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Among the most of problems facing our  na t ion  i s  energy 
resources. Though there may be minor disagreement about the speci f ics ,  
magnitude and so lut ions t o  these problems there can be no question about 
t h e i r  urgency and o f  the  necessi ty for imnediate a c t i o  
i n  p a r t  resolve these questions by accelerat ing u t i l i t  
renewable resources, the U, S. Department o f  Energy has developed a program 
o f  National and Regional Planning and Operations Research o f  geothermal 
energy resources. 

The OIT Geo-Heat U t i l i z a t i o n  Center, under contract  t o  USDOE, has 
evaluated the geothermal energy resource development po ten t i a l  o f  the s i x  
northwest s ta tes o f  Alaska, Idaho, Montana, Oregon, Washington, and Wyoming. 
Our goal has been t o  shmar ize fo r  t h i s  region on a s i t e -spec i f i c  basis the 
various fac to rs  a f f e c t i n g  development inc lud ing  resource data base, geo- 
l o g i c a l  descr ipt ion,  reservo i r  charac ter is t i cs  , environmental character, 
lease and development status,  i n s t i t u t i o n a l  fac to rs  , economics, populat ion 
and market, and f i n a l l y  po ten t i a l  f o r  development. This 

In an effort to 
on of one of our 

he known data base f o r  the s ta te  o f  Oregon. 

As s o . l i t t l e  s i t e -s  
then represents a progress repor t  i n  a young but  r a p i d l y  developing f i e l d  
of knowledge. The cont inuat ion o f  t h i s  p ro jec t  now underway i s  attempting 
t o  complete t h i s  core o f  s i t e  informat ion and i d e n t i f y  data on new s ign i -  

i d e  accurate informat ion and recommendations 
s, and u l t i m a t e l y  t o  a s s i s t  i n  evolv ing more 
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EFACE 

As a consequence of the energy crisis of the early seventies, the United 
States has embarked on an aggressive program to develop i ts indigenous 
energy resources. Geothermal energy is one form considered to have 
significant potential, particularly in the western states To encourage 
geothermal development, Congress adopte the Federal Energy Research 
Development and Demonstration Act (PL 93-40) in 1974 and mandated federal 
geothermal programs for resource assessment, planning and system 
development. A goal of 20,000 to 30,000 MWe from geothermal resources by 
1985 was established. 

To facilitate geothermal development as mandated by these and other 
Federal policies, the Northwest Regional Planning Support for the 
Development of Geothermal Energy Research Project, of which this study is  a 
part, was initiated in 1977. The project objective was to compile an 
inventory of geothermal resources and construct time1 ine scenarios which 
outline steps necessary for resource utilization. 

This document examines the geothermal energy development potential in 
Oregon. The data base and scenarios wi l l  serve as tools for loc 
federal planners and policy makers as well as private develo 
effective the data base should be updated as new information, particularly 
about reservoir characteristics, becomes available. Further planning studies 
should concentrate on market potential analysis and ways t 
awareness and stimulate potential end-users. 

Consiaerable public interest was demonstrat 
this report should help to increase public a 

enerate 

uring this investigation, and 
ess of the potential of local 

urce development. 
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heat beneath 
eysers, volcanos and hot springs. To some, it is a - an  exotic energy source which may in the  
he energy supply. But geothermal energy 

effective and cost-competitive with traditional fuels in today's marke 
has both areas of proven geothermal potential as well as are 

ble geothermal resources. 

for space heating in Or on since the turn of 
the  century. It is often stated that geothermal development is in its infancy. 
But in Klamath Falls where homes have been heated with geothermal energy 

The widespread use of math Falls has in 
par t  made Oregon the  nation's leader in direct use applications of geothermal 
energy. Uses ge from the de-icing of highway pavements and milk 
pasteurization space heating of commercial buildings and greenhouses. 
The peak utilization of geothermal energy is estimated at 60 megawatts 
%herma1 (MWt) in Klamath Falls. The overall contribution of geothermal 
energy to Oregon's total e 

re than 45 years, h water is old news. 

for space heating in 

I 

I supply is relafively smal 

use of geother 
substantial. Geothermal energy reserves a re  generally situated in 

nic rocks with geothermal potential have been identified ih Oregon. The 
presence of more than 170 hot springs, situated primarily from the  Cascades 
east across the state, provides further evidence of likely t h  
depth,' Among the physiographic provinces of Oreon, t 
potential are the  .Cascade ho 

e U.S. Geological Survey 

-of geologically recent volcanic activity. Numerous areas of young . 

8 -  C 431,936 acres, as Known Geothermal Resourc 
areas  as prospectively valuable for geotherma 
designation requires that federal land wit 
competitive basis. Leasing on federal I 
compet if ive and non-compet i t ive lease 
comprise 8,294 acres. Private land lea 
been estimated a t  I 
Appendix G. Figure 
Geothermal Resource 
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ith other Pacific Northw 

geothermal energy in 

I electrical production from steam or high 
irs is not well understood or documented. To 
f f icien t quality for elec tr ica I generation have 

been discovered in Oregon. It is probable that  electric power generation will 
eventually be realized from Oregon's geothermal reserves, but resource 
assessment must first confirm the  existence of a suitable reservoir. 
Uevelopment will then be contingent upon mitigation of environmental and 
other concerns. 

Based on conservative estimates by the U.S. Geological Survey (U.S.G.S.) t h e  
total electrical potential in known resource areas in Oregon is 1,640 MWe for 
30 years. The estimated potential of resources suited for non-electric uses is 
23,100 MWt for 30 years. These figures a r e  minimum estimates based on 
identified areas and will probably increase significantly US other reservoirs 
are  discovered. Nevertheless, from what is currently known about Oregon's 
geothermal resources, direct  use applications have the greatest immediate 
potential for development and commercialization. 

The following report presents an inventory of resources based on available 
information and to a lesser extent on field investigations. Potential for 
utilization and the legal and institutional environment in which development 
is likely to occur were also considered. Sites selected for this investigation 
include the 13 identified KGRAs, one PGRA which was chosen because of 
substantial local interest expressed in favor of development, and one major 
geologic fault zone which shows indications of high pdential. By no means do 
these sites represent a comprehensive survey of Oregon's geothermal 
resources. Within the  limited duration of this project, these sites were 
selected because more information was available on the  nature of the  
resource and they offer the most favorable ditions for near term 
development. 

Specific sites are presented within a regional framework. Three planning 
regions correspond to physiographic provinces in which the sites share similiar 
physical, environmental, cultural, and economic characteristics. Two 
planning regions 
physiographic zones. 

only one site each an 

U 
11 



pter is introduced by a regional o 
ollowed by subchapters containing a narra 

specific resource location and characteristics 
potential end-uses for future development. 
form of data sheets follows each narrati 
present information relevant to the specifi 
potential of a broader area and are not restricted to KGRA boundaries. 

In most cases, data presented in ths  report are current as of November 1978. 

12 



The development of  geothermal resources in Oregon depend 
degree on the overall energy picture. As conventional fuels escalate in cost 
and availability declines, the . at  of ermal energy 
development wil l  increase. 

Traditionally, electricity has played a major role in meeting energy demand in 
the Pacific Northwest. The availability-of relatively inexpensive electricity 
from the region's hydro power base has lead to widespread use of electricity 
for applications such as space heating. As described in the following paper by 
M. W. Grainey, the electric utility system in the Northwest has been 
undergoing considerable change since 1973. As the price of electricity goes 
up and the availability. decreases, the situation improves for geothermal and 
other alternative energy forms to replace portions of the electric load. 

7 his is particularly important for end-us such as space and water heating 
and industrial processing whose thermal requirements a1 lo 
of geothermal fluids, thereby allowing the electric load et demands of 
other uses which require the I'higher" quality energy from electricity.', 

The Oregon Department of Energy has projected that total energy 
consumption in the state will increase at an pverage annual rate of 2.4 
percent auring the next twenty years. The major impact of geothermal 
development during this time wil l be in the residential, commercial and 
industrial sectors. Those sectors account for about 75 percent of Oregon% 
projected energy consumpt ion in I 980. Geothermal resource development can 
most readily effect the near-term energy picture in the areas of residential 

- _  
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BPA traditionally has mar 
the region first and if surplus region as well. In 

arketing power inside the region, BPA has sold r the  BPA Project 
Act  to preference customers first, namely pub1 utilities, and then 
to investor-owned utilities and direct service industries. Under the  provisions 
of t h e  Northwest Preference Power Act, al sers in the  Pacific Northwest, 

or not publicly-owned systems, hav irst access to BP 
ng ,claims, whether from publicly-owned utilities or not 

egron. Before 1973, BPA had sufficient resources to meet all 
power within the  region and to make significant sales outside the  region. 
Events since 1973 have changed this picture, however, and in the  process have 
made the  utilization of g ermal resources 

omic point of view. 

n 1973 BPA discontinu he sale of firm power to investor-owned utilities as 
a series of contracts with those utilities which expired at that t ime were  not 
renewed. (The contracts of the direct service industries which had not yet  
expired continued to be  honored by BPA.) The reason for this action was that  
WA's projected load forecasts indicated that  the  agency could not provide 
power to the  investor-owned utilities on a firm basi 
s ta tutory commitments to serve publicly-owned systems. 

The problem facing the  investor-owned utilities will also af fec t  BPA's other 
customers as well. In June 1976, BPA issued a Notice of Insufficiency to all 
its publicly-owned customers indicating that future load growth could not be 
m e t  by BPA'when the -contracts with the publicly-owned utilities expire in 
1983. In additon, BPA has established a public quasi-rulemaking procedure to 
determine how best to allocate the power that  currently goes to the direct 
service customers, when their contracts begin to expire in t h e  early 1980s. 

The inability of the hydroelectric system to meet the competing demands of 
the entire region has been projected by BPA for some time. Because of this, 
BPA and the region's utilities in the late 1960s developed the Hydro-Thermal 
Power Program. 

Phase I of that plan called for the construction of seven large thermal plants 
(five nuclear, two coal), as well as expansion of the  federal transmission 
system and of the generating capacity at existing hydroelectric facilities. 
The plants were expected to be completed by I98 1. At the moment, only two 
cool plants and one nuclear plant a re  completed and the  others a re  not 
expected to be completed before 1985. 

Phase I I  of the  Hydro-Thermal Program, formulated i late I 9  73, envisioned 
the  construction of seven additional thermal plant Phase -11 has been 
aelayed since 1975 as a result of litigation in the  U.S. District Court of 
Oregon. . .  



wever, the  cost of thermal power plants has rise ramatical ly over the 
last decade, as fuel costs have soared, labor costs have risen, construction 
problems have developed, and regulatory reviews have extended the  time 
required for power plant siting. The rates for thermal power plants have 
risen to such o 
receiving fed roelectric power on a firm have frequently 
charged rates 
systems which 

BPA currently sells its power at a 
1979 proposed rate  increase would resul 
e r  kilowatt hour.) In contrast, thermal 

the region currently under construction are  expected to average as high as 30 

that comparable investor- 

times higher than th  

, power at rates of 12-16 mills per kilowatt ho 

I 
I 

I 

cost of new thermal plants presents some unique opportunities and problems 
for geothermal development. As discussed elsewhere in this report, most 
known geothermal resources in Oregon appear to be suited for direct use 
applications, rather than electrical generation, at least in the near term. 
Given the  widespread use of electric resistance space heating in the  region 
and the region's generally high degree of electrification, geothermal energy 
as a replacement for electric end-uses is particularly well-suited for Oregon 
and the region generally. As a replacement for ele nd-uses, however, 
geothermal energy must prove economically compe in order to gain 



evelopment to repla 
This is particular Iy 
generating stations. 

em-w ide electric 

system cost even though the thermal incremental cost for electric power is 
much higher than the  existing average. This problem has been recognized and 
may be mitigated in part by pending federal legislation. 

S. Senator Henry Jackson of Washington State has introdu 
dress a number of regional energy issues, including the  allocation of federal 

ydroelectr ic power, development of a regional conservation program, and 
coordinated regionwide planning of future electric ' facilities. Of particular 
significance to geothermal development is the bill's proposal for purchase by 
BPA of energy resources from the region's utilities. 

The bill authorizes BPA to purchase thermal resources needed to meet  its 
projected load only af te r  first implementing all cost-effective conservation 
measures and funding cost-effective renewable resource measures. The bill 
recognizes that the contribution from renewable resources can be either in 
the form of electric energy or as a replacement for electric end-uses. The 
cost-effective test compares the cost of renewable resources to the  
incremental cost of thermal generating stations. Should the  bill be enacted, 
these provisions should provide a significant incentive to the development of 
geothermal energy. 
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The Basin and Range geothermal planning region extends across southern 
Oregon from the south n Cascades east to the Owyhee Upland. The area is a 
small portion of the vast &Isin and Range Provi 
California, Arizona and New Mexico. 

raphy is characterized by generally north-trending narrow ridges 
separated by basins of various size. Many of the  ranges are steep on one side 
,and gently sloped on the other as a result of block faulting and tilting. Most 
of the  basin floors are covered with alluvial sediments and contain 
intermittent lakes and playas. Klamath Lake, Oregon's largest natural lake, 
is situated in one of the .  major st ctural valleys. Many of the  basins are 
internally drained. 

Population concentrations vary widely in the  region from the  Alvord Valley 
where the  largest community has I I residents to the  densely inhabited 
Klamath Falls urban area. The only communities with populations more than 
500 are Lakeview and the  Klamath Falls metropolitan area. 

The economy of the region is based almost exclusively on available natural 
resources. Livestock production is of primary importance and depends 
heavily on public lands for cattle grazing. Secondary octivities include 
limited agriculture, timber and wood products industry and recreation. 
Products in the region are  somewhat isolated from mass markets because of 
the area's remoteness from major transportat ion routes; 

The Basin and Range region is also aracterized by numerous hot springs, 
and contains areas of existing geothermal resource utilization at Klamath 
Falls and Lakeview. Klamath Falls has the largest concentration of direct  
use geothermal applications in the  U.S. Yet,  it is widely b ieved that  the  
potential in the Klamath area has barely been tapped. 

The region on the  whote h anding potential or' geothermal energy 
development. The possibilit eratures sufficiently high for electric 
power production remains red question. Nevertheless, there  js 
high probability of geothermal development for direct use applications in the  
commercial, indus ial and residential se 
and Lakeview. 

The U.S. Geological Survey has cl 
Known Geothermal Resource Areas. 
associated with a thermal springs area. 
the  following chapter are: Klamath Fa1 
Springs and Alvord Val1 

s discussed in detail in 
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Klamath Falls, situated in south central Oregon, is one of the  
hermal resource ored the  U.S. The U.S.G.S. has 
sections; Klamath Falls h Hilts and Olene 
Klamath Falls KGRA. C leading to this 

classification and current utilization combined with the  
population concen t at the site g agricultural based 
economy give Kla alls tremendo ercialization of 

edominately privately-owned land in and 
around the  Klamath Falls urban area. Population in the  metropolitan area is 

he lumber and wood products industry is the largest 
mic activities are also based on the  area's natural 

resources and include agricult roduction and recreation. 
d alfalfa. With this economic base 
thermal development to meet the  

rmal resources. 

cipal crops a re  potatoes, feed grai 

nts have already 
I development primarily in the  form of 

space and hot water heating. Klamath Falls boasts the  largest concentration 
of direct use 

for these uses a r e  70 to 100 m. dee 
thermal resources at shallow depths. 

I 
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The use of geothermal resour& is not a new development in Klamath Falls. 
Indians and sheepherders made use of the hot springs e before the  area 
was settled. Shortly after the turn of the century the  fir ells were dri I led 
to supply hot water for hom 

Because the resource has been used for a long time, good information is 
available on the characteristics of the  shallow resource and p 
of utilizing the thermal waters. However, the  nature of the 
potential for high temperature resources at depth and the  

oirs is not well understood. Information regarding 
reservoir characteristics is brief Iy summarized in the  da ta  sheet which 

follows this section. For those interested in additional and more detailed 
information, selected references for  Klamath Falls h been included 
following the data sheet. 

rces in the Klamath Basin exist bec f a favorable 
geologic environment. A heat source at depth transfers heat along faults and 
into shallow reserviors controlled by the porous and permeable zones in 
factured basalts. Lacustrine deposits act as a cap rock which con 
heat in a confined area. Extensive faulting provides additional 
porosity and allows thermal waters to manifest at the surface as hot springs. 
The location of most thermal springs appears to be fault controlled. Many of 
the original hot springs in Klamath Falls have disappeared, but widespread 
silicification attests to recent hydrothermal activity of considerable 
magnitude. 

Thermal activity is also expressed at the surface by several steamers on the 
east side of the city. This natural steam was encountered during drilling at 
very shallow depths and is used to heat city water in a downhole heat 
exchanger to provide residential space heating. 

Peterson and Groh ( 1  967) suggest that  the cap rock acts as a barrier to any 
existing deep geothermal reservoir. Based on chemical analysis, they 
postulate that  the thermal fluid providing heat into the geothermal zones is 
probably steam. If these assumptions a re  accurate then high temperature 
resources, potentially in the  range of consideration for power generation, 
could be encountered at depth. Nevertheless, since deep test drilling has yet 
to confirm this theory, the  most beneficial apparent use of geothermal 
resources is for direct use applications. 

26 



lectricai uses suc 
sed on a minimu 

OKm* by 2 K 
calories. Estimates by White and William 
assuming a recovery of 25 percent at the 
of 25 percent give a value of 1.5 x 10 
content in the shallow reservoir is estim 
calories to 36 x 10l8 calories, which could be among the  larger thermal 
systems in t h e  United States  (Lienau, et. al., 1978). Culver (1978) estimates 
that  the Klamath Falls urban area has a potential of 200 MWt using existing 
wells. 

lization is much greater 
than what is presently being tapped. Local entities a r e  well aware of this 
f ac t  and are underta rojects to expand the use of their indigenous energy 
resource. 

Of particular note is the current project to establish a geothermal heating 
district. The City, Klamath County, State of Oregon and the  US. 
Oepartment of Energy are  participating in a demonstration project which 
initially will provide service to fourteen public buildings in the downfown 
area. Exploration and development time prior to bringing "power-on-line" is 
short since the  location of the  resource is relatively well understood. 
Therefore, the  system is expected to be operational in early 1981, and should 
provide an additional 7 to IO M W t  to existing utilization. Within 5 to 10 years 
expansion of the district system to include I10 commercial buildings in the  

potential for geothermal resource 

industrial park site capable of supplying 
Three jest wells were drilled 
Measured gradients were ess 
illustrates that much rem 
the Klamath Falls geother 
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first of these is an evaluation of the  pote 
ural processing using geothermal energy by 
ic and engineering feasibility studies of selected industrial processes 

were based on comparisons of using geothermal energy at present costs 
relative to natural gas. The agri-industrial processes considered include: 
swine raising, greenhouses, methane produc n, barley malting and lumber 
drying. 

Production costs for each process except methane prodoctioh were estimated 
to be lower for geothermal systems than for natural gas. Greenhouses on a 
commercial scale were viewed as competitive in the  current market. 
Development of a 15 acre  greenhouse o tion in the  Klamath Hills area 

Other processes were considered non-competitive now because of particular 
economic factors. Although barley grown locally could supply a large portion 
of a malt plants' raw product, t he  railroad ra te  structure puts the Klamath 
area at a competitive disadvantage when compared to other malting plant 
locations on the west coast. Kiln drying of lumber is restricted by the  
availability of low cost wood wastes fuel. Swine production does not 
currently exist in the area primarily because supplemental feed costs are  high. 

When these processes are  considered as an integrated system the  economics 
are more encouraging. Integration would provide more efficient use of the  
resource by cascading processes from high temperature to lower temperature 
applications. It would also allow waste products of one process to be 
benef ically used by another. For instance, by-products from barley malting 
could provide feed for the swine operation which in turn provides waste for 
methane generation. This integration further reduces the  production costs of 
each process. 

The second major study was completed by Lienau and others (1978) of the  
Geo-Heat Utilization Center at OIT. Three prospective industries, onion 
dehydration, ,alfalfa drying and greenhouses were examined. In addition, a 
detailed economic analysis and preliminary engineering design were 
determined for an existing starch extraction plant in the Klamath Basin. 

Western Polymer Corporation situated 33 km south of Klamath Falls 
processes 14 tons of potatoes per hour for starch extraction. On an  annual 
basis the plant consumes 122,250 gallons of propane, of which 85 percent is 
used for starch drying. 

ts these findings. 

L d  
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ee options were c 

ined because of t 
areas  in the  basin and the  large quantities of low temperature energy 
consumption in the process. Resources in the Klamath Basin are capable of 
providing the desired 200°F temperature. Cost analysis was based on the 
comparison of a conceptual model using geother 1 energy as opposed to 
conventional fuels. Results indicate that the pi would have to operate 
only 180 hours per year with a geothermal system to be  competitive with 
natural gas. 

Alfalfa dehydration was evaluated because of the  large quantities of alfalfa 
grown in the  area and the  potential foreign export market for alfalfa 
processed with low temperatures. Fuel drying produces a harder and heavier 
pellet which retains more Vitamin A and xanthrophyll which increases 
marketibility. The analysis of a plant producing 25,000 to 30,000 tons 
annually with a combination of field wilting and fuel drying indicates that  a 
savings of $lOO,OOO per year could be  realized over the cost of a conventional 
fuel system. 

- 

Cost analysis for a 15 acre  greenhouse eration indicates a significant 
competitive advantage for geothermal heat systems compared with natural 
gas. Tree seedlings were identified as the most attractive crop now for local 
markets. Bedding plants, flowers and vegetables are viable candidate crops, 
as well, given the short growing season in the basin. 

Clearly, there is a wide range of industri nergy uses that could convert to 
geothermal given the proven resource and the agricultural based economy of. 
the  Klamath Basin. The apparent barrier to development is lack of financial 
incentives. Geothermal development is a capital intensive undertaking which 
is often considered as "too risky" by lending institutions. Easily obtainable 
federal guaranteed loans, reservoir insurance and willingness of lenders to 
fund alternate energy projects would st ate expanded use of this local 
energy source. 

U 
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her’ problem involves the 
The development of existing 

er. Consequently, many geothermal #systems 
rs or other surface disposal. Regulations have been formulated which 

restrict such disposal. It is believed, however, t ha t  large scal 
of a heating district and a cascaded geothermal system in a n  
will provide the basis for the necessary coordinated resource planning. Such 
planning will facilitate effective disposal techniques and concentrate energy 
users to make more efficient use o 

ion of disposal of geothermal 

ource. 

. .  
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UMMAR 

TH FALLS KGRA, ORE 

..Physical Reservoir Date 

. .S i  

. Temperature OC 
Surface: 74% 

ved Sol ids: 900 m 

..Type of Overlaying Rock: P1 anics, lake bed 
sed iment s 

..Estimated Depth t o  Top o f  Reservoir (meters): 1,000 m. (3) 

t e  Land Status 

Total  Acres - 50,300 (KGRA) 

Total  Acres Leased - FED.: 0 PRIVATE : Undetermined 

. .Geothermal Development Status: 

Extensive use o f  non-electr ical  appl icat ions f o r  a v 
purposes, p r i m a r i l y  space and domestic hot  water heating. 
I& I r  h a l G a s . - A  +h-+ ~-1.. - m m - 1 1  ---L:A- r C  LL- - - - - I -  

Locals nave r e a  rmai aeveiopment t o r  

expanded development on t h e i r  wells. 
g systems are co 
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I The City o f  Klamath F a l l s  i s  ac 
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agr i cu l tu re  t o  d se l y  populated urban areas. 
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OCATION AND PHYSICAL DESCRIPTION 

SITE: KLAMATH FALLS KGRA 

..Latitude: 420 14' N 

..Longitude: 121° 46' W 

T.38S. , R.9E, 

T.40S. , R.9E. , 
#., R.lOEo, 

..Recti l inear: 
Secs. 3, 4, 5, 8, 9, 10, 14-22, 26-35, 
Wil lamette Meridian (W.M.) 
Secs. 1-5, 9-12, T.39S., R.9€., 
Secs. 3, 10, 15, 16, 17, 20-28, 34-36, 
Secs. 1-4, 9-12, 15, T.41S., R.9E., 
Secs. 4-6, 14, 15, 22-27, 32-34, T.39S 
Secs. 4, 5, 30, T.40S., R.lOE., 
Secs. 6, 7, TO41S., R.lOE., 

. .Topography 

The Klamath Basin i s  s i tuated i n  south-central Oregon and 
northwestern Ca l i f o rn ia .  The basin extends from Crater Lake t o  
the nor th  and Medicine Lake highland t o  the south. The KGRA i s  
located near the east s ide and%center of t h e  Oregon p o r t i o n  o f  
the basin. To the west o f  the area are the Cascade Mountains 
and t o  the east the high desert country. 

Typical  o f  the Basin and Range Province the area i s  
characterized by north-trending para1 l e 1  mountain ranges and 
val leys. Upper Klamath Lake, t he  l a rges t  natura l  'lake i n  
Oregan, i s  s i t ua ted  i n  the basin. 
region which are general ly,  closed, t h e  Klamath Basin i s  drained 
by t h e  Klamath River and i t s  t r i b u t a r i e s  t o  the south i n t o  
C a l i f o r n i a  and eventual ly t o  the P a c i f i c  Ocean. 
range from 1,250 m. i n  the va l leys t o  2,896 m. on mountain peak 

Unl ike other basins i n  the 

Elevat ions 

. .Present Land Use: 

S. 

The land base supports a v a r i e t y  o f  uses ranging from l ivestock 
grazing and w i l d l i f e  hab i ta t  t o  the  densely populated urban area 
o f  Klamath Fa1 1s. Uses include i r r i g a t e d  agr icul ture,  l i ves tock  
production, recreat ional  a c t i v i t i e s ,  t imber production and .a 
mul t i tude o f  man-made improvements. Most o f  the devel 
i s  concentrated i n  the v a l l e y  bottoms and i n  tableland 
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waterfowl habitat. 

. ,Historical/Archaeological S i g  

U 
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GEOLOGICAL/GEOPHY S I CAL DESCRIPTION 

The geologic summary i s  based p r i m a r i l  on Peterson and Groh 
(1957) and Peterson and McIntyre (1970 J 
The s t ra t ig raphy  o f  the Klamath F a l l s  area i s  
and Pleistocene volcanic a c t i v i t y  w i th '  concurrent sea 
and volcanism has resu l ted  i n  
volcanic and sedimentary rock. 
rock types var ies gre 

The o ldest  exposed r o  r e  Pliocene and P l e i  ocene basa l t i c  
lava f lows.  
flows the iilower lava rocks" (0 t o  250 m. t h i c k ) .  Th is  u n i t  i s  
over la in  by the  Yonna Formation (50 t o  300 m. t h i c k )  o f  Pliocene 
age. The u n i t  i s  composed o f  l a c t u s t r i n e  diatomite, tuf faceous 
s i 1  tstone, sandstone, palagoni te t u f f ,  b a s a l t i  
basa l t  flows. 

The Yonna Formation i s  .over la in by a u n i t  o f  b a s a l t i c  l ava  f lows 
and brecc ia ( 5  t o  30 rn. t h i c k ) .  This younger b a s a l t i c  volcanism 
i s  o f  Pl io-Pleistocene age. These f lows are over la in  by 
lacustr ine,  ter race and a l l u v i a l  deposits o f  vary ing thickness 
p r i m a r i l y  i n  the s t ruc tu ra l  basins. 

I n  general, the  f rac tu red  basal ts  and cinders are h i g h l y  
porous. They are capped by the near ly  impervious zone o f  the 
Yonna Formation cons is t ing  o f  f i n e  grained, lacust r ine,  
palagonite and t u f f  sediments and diatomite. 
l o c a l l y  known as "chalk rock". 
the Presbyterian Intercommunity Hospi ta l  the u n i t  has been 
hydrothermally a l te red  t o  various s i 1  i c ious  deposits inc lud ing  
p roce la in i t e  and opal breccia, l o c a l l y  ca l l ed  "hot  springs 
agates" (Lund and others, 1978). These areas i nd i ca te  t h a t  
hydrothermal a c t i v i t y  has been more extensive than a t  present. 

Basal t ic  volcanism i n  the  Klamath Basin has been near ly  
continuous since Pliocene time. Pleistocene volcanism i s  
evidenced by scattered cinder cones, t h i n  basa l t  f lows i n  the  
Klamath F a l l s  area and extensive f lows east and northeast o f  the 
c i ty.-  

eterogeneous sequence of 
hickness and composition of 

Newcomb and Hart  (1958) -tal l e d  the  o lder -  basa l t  

The u n i t  i s  
I n  loca l i zed  areas such as above 
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several faults a1 
Mountain and Swan 
In the area of Modoc Point on the east s i  

nort hwest-trend 

*. Geothermal Phenomena: 

time in the Klama€h basrn in _ _  areas - _ _ -  includhg _ .  the'Kl&kh-ialls 
, n rella urDan area, uiene tiap, SOUthWeSt Klamath 

i n  the Langell Valley. 



. . Hot Springs : 

36 

t he  Klamath graben. 
many we l l s  which y i e l d  warm water. The major zones are Klamath 

I n  several surrounding va l leys there are 



prings measdred w i t h  low 
w 

bank had a high temperature of 87OC. Geochemica 
minimum reservoir temperature is 8OoC. The Olen 
may extend south and westward i n  a zone approximately one km 
wide surrounding Nuss Lake and extends west and s 
northwest p o i n t  o f  Stukel Mountain. 

Merrill-Malin: Springs and well lo several areas o f  
moderate temperature ranging from 5 100°C. Three areas 
of potential are indicated: west flanks of Stukel Mountain, 
south side of Stukel Mountain extending east  and southward t o  
Adams Po in t  halfway between Merrill and Malin, and three small 
areas northwest and south of Merrill i n  the eastern most part of 
the Klamath Hills. (10) 

Langel 1 Val ley: 
normal temperature. Exceptions include a narrow 
northwest-trending zone that  includes B i  Hot Spring southwest 
of Lorella w i t h  a temperature o f  61%. !lo) 

Sprague River Val ley: Groundwater we1 1 s between Beat 
Sprague River report temper ures from 110 
shallow depths. (10) 

the 
(10) 

Shall ow groundwater we1 1 s are general ly of 

. .Geophysical Summary: 

There i s  a considerable amount of geophysical d a t a  av 
covering the Klamath Falls geothermal area. References t o  
selected studies are si ted below: 

Berg, 3. W., Jr., and Thiruvathukal, J. W., 1967, Complete 
Bouguer Gravity Anomaly Map o f  Oregon: 
and Mineral Industries, Map GMS 4-b. 

Bodvarsson, G., Couch, R. W., MacFarlane, W .  T., Tang, R. W., 
and Whitsett, R. M., 1974, Telluric Current Exploration for  
Geothermal Anomalies in Oregon: Ore Bin, Vol. 36, No. 6, pgs 

Sass, J. H., and Sammell, E. A., 1976,' "Heat Flow Data and Their 
Relation t o  Observed Geothermal Phen 
Oregon" Jour a1 of Geophysical Res 

'Senterfit,  R. M., and Bedinger, G. 
Audio-Magnetotelluric Data Log and Station Location Map for the 
Klamath Fa1 1s Geothermal Resource Area, Oregon: U.S.G.S, 
Open-fi l e  Report 76-320. 

egon Dept, of Geology 

93-106 , 

4863 -4868. 
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U.S.G.S., 1972, Aeromagentic Map of the Klamath Falls 
2O Quadrangles, 0 

. . Exploration Dr i 1 1  i 
Hunt Oil Company 

Drilled ten 91 m. gradient wells in 1978. 
Drilled twelve 152 m. gradient holes in 1978. 

City o f  Klamath Falls 

Compelted drilling three gradient wells in 1978. 

Weyerhaeuser-Pacific Power & Light Co. 

Drilled a 611 m. gradient hole in 1976. 

Thermal Power Companl 

Drilled seven 61 m. holes in 1972. 
Drilled seven 61 m. gradient wells in 1975. 
Planned to drill a 2,438 m. gradient hole in 1976. 
abandoned due to drilling difficulties at 1,780 m. 

U.S.G.S. 

Drilled two 183 m. gradient holes in 1974. 

Well was 
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..Subsurface: 12OOC (1) 

. ,Geochemical 
SiO2: 136OC 

Na-K-Ca: 130OC (1)  

..Flow Rates: 

Klamath F a l l s  area wells range 95-1,514 lpm ( l i t e r s  per minute) 

Klamath H i l l s  area we l ls  as high as 18,927 lpm (4 )  

..pH: 7.5 t o  8.5 

..Total Dissolved Solids: 900 mg/l (4) 

..Fluid Chemistry: 

Geothermal we l l  water i s  n e r a l l y  char d by high 
concentrations 
Typ ica l l y  wate 
calcium ion. 
900 mg/l. (4)  

Wells t ha t  provide heat sour 
composition patterns. These include: h igh ca t i on  
concentrations of s i l i c a ,  sodium and potassium, low cat ion  
concentrat ion of calcium, high anion conentrations o f  ch lo r ide  
ion, low anion concentrations o f  water hardness 
a l k a l i n i t i e s  ( - 40 mg, CaC03/1). (4) 

d low concentrations of potassium. 
low and r e s u l t s  p r i n c i p a l l y  from 

olved sol i d s  are approximately 

I .  , 

e 

V 
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b 
, 

. Typical water chemistry of geothermal wells is summarized below 

Geothermal We1 1 Chemsi try 

l and selected well chemistry follows: 

Specific Conductance 

Silica 
Calcium 
Magnesi urn 
Sodium 

(mi cromhos) 

Potassium 
Sulfate 
C hlor i de 
Boron 
Iron 
Water hardness 
Dissolved Oxygen 
PH 
Temperature (OC) 

Average 

1,210 

91.3 
21.8 
0.2 

201 

4.8 

49.1 

78.5 

410 

0.78 
3.06 

1.88 
8.08 
72.6 

Standard Typical Cold 
Deviation Water We1 1 

287 420 

21.4 45.8 
8.48 55 
0.34 13.7 
47.7 10.8 

1.11 2.0 
73.1 8.3 
7.95 6.8 
0.1 0.16 
6.12 0.23 

1.29 6.0 
0.337 7.30 
2.47 25 

(Units mg/l) 

23.1 194 

(4) 

..Estimated reservoir heat content: 30 x 10l8 cal. (1) 

. .Estimated Non-electric Energy Potential : 
200 MWt using present we1 1 s (11) 

2,390 MWe estimated by USGS for industrial 
processing 

. .Subsurface Area of Res er voi r : 240 km2 estimated (1) 
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U . .Chemical Analysis 

Hot OIT Dai ry  School Ranch 
Well 86 Well We1 1 We1 1 

9 160 Specific conductanc 

S i  1 i c a  
Calcium 
Mag nes 4 um 
Sodium 
Potassium 
Lithium 
Bicarbonate 
Carbonate 
Su l fa te  
Chloride 

( m i  cromhos) 
31 81 92 90 

0.1 .O 1.0 0.1 
190 195 213 246 200 

24.2 23 5.4 15 

6.0 4.0 

120 48 
0 2 

256 360 
35 59 
1.0 1.5 

61 93 
8.9 
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." --..--..- 
SITE: KLAMATH FALLS KGRA 

..Total KGRA: 50,300 acres (estimated 30% i n  private ownership) 

Leased i n  KGRA: Federal land - 0 
State .land - 0 
Private land - Undertermined acreage 

. .Tentative Lease Sale Date: None Scheduled 

..Number of Sales Offered B u t  No Bids: 20 t r a c t s  have received no 
b ids  dur ing  3 sales.  

. . S m a r y  of Leasing Status: 

Lease sales for  the Klamath Fal ls  KGRA 'have been held on 
5/13/76, 12/9/76 and 7/27/78. A total  of 27 t r ac t s  were offer 
w i t h  b i d s  received on 6 parcels. The lease units were smaller 
sized t h a n  usual, averaging s l igh t ly  over 300 acres, and annual 
rental ra tes  were se t  a t  $l/acre i n  an attempt t o  a t t r ac t  
non-electric users. 

Thermal Power Company was the sole bidder i n  the 5/13/76 lease 
sale.  The company leased 6 t r ac t s  to t a l ing  1,908 acres w i t h  
bonus b i d s  ranging from $3.21 t o  $15.11 per acre. 
units were reoffered for the 12/9/76 and 7/17/78 lease sales,  
b u t  no b i d s  were received. 

A t o t a l  of 12 

. .Non-Competitive Leases Issued: 
Lessee Total Acreage 

Nelson B. H u n t  11,975 

W. H. Hunt  

Thomas M. H u n t  

Norma K. H u n t  

Caroline Lewis Hunt  

7,732 

1,038 

2,299 

2,084 

I 

Hassie Hun t  1,800 

TOTAL 26,928 
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In 1925, residents began drilling wells for home heating 
purposes. The first down-hole heat exchanger was placed in 
service in 1929. In 1928 a natatorium with a swimming pool and 
hot mineral baths was constructed on the site of the present 

Residents in Klam 
principally for space heating at least since the turn of the 
century. 
space and hot water heating requirements of 500 structures. 
This util ization includes the heating of homes and businesses, 
most all of the ci 
campus, a hospital a creamery (for space heating’and milk 
pasteurization), melting snow and ice from sidewalks and a 
hi g hway pavement, eeping a floor from freezing and frost 
heaving in a cold torage plant, accelerated curing of concrete, 
direct use in a 1 ndry, and for heating swimming pools. 
Geothermal effluent from the OIT heating system is u 
cascaded fashion to heat an experimental greenhouse 
giant prawns (Macrobrachium Rosenbergii) . (8) 
Most of the present wells for homes vary 

depth with 70 to 100 m. being the mos 
ldings and schools which require a gr 

an average well depth of 300 to 400 m. 
surface varies from artesian to 107 
comnon. (8) 

Currently most of the eastern port 
thermal water. The principal heat 
downhole heat exchanger which util 

ation from hot wa 
urban area is approximately 6 MWt, 
average during the winter and abou 

It is believed that only a small portion of the area’s potential 
i s  being utilized, with speculation that a high temperature 

br steam area exists beneath the known shallow reservoir. (8) 

geot hermal resources 

It is estimated that approximately 400 wells’meet the 

schools, Oregon Institute of Technology 

Depth to the water 
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L d  
..Projected or  Plann 

A p ro jec t  has been i n i t i a t e d  
es tab l i sh  a geothermal heat ing d i s t  
studies were being conducted dur ing 
were pump tested dur ing the summer. The system i s  scheduled t o  
be i n  operat ion by ea r l y  1981 and w i l l  i n i t i  

It i s  estimated tha t  the system w i l l  provide an addi t ional  7 t o  
10 MWt o f  geothermal energy. (9) Continued development is 
planned t o  expand the system t o  include space heat ing f o r  
approximately 110 comnerci a1 bu i ld ings  i n  the  cen t ra l  business 
d i  s t r i c t .  

The expansion o f  the d i s t r i c t  could increase geothermal energy 
u t i l i z a t i o n  by an estimated 54 MWt. This t o t a l  which could be 
rea l i zed  w i t h i n  5 t o  10 years i s  over three times the average 
amount o f  geothermal energy now being used i n  Klamath Fa l i s .  
Addi t ional  energy could be provided as the system expands i n t o  
the  surrounding neighborhoods i n  the  lbng term. 

A commercial greenhouse operation i s  underway on a ranch i n  the 
Klamath H i l l s  area. The f i r s t  increment o f  one acre houses has 
been constructed and i s  successful ly producing t r e e  seed1 ings. 
Plans c a l l  f o r  the construct ion of 15 acres o f  greenhouses. 

The City o f  Klamath F a l l s  began d r i l l i n g  t e s t  we l ls  i n ' t h e  area 
j u s t  nor th  o f  t h e  OIT  campus i n  mid-1978. The proposed use was 
t o  supply process heat f o r  an i n d u s t r i a l  park. Resul ts o f  the 
t e s t  d r i l l i n g  were not encouraging. However, i t  i s  assumed t h a t  
a l te rna t ives  w i l l  be explored t o  es tab l i sh  a geothermal 
i ndustr i a1 park. 

Ind iv idua l  we l ls  f o r  home heating w i l l  continue t o  be d r i l l e d  a t  
the  r a t e  of several a year. 

Ld 

44 



TITUTIONAL CONS1 
W 

. . I ns t i t u t i ona l  Requirements: 

Klamath County has a special zone c l a  
deal ing w i th  a c t i v i t i e s  such as geoth 1 development. under 
the zoning ordinance, explorat ion and development for  geothermal 
resources may requ i re  app l i ca t ion  t o  t h e  County f o r  a SP-16 zone 
change and a condi t ional  use permit. 

The City is .cons ider ing  a geothermal ordinance t o  deal w i t h  
conservation o f  the resource. 

A permi t  i s  required by the City f o r  d r i  
w i t h i n  the  c i t y  l im i t s .  

Most geothermal w e 1 l s . h  the area have been d r i l l e d  under water 
we l l  permits due t o  the shallow depth of the reservoir .  

Scation, Sp-16, f o r  

.Agency and Pub1 i c  Att i tudes: 

Local residents are very much aware of the use 
appear favorable toward expanded use o f  the  resource. 

n t s  who have geotherma 
add i t iona l  explorat ion and de 
e x i s t i n g  heat source. 

i 
I 

i 
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V 

. .CLIMATE 
Prevai 1 i ng Winds: West and South 

..Precipitation (Annual): 36.4 cm. 

..Days of Sunshine (Annual): 275 

..Average Temperature (47.5OF) 

Minimum: (29.7OF) 
Maximum: (67.9oF) 

. . Degree Days (Annual ) : 6516 

..Relative Humidity: Low 

. .AIR QUALITY: 
Total suspended particulates are monitored in Klamath Falls and at 
the OIT campus. The particulate concentration averages 80 
micrograms/cubic meter (mg/m3) in Klamath Falls and 38 mg/m3 at 
OIT. The Klamath Falls avera e is slightly above Oregon's ambient 
air quality standard (60 mghnj of air, as an annual mean). 

Primary sources of particulates include: 
nature and the community. 
and dust from barren land and dry lakebeds. Industrial activities 
add dust, smoke and wood particles to the air throughout the year. 
Smoke during the winter results from residential heating by wood and 
oil. 

Automobile exhaust is the principal source of noxious gases. 

Hydrogen sulfide is dispersed into the air by some of the hot springs 
in the area. 
immediate vicinity of the springs. 

agriculture, industry, 
Nature and agriculture contribute pollen 

Concentrations range from 0.03 to 0.002 ppm in the 
(2) 

t 
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t h  re la t ively low 
e groundwater 

Klamath Lake is 
t s  conducive t o  

Thermal well water is characterized concentrations o f  sodium 
and low concentrations of potassium. arm wells have dissolved 
solids concentrations as h i g h  as 4,000 mg/l. However, the average 
total  dissolved solids are around 900 mg/l. Thermal water is  
generally potable. The waters are mildly basic w i t h  pH's i n  the 
range 7.5 t o  8.5. (4) (5) 

Data on the radioactivity associated w i t h  thermal waters i n  Klamath 
Falls is  l i s ted  i n  a table on the following pages. Concentrations 
are generally we1 1 below established safety standards. The EPA 
d r i n k i n g  water standard for  radium 226 



RADIOACTIVITY ASSOCIATED WITH GEOTHERMAL WATERS I N  KLAMATH FALLS 
J 

Sampl i n g  Date 
County Source Location Po in t  Type Sampled Water Use 

Klamath C P I  Storm Drain Klamath F a l l s  
Klamath F a l l s  
Klamath F a l l s  

ward Furn i tu re  Klamath F a l l s  

Klamath F a l l s  
Klamath F a l l s  
Klamath F a l l s  

Klamath OIT Well #5 Klamath F a l l s  
Klamath O 'Ne i l l  Grammar School Klamath F a l l s  
K1 amath Liskey' s Ranch T.40S. ,R.9E., 

s. 34 

C is te rn  
Pumped We1 1 
Pumped Well 
Pumped We1 1 

Pumped Well 
Pumped We1 1 
Pumped We1 1 
Pumped We1 1 
Pumped Well 
Pumped We1 1 

11/4/74 
11/5/74 
11 /4/74 
11/4/74 

11/5/74 
11/5/74 
11 /4/74 
11/4/74 
11/5/74 
11/6/74 

Not i n  Use 
Space Heating 
Space Heating 
Domestic 
Non-Potable 
Space Heat i ng 
Pasteur izat ion 
Potable 
Space Heating 
Space Heating 
Stock Watering 

J 

Temp. 
- p H  C 

7 1  
82 
56 7.60 
89 8.42 

58 8.5 
81 8.38 
30 
89 8.6 
58 7.81 
85 8.4 

Location Radon-222 

C P I  Storm Drain 
Klamath Union High School 
LDS Church 
Lucas & Howard Furn i tu re  
Matama Mid-Hig 
Me1 o-Bel Dai ry  
OIT Well #4 (cold) 
OIT Well #5 
O'IYeill Grammar School 
L i  skey' s Ranch 

-- 
72 - + 17 

250 + 34 
160 7 - 23 

250 5 31 

ZOO + 28 

-- 

-- 
-- 

97 - 19 

Radium-226 

.061 + .051 
.38 T .097 
.14 7 .067 

.056 ?: .047 

.089 7 .047 
.24 T .077 
.13 T .059 
.ll .060 
.17 + .069 

.073 .054 

Uranium-124 

.018 + .017 

.049 .023 

.015 + .014 

.039 7 .024 

.028 ?: - .028 

.13 5 .053 
.031 - + .022 

OT018 

-- -- 

Uranium-238 

.032 2 .020 

.023 + .022 

.013 T .012 

.032 .020 

0.013 

0:0092 

0.033 
0.012 

-- 
-- 

Thorium-230 

0.022 
0.027 
0.025 
0.028 
0.022 
0.022 

-- 
0.028 
0.024 

Thorium-232 

0.017 
0.017 
0.015 
0.022 
0.016 
0.010 

0.015 
0.014 

-- -- 



&# 
..BIOLOGICAL 

. . Dominant Flora:. 

as in  contains one o f  the most d iverse aquatic 
t i e s  i n  the  P a c i f i c  Northwest. 

r i e s  w i t h  elevation. 

teau: mix ture of juniper-sage type and 
ponderosa-juniper association. 
Juniper tablelands: Western jun iper ,  sagebrush, 
r a b b i t  brush, bluegrass, Idaho fescue and cheatgrass 
are predominant . 
Valleys: var ies  from ag r i cu l tu ra l  crops t o  wet meadow 
p lan ts  and greasewood, sagebrush and weeds on t h e  
dryer sides. 

. 

..Dominant Fauna: 

W i l d l i f e  i n  the Klamath Basin i s  d ivers i f ied .  There are 
about 67 species of mammals over 200 species o f  b i rds,  and 
numerous species o f  f i sh ,  amphibians and r e p t i l e s  i n  the 
area. Mule deer are the pr imary b i g  game species. 

One o f  the greatest  concentrations of waterfowl i n  Nor th 
Anierica occurs i n  the  Klamath Basin val leys.  Approximately 
80% o f  the waterfowl i n  the Pac i f i c  f lyway pass through and 
spend time dur ing t h e  spr ing and f a l l  migrations. Most 
species o f  North American waterfowl are present w i t h  geese, 
mal lards and p i n t a i l s  comprising a h igh percentage o f  t he  
t o t a l .  (2)  

. . Endan 



TRANSPORTAT ION AND UT I L I T  I ES 

SITE: KLAMATH -FALLS KGRA 

..Utility o f  Energy Transmission Corr idors and F a c i l i t i e s  

Two 500 kv l i n e s  running from the no r th  crossing Beatty t o  Mal in  
v i a  Bonanza and the nor th  end o f  Bryant Mountain. 

P a c i f i c  Power and L.ight Company has proposed const ruct ion o f  a 
500 k v  l i n e  which w i l l  ca r r y  power from Midpoint, Idaho t o  t h e  
Ma l in  substation. The exact route o f  the l i n e  through the 
Klamath Basin has not  been determined. 

A na tu ra l  gas p i p e l i n e  p a r a l l e l s  Highway 97. 

Paci f ic  Power and L i g h t  Company provides most o f  t he  e l e c t r i c  
serv ice o f  the area from the Northwest Power Pool. 

C a l i f o r n i a  P a c i f i c  U t i l i t i e s  Company supplies na tu ra l  gas. 

Four hydroelect r ic  generation p lants  i n  the Klamath Basin: 
three below Upper Klamath Lake and one a t  Keno, combined 
capaci ty i s  184,000 kwe. 

..Transportation Corridors o r  F a c i l i t i e s :  

Highway 97 
Hiclhway 66 
Highway 39 
Numerous urban streets, secondary roads and logging roads. 

Rai 1 : 

A i r :  

Southern P a c i f i c  
Bu r l  i ngton Northern 
Oregon-Cal i f o r n i  a & Eastern 
Weyerhauser Railway (p r i va te )  
Amtrak passenger serv ice 

Klamath F a l l s  Municipal A i r p o r t  - Kingsley F i e l d  i s  
j o i n t l y  operated by t h e  City o f  Klamath F a l l s  and the 
U.S. A i r  Force. 

\ 
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POPULATION 
w 

SITE: KLAMATH FALLS K 

The bulk o f  Klamath County's 1978 populat ion o f  58,700 people 
l i v e  i n  t h e  Klamath F a l l s  area. Klamath F a l l s  proper has an 
estimated 1978 populat ion o f  18,300. Approxim 
people res ide  i n  the  metropol i tan area. 
Suburban and ou t l y ing  communi t i e s  include: 

populat ion 15,746 
M e r r i l l  - populat ion 830 
Bonanza - populat ion 265 

M i  d l  and 12 km south 
Hen 1 ey 11 km southeast 
0 1 ene 13 km southeast 
Da i ry  
Chi loquin populat io  
Modoc Po in t  25 km northwest 

Distance from Klamath F a l l s  

. Economics 

. Present Land 

The economy of the Klamath Basin i s  based heav i l y  on 
natura l  resources. r imary  i n d u s t r i a l  a c t i v i t i e s  center 

e a v i l y  on lumber and f o r e s t  p r  
rom pub l i c  lands. 
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'LAKEVIEW KNOWN GEOTHERMAL RESOURCE AREA 



L., 

county seat for  Lake County. It is also the  population center with about 

nd Range province: 
ins. Lakeview is  in 

Goose Lake. Fluctuations 
f the  basin with alluvium. 

from f la t  playas to 
rolling lava plateus and steep fault scarps. The tectonic and volcanic forces 
which contributed to the developmen of the  landforms are favorable 
indicators of a geothermal resource. 

The geothermal 
groups of hot springs. The largest group of thermal springs is located along a 
major fault scarp on the eastern margin of Goose Lake graben about 4 km 
north of Lakeview. These springs have a sur 
boiling point for  the  altitude, and a flow of 
Geochemical thermometry indicates a mini 
temperature of 160OC. Along the same zone abo m south of town, is a 
second group of hot springs with an average temperature of 88OC and a 
geochemically determined minimum reservoir temperature of I53OC (U.S.G.S. 
726). Between t w water wells 
tempera tures. 

gest that they a re  
g the fau l t  zones f 
Geothermal gradi 

demonstrated h in Lakeview are  
measurements support the theory that  wate in the alluvial deposits is 
warmed by heat flowing through fractured volca 

In the area of Hunters Hot Spring, Meyer and 
thermal waters have precipitated dissolved silica a 
a cap rock. This silica cap is about 46 m (IS0 ft.) deep and 61 m. (200 ft.) 
thick. Beneath the  seal, water encountered is likely to be above, the  boiling 

and along fault zones. 

int.. It can be expected that the  potential^ res 



L, 
Geologic and geophysical investigations i 
resource in the  Lakeview area for dire 
energy. The hot spring area north of town appears to have 
because of high temperatu and good flow rates. 
temperature resource near 
interest in geothermal development, further s 

al utilization in the Lakev 

The Town of Lakeview has taken the  lead t 
energy resource by studying the feasibility of a district heating system in 
cooperation with Northwest Natural Gas, private utility. Franchise rights 
have been awarded to the utility to' lay pipelines and supply hot water to 
customers. The utility's economic analysis report pointed out t he  need for 
large energy consume in addition to residential customers to make the 

Industries based on the local natural resources are likely candidates for 
geothermal commercialization. Potential ' uses include: alfalfa and grain 
dehydration, commer ical refrigeration, greenhouses, geothermal feed-lots and 
meat processing facilities, methane production, and wood-waste processing 

of geothermal resources for such activities would enchance the economic 
stablity of the area. The feed-lot and processing operation appears 
particularly attractive in this regard. Cattle a re  now: trucked to California 
for processing. Development of a geothermal meat processing facility in 
Lakeview would cut transportation costs and retain more of the economic 

fits in Lake County. 

mills in Lakeview burn wood wastes to produce steam for kiln drying of 
lumber. It appears, however, that  adequate supplies of wood wastes a re  
available to justify a geothermally assisted pelletization process. 

Such industrial uses could be concentrated in the area zoned for an industrial 
park north of Lakeview near the hot springs. Thermal waters could supply the 
process needs of the industrial complex and be piped to Lakeview for space 
heating in residential and commerical buildings. 

Several factors are impeding the rapid development of geothermal resources 
in Lakeview. Foremost is the need for reservoir boundary definition and 
confirmation. This need could be satisfied with a carefully planned gradient 
hole drilling program. The lack of financial incentives to encourage 
industries to convert to geothermal energy is also hampering developm 

the  evidence of high 
ntial for geothe 

r pelletization or fermentation and distillation processes. 

58 



When these factors h e been reconciled, i 
be stimulated by the ailability of geother 
accompanying growth will be necessary 
Lakeview is currently ng measures to acc 

u 
- 
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DATA SUMMARY 

SITE: LAKEVIEW KGRA, Oregon 

. .Physical Reservoir Data 

. .Temperature OC 
Surface: 96OC Subsurface: 160OC (1) 

..Total Dissolved Sol ids (PPM): 

. .Type o f  Overlaying Rock: Andesite, Andesi t ic  t u f f ,  t u f f  
breccias, and basalt. 

Hunters Hot Spring-925 ppm 
Barry Ranch Hot Spring-905 ppm 

( 3 )  

..Estimated Depth t o  Top o f  Reservoir (meters): 1000 m. (1) 

..Site Land Status - Ma jo r i t y  o f  land i s  i n  p r i v a t e  ownership. 

FED. STATE PRIVATE 

To ta l  Acres 12,165 
(KGRA) (13) 

Tota l  Acres Leased 0 .  0 Unknown 

Geothermal waters supply heat ing t o  commerci a1 greenhouses 
t o t a l i n g  2,800 sq. ft. and covering 3/4 acre. 
Several homes and a motel, on the nor th  end o f  Lakeview, are 

. .Geothermal Development Status: 

geo-heated. 
The town i s  studying the p o s s i b i l i t y  o f  estab l ish ing a d i s t r i c t  
heating system. 
A small worm business i s  planning f o r  geothermal s o i l  warming. 

. .Local and State A t t i t u d e  Toward Geothermal Development: 
Locals appear recept ive t o  geothermal development. The town 
government i s  working w i t h  a p r i v a t e  u t i l i t y  i nves t i ga t i ng  the 
f easi b i  1 i ty  o f  a d i  s t r i c t  heating sys tem. 
also establ ished a Geothermal Council. A considerable number of 
p r i v a t e  land owners have leased t h e i r  geothermal r i g h t s  t o  
development companies. 

..Land Use and Population: 
The region i s  sparsely populated, but  a concentrat ion i s  
s i tuated around the town o f  Lakeview. 
Primary economic a c t i v i t i e s  include; urban services and 
government, t imber and wood products, 1 ivestock r a i s i n g  and 
agr icu l ture.  

Local government has 

L i d  
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SITE ION AND PHYSICAL DES 

SITE: LAKEVIEW 

..Latitude: 420 12 

. .Longitude: 1200 

. .Recti 1 i near: 2, 33, T.38S., Rt20E., W.M.; 
Secs. 3-5, 8-10, 15-17, 20-22, 27-29, 33, 34, 

T.39S., R.20E. 

. .Adjacent Counties: ath, Harney, C r  Deschutes, Woshoe, Nv. 

. .Map Reference: USGS Topographic-Lakev NE 1:24,000; 
AMs-Klamath Fa1 Is, OR-Cal . 1:250,000 

. . Topography: 

Lakeview l i e s  i n  the Basin and Range Province a t  1,607 meters, 
t he  highest town i n  Oregon, The area i s  dissected by  two 
prominent sets o f  f au l t s .  V e r t i c a l  displacements along the 
f a u l t s  have resu l ted  i n  north-trending grabens bordered by 
mountains. Lakeview i s  w i t h i n  the Goose Lake graben. The 

erupt ive events 



Ld 
GEOLOGICAL/GEOPHYSICAL DESCRIPTION 

..Geologic Description: 

Geolo y o f  the Lakeview area i s  taken from Peterson and McIntyre 
(19707. 

The o ldest  rocks exposed i n  the Lakeview area are 
Oligocene-Miocene andesi t ic  t u f f s ,  t u f f  breccias, tuffaceous 
sandstones with l o c a l  f lows o f  andesite and basalt, mudstones 
and conglomerates. 

This u n i t  i s  unconformably ove r la in  by a t h i c k  sequence composed 
o f  r h y o l i t i c  and d a c i t i c  t u f f s ,  tuffaceous sediments, palagoni te 
tu f f ,  and minor basal t  and andesi t ic  flows. The u n i t  i s  l a t e  
Miocene t o  e a r l y  Pliocene i n  age. 

Extensive p o r p h y r i t i c  o l i v i n e  basal t  f lows were extruded 
unconformably upon the r h y o l i t i c  and d a c i t i c  deposits dur ing t h e  
mid-Pliocene. 

Overlying the basal t  f lows i n  the basins i s  a Pleistocene u n i t  
cons is t ing o f  f l u v i a l  terrace, and diatomaceous and tuffaceous 
lacus t r i ne  sediments ranging from s i l t s  t o  conglomerates. 
u n i t  i s  l o c a l l y  over la in ’by Quaternary a1 l u v i a l  and playa 
deposi ts.  

Lakeview i s  w i t h i n  the Basin and Range province which i s  
dissected by two prominent f a u l t  sets. The sets are normal 
f a u l t s  t rending N.0-200E. and N.20-350W. 
displacements along these f a u l t s  have resu l ted  i n  downthrown 
north-trending grabens bounded by mountains. Goose Lake i s  one 
o f  t he  larger  grabens i n  the region. 

The northwest-trending f a u l t i n g  i s  thought t o  have begun i n  the 
Pliocene and ended i n  the Pleistocene. (Peterson and McIntyre, 
1970). The f a u l t  group i s  c losely  spaced and has a v e r t i c a l  
displacement o f  general ly less than 152 m. (500 ft.). Movement 
along the f a u l t s  appears t o  have occurred fo l lowing the 
d i spos i t i on  o f  lacust r ine sediments. 

The north-to-northeast-trending f a u l t s  displace the 
northwest-trending set. 
suggested t h a t  f a u l t i n g  s ta r ted  i n  the ea r l y  Pleistocene 
continued t o  the Quaternary. The group i s  character iz 
normal f a u l t s  with d i p - s l i p  movement and v e r t i c a l  d isp 
up t o  1,524 m. (5,000 ft.). These f a u l t s  form the  l a r  
and grabens o f  the area. 

Thickness o f  the f lows i s  approximately 6 1  m. 
(200 ft.). 

This  

V e r t i c a l  

Peterson and McIntyre (1970) 
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W 
An a n t i c l i n a l  s t ruc tu re  o f  reg ional  extent- para1 le1  s 
northwest-trending f a u l t  s t. It i s  thought t o  be 01 
contemporaneous w i t h  the northwest-trending f a u l t  zon 
Fau l t i ng  appears t o  have occurred a f t e r  t h e  deposi t ion of 
l acus t r i ne  sediments which e x h i b i t  evidence o f  fo ld ing.  
(Peterson and McIntyre, 1970). (23) (24)  (18) 

. .Geophysical Summary: 

Regional g r a v i t y  maps by Berg and Thiruvathukal (1967) 
i nd i ca te  a 30 mgal negative anomaly a t  t he  northern en 
Goose Lake. (17) 

I n  1973 Gu l f  O i l  Company d r i l l e d  a 1,658 m. 
gradient  ho le i n  an area between the  northern and southern 
groups o f  ho t  springs. The d r i l l i n g  encountered l o s t  
c i r c u l a t i o n  a t  1,584 m. (5,200 ft.) and the  we l l  .was abandoned 
i n  November 1973. The measured gradient was 400 C/km, 
considerably below the average gradient of 600 C/km fo r  the 

5,440 ft.) deep 

d Range province. (25) 

l e  O i l  Company d r i l l e d  a ,915 m. (9,564 ft.) o i l  t e s t  

ng ceased was 140%. This  temperature i s  c lose t o  
geochemical ly  determined rese 

w e l l  i n  1961. The hole i s  located about 3 km southeast o f  Barry  
Ranch Hot Spring. The bottom hole temperature measured sho r t l y  

153OC f o r  Barry  R 

Heat f l o w  and geothermal gradients have been measured i n  shallow 
ex i  s t i n g  we1 1 
boundaries o f  the  KGRA. The Thomas Creek area which l i e  
mountains northwest o f  Lakeview has been i d e n t i f i e d  as a 

perature of 

i n  the v i c i n i t y  o f  Lakeview, bu t  outside the I 

may provide more information on 
Lakeview area. 
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RESERVOIR CHARACTER1 ST I CS 

SITE: LAKEVIEW KGRA 

. .Reservoir Temperature 

..Surface: 960 C (1) 

. .Subsurface: 1600 C 

. .Geochemical 
Si02: 1570 C 

(1) 
Na-K-Ca: 1430 C 

..Flow Rates: Hunters Hot Spring - 2300 lpm (3)  

..pH: 7.77 (3)  

..Total Dissolved Sol ids: 

. .Fluid Chemistry: 

Hunters Hot Spring - 925 pprn 
Barry Ranch Hot Spring - 905 ppm ( 3 )  

Hunters Hot Spring has a surface temperature of 94O C which i s  
t he  b o i l i n g  p o i n t  f o r  the a l t i t u d e  and a f l o w  o f  approximately 
2,300 lpm. A geyser known as llOld Perpetual" erupts from a 
d r i l l e d  we l l  a t  Hunters Lodge about three times a minute 
reaching a he ight  of 15-22 meters. 

A t  Hunter Hot Spring there are 12 main o r i f i c e s  i n  t h e  large 
thermal area. This  includes an ar tes ian wel l  .8 km northwest; 
6 1  m. deep o f  120 gpm o f  b o i l i n g  water. Another w e l l  d r i l l e d  i n  
1960 t o  198 m. i s  now used f o r  heating a greenhouse complex. 
Several other shallow wel ls  i n  the area have temperatures i n  the  
88-930 C range. 

Other water wel ls  i n  and around Lakeview repor t  warm water. 

Chemical analysis and informat ion on selected h o t  springs i s  
presented on the fo l l ow ing  page. 

..Estimated Reservoir Heat Content: 

1.4 x 1018/Cal (1) 
DOE/DGE estimates 50 MWe non-e lect r ica l  use 
USGS estimates 110 MWe (15) 

(15) 

..Subsurface Area o f  Reservoir: 8 Km2 estimated (3)  - 

Lid 

64 



CHEMICAL ANALYSES OF THERMAL MATER 

Hunter' Hunter Barry Ranch Leo Hanks 
Hot Spring Hot Spring Hot Spring Spring 

j u n i t s  mg/l) (Units ppm) ( u n i t s  mq/ l )  (uni ts  ppm) 



HOT SPRINGS I N  THE LAKEVIEW AREA 

Maxi mum 
Section Township Range Temperature % ( O F )  Notes 

11 

26 

22 

16 

37s. 20 (59) 

20 (71) 

16 (60) 

26 (79) 

72 (162) 

85 (185) 

94 (202) 

Bean Hot Spring 

White Rock Hot Spring 

Hammersley Hot Spring 

City o f  Lakevi ew 
(Leo Hanks Spring) 

Leithead Hot Spring 

Barry Hot Spring 

Hunters Hot Spring 

20E. 

20E. 

19E. 

20E. 

20E. 

20E. 

20E. 

2 springs i n  1 36s. 

38s. 

39s. 

1,000 gpm 

50gpm, s t rong H2Sodor 

50gpm,strong H2Sodor 
27 

34 

4 

39s. 

39s. 

39s. 

Thermal Springs & Wells i n  Oregon, Bowen and Peterson, 1970 





OTHERMAL DEVELOPMENT STATUS 

SITE : LAKEV I EW , KGRA 

. .Present Developmen 

Commercial greenhouses are heated w i t h  geothermal water. Area 
of the houses i s  approximately 2,800 sq. ft. cover ing 3/4 acre. 

Tomatoes have been grown, b u t  t r e e  seedlings and bedding p lants  
are being ra i sed  now. 

A w e l l  d r i l l e d  i n  1923 produced a geyser which s t i l l  spouts 
15-22 meters o f  thermal water a t  a l o c a l  motel. The f a c i l i t y  i s  
heated w i th  hot water from another well. 

Space heat ing f o r  less than 10 homes is 'prov ided by geothermal 
sources . 
A municipal warm water wel l  a t  the c i t y  swimming pool i s  used t o  
f ill the  pool occasionally. 

..Projected or  Planned Development: 

A d i s t r i c t  heating system f o r  i n d u s t r i a l  processing and 
r e s i d e n t i a l  space heating has been proposed. 

S o i l  warming using geothermal water i s  planned f o r  a small worm 
busi ness. 
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INSTITUTIONAL CONS1 DER AT IONS W 

TE: LAKEVIEhf KGRA 

. . I n s t i t u t i o n a l  Requirements: 

Geothermal exp lo ra t  i on and devel 
use permi t  from the  county. 

. .Agency and Pub1 i c  At t i tudes:  
. I  

Local a t t i t u d e s  appear favorable towards geothermal 
development. The town government has establ ished .a Geothermal 
Council, and i s  i nves t i ga t i ng  the  p o s s i b i l i t  
d i s t r i c t  heat ing system. 

. .Status o f  Requirements ( i  .e., E I A / E I S  Requirements): . 

No environmental analyses s p e c i f i c a l l y  

s t o  compile on EAR t o  cover 
leas ing i n  the Goose Lake Valley. 

The Fremont Nat ional  Forest w i l l  complete an EAR o r  E I S  f o r  
leas ing on federa l  land. The p ro jec t  i s  scheduled t o  begin i n  

-) 

I 
1 

) B d  
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ENVIRONMENTAL FACTORS 

SITE: LAKEVIEW, KGRA 

. .CLIMATE Semi ar i d 

i l i n g  Winds: South 

i t a t i o n  (Annual): cm. 

.Average Temperature 7.8% (46.2OF) 

Maximum: 19.2% (66.6OF) 
M i  n imum: -2.3% (278OF) 

. .Degree Days (Annual ) : 7069 

. .Relat ive Humi’di ty: low 

. .AIR QUALITY: 

General l y  good a i r  qual i t y  condit ions. 
occur when strong winds t ranspor t  large amounts o f  a l k a l i  dust 
from Goose and Summer Lake areas. 

Temporary dust storms 

Smoke from lumber operations 
causes smog condi t ions dur ing inversions. (14) 

. . WATER QUALITY : 

Data on the r a d i o a c t i v i t y  associated with thermal water i n  the 
Lakeview area i s  l i s t e d  on the  fol lowing page. Concentrations 
are general l y  we1 1 below establ ished safety  standards. 
d r i nk ing  water standard f o r  radium 226 i s  5 pCi/ l .  

The EPA 
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ERMAL WATERS I N  LAKEVIEW 

K 

Radon-222 Radium426 Uranium-234 

55 2 14 .13 2 -064 



.BIOLOGICAL 

n the va l l ey  consi 
and bunchgrass. 

Higher elevations, outs ide the KGRA, sup 
Ponderosa pine and lodge pole pine w i t h  
stands o f  Dou l a s  fir, various t r u e  f i r s  and white 
pine. (143 

..Dominant Fauna: 

The fo l l ow ing  selected anaimals are found i n  the v i c i n i t y  
o f  Lakeview: Mule deer, antelope, Rocky Mountain elk, 
cougar, coyotes, beavers, bobcats, rodents, b lack bear, 
chukars, grouse, and q u a i l  

Waterfowl - Canadian geese, mal lards, western grebes, 
t e a l  s, gadwall s. 

Shorebirds - Whfte pelican, sandh i l l  crane; great blue 
heron, gu l ls ,  and American avocet. 

The area i s  used extensively f o r  deer and waterfowl 
hunting. (14) 

* 

..Endangered Species 

Flora: Unknown . 
Fauna: No endangered species have been iden t i f i ed .  

State o f  Oregon Treatened Species: 
Northern bald eagle (Hal iaeetus leucocephalus) 
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RAN SPORTAT ION AND UT IL I T  I ES 

SITE: LAKEVIEW KGRA 
I 

. .Utility or Energy Transmission Corrid and Fac i l i t i es  

se Val ley Electrical Company 
rom Lakeview t o  the substati 

from the Klama 
south in to  'Cal 

A natural gas pipeline paral le ls  Highway 97. 

Electrical service i n  the urban 'area is  supplied by the Pacific 
Power and L i g h t  Company. Surprise Valley Electrical Company has 
been allocated t o  serve rural areas. 

area through Lakeview, then 



POPULATION 

SITE: LAKEVIEW KGRA 

..General Descr ipt ion o f  Populat ion i 

Lakeview i s  the populat ion center and county seat f o  
County. Estimated populat ion f o r  Lakeview i s  3,000. 
l i v e  i n  the Lakeview urban area, bu t  others l i v e  on ranches 
scattered i n  the o u t l y i n g  areas. 
Surrounding settlements include; Pais ley (populat ion 300) 58 km 
north o f  Lakeview and Klamath F a l l s  (populat ion 18,300) 144 km 
west. 

. .Economics 

. .Present Land Use: 

Several lumber m i l l s  are s i tuated i n  Lakeview which depend 
on timber from the nearby Fremont National Forest. 
Lakeview i s  the service center for  Lake County and 
headquarters f o r  several federa l  agencies d i s t r i c t  o f f i ces .  

Livestock ra is ing,  i nc lud ing  grazing and gra in  product ion 
i s  the second most economically important i ndus t r y  i n  Lake . (See the fol lowing tab le  fo r  1977 Gross Farm 

Other a c t i v i t i e s  include recreat ion and mining ( c u r r e n t l y  
urmium explorat ion).  

t ..Future Land Use: 

An expanded c i t y  water system i s  necessary t o  f a c i l i t a t e  
f u r t h e r  growth. 

A p r i v a t e  company i s  convert ing a uranium processing p l a n t  
i n t o  a lumber m i l l  nor th  o f  Lakeview. 

r 
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which is a complex Basin and Range type graben. Abert Rim to the east and 
Winter Ridge to the west are fault block mountains forming the margains of 
the Summer Lake V mse Lake graben 
which lies to the so east of Summer Lake, a large 
playa lake which is summer months to maximize 
potential for irrig which restricts 
vegetative growth to salt tolerant species in cent to the lake. 

basin and juniper 

for livestock 
raising. Both pri 

lude the small 
Lake Wildlife 

several warm springs at the northern end of Summer Lake graben, and a 
southern group consi 
wells near Paisley. 

near Paisley. Most 
west of the town n 
well has a surface 

temperatures. 

79 



Many of the springs'in the northern group lie in the  Summer Lake Wildlife 
Management Area. Temperatures of the springs vary from 13O-24 
warm temperatures are augmented by large volumes of discharge. Ana River 
Springs is the largest, flowing at 11,888 liters per minute with u surface 
temperature of 19OC: This spring is one of the  largest in the  US. The low 
temperatures and high flow rates of the  springs in the  northern group could 
suggest higher temperature geothermal water mixing with colder 

These surface manifestations indicate a potential for geothe 
development. This opportunity has been recognized by companies such as 
Chevron and Supron Energy Corporation who hold competitive leases on more 
than half the KGRA. However, these leases appear to be speculative in 
nature since minimal to no exploration activities have been carried out. 

Clearly there is a need to gain a better understanding of the  Summer Lake 
geothermal resource before realistic plans for utilization can be postulated. 
Considering that environmental reviews have alreody approved areas for 
[easing and given the  favorable local at t i tudes towards geothermal 
development, exploration activities could be carried out  in the  near term 
without undue hindrance. 

It is possible that  test drilling may uncover new information indicating that  
t he  Summer Lake area has potential for electrical generation. However, a t  
this point, the  identified temperature range restricts discussions of potential 
uses to direct applications. Examples of energy dependent uses which a r e  
capable of being supplied by a 14OoC resource include: space heating, 
greenhousing, aquaculture, lumber drying, refrigeration, drying of organic 
materials, extraction of salts by evaporation and crystalization, and various 
other industria I processes. 

Yet, even without knowing the true nature of the resource, these applications 
a re  restricted by the general lack of population in the  Summer Lake area. 
Given the existing development, geothermal re,sources could best be utilized 
for  kiln drying of lumber, grain drying, limited space heating, and 
greenhouses. If the resource proves to be commercially valuable, industrial 
users such as lumber mills, feed lots, facilities for processing diatomite, and 
large scale greenhouse operations could be  'lured into the area by the 
availability of inexpensive geo-heat. But, first, the  resource must be defined. 
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I Reservoir Data 

..Temperature OC 

Surface: 43% Subsurface: 140OC (21) 

..Total Dissolved Sol ids (PPM): 1120 ppm 

. .Type o f  Overlaying Rock: A1 luvium, Andesite, Ande 
Tuf f  -Breccia 

ed k p t h  t o  Top o f  Reservoir (meters): 1.5 km 

. .Si te  Land Status 

FEDERAL STATE 

RA Acres - 13,631 Approx. 11,460 

Tota l  KGRA Acres 

. .Geothermal Develo 

Space heat ing o f  two e r  
Lake Hot Springs. 

Many p r i v a t e  land owners 
t h e i r  property. 

/ 
‘ t  



SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: SUMMER LAKE HOT SPRING KGRA 

..Latitude: 420 43'N 

. .Longitude: 120° 38'W 

..Rectilinear: Sec. 12-15, 22-24, T.33S., R.l7E., W.M. 
Sec. 3, 4, 7-10, 14-23, T.33S., R.18E. 

. .County: Lake 

..Adjacent Counties: Klamath, Deschutes, Harney, Crook 

..Map Reference: U.S.G.S.-Smer Lake, Fremont Point, Slide. Mtn. 
1 : 24,000 

AMs - Klamath Falls, Ore.-Cal. 1:250,000 

. .Topography 
The Summer Lake basin is a complex+graben at the northern 
extreme of the Basin and Range province. 
valley is part of the broad composite graben that contains the 
Lake Abert basin to the east and the northern extension of the 
Goose Lake graben to the south. The basins are separated by 
plateus of fault block mountains. Elevation at Summer Lake is 
1,306 m (4,285 ft.). Predominate vegetative cover is desert 
shrub. 

The alluvium filled 

. .Present Land Use: 
Primarily 1 ivestock grazing, agriculture and recreation. 

S m e r  Lake Wildlife Management Area on the north end of Summer 
Lake (outside the KGRA) is maintained for migratory waterfowl 
habit at. 

U.S. Geological Survey has classified the area 
prospectively valuable for oil and gas. 

- 

..Aesthetics: - 

The Environmental Analysis Record classifies the KGRA as having 
low scenic quality. However, the area is within 3 km of an area 
with primitive values and meets the minimum criteria of the 1964 
Wilderness Act. (28) 
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ains many archae 
known s i t e s  and two po ten t i a l  s i t e s  hav 
the  KGRA. The s i t e s  appear t o  be small temporary hunt ing 
camps. One s i t e  i s  t ena t i ve l y  dated between 4500-2500 years ago 
whi le  the  others date between 2500-500 years ago. A 
inventory  and evaluat ion o f  archaeological s i t e s  w i l l  
requi red as s t i pu la t i ons  t o  geothermal leases. (28 

The geology o f .  the Summer Lake ba 
Environmental Analysis Report: 

"Summer Lake l i e s  a t  the northern extreme o f  the Basin and Range 
Province and i s  character ized by a broad a l l uv ia ted  graben 
between f a u l t  sets. The graben i s  p a r t  of the broad composite 
graben t h a t  contains t h e  Lake Abert basin t o  the  east and the  
northern extension o f  the Goose Lake graben t o  the south 

The pr imary s t r u  
on the  western edge of the  basin. This f a u l t  appears t o  have a 
nearby v e r t i c a l  d ip  and a displacement i n  excess o f  5,000 ft. 
(Peterson and McIntyre, 1970). Fau l ts  of lesser displacement 
form an i n d i s t i n c t  east boundary o f  the Summer Lake graben. 

has been summa 

, (Donath, 1962) 

r a l  feature i s  the f a u l t  forming 

I 

1 I 
I n  t he  nor th  end o f  t he  basin, f a u l t i n g  occu 

t h a t  combine t o  break the  rocks i n t o  a d i s t i n c t  rhombic 
rn. These two f a u l t  sets  

and moved concurrent ly (Donath, 
studies conducted a t  the no r th  
show t h a t  f a u l t i n g  continues i 
al luv ium (Donath and Kuo, 1962 

Fau l t i ng  i n  the area dates t o  
tjme, the  major s t r u c t u r a l  bas 
formed (Peterson and Mclntyre, 
has had r e l a t i v e l y  recent move 
derived from the r i dge  has bee 
and McIntyre, 1970). Evidenc 
succeeded broad r 

rhyodaci te flows, a d i o r i t e  in t rus ion,  sandstone, s i l t s tone ,  
claystone, t u f f ,  t u f f  breccias, and welded tuffs. Rocks o f  l a t e  

parate 

~ 

. Ter t  i ary-ea y Quaternay age include basal nd andesite flows, 

(J 
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I basal t  e jec ta ,  rhyol i t ic  and dac i t ic  plugs,  d 
intrusive breccias, clay, sand, s i l t ,  gravel 
of Quaternary age consist of f luv ia l ,  al luvia 
sediments (Walker, 1963; Walker, Peterson and 
Peterson and McIntyre, 1970) 

The low plateaus and footh i l l s  are si tuated o 
(upthrown f a u l t  blocks); while the basin occupies the 

The foo th i l l s  t o  the south consist primarily o f  Tertiary 
tuffaceous sediments intercalated w i t h  anedsite and basalt  
flows, and a Quaternary landslide of basaltic and tuffaceous 
sedimentary rock. 
Tertiary-Quaternary rhyolite dome. The Tert iary sediments and 
flows southeast of Fir Timber Butte are underlain by an ear ly  
Tertiary dacite flow, which is intruded by a diorite p lu ton  
(Walker, 1963; and Peterson and McIntyre, 1970). 

The low plateau area is composed primarily of Tertiary basalt  
and andesite flows interbedded w i t h  conglomerate, sandstone, 
s i l t s tone  and tuff .  Ten mile Butte is a Tertiary-Quaternary 
basal t ic  cinder cone w i t h  some basalt  flows toward the west and 
southwest (Walker, 1963, and Walker, Peterson and Greene, 1967). 

The basin consists primarily of Quaternary aeolian, a l luvial ,  
and terrace deposits of clay, s i l t ,  sand, gravel, ta lus ,  and 
evaporite (Walker, 1963) up t o  1000 f e e t  thick (Donath, 1962)." 
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. .Geophysical Summary: 

Geophysical data suggest t h a t  several f a u l t s  under1 i e  the 
al luvium o f  Summer Lake basin. The loca t i on  o f  the h o t  springs 
appear t o  be con t ro l l ed  by the faults. 

. .Geophysical Studies: 

Berg, 3. W. and Thiruvathukal, 3. V., 1967, Grav i t y  Maps o f  
Oregon, Onshore and Offshore: 
Mineral Industr ies,  GMS-4. 

Donath, F.A., and KUO, J.T., 1962, "Seismic-Refraction Study o f  
Block Fault ing, South-Central Oregon": Geological Society o f  
America Bu l l e t i n ,  Vol. 73, pp. 429-434. 
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HARACTERISTICS 

SITE: 

..Reservoir Temperature 

SUMMER LAKE HOT SPRING KGRA 
1 

. . Surf ace: 43% 

..Subsurface: 14OoC (21) 

. . Surf ace: 43% 

..Subsurface: 14OoC (21) 

. Geochemci a1 

Si02: 134% 
Na-K-Ca: 112oC (21) 

..Flow Rates: 75 lpm 

..pH: 8.43 

..Total Dissolved Solids: 1,120 ppm 

. .Fluid Chemistry: 

Speci f ic  conductance 

S i l i c a  . 
Calcium 
Magnesium 
Sodium 
Pot ass i um 
L i  t h i m  
Bicarbonate 
Carbonate 
Su l fa te  
C h l  or  i de 
F1 o u r i  de 
Boron 
Temperature (OC) 
Flow . 
PH 

(mi crohmos) 

Summer Lake Hot Spr ing Ana River  Spring 
( u n i t s  mg/l) ( u n i t s  ppm) 

1790 

94 37 

390 39 

2.1 5.2 
.1 3.1 

4.6 3.2 
0.15 

406 
10 

120 
280 

43 
75 lpm 
8.43 

86 

108 

6.7 
13 
0.2 
0.5 

11,888 lpm 
8.4 

19 

(3 )  b 



hid 

..Spring locat ion:  t Spring T.33S., R.l7E., Sec. 

Ana'River Spr ing T.3OS.. R. 17E., Sec. 6; 
W,M. 

a t  Content: .4 

. .Subsurface Area o f  Reservoir: 4 Km2 (3 )  

Hot springs occur i n  two general groups: warm springs a t  t he  
nor thern end o f  Summer Lake, and a southern group cons is t ing  o f  
one ho t  spr ing (Summer Lake Hot Spring) and several harm 
groundwater we1 1 s near Paisley. ' 



LAND OWNERSHIP AND LEASING 

SITE: SUMMER LAKE HOT SPRING KGRA 

..Land Ownership: Federal land i s  administered by t h e  
Management - Lakeview D i s t r i c t  

TOTAL AREA FEDERAL 
(Acres) (Acres) 

Bureau o f  land 

STATE PR IVATE 
1Acres) (Acres) 

13,631 (KGRA) Ap p r  ox. 
11,460 

KGRA 

. .Land Leased . 7,521 374 Unknown 

..Highest Pr iced Leases 
(Dol lars/Acre) $3.91 

. .$/Acre Lessee 

$3.91 Supron Energy 2,392 
$2.33 Supron Energy 2,847 
$1.77 Chevron 2 , 282 

hi noi  1 374 

..Tentative Lease Sale Dates: No known scheduled lease sales 

..Number o f  Sales Offered But No Bids: No bids received on u n i t s  3 and 4 
a t  the September 1976 lease sale. 

..Number o f  Bids Rejected (Resul t ing i n  No Lease): 

. .Land Ownership: Approximate acreages 

0 

2,720 acres - p r i v a t e  land - p r i v a t e  minerals 
340 acres - pub l i c  land - p r i v a t e  minerals 

1,260 acres - p r i v a t e  land - p u b l i c  minerals 
11,120 acres - p u b l i c  land - p u b l i c  minerals 

. .Summary o f  Leasing Status and Needs: 

Led Lease sales were held on 9/23/76 and 12/9/76. 
Pr ivate land a t  the south end o f  Summer Lake has been leased by  
Chevron O i  1 Company. 
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GEOTHERMAL DEVEL 

TE: SUMMER LAKE HOT SPRING KGRA 

. .Present Development Status: 

Summer Lake Hot Springs i s  a p r i v a t e l y  owned recrea t ion  s i t e  w i th  
several  campsites and a pool heated by water from the  ho t  springs. 
The bath house has been heated geothermally f o r  about 60 years. Two 
houses a t  t he  s i t e  are heated w i t h  spr in  



INSTITUTIONAL CONSIDERATIONS 

SITE: * SUMMER LAKE HOT SPRING KGRA 
r 

. . Insti tutional Requirements: 

Geothermal exploration or development ac t iv i t i e s  may require a 
conditional use permit from the county planning comm 

Two areas south of Summer Lake are being considered for  possible 
inclusion into the National Wilderness Preservation System as part  of 
the U.S. Forest Service RARE I I  process. 

Tot a1 
Area ' Area Code Administrative Distr ic t  Acreage 

Hanan T r a i l  6222 Fremont National Forest 8,063 
Brattain Butte 6223 Fremont National Forest 5,880 

..Agency and Public Attitudes: 

Most o f  the residents favor the leasing o f  federal lands. (28) 

. .Status o f  Requirements ( i  .e., EIA/EIS Requirements) : 

Environmental Analysis Report for eothermal leasing was issued by 
the Lakeview District  BLM i n  June 4 976. 



.v 

= c  

..Average frost-free days: 91 

. .AIR QUALITY: 
tations are maintained in the Summer Lake Bas 

e common in the Chewaucan Valley and around Abert Lake 
nds in the spring and fall. Other particultes include 
wood dust and soil dust. Particulate concentrations 

ary with the weather. Dry st and pollen 
oncentrations, and winter 
oncentrati ons. 

Hydrogen sulfide is disperse 
area. 

s range from 0.03 he immediate area of 
(28) 

I 

I drainage basin is a closed down-faulted b 
an area of approximate1 87 sq. meters (286 sq. miles 

The floor of the basin as occupied pluvial take C 
Pleistocene time. It is currently o pied by Summer La 
high levels covers an area 24 km (15 miles) long and 8 k 
wide with a maximum depth of between 1.5 m. (5 ft.) and 
(7 ft.). Volume at this level is about 300,810 acre 
of the flat shore and strong winds, the surface area 
increase greatly over short periods of time, with an accompanying 
increase in rate of evaporation. The lake level flucuates widely 
from season to season due to diversion for ir 
often nearly dry in the summer. 

I 

I 

i w  
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Lf 
Water i n  the Summer Lake Basin originates as  precipitation. 
spr ings  are scattered throughout the bas in .  
where the clay lake deposits have formed a 
permeable volcanic rocks. 

Ana River S p r i n g s  has a tremendous flow rate. 
source of the Ana River and the least  variable inflow in to  Summer 
Lake. 
i s  one of the largest springs i n  the  U.S., discharging an average of 
90 cfs. 

Many 
Artesian flaws ex is t  

The spr ings are the 

Al though  currently submerged beneath the Ana Reservoir, th i s  

In 1922-23, an earthen dam was constructed below Ana River Spr ings  t o  
divert water in to  the Summer Lake Canal. 
approximately 1106 acre f t .  per year, mostly fo r  irrigation. Water 
has also been diverted a t  times t o  maintain sui table  waterfowl 
habitat. 

Water loss from the basin is  solely from evaporation. Annual 
evaporative loss from the lake is  estimated t o  be about 39 inches 
( P h i l l i p s  and Denburgh 1971). There is  no leakage from the basin and 
the occurrence of springs near the lake indicates tha t  the water 
table slopes toward the lake. (4)  

The  Canal diverts 

Water quali ty data for Summer Lake i s  presented below. 

Water Quality Data for Summer Lake 

(Amounts of dissolved solids and of hardness reported in parts per 
million. 
of to ta l  dissolved solids) 

Amounts of a l l  other constituents reported as a percentage 

Summer Lake 
Dissolved solids content 7,200 
Si1 ica 1.5 
C a 1 c i um 
Magnesi um 0.004 

Pot ass i um 
Bicarbonate 13 
Carbonate 17  

Fluoride ‘0.08 

Or t hop ho sp hat e 0.25 Boron 0.47 

PH 

0.04 

Sodium 39 

Sulfate 4.8 
Chloride 22 

Bromide 0.11 

Hardness as CaC03 8 

1.6 

9.6 
( 2 9  (28) Source: P h i  11 ips and VanDenburgh, 1971 
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ENVIRONMENTAL FACTOR 

SITE: SUMMER LAKE HOT SPRING KGR 

. .BIOLOGICAL 

. .Dominant Flora: 0 

i n  the  Summer Lake basin va r ies  f r o  
ants such as the greasewood s a l t  grass ( D i s t i c h l i s  

S t r i c t a )  associat ion t o  the non-sal t t o l e r a n t  b i g  sagebrush 
x m s i a  t r i d e n t a t a )  s q u i r r e l t a i l  (S i tan ion  h y s t r i x )  
association. 
are completely devoid o f  vegetation. Areas below and . 

surrounding springs and artesian we1 1 s support vegetation 
t y p i c a l l y  found i n  wet meadows such as sedges, carex and others. 

Several p lan t  communities e x i s t  i n  the  f o o t h i l l s  including: 
low sagebrush (Artemisia arbuscula) and jun ipe r  (Juniperus 
occ identa l is ) .  (28 

Playas and areas of very  high s a l t  concentrat ion 

. .Dominant Fauna: 

The greatest abundance and d i v e r s i t y  f w i l d l i f e  i s  on the 
Summer Lake W i l d l i f e  Management Area n the nor th  end of Summer 
Lake outside the KGRA. This state managed area i s  an important 
breeding and nest ing area f o r  migratory waterfowl i n  the P a c i f i c  
flyway. Other animals include: antelope, mule deer, w i  I d  
horses, pheasant, chukars, coyotes, raptors,  r e p t i l e s .  
Port ions of the KGRA are i n  c r i t i c a l  deer winter ing range. (28) 

. .Endangered Species 

Flora: No threatened or  endangered species are known. (28) 

Fauna: 
Endangered Species: 

American Peregrine Falcon-observations are rare, no 
known nest ing s i t es .  

State o f  Oregon Threatened L i s t :  

Northern Bald Eagle 
K i t  Fox 
Western Spotted Frog 
Western Snowy Plover 
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TRANSPORTATION AND UTILITIES 

SITE: SUMMER LAKE HOT SPRINGS KGRA 
i 
1 

..Utility or Energy Transmission Corridors and Facilities I 

Bonnevil le Power Admini stration maintains two transmission 1 ines 
within the vicinity of Summer Lake. 
to the east, and a 500 Kv line is approximately 30 km west o f  the 
lake. A private transmission line is situated about 25 km to the 
west. 

A substation is located about 6.4 km from Paisley. 

An 800 Kv line runs about 35 km 

..Transportation Cooridors or Facilities 

Highway 31 

Highway 395 

Several unimproved and Forest Service Roads. 
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POPULATION 

SITE: SUMMER LAKE HOT SPRING KGRA 

..General Description o f  Population: 

The Summer Lake area has a very limited population. 
the small communities o f  Paisley (popultion 285) and Summer Lake 
(population less than 20) , there are ranches scattered throughout the 
basin. The largest community, also the county seat, is Lakeview 
(population 3,000) 58 km south of  Paisley. 

In addition to 

. .Economics 

w 
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nio, Nevada is the  
primary transportation corridor. Otherwise surface transportation is 

wds,  most of which a re  gravel. The few residents in 
and rural homesites scattered in the  basin. Adel and 

Plush, t h e  area’s only communities, have a combined population of less than 
100. Area residents must travel to Lakeview, 37 km east of “Adel, to purchase 
goods and services not available at t h e  Adel store. Estimated population 
increases are significantly below projections for most other areas in Oregon. 

Both the  economy and primary land use a re  focused almost exclusively on 
livestock production. Private and public lands a re  grazed. Agricultural 

c ted to secondar 
a live in ranch 
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Most of the hot springs are  situated in stretching about 10 km along the  
west side of Crump Lake.. Their location appears to be controlled by the 
major fault separating the  basin from the  mountains. A positive magnetic 
anomaly corresponds to. the hot springs zone. Ho 
surface temperatures a re  at the  southern porti 
associated with an apparent audiq-magnetotellur ic 
and Conradi, 1975). The highest surface tempera 99OC recorded in 
1959 for Crump Well. This reading is above the  boiling point for the  altitude. 
More recent field work has recorded the spring temperature at 78OC with a 
measured flow rate of up to 50 liters per minute. Geothermometry indicates 
an estimated minimum reservoir temperature of 144OC based on Na-k-Ca 
ratios. Several of the  springs along the  zone are  depositing siliceous tuff. 

Adjacent to Crump Springs a well was drilled to 5 13 m. in 1959. The bottom 
hole temperature was 77OC, but temperatures of 12I0C were encountered at 
201 m. The hole was abandoned, but its presence was clearly marked’by 
continuous eruptions of boiling water and steam for about a year. Another 
shallow well drilled at the same location is currently geysering steam and 
boiling water at two hour intervals. 

Energy companies, recognizing the potential for geothermal development, 
have acquired leases on federal and private land in the  Crump basin. Chevron 
Oil Company has leased 13,183 acres  of public land around the southeastern . 

end of the valley. Gulf Oil Corporation has leased most o 
from Crump Geyser south from private landowners. Variou 
and individuals have amassed geothermal rights on federal ty-owned land 
adjacent to the KGRA and private tracts. 

Chevron Oil has been conducting the  most active exploration program in the  
valley. A gradient hole drilling program has been ongoing since 1976. 
During 1978, seismic and gravity studies were conducted, presumably to 
provide information for siting of a deep test hole. 

If a deep hole is drilled, it is reasonable to assume that  the  results of 
Chevron’s exploration have produced encouraging indications of a resource 
capable of power generation. Otherwise, it seems unlikely that the  company 
would pursue exploration activities. 

Unfortunately, the  results of their investigations a re  not publicly available. 
From published information, estimates of the resource capabilities d o  not 
place the Crump area in a range of consideration for electrical power 
generation. The I44OC estimated reservoir temperature is more than 
adequate for a variety of direct use applications, but the  scarcity of 
population precludes any development along these lines. 
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In conclusion, it appears that there a r e  two 
development in the Cru basin. The first would be  to entice industries that  
can use hot water for p s i n g  to h ~ t e  in the  area. This option is limited 
by the area's remoteness from major transportation networks. The second 
option is for power production. But confirmation of the reservoir capabilities 
must be  demonstrated before electrical gener can be ccmidered a viable 
opportunity. 
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SITE DATA SUMMARY I 

SITE: CRUMP SPRINGS KGRA t 

, 
1 

> j  
i 

..Physical Reservoir Date 

. .Temperature OC 

Surface: 78OC Subsurface: 180% (1) 

..Total Dissolved Solids (PPM): 668 ppm 

..Type of Overlaying Rock: Alluvium and olivine basalt 

. .Estimated Depth t o  Top of Reservoir (meters) : 1000 m. ( 3 )  
, 

. .Site Land Status 

FED. STATE PR I VATE 
Total Acres-85,663 KGRA 
Total Acres Leased 13,023 1 , 280 Unknown 

I 
I 
I 
i 
I 

. .Geothermal Development Status: 

I Uti1 ization of thermal water is limited t o  stock watering and 
bathing. 
Exploration ac t iv i t i e s  have been carried out  a t  a moderate pace. 

. .Local and State A t t i t u d e  Toward Geothermal Development: 

Private land owners have leased the i r  land for geothermal 
exploration. 
There is no known local opposition t o  the development of 
geothermal resources. 

..Land Use and Population: 

The Crump area is  sparsely populated. 
ac t iv i t i e s  include 1 ivestock grazing, limited agricultural  crops 
and recreation. 

Primary land use 

Hart Mountain National Antelope Refuge i s  situated about 1 2  km 
from the KGRA. 

- 

Lr 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

ITE: CRUMP SPRIN 

..Latitude: 420 15' 

. .Longitude: 11 

8, 33-36, T.39S 
Secs. 12, 13, 23-26, 
Sec. 1, T.41S., R.23E 
Secs. 1-3, 10-12, T.3 
Sec. 17, 20, 29, 31, - 
Secs. 1-35, T.40S., R.24E. 
Secs, 2-6, 9-11, T.41S., R.24E. 
Secs. 3-10, 15-22, 28-33, T.38S., R.25E. 
Secs. 4-9, 16-21, 28-31, T.39S., R.25E. 
Secs. 13-15, 22-28, 33-36, T.38S., R.24E. 

. . County: Lake 

..Adjacent Counties: Klamath, Deschutes, Crook, Harney, Washoe, 
Nv. Modoc, CA. 

..Map Reference: U.S.G,S. - Adel 1:24,000 Crump Lake 1:24,000 
AMs - Adel 1:250,000 

. .Topography 

Warner Val ley i s  loca d i n  the Basin and Range province, a 
area o f  major f a u l t i n g  which formed ho rs t  and graben 
structures. The va l l ey  i s  an elongated undrained graben bounded 
on both sides by  large t i l t e d  f a u l t  block mountains. Elevations 
ran  e from 1,363 m, (4,473 ft.) a t  Crump Lake t o  2,281 m. 
(7,183 ft.) o Hart  Mountain. 

..Present Land Use: 

Livestock grazing i s  an extensive land use involv  ng most of the 
area. Ag r i cu l tu re  i s  l i m i t e d  t o  feed crops f o r  t he  l ivestock ' 

. 
'ndustry. Recreational a c t i v i t i e s  i fishing, and 
ock hounding. 



. .Aesthetics: 
Man-made structures are visible for grea 
nature of the topography. 

..Historical/Archaeological Significance: 

The EAR states that, "this area may be one o f  the richest 
archaeological resources of its kind in the western U.S." 

Petroglyph sites, petrified wood, Indian artifacts and 
occupation sites have been identified. 

The historic Central Oregon Military road traverses north o f  
Crump Lake and south of Plush. 

(30) 

' 
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/GEOPHYSICAL 
SITE: CRUMP SPRINGS KGRA 

. . Geologic Descr i p  

Rocks i n  the Crump and Warner 
sediments, t u f f s ,  t u f f  breccia f andes i t i c  composition with 
andesite and basal t  f lows and minor i n  
Miocene t o  Pl io-Pleistocene age. The ys  are f i l l e d  w i t h  
l acus t r i ne  deposits, Quaternary a1 luv i  d lands l ide  debris. 
Landsl id ing i s  common along the  f a u l t  s on the  margins of 
the graben. North o f  Crump Lake i n  the Warner Lake 
are large accumulations of complex exogenous domes 
f lows and f l ow  breccias of rhyodac i t i c  composition (Walker and 
Repenning, 1965). Hart  Mountain, s l i g h t l y  northeast o f  Crump 
Lake, i s  a la rge  s i l i c a  volcanic center w i t h  steepsides domes 
and r e l a t e d  viscous flows. 

Crump and Warn t l eys  are w i th in  t 
which i s  broke by two prominent ' f a u l t  sets t rending 
N.2OoE. and N. 20-35OW. Ver t i ca l  displacement along t h  
f a u l t s  have formed elongated north-trending, undrained grabens 
such as the Crump and Warner basins. 
both sides by large t i l t e d  f a l u t  blocks. The major f a u l t  scarp 
i n  the Warner Val l e y  I s on the ast  s ide and the major scarp i n  
t h e  Crump basin i s  on the  west ide. According t o  Donath 
(1962), the f a u l t s  o f  both of 
contemporanceous i n  o r i g i n  and mov 

17ey areas are tu f f  

i v e  r h y o l i t e s  of 

Basin and Range province 

The grabens are bounded on 

km t o  the south and on 
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, .Geophysical Summary. 
- Gravity and aeromagnetic surveys have been completed by Plouff 

and Conradi. 

Gravity readings indicate an asymmetrical basin so 
w i t h  the deepest margin along the major f a u l t  scar 
side. Another low nor th  of Hart Lake i s  separated by a positive 
gravity ridge from the one south of Adel. 

The aeromagnetic survey shows a large negative anomaly centered 
southeast of Adel extending t o  the southern end of Greaser 
Reservoir. Hot springs i n  the vicini ty  of Crump Geyser are 
si tuated along a narrow be l t  of a re la t ive  magnetic high which 
appears t o  extend along the alluvium f i l l e d  basin f loor  for  
about 15 km. (34) 

..Seismic Activity: 

Seismic ac t iv i ty  was recorded i n  the Warner Valley i n  1968. The 
epicenters were located south of Crump Lake and averaged 4.9 on 
the Richter scale. (30) 

. . Expl orat i  on Activities: 

In 1975 the San Juan Oil Company dr i l led a deep tes t  well east  
of Adel. Total depth  was 2,289 m. w i t h  a maximum recorded 
temperature of 86OC a t  2,288 m. 

Nevada Thermal Power Company dr i l led  a 513 m. hole i n  1959 i n  
sec. 34, T,38S., R.24E. a t  Crump Geyser. The well was abandoned 
due t o  the low bottom hole temperature of 77%. However, 
temperatures as h i g h  as 121% were recorded a t  a depth of 201 
m. The well erupted boiling water and steam continuously for  
about a year a f te r  abandonment. 

(35) 

(30) 
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Various .other exploration 
private companies. Resul 

carried out  by 

' pubicly available. They include 

H u n t  O i l  Company - dri l led between 10-20 152 m. 
gradient holes 

Chevron O i l  Comp mpleted an e lec t r ica l  
r e s i s t i v i ty  survey and 

. program consisting of 15 152 m. 
radient holes i n  1976 and 1977. 

Wnother gradient hole was dr i l led  
i n  l a t e  1977 t o  a to ta l  depth of 
439 m. During the f a l l  o f  1978 
Chevron was conducting seismic and 
gravity studies .in the south Crump 
Area. 
studies are encouraging, i t  seems 
likely tha t  the company will dri l l  
a deep t e s t  hole before 1980. 

If the resu l t s  of these 

I U I  
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RESERVOIR CHARACTERIS I 

1 
SITE: CRUW SPRINGS KGRA 

! 

i 
..Reservoir Temperature 

. . Surface: 78% 

. .Subsurface: 180OC (1) 

. .Geochemical 

Crump Hot Springs 

SiO2: 173% 
Na-K-Ca: 14WC (1) 

..Flow Rates: 0-50 lpm 

..pH: 7.26 

..Total Dissolved Solids: 668 ppm 

..Fluid Chemistry: 

I 
Si 1 ica 180 77 168 I 

Crump Fisher Ant el ope 
Hot Springs Hot Springs Hot Springs 
(units mg/l) lunits mg/l) (units ppm) 1 

Calcium 16 8.4 10 
Magnesium .2 1 2.5 
Sod i um 280 92 191 
Potass i urn 11 7.9 13 
Lithium .4 .04 
Bicarbonate 153 57 
Carbonate 1 1 
Sulfate 200 59 64 
Chloride 240 56 3.6 
Flour ide 4.9 3.5 0.2 
Boron 13.6 2.2 1.5 
Temperature (OC ) 78 68 40 

flow 0.50 lpm 70 lpm 6 

PH 

Location: Crump Hot Spring - Sec. 27, T.38S., R.24E. W.M. 

! 

t I 

[ 7.26 7.93 8.3 j 

, 
1 
r 
i 

Fisher Hot Spring - Sec. 10, T.38S., R.25E 
Antelope Hot Spring - Sec. 32, T.35S., R.26E 
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A shallow well drilled at Crump Hot Sprin 
erupts boiling wa 
At the same locat 959 to 488 m, 
geysered continuo 

own as 
two hour intervals. 

Estimated Reser 1 

. Subsurface Area (3)  



LAND OWNERSHIP AND LEASING LAND OWNERSHIP AND LEASING 

SITE: CRUMP SPRINGS, KGRA SITE: CRUMP SPRINGS, KGRA 

..Land Ownership - TOTAL AREA (KGRA) - 85,663 acres 

Land Leased - FEDERAL (Acres) - 13,023 
PRIVATE (Acres) - Unknown 
STATE (Acres) - 1,280 

. .Highest Pr iced Leases (Dol lars/Acre) - $8.18/acre 

. .$/Acre Lessee FEDERAL (Acres) 

4.13 Chevron O i l  2,520 

3.17 2,560 
3.11 1,942 
3.14 1,920 
8.18 1,600 
5.16 1,360 

5.12 1,120 

..Tentative Lease Sale Dates: None Known 

..Number o f  Sales Offered But No Bids: 

Various t r a c t s  have been of fered dur ing three lease sales which 
received no bids. 

. .Leased Land: 

Chevron O i l  Company holds leases on 13,023 acres w i t h i n  the 
KGRA. State land t o t a l l i n g  1,280 acres have been leased t o  
In te rcont inenta l  Energy. Non-competitive and leases on p r i va te  
land are held by  Gulf  O i l ,  Union O i l ,  Magma Power, Standard O i l ,  
the Hunt fami ly  and various ind iv iduals .  

..Summary o f  Leasing Status and Needs: 

Lease sales were held on 7/31/75, 12/9/76 and 7/27/78. 
In 1975 u n i t s  1-18 were offered, bu t  on ly  t r a c t  8, 9, 11 and 14 
were leased. Uni ts  4-17 were reof fered i n  1976 w i t h  11, 13, and 
14 being leased to Chevron O i l  Company. Again i n  1978 u n i t s  
1-13 were reoffered, bu t  no bids were received. (6) tp, 
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THERWL OEVELO 

S ITE:  CRUW SPRINGS KGRA 
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INST I TUT IONAL CONS I DERATION S 

SITE: CRUMP SPRINGS KGRA 

. . I n s t i t u t i o n a l  Requirements: 

Explorat ion and development a c t i v i t i e s  may requ i re  a condi t ional  
use permit  from Lake County. 

..Agency and Publ ic  Att i tudes: 

There i s  no known l o c a l  opposi t ion t o  geothermal explorat ion. 

..Status of Requirements (i .e., E I A / E I S  Requirements) 

Bureau o f  Land Management completed an Environmental Analysis 
Record covering geothermal leasing i n  the  Warner Va l l ey  i n  1975. 



. .Prec ip i ta t ion (Annual): 27 cm (Hart  Mountain Refuge) 

emperature 9OC (48OF) 
Minimum: - 2% (29oF) 
Maximum: 20% (69OF) 
Temperature extremes range from 7.7OC i n  the summer t o  

I -26OC i n  the winter. 

I ..Degree Days (Annual): 7,069 (Lakeview) 
I 

. .Relative Humi 

. .AIR QUALITY: 

A1 though there 
appears t o  be o f  high qua l i t y .  Wind blown dust from the d ry  
basin contr ibutes p a r t i c u l a t e  matter. The hot springs disperse 

i t o r i n g  s ta t ions  i n  the area,.the a i r  

. . WTER QUALITY: 

dissolved so l i ds  are below 100 mg/l. 

w 
I 
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Monitor ing informat ion i s  avai lab le f o r  two. t r i b u t a r i e s '  t o  Crump 
Lake, Twentymile and Deep Creeks. Sout o f  Adel, Tw 

acre-feet/year) w i t h  no f l o w  recorded a t  times. 
which f lows i n t o  Crump Lake a t  Adel has an average f l o w  o f  
3.7m3/s (94,900 acre-feet/year). 
been recorded f o r  Deep Creek. During low f l o  has 
approximately 90 ppm t o t a l  d issolved sol ids.  

Surface water i n  the streams i s  genera l ly  a calcium-magnesium 
bicarbonate type w i t h  low amounts'of d issolved sol i d s  and 
hardness. Most o f  the surface water r i g h t s  have b 
appropriated f o r  i r r i g a t i o n  purposes. 

Water from Crump Lake i s  also important f o r  i r r i g a t i o n  
purposes. 
f l u c t u a t i o n s  i n  the  lake level .  Any overflow from Crump Lake 
goes i n t o  Har t  Lake which occassional ly i s  dry due t o  pumping 
f o r  i r r i g a t i o n .  Any overf low o f  Har t  Lake goes i n t o  the  se r ies  
o f  Warner Lakes which increase i n  s a l i n i t  northwards u n t i l  a l l  
o f  the water i s  l o s t  t o  evaporation. (30{(29) 

Creek has an average discharge o f  1.5 m 9 /S (38,500 

Periods of no flow have a lso 

Dissolved sol  i d s  vary between 100-500 ppm w i t h  

..BIOLOGICAL 

..Dominant Flora: 

Perennial grasses, b i g  sagebrush, greasewood, low 
sagebrush, and various forbs. 
Western j un ipe r  associat ions on the plateaus and lower 
mountain slopes. 

..Dominant Fauna: 

Mule deer, antelope, sagegrouse, coyotes, bobcats, 
jackrabbi ts,  raptors,  rodents, w i  I d  horses, and others. 
Much o f  the area has been designated as c r i t i c a l  deer 
winter  range. Antelope k idd ing grounds a t  Har t  Mountain 
National Antelope Refuge are s i tuated northwest o f  Crump 
Lake. 
The Warner lakes area i s  p a r t i c u l a r l y  valuable f o r  
waterfowl habi tat .  
Pel ican Lake contains'sa small is land which serves as a 
rookery f o r  whi te can, egret, heron and cormorant. 
Ducks, geese, swan nd grebes are common aquatic species. 

. .Endangered Species 

Flora: None known. 

Fauna: Peregrine Falcon LJ Southern Bald Eagle 
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POPU LAT I O N  

SITE: CRUMP SPRINGS KGRA 

..General Descr ipt ion o f  Populat ion 

Population i n  the Crump-Warner area i s  extremely 1 imited. Rural 
homesites and ranches are scattered i n  the v a l  l e y  w i t h  Adel and 
Plush being the only communities i n  the area. Lakeview i s  the 
c losest town o f  s u f f i c i e n t  s ize t o  provide goods and services. 
Adel, w i t h  an estimated populat ion of 43, i s  37 km east  o f  
Lakeview. Plush i s  a community of about 54 s i t u a t e d  54 km 
northeast o f  L akevi ew. 

Population for the area i s  expected t o  grow only s l i g h t l y  by 
1980, a t  about 1/3 the r a t e  f o r  other areas i n  Oregon. (30) 

..Economics 

.Present Land Use: 

The economy o f  the area i s  narrowly based and depends 
almost e n t i r e l y  on l ivestock production, l i m i t e d  
ag r i cu l tu re  and lumber m i l  1 s. 
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designated as a KGRA, making 

ickey Hot Springs. T 
ent and managed by rlct Office of the 

considerable portion is h 

a and hay are grow 

Fields with a year r 
immediate vicini t 
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The geologic setting and geaphysical studies indicate that 
potentia1 for geothermal power generation. A summa 
characteristics relevant to geothermal development is pr 
sheet following this section. 

The presence of thermal activi in the Alvord Valley is cle Iy indicated by 
three ma'or hot spring areas According to the U.S.G.S. Circular 726, 
Mickey, Alvord and Borax Lake Hot Springs have the highest estimated 
subsurface temperatures in Oregon. The subsurface temperatures are an 
assumed average reservoir temperature and are calculated 
Mickey Hot Springs, 2 W C  for Alvord Hot Springs and 18OOC 
The thermal springs and pool at Borax Lake is also known as Hot Lake. 

Temperature gradient rilling, heat-f low measurements and geophysical 
have further supported the possibility of commercial 
of geothermal resources in th 

netotel lurk apparent resistivity studies have 
anomalies each associated with the major hot spring areas (Long 
1975). The highest heat-flow was measured at Mickey Hot Springs with a 
value of 6.4 HFU considerably above the regional average of 1.5 
1976). The preferred reservoir model is three sep 
OF large hydrothermal convection system (U.S.G.S. 

Environmental concerns of geothermal leasing in the Alvord basin were 
addressed in an environmental analysis report issued by the BLM 
1975. Since that time, leasing has been active. Three lease sales 
by June of 1975 where a total of 23,661 federal acres were 
addition, 2,800 state-owned acres and approximately 4 1,500 acres 
land have been leased. 

Several major energy companies hold leases and have been conducting fairly 
active exploration programs since 1976. To date these investigations have 
been geophysical studies and shallow gradient drilling. Deep temperature 
gradient drilling was scheduled to begin in late 1978. 

lthough this activity is  encouraging, the area is  not without i t s  problems. 
The BLM rejected six competitive bids from Union and Getty Oil Companies 
for being too low. The cases were appealed to the U S .  
Interior's-Board of Land Appeals in 1975. Getty's appeal was 
Union Oil case is st i l l  pending. 

In addition, the Sierra Club and High Desert Study Group filed. 
8LM alleging an insufficient environmental analys 
U.S. Circuit Court in January 1978 and a prel njunction barring 

1978. 
I I 

I 
! 

leasing was denied. The court's final decision had not been released as of late 

i 
i 



U 
Reofferirig and leasi 
litigation is complet 
additional leasing. 
because the study w 

There are physicall 
is the limitation 
strongly alkali 
and quality of 
major thermal springs have unusually high concentrations of boron and lithium. 

Taking all these factors into consideration, the development of geothermal 
resources for electric power generation in the A1vot-d Valley must be viewed 
as highly speculativ Foremost is the unproven existence of a viable 
reservoir. 

If exploration activities discover a capable reservo nd environmental 
concerns can be mitigated, there should be no se nological problems 
at the site. A binary power-plant system seems for the Alvord, 
and by the time development begins, experienc ry plants under 
construction at Heber and Raft River should ble to infbmce 
development in the Alvord Valley. An existing transmission line further 
enchances the outlook for geothermal electrical production, but the resource 



TE DATA SUMMARY 

ITE: . ALVORD KGRA 

. .Physical Reservoir Date 

. .Temperature OC 

. .Total Dissolved So l ids  IPPM) : 

..Type of Overlaying Rock: Alluvium, andesi te 

. .Estimated Depth t o  Top o f  Reservoir (meters) : 1000-1500 

Surface: 76OC ubsurface: 200 

S i t e  Land Status 

Tota l  Acres - 176,835 KGRA 

Tota l  Acres Leased - FEDERAL - 23,661 
STATE - 2,800 
PRIVATE - 41,500 

. .Geothermal Development Status: 

Alvord Hot Springs i s  used for bathing. Warm we l l s  are used f o r  
stock watering. 
Explorat ion f o r  geothermal resources has been f a i r l y  active. 

. .Local and State A t t i t u d e  Toward Geothermal Development: 

Local a t t i t u d e s  are supportive of geothermal development as long 
as e x i s t i n g  land uses and aesthet ic  values o f  the  area are 
maintained. 

..Land Use and Population: 

The area i s  extremely remote w i th  a populat ion densi ty  o f  less  
than one person per square kilometer. 
Primary land use i s  l i ves tock  grazing. 
Secondary uses include: recrea t iona l  a c t i v i t i e s ,  w i  1 d l  i f e  
habi ta t ,  ranch headquarters, i r r i g a t e d  crop1 and and watershed. 

..Comments and C r i t i c a l  Issues: 

’ 

The area i s  remote w i th  rugged te r ra in .  
Most o f  t he  ranches i n  the  area depend upon grazing l i ves tock  on 
pub l i c  land f o r  t h e i r  ecohomic surv iva l .  There i s  l i m i t M  t o  no 
oppor tun i ty  fo r  a1 ternate forage suppl ies should pub1 i c  lands 
become unavailable o r  unsui table f o r  grazing. h*.i 

I I. 
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. .Rect i l inear :  

Secs. 34-36, T. 32S., R.34E. 

I 
I 
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..Present Land Use: 

. Land use i s  a1 

Some p r i v a t e  1 
i Other uses include: b i g  game 

o f f  -road vehic les , sightseeing I 

recreat ional  a c t i v i t i e s .  I 

! 

..Future Land Use Plans: 

No s i g n i f i c a n t  changes i n  land use are an t i c ipa  

..Aesthetics: 

The Steens Mountain and Alvord Desert together form a uniq 
landscape w i t h  high aesthet ic value. The v a l l e y  i s  near1 
which makes man-made st ructures vJ s i b l e  for great distances. 

. .Historical/Archaeological Signif icance: 

A p re l im inary  reconnaissance archaeological survey was made i n  
Dec.11974, Some 17 c u l t u r a l  s i t e s  were i d e n t i f i e d .  The 
are o f  two basic types, rockshel ters  and open si tes.  
she l te rs  are apparently wave cut, w i t h  basal layers o f  water 
r o l l e d  gravel. Open s i t e s  appear t o  have been composites near 
streams, springs and dunes. The a r t i f a c t s  co l l ec ted  wer 
l i t h i c  mater ia ls.  
indus t r ies  are represented. The objects co l  lec ted  suggest 
occupancy by abor ig ina l  people over the per iod from very 
recent ly  (150 years ago) t o  as ancient a t i m e  as 7,000 t o  11,000 
years ago. One s i te ,  i d e n t i f i e d  as Broken Bones S i t e  (ADP-7) 
was suggested as su i tab le  f o r  nomination t o  the  National 
Register o f  H i s t o r i c  Places. This may be an extremely ea r l y  
s i te ,  poss ib ly  re la ted  t o  the  so-cal led Plano d i v i s i  
ea r l y  hunters or Paleo Ind ian stage o f  the New World 
i s  located about 4 mi les northwester ly o 
southwesterly o f  Hot Lake, and l i e s  i n  
sand dunes. 

The area i s  known f o r  i t s  h i s t o r y  o f  se 
ranchers. (36) 

The 

Both chipped stone and ground stone 

i t e  

n t  b 



l l ey  has been described as a graben 
arious authors (Russell, 1884; 
Libbey, ,1960; Groh, 1966; and 

others) The Val ley is bounded on the west 
the Steens-Pueblo Mountains and the Steens 

t, a large basin-and-range type 

displacement of 10, 
the east ,  the valle 

movement along the 
f inding.a  fresh re  
w i t h  vegetation', 
20 t o  50 f ee t  w i t  
along the base of 
reports fresh mov 
eastern f ront  of 
distance of 40 t o  
volcanic rocks cl  
scarp forming the 
concentration of 
mountain base imp 
coincide w i t h  an 
(Williams and Co 

The Steens Mountain 

gently westward 
The mountains ca 
parts, of which 
very simple h i  h 

complex units r e  
Southern S teens, respectively. 

north and sout a 
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comprise most o f  the Steens Mountain R 
volcanic sequence t o t a l s  about 10,000 
thickness and includes the Alvord Cree 
formation, Pike Creek volcanic series, 
Steens-Pueblo volcanic se 
Basalt. These u n i t s  cont 
dac i te  and r h y o l i t e  lava 
tuffaceous sediments, and 
w i t h  some minor 

Pre-Tert i  ary r o  
Mountains sou 
cons is t  o f  me 
rocks (greens 
p h y l l i t e s ,  an 
age intruded 
plutons. 

The Alvord Val ley has been f i l l e d  with lacus t r i ne  
f l u v i a l  and aeolian sediments t o  an unknown 
depth. Playas and shallow lakes within the basi 
and elevated r e l i c  shorel ines i nd i ca te  t h a t  a 
large lake o f  about 400 f e e t  deep ex is ted a t  one 
t i m e  and i s  now represented by ephemeral Alvord, 
Mann and Juniper Lakes. 

sed i n  t h e  Pueb 

Walker and Repenning ( 5) repo r t  the  presence 
o f  many vents o f  small lava cones, c inder cones, 
plugs, o r  necks adjacent t o  t he  Alvord graben on 
the west and east sides. Also present are mafic 
dikes and d ike swarms. Wil l iams and Compton 
(1953) mention tha t  "about 25 years ago" (1928), 
a few earthquakes occurred i n  t h e  Alvord area. 
The hot spr ing a t  Borax Lake (Hot Lake) i n  
sect ion 11, T.37S., R.33E., i n  the f l o o r  o f  the  
graben, showed exceptional a c t i v i t y  dur ing the 
per iod o f  earthquakes. The cause o f  the 
earthquakes was postulated t o  be movements alon 
the transverse f a u l t  on the south s ide b f  t h e  
horst  opposite Alvord Lake. Also, Wil l iams an 
Compton (1953) repo r t  t h a t  12 shocks were f e l t  
August 9 and 10, 1943. The shocks were 
a t t r i b u t e d  t o  movement along one o f  the  
transverse f a u l t s  i n  the area. I' (36) * 

I 
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. .Geophysical Summary: 

tud ies have been conducted 
G r i  scom and 'Conr 
i d e n t i f i e d  which 
been in te rpre ted  s small f au l t s  p r o j e c t i n g  through known, ho t  
springs. Three other anomalies, due t o  m a l  
d i f ferences were located. Two o f  these were 
south o f  Borax L , and the t h i r d  w 
Hot Springs. 

Griscom and Conr so conducted de ta l  l e d  magnetic 
p r o f i l e s  i n  the  basin. An area o f  magnetic no ise associated 
w i t h  the shallow pos i t i ve  g r a v i t y  anomalies was i d e n t i f i e d  near 
t h e - f a u l t s  a t  Borax Lake ho t  springs. Depth t o  t h e  magnetic 
body i s  repor ted ly  less  than 200 feet.  Griscom and Conrad 
suggest t h a t  the  g r a v i t y  and magnetic anomalie 
chemical react ions o f  ho t  sa l ine  waters t h a t  h 
small amount o f  magentic minerals near f a u l t s  i n  the  otherwise 
nonmagnetic a1 luvium. (38) 

Long and Gregory (1975) have completed an aud -magnetotel l u r i c  
apparent r e s i s t i v i t y  survey i n  the  basin f l o o r .  Anomalies were 
shown i n  associat ion w i th  Mickey, A lvord and Borax Lake Hot 
Springs. The largest  anomaly and t h e  lowest apparent 
r e s i s t i v i t i e s  was several mi les east of A lvord Hot Springs i n  
the  center o f  t h e  Alvord Desert. This suggests t h a t  Alvord Hot 
Springs i s  supplied by a reservo i r  i n  the center o f  the  basin. 
Overal l  r e s u l t s  o f  t he  survey how t h a t  the  h o t  springs are 
supplied by d i f f e ren t  sources and not by one 'large reservoir. 

Heat-flow studies i n  the Alvord Val ley have been conducted by 
Sass, Galanis, Munroe and Urban (1976) and Bowen, Blackwell and 
Hu l l  (1975). The regional  values have a range o f  1.1-2.3 HFU 
w i t h  1.5 HFU as an average. 

Sass and others (1976) measured h igh heat f low (6.4 HFU) i n  
close prox imi ty  t o  Mickey Hot Springs. Heat f l o w  values 
decrease t o  3.2 HFU two ki lometers away from Mickey Hot 
Springs. This drop i n  heat f l o w  i s  s i m i l i a r  t o  observations a t  

(39) 

other-hot springs.' (40) 
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and heat-flow s 
ified an anomal 

I 

regional average. (41) (42) 

..Exploration Activi 

a r t ia l  l i s t  of exploratory 
been or  is being conducted i n  the Alvord Valle 
part  these ac t iv i t ies  are being carried out b 
companies, therefore the data is 1 i C 1 Y  available. 

ow gradient holes. 
lent holes t o  91 m. 

3 gradient holes t o  61 m. 
Drilled 11 gradient holes t o  between 

~ 

I 

I 
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Alvord Val ley i s  a r i d  t 
es i n  the  rainshadow o f  the St 
mits  the annual average precip 

The basin contains several shal low lakes and 
perennial streams which dra in  the surroundin 
same f low ing  springs, several of 
drainage i s  i n t o  the basin. Wat 
small playas i n  the  area and on Alvord Desert and Alvord Lake 
where i t  evaporates. 

The largest  lake i n  the basin i s  Alvord Lake. Maximum water 
depth does not exceed a f o o t  and i t s  surface area var ies w i th  
the season and prec ip i ta t ion .  
and has an a l k a l i  c rus t  on the  surface. ,Dur ing per iods o f  heavy 
p r e c i p i t a t i o n  the lake may overflow i n t o  the Alvord Desert which 
i s  a large playa. 

Trout Creek i s  the largest  perennial stream and f lows toward 
Alvord Lake from the southeast. The ave age volume i s  11,200 

Data Report, 1975). Much o f  the  f l o w  from Trout Creek i s  
d iver ted f o r  i r r i g a t i o n  purposes or  sinks i n t o  the a l l u v i a l  
basin f l o o r  so t h a t  l i t t l e ,  i f  any, water reaches Alvord Lake. 

There are three main areas o f  thermal springs i n  the  Alvord 
Valley. The northernmost i s  Mickey Hot Springs which includes 
f low ing  springs, fumaroles, several vents, small pools, s i n t e r  
cones and b o i l i n g  mud pots. Several springs discharge-100 lpm 
of 73OC water  and are deposi t ing s in ter .  It i s  reported t h a t  
the area surrounding the  springs has a hol low sound when walked 
over and t h a t  water can be heard underground. 

Alvord Hot Springs i s  s i tua ted  about 24 km southwest o f  Mickey 
Hot Springs along the western boundary o f  the graben. The 
ser ies o f  6 t o  8 springs are al igned i n  a north-south d i r e c t i o n  
which ind icates f a u l t  control .  Surface temperature of Alvord 
Springs i s  76OC w i t h  an estimated f low r a t e  o f  500 lpm. Two 
pools and a sheet metal s t ruc tu re  have been constructed a t  t he  
s i t e  f o r  pub1 i c  bathing. 

It i s  usual ly  d r y  by mid-summer 

acre-feet/year w i th  a flow r a t e  of 0.4 m 5 /sec. (U.S.G.S. Water 
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Borax Lake Hot S 
southernmost gro 
works. Several springs f o l l o w  a no 
b y  Walker and Re n ing  (1965). A l a  
approximately 27 ards i n  diameter 
southern end of 1 i ne  of springs 
been measured as 36OC and 98OC w i t h  
The springs are also deposi t ing s i 1  

Lake. Water flows 
h two channels, one on the  west s ide  and 

one on the south side. The f l ow  general ly goes i n t o  Lower Borax 
Lake Reservoir o r  i n t o  ponds northeast o f  t h e  reservo i r .  

The three main groups o f  thermal s p r i  
have unusual ly high concentrat ions o f  
seems t o  ind ica te  tha t  the waters may 
v a l l e y  al luvium where evaporites occur i n  small  playas ra ther  
than from the surrounding mountains. (36)( 37) 



CHARACTER ISTI CS 

SITE: ALVORD KGRA 

. .Reservoir Temperature 

A1 vord Mickey Hot (Bor,ax) 
Hot Springs Hot Springs Lake Spring 

..Surface: 76% 73% 96OC 

. .Subsurface: 200oc 210% 18OoC 

. .Geochemical 
si02: 1 4 8 0 ~  18OoC 165OC 

Na-K-Ca: 199oc 207OC 176OC 

..Total Dissolved Solids:  Alvord Hot Spring 1440 ppm 

. .F lu id  Chemistry: (See following Table) 

..Estimated Reservoir Heat Content: 

Alvord Hot Spr ings  - .5 x 10l8 cal . 
Mickey Hot Springs - 1.4 x 10l8 cal. 
Hot Lake Springs - 1.2 x 10l8 cal . (1) 

If Hot Lake, Mickey and Alvord are one large system w i t h  
tempera res as a t  Mickey, the heat content would be 
30 x 10 
preferred model (1) 

cal., however, three separate systems is the 

..Estimated Electric Energy Potential: 

310 MWe (DOE Division of Geothermal Energy) 

..Subsurface Area o f  Reservoir: 

Alvord Hot Springs - 3 km2 estimated 
Mickey Hot Springs - 6 km2 estimated 
Hot Lake Springs - 6 km2 estimated (3) 
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cal Analysis o f  Hot Springs: 

Calcium 

m m Bicarbonate 
Carbonate F 

12.8 

1 
._ - ___ - - -- _ -  _ -  
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P. AND LEASING 

SITE: ALVORD KGRA 

. .Total KGRA acres: 

Federal land i s  managed by the Burns D i s t r i c t  o f  BLM. 

..Approximate Ownership: 

Publ ic land - pub l i c  minerals 106,438 acres 
State land - s ta te  minerals 5,360 acres 
Pr iva te  land - p r i v a t e  minerals 63,441 acres 
Pr iva te  land - pub l ic  minerals Q 1,134 acres 

(Mineral r i g h t s  in por t ions of these areas i s  undertermined) 

. .Land Leased i n  KGRA: Federal 23,661 acres 
State 2,800 acres 
Pr iva te  41,500 acres (approximately) 

. .Highest P r i ce  Lease: $10.56/Acre 

b .$/Acre . Federal (Acres) 

7.17 A1 -Aqui t a i  ne 2560 
6.57 Al-Aqui t a ine  2560 
2.07 Republ i c  Geothermal 1920 640 5.38 Republ i c  Geothermal 
2.07 Republic Geothermal 2560 
10.56 Republ i c  Geothermal 2560 
2.13 Republ i c  Geothermal 2402 
4.47 Mapco 2397 
2.17 Mapco 1920 
6.03 Mapco 2016 
5.25 Getty O i l  2126 
2.53 Supron Energy 2560 

. . Leases- on State Land: 

Lessee Acreage 

Max M i l l i s  1280 
640 In te rcont inenta l  Energy 

I n t e r c o n t i  nent a1 Energy 1280 240 Thermogen i cs - 
640 Thermogenics 

i 
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Lease sales: 

Three competitive lease sales were held in 1975. O f  the 44 

1 
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. INSTITUTIONAL CONS I DERATIONS 

SITE: ALVORD KGRA 

. . I n s t i t u t i o n a l  Requirements: 

The area i s  zoned a g r i c u l t u r a l  (A-1) which a 
a c t i v i t i e s  and power generating plants. 

Explorat ion and development a c t i v i t i e s  may requ 
use permi t  from Harney County i n  c e r t a i n  areas. 

Agency and Pub1 i c  A t t i  tudes: 

As ind icated by the leas ing of p r i v a t e  land, l o c a l s  are i n  favor  
o f  geothermal explorat ion.  Approximately 41,500 acres o r  64 
percent o f  the p r i v a t e  land w i t h i n  the KGRA i s  under lease. 
Reportedly annual ren ta l  ra tes  vary from $.25 t o  $2.00 per  acre. 

Harney County Planning Committee sent a l e t t e r  t o  the BLM i n  
1977 s t a t i n g  no object ions t o  an environmental analys is  o f  
14,225 acres for  explorat ion and poss ib le  development of 
geothermal energy. 

Residents o f  the area appear t o  favor geothermal development as 
long as i t  i s  compatible w i t h  e x i s t i n g  land uses and does no t  
s i g n i f i c a n t l y  modify the  natura l  landscape. 

. .Status o f  Requirements: 

An Environmental Analysis Report addressing geothermal leas ing 
i n  the  Alvord Desert was issued by the  Burns D i s t r i c t  BLM O f f i c e  
i n  January 1975. 

The Bureau o f  Land Management i s  conducting a roadless area 
study i n  1978 and 1979 which includes t h e  Alvord Valley. 

S ie r ra  Club and the High Desert Study Group f i l e d  s u i t  against 
t he  BLM claiming t h a t  the  environmental analysis was no t  
su f f i c ien t .  They sought t o  h a l t  a l l  leas ing u n t i l  a f u l l  E I S  
had been completed. The case was heard i n  t h e  9 t h  C i r c u i t  Court 
i n  January 1978. Judge Burns denied a p re l im inary  i n j u n c t i o n  
b a r r i n g  leasing. A f i n a l  decis ion i s  s t i l l  await 
meantime the BLM i s  required t o  submit monthly r 
Judge l i s t i n g  d e t a i l s  o f  a l l  access t o  the  area. 
40 monthly repor ts  had been submitted. 

Reoffering and leasing o f  add i t iona l  u n i t s  cannot take place 
u n t i l  the legal  cases are resolved and the BLM has completed the 
roadless area study. 

L 
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..CLIMATE: Semi-arf 

w 
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. . BIOLOGICAL 

..Dominant Flora: 

There are two major p lan t  communities i n  the area: t h e  
desert shrub type i n  the  va l l ey  and b ig  sagebrus 
associat ion above 1,280 meters 

The desert shrub zone i s  extremely f r a g i l e  
rap id  de te r io ra t i on  by any d is tu rb ing  inf luence. 

Desert shrub zone: sagebrush, greasewood, sa l  
cheatgrass, sa l  tgrass, and others. 

B ig  sagebrush zone: sagebrush, b i t terbrush,  b 

forbs and others. 
. wheatgrass, Idaho fescue, patches o f  jun iper  and alder, 

. .Dominant Fauna: 

Mule deer, antelope, f e r a l  horses, coyotes, jackrabbi ts,  
rodents, n ine species of 1 izards, seven species o f  snakes, 
sandhi 11 cranes, waterfowl, shorebirds, marshbirds and 
others. - 

. .Endangered Species: 

Fauna: 

Golden eagles 

Oregon Endangered Species L i s t :  
a 

Alvord Chub 
Alvord Cutthroat t r o u t  
Col 1 ared 1 i t a r d  
Leopard 1 i zard  

138 



b/ RANSPORTATION AND UTILITIES 

. . U t i l i t y  o r  Energy Transmission C 

. .Transporation C 

Nevada. The county road in tersects  S ta te  Route 78 which goes t o  
Burns. The distance from F i e l d s  t o  Lakeview i s  about 232 km by 
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WPULATION WPULATION 

. . General Descr i p  n of Popul a t  i on 

l v o r d  Val ley i s  one o f  the most rem0 areas i n  Oregon, 

Only a few ranchers i nhab i t  the area, there are no paved roads 
and the c losest  incorporated own i s  over 160 km distance. 

The community o f  F ie lds  has a year round populat ion o f  11 and 
boasts a post o f f ice,  a combination cafe-motel-gas 
stat ion-general store, and a schoolhouse. There i s  also 
schoolhouse a t  Andrews, populat ion less than 10. Fewer than 10 
ch i ld ren  at tend the two schools. Upon reaching high school age, 
students attend a publ ic  boarding school i n  Crane. 

The owners and employees of the  approximate n ine  ranches 
headquartered i n  the area comprise almost the t o t a l  populat ion 
o f  the  KGRA. 

Total  populat ion o f  the KGRA and c losely  adjacent area numbers 
less than 50. 

Burns, about 200 km northwest of Fields,  i s  the c losest  
center f o r  residents o f  t he  Alvord Valley. 

. Economics 

. .Present Land Use: 

The economy o f  the area i s  based almost exc lus ive ly  on 
1 ivestock production and grazing. 

..Future Land Use: 

Ranching and l ivestock grazing are l i k e l y  t o  remain as the 
primary land use given the physical  charac ter is t i cs  and 
l i m i t a t i o n s  o f  the land. 
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HIGH LAVA PLAINS GEOTHERMAL PLANNING REGION 

tend from the  foot f the  Cascade Mountains to the  
eastern border of the Harney Basin. The region is bounded on the  north by 
the  Blue Mouhtains and on the south by the  Basin and Range province. 

The landscape is characterized by a smooth surface plain of lava flows 
marked in places by cinder cones and other volcanic surface features. 
Elevation of the plain is moderately high but the local relief is generally low. 
The region is the driest in Oregon and drainage is not well developed. Closed 
drainage systems such as Harney Basin, and playa lakes are  common. Overall, 
the region is the youngest and least eroded area i 

Population in the region is’concentrated in the  urns areas. Outside 
these communities, population levels a r e  low. Economic activities a r e  
centered on the forest products industry, livestock and recreation. 

, 









Nth t)EHkY CRATEkt 

rry Crater KGKA covers 31,284 acres in Deschutes County in 
central Oregon, ?.21S., H.I3E., W.M. The KGHA is  centered on Newberry 
Volcano, a broad Quaternary shield volcano rising 1,200 m. above the lava 
plains. Two large lakes, East and Paulina, occupy the summit caldera. The 
floor of the crater is marked by young volcanic features such as cinder cones, 
tuff rings and obsidian flows. Elevations range from 1,315 m. a t  Paulina 
Creek to 2,434 m. at Paulina Peak and vegetation ranges from sagebrush and 

pole and ponderosa pine forest according to elevation. 

er ,has been classified as a KGRA based primarily on the 
geology of the area. It is an area of young silicic volcanism, and lies between 
two major regional fault systems: High Cascades and Brothers fault zone. 
The youngest dated silicic rock is  1,300 years and recent activity along the 
faults is evident (Peterson and Groh, 1969). lVruch of the shield volcano was 

.aeveloped during Pleistocene times and although the date of caldera 
formation is uncertain, flows and pyroclastics are not covered by Mazama ash 
and therefore are less than 6,600 years old (Higgins and Waters, 1967). 

uerground heat sources are indicated by the hot springs situated along the 
northeast shore of Paulina Lake and the south shore of East Lake. 
Temperatures of the springs are fairly low, 57,3OC and 62OC respectively, but 

tluenced by cooler water in the lakes. 

dy also suggests the existence of a 
potentia 11 y valuable geothermal resource. lthough measurements were 
inconclusive due .to, shallaw well depths the effects of migrating 
groundwater, st Wwberry Volcano was one of three areas near the Brothers 
fault zone tha promising for geothermal 
development. 

rature graaient 

s identified as being especia 

significant potent 

,conducting an on-going, te 
caldera and on 
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Energy needs in the immediate area which could be satisfied with 
non-electric applications of geothermal resources are limited. Except for the 
families operating the two resorts the area is essentially uninhabited. 
Extensive recreation use i s  made, primarily day-use and outdoor activities 
which do not require structured facilities. 

However, the Bend area is one of the fastest growing in the state. Bend, 
about 40 km north of Newberry Volcano, is the largest urban center east of 
the Cascade Mountains. The estimated I978 population i s  I7,IOO. ' Timber 
production and recreation are two of the most important aspects of the area's 
economy. 

large part of the growth in Deschutes County i s  occurring in the area 
between Bend ana LaPine which is  about 20 km southeast of bkwberry 
Crater. kruch of the development is in the form of subdivisions to provide 
housing for year-round residents and recreationists. Reportedly, I 5,000 
undevelopea lots have been sold in the bend area. 

Hecreation is a year-round business. In the winter large numbers of people 
are attracteo to the area for skiing at Mt. Bachelor and snow-mobiling and 
cross-country skiing in the Oeschutes National Forest. In the summer the 
high lakes country and forest areas are heavily used for fishing, hiking, 
camping and other outdoor activities. 

Clearly there could be a large demana for geothermal energy to be utilized in 
the wood products industry and for district space heating i f  a resource were 
readily available. The problems are: distance from the site and insufficient 
aata on the true nature of the resource. If a resource suitable for 
non-electric applications was discovered within the crater, pumping hot water 
up ana out of the volcano could prove too costly to justify a project in the 
Bend area. The tlanks of the volcano appear to offer some potential for 
geothermal development but less than within the volcano itself. 

The potential for electric generation from geothermal reservoirs at Newberry 
Volcano is not well  known since the resource has yet to be defined. But 
several major oil companies, who are assumed to be interested in power 
production, have filed non-competit ive lease applications on a considerable 
portion of lana in and arouna Newberry Volcano. Lease applications in total, 
including private companies and individuals, cover about 264,000 acres in a 
9-1 1 km. radius of the volcano. 
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Processing of lease applica ns awaits completion of an Environmental 
Analysis Report addressing non-competitive leasing in the Newberry area. 
The Oeschutes National Forest is currently preparing the document which has 
a target date of early 1979 for publication in draft form. A complete 
Environmental Impact Statement (EIS) wi l l  be compiled for considering 
competitive leasing within Newberry Crater. The EIS is  planned for release 
in fiscal year 1980. As well, the U.S. Geological Survey has tentatively 
scheduled a Uecember 1980 lease sale for tracts in the KGRA. 

The leasing situation is not the only barrier to geothermal exploration and 
development at Newberry Crater. Environmental considerat ions are also a 
controlling factor. Of primary concern are the area's geologic uniqueness, 
roadless qualities, recreational o ortunities and scenic values. 

In 1975 the Oregon Legislatu passed house Joint Hesoluation 3 I which 
directed the Nuclear and Thermal Energy Council (now the Energy Facility 
Siting Council) to designate 39,000 acres; including Newberry Crater ana the 
Lava Cast Forest geologic interest area, as unsuitable for thermal power 
plants. Environmental groups have also expressed concern about potential 
adverse impacts from geothermal development at Newberry Crater. 

It seems evident that any geothermal development at Newbery Crater w i l l  
have to be compatible with environmental factors and contorm to existing 
land uses. Otherwise state regulatory bodies and public pressure wi l l  not 
likely preclude such activities. 



SITE DATA SUMMARY 

SITE: NEWBERRY CRATER KGRA 

. . Physical Reservoir Date 
. Temperature OC 

Surface: 62OC 

. .Site Land Status 
Total Acres - 31,284 (Federal) 
Total Acres Lease - 0 (Federal) 

..Geothermal Development Status: 

A temperature gradient drilling program was begun in 1977 by the 
U.S. Geological Survey and is expected to continue into 1979. 

..Local and State Attitude Toward Geothermal Development: 

Highly sensitive. 
House Joint Resolution 31 (1975) directed the Nuclear and 
Thermal Energy Counci 1 to designate 39,000 acres including 
Newberry Crater and Lava Cast Forest as unsuitable for thermal 
power plants. 

..Land Use and Population: 

! The crater is essentially uninhabited, but is heavily used for 
recreation and timber production. 

regions in Oregon. Timber production, recreation, agriculture 
and livestock raising are the primary economic activities. 

Deschutes County area i s  one of the most rapidly expanding 
I 



SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: NEWBERRY CRATER KGRA 

, 

..Latitude: 43O 44J N 

..Longitude: 1210 14' W 

..Rectilinear: 4 e c s .  11, 13, 14, 15, 21-28, 33-36, T.-ZlS., 
R.12E; W.M. 
Secs. 1-4, 9-12, T,22S., R.12E. ; 
Secs. 10, 15-22, 27-34, T.21S., R.13E.; 
Secs. 3-10, T.22S., R.13E. 

. .County: Deschutes 

.Adjacent Counties: Lane, Jefferson, Crook, Lake, Klamath 

..Nap Reference: U.S.G.S. topographic - Paulina Peak 
44s - Crescent 1:250,000 

. .Topography 

Newberry Volcano .is a broad 'shield volcano, elevation 2,440 
meters, r is ing 1,219 meters above the basalt plateus of central 
Oregon, The volcano i s  marked by a large caldera which contains 
East and Paulina Lakes. The lakes are separated by cinder cones 
and a large obsidian flow. Elevations a t  he iakes are: 1,930 
m. (6,331 f t . )  Paulina Lake and 1,942 m. 
Lake. The ove 11 terrain i s  varied rang from r o l l i n g  
topography w i t h  many cinder cones and lava fields t o  steep 
bluffs. Eleva range from 1,315 m. (4,31 
Creek t o  2,434 
drains the cal 

,371 f t .)  a t  East 

..Present Land Use: Heavily used recreation and timber 
production area. 

..Future Land Use Plans: 

Future land use i s  expected t o  continue recreation and forest  
products focus. 
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. . Aesthetics : 
Unique attractions within the area give a high aesthetic value. 
Paulina Peak is a significant viewpoint. 
fishing in the lakes within the crater are popular recreational 
activities. Young volcanism has resulted in a variety of 
interesting geologic features such as: lava tubes, obsidian 
flows, pumice deposits, cinder cones and ash flow sheets. 

Hiking trails and 

(1)  

..Historical/Archaeological Significance: 

Three known sites have been nominated to the National Register 
of Historic Places. 
Charcoal Cave 

Paulina Lake Archaeological Site 

Others may be present. 

Pipeline Archaeological Site (1) 
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GEOLOGICAL/GEOPHY SICAL DESCRIPTION 

SITE: EiEWBERHY CRATER KGRA 

. .Geologic Description: 

Newberry Volcano is a broad shield volcano rising about 1,200 
meters above the basalt plateus o f  central Oregon. 
diameter is approximately 32 km. 

The volcano has a summit caldera which contains two large lakes, 
Paulina and East Lakes. The lakes are separated by obsidian 
flows, pumice cones and basal t ic  tuff  rings. Paulina Creek, 
f lowing west t o  the Deschutes River, i s  the only surface 
drainage for  the crater.  

The caldera is an oval depression i n  the summit of Newberry 
Volcano about 8 km long and 6.4 km wide. 
beneath the volcano were erupted withdrawing support  which 
caused subsidence along concentric faul ts .  
are marked by cinder and spatter cones. 

Cinder cones and small vents numbering more than 150 are also 
located on the flanks of the volcano, primarily on the southeast 
and northwest sides. 

Numerous northwest-trending f au l t s  are apparent on Newberry 
Volcano itself and w i t h i n  the crater. The most recent and 
obvious o f  these is  a zone of en echelon fau l t s  trending N.300 
W. beginning i n  the caldera a t  the fissure a t  East Lake and 
extending about 24 km t o  s l ight ly  north of Lava Butte. A t  least  
eight separate basal t ic  lava f l a w s  have oc red along t h i s  
"northwest r if t  zone" (Peterson and Groh). 

Much of the shield volcano was developed d u r i n g  Pleistocene 
times w i t h  eruptions continuing u n t i l  a few centuries ago. The 
early flows were basalt  which were followed by t h i c k  sheets o f  
rhyolite and la te r  w i t h  basalt ic ash. After the flanks of the 

removed support beneath the summit causing i t s  
forming Newberry Crater. 

I t  was formed as lavas 

These r i n g  fractures 

They generally trend N.250 W. 

i I C  
volcano had reached the i r  maximum height, basalt ic eruptions 
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A variety of features including pumice cones, rhyolite domes, 
basalt ic tuff  rings and obsidian flows were formed i n  the crater  
af ter  i t s  creation. Most o f  these landforms are less than 
12,000 years old. The Big Obsidian Flow southeast of Paulina 
Lake is the youngest feature w i t h  an age of approximately 1,200 
years. 

Newberry Volcano is located between two regional fau l t  systems; 
the north-sourth trending High Cascades and the Brothers faul t  
zone. The Brothers fau l t  zone extends from the Steens Mountains 
i n  southeast Oregon to  near Bend generally t rending  N.60° W. 
Near Newberry Volcano the zone appears t o  take a turn and head 
i n  a N.3S0 W trending-direction towards Sisters.  
imp1 ications o f  these tectonic features i n  regards t o  the i r  
association w i t h  Newberry Volcano is not well understood. 

The 

(4) ( 7 )  (8) (9)(10) 
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RESERVOIR CHARACTERISTICS 

SITE: NEWBERRY CRATER KGRA 

. .Reservoir Temperature . .Surface: 62OC (2)  

. .Subsurface: No estimates ava i lab le  

..Geochemical - Chemical c the hot springs water 
i s  very s im i la r  t o  those o f  normal groundwater, 
thereby preventing the appl icat ion o f  
geothermometry techniques. 

Waring 1 i s t s  the fo l low ing  spr ing temperature: 
East Lake - 6loC 141OF 
Paulina Lake - 21 6 b  C (70 F) (3)  

. .Fluid Chemsitry: East Lake Hot Springs 

Spec i f i c  conductance (micromhos) 396 
S i l i c i a  36 
Cal c i um 38 
Mag nes i um 16 
Sod i um 

3.8 (Uni ts  mg/l) 
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LAND OWNERSHIP AND LEASING 

SITE: NEWBERRY CRATER KGRA 

..Land Ownership - Federal ownership managed by the Deschutes 
National Forest. 

TOTAL AREA (KGRA) - 31,284 acres 
FEDERAL - 31,284 acres 

..Land Leased - FEDERAL (Acres) - 0 

. .Highest Prices Leases (Dollars/Acre) - N/A 

..Lessee - N/A 

.,Tentative Lease Sale Dates: 12/80 

..Number of Sales Offered B u t  No Bids:  N/A 

..Number o f  Bids  Rejected (Resulting i n  No Lease): NJA 

..Summary of Leasing Status and Needs: 

An environmental impact statement covering Newberry Crater must 
be completed before competitive leasing can take place 
Approximately 117 non-competi tive lease appl ications have been 
filed on 264,000 acres i n  a 9-11 km radius of the rim of 
Newberry Crater. 
in 1979 following approval of the EAR for  non-competitive 
leasing. Lease appl icants include P h i  1 lips Petroleum, Un on 
O i  1 ,  Chevron, California Geothermal, Sunoco and others. 

Processing of these appl ications should begin 
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GEOTHERWL DEVELOPMENT STATUS 

SITE: NEWBERRY CRATER KGRA 

..Present Development Status: There are no current developments. 

Industry in te res t  in'exploring for geothermal resources, as 
evidenced by f i l i n g  of lease applications, is  extremely high. 

..Exploration Activities: 

The U.S. Geological Survey has selected three sites; one i n  the 
c ra te r ,  one on the southwest side of the crater  and another on 
the northeast flank of the crater,  fo r  dr i l l ing  temperature 
gradient holes. The northeast location was d r i l l ed  i n  1977 t o  a 
d e p t h  of 384 meters. A stuck d r i l l  pipe prevented further 
d r i l l i n g .  In September 1978 the hole inside the crater  was 
dr i l led  to  304 meters. Reported bottom hole temperature shortly 
a f t e r  d r i l l i n g  ceased was about 90%. (6) I t  is  expected 
that  the well will be dr i l led  t o  a depth of 609 meters i n  1979. 
Dr. Ed Sammel is directing the project for  the U.S.G.S. 

The Oregon De ent of Geology and Mineral Industries measured 
temperature .gradients i n  five dr i l led holes and four water we1 Is 
near Newberry Volcano and Bend. 
volcano. Data from these wells are available i n  the cited 
references. 

One well locate .11E., Section 25 west of 
Paulina Lake ha 
39.60C/km. The adient increased w i t h  depth and was found t o  
be 650 C/km f r o  
2.4 HFU (Heat F 
because of the shallow dept  

None of the s i t e s  were on the 

n average gradient from 12.5-35 meters of 

7.5-35 meters. The estimated heat flow i s  
Units). This  value i s  of low r e l i a b i l i t y  

the hole and possible effects  of 
l 

one heat flow s 
I 

i I 
Volcano i s  one of three areas along the lineament which appear 
particularly promising fo r  geothermal development. 
measurements i n  the area- are not re l iab le  i h  holes less than 152 
meters due t o  groundwater effects. 

a l t  will need t o  be a t  l eas t  300 meters i n  order t o  obtain 

Heat flow 

The study s t a t e s  tha t  holes 

. The need f sting seems apparent. 

I Further temperature gradient d r i l l ing  by the U.S.G.S. i n  1979. 

I 
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INSTITUTIONAL CONS I DERAT IONS 

SITE: NEWBERRY CRATER KGRA 

. . Insti tutional Requirements: * 

Oregon House Joint Resoluation 31 (1975) directed the Nuclear 
and Thermal Energy Council (now the Energy Faci l i ty  Siting 
Council) t o  designate Newberry Crater, Lava Cast Forest and 
contiguous roadless areas as unsuitable for thermal power 
plants. T h i s  area covers 39,000 acres. 
Exploration can apparently take place outside the 11,000 acres 
of the caldera. 

..Agency and Public Attitudes: 

Attitudes, as expressed by Oregon Legislature, are negative 
towards geothermal development i n  Newberry Crater. 

. .Status o f  Requirements (i .e., EIA/EIS Requirements) : 

An Environmental Analysis Report covering geothermal leasing for  
the F t .  Rock Ranger Distr ic t  was issued i n  October 1975. 
EAR d i d  not address geothermal leasing i n  Newberry Crater. 
The Deschutes National Forest i s  planning t o  do an Environmental 
Impact Statement for  geothermal leasing i n  Newberry Crater. 
Release date is targeted for f i sca l  year 1980. 
An Environmental Analysis Report addressing non-competitive 
leasing in the Newberry area is  being conpiled by the Forest 
Service. 

T h i s  

A d r a f t  copy should be available i n  early 1979. 

Two areas to ta l ly  surrounding East and P a u l i n a  Lakes on Newberry 
Volcano are being examined by the U.S. Forest Service as par t  of 
the RARE I1 process for pcjssible inclusion in the National 
Wilderness Preservation System. As classified i n  the Oregon 
Supplement t o  the Draft Environmental Statement - Roadless Area 
Review and Evaluation, neither area has producing, proven or  
possible geothermal resources. 

The areas are as follows: 

Are a Administrative Tot a1 
Area - Code D i  s t r i c t  Acreage 

North Paul ina 6196 Deschutes National Forest 22,200 

South Paul ina  61 97 F t .  Rock Ranger Distr ic t  10,200 

F t .  Rock Ranger Distr ic t  
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ENVIRONMENTAL FACTORS 

SITE: NEWBERRY CRATER’ KGRA 

. .CLIWTE 

. .Precipitation (Annual): 64-76 cm 

Average mid winter snow d e p t h  is  about 2-3meters. Snow 
depth i n  Newberry Crater has been 
5 meters. 

. .Average Temperature: 8.6OC (47.5OF) 

Minimum: -59O C (-25O F )  
Maximum: 40.50 C (105O F) 

..AIR QUALITY: 

..WATER QUALITY: 

Generally h i g h  due t o  remoteness from industrial 
popu 1 a t  i on centers. 

I Quality i s  h i g h  b u t  there i s  hardly any surface water due t o  the 
permeability of volcanic materials a t  the surface and 
subsurface. 
from Paulina Lake is  the only stream i n  the crater .  

Paulina Creek flowing west t o  the Deschutes River 

. ,BIOLOGICAL 

..Dominant Flora: 

reas - Juniper, sagebru 

Domi nan t Fauna: Mule deer, Black bear, cougar, coyote 
squirrel ,  
procupine, pocket gophers and others. 
Numerous b i r d  species. 
Big game such as deer, antelope, elk and 
bear may water w i t h i n  the crater ,  b u t  must 
go outside t o  feed. (1) 

. .Endangered Species 

F1 ora: Unknown 
Fauna: Northern bald eagle (Hal iaeetus Levcocephalus 

a1 ascanus) 
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TRANSPORTATION AND UTILITIES 

SITE: NEWBERRY CPATER KGRA 

.,Utility or Energy Transmission Corridors and Facilities 

Two Bonneville Power Administration transmission lines are in 
the vicinity, one to the east and one on the west side of 
Newberry Crater, A private utility transmission line parallels 
the BPA,line east o f  the caldera. 

Natural gas pipeline parallels Highway 97. 
Gas Co.) 

(Cascade Natural 

..Transportation Corridors or Facilities 

U.S. Highway 97 connects the Columbia River area to the north 
with Klamath Falls and California to the south. 

U.S. Highway 20 runs east-west between the.Bend-Sisters area to 
the eastern border of the state at Ontario. 

Others: State Route 31, Century Drive Scenic Loop (Cascade 
Lakes Highway), numerous Forest Service and logging 
roads. 

Burlington Northern rail line runs north-south near Highway 97. 
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POPULATION 

SITE: NEWBERRY CRATER KGRA 

..General Descr ipt ion o f  Populat ion 

Newberry Crater i s  essen t ia l l y  uninhabited except f o r  f am i l i es  
operating the two r e s o r t  f a c i l i t i e s .  
County area i s  one o f  the fastest  growing regions i n  the state. 
Between 1960 and 1970 the  Deschutes County r u r a l  populat ion 
increased 66%. Much o f  t h i s  growth has taken place i n  the Bend 
area between 'Sisters and LaPi ne. Developments range from small 
wooded l o t s  t o  large planned communities such as Sunriver and 
Black But te  Ranch. Subdivisions are becoming more common and 
growth i s  expected t o  continue as 15,000 undeveloped l o t s  have 
been sold. 
a t t rac ted  t o  the Bend area. (1) (4) 

Populat ion Centers: 

However, t he  Deschutes 

Recreat ionist  and r e t i r e e s  are p a r t i c u l a r l y  

Bend - 17,100 approximately 40 km nor th o f  

La Pine - 20 km SE 
Sunriver - 30 km NW 
Redmond - 6,450 about 66 km nor th  o f  Newberry 

Newberry Crater. 

Crater. 

. .Economics 

..Present Land Use: 

Deschutes County has a d i v e r s i f i e d  economy based 

r a i s i n g  and recreation. 
i s  increasing. 
on extensive recreat ional  use and ti 
t h e  Deschutes National Forest. 

- p r i m a r i l y  on timber production, agr icu l ture,  1 ivestock 
Forest products manufacturing 

Land use a t  Newberry Crater i s  focused 
anagement by 

I 

No major land use changes i n  the calde 
anticipated. i 

Continued growth o f  r e s i d e n t i a l  developments i n  
surrounding areas i s  apparent. 

i w  
~ 
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SITE: BURNS BU KGRA and BURNS GEOTHERMAL AREA 
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BURhS BUTTE KGRA 

Burns Butte is situated about 6 km southeast of the town of Burns in T.23S., 
R.30E., Section 28, W.M. The U.S. Geological Survey classified the 640 acre 
area as a Known Geothermal Resource Area because of overlapping lease 
applications. 

Burns Butte lies in the High Lava Plains province which is  characterized by a 
surface of young and faulted volcanic rocks of moderately high elevation but 
generally low relief. Cinder cones, calderas and other volcanic surface 
features such as Burns Butte are evident in parts of the region. Elevations in 
the immediate vicinity range from 1,500 m. at Burns Butte to 1,267 m. at 
Burns. tjurns tjutte is  within the Harney Basin, an enclosed basin with all 
streams draining into Harney Lake. The predominate vegetative cover is 
sagebrush. 

The dry climate of the area restricts agricultural production. Much of the 
land is used for livestock grazing. Ranching is the economic mainstay of the 
rural population in Harney County. Slightly more than half the Harney 
County population is concentrated in the Burns-Hines urban area. 

In addition to being the population center and the county seat, Burns serves as 
a trade center for southeastern Oregon. The major industry is wood products 
and lumber which depends on timber from the nearby Malheur and Ochoco 
National Forests. Hines, 4 km southwest of Burns, i s  a lumber mill town wi th  
a population of 1,575. The sawmill is one of the largest energy consumers in 
the area (energy use - Appendix 6). A portion of the energy needs in the 
Burns-hines area could be satisfied by developing local geothermal resources. 

A long volcanic history combined with the presence of thermal springs are 
favorable indications of geothermal potential within the imrnediote area. 
These hot springs are located all along the margins of Harney basin, but are 
primarily concentrated in two groups; the largest group i s  a west northwest 
belt of springs in the Warm Springs Valley-Harney Lake area, and a second 
group south of Burns and Hines. The location of the largest group of springs 
appears to be structurally controlled by the Brothers fault zone 
at the southeastern end of the belt have the highest temperat 
the surface. Geothermometers (Na-k-Ca) indicate a minimum estimated 
reservoir temperature of 1320 C. The group of springs south of Burns is 
generally low temperature, less than 30OC, but has substantial flow rates. In 
adaition to these two main groups, hot springs and warm water wells are 
scatterea through the area. Much of the water is used for irrigation and 
water supply for cattle. 
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The hottest spring in the basin is Crane Hot Spring situated approximately 16 
km west of the community of Crane. The spring discharges 550 Ipm of 800 C 
water. Silica geothermometers indicate a minimum reservoir temperature of 
127O C. This hot spring was once used for a natatorium. 

mal gradient studies conducted by the Oregon 
Department of Geology and Mineral Industries in the harney Basin provide 
further evidence of the existence of thermal water in the 110-1400 C range 
which would be well-suited for direct use applications in the Burns area. 
Hydrologic studies indicate that flow rates from springs and wells should be 
substantial. Potential uses include kiln drying of lumber, alfalfa and other 
grain drying, commercial refrigeration, feed lot operations and methane 
production, and space 

Geothermally heated ouses and pavement de-icing would also be 
attractive considerations given the area's r t  growing s e a m  and severe 
winters. A district heating system woul ikely require a large energy 
consumer, such as the Hines mill, to econo ally justify service to  a small 
population. . 

Although no leases have been issued for the Burns Butte KGRA, 
noncompetitive leasing in the Harney Basin has been active. It i s  estimated 
'that 200,000 acres of private land have been 'leased for geothermal rights. 

. Most of the leases have been acquired by large energy development 
companies. Assuming that their interest is in potential geothermal electrical 
generation, no one is actively the development of direct use 
applications for the Burns area. 

u 
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SITE DATA SUMWRY 

SITE: BURNS BUTTE KGRA and BURNS GEOTHERMAL AREA 
j 

. .Physical Reservoir Date 
..Temperature OC - Temperatures are for an unnamed hot 

I spring near Harney Lake 

Surface: 680 C Subsurface: 1320 C (13) 

..Type of Overlaying Rock: Basaltic tuff and olivine basalt 

..Estimated Depth to Top o f  Reservoir (meters): 1.5 km 

..Site Land Status - KGRA established by overlapping lease 
applications. 

Total Acres Leased - None in the KGRA 
Total Acres - 640 

. .Geothermal Development Status: 
Active exploration i n  the region. 

I 
I ..Local and State Attitude Toward Geothermal Development: 

Geothermal rights have been leased on a large amount of 
private land. 

Public concern on the possible effects o f  geothermal development 
on the Malheur National Wildlife Refuge has been expressed. 

..Land Use and Population: 

The sparse population is concentrated in the Burns-Hines area. 
The economy is based on wood products, agriculture, livestock 
and tourism. 

! 
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S I T E  LOCATION AND PHYSICAL DESCRIPTION 

SITE: BURNS BUTTE KGRA 

..Latitude: 43O 36' N 

. .Longitude: 1190 08' W 

. .Recti 1 i near 

. .County: Harney 

..Adjacent Counties: 

Burns But te  KGRA - Section 28, W.M., T.23S., R.30E. 

Lake, Crook, Grant, Malheur, Humboldt, Nv. 

urns, Oregon 1 :250,000 

l y  w i t h i n  the High Lava Pla ins Province tha t  
i s  characterized by lava f lows 1,067 t o  1,829 Km (3,500 t o  6,000 
f ee t )  above sea leve l  whose near ly uneroded surface ca r ry  few 
establ ished streams. A l l  o f  the drainage i s  i n t o  the closed 
Harney Basin. 
plateau areas support mainly sagebrush and bunch grasses, 
whereas the elevated footh i  11 s are covered w i th  scattered 
j un ipe r  . (14) 

.Present Land Use: 

The near ly treeless, low va l l ey  bottoms and 

The primary land uses are ag r i cu l tu re  and l ivestock ra is ing.  
Port ions o f  the area are managed f o r  
watershed, open ace and recreation. 

The KGRA parcel  
mainl ine U.S. Forest Service Road. Presumably i t  does not  
f o r b i d  mineral leasing. The e n t i r e  parcel  i s  involved i n  a 
pending o i l  and gas lease app l i ca t i on  (OR 12551). 

encumbered by PLO 48 

(14) 

The Burns Ind ian Reservation i s  east o f  the town. 

U.S. Geological Survey has c l a s s i f i e d  the area as prospect ively 
valuable f o r  o i  1 

. .Future Land Use Plans: 

The Harney County Comprehensive Land Use Plan states the 
fol lowing goal: To encourage new indust r ies compatible w i t h  the 
natura l  resources t o  develop w i t h i n  the county, consequently 
located and compatible w i t h  t h e i r  needs and avai lab le 
resource. (14) 

169 



SITE LOCATION AND PHYSICAL DESCRIPTION (continued) 

..Aesthetics: 

Malheur National Wild1 i f e  Refuge is i n  close proximity. 

Diamond Craters has been proposed as a Natural Research area 
because of i t s  geological, botanical and zoological significance 
for  educational and sc ien t i f ic  value. 

. . H i  stor ical /Archaeo 1 ogi cal Significance: 

There are no known his tor ic  structures w i t h i n  the lease areas. 
The Oregon State Inventory of Historic S i tes  l i s t s  two s i t e s  
bordering the lease areas; Harney Lake Sand Gap (Section 18, 
T. 27S, R.30E) and the Malheur National Wildlife Refuge. None 
of the proposed lease t rac ts  have been professionally surveyed. 
The State Historic Preservation Office and University o f  Oregon 

any s i t e s  located w i t h i n  the lease areas. f i l es  d i d  not reveal 
(14)  
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GEOLOGICAL DESCR I P T I O N  

SITE: BURNS BUTTE KGRA 

. .Geologic Descript ion: 

Burns But te  i n  the Harney Basin l i e s  i n  the High Lava Plains. 
The province i s  an u p l i f t e d  reg ion of. young lava flows, The 
surface i s  marked by volcanic features such as cinder cones, 
c ra te rs  and lava buttes. T e r t i a r y  volcanic rocks are basa l t  
flows, ash-flow t u f f s  and tuffaceous sediments. 

The Brothers f a u l t  zone, a major s t ruc tu ra l  lineament, crosses 
the basin i n  a northwest-trending direct ion.  
the f a u l t s  has l oca l i zed  many o f  the volcanic surface features. 
Burns But te  i s  one o f  these centers. 

The s t ra t igraphy and geologic h i s t o r y  o f  t he  Harney Basin has 
been described by Piper, and others (1939) : 

Displacement along 

"Five d i s t i n c t  s t ra t i g raph ic  u n i t s  span the 
Miocene and Pliocene epochs. The oldest consists 
o f  s i l iceous extrusions o f  Miocene ( ? )  age about 
1,000 f e e t  thick... The Steens basalt, o f  Miocene 
age, res ts  unconformably on the older s i  1 iceous 
extrusives in  the marginal upland along the east 
h a l f  o f  the basin. I t s  maximum known thickness, 
about 2,000 feet, i s  exposed i n  the 
eastward-facin escarpment o f  Steens Mou 

thickness; scoriaceous and fragmental zones are 
common a t  the top o f f  each.layer and af ford 
considerable water-y ie ld ing capacity. The Steens 
basa l t  i s  over la in  unconformably by the Danforth 
Formation, o f  Pliocene a e, which crops ou t  

ranges i n  thickness between 20 f e e t  and 800 
feet. I n  the northwestern p a r t  o f  the basi 
upper p a r t  o f  t h e  Danforth Formation comprises 
s t r a t i f i e d  s i  1 tstone, sandstone, tuff ,  and 
volcanic ash with a few in te rca la ted  layers 
glassy rhyl I t e  and one d i s t i n c t i v e  r h y o l i t e  
tu f f -b recc ia  member. 

The component 9 ayers average ten feet i n  

extensively over the who 4 e dissected upland and 



The succeeding s t ra t i g raph ic  un i t ,  the  Harney 
Formation, of Pliocene ( ? )  age, i s  about 750 f e e t  
t h i ck  and res ts  on the Danforth Formation w i t h  
angular and erosional  unconformi ty. The Harvey 
Formation under l ies an extensive p l a i n  o f  
intermediate a l t i t u d e  i n  the westcentral p a r t  o f  
the basin and occurs i n  o u t l i e r s  along a l l  
margins of the  cent ra l  d i s t r i c t  except the  
northern. The formation includes massive 
b a s a l t i c  t u f f  and breccia, sandstone, s i l t s tone,  
some incoherent gravel, and a few layers o f  
scoriaceous and massive basalt...". (15) (14) 
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RESERVOIR CHARACTERISTI'CS 
SITE: BURNS BUTTE KGRA and BURNS GEOTHERmL AREA 

. .Reservoir Temperature 

. . Surf  ace: 68OC Hot Springs near Harney Lake 

. .Subsurface: 132% 

.Geochemical - Si02: 132OC 

Na-K-Ca: 13OoC (13) 

..Flow Rates: 550 lpm 

..pH: 7.26 

. .Fluid Chemistry: 

Hot Spring Crane Hot 
Near Harney Lake Springs 

Speci f ic  Condutance 2,970 810 

S i  1 i c a  
Calcium 
Magnesi um 
Sodium 
Pot assi um 
Li th ium 
Bicarbonate 

. Carbonate 
Su l fa te  140 86 
Ch 1 o r  i de 590 79 
F1 our i de  3.3 9 
Boron 11.3 7.9 
Temperature ( 0  C) 68 78 
PH 7.26 8.1 
Flow (lpm) 550 550 

(micromhos) ( u n i t s  mg/l) 

Location: Hot Spring near Harney Lake T.27S., R.29 112 E,, 
Section 36; Crane Hot Springs Te24S., R.33E., 
Section 34, W.M. 

..Subsurface Area of Reservoir: 1.5 km2 estimated 

u 
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LAND OWNERSHIP AND LEASING 

SITE: BURNS BUTTE KGRA 

..Land Ownership - TOTAL AREA (KGRA)-640 FEDERAL -640 acres 

..Land Leased - FEDERAL (KGRA) - 0 

..Number of Sales Offered But No Bids: Two lease sales w 
bids. 6/9/77 and 

th no 
7/27/78 

..Nurher of Bids Rejected (Resulting in No Lease): N/A 

..Summary of Leasing Status and Needs: 
I 

A large percentage of land surrounding the Gurns Butte KGRA has 
ben leased on a non-competitive basis and numerous applications 
are pending. Potential developers are obviously interested in. 
the area. Nevertheless, no bids have been received on the 640 
acres o f  KGRA land in two lease sales. 
declassified a KGRA so the land can be leased non-competitively. 

Burns Butte should be 
I 



GEOTHERMAL DEVELOPMENT STATUS 

SITE: BURNS BUTTE KGRA 

..Present Develo 

Hot springs i n  the area are used f o r  i r r i g a t i o n  and stock 
watering. 

Geothermal expl on . i n  the v i c i n i t y  has been mi ld ly  act ive.  

, 
. .Projected o r  plann Development : 

Further explorat n d r i l l i n g  i s  



INST I TUTIONAL CONS I DERATIONS 

SITE: BURNS BUTTE KGRA 

. .Institutional Requirements: 
Exploration and development activities may require conditional 
use permits from Harney County. 

Much of the area has been zoned agricultural. The planning and 
zoning ordinance describes this classification as "extended to 
preserve certain land exclusively for agricultural and related 
uses which land while so used is exempt from zoning and land use 
regulations." The ordinance also states that it will prevent 
intensive development in areas where proper community services 
are not readily available and where certain activities would be 
in conflict with an orderly development of suburban areas, or 
where agricultural and related operations constitute the most 
appropriate use of the land. 

Geothermal operations are listed as one o f  the conditional uses 
under this ordinance. The county planning commission regulates 
conditional uses on a case-by-case basis. 

..Agency and Public Attidues: 

(14)  

Public response to the Environmental Analysis Report expressed 
concern about the proximity of the area to the Malheur National 
Wildlife Refuge, and supported nomination of Diamond Craters as 
a Natural Resource Area. 

Over 200,000 acres in the Harfiey Basin have been leased by 
private landowners. It is assumed that this interest has 
f i nanci a1 mot ivat i on. 

As part o f  the U.S. Forest Service Roadless Area Review and 
Evaluation process, 30,000 acres at Harney Lake are being 
considered for possible inclusion in the National Wilderness 
preservation System. The area is managed by the U.S. Fish and 
Wild1 ife Service. (12) 

. .Status of Requirements (i .e. , EIA/EIS Requirements) : 
EAR for Burns District Non-competitive Geottiermal Area and Burns 
Butte KGRA completed 2/77. 
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ENVIRONMENTAL FACTORS 

BURNS BUTTE KGRA . 

. .Prec ip i ta t ion (Annual): 32.62 cm (12.82 inches) 

ure 7O C (44O F) 

3O C (29.7O F) 
Maximum: 20.60 c (69.5O F)  

. .Degree Days ua l ) :  7,212 

..AIR QUALITY: 

A i r  q u a l i t y  i s  good ove much o f  the region. The major sources 

Water quali'ty o f  the perennial streams i s  good t o  excel lent  bu t  
decreases substant ia l  l y  i n  the  downstream por t ions because o f  
increases i n  mineral content. The amounts o f  calcium and sodium 
vary; calcium i s  usual ly  predominant dur ing  high f l o w  periods. 
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Several reservoirs are located i n  the geothermal area, most of 
which are less than 3 acre-feet. Their primary purpose i s  t o  
provide water for 1 ivestock b u t  they also provide water for  
wildlife and habitat to  the aquatic plants and amphibians. The 
avai labi l i ty  of water i n  these reservoirs i s  adequate i n  most 
years. Projected needs fo r  municipal , industrial, domestic and 
livestock water will’double by the year 2020. Ground water 
supplies are estimated t o  be adequate t o  meet the demand. 

Al l  of the streams flow into the Harney Basin which has no 
outflow. The Harney Basin watershed provides important habitat 
for  waterfowl. The Malheur Lake levels fluctuate greatly from 
year t o  year. (14) 

..NOISE: Low Levels. 

. . BIOLOGICAL * 
..Dominant Flora: 

Major vegetation types are of the following assocations: 

Low sagebrush (Artemisia arbuscula) 
Big sagebrush 
Western Juniper (Uniperus occidental is) 

( Ar temi s i a t r i den t a t  a )  

. . Domi nant Fauna: 

Mule deer, elk, antelope, sage grouse, eagles, chukars, 
lizards, coyotes, raptorial  birds, w i l d  horses. 
The Harney Basin, particularly the Malheur Wildlife Refuge, 
provides important habitat for  a wide variety of migratory 
waterfowl numbering i n  the thousands. 

. Endangered Species 

Flora: None Known. 
Fauna: Northern bl ad eagle (Hal i aeetus leucocephalus) 

Sage grouse strutting grounds have been documented i n  
T.29S, R.30E. Sec. 14 and 23, and others probably 
exist .  (14) 
Golden eagles nest i n  the area, particularly along the rim 
south of Harney Lake and the rim west of Highway 205. Two 
nests i n  T.29S, R.31E., Sec. 22 often are active. Golden 
eagle nests also documented t o  the west of Diamond Craters, 
on the Malheur Refuge, and w i t h i n  the craters. (14) 

*The seasonal and geographical distribution o f  water supplies 
strongly influences the numbers and distribution of f loral  and 
faunal species. 

i 
i 
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TRANSPORTATION AND UTI L I TI ES 

SITE: BURNS BUTTE KGRA 

..Utility or Energy Transmission Corridors and Facilities 

Bonnevi 1 le Power Administration maintains the 
Redmond-Hampton-Harney 115 K V  1 ine. 

The Harney E ectrical Cooperat provides ser 
area. 

..Transportation Corridors or Facilities 

Roads: Highway 20 
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POPULATION 

SITE: BURNS BUTTE KGRA 

. .General Description of Population 

Harney County has the lowest population density (0.7 persons per 
square mile) i n  the state.  More t h a n  half of the county 
population (7,500) i s  concentrated in the Burns-Hines area. The 
Burns Indian Reservation is  situated west of town. 

Population (1978 estimates): 

Burns - 3,525 
Hines - 1,575 - 4 km. S.W. o f  Burns 
Crane - small community 43 km. S.E. of Burns 

. .Economics 

Present Land Use: 

Burns is the trade center for  southeastern Oregon. The 
major industries are lumber, livestock, agriculture and 
tourism. Wood products and lumbering are by f a r  the 
largest. Timber comes from the Ochoco and Malheur National 
Forests. Hines i s  a lumber mill town. 
The ru ra l  papulation i s  based primarily on ranching. 

i 
i 
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I BROThERS FAULT ZONE 
. 

The Brothers fault zone is a major structural lineament crossing central 
Oregon from Steens Mountain through Brothers and possibly extending to the 
Cascade Range. It forms the northern boundary of the Basin and Range 
physiographic province in Oregon. Stewart and others ( I  975) suggest that the 
zone may be the northwesterly portion of the Oregon-Nevada lineament 
which extends from north-central Nevada to the Oregon Cascades near Mt. 
Jefferson. 

The Brothers fault zone has been described by Peterson and others (1976) as a 
northwest-trending belt of closely spaced en echelon normal faults. The belt 
extends about 300 km trending in a general N 60° W direction across the High 
Lava Plains region; Walker (1969) suggests that %orma1 faults of the zone 
and the many volcanic vents along the zone represent only the surface 
manifestations of deformation on a large, deeply buried structure, the exact 
nature of which is not known. The pattern of normal faults within and near 
the 8rothers fault zone and the relation of many small monoclinal folds to the 
faults suggest, however, that the zone overlies a deeply buried fault with 
lateral displacement; the normal faul t s  denote only adjustment of surface and 
near-surface volcanic and tuffaceous sedimentary rocks.*@ 

Normal faults of the zone are generally 20-30 km long wi th  minor horsts and 
grabens developed, between them. individual faults along the sone have 
displaced all the roc t Pleistocene Wadlands 
lava" (Peterson 1976). 

As described by Hull and others (l977), "th raverses an interlayered 
sequence of volcanic and sedimentary rocks in age from Miocene to 
Holocene. The vol rocks at the surface are predominately basalt flows 
and rhyolitic ash-f uffs wi th scattered rhyolite and rhyodacite domes. 
The sedimentary r are poorly indurated tuffaceous one, siltstone 

nd others (1975) have noted a general 
progressive decrease in age of silicic volcanic vents from east to west along 
the Brothers fault zone. Age dating of volcanic rocks suggests that 
movements along the zone have migrated similarly to the northwest. Duck 
Butte in ttk eastern part. of Harney Basin has an estimated age of about IO 
million years. Further west along the zone, Glass Buttes has an age of nbout 
5 million years. Newberry Crater, st i l l  farther west, contains -silicic rocks 
aated about 1,300 years (Peterson and Groh IY69). Pine Mountain and Jron 
Mountain are exceptions to the pattern of progressively nger si I icic rocks 

in the area except 

uviotile and lacustrine origin" 

. from east to west (hull and others, 1977). -~ 
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In reporting on the geothermal potential in southeastern Oregon, MacLeod . 
and others ( 1  975) state: "Most electric power-producing geothermal fields in 
the world occur in or proximal to areas of young silicic volcanic rocks. On 
the basis of the welldefined age progession of rhyolitic domes in 
Southeastern Oregon, silicic bodies sufficiently young to be heat sources for 
geothermal systems are likely only in the vicinity of Newberry Volcano at the 
west end of the northern belt of domes.*' 

A considerable omount of geophysical data provides further indications of 
geothermal resource potential in the vicinity of the Brothers fault zone. Of 
particular note is the Heat Flow Study of the Brothers Fault Zone conducted 
by the Oregon Department of Geology and Mineral Industries. 

. 

During 1975 and 1976 38 holes were drilled and 15 water wells were measured 
for geothermal gradients and estimated heat flow values. As a result of the 
study three areas along and near the Brothers fault zone were identified as 
being especially promising for geothermal resource development: hamey 
Basin, Glass Buttes and Newberry Volcano. 

berry was designated as having high potential based primarily on geologic 
considerations. Heat flow measurements in the area were not reliable 
because of shallow well depth and the influence of groundwater migration. 
But the study did suggest that heat flow values in basalt in the Newberry 
vicinity be measured in holes at least 300 meters deep to overcome the 
effects of regional groundwater movement. 

At  Glass Buttes a broad area of anomalous heat flow with values at least 50 
percent above the regional average was outlined. Two holes on the north and 
south flanks of Glass Buttes had gradients of 144O and 120°C/km and heat 
flow values of 3.1 and 2.9 HFU. Extensive hydrothermal alteration and low 
apparent electrical resistivity provide further evidence geothermal 
potential. , 

In the Harney Basin, anomalously high heat flow values were identified in 
three areas: Coyote buttes, Crane Hot Springs and Diamond Craters. 
Gradient data for Coyote Buttes show a high range of about 73O to 160°C/km 
and average heat flow 

Numerous hot spring nd wells in the Harney Basin furt 
presence of a thermal anomaly. Silica geothermometry techn 
many of the hot springs result in estimated reservoir temperatures 'in the 
range of 110-14OOC. Temperatures in this range well suited for 
non-electr ic geothermal applications. 

lues of 3.0 HFU. 



According to the study, the distribution of hot springs' and weJls suggests that 
the areas of high heat flow may be larger than is now known. Particularly 
noted are. the group of hot springs which extend 30 km to the west from 
Coyote Buttes and the numerous warm wells near Burns and Hines on the 
northern side of the basin. it has been suggested that the area of high heat 
flow may extend from Coyote Buttes northwesterly to Glass Buttes. 

The geothermal potential of areas surrounding the Brothers fault zone is of 
high interest to private companies. As summarized in the following table 
large tracts of land hove been leased on a non-competitive basis. In addition 
numerous lease applications are pending with the Bureau of Land Management. 

In summary, the Brothers fault zone appears to have excellent potential for 
geothermal resource development. It is assumed the large energy companies 
that have acquired leases are interested in the possibility of electrical 
generation. Nevertheless, information now available to the public does not 
substantiate a resource capable of power generation. For this reason, it is 
unrealistic to make scenario projections for electric power-on-line. Further 
exploration is needed to confirm and define the extent of the resource. 
Non-electric geothermal applications, on the other hand, are likely to develop 
in the Burns area. 

I 
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Non-Compe t i t ive Geothermal Leases 

Area Total Acreage 

Phillips Petroleum Co. Glass Buttes 23,492 

California Geothermal Glass Buttes 26,764 

Francana Resource Glass Buttes 1,596 

Leonard Lundgren Glass Buttes 640 
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WESTERN SNAKE RIVER PLAIN GEOTHERMAL PLANNING REGION 

Covering three geomorphic zones, the planning region is part of the vast 
Snake River structural basin. The topography is similiar to the Basin and 
Range region except that the plateaus are generally older and more dissected, 
and contain more sedimentary rocks. Major drainages include the Malheur, 
Owyhee and Snake Rivers. 

Population concentrations are centered around Vale, Ontario and Nyssa in 
east central Oregon adjacent to the Idaho border. These towns are 
surrounded by rich agricultural land, which supplies the major base of the 
area's economy. Potatoes, sugar beets and onions are grown and processed in 
the area for regional a'nd national distribution. Although appearing to be 
somewhat isolated from the major population centers in Oregon, the area has 
ready access to regional transportation networks. 

The potential for commercialization of geothermal resources i s  high, 
particularly for non-etectrical applications. Primary targets are the food 
processing industry and district heating systems. The possibility of thermal 
fluids of adequate temperature for generation of electricity is not known. 
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VALE KCHA 

Vale is situated in east central Oregon near the Idaho border. The town is 
situated in T,I8S., RASE., Willametc Meri he broad area covers three 
geomorphic zones: Blue Mountains, High lains and Owyhee Upland. 
The location of  the area is in the western Snake River Basin which is  part of a 
large trough extending from Wyoming across Idaho and into eastern Oregon. 
Overall, the topography is characterized by a series of linear valleys and 
mountains which have been more highly dissected than the same structural 
features in the Sasin and Range province 

The KGRA covers 22,998 ocres of publicly and privately-owned land southeast 
' of Vale and surrounding the town itself. Originally the U.S.G.S. designated 
8,940 acres for competitive bidding purposes in 1974. Subsequent geologic 
studies and overlapping non-competitive lease applications prompted the 
addition of 14,058 ac the Vale KGHA. 

Approximately 75 p of the Malheur County population, 24,600 in 1976, 
lives within a 40 km radius of the Vale KGRA. The county as a whole is  
undergoing a shift from rural to urban. The principal towns and their 
estimated I978 popul 9001, Nyssa ( O), and Ontario 
(8,950). 

The physical environm raphical location of the area has led to the 
development of an agricultural based economy which produces high yield 
crops on irrigated land. Crops include sugar beets, o potatoes, corn, and 
alfatfa. The area also 

Food processing opera 
major industrial act area. Currently, the m 
crops are potatoes a 

oduct. Most of t pply process heat in 
e past, Because of increased vailability, many of 

to oil or coal and one is retrofitting to geothermal 

for additional 
I energy Js excel 
rea, except for 

m deep oil a 
necessary conditions for direc 

stations of hot springs 
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The U.S.G.S. has estimated that Vale Hot Springs has both a very large 
subsurface area and large heat content. Klamath Falls is the only area in 
Oregon with higher reservoir potential estimates. Surface temperature a t  
Vale Hot Springs has been measured at 73OC. Geothermometry indicates 
minimum reservoir temperatures of I53OC (Si021 and I58OC (N-K-Ca). 

Additional subsurface temperatures based on projections of near-surface 
gradients have been estimated by Bowen and Blackwell (1975), Hull (1975) and 
reported by Lienau and others (1978). The estimates were made using a 
regional average gradient of 850C/km projected to depths where basaltic 
reservoir rocks are expected to occur. If the depth to the Grassy Mountain 
Basalt is I km, assumed temperatures would be in the range of 90° to 100°C. 
If drilling encountered Owyhee Basalt at  2 km, the expected temperatures 
range from I400 to I65OC. 

According to Lienau a d  others ( I  978), i f  the anticipated utilization of 
geothermal fluids within these temperature ranges can justify deep drilling, 
there is reasonable assurance that the resource can be found anywhere in the 
Western Snake River Plain. Additional information on the potential 
geothermal resource environment is presented in the Vale KGRA data sheet. 

Results of geologic and geophysical investigations indicate that the Vale 
KGRA and surrounding area is one of the best geothermal prospect areas in 
Oregon. Possible developers have recognized this potential as reflected in 
the abundant leasing and exploration activities in the area. It is  assumed that 
the large energy companies are interested in the Vale area for geothermal 
electrical generation. However, available data do not justify an electrical 
power potential evaluation in the scope of this report. 

Based on existing data, geothermal resources in the Vale area are best suited 
for direct use applications. The indicated high temperatures and large 
reservoir volume opens the door to a wide range of possible applications. 

Considering the economy of the region, the most logical user is the food 
processing' industry. Processing consumes large amounts of energy in the 600 
to 148OC range. Geothermal fluids could readily supply a major portion of 
these thermal requirements at a cost comparable to or less than conventional 
fuels. 

Lienau and others (1978) examined the resource potential and compiled 
preliminary designs and cost benefit analyses of retrofitting to geothermal 
systems for two existing food processors in the western Snake River Plain. 
The Amalgamated Sugar Company, in Nyssa, is the only beet sugar refinery in 
Oregon. The plant burns coal to produce steam for processing. Cost analyses 
are favorable for converting to geothermal resources to provide the large 
amount of energy used in the evaporation process. 
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The second processor examined was Ore-Ida Foods, Inc. Situated on the 
Oregon-Idaho border in Ontario, Ore-Ida processes more than two million 
pounds of potatoes per day into frozen potato products. An evaluation and 
initial design indicate that geothermal fluids could provide 55 percent of the 
process energy requirements and result in a net annual saving of about 
$i,OOO,OOO in the f irst year of operation. 

These results were attractive enough to 
federal funding for a project to demonstrate the feasibility of using 
geothermal fluids for food processing. Contract negotiations have been 
completed and preliminary surface examinations have begun. Drilling should 
begin by mid 1979. The system is scheduled to be operational early 
1980. Encouraged by the opportunity to replace the compa se of 
conventional fuels, Ore-Ida is examining the feasibility of using solar energy 
to  meet the 45 percent of their process he requirements which available 
thermal fluids cannot supply. 

Geothermal development is also underway in Vale. A private company has 
designed and i s  building a five acre mushroom growing facility. The operation 
is adjacent to the present florist's greenhouses which use thermal water from 
the Vale Hot Springs area. Geothermal energy w i l l  be used for space and 
process heating, and possibly in Oregon's first application of geothermal 
cooling. It is anticipated that the facility w i l l  be in operation in 1979. 

These projects will only begin to tap the geothermal resource potential in the 
Vale area. Other food processors could realize significant savings in fossil 
fuel costs by converting to geot a1 energy. New plants coming into the 
area, such as the onion process cility in Nyssa, could design systems 
initially to use therm ue the benefits of using a local energy 
resource. 

Commercial greenhouses could be established to supplement the area's 

imulate Ore-Ida to 

e crops could extend season for farmers a 
rops such as tomato ree seedlings, bedding 

agricultural production. flowers and others could be added to the p 

One of the most efficient ways of utilizing geothermal resources would be to 
site several of these end-users in an industrial park using a cascaded system. 
Higher temperature energ cold storage faciliti 
processors would be on th 
temperature applications such 
farthest end. Such a system would conserv 
costly since fewer wells would be needed tha 
minimize disposol problems. Economics would prevent the relocation 

e geothermal syste 
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of existing plants into this type of system, but it is a viable option for new 
businesses in the area or for present operations to expand their scope of 
operation. Each of the discussed applications have energy requirements 
which suitably could be met  by geothermal fluids available in the area. 

In addition to these agribusiness applications there is considerable potential 
for geothermal space and hot water heating in the Vale, Ontario and Nyssa 
areas. The establishment of district heating systems is the best approach to 
insure systematic and efficient resource development. 

The town of Vale, which is the Malheur County seat, has actively been 
pursuing the creation of such a system for several years. The layout of the  
town is ideal for an initial demonstration project to supply heating for several 
public buildings. The county courthouse, city hall, county jail, public 
swimming pool, high school, grade school and public library are all 
concentrated in a central area. Several blocks a y a y  the county owns a parcel 
of land along the Malheur River just upstream from Vale Hot Springs. While 
thermal waters bubble to surface a public pool three blocks away is heated 
with propane. 

To rectify this situation county and other local officials are anxious to take 
advantage of their available local energy resource. The County submitted a 
Local Public Works Capital Development and Investment Program Application 
to the  Economic Development Administration of the  U.S. Department of 
Commerce in 1976 for funding of the district heating system for the public 
buildings. Funding was denied. Unless outside funding can be obtained the  
city is likely to continue heating the public pool with comparatively expensive 
propane. Reportedly the  existing t ax  base of the  a rea  cannot 
construction of the system despite the fact that  it would result in 
considerable savings over the cost of using conventional fuels. 

In general, geothermal development in the Vale area is likely in the near term 
with high probability of success. Local attitudes are in strung support of 
utilizing indigenous resources. Not only will it reduce dependence on fossil 
fuels but it will enhance the area's economy. 

Two particular examples of local anticipation of geothermal development are; 
a BLM building under construction in Vale has a heating system designed to be 
easily converted for geothermal use, and the formulation of Oregon's first 
county ordinance to encourage and plan for coordinated geothermal 
development by Malheur County in 1974 (included in Appendix F). The area 
needs economic stimulation to $ark geothermal resource utilization. 

. 
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SITE DATA SUMMARY 

SITE: VALE KGRA 

..Physical Reservoir Data 

.Temperature OC 

Subsurface: 160% (1) Surface: 73OC 

.Type of Overlaying Rock: Loosely consolidated sandstone, 
s i l ts tone,  some f resh  limestone 
occasional l y  inter-bedded with 
basal t  f lows 

\ 

..Estimated Depth t o  Top o f  Reservoir (meters): 1,000 m. 

. .Si te  Land Status 

FED. STATE PR 1 VAT€ 
Total KGRA Acres - 22,998 14,565(approx) 8,433(approx. ) 
Total Acres Leased 13,921 1,280 Unknown 

. .Geothermal Develo 

Three geothermal greenhouses produc 

Toward Geoth 

\ 

. .Land Use and Popul 

The area i s  basS 
o f  t h e  Malheur County populat ion l i v e s  w i  
the KGRA. 

A g r i c u l t u r a l  and ,1 ivestock production are the primary land uses. 
Food processing i s  an important f a c t o r  i n  the area's economy. 

I n  general, t h e  val leys and low f o o t h i l l s  in  the area are 
privately-owned w i t h  the uplands i n  federal  ownership. 
lands are managed by the Vale D i s t r i c t  O f f i c e  o f  the BLM. 

r u r a l  i n  nature despite the f a c t  t h a t  75% 
a 40 km radius of 

Pub1 i c  u 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: VALE KGRA 

..Latitude: 430 59' N 

.,Longitude: 1170 14' W 

..Rectilinear: 

Secs. 15-22, 27-30, 32, 33, 34, T.l8S., R.45E. W.M. 
Secs. 2-4, 9-15, 23-26, 36, T.l9S., R.45E. 
Secs. 19, 30, T.l9S., R.46E. 

. . County: Mal heur 

..Adjacent Counties: Harney, Baker, Or.; Washington, Payette, 
Canyon, Owyhee, Idaho; Humboldt, Nv. 

..Map Reference: 

. .Topography 

USGS Vale East 1:24,000, Vale West 1:24,000 
AMS Boise 1:250,000 

The area is characterized by roll ing plateaus dissected by 
several intermittent drainages. Malheur River and adjacent 
flood plain separate two of the plateau areas. 
from 683 m. a t  Vale to  975 m. on h i l l s  i n  the area. 
from nearly level t o  steeply sloping. 
covers three geomorphic zones: 
and the Owyhee IJpland. 
the Snake River t o  mountainous plateus averaging 1,524 m. and 
isolated peaks above 1,829 m. along the western margin. The 
major drainages include the Malheur, Owyhee and Snake Rivers. 

Elevations range 
Slopes vary 

Blue Mountains, High Lava Plains 
The land around the KGRA 

Elevations range from about 609 m. near 

. .Present Land Use: 

The majority o f  land i n  the area is used for agricultural 
production, 1 ivestock grazing and urban centers. Recreation is  
a secondary land use. 

Exploration for oi l  and gas has taken place i n  the Vale area 
sporadically since the early 1900s. 

Approximately 1060 acres w i t h i n  the KGRA have been set aside as 
grazing a1 lotments. 
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. Hi stro ical /Archaeological Sign if icance: 
Approximately 14 km of the historic Oregon Trail parallels 
present day Lytle Boulevard which passes through the KGRA. The 
trail qualifies for inclusion in the National Register of 
Historic Places. 
Vale Hot Springs was a well known stop for early travelers over 
the historic Oregon Trail. (4) 
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GEOLOGICAL/GEOPHYS I CAL DESCR IPTION 

SITE: VALE KGRA 

. .Geologic Description: 
Geology of the Vale area has been summarized from Corcoran and 
others (1962), and Bowen and Blackwell (1975). 

The oldest exposed unit in the Vale area is the Sucker Creek 
Formation consisting primarily of volcanic tuffs and tuffaceous 
lacustrine deposits with interbedded acidic flows and intrusives. 

Overlying the Sucker Creek Formation is the Owyhee Basalt of 
mid-Miocene age. It is an extensive section of basalt flows and 
interbedded tuff approximately 396 m. (1,300 ft.) thick. 

Above the Owyhee Basalt is the Deer Butte Formation of late 
Miocene age. 
stiltstone and shale with interbedded basalt flows in the lower 
portion grading upward into massive sandstone and conglomerate. 
Thickness ranges from 122 m. (400 ft.) to a maximum of 380 m. 
(1,248 ft.). The Deer Butte Formation is exposed at Vale Butte 
where the well-cemented conglomerate and sandstone have formed 
an erosional remnant. 

The section is composed of fine-grained tuffaceous 

Overlying the Deer Butte Formation with apparent unconformity is 
the Kern Basin Formation composed of tuffaceous claystone, 
si 1 tstone, sandstone and less commonly conglomerate. Kern Basin 
Formstion is the lowest section of the Idaho Group Gf Plixene 
age. lhe group was divided by Corcoran and others (1962) into 
three sections: two lacustrine units, Chalk Butte and Kern 
Basin Formations, separated by the Grassy Mountain Basalt. The 
Kern Basin Formation is not exposed throughout the area. 

Corcoran and others (1962) report thickness of the Grassy 
Mountain Basalt to be 152 m. (500 ft.) to 305 m. (1,000 ft.) 
thick. 
abundant rock type at the surface. Chalk Butte is composed of 
tuffaceous claystone and siltstone with lesser amounts of tuff 
conglomerate, ash beds, fresh-water limestone and minor 
interbedded basalt flows. 

'from 762 m. (2,500 ft.) to 1067 m. (3,500 ft.) (Bowen and 
Blackwell, 1975). 

It underlies the Chalk Butte Formation which is the most 

Thickness of the formation ranges 

These Tertiary units are covered by Quaternary alluvium and 
terrace gravels in the valleys of Snake and Malheur Rivers and 
Wi 1 1 ow Creek. 
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The dominant s t ruc tu ra l  feature o f  the area i s  the Western Snake 
River basin which i s  p a r t  o f  t h e  Snake River downwarp. This 
large s t ruc tu ra l  trough, occupied by the Snake River, extends 
from Yellowstone Park i n  Wyoming across southern Idaho and i n t o  
eastern Oregon. High-angle f a u l t s  which bound the large graben 
i n  Idaho have not been i d e n t i f i e d  i n  Oregon. 

Bowen and Blackwell  (1975) have indicated three f a u l t  zones i n  
the area. The Willow Creek f a u l t  has been i d e n t i f i e d  as a major 
northwest-trending f a u l t  zone based on physiographic expression 
and geophysical measurements. The f a u l t  i s  evidenced by the  
lineament formed by Willow Creek va l l ey  which extends f o r  48 km 
i n  a near ly  s t r a i g h t  l i n e  t o  the northwest o f  Vale. 

Vale Hot Springs i s  s i tuated on the f a u l t  which also traverses 
t h e  Cow Hol low geothermal anomaly. Willow Creek f a u l t  i s  
included i n  the ser ies o f  r i g h t  l a t e r a l  f a u l t  zones described as 
the  Vale Zone by Lawrence (1976) . 
The B u l l y  Creek f a u l t  p a r a l l e l s  the Willow Creek f a u l t  about 10 
km t o  the  west. U p l i f t i n g  o f  Owyhee Basalt on the west s ide of 
the B u l l y  Creek zone indicates t h a t  the area between the B u l l y  
Creek and Wil low Creek f a u l t s  i s  a graben. 

The t h i r d  f a u l t  known as the Malheur River f a u l t  runs northeast 
o f  Vale roughly p a r a l l e l i n g  the Malheur River. 
approximately perpendicular t o  the Willow Creek f a u l t  and Vale 
Hot Springs i s  located a t  the i n te rsec t i on  o f  the two zones. 

It i s  

(7) ( 8 )  

..Geophysical Summa 

e ? l  Bu t te  Quadr 
, s (1962). (7) 
~ 

n (1963) compi l ed  a reconnaissance map o f  the 
Western Snake River Basin and corre la ted the subsurface eology 
of the region based on d r i l l i n g  i n fo rma t i  
gas explorat ion wells. (12) 

An audiomagnetotelluric survey was ca r r i ed  out i n  the 
Vale-Weiser, Idaho area by Long and others (1976). The study 
del ineated f i v e  areas o f  anomalous low apparent r e s i s t i v i t y ;  
three i n  Oregon and two i n  Idaho. The Oregon anomalies are near 
Vale c lose t o  hot springs o r  areas o f  h igh heat flow. (13) 

The r e s u l t s  o f  g r a v i t y  and seismic studies have been published, 
by Couch (1975 and 1977). Grav i t y  data indicates t h a t  the hot 
springs are i n  high g r a v i t y  zones. 

from deep o i 4  and 

1 
I 

(11) (14) 4 d  1 
1 
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The Oregon Department of Geology and Mineral Industries has 
conducted geothermal gradient and heat-flow measurements in 
thirty-eight holes i n  the Western Snake River basin. Numerous 
existing deep holes fac i l i t a ted  a re la t ive ly  h i g h  density of 
geothermal data for  the area. 
dr i l led f ive  deep holes for verification of trends. Results of 
the investigation outlined three areas of anomalously high heat 
flow: Cow Hollow, Willow Creek and South Fork Jacobsen Gulch. 
Data and conclusions have been presented i n  various publications 
since 1972 and have been summarized by Bowen, Blackwell and  Hull 
(1977). 

The most prominent anomaly is Cow Hollow situated about 13 km 
southeast of Vale. The anomaly appears t o  follow a linear trend 
8 km long and 5 km wide. Within t h i s  area geothermal gradients 
range from 71 t o  233OC/km and heat-flow values range from 2.1 
t o  6.4 HFU. The anomaly appears t o  be related t o  leakage along 
the Willow Creek f a u l t  (Bowen and Blackwell, 1975). 

Four we1 1 s w i t h  gradients greater than 90°C/km and heat-f low 
values ranging from 2.0 t o  2.8 HFU indicated the Willow Creek 
anomaly which is centered about 16 km northwest of Vale. I t s  
relationship t o  the.Cow Hollow anomaly i s  not currently 
understood. 

The t h i r d  area is the South Fork Jacobsen Julch anomaly, north 
of Vale. 
heat-flow. 
the surface t o  32 m. The h i g h  gradient i s  due t o  warm water 
encountered i n  Owyhee Basalt and probably does not  continue 
below the basalt.  These resu l t s  indicate tha t  heat-f?ow 
anomalies i n  the region are probably related t o  water 
circulatioq in the Owyhee Basalt and Grassy Mountz-iri basalt 
aquifers, and t o  faul t ing which may aisrupt the basalt 
aquifers. (15) (8) (9)  

In addition, the Department 

Two holes about 11 km apart indicated an area of h i g h  
One well had a measured graident of 2400C/km from 

c 
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..Exploration Activities: 

The following private companies have undertaken exploration 
programs in the western Snake River basin. To secure 
corrpetitive interests, results of these investigtions have not 
been pub1 icly released. 

Chevron Oil - Neal-Bully Creek Area 

Completed drilling a shallow gradient holes in 1977. 
Drilled a 305 m. gradient hole in 1/78. 
Completed 5 152 m. holes of a 9 hole gradient drilling 
program in 10/78. 
Drilled a 610 m. gradient hole in 9/78. 

Amax Exploration - Bully Creek Area 

Planned to drill 3 610 m. gradient holes in late 1978. 

I 

Ore-Ida Foods - Ontario 

Seismic and gravity studies conducted in late 1978. 
Gradient drilling is planned upon completion of geophysical 
surveys. 
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RESERVOIR CHARACTERISTICS 

SITE: VALE KGRA 

. .Reservoir Temperature: Vale Hot Springs 

..Surface: 73% (1) 97% 

. .Subsurface: 16OoC (1) 18OoC 

. .Geochemical 

Si02: 153OC 
Na-K-Ca: 158OC (1) 

..Flow Rates: 75 lpm 

..pH: 7.47 

. .F lu id  Chemistry: 

(See following Table) 

. .Estimated Reservoir Heat Content: 810 MWe, 

..Subsurface Area of reservoir:  

(3)  

(3 )  

500 MWe (USGS) 

50 km2 estimated (1) 

, 
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. . .Chemical Analysis: 

M i t che l l  Bu t te  Unnamed Hot Spr ing 
Hot Springs Hot Springs Hot Springs Hot Springs Near L i t t l e  Val ley 

Vale Beulah Neal 

Spec i f i c  conductance 1,530 

S i l i c a  130 
Calcium 19 
Magnesi um 0.8 
Sodium 310 
Potassium 16 
L i th ium 0.28 
Bicarbonate 
Carbonate 
Su l fa te  100 
C h l  or  i de 360 
F lour ide  6.1 
Boron 9.4 
Temperature (OC) 73 
PH 7.47 
Flow r a t e  (lpm) 75 
Estimated Reservoir 

Temp ( OC) 160 

(micromhos) 

Un i ts  mg/l unless otherwise ind icated 

(3) (6) Location: Vale Hot Springs - Sec. 20, T.18S R.45E., W.M. 
Beulah Hot Springs - Sec. 2, T.l9S., R.37E. (west of Vale) 
Neal Hot Springs - Sec. 9, T.l8S., R.43E. ( s l i g h t l y  west of Vale) 
M i t c h e l l  Bu t te  Hot Springs (east of Vale) 
Unnamed Hot Springs 
(near L i t t l e  Val ley )  

Sec. 12, T.21S., R.45E. - Sec. 30, T.l9S., R.45E. (southwest of Vale) 

1,090 

170 
24 
0.2 

200 
6 
0.24 

161 
1 

290 
55 
4.7 
4.7 

7.56 
60 

50 

130 

1,010 5s9 740 

180 94 115 

190 
16 

8.8 
0.2 

0.3 
198 127 

1 3 1 
120 130 110 
120 28 74 

9.4 10.4 6.8 
4.1 0.49 4.7 

87 62 70 
7.32 8.69 8.71 

90 60 550 

v) 
0 
(u 

180 130 150 
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L :  
LAND OWNERSHIP AND LEASING 

SITE: VALE KGRA 

..Total KGRA acres: 22,998 (approximately 14,565 federal acres 
and 8,433 private acres) 

1 ..Private land leased in KGRA and vicinity: undetermined acreage 

Lease holders include: Magma Energy, Gulf Oil , LV0,Technology 
International, Standard Oi 1 , Geothermal 
Resources International 

..State Land Leased: 1,280 acres to Amax Exploration in Vale 
KGRA; 640 acres to Chevron Oil in Bully 
Creek area (outside KGRA) 

..Land Leased in KGRA: 13,921 Federal Acres 
1,280 State Acres 

15,201 Total 

. .Highest Priced Lease: $21.1l/acre 

..Competitive Leased Land: i 
$/Acre Lessee Acreage 

16.16 Union Oil 4 , 486 
21.11 Union Oil 3 , 525 
3.00 Geothermal Resources International 2,561) 
1.16 Amax Exploration 2,003 

10.26 Republ ic Geothermal 1,347 

. .Non-Competitive Leased Land (outside KGRA): 
Lessee 

Thermal Power 
U.S. Geothermal 
Amax Exploration 
Chevron Oil 
Earth Power 
Various Individual s 

..Tentative Lease Sale Date: 

Acreage 

7,051 
1,920 
2 , 515 
2,389 
7,347 

Undetermined 

None Scheduled 

j 

LI 
i .,Number of Sales Offered but no bids: 3 tracts ih 9/25/75 sale 
i 
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.Summary o f  Leasing Status and Needs: 

I n i t i a l l y  t h e  U.S.G.S. designated 8,940 acres as the  Vale KGRA. 
Addi t ional  geologic studies prompted them, on May 30, 1974, t o  
inc lude 11,535 acres i n  KGRA status. The BLM added 2,523 acres 
t o  the KGRA on December 18, 1974 due t o  overlapping 
non-competi t i v e  lease appl icat ions.  
were held on 6/17/74, 9/15/75 and 12/9/76 where a t o t a l  o f  
13,921 federa l  acres were leased. 
amount o f  p r i v a t e  property and publ ic  land adjacent t o  the KGRA 
have been leased. 

The Republic Geothermal lease covering 1,347 acres issued on 
August 30, 1974 was the f i r s t  federal  geothermal lease i n  Oregon. 

Competitive lease sales 

I n  addit ion, a s i g n i f i c a n t  



GEOTHERMAL DEVELOPMENT STATUS 

SITE: VALE KGRA 

. .Present Development Status: 

H is to r i ca l l y ,  Vale Hot Springs was used f o r  pub l i c  bathing i n  a 
natatorium. 

Three greenhouses near Vale Hot Springs have been heated by 
geothermal energy for  more than 20 years. 
bedding p lan ts  and cu t  flowers. 

Major crops have been 

. .Projected or  Planned Development: 

Ore-Ida Foods, Inc., a potato processing p lan t  i n  Ontar io  
(outside the  KGRA) i s  p a r t i c i p a t i n g  with t h e  U.S. Dept. of 
Energy i n  a cost shared demonstration pro jec t  t o  prove the 
f e a s i b i l i t y  o f  u t i l i z i n g  geothermal resources i n  the  food 
processing industry. Pre l iminary designs ind ica te  tha t  55 
percent of the  p lan t ' s  process energy requirements can be 
supplied by geo-heat. 
d r i l l i n g  are planned f o r  1978 w i th  the  system scheduled t o  be i n  
operat ion by ear ly  1980. 

A f i v e  acre mushroom growing f a c i l i t y  i s  beginning constructed 
i n  Vale adjacent t o  the present greenhouses. Geothermal energy 
w i l l  be used f o r  cool ing as wel l  as space and process heating. 
This may be the f i r s t  app l i ca t ion  o f  geothermal coo l ing  i n  
Oregon. 
operat ion i n  1979. 

I n i t i a l  exp lorat ion a c t i v i t i e s  and t e s t  

I t is ant ic ipated tha t  the f a c i l i t y  w i l l  begin 
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I NST I TUT I ONAL CONS I DERAT IONS 

SITE: VALE KGRA 

. . I n s t i t u t i o n a l  Requirements: 

I n  1974 Malheur County adopted the f i r s t  pre l iminary geothermal 
ordinance i n  Oregon. The ordinance provides f o r  issuance of 
permits, c o l l e c t i o n  o f  fees and provides penal t ies f o r  
v io la t ions.  

P r i va te  lands i n  the KGRA are zoned f o r  exclusive farm use 
(F-1), general farm use and r u r a l  res iden t ia l .  
zones, condi t ional  uses are permitted f o r  mineral explorat ion 
inc lud ing geothermal explorat ion and development. Any e n t i t y  
wishing t o  conduct explorat ion or  development on p r i v a t e  land 
must submit plans t o  the Malheur Planning Commission f o r  
approval. 
approval o f  the Vale City Planning Commission. 

Under these 

Explorat ion w i t h i n  the Vale c i t y  1 i m i t s  requires the 
(4) 

..Agency and Publ ic Att i tudes: 

From informat ion gathered , in  interviews during the compl i a t i o n  
o f  t h e  EAR, both l oca l  governments and the general pub l i c  i n  
Vale, Ontar io and Nyssa, are very support ive o f  geothermal 
developnent. People be l ieve ,that d i r e c t l y  o r  i n d i r e c t l y  t h e i r  
cornuni t ies w i l l  b e n e f i t  from geothermal development. (4) 

. .Status o f  Requirements (i .e., EIA/EIS Requirements) 

Environmental Analysis Report. f o r  the Vale KGRA released 5/74 by 
the Vale d i s t r i c t  o f f i c e  o f  BLM. 
EAR f o r  Vale KGRA add i t i on  issued 5 /  
EAR f o r  proposed geot hermal 1 eas i ng 
completed 2/76. 
EAR f o r  the Cow 



I E NV IRON ME NTAL FACTORS 

SITE: VALE KGRA 

..CLIMATE - Hot dry summers and cold wet winters. 
i 
i 

..Prevailing Winds: North to northwest i 

..Precipitation (Annual): 24 cm. 

. .Average Temperature 10% (50.8oF) 

Minimum: -2Oc (28OF) 
Maximum: 23.60~ (74.5OF) 

. . Degree Days (Annual ) : 5879 

..Relative Humidity (Seasonal Peaks) 

Summer: 30-40% 
Winter: 70-80% 

..AIR QUALITY: Quality is generally high. Bare ,land is 
susceptible to wind erosion which causes dust 
storms during dry periods. 

. . WATER QUALITY: 
Quality or’ the Nit’lheur River is currently low and intensive 
irrigation use degrades it further. The river is seasonally 
warm, high in sediment and dissolved solids. 
basic nutrients, nitrogen and phosphorous, are high, 
particularly phosphorous. 
have stimulated heavy algal growth. 
sol ids average over 1,000 mg/l. 
fluctuate with low flows and algal activity. 

Several ground water aquifers are within the KGRA. 
quality varies; some waters are not potable. 
152-183 m. produce warm water. 
6-12 m. deep. (4) 

Concentrations of 

These high nutrient concentrations 
Concentrations o f  dissolved 

Dissolved oxygen concentrations 

Water 
Some deeper wells 

Most potable wells in Vale are 
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..BIOLOGICAL 

. . Domi nant Flora: 
Intermount ai n ub steppe. Vegetation is the big 
sagebrush - grass association. This includes big sagebrush 
(Artemisia tridentata), bluebunch wheatgrass (Agropyron 
spicatum), Idaho fescue (Festuca idahoensis) , and 
squirreltail (Sitanion hystrix), among others. 

At higher elevations where sufficient moisture9 s present 
to sustain them the following tree species can be found; 

, willow (salix s , 
Pine ( +) inus 

Private land in the KGRA is almost entirely agricultural. 
A variety of row crops are grown under flood irrigation - 
sugar beets, onions, and potatoes predominate. A portion 
of the farmed area is in rotation between corn, alfalfa, 
grain, and row crops. (2) (4 )  

. . Dominant Fauna: 
Pronghorn antelope (Anti locarpa americana), mule deer 
(Odocoileus hemionus), Rocky Mountain elk (cervus 
canadensis) are the major mammals. Other species include 
insectivores, rodents, carnivores (coyote, cougar, foxes, 
skunk), raptorial birds and bighorn sheep. 

area west of Bully Creek, and along the upper Malheur 
Reservoir and the North and South forks are considered to 
be cl-i tical deer winter habi tat. 

f wild horses are located in the western 
e area. At the last BLM count, numbers 

-25% annually. (2) (4) 

in the vicinity of Malheur Reservoir, in the 

totaled 1,593. The herds are capable of increasing their 

flora: Hackelia cronguistii - found on di atomaceous 
earth deposits located 
south o f  Westfall. 

COI I ami a mairocalyx 
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The following may be in close proximity to the area: 

Allium robinsonii, Eriogonum ochrocephalum spp. calcareum, 
Lorratium minus, Pediocactus simpsoni i var. robustior, 
Penstemon seorsus, Polygonum heterosepalum, and Rhysopterus 
pluri jugus 

Fauna: Spotted frog (Rana pretiosa) 
Golden Eaqle 
Bald Eagle 
Peregrine Falcon (2 )  (4) 
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TRANS PORTAT I O N  AND UT I L I T  I ES 

SITE: VALE KGRA 

. .Uti l i ty o r  Energy Transmission Corridors d F a c i l i t i e s  

, Two 138 kv  l i n e s  owned by the Idaho Power Company in te rsec t  
a t  t h e  Ontario substation.. 

A natura l  gas p i p e l i n e  i s  i n  the area. 

..Transportation Corridors or F a c i l i t i e s  

Union P a c i f i c  Rai lroad-main1 ine running east-west and spur 
l i n e  running north. 

Vale i s  a t  the j unc t i on  o f  U.S. Routes 20 and 26. 

I n t e r s t a t e  80 i s  24 km east o f  Vale. 

s and secondary roads. 



POPULATION 

SITE: VALE KGRA 

.,General Descr ipt ion o f  Populat ion 

Approximately 75% o f  the populat ion o f  Malheur County (24,600) 
l i v e s  w i t h i n  a 40 km rad ius o f  the Vale KGRA. The p r i n c i p a l  
towns are Ontar io  (populat ion 8,950), Vale (1,900) and Nyssa 
(3,000). Vale i s  the county seat and Ontario i s  t he  major t rade 
center. 

' 

I n  general the county i s  undergoing a populat ion s h i f t  from 
r u r a l  t o  urban l i v i n g .  
are Japanese Americans, Mexi can Americans and Basques, 

Ethnic groups included i n  the populat ion 

..Economics 

..Present Land Use: 

The economy i s  large dependent on ag r i cu l tu re  and l ivestock 
production. 
Ag r i cu l tu ra l  pvoducts include sugar beets, onions, 
potatoes, corn, a l f a l f a  and dairying. 
p lahts  i n  Nyssa and Ontar io are major cont r ibutors  t o  the 
area's economy. 

Food processing 

..Future Land Use: 

Comprehensive land use plans f o r  Malheur County were 
adopted i n  August 1973. 
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NORTHEAST OREGON GEOTHERMAL PLANNING REGION 

The U.S. Geological Survey has classified portions of northeastern Oregon as 
being prospectively valuable for geothermal resources (PGRA). This area 
covers parts of the Blue and Wallowa Mountains and the Grande Ronde a d  
Baker and several smaller valleys. 

Known resource data indicates that the area is not suitable for geothermal 
electrical generation. However, given the availability of thermal water 
matched with the existing'economic base, the area i s  one of the most 
promising in Oregon for low temperature direct use applications of 
geothermal energy. 

Limited research in the vicinity has been concentrated on the hot spring areas 
of the Grande Ronde Valley. This' information is  presented in the following 
chapter titled LaGrande PGRA. Baker County and surrounding hot spring 
areas were not investigated in depth as part of this report, but should be 

n further study. 

~ 

I 

I 
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GEOTHERMAL ENERGY EVALUATION 

NON -EL ECTR I C GEO RMAL ENERGY AP 

: L A  GRANDE PGRA, OREGON 



1 
i 
i 
i 

LA C R A N E  PGRA 

/ 

i 
the valtey in T.3S., R.38E, Willamette Meridan. Small towns scattered f 

i 
The Grande Ronde Valley is  a complex faulted graben situated between the 
Wal Iowa, Elkhorn and Blue Mountains in northeastern Oregon. LaGrande, the 
county seat and largest population center, is located on the western margin of 

through the valley and LaGrande have a total urban population of about 15,360. 

Geothermal resources in the Grande Ronde Valley are expressed at the 
surface by hot springs. The springs appear to  be controlled by 
northwest-trending faults along the margins of the graben. 

1 

I 

i 

The most impressive springs are at  Hot Lake about 16 kilometers southeast of 
LaGrande. The springs discharge 1,500 liters per minute of 80°C water. 
Estimated minimum reservoir temperature based on Na-k-Ca geochemicat 
thermometers is 115OC. Hot Lake spring i s  situated on a major 
northwest-trending bounding fault known as the ,Craig Mountain Fault. The 
fault extends in a northwesterly direction from south of Union, along the 
northeast flank of Craig Mountain intersecting the Hot Lake area. There i s  
considerble disagreement among geologists concerning the possible extension 
of the fault under the valley alluvium beneath the city of LaGrande. 

Southeast of Hot Lake is another apparently fault controlled thermal spring 
known as Medical Springs. The springs flow 200 Iprn at 6OOC. Geochemical 
techniques result in a minimum reservoir temperature of 67OC. 

Several other warm springs occur around the margins of the valley, but none 
has surface temperatures above 3OOC. In the vicinity of LaGrande several 
wells which penetrate basalt under the alluvium produce water w i th  
temperatures above the normal gradient. 

Outside of the Grande Ronde Valley are two groups of springs located about 
40 kilometers southwest of LaGrande. Hidaway Hot Spring has a surface 
temperuture of 38oC and flows at approx;mokly 570 Ipm. Lehman Springs, 
used to heat water for a swimming pool, discharges 275 Iprn of 6lOC water. 
Geochemically determined subsurface temperature at  Lehman are estimated 
to be 98OC. 

222 



Geologic and geochemical characteristics of the Grande Ronde Valley, 
particularly the absence of post-Miocene' Icanism, indicate that the 
probability of a shallow magmatic body ac as a heat source for the 
thermal springs is remote. The nature of the heat source is not known. 
Extensive folding a lting in the valley could provide zones for water 
circulation and ma trol the location of the hot springs. Resource 
assessment is needed to confirm reservoir characteristics. 

Preliminary investigations suggest the most promising use of the LaGrande 
area resources will be for moderate temperature direct use applications. 
Chemical analysis of the hot springs reveals low concentrations of silica and 
calcium and total dissolved solids which make the waters well suited for 

g, food processing, drying of grains and lumber, and greenhouse 

t Lake, approximat kilometers from LaGrande, has the best pot 
for development of the identified resources. Thermal waters are cur 
being used for space heating in a small manufacturing building and a hotel. 
The resort is being refurbished and plans include expanded use of geothermal 
energy for space heating, spa facilities, greenhouses and an aquaculture 
project. 

The large volume of water and estimated subsurface temperature of 120OC a t  
Hot Lake are sufficient to meet the process heat requirements of an 
industrial park at  the site. Potential uses include food processing, cold 
storage facilities, grain and crop drying, milk pasteurization and feed-lot 
operations. Energy consumers such as greenhouses, aquaculture ponds, and 
mushroom growing plants all of which require relatively low temperatures 
would make a cascaded system viable. 

The existing agricultural and lumber complex in the .LaGrande area could 
meet a considerable percentage of i t s  energy demands with geothermal 
energy provided that the resource was readily available. These energy needs 
are currently met wi th conventional fuels. Geothermal could supply process 
heat to the Island Park industrial site, lumber operations for kiln-dryipg, food 
processors requiring heated water and i ries involved in drying organic 
mater ial s. 

In addition to meetin ndustrial needs, geothermal energy could benefit the 
commercial and residential sectors with the establishment of a district 
heating system. Such a system is operating in 
the development stage at Klamath Falls, Oregon. 
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The f irst step might be to set up a demonstration project for district heafing. 
Initially, it could provide space and water heating to Eastern Oregon State 
College, three public schools, county courthouse, hospital, and a semi-public 
off ice bui Iding. These structures emcompass almost are feet and 
are all concentrated on the south side of LaGrande. ives of these 
institutions have taken an +active interest in the possibility of geothermal 
heating. 

However, unless the resource at Hot Lake could be economically delivered to 
LaGrande, a closer resource must be proven to realize industrial and district 
heating use of geothermal energy. Exploration activities such as geologic 
mapping and deep gradient hole drilling should be conducted to determine if 
the Craig Mountain Fault runs under the lacustrine deposits beneath 
LaGrande. If a suitable resource i s  discovered, given the favorable local 
attitudes, presence of end users and compatibility with land 
geothermal development could be realized in the short term. 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: LA GRANDE PGRA 

..Latitude: 450 19' N 

..Longitude: 1180 5' W 

. .Recti l inear: T.3S., R.38E 

..County: Union 

..Adjacent Counties: aker, G i l l i a m ,  Umat i l l  

. .Map Reference: U.S.G.S. Topographic - Craig Mtn. , Oregon 1 :24,000 
AMs - Grangeville, Idaho - Oregon - Washington 
1 : 250 , 000 

. .Topography 

LaGrande i s  s i tuated i n  the Grande Ronde Val ley wh ich - i s  a 
broad, low l y i n g  v a l l e y  i n  the Blue Mountain physiogrbphic. 
region. The va l l ey  i s  bordered t o  the east by the Wallowa 
Mountains and t o  the west by the Elkhorn and Blue Mountains. 
The Grande Ronde i s  an i r regu la r ,  oval-shaped area o f  low r e l i e f  
approximately 39 km long an Level p la ins,  a l l u v i a l  
fans and terraces are prese 
Ronde River flows through t h e  Valley. Ele nde 
Ronde Val ley range from 822 t o  914 meters. 

9 km wide. 
on the va l l ey  f l o o r .  The Grande 

..Present Land Use: 

i 

i 

I 

I 
I 

I 
I B lue Mountains is. a h igh l y  scenic . a  
I 

I 

ib.' 
. . H i  s t o r  i c a3 /Arch aeo 1 og i c a1 S i g n i f i c ance : 

The Oregon T r a i l  crosses the v a l l e y  f l o o r .  



. .Geologic Description: 
The oldest exposed rocks in the area are Paleozoic. These 
consist of metavolcanic and metasedimentary rocks. The 
metasedimentary units, known as Clover Creek Greenstone, are of 
conglomerate, 1 imestone, chert and shale. Estimated thickness 
i s  915 meters. The metavolcanics consist of altered tuffs and 
basaltic to rhyolitic flows. Mesozoic intrusives of grabbo and 
quartz diorite composition intrude the Paleozoic metavolcanics 
and metasediments. 

A major unconformity separates the Permian - Triassic base units 
from the Tertiary clastics of the Clarno Formation. 
age, the Clarno Formation about 122 meters thick and consists 
of tuff breccia, si 1 icif i 

Overlying the andesitic rocks is Miocene Columbia River Basalt, 
primarily composed of basalt flows. Thickness is approximately 
1,800 meters. 

The Columbia River Basalt is overlain by olivine basalt about 
100 meters thick. Miocene platy andesite, in turn, overlies the 
olivine basalt. 
exist in the area. 

Of Miocene 

tuff and andesite flows. 

Quaternary volcanic rocks are not known to 

Lacustrine materials composed of unconsolidated clay, silt and 
sand of Eocene to Pleistocene age have been deposited in the 
graben valleys. The permeable deposits are now ground water 
aquifers. The bedrock patterns in the valleys have been 
concealed by accumulated deposits greater than 610 meters deep 
in some locations. 

Structure 

The Grande.Ronde Valley is a complex folded end faulted graben 
surrounded by four major structural-1 ithologic region 
include the Columbia Plateau, the Wal lowa-Blue Mount 
the Snake River Depressions and the Idaho Batholith. 

Along the east and west valley margins are numerous 
northwest-trending faults which are credited with the 
downwarping of the Grande Ronde basin. 
suggest that the major faulting which formed the graben occurred 
during the Pleistbcene. Total vertical displacement along the 
western border is approximately 100 meters, and 1220 meters on 
the eastern side, Individual faults have vertical displacements 
ranging from 60 to 460 meters. Noving away from the graben 
margins, vertical displacement decreases, 

Hampton and Brown (1 

226 



U 
The northern extension of Craig Mountain has been downdropped 
about 425 meters by i series of parallel  faul ts .  These f au l t s  
intersect  the northwest-trending Hot Lake f a u l t  a t  Hot Lake 
Spri  rigs. (3)  ( 4) ( 5) ( 6 )  (7) 

. .Geophysical and Gradient Data Summary: 

The Oregon Department of Geology and Mineral Industries measured 
temperature gradients i n  over a dozen pre-drilled wells i n  the 
LaGrande area. Only one shallow well (45 meters) had an average 
gradient above the normal for the region. (8) 1 

In 1974, Magma Power dr i l led an 831 meter exploration well one 
kilometer southeast of Hot Lake Springs. The measured gradients 
were apparently not  encouraging because Magma returned a l l  o f  
i t s  leases i n  the area. 
temperature gradients may be more favorable than were recognized 
since the well had not  reached equilibrium when the measurements 
were made. 

Speculation has been raised that  

MIAX Exploration Company has conducted a seismic noise surve 
near LaGrande. Results indicate tha t  the south Grande Ronde 
Valley i s  seismically inactive. (4) 

AMM has also tested 14 holes for  heat-flow measurements. An 
anomaly extending 5 kilometers from Hot Lake south t o  Union w i t h  
values as  h igh  as  2.9 heatflow units was revealed. Analyses 
suggest that  the anomaly i s  consistent w i t h  a horizontal 
northeast-trending hot water flow through the valley. AMAX 
postulates that  the la teral  water flow originates from the Craig 
Mountain Fault a 
River Basalt. ( 

ducted by interflow zones i n  Columbia 

. .Geologic Hazards: 

Lands1 i des have 
’ forming steep c7 i n  colluvial deposits on the v a l l  

margins. 

i n  units of Columbia River Basalt 

u 
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RESERVOIR CHARACTER1 STICS 

SITE: LA GRANDE .PGRA 

..Reservoir Temperature - Data from Hot Lake Hot Springs 
..Surface: 80°C (1) 

. .Subsurface: 1 2 0 0 ~  

..Geochemical ' - 

..Flow Rates: 1,500 lpm 

..pH: 9.21 

..Total Dissolved Solids: 526 mg/l 

i 

..Fluid Chemistry: 

Hot Lake Springs 

Location: T.4S., R.39E., Section 5 SE 1/4 

Reference 
Units 
Spec i f i c Conductance 

(mi cromhos) 
Si 1 ica 
Calcium 
Magnesium 
Sod i ~ I I !  
Pot as s i urn 
Lithium 
Bicarborate 
Carbonate 
Sulfate 
Chloride 
Flour i de 
Boron 
Temperature (OC) 
PH 
F1 ow 
TDS 

10 
mg/ 1 

688 
48 
4.9 
.1 

130 
2.7 
.03 

75 
12 
56 
140 
1.7 
2.9 

9.21 
80 

1500 l/min. 

9 
PPm 

11 
4.7 
.2 

142.4 
2.1 
.06 

20 
40 
49 
237.5 

4 
mg/l 

102 
4 
0.1 

132 
2.8 
0.03 

78 
10 
60 
131 
3.2 
3.6 

9.22 
1,514 l/min. 

82 

526 
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Medical Hot Springs 

Location: T.6S., R.41E., Section 25 NE  1/4 

Reference 10 9 

Spec i f i c  Conductance 

S i  1 i c a  80 61 
Cal c i  um 72 56 
Magnesium .2 .25 
Sod i urn 190 200 
Potassium 7 .O 3.9 
Li th ium .05 .06 
Bicarbonate 26 25 
Carbonate 1 0 
Su l fa te  400 385 
Chloride 77 150 
Flour i d e  
Boron 
Temperature ( O c )  60 60 
PH 8.23 6.2 
F1 ow 200 l/min. 50 gpm 
TDS 

Uni ts  ms! 1 PPm 

( m i  cromhos) 1,173 

1.2 
2.2 

4 
mg/ 1 

78 
56 

200 
0.2 

6.9 
0.04 
22 
1 

500 
80 
1.3 
1.9 

61.5 
8.36 

378 l/min. 
946 

Radium Hot Springs 

Location: T.7S., R.39E., Section 28 NE 1/4 . 

(outs ide Grande Ronde Val l ey )  

Reference 10 10 9 
U n i t s  mg/ 1 PW PPm 
Speci f ic  Conductance 

S i  1 fca 78 80 48 
Cal c i um 1.5 1.6 3.1 
Magnesium 0.1 ‘ 0  0.2 
Sod i um 58 63 56 
Pot a s s i um 1.1 2 0.8 
Li th ium 0.0 
Bicarbonate 86 5 25 
Carbonate 27 47 60 
Su l fa te  ’ 34 31 23 
Chloride ‘ 17 17 12.5 
Flour i de 1.3 1 
Boron 0.42 

PH 9.56 9.7 7.0 
Flow 1100 l/min. 230 gpm 300 gpm 
Col l e c t  i on Date 1972 1955 

(m i c romhos ) 290 290 

Temperature (OC) 58 57.2 57 
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Cove Hot Spring (Swimming pool) 

Location: T.3S., R.41E., Section 22 NW 1/4 

Reference 
Units 
Si1 i c a  
Calcium 
Magnesi um 
Sod i urn 
Pot ass i um 
ti thium 
Bicarbonate 
Carbonate 
Sul fate  
Chloride 
F 1 our i de 
Boron 
Temperature (OC) 
PH 
Flow 
TDS 

4 
mg/l 
36 
2 
0.1 

32 
0.8 
0.01 

112 
1 
7 
6.1 
0.3 
1 

42 
0.57 

1158 l/min 
196 

9 
PPm 

0 
1.4 
0.20 

66 
0.4 
0 

20 
20 

5 
25 

29 
9.8 

226 gpm 

..Estimated Reservoir Heat Content: .1 x 10l8 Cal (1) 

..Subsurface Area o f  Reservoir: Estimated 1.5 km2 (1) 
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LAND OWNERSHIP AND LEASING 

SITE: LA GRANDE PGRA 

..Land Ownership: Pr ivate  

. Land Leased: 

Federal (acres) - None 
State  (acres) - None 
P r i v a t e  (acres) - Unknown 

..Smmary o f  Leasing Status and Needs: 

Leasing proposals wil l  have t o  
owners. 

egotiated with p r i v a t e  land 



GEOTHERMAL DEVELOPMENT STATUS 
SITE: LA GRANDE PGRA 

\ 

..Present Development Status: e 

Cove - Geothermal heated pub l ic  swimming pool. 
Boise Cascade t ree  seedl ing greenhouses, 
7,300 sq. ft., are heated from the Cove Hot 
Springs a t  t h e  Cove swimming pool. 

- Space and pool heat ing a t  Hot Lake Hotel. 
Space heating a t  small i r r i g a t i o n  
manufacturing f ac i  1 i t y  . 

Hot Lake 

Medical Springs - Hot springs resor t .  

. Projected or P 1 anned Development : 

Hot take Hotel i s  being developed as a des t ina t ion  resor t .  

It i s  l i k e l y  t h a t  geothermal energy w i l l  be used extensively i n  
the renovated hotel ,  barn, and spa, and i n  greenhouse and 
aguacul t u re  appl icat ions. 

An i n d u s t r i a l  park i s  a lso being considered a t  the Hot Lake s i te .  



INSTITUTIONAL CONS I DERATION 

SITE: LA GRANDE PGRA 

. . I ns t i t u t i ona l  Requirements 

Cer ta in  explorat ion and development a c t i v i t i e s  may requi re a 
cond i t i ona l  use permit from the county. 

unsui table f o r  geothermal development by t h e  Oregon Energy 
F a c i l i t y  S i t i n g  Council. The Council has s i t i n g  au tho r i t y  over 
geothermal power p lants  which produce 25 Mw o r  more and 
geothermal p ipe l i nes  greater than s i x  inches i n  diameter and 
f i v e  m i les  i n  length. (11) 

eas south o f  LaGrande have been.designated as 

..Agency and Publ ic  A t t i t udes  . 

Local a t t i  tudes appear favorable t o  geothermal development. 

The Union County Plan specif i c a l  f y  states 'I. .potent ia l  
geothermal resources w i l l  be protected from encroachment which 
may l i m i t  developnent.. .'I i n  the fu tu re  and t h a t  ' I . .  .renewable 
energy resources, such as geothermal w i l l  be used i n  preference 
t o  non-renewable resources whereever possible. '' ( 9 )  

w 
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L. 
ENV I RONME N TAL FACTORS 

SITE: LA GRANDE PGRA 

. . CL IWTE 

. . Prevai 1 i ng Winds: 

During the winter, p r e v a i l i n g  southeastern winds commonly 
gust t o  50 mi les per hour. 

. .Prec ip i t a t i on  (Annual): 51 cm. 

..Average Temperature - 9.72% (49.5OF) 

Minimum: -.70c (30.6%) 
Maximum: 21.20~ (70.3OF) 

. .Degree Days (Annual ) : 6069 

..WATER QUALITY: 

Groundwater i s  obtained from lacust r ine deposits and a1 l u v i a l  
fans i n  the va l l ey  and from the  Columbia River Basalt. Yields 
are higher i n  the Columbia River  Basal t  averaging 700 gpm. 
P r e c i p i t a t i o n  i s  the primary source o f  recharge. 

Water q u a l i t y  i s  general ly good. The Grande Ronde River  has a 
hardness o f  about 20 p p .  
i n  Columbia River Basalt t o  93 ppm i n  the al luvium i n  
hardness. (3 )  

Groundwater ranges from about 18 ppm 

L# 
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.BIOLOGICAL . .  

. . Dominant Flora: 

Val l e y  areas are dominated by B ig  sagebrush/bluebunch 
wheatgrass associat ions i ncludi  
stands o f  juniper. 

Ponderosa pine, lodgepole pine' and Western l a rch  
communities cover the intermediate elevations. 

A t  higher e l e v a t i  

h grass and scattered 

the predominate vegetatS 

..Dominant Fauna: 

Elk, mule deer, waterfowl, grouse, pheasant and numerous 
non-game species. 

1 
I Rocky Mountain e l k  (Cerv 

I Odocoi leus hemionus columbianus) 
I 

d deer (Odocoi leus v i rg in ianus ochrourus) 

Ladd Marsh i s  managed by the s ta te  f o r  waterfowl habi tat .  
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TRANSPORTATION AND UT I L IT I ES 

SITE: LA GRANDE PGRA 

..Utility or Energy Transmission Corridors and Facilities 

Bonnevil le Power Administration maintains a 230 k v  transmission 
line and the Gekeler substation on the outskirts o f  LaGrande. 
Two other transmission lines, 69 kv and 138 kv, cross Union 
County connecting the area to the Pacific Northwest power grid. 

Natural gas pipeline is located approximately 3 km south of 
LaGr ande. 

. .Transportation Corridors or Faci 1 i ties 
Interstate 80 connecting LaGrande with Pendleton and Portland to 
the West, and Boise to the east. 

Highways 203, 237, and 82 plus numerous secondary roads. 

Union Pacific Railroad - two lines, one from the northeast .and 
one from the southeast, meet in LaGrande and head northwest. 

Amtrak ‘passenger rai 1 service. 

t 
1 

i 
i 
i 
i 

t 

ci+! 
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POPULATION 

SITE: LA GRA 

scr i p t i o n  o f  Populat ion 

Union County had a 1977 populat ion of 22,400, most o f  which i s  
concentrated i n  the  Grand Ronde Valley. A s h i f t  i n  growth 
patterns over the l a s t  f i v e  years has the r u r a l  areas growing 
faster than urban areas. Project ions estimated a populat ion o f  
22,800 i n  1980 and 24,677 by 1995. (2) 

Estimated 1976 populat ion f i gu res  and distances from LaGrande 
are below: 

LaGrande 11,140 
Union 2,160 21 km SE 

. E l g i n  1,735 30 km NE 
I s land  City 545 4 km NE 
Cove 480 22 km E 
Imbler 235 18 km NE 
Summervi 1 l e  115 20 km N 

4 

..Economics 
L 

..Present Land Use: P r inc ipa l  economic a c t i v i t i e s  are: 
a g r i c u l t u r e  (grains, l ivestock,  grass seed, f r u i t  and peas), 
manufacturing (lumber and wood products), government ( federal ,  
s ta te and local) ,  and r e t a i l  trade ( i nc lud ing  tourism). The 
major employers are the lumber and wood products industry, 
p r i m a r i l y  Boise Cascade and Terry T ra i l e r ,  and r e t a i l  trade. 

Lumber m i l l s  a t  Elgin, Union, Cover and LaGrande prcccss timber 
ng forests,  and Imbler i s  the center o f  a 
ndustry. (2) 

n County i s  1,301,760 acres, of which 71.3 
percent i s  t h b e r  land, 14.7 percent a g r k u l t u r a l  land, and 12.8 
percent range land. The approximate remaining 16,000 acres 
includes about 6,000 acres each o f  r u r a l  r e s i d e n t i a l  and urban 
areas, and t h e  balance i n  water bodies and pub l i c  uses no t  
within c i t y  v i c i n i t i e s .  About 65 percent o f  the county's 
i n d u s t r i a l  development i s  based i n  LaGrande and 
i n d u s t r i a l  park northeast of I s land  City. (2 )  
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..Future Land Use: 
Land use plans anticipate that rural residential acres will 
increase. The largest expansions for commerical development are 
planned for I s land  City (100 acres) and LaGrande (400 + acres). 
Greatest industrial growth i s  planned for Elgin (300 acres), 
Island Cit (industrial park - 200 + acres) and LaGrande (670 
acres). ($1 
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CASCADE MOUNTAINS GEOTHERMAL PLANNING REGION 
\ 

The Oregon Cascade Range is divided into two distinctive belts, the  
Western Cascades and the High Cascades. The High Cascades, which lie to 
the east, a re  composed of young volcanic rocks which show little evidence of 
erosion or deformation. Several glaciated volcanic peaks dominate the High 
Cascades and includes the  highest peak in Oregon, Mount Hood, elevation 
3,427 meters (11,235 feet). The Western Cascades are  much older and more 
deeply dissected than the  High Cascades resulting in a more rugged terrain 
with greater local relief. Western Cascade topography. is characterized by 
steep east-west ridges divided by valleys c u t  by the  Clackamas, Santiam, 
IVlcKenzie, and W illamette River systems. 

The Cascade Mountains a re  sparsely populated. Small communities a re  
located in the valleys and are largely dependent on the forest products 
industry for their livelihood. The area is used extensively for recreational 
activities and serves as important watersheds for the VVillamette Valley urban 
centers. 

In the broad perspective, population concentrations in the  Willamette 
Valley would benefit the most from geothermal development in the  Cascades, 
if the resources prove capable of meeting a portion of energy demand and 
environmental conce rn  can be mitigated. Approximately two-thirds of 
Oregon's population (2,472,000-1978 state total estimate) lives in the  
W illamette Valley including the  major metropolitan areas of Portland, Salem 
and Eugene. As well, much of the state's economic activity is centered in the 
W illamette Valley. 

jacent to the Cascade geothermal areas  most likely 
to benefit from commerical development include: Hood River, Clackamas, 
Marion, Linn and Lane. Combined 1978 population estimates for these areas 
totals 773,000. It should be noted, however, that these counties cover Q broad 
Greu not all of which would be effected by even large scal 
development. The principal industries in the  planning region 
agriculture, manufacturing, food processing and recreation. 

To discuss the  potential of geothermal development in the  Cascade 
Range, this report divides the region n the basis of physiographic 
characteristics, into two areas, High Cascades and Western Cascades. 

The five counties 
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high Cascades Region 
'y 

MOUNT HOOD KGRA 

The Mount hood KGRA is situated within T.2S., R,9E., Willamette 
Meridian (W.M.), Clackamas and Hood River Counties, Oregon. Government 
Camp, the closest community, is 12 kilometers south of Mt. Hood. Portland is 
approximately 80 km northwest of the KGRA. 

A t  3,427 meters elevation, Mt. Hood is the highest peak in Oregon and 
serves as a landmark from Portland and areas east of the Cascades. The 
mountain is a young volcanic cone which has been highly dissected by 
glaciation on the upper slopes and modified by stream activity on the lower 
f Ian ks. 

The KGRA and the majority of surrounding land is owned by the Federal 
Government and managed by the U.S. Forest Service as part of the Mt. Hood 
National Forest. Land use is focused on the area's natural resources with 
timber production and recreation of primary importance. The Mt. Hood 
National Forest Land Management Plan ( I  977) proposes to increase timber 
production and recreational opportunities while maintaining the scenic 
qualities of the mountain area. The environmental statement for the pian 
addresses geothermal 

The small portio icinity i s  concentrated 
along Highways 26 and 35. Population levels are low, but tend to fluctuate 
seasonally. The small percentage of private land available for residential 
development results in population densities approaching urban or suburban 
levels in the small existing communities. The population in these areas i s  

tentialeonly in general terms. 

f private land in the Mt. Ho 

uble or triple in the next 20 years. 

I re.source potential is indica 
ermal activity at Swim Warm Springs 

ortheast of Crater Rock near the summit 
20 fumarolic vents ar 

. the fumaroles range 
gallons per minute (gpm) at a temp 

eleasing gases to the 
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An extensive three year geothermal resource assessment of Mt. Hood 

was begun in 1977 as a cooperative effort  between various federal agencies 
and the  Oregon Department of Geology and Mineral Industries. Shallow 
temperature gradient drilling and geophysical surveys including; 
aeromagnetic, microseismic, infrared, magnetotelluric and telluric 
resistivity, and thermal modeling were begun in 1977. Deeper drilling, 
continued geophysical studies and additional gradient hole drilling a r e  
scheduled in late 1978. Expenditures for the resource assessment represents 
the largest geothermal research project to date  in Oregon. Results of the  
project will not only supply meaningful data  on the realistic geothermal 
potential of Mt. Hood, but will serve to broaden the  knowledge and 
understanding of Cascade volcanoes in general. 

Interest in developing the Mt. Hood geothermal resource has been keen. 
In September 1977 the  first geothermal lease on U.S. Forest Service land was 
issued to R.L.K. & Company, operator of Timberline Lodge. A shallow 
gradient hole wos drilted east of the Lodge, but difficult drilling problems 
caused subsequent abandonment. Apparently not discouraged, the  company 
drilled a second test well near the Lodge, which was spudded in Augusf 1978. 
The hole is permitted to a depth of 609 meters (2,000 ft.), and as of early 
October 1978 drilling had reached below 335 v e t e r s  ( I  ,100 ft.). 

If suitable temperatures and flow rates a re  indicated from test drillingj 
the proposed plan is to supply space heating to Timberline Lodge and the 
anticipated faci tities expansion, Swimming pool heating, and fo 
on roads and parking areas at  'the Lodge. I't has been esti 
canversion to .a geoheafing system would be cost effective if water near 93OC 
(2w0F) could be obtained. A geothermal heating system could displace the 
38,000 gallons of heating oil per month for Timberline Lodge, which ranks as 
the largest single-building oil consumer in Oregon. 

The Northwest Natural Gas Company (NWNG) is also interested in 
development of the Mt. Hood geothermal resource. The company holds 
assigned noncompetitive leases on 7,680 acres  (and possibly more). 

In late 1977 NWNG drilled a temperature gradient hoie to a depth of 564 
meters (1,850 ft.) a t  Old Maid Flat west of Mt. Hood. This well was 
incorporated into the federal-state resource assessment program and was 
deepened to 1,220 meters (4,003 ft.) during July and August 1978. 
Temperature probes indicated a bottom hole temperature of 80OC (176OF) 
shortly after drilling ceased. This reading is subjecf to change since the  well 
had not reached equilibrium temperature. Another temperature log which 
should result in a representative bottom hole temperature was planned for 
mid October 1978. Results of this deep test drilling a re  being evaluated to 
examine the  feasibility of Northwest Natural Gas Company's proposed heatihg 
project. 
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The objective of the exploration operation is to locate a sufficient 
resource to justify construction of a 48 inch pipeline over a 69 km (43 mile) 
distance to Portland for ' industrial processing and space heating. NWNG 
estimates that if a resource capable of producing 25,000 gpm of clean water 
at a temperature of 74OC (165OF) is discovered, it can be delivered to major 
users in the Portland area at less than the cost of the equivalent energy from 
natural gas or fuel oil. Thus far, the results from test drilling appear 
favorable for satisfying the temperature requirement; however, essentially no 
water flows were encountered during drilling. Further and/or deeper drilling 
may be necessary to locate fluids. The target is the Columbia River Basalt 
Formation which has proven to be a high quantity and quality aquifer 
elsewhere in Oregon and Washington. 

The drilling at Old Maid Flat encountered Columbia River Basalt a t  a 
depth interval from 618 to 991 meters, similiar to the thickness of the 
Columbia River Basalt exposed in the Clackamas River area. The group was 
not al l  basalt, however, but had large sections of andesite and andesitic tuff. 
Additional tests are continuing to better define the Mt. Hood geologic setting. 

The Portland General Electric Company (PGE) has expressed interest in 
the Mt. Hood geothermal resource and has obtained non-competitive (outside 
the KGRA) leases on 8,945 acres on the east side of the mountain. 
Considering the high cost of geothermal exploration, it appears likely that 
PGE wi l l  await the results of the cooperative re rce assessment project 
before undertakin 

rams at Timberline Lodge, Old Mai lat and the eleven 
shallow gradient holes around the base of the mountai re at1 part of the 
resource assessment project. Therefore, resulting data wil l be available as 
public information. 

L, 

I 

n investigation of i ts  own. 

Mt. Hood appears to have good potential for non-electric geothermal 
applications. Possible electrical generation does not appear likely now 
because of the lack of an identified sufficient resource and given the 
sensitive environmental concerns for the area. 

Assuming the Northwest Natural Gas Company's exploration program is 
successful and that environmental and land use concerns can be resolved, 
thermal water could supply a portion of the energy requirements for space 
heating and industrial processing in the Mt. Hood - Portland area. End uses 
could include small scale district heating systems in' th ommunities along 
Highway 26, industrial processing for pulp and paper mill the east Portland 
area, and larger district heating sys ms for residential and commercial areas 
in Portland. 
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Food processing operations in Parkdale and Odell in the Hood River 
Valley are potential end users if a suitable resource is  located on the east side 
of Mt. Hood that economically can be delivered to the site. Representative 
energy consumption figures for a food processing plant in Hood River and a 
paper mill in Oregon City are shown in Appendix 8. 

The Mt. Hood KGRA is within a designated Wilderness Area and is, 
therefore, unavailable for geothermal development under Forest Service 
regulations. If development is allowed to take place it will occur outside the 
boundaries of the KGRA. 

Further restrictions are possible as a result of the current RARE I I  
process being conducted by the Forest Service. In fact, 182,355 acres in the 
vicinity of Mt. Hood, are being evaluated for possible inclusion into the 
National Wilderness Preservation System, 

Most of the Mt. Hood area has been designated by the Oregon Energy 
Facility Sifing Council as unsuitable for geothermal development. The 
Council has siting authority for geothermal power plants and for pipelines 
greater than six inches in diameter and five miles in length. In spite of the 
unsuitable classification, it is assumed that the Council would cdnsider an 
application for site certification. 

The public is likely to be extremely sensitive to development because Mt. 
hood is a major recreation area for Willamette Valley urban areas, and has 
high aesthetic and hisforical value. Ehvirohrnental considerations in genetdl 
ate likely to be a major controlling factor effecting geothermal development 
in the Mt. Hood area. 
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SITE DATA SUMMRY 

SITE: MT. HOOD KGRA 

Physical Reservoir Data 

. Temperature OC 

Surface: 9OOC (1) Subsurface: 125OC 
estimated (1) 

..Total Dissolved Solids (PPM): 800 (Swim Warm Springs)  

..Type of Overlaying Rock: Lava (Quaternary) 

..Estimated Depth t o  Top of Reservoi 

..Site Land Status: 14 square miles of National Forest 'land on 
M t .  Hood designated KGRA. 

Total KGRA Acres - 8,671 (Federal 

Total KGRA Acres Leased - 0 (Fed 

. . Geot hermal De n t  Status: 

Exploration Hood has been ac 
largest geo research ef for t  

..Local and State  Attitude Toward Geothermal Development: 

Extremely sensitive. 

. .Land Use and Popul 

OP s, fores t  and d s  used prima 
timber production, recreation and agriculture. The M t .  Hood 

ulated b u t  over-a million people l ive w i t h i n  

The public i s  l ikely t o  be sensitive t o  
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SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: MT. HOOD KGRA 

..Latitude: 450 22' 5 "  N 

. .Longitude: 

..Rectilinear: T.2S., R.9E, secs. 16-22, 27-33, 

121° 42' 5'' W 

Willamette Meridian (W.M.) 

..County: Clackamas and Hood River Counties 

..Adjacent Counties: 

..Maps: 

Wasco and Mu1 tnomah, Oregon; Skamania and 
K1 ickitat, Washington 

U.S.G.S. Topographic Cathedral Ridge 1:24,000, Timberline 
Lodge 1:24,000 

..Topography 

The Mt. Hood geothermal area lies within the,Cascade Mountain 
Range at the crest of the High Cascade region in northern 
Oregon. 
Hood, the highest peak in Oregon, to 243 meters (800 ft.) on the 
mountain's slopes. Active glaciers and associated erosional 
features are present on the upper mountain slopes. 
and extensive mud flows are common. 

Elevations range from 3,427 meters (11,235 ft.) on Mt. 

Waterfall s 

. .Present Land Use: 
Land use in the Mt. Hood KGRA and vicinity is focused on the 
area's natural resources: tiv5er prnduction, recreation and 
agriculture. Other land uses such as transportation networks, 
and commercial and residential developments are based on the 
three primary uses. 

..Future Land Use Plans: 

The Mt. Hood National Forest proposed plan stresses improved 
efficiency o f  land use by concentrating developments to areas 
that are already committed to that use, providing needed support 
services , i ncreas ing agr i cul tur a1 act i vi ti es * timber product i on, 
opportunities for recreation, and maintaining the overall 
mountain area character. (2) 

Expansion of Timberline Lodge facilities i s  planned. 
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outside the KGRA and i s  c l a s s i f i e d  as a segment o f  the Oregon 
T r a i l  Route and t h e  National H i s t o r i c  T r a i l  System. Numerous 
known c u l t u r a l  resource s i t e s  are adjacent t o  the KGRA. 



GEOLOGICAL/GEOPHYSICAL DESCRIPTION 

SITE: MT. HOOD KGRA 

. .Geologic Description: 

The complex geology o f  the area r e f l e c t s  the volcanic h i s t o r y  
and g lac ia t i on  of Mt. Hood and recent stream deposition. 
Regional up1 ift, s t r u c t u r a l  deformation and erosion by stream 
and i c e  act ion has accompanied the accumulation o f  volcanic 
material,  f l a n k  sediments and al luvium since the Miocene age. 
Highly var ied and discontinuous rock types have resu l ted  from 
these processes. (2 )  

Mt .  Hood i s  an andesi t ic  stratovolcano of Pleistocene age. The 
composite cone consists of 01 i v i n e  andesite, pyroxene andesite, 
and hornblende dac i te  f lows and py roc las t i c  debr is w i th  an 
estimated volume o f  45 cubic m i les  (approximately 70 percent i s  
lava f lows). A s i g n i f i c a n t  quan t i t y  of mater ia l  has been added 
as a r e s u l t  of andesite f lows and the. i n t r u s i o n  o f  a plug dome 
since the end o f  g lac ia t ion.  Much o f  the surface geology has 
been mapped as Pleistocene Mt.  Hood c l a s t i c  debris, p r i m a r i l y  
pyroclast ic,  but  w i t h  considerable post-gl.dcia1 transported 
d e t r i t u s  on the surface. (4 )  ( la)  (12) 

Columbia River Basalt o f  mid t o  l a t e  Miocene age are the oldest 
exposed rocks. Outcrops are d i s t r i b u t e d  i n  an area surrounding 
Mt .  Hood which suggests t h a t  Columbia River Basal t  under l ies the 
volcano. 

The Rhododendron Formation, cons is t ing o f  v o l c a n i c l a t i c  debr is 
and interbedded andesite flows, unconformably over1 i e s  the 
Col iimhi a River Basalt. 

Contemporaneous w i t h  the Rhododendron Formation i s  the Dal les 
Formation. 
volcanic debr is w i th  some interbedded lava flows. 

Andesites o f  e a r l y  Pliocene age r e s t  conformably on the  
Rhododendron Formation. Above these u n i t s  are found: Mt .  Hood 
volcancics, g l a c i a l  and mudflow deposits, gravels, a1 luvium, and 
intrusives.  

A s t ra t i g raph ic  descr ip t ion of the Mt .  Hood area i s  avai lable i n  
Wise (1968 and 1969). (9) 

Of mid Pliocene age, the formation i s  made up o f  

(9) (10) (1  1 ] 

Major deformatian by f o l d l n g  and f a u l t i n g  o f  rock u n i t s  i s  
lacking i n  the M t .  Hood area. 
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. .Geophysical Summary: 

As p a r t  o f  the 3 year p ro jec t '  t o  assess the geothermal resource o f  
Mt.  Hood, t h e  fo l l ow ing  studies were made i n  1977: 

Aeroma ne t i cs  (David L. Will iams), se l f -po ten t i a l  (Don-B. 
Hoover 3 , microseismic (H. M. I y e r  and Craig S. Weaver) and 
i n f r a r e d  (Watson, Friedman and Will iams U.S.G.S.). 
Magnetotel lur ic and t e l l u r i c  e l e c t r i c a l  r e s i s t i v i t y  survey were 
done by Lawrence Berkeley Lab, Norjnan Goldstein and associates 
and Univ. of Cal i forn ia .  Marvin Beeson o f  Port land State 
U n i v e r s i t y  i s  studying Columbia River  Basalt i n  the Mt .  Hood 
area, and David Blackwell o f  Southern Methodist Univers i ty  i s  
do i ng thermal mode 1 i ng . 
Craig White o f  Un ive rs i t y  o f  Oregon has conducted geological and 
geochemical studies o f  young volcanic rocks and Don H u l l  o f  
Department o f  Geology and Mineral Indust r ies examined areas o f  
hydrothermal a1 terat ion.  Water chemistry was studied by Harold 
A. Wollenberg, LBL and others. (13) 
References t o  geophysical surveys: 

Couch, R. W, and Baker, B., 1977, Geophysical 
Invest igat ions o f  the Cascade Range i n  Central Oregon: 
F i n a l  Reports t o  U.S.G.S. 

U.S.G.S., 1977, 
Oregon: Open-Fil 

. .Gecjlogic tiatards: 

most recent recorded erupt ion 
Seismic occurrances have been 
Camp, i n  1976 on the northeast o r  sou 
and repor ted ly  i n  mid 1978. 

Other p o t e n t i  a1 
h igh water tab1 

(4) 
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RESERVOIR CHARACTERISTICS 

SITE: MT. HOOD KGRA 

. . Reservo-i r Temperature 

. .Surface: 90% 

..Subsurface: 125% (1) 

. .Geochemical 

Na-K-Ca: 16OoC estimated min imum - Swim Warm Springs (1) 

..Flow Rates: 

. .pH: 7.3 ( S w i m  Warm Springs) 

..Total Dissolved Solids: 800 (Sw im Warm Springs) 

25 gpm a t  27% (8OoF) a t  S w i m  Warm Springs ( 3 )  

. .Fluid Chemistry: 

Boron 
Cal c i um 
Chloride 
Mag ne s i um 
Man g ane s e 
Pot assi um 
S i  1 i c a  
Sod i um 
Sul fa te 
Temperature 
Ph 

Swim Warm Springs* Fumaroles 
0.15 

64 13 
( u n i t s  mg/l) 1 

2.8 
170 
51 

12 0.2 
92 19 

120 5.4 
240 77 

27OC 90% 
7.3 3.8 

0.05 

(4) 

Gas analyses o f  the fumaroles northeast o f  Crater Rock average: 

1.2 percent C02 98.7 percent H20, 0.03 percen 
0.003 percent ~ 2 .  (6) 

..Estimated Heat Content: . 3  x 1018 cal. (1) 

U.S.G.S. est imates 24 MWe with p o s s i b i l i t y  o f  up t o  100 MWe. 
U.S. Dept. o f  Energy/Division o f  Geothermal Energy postulates 
non-electr ic u t i l i z a t i o n  o f  100 MWe. ( 7 )  

..Subsurface Area o f  Reservoir: Estimated 2 km2 (1) 

* Swim Warm Springs i s  the on ly  ho t  spr ing i n  t h e  M t .  Hood area. t 
The springs flow a t  25 gpm a t  a temperature of 27OC (8OoF) 
i n  Section 24, T.3S., R.&E. (3)  

254 



LAND OWNERSHIP AND LEASIhG 

SITE: MT. HOOD KGRA 

..Land Ownership - Forest Service: 8,67 TOTAL AREA (Acres) 
FEDERAL (Acres) 

. .Land Leased: 0 

..Tentative Lease S 

The Mt .  Hood KGRA s w i t h i n  a designated Wilderness Area and 
therefore, under Forest  Service regulat ions,  i s  unavai lable fo r  
development. 

The f i r s t  geoth 
issued on Septe 
Timber 1 i ne Lodge. 

ase on U.S. Fo 
, 1977 t o  R.L.K. 



GEOTHERMAL DEVELOPMENT STATUS 

SITE: MT. HOOD 
~ 

. .Present Development Status: 

A three year detailed geothermal resource assessment of M t .  Hood 
was undertaken i n  1977 as a j o i n t  e f fo r t  involving the U.S. 
Geological Survey, U.S. Dept. of Energy, U.S. Forest Service and 
the Oregon Department of Geology. 

In 1977 geophysical surveys and shallow temperature gradient 
dr i l l ing  were begun. 
studies have continued i n  1978. Expenditures are expected t o  
total  almost t o  a million dol lars ,  which r 
geothermal research project t o  date i n  Ore 

In 1976 and 1977 a shallow gradient hole was dr i l led  eas t  of 
Timberline Lodge. Serious d r i l l i ng  problems were encountered. 
The bottom hole temperature of the 150 meter deep well near the 
lodge was 10.2OC one hour a f te r  dr i l l ing  ceased. 

Drilling began in August1978 on a second test  hole located near 
the maintenance shed a t  the lodge. The well has been permited 
t o  a depth  of 610 meters (2,000 f t . ) .  In early October 1978 
d r i l l i ng  had reached below 335 meters and was continuing. T h i s  
t e s t  hole has encountered considerable d r i l l i ng  d i f f i cu l t i e s ,  
particularly i n  cementing off cold water flow. 

Deeper d r i l l i n g  and continued geophysical 

esents the largest 

(4) 

A t  Old Maid Flat ,  on the west side of M t .  Hood, the Northwest 
Natural Gas Company ( N W N G )  d r i l l ed  a gradient hole t o  564 meters 
(1,850 f t .)  d e p t h  i n  1977. T h i s  well wzs incorporated in to  the 
federal - s ta te  resource assessment program and was deepened t o  
1,220 meters (4,003 f t , )  during July agd August 1978. Electric 
neutron density and f racture  logs were done i n  August. A 
temperature probe indicated a bottom hole temperature of 8 0 0 ~  
(176OF). T h i s  reading i s  subject t o  change since the well had 
not  reached equi 1 ibrium. Another temperature robe will be 
completed before the end of 1978. (14)(15)(16!. 
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U 
.Projected o r  Planned Developnent: 

D r i l l i n g  a t  Timberl ine Lodge i s  expected t o  continue t o  a depth 
o f  610 meters (2,000 ft.). Wy' East Explorat ion & Development 
Company i s  carry ing ou t  the program under the R.L.K. & Co. 
geothermal lease. If su i tab le  resources are located, the 
proposed plan i s  t o  supply space heating t o  Timberl ine Lodge* 
and t h e  ant ic ipated f a c i l i t i e s  expansion, and f o r  snow mel t ing 
on roads and parking l o t s  a t  the lodge. 

As p a r t  o f  t h e  resource assessment program, eleven 152 meters 
(500 ft.) gradient holes have been permit ted f o r  d r i l l i n g  around 
the base o f  Mt. Hood. This d r i l l i n g  program should begin i n  
October 1978 . 
Results o f  the deep d r i l l i n g  a t  Old Maid F l a t  w i l l  continue t o  
be evaluated t o  examine the f e a s i b i l i t y  o f  Northwest Natural Gas 
Company's proposed heating project .  The object ive i s  t o  locate 
a s u f f i c i e n t  resource t o  j u s t i f y  a 48 inch p ipe l i ne  over a 69 km 
(43 m i le )  distance t o  Port land for  i n d u s t r i a l  processing and 
space heating. 
l i k e l y  t h a t  fede funds w i l l  be sought f o r  a demonstration 
pro ject .  

I f resource c a p a b i l i t i e s  are proven, i t  i s  

*Timber1 ine Lodge, which uses approximately 38,000 gal  lons o f  o i  1 

L, 
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I NST ITUT IONAL CONS I DERAT IONS 

SITE: MT. HOOD 

. . I ns t i t u t i ona l  Requirements: 

Oregon Law (ORs 469.300) requi res a geothermal power p lan t  o r  a 
p ipe l i ne  greater than s i x  inches i n  diameter and 5 mi les o r  
longer i n  length t o  be c e r t i f i e d  by the Energy F a c i l i t y  S i t i n g  
Counci 1. 

Areas defined by the Council as "Natural Resource Areas" have 
been designated as unsui table fo r  geothermal development. 
Explorat ion a c t i v i t i e s  i n  the Old Maid F l a t  area border or  are 
i n  areas designated as unsuitable. 

I n  March 1978 l e g i s l a t i o n  was passed which w i l l  include the 
e n t i r e  (w i th  the poss ib le  exception of two sect ions) Mt .  Hood 
KGRA i n  Wilderness c l a s s i f i c a t i o n .  

The B u l l  Run Reserve (watershed fo r  Port land) was reopened i n  
mid 1978 a f t e r  being closed for several years. 
t h a t  any geothermal development which impacts' the watershed w i  11 
be permitted. 

I t i s  u n l i k e l y  

..Agency and Publ ic At t i tudes:  

The pub l i c  i s  l i k e l y  t o  be extremely sens i t i ve  t o  geothermal 
development because Mt.  Hood i s  a major recreat ion area f o r  the 
populat ion centers i n  the Wil lamette Valley, and has high 
aesthet ic and h i s t o r i c a l  value. 

I n  June 1978, pub l i c  involvement. sessions were held t o  s o l i c i t  
i npu t  t o  goals establ ished by  t h e  Forest Service f o r  t he  
Clackamas Planning Unit.  O f  the 70 responses t o  the goal f o r  
prov id ing opportuni ty f o r  energy development, 27 percent f e l t  
t h a t  i t  was very important, 30 percent-important, 20 
percent-desirable and 23 percent undesirable. 

8 

(17) 

The goal was revised t o  state, "Provide opportuni ty f o r  energy 
developnent. 
impacts and c o n f l i c t s  w i th  other uses o r  damage t o  surface 
resources". 
attendance expressed t h a t  geotherrna 9 development i s  incompatible 
w i t h  other values. (17) 

Energy development w i  11 minimize environmental 

A s i g n i f i c a n t  percenta e o f  the p u b l i c  i n  
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..Status o f  Requirements (i .e., E I A / E I S  Requirements) 

Draf t  EAR f o r  proposed leasing o f  geothermal resources w i t h  
non-surface occupancy restr ict ions-completed by M t .  Hood 
Nat ional  Forest i n  1977. 

F i n a l  Environmental Statement f o r  Mt.  Hood Planning U n i t  
Interagency Land Use Plan - completed 10/77. This  E I S  addresses 
geothermal development only i n  general terms. 

The second land use planning u n i t  encompassing the  Mt.  Hood 
Geothermal area i s  f o r  Clackamas, south o f  Mt .  Hood. The d r a f t  
land management plan f o r  t h e  Clackamas u n i t  i s  scheduled f o r  
release i n  March 1979. 

A large po r t i on  o f  the Mt .  Hood geothermal area i s  being 
evaluated f o r  possible a l l oca t i on  t o  roadless lands through the  
U.S. Forest Service Roadless Area Review and Evaluat ion (RARE 
11) process. A f t e r  examining the areas and s o l i c i t i n g  p u b l i c  
comment the Forest Service w i l l  make one o f  the fo l l ow ing  
determinations: recommend f o r  i nc lus ion  i n  t h e  National 
Wilderness Preservation System, recommend f o r  fur ther  study, 
r e t u r n  t o  mu1 t ip le-use designation. 

As c l a s s i f i e d  by the Forest  Service i n  the Oregon Supplement t o  
the  Draf t  Environmental Statement RARE 11, none o f  the areas 
under study have producing, proven or  possible geothermal 
resources. This, despite the f a c t  t h a t  t he  KGRA i s  included i n  
one o f  the study areas. 
f ol l,owi ng: 

The areas i n  question include the 

Area Administrat ive D i s t r i c t  Total  Forest  Service 
Area - Code M t .  Hood Natfonal Forest Acreage Ownership Acres . 

Ezgle @90 Columbia Gorge Renyer 41,200 4,C52 

091 Columbia Gorge & Hood 10,874 

D i s t r i c t  

River  D i  s t r  i c t s  

2 Columbia Gorge D i s t r  11,000 

Hood River & Zigza 11,470 

Wind Creek 094 Zigzag D i s t r i c t  6,088 6,088 

Salmon-Huckleberry 095 Bear Springs, Estacada 68,800 68,330 

Twin Lakes ’ 096 Bear Springs D i s t r i c t  5,385 5,385 

Badger Creek 097 Barlow Ranger D i s t r i c t  27,382 27,302 

D i s t r i c t s  

& Zigzag D i s t r i c t s  
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ENVIRONMENTAL FACTORS 

SITE: MT. HOOD 

. . CL IWTE 

..Prevai l ing Winds: 

West (Dry east winds occur during September and October) 

. .Precipi tat ion (Annual): 

P r e c i p i t a t i o n  varies g rea t l y  w i t h  e levat ion and occurs 
p r i m a r i l y  dur ing the winter months, mainly as snow above 
the 1,067 meter elevation. Ranges from approx. 165 cm. a t  
305 m. t o  356-432 cm. a t  1,219-1,524 meters. 

..Average Temperature 
. 

Minimum: -7 t o  - 1 0 ~  (20-30oF) 

Maximum: 10 t o  16% (50-60°F) 

. . Degree Days (Annual ) : 

7,949 (Estacada) Number o f  degree days would be much higher 
i n  t h e  Mt .  Hood area. 

..Relative Humidity (Seasonal Peaks) 

Sum.er : 50-60 percent 
Winter: 79-80 percent 

..AIR QUALITY: 

A i r  q u a l i t y  i s  bel ieved t o  be r e l a t i v e l y  high i n  the Mt .  Hood 
area, although actual  cha rac te r i s t i cs  are not  known since no 
measuring s tat ions are maintained. Generally there i s  good a i r  
dispersion on the upper slopes of the mountain due t o  near ly  
constant winds. Prox imi ty  t o  the Port land metropol i tan area 
does af fect  a i r  q u a l i t y  but  t h e  extent of t he  in f luence i s  no t  
known. (2) 
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The major sources of pollution are dust, vehicle emissions and 
smoke from slash burning. In the Devil's Kitchen area near the 
summit of Mt. Hood the fumaroles contain up to nearly 0.2 
percent H ~ S ,  as well as su hur precipi tate. Concentrations 
of H ~ S  at Swim Warm Spring are general ly below the detection 
limit. (4) 

The Oregon Department of Environmental Quality has special 
restrictions applied to air qual1 ty standards in wilderness 
areas. 

..WATER QUALITY: 

Water quality is general1 ery high above pop d areas. Mt. 
Hood is a ground water recharge area. 
Numerous rivers and creeks are in the area. 

. .NOISE: 
Noise levels are extremely low except in the developed areas 
along Highway 26, developed recreation areas and in 
communities. Activities that generate higher noise levels like 
logging and gravel operations tend t 
from residential areas. (2) 

temporary and distant 

. . BIOLOGICAL 

..Dominant Flora: Coniferous species 
Below 762 m: 

Above 1,067 m: / 

Pacific silver 

Forest becomes disco 
averages 1,981 m. in 

A wildlife species list is included in the Mt. Hood 
Planning Unit Environmental Statement. 



. .Endangered Species 
flora: Pit o us californicus 

*hum Kruckebergi i 

Plants being considered for adoption as Rare, Endangered, or 
Threatened by the Oregon Rare and Endangered Plant Species Task 
Force. 

, glandulosa 

1 arseni i 

Arabis furcata 
Arenaria urnicola 

Calama rostis breweri 

C i m i c a f u m n i  ata 
Collomia debilis var. 
C ri edium montanum 

Eburo h ton austiniae 
A m b e 1  1 atum var. hausknech 
Habenaria orbiculata 
Hemitomes congestum 
Hulsea nana 
Hypopitmonotropa 

Betula glan 5-7- u osa var. * a ypso u osa 

& I 7  

- L. inundatum 
Parnassia fimbriata var. hoodiana 
Penstemon eugl aucus 

Phlox hendersoni i 
Pityopus califorr?icz * 
Pleurocospora fimbriolata 
- Poa suksdorfii 
Polystichum andersoni i 

Smelowskia ovalis 
Thelypteris nevadensis 

ti i - 

*Also listed by the Smithsonian Institution as Endangered or 
Threatened. (2) 

262 



Fauna: 

Oregon State Threatened Classification: 

American Peregrin Falcon (Falco peregrinus 
anatum) 

Northern bald eagle (Hal iaeetus leucocephalus 
a1 ascanus) 
Northern spotted owl (Strix occidentalis caurina) 
Wolverine (Gulo luscus]-’ 
Western S p o m  Frog(Rana pretiosa) 



TRANSPORTATION AND UTILITIES 

SITE: MT. HOOD 

..Utility or Energy Transmission Corridors and Facilities 

Bonnevi 1 le Power Administration (BPA) owns four transmission 
lines which carry power generated from the Columbia River 
hydroelectric sites west into Portland. There is one 230 K V  
line, one 500 K V  line, one 287 K V  capacity line operating at 230 
KV, and one 345 K V  line operating at 230 KV. 

There are numerous other transmission lines in the Mt. 
Hood-Portland area owned by the Portland General Electric 
Company (private) and the Pacific Power and Light Company 
(private). 

A major gas line 
of the area. 

30 cm (24 inches) is within 16 km (10 miles) 

..Transportation Corridors or Facilities 

U.S. Route 26 - the most direct route between Portland and 
the Mt. Hood recreation areas. 

Oregon Highway 35 - runs east and northward to complete the Mt. 
to the Hood River community. Hood Loop 

Highway 35 connects to Interstate 80 at Hood 
River. 

Secondary roads include: Tiinberl ine Road, Bennett Pass Road, 
Cloud Cap Road, West Leg Road, Still 
Creek Road, Truman R ~ a d ,  LCIO Pass Road. 

There are numerous Forest Service and logging roads in the vicinity. 

Primary railroad is located 16 km (10 miles) from the area. 
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u 
POPULATION 

SITE: MT. HOOD, OREGON 

..General Desc r ip t i o  o f  Populat ion 

Populat ion o f  t h  Mt.  Hood area (Mt.  Hood Nat ional  Forest  
Planning Unit) was estimated t o  be between 7,060 and 7,160 i n  
1975. Seasonal residents comprise approximately 57 percent o f  
the t o t a l  with the remaining 43 percent as permanent 
residences. Populat ion increased between 1970 and 1975 and i s  
expected t o  double o r  t r i p l e  i n  the next 20 years. 

The heavy seasonal f lucuations i n  populat ion corresponding t o  
seasonal recreat ion and employment patterns double populat ion 
dens i t i es  during c e r t a i n  times o f  the year. 

Most of t he  populat ion i s  concentrated along Highways 26 and 
35. Areas avai lable f o r  development already have densi t ies 
approaching urban o r  suburban areas. This pa t te rn  i s  l i k e l y  t o  
continue t o  increase since only a small percentage o f  land i s  i n  

Prox imi ty  t o  Port land and other populat ion centers o f  the 
Wil lamette Val ley draws many people i n t o  the  M t .  Hood 

p r i v a t e  ownership. (2 )  

Populat ion 

Chet-ryvi 1 l e  and Alde 

Brightwood t o  Sleepy 

Zigzag 750 (seasonal & permanent) 

Rhododendron 320 (high precent seasonal) 

Wildwood, Welches and Wemme 

520 (few seasonal) 

1600 (40-50 percent seasonal) 
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..Economics 

Present Land Use: 

266 

Primarily National Forest. 

Recreation and tourism, including three major resort 
establishments.’ 

Timber management contributes significantly to the local 
and regional economy. 

Employment in logging operations in the Mt. Hood vicinity 
is seasonal, generally six to nine months. 

Agricultural operations are located northeast of Mt. Hood 
in the upper Hood River Valley and consist primarily of 
apple and pear orchards. The fruit is processed in 
Parkdale and Ode11 and marketed reg iona l  ly and n a t i o n a l  ly. 

Small retail and commercial sectors are developed in the 
Mt. Hood communities and along the highways to provide 
services. 

..Future Land Use: 

The Mt. Hood National Forest proposed plan stresses 
improved efficiency of land use by concentrating 
development in areas already committed to that use, 
providing adequate support services, increasing 
agricultural and timber productivity and recreational 
opportunities, and maintaining the overall mountain area 
character. (2) 



Western Cascades 

To the west of the High Cascades is the older, more deeply dissected 
mountainous belt known as the Western Cascades. The area has been 
described as a sloping plateau that is so throughly dissected that l i tt le of 
the original plateau surface is evident. The predominate pattern is one 
of valleys and ridges with the greatest amount of local relief in the areas 
of the major streams. 

Unlike the young volcanics of the High Cascades, the Western Cascades 
rock units generally show the effects of folding and faulting. The major 
hot springs of the Western Cascades are aligned in a relatively narrow 
zone nearly parallel to the axis of the range. Baldwin (1964) has 
suggested that a north trending fault controls the alignment of these 
springs. This series of hot springs all flow from structurally deformed 
volcanic strata of the Tertiary Western Cascade Group and generally run 
along the 122O West meridian. Each of the hot springs areas have been 
classifed by the US. Geological Survey as a Known Geothermal Resource 
Area. As discussed in the following subchapters, the major thermal 
springs are, from north to south; Carey, Breitenbush, Belknap, Foley and 
McCredie. 
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CAREY HOT SPRINGS KGRA 

The Carey Hot Springs KGRA is located in T.6S., R.7E., W.M., in 
Clackamas County, Oregon. The area is  locally known and shown on Forest 
Service maps as Austin Hot Springs. The logging and recreational oriented 
community of Estacada with a population of 1,620 is about 40 km (25 miles) 
northwest of the hot springs. 

The topography of the KGRA i s  typical of the Western Cascades - rugged 
forested land with steep slope: and well developed river valleys. Elevation at 
the hot springs is  520 meters (1,706 ft.). The +rings discharge into the 
Clackamas River which is a tributary of the Willamette River. 

The KGRA covers 7,419 acres of which all but 160 acres is in federal 
ownership. Public land is  managed as part of the Mt. Hood National Forest. 
Private land is owned by the Portland General Electric Company PGE) which 
maintains a public recreation site for picnicking and swimming at  the hot 
springs. PGE also owns a transmiSsion line which runs east to west one mile 
south of the hot springs on Forest Service land. Another PGE transmission 
line begins at the Three Lynx power station about 22 km north-northwest of 
the KGRA and travels east. 

Completely surroundin Carey Hot Springs KGRA i s  National Forest 
land used intensively for ti production and recreation. Population levels 
are low. A few persons are housed at the Forest Service Ripplebrook Ranger 
Station about IO km from the hot springs and several PGE employees reside 

ntain the small power station on the Clackamas River. 
mmunity is  Estacada. It is primarily aslogging town 

i te  of a Forest 

the KGRA are 

and the alignment of the springs appears to be fault controlled (Hammond 
1976). The springs discharge 950 liters per minute (Ipm) of 86OC water. 
Silica geothermometry indicates that temperatures as high as 124OC may be 
encountered at depth. 



Development interest has been expressed by the filing of lease 
applications in areas around the  KGRA and the drilling of a gradient hole by 
Sunoco Energy Co. The company drilled a 457 meter  (1,500 ft.) well as a 
temperature monitor hole about 2.4 km east of Carey Hot Springs. Drilling 
and temperature data has not been released. 

Two test wells near Carey Hot Springs have also been drilled by the  
Oregon Department of Geology and Mineral lndustr ies. The average gradients 
between IS and I50 meters were 2970 C/km and 81° C/km. 

The range of potential geothermal applications based on the  estimated 
subsurface temperature of I 25OC includes: space heating, aquaculture, 
greenhouses, de-icing, drying of organic materials, commercial processing and 
kiln drying of lumber. Implementation of such uses is hampered by the lack 
of resource certainty and by the limited population of the area. 

The closest concentration of energy consumers is in Estacada about 40 
km away. Although the town may be too small to economically justify a 
heating district on its own, a large industrial user such as the Crown 
Zellerbach mill could possibly improve the  chances of piping hot water from 
the Carey Hot Springs area. Deep exploration is necessary to prove the 
capabilities of the resource. However, exploration is not likely to begin until 
land positions have been established. 

Competitive leasing will not take place and non-competitive lease 
applications cannot be processed until an environmental statement covering 
the Carey Hot Springs area has been completed by the Forest Service. The 
Clackamas Unit Land Management Plan is now being developed with a draf t  
scheduled for release in March 1979. The plan will provide criteria and 
guidelines for leasing decisions but action cannot be taken until the  plan 
becomes final. 

The RARE I1 process now underway has included 78,208 acres  of the  Bull 
of the  Woods and Olallie Lakes areos in the  vicinity of the  KGRA as potential 
sites for roadless or wilderness classification. Geothermal development 
would not be permitted in areas so designated. 

Environmental concerns in general, as expressed by the public and 
government agencies, a r e  likely to be  a major factor in controlling 
geothermal development not only at Carey Hot Springs, but in all areas of the 
Cascades. 

t 



SITE DATA SUMWRY ' 

SITE: CAREY HOT SPRINGS KGRA (Aust in  Hot Springs) 

. .Physical Reservoir Date 

. .Temperature OC 

Surface: 86OC (185OFI (1) 
Subsurface: 125OC (257OF 

..Type o f  Overlaying Rock: 

..Estimated Depth t o  Top o f  Reservoir (meters): 1,500 (8) 

..Site Land Status - Most o f  the land i s  i n  Mt .  Hood National 
Forest  ownership. 

O l i v ine  basal t ,  basa l t i c  andesit 
pyroxene andesite 

/ 

To ta l  Acres - KGRA 7,419 (Federal) 
Total  Acres Leased None (Federal ) 

. .Geothermal Development Status: 

Two temperature gradient holes have been d r i l l  
Department o f  Geology and Mineral Indust r ies.  
Sunoco Energy Company d r i l l e d  a 457 met 
hole. 

Few permanent residents. 
P r imar i l y  Nation Forest  land. Tim 
recreat ion.  

. .Comments and C r i t i c a l  Issues: 

u Leasing decisions cannot take place u n t i l  the land management 
plan has been completed by the  Forest  Service. The d r a f t  p lan 
i s  due i n  March 1979. 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: CAREY HOT SPRINGS KGRA 

..Latitude: 450 01' 2: N 

..Longitude: 122O 0' 6'' W 

..Recti l inear: T.6S., R.6E., Secs. 24, 25, 36; T.6S. , R.7E., 
Secs. 19-21, 28-33, W.M. 

..County: Clackamas 

*.Adjacent Counties: 

..Maps: F i sh  Creek Mountain - 1:62,500, Vancouver - 1:250,000 

Marion, Yamhi 11, Washington, Multnomah, Hood 
River, Wasco 

. .Topography 

Rugged forested land i n  the Western Cascades. 
ho t  springs i s  520 m. (1,706 ft.). 
the Clackamas River bottom and surrounded by steep slopes. 

E levat ion a t  the 
The springs are located i n  

..Present Land Use: 

The publ ic  land i s  maintained by the U.S. Forest  Service f o r  
t imber management and recreat ional  purposes. Adjacent t o  the 
hot springs, Port land General E l e c t r i c  owns 160 acres which are 
establ ished as a developed recreat ion s i t e .  

..Future Land Use Plans: 

Land use goals and plans are being developed for  the area i n  
federal ownership by the  Mt.  Hood National Forest. A d r a f t  p lan 
i s  due i n  March 1979 and w i l l  l i k e l y  s t ress timber production, 
recreat ion and roadless areas. 

. .Aesthetics: 

The forested character o f  t h i s  Western Cascade region 
contr ibutes t o  the o v e r a l l  h igh scenic value. 

. . H i  s t a r  i c a l  /Archaeological Signif icance : Unknown 
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GEOLOGICAL/ GEOPH Y S I CAL DESCR I PT I ON 

SITE: CAREY HOT SPRINGS 

. .Geologic Descript ion: 

ey Hot Springs area was included i n  a geologic study o f  
the cen t ra l  and northern Oregon Cascades by Peck and others 
(1964). 

The oldest exposed u n i t  i n  the hot springs area i s  the Nohorn 
Formation o f  mid t o  l a t e  Miocene age. 
Western Cascade Group present i n  the area include: 
Creek Formation composed pr imar i  l y  o f  volcanic sedimentary rocks 
(mid t o  l a t e  Miocene); young basal ts o f  High Cascade or ig in ;  and 
al luvium and landsl ide debr is a t  the surface. 

Other rock u n i t s  o f  the 
the B u l l  

Cropping ou t  along the Clackamas River  near the hot springs are 
i n t r u s i v e  dikes, plugs and s i l l s  o f  pyroxene-bearing andesites. 
An exposed i n t r u s i v e  o f  h i g h l y  a l tered andesite porphyry i s  
located east o f  the hot  springs. This i n t r u s i v e  may be p a r t  of 
the Aus t in  Point  p lu ton which i s  a pyroxene andesite i n t r u s i o n  
located a t  the confluence o f  t he  Collawash and Clackamas 
Rivers. (12) (20) (10) 

Hammond (1976) has mapped a west-northwest 14 km long f a u l t  w i t h  
approximately 122 meters o f  displacement from near Granite Peaks 
through the hot springs t o  the North Fork o f  the Clackamas 
River. 
Springs and alignment o f  the spr ing o r i f i c e s  
t h a t  t he  faul t  i s  p a r t  o f  a wide b e l t  o f  nor 
t rending f a u l t s  which are a possible extensi 
F a u l t  Zone throug t h e  Cascades. (21) 

This f a u l t  appears t o  con t ro l  the l oca t i on  of Carey Hot 

..Geophysical S 

Three temperature gradient wel ls  have been d r i l l e d  i n  the 
v'i c i  n i ty. 



.Mineral Occurrences: 

Mercury has been mined in the past along 
River. (20) 

..Geologic Hazards: 

Slopes and canyons of weathered volcanic 
ash and sedimentary rocks have potential 

Seismic intensity levels are relatively 
many other areas in Oregon. 

the upper Clackamas 

debris, and interbedded 
lands1 ide problems. 

O W  when compared t o  



u RESERVOIR CHARACTER I ST ICs 

SITE: CAREY HOT SPRINGS KGRA 

..Reservoir Temperature 

..Surface: 86OC (185OF) (1) 

. ,Subsur;face: 125OC (257OF) (1) 

. .Geochemical: (Estimated minimum) 

S i  1 i c~ Conduct i ve : 124OC S i l i c a  Adiabatic: 124OC 
Na- k - 1 /2Ca : 1 18OC Na- k-4/3Ca: 88OC (3) 

..Flow Rates: 950 lpm I 

..pH: 7.63 ( 8 ) '  

. .Fluid Chemistry: Suggests a hot-water-domi nated hydrothermal. 
system. 

Spec i f i c  Conductance (micromhos) 1,720 
S i  1 i c a  81 
Calcium 35 * 

Magne s i urn 0.1 (Uni ts mg/l) 
Sod i um 300 
Pota ss i um 
Li th ium 
Bicarbonate 56 
Carbonate 1 
Su 1 f a t e  
Ch 1 o r  i de 
Flour i de 

I 

7.1 
0.4 

..Subsurface Area o f  Reservoir: 1.5 km2 estimated (8) 

Carey Hot Springs f l o w  a t  an estimated 950 lpm from 
approximately 10 o r i f i c e s  i n  Sec. 30, T,6S., R.7E., W.N., 
adjacent t o  the  Clackamas River. 

I 

I 

! 

'i L, 
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LAND OGINERSHIP AND LEASING 

SITE: CAREY HOT SPRINGS KGRA 

TOTAL AREA FEDERAL PR IVATE 
(Acres) (Acres) (Acres) 

. . Land Owners h i p  KGRA 7 , 579 7,419 160 

. .Land Leased 0 

..Tentative Lease Sale Date: 1/1/79 ( w i l l  be rescheduled f o r  l a t e r  
lease date) 

..Summary o f  Leasing Status and Needs: 

Land management plan must be completed before leasing can take 
place, 
The d r a f t  p lan t  i s  scheduled for release i n  March 1979. 
Non-competitive lease appl icat ions should be processed by August 
1979. 

Non-competi t i v e  Lease Appl icat ions:  Carey Hot Springs 

App I i can t  

Alaska P a c i f i c  Lumber Co. 
City o f  Eugene 
C. Hook 
Sunoca Energy Development Cb. 

Acreage 

20,498 
3,748 

10,369 
unknown 
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GEOTHERMAL DEVELOPMENT STATUS 

SITE: CAREY .HOT SPRINGS KGRA 

..Present Development Status: 

Ex i s t i ng  use o f  hot springs f o r  creat ional  bathing a t  a 
developed roadside park. 

Sunoco Energy Company completed d r i l l i n g  a 457 m. (1,500 ft.) 
temperature gradient hole i n  e a r l y  1978; The d r i l l  s i t e  was 
located i n  the NE+ sect ion 29, T.6S., R.7E. Informat ion on the 
r e s u l t s  of the d r i l l i n g  has not been released. 

The Oregon Department o f  Geology and Mineral I ndus t r i es  d r i l l e d  
two gradient holes and measured geothermal gradients i n  several 
e x i s t i n g  wells. 
t he  fo l l ow ing  pages. 

Data from t h i s  d r i l l i n g  program ar  

. .Projected o r  Planned D 

There are not any kn 

The formulat ion o f  p 
by p r i v a t e  e n t i t i e s  
land pos i t i on  i f  the 

on and development 



Location: T.6S., R.7E., Sed. 30 NW%NWL,, W.M. 

Map Reference: AMs Vancouver, Oregon 

Date Measured: 9/30/76 

DEPTH 
METERS 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 
55.0 
60.0 
6s .O 
70.0 
75.0 246.0 
80.0 262.4 
85.0 278.8 
90.0 295.2 
95.0 311.6 

100.0 328.0 
105.0 344.4 
110.0 360.8 
115.0 377.2 
120.0 393.6 
125.0 410.0 
130.0 426.4 
135.0 442.8 

DEPTH 
FEET 

16.4 
32.8 
49.2 
65.6 
82.0 

114.8 
131.2 
147.6 
164.0 

98.4 

i80.4 
196.8 

229.6 
21362 

TEMPERATURE GEOTHERMAL GRADIENT 
DEG C DEG F DEG C/KM DEG F/lOO FT 

16.640 
18.010 
19.930 
21.760 
23.610 
25.540 
27.400 
29.170 
31.710 
33.070 
34.420 
35.700 
37.100 
38.590 
39.830 
41.510 
43.250 
44.630 
45.980 
47.220 
48.500 
49.730 
5C. 930 
52.100 
53.250 
54.400 
55.290 

' 61.95 
64.42 
67.87 
71.17 
74.50 
77.97 
81.32 
84.51 
89.08 
91.53 
93.96 
96.26 
98.79 

103.69 
106.72 
109.85 
112.33 
114.76 
117.00 
119.30 
121.51 
123.67 
125.78 
127.85 
129.92 
131.52 

161446 

.o .o 
274.0 15.0 
384.0 21.1 
366.0 20.1 
370.0 20.3 
386.0 

-372.0 
21.2 
20.4 

256.0 
26U;O 
208 i D 
248.0 
336.0 
348.0 
276.0 
270.0 
248.0 
256.0 
246.0 
243.0 
234.0 
230.0 
230.0 
178.0 

354.0 19.4 
508.0 27.9 
272.0 14.9 
270.0 14.8 

14.0 
15.4 
16.4 
13.6 
18.4 
19.1 
15.1 
14.8 
13.6 

13'5 
13.2 
12.8 
12.6 
12.6 
9.8 

14;O 

Average gradient 10-135 meters - 297.3OC/krii (24) 

280 



Location: T.6S., R.6E., 'Sec. 34 S E W & ,  W.M. 8 

Map Reference: AMs Vancouver, Oregon 

Date Measured: 9/30/76 

DEPTH DEPTH TEMPERATORE GEOTHERMAL GRAD1 ENT 
METERS FEET DEG C DEG F DEG C/KM DEG F/100 FT 

10.0 32.8 9.650 49.37 .o .o 
I 15.0 49.2 9.970 49.95 64.0 3.5 

20.0 65.6 10.380 50.68 82.0 4.5 
25.0 82.0 10.720 51.30 68.0 3.7 
30.0 ~98.4 11.210 52.18 98.0 5.4 
35.0 114.8 11.530 52.75 64.0 3.5 
40.0 131.2 12.020 53.64 98.0 5.4 
45.0 147.6 12.380 54.28 72.0 4.0 
,50.0 164.0 12.830 55.09 90.0 4.9 
55.0 180.4 13.330 55.99 100.0 5.5 
60.0 196.8 13.700 56.66 74.0 4.1 
65.0 213.2 14.160 57.49 92.0 5.0 
70.0 229.6 14.520 58.14 72.0 4.0 
75.0 246.0 14.930 58.87 82.0 4.5 
80.0 262.4 15.370 59.67 88.0 4.8 
85.0 278.8 15.750 60.35 76.0 4.2 
90.0 295.2 16.160 61.09 82.0 4.5 
95.0 311.6 16.590 61.86 86.0 4.7 

100.0 328.0 16.990 62.58 80.0 4.4 
105.0 344.4 11.390 63.30 50.0 1.4 
110.0 360.8 17.810 64.06 84 .O 4.6 
115.0 377.2 18.190 64.74 76.0 ,4 c 2 
120.0 393.6 18.543 65.37 70.1) 3.8 
125.0 410.0 18.960 66.13 84.0 ' 4.6 
130.0 426.4 19.290 66.72 3.6 
135.0 442.8 19.700 67.46 4.5 
140.0 459.2 20.110 68.20 4.5 

I 145.0 475.6 20.530 68.95 4.6 
150.0 492.0 20.920 69.66 4.3 

i 

I 
1 

i 

1 

I rad ient  15-150 meters - 80.50C/km 

U 
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Location: T.6S., R.7E.,  Sec. 21  SE%SW%,, W.M. 

Map Reference: 

Date Measured: 6/29/77 

AMs The Dalles, Oregon 

DEPTH 
METERS 

7.5 

10.0 

12.5 

T5.0 

17.5 

20.0 

22.5 

25.0 

27.5 

30.0 

32.5 

35.0 

37.5 

40.0 

DEPTH 
FEET 

24.6 

32.8 

41 .O 

49.2 

57.4 

65.6 

73.8 

82.0 

90.2 

98.4 

106.6 

i i4.8 

123.0 

131.2 

TEMPERATURE 
DEG C 

10.690 

11.150 

11.530 

12.410 

13.380 

13.770 

14.160 

14.940 

15.900 

16.360 

16.720 

13.140 

17.350 

17.870 

DEG F 

52.24 

52.07 

52.75 

54.34 

55.90 

56.79 

57.49 

58.89 

60.62 

61.27 

62.10 

62.85 

63.23 

64.17 

GEOTHERMAL GRAD I ENT 
DEG C/KM DEG F/lOO, FT 

0.0 0.0 

184.0 10.1 

152.0 8.3 

352.0 149.3 

348.0 19.1 

196.0 10.8 

156.0 8.6. 

312.0 17.1 

384.0 21.? 

144.0 7.9 

184.0 10.1 

168.0 9.2 

84.0 4.5 

208.0 11.4 

Average gradient 10-40 meters - 220.9%/km (25) 
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INSTITUTIONAL CONS1 DERATIONS 

SITE: CAREY HOT SPRINGS 

. . I n s t i t u t i o n a l  Requirements: 

Neither competit ive or  non-competitive leas ing can be addressed 
u n t i l  t h e  Forest  Service issues leasing recommendations as p a r t  
o f  the land management p lan now i n  progress. 

RARE I 1  land-use decisions may also e f fec t  geothermal 
a c t i v i t i e s  i n  the area. 
review: 

B u l l  o f  the Woods 

(code 6098) 69,535 acres Mt .  Hood National Forest  and 

The fol lowing areas are undergoing 

1 

W i l  lamette National Forest 

O l a l l  i e  Lakes 

(code 6099) 8,673 acres M t .  Hood National Forest. 
(26) (23) 

. .Agency and Pub1 i c  Att i tudes: 

As i s  the case i n  a l l  Western Cascade geothermal areas, t he  
p u b l i c  i s  l i k e l y  t o  be sens i t i ve  t o  geothermal development. 

A survey o f  p u b l i c  a t t i t udes  i s  i n  progress through the land 
management plan i n g  process. I n i t i a l  inputs  are as foilows: 

s o l i c i t  i npu t  t o  goals establ ished by t h e  Forest Service 
fo r  the Clackamas Planning Unit. Of the 70 responses t o  
the goal f o r  prov id ing oppor tun i ty  f o r  develo 

, pub l i c  involvement sessions were held t o  

I 
I 

percent f e l t  t h a t  i t  was very important, 30 
r t an t ,  20 percent-desirable and 23 percent 

I The goal was revised t o  state, ,"Provide opportuni ty f o r  
energy development. Energy development w i  11 minimize 
environmental impacts and c o n f l i c t s  with other uses or 
damage t o  surface resources". A s i g n i f i c a n t  percentage o f  
the l oca l  pub1 i c  i n  attendance expressed t h a t  geothermal 
development i s  incompatible w i t h  other values. (17) 



. .Status of Requirements (i.e., EIA/EIS Requirements) 

The Land management plan for the Clackamas unit o f  the Mt. Hood 
National Forest was in progress during the fall of 1978. A 
draft plan is due in March, 1979 which will provide guidelines 
and criteria for leasing decisions. 



ENVIRONMENTAL FACTORS 

. SITE: CAREY HOT SPRINGS 

. .CLIWTE Marine i n f  1 uence 

. .Prevai l ing Winds: Varying from southwest t o  northwest 

. .Prec ip i ta t ion  (Annual) : 203 cm. < c  

..Days o f  Sunshine (Annual): 220 

..Average Tempera 

'Minimum: 38 
r 

Estacada - 40 km northwest) 

! 
..Degree Days (Annual): 5,021 

. .Relat ive  

Summer: 40-50 percent ' 

Winter: 70-90 percent 

. . A I R  QUALIT 

1 , 
i 
i 

erosion o r  mass 
wasting. (22) 

t 



-- 

bid 

..NOISE: 

Noise l eve l s  are low. 
are the main impacts. (22) 

Highway t r a f f i c  and timber operations 

.BIOLOGICAL 

..Dominant Flora: 

Douglas-f i r  forest .  
P r inc ipa l  associates: 

Douglasf i r  (Pseudotsuna menziesi i)  
Western hemlock (Tsu a hetero h l l a )  
Western redcedar P+ Thuja p l i c a t a  

A t  higher elevat ions ( >914 m) t he  True f ir-Mountain 
hemlock forest  associat ion predominates. 

..Dominant Fauna: 

B lack- ta i led deer, Roosevelt elk, b lack bear, cougar, 
coyote, r a p t o r i a l  birds,' Beaver, songbirds and others. 

. .ENDANGERED SPECIES 

Flora: Plants l i s t e d  by the Oregon Task Force are known i n  
the west cen t ra l  Cascades and may be i n  the area. 

(The1 t e r i s  nevadensis) (A c a l  i fornicum) 
Wood fern 
Sword f e r n  
Bog b i r c h  (Bet i1  a gl --- andiil asa) 
Cranberry (Vaccinium oxycocc~s var. intermedium) 
Reedgrass (Calamagrostis b r e w e r T  

( L i  1 ium Washin tonianum) 
(Habenaria + orbicu la ta  

Washington 1 i ly 
Bog orch id 

(ISO rum tiTiT)-- Rue anemone 
Matted saxi f rage 

P i t  o us c a l i f o r n i c u s )  P i  nef  oot  
Tal 1 agoseris 
Alpine col lomia (Collomia d e b i l i s  var. 
Crater Lake sardwort (Arenaria p u r n i c o l a F  

a x i f r a  a b ronch ia l i s  var. vespert ina) (e - 
elata)  

Fauna: American peregrine fa lcon (Falco peregrinus anatum) 
A r c t i c  peregrine falcon (Fa-eregrinus - tu-) 

Lr Threatened Species: 
Wolverine (Gulo luscus) 
Northern B a m a m a l  iaectus leucocephalus alasanus) 
Northern Spotted Owl  ( S t r i x  - occiden ta l i s  caurina) . I 

I 
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TRANSPORTAT ION AND UT I L I TI ES 

SITE: CAREY HOT SPRINGS KGRA 

..Utility or Energy Transmission Corridors and Facilities 

Portland General Electric transmission line runs one mile south 

Three Lynx powerhouse and transmission line is located 
approximately 1 

1 
' of the hot springs on U.S. Forest Service land. 

1 

miles N/NW o f  the springs area. 

..Transportation Corridors or Facilities 



POPULATION 

SITE: CAREY HOT SPINGS, KGRA 

. .General Description of Population 

Population levels are low because most of the area 
for  timber production by the Forest Service. A few Forest 
Service employees reside a t  Ripplebrook Ranger Station ab 
miles from the hot springs. The largest concentration is  
Estacada, population 1,620, approximately 40 km northwest. 

. .Economics 

..Present Land Use: 

Economically the most important land use a1 locations are 
for  timber production and recreation. 

..Future Land Use: 

Future land use plans are presently being developed for  
t he  Clackamas u n i t  by the Mt. Hood National Forest. 

2 88 
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BREITENBUSH HOT SPRINGS K 

The Breitenbush Hot Springs Known Geothermal Resource Area covers 
13,445 acres in the western region of the Oregon Cascade Range. It is  located 
in T.9S., R.7E., W.M., in Marion County approximately 95 km east of Salem. 
Detroit with a population of 340 is 16 km southwest of the hot springs. . 

* The KGRA is located in rugged forested land in the Western Cascades. 
The Breitenbush Geothermal Area (BGA), as designated by the Forest Service, 
covers 44,283 acres in both the Western and High Cascade regions. The hot 
springs in the KGRA situated in a valley just downstream from the 
confluence of the Nort South forks of the Breitenbush River. Elevations 
in the KGRA range from about 610 meters (2,OOO ft.) at  the river bottom to 
1,380 meters (4,528 ftJ'at Devil's ak. Slopes vary from moderately steep to 
precipitous. 

The forest products industry i s  the, mainstay of the region and the 
Breitenbush area is highly valued for i t s  timber production capabilities. Clear 
cutting is  a common logging method. Although a small portion of the timber 
is transported to the Willamette Valley for processing, most of it is milled in 
the Upper North Santiam area. Towns such as ldanha are based on mill 
operations that depend heavily on timber from the surrounding National 
Forest lands. 

rea i s  also widely ed for recreational purposes. 
mpgrounds in the KGRA and the Forest Service has 
creation sites. Recreation is not limited to the 
e winter cross-country skiing and snowmobiling are 

ar activities. Trails in the vicinity which pro 

rcel of privately owned 
springs, the Breitenbush KGRA is  part of the Willamette National Forest. 
The broader Breitenbush Geothermal A 



i Because the KGRA is located in a National Forest, population levels are 
low. A few year round residents live at the two hot springs resorts, but most 
of the human occupancy is transitory and related to recreational and logging 
activities. Small communities in the vicinity a re  situated east of Breitenbush 
along Highway 22. Estimated population for the towns of Detroit, Idanha, 
Gates, Mill City and Lyons is 3,500. Their economic base is related to forest 
products and recreation. Local residents a re  concerned that  geothermal 
development wi I I  create adverse environmental impacts on the recreation 
industry. 

Geothermal energy potential is illustrated by the fact that Breitenbush 
Hot Springs is the most extensive thermal spring system in the Oregon” 
Cascades. The main group of springs flow from the contact of a 
north-trending basaltic dike with Breitenbush Tuffs. Other springs flow 
through the alluvium and glacial outwash deposits. The average spring 
temperature is 92OC and total approximate flow rate  is 3,400 Ipm. 
Geothermometry indicates that temperatures as high as 15OoC are  possible at 
depth. The large volume of flow, high chloride content (1,300 mg/l) of the 
water and a slightly alkaline pH (7.31) are indicative of a 
hot-water-dominated convection system. 

I 

i 

Several wells have been drilled in the area which further indicate the 
presence of a hydrothermal system. At  Breitenbush Hot Springs resort a 152 
meter (500 ft.) well was drilled which produced 50 gpm of IOOOC water. The 
well is supplying heat to cabins and a swimming pool. 

As well, the Oregon Department of Geology and Mineral Industries has 
drilled two temperature gradient holes in the Breitenbush area. Average 
gradients were 55.20C/km and 90,6OC/km. Sunoco Energy Development 
Company has also drilled a test well to 366 meters (1,200 ft.), but gradient 
information has not been released. 

The 15OoC estimated base reservoir temperature at  Breitenbush is not 
within the  conventional range for consideration of electrical generation. 
However, there is speculctior! that  greater temperctures may be proven by 
deep test cirilling. 

The presence of existing transmission lines that  could carry additional 
loads within the  KGRA and proximity to the energy-hungry Wiltamette Valley 
a re  favorable factors in considering Breitenbush as a potential electrical 
generating site. Yet the existence of a resource capable of electrical 
production h a s  not been demonstrated. Nevertheless, the area’s proximity to 
the hr .  Jefferson Wilderness Area and other scenic reserves and the intensity 
of public sentiment could preclude any geothermal electrical development 
even if a sufficient resource were discovered. 



w 
The potential for direct use applications of geothermal energy appears 

more promising. Given the high temperatures at Breitenbush, a wide range of 
non-electric end uses could be postulated. Utilization is limited, however, 
because the area is sparsely populated. 

Transporting thermal fluids from the Breitenbush area east towards the 
Willarnette Valley could help meet energy demands in industrial, commerical 
and residential sectors. Lumber operations along Highway 22 could utilize 
geothermal resources for kiln drying. With geothermal heating available, 
secondary industries such as finished wood products could be attracted to the 
area and use low cost energy for processing or space heating. The availability 
of geothermal energy for space heating attracted a large manufacturing 
concern to Klamath Falls where the company realized a 60 percent savings in 
fuel cost. 

Food processing operations in the lower Santiam area are large energy 
consumers that could be potential end users. A mushroom plant which could 
utilize temperatures in the 5 P C  range is located on the east side of Salem. 
Energy consumption figures for two food processors in the Salem area are 
included in Appendix 8. In addition to these and other agriculturally related 
uses, the opportunity for district heating systems in Mill City, Stayton and 
Salem are good. 1 

Transmission systems with distances of 50 and 100 km are being 
designed and theoretically proven economical for the Akureyri district 
heating system in Iceland. But, it has yet to be proven that geothermal water 
can be delivered this distance with sufficient temperature and within 
economic reason. With this in mind and given the undefined characteristics 
of the Breitenbush geothermal resource, any projections of use distant from 
the site are highly speculative. 

In the short term it is likely that use of thermal waters wil l  increase at 
the two resorts. Expanded use for space heating is anticipated as the 
facilities are upgraded. A greenhouse to help meet the neda of the 
developing community at Dreitenbush Hot Springs is a likely development. 

Breitenbush Hot Springs have been enjoyed as health resorts since the 
1940s. Brochures from one resort claimed the mineral water offers 
tlremarkable cures rheumatism, liver and kidney troubles, neuritis, 
arthritis, diabetes,' ma, gout, constipation, nicotine habit, and other 
chronic ailments". Today the thermal springs are used for space and pool 
water heating and for bathing. The Lower Camp at Breitenbush Hot Springs 
is frequented by persons known as the tlOld Believers" who follow Russian 
Orthodox customs. 
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As indicated by Sunoco Energy's temperature gradient well industry is 
interested in the  Breitenbush geothermal resource. Noncompetitive lease 
applications have been filed on land surrounding the KGRA to the north and 
south and on the  east side bordering the  Mt. Jefferson Wilderness area. 
Applications in areas approved by the Forest Service for leasing were being 
processed by the  BLM in late 1978. This is part of a large lease play taking 
place in the area between Carey and Breitenbush Hot Springs in an effort by 
private and public concerns to obtain geothermal leases. Lands in the KGRA 
cleared for leasing were offered for competitive bidding on October 19, 
1978. Sunoco Energy was the sole bidder and successfully acquired leases on 
5,8 I8 acres. 

Despite this development interest, utilization of the Breitenbush area 
geothermal energy resources could easily be restricted by environmental and 
land use concerns. Two areas covering 9,773 acres  adjacent to the 
Breitenbush KGRA are being examined by the  Forest Service in the  RARE 11 
process for possible inclusion in the National Wilderness Preservation 
System. The Draft  RARE II environmental statement has classified neither 
area as being capable of producing, proven or possible geothermal resources. 

Environmental issues will also be  a significant factor effecting 
geothermal development. A great  deal of concern has been expressed in 
response to the  BGA environmental statement addressing geothermal leasing 
by Governor Straub, the  League of Women Voters, the  City of Detroit and 
others. These environmental concerns .will demand that  any development 
programs be carefully planned and conducted with local cooperation if the 
resource is to be utilized. 
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SITE DATA SUMMRY w 
SITE: BREITENBUSH HOT SPRINGS, KGRA 

. .Physical Reservoir Data 

. .Temperature OC 
Sur f  ace: 920(1) 
Subsurface: 150% (estimated) ( 

..Total Dissolved Sol ids (PPM): 2,400 

..Type o f  Overlaying Rock: Andesite 

..Estimated Depth t o  Top o f  Reservoir (meters): 1,500 (8) 

..Site Land Status 

44,283 acres have been i d e n t i f i e d  as prospect ively valuable fo r  
geothermal resources by the  USGS 

Total  Acres (KGRA): FEDERAL - 13,445 PRIVATE: 2,917 (BGA) 

Tota l  Acres Leased: FEDERAL - 5,818 

. .Geothermal Development Status: 

L imi ted exploratory work. 
Space heating o f  reso r t  cabins and swimmin 

. .Local and State A 

In general, geothermal development i n  the Cascades i s  l i k e l y  t o  
be controvers ia l  and keenly watched by the publ ic.  . 
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Is: 
SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: BREITENBUSH HOT SPRINGS, KGRA 

..Latitude: 440 46' 9'' N. 

..Longitude: 121° 58' 5" W. 

. .Recti l inear: Secs. 7-9, 15-22, 28-30, T.9S., R.7E., W.M.; 
Secs. 4 & 23, T.8S., R.7E., W.M.; Secs. 2, 11, 
14, 27, 36, T.9S., R.7E., W.H. 

..County: Marion 

..Adjacent Counties: Clackamas, Linn, Jefferson, Wasco 

..Maps: U.S.G.S. Topographic - Breitenbush Hot Springs 1:62,500 
AMs - Bend 1:250,000 

..Topography 

Rugged forested land i n  the Western Cascades. 
from about 619 m, (2,000 ft.) t o  1,655 m. (5,434 ft.) a t  
Tr iangulat ion Peak. The hot spriqgs and surrounding low l y i n g  
areas qye characterized by t h i c k  19yers ,of g l a c i a l  till which 
cover the bedrock patterns. As .a r e s u l t  q f  g lac ia t ion,  
l a t e r a l ,  terminal and medial moraines are general ly evident 
throughout the area. Numerous fau l ts ,  f l o w  and stream 
l i n e a t i o n i  are concentrated i n  the KGRA. 
d e n d r i t i c  pattern. (28) 

Elevations range 

Drainage fo l lows a 

..Present Land Use: 

Highly valuable t i @ e r  production, w i t h  a substacf ia l  amount of 
c lear c u t  areas. Recreation i s  second i n  impqrtance on ly  t 9  
timber i n  the economy o f  the Upper North Santiam and ClackqaF 
Valleys. 
organizat ion s i te ,  and 2 r e s o r t s  are located w i t h i n  the KGRA. 
No grazing allotments are outstanding a t  ;the present time. 

- 

Two campgrounds, 2 recreation/rFsidence t racts ,  1 

(28) 

,.Future Land Use Plans: 

The U.S. Forest Service has i d e n t i f i e d  19 p o t e n t i a l  
recreat ional  s i t e s  w i t h i n  the KGRfi. 
Whitewater Rock Quarry [Sec. 28, T.lOS., R.7E.) w i l l  preclude 
any geothermal development a t  the s i t e .  

Long range use o f  

(28) 
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.Aesthetics: 

High aesthet ic value. 
The fol lowing areas are i n  close prox imi ty  t o  the Breitenbush 
KGRA: Mt.  Jefferson Wil lderness Area, B u l l  o f  t he  Woods 
Roadlesss area, North Breitenbush and Minto Mountain Wilderness 
Study area, and O l a l l i e  Lake Scenic area. 

. . H i  s t o r  i c a l  /Archaeol ogi c a l  Sign i f  i cance: 

A check o f  t he  Federal Register, Vol. 41, No. 28, Februrary 10, 
1976, pages 6,008-6,009 and subsequent Federal Registers 
through Vol. 41, No. 121 has shown t h a t  no t  s i t e s  o r  s t ructures 
w i t h i n  the area are l i s t e d  on, o r  nominated for, t he  National 
Register o f  His 
I n  Septenber 19 tment o f  Anthropo a t  the 
Un i v e r s i  ty o f  0 
survey o f  the area. Eleven s i t e s  were recorded. Lease terms 
w i l l  r equ i re  p ro tec t i on  o f  the eleven known s i tes,  as w e l l  as 
any addi t ional  s i t e s  t h a t  may be discovered dur ing geothermal 
development. (5)  

ed a f i v e  percent archaeological 

..Other Land Uses: 

Structures W i 

Bre i  ten bush H 
S.20, Togs., R.7E.) 

Use Permit i n  Ne Sec. 20, Togs., R.7E 

Breitenbush Guard S ta t i on  (Forest Serv 
NW3-, Sec. 21, T. 

Recreat,i or1 S i t e  
. Ground; Whi tewa 

Rivers ide Campground 

Resort ( p r i v a t e  land reso r t  

enbush Hot Springs Resort (under Fore r v i c e  ,Speci a1 

nbush Campground; Cleator Bend Picn ic  
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Speci a1 Pemi ts: 

. 

. 

Permit covering 1.8 acres providing f o r  operation of a 
small power plant t o  service the resort  f a c i l i t i e s  (held 
by owners of Breitenbush Resort). 
Permit f o r  a spur road i n  sections 7 ,  17 and 20, T.9S., 
R.7E. ( h e l d  by resort  owners) 
State of Oregon holds a mineral materials permit for 
removal of rock i n  section 28, T.lOS., R.7E. 
Valley Telephone Company has a permit fo r  a telephone 
cable i n  sections 19, 20, 28, 29 and 33, T.lOS., R.7E., 
and section 3,  T.llS., R.7E. 
Forest Service plans for long range use of Whitewater Rock 
Quarry in NE % S&, section 28, T.lOS., R.7E. 
Marion County i s  permitted for  a disposal s i t e  i n  SE % SW 
k, section 14, T.lOS., R.6E. 
Consumers Power, Inc. holds a powerline permit i n  parts of 
section 10, T.lOS., R.6E., parts of sections 19, 20, 28, 
29, and 33, T.lOS., R.7E, and section 3 ,  T.llS., R.7E. 
Chemeketans hold a right-of-way permit i n  par t  of  section 
21, T.lOS., R,7E.  (28) 

Land Withdrawn from Mineral Entry: 

. 

. 
Under Executive Order 10355, parts of sections 19, 20 and 
21 have been withdrawn for  recreation purposes'. 
The Federal Power Commission has withdrawn for  power 
purposes parts of sections 14 and 15, T.lOS., R.6€., and 
parts of sections 19, 20, 21, 28, and 33, T.lOS., R.7E. 
U.S. Geological Survey has withdrawn fo r  power purposes 
under Power S i t e  Classification No. 291, parts o f  section 
10, T.lOS., R.6E., and parts of sections 19, 20, 28, 29 
and 33, T.lOS., R . f E .  (28) 

Compatibility With  Land-Use Plans: 

. 

The U.S. Forest Service has reviewed the i r  proposed 
geothermal leasing w i t h  Oregon Land Conservation and 
Development Commission (LCDC) and Marion and L i n n  County 
planners. Actions are consistent w i t h  existing Marion and 
L i n n  County plans and general ly consistent w i t h  LCDC goals 
and guidelines. 
some land for open space and recreation use and possible 
loss of opportunity for designating par t  of the South 
Breitenbush River as a s t a t e  or federal Scenic Waterway. 
Degradation of quali ty of open space, scenic, recreation, 
a i r  and water resources represent the most important 
confl i c t s .  However, the proposed action (geothermal 
leasing) conform well w i t h  other LCDC goals, particularly 
the inventory and development of energy sources. 

Conflicts w i t h  the goals include loss of 

(28) 
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GEOLOGI CAL/GEOPHY S ICAL DESCRIPTION 

SITE: BREITENBUSH HOT SPRINGS, KGRA 

W 

I 
I 

I 

Geology 

The Breitenbush geothermal area l i e s  i n  the Cascade Mountain 
Range which i s  p r i m a r i l y  composed of Cenozoic volcanic rocks. The 
area i s  div ided i n t o  two physiographic regions; t he  Western Cascades 
and the  High'Cascades. Both regions are represented i n  the 
Breitenbush geothermal area. 

t o  e a r l y  Miocene age. Ash f lows have deposited massive beds o f  
andesi t ic  and d a c i t i c  t u f f .  I n  less abundance are flows, breccia, 
t u f f  and small in t rus ions o f  dac i te  and rhyodacite. Average 
thickness i s  1,524-3,048 m. (5,000-10,000 ft.). 

conglomerate o f  mid-Miocene t o  l a t e  Miocene o r i g i n  comprise the 
younger rocks o f  the Western Cascades. Flows cons t i t u te  between 50 
and 90 percent o f  the formation. Average thickness i s  about 914 m. 
(3,000 ft.) w i t h  some formations ranging up t o  3,048 m. 
(10,000 ft.). The ma jo r i t y  o f  the rocks are hypersthene andesite 
and contain phenocrysts of plagioclase and hypersthene i n  a dark 
aphani t ic  groundmass. 
o l i v i n e  basal t ,  dac i te  and rhyod 

The High Cascades are composed o f  ea r l y  Pliocene t o  Recent 
basal ts  and andesites. Vesicular f lows of porous aphyric o l i v i n e  
andesite and o l i v i n e  basal t  are character is t ic .  Ash, pumice, t u f f s  
and cinder deposits are also common. Although the western margins 
o f  the  High Cascades show e f f e c t s  o f  g l a c i a t i o n ,  t h e  region i s  less 

I n  the Western Cascades older rocks range from ea r l y  Oligocene 

Flows, f l o w  breccia, t u f f  breccia, l a p i l l i  tuff ,  t u f f  and 

Less common rock types are basa l t i c  andesite; 

o lder rocks of the Western Cascades. 

trends t o  the west increasing i n  proport ion o f  lavas per volume. 
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L.l 
West of the hot springs, along the Breitenbush River, is an 

extensive out cropping of Breitenbush Tuffs. 
crystal-vitric ash-flow tuffs interstratified with tuffaceous 
sandstone and pebble conglomerate. The formation has a maximum 
thickness of 792 m. (2,600 ft.) and is thought to extend beneath the 
High Cascades. L 

Tuffs and is thought to be the erosional remnants of a large shield 
volcano complex originating from basalt dikes and plugs. 
includes phyric olivine basalt flows and interbedded scoriaceous 
breccia and minor volcanic sediments. The Outerson Formation is 
evident to the north, south and east of the Breitenbush Hot Springs. 

anticline, a double-plunging open-fold trending generally 
northeast-southwest. 
north-northwesterly trending faults in the area which have been 
downthrown on the east side. 

The unit consists o f  

The Outerson Formation unconformably overlies the Breitenbush 

It 

Structurally the predominant feature is the Breitenbush 

C1 ayton (1976) has located vardous 

Breitenbush Hot Springs, discharging from 40 to 60 orifices, is 
the most extensive surface manifestation of a thermal spring system 
in the Oregon Cascades. The primary group of springs flow from the 
contact of a north-trending basaltic dike with Breitenbush Tuffs. 
Others arise through the alluvium and glacial outwash deposits. 
With an average temperature of 92oC the springs have an 
approximate flow rate of 3,400 lpm in a 0.1 km area. 

(28) (21) (29) (10) 

Mineral Occurrences 

Private lands around the Breitenbush Hot Springs have been 
mined for localized depcsits of cinnabar which (jccurs as a result of 
seconddry mineralization around the hot springs. 
taken place on Forest Service land. 
Santiam River drainage minor deposits of gold, silver and low-grade 
iron ore have been mined in the past. 
estimation quarry rock for road construction and maintenance is the 
area's most valuable mineral resource. 

Geophysical Summary 

A roving dipole resistivity survey of the Breitenbush Hot 
Springs area has been completed under contract to Sunoco Energy Co. 

No mining 
In the adjacent Little 

In the Forest Service's 

(28) 
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Geol og i c Hazards: 

i n  Oregon. Mt .  Jefferson, a major peak adjacent t o  the  KGRA, showed 
a d a i l y  incidence o f  0.6 micro earthquakes. 

possibi  1 i ty o f  land subsidence l 's extremely low. 

u n i t s  which have low shearing resistance. 
block s l i d i n g  problems are presen where erosional  processes 
formed steep slopes and canyons i weathered volcanic debris, 
seams and interbedded ash and sedimentary rock un i ts .  (28) 

Seismic i n t e n s i t y  l eve l s  are low compared t o  many other areas 

(28) 

Given .the competent nature o f  the  igneous rock formations, the  

There are some bedrock hazards due t o  the inherent ly  weak rock 
Large scale creep and 



RESERVOIR CHARACTERISTICS 
SITE: BREITENBUSH HOT SPRINGS KGRA 

. .Reservoir Temperature 
Surface: 92OC(l) 

Subsurface: 150% estimated(l1 

Si1 ica Conductive: 127% Si 1 ica Adiabatic: 124OC 
Na-K-lI3Ca: 149OC N a- K-4/3C a: 1280c 

. .Geochemical: (Estimted minimum) 

..Flow Rates: 3,400 lpm (8) 

..pH: 7.31 (8) 

..Total Dissolved Solids: 2,400 ppm (8) 

..Fluid Chemistry: 

High chloride content, large volume of flow and a slightly 
alkaline pH are indicative of a hot-water-dominated convection 
sys tem. 

Breitenbush Hot Springs 

Specific Conductance (micromhos) 
Si 1 ica 
Calcium 
Mag nes i um 
Sod i um 
Pot assi um 
Lithium 
6 i c ar buna t e 
Carbonate 
Sulfate 
Chloride 
F 1 uor i de 
Boron 

4,030 
83 
100 

1.3 
720 (Units m g / l )  
31 

1.8 
142 

1 
140 

1,300 
3.4 
4.1 (8) 

..Estimated Reservoir Heat Content: .2 x cal (1) 

..Subsurface Area of Reservoir: Estimated 1.5 Km2 (3) 

Breitenbush Hot Springs are located in Sec. 20, T.9S., R.7E., W,M. 
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I _  

LJ LAND OWNERSHIP AND LEASING 

SITE: BREITENBUSH HOT SPRINGS KGRA . 

. .Land Ownership 

Breitenbush Geothermal 47,6 0 BGA) 3 BGA) 2,9 BGA) 
Area( BGA) 

Total  Area Federal P r i va te  
(ACTS)( 

44!A;re;) ( A y )  

..Land Leased: 13,445(KGRA) 5,818(KGRA) 

..Highest Pr iced Leases (Dol lars/Acre): $23.75/Acre 

.. $/Acre Lessee Federa (Acres) 
$13.00 Sunoco Energy 2,133 
$17.65 Sunoco Energy 1 , 280 
$23.78 Sunoco Energy 1,365 
$ 3.65 Sunoco Energy 1 , 040 

..Tentative Lease Sale Dates: Lease sa le was he ld  October 19, 1978 

. .Summary o f  Leasing Status and Needs: 

The U.S. Forest  Service has approved the  f o l l o w i n g  leas ing 
recommendations: 

Non-competitive appl icat ion lands t o  be o f fe red  . 19,974 acres 
Non-competitive app l i ca t ion  land t o  be wi thheld 11,264 acres 
KGRA lands t o  be of fered 6,844 acres 
KGRA lands t o  be wi thheld 6,601 acres 

The fo l l ow ing  u n i t s  o f  the Breitenbush KGRA were offered fo r  
compet i t ive bidding on October 19, 1978: 

U n i t  1: T.9S., R.7E. Wil lamette Meridian 
Sec. 7 -a l l ,  Sec. 8-al1, 
Sec. 17-%Nt,SWt,, Sec. 18-&%% 
2133.40 acres 

Unit 2: Sec. a l l ,  Sec. 15-N%, Sec. 16 

Unit 3: Sec. 2-al1, Sec. 11-al l ,  Sec. 14-N$NW% 

Total :  1280 acres 

Total:  1365 acres 



U n i t  4: Sec. 14-%SE%, Sec. 22-%NE%, SE%NW%, Nk% 
Sec. 27-SW%NW%, SW%%SE% 
Sec. 28-%NE%, % 

Total :  1040 acres 

U n i t  5: Sec. 29-?&N*, Yi,  Sec. 30-a l l  
Total :  1029 acres 

Sunoco Energy Development Company submitted the only bids on Uni ts  
1-4. 

As o f  October 10, 1978, non-competitive lease applications were 
being processed by the Bureau o f  Land Management. 

No bids were submitted f o r  Uni t  5. 



W GEOTHERWL DEVELOPMENT STATUS I 
SITE: BREITENBUSH HOT SPRINGS KGRA 

..Present Development Status: 

There are two e x i s t i n g  resorts, l o c a l l y  known as "Lower Camp" 
and "Upper Camp", a t  Breitenbush Hot Springs. The Lower Camp 
uses hot water f o r  a bath house. The owner o f  the Upper Camp 
has d r i l l e d  a 500 ft. wel l  on p r i v a t e  land under a water w e l l  
permit. (30) The wel l  f lows a t  50 gpm w i t h  an approximate 
bottom hole temperature of 100°C (212OF) and i s  used f o r  

Sunoco Energy Co holds two State geothermal prospect w e l l  
permits i n  the Breitenbush area on federa l  land.. The company 
d r i l l e d  a 1200 ft. temperature gradient hole i n  December 1977. 
The hole i s  located i n  the SW% sect ion 29, T.9S., R.7E. W.M. 
about t w o  mi les from Breitenbush Hot Springs. Data from the 
gradient hole has not been eleased. (30) 

two shallow temperature gradient holes i n  the Breitenbush 
.area. Data fr the holes i s  l i s t e  on the f o l  lowing 

1 supplying heat t cabins and a swimming pool. 

, The Oregon Dep ment o f  Geology and Mineral Indust r ies d r i l l e d  

. .Projected o r  Plan Development : 

Lower Camp a t  
i n  mid 1978. The new p rop r ie to r  plans t o  make'gradual chan es 

year round. 

itenbush Hot Springs came under new 
, 

t o  supply space heating t o  the cabins and t o  open the ' resor  9 
Breitenbush Ho pr ings Resort i s  befng developed as a 
s e l f - s u f f  i c i e n  Gmmunity which w i  1 1  be opene 
f o r  workshops seminars stressing h o l i s t i c  
s p i r i t u a l  awareness. Plans i nc lud  
water f o r  spac ea t i ng  and possib 

It i s  an t i c ipa  t h a t  explorat ion 
a f t e r  competit ive and non-competitive leases 
i n  l a t e  1978. -. 
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Lr 
Location: Sec. 21 S&NEki, W.M., T.9S., R.7E. 

Map Reference: AMS Salem, Oregon 

Date Measured: 9/30/76 

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT 
METERS FEET DEG C DEG F DEG C/KM DEG F/lOO FT 

5:O 16.4 8.550 47.39 .o 00 
10.0 32.8 8.200 46.76 70.0 3.8 
15.0 49.2 9.090 48.36 178.0 9.8 
20.0 65.6 9.430 48.97 68.0 3.7 
25.0 82.0 9.800 49.64 74.0 4.1 
30.0 98.4 10.080 50.14 56.0 3.1 
35.0 114.8 10.530 50.95 90.0 4.9 
40.0 131.2 11.170 52.11 128.0 7.0 
45.0 147.6 11.740 53.13 114.0 ' 6.3 
50.0 164.0 12.390 54.30 130.0 7.1 
55.0 180.4 13.070 55.53 136.0 7.5 
60.0 196.8 13.620 56.52 110.0 6.0 
56.0 213.2 14.140 57.45 104.0 5 * 7  
70.0 229.6 14.820 58.68 136.0 7.5 
75.0 246.0 15b070 59613 50,O ' 2.7 
80.0 262.4 15,570 '60.03 100.0 5.5 
85.0 278.8 16.110 61.00 108.0 5.9 
90.0 295.2 16.480 61.66 74.0 4.1 
95.0 311.6 16.990 62.58 102.0 5.6 

100.0 328.0 17.520 63.54 106.0 5.8 
105.0 344.4 17.890 64.20 74.0 4.1 
110.0 360.8 18.350 65.03 92.0 560 
115.0 377.2 18.809 65.84 90.0, 4.9 
120.0 393.6 19.270 66.69 94.0 5.2 
125.0 410.0 19.630 67.33 72.0 4.0 
130.0 426.4 19,990 67.98 72.0 4.0 
135.0 442.8 20.660 69.19 134.0 7.4 
140.0 459.2 21.120 70.02 92.0 5.0 
145.0 475.6 21.630 70.93 102.0 5.6 
150.0 492.0 22.230 72.01 120.0 6.6 

Average Gradient 10-150 meters - 90.fj°C/Km (24) 
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W Location: Sec. 23 N%NW&, W.M., T.9S., R.6E. 

Map Reference: AMs Salem, Oregon 

Date Measured: 9/30/76 

DEPTH DEPTH TEMPERATURE GEOTHERML GRAD I ENT 
METERS FEET DEG C DEG F' DEG C/KM DEG F/lOO FT 

5.0 16.4 10.380 50.68 .o .o 
10.0 32.8 9.080 48.34 260.0 , 14.3 
15.0 49.2 9.190 48.54 22.0 1.2 

25.0 82.0, 9.450 49.01 4.0 .2 

35.0 114.8 10.010 50.02 62.0 3.4 

50.0 164.0 10.980 51.76 68.0 ' 3.7 
55.0 180.4 11.300 52.34 64.0 3.5 
60.0 196.8 11.620 52.92 64.0 3.5 

20.0 65.6 9.430 48.97 48.0 2.6 

30.0 98.4 9.700 49.46 50.0 2.7 

40.0 131.2 10.290 50.52 56.0 3.1 
45.0 147.6 10.640 51.15 70.0 3.8 

65.0 213.2 11.950 53.51 66.0 3.6 
70.0 229.6 12.330 54.19 76.0 4.2 
75.0 246.0 12.660 54.79 66.0 3.6 
80.0 262.4 13.010 55.42 70.0 3.8 
85.0 278.8 13.340 56.01 66.0 3.6 

100.0 32 14.420 57.96 70.0 3.8 
105.0 34 14.710 58.48 58.0 3.2 

90.0 295.2 13.680 56.62 68.0 3.7 
95.0 -311.6 14.070 57.33 78.0 4.3 
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INST I TUT IONAL CONS I DERATIONS 

SITE: BREITENBUSH HOT SPRINGS KGRA 

..Status of Requirements ( i  .e., EIA/EIS Requirements) 

Draft E IS completed 10/27/76 
Final EIS released 1/10/78 
Final EIS approved 4/10/78 

Approximately 12,000 acres of lease application area fai led to  
be considered i n  the Breitenbush Environmental Impact 
Statement. A separate statement, t o  be known as the West 
Breitenbush area, will  be prepared by the Willamette National 
Forest after pub1 ication o f  the Belknap-Foley EIS. 

Tentative time for  release i s  mid t o  l a t e  1979. 

..Agency and Public Attitudes: 

The majority of public response generated by the proposed 
leasing i n  the EIS was negative. The major concerns were the 
proximity of wilderness areas and b i g  game winter range. 

Owners of the Breitenbush Hot Spr ings  Resort have urged that  
the area be excluded from present and future geothermal 
de v e 1 o pne n t . 
Oregon Department of F i s h  & Wildlife recommended removal of 
areas delineated as b ig  game winter range from any surface 
occupancy . 
Oregon Governor Bob Straub responded t o  the draft  and f inal  € I S  
and urged caution i n  proceeding w i t h  geothermal development i n  
scenic areas. He said that  Oregon does not yet have a clear 
understanding w i t h  Federal agencies on regulation o f  a 
commerci a1 ly-developed geothermal f i e ld  on federal land. He 
suggests tha t  the Forest Service limit leasing and plan t o  
r e s t r i c t  development to a small area w i t h  evidence o f  promising 
geothermal resources and minimal environmental impacts. 

On May 10, 1978, the City of Detroit f i l ed  a "Notice of Appeal" 
t o  the U.S. Forest Service concerning geothermal leasing i n  the 
Breitenbush area. 



' W  According t o  the appeal, the City o f  D e t r o i t  D r a f t  
Comprehensive Plan states the  fol lowing: 
i s  concerned about geothermal development i n  the B re i  tenbush 
area, i f  i t  would create s t rongly  negative impacts on the 
environment. The City i s  not opposed t o  geothermal development 
per se, b u t t t h e y  do f e e l  t h a t  strong safeguards should be used 
t o  con t ro l  the environmental impacts o f  a development." 
Therefore t h e  City has adopted the  fo l lowing pol icy :  

I f geothermal development i n  the B re i  tenbush area 
should occur, i t  should be of the type t h a t  
causes the l eas t  environmental damage. 

"The City o f  D e t r o i t  

The City requests the  fo l l ow ing  assurances: 

. The best m i t i g a t i n g  technology t o  minimize a i r ,  
noise, odor and water q u a l i t y  impacts t o  the 
environment. 
An enclosed system w i l l  be included i n  the 
development pro ject .  
The applicant w i l l  pay f o r  any costs .borne t o  the 
City due t o  increased populat ion pressures 
created by the geothermal developments (e.g. 
sewers, water f a c i l i t i e s ,  roads, etc.). . An in-depth study of po ten t i a l  social-economic 
impacts t o  D e t r o i t  be required p r i o r  t o  
development o f  a geothermal p r o j e c t  i n  the 

. 

D e t r o i t  area. 
No temporary communities w i l l  be formed f o r  the 
purpose o f  housing employees f o r  the geothermal 
development. 

. 

A c o a l i t i o n  o f  vironmental groups and i d i v i d u a l s  have a lso 
f i l e d  not ice o f  appeal w i t h  the  Forest Service c la iming t h a t  
the E I S  was inadequate i n  proving t h a t  construct ion o f  a 
geothermal power p lan t  would not advers 
B re i  tenbush area. 

Both appeals 
c lea r ing  the 
sale. 

denied by the reg io  
o r  t h e  October 19, 



‘v . . I n s t i t u t i o n a l  Requirements: 

Two areas adjacent t o  the Breitenbush KGRA are being examined 
by t h e  U.S. Forest Service as p a r t  o f  t h e  RARE I1 process. As 

. a r e s u l t  o f  the review, the fo l l ow ing  designations are 
possible: recommend f o r  i nc lus ion  i n  t h e  National Wilderness 
Preservation System, recommend f o r  f u r t h e r  study, r e t u r n  t o  
mu1 t ip le-use status. 

According t o  the Forest  Service c l a s s i f i c a t i o n ,  ne i ther  area 
has producing, proven o r  possible geothermal 
resource s . (23)  

The areas are as fo l lows: 

Area Administrat ive Tot a1 
Code D i  s t r i c t  Acreage Area - 

Olal 1 i e  Lakes 099 Mt .  Hood National Forest  8,673 

M t  . Jefferson 101 Wil lamette National Forest 1, 100 

(Area code 101 i s  su gested as an addi t ion t o  the e x i s t i n g  M r .  
Jefferson Wilderness 3 
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W ENV I RONMENTAL FACTORS 

SITE: BREITENBUSH HOT SPRINGS KGRA 

..CLItWTE - No weather s ta t ions are located i n  the KGRA. 
Data i s  from t h e  D e t r o i t  F ish Hatchery stat ion.  

. .Prevai l ing Winds: Varying from southwest t o  northwest. 

p i t a t i o n  (Annual): 208 cm 

age Temperature: 49. lOF 

i nimum: 36.9OF 
Maximum: 61.2OF 

. .Degree Days (Annual) : 6026 (De t ro i t )  

. . Re1 a t  i v e  Humid! ty (Seasonal Peaks) 

S m e r :  40-50 percent 
Winter: 70-90 percent 

. A I R  QUALITY: 

No measuring s tat ions 'are located i n  the area. 
a i r  q u a l i t y  i s  excel lent  due 
urban centers. The primary rces of present a i r  pol lut i t )n 
are dust from unpaved roads, smoke from s las  
burning i n  the Willamette Valley. 

urning and f i e l d  
(28) 

he KGRA d r a i n  i n t o  the North Santiam 
s. The average discharge of he North Santiam 

measured over a 48-year per iod a t  gauging s t a t i o n  0.5 
mi les  below Boulder Creek i s  1,015 cu. ft. per second o r  
735,400 acre-f ee . (no t  i n  KGRA) The sediment y i e l d  of streams 
i n  the Wi l l iamet  e Basin i s  low because of favorabl 
physiographic and c l i m a t i c  condi t ions 
p r o f i l e s  ind icate a mean temperature 

i v e r  o u t l e t  w i t h  a mini 
ean temperature of 53OF 
OF were recorded f o r  the North Santiam River 

Streams i n  the area are t r i b u t a r y  t o  
s t i c  water a t  recreat ion s i t e s  and urban 
C i ty, Estacada, D e t r o i t  and Idanha. 

be l  ow Boulder Cr,eek 
r i v e r s  tapped f o r  
areas i n c l u d i n g  O r  
(28) 



..NOISE: 

No measuring stations are maintained in the area. 
Given the area's distance from urban centers, noise levels 
should be low. 

. .BIOLOGICAL 
. .Dominant F1 ora: 

Douglas-fir forest covers approximately 70 percent of the 
area. 
Principal associates: 

Western 

At elevations above 914 m. (3,000 ft.) the dominant flora 
is the True fir-mountain hemlock forest covering 
approximately 13 percent of the area. (28) 

. .Dominant Fauna: 
Big game population: 
Black bear. 
A considerble portion of the KGRA is classified as big 
game winter range. 
The North Santiam and !reitenbush Rivers are qajor fishing 
waters . 
Information is not available on non-game animals. 

Roosevelt elk, Black-tailed deer? and 

. .Endangered Species: 
Flora: Of primary concern is Aster gormanii. The plants' known 

It is classified as threatened on the 
range is restricted to the area between Jefferson Park and 
Breitenbush,Lake. 
Smithsonian Institution's proposed list of endangered 
plants (Federal Register, June 16, 1976). It has also 
been proposed for Endangered status by the Oregon Task 
Force . 
Other plants listed by the Oregon Task Force are known in 
the west central Cascades and may be in the area. 

Sword fern 
Wood fern 
Bog birch 
Cranberry 

Reedgrass 

(Polystichum cal ifornicum 
(Thelypteris nevadensis) 
(Betula gland- 
(Vaccinium ox coccus E. 

i n termed -If--- i um 
(Calamagrostis breweri) 
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W Washington 3 i ly  
Bog orch id 
Rue anemone 
Matted saxi f rage 

Pinefoot 
Tal 1 agoser i s  
Alpine c o l  lomia 
Crater Lake sardwort 

Fauna: 

A leut ian Canada goose (Branta canad s leucopareia)--known t o  
migrate over and r e s t  i n  the Wil lamette Nat ional  Fo res t - i t  i s  
u n l i k e l y  t h a t  geese set down i n  the area because o f  sca rc i t y  o f  
su i tab le  habi ta t .  

American peregine falcon (Falco peregr inus anaturn)--no known 
nest ing s i t e s  are kaown i n  area. 

A r c t i c  peregine fa lcon (Falco peregrinus tundrius)--most l i k e l y  
t o  be found i n  the area dur ing migrat ion p e r i o d s a n d  winter. 

. .THREATENED SPECIES: 

Wolverine (Gulo 
Wilderness. 

Northern Blad eagle (Hal iaeetus leucocephalus a1ascanus)--no 
known nest ing s i t e s  i n  area. , 

U 
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TRANSPORTATION AND UTILITIES 

SITE: BREITENBUSH HOT SPRINGS KGRA 

..Utility or Energy Transmission Corridors and Facilities 

Bonnevi 1 le Power Administration (BPA) and Portland General 
Electric (PGE) have transmission lines that cross the KGRA on a 
common right-of-way north of the Breitenbush River. 

BPA has one double-circuit line with a total capacity o f  950 MW 
at 230 KV which passes through the area. Considering that this 
right-of-way is one of the Cascade corridors for transmitting 
power from east of the mountains to the west, it is possible 
that the line could be replaced by a higher capacity line. 

PGE has one single circuit 230 KV transmission line currently . 

carrying a 400 to 600 MW load. An additional 600 MW may be 
possible on this circuit. 

It .is estimated that these load increases would be possible 
using existing towers. (28) 

Detroit Reservoir is a nearby hydroelectric site. 

Tumble Lake has been identified as a potential pumped storage 
facility site. 

..Transportation Corridors or Facilities 

State Highway 22 
State Highway 224 
National Forest System Roads 
Boulder Ridge Road 
Breitenbush Road 

..Road Servicing the Area 

Total of 135 miles of roads provide access to the area. 
Mainline roads include Breitenbush Rd. S46, South Breitenbush 
Rd. S918, No. Breitenbush Rd. S920, Boulder Ridge Rd. S916, 
Pamelia Rd. 109 and Whitewater Rd. 1044. These roads and a 
considerable mileage of secondary roads are bui It to standards 
suitable for geothermal development operations. (28) 



U 
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POPULATION 

SITE: BREITENBUSH HOT SPRINGS KGRA 

..General Descr ipt ion o f  Populat ion 

The populat ion o f  the Breitenbush geothermal area i s  b a s i c a l l y  
seasonal. A few people reside year round a t  the hot spr ing 
resor ts .  The t r a n s i t o r y  populat ion i s  comprised o f  Forest 
Service and logging employees, recreat ion is ts ,  and those w i t h  
summer houses. 
non-winter months. 

Approximately 71 summer homes are i n  the area. 

U.S. f o r e s t  Ser ce estimates 79,400 v i s i t o r  days i n  the area 
i n  1976. (28) 

Presence o f  these groups i s  concentrated i n  the 

, .Economics 

..Present Land Use: 

Timber production i s  a v i t a l  p a r t  o f  the area's economy. 

O f  t he  44,283 acres t h a t  have been i d e n t i f i e d  as 
prospect ively valuable f o r  geothermal resources, the 
Forest  Service has estimated a t o t a l  standing merchantable 
volume o f  1,835,000,000 board feet.  

The operation o f  s i x  lumber m i l l s  i n  t h e  North Santiam 
area i s  l a rge l y  dependent on timber from adjacent National 
Forest lands. 

(28) 

s also an essent ia l  cmponent i n  the area's 
i c u l a r l y  i n  communities such as Detro i t .  

I 

use i s  l i k e l y  t o  increase. The City o f  
dopted the fo l l ow ing  p o l i  i n  i t s  d r a f t  

age growth i n  the commercial sector o f  the 
community, espec ia l l y  i n  those types o f  uses most 
compatible w i t h  the recreat ional  natur 
communi ty . 'I 

w 

315 









BELKNAP-FOLEY HOT SPRINGS KGRA 

Covering 5,066 acre  he Belknap-Foley Hot Springs K A is situated in 

low. The nearest town is the small community of McKenzie Bridge IO km east 
of the springs. Larger centers are Eugene-Springfield (population 145,500) 8 7  
kilometers west and Bend (population 17,100) is located about 90 kilometers 
over the mountains to the east. 

The two hot springs are  in the McKenzie River valley. The landscape is one 
of moderate to steep slopes covered predominately by Douglas fir forests. 
Elevations range from 485 meters (1,591 ft.) near the river to 1,097 rn. (3,600 
ft.) at the  southern bounda 

oley KGRA and surrounding areas a re  managed as public land 
by the  Willamette National Forest except for two private land parcels 
surrounding the hot springs. Both present land use and future plans stress 
timber production and recreation as a prime focus. Energy needs in the  
immediate area of the KGRA tha t  could be satisfi with the geothermal 
resource a r e  low given the present land use. . 

a p  Hot Springs is situated north of Highway 126 known as the McKenzie 
Highway and Foley is slightly south. Foley springs discharge 79OC water at 
an approximate rate of 95 Ipm. Belknap Hot Springs is the  larger of the  two 
and discharges 300 Ipm at 7IOC. A surface temperature of 86OC has also been 
reported for Belknap springs. Silica geothermometry indicate that  
temperatures in the 131-l3S0C may be possible at depth at Eelknap Hot 
Springs. The water quality of Belknap-Foley Springs is suggestive of a 
hot-w a ter-domina ted hydrothermal convect ion system. 

As part  of the  1976 geothermal gradient driiling program by the  Oregon 
Department of Geology and Mineral Industries two shallow wells were drilled 
in the  Belknap-Foley area. Average gradients from 10 to 150 meters were 
93OC/km and 5WClkm. 

The healthy 135OC minimum reservoir temperature estimated by the USGS 
for Belknap Springs opens a wide variety of possibilities for non-electric 
geothermal application. These include space heating, commercial processing 
and drying of organic materials, greenhouses, aquaculture, de-icing, and 
refrigeration. But, considering the  minimal population, there is not a readily 
identifiable end user in the immediate area. If the  resource was capable of 
being economically transported an 80-90 kilometer distance, it could 
contribute to the  energy needs of Springfield, a major lumber processing 
center, and Eugene for district heating, greenhouses and agricultural 
processing. 

. T.I6S., R.6E.s W.M., e County, Oregon. Population levels in the area are  

of the  KGRA. 
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Interest has been shown in both Belknap and Foley hot springs for more than a 
hundred years. Belknap was homesteaded by R. S. 8elknap in 1869 and Foley 
was developed for public use in 1870 by William Honley and William Vick. The 
resorts were popular as health spas in the early 20th century. Foley Hot 
Springs is not currently in business, but Belknap operates as a resort offering 
a geothermally heated swimming pool and overnight accommodations. An 
interest in development remains, as evidenced by the Belknap Resort owner's 
plans to build a new pool and tubs, and to refurbish the lodge for year-round 
use. Geothermal space heating is  being considered. 

There is moderate interest in geothermal development in the Belknap-Foley 
area as expressed by industry and individual leasing activity. Lease 
applications have been filed since 1973. Approximately 1,700 acres of land 
covered in the applications overlap in the Mt. Washington and Three Sisters 
Wilderness Areas. Applications have been withdrawn or rejected on 1,080 of 
these acres. Ai l  other leasing fucntions, both competitive and 
noncompetitive, must await publication and final approval of the 
environmental impact statement for the BelknapFoley Geothermal Area. 
The Willamette National Forest is in the process of compiling the document 
wi th  a draft scheduled for release in mid 1979. 

Environmental issues will effect geothermal exploration and development in 
the BelknapFoley area. Al l  of the KGRA, with the exception of 320 acres, 
lies within big game winter range. Forest service leasing in this area is 
questionable. Also of importance is the area's proximity, less than five miles, 
from the Mt. Jefferson, Three Sisters and Mt. Washington Wilderness Areas. 

i 
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S ITE DATA SUMMARY 

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA 

I ..Physical Reservoir Data 

. .Temperature OC 
Surf ace : 7 l 0 C  Subsurface: 14OoC (1) 

. .Total Dissolved Sol ids (PPM): 2,560 (Belknap) (8) 

..Type o f  Overlaying Rock: 

..Estimated Depth t o  Top o f  Reservoir (meters): 1,500 (8) 

O l i v ine  basal t  

..Site Land Status - P r i m a r i l y  Willamette National Forest ownership. i 
I 

To ta l  Acres - 5,066 KGRA 

Tota l  Acres Leased - 0 Federal 

..Geothermal Development Status: 

The Belknap Resort heats the pool w i th  thermal spr ing water. 

. .Local and State A t t i t u d e  Toward Geothermal Development: 

Considering the prox imi ty  t o  three wilderness areas, the pub1 i c  
i s  l i k e l y  t o  be extremely sensi t ive to .  a 
explorat ion or development. 
This a t t i t u d e  i s  expressed by the genera 
Forest  Service. 

rient residents i n  the immediate area, but an 
o f  500,000 ar 

. .Comments and C r i t i c a l  Issues: 

Belknap Foley Geothermal Area borders three Wilderness Areas - 
Mt .  Jefferson, Three S i s t e r s  81 M t .  Washington. Forest Service 
p o l i c y  d i c ta tes  t h a t  eothermal leases w i l l  not b 

Leasing i n  areas removed from Wilderness w i l l  not  take place 
u n t i  I the f i n a l  environmental impact statement has been approved. 

lands i n  Wilderness c 9 ass i f i ca t i on .  
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SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA 

..Latitude: 440 11' 6" N 

..Longitude: 1220 3' 2" W 

..Rectilinear: Secs. 14, 30-23, 26, 28, 29, T.l6S., R.6E., W.M. 

. .County: Lane 

..Adjacent Counties: 

..Maps: 

L i n n ,  Jefferson, Deschutes, Klamath, Douglas 

U,S.G.S.Topographic - McKenize Bridge - 1:62,500 
AMs - Salem, Oregon - 1:250,000 

..Topography 

Located i n  the Western Cascades, t h e  Belknap-Foley KGRA i s  i n  
rugged forested land. Elevations range from 485 m. (1,591 f t . )  
in the McKenize River Valley to  1,097 m. (3,600 f t . )  a t  the 
southern boundary of the KGRA. Adjacent O'Leary Mountain 
reaches an elevation of 1,725 m. (5,660 f t . ) .  Stream discharge 
i s  into the McKenzie River system. 

..Present Land Use: 

Primarily timber production and recreational uses managed by the 
Willamette National Forest. 

.,Future Land Use Plans: 

I t  i s  anticipated t h a t  logging and forest  inanagement act ivi t ies ,  
and recreation will continue t o  be the prime focus. 

..Aesthetics: 

The area's natural  beauty and proximity t o  three Wilderness 
Areas, the H. 3. Andrews Experimental Forest, and Olal l ie  
Research Natural Area represent h i g h  aesthetic values. 



. H i s t o r  i c a1 /Arc haeo 1 o g i c a 1 S i g n i f i an ce : 

A check o f  the Federal Register, Vol. 41, No. 28, February 10, 
1976, pages 6008 and 6009 and subsequent Federal Registers 
through Vol. 41, No. 121 has shown t h a t  no s i t e s  or  structures 
w i t h i n  the area are l i s t e d  on, o r  nominated fo r ,  t he  National 
Register of  H i s t o r i c a l  Places, although the Willamette Val ley 
and Cascade Mountain Wagon Road has been recommended f o r  
nomination. (3 

F i s h  Lake i s  o f  considerable h i s t o r i c a l  in terest .  
stop f o r  t rave le rs  along the W i l  lamette Val l e y  and Cascade 
Mountain ffagon Road, and l a t e r  i t  was the s i t e  o f  a forest  
service remount and f i r e  s ta t ion.  

W 

It was a r e s t  

Belknap Hot Springs was discovered i n  1859 and homesteaded by 
R. S. Belknap i n  1869. 
Hanley andJ W i l l i a m  Vick, was developed for publ ic  use i n  1870 by 
Dr.  Abram A. fo ley.  
o f  hot  spr ing resor ts  i n  the ea r l y  20th century. 

Foley Springs, discovered by Wi l l iam 

Both resor ts  f l ou r i shed  dur ing the heyday 



GEOLOGICAL/GEOPHYSICL DESCRIPTION 

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA 

. .Geologic Description: 

Bedrock i s  Pliocene t o  Holocene basic volcanic f lows and 
py roc las t i c  rocks. 

Both hot springs discharge from volcanic breccia facies o f  the 

Baldwin (1964) suggests the a1 ignment o f  Belknap, Foley, 
McCredie and Ki tson hot springs may ind i ca te  a nor th  t rending 
f a u l t  s i m i l i a r  t o  the Callaghan and Buddington (1938) suggested 
f a u l t  extendin the length o f  the Cascades w i t h  the  east s ide 
downdropped. Q20) 

Western Cascade Group. (12) 

. .Geologic Hazards: 

Seismic i n t e n s i t y  l e v e l s  are low. 
Hazards include landslides, erosion, and f looding. 

..Hydrology 

Ground Water 

The volcanic rocks o f  the High Cascades Which occur i n  much o f  
the area are general ly considered t o  be h i g h l y  f ractured. 
Meteoric water r e a d i l y  i n f i l t r a t e s  these formations and 
discharges f r e e l y  t o  maintain the d ry  weather f l o w  o f  streams. 
I n  most places, water l i e s  a t  depths exceeding 100 ft. 
r e f l e c t i n g  the high permeabi l i ty  o f  the underlying rock and the 
depth o f  surface erosion. 

The al luvium alorlg the McKenzie R i v e r  and Horse Creek and 
g l a c i a l  deposits adjacent t o  l o c a l  stream val leys consists o f  
unconsolidated, poor ly  s t r a t i f i e d  and l e n t i c u l a r  beds, Wher 
these deposits have s u f f i c i e n t  thickness, they may contain 
ground water that  could be used l o c a l l y  f o r  domestic purposes. 

The older volcanic rocks o f  the Western Cascades are present i n  
pa r t s  o f  the area, mostly west o f  the McKentie River. The older 

issue from conglomerate l y i n g  near upper t e r t i a r y  lavas whi le  
Foley Hot Springs issue from Sardine volcanics o f  mid-Miocene t o  
l a t e  Miocene age. 
character i s t i c s  o f  formations supporting these springs. 
How’ever, i t  has been cofl jectured t h a t  they may be associated 
w i t h  a h igh ly  f ractured zone or  a layer o f  h igh permeabil i ty. 

I rocks also under l ie  t h e  High Cascade volcanics i n  the contact 
I zone between the two geologic provinces. Belknap Hot Springs ~ 

L i t t l e  i s  known o f  the subsurface 
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The only  ground water developments i n  the area are wel ls  a t  V a i l  
Bridge Campground and Coldwater Cove Campground. The y i e l d  of 
these wel ls  ranges up t o  20 gpm. 

The only data avai lable on ground water q u a l i t y  i n  the area i s  
the analysis of water from Belknap Hot Spring. That water may 
r i s e  from considerable depth, so i s  probably not  'representative 
o f  water from shallow aquifers. Water from zones l i k e l y  t o  be 
tapped by wel ls  should be s im i la r  t o  water from streams, but  
somewhat higher i n  dissolved consti tuents. The ground water 
should be o f  excel lent  q u a l i t y  su i tab le f o r  domestic and other 
purposes. Steep gradients, high volume o f  water and pe r iod i c  
f loods combine t o  keep the area's stream beds w e l l  scoured. 
This condi t ion along w i t h  the pauci ty  o f  potassium and 
phosphorous i n  underlying rock has resul ted i n  development o f  
streams o f  low f e t i l i t y  and f i s h  production po ten t i a l .  (32)  

Surf ace Water 

The area i s  drained by the McKenzie River  system. Among the 
larger  t r i b u t a r y  streams are Horse Creek, White Branch, Lost 
Creek, Deer Creek, Smith River and Parks Creek. Unique features 
o f  the area's hydrology are Fish and Lava Lakes, which are f u l l  
through the winter and ea r l y  summer months, but  recede through 
lava tubes and 

Average discharge o f  the McKenzie River a t  the Clear Lake o u t l e t  
(30 yr. average; June 1912-Sept. 1915, and Oct. 1947 t o  1974) i s  
483 cubic ft./sec. ( c f s )  and 349,900 acres f e e t  per year. A t  

ssures during the l a t e r  d ry  summer months. 

t a t i o n  below T r a i l  Bridge Dam the average y e a r l y  
5 year period, Oct. 1959 t o  1974) i s  1,070 c f s  and 

eratures o f  the McKenzie River a t  the 
Bridge gaging s t a t i o n  i s  45.5OF, w i t h  a minimum o 
a maxivum of 51.8OF. Temperatures measured a t  t h i s  s ta t i on  
are the lowest in the McKenzie system. Low temperatures 
a t t r i b u t a b l e  t o  the subterranean reservoirs, snow me1 t an 

feet ,  adjusted f o r  storage. 

i s i n g  the sources t h i s  sect ion o f  t he  
(32) 
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RESERVOIR CHARACTERISTICS 

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA 

# 

..Reservoir Temperature 

..Surface: 71Oc (date sampled 1/75) 
86OC (date sampled 6/76) (8) 

..Subsurface: 1 4 0 0 ~  (1) 

. .Geochemical: Belknap Hot Springs 

S i l i c a  conductive: 135OC S i l i c a  Adibat ic:  131OC 
Na-K-1/3 Ca: 114Oc Na-K-4/3 Ca: 82OC 

(19) 

Foley Hot Springs - 95 lpm (8) 
..Flow Rates: 

. .pH: 7.62 (Belknap) 

..Total Dissolved Solids: 2,506 ppm (Belknap Hot Springs) (8) 

Belknap Hot Springs - 300 lpm, 

..Fluid Chemistry: 

Hot Springs: Bel knap 

Temperature 7loC 
PH 7.62 
Specif ic conductance 4,300 

(m i c romhos ) 
S i  1 i c a  
Calcium 
Magnesi um 
Sod i um 
Pot ass i um 
Li th ium 
B i carbon ate 
Carbonate 
Chlor ide 
F1 our i de 
Boron 
Sul fa te 

' 96 
210 

690 
15 

17 

1 , 300 

0.2 

0.95 

1.0 

1.2 
6.4 

170 

Fo 1 ey 

78OC 

4,800 

60 
494 

47 5 

8.1 

0.8 

11.2 
0.96 

1,304 
0.8 

10.2 
550 

COUGAR 
(Approx. 25 km. from 
Belknap Hot Springs). 

44% 
7.76 

2,890 

50 

- 392 

22 5 (Uni ts  mg/l) 
0.1 

6.3 
0.52 

19 
1 

7 88 
0.8 
5.1 

260 
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. .Estimated Reservoir Heat Content: . 2  x 1018 cal .  ( 1 )  

. .Subsurface Area o f  Reservoir: 1.5 km2 estimated (8)  

..Hot Springs Location: Belknap - Sec. 11, T.l6S., R.6E. 
Foley - Sec. 28, T.l6S., R.6E. 
Cougar - Sec. 7, T.l7S., R.5E. 



LAND OWNERSHIP AND LEASING 

SITE: BELKNAP-FOLEY SPRINGS KGRA 

..Land Ownership - Primarily-Willmette National Forest 

. .Land Leased - none 

..Tentative Lease Sale Dates: 

..Summary of Leasing Status and Needs: 

Leasing act ivi ty  awaits the completion o f  the Willamette 
National Forest 's Environmental Impact Statement for  geothermal 
leasing i n  the Belknap-Foley area. 

Total Area (Acres) - 5,066 KGRA 

I 

September 27, 1979 
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GEOTHERMAL DEVELOPMENT STATUS . 

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA 

. .Present Development Status: 

Belknap Hot Spring Resort o f f e r s  a warm swimming pool and 
overnight accomnodati ons. 

The Oregon Department o f  Geology and Mineral I ndus t r i es  d r i l l e d  
two temperature gradient wel ls i n  the area. Data from these 
tes ts  are l i s t e d  on the fo l l ow ing  pages. 

..Projected o r  Planned Development: 

Belknap Hot Spr gs Resort plans t o  expand dur ing l a t e  1978 t o  
include a new pool and tubs. The lodge i s  t o  be refurbished and 
year-round use i s  expected. 



Location: 

Map Reference: AMs Salem, Oregon 

Date Measured: 9/29/76 

Sec. 27 NW%NWL,, W.M., T.l6S., R.6E. 

DEPTH 
METERS 

5 .O 
10.0 
15.0 
20.0 
25 .O 
30.0 
35 .O 
40.0 
45 .O 
50.0 
55 .O 
60.0 
65 .O 
70.0 
75.0 
80.0 
85 .O 
90.0 
95.0 

100.0 
105.0 
110.0 
115.0 
120.0 
125 .O 
130.0 
135.0 
140.0 
145.0 
150.0 

I 

, 

DEPTH 
FEET 

16.4 
32.8 
49.2 
65.6 
82.0 
98.4 

114.8 
131.2 
147.6 
164.0 
180.4 
196.8 
213.2 
229.6 
246 .O 
262.4 
278;8 
295.2 
311.6 
328.0 
344.4 
360.8 
377.2 
393.6 
410.0 
426.4 
442.8 
459.2 
475.6 
492.0 

TEMPERATURE 
DEG C 

8.120 
8.360 
8.930 
9.340 
9.850 

10.360 
10.810 
11.270 
11.810 
12.310 
12.910 
13.350 
14.010 
14.550 
14.980 
15.610 
15.830 
16.330. 
16.640 
17.070 
17.700 
18.200 
18.720 
19.160 
19.630 
20.050 
20.420 
20.830 
21.240 
21.560 

DEG F 

46.62 
47.05 
48.07 
48.81 
49.73 
50.65 
51.46 
52.29 
53.26 
54.16 
55.24 
56.03 
57.22 
58.19 
58.96 
60.10 
6P,$9 

61.95 
62.73 
63.86 
64.76 
65.70 
66.49 
67.33 
68.09 
58.76 
69.49 
70.23 
70.81 

61.39 

.o 
48.0 

114.0 
82.0 

102.0 
102.0 
90.0 
92.0 

108.0 
100.0 
120.0 
88.0 

132.0 
108.0 
86.0 

126.0 
44.0 

100.0 
62.0 
86.0 

126.0 
100.0 
104.0 
88.0 
94.0 
84.0 
74.0 
82.0 
82.0 
64.0 

GEOTHERMAL GRADIENT 
DEG C/KM DEG F/100 FT 

.o 
2.6 
6.3 
4.5 
5.6 
5.6 
4.9 
5.0 
5.9 
5.5 
6.6 
4.8 
7.2 
5.9 
4.7 
6:9 
2.4 
5.5 
3.4 
4.7 
6.9 
5.5 
5.7 
4.8 
5.2 
4.6 
4.1 

4.5 
3.5 

4.5 

Average gradient 10:150 meters - 92.6°C/km 

L 
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Location: Sec. 2 NE4SWJ14, W.M., T.l6S., R.6E 

L J  Map Reference: AMs Salem, Oregon 

Date Measured: 9/29/76 

. DEPTH DEPTH TEMPERATURE GEOTHERMAL GRAD I ENT 
METERS FEET DEG C DEG F DEG C/KM DEG F / l O O  FT 

16.4 7.600 45.68 .o .o 
-3.6 10.0 32.8 7.270 45.09 -66.0 

15.0 49.2 7.470 45.45 40.0 2.2 
20.0 65.6 7.440 45.39 - 6.0 - .3 
25 .O 82.0 7.550 45.59 22.0 1.2 
30.00 98.4 7.690 45.84 28.0 1.5 

i I 35.0 114.8 7.900 46.22 42.0 2.3 
40.0 131.2 7.990 46.38 18.0 1.0 
45.0 147.6 8.150 46.67 32.0 1.8 
50.0 164.0 8.260 46.87 22.0 1.2 
55.0 180.4 8.440 47.19 36.0 2 .o 
60.0 196.8 8.690 47.64 50.0 2.7 

I I 65.0 + 213.2 8.820 47.88 26.0 1.4 
70.0 229.6 9.080 48.34 52.0 2.9 
75.0 246.0 9.280 48.70 40.0 2.2 
80.0 262.4 9.540 9.17 52.0 2.9 1 

85.0 278.8 9.740 9.53 40.0 2.2 
90.0 295.2 10.210 0.38 5.2 

~ 95.0 311.6 10.500 50.90 3.2 
10.810 51.46 3.4 
11.080 51.94 3 .O 

, 110.0 360.8 11.450 52.6.1 4.1 
115.0 377.2 11.810 53.26 4 .O 
120.0 393.6 12.130 53.83 3.5 
125.0 410.0 12.630 54.73 5.5 
130.0 426.4 13.040 55.47 4.5 
135.0 442.8 13.600 56.48 6.1 
140.0 459.2 14.110 57.40 5.6 
145.0 475.6 14.500 58.10 4.3 
150.0 492.0 14.810 58.66 3.4 

10-150 meters - 49.7°C/krn ’ 

1 
5.0 

1 

1 
1 

1 

I 
I 

1 

I 

I 

~ 

(24) 

I 

I 
1 

I 

W 
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INSTITUTIONAL CONSIDERATIONS 

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA 
hci' 

. . I n s t i t u t i o n a l  Requirements: 

Completion o f  environmental review. by the Forest  Service before 
any leasing can take place. 

. ,Agency and Pub1 i c  A t t i  tudes: 

Geothermal explorat ion or  development i s  l i k e l y  t o  draw 
c r i t i c i s m  from Eugene based environmental 
organ i z a t  i on s . 
Publ ic i s  sens i t i ve  t o  any geothermal development i n  the 
Cascade Range, 

(32) 

. .Status o f  Requirements (i.e., E I A / E I S  Requirements): 

A d r a f t  environmental impact statement addressing.geotherma1 
leas ing i s  scheduled fo r  release i n  mid 1979 w i t h  the f i n a l  t o  
f o l l o w  by  l a t e  1979. 

Leasing could not be considered u n t i l  l a t e  1979. 

The d ra f t  environmental statement w i  1 1 address geothermal 
leas ing f o r  a 151,903 acre area which includes KGRA land, 
non-competitive lease app l ica t ion  lands and other  National 
Forest lands. 
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iL,  
i 
i Land Classification 

Borders 3 Wilderness Areas - Mt. Jefferson, Three Sisters, and 
Mt. Washington. 

"The Geothermal Stream Act does not exclude Wilderness Areas 
from the leasing program. As a matter of policy, however, the 
Forest Service does not issue geothermal leases for Wilderness 
Areas because of the basic incompatibility o f  development 
activities with the Wilderness concept." 

Geothermal lease applications f i led in 1973 overlapped 
approximately 1,000 acres of the Mt. Washington Wilderness Area 
in T.l4S,' R17E, Sections 16, 21, 28 and 33; and T.16S, R.7E, 
Sections 2 and 3. 

Since that ti 
approximately acres. leaving approx. 560 acres o f  
Wilderness still covered by lease applications. Applications 
also cover approximately 700 acres o f  the Three Sisters 
Wilderness in T.16S, R.7E, Sections 12, 14 and 23. The lease 
applications for lands in Section 23 have been formally 
rejected. (32) 

applications have been withdrawn on 

ve been selected for study. 
I 

I 

! included in the EIS study 
applications h w e  been withdrawn. 

Lake Creek, 1/2 mile north of Clear Lake. Lost Creek 
grove is situated located at the conflu 
Branch with Lost Creek. 

(32) 

L, 
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ENVIRONMENTAL FACTORS 

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA 

..CLIWTE - Weather station is  located a t  Belknap Hot Springs 

Varying from southwest t o  northwest ..Prevailing Winds: 

. .Precipitation (Annual) : 193 cm. 

. .Degree Days (Annual) : 4,739 a t  Eugene (number of degree days 
a t  the s i te  would be 
above this figure) 

..Relative Humidity (Seasonal Peaks) 

Summer: 40-50 percent 
Winter : 70-90 percent 

..AIR QUALITY: 

There are no measuring stations i n  the area. 
generally excellent w i t h  the majbr sources of p o l l u t i o n  being: 
d u s t  from unpaved roads, vehicle exhaust Crhissions, and smoke 
from slash burning. 
contributes smoke d u r i n g  l a t e  July, August and Septenber. 

Quality i s  

Field burn ing  i n  the Willamette Valley 

..WATER QUALITY: Generally excellent. 
t ..NOISE: Noise levels are low. 

. . BIOLOGICAL 

..Dominant Flora: Douglas-Fir forest. 

Principal associates: Douglas-f ir (Pseudotsu a menziesii) 
Western hemloc e Tsuga heterophyl l a )  
Western redcedar (Thuja p l  icata)  

Above 914 m. (3,000 f t . )  the True-fir-Mountain hemlock 
fores t  association predominates. (32) 
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U 
. .Dominant Fauna: , 

B lack- ta i led deer, Roosevelt elk, black bear, coyote, 
cougar, r a p t o r i a l  birds, beaver, songbirds and others. 
Streams i n  the area have low f i s h  product iv i ty .  Sport 
f i s h i n g  i s  supported by the  Oregon Fish and W i l d l i f e  
stock4 ng program. (32) 

. .Endangered Species 

Flora: Rare, threatened and endangered p lants  t h a t  are 
known t o  occur i n  the west cen t ra l  Cascades and 
may be i n  the area: 

Gorman's aster  (Aster gormanii) 
Sword f e r n  (Polystichum -ca l  i fornicum) 
Wood f e r n  (Thelypter is nevadensis) 
Bog b i r c h  Betula glandulosa 
Cranberry t m i u m  oxycocc~s E. intermedium) 

Rue anemone 
Matted saxi f rage + axifraga b ronch ia l i s  x. ha1 1 i i) 

w. l a r s e n i i )  
a ter  Lake sandwort (Arenaria pumicola) 

Fauna: 

rndangered Species: 

fa lcon (Falco peregrinus 

Northern spotted owl - ( S t r i x  occ identa l is  
cau r i ra )  reported s i t i n g x F i s h  Lake and other 
po in ts  i n  the area. 

b, 

(32) 
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TRANSPORTATION AND UTILITIES 

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA 

. . Elec t r i c  Transmission Lines 

Eugene Water and E lec t r i c  Board (EWEB) - 115 k v  l i n e  

.. Road Servicing the Area 

State Route 126 i n  KGRA 
U.S. Route 20 29 km, (18 m i .  ) from Belknap Springs 
S t a t e  Route 242 
(impassible i n  winter) 5 km. ( 3 . 5  m i . )  from Belknap Springs 
S t a t e  Route 22 35 km. (22 m i . )  

National Forest  Service Roads: Lava Lake Rd. 1349, 
Hackleman Rd. 1360, 
Robinson Lake Rd. 1467, 
O l a l l i e  Creek Rd. 1573, 
S c o t t  Creek Rd. 1601, Foley 
Ridge Rd. 169, and Horse 
Creek Rd. 161. 

.. Other U t i l i t i e s  o r  Rights-of-way 

Lane E l e c t r i c  Company - powerline - 8.75 miles  i n  T.l6S., R.6E. 
Oregon S t a t e  Board of Aeronautics - a i r  s t r ip  i n  Section 16, 

Pac i f i c  NW Bell - e lec t ron ic  si€e - .25 ac re  i n  Section 1,  
T.l6S., R.6E. 

T.15S., R.6E. and Section 11, T.l6S., R.6E. 
E. H. Stcirr - spring - 150 f t .  r i  ht-of-way in-Sec.  11, 

T.l6S., R.  B E. 

Oregon S t a t e  Highway Department - storage years: 

approximately 4 ac re s  i n  Sec. 2, T.l6S., R.6E. less than 3 
acres i n  N E W % ,  Sec. 12 ti SWt,SW% Sec. 14 a l l  i n  

approx-imately % acre  i n  Sec. 14 T.l6S., R.6E. 
T. 16S., R.7E. 

In addi t ion,  10 road right-of-ways have been granted t o  various 
agencies, conpanies and individuals  (exac t  locat ion not known). 

No grazing allotments i n  area. 
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POPULATION 

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA 

..General Descr ipt ion of Populat ion , 

Populat ion densi ty i s  low and i s  concentrated on p r i v a t e  land 
a t  the hot springs, White Branch, McKentie Bridge, Rainbow and 
Blue River. 

The populat ion increases seasonally when summer.homes are i n  
use. 

Others i n  the area are on a non-residency basis. T 
r e c r e a t i  on i  sts, our is ts ,  and timber and Forest Service 
ernp 1 oyee s. 

Populat ion Centers D i stance 

McKenzie Bridge from Belknap 

. . Economics 

..Future Land Use: 

I 

the source o f  the McKentie River. Motor boat ing 
I prohibi ted.  Very popular t r o u t  f i s h i n g  spot. 
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Waterfalls - Sahalie, Kassah, Tamolitch and Proxy Falls. AT1 
except Tamolitch are accessible via short 
trails. 

McKenzie River - "nationally renowned trout stream" 
Carmen-Smith Project Reservoirs - components of 90 megawatts 

EWEB hydroelectric project. 

Seasonal Lakes - Lava, Fish and Lost Lakes 
Dispersed recreation areas: 

Di spersed motorized recreation/timber: 
' Approximately 12,200 acres in Clear Lake - Sand Mountain. 

Nash Crater area is included in a designated area 
totalling 15,589 acres. 

Approximately 200 acres in Highway 20-22 junction area and 
1,200 acres in Two Butte-Melakwa Lake areas have been 
designated non-motorized dispersed areas. 

Approximately 680 acres east of Challie Trail between 
Hatsepasture Mountain arid Taylor Castle. 

Dispersed non-motorized recreationhimber: 

English Mountain undeveloped Roadless area: 

Special interest areas: 
Approximately 120 acres of 390 acre Lamb Butte Scenic Area 
falls within the EIS study area. 
Additional 840 acres along the McKenzie River in Tam01 i tch 
Falls - Beaver Marsh area have been designated for 
classification as a special interest area. 

23 deve?oped recreation sits: ( E I S  area) 
30 inventoried potential sites 
8 trails with total length of ap6roximately 18.7 miles are 

within study area 

1976 - 143,700 visitor days at developed recreation sites. 
Dispersed recreation area usage in 1976 - approximately 50,000 
visitor days - fishing, hiking, riding, water sports and 
enjoyment of scenery, cross-country skiing, and snowmobi 1 ing. 

338 



~ 

1 

I 

! 

! 

j 

i 

I 

I 
i 

i 
i 

1 

I 

I 
1 

i 

i 

S I T E :  McCREDIE HOT SPRINGS KGRA 
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MC CREDIE HOT SPRINGS KGRA 

ings is situated a t  the souther nsion of the Western 
gs belt. Located primarily in T,21S., R.4E., W.M., in Lane 

3,659 acres. Oakridge, a nearby lumber-based town 
t of the hot springs. 

rces for  timber production and recreation dominates 
is expected to remain the focus in future plans. The 
Forest is responsible for managing the  KGRA and 

surrounding lands, all of which are  in federal ownership. 

The reservoir characteristics of McCredie hot springs appear technically 
promising for geothermal development. The springs flow 76 Ipm of 73OC 
water. Geochemical thermometers suggest that a 120°C resource is feasible 
at depth. A hot-water-dominated hydrothermal convection system, similiar 
to those postulated for the other Cascade hot springs areas, seems to be 
indicated at  McCredie. 

The most realistic proposed use of the  McCredie resource would be for 
lumber drying or  processing of wood chips in Oakridge and Westfir, and 
district heating in Oakridge. A 20 km pipeline long would be required to 
deliver hot water to Westfir, and would have to be  available a t  a cost less 
than conventional fuels. An industrial customer would make a district 
heating system for Oakridge a reasonable consideration. The area is well 
suited for commercial greenhouse operations for growing bedding plants and 
tree seedlings. Otherwise non-electrical uses of t he  McCredie geothermal 
resource would be  t i  d by the lack of population at the site, 

The benefits of MI e's thermal waters have been enjoyed since IY16 when 
Judge William McCredie built a resort offering mineral baths and hotel 
facilities. The spa operated until 1958 when the main building burned. There 
a re  no structures at the site now, but the hot springs a r e  used by t'roadsidetv 
bathers. West o ie, Kitson Hot Sp ' aintained as a Boy Scout 
camp. 
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Beyond the limi;ted present uses of the hot springs, onty moderate interest has 
been expressed in developing the McCredie geothermal resources. Available 
information indicates that private industry has not undertaken any 
exploration. Noncompetitive lease applications have been filed in areas 
around the KGRA, but as with competitive leases, cannot be processed until 
the Forest Service issues the McCredie Geothermal Area Environmental 
Impact Statement. A t  best, the document can be expected in .late 1979. 
When land positions have been established by leasing, exploration and 
development activities should increase. 

Further possible restrictions to development include the environmental and 
land use concerns common to all the Known Geothermal Resource Areas in 
the Cascade Region. 
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SITE DATA SUMM4RY 

SITE: MC CREDIE HOT SPRINGS KGRA 

. .Physical Reservoir Data 

. .Temperature OC 
Surface: 730C Subsurface: 160% (34) 

..Site Land Status: The KGRA i s  i n  federal  ownership managed by the 
W 1 1 1 ame t t e  Mat i ona 1 Forest . 

Total  KGRA Acre ,659 - Federal 

Total  Acres Leased: 0 - Federal 

. .Geothermal Develop 

. .Local and State A t t  

Sensi t ive due t o  enviro 

I 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: MC CREDIE HOT SPRINGS KGRA 

..Latitude: 430 42' 6" N 

..Longitude: 1220 17' 3" W 

. .Recti l inear: 35, 36, W.M., T.21S. , R.4E.; Sec. 
1, T.22S., R.4E.; Sec. 31, W.M., T.21S., R.5E. 

County: Lane 

..Adjacent Counties: Deschutesi K1 math, Doug1 as, Lincoln, 
Benton, L inn 

..Map Reference: U.S.G.S. Topographic Oakridge, Oregbri 1 :625500 

. .Topography 

Rugged forested land i n  the Western Cascades. 
from approximately 579 m. (1,900 .ft, 
(6,000 ft.) on Bunchgrass Ridge. 

Elevat ions range 
alohg S a l t  Creek 8,829 ni. 

. .Present Laild Use: 

National f o r e s t  land used f o r  t i nbe r  production and recreation, 

..Future Land Use Plans: 

Increased timber y i e l d  and recreat ional  opportwni t ies .  

. .Aesthstics: High aesthet ic value. 

. McCredie Hot Springs i s  w i th in  approximately 22 km (13.5 mi les) 
o f  t h e  Diamond Peak Wilderness Area. 

L 
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. . H i  s t o r  i c  a1 /Archaeo 1 og i c a1 S i g n i f i cance : 

Archaeological invest igat ions are being conducted i n  
he Environmental Impact Statement. 

ans l i v e d  i n  t h e  Middle F k W i  1 lamette 
groups of about 20 persons. Molal l a  and I 

Klamath Indians also used the area t o  some extent. I n  1855 the 
Wil lamette River area was ceded t o  the U.S. by the Kalapuyans 
who then moved t o  the  Grand Ronde Reservation. 

The Southern P a c i f i c  Rai l road l i n e  was conplet n to  Oakridge 
i n  1912, b u t  was no t  completed through the geothermal area and 
over Willamette Pass u n t i l  1926. A special use permit f o r  a 
ten acre parcel  i n  the McCredie ho t  springs area (then known as 
Winino H.S.) was issued i n  1906. I n  1916 Judge W i l l i a m  W. 
McCredie purchased an i n t e r e s t  i n  t h e ' s i t e  and b u i l t  a ho te l  
r e s o r t  t h a t  operated u n t i l  the main s t ructure burned t o  the 
ground i n  1958. Current ly there are no structures a t  the s i te .  

(33) 

. .Hydrology: 

D r  a i n age 

Waters o f  the a a d ra in  i n t o  S a l t  Creek, Salmon Creek and 
H i t l s  Creek - a l l  t r i b u t a r i e s  o f  t h e  Middle Fork o f  the 
Wil lamette River. 

Discharge 

Average dischn o f  the Middle Fer+ Wil lamette River  a t  the 
G.S.G.S. gaging s t a t i o n  4.2 m i les  downstream from t h e  North 
Fork (52 year average) i s  2,779 cubic feet  seconds [cfs), o r  
2,013,000 acre-feet per year. Average discharge o f  t he  Middle 
Fork Wil lamette 0.4 m i l e  above S a l t  Creek (40 year average) i s  
1,161 c f s  o r  841,OO.O acre-feet per year. No gaging s t a t i o n  
e x i s t s  along the Middle Fork between he Salmon Creek 'and North 
Fork coiiluences. 



Temperature 

Temperature records from the gaging s ta t ion on the Middle Fork 
Willamette River below the North Fork confluence (Sept. 1950 t o  
October 1960 and June 1961 t o  September 1974) range from 74OF 
t o  the freezing point. A t  the gaging s ta t ion above the Sa l t  
Creek confluence temperatures, recorded between October 1960 
and September 1974 range from a maximum of 77OF t o  a minimum 
O f  %OF, 

Domestic Use 

Domestic water sources - Blue Pool Campground, Sa l t  Creek 
Recreation residence sites and the City of Oakridge. 

i 
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U RESERVOIR CHARACTER ISTICS 

SITE: MC CREDIE HOT SPRINGS KGRA 

. .Reservoir Temperature 

. .Surf ace: 7 3 0 ~  (34) . .Subsurface: 160Oc . .Geochemical 
Si02: 1 2 0 0 ~  

..Flow Rates: 76 lpm (34) 

Na-K-Ca: 75OC 

..pH: 7.29 

..Fluid Chemistry: 

Chemical const i  ents are higher than other hot  springs i n  the 
Western Cascades. A hot-water-dominated hydrothermal 

e c t i o n  system i s  indicated. 

cCredie ' K i  tson 
Hot Springs Hot Springs 
( u n i t s  mg/l) ( u n i t s  ppm) 

Temperature 73oc 44% 
PH 7.29 7.4 

S i  1 i c a  79 47 

Magnesium ' 5.7 

Speci f ic  Conductance ' 

(micromhos) 6,730 10,500 

Calcium 626 

Sod i urn 1,450 
Potassium - 28 
Li th ium 1.8 

. 27 
197 

Bicarbonate 
Sul fa te 
Chloride 3,420 
F1 uor i de 2.8 
Boron 25 
Total  d issolved so l i ds  6,340 Ppm 

(8) 

. .Hot Springs Locat i  

McCredie 
K i  tson Sec. 6, W.M., T.22S., R.4E. 

Sec. 36, NM%, W.M., T'.21S., R.4E. 

U 
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Lid LAND OWNERSHIP AND LEASING 

SITE: MC CREDIE HOT SPRINGS KGRA 

..Land Ownership: Willamette National Forest 

Total Area (Acres) - 3,659 
Federal (Acres) - 3,659 

..Land Leased: 0 

..Tentative Lease Sale Dates: October 23, 

..Summary of Leasing Status and Needs: 

Leasing activity awaits completion of 
Area Environmental Impact Statement. 
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GEOTHERMAL DEVELOPMENT STATUS 
! b  

SITE: MC CREDIE HOT SPRINGS KGRA 

. .Present Developnent 

I No development. 
radients  have been measu d i n  two wells i n  the . Data i s  present below 

SEtNE%, W.M., T.21S., R.4E. 

Map Reference: seburg, Oregon 

Date Measured: 9 6 

MAL GRADIENT 
DEG F/lOO FT 

9.670 49.41 .o 00 
10.070 50.13 80.0 4.4 
10.480 50.86 
10.870 51.57 

~ 

I 

.55.0 180.4 13.280 55.90 
60.0 196.8 
65.0 213,2 
70.0 229.6 

15.520 59.94 
85.0 278.8 15.970 60.75 
90.0 295.2 16.300 61.34 
95.0 311.6 16.710 62.08 

100.0 328.0 17.180 62.92 
105.0 . 344.4 17.620 63.72 
110.0 360.8 17.970 64.35 
115.0 377.2 18.360 65.05 
120.0 393.6 78.790 65.82 
125.0 410.0 19.130 66.43 
130.0 426.4 19.530 67.15 
135.0 442.8 19.930 67.87 
140.0 459.2 20.230 68.41 
145.0 475.6 20.610 69.10 
150.0 429.0 ' 20.980 69.76 74.0 4.1 

_ -  (24) Average gradient 15-150 meters - 80.8OC/krn 

b i '  



Lid 
Location: Sec. 10 SE%NE%j, W.M., T.21S., R.3E. 

Map Reference: AMs Roseburg, Oregon 

Date Measured: 9/28/76 

DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT 
METERS FEET DEG C ‘DEG F DEG C/KM DEG F/lOO FT 

20.0 65.6 
22.5 73.8 
25 .O 82.0 
27.5 90.2 
30.0 98.4 
32.5 106.6 
35.0 114.8 
37.5 123.0 
40.0 131.2 
42.5 139.4 
45.0 147.6 
47.5 155.8 
50.0 164.0 
55.0 180.4 
60.0 196.8 
65.0 213.2 
70.0 229.6 
75.0 246.0 
80.0 262.4 
85.0 278.8 
90.0 295.2 
95.0 311.6 

100.0 328.0 

Average gradient 22.5 - 100 meters - 31.720C/km 

10.450 
10.480 
10.570 
10.630 
10.680 
10.760 
10.980 
11.060 
11.120 
11.220 
11.300 
11.390 
11.440 
11.760 
11.920 
12.119 
12.290 
12.450 
12.620 
12.780 
12.930 
13.070 
13.200 

50.81 .o .o 
50.86 12.0 .7 
51.03 36.0 2.0 
51.13 24.0 1.3 
51.22 20.0 1.1 
51.37 32.0 1.8 
51.76. 38.0 4.8 
51.91 32.0 1.8 
52.02 24.0 1.3 
52.20 40.0 2.2 
52.34 32.0 1.8 
52.50 36.0 2.0 
52.59 20.0 1.1 
53.17 64.0 3.5 
5 3 4.46 32.0 1 .a 
53,86 38.0 2.1 
54.12 36.0 2.0 
54.41 32.0 1.8 
54.72 34.0 1.9 
55.00 32.0 1.8 
55.27 30.0 1.6 
55.53 28.0 1.5 
55,76 26.0 1.4 



INSTITUTIONAL CONS1 DERATIONS 

C CREDIE HOT SPRINGS KGRA 

. . I n s t i t u t i o n a l  Re 

Approved 1 Forest  Servic 
explorat ion and development can occur 

RARE I1 land use decisions may e f f e c t  
t h e  McCredie area. 

Several areas i n  the v i c i n i t y  o f  the McCredie KGRA are being 
examined by t h e  U.S. Forest  Service as p a r t  o f  t h e  RARE I 1  
process. As a r e s u l t  o f  the review, the  fo l lowing designations 
are possible: 

Recommend f o r  i nc lus ion  i n  the Nat ional  Wilderness 
Preservation System, recommend f o r  fur ther  study, r e t u r n  
t o  mu1 t ip le-use status. 

According t o  the Forest  Service c lass i f i ca t i on ,  none o f  the 
areas has producing proven o r  possible geothermal resources. 

The areas are a 
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..Agency and Publ ic At t i tudes:  

Environmental concerns about geothermal development i n  the 
Western Cascades r e s u l t s  i n  sensi t ive pub1 i c  a t t i  tudes. 

. .Status o f  Requirements (i .e., E I A / E I S  Requirements): 

An Environmental Impact Statement considering geothermal 
leas ing i s  being prepared by the Willamette National For 
The E I S  w i l l  cover the KGRA and surround areas f o r  a t o t a l  
study are o f  19,603 acres. 

' O p t i m i s t i c a l l y  the E I S  can be expected i n  l a t e  1979. 



I I 

N V I RONME N TAL FACTORS 

C CREDIE HOT SPRINGS KGRA 

n f  luenced b y  moist e a i r  f lowing o f f  
t h e  P a c i f i c  Ocean. Temperature inversions are  not uncommon. 
No weather stations are maintained i n  the area. 

Lp 

. .Prec ip i ta t ion  (Annual) : 127 cm. 

. .Average Temperature 

.Re la t ive  Hwnidi ty (Seasonal Peaks) 

Summer: 40-50 percent 

..Dominant F1 

W 
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Western hemlock (Tsuga heterophyl la) ,  P a c i f i c  s i l v e r - f  ir 
(Abies amabilis), and western redcedar (Thu 'a plica!?) are 
t-incipal associates of Douglas fir +- seudotsuga 
men t ies i i )  i n  t h i s  f o r e s t  community. 

Shrubs common t o  the ,Douglas fir types are P a c i f i c  
rhododendron (Rhododendron macro h l lum), v ine maple (Acer 
circinatum), golden chingapin + Castano s i s  ch rysophy l l ' a )  
and P a c i f i c  dogwood (Cornus nut+ 

Among the more commonly seen forbs are sword f e r n  
(Pol stichum munitum), deerfoot v a n i l l a  l e a f  (Achl s 
t h t  a1 1 'Oregon grape (Berberis e r v o s d e e n c u p  
b e a d l i l y  (C l i n tan ia  un l f l o ra )  and white inside-out-f lower 
(Vancouveri a h e x a n d r r  

The remaining 3 perceqt o f  the EIS study area includes 
non-commerical rocky f o r e s t  lands, meadows and water. 

Common shrubs include P a c i f i c  serviceberry (Amelanchier 
f l o r i d a )  , thimbleberry (Rubus p a r v i f  l o rus )  and hucklegerry 
'(Vaccini um x. ) 

(33)  

. . Dominant Fauna: 

Roosevelt elk, black bear, b lack - ta i l ed  deer, beaver, 
rodents, coyote, r a p t o r i a l  b i rds  and others. 

The area covers a v a r i e t y  o f  w i l d l i f e  hab i ta t s  inc lud ing 
old growth forests,  brushy cutover areas, 
and r i p a r i a n  areas. 

. .Endangered Species: 

Flora: Plants l i s t e d  by the Oregon Task Force are known i n  
the west cen t ra l  Cascades and may be i n  the area. 

Wood f e r n  (Thelypter i  s nevadensis) 
Bog b i r c h  
Cranberry 
Reedgrass 
Washington l i l y  
Bog o rch id  
Rue anemone 
Matted saxi f rage 
P i  nef  oot 

ntermedium) 

vespertina) 

*Tal  1 agoseris (Agoseri s e l  ata) 

i 
Alpine col lomia (Collomia d e b i l i s  var. l a r s e n i i )  L 
Crater Lake sardwort (Arenari a m a f - - -  

i 
i 
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falcon (Falco peregrinus anatum) 

Arc t ic  peregine falcon (Falco peregrinus tundrius) 

- 
THREATENED SPEC I ES : 

Wolverine (Gulo - 1uscus)--one s i t i n g  from the Mt.  Jefferson 
Wilderness. 
Northern Blad eagle (Hal iaeetus leucocephalus a1ascanus)-- no 
known nesting s i t e s  i n  area. 
Northern spotted owl ( S t r i x  - occidentalis caurina) h a b i t a t  i s  
o ld  growth Douglas fir forest. (33) 



TRANSPORTATION AND UTI L IT1 ES 

SITE: MC CREDIE HOT SPRINGS KGRA 

i 
..Utility or Energy Transmission Corridors and Facilities: i 

None in area. 

. .Transportation Corridors or Faci 1 ities and Right-of-Ways: 
Access is via State Highway 58 (Willamette High 
National Forest system roads. 
logging roads in the vicinity. 

In addition, there are numerous 

Southern Pacific Railroad holds 10 special use permits for a 
railroad and ancillary installations in the area. 
lies within a quarter mile of McCredie Hot Springs. 

The railroad 
I 

Permit for a rock stockpile site adjacent to Highway 58 Mile 
Post 47.70 is held by the Oregon Highway Department. 

There are no grazing allotments. ! (33)  



POPULATION 
I REDIE HOT SPRINGS KGRA 
I 

. .General Description of Population 
I lly transitory in nature. 

Recreationists, lo ging industry employees and Forest Service I 

employees are in t i! e area on a non-residency basis. 

tion centers are: 
I mber and railroad town,' wi 

about 14.5 km (9 miles) fro 

' Westfir, a lumber mill town located 5 km (3 miles) 
northwest of Oakridge. 

. .Economics 
. .Present Land Use: 

1 d tiher production 
1 

Timber from the area provides suine support for the economy 
of Oakridge and other upper Wi 1 lamette Val ley urban 
areas. Total standing merchantable volume on the 19,603 

study area is estimated to be 7% 

I 

is the principal tinber species, with western 
le fft,  Pacific silver fir, mountain hemlock, 

smaller volumes to the total, 
pine, western redcedar and in ar 

Recreation 

Blue Pool Campground is only developed recreation site in 
the area. tocated between Highway 58 and Salt Creek about 
.5 mile west of McCredie Hot Springs. Facilities include 
19 camping units and 5 picinic units wi paci ty 



j 

Two addi t ional  si tes, t o t a l l i n g  16 acres have been 
i d e n t i f i e d  as being sui  t ab le  fo r  recrea t iona l  
development. One o f  these t r a c t s  i s  a t  McCredie Hot 
Springs. I t  includes the s i t e  former ly  occupied by the 
McCredie Hot Springs Resort Lodge. 
i n  1958 when the  lodge burned. ~ 

Resort use terminated 

Pr inc ipa l  recreational a c t i v i t i e s :  f ish ing,  hunt ing (e lk  

F ish ing  

and deer), camping, and hik ing.  (3 )  

S a l t  Creek and Black Creek are the most frequently f i shed 
streams i n  the area. They support a spor t  f i s h e r y  based 
la rge ly  on the Oregon Department o f  F i s h  
stocking program, although na t ive  f i s h  a 
(Cutthroat and Rainbow t rou t )  (3) 
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LEGAL AND INSTITUTJONAL FACTORS 
* 

In general, natural resource development is guided by a vast array of federal, 
state and local government policies. Geothermal energy development is no 
exception. Policies, procedures and laws related to environmental, regulatory 
and statutory controls dictate where and how geothermal resource 
development may occur. 

All to frequently this maze of legal and institutional considerations serves as 
a barrier to geothermal energy development. However, for the most part, 
state policies in Oregon have served to foster the development of direct use 
applications in a relat ly unhindered fashion. 

Foremost was the passage of legislation in 1975 allowing 'the formation of 
geothermal heating districts. This legislation, as contained in Oregon Revised 
Statutes Chapter 523 (1977 Replacement t) (Appendix D), authorizes the 
incorporation of comriwnities for the pu of supplying inhabitants with 
geothermal heat. I t  allows heating districts to contract for services, sue and 
be sued, issue general obligation, revenue or refunding bonds, form 
cooperative agreements, exercise the power of eminent domain, levy special 
assessment ta ond ad valorem taxes and provide supplemental energy. from 

thermal in times emergency. In addition, 
cts may purcfwse, sel old interests in water 
ay recelve private or grants, loons or other 

funds for carrying out objectives of the dist model legislation, the 
first of its kind in country, has enable 
formation of a geoth a1 heating district. 



Geothermal wells which are more than 2,000 feet in depth or 2 W F  are 
regulated by the Oregon Department of Geology and Mineral Industries. 
Administrative Rules which govern the drilling of such wells are contained in 
"Rules, Regulations and Laws Relating to Exploration and Development of 
Geothermal Resources in Oregon" issued in 1977. The rules have recognized 
the distinction between prospect and production wells and have provided for 
separate blow-out prevention requirements. The Department has also 
reached an agreement with the Department of Environmental Quality to 
incorporate environmental stipulations in well permits which reduces 
regulatory procedures for the developer. 

However, the division of authority between the Department of Geology and 
Mineral Industries and Department of Water Resources raises some 
interesting questions concerning ownership and water appropriation. As 
defined in  ORS 522.005(7), "geothermal resources1' means the natural heat of 
the earth, the energy in whatever form, or created by, or which may be 
extracted from, the natural heat, and all minerals....". Ownership rights as 
outlined in ORs 522.045 "shall be in the owner of the surface property 
underlain by the geothermal resources unless such rights have been otherwise 
reserved or conveyed. However, nothing in this section shall divest the 
people or the state of any rights, t it le or interest they may have in 
geothermal resources." Section 522.025 states that provisions of the chapter 
do not apply'to shallow, low temperature wells but does not say- that this 
identified type of well is not a geothermal resource. The assignment of this 
type of well to Department of Water Resources jurisdiction seems to imply 
that shatlow, low temperature geothermal resources may be a groundwater 
resource and thereby in public trust reserved to the state. Since the 
definition of geothermal resources does not reflect the division outlined for 
regulatory purposes, the question remains who actually owns and controls the 
resource. 

As well, despite the provision that ownership rghts to geothermal resources 
are given to the owner of the surfgce estate, any water withdr<iwn and 
released from a geothermal well is subject to appropriation under state water 
law. This raises the question of whether or not the Department of Water 
Resources has the authority to  require water appropriations for all 
geothermal f lwids including those regulated by the Department of Geology. 

It is not perceived that thgse concerns are hindering geothermal development 
in Oregon, but they should be clarified, nonetheless, before they become 
problems. One solution would be to provide by statute that geothermal 
resources of either fluid or vapor type not be restricted by established water 
rghts  unless substantial interference can be demonstrated. 
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A potential conflict concerns the classification of heat as a beneficial use. 
To acquire a water appropriation a beneficial use must be demonstrated, and 
heat extraction is not now considered to meet the advantageous criteria. One 
can envision a case where a geothermal resource developer plans to 
downhole heat r in a closed system but is unable to obtain a 
right. The de ght then decide i o  use the thermal fluids directly to 
gain an appropriation which raises questions about disposal, possible corrosion 
problems and conservation of the resource. Clearly, the extraction of heat 
from thermal f accepted beneficial uses. 

her. policy concerns may be addressed by the I979 Oregon 
Legislature in response to a National Conference of State Legislatures 
project which was recently begun in the state. The project seeks to identify 

ssist in analysis of the issues and stimulate 
tion of policy and regulatory issues i s  an 

needs to be added to th 

point to prevent obstacles an 

r activities takin he state which 
wi l l  foster the development of geothermal resources. The Oregon Graduate 
Center is conducting an environmental overview to identify potential 
concerns and recommend areas *for environmental baseline studies. A task 
force comprising of representatives of the Departments of Environmental 
Quality, Energy, Water Resources and Geology and Mineral Industries . h v e  
been directed to recommend uniform policies regarding geothermal fluid 

. disposal by House Joint Resolution 50. One of the recent encouragements to 
bringing geothermal resources %n-line** in the near-term was the Economic 

, Development Commission% selection of geothermal nergy as'a target for 
industrial development. This should facilitate t locat ion of sui table 
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Taking all of these factors into accoupt i t appears that the legal qnd 
institutiorrpl framework for the devebpment of direct use gebthermal 
applications is reasonably strai tforward. The question-then arises as to why 

related to economics and lack of financial incentives which wil l be discussed 
in further detail in the overall view of impediments to development. 

Utilization of geothermal resources for electric power generation is likely to 
encounter more stringent institutional controls. However, most of these 
factors are reasonable safeguards to protect the environment since the 
impacts . *  of a power plant are more significant than the implications of . direct 1. 

geothermal resources are not ?? eing more actively developed The answer is 

applications. 

re are now no regulations for the Siting of a geother 
pipeline. Although there is not a coqfirmed resource whic 
application. for a site certificate, a siting application 
pipeline could be forthcoming within a year or two. The obsence of 
regulations could delay the siting procedure. Applications must be filed qg 
site certificates 'granted, if deemed appropriate by the Energy Facility Siting 
Council for elec-tric poytwq production plants with a minimum gepra t iw  
capacity of 25 MW and 'for pipelines six inches or greater in diamtey cpd five 
miles or longer in length. It is imperative that' regulations governing the 
siting of 5k-h faciCities be ip place befpre q 

A deterrent to the siting of  geothermal power plants is  the 
suitability/unsuitability survey which classifies many areas that show 
potential for 'developpent as unsuitable. Jn the case of geothermal it is 
suggested that the wrvey be consulted, but that each application be 
considered on a site specific basis. 

In Oregon approximately 31 million =res or 50 percent of the land is  iq 
federal ownership witb the U.S. Forest Service and Bureau of Land 
Management acting as the primary management agencies. 
Oregon's identified geothermal resource areas are within t 
hold. The lack of access to these lands is one of the 
impediments to geothermal exploration and development i 
the regulgtions c$pwrning geothermal energy expl tion and development as 
outlined in the Geothermal Steam Act of 1970 and operating orders of the 
U S .  Geological Survey, Forest Service and BLM have been adequately 
explained in numerous publications, this discussion wi l l  focus on specific 
problems and potential solutions rather than a reiteration of the complex 
procedural maze. A char? summarizing !be leasing process on federal land 
has been included as Appendix G. 

jcgtiws i re  fil 
Y$eSS .*lPY% 

366 

I 

r 
f 



The primary inhibiting factors are the inability of developers to obtain access 
to federal land for leasing and the tedious process acquiring permits to 
conduct geothermal operations. For the most pa developers will not 
proceed with an exploration program without leases to protect the company's 
investment. Leasing of national forest land is particularly constraining 
because of the length of time required to ss applications and the 
commitment of capital for long periods of time re are lease applications 
on national forest land that b e  been pending since 1974. With this time 
frame, it is easy to understand why in many cases only large companies can 
afford to conduct geothermal exploration activities. Even they get frustrated 
with lengthy procedural delays and may divert funds to other investments. A 
potential solution is to establish specific time periods for processing of lease 
applications. If investors have a predictable time for commitment of funds 
they may be more like ertake geothermal development. 

Leasing laws and procedures make it difficult to obtain the leases which are a 
necessary prerequisite to major exploration. his is particularly true in the 
case of national forest lands. Environment evaluations which are both a 
necessary and desirable procedure consume undue amounts of time. A prime 
example is  a recent Environmental Impact Statement completed for a 
western Cascade hot spring area. The document required four years to 
prepare md publish and then failed to include odjacent 
areas. A second impact report must be compiled before lea 
the area can be processed. It would facilitate leasing 

vironmental revi 

ever to be realized on national forest 
Ids ,  then the Forest Service must increase i t s  prog 
,management cornmi tment to geothermal development. The 
this is happening on individual forests in Oregon, but directives from the 

- 
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Environmental impacts reports are causing further delays in the development 
of geothermal energy not only by the lengthy process of preparation but by 
the ScOpe in which impacts are assessed. Since environmental analysis must 
precede exploration, the nature of the resource is not known. A realistic 
measure of impacts is virtually impossible. The Forest Service method has 
been to consider the worse case approach. This has resulted in projections of 
Ge yser-type developments in forested areas where the geothermal resources 
have been identified as intermediate temperature hydrothermal resources. It 
is not surprising that environmental groups and the general public raise 
considerable objections when they review environmental analysis documents 
which addresses only development of the highest magnitude. 

A more reasonable approach, and one which is being considered by the 
Interagency Geothermal Coordinating Council Streamlining Task Force, would 
be to provide for teases based upon separate environmental assessment of the 
exploration and development phases. Environmental analysis for the 
exploration phase coutd be based on areawide environmental reports that h u e  
been developed during land management planning. This would serve as a 
review only of the impacts of exploration activities. A comprehensive site 
qecific analysis of development inpacts would be made only if a sufficient 
resource were discovered during exploration. The lessee's rights to develop 
would be conditional. based on the outcome of the comprehensive 
environrnenfqt analysis. Canditi'onal rhhts would be established through lease 
stipulations. This method would not anly serve ta provide a more reatistic 
assessment of environmental impacts thereby facilitating more sw'nd 
judgmental decisions regarding possible development, but would be less of a 
finoncial and man-power drain M the Forest Service since existing documents, 
could be used in the initial reviews and comprehensive specific analysis would 
be required only for development. This approach would simplify the 
procedures for geothermal exploration without sacrificing the importance of 
environmental impact malysis. 

Whet? preparing environmental reviews of geothermcil development both the 
Forest Service and the BLM should address the severity of geotkrmal 
impacts as compared with the impacts of other energy sources. Generally, 
environmental reviews have not compared the impact of 
development to the impacts of other resource development 
compared it with the effect of no development. At some point, it wil l be 
necessary to balance energy and environmental goals, and if corrparisons can 
be drawn now as environmental analysis are prepared it wil l  provide essentiat 
background information for future decisions. 
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A major obstacle to geothermal development i lack of knowledge of the  
nature and extent of geothermal resources in Oregon. It appears that Oregon 

meet a significant portion of its energy demand by 
resources, but until a more aggressive program of 

resource assessment consisting of geophysical and geochemical studies and 
test drilling is undertaken, it will remain just that - potential - not power 
on-line. The immediate focus of federal geothermal programs should be to 
put the bulk of their available funding into resource assessment and reservoir 

' modeling through the U.S.G.S. and coopemtive programs with state geology 
offices. Once resource assessment has established parameters for geothermal 
energy utilization, planning and feasibility studies can be carried out in a 

~ more realistic manner. As well, resource confirmation will decrease the risks 
involved in geothermal development which has been a major in 
in securing financial commitments. 

To encourage private exploration on federal land the US.C.S. should revise 
the criteria for designating known geothermal resource areas KGRA). A 
review of the leasing status in Oregon reveals that the pace of leasing and 
exploration in KGRAs lags behind activity on nowompetitbe lease areas. 
Provisim are necessary which will encourage exploration in KGRAs through 
redefining the  KGRA classification procedures and including elements which 
will motivate exploration and development. Efforts should also be made io 
reclassify KGRAs after they have been offered during two lease sales and 
received no bids. Several portions of KCRAs including Klamath Falls, Vale, 
Gump Springs and Burns Butte have been 
no bids have been received 

To bring more power 
should focus on pro 

ets should be 

resources and . This shoul 

with private capital. 

369 



District heating systems could be further encouraged if legislation were 
passed altowing municipalities and others the same provisions that are 
provided in other mineral acts. Federal land could be set aside for 
municipalities or other organizations for direct use applica ns. A possible 
consideration to ,stimulate the formation of heating districts, would be to 
allow municipalities first right of re 

Throughout the years the major impediment to geothermal exploration and 
development has been the lock of financial incentives. But with the passage 
of the National Energy Act in late 1978, parity with other energy resource 
expJoration was established for geothermal energy. The Act authorizes a full 
depletion allowance of 22 percent - for  geothermal wells drilled after 
December 31, 1977, but declines to 15 percent by 1984 on the same basis as 
for oil and gas. Intangible drilling costs an also be deducted in the same 
fashion as oi l  and gas wells. 

The Act also allows a 10 percent investment tax credit, in addition to the 
normal I O  percent investment tax credit, for businesses installing geothermal 
equipment. Agricultural uses may also qualify. Homeowners who install a 
geothermal heating, cooling or hot water system may 
residential energy tax credit. The allowance is 30 percent o 
spent, and 20 percent of the next $8,000 for a total maxim 
Provisions of the Bill expand the authari~ of the Federal Energy Regulatory 
Commission to order intercomectioh and wheeling for utilities clr 
m-generators installing geothermal plants, and exempts small geothermal 
facilities of less than 30 MW capacity from federal public utility regulation. 

The enactment of the Bill has resolved a major barrier that has hampered 
geothermal resource exploration and development for many years. Drilling 
for geothermal resources is now afforded the same tax advantages that the 
oi l  and gas industry h s  enjoyed for years. k w ,  if leasing procedures can be 
streamlined and a direct use market can be developed, geothermal energy 
resource exploration id development in Oregon w i l l  Se greatly stimulated 
resulting in a significant contribution to the state's energy supply. 

al on competitive bid acreage. 
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SUMMARY 

. This report has attempted to compile an inventory of available data 
pertaining to Oregon's geothermal resources and make reasonable estimates 
of the potential for geothermal resource development. Preliminary 
development profiles have been constructed to provide a context for future 
detailed planning and to identify the near-term actions which are necessary 
to successful development. An additional objective was, to provide an 
overview of th legal and institutional considerations hich will influence 
development and commercialization of the resource. 

Analysis of data collected during the course of this project indicates that 
there is considerable undeveloped geothermal energy potential in Oregon for 
both direct use applications and electrical generation. Non-electrical uses 
offer the greatest immediate potential. Applications most likely to be 
developed in Oregon are agricultural processing and district heating systems. 
Agrfcultural activities that could be supplied with geothermal process and 
space heat include: greenhouses; potato, sugar beet and onion processing; 
alfalfa, grain, vegetable and fruit dehydration; barley al t ing, I ivestock 
operations, cold storage facilities, hog pen warming, pasteurization, and 
mushroom growing. District heating systems appear feasible in the 
communities of Klama Falls, Lakeview, LaGrande, Oakridge, Bums and the 
Vale-Ontario area. 

Estimating the entia1 . for electrical power generation from Oregon's 
geothermal resources is basically conjecture now because no reservoirs of 
sufficient temperature have been 
southeastern portion of the stat 
indications and 'deserves further ration. Other areas which have high 
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-Environmental concerns are of vital importance in resource areas such as the 
Cascades. This lush region is highly valued for watershed, timber production 
and recreational use by the Willamette Valley population. Without a doubt, 
geothermal exploration and development will be watched by a keen public 
eye. State and federal laws exist to regulate exploration and driiling 
activities and to maintain acceptable air, water and noise quality levels. 
Nevertheless, a full Environmental Impact Statement will likely be necessary 
at 'both the  p r d e a s e  and pre-development stages for Cascade resources. 

In addition to environmental concerns, policies and actiohs of public and other 
institutions wil I profoundly influence development of geothermal resources. 
The existing laws and regulations in Oregon seem fairly reasonable, but the 
state has yet  to assume a strong posture in support of geothermal 
development. Actions similar to the California administration's statement 
encouraging geothermal development would provide a measure of the  state's 
official position and enhance the opportunity for  development. 

(31 the other hand, laws and leasing regulations for federal are hindering 
utilization of this i rwta te  resource. Leasing procedures need to be 
streamlined, and the  environmental analysis procedures should be revised to 
better coordinate the reviews leading to more realistic and less time 
consuming documents. The Forest Service in particular needs to redefine i ts  
priorities -to place more emphasis on geothermal resources. The US. 
Geological Survey desperately needs to increase resource assessment 
activities on federal land and should revise the classification of KGRAs. 

A further hindrance is that geothermal development by its own nature is a 
capital intensive and somewhat risky financial venture. Resource 
confirmation resulting from assessment activities will help build institutional 
confidence, and by lessening the risk factor will make lending institutions 
more willing to support development projects. Federal assistance is essential 
in these early stages of geothermal development in Oregon to initiate pilot 
demonstrations of t he  feasibility of utilizing the  earth's natural heat. This 
assistance will be needed for technical expertise and financial support. Once 
the  pilot projects are established private industry should be  sufficlently 
stimulated to carry the lead in geothermal resource development. 

If these institutional factors can be reconciled and the  resources are proven, 
geothermal energy holds great promise for Oregon. Development of this 
indigenous resource in a n  acceptable manner will improve environmental 
quality by lessening dependence on fossil fuels and will give industries which 
can utilize the  resource a cost-competitive advantage, thereby enhancing the  
state's economy. Extremety conservative development scenarios illustrate 
t he  potential for first stage use of 180 M W t  by 1990 for direct use 
applications and 50 MWe by 1993 for electrical generation. Granted, 
geothermal resources will never meet  all of Oregon's energy requirements, 
but the potential contribution is significant and may make the &kfing 
difference in assessing the need for future construction of thermal fadt i t ies  
to meet energy supply and demand. L; 
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APPENDIX A 
U 

EXISTING USES OF GEOTHERMAL ENERGY IN OREGON 

Space Heating 

Klamath Falls, Lakeview, Vale, Hot Lake, Haines, Breitenbush Hot 
Springs, Summer Lake, Ontario. 

Aquaculture 

Greenhouses 

La keview, KI ama t h alls, Cove, Vale 

383 



APPENDIX B 

SELECTED INDUSTRIAL ENERGY CONSUMPTION DATA 

Energy Energy 
s. I.C. I n t e n s i t y  Consumption 

Company Locat ion Employees Code Coef f ic ient  ( x  lo9 Btu/yr.) 

Oregon City 630 2621 4.35 2739 

350 2033 0 45 158 

Publ isher ’s  Paper Co. 

Diamond F r u i t  Growers, Inc. Hood River 

Stayton 400 2037, .9 360 

Salem 475 2033 .45 214 

Hines 925 2421 .4 370 

Stayton Canning Co. 
2033 

w Cast le and Cooke, Inc. 
00 
& 

Hines Lumber Co. 

Source: I ndus t r i  a1 Waste Heat f o r  Adjacent Communi t i e s  and I n d u s t r i a l  Applications, 
Rocket Research Corp., 1977. 
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KGRA 

Alvord 

Belknap Hot 
Spr i ngs 

Brei tenbush Hot 
Spr i ngs 

Burns Butte 

Known Geothermal Resource Areas* 

Total 
Acreage 

176,835 

5,066 

13,445 

640 - -  

Carey Hot Springs 7,579 
Crump Geyser 85,663 
Klamath Falls 50,300 
Lakeview 12,164 
McCredie Hot 

Spr i ngs 3,659 
Mount Hood 8,671 
Newberry Crater 31,284 
Summer Lake 13,631 

Vale 22,998 

TOTAL 431,936 

Feder a1 
Acres 
Leased Lessees and Acreage 

26,221 A1 Asuitaine (5,120), 
Republic Geothermal (10,082), 
Mapco (6,333), Getty O i l  
(2,126)’, Supron Energy (2,560) 

5,818 Sunoco Energy Development Co. 
(5,818) 

13,023 Chevron O i l  (13,023) 

7,521 Supron Energy (5,239), 
Chevron OJ1 (2,282) 

13,921 Republic Geothermal (1,347), 
Amax Exploration (2,003), 
Geothermal Resources 
International (2,560), Union 
O i l  (8,011) 

66,504 

*As classified by the U.S. Geological Survey 



Leasing Activity - State Land 

State 
Acres 

Alvord 2,800 Max Millis (if,280), 

Wamer Valley (Crump) 1,280 Intercontinental Energy (1,280) 
Glass Buttes 3,200 Phillips (3,200) 
Bully Creek (Vale) 640 Amax (640) 
Summer Lake 374 Aminoil (374) 

TOTAL 8,294 Acres 

Leasing Summary 

Area Leased LesSees and Acreage 

IntercontiMntal Energy (640) , 
Thermogeni cs (880) 

Non-Competitive Leases 173,744 acres 
Competi t i  ve Leases acres 
State Leases acres 

TOTAL acres 





w 
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chap- shall not be consided as property 
within the boundaries of such districts, unless 
the owner of the r a i h d  praperty expresSy 
cansents to its inclusion. 
11975 e782 421 

523.040 Powers of distrie emergency 
power; applying for financing gifts and 
grants (1) A district formed under this 
chapter shail have the power to make am- 
tracts, hold and receive and dispose of d 
and personal property within and without its 
describedbaundaries anddoallother a &and 

convenient in carrying out the objects of the 

upon it  by this chapter, me and be sued, plead 
and be impleaded in all actions and suits ur 
other proceedings brought by or against it. 

(2) In an emergency or in order to meet 
peak demand a district may supply its inhab- 
itants with heat derived frwn an energy 
soume other than from g e o t h e d  msouxres 
for purposes of supplementing the geothermal 
heat supplied by the district. - 

(3) In addition to any other power of a 
district, i t  may apply and qualify for .and 
kceive m y  private or federal grants, loans ot 
tither fuh& available for cairying wit the 
bbj& of the district. 
[1W5 c.782 $31 

things which may be requisite, Iw==ary or 

district or exercising the pmkm conferred 

5 k 0 5 0  Water and red property 
transactions; right to obtain geothermal 
heat from other sources. A district may 
purchase, sell and hold interests in water and 
real property in canying out the oSjeds of the 
district. A district also has the right to pur- 
chase or obtain from other cities or like c o p -  
rations, geothermal heat, or an interest in 
geothermal heat, or an inter& in a geother- 

contained or referred to in this chapter for &e u 
authorization, issuance or sale of such is&, 
for the purpoee of paying its share of the&& 
of the acquisition or co- ‘on d faciiities 
provided for in cooperative agmemexiM ati- 
thorizedbythissectian 
t1975 c782 0181 

age work. Any district ma perform drain- 

r d  or personal pmperty located within the 
district fmm the effects of geothermal heab 
ing, promoting sanitation, prwiding for the 
public health, convenience and welfare or 
providing GeIvioes of public utility or kiieht. 
The district may use all applicable m e &  
granted to i t  by. this chapter, includifig the 
rights anc? powers of eminent domaid, ih 
performing the drainage work au&&kkd by 
this section. 
[1975 e782 0171 

. 

623.070 AuthoAty to perform &E&- 

age work for the purpose o i L d a a n g  teal 
pmperty locafed within the district, p m k t i i  

OPEmTIOId 

523.110 Regulations on use of g&- 

,.Any disttit.t m y  adopt and p r o r n u i g t i i t e ~ ~ ~  
lations mmeming the tse of geothermal b i t  
and the ~ m ~ e r t v  of the district. The board df 

h6ak effect of fjlilure to c?otrip!gd . 

. -  
commissioners may refuse to supplj. sltijz 
building, place or premises with 
heat where the user fails after 10 
ten notice to comply with the mpdations. The 
written notice shall be by registered d i  a d  
shall be deemed given when it is d e p s i d  ifr 
the United States Post Office pmprly tit% 
dressed with postage prepaid. 
11975 c.782 $111 

&a1 heat pipeline owned or operatdby any 
such city or like corporation, or to ob& district 
jointly with any sdch city or like corporation, to insure payment for the use or rent of g e  
any right, or to lay and own individually dr thermal hiht to be furnished by the distri&. 
jointly with any city or like corporation, any r i w 5 c . m  $121 

‘t for use of heat; 
~-easonab]e cash d 

geothermal heat pipeline for the purposes 
specified in ORs 523.030. 523.130 Rates; contracts with u!W& 
[1975 c.782 951 

‘ -men&; 
bonds. (1) Districts m y  enter into CpOpera- 
tive agreements with each other providing for 
the joint acquisition, construction, ownership, 
use or control of facilities for the collection, 

distribution Or Supply of gwfier- 
mal heat. 

(2) Each district may issue and sell gen- 
era1 obligation, revenue or refunding bonds, 
subject to the limitations and p d u r e s  

A distrikt shall charge consumers for t)ie 
geothermal heat furnished and fix and mlled 
the rates therefor. btes charged may M 
and classified according to the type bf 
according to fie mmt of g m t h e d  h& 
used. hy contract entered int;o by a &si;itia 
, i th  individuals, or aswjaiiok 
other than &m&jc shall pjo\i& for 
immcdiate cancellation whenever iio s q l u s  
supply of grotheha1 heat exids over and 
a b v e  ahp and all demahds of domestie Wts. 
A district also may contract with other k i h -  

523-060 Cooperative 

LJ 
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MINERALRESOURCES 

Ld 
623230 Approval of special assess- written re- and oral objections, if 

ment =port; notice of impromiment; con- any, the district board may, by motion, at the 
tents. After the district board appmes the time of the'hearing or within 60 days there- 
report as submitted or modified, the board after, order the improvement to be carried out 
shall, by resolution, declare its intention to in accordance with the resolution, or the 
make the improvement, provide the manner district board may, on its own motion, aban- 
and method of canying aut the improvement d a n t h e i m ~ ~ t .  

earingm*F- and direct the secretary to give notice of the 
impmement. Such notice shall be given by pased impv after the district 

. two publications one week apart in a newspa- with the improve per of general circulation within the district, merit, it may pass an assess;ng the 
4 by mailing WP~S of the notice by regis- various lots,  parcel^ ~f or parts thereof, 
t e d  or Qxtified'mail to the owners to be to be rppedaly benefited with appor- assessedforthecostsof the tioned share of the cost of the improvement; 

assesmerit d inance  potice shall contain the foll- 
(1) ?hat the report of the contract for the work 

on file in the office of the secretary and Is is let, or until the improvement ownpleted 
subject to public examination. and the total cost thereof is determined. 

(2) That the district board will hold'a 
public hearing on the proposed improvement assessment "he 
on a specified date, which shall not be earlier 
than 10 days follawing the first publication Of 
notice, at which objections and remonstrances 
to the hprovement be head by the determining the extent of any improvement 
shall be presented to the seclptafy valid, 
written rymonstrances of the owners of two= (2) Use *any method of apportioning the 
thirds of 'the property, or twethirds of the 'bum to be asxssed as is just and rensonable 
fmt fodage of the property to be specifiicafly between the properties determined to be 

provement will be abandoned for a t  least six (3) ~ ~ h ~ r i ~  payment by the district of 
months, the improvement is unani- all, or any part, of the of'any such b- 
mously by the district board to be provement, when in the opinion of the board 

the topographical or physical cdnditions, or needed at once because of an emergency. 
(3) A description of the property to be unusual or excessive public travel, or other 

specially benefited by the improvement, the character of the work involved warrants only 
ownelsofthepropertyandtheestimateofthe a partial payment or no paymen& tb 
urdt cost of the improvement to be paid for by benefi ts of the improve- 
special assessments to benefited properties. ment. 

(2) +& 

has moved .ta 

district board in adopting a m e w  of 
m n t  of *e costs ~f the improvement m y :  

use just and reasonable method 

board, and that if Prior to such heari% there with the bnefi& derived. 
I.. 

. affected for the improvement, then the kn- speciallybenefited. 

[1975 c.782 6211 [I975 c.782 6241 

523.240 Means constructing im- 523.270 Appeal assessment. Any 
district board may provide in Person feeling aggrieved bY the ~ ~ ~ ~ ~ m e n t s  
resolution that the construc- ride Under an assessment 0 r d h - m ~ ~  may, 

tion work will be done in whole, or in part, by within 20 days after the Passage of the 
the district, by a contract or by any other -mr~ce k Y h ?  the -nt by the district 
governmental agency, by any combination board, to the circuit court for the 
thereof. county in which the &strict is located. The 
L1975 c.782 5221 appeal and the requirements and formalities 

thereof shall be heard, governed and deter- 
mined, and the judgment thereon rendered 

don improvement after public hearing,- and enforced, in the manner provided for 
523.250 Order to carry out or abm- 

assessment ordinance. (1) At the time of appeals from assessments in OFSchapter 223. 
the public hearing on the proposed improve- The result of the appeal shall be a final and 
ment, if the written remonstrances represent conclusive deteimination of the matter of the 

' less than the amount of property required to .assessment, except with respect to the district 
defeat the proposed improvement, if such an light of re providcul by ORs 
improvement is one that can be wrnonstntd 523.360. 
against, then on the basis of such he.xing of I1975e.762 E251 

L 
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623.210 to 523380, they shall be canceled, spondingofficialsofdistrictswhereapplidle 
and any payments made on such assessments shall perfom the 
shall be refunded to the 
same, his assigns or legal 

functions. 

I23380 Foreclosure of assessment 
&en. (1) In case the whole or any prtion of 
the oost of an improvement is assessed against 
the property directly benefited and the owner 

become due, the board 
of liens 

623350 Restrictionon 

doubt as to the validity ob an assessment, 
deficit assessment or m m e n t ,  or any 

. regard to the payment of 





Question of the pledge to the voters of the 
district. 
(1975 e782 6s; 1977 c.188 6n 10 Assumption af debts and 

(1) A city may enter into a Written agreement * - is- with-a geothermal heating district contern- - toassume,in authority to issue plating -Iution 

authorized at PFb called election, standing obligatians of &&j& 
the to and dispose of andtocontinuetofurnishgeothennalheatto 

reven~e bands, and to  lee as e t y  the inhabitantsofthedissolvingdistrictfor 
therefor all or any part of the unobligated net domestic Sild municipal use for a term therein 
revenue of the district or system, to purchase, specifid, not to exceed 25 years. Subject to 
acquire, lay a t ,  constnlct, xeax&ru* ex- the provisions of this sectian, the mraeessor 
tcnd,.enlarge or impme a gtmthermal heathg City shall, if the diss01ution is approved, have 
system, for the purpose of abtaining geother- the powers and aimme the responsibilities of 
nal heating for the use of consumers, within geothermal heating districts under this chap 
or without the boundaries of the district.  he ** per~an atitfed to g m * d  heating 
=venue b& be hu& in * me service within the area of the dissolved dis-, 

trict has the same remedies at law or in equity manner and fonn as are general obligation to enforce his to geothermal heating 

able, both as to principal and interest, from gm&edheat ingse  thin the 
revenues only, as specified by this section. The 
revenue bond shall not. be subject to the (2) The sua3essor or district shall 

furnish geothermal heat to persons owning or percentage limitation applicable to general occupying property within the ajssolvea 
obligation bonds and shall not be a lien upon &str;& on the same as in my Of the pmpdy within-the the case of those owning or occupying property 
rate limits of such district, but shall be pay- within the city, Or el within the &. 
able soIeIy from such part of the mivenues of trict; If ihe &] jgatIonta '*- 
the distn'ct 85 remain after payment of obliga- transferred to a dty, the c;ty my charge e 
U O n s  having a Priority and Of all e x p e w  of rate for the service that is no more than the 
operation and maintenance of the district, rate which is uniformly applied to all users in 
including any taxes levied against it. .All similar classifications outside the city. No 
revenue bonds shall contain a clause reciting such differential rate may be charged, howev- 
that both the principal and interest pay- er, unless such a differcntial is provided for, 
able solely from operating revenues of the and SWifi-llY by the tams of the 
distrid remaining after paying such obliga- agreement made prior to the dissolution, 
tions and expenss. Nothing in this section authorizes a city to 
(1975 c.782 $7) levy an ad valorem real property tax on prop 

funding bonds. Refunding or obligations assumed by 
ds of the Same character and tenor 8s the suCCeSSOr city by reason of, or during the 

those r r p l a d  thereby m y  be issued pur- period of, its commitment under the agree- 
suant to a m l u t i o n  duly adopt& by b e  ment shall bind the city until they are fully 

paid and discharged. No .contract shall be board of commissianers without submitting to effective unless all of the tern thereof are the voters the question of authorizing the reduced to writing, signed by the entities and 
filed with thecounty clerk., isuanae of such bonds. 
[1975 c.782 0471 

DIssoLvLlON 

. obligations of district upon dissolution. 

the went  of b-d of the mb 

' Of the district* but be pay- ' 8s available enforce the right 

- 

f 
. 

I1975 c.782 §SI 

523.490 Advertising and d e  of 
All general obligation and revenue A D h I I N I ~ T I O N  
ncluding bonds, 523.610 Bo&; ,,I n; powel.; term; 

under ORS523.460 to 523.480 shall be adver- org,tn~~on. (1) Exoept as othensise prcr 

ORs 287.002 for the sale of bonds of cities 
this state. 

and sold in the in viidcd by this chapter, the power and authority 

erci-4 by a bard  of five commissioners, 
each of whom shall be a qualified voter within 

en to &stn'c& is in 
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collection acoording to its rules and regula- vided by the district to its employes who. 
tians for the collection of amounts due the attain the retirement a@ or retire in accord- 
district by g e o t h e d  heat -, including ahce with the terms of the retirement plan. 

(2) To meet theactuarially alrnpukd casts 
but not limited to shutting off the 
heat supply for IKmpyrnent. 
(1975 e782 8421 Qf retirement benefits measured on the basis 

of services r e n d e d  or to be rendered by an 
sZ3.680 Employes'. n t ~ m  employe  ore or after the date on whic)l 
blishmeme contents. (1) A district may wd employe ro f the re t i r e  

establish an empbyes'reretiremen t m . ' i h e  m e n t p b .  
h o d  of cammissioners may enter into agree- (1975 c.782 0441 
ments necessary to establish the system and 
carry out the plan and may to modifica- 522700 Employe 

retirementplan. The 
The retirement plan may provide for a contxibution from any employe, that per- 

nettrement benefits measured on the basis Of centage of the salary received by the emplsye 
W&ES rendered or to be rendered by an which is necessary to fund on an a w d  
emplaye, 'either before or after the date on reserve basis the of befib 
which sych employe first becomes a member the employe is required to provide 

pursuant to the provisions of a retirement of the mtimnent plan. 

minimum and maximum age of retire- 
ment for the employe. 
(1976 c.782 0431 

I.' 

of suchagreements from time to time. 

r- 

de for a minim plan. . 
[1975 

n eligible individuals 

b fund. The district m y  budget and provide authorizs the district to budget, provide fw 
for payment iqto the e retirement payments or. collect butions to fund 
plan fin amoiylt wffici 'retirement benefits lo ndividbl who Is 

I. (1) TQ i m d d e  81 .not in the employment of the district at the 
e amortized level premium asst of *e time of the creation of a memhrship stat- 
n t  benefits which, under the provi- under a retirement plan. 

Sion of the mtimement system, EM to be pro- (1975c.782 5461 

* 523.690 PaSments to retiiement plan in Nothing in thio chapter 

g 
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GENERAL PROVISIONS ci 
(c) Who possesses the legal right to oper- 

mJK6 ~finitions, AS in this ate a WmpMed geothermal well 8~ described 

(l) "Board" me8M the (9) "prospect well" includes any well 
filled 8s a geophysiCid test well, Seismic shot 

chapter, unless the context requires otherwk 
-Of 

the state &mat Of ceoTOS' t d  Mineral 

om 52235.  

Mustries. I hole, m i n d  exploration drilling, core drill- 
o "~yproduct" rn- &y mineral or ing oT temperature gradient test well, less 

minerals, exclusive of helium or of oil, hydro- than 500 feet in depth, and drilled in porospect- 
carbon gas or other h-n ,*=, gedhermal -urces. "prospect well" 
which are found in solution or in association not include a geothermal well as defined 

value of less than 75 penkt of the value of (lo) "waste" ~ any physical waste, 
the geothermal msoume or are not, because of 

pdu&on, of sufficient due waste resulting from the inefficient, excessive 

energy or resulting from the 
drilling, equipping, operation or production of 
a geothermal resource well in such a manner 
that d u c e s  or tends to reduce the ultimate 
e a m k c  recovery of the geothermal resources 
within a reservoir, and surface waste dt+ 

-1 of ing from the inefficient storage of geothemd 
that is, <a reasonably appears to be, resourCes and the lOCatiOn, spacing, ddlshg, 

equipping, operation or production of a g e  
t h e 4  resoume well in suJ1.a manner that. 

Or kn& to caw the heQsSary or 
made for d i m -  e x d i v e  s~ffam 10s or destruction of gee. 

thermal resources released from a reservoir. 

I 

w i t h g e o t h e r m a l ~ a n d w h k h h a v e a  ~ ~ ~ o n ( 6 ) o f ~ ~ ~  

q u a n t i t y , q u a l i t y , o r ~ ~ ~ f f i ~ t i ~ ~  m u d i n g  but limited 

to *on 4 production by improper e . 0 ~  d i G ~ a  
themselves. 

ment of Geology and Mineral Industries. 

and deepeningof a g e o t h e d  well. 

(3) "Department" the State Depart- 

(4) "Drilling" includes drilling, dril l ing 

(5) 

' 

rneang 

underlaid by geothermal resources. 

vation 500 feet deep or 
.cry or producing geothermal resources. 

. ,  
(6) "-4 includes mY 

(9 "~eothennal resourceSn the li975c.tszm~ 
heat Of earth, the in gzZ.010 [I971 c.776 52; 973 c.388 51; mpt?al=J by 

whatever form, below the surface of the earth 1975 e.552 
present in, resulting from, or created by, or 
which may be extracted fmm, the natural 5!22.015 Policy. (1) The Legislative 
heat, and all minerals in d u t i o n  or dher Assemblyherebyfindsanddcclaresthat: 
products obtained from naturally heated 
fluids, bh-, d a t e d  gases, and steam, in (a) The people of the State of Oregon have 

6, exclusive of helium or of oil, hydrocar- urces situated in this 
bon gas or other hydmcubon substances, but 

(a) All products of geothermal processes, 
ernbracing indigenous steam, hot water and- 
hot brines; 

gases, hot water and 
hot brines resulting fmm water, gas, or other 
fluids artificially i n t r o d u d  into geothermal 
formations; 

in geothermal formations; and 

w h k v e r  form, found blow &e surface of the a direct and PnmarY inters t  in the develop 
ment Of geothe 
State- 

' including, spedfidly: 

prdudion of geothermal re~~urces  so that 
such wells will be constructed, operated, 
maintained and abandoned in the manner 
neeeSsary to safeguard the life, health, prop 
erty and welfare of the people of this state, to 

(C) Heat O r  other associated e n e W  f o u d  safeguard the &, water and other natural 
resources of this state, and to encourage the 

(d) Any byproduct derived from them. maximum economic recovery of geothermal 
resources therefrom. (8) "&erator" means the person: 

and 

I 
I 

- 
!a) Who p0sses.e~ the legal right to drill a 

(b) Who has obtained a drilling permit 
g e o t h e d  well; 

pursuant to ORs 622.135; or 
4 02 

(2) It is the policy of the Legislative As- 

(a) To prevent damage to and waste of 
scmbly that this chapter be administered: 

gcxithermal resources; 
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1 
i 

i 
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been appropriated 
ORs 537.505 to 537.795. 

any rights, title or 

doned well; jurisdiction. 
der authority of this 
usable geothermal re- 

or the owner or 

Whereas improper 
result in serious envim i 

! 
l a copy -of all logs, 

descriptions shall be 

\ 

joint mprt to the bly on the 522.0151 ! 
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I 'PROSPECTWELIS 

622055 Permit; application; fee. 

(3) The bond provided for in subsection (1) 

wdl without first obtaining a pennit - I (4) with consent of w, any 
witkiout complying with the conditions of may te&t& and and the 

(L) of this &on shall be executed by the appli- 
cant, as principal, and shall meet such an&- 
tions as the board by d e  may establish. o person shall engage in drilling a 

under the authority of the state Ceol 

permit. 
as +M by this &ion 

surety be relieved of all obligations thereun- 
(2) An applidon to drill prospeCt wells der. However, the board shall not ansent  to 

Ml contain such information as the depart- the termination and cancellation of any bond 
ment may require, and shau be acoompanied until the prospect wells described by such 
by a fee set by the department but not to bond have been 
exceed $200 to C O V ~  all PXXXP& M u d -  doned prusuant 
ed within the application. requid by the 
[1W5 c55? -1 for the pmqect we 

6ZLOfB [1W1 e776 034; repdid  by 1975 c.552 055) the board* 
(5) For thsse applications concerning *oi% c i t i o n  of prospect wells on f&& ]an&, the board m y  

waive the of s u w i o n s  (1) to agencies; conditions 
pennit; time limit for permit action. (1) (4) of this.sectim receipt of 

. the -'&St eirdate f&ral bond requirements which would, in 
copies of the application to the Water Re- the opinion of the -, be 

the DilE?CtOr Of the De@ duplicated by the requirements of this sectJon. 

of the Department of Land Conservation and 
Development, and the Di of the Division 522.085 Report certifying completion 
of.State Lands. of abandonment plan. Upon completion of '. 

d t j o n s  under a should be to application t6 drill prosped wTells, the 
grana i d o m t i o n  &e applicant shall file with the $hk hlmd a 
d e m e n t  dw 15 of receipt of the report certifying the compfetion Of the aban- 
mpy of the application. donment plan required by the permit. 

11975 c.552 P4dl 
pmvjded in ORs 522.075' 

within 30 days of receipt of an application to 19,5c.552 drill prosped wells, the State Geologist shall 
grant a permit to drill, subject to such condi- 
tions as he may impose. Included among the 
Conditions shall be provision for the proper 
and safe abandonment of each prospect well. 522.115 Permit; application; fee. (1) 
I1975 c.552 94bJ No person shall engage in the drilling of 

m.070 (1971 c.776 07; by 1975 c.652 5551 operating of any geothermal well without first 
obtaining a permit issued under the authority 

522.075 Bond or security; execution; of the State Geolog-kt, and without complying 
cancdation; waiver. (1) NO p e f i t  for 4 t h  the conditions Qf such p-mit .  
pm* be granted the (2) An application for a permit shall 
applicaht has filed with the department a 
bond or , W t y  deposit in the sum of $5,OOO contain: 
for all prospect wells which are included 
within the'application and to be drilled by the of the proposed demck. 
applicant. 

t iond upon compliance with the requirements 

the state against all law, charges and ex- 
pemscs incurred by it in obtaining such corn- 
pliance. thermal m s o m  mught. 

U P  m i P t  Of an application to drill ProspeCt p m f  of mmpli- by the applicant with 

merit of Environmental Quality, the birecbr (1975 c.552 94ci 1977 c.m i.ll 

(2) b y  p&lic s g e w  d&rihg to Suggest all &fling W i W  PursUmt ' 

522110 [1971 c.776 611; 1973 c.388 52 repakd by 

GEOTHERMAL WELLS 

(E) The location and 

(b) The number or other designation 
(2) The bond or deposit shall be ndi- approved by the departmefit which the well 

shall be known. 

isued pursuant thereto, which shall secure to bc drilled. 
- Of this chapter, rules adoPtcd and Orders (e) The applicant's estimate of the dep th  u 

(d) nature and character Of the g e  
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(3) A geothermal well is completed for (3) Within a period of Six months from the 
purposes of subsection (1) of this section when ending date specified for such Buspension, the 
it is producing geothermal resources and the operator may make written applimtion for an 
operator 'of the well .,has received written extension of supension, and fde it with his 
asmance f rom.& department that the affidavit showing good cause for such an 
manner of driuingafthewell and the manner extension. Upon a finding that the extension 
of producing geothermal resources therefrom is merited, the board may extend the suspen- 

sion for an additional specific period. 
4) If, after suspension, operations are not 

by the operator within six months 
fmm the ending date specified for the suspen- 

522195 MonthXy uction state- sion or extension thereof, an intention to 
merit Exoept 85 exdudmi by d e  adopted by abandon ami u n l a w f ~ l  abandonment shall be 
the board, the operata d any completed 

LJ  

ver an opemtor whose opera- 
statement of the g- tions have been suspended fails to c~mply 

during with such terms as the department may 
specify in its authorization, the geothermal 
well shall be presumed unlawfully abandoned. 

geothermal weu &all file with'the aepartc 

5!Z2200 E1971 c.776 428; repealed b.r 1976 e552 4551 A well shall &io be deemed un&fdly aban- 
to the deparfment, 

g equipment is re- 

unlawful abandonment shall be 
by nile of the board, any p 
of a geothermal well shall 

by the department. 

immpleted g e o t h C d  &lfUpoh such terms 
y specify, upon written 

522230 [ 1971 c.776 $23; r e p a l 4  by 1955 c.552 $55) 

622. onditions precedent to 
dandonment. &fore the proposed date 

he work of abandonment will 
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. G  RESOURCES . \, 

' begin, the department shall furnish the opera- ON 
* tion by State Geol- tor with: 

' (1) to the abndon- ogist. Subjecttopolicydirectionby theboard, 
ment operation; the State Geollogist shall administer this 

approval to wm the chapter, the d e s  and orders made pursuant 
themto, and supervise the department in 

522275 Administra 

operation, stating what specific carrying out the p m ~ i o m  of 
work of tests will be nemsary before approv- [r975 c.552 
al ofthe abandonment operation will be given; 
or 52230!j Rules In accordance with 

. (3) A repoxt stating what specific informa- 
timisrequimdtobefurnished 

the aepartment befare the de€=t=nt 
~ niay take action upon the pxp@ abandon- 
mentq=@bp. 
[IS75 c.552 tlaJ 22.315 Final order of department; 

tQ O~rator? the depart- 
ment gives any written direction concerning 

5 2 2 ~  ~epartment approval of any geothermal well and the o ~ e r a b r  q u e s t s  
in that a final O r d e r  for purposes Of 
ORs chapter 183 be made, the department 
shall, within 15 days after receipt of the 
notice, deliver such final written order to the 

[1w5c.552g24, 

4551 

.appeal (1) The operator of any geothermal 
ppeqb' Of the well shall make a 'written well shall within 16 days from the date of the 
report Of done with respect to the seryice of any order, either comply with the 

kt Of statement that the order is not acceptable, and . furni* the 'perator with a written final the reasons therefor, and the statement shall 
constitute an appeal from such order to the 

pmval of abandonment setting forth the board 
mnditions upon which the disapproval is 

may be appeal4 in the manner provided in w. 
(3) Failure to abandon in amdance with ORs chapter 183 for appeals from final orders 

the approved method of h d o n m e n t ,  failure in cQntes@ cases. 
to submit to the department m y  notice or (1975c.552§251 
pport muired by this chapter, or failure to 
furnish the department with any requid 
information shall constitute sufficient 
grotmds for disapproval of the abandonment 
of such well. 

(4 )  When the d e m e n t  issued a drill cuttir?g and core saqples. (1) The 
twitten disapproval of abandonment, the operata of any geothermal well shall keep, or 
board may p d  against the operator and cause to be kept, a careful and accurate log, 
his s m t y  zis provided for in ORs 522.145 or core and hkbry of the drilling of the 
522.185, or may bring suit pursuant to ORs well. 

(1) of 522.810. 
this ,section shall show the r and 11975 c 552 $191 

depth of each formation encounted in the 
drilling of the well; the amount, s'w and 
\\eight of casing used; and the location, depth 

1 c.776 $9; repealed by 1-5 e552 $551 

abandonment; report by operator; effect 
of faflure b comply; proceedrng 
apewtor? (1) A representative of the depart- 
me& shall be present during any abandon- , 

ment operation. If he determines that the 
abandonment is satisfactory, he shall approve 
the abandor)rrient of the well: 

gftq &e wmpletion of 

- 
- 

26; 1-epaled by 1975 c 552 

well, the r; 

dovent.  within lo aafl afbr the ode or file with the department written 
the dement 

Of abandoTent, Or a written 

(2) Any final written order 

(2) The log referred to in 

S22250 I1971 c 776 510. n.p.ald by 19i5 c 552 $551 

.SZ?.SX,[ISiI c.7i6 530,  npAd by 19iSc .%? # . S I  
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and temperatme of water-Wng strata, 
the wF?mm# Chemical -m- 

tion and other rhemical and physical charac- 
teristica of fluid encountered from time to 
time, so Far as determined. 

tion (1) of this section shall show the depth, 1975cs520551 
character and fluid amtent of cores obtained, 

from the study and 
1975 c552 0551 

to in rmbsectian 
1975c.5520 

S!ZZ.430 I1971 e776 136, repeakd by 1973 c388 181 

622440 11871 c776 13s; rqrealed by 1973 c.388 I81 

622450 (1971 c.'7?6 137, repealed by 1973 e388 I81 

04. repealed by 1975 ~.5!j2 QS51 

V 

(3) The core record refen-ed to in subsea 622.~n,( 776~22;1973~.38805;rr?pealedby 

622.a [1971 e776 433; 1973 e& PS; Rpealed by 

622.510 [I971 e776 015; 1973 c794 0W. repealed by 
(1) of this d o n  shall show the locatian and 
amount of Side~cked casings, tools or otht?r 

cement plugs; the shots of dynamite or other 
explosives u98d; the d t s  of production and 

m t i o m ;  and 

to in subsections (1) 
and (2) of this section shall be kept in the local ENFORCEMENT 
office of the operator and, together with the 
tour reports of the operator, &aU be abject, 522.810 Suits to enjoin Violations. 
during business ,hours, to inspection by the Whenever it appears that any person is violat- 
board,ordepartment. . 

017; 1973 c794 025, repealed by 

e794 03-41 

622.540 [1971 e376 129; repealed by 1973 e794 I341 

I m a w ;  the depth and Quantity of cement in 1 
* 

971 e776 416; repealed 

I 

i 

I 
I 

, 

or other natural re- 
1 the environment, the 

any pelson having an 

ient and economical 
i 

1 

provisions for the following: 
- (a) Division of a geothermal resen-oir into * 

522.(10 [1971 r.776 03; mpdd by 1975 c.552 955) 

522..ELo I1971 c.776 ; m.l.pcaled by 1975 c.552 5551 ZOnS; 
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(b) Establishment of spacing units includ- 
ing a description of the location, size and 

4, 
tracts or intertds within a spacing unit for 
the development and operation of the spacing 
unit and the sharingof pmductim therefrom; 

voirs within a field and a statement of the 
terms, amditions and p d u r e s  for such unit 

(d) Unit operatian of ozx OT m ~ r e  re~er- 

operation including the allocation of produe 
tian, myalties qnd costs. Such~allocatian shall 
b in acandance with any agreeTnent of the' 
parties, gr if there is no such agreement, then 
such allacation shall be fair, just and equi- 
table; 

(e) The protection of existing and future 

(0 Maintaining the renewability of geo- 
*rnd resources and any other natural 
mqxs; and 

(9> Any additional provisions the board 
dpm neceSSary for Carrying out the grovi- 
sions of chapter 552, Oregon Laws 1975 or for 
protecting the public health, safety and wel- 

(2) Any or& enter4  under this &ion 
rnay in *e board's discretion supersede any 
right or privilege previously granted by or 
previously entered by the M with respect 
to such reservoir and may after hearing be 
apeqded or supplemented as appears neces- 
sary to the board to accomplish the purposes 
of chapter 552, Oregon Laws 1975. 

(3) Any proceedii under this section 
shall be conducted as a contested case in 
aamdane with ORs chapter 183. In addition 
to. the natice Ipquiments  of that chapter, 

* notia? shall be given to the following persons: 
(a) Any operator who has a drilling permit 

issued p-t to ORs 522.185 or haq a legal 
right to operate a geothelinal well p iusqnt  to 
ORs 522.185 in the geothermal reservoir; 
6) Any person who has an ownership 

interest in the geothermal re.swvQir; and 
(c) Any person who has an ownership 

interest in land within one mile of the bound- 
aries of the geothermal reservoir. 
t1975 c.552 9431 

. beneficial uses of w a t q  

. fare. 

4 10 

Note: The kgislative Caursel has not, pursuant to LJ 
173.160, undertaken to Rlbstitute spedfic Orts referenas 
far the words "this Act" ha 522.815. Chapter 552, oregm 
Iawe 1975, enaded into law and amended the ORs 

ChnparaHve Section Table laated follmving the Index in 
volume $ of Oregon Revised Statutes 11975 Replacement 

lbxtions which may be found by refening to the 1975 

P&yts). 

PROHIB 

622910 Aiding prohibi- 
ted. No person shall knowingly aid or abet 
any other person in the violation of any provi- 
sion of this chapter or of any d e  or order of 
the board made thereunder. 
(1971 12.776 040,1975 cm2 530) 

522915 False entries, omissions, de- 
stxuction, or Fernoval of records or re- 
ports, No person shall: 

(1) Make or cause to be made any false 
entry or statement in a report, record, log, 
account or 'other writing required by this 
chapter or any rule adopted pursuant thereto; 

(2) Omit or cause to be omitted from any 
such r~prt, rewd,  log, account or w+ting, 

and wlTBct entries as required by 
r or any rule .or order adopted 

pursuant thereto, 
(3) Destroy, mutilate, alter or falsify any 

such report, record, log, account or writing; or 
(4) Remove from this ate the original 

copy of any such report, record, log, account or 
writing before an abandonment has been 
approved pursuant to subsection (2) of ORs 
522.245. 
[1975 c.552 8281 

522.920 [1971 c.776 039. repealed by 1973 c.552 9551 

PENALTIES 

522.990 Penalties. Violation of any 
provision of this chapter or of any rule or 
order ot the board w d e  thereunder is punish- 
able, upon conviction, by a fine bf not more 
thaq 52,500 or by imprisonment in the county 
jail for not more than six months, or both. 
t1971 c.776 842; 1975 c 552 0311 

- 
w 
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APPENDIX F , 4  

VALE, OREGON 

Apri l  9,  1974 

GE L ORDINANCE FOR THE COUNTY 
OF MAllIEUR AND PROVIDING FOR THE ISSUANCE OF PERMITS, 
COLLECTION OF FEES, PROVIDING PENALTIES FOR THE VIOLATION 
THEREOF : 

WHEREAS, Malheur County has adopted and is enforcing 

ent,  Malheur County 
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TERMS AND CONDITIONS 
FOR 

IN1 G RMA L ElDeMENT 
MALHEUR COUNTY 

P 

1. PREAMBLE 

The County Court and the Planning Commission of . the County 

of Flalheur have adopted a Resolution stating 

surrounding the initiation o 

General Public Policy 

Othermaf this 

his policy is interim in ture in that it for the 

development of a General Plan for the total development of the 

Geothermal Res the Collnty. In addition, this Policy 

provides for the initiation of Geothermal Development by allowing 

various agencies, both public and private, to commence their own 

ititial development projects. 

It is the intent of this policy t o  encourage exploration and 

development projects and to incrca 

ding thts resource. 

be coordination of existing and anticipated data so that the end 

result may be General Planning that will provide for the optimum 

development of the available resource. 

the store Of surroun- 
It is also the intent of this policy that there 

9 

Im many areas of the State, the Geothermal Resources are under 

study and in one area is already producing energy for kating. 

Current explorations in most arcas are pointed chiefly at the energy 

f i e l d  and property so as there is much need for a clean source of 

c n c r p  fnr thc dcvclopment of electrical power. However, it must 

not h e  overlooked t h a t  there is a possibility for a new source of 

414 



pot ,able  water and  mineral r ecove ry .  A d d i t i o n a l  research is needed , 

, i n , a l l  f i & d s  i f  t h i s  Geothermal Resource is t o  be. developed  t o  

* h+ i ts  u l t i m a t e .  

The e a r l y  s t u d i e s  show t h a t  much of t h e  Geothermal Resource 

i n  this area l ies  t h e  f l o o r  of t h e  Malheur and W i l l o w  Creek 

Valley, T h i s  Valle a major  a g r i c u l t u r a l  area and i ts  p r e s e r -  

vation is necessaryr  

t o  p r o v i d e  food  a n d  f i b r e  for t h e  popu lace .  

6 I The U n i v e r s i t y . o f  Oregon and o t h e r  S t a t e  Agenc ie s ;  several 

F e d e r a l  Agenc ie s ,  most p rominen t ly  t h e  Department of t h e  Interior;  

0 

the  c o n t i n u e d  economy of t h e  c o u n t y  and 

I n d u s t r y  are a l l  i n v o l v e d  i n  r e s e a r c h  a n d  s t u d y  programs s u r -  

rounding  t h e  de  

tries have s t a t  

p r o d u c t i o n  o f  t h e  
d 

development of t h e  

n p u t  of a d d i t € o n a l  research 

f o l l o w i n g  €n P a r  nd c o n d i t i o n s  

des igned ;  ( 1 )  t o  a 

and (4) t o  p r o v i d e  f o r  c o o p e r a t i o n  i n  t h e  development of  a Com- 
cd 



~~~ 

! 
* i 

p rehensive General  Plan f o r  Geothermal Development. i 
i 
i 

4 

w 
11. POLICY 

BE IT RESOLVED, t h a t  a gene ra l  *p lan  s h a l l  be  ,prepared t o  

d e s i g n a t e  where,. and -under  what c o n d i t i o n s ,  geothermal product ion  

w e l l s ,  power p l a n t s ,  a n d ' a t t e n d a n t  uses  may be l o c a t e d  i n  Malheur i 
i 

Cotm t y  ; 

RE IT FURTHER RESOLVED, t h a t  pending p r e p a r a t i o n  of t h e  g e n e r a l  
t 6 

p lan ,  t he  County s h a l l :  

(1 )  Author ize  t h e  e s t ab l i shmen t  of geothermal p roduc t ion  

t s  i n  des igna ted  l o c a t i o n s  and under p r e s c r i b e d  terms and 

c o n d i t i o n s ;  

(2 )  Author ize  t h e  d r i l l i n g  o f  e x p l o r a t o r y  geothermal 

i wells and t h e  use  of r e s o u r c e s  produced therefrom fo r  t e s t i n g  

purposes,  i n  v a r i o u s  l a n d  use zones; 1 

i 
i 

(3)1 Advocate t h e  adopt ion  of l e g i s l a t i o n  designed t o  

i n s u r e  t h e  o r d e r l y  development of geothermal r e s o u r c e s  and to  

p r o t e c t  t h e  p u b l i c  i n t e r e s t ,  

! 

i 
i 

bi 

i i 
i 
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, 111, TERMS AND COND'ITIONS , t 

@ s A. DE$IN~ITIONS 

1. "Operator" means any person, firm, or corporation 

drilling, maintaining, operating, pumping, or in control of any 

well or related facilities for power generation, mineral extraction-, 

desalination or any other use of geothermal resources. 

a1 Production Project" includes the right 

roduce, process, transport and sell geo- - 

-products such as electrical power, desali- 

d heat ,from within the Zone ,area 

designated by the Planning Commissi 

3.  "Exploratory Geothermal Well" includes the right 
c 

to explore for the t 

ignated by - the Plann 

t geothermal resources within an area des- 

Commission. 



I 

8.  '%-zone", Geothermal Development Zon 
4 c l a s s i f i c a t i o n  zone ove r l ay  p e r m i t t i n g  a d d i t i o n a l  uses .wLthin o t h e r  

zones inc lud ing  Geothermal' Well . ope ra t ion  ( a f t e r  o b t a i n i n g  a Con- i 

d i t i o n a l  Use Permi t ) .  - ,  

, 

* 

B. GENERAL CONDITIONS 

1. Propesal  - A d e f i n i t e  d e t a i l e d  proposa l  f o r  a Geo- 

thermal  Development P r o j e t t  s h a l l  be submi t ted  i n  accordance w i t h  

t h e  procedures and s t anda rds .  Th i s  proposa l  s h a l l  i nc lude  <geologic  

and engineer ing  evidence t h a t  g i v e s  reasonable  a s su rance  of success .  

2 .  - Appl i ca t ion  Reserva t ion  - The Planning Commission 

reserves t h e  r i g h t  t o  deny an a p p l i c a t i o n  i f  i t  w i l l  n o t  be 

compatable w i t h  the a r e a  or t -ha t ,  i n  i t ' s  f i n d i n g s ,  t h a t  some of 

t h e  terms and c o n d i t i o n s  a r e  not  met s a t i s f a c t o r i l y .  

3. Procedures and Standards - A l l  a p p l i c a n t s  w i l l  be 

r e q u i r e d  t o  comply w i t h  Governmental procedures  and s t a n d a r d s  

a p p l i c a b l e  t o  'the p a r t i c u l a r  phase of work. 

4 .  Compliance w i t h  t h e  Law - The o p e r a t o r  engaged i n  

t h e  d r i l l i n g ,  p roduct ion  maintenance and abandonment of  Geothermal 

Wells and r e l a t e d  f a c i l i t i e s  i nc lud ing  t h e  d i s p o s a l  of wastee products  

s h a l l  comply w i t h  a l l  a p p l i c a b l e  l o c a l ,  S t a t e ,  and Federa l  laws 

and ordinances i n  e f f e c t  o r  subsequent ly  duly  enac ted .  

5 .  Corninencement of Work -- - P r i o r  t o  commencing ,any 

o p e r a t i o n  a l l  Governmental c o n d i t i o n s  a t andards  a p p l i c a b l e  t o  

the  p a r t i c u l a r  phase of work contempfated s h a l l  be complied wi th .  
Ld 
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6 .  General Compliance - A l l  w e l l  d r i l l i n g ,  p l a n t  con- 

conducted so as to be i s t r u c t i o n , l  t e s t i n g  a n  

i n  harmony with the  area and do not  c o n f l i c t  w!th t h e  pub l i c  h e a l t h ,  

s a f e t y ,  comfort ,  convenience 

I.6) 

7 .  - The ope ra to r  1 s h a l l  coopera te  

w i t h  t h e  Count 

County's Geothermal Element 

wi.11 be expec t  

c lud  ing ' "propr 

to' but not in-. 

8 .  P e r m i t  Expi ra t ion  - A l l  permits  ( f o r  e x p l  tory 

and f o r  development p r o j e c t s )  s h a l l  c o n t a i n  terms and cond i t lons .  

Abandonment of a p r o j e c t  f o r  s i x  ( 6 )  months sha l l .  cause t h e  permit 

n:sh with t he  

W 
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11. Insurance - Before commencing or con t inu ing  any .  

Gcothcrrnaf o p e r a t i o n s ,  tlic owner o r  o 

ev idence  of insurance a g a i n s t  l i a b i l i t y  * i n  t o r t  i n  a m i n i m u m  amc\i.nt 

of $1,000,000.00 a r i s i n g  frhm the  product ion  a c t i . v i t i e s  o r  o p e r a t i o n s  

i n c i d e n t a l  t h e r e t o  conducted or c a r r i e d  on under,  or by v i r t u e  of 

litor show ’ 

c 

* 

any law o r  ordinance. Such insurance  s h a l l  be kep t  i n  f u l l  f o r c e  

and e f f e c t  during t h e  per iod  of such o p e r a t i o n s .  

1 2 .  -- Subsidence - Any o p e r a t o r  of a Geothermal Product ion  

P r o j e c t  s h a l l  p a r t i c i p a t e  i n  a Geothermal subsidence p reven t ion  and 

d e t e c t  i on  program develo 

Government. 

by the Cotrnty, s t a t e ,  and Federal 

13 .  Cleanup - Upon complet ion of any phase of t h e  p r o j e c t ,  

t h e  s i t e  s h a l l  be cleaned up i n  accordance w i t h  the  S tandards ,  and 

i n s o f a r  a s  p r a c t i c a l ,  the  land  r e t u r n e d  t o  i t s  o r i g i n a l  c o n d i t i o n .  

1 4 .  Waste - Disposal - A l l  was t e ,  whether l i q u i d  or  solid, 

must be disposed of i n  compliance wj-th t h e  e x i s t i n g  County, S t a t e ,  

and Federal  t u l e s  and r e g u l a t i o n s .  

15. Noise and Vib ra t ion  Supress ion  - The o p e r a t i o n  of 

temporary or permanent equipment and a l l  o t h e r  o p e r a t i o n  performed 

on t he  premises s h a l l  be done i n  a manner so a s  t o  suppress  a l l  

noise and v i b r a t i o n  t o  an  a c c e p t a b l e  l e v e l .  

15 .  E lec t ron ic  I n t e r f e r e n c e  -- - No ope ra to r  s h a l l  o p e r a t e  

e l e c t r i c a l  equipment o r  t r ansmiss ion  f a c i l i t i e s  t h a t  w i l l  have a 

d e t r i m e n t a l  e f f e c t  on the  t r ansmiss ion  o f  r ad io  o r  t e l e v i s i o n  s i g n a l s  

1 7 .  --- A i r  P o l l u t i o n  - A l l  o p e r a t i o n s  s h a I l  be conducted 
.- 

~hp” i 
i 
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i 
I . i n  compliance w i t h  t h e  requirem he Oregon Department of 
I 

9 4 
Environmental Qua l i ty .  

a r  
18. A e s t h e t i c  Requirements A l l  permanent i n s t a l l a t i o n  H W 

and premises inc luding  power, steam and/or  f l u i d  t ransmiss ion  l i n e s ,  

s h a l l  be harmonious i n  appearance wi th  t h e  a r e a  and n o t  of obnoxious, 

undes i r a b  le or  uns i g h t  y appearance . 
* 

19.  Land Use - S i t e  development plan and land use s h a l l  
, 

provide f o r  maximvm s f ace  land usage inc luding  p r e s e r v a t i o n  of 

product ive farm land and shall-  be i n  accordance wi th  t h e  Standards.  

20 .  Odor and Gas Control  - A l l  o p e r a t o r s  s h a l l  take s t e p s  

t o  i n s u r e  t h a t  no h a r  u l  o r  obnoxious gases  be r e l e a s e d  as a 

r e s u l t  of t h e i r  opera 

21. Right of Entry - The County reserves the  r i g h t  t o  

e n t e r  t he  premises un  r t h e  c o n t r o l  of t he  ope ra to r  of  any 

Geothermal ope ra t ion  t o  make a p p r o p r i a t e  i n spec t ions  t o  determine 

i f  the conditCons of t h i s  po l i cy  are being  f u l f i l l e d .  

9 22 .  Public  F a c i l i t i e s  - I f  l o c a t i o n  or s i t e  of t he  pro- 

pub l i c  access  f a c i l i t i e s ,  

s a r y  road work 

i n e e r  or  agent .  

nd s t anda rds  

reqit ired. Jw 



rescribed s h a l l  be for a p a r t i c u l a r  project and w i l l  pertain to 

hat project o n l y .  
Lid 

Future projects may 
and'or 

i f  ferent terms a 

* 
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APPLICATION PPOCEDURES 
I * 

I .  PROCEDURES 

A. Exploratory Geothermal Well, To obtain an "Exploratory its' 

Geothermal an operator must submit a conditional use 
r l  

exploratory wel.1. In addition, 

ning Commission for their the operator must sub 

approval, a defini posal for the work to be done, including, 

but not limited to: 

tPon, and ele well to be drilled; 

2. address, and telephone n r of operator's 

3 .  A surf the property to be explored including: 

face location sites of the proposed well, 

and access 

~ 

ding complete 

IcM 



waste  d ischa  remcnts. 
4 

f .  t h e  l o c a t h n  of e x i s t i n g  r o a d s ,  wa te r  ways and 
C ' &  ' 

c u l t u r a l  f e a t u r e s .  

4 .  Proof t h a t  t h e  w e l l  program has  been approved by 

S t a t e  D iv i s ion  of Oil and Gas, and t h  

waste d i scha rge  ope ra t ions  have been f i l e d  wLth t 

Oregon S t a t e  Department 

. To obtain a 

must submit : 

i on  f o r  t h e  "G" zone i f  necessary ;  

2 .  

e x p l o r a t o r y  w e l l  or copy of e x i s t i n g  permi t .  

3. 

produr t ion project . 

a c o n d i t i o n a l  use permit a p p l i c a t i o n  fo 

a c o n d i t i o n a l  use permit a p p l i c a t i o n  for a geothermal 

As a p a r t  of t h e  a p p l i c a t i o n  t h e  o p e r a t o r  must  submit t o  

t h e  t Planning Commission for t h e i r  approva l ,  a d e f i n i t e  

proposa l  for t o t a l  development which inc ludes  t h e  fol lowihg 

d a t a  b u t  i s  n o t  l i m i t e d  to :  

1. 

2 .  

des igna ted  agen t ;  

3. 

Name, l o c a t i o n  e l e v a t i o n  of w e l l  or w e l l s  to. be d r i l l e d  

Name, addres s ,  and te lephone number of t h e  o p e r a t o r ' s  

A s u r f a c e  p l a t  of t h e  p rope r ty  t o  be developed inc ludin j  

3. s u r f a c e  1 f proposed wells ,' includiri; 

s i z e  and shape of d r i l l i n g  l o c a t i o n s  and B C C ~ S G  road&; 
.- 

b. n o r t h  arrow, s c a l e ,  d a t e  and con tour s  of land 4 d  

where t he  grade exceed two p e r c e n t ;  



C .  General Procedures. - 
e i p t  01 applications and the required 

4uJ 
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I 

secondary informat ion ,  t h e  County Planning Departmcnt will 

%et a Publ ic  Hearing fo r  t h e  Planning Commissjon, n o t i f y  

- a p p r o p r i a t e  p rope r ty  owners, agencies  and i n d i v i d u a l s  of 

. 

c, 
s a i d  hear ing.  Planning Commission w i l l  cons ide r  t e s t i m m y  

of a l l  i n t e r e s t e d  p a r t i e s  and t h e n s t a k e  a p p r o p r i a t e  * a c t i o n  

on the  v a r i o u s  a p p l i c a t i o n s .  

2.  The Planning Commission has a scheduled meet ing f o r  

t h e  4 t h  Thursday o f  each month. In o r d e r  for an a p p l i c a -  

# - 

XI STAWDARDS 

must be f i l e d  a t  least  t w o  weeks p r i o r  t o  t h e  meeting. 

A.  C l a s s i f i c a t i o n  o f  Standards 

1. Class  I Standards:  

a .  Class 1 Standards s h a l l  app ly  t o  any e x p l o r a t o r y  . 

Geothermal Well, or Geothermal Product ion S i t e  ip 

Malhcur County. 

2 .  ' Class If Standards:  

a .  C la s s  I1 Standards s h a l l  apply  in a d d i t i o n  t o  

t h e  Class I Standards ,  t o  any Exploratory Geothermal 

Well o r  Geothermal Production S i t e  a d j a c e n t  o r  near  
c 

e x i s t i n g  dev@lopment a s  determined by  t h e  P lanning  

' Commission. 

R. Planning Standards .  

1. C las s  I Planning Standards:  

3. A l l  Geothermal D r i l l i n g  s i t e s  i n c l u d i n g  t e s t  

426 



. .  1 .  
I 
j 
j 

i 

P 

f a c i l i t i e s  and ponds s h a l l  be as smal l  a s  p o s s i b l e  

and i n  no case l a r g e r  than five a c r e s  on a r a b l e  land.  

j 
I iu Exceptions w i l l  be allowed if two or more w e l l s  are 
I j 

I 
I 
I 
1 L 

b. Every s i t e  s h a l l  be designed t o  r e t a i n  the  maximum 1 
1 

I 

d r i l l e d  from t h e  same site.  

i 
I 

amount of usab le  a g r i c u l t u r a l  l and  and t h e  s i t e  s h a l l  
i 

no t  i n t e r f e r e  w i t h  t h e  i r r i g a t i o n  and dra inage  p a t t e r n .  

s h a l l  be cons t ruc t ed  ad jacen t  t'o e x i s t i n g  

ar as poss ib l e .  Well d e n s i t y  s h a l l  be 
I I 

i ! ! 
i 

d i n  accordance w i t h  good Reservoir  

I I 1 
ess s p e c i f i c a l l y  waived by t he  Planning l 

I 
i 

I 
$ Y  

minumum d i s t a n c e s  s h a l l  be ob ed i n  s i t t i n g  a w e l l :  I l y  pe rmis s ib l e ,  t h e  fol lowing 

1 
i 

i 
i 

~ 

1 

I 

i 

j e t h e  maximum 

! but  are not  
i 

s, e x t r a c t i o n  p l a n t s ,  hnd 

I 
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s e p a r a t o r s .  
4 

e .  A l l  e l e c t c i c a l .  transmission l i n e s  s h a l l  be 
r .  

c o n s t r u c t e d  on e x i s t i n g  r i g h t  of way whenever 

p o s s i b l e .  

f ,  The p lans  f o r  a l l  permanent s m p s ,  b r i n e  ponds, 

waste ho ld ing  ponds, and any o t h e r  ponds, s h a l l  

i nc lude  a s o i l s  i n v e s t i g a t i o n  and s h a l l  be designed 

and cons'l:ructed under t h e  s u p e r v i s i o n  of a r e g i s t e r e d  

C iv i l  Engineer.  T fo l lowing  a re  cons ide red  minimum 

c r i t e r i a  : 

(1) 

\ 

Pond bottoms and dykes s h a l l  be e i t h e r  imperviou 

o r  s h a l l  be l i n e d  t o  prevent  seepage;  

(2 )  Ear thcn 'dykes  s h a l l  have 3 : l  slopes; 

( 3 )  Dykes s h a l l  be designed t o  provide t h r e e  f e e t  

f r e e  board when a t  design c a p a c i t y ; '  

Plan should minimize wave and wind e r o s i o n ;  

P r o t e c t  f rom any f lood  hazard .  

( 4 )  

( 5 )  
t 

The plans  s h a l l  be submit ted t o  t h e  County for approy 

g. A r ep roduc ib le  copy of  t he  p l o t  p l a n  s h a l l  be 

submi t ted  on s u i t a b l e  m a t e r i a l .  I t  s h a l l  be  18" X 

428 
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C .  D r i l l i n g  Standards 

41. Class I D r i l l i n g  Standards:  

td a .  A l l  Geothermal Well s i tes  s h a l l  have a s ign  

having a s u r f a c e  of no t  less than  two square f e e t  

and not more than s i x  square f e e t  bea r ing  t h e  c u r r e n t  
1 

nd number of the  we l -1 ;  emergency telephone 

number of agent ;  name and/or i n s i g n i a  of  the  oper- 

a t o r  and the  owner and t h i s  sign s h a l l  be d isp layed  

times from the  commencement of  d r i l l i n g  

o p e r a t i o n s  u n t i l  the  w e l l  has been abandoned. 

b .  

of wide band no i se  t o  t h a t  shown on the  c h a r t .  The 

level shown may be exceeded by t e n  percent  (10%) i f  

Each ope ra to r  sha ' l l  l i m i t  t h e  cont inuous genera t ion  

the  no i se  i s  i n t e r m i t t e n t  and dur ing  dayli.ght hours. 

The no i se  l e v e l s  s h a l l  be measured a t  t he  pa rce l  

' c .  Sound pressure  levels s h a l l  be measured a t  t h e  

easured wi th  a soimd 

(char t  .on next  page) i 
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70 

60 

20 75 150 300 600 1200 2400 1 

1 75 150 300 1200 2490 4800 -::?OO 
nr, 

Frequency Rand CPS 

d ,  Thc foregoing graph shall conform t o  s t anda rd  

u n i t s  of meac-'retnent i n  accordance with United S t 3 t t . c  

r f  America S tandards  1 n . c t i t u t e  Code, s-1 . 11 -1yt ) :3 ,  

Appendix A .  I 

- .  Wi.thin s j x t y  (60) days a f t e r  t h e  co i rp le t ion  of 

t he  d r i l l i n g  of  a w e l l ,  a l l  d r i l l i n g  was tes  mupt bs 

removed from the  d r i l l i n g  s i t e  and d isposed  o f ,  

accordance w! t h  Cotinty and S t a t e  r e g \ i l s t i o n s .  

f ,  

jn 

St l i tab le  and adequate  s a p i t a r y  f a c i l i t i e s  a s  

approved by t h e  :.lalheur County Heal th  Deparginent s h a l  

be i n s t a l l e d  and rnsCntained in a c l e a n  and s a n i t a r y  

4 30 



~~ 

I i 
I t 
I g. D r i l l i n g  ope ra t ions  h a l l  be d i l i g e n t l y  pursued 

I 

u n t i l  each w e l l  is completed bandoned. A l l  

d r i l l i n g  equipment inc luding  der r ick ,  s h a l l  be re- 

4 1 

i 
/ 

i ' c r  W 
I 

e r a t o r  t o  compl 

1 Resources Law 

t h  a l l  r e g u l a t i o n s  of t h e  

the  S t a t e  of Oregon i n  

1 s u r f a c e  a c t i o n s  d i t i o n ,  t h e  

1 

moved from t he  premises w i t h i n  s i x t y  (60) days 

I 

@ 

I 
i 

sha l l  be remove'd 

I 

~ t he  d r i l l  s i t e  

e f i l l e d  and 
I 

I 

I 
I 

I 

I w 
I 
i 
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rms l eve led  r o  t he  s a t i s f a c t i o n  of 

- 

i n g  Standards : . 

a. A l l  work i n  p r e p a r a t i o n  of t h e  s i t e  for d r i l l i n g  

s h a l l  be done between the  hours  of 7 a.m.’and 7 p.m. 

b. A l l  u n a t t  ed  w e l l  s i tes  s h a l l  be enclosed by 

a s t e e l  c h a i n  l i n k ’ t y p e  fence ,  six (6) f e e t  h igh .  

There s h a l l  be no opening below such fence greater 

an four  (4) i n c  The g a t e  s h a l l  be placed a t  

a non-hazardous s h a l l  be locked a t  a l l  

times. 

c .  

Noise Level ctirve a s  shown on t h e  c h a r t  s h a l l  app ly .  

The Planning Commission s h a l l  d i r ec t  which 

Each ope ra to r  s h a l l  l i m i t  t h e  cont inuous gene ra t ion  

of wide band n o i s e  t o  t h a t  r equ i r ed ,  The l e v e l  

may be  exceeded t o  t e n  pe rcen t  (10%) f o r  any one 

occurance i f  the  no i se  i s  i n t e r m i t t e n t  and du r ing  
v 

day l igh t  hours . .  

d .  

po in t s  s p e c i f i e d  and  s h a l l  be measured w i t h  a sound 

l e v e l  meter and a s s o c i a t e d  oc tave  band ana lyze r  

Sound p r e s s u r e  levels s h a l l  be  measured a t  t h e  

forming t o  s t a n  s presc r ibed  by t h e  United 

S ta t ed  of America Standards I n s t i t u t e .  

e .  The fo l lowing  graph s h a l l  conform t o  s t a n d a r d  

u n i t s  of mcasiiremcnt i n  accordance wi th  United S t a t e s  

4 32 



of America Standards I n s t i t u t e  Code, S-1 .ll-1966, 

P Appendix A .  

W 

80 
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e up except- 

lowed where so-mct 
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. du<st and mud. 

. k. D r i l l i n g  may be on a 24'hour basis provid ing  

cj above i s  m e t .  

D. P roduct ion  Standards 

1. Class I Production Standards:  
I 

a. 

s t a n d a r d s  s h a l l  remain i n  e f f e c t .  

b. 

-permit. 

c u r r e n t  Bui lding Code adopted by t h e  Planning Com- 

mission of Malheur County. 

A l l  requirements  imposed by  t h e  Class I d r i l l i n g  

A l l  c o n s t r u c t i o n  work w i l l  r e q u i r e  a b u i l d i n g  

The fees and procedures  w i l l  be based on t h e  

, s t r u c t i o n  p lans  s h a l l  be  prepared i n  

accordance wi th  t h e  A r c h i t e c t u r a l  Design Zone. 

d .  

c o n t r o l l e d  t o  the  l e v e l s  l i s t e d  under C 1 (c )  

Continuous, and i n t e r m i t t e n t .  sound s h a l l  be 

( D r i l l i n g  Noise Standards f o r  C las s  I )  
< 

' e .  The ope ra to r  s h a l l  i n s t a l l  a m i n i m u m  of one 

permanent benchmark p e r  w e l l  a s  d i r e c t e d  by t h e  

County Surveyor i n  o r d e r  t o  p a r t i c i p a t e  i n  t h e  Sub- 

s idence  Detect ion Program. The benchmark s h a l l  be 

c o n s t r u c t e d  of conc re t e  and f i r tn ly  s e t .  A b r a s s  

cap  a s  fu rn i shed  by t h e  County Surveyor s h a l l  be 

placed i n  the  monument. The o p e r a t o r  s h a l l  t i e  t h i s  

benchmark i n t o  the n e a r e s t  p o i n t  of t h e  U.S.G.S. 

l eve l  net  b,y F i r s t  O r d e r  Leveling t echniques .  

. 434 
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f. Power lines shall be constructed on existing 

power right of ways where possible. Efforts shall be - 

LJ 

land use and aesthetic requirements. 

g. 

e 

All on site roads and parking areas shall be 

made to share existing facilities. 

line installations shall conform with County optimum 

Any new power 

paved. On site parking shall be provided for all 

employees, customers,or clients. 

h. Shrubs, trees, and ground cover shall be planted 

and maintained to compliment the appearance of the 

where soil conditions permit. 

Prqduction Standards 

a. All applicable requirements imposed by the Class 

I1 Drilling Standards shall remadn kn effect. 

b. Continuous and intermittent sound shall be 

ed in accordance with paragraph C 2 (c) 

andards Class 11) 

environment . 



?v: t GDiinty Cmrt  . b- 

PASSED A:ln ADOPTED b:i the Cotmty Cw*rt and APPROVED by e:' 

Jasgc! of the County of Malhcttr t h i s  day af * - , I :  

COUNTY JUDGE 

- 
COUNTY CCMMISSIOtJER 

- 
COUNTY COMMISSIONER 
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-
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