i v i t i e s  are airplanes,  trucks, 
engine generators, activities of crews l iv ing  in area, and l i g h t  d r i l l i n g  
activities. 
used and t h e  sound levels from these activities can be expected t o . b e  
higher and more prolonged. 
weeks t o  a number of years.7 

The sources of noise during f i e l d  development a c t i v i t i e s  are the same as 
f o r  t h e  first phase but more activities w i l l  occur and larger  power sources 
W i l l  be used. .Air d r i l l i n g  may be used durlng this phase resul t ing i n  a 

t 

b 

i 
I 
L 
1 

1. Direct use of hot water called Hot Water Systems. Any surface 

Temperatures of 7OoC or higher are needed 

2. Use 03 theehot water t o  bo i l  a secondary f l u i d  which is  t o  gen- 
This use would 

3., Use of the  f l a sh  s t e a m  obtained from water drawn from deep w e l l s  

Most 

Use of dry steam from w e l l s  t o , g  rate electrical power which 
e of D r y  Steam Systems. Dry steam at any temperature 

The f i r s t  is Field Exploration and Proving. 

The second is Field Development. 
The t h i rd  I s  Plant Construction. 

The fourth and last phase is Plant 
This is  the  phase which sho be expected t o  continue f o r  a II 

u the major federal  control 
regulations. f 

During the  proving par t  of t h i s  phase, heavier equipment is 

The extent of t h i s  phase may be from a f e w  

, 
if 
C !  



F5 L 
L 

subs tan t ia l  increase i n  sound levels. 
d r i l l i n g  In  dry s t e a m  fields. It is therefore an unlikely method i n  Oregon. 
A w e l l  is operated t o  waste f o r  proving and clean-out. 
steam, these operations can be extremely noisy. 
an on-going a c t i v i t y  during the l i f e t ime  of 'the f i e l d  and can exist concur- 
ren t ly  with the  next two phases. 
8100 person-days of f i e l d  development a c t i v i t y  t o  ful ly-develop a 200 MWe 
f i e l d  can be made from data  supplied from a government studyO7 

Air d r i l l i n g  has its major use in 

c 
t 
I 
c 

t 
c 
1 
t 

I n  the case of dry 
This a c t i v i t y  is  normally 

An upper l i m i t  estimate of as much as 

The f a c i l i t y  construction phase is that during which the  roadways, process 
factory,  powerhouse, and l i v ing  quarters  may be constructed. 
type construction sound can be expected. The extent of t h i s  a c t i v i t y  de- 
pends on t he  s i z e  o f ' t h e  p lan t  t o  be constructed but is l imited in length 
by the  completion of construction before the  operation phase. Some on-going 
construction a c t i v i t y  can be expected over t he  l i f e  of the  f i e l d  as roadway 
and f l u i d  handling piping along with other  construction may start with f i e l d  
development and continue as long as f i e l d  development goes on. 

The plant  operation phase is the long term phase of operation. 
liar t o  geothermal p lan ts  associated with this phase are running the  f l u i d  
t o  waste f o r  w e l l  clean-out and during plant  outages. 
such as those from the turbine-generator complex, steam jet e jec tors ,  pumps, 
etc. w i l l  be present i f  t h e  p lan t  is not  enclosed In  a building. 
towers w i l l  be an important source of sound where low pressure is required 
f o r  the generation of electric power. 
of workers and equipment on and off  the  site. 
sound l eve l s  t o  which t h e  area w i l l  be subjected. 
presented t o  give a f e e l  f o r  some of the  sounds encountered during d i f f e ren t  
phases. 

The normal 

f L 
Noises pecu- 

Normal p l an t  sound 

Cooling 

Another source of sound is the  moving 
These are t h e  steady state 

The following t ab le  is 

TABLE OF SOME TYPICAL SOUND LEVELS 

Dri l l ing  
Water Carrier 
~ i r  Carrier (NO steam) 

Construction 
Trackers 
P i l e  Drivers32 
Rock Dri l ls32 

31 
31 

11 

Average Level 
@ 15.2 meters 

85 dbA 
88 dbA 

88-96 dbA 
101 dbA 
98 dbA 

i 
c 
c 
t Operation 

Cooling Towers13 
Turbine Building13 

69 dbA 
66 dbA -. 

Existing Data 
The l i t e r a t u r e  contains a good deal of da ta  on t he  sounds from planes, cars, 
and trucks used in e ~ p l o r a t i o n . ~ s g s 1 0  Data on d r i l l i n g  equipment I s  mostly 
on l a rge  d r i l l i n g  operations .11,12,13 With some modff lcations, this  data 

L -  
i 

i 
. t  
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could be used for  the 
Construction is limited during this phase but some road and l iving quarters 
must be constructed and maintained. 
is readily available because such assessment has been a par t  of most Environ- 
mental Impact Statements f o r  some years. Many of the past EIS's contain t h i s  
data . 
The d r i l l i ng  informationll , l2~13 a lo  
outs, clean-outs, and test venting l 2 3 5  is available i n  some de ta i l .  This 
along with the  construction information, is suff ic ient  t o  estimate the sound 
exposure of this phase. 

The sound exposure estimates of the construction phase w i l l  not d i f f e r  in 
the  data used from any other assessment of construetion sound. 
be used fo r  these assessments'are readily available. While the present lit- 
erature  values d i f f e r  from reference t o  reference, problems with t h i s  differ-  
ing data can be avoided by selecting only tha t  data that was taken i n  situa- 
t ions that exist and on equipment t o  be used on the project being evaluated. 
The large amount of data available allows such selection. 

The operational phase, l i k e  the two phases that come before, w i l l  not always 
ex is t  alone. 
of the l i f e  of the f ie ld .  
can be used t o  asses6 the sound leve l  of exposure from plant operation and 
be combined with t h a t  of f i e l d  development and f a c i l i t y  construction t o  ob- 
t a i n  an assessment of a l l  sound exposures during this phase. 

Required Data 
The data fo r  t he  ab 
ature,  must be selected with care fo r  tha t  which wil l  most closely apply t o  
the s i tua t ion  and equipment being evaluated. The method of calculating the 
rsound l eve l  exposures are well developed and as accurate, i f  not more accur-, 
ate, than the  data base t o  be used. for  the  cont hued  
refinement of bo h the data base and t he  methods used. 
thermal Handbook E g 
use of equipment du 

es t dr l l l i n g  and ing during the f i r s t  phase. 
ii+ 

u,12 Data on construction noise assessment L 
with sound information on w e l l  blow- 

The'data t o  

li 
L 

Construction and f i e ld  development will normally go on fo r  most 
Data on sound levels during plant operationl2r13~15 

l- 

in many places in the liter- L 
$1 

I 

The major need her 
eport called Geo- 

This information can be used along with 
method of determining the time and extent of the 
ch phase. c 

an assessment method used i n  the  Bureau of Indian Affairs - Sherwood Uranium 
Project FEIS17 t o  get the exposur a t  a given distance 
from the operation. 

j The best  analysis 80urce data used. Much 
of the  present data dates back t o  the  early 1970s. 
mount of work had been done on s 
fo r  improvements in the sound f r  s t ruct ion equipment. The Department 
of Environmental Quality has, and is, s e t t e g  regulations on some construc- 
tion equipment noise emissions. 
data t o  include improvements tha t  take place and t o  correct the present 
spread of data information. 

This was before any 
control. Reference 32 gives hoped 

An e f fo r t  needs t o  be made t o  update 6ource 

, 

u 
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NOISE RECEIVERS 

Receivers Dependent on Area'and Phase of Development 

The receivers present w i l l  vary with the  area or  region being developed. 
I n  Klamath Fal ls ,  Lake County, LaGrande, and Vale, the receivers are the 
present population of people. The presence of people i n  these areas for  
long periods of t i m e  has most l ike ly  conditioned the animal and bird pop- 
ulation that has remained, t o  noise and act ivi ty .  A number of the possible 
areas in the  Brothers Fault Zone, Cascades, and the Alvord Desert have had 
l i t t l e  or no exposure t o  human a c t i v i t i e s  and the receivers are the animals 
and birds. . - 
The phases of development w i l l  each bring the sounds and levels  peculiar 
t o  that ac t iv i ty  as discussed above. The extent t o  which the sounds may 
be a problem and the receivers that need t o  be considered must be related 
t o  the area. 
ceivers and present noises be made before the ac t iv i ty  starts. 
age is possible t o  the present use of an area if an a c t h i t y  is started tha t  
w i l l  result i n  making that area unsuitable fo r  tha t  use. 
needs must, of course, be of f i r s t  consideration. 
irreplaceable recreational area is  rendered unusable f o r  that purpose, this 
should r e su l t  from a considered and knowledgeable decision that a higher 
need is served that  cannot be reasonably served otherwise. 

It is necessary, therefore, t h a t  an inventory of possible re- 
G r e a t  dam- 

People and the i r  
But, i f  a desirable and 

Receivers Common t o  a l l  Areas 

People are one of the  receivers that w i l l  be c m o n  t o  a l l  areas and devel- 
opment phases. People presently involved i n  the or iginal  area a c t i v i t i e s  
such as homes, camps, trails, and places of employment w i l l  be present t o  
some extent i n  a l l  of the areas. 
development will a l so  be present in a l l  areas and development phases. 

People associated with the geothermal 

Data That Presently Exists 
Inventories of area use, people present, and the  new people associated with 
the development are e i the r  known or  can be readily developed. 

Inventories of animals ard birds  along with the  critical habi ta ts  and ndgra- 
tory routes of animals and birds  are only known t o  a s l i g h t  extent. 
ence should be made t o  Ecosystems Workshop Report18 and tha t  section i n  this 
f inal  report fo r  information on t h i s  topic. For reasons noted later in this 
section, inventories of wi ld l i fe  need t o  be made w e l l  before any extensive 
activities are started.  This is especially t rue  in areas that have not been 
occupied by people and in areas wtere critical habi ta ts  may exist. 

There are presently a number of sources of information on the e f f ec t  of 
sound on people engaged in certain activities such as sleeping, working, 
etc. Three of the  more complete sources of this data are l i s t e d  i n  the  
reference list.8,19,20 The generally accepted protective sound l eve l  limits 
of an LDN of 55 fo r  preventing task interference,20 and LDN of 70 f o r  pre- 
venting hearing 10ss,~O and 80 dbA f o r  work exposure t o  prevent hearing loss19 

Refer-  
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can be used- f o r  evalua- 
t ing  human exposure. Regu ced where s t a t u t e  regu- 
l a t i o n  o r  s t a t u t e  authorize3 regulation exist. 
than the above limits except fo r  OSHA regulations which are s t a t u t e  author- 
ized. 

se normally are higher c 
This type of i n f o m k i o n  on animals and birds  is very sparse, One t ex t  has 

I recently been published that lists, reviews, and summarizes the present lit- 
erature  on t h i s  topic.21 Many discussions of geothermal energy development 
make reference t o  possible problems w i t h  noise and animals but one EPA docu- 

- 

best summarizes these cautions: 
"These findings cer ta inly suggest caution should be 
exercised i n  allowing sound intrusion in to  animal 
habi ta ts ,  not only because of possible d i r e c t  e f f ec t s  
on animals themselves, but a l so  on items i n  the  food 
chain of the animal," (page 40) 

L 

The gener 
and birds. 
levels  at  60 dbA or,above.22 

tec t ive  sound l eve ls  are not known for  animals 
The s tudies  tha t  exist on ef fec ts  on animals are generally a t  

The EPA study22 notes: 

1; 
"Clearly, the  animals that w i l l  be d i r ec t ly  effected 
by noise are those that are capable of responding t o  
sound energy, and especially the  animals that r e l y  
on auditory signals t o  f ind  water, stake out terri- 
tor ies ,  recognize young, detect  and loca te  prey, and 
evade predators. Thes ctions could be c r i t i c a l l y  
effected even i f  the  s appear t o  be completely 
adapted t o  the  noise (Le., they show no behavioral 

e such as ptartle o r  avoidance)." (pages 45-46) 

The use of the normal descriptor f o r  human response, dbA, may not be the 
best t o  evaluate animal and bird response as the  frequency range perceived 
by animals and birds  is much different.21,22 

F 4 

e above section r ea l ly  
Li 

&; 
shows more c lear ly  wha t  is needed than what i s  known. 
on the  noise e f fec t  on wi ld l i f e  is needed before the  needed, considered, 
and knowledgeable decisions can be made on which area t o  enter  and which 

I 
needs t o  be held off limits t o  ge 

L of inventories noted 

A good dea l  of study 

or other type, 

it'clear that we need a good dea l  of fur ther  inventory da ta  
1 e e f f ec t s  da ta  could be used i f  and wh t 1 -  

SOUND PROPAGATION AND CONTROL 

Field Exploration and Proving 
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The sound levels  of l i g h t  and medium s i z e  airplanes and off-road vehicles 
are known. 
t o  limit the exploration a c t i v i t i e s  near especially critical habitats for  
animals and birds. Such a l imi t  would not be necessary i n  most areas be- 
cause of the limited time of such act ivi ty .  

Once acceptable exposure limits are set, this data can be used 

Tes t  d r i l l i ng  with l i gh t  r i g s  would increase the leve l  of  ac t iv i ty  i n  a 
comparatively much more restr ic ted area. 
l a t e d  from known data and methods and a l i m i t  set f o r  c r i t i ca l ' hab i t a t  i f  
the data were available on which t o  establish that  l i m i t .  

In each case the l i m i t  could be a time l i m i t  on present equipment w i t h  a 
longer time l k m i ' t  on special ly  sound treated equipment. 

Baseline sound data would be necessary in se t t ing  such res t r ic t ions  as there 
is good reason t o  believe that a leve l  may only exceed the  ambient by a given 
amount without adverse e f fec ts  in some cases22 f o r  wildlife.  This i s  t rue  
a l so  f o r  people and is made a par t  of the state sound regulations. 
data is necessary, i n  general, t o  prevent s e t t i ng  sound emission limits a t  
or  below ambients. Baseline data is needed before the activities start as 
it is not available a f t e r  the activities are w e l l  along. 

Again, exposures could be calcu- 

Baseline 

Field Development 

The necessary information and methods are available t o  calculate  or other- 
w i s e  predict the sound levels from this act ivi ty .  
methods can be used t o  control the sound t o  levels  consistant with the 
limits on human exposure. 
steam venting, and w e l l  blow-outs.1f-13 These problems are not considered 
serious in liquid-dominated systems. 
water w e l l s  are not thought t o  be l ike ly  i n  Oregon. 
critical habi ta ts  during this phase is not predictable at  present. 

Normal sound control 

The a c e  tions t o  t h i s  seeni t o  be w e l l  clean-out, 

D r y  steam systems and high pressure 
What would happen t o  

Construction of Fac i l i t i e s  

Sound control of construction equipment has a very long way t o  go before 
such equipment could be used in noise sensi t ive areas. 
these f i r s t  three levels of development could be returned t o  any type of 
human use but it is uncertain i f  it could be returned t o  use by sens i t ive  
wi ld l i fe  . 
Operation 

The operation of hot water use facilities W i l l  add l i t t l e  except increased 
human ac t iv i ty  i n  the  area. The operation of f l a sh  steam or binary systems 
w i l l ,  in all likelihood, result in an increased sound leve l  from the  oper- 
a t ion  such as pumps, cooling towers, etc. The data and the  methods of pre- 
diction are available fo r  predicting sound l eve ls  for  t h i s  phase. 

An area exposed t o  

i 
L 

t 
1 
L 
b 

. I  
I; 
h 

I 
t 
L 
t 
I 

L 
L 
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NOISE REGULATION 

Federal 

The four major federal  enabling acts a re . the  following. Each supplies some 
means of control of sound from this type of f ie ld .  

1. National Environmental Policy A c t  of 1969 24 * 

- requires the  EIS t o  address various parameters of noise 
pollution effects,  including those of construction noise 
as noted in Region X U.S. EPA "Guidelines t o  EIS be vie^''^^ 

- gives loca l  authority (states and loca l  governments) thrqugh 
Circular A-9525 for  EIS review, comment. 
mitigation recommendations enter here 
Geothermal Steam Act of 19706 

- statutory authority f o r  the enforcement of GRO Orders by 
the  U.S. Geological Service - GRO Order No. 4 contains a specific noise l imitation of 
65 dbA maximum a t  the  lease boundary or  one half m i l e  
from the source 

- references adherence t o  a l l  applicable state regulations, 
which by implication includes the  Oregon Wilderness, 
Recreational and Scenic Areas26 noise standard of 50 dbA 
maximum a t  50 f ee t  

- statutory authority fo r  the  surface management agency 
(BLM or  Forest Service) t o  require baseline study by 
the  developer - the taking of animal and human inventories is an fnt,egral 
part  of baseline assessments; noise Impact analysis and 
prediction would r e ly  on these inventories in  the  EIS 
report  
Occupational Safety and Health Act,23 amended 

recipients 
Noise Control A c t  of 1972,27 amended 

Environmental Impact Statement by regional EPA noise 
representative 

State  DEQ noise 

2. 

3. - standards of l imitat ion on noise m o s u r e  of work-place 

4. - governs EPA source noise standards and includes review of 

'She one serious fault with the.contro1 from the  four above sources is that 
the baseline studies fo r  sound come after the Exploration and Field Proving 
Phase. 

Sta te  3 

The Sta te  Department of Environmental Quality has rules28 on l eve l  of sound 
- 
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emissions that w i l l  apply during t h e  Plant Operation Phase and can include 
d r i l l i n g  operations t h a t  go on as a par t  of energy production. 
blem with DEQ regulations is that they apply only t o  r e s iden t i a l  property 
unless an area has been designated Quiet Zone. 

The pro- 

. 

The Ore on Nuclear and Thermal Energy Council State-Wide Si t ing  Task Force 
ReportZe has set as ide  l a rge  areas as Wnsuitable" for p.ower p lan ts  because 
of other uses. 

These, along with t h e  Wilderness Areas Rule26 which l i m i t s  sound sources ' 
i n  wilderness area t o  50 dbA at  30 f e e t  are the  present state regulations. 

Local 

There are at present no known l o c a l  regulations. 

Noise was  one of t h e  reasons f o r  this action. 
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Appendix 1 

OGEOS STEERING COMMITTEE 

John A. Cooper, Oregon Graduate Center, 19600 NOW.-Walker Rd., Beaverton, OR 

John Geyer, M t .  Hood Nat'l Forest, 19559 S.E. Division, Gresham, OR 97030 

Dick Benoit, Ph i l l i p s  Petroleum, P.0, Box 6256, Reno, Nev. 

Robert W. Haines, Hermann & Smith, #310, 610 SOW. Broadway, Portland, OR 

97006 

e 

Marvin Crocker, Fremont National Forest, Lakeview, OR 97630 

97205 

John Hook, Northwest Natural Gas, 6315 Bellecreek Rd., S.E., Salem, OR 
Walter Youngquist, Eugene Water & Electric Board, 780 W. 40th Avenue; 

Chris Kondrat, BPA, P.O. Box 3621, Portland, OR 
Michael Berger, BPA, P.O. Box 3621, Portland, OR 97208 

Liz Frenkel, S ie r ra  Club, 1431 NOW. Vista Pl., Corvallis, OR 97330 

Rod Wimer, Portland General Electr ic ,  4280 Bernard St., Lake Oswego, OR 
Debra Justus, OIT/DOE, Salem, OR 973 
Kent Ashbaker, DEQ, P.O. Box 1760, Portland, OR 97207 

Eugene, OR 97405 

Jerry MacLeod, Oregon Dept. of Fish & Wildlife, P.0. Box 3503, Portland, OR 
97203 

p e  Rlfer,  Oregon Natural Heritage Program, 1234 NOW. 25th, Portland, OR 97210 

Sandra White, Oregon Department of 

eron LaFollette, Oregon p.0. BOX 3479, 
L 

Eugene, OR 97403 

Portland, OR 97201 
-.- - 
Don .Hull, Orego and Mineral Ind., 1069 S t a t e  Office Bldg. L 
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Appendix 2 

AGENDA 

W i  1 lamette Center 
2nd and Salmon 

Port1 and , Oregon 
March 28 .and 29, 1979 

OREGON GEOTHERMAL ENVIRONMENTAL OVERVIEW UORWHOP 

Wednesday, March 28th 
t : 3 0  - .8:30 a.m. 
8:30 - 8:40 

8:40 - 8:50 

8:50 - 9:lO 

9:lO - 9:20 

9:20 - 9:40 

9:40 - 1O:OO 

10:oo m 10~20 
\o:m - 1O:QO 

10:40 - 11:OO 

11:OO - 11:15 

11:15 - 11~30 

11:30 - l1:40 

11:30 - 1:OO p.m. 
12:30 - ltOO 
1:oo - 1:20 

1:20 - 1:40 

1 ~ 4 0  - 1 ~ 5 5  

* Optional 

Registration 
Welcome and Opening Remarks 
John Cooper, Oregon Graduate Center , Beaverton, Oregon 
Geothermal Environmental Overview Projects: A Preliminary 
Assessment 
Paul Phelps, Lawrence Livermore Laboratory, California 
A Broad Look a t  Health and Environmental Issues Related t o  
Geothermal Developments 
Lynn Anspaugh, Lawrence Livermore Laboratory, California 
Objectives of the Oregon Geothermal Environmental Overview 
Study 
John Cooper , Oregon Graduate Center 
Oregon Energy Perspectives 
Michael Gainey, Oregon Department 'of Energy 
Oregon's Geothermal Resource Areas - An Overview 
Debra Justice, Oregon Institute of Technology 
Break 
Chemical Emissions from Geothermal Developments 
John Evans, Battelle Northwest, Richland, Washington 
Impacts on Water Quality 
Leo Defferding, Battelle-Northwest , Richland, Washington 
Noise Effects 
P h i l l i p  Leitner, St. Mary's College, California 
Air Effects 
C. R. Molenkamp, Lawrence Livermore Laboratory, California 

Pictorial Review of Geothermal Facilities 
Richard 6. Bowen, Geothermal Consultant, Portland, Oregon 

Luncn 
Film: Imperial Val ley Geothermal Environmental Study 
Geological Effects: Seismicity and Subsidence 
Nei 1 Crow, Lawrence Livermore Laboratory, Californfa 
Ecosystems Effects 
P h i l l i p  Leitner, St. Mary's College, California 
Geothermal Development Forecasts f o r  Oregon 
Richard Bowen , Geothermal Consustant , Portland, Oregon 



- 2 -  

1:55 - 2:lO p.m. Dev eothermal Eneyy i n  Oregon 

2:fO - 2:25 . Envi ronmental i s t s e m 1  Developments 

2:25 - 2:40 Introduction t o  Workshop Discussion Groups 

Richard 6. Benoit, P h i l l f p s  Petroleum, Reno, Nevada 

i n  Oregon 

John Cooper, Oregon Gradu 

i Elizabeth Frenkel , 
li 

eaverton s Oregon 
b ' -  2:40 - 3:OO Break 

L 
3:OO - 5 ~ 3 0  . Concurrent Subsession Discussions t o  

Major Environmental Issures 
Geol ogi cal : Subsidence and Sei smf ci ty 
Socioeconomic Effects 
Ecosystem Effects 
' Noise Effects 
' Cultural Heritage (History, Archeology, etc.) 

Air Quality 
Water Quality 

Open Cash Bar - Room 210, Riverside 
50 S. W. Morrison Street, Portland, Oregon 

u 

s t  Motor Hotel 

.'12:00 1:30 p.m. lunch 
Presentation of 
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PARTIAL LIST OF ATTENDEES 

OREGON GEOTHERMAL ENVIRONMENTAL OVERVIEW WORKSHOP 

Terilyn Anderson, Metro. Service District, 527 S.W. H a l l ,  Portland 97201 
Lynn R. Anspaugh', Lu, P.O. Box 5507, Livermore, CA 94550 

C. Kent Ashbaker, DEQ, P.O. Box 1760, Portland 97207 

221-1646 
(415) 422-3880 

229-5325 t Alex Beamer, Briedenbush Hot Springs, P.0. Box 578, Detroit ,  OR 97342 - 
Dick Benoit, Ph i l l i p s  Petroleum, P.O. Box 6256, Reno, Nev. 

Michael Berger, BPA, P.O. Box 3621, Portland 97208 234-3361 L 

! *  

Richard Bowen, Consultant, 852 N.W. Albermarle Terr., Portland 222-0040 

Polly Branaman, USFS, Gen. Del. ,  S i s te rs ,  OR 97759 549-2111 
Duncan Brown, M u l t .  Co. Planning, 2115 SoEe Morrison, Portland 97214 248-5266 
Hugh Bunten, Jr., USFS, Rt. 2, Box 77, Lakeview, OR 97630 947-2151 1 
Ronald F. Campbell, Parametrix, Inc,, Bellevue, WA 98005 (13020 Northey Way(206) 455-2550 
Lol i ta  Carter, PGE, 121 S.W. Salmon, Portland, 97207 

Richard W. Castenholz, U. of O., Eugene, OR 97403 
Lawrence A. Chitwood, Deschutes National Forest, 211 N.E. Revere, Bend 97701 

John A. Cooper, Oregon Graduate Center, 19600 N.W. Walker Rd., Beaverton 97005 645-1121 947-4723 I J. R. Cogan, P. S. Ogden, 806 N. 4th, Lakeview, OR 97630 

(702) 786-2273 1 

L 

226-5616 b 
382-6922 L W. G. Christian, Sunedco, 12700 Park Central Pl., Dallas, TX 75251 (214) 233-2600 

Marvin Crocker, Fremont National Forest, Lakeview, OR 97630 

Edward A. Daly, Daly Engineering Co., 11855 S.W. Ridgecrest Dr., Beaverton, OR 
C. Girard Davidson, Sea-Tac Geothermal, 519 S.W. Park, Portland, 97210 

Rick DeCesar, Oregon Graduate Center, 19600 N.W. Walker, Beaverton 97005 
John Deemlng, USDA-Forest Service, P.O. Box 3623, Portland, 97208 

Leo Defferding, Battelle Northwest Labs. , Richland, WA '99352 

Susannah H, Denton, 12705 SeE. River Rd., Portland 97222 
Carro l l  El. Dubuar, BLM, Box 2964, Portland, 97208 
Jan Egger, Ed Daly Engr. Co., 1800 Ridgecrest Dr., Lake Oswego 97034 
Ibrahim Elkassas, Remote Sensing Center, 7142 S.W. Oleson Rd,, Portland 97223 
Edward Esdaik, 2224 S.E. Clinton, Portland 
John C. Evans, Battelle Northwest Lab., 326 Bldg., Richland, WA 99352 
Bruce Farling, U. of 0. Survival Center, U. of O., Eugene, OR 97403 

N e i l  Crow, UL, P.O. Box 5507, Livermore, CA 94550 (415) 422-3880 L 
646-4420 
223-3800 

645-1121 
221-2931 

(509) 942-0934 

231-6272 654-6581 E 
636-8335 
542-1506 

L (509) 942-0934 
686-4356 - a L Richard T. Forester, US. Fish 6 Wildlife, 2465 E. Bayshore, Palo Alto, CA (415) 323-8111 

Eldon 8. Franz, Env. Res. Center, WSU, Pullman, WA 99164 (509) 335-l546 

94303 



c 
Daniel L. Freeman, OGC, 7065 S.W. Garden Home Rd., Portland, 97223 244-0719 

N.W. Vista Pl., Corvallis, OR 97330 75 2-5 7 3 9 ., Eugene, OR 97403 345-7 35 6 
Oth, Portland 292-9535 

er, M t .  Hood National For , 2440 S.E. 195th, Portland 97233 6 67-05 11 

. of 0. socio 

. Grainey, Oregon Dept. gy, Salem, OR, 97310 

Ruth Greenspan, U. of O., t. of Anth., Eugen 686-5108 
Esther Gruber, Oregon Rar angered P l a a t  Project, 336 2nd P6, Lake Oswego 636-4525 

' '  Robert W. Haines, H nn & Smith, #310, 610 SOW. Broadway, Portland 97205 224-4540 
234-3361 
345-7356 
226-5663 

229-5325 
4 7 2-6415 
25 4-13 10 
581-5493 
645-1121 

Emory 8. H a l l ,  BPA, P.O. Box 3621, 1002 Holladay, Portland 97208 
Marian Earrell, U. of O., 2051 Monroe, Eugene, OR 97403 
Ronald L. Hatteberg, PGE, 121 S.W. Salmon, Portland 97207 
John M. Hector, DEQ, P.O. Box 1760, Portland 97207 
Clarence Hinricks, Linfield College, McMinnville, OR 
G. M. Hogenson, Consulting Geologist, 166 N.E. 162nd, Portland 
Charlotte & John Hook, N.W. Natural Gas, 7315 Bellecreek Rd.8 S.E., Salem 
Steve Hoyt, OGC, 19600 N.W. Walker Rd., Beaverton 97005 
Don Hull, Dept. o eology, 1069 State Office Bldg., Portland 97201 li Gr.eg Hutchins, Northwest Natural Gas, 123 NOW. Flanders, Portland 97209 
Norman L. Jette, DEQ, Noise, P.O. Box-1760, Portland 97207 
Debra L. Justus, Oregon Inst .  of Tech/Oregon Dept. of Energy, Salem 97303 

u Paul Katen, OSU Air Res. Ctr., 3087 N.W. Green B r i a r ,  Corvallis, OR 97330 

6 Joe Kohut, Portland S ta t e  University, P.0. Box 1151, Portland 97207 

229-5360 
378-2778 

Donald J. Karr, Biological Sciences Dept., OIT, Klamath Fal ls ,  OR 97601 
7 54-4 9 65 
636-4146 
229-4735 
234-3361 

Richard C. Kent, Consulting Geologist, 19443 Wilderness Dr., West Linn, 97068 

C h r i s  b n d r a t ,  Environmental Special is t ,  BPA, P.O. Box 3621, Portland 97208 
Cameron LaFollette, Oregon Wilderness Coalition, P.O. Box 3066, Eugene 97403 
Michael Lane, Chevron Research Co., P.0. 3722, San Franciso, CA 94ll9 

Phil ip Leitner, ~ t .  Mary's College of ~ a l . ,  Mo 
James Leshuk, 1285 Waller, S.E., Salem, OR 

(41s) 376-4411 
362-7117 
775-5347 
231-2013 
952-4371 
229-5473 

Thelma Lester, TeRA One (OMS1 Energy Center) 75 
r, U.S. G e o l .  Survey, 830 E1.E.-Hollad 

ie, CH2MHil1 ,  P.O. Box 428, Corvallis, OR 
Jerry MacLeod, Oregon Dept. of Fish 6 Wildlife, P.O. Box 3503, Portland 97203 
W i l l l a m  F. McDonough, Portland S t a t e  University, Portland 97207 

667-0511 
667-0511 

1 "Vernon R. &Lean, U.S. Forest Service, 2440 S.E. 195th. Gresham 97233 
u Kathleen Manning, U.S. Forest Service, 2440 S.E. 195th, Gresham 97233 



L 

c 

226-4211 c1 

i 
i 

ii, Kent Methiot, Water Resources Dept., 555 S.W. 13th St., N.E., Salem 97310 
Pete  Mellinger, Battelle-Northwest, P.O. Box 999, Richland, WA 99352 
Daniel Meschter, U.S. Forest Service, Box 811, Wenatchee, WA 98501 

378-8455 
(509) 942-4651 
(509) 662-4262 

L 
Jack Meyer, Northwest Geothermal Corp., Portland 
Mary Miller, Heights Jr. High, 1836 N.E. 116th Pl., Portland 97207 
ChuckMolenkamp, LLL, P.O. Box 808, Livermore, CA 94550 

252-6745 
(415) 422-1827 I -  

Michael R. Moran, PSU, P.O. Box 751, Earth, Sc. Dept., Portland 
Dave Bfurgan, U.S. Geological Survey, 830 N.E. Holladag, Portland 
Fred Newton, Marketing Ideas, Inc., 7560 S.W. Florence Lane, Portland 97223 

Tawna Nicholas, Republic Geothermal, Inc., 11823 E. Slauson Ave., Santa Fe 

229-3022 L 
231-2014 

Vern Newton, State Dept. Geol., 1400 S.W. Fif th ,  Portland 229-5580 

Springs, CA. 90670 (213) 945-3661 
Dennis M. Norton, PGE, 121 S.W. Salmon, Portland 97204 
Linda Nozaki, BPA, P.O. Box 3621, Portland 97208 234-3361 L 
Stewart Pagenstecher, USFS, 1316 N.W. Albany, Bend, OR 97701 382-8424 

226-5661 I 

Dave Paull ,  KGE Radio, 1501 S.W. Jefferson, Portland 

Rauno Perthu, Shannon & Wilson, 2255S.W. Canyon Rd., Portland 97201 
226-5096 
223-6147 

L1 
t 

754-2942 L 

Gam L. Peterson, Foundation Sciences, Inc., 520 S.W. 6th Ave., Portland 97205 2244435 
Paul Phelps, UL, P.O. Box 808, Livermore, CA 94550 
Ken Pimentel, LU, P.O. Box 5507, Livermore, CA 94550 

C h a r l i e  Polityka, Dept. of In te r ior ,  500 N.E. Multnomah St., Portland 97232 

(415) 442-3880 
(415) 422-0916 

231-6157 
Deborah A. Raber, OSU, Dept. of AgEcon, OSU, Corvallis, OR 97330 

Bans Radtke, PNWRBC, 1 Columbia River, Vancouver, WA 98660 
Jean Reeder, Eugene Water & Elec t r i c  Bd., 500 E. 4th, Eugene 97440 
W i l l i a m  T. Renfroe, -1-TAG, OMSI, Portland, OR 97221 248-5920 E 
Um. Lo R. Rice, DOE8 Washington, D.C. 
Wayne Rifer, Nature Conservancy, 1234 N.W. 25th, Portland, OR 97210 

B i l l  Ryan, Clackamas Coo, 902 Abernethy Rd., Oregon City 97045 

696-7551 
484-2411 

228-9550 

655-8521 
Sam Sadler, Lane County Energy Management Program; 170 E. l l t h ,  Eugene 97401 
Jack Saunders, Saunders Inv, Co., 1180-82nd Dr., Gladstone, OR 
Warren P. Seaward, USFS, General Deliver, S is te rs ,  OR 97759 

Darlene Shulps, BLM, Portland, OR 97208 (P.O. 2965) 

687-4552 
65 7-9 7 63 
549-2462 

231-2179 

382-6922 641-8945 I Harold D. Sigeworth, USFS, U l  N.E. Revere, Bend 97701 

G e r r y  Simson, BPA, 1870 NOW, 138th, Portland, OR 97208 

L Eugene skyle88 Skyles Drfll ing,  1169 Molalla Ave., Oregon City, OR 
George Slinn, Oregon S t a t e  University, Corvallis, OR 97331 754-3022 L 

656-2683 
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I 

I 

L. S. Slot ta ,  Oregon State University, Civi l  Engineering Dept., Corvallis, OR 754-3631 
Ron Smith, DEQ, Box L, Klamath Fal ls ,  OR 97601 883-2564 ii Don Steinman, University of Oregon 
Jim Stratton, Survival Center, Sui te  I EMU, U. of O., Eugene, OR 97403 

451 E. 24th, Eugene 

Andrea Stratton, St. Mary's College, Biology Dept., Moraga, CA 94575 (415) 

Scott  Turner, PGE, 121 S.W. Salmon, Portland, OR 97204 
Chuck and Jan Volz, 3177 S.W. Riverside Way, Albany, OR 97321 
Chuck Wassinger, U.S. Geological Survey, P.O. Box 3539, Santa Rosa, CA 95402 

Ph i l l i p  C. Watson, Chevron Resources Co., 320 Market St., San Francisco, 

Donna M. Webb, BLM, 9520 S.W. Washington Pl.,  Portland 97225 

Michael Wert, CH2M H i l l ,  200 S.W. Market, Portland, OR 97201 
C. David White, Council of Energy Resource Tribes, 7640 S. Syracuse Cir., 

Sandra White, Oregon Dept. of Energy, 111 Labor 6 Industries Bldg., Salem 
Leonard G. Wilkerson, Oregon Div. of Sta t e  Lands, 1445 Sta te  St.,  Salem, OR 
Rod Wimer, PGE, 4280 Bernard St., Lake Oswego, OR 

Carolyn Wright, Oregon Rare & Endangered Plant Project,  336 2nd #6, 

Ted Young, Brooks Scanlon, Inc., P.O. Box 1111, Bend, OR 97701 
S.M. 

Mike Ziolko, DEQ, P.O. Box 1760, Portland, OR 97207 

(707) 

CA 94119 (415) 

Englewood, CO 80111 

Ken Wonstolen, NCSL, 1405 Curtis,  23rd Floor, Denver, CO (303) 

Land Oswego, OR 

a n d ,  USGS, 345 Middlefield Rd., Menlo Park, CA (415) 

345-0029 
686-4356 
37 6-4411 
Ext. 365 
226-8400 
928-3840 

525-4326 

894-4683 
231-6913 
224-9190 

378-3916 
378-3805 
226-8406 
623-6600 

63 6-4525 
382-2511 
323-8111 
229-5775 
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