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City of Portland with Mt. Hood, a pleistocene volcano, on the horizon
sketched from a photo by the Oregon Department of Transportation.
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'ForEWord“

Among the most critical of problems facing our nation is energy

* pesources. Though there may be minor disagreement about the specifics,

magnitude and solutions to these problems there can be no question about :

" their urgency and of the necessity for immediate action. ~In an effort to
~ in part resolve these questions by accelerating utilization of one of our
" renewable resources, the U. S. Department of Energy has developed a program -

of National and Regional Planning and Operations Research of geothermal
-energy resources. FH S o o

. The OIT Geo-Heat Utilization Center, under contract to USDOE, has
evaluated the geothermal energy resource development potential of the six
northwest states of Alaska, Idaho, Montana, Oregon, Washington, and Wyoming.
Our goal has been to summarize for this region on a site-specific basis the
various factors affecting development including resource data base, geo-
logical description, reservoir characteristics, environmental character,
lease and development status, institutional factors, economics, population

and market, and finally potential for development. This report summarizes

the known data baseifor the~$tate,of Oregon,

As so:-little site-specific geothermal resource data is available this
‘then represents a progress report in a young but rapidly developing field
of knowledge. The continuation of this project now underway is attempting
" to complete this core of site information and identify data on new signi-
ficant sites in Oregon, provide accurate information and recommendations
to policy and decision-makers, and ultimately to assist in evolving more
effective regional and national geothermal energy programs. - o

R. P. Koeppen
- June, 1979




PREFACE

As a consequence of 1he energy crlsis of the early  seventies, the Unn‘ed
" States has embarked on an aggressive program to develop its indigenous
energy resources. Geothermal energy is one form considered to have
significant potential, particularly in the western states. To encourage
geothermal development, Congress adopted 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 complle an
inventory of geothermal resources and construct tlmehne scenanos Whlch
outline steps necessary for resource utilization. -~

This document examines the geothermal energy ‘development potential “in

‘Oregon. The data base and scenarios will serve as tools for local, state and

federal planners and policy makers as well as private developers. To be

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 to generate publlc
awareness and stimulate potential end-users. -~ _

- Considerable public lnteresf was demonstrated durmg this investigation, and
this report should help to increase publlc cwareness of the potennol of local
energy resource development. -




ACKNOWLEDGMENTS

In addition to published materials, much of the information contained in this
report was gathered during personal interviews and field investigations with
numerous public agencies, private companies and individuals. This assistance
is greatly appreciated for without their valuable insights the scope of this
report would have been severely Ilmlted. . .

Among those deserving special mention are: Don Hull and the DOGAMI staff,
Rich Huggins, John Geyer, Al Prigge, Majorie Waggoner, John and Chquofte
Hook, Portland General Electric Co., Chuck Wassinger and Jack McNamara.

The Oregon Department of Energy staff has contributed in numerous ways to
the realization of this document. Particular mention is due William
Sanderson, Tom Bryson, Michael Grainey and Kathy Peters. R '

The guidance and policy direction provided by Don Karr, Robert Koeppen,
Walter Pollock and David Philbrick has been of vital importance and is
gratefully acknowledged. Staff of the Geo-Heat Center also deserve special
recognition for their assistance in training the fleld team ond their
vnrelenting patience in respondmg to questions.

The support and guidance from my counterparts has been of tremendous
benefit and constitutes an integral part of this project. My thanks to Gordon
Bloomquist, Keith Brown, Rick James, David McClain and Don Markle.

Special thanks to Tom Bryson for the qua1ity maps conta1ned in this
report. _




TABLE OF CONTENTS |

CFOREWORD v v v v v v e e e e e e e e e e e e e e e e e e e 2
PREFACE ‘e o . * e ‘8- @ -8 -8 8 .. e, 8 _» e . . . c . o,o)cro‘.. 4 . 3
INTRODUCTION « « « & o @ c s e e e e ._. ¢ i e e e e e e s ‘9
ENERGY USE IN OREGON e o o o s o e @ o & o . s o e o eie e ]3
PACIFIC NORTHWEST ELECTRIC UTILITY SYSTEMS

‘ AN OVERVIEN M. W. GRAINEY - T 1
I." BASIN AND RANGE GEOTHERMAL,PLANNING:REGIONir
Regional Introduction . « . ¢« v v oo v v v v v v v 2]
Klamath Fall1ls KGRA . . . . ¢« ¢ ¢ ¢« ¢ ¢« ¢ « . « « . 23
Lakeview KGRA v oiiiv v vie v seie w6 ee ow o o 5B
Summer Lake KGRA . . . . . . .. ¢ e e vie e on e 77
- Crump Springs KGRA . o ¢ o0 v feie oo v ware o w97
o ‘Alvord Valley KGRA ............ R 17
II, . HIGH LAVA PLAINS GEOTHERMAL PLANNING REGION ‘
| * Reé1dné]glﬁtroduct1on e e e L. s
Newberry Crater KGRA . . . . . . . . . . W e 6 e e e 147
Burns Butte KGRA . . . . . . . . . 0 000 165
Brothers Fault Zone . « ¢ ¢ ¢ ¢ ¢ ¢ 4 ¢ ¢ e o o o o o 183
III. WESTERN SNAKE RIVER PLAIN GEOTHERMAL PLANNING REGION
Regional Introduction . . . . . ... e e e e e e e 189
Vale KGRA . . & v ¢ v v v v ¢ ¢ o o o & e e e e e e s 191
V. NORTHEASTERN OREGON GEOTHERMAL PLANNING REGION
Regional Introduction « « « « « . 4 Y
La Grande PGRA '« . « ¢« « ¢« « « & e e e e e s e s 221
V. CASCADE MOUNTAINS GEOTHERMAL PLANNING REGION

Regional Introduction . . . « . . « « .. voe e e .. 281
Mt. Hood KGRA . . . « « ¢ v v . W e e e e . . 245
Western Cascades Introduction . . . . . e e e e oe . 267
Carey Hot Springs KGRA. .. . « « ¢« v ¢ v v v o < o 2N
Breitenbush Hot Springs KGRA . . . « . . . . .o . . 291
Belknap-Foley Hot Springs KBRA . . . . . . . . . .. 319

Mc Credie Hot Springs KGRA . . . . . . . . .. e o 341




VL.
VILL
vIIl.
IX.

LEGAL AND INSTITUTIONAL FACTORS + « « « « « + « v - .

SUMMARY & v v v v v e e e e e e e

SELECTED REFERENCES « « v = o e o v o o v s o o o v o

APPENDICES

. Existing-Uses_ofrGéothermaT Energy in Oregonf;i; .

. Selected Industrial Energy Consumption‘Rates .

. Oregon Geothermal Leasing Activity;f~.-. e e

. Oregon Geothermal Resources Act . . . . . e e

. Malheur County Geothefma]\Ordinance e e e e e

A

B

C

D. Oregon Geothérma]rHeating Districf'Legislatidn .
. | ‘

F

G

. Leasing Process on Federal Land . . - . ... L

383

384

385
389
401

405



~LIST ‘OF MAPS

Figure faqe
1 Oregon Geothermal Resources . ... ............. 10
2 Basin and Range_Geothermal Planning Regidn ..... e e 20
3 KTamath Falls KGBRA « o v v v o o e e e e e e e e e e e 24
4 Lakeview KGRA . . . v v v v vt i T
5 Summer Lake KGRA . . . . . e e e e e e e e e e e e .. 78
6 Crump Geyser KERA . . . . . ... e e e e e e e e e . o8
7 Alvord KGRA . . . . . e e e e i e e e .. 18
8 Newberry Crater KGRA . . .‘ .................. 148

9 Brothers Fault Zone . . . ... ... ... ... 182 -
10 Vale KBRA o o v v v v v v v e e e et e e e .02
11 URTON COURLY « « v v v e e e e e e e e e e e e e 218
12 Baker County . . . P e e e ’;‘. T 219
13 Cascades GeothermaliPlénning Region . .. ... ... .... 240

14 Mt HoOd KBRA .+ v v v v v e v e e e e 244
15 Carey/Austin KGRA .-,;. . ; ......... e e e s . 270
16 Breitenbush KGRA . « « « « .« . . . e e e .. 2%
17 BeTknap/Foley KRR « « . . v v o v oot v e v e e e e 318

18 MCCredie KBRA .« . v v e et e e e e e e e .. 340







R  INTRODUCTION

‘Geothermal energy- is natural heat beneath the earfﬁ',éiisilr‘fac::e,'-fth'e same -

energy that creates geysers, volcanos and” hot ‘springs. To some, it is a

mysterious phenomenon - an exotic energy source- which ‘may in the distant

future contribute to ‘the energy supply. But geothermal energy can: be

effective and cost-competitive with traditional fuels-in ‘today's market. And,

s well as areas which

Oregon has both areas of proven geothermal potential a
appear to hold potentially valuable geothermal resources.

' This natural heat has been Os'ed‘ for space heating in Oregon 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 . °

- for more than 45 years, hot water is old news.

The widespread use of hot WCITEI: for space heating in Klbmath Falls has in
part made Oregon the nation's leader in direct use applications of geothermal

energy. - Uses range from the de-icing of - highway pavements  and milk
pasteurization to space heating of commercial buildings and greenhouses.
The peak utilization of geothermal energy is estimated at 60 megawatts

thermal (MW1) in Klamath Falls. The overall contribution of geothermal
energy to Oregon's total energy supply is relatively small, but is growing
steadily, - S .

- The potential for additional and expanded 'use of geothermal resources in - -
- Oregon ‘is substantial. Geothermal energy reserves are generally situated in
areas ‘of geologically recent volecanic activity. Numerous areas of young
voleanic rocks with geothermal potential have been identified in Oregon. The
presence of more than 170 hot springs, situated primarily from the Cascades .,
. east across the state, provides further evidence of likely thermal reserves at - =
- depth.” Among the physiographic provinces of Oreon, those: having - high .-

- Potential are the Cascade Mountains, Basin and Range, High Lava Plains and
Owyhee Upland. = S ISP R LR Doy i e

The U.S. Geological Survey has classified 13 areas of the state, comprising -
431,936 acres, as Known Geothermal Resource”Areas (KGRA), and 10 broad ..
areas as prospectively valuable for geothermal resources (PGRA). The KGRA =
designation requires that federal -land within the area be leased on a .
- competitive basis. Leasing on federal land’ totals’ 240,247 acres for both
competifive ‘and non-competitive leases. Leases on state-owhed land -

comprise 8,294 acres, Private land leases are "difficult to confirm but have

been estimated ‘at 180,000 acres. Leasing activity has been summarized in -
Appendix G, Figure 1 is a location map of Oregon's ‘Known and Potential -

_....Geothermal Resource Areas (KGRAs and PGRAs)."

e




Figure 1
Oregon Geothermal Resources
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in comparnson wnth other Pacnfnc Northwest s'rates, a substantial amount of
- geothermal’ developmem‘ has already taken place -in Oregon._ Yet ‘there is
~ considerable  untapped ' geothermal energy “potential in the" state for both
direct use applications and electric genercmon. ‘Potential non-electric uses

‘range from  integrated ‘facilifies which ‘use ‘thermal fluids  in a cascaded = -

system to industrial processmg and) dlstrlci heating sysfems.v Current uses of
- geothermal energy in Oregon are hsted in Appendlx A, '

The potential for geothermal electrical produchon from steom or high .
temperature hot water reservoirs is not well understood or -documented. To
date, no known resources of sufficient quality for electrical 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.
Development will then be contingent upon mmgotlon of environmental and
other concerns. :

Based on conservative estimates by the U.S. Geological Survey (U.S.G.S.) the
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 flgures are minimum estimates based on
ldenhfled areas and will probably increase significantly as other reservoirs
are discovered. Nevertheless, from what ‘is currently known about Oregon's
" geothermal resources, direct use applications have the greatest |mmed|ote
potentlal for developmem‘ and commercialization.:

The following report presents an inventory of resources based on avallable
‘information and to a lesser extent on field mvestlganons. 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 potential. By no means do
these - sites represent a comprehensive survey of Oregon's geothermal
resources. Within the limited duration of this pr'oje_(:t, these sites were
selected because more  information was "available on the nature of the
resource and they offer the most favorable condmons for near term
development.

‘ Specuflc sites are presented wnthm a regnoncl framework. Three planning

regions correspond to physiographic provinces in which the sites share similiar - ’

physical, environmental, cultural, .and ‘economic 'characteristics.” Two
planning regions contain only one sne eqch and are Iess ex\‘enswe than the

v physnographnc zones.

m




: "Eoch chapter is mtroduced by a reglonal overwew of the physncol se’mng - ‘
~followed by subchapters containing ‘a narrative’ summary statement -of the -

specific resource location and characteristics, existing utilization and
potential end-uses for .future development. Detailed site information in the
“form of data sheets follows each narrative. In general, the data sheets

present information relevant to the specific sn‘es, but the narratives d:scuss

potem‘lal of a broader area and are not restricted to KGRA boundaries.

In most cases, data presenfed in ths report are current as of November' 1978,

12




_ ENERGY USE INOREGON -

The development of geothermal resources - in* Oregon depends to a large -

degree on the overall energy picture. As conventional fuels escalate -in cost

and = availability declines, the attractiveness of _;geothervmal ‘energy -
development will increase. = B R S A

Traditionally, electrlcrty has played a major role in meetrng energy demand in
the Pacific Northwest. The availability of relatively inexpensive electricity
from the region's hydro power base has lead to wndespread use of electricity
for applications such as space heating. As described in the following paper by
M. W. Grainey, the electric utility systém 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 portlons of the electric load.

Thls is particularly nmportant for end-uses, such as space and water heating
and industrial processing whose thermal requirements allow for efficient use
of geothermal fluids, thereby allowing the electric load to meet demands of

other uses which require the "higher" quallty energy from electricity.’ '

The Oregon Department of Energy has - projected that total energy
consumptlon in.the state will increase at an_average annual rate of 2.4
percent during the next twenty years. The major impact of geothermal
development during. this time will be in the residential, -commercial and
industrial sectors. Those sectors account for about 75 percent of Oregon's
projected energy consumption in 1980. Geothermal resource development can
“most readily effect the near-term energy picture in.the areas of residential
- and commercial space and watger heating, and industrial ‘processing. As
illustrated in the following chart, space and water heatmg account for 65
percent of resndentnal energy use. - - - o Lt -

These types of energy requnrements ‘can easnly be fulfllled by geothermal
resources when they are available. - As the Pacific Northwest energy picture
becomes less: focused on electricity, fuel switching will become more common
and in areas wnth geothermal potentlal development may be enhanced
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THE PACIFIC NORTHWEST ELECTRIC UTILITY SYSTEMS
.. ANOVERVIEW |

MICHAEL W bRAINEY

, The Pacific’ Northwest is a reglon whlch has many umque features which ‘have

. contributed to the formation of an unusual electric system. These features

" also make the use of geothermal energy more readlly adaptable and feasible
- for certain uses m the Pacnﬁc Northwest ’rhan in any other reglon in_the
country. RIS : : _

The reglon 'rradmonally has been self-sufficient wn‘h respect to electric
energy. For nearly 40 years the regnon's electricity has been derived almost
~exclusively from hydrogeneration. Only in the: past decade have the region's

- utilities turned to the development of thermal power plants (coal or nuclear)

- for baseload electric generating capacity. - The region uses no oil or natural
.gas for baseload electric power plants, perhaps the only region in the coun'rry
- able to make ’rhat clalm » . o , :

~_Because hydro power has tradmonally been mexpenswe and readlly avallable,
the region has relied on electricity more heavily than have other regions. For
example, per -.capita use of electrtcuty is nearly double the nationwide

; ,v;’; average, and electric space heating in the reglon lS used by four hmes as

~many resndences «as ;the nationwide average.

':The Bonnevnlle Power Admlmstraﬂon has been parhcularly dominant in the
‘development of hydroelectric power in the region.. BPA is the marketing
“agency for the federal dams:built by the U.S. Bureau of Reclamation and the _
U.S. Army Corps of Engineers. Dams which comprise the Bonneville system
produce 55 percent of the -electric. power. generated- m 1he reguon and 65
. percent of the reglon's hydroelectrlc resources. RE A ;

'ln adamon to provndmg a subsfantlal amounf of fhe regton's electncnty, BPA

has constructed a highly sophlstlcated transmission line system linking the

" .entire region. - BPA ' transmits 'its own power over- these lines as well as

L electricity generated by the region's utilities. The BPA transmission grid has

"';'become the backbone for a highly-coordinated reglonal electrical system. o

BPA's computer. cem‘er helps the region's utilities to operate their plants in a

- . coordinated manner. to optimize .efficient and reliable  service -and to

 minimize costs. A Coordination: Agreement omong the reglon's utclmes ’
‘ oufllnes goa!s and procedures for cooperahon. S
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BPA tradmonally hos marketed 1he power from its dams to all potenhol users’
- in the region first and if surplus power’ exists, outside the region as well. In

marketing.power inside the region, BPA has sold power under the BPA Project

Act to preference customers first, namely publicly-owned utilities, and then

to investor-owned utilities and direct service industries. Under the provisions

of the Northwest Preference Power Act, all users in the Pacific Northwesf, -

whether or not publicly-owned systems, have first access to BPA power over

tﬂcon‘pehng ‘claims, whether from publicly-owned utilities or not, outside the -

region. Before 1973, BPA had sufficient resources to meet all requests for
“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 geofhermol resources ‘more - desnrable from an
'economlc pomt of vnew. : :

in I973 BPA dlscom‘mued the sale of flrm power to- investor-owned uhlmes as

. a series of contracts with those utilities which expired at that time 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
BPA's projected load forecasts indicated that the agency could not provide
power to the investor-owned utilities on a firm basis and still meet its
s'rotutory commitments to serve publicly-owned systems.

~The problem facing the investor-owned utilities w1ll also affecf BPA's other
customers as well. In June 1976, BPA issued a Notice of Insufficiency to all
its publicly-owned customers indicoﬁng that: future load growth could not be
met 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 explre in ‘the early I980s.

The moblllty of the hydroelectric system to meet the compehng 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 | 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 1981. At the moment, only two
coal plants and one nuclear plant  are comple'red and 'rhe others are not
expected to be completed before 1985. : .

Phase [l of the Hydro-Thermal Program, formulated in’-ldté |973, ehvisioned:’

the construction of seven additional thermal plants. Phase 1l has been
aelayed since 1975 as a result of litigation in the U.S. District Court of
Oregon.

16




As. part of. the Hydro-Thermal Program; a procedure called "net billing" was - - .
" -developed under which BPA would purchase the. output from some of the new S e
‘thermal plam‘s for transmnss:on fo |ts customers. e e T

) When the \Hydro-Thermal ‘Program was orngmally developed the cost of
“thermal power. plants ‘were expected to be only slightly: hlgher than the
~ region's existing hydroelectric dams. The dams provided very  inexpensive -
power; their low cost and the seemingly inexhaustible supply of hydroelecfnc

o power contnbufed to the reglon's w1despread electnflcaﬂon.

However, the cost of thermal power plants has risen dramatlcally over the
last decade, as fuel costs have soared, labor costs have risen, construction
_problems have developed, and regulatory reviews have extended the time
\requured for power plant siting. The rates for thermal power plants have
risen fo such a degree that comparable investor-owned utilities which are not
“receiving federal hydroelectric power on a firm. basis, have . frequently
‘charged rates two to three times higher than those charged by publlcly-owned
~ systems which are’ recelvmg power from BPA on a flrm bGSIS. ‘

BPA currem‘ly sells its, power. at a wholesale rate of 4 mllls -per k|lowaﬂ

" hour: (A 1979 proposed rate increase would result in a cost of approximately

8 mills per kilowatt hour.) In contrast, thermal power plants are producing

power at rates of 12-16 mills per kilowatt hour, and costs of thermal’ plants in

- the region currently under construction are expecfed to average as high as 30
mills per kilowatt hour. Of BPA's l979 rate increase request, approxnmafely

} '7l2 percent ‘is due to the mclusmn in lls sys'rem of the net-bllled thermal '
p an'rs. ' . ,

Thls dramatic dlSpClI'll‘)' between exnshng syslem costs ‘and the lnCremem‘al
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 ‘electritication, geothermal energy
asa replacement for electric end-uses is particularly well-suited for Oregon
‘and the region generally. -As a replacement for electric end-uses, however,
geothermal energy must prove .economically competmve in order ro gain
wndespread voluntary utilization. - e
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'(;f‘ The POleIC Non‘hwest thus presents a umque opportumty for geothermalu
'developmem‘ to replace electric space ‘heating and other electric end-uses. |

~ This ‘is particularly true in light of the incremental ‘cost of new thermal -
- _generating stations. However, while the incremental costs are high,

~ system-wide elecmc costs in the region are still’ relahvely low. compared to

“most region's in the country because of the large -amount of hydroelectrlc

‘power (for both public and private sysfems) that goes into the average system

- cost. Geothermal development; thus must compete against. a_lower average

system cost even though the thermal incremental cost for electric power is

. much higher than the existing average. This problem has been recogmzed and
- may be mmgated in part by pending federal legislation.

, U S. Senator Henry Jackson of Washmgton Stafe has mtroduced S. 3418 to
‘address a number of regional energy: issues, including the allocation of federal
 hydroelectric power, development of a regional conservahon 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 after 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 sngmfucant incentive to the development of
geothermal energy.
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 BASIN AND RANGE GEOTHERMAL PLANNING REGION © "~ "~

The Basin and Range ‘geothermal ‘planning” region extends across southern

Oregon from the southern Cascades east to the Owyhee Upland. The areaisa "

small portion of the vast Basin and Range Province covering parts of Nevada,

Californig, Arizona and New Mexico.

The topography 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 structural valleys. Many of the basins are

Popul‘d‘fidn concentrations vary widely “in the region from the Alvord Valley

where the largest community has |1 residents  to the densely inhabited

Klamath Falls urban area. The only communities with populations more than -

500 are Lakeview and the Klamath F alls 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 activities 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 transportation routes. - © -~ =

The Basin and Range region is also characterized 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 believed that the

“potential in the Klamath area has barely been tapped. B

The region on the whole has outstanding potential for’ geothermal - energy |

- development. The possibility of temperatures sufficiently high for electric - -
. power production remains an unanswered question. Nevertheless, there is -

high probability of geothermal development for direct use applications in the
commercial, industrial and residential sectors particularly in Klanath Falls

The U.S. Geological Survey has classified five areas within the region as =
~Known Geothermal Resource Areas. Each KGRA. is situated in"a’basin and-is
-associated with a thermal springs area. The KGRAs as discussed in detail in" -

the following chapter are: Klamath Falls, Lakeview, Summer Lake, Crump
Springs and Alvord Valley. - o ISR CEARREANA :
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- SITE: KLAMATH FALLS, KGRA, OREGON =
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KLAMATHFALLSKGRA =~ .-

Klamath Falls, situated in south central Oregon, is ‘one of the ‘most wndely B

_recognized . geothermal . resource areas  in" the “U.S.  The U.S.G.S. has

‘ desngnated three sections; Klamath Falls urban area, Klamath Hills and’ Olene
‘Gap, as the Klamath Falls KGRA Characfenstlcs leading to this

classification and current . utilization of the resource, combined with the
population concentration at the site ‘and  the ‘existing ‘agricultural ‘based -

. economy give Klamath Falls’ tremendous potenhal for commercnahzahon of
v geothermal resources.

: The KGRA covers 50, 300 acres of predommately pnvafely-owned land in and
around the Klamath Falls urban area. Population in the metropohtan area is
- _estimated at 45,000. The lumber and wood products industry is the largest

‘employer. Uther economic activities are also based on the ared's natural -
resources and include agriculture, livestock produchon ‘and recreation,
~ Principal crops are potatoes, feed grains and alfdlfa.” With this economic base
the Klamath Falls area is prime for geothermal development to meet the
:energy demands for mdusfrla processmg. _ :

Resndents and several commercial establlshments have already accrued
significant ‘benefits from geothermal development primarily in the form of
- space and hot water heating. Klamath Falls boasts the largest concentration
- of direct use applications of geothermal energy m the country. Utillzahon is
es’nmated at 60 MWt durmg peak wmter use. S :

. ,These uses mclude aQ varlety of appllcaﬂons of wh:ch space heahng is ‘the
“most widespread. ‘Approximately 400 wells supply thermal water’ for heating
500 structures including: single and multiple family dwellings, most all of the
- public schools, the Oregon Institute of Technology (OIT) campus, the
",commumfy hospltal, and commercial bunldmgs. ‘Most ‘homes in" the "eastern
_portion of the city are heated by hot water. The common ‘heating method is a
'downhole’ heat exchanger which utilizes city water 1o extract heat in. a closed

" "loop - system. - Other geothermal applications are somewhat unique and
" include; milk pasteurlzatlon, snow and ice melting from h:ghway pavement

and’ sidewalks, floor warming in a cold’ storage plant to prevent freezing and
. frost heaving, accelerated curing of concrete, heated’ swimming ‘pools, giant
prawn aquaculture and greenhousing. ‘Many of the wells drilled to’ provide ‘hot -
~water for these uses are 70 to |00 m. deep which substantlates the exlstence '
of geothermal resources at shallow depths. >
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- The use of geothermal resources is nof a new development m Klamath Falls.
Indians and sheepherders made use of the hot springs even before the area

was settled. Shortly after the turn of the century the first wells were dnlled
to supply hot water for home heating. :

‘Because the resource has. ‘been used for a long time, good ‘information is
" available on the characteristics of the shallow resource and practical methods
of unlazmg the thermal waters. However, the nature of the heat source, the

. poten’nal for high temperature resources at depth and the extent of shallow

" reservoirs is not well understood. Information regardlng existing uses and

known reservoir characteristics is briefly summarized in the data sheet which
follows this section. For those interested in additional and more detailed
information, selected references for Klamoth Falls have been included
followmg the data sheet. = ' : S

;‘Geothermcl resources in the Kloma’rh Basin exist because of a favorable
‘geologic environment. A heat source at depth transfers heat along faults and
into shallow reserviors controlled by the porous and permeable Zzones in
factured basalts. Lacustrine deposits act as a cap rock which concentrates
heat in a confined area. Extensive faulting provides additional zones of
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 achvnty of consnderable
mqgnn‘ude.

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 (1967) suggest that the cap rock acts as a barrier to any
existing  deep geothermdl reservoir. Based on chemical analysis, hey
postulate that the thermal fluid providing heat into the geothermal zones is
probably steam. If these assumptions are accurate then high fempera’rure

- resources, potenha”y 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 beneflcml ~apparent use of geothermal
resources is for direct use applications.
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- The pofentnal for non-electncai uses such as space heatmg .and mdusfnal E

“-applications is vast. Based on_a minimum’estimated temperofure of | 30°C8’, '
- and. a reservoir size of 240Km2 by 2 Km thick the heat content is 30'x 10!
calories. Estimates by White and Williams (1975) of the beneficial heat
- .assuming -a recovery of 25 percent at the §urfoce and a vtilization effncnency
of 25 percent give a ‘value of 1.5 x 10! calories available for ‘use. fé
_content in the shallow reservoir is estimafed to be in the range of 12 x 1018 -
calories fo 36 x 10'® calories, which could be among the larger thermal
systems in the United States . (Lienau, et. al., 1978). Culver (I978) estimates
: 'rhaﬂ the Klamm‘h F alls urban areq has a pofenhol of 200 MWf using exnstmg
wells. : .

Obviously thé,potenﬁalv 'for Qeothérmal resour'cer’uﬁli'zation is much grédter
than what is presently being tapped. Local entities are well aware of this
fact and are undertakmg pro;ects to expand the use of their mdlgenous energy
resource. ’ RV . : : -

Of parhcular nofe is the curren'r pro;ect to es’rabllsh a geothermal hecmng
district. The City, Klamath County, State of Oregon and the U.S.
Department of Energy are. participating in a demonstration project which
~initially will provide service to fourteen pubhc buildings - in the downtown
area. Explorotlon and development time pnor to bringing "power-on-line" is
short since  the .location: of the resource is relohvely well “understood.
. Therefore, the system .is expected to be operational in early.1981, and should
vprovnde an additional 7 to 10 MWt to existing utilization. Within 5 to 10 years
expansion of the district system to include |10 commercial bunldmgs in the
- central business section could provide utilization of 54 MWt whnch is nearly
‘equal to the peok use: of exlshng apphcahons. SRRTIRA MR TR . :

The Cn‘y of Klamath Falls ‘in |978 underfook a the developmenf of an
industrial park site capable of supplying thermal fluids for process heat.
. Three test wells were drilled adjacent to and north of the OIT campus.
‘Measured * gradients were  essentially isothermal. ~This  lack : of success

. illustrates that much remains to be: learned about the nature and extent of

the Klamath Falls geothermal resource. These holes were situated less- than -
one kilometer from the producing wells which heat more than 500,000 square
- feet of building space on the OIT campus. Other 0pt|ons are belng explored'
PR (o) snte o] geothermal mdustrlal park in the area. -

»,;These prOJects should resul'r in mcreased use of the Iocal resource, but there
~ will still be a significant amount of untopped potential. - Awareness of this
potential has stimulated two major studies of probable end-use appllcoﬂons of ,
the |denf|fned nm‘ermedlate ’remperoture resources. ‘ v _
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- ;:The flrst of these is ‘an ‘evaluation of ‘the potenhql for mdustnal ‘and e
- _agricultural’ processing usmg geothermal energy by Reistad ‘and others: (1978).

- Economic and engmeermg feosnblhty 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 includes "
~swine raising, greenhouses, methcne producflon, barley malhng ond lumber‘
- drying. : :

ProducﬁOn ‘costs for each process‘except ‘methane production Were esﬁmated'
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 operahon in the Klamqth Hills area
: supports these fmdmgs.

e ther processes were consndered non-competmve now because: of purhcular
economic factors. Although barley grown locally could supply a large portion
of a malt plants' raw product, the railroad rate 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 fhese'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
benefically 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 mtegratlon 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 'rhe Klamath Bosm. ,

Western Polymer Corporation situated 33 km south of" Klamcn‘h Folls
processes |4 tons of potatoes per hour for starch extraction. On an annual
basis the plant consumes 122,250 gollons of propone, of which 85 percem‘ is
used for starch drying. : :
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. Three opflons were con51dered for retrofmmg to a geo-system. The most

' ah‘ractuve option calls for deepening an existing well in hopes. ‘of .encountering

1800 1o 200° F resource.. Thermal water would be piped to a heat -
exchanger which would supply heat for processing and provide reject water
for space heating the building. The system would supply ‘76 percent of the
thermal - energy requirements for space and process heat. Capital outlay is
- estimated at $124,800 wnth a 49 percem‘ return on mvestmem‘ and a two year
pay back perlod. . : 4

Onion dehydrahon was examined because of the ex:stence of onion producing
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 geothermal energy as opposed to
conventional fuels. Results indicate that the plant 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 femperatures. 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 $100,000 per yeclr could be reahzed over the cost of a conventional
fuel system. :

Cost analysis for a |5 acre greenhouse operation indicates a significant
competitive advantage for geothermal heating 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 mdustrml energy uses that could convert to
geothermal given the proven resource and the ogrlcul'rural 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 shmulate expanded use of this local
energy source. v
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Another problem involves the queshon of disposal of geothermal effluents.
The ‘development of existing use has taken -place in a very ‘unsystematic-

manner. Consequently, many geothermal systems waste reject fluids into the =~

sewers or -other. surface disposal. Regulations have been formulated which
restrict such disposal. [t is believed, however, that large scale development
of a heahng district and a cascaded geothermal system in an industrial park
will provide the basis for the necessary coordinated resource ‘planning. Such
planning will facilitate effective disposal techniques and concentro’re energy
users to make more efflc1ent use of the resource.
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SITE DATA SUMMARY
SITE KLAMATH FALLS KGRA OREGON

..Physical Reservdir Date
..Temperatune o v T At SR
?u;face 740C Subsurface: 1200C .
1 . , . L
~..Total D1sso]ved Solids: 900 mg/1

..Type of 0ver]ay1ng Rock: 'Pliocene volcanics, lake bed
sediments R AR

..Estimated Depth to Top of Reservoir‘(meters)ﬁ 1,000vm."(3) “
..Site Land Status | . |

Total Acres - 50, 300 (KGRA) , AT

Total Acres Leased = FED.: 0O ~  PRIVATE: Undetermined
..GeothermalfDevelopment Status: | S

Extensive use of non-electrical app11cat10ns‘fdr a variety of

purposes, primarily space and domestic hot water heat1ng.

It is believed that only a small port1on of the area' s o
geothermal potentlal 1s ut111zed '

..Loca1 and State Attitude Toward Geotherma] Deve]opment~'v

Locals have realized the benefits of geotherma] deve]opment for
. decades and encourage further development. However, homeowners
with geo-heating systems are concerned' about - the effects of
-expanded development on their wells. ‘
- The City of Klamath Fa]ls is act1ve1y encourag1ng further L
;*developnent o L S :

1..Land Use and Populat1on' T | FEESRR
The maJorit of the popu]at1on of K]amath County 11ves 1n the
’1 Klamath Falls ared.

“Land uses are diversified, rang1ng from 11vestock rais1ng and
agriculture to dense]y popu]ated urban areas. -
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 SITE LOCATION AND PHYSICAL DESCRIPTION
| SITE: KLAMATH FALLS KGRA

..Latitude: 420 14' N
..Longitude- 1210 46‘

..Rect1]1near '
-Secs. 3, 4, 5, 8, 9, 10, 14-22, 26-35, T. 385., R.9E,
Willamette Meridian’ (W.0) , ,
Secs. 1-5, 9-12, T.39S., R.9E., ' S
Secs. 3, 10 15, 16, 17, 20-28, 34-36, T 405., R.9 .
Secs. 1-4 9- 12, 15 T. 418., R.9E., '
Secs. 4-6, 14, 15 22-27 32-34, T. 395., R. 10E.,

Secs. 4, 5 30 T.40S., R 10E.,
Secs. 6 7, T. 415., R.10E.,

..Topography

The Klamath Basin is situated in south-central Oregon and
northwestern California. The basin extends from Crater Lake to
the north and Medicine Lake highland to the south. ‘The KGRA is.
located near the east side and.center of the Oregon portion of
the basin. To the west of the area are the Cascade Mounta1ns
and to the east the high desert country.

Typical of the Basin and Range Province the area is
characterized by north-trending parallel mountain ranges and -
valleys. Upper Klamath Lake, the largest natural lake in
Oregen, is situated in the basin. Unlike other basins in the
region which are generally closed, the Klamath Basin is drained
by the Klamath River and its tr1butar1es to the south into
California and eventually to the Pacific Ocean. Elevations
range from 1,250 m. in the va]]eys to 2,896 m. on mountaln peaks.

..Present Land Use:

The land base supports a variety of uses ranging from 11vestock
grazing and wildlife habitat to the densely populated urban area
of Klamath Falls. Uses include irrigated agriculture, Tivestock
‘production, recreational activities, timber production and a
multitude of man-made improvements. Most of: the developed land
is concentrated in the valley bottoms and in’ tab]eland areas. -
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The valley bottoms are genera]]y pr1vate1y owned and- are used
mainly for agr1cu1ture. Potatoes are the principal cash crop.

-. Other crops include: " ‘barley, on1ons, ‘alfalfa, winter wheat and SR

- feed grains. Lakes and marshes in the valleys provide 1mportant R
habitat for one of the largest waterfowl concentrations in North
America. Plateaus are primarily rangeland areas and are often
used 4n conjunction w1th farmlng and ranchlng operat1ons on the
valley floor. - R A :

Man-made 1mprovements 1n the valleys and footh1lls range from
roads and railroads to-highly developed urban, commercial and

-~ industrial areas.  The lower elevation areas contain numerous

- homesites ‘and the rural:communities of Bonanza, Dairy, 01ene, ’
Merrill, Lorella,: Keno, -and others.

The primary land uses at higher elevat1ons are t1mber product1on
and recreation. Communication sites are located on several high
'peak: including; Stuke] Mountaln, Bryant Mounta1n and Hamader
‘Moun a1n.. N ,

..Aesthet1c5‘-

Lakes and marshes 1n the area are extreme]y 1mportant forv

waterfowl habitat.

- The Environmental Analysis Report c1a551f1es the area as hav1ng
- 1ntermed1ate scenic value. o ;

‘..H1storica]/Archae01091cal S1gn1f1cance'

An known archaeolog1ca1 area 1s located inT. 4OS., R 9E. 1n the
. KGRA. .
. The Baldwin Hotel and Lower Klamath Nat1ona1 w11d11fe Refuge are
l1isted on the National Register. of Historic Places. =
Historic Trails - Topsy Grade and Applegate Trail. , R
v‘»Indxan art1facts and occupat1on s1tes are a]so found 1n the area.

33




GEOLOGICAL/GEOPHYSICAL DESCRIPTION
sne.‘ KLAMATH FALLS KGRA '

..Geologlc Descr1pt1on°r

AThe geo]og1c summary is based pr1mar11 on Peterson and Groh
(1957) and Peterson and McIntyre (1970

The strat1graphy of the- K]amath Fa]]s area is comp]ex. Pliocene
and Pleistocene volcanic activity with' concurrent sedimentation
and volcanism has resulted in a heterogeneous sequence of :
volcanic and sedimentary rock.. Thickness and composition of
rock types var1es greatly '

~ The oldest exposed rocks are P11ocene and Plelstocene basaltlc
lava flows. Newcomb and Hart (1958)-called the older:basalt
flows the "lower lava rocks" (0 to 250 m. thick). This unit is
overlain by the Yonna Formation (50 to 300 m. thick) of Pliocene
age. The unit is composed of lactustrine diatomite, tuffaceous
siltstone, sandstone, palagon1te tuff, basa1t1c tuff and m1nor
basalt flows. , :

- The Yonna Formation 1s.over1ain by .a unitvof basa]tic.]ava f]ows
and breccia (5 to 30 m. thick). This younger basaltic volcanism
is of Plio-Pleistocene age. These flows are overlain by
lacustrlne, terrace and alluvial deposits of varying th1ckness
pr1mar11y in the structural basins.

In general, the fractured basalts and cinders are highly - -
porous.  They are capped by the nearly impervious zone of the
Yonna Formation consisting of fine grained, lacustrine, ‘
palagonite and tuff sediments and diatomite. The unit is
locally known as "chalk rock". In localized areas such as above
" the Presbyterian Intercommunity Hospital the unit has been '
hydrothermally altered to various silicious deposits including
procelainite and opal breccia, locally called "hot springs
agates" (Lund and others, 1978). These areas indicate that
hydrothermal activity has been more extensive than at present.

Basaltic volcanism in the Klamath Basin has been nearly
continuous since Pliocene time. Pleistocene volcanism is
evidenced by scattered cinder cones, thin basalt flows in the

Klgmath Falls area and extensive f]ows east and northeast of the
. City
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- _;The dom1nant structural features are nimerous north-west
' trending faults. Peterson and McIntyre (1970) have ::: ~
 characterized .the faults by relatively small dlsplacements, .

close spacing and consistency in strike! pattern... D1splacements.7*"

along the faults are generally less than 152.m. ‘However, .

several -faults -along the east side of .Upper Klamath Lake, Bryant
* Mountain and Swan Lake exceed 305 m. .of vertical displacement.

In the area of Modoc Point on the east side of’ Upper Klamath

Uake, at least 488 m.;of vert1cal displacement 1s 1nd1cated.v;

Complex fault1ng has broken the Klamath Basin into a pattern of
northwest-trending fault-block ridges. and’ down-dropped valleys.
Most of the faulting occurred in late Pleistocene time.. This
horst and graben topography is characterist1c of the Basin and '

' Range Prov1nce.;- R . L

The Klamath graben 1s approx1mately 56 km wide and 160 km long
extending from Crater Lake caldera to the: north and in the south
to the Medicine Lake Highland volcanic area in California. The'

_-graben is bounded by-a series of. parallel northwest-trending -~

normal. faults with dips ranging from 559 ‘to 709, Locally,
smaller horst blocks protude above valley floors such as Klamath
H1lls and Stukel Mountain.- . , S : .

. .Geothermal Phenomena:'

The occurrence of geothermal. resources in the Klamath Falls area
as summar1zed by Lienau and others (1978) is presented below

The pattern of hot spr1ngs, hot-water wells and hydrothermally A
~altered rock indicates geothermal activity -over a long period of
time in the Klamath basin in areas including the Klamath Falls
urban area, Olene Gap, southwest Klamath H1lls. nd near Lorella B
in the Langell Valley ' o ~

The maJor1ty of geothermal anomal1es appear as narrow, elongate W
zones paralleing faults or fault blocks within the basin. . This
- has led to one interpretation that the thermal waters orlglnate
- from deep circulation of meteroric waters with convective -
transfer of heat and fluid from depth with permeable zones along

some of the. major faults.. Other 1nterpretat1ons suggest a: '

: magnat1c heat source. ‘ iy

: Sammell (1976) concludes that the Klamath Falls area -is
_underlain-by an intermediate temperature (900 to 130°C)
_convective geothermal system., This 1nterpretat1on gs based
_primarily on the geothermometer indicated reservoir tmperature
- of 1300C, Based on the estimated reservoir temperature, o
'Sammell (1976) suggests that the thermal waters are produced by
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" evidence o

,deep c1rculat1on along the fault zones to depths of 3 to 4.3 km_ijii

in a region ‘of a normal geothermal gradient of 300 to. 400C"

per km. -Based on the assumption that the hot water-is produced

~ through the mechanism of deep circulation in the fault zones, -
Sammell (1976) concludes that the hot waters are generally

‘restricted to three aréas: Klamath Fa]ls/Altamont Klamath

- Hills, and Olene Gap. oo o R :

L1enau and others (1978) suggest that the therma] waters are
_more abundant and widespread than postulated by Sammell (1976)
The assumption is based on the belief that the geothermal -
grad1ent and 'heat flow of the region is much higher than the «
radient reported by Sammell (1976) and Sass and Sammell
?1976) -From studies of - the Klamath basin, Lienau and others
1978) suggest that the regional gradient is closer to 75°c 3
per km. They conclude that if the regional gradient is in the
‘range of 759¢ per km, water ‘with sufficient temperature for
-space heating (459 to0 50°0C) should be encountered regionally
at depths of 0.5 to 0.6 km. Higher temperature water (90° to

1109C) would be expected adjacent to faults. It is probable

. that deeper drilling to depths of 1.5 to 2 km will encounter -
waters at least as high as 1300C, the estimated base reservo1r
temperature (Lienau and others, 1978)

..Hot Springs:

The most numerous and highest temperature hot springs occur in
the Klamath graben. In several surround1ng valleys there are
many wells which yield warm water. The major zones are Klamath
Falls, Klamath Hills and Olene Gap. Warm water well areas are:
Merr111 -Malin, Poe Valley, Langell Valley, Sprague River Valley
and southeast of Klamath Fa]]s. Data from each of these areas
is summarized below:

Klamath Falls: Wells along this 7 km zone provide space heating
- for a considerable portion of the eastern section of the urban
“area. Temperatures range from 210 - 1210C with a '
‘geochemically determined minimum reservoir temperature of
1369C (Si05) and 1300C (Na-k-Ca). The zone shows surface

? silicification and hydrothermal alteration and is

?fggcturally controlled by a novthwest-trend1ng fau]t system.

Klamath Hills: There are no surface man1festat1ons of «
geothermal activity, but well temperatures range from 270 to

900C with maximum flows of about 19,000 1pm. The area has =

been extensively silicified. The geotherma] zone is controTled
by northwest trending faults a1ong a horst block. (10)
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Olene Gap/Poe Val]ey~ The hot springs measured w1th Tow levels
in the Lost River: ranged in temperature from 70° to0:81°C on"

~the south bank of the river. The largest spring on the north
bank had a high temperature of 87°C. Geochemically determined -
minimum reservoir temperature is 809C. The Olene Gap anomaly
may extend south and westward in a zone approximately one km
wide surrounding Nuss Lake and extends west and south around the
northwest point of Stukel Mountain (10) - _ .

Merrill-Malin: Spr1ngs and we11 logs indicate several areas of
moderate temperature ranging from 50° to 100°C. Three areas

of potential are indicated: west flanks of Stukel Mountain,.
south side of Stukel Mountain extending east and southward to
Adams Point halfway between Merrill and Malin, and three small
areas northwest and south of Merr111 in the eastern most part of
the Klamath Hills. (10) o

Langell Valley: Shallow groundwater wel]s are general]y of
normal temperature. Exceptions include a narrow

- northwest-trending zone that includes Big Hot. Spr1ng southwest
of Lorella with a temperature of 610C, ?10)

Sprague R1ver Val1ey Groundwater wells between Beatty and v
Sprague River report temperatures from 11° to 220C at '
shallow depths. (10) _ ,

..Geophysical Summary:

There is a considerable amount of geobhySica1 data‘availab]e
covering the Klamath Falls geothermal area. References to
selected studies are sited below: B

Berg, J. W., Jr., and Thiruvathukal, J. W., 1967, Complete
Bouguer Gravity Anomaly Map of Oregon: Oregon Dept. of Geology
‘and Mineral Industries, Map GMS 4-b R S

Bodvarsson, G., Couch, R. W., MacFarlane, W, T., Tang, R. W.,
and Whitsett, R. M., 1974 Te]]urlc Current Exp]orat1on for
ggofgermal Anoma11es in Oregon Ore Bin, Vol. 36, No. 6, pgs

Sass, J. H., and Sammell, E' A., 1976, “Heat Flow Data and Their -
> Re]at1on to Observed Geothermal Phenomena near K]amath Falls,
OregozgsaJournaI of Geophysical Research Vo] 81, No. 26, pgs.

4863- : , ‘

Senterflt R. M., and Bed1nger, G. M., 1976 ' :
Aud1o-Magnetote11ur1c Data Log and Stat1on Locat1on Map for the
Klamath Falls Geothermal Resource Area, Oregon U.S.G.S.
Open-file Report 76-320.
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v S.6.S., 1972, Aeromagent1c Map of the K]amath Falls and’ Part

of the Crescent 10 py 2° Quadrangles, Oregon U S. G S,
0pen-f11e Report. , '

..Exp]orat1on Dr11]1ng.

Hunt 0il Company |

Drilled ten 91 m. gradient we]ls in 1978.

Drilled twelve 152 m. gradient holes in 1978
C1ty of Klamath Falls

- Compelted drilling three gradient wells in 1978,

'Wgyerhaeuser-Pacific Power & Light Co. =

Drilled a 611 m. grad1ent ho]e in 1976.

"Thermal Power Company

Drilled seven 61 m. holes in 1972.

Drilled seven 61 m. gradient wells in 1975 S
Planned to drill a 2,438 m. gradient hole in 1976. Well was
abandoned due to dr1111ng difficulties at 1,780 m. :
U.S.G.S.

Drilled two 183 m. gradient holes in 1974.
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RESERVOIR CHARACTERISTICS
,SITE KLAMATH FALLS KGRA

++Reservoir Temperature

‘.;Suffaée 740¢
..Subsurface: 120°C (1)

..Geochemical

Si0,:  1360C
Na-K-Ca: 1300 (1)

: ..Fiow’Rates _ , ;
Klamath Falls area we]ls range 95- 1 514 Tpm (1iters per m1nute)’
‘ K]amath Hills area wells as high as 18,927 1pm - (4) -

pH: -7.5 to 8.5'37
..Total Dissolved Solids: 900 mg/1  (4)

..Fluid ChemﬁSfry'

Geothermal well water is generally. character1zed by high
concentrations of sodium and low ‘concentrations of potassium.
'Typ1ca11y water hardness is Tow and results principally from
calcium ion. Total d1ssolved sol1ds are approxwmately :

900 mg/1. (4) .

Wells that provwde heat sources share certaln chem1ca1 o
composition patterns. These include: high cation
concentrations of silica, sodium and potassium, low cation’

- concentration of calcium, high anion conentrations of chloride
ion, low anion concentrations of water hardness and total"
alkalin1ties ( *~ 40 mg, CaCO3/1)
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| | | . -
.- Typical water chem1stry of geotherma1 wells 1s summar1zed be]ow '
-.and selected we]l chemistry follows: ; ,
Geotherma] Well Chem51tn1
Standard =~ Typical Cold
Average Deviation | Water Well
Specific Conductance 1,210 287 - 420
(micromhos) ' , '
Silica 91.3 21.4 45.8
Calcium 21.8 - 8.48 55
Magnesium 0.2 0.34 13.7
- Sodium ’ 201 47.7 10.8
(Units mg/1)
Potassium 4.8 1.11 - 2.0
Sulfate 410 73.1 8.3
Chloride . 49.1 7.95 6.8
Boron ' 0.78 0.1 0.16
Iron 3.06 6.12 0.23
Water hardness 78.5 23.1 194
Dissolved Oxygen - 1.88 1.29 6.0
pH 8.08 0.337 7.30
Temperature (°C) 72.6 2.47 25
(4)
..Estimated reservoir heat content: 30 x 1018 cal1. (1)
..Estimated Non- e]ectr1c Energy Potential:
200 MWt using present wells (11)
2,390 MWe estimated by USGS for industrial
processing
..Subsurface Area of Reservoir: 240 km2 estimated (1)
o
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. ..Chemical Analysis:

Mazama School Well -

Sfolene

Gap
: Hot
_;Sgr1ng
Speciflc conductance 1 140
(micromhos)
Sitica 98
Calcium 40
Magnesium 0.2
Sodium 190 -
Potassium 7.2
Lithium -~ - - 0,15
Bicarbonate 83 -
~ Carbonate o 1
Sulfate 400
Chloride 59
Flouride - R 1.2
Temperature (OC) ° 74
PHO - 7.68:
‘Location: Olene Gap Hot Sprlng
o OIT Well #6
~Medo-Bel Dairy Well

* Liskey's Ranch Well

References:

0IT

(Units mg/l unless otherwise ind1cated)

Medo-Bel Mazama L1skey s

(5)

a1

Olene Gap Hot Sprlng (3)
All Others -

Dairy School  Ranch
Well #6 : Well Well Well
1 160 1 030
- 31 81 92 90
24,2 -+ 23 5.4 15
0. 1 ‘ 1.0 = 0.1
-:195 - : 213 246 200
3.9 4, 2 6.0 4.0
44 Co 32, 120 48
0o 8 0 2
400 403 256 360
58 54 - 35 59
1. 45 1.2 1.0 1.5
88 .81 61 93
8.2 - 8.8 8 3 8.9
Sec.- 14, T7.39S., R.10E., W.M.
Sec. 20,-T.38S., R.9E.
Sec.. 28, T.38S., R.9E.
Sec. 11, T.39S., R.9E,
Sec. 34, T.40S., R.9E.




- LAND OWNERSHIP AND LEASING
. SITE: KLAMATH FALLS KGRA

‘.Total KGRA; 50, 300 acres (estimated 30% in- prlvate ownersh1p)

: ..Land Leased 1n KGRA: - Federal land - 0
State land -0 '
Private 1and - Undertermined acreage

.,Tentative'Léase Sale Date: None Scheduléd :

..Number of Sales Offered But No Bids: 20 tracts have received no
bids during 3 sales. ‘

.. Summary of Leasing Status:

Lease sales for the Klamath Falls KGRA ‘have been held on - ,
5/13/76, 12/9/76 and 7/27/78. A total of 27 tracts were offered
with bids received on 6 parcels. The lease units were smaller
sized than usual, averaging slightly over 300 acres, and annual
rental rates were set at $1/acre in an attempt to attract
non-electric users.

Thermal Power Company was the sole bidder in the 5/13/76 lease
sale. The company leased 6 tracts totaling 1,908 acres with -
bonus bids ranging from $3.21 to $15.11 per acre. A total of 12
units were reoffered for the 12/9/76 and 7/17/78 1ease sales,
but no bids were received.

..Non-Competitive Leases Issued:

Lessee Total Acreage
Nelson B. Hunt 11,975
W. H. Hunt 7,732
Thomas M. Hunt » 1,038
Norma K. Hunt : 2;299
Caroline Lewis Hunt 2,084
Hassié Hunt : 1 800"‘
TOTAL 26,928

(6)

42




| GEOTHERMAL DEVELOPMENT STATUS
- SITE: KLAWTH FALLS KGRA

' ..Historical Deve]opments. |

Hot springs were used by Indians and sheepherders before the
turn of the century for scalding hogs and pou]try, and as
) temporary re51dence by many transients '

In 1925 residents began drilling weils for home heating E
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 51te of the present '
high school sw1mming pool.

Present Deve]opment Status

: ReSidents in. K]amath Falls have utilized geothermai resources :
principally for space heating at least since the turn of the
century. It is estimated that approximately 400 wells meet the
‘space and hot water heating requirements of 500 structures:

 ‘This utilization includes the heating of homes and businesses,

.-most all of the city schools, Oregon Institute of Technology -
campus, a hospital, a creamery (for space heating and milk

pasteurization), melting snow and ice from sidewalks and a-
highway pavement, keeping a floor from freezing and frost
heaving in a cold’ storage plant, accelerated curing of concrete,
‘direct use in a laundry, and for heating swimming pools.
‘Geothermal effluent from the OIT heating system is used in a
cascaded fashion to heat an experimental greenhouse and to grow
giant prawns (Macrobrachium Rosenbergii).. (8) .

~Most of the present wells for homes vary between 30 and 300 m.
" in depth with 70 to 100 m. being the most common. Commercial
buildings and schools which require a greater heat-output have
an average well depth of 300 to 400 m. Depth to the water
~surface varies from artesian to 107 m. with 15 to 30 m. most
common. (8) - . :

Currently most of the eastern portion of the cityvis heated'by - =

thermal water. The principal heat extraction system is the -
downhole heat exchanger which uti]izes c1ty water 1n a ciosed
“loop system.  (8):

~ Total heat utilization from hot water wells in Klamath’ Fal]s o
~urban area is approximately 6 MWt, with 15 MWt being used on the :
average during the winter and about 60 MWt peak use." (4)

_It is believed that on]y a small portion of the area's potentiai

is being utilized, with speculation that a high temperature
- steam area exists beneath the known_sha]iow reservoir. (8) -
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..Proaected or. P]anned Deve]opnent

A progect has been 1n1t1ated by the C1ty of K]amath Falls to -
establish a geothermal heating district. - Eng1neer1ng and design
studies were being conducted during late 1978. Several wells
were pump tested during the summer. The system is scheduled to
be in operation by early 1981 and w111 1n1t1a11y serve fourteen '
public bu11d1ngs.. ,

It is estimated that the system will provide an’additional 7 to
10 MWt of geothermal energy. (9) Continued development is
planned to expand the system to include space heating for
approximately 110 commerc1a1 bui1d1ngs 1n ‘the centra] bus1ness
district. .

The expans1on of the district could 1ncrease geotherma] energy
utilization by an estimated 54 MWt. This total which could be
realized within 5 to 10 years is over three times the average
amount of geothermal energy now being used in Klamath Falis.
Additional energy could be prov1ded as the system expands into
the surrounding neighborhoods in the lbong term.

A commerc1al greenhouse operat1on is underway on a ranch in the
Klamath Hills area. The first increment of one acre houses has
been constructed and is successfully producing tree seedlings.
Plans call for the construction of 15 acres of greenhouses.

The City of Klamath Falls began dril]ing test wells in the area
Just north of the OIT campus in mid-1978. The proposed use was
to supply process: heat for an industrial park. Results of the
test drilling were not encouraging. However, it is assumed that
alternatives will be explored to establish a geotherma]
industrial park.

Individual we]ls for home heating will continue to be drilled at
the rate of several a year.
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INSTITUTIONAL CONSIDERATIONS
SITE KLAMATH FALLS KGRA

v..Institutional Requirements

Klamath County has a spec1a] zone classif1cat1on, SP- 16, for ,
dealing with activities such as geothermal development. - Under

‘the zoning ordinance, exploration and development for geothermal -

resources may require application to the County for a SP 16 zone
change and a conditional use permit. '

The City 1s considering a geothermal ordlnance to dea] w1th
v conservat1on of the resource. ,

A permit is requ1red by the City for dr1111ng a hot water well
w1th1n the city limits. ;

Most geotherma] wells.in the area have been dhi]]ed under water:
well permits due to the shallow depth of the reservoir.

| ~..Agency and Public Attitudes:

Local residents are very much aware of the uses of geotherma]
energy and appear favorable toward expanded use of the resource.

Some - re51dents who have geotherma] heat1ng systems fear that
additional exploration and development cou]d deplete their
ex1st1ng heat source.

State, -County and Tocal governments are SUpport1ng geothehmal
development by contributing funds to a cost shared demonstrat1on
~,fproaect for a geothermal heating d1strict ' .
Status of Requirements (i.e., EIA/EIS Requirements)
The Lakeview and Medford D1str1ct 0ff1ces of the BLM completed
- an EAR address1ng geotherma] leas1ng in the Klamath Basin in
~9/74. f R , o

Comprehensive land use plans for Klamath County have ‘not been
A'completed
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~ ENVIRONMENTAL FACTORS
©SITE: KLAMATH FALLS KGRA

..CLIMATE

..PreQaiJing'Windsf _Wést énd South

:..Precipitation (Ahnua])' 36.4 cm; '
Days of Sunsh1ne (Annua1) 275

..Average Temperature (47. 5°F)

Minimum: (29.79F)
Maximum: (67.99F)

..Degrée Days (Annual): 6516

..Relative Humidity: Low

..AIR QUALITY

Tota] suspended part1cu1ates 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
0IT. The Klamath Falls average is slightly above Oregon's ambient
air quality standard (60 mg/m°® of air, as an annual mean).

Primary sources of particulates include: agriculture, industry,
nature and the community. Nature and agriculture contribute pollen
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 heat1ng 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 spr1ngs

in the area. Concentrations range from 0.03 to 0 002 ppm 1n the
immediate vicinity of the springs. (2)
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i ATER QUALITY.

-,j_Groundwater is general]y of excel]ent qua]1ty w1th re]at1ve1y Tow
. hardness and dissolved solids concentrations “The groundwater
. resource is large. SR

* - Surface water has a wide qua]ity range Upper Klamath Lake is"
S eutroph1c and ‘contains a high level of nutr1ents conduc1ve to
~excessive algae growth. .

Thermal well water is character1zed by high concentrations of sodium
- and low concentrations of potassium. Some warm wells have dissolved
" solids concentrations as high as 4,000 mg/1. However, the average
total dissolved solids are around 900 mg/1. ‘Thermal water is
~generally potable. The waters are m11d1y ba51c with pH's in the
range 7 5 to 8.5. (4) (5) ,

Data on the radloact1v1ty associated w1th thermal waters in Klamath

Falls is listed in a table on the following pages. Concentrations
~are generally well below established safety standards. The EPA

drinking water standard for radium. 226 is 5 pC1/l ‘ :
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RADIOACTIVITY ASSOCIATED WITH GEOTHERMAL WATERS IN KLAMATH FALLS

_ Sampling Date Temp.

County Source Location Point Type Sampled Water Use C pH
‘Klamath = CPI Storm Drain Klamath Falls Cistern 11/4/74 Not in Use 71
Klamath K. Union High School Klamath Falls Pumped Well 11/5/74 Space Heating 82 ‘
Klamath ‘_LDS Church ' T Klamath Falls Pumped Well 11/4/74 Space Heating 56 7.60
Klamath = Lucas & Howard Furniture Klamath Falls Pumped Well 11/4/74 Domestic 89 8.42

e ‘ : ST Non-Potable
Klamath . Mazama Mid High _Klamath Falls Pumped Well 11/5/74 Space Heating 58 8.5
Klamath-  Melo-Bel Dairy Klamath Falls Pumped Well 11/5/74 Pasteurization 81 8.38
Klamath = OIT Well #4 (cold) Klamath Falls Pumped Well 11/4/74 Potable : 30 ,
Klamath OIT Well #5 Klamath Falls Pumped Well 11/4/74 Space Heating 89 8.6
Klamath 0'Neill Grammar School Klamath Falls Pumped Well 11/5/74 Space Heating 58 7.81
Klamath Liskey's Ranch - T.40S.,R.9E., Pumped Well 11/6/74 Stock Watering 85 8.4
o o S.34
Location Radon-222 Radium-226 Uranium-124 Uranium-238 Thorium-230 Thorium-232
CPI Storm Drain S .061 + ,051 .018 + .017 0.013 0.022 0.017
Klamath Union H1gh School- 72 + 17 .38 + .097 .049 + .023 .032 + .020 0.027 0.017
LDS Church ‘ - .14 + ,067 0.018 .023 + .022 0.025 0.015
Lucas & Howard Furniture . 250 + 34 .056 + .047 .015 + .014 .013 + .012 0.028 0.022
Mazama Mid-High School 160 + 23 . .089 + .047 .039 + .024 .032 + ,020 0.022 0.016
Melo-Bel Dairy - .24 + .077 .028 + .028 0.0092 0.022 0.010
OIT Well #4 (cold) 250 + 31 .13 + .059 -- -- -- --
OIT Well #5 : -- .11 + .060 -- -- -- --
0'Neill Grammar School 200 1}28 : .17 + .069 .13 + ,053 0.033 0.028 0.015
Liskey's Ranch : - 97 +19 .073 *+ .054 .031 + .022 0.012 0.024 0.014
Reported in units of picocuries per liter (pCi/1)
~Source: Radioactivity Associated with Geothermal Waters in the Western U.S., 1976, EPA.
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. ..BIOLOGICAL
~..Dominant Flora:

The Klamath Basin contains one of the most diverse aquatic

plant communities in the Pacific Northwest.
Vegetation varies with elevation.

Pine Plateau: mixture of juniper-sage type and
ponderosa-juniper association. . .. - g
Juniper tablelands: Western juniper, sagebrush,

~.rabbit brush, bluegrass, Idaho fescue and cheatgrass

—-are predominant. Lo S
Valleys: varies from agricultural crops to wet meadow
plants and greasewood, sagebrush and weeds on the
dryer sides. ‘

..Dominant Fauna:

Wildlife in the Klamath Basin is diversified. There are
- about 67 species of mammals over 200 species of birds, and
numerous species of fish, amphibians and reptiles in the
~area. Mule deer are the primary big game species.

One of the greatest concentrations of waterfowl in North
America occurs in the Klamath Basin valleys. Approximately
80% of the waterfowl in the Pacific flyway pass through and
spend time during the spring and fall migrations. Most
species of North American waterfowl are present with geese,
mal]ards(a?d:pintails comprising a high percentage of the

. total. (2 ' ' ‘ E

..Endangered Species:
Fauna: American,Peregrine‘Fa1¢6n.
Brown pelican, ST S
B Oregon Endangerédfor,Thkeaténéd”List:i ?
'v,“Nofthern Bald eagle . =
- Northern spotted owl - .

Western Snowy Plover .
‘Western Spotted frog
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TRANSPORTATION AND UTILITIES
CSITE: KLAMATH-FALLS KGRA

..Utility of Energy Transmission Corridors and Facilities -

-Two 500 kv lines funning from the north crossing Beatty to Malin
via Bonanza and the north end of Bryant Mquntain.

Pacific Power and Light Company has proposed construction of a
500 kv tine which will carry power from Midpoint, Idaho to the
Malin substation. The exact route of the line through the
Klamath Basin has not been determined.

A natural gas pipeline parallels Highway 97.

Pacific Power and Light Company provides most of the electric
service of the area from the Northwest Power Pool.

California Pacific Utilities Company supplies natural gas.

Four hydroelectric generation plants in the Klamath Basin:
three below Upper Klamath Lake and one at Keno, combined
capacity is 184,000 kwe. ’

..Transportation Corridors or Facilities:

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

Rail: Southern Pacific
Burlington Northern
Oregon-California & Eastern
Weyerhauser Railway (private)
Amtrak passenger service

Air: Klamath Falls Municipal Airport - Kingsley Field is

jointly operated by the City of Klamath Falls ‘and the
U.S. Air Force.

50




| - POPULATION
OSITE: KLAMATH FALLS KeRA -

General Descript1on of Populatlon

The bulk of Klamath County's 1978 popu]at1on of 58,700 peop]e
- 1ive in the Klamath Falls area. Klamath Falls proper has an
estimated 1978 population of 18,300. Approx1mate1y 55, 000
people reside in the metropo]itan area. -
; Suburban and out1y1ng communities include:

Altamont - popu]at1on 15 746

Merrill - population 830

Bonanza - population 265
& : , B Distance from Klamath Falls

Midland : : oo T 12 km south - -
Henley ' - 11 km southeast
Olene . : 13 km southeast
~Dairy o oo 20 kmoeast
- Chiloquin popu]atlon 890 .+ 40 km north :
Modoc Point . K SR 25 km northwest
Economlcs s

' ..Present Land Use

The. economy of the Klamath Bas1n is based heavily on

- natural resources.. Primary industrial activities center'
~ around lumber and forest. products which depend heav11y on
.. timber from public lands. P ,

L.,Secondary uses;are -agriculture, - 1ivestock product1on and )
g LD T recreatIOn. i v o

The main agr1cu1tura1 crops are potatoes, feed gra1ns and |
~1alfalfa. - o U , Dolird

n:Employment is: heav11y concentrated in the forest products
1ndustry ‘ :
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SITE:  LAKEVIEW KGRA, OREGON
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o »Lakevlew KGRA

Lakevaew is sltuated on the eastern margm of Goose Lake Valley m*‘ '
south-central Oregon. The U.S.G.S. designated KGRA covers 12,165 acres of
mostly privately-owned land centered around the town of Lakevnew in T.38
and 395., R.20E., Willamette Meridian. Lakeview is the service center and
county seat for Lake County. It is also the populatnon center wnth about
' 3,000 res:dents. : . o , Lo 5 _

The Iandscape s characterlstlc of the Basm and Range provmce-
north-trending- grabens separated by fault block mountdins. . Lakeview is .in
the:Goose Lake graben which contains intermittent Goose Lake. Fluctuations
‘in the lake, level through time have covered much of the basin with alluvium.
Moving away from the valley, the topography varies fromflat playas to
rolling lava plateus and steep fault scarps. The tectonic and volcanic forces
which contributed to the development of the landforms are - favorable
.indicators of a geothermal resource. SRR : : B s

.'The geothermal potentlal of the Lakevnew area is further evrdenced by two
' 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 aboutf 4 km
north -of Lakeview. These springs have a surface temperature of .96°C,

: .bmllng point -for the altitude,.and- a flow of approximately 2,300 lpm.

Geochemical = thermometry indicates a  minimum .estimated reservoir
,temperature of 160°C. Along the same zone about 3. 6 km south of town, isa
second group of hot springs with an average temperature of 88°C and a
geochemically determined minimum reservoir temperature of 153°C (U.S.G.S.
726).  Between these two groups of sprmgs, shallow water wells hove warm
.temperatures. _ ; l , R IS

The allgnment of the hot sprmgs suggest that they are . fault controlled
Convec‘hve forces that transport heat along the fault zones from deep magma
‘reserves may be the -heat source. Geothermal gradient: drilling has

demonstrated high heat - flow valves in Lakeview area. wells. These -~

~measurements . support the theory that water in. the alluvial . deposits is
warmed by heat flowmg through fractured volcanlcs ‘and along fault zones.

“In the area of Hunters Hot Spring, - Meyer and Hook (1978) - suggest that- '
thermal waters have: preCIpltated dissolved silica as they cooled which formed

.a-cap rock. This silica cap is about 46 m (150 ft.) deep and 61 m. (200 ft.)
-thick. -Beneath the seal, water encountered is likely to be above the boiling
point. . It can be expected that the potentlal resource “would be" found at
. shallow depths.

57




Ceolognc and geophysical investigations ‘indicate that thére is a substantial

resource "in the Lakeview area for direct use applications of geothermal = -

- energy. The hot spring area north of town appears to have the best potential
“because of hlgh temperatures and good flow rates. A shallow high
- temperature resource near a population center. which has taken an' active
interest in geothermal- developmen'r, further supports the- evndence of hlgh
_ 'pofem‘lal for geothermal u?lhzahon in The Lokewew clreo.

The Town of Lakeview has taken fhe Iead to expand the use of thns Ioccl
energy resource by studying the feasibility of a district heating system in
cooperation with Northwest Natural Gas, a private utility. Franchise rights
have been awarded to the uhln‘y to lay pipelines and supply" ‘hot “water to~
customers. The utility's economic analysis report pointed out the need for
large’ energy consumers in addmon 10 resudenhql cusfomers to moke fhe
“project. cost effec'nve. - ~

Industries based on the Iocal ncn‘urcl resources 'are “likely - candndqfes for
geothermal commercialization. Potential- uses include: alfalfa and grain
dehydration, commerical refrigeration, greenhouses, geothermal feed-lots and
‘meat processing facilities, methane production, and- wood-woste processmg
for pellehza'ﬂon or fermentcmon ond distillation. processes. : ,

-Use of geothermal resources for such activities would enchonce the ‘economic
stablity of the area. The feed-lot and processing operation appears
‘particularly af’rrochve in this regard. Cattle are now: trucked to California
-for - processing.  Development- of a geothermal meat processing facility ‘in
Lakeview would cut 'rranspon‘ahon costs and retain more of fhe economic
benefl ts in Lcke County. -

The mills in Lckevnew burn wood wostes to produce steam for klln drying of
lumber. It appears, however, that adequate supplies of wood wasfes are
ovmlable to jUS‘I‘IfY a geothermally asswted 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 Lokeview for quce
heating in residential and commerical buildings. .

‘Several factors are 1mpedmg the rapid developmen'r of geothermal - resources
in Lakeview. Foremost is the need for reservoir boundary definition and
confirmation. - This need could be satisfied with a carefully: plonned ‘gradient
hole drilling program.. The lack of financial incentives - to: encourage
“industries to convert to geothermal energy is also hampering development.’
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‘When these factors have been reconciled, \industrial development is likely to. =~

~‘be stimulated by the availability of geothermal energy. To facilitate the
. accompanying growth, it will be necessary ‘to expand the city water system.

Lakeview is currently taking measures to accomplish this task.
Overall, the apparent high temperature shallow resource and the proximity to

a population center combine to give the Lakeview area a bright outlook for
non-electrical geothermal development in the near term. .« =~ = - '
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SITE DATA SUMMARY
SITE LAKEVIEH KGRA, Qregon

..PhySical Reservoir Data

..Temperature oc _ o . ,
Surface: 969C Subsurface: 1600C (1)

..Total Dissolved Solids (PPM): Hunters Hot Spring-925 ppm
' Barry Ranch Hot Spring-905 ?p?
3
...Type of Overlaying Rock: Andesite, Andesitic tuff, tuff
breccias, and basailt. , : ,
..Estimated Depth to Top of Reservoir (meters): 1000 m. (1)

..Site Land Status - Majority of land is in-private ownership.’

FED. STATE PRIVATE

Total Acres 12,165
(KGRA) (13)

Total Acres Leased 0 0 Unkhown.

..Geothermal Development Status:
Geothermal waters supply heating to commercial greenhouses
totaling 2,800 sq. ft. and covering 3/4 acre.
Several homes and a motel, on the north end of Lakeview, are
geo-heated.
The town is studying the possibility of establishing a district
heating system.
A small worm business is planning for geothermal soil warming.

..Local and State Attitude Toward Geothermal Development:
Locals appear receptive to geothermal development. The town
government is working with a private utility investigating the
feasibility of a district heating system.. Local government has
also established a Geothermal Council. A considerable number of
private land owners have leased their geothermal rights to
development companies.

..Land Use and Population:
The region is sparsely populated, but a concentrat1on 1s
situated around the town of Lakeview.
" Primary economic activities include; urban services and
government, timber and wood products, livestock raising and
agriculture.
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SITE. LOCATION AND PHYSICAL DESCRIPTION
SITE LAKEVIEW KGRA

.;Latitude' 420 12' N
..Longitude: 1200 21 6' W
..Rectilinear: . Secs. 32, 33, T.38S., R,20E., W.M.; .
A Secs. 3- 5 8-10, 15- 17 "20- 22 27-29, 33 34
T. 395., R.20E.
..County: Lake | |
..AdjacentvCoyntIes:'7Klémath Harney,'crook Desehntes, wOShoe,de.

..Map Reference: USGS Topographic-Lakeview NE 1:24,000;
' .- AMS-Klamath Falls, OR-Cal. 1 250, 000

;.Tobography: -

Lakeview lies in the Basin and Range Province at 1,607 meters,
the highest town in Oregon. The area is dissected by two
prominent. sets of faults.. Vertical displacements along the
faults have resulted in north-trending grabens bordered by
mountains. Lakeview is within the Goose Lake graben. The
topography varies from flat playas to gently rolling lava
plateus to steep, high eroded landforms resu1t1ng from fau]tIng,
erupt1ve events, and. erosion. - Sl

..Present Land Use':'

PredomInately urban uses, 11vestock grazing,,graIn productIon,
and timber resource land at higher elevations, =

.»Future Land Use Plans

Further growth 15 dependent on expanSIon of the c1ty water fd*
System. g ‘ , R : I '

..HIstor1ca1/Archae01091ca1 SIgnIfIcance

 In 1923, Dr. H. A. Kelty and associates constructed a Sanator1um-i¥*~: .

o at Hunter 's Hot SprIngS. The fac111ty 1S currently operated as '
* a.motel. . ’ : _ -
~ Archaeological SIgn1f1cance is unknown. ,.‘“ SR e
~ “Several historic buildings in Lakev1ew have been p1aced on the
‘}tNatIOnal Register. .. : R
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION

| ..Geologlc Descrlptlon. »

'?eolggy of the Lakev1ew area is taken from Peterson and McIntyre
197

The oldest rocks exposed in the Lakev1ew area are ‘
0ligocene-Miocene andesitic tuffs, tuff breccias, ‘tuffaceous
sandstones with local flows of andes1te and basalt, mudstones
and conglomerates.

This unit is unconformably overlain by a thick sequence composed
of rhyolitic and dacitic tuffs, tuffaceous sediments, palagonite

- tuff, and minor basalt and andesitic flows. The un1t is late -
Miocene to early Pliocene in age.-

Extensive porphyr1t1c olivine basalt flows were extruded ,
unconformably upon the rhyolitic and dacitic deposits during the
?1d6P}1o§ene. Thickness of the flows is approximately 61 m.

200 ft.). ,

Overlying the basalt flows in the basins is a Pleistocene unit
consisting of fluvial terrace, and diatomaceous and tuffaceous
lacustrine sediments ranging from silts to conglomerates. This
unit is locally overlain'by Quaternary alluvial and playa
deposits.

Lakeview is within the Basin and Range province which is
dissected by two prominent fault sets. The sets are normal
faults trending N.0-209E. and N.20-3504W. Vertical
displacements along these faults have resulted in downthrown
north-trending grabens bounded by mountains. Goose Lake is one
of the larger grabens in the region.

The northwest-trending faulting is thought to have begun in the.
Pliocene and ended in the Pleistocene. (Peterson and McIntyre,
1970). The fault group is closely spaced and has a vertical
displacement of generally less than 152 m. (500 ft.). Movement
along the faults appears to have occurred fo110w1ng the
disposition of lacustrine sediments.

~ The north-to-northeast-trend1ng faults d1sp1ace the
northwest-trending set. Peterson and McIntyre (1970) have

~ suggested that faulting started in the early Pleistocene. and
continued to the Quaternary. The group is characterized by
normal faults with dip-slip movement and vertical displacement’
up to 1,524 m. (5,000 ft.). These faults form the large horsts
and grabens of the area. ,
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An anticlinal structure of: regional extent para11els the 4
~ northwest-trending fault set. It is thought to be: o]der than or

contemporaneous with the northwest-trending fault zone.

Faulting appears to have occurred after the deposition of

lacustrine sediments which exhibit evidence of foldlng

(Peterson and McIntyre, 1970). (23) (24) (18)

.;Geophys1ca1 Summary.

Regional grav1ty maps by Berg and Th1ruvathuka1 (1967)
indicate a 30 mgal negative anomaly at the northern end of
Goose Lake. (17) S

In 1973 Gulf 0il Company drilled a 1,658 m. (5 440 ft ) deep
gradient hole in an area between the northern and southern
groups of hot springs. The drilling encountered Tost :
circulation at 1,584 'm. (5,200 ft.) and the well was abandoned
in November 1973. The measured gradient was 40° C/km,
considerably below the average gradient of 60° C/km for the

~ Basin and Range prov1nce. (25)

. The- Humb]e 0i1 Company drilled a 2 915 m. (9 564 ft ) 011 test
well in 1961. The hole is located about 3 km southeast of Barry
Ranch Hot Spring. The bottom hole temperature measured shortly -
after drilling ceased was 1400C, This temperature is close to

~ the''silicia geochemically determined reservoir temperature of "

»153°C for Barry Ranch Hot Spr1ng.> (26) :

Heat flow and geotherma] gradients have been measured in sha]low
existing wells in the vicinity of Lakeview, but outside the -
boundaries of the KGRA. The Thomas Creek area which 1ies in the
mountains northwest of Lakeview has been identified as.a =
, geotherma] anomaly.- The average for three gradient measurements
~ “in_ an area of rhyolite domes was 123% C/km, well above ‘the
- 60°C/km regional average. The average heat flow was 3 Heat
CFlow Un1t (HFU)*. = > , .

The nearest gradient well to Lakev1ew is 51tuated east of town |
" near Rogger Peak. The measured’ grad1ent was 39° C/km, but was
uncorrected for topography.w (19 (27) - : o
‘ Uran1um explorat1on drilling conducted dur1ng the fa1l of 1978

may provide more 1nformat1on on the geothermal resources 1n the o
Lakeview area. : :

~ *One heat flow unit is equal}to.lwx 10-6 caljem2/s .o i
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RESERVOIR CHARACTERISTICS
SITE' LAKEVIEN KGRA

. .Reservoir femperatufe
..Surface: 969 C: (1)
.. Subsurface: 1600 C
..Geochemical -

Sioz; 1570 ¢

: (1)
Na-K-Ca: 1439 ¢ '

..Flow Rates: Hunters Hot Spring - 2300 1pm - (3)
..pH: 7.77 (3) o . |

| ..Tota] Dissolved Solids: " Hunters Hot Spring - 925 ppm
: Barry Ranch Hot Spring - 905 ppm (3)

..F1u1d Chem1stry.

Hunters Hot Spring has a surface temperature of 940 C which is
“the boiling.point for the altitude and a flow of approximately
2,300 Ipm. A geyser known as "01d Perpetual" erupts from a
dri]led well at Hunters Lodge about three times a minute
reaching a height of 15-22 meters.

At Hunter Hot Spring there are 12 main orifices in the large
‘thermal area. This includes an artesian well .8 km northwest;
61 m. deep of 120 gpm of boiling water. Another well drilled in
1960 to 198 m. is now used for heating a greenhouse complex.
Several other shallow wells in the area have temperatures in the
88-930 C range.

Other water wells in and around Lakeview report warm water. i

Chemical analysis and information on selected hot springs 15‘
presented on the following page.

' ..Estimated Reservoir Heat Content:

1.4 x 1018/ca1 (1) |
DOE/DGE estimates 50 MWe non-electrical use (15)
USGS estimates 110 MWe (15) -

..Subsurface Area of Reservoir: 8 Km estimated (3)
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Point of Collection
Specific Conductance (mlcromhos)

Silica
Calcium
Magnesium
Sodium

Potassium

. Lithium-

Bicarbonate o

Carbonate :
"~ Sulfate -

' Ch10r1de
Floride
Boron

pH
F1ow

Total D1sso]ved So11ds

CHEMICAL ANALYSES OF THERMAL WATER

Hunter

- Hot Spring
" (units mg/1)

Temperature (°C)

spring
1,120
140

Hunter

~ Hot Spring

(Units ppm)

~pool
1,140
140°
8
2.4
208
10
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Barry Ranch
Hot Spring
(un1ts mg/l)

spring

1,370
130
8.8 -
0.1
280

.15
232
2
240
170
5.4

1.2

88 _
7.76

200 ipm .
© 905 ppm .

(3) (21)

9.0 -

" Leo Héhks

Spring

agunits-ggm)

spring

" ‘531 opm
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HOT SPRINGS IN THE LAKEVIEW AREA

: Max imum
~ Name o Section Township Range Temperature OC(OF) Notes

Bean Hot Spring 11 37, 20E. 20 (69) |

whitgfkdck Hot Spring 26 36S. 20E. 20 (71) - 2 springs in 1
Hammersley Hot Spring 22 38S. 19E. 16 (60) 1,000 gpm
City'df'Lakeview 16 39S. 20E. 26 (79)

(Leo Hanks Spring)

Leithead Hot Spring 27 395. 20E. 72 (162) 50gpm, strong HpSodor
‘éérky'uat Spring 34 39S. 20E. 85 (185) '50gpm, strong HpSodor

‘Hunters Hot Spring 4 39S 20E. 94 (202)

Source: Thermal Springs & Wells in Oregon, Bowen and Peterson, 1970
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LAND OWNERSHIP AND: LEASING -
©SITE:  LAKEVIEW KGRA- |
TOTAL AREA FEDERAL”  PRIVATE

, ~_(Acres) ~ {Acres) (Acres)
Land Ownershlp - KGRA | 12,165 (13)'5"~°‘1 0 12 165 R
land Leased . .o total
: Lo acreage -
| : . unknown

..Highest Prices Leases S

~.z(Do11afs/Acre)' unknown ;] '

..lessee T total
‘Standard 0il Co., -~ Sl oTen acreage
Getty 0i1 R R : unknown
LVO Corp. . _ ' L

- Magma Power . - -
Union 01l
Gulf 0i1

Hunt 0il

~..Tentative;Lea§e Sale Dates: ;‘4"

N/A- - private»lend |

.Summary of Leasing Status and Needs

Exact location and total acreage of leased pr1vate land are
- unknown. -
Most of the area in and around Lakev1ew is patented land.” The
plat map for T.39S., R.20E. shows two very small parcels of land
wh1ch ‘the U.S. Government may have reta1ned m1nera] rights. (16)

Gu1f1011 hoIds the maJorlty of 1eases-1n the area,
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© GEOTHERMAL DEVELOPMENT  STATUS
. SITE: LAKEVIEW, KGRA

‘..Present Deve]opment Status.

Commercial greenhouses are heated with geotherma] water. Area

of the houses is approximately 2,800 sq. ft. cover1ng 3/4 acre. -

Tomatoes have been grown, but tree seed11ngs and bedd1ng plants
are being raised now.

A well drilled in 1923 produced a geyser which sti]]rsbouts' o
15-22 meters of thermal water at a local motel. The facility is
heated with hot water from another well.

Space heating for less than 10 homes is prov1ded by geotherma]
sources. ;

A municipal warm water well at the city swimming poo1 is used to
fill the pool occasionally.

..Projected or Planned Development:

A district heating system for industrial processing and
residential space heating has been proposed.

Soil warming using geothermal water is p]anned for a small worm
business.
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INSTITUTIONAL CONSIDERATIONS
©SITE: LAKEVIEW KGRA

Inst1tutional Requ1rements

Geotherma] exp]oratlon and development may requ1re a cond1t1ona1
use permit from the county. : .

..Agency and Public Attitudes:

Local attitudes appear favorable towards gedthefmal |
development. The town government has established -a Geothermal

Council, and is investigating the poss1b111ty of sett1ng up a
dlstr1ct heat1ng system.

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

.. ._No environmental analyses spec1f1ca11y address1ng geothermal
. resources . have been comp]eted. i

:The BLM Lakev1ew D1str1ct plans to complle on EAR to cover ;
leasing in the Goose Lake Valley.

The Fremont Nat1ona1 Forest will complete an EAR or EIS for

+ leasing on federal land. The project is scheduled to begin in
1979. (22) . . : o
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. ENVIRONMENTAL FACTORS
SITE: LAKEVIEW, KGRA

. .CLIMATE Semiarid
| ..Prevailing Winds: Southwest
3 ..Preéibitation.(Annual)ﬁ 41>cm;
..AVerage Temperature 7.80C (46.2°F)

Minimum: -2.39C (2789F)
Maximum: 19.20C (66.6CF)

..Degree Days (Anhua])i 7069 . -

..Relative Humidity: Tow

..AIR QUALITY:

Generally good air quality conditions. Temporary dust storms
occur when strong winds transport large amounts of alkali dust
from Goose and Summer Lake areas.” .Smoke from lumber operations

causes smog conditions during inversions.

..WATER QUALITY:

Data on the radioactivity associated with thermal water in the
Lakeview area is listed on the following page.
are generally well below established safety standards.
drinking water standard for radium 226 is 5 pCi/1.
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RADIOACTIVITY ASSOCIATED WITH GEOTHERMAL WATERS IN LAKEVIEW

R ' i : Sampling ~  Date . Temp
County . . Source. : Location = Point Type . Sampled .  Water Use oc pH
Eake 3 'Desert Farms,'Inc.  , Lakeview :”Pumped“well»',°11/5/74 _ Space Heat1ng 60
 Lake . Hunter s Lodge o Lakevfew Sprlng P "11/5/74 ‘;Space Heat1ng 93 8.5
Lake  Barry' sRanch . TA0s., Sprmg S 11/5/78  Stock Watering 74 8.27 -
S 11 o
Location _ Radon-222 Radium-226  Uranium-234 Uraniun-238  Thorium-230  Thorium-232
Desert Farms, Inc. - 260 + 28  .061 + .051 .017 + .0l4 . 0.0097 -7 0.019 - 0.019
~ Hunter's Lodge 55 +14 .13 +.064 - 0.019 S 0,014 0,027 - 0.013
Barry's Ranch SR “.’072:'.043 C0.015  0.0079 . 0.017  0.017
Reported in un1ts of picocuries per 1iter (pC1/1)
Source.ﬁ Radwoact1v1ty Assoc1ated with Geothermal waters in the western u. S 5
U.S. EPA 0ff1ce of Radiation Programs, 1976. (7)

71



. .BIOLOGICAL |
..DomInant F]ora'

o Vegetat1on in the val]ey cons1sts pr1mar11y of sagebrush
and bunchgrass. v ; _ _

‘H1gher e]evatlons, outs1de the KGRA support forests of
Ponderosa pine and lodge po]e pine w1th less abundant -
stands of Dou las fir, various true firs and white =
pine.

*..Dominant Fauna: .
The following selected anaimals are found in the vicinity
of Lakeview: Mule deer, antelope, Rocky Mountain elk,
cougar, coyotes, beavers, bobcats, rodents, black bear,
chukars, grouse, and quail.

Waterfowl - Canadian geese, mallards, western grebes
teals, gadwalls.

~ Shorebirds - White pelican, sandhill crane, great b]ue a
heron, gulls, and American avocet ' :

The area is used extens1ve]y for deer and waterfowl
hunting. - (14)
..Endangered Species
Flora: Unknown.
Fauna: No endangered species have been identified.

State of Oregon Treatened Species:
Northern bald eagle (Haliaeetus leucocephalus)
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TRANSPORTATION AND UTILITIES
 SITE: LAKEVIEW KGRA

.,Uti]ity or Energy Transmission Corridors and Facilities =

e Surprlse Valley Electrical: Company ma1ntains a 69 kv l1ne which
runs. from Lakevmew to the substatlon at Pa1s]ey. (20)

Pacific Power and L1ght Companv owns a 69 Kv line. runn1ng east
~ from the Klamath Falls - Chiloquin area through Lakev1ew, then
- _south into Ca11forn1a., (20)

A natural gas p1pel1ne paral]e]s Highway 97."

‘Electrical service in the urban area is supplied by the Pacific
Power and Light Company. Surprise Valley Electrical Company has
been allocated to serve rural areas. :

Transportat1on Corr1dors or. Fac1l1t1es

' H1ghway 395
Route 140
“Highway 31.. :
* Numerous streets 1n Lakev1ew

A branch of the Southern Pacific Railroad terminates in
Lakeview, although at the turn of the century the. line was
designed to extend to Bend. The line trave1s south to»Alturas
where it connects w1th a main line.
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. POPULATION -
SITE: - LAKEVIEW KGRA

. .General Description of Popu]atioh

. Lakeview is the. population center and county seat for Lake
County Estimated population for Lakeview is 3,000. A maJor1ty
live in the Lakeview urban area, but others 11ve on ranches
scattered in the outlying areas.

Surrounding settlements include; Pa1sley (popu]at1on 300) 58 km
north of Lakeview and Klamath Falls (populat1on 18,300) 144 km
west.

..Economics
..Present Land Use:
“Several lumber mills are situated in Lakeview which depend
on timber from the nearby Fremont National Forest.

Lakeview is the service center for Lake County and
headquarters for several federal agencies district offices.

Livestock raising, including grazing and grain prbduction
is the second most economically important industry in Lake
County. (See the following table for 1977 Gross Farm
Sales).

Other activities include recreation and m1n1ng (currently
uranium exploration).

..Future Land Use:

An expanded city water system is necessary to facilitate
further growth.

A private company is convérting a uranium processing plant
into a Tumber mill north of Lakeview.
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‘ Annual Gross Farm Sales
1977 Lake County

Product o . Total in Thousands of Dollars

Hay and silage - VIR 1,647

grain | - | 701
Grass and Tegune seed ‘ B 396
Speciality products o , o | 560

A1l crops =~ ' . - 3,304
Cattle and calves - ) ; ‘ 8,890

- Dairy | Ll | 80
Eggs and poultry = - - 1
Misc. animals ; ‘ o 163
A1l liVéstock1and products o 9,134'

Source: Oregon State Un1vers1ty, Agricultural Extens1on
Economwc Informat1on : o ,
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* SITE: SUMMER LAKE HOT SPRING KERA
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- SUMMER LAKEKGRA

'fThe Summer Lake KGRA is sltuated appro;amately 10 km~ northwest of
" Paisley in south-central - Oregon. ‘Competitive geothermal leasing has been
designated for public land ih T.33S., R.17 and |8E., Willamette Meridian by
the U.S. Geological Survey. These lands are admlnlstered by the Lakewew
S Dlstrlct Offlce of the Bureau of Land Management. IR

‘The |dent|f|ed geothermal ‘resource area is part of the Summer Lake basin

- 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 Valley. The'area is an extension of the Goose Lake graben
~~which lies to the south. .The KGRA lies southeast of Summer Lake, a large
* playa lake which is often pumped dry in the summer months to maximize
potentlal for ‘irrigation. Summer Lake is quite saline  which restricts
- vegetative growth to’'salt tolerant species in the area adjacent to the lake.
.Otherwise the predominate vegetation is- sagebrush m the basm and juniper
assocnatlon at higher elevations.

" “The land: around Summer Lake " is used ‘almost - exclusively for livestock
_raising. - Both prwate “and’ public land "are heavily used for -grazing.
' Agricultural activities -are limited to grains and related crops to provide feed

for - livestock operations. < Other ‘land uses in ‘the area include the small

- communities of Summer Lake and Paisley; and the Summer Lake Wildlife

: -Management Area WhICh is mamtamed for m|gratory waterfowl habltat.

,The basin contams nUMerous hot springs occurring in “two general groups:
several warm .springs at the northern end of Summer "Lake graben, and a
. southern group consisting of Summer Lake Hot Springs and warm groundwater
‘wells near: Paisley. Summer Lake springs have the highest temperature at
‘ 43°C surface and an estlmated mimmum reservmr temperature of 140°C

Warm water in the southern group is also encountered in groundwater ‘wells

" near Paisley. : Most notably is the Paisley nghway well located about 10 km _' k

- west of ‘the town near-one of the faults along the edge of the graben. The
~well has a surface temperature of 32°C and a flow of. approxnmately 75 lpm.
Numerous other water wells in the Palsley area have above normal
temperatures.
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Many of the sprlngs ‘in ‘the northern group lle in the Summer Lake Wildlife
_Management Ared. Temperatures of the springs vary from 13°-249C, These
warm temperatures are augmented by large volumes of discharge. Ana River
Springs is the largest, flowing at 11,888 liters per minute with a surface
temperature of 199C.- This spring is one of the largest in the US. The low
temperatures and high flow rates of the sprmgs in_the northern group could
suggest higher 1emperature geothermal water mixing with colder groundwater.

These surface mamfestahonsqndncate a potenhal for gem‘hermal resourc_:e
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 speculdtive in
nature since minimal to no explora'non achvmes have been carrled out.

_Clearly there is a need to gain a better undersfandlng of the Summer Lake
‘geothermal resource before realistic plans for utilization can be postulated.

. Considering. that environmental reviews have already approved areas for
‘leasing and given the favorable local attitudes 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
the Summer Lake area has potential for electrical generation. However, at
this point, the identified temperature range restricts discussions of potential
uses. to direct applications. Examples of -energy dependent uses which .are
capable of being supplied by a 140°C resource  include:- space heahng,
greenhousing, aquaculture, lumber drying, refrlgeraﬂon, drying of - orgamc

materials, extraction of salts by evaporahon and crystalization, and various
other industrial processes. :

Yet, even without knowing the true nature of the resource, these applications
are restricted by the general lack of population in the Summer Lake area.
Given the existing development, geothermal resources 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
avallablhty of inexpensive geo-heat. But, fnrsi, the resource must be defmed
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' SITE DATA SUMMARY -
© SITE: SUMMER LAKE HOT SPRING KGRA

..Physice1 Resefvoir'bata
'..Tempereture.oc 7 _
| Sunface' 43°C | . Subsurface: 1400¢ (21)
..Total Dissolved So]1ds (PPH): 1120 ppm

..Type of Overlaylng Rock: A]]uv1um, Andesite, Andesxt1c B
o "~ Tuff-Breccia '

..Estimated Depth to Top of Reservoir (meters): 1.5 km
..Site Land Status |

| FEDERAL STATE
Total KGRA Acres - 13,631 Approx. 11,460
Total KGRA Acres Leased _’f’ s 314

1..Geotherma1 Development Status

Space heat1ng of two. residences and a sw1mm1ng poo] at Summer
Lake Hot Spr1ngs.

..Local and State Att1tude Toward Geotherma] Development
Most re51dents favor the lea51ng of federa] lands.F 3~f (28)

Many pr1vate land owners have Ieased the geotherma1 rights of
their property.;m‘, v ,

..Land Use and Popu1t1on

L1m1ted popu1at1on Pr1mary land uses 1nc1ude 1iverstock
graz1ng, hay -and alfalfa product1on and recreat1on :
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- SITE LOCATION AND PHYSICAL DESCRIPTION
SITE: SUMMER LAKE HOT SPRING KGRA

- «e.latitude: 420 43'N-

..Longitude: 1200 38'W

..Rectilinear: Sec. 12-15, 22-24, T.33S., R.17E., W.M.
Sec. 3, 4, 7-10, 14-23, T.33S., R.18E.

..County: Lake
..Adjacent Couhties: K1amath, Deschutes,'Harney;‘Cfook

..Map Reference: U.S.G.S.-Summer Lake, Fremont Point, S11de 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. The alluvium filled
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.

..Present Land Use:
Primarily livestock grazing, agriculture and recreétion.
Summer Lake Wildlife Management Area on the north end of Summer
hate (outside the KGRA) is maintained for migratory waterfowl
abitat. _ v

U.S. Geological Survey has classified the area as be1ng
prospectively valuable for 011 and gas. : ‘

..Aesthet1cs:

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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’ ;_ ..H1storwca]/Archaeo1og1ca1 Slgn1f1cance._ S

The Summer Lake area contalns many archaeo]og1ca1 s1tes. Four
known sites and two potential sites have been identified with1n
the KGRA. The sites appear to be small temporary hunting
~canmps. One site is tenatively dated between 4500-2500 years ago
- while the others date between 2500-500 years ago. ' A complete
- inventory and evaluation of :archaeological sites will be
requ1red as stipulations to geothermal leases. (28)

o ..Geologic Descript1on

-~ The geo]ogy of “the Summer Lake bas1n has been summar1zed 1n the
Env1ronmenta1 Ana]ys1s Report o

"Summer Lake Ties at the northern extreme of the Basin and Range
Province and is characterized by a broad alluviated graben
between fault sets. The graben 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
: (Donath 1962) . : , :

The pr1mary structura] feature is the fault form1ng Winter Ridge
on the western edge of the basin. This fault appears to have a
nearby vertical .dip and ‘a displacement in excess of 5,000 ft.
~ (Peterson and McIntyre, 1970). Faults of lesser d1sp1acement
form an indistinct east boundary of the Summer Lake graben.

In the north end of the basin, faulting occurs in two separate '

sets that combine' to break the rocks into a distinct rhombic

pattern.. These two fault sets were contemporaneous in origin

and moved concurrently (Donath, 1962). Seismic-refraction

studies conducted at the northern end of the Summer Lake basin
.-show that faulting continues into the basement rock beneath the
' alluv1um (Donath and Kuo, 1962) . R

Faulting in the area dates to early P1e1stocene t1mes., At that
time, the major structural basins and associated highlands were
- formed (Peterson and McIntyre, 1970).  The Winter Ridge fault
- has had relatively recent movement because lands1ide debris
derived from the ridge has been displaced in places. (Peterson -
and McIntyre, 1970). Evidence exists that the faultxng may have' L
- succeeded broad regional fau1t1ng 1n the area. ] :

Tert1ary rocks ‘consist of basa]t andes1te, daC1te, and _
rhyodacite  flows, a diorite 1ntrusxon, sandstone, siltstone,
_ claystone, tuff, tuff breccias,-and welded tuffs. -Rocks of late
* Tertiary-early Quaternay age include basalt and andesite flows,
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‘basa]f ejecta, rnyolltwc and daC1t1c‘p1ugs, dikes; domes; and -

intrusive breccias, clay, sand, silt, gravel and tuff. Deposits

of Quaternary age consist of fluv1al, -alluvial, and lacustrine
sediments (Walker, 1963; Wa1ker, Peterson and Greene, 1967 and
Peterson and McIntyre, 1970)

The low plateaus and foothl]]s are. 51tuated on the horsts -
(upthrown fault b]ocks), wh11e the basin occup1es the graben.

The footh1lls to the south consist pr1mar1ly of Tert1ary
tuffaceous sediments intercalated with anedsite and basalt
flows, and a Quaternary landslide of basaltic and tuffaceous
sedimentary rock. Fir Timber Butte, 3 km south of Paisley, is a
- Tertiary-Quaternary rhyolite dome. . The Tertiary sediments and
flows southeast of Fir Timber Butte are underlain by an early
Tertiary dacite flow, which is intruded by a diorite p]uton
(walker 1963; and Peterson and McIntyre, 1970).

The Tow p]ateau area is composed primarily of Tertiary basalt
and andesite flows interbedded with conglomerate, sandstone,
siltstone and tuff. Ten mile Butte is a Tertiary-Quaternary
basaltic cinder cone with some basalt flows toward the west and
-~ southwest (Walker, 1963, and Walker, Peterson and Greene, 1967).

"The basin consists primarily of Quaternary aeolian, alluvial,
and terrace deposits of clay, silt, sand, gravel, talus, and
evaporite (Walker, 1963) up to 1000 feet th1ck (Donath 1962)."

References cited:
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..Geophysical Summary°

Geophysical data suggest that several faults underl1e the
alluvium of Summer Lake basin.. The location of the hot spr1ngs
appear to be controlled by the faults.

. .Geophysical Studies:

Berg, J. W. and Thiruvathukal, J. V., 1967,eGravity Mape‘nf |
Oregon, Onshore and Offshore: Oregon Dept. of Geology and
~ Mineral Industries, GMS-4. T T

Donath, F.A., and Kuo, J.T., 1962, nSeismic-Refraction Study of
- Block Faulting, South-Central Oregon": Geological Society of
America Bulletin, Vol. 73, pp. 429-434. ‘

u. S G. S., 1972, Aeromagnet1c Map of the Klamath Falls and Part

of the Crescent 10 by 20 Quadrangles, Oregon: U.S.
Geological Survey Open- F1le -

85




RESERVOIR CHARACTERISTICS
SITE:

. .Reservoir Temperature

' ;.Surfaée:

..Subsukface:

. « Geoch

" ..Flow Rate

..pH: 8.43

..Total Dis

- 430¢ ‘
1400¢ (21)
emcial

'Si0,:  1340C

Na-K-Ca: 1129¢- (21)

s: 75 1pm

solved Solids: 1,120 ppm

..Fluid Chemistry:

Specific conductance

(microhmos
Silica .
Calcium
Magnesium
Sodium
Potassium
Lithium
Bicarbonate
Carbonate
Sulfate
Chloride
Flouride
Boron
Temperature
Flow -
pH

Summer Lake Hot Spring
(units mg/1)

SUMMER LAKE HOT SPRING KGRA

Ana River Spring

(units ppm)

1790
)
94
2.1
X
390
4.6
0.15
406
10
120
280
2.2
6.9
(%) 43
| 75 1pm
8.43

86

37
5.2
3.1

39
3.2

108

6.7
- 13

0.2

0.5

19
11,888 1pm
8.4

(3)




L .;Spring 10éatiohﬁ‘i - Swnner Lake”Hot Sprlng T 33$., R. 17E , Sec

~ 12 NE 1/4
'ifAn§ River Sprlng T.30S., R. 17E., Sec. 6,

..Estimated Heat Content: .4 x 1018ca1. (1)

. .Subsurface Area of Reservoir: 4 Km?2 (3)

Hot springs occur in two general groups: warm springs at the
northern end of Summer Lake, and a southern group consisting of
one hot spring (Summer Lake Hot Sprxng) and several warm
groundwater wells near Paisley. :
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LAND OWNERSHIP AND LEASING
SITE: SUMMER LAKE HOT SPRING KGRA

..lLand Ownership: Federal land is administered by the Bureau of land
‘ Management - Lakeview District

TOTAL AREA

(Acres)
13;631(KGRA)

..Land Leased -

..Highest Priced Leases
(Dollars/Acre) $3.91

..$/Acre Lessee

$3.91  Supron Energy

" $2.33  Supron Energy
$1.77 Chevron
Aminoil

FEDERAL
(Acres)

Approx.
11,460
KGRA

-+ 7,521

2,392
2,847
2,282

\STATE PRIVATE
(Acres)  (Acres)

3786 Unknown

374

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

. .Number of Sales Offered But No Bids: No bids received on units 3 and 4
at the September 1976 lease sale.

. .Number of Bids Rejected (Resuiting in No Lease):

..Land Ownership: Approximate acreages

2,720 acres

340 acres
1,260 acres
11,120 acres

..Summary of Leasing Status and Needs:

'private land

public land
private land
public land

Lease sales were held on 9/23/76 and 12/9/76.
Private land at the south end of Summer Lake has been leased by

Chevron 0i1 Company.
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i GEOTHERMAL DEVELOPMENT STATUS
SITE SUMMER LAKE HOT SPRING KGRA

. Present Deve]opment Status
Summer Lake Hot Spr1ngs is 'a pr1vate1y owned recreat1on site with
several campsites and a pool heated by water from the hot springs.

~ The bath house has been heated- geothermally for ‘about 60 years Two
" houses at the site are heated with spr1ng water.

..Projected or Planned Development: None known.
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~ INSTITUTIONAL CONSIDERATIONS -
* SITE: . SUMMER LAKE HOT SPRING KGRA

—

..Institutional Requirements:

~ Geothermal exploration or development activities méy'requike'a>
conditional use permit from the county planning commission.

‘ _»Two areas south of Summer Lake are being cons1dered for p0551b1e
inclusion into the National Wilderness Preservatwon System as part of
the U.S. Forest Service RARE I1I process

Total
Area Area Code Administrative District Acreage
Hanan Trail ‘ 6222 Fremont National Forest 8,063
Brattain Butte 6223 Fremont National Forest 5,880
..Agency and Public Attitudes:
Most of the residents favor the leasing of federal lands. (28)

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

Environmental Analysis Report for geothermal leasing was issued by
the Lakeview District BLM in June 1976.




. ENVIRONMENTAL FACTORS
L SITE: SUMMER. LAKE HOT SPRING KGRA

..CLIMATE' C11mat1c data from Pa1sley

Preva11ing windS‘r ‘West-spring and summer
South fa]] W :

Prec1p1tat1on (Annual) 28.4 cm/

..Average Temperature 90C (48.30F)
©  Minimum: --0.69C (30. 8°F
Max1mum , 20°C (68°F)

Degree Days (Annual): 6,377

.e-AVekage'frosthree days: '91‘;} iantd

AIR QUALITY"* ‘
No measuring stat1ons are ma1nta1ned in the Summer Lake Basin.

Dust storms are common in the Chewaucan Va]ley and around Abert Lake
during high winds in the spring and fall.” Other particultes include
pollen, smoke, wood dust and soil dust. Particulate concentrations

. vary with the weather. Dry summer winds increase the dust and pollen

~concentrations, and w1nter a1r 1nvers1ons 1ncrease smoke =

- concentrations.

Hydrogen sulfide 1s dispersed into the a1r by the hot spr1ngs in the
area. R

Concentrat1ons range from 0.03 to 0 002 ppm 1n ‘the 1mmed1ate area of
‘the spr1ngs - . ) ; (28) :

. .WATER QUALITY'

Summer Lake drainage basin is a closed down- fau]ted basin. ' It drains
an area of approximately 87 sq. meters (286 sq. m1]es) o ca

'The floor of the basin was occup1ed by pluvial Lake Chewaucan dur1ng
Pleistocene time. It is currently occupied by Summer Lake which at -
high levels covers an area 24 km (15. miles) long and 8 km- (5 miles) =
wide with a maximum depth of between 1.5 m. (5 ft.) and 2 m. = ~
(7 ft.). Volume at this level is about 300,810 acre feet. Because
of the flat shore and strong winds, the surface area of the lake can
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 d1vers1on for 1rrlgat1on The lake is
often nearly dry in the summer. S
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~_ Water in the Summer Lake Bas1n or1g1nates as prec1p1tat1on. Many
_springs are scattered throughout' the basin.- Artesian flows exist
where the clay lake deposits have formed a conf1n1ng layer over
permeable volcanic rocks.

Ana River Springs has a tremendous flow rate. The sbrings are the -

source of the Ana River and the least variable inflow into Summer

Lake. Although currently submerged beneath the Ana Reservoir, this :
is one of the largest spr1ngs in the U. S discharging an average of

90 cfs.

In 1922-23, an earthen dam was constructed below Ana River Springs to

‘,dvvert water into the Summer Lake Canal. The Canal diverts

approximately 1106 acre ft. per year, mostly for. 1rr1gat1on Water -

has also been diverted at times to maintain su1tab1e waterfowl -
habitat.

Water loss from the basin is so]ely from evaporation. Annual
evaporative loss from the lake is estimated to be about 39 inches

(Phillips and Denburgh 1971). There is no leakage from the basin and

the occurrence of springs near the lake indicates that the water
table slopes toward the lake. (4)

Water quality data for Summer Lake is presenied below.

Water an]ity»Daté for Summer Lake

(Amounts of dissolved.solids and of hardness keported 1n'parts per
million., Amounts of all other constituents reported as a percentage
of total dissolved solids)

Summer Lake

Dissolved solids content 7,200

Silica 1.5
Calcium 0.04
Magnesium 0.004
Sodium 39

- Potassium 1.6
Bicarbonate , 13
Carbonate 2 17
Sulfate - 4.8
Chloride - 22 .
Fluoride . : ‘ 0.08
Bromide . , S .. 0.11
Orthophosphate : o ‘ : 0 0.25
Boron o S , - 0.47 -
Hardness as CaCO3 8

pH ‘ : ' 9.6

SN ‘ : (29)(28)
Source: Phillips and VanDenburgh, 1971 .
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ENVIRONMENTAL FACTORS
(cont1nued)

SITE: SUMMER LAKE HOT SPRING KGRA

. .BIOLOGICAL

Dom1nant F]ora DeSert Shrub Zone -

' Vegetat1on in the Summer Lake ba51n varies from very salt
tolerant plants such as the greasewood salt grass (D1st1ch11s
Stricta) association to the non-salt tolerant big sagebrush

Artemisia tridentata) squirreltail (Sitanion hystrix)
association. Playas and areas of very high salt concentration
are completely devoid of.vegetation. Areas below and -
surrounding springs and artesian wells support vegetation:
typically found in wet meadows such as sedges, carex and others.

Several plant communities exist in the foothills inc1ud1ng
Tow sagebrush (Artemisia arbuscula) and Junlper (Jun1peru
occidentalis). (28]

..Dominant Fauna:

The greatest abundance and diversity of wildlife is on the -
Summer Lake Wildlife Management Area on the north end of Summer
Lake outside the KGRA. This state managed area is an important
breeding and nesting area for migratory waterfowl in the Pacific
flyway. Other animals include: antelope, mule deer, wild
horses, pheasant, chukars, coyotes, raptors, reptiles.

Portions of the KGRA are in critical deer wintering range. (28)

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

Fauna:-

Endangered Species:
American Peregr1ne Fa]con observatlons are rare, no
known nesting sites.

- State of Oregon Threatened List:
Northern Bald Eagle
Kit Fox

‘Western Spotted Frog -
Western Snowy Plover
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~ TRANSPORTATION AND UTILITIES SR
SITE: SUMMER LAKE HOT SPRINGS KGRA -

..Utility or Energy Transmission Corridors-and Facilities

Bonneville Power Administration maintainS‘two’transmission lines
within the vicinity of Summer Lake. An 800 Kv 1line runs about 35 km

- to the east, and a 500 Kv Tine is approximately 30 km west of the

lake. A private transmission line is situated about 25 km to the
west. . . e . :

A substation is located about 6.4 km fkomvPaisley.

..Transportation Cooridors or Facilities

Highway 31 7
Highway 395

Several unimbroved and Forest Service Roads.
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POPULATION |
'SITE: SUMMER LAKE HOT SPRING KGRA

.gGeneraT Description of Population:

The Summer Lake area has a very limited population. In addition to
the small communities of 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.

. ..Economics
..Present Land Use:
Major land use is livestock grazing on both public and private
land. Privately owned land near the community of Summer Lake
produces irrigated native hay and alfalfa. ‘
Agriculture, ranching and wood products are the major economic

activities in the Paisley area. Summer Lake has'a few retail
outlets and a small group of government employees.
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. SITE: CRUMP SPRINGS KGRA, OREGON
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" CRUMP SPRINGS KGRA‘ _

’The Crump—Warner Valley area is-a major- structural valley wnthm the Basm
_and Range province of southern Oregon. The valley is an’ elongated undrained -
‘graben bounded on the east and west by tilted fault block mountains. Several -

. 'shallow lakes and playas such as Crump, Greaser and Pelican Lakes occupy

the basin. The U.S.G. S. has classmed 85 663 acres on the valley floor as the
: Crump Springs KGRA. :

The Crump -area . is relanvely nsolofed in ferms of occessnbnhty ond low
population density. Highway 140, from Lakeview to Denio, Nevada ‘is the
primary . transportation .. corridor. - Otherwise surface = transportation is
“restricted to secondary roods, most of which are gravel.” The few residents in

" the area live in ranches and rural homesites scattered in the basin.  Adel and

Plush, the drea'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 the Adel store. Esﬂmoted population
increases are s:gmflcanﬂy below projections for:most other areas’in Oregon. :

'Both the -economy and' pnmary land ‘use are focused almost excluswely on
Hivestock” produchon. Private and public - lands - are  grazed. = Agricultural
“activities are limited to irrigated fields of olfalfc and hay. Mosf of the coﬁle ‘
“are sh:pped south to Cal |forn|a for processmg - o

'ln addmon to ranchmg, other land uses" |nclude hmn‘ed 'nmber cutﬂng cn‘
higher elevations (Timber is milled outside of ‘the basin.), and recreation,
“primarily hunting. The Hart Mountain National Antelope Refuge about 12 km
from the KGRA'is: federally-owned lond w:thdrawn from other ‘uses to prowde‘
w:ldllfe hobutaf.

“In assocncmon wnth ‘l'hlS llmn‘ed populaflon ‘and’ narrow-based economy is a
. landscape which appears to have significant potential for geothermal resource
“development. The ‘geologic sethng is favorable and thermal activity is
“ evidenced by the presence of hot springs. Geophysncal studies lend additional -

'support to the prospecf of encountering thermal reservours of depfh R
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Most of 1he hot sprlngs are sntua'red ina belt sfretchlng about iO 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. Hot springs with the highest
. surface . temperatures are at the southern portion of the ‘zone .and are
associated ‘with an apparent audio-magnetotelluric resistivity anomaly (Plouff
and Conradi, 1975). The highest surface temperature is 99°C 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 78°C with a
measured flow rate of up to 50 liters per minute. Geothermometry indicates

.an estimated minimum reservoir temperature of 144°C based on Na-k-Ca
ratios. Several of the springs along'fhe zone are depositing siliceous tuff.

Adjacent to Crump Sprmgs a well was drilled to 513 m. in 1959. The bottom

hole temperature was 779C, but temperatures of 121°C were encountered at

-201 'm. The hole was abandoned but its presence was clearly marked 'by
continuous eruptions of boiling wcn‘er and steam for about a year. Another
shallow well drilled at the same location is currenﬂy geysermg steam and
boiling water.at two hour intervals. : :

Energy  companies, recognizing the .potential for geofhermal 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 Onl Corporation hds leased most of the valley floor
from Crump Geyser south from private landowners.  Various other companies
and individuals have amassed geothermal rlghts on federally-owned. lond
adjacent to the KGRA and private tracts. : . ,

Chevron Oil has been conducting the most active exploration program in the
valley. A gradlent hole drilling program has been on-going since 1976.
During 1978, seismic and gravity studies were conducted, presumably to
provide nnformahon 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 are not publicly available.

From published information, estimates of the resource capabilities do not"

place the Crump area in a range of consideration for electrical power

generation. The 1440C estimated reservoir temperature is more than

adequate for a variety of direct use applications, but the scarcn‘y of
population precludes any development along these lines.
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In conclusion, it appears that _there. are ‘two . options for- geothermal
development in the Crump basin. The first would be to entice industries that
can use hot water for processing to locate 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 generahon can be considered a viable -
oppor’rumfy.
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SITE DATA SUMMARY
SITE: CRUMP SPRINGS KGRA

..Physical Reservoir Date
.. Temperature OC
» Surface: 780C Subsurface: 1800C (1)
..Total Dissolved Solids (PPM): 668 ppm
.. Type of OverlayingARock: Alluvium and olivine basalt

..Estimated Depth to Top of Reservoir (meters): 1000 m. (3)

..Site Land Status

FED. ' STATE  PRIVATE

Total Acres-85,663 KGRA
| Total Acres Leased 13,023 . 1,280 - Unknown

. .Geothermal Development Status:

Utilization of thermal water is limited to stock watering and

bathing.

Exploration activities have been carried out at a moderate pace.
..Local and State Attitude Toward Geothermal Development:

Private land owners have leased their land for geothermal

- exp]orat1on.
There is no known local opposition to the deve]opment of
geothermal resources.

..Land Use and Population:

The Crump area is sparsely populated. Pr1mary land use

activities include livestock grazing, limited agricultural crops' )

and recreation.

Hart Mountain National Antelope Refuge is situated about 12 km
from the KGRA.
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SITE LOCATION AND PHYSICAL DESCRIPTION
- SITE: CRUMP SPRINGS KGRA -

..Latitude: 420 15' N
Longitude 119° 53' W.
..Rect111near. :

‘ Secs. 1- 4 9-16 21 28, 33-36 T. 395., R 24E., W.M.
Secs. 12, 13, 23 26, 36, 36, T. 4OS R.23E.
Sec. 1, T 41S., R. 23E. ey e
- Secs. 1-3 10-12, T.38S., R. 24E SR
Sec. 17, 20 29, 31, -32, T.39S., R 24E.
Secs. 1-35, T;4OS.,»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 Refekence: U.S.G,S. - Adel 1:24,000 Crump'Lake_1:24,000
' o AMS - Adel 1:250,000 '
..Topography‘ | |
Warner Valley is located 1n the Bas1n and Range province, an-
‘area of major faulting which formed horst and graben
structures. The valley is an elongated undrained graben bounded
on both sides by large tilted fault block mountains. Elevations -

~ range from 1,363 m. (4,473 ft.) at Crump Lake to 2, 281 m.
(7,483 ft.) on Hart Mountaln.

..Present Land Use: o v _
| Livestock grazing is an extensive land use 1nvolv1ng most of the
_area. Agriculture is limited to feed crops for the livestock

. industry. Recreat1ona1 act1v1t1es 1nc1ude hunt1ng, fishing, and
: -rock hound1ng
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'  ..Aesthet1cs.~

~ Man-made structures are v1s1b1e for great dlstances g1ven’the‘ o
nature of the topography.
..Historical/Archaeo]dgical Significance:

The EAR states that, “"this area may be one of the richest
archaeological resources of its kind in the western U.S5." (30)

Petroglyph sites, petrified wood, Indian art1facts and
occupation sites have been 1dent1f1ed .

The historic Central Oregon M111tary road traverses north of-
Crump Lake and south of Plush. : .
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION
SITE' CRUMP SPRINGS KGRA ‘

..Geolog1c Descript1on

Rocks in the Crump and Warner Va]]ey areas are tuffaceous '
sediments, tuffs, tuff breccias of andesitic composition with
andesite and basalt flows and m1nor intrusive rhyolites of
- Miocene to P1io-Pleistocene age. The valleys are filled with
lacustrine depos1ts, Quaternary alluvium and landslide debris.
‘Lands1iding is common along the fault scarps on the margins of
the graben. North of Crump Lake in the Warner Lakes area, there
are large accumulations of complex exogenous domes and related
flows and flow breccias of rhyodacitic composition (Walker and
Repenning, 1965). Hart Mountain, slightly northeast of Crump
Lake, is a large silica volcanic center with steeps1des domes
and related viscous flows. . ,

" Crump and Warner Valleys are within the Basin and Range prov1nce
which is broken up by two prominent fault sets trend1ng

" N.209E. and N. 20-35%. Vertical displacement along the
faults have formed elongated north-trending, undrained grabens

- such as the Crump and Warner basins. The grabens are bounded on

both sides by large tilted falut blocks. The major fault’ scarp

- in the Warner Valley is on the east side and the major: scarp in
‘the Crump basin is on the west side. According to Donath

~ (1962), the faults of both of the major sets were
contemporanceous in origin and movement occurred concurrently
falong both sets. o L

~1:Lawrence (1976) suggests that a broad northwest-trend1ng zone of
“ en_echelon faults crosses the Crump -Warner graben between Hart
~and Crump Lakes. ~As mapped by Lawrence the zone ‘is offset with
the eastern portion of the zone ending at Hart Lake on the east
side of the graben and crossing about 10 km to the south and on
- the western marg1n of the basin. This part of the graben
‘appears to be structurally anomalous. Many of the hot springs
in the Warner area are situated between the two areas of the
proposed Eugene-Denio zone. Other hot springs are located in-
"~ . the Crump basin and to the south towards the Surpr1se Val]ey,
o ;5Ca1ifornia ‘geothermal area. (23)(31)(32)(33)(18)
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. Geophys1ca1 Summary

Gravity and aeromagnetic surveys have been completed by Plouff:
and Conradi.

Gravity readings indicate an asymmetr1ca1 basin: south of Adel .

~with the deepest margin along the maJor fault scarp on the west
side. Another low north of Hart Lake is- separated by a p051t1ve
gravity ridge from the one south of Adel.

The aeromagnetic survey shows a 1arge negative anomaly centered
southeast of Adel extending to the southern end of Greaser
Reservoir. Hot springs in the vicinity of Crump Geyser -are
situated along a narrow belt of a relative magnetic high which
appears to extend along the alluvium filled basin floor for
about 15 km. (34) ‘ ,

..Seismic Activity:

Seismic activity was recorded in the Warner Valley in 1968. The
epicenters were located south of Crump Lake and averaged 4.9 on
the Richter scale. (30)

..Explorat1on Activities:

~In 1975 the San Juan 0i1 Company dr111ed a deep test we]l east
of Adel. Total depth was 2,289 m. with a maximum recorded
temperature of 869C at 2, 288 m. (35)

Nevada Thermal Power Company drilled a 513 m. hole in 1959 in
sec. 34, T.38S., R.24E. at Crump Geyser. The well was abandoned
due to the Tow bottom hole temperature of 770C. However,
temperatures as high as 1219C were recorded at a depth of 201

m. The well erupted boiling water and steam cont1nuously for
about a year after abandonment. (30)
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Varlous other exp]orat1on act1v1t1es ‘have - been carr1ed out by

. private companies. - Results of these studtes have not been made
" pubicly available. They include: - o]

Hunt 0i1 Company -

Chevron 0i1 Compahy‘ef

dril]ed between 10-20 152 m.

'grad1ent holes

comp]eted an electrical
resistivity survey and a dri]11ng

.. program consisting of 15 152 m.

radient holes in 1976 and 1977.

nother gradient hole was drilled
in late 1977 to a total depth of .
439 m. During the fall of 1978
Chevron was conducting seismic and
gravity studies in the south Crump
Area. If the results of these
studies are encouraging, it seems
1ikely that the company will drill

- -a .deep test hole before 1980.
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RESERVOIR CHARACTERISTICS
SITE: CRUMP SPRINGS KGRA
. .Reservoir Temperaturé‘ o :
L Crump Hot Springs
..Surface:  7890C ' EES
..Subsurface: 1800c (1)
..Geochemical o
o si0p: 1730C
~ Na-K-Ca: " 1440C (1)
..Flow Rates: 0-50 1pm
L..pH: 7.26 o
..Total Dissolved Solids: 668 ppm
..Fluid Chemistry:

Crump Fisher Antelope

Hot Springs Hot Springs Hot Springs
(units mg/1) (units mg/1) (units ppm)
Silica 180 77 168
Calcium 16 8.4 10
Magnes ium .2 1 2.5
Sodium 280 92 191
Potassium 11 7.9 13
Lithium 4 : .04
Bicarbonate 153 57
Carbonate 1 1
Sulfate 200 59 64
Chloride 240 56 3.6
Flouride 4.9 3.5 0.2
Boron 13.6 . 2.2 1.5
-~ Temperature(OC) : 78 68 40
" pH 7.26 7.93 ' 8.3
flow 0.50 1pm 70 1pm

Location: Crump Hot Spring - Sec. 27, T.38S., R.24E. W.M.
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 Springs, known as Crump Geyser,
" erupts boiling water and steam at approximately ‘two hour 1ntervals.,i
At the same location,; another well drilled in 1959 to 488 m.
geysered cont1nuously for about one year. ‘

. .Estimated ReservoiriHeat Content: .8 x 1018 ca1” (1)

- ..Subsurface Area of Reéervoir:. 4.km2‘éstimted;*?»" < (3) -
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_LAND OWNERSHIP AND LEASING
'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 Priced Leases (Dollars/Acre) - $8.18/acre

..$/Acre Lessee - FEDERAL (Acres)
4.13 Chevron 011 2,520
5.12 ' 1,120
3.17 2,560
3.11 1,942
3.14 1,920
8.18 1,600
5.16 1,360

..Tentative Lease Sale Dates: None Known

. .Number of Sales Offered But No Bids:

Various tracts have been offered during three lease sales which
received no bids.

..Leased Land:

Chevron 0il1 Company holds leases on 13,023 acres within the
KGRA. State land totalling 1,280 acres have been leased to
Intercontinental Energy. Non-competitive and leases on private.
land are held by Gulf 0il, Union 0il, Magma Power, Standard 0i1,
the Hunt family and various individuals. '

..Summary of Leasing Status and Needs:

Lease sales were held on 7/31/75, 12/9/76 and 7/27/78.

In 1975 units 1-18 were offered, but only tract 8, 9, 11 and 14

were leased. Units 4-17 were reoffered in 1976 with 11, 13, and
14 being leased to Chevron 0il Company. Again in 1978 units

1-13 were reoffered, but no bids were received. - (6)
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GEOTHERMAL DEVELOPMENT STATUS
- USITE: CRUMP SPRINGS KGRA

..Present Development;Status: .
Warm water wells are used for sfock'watering.»~
Uhdeve]oped hot springs on Hart Mountain are used for bathing.

Exploration activities have been taking place at a moderate pace.
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" INSTITUTIONAL CONSIDERATIONS
SITE: CRUMP SPRINGS KGRA

. Inst1tut10na1 Requirements:

Exploration and deve]opment activities may require-a cond1t1ona1
use permit from Lake County. _

..Agency and Public Attitudes:

There is no known local opposition to geothermal exploration.

..Status of Requirements (i.e., EIA/EIS Requirements)

Bureau of Land Management completed an Environmental Ana1y51s
Record covering geothermal leasing in the Warner Valley in 1975.
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-+ ENVIROMMENTAL FACTORS .
. SITE: CRUMP SPRINGS KGRA =

..CLIMATE . .
..Phé;Aiiiﬁg winds West to southwest
..Precipitation. (Annua1)° 27 cm (Hart Mountain Refuge)

‘-..Average Temperature 9°c (48°F)
s Minimum: - - 20C (29CF) _
Maximum: 200C (699F) IR
Temperature extremes range from 37 70C in the summer to
=269C in- the winter.

, ..Degree Days (Annual) 7, 069 (Lakev1ew)

Relatlve Hum1d1ty Tow

' ..AIR QUALITY:

Although there are no monitoring stations in the area,-the air
appears to be of high quality. Wind blown dust from the dry
basin contributes particulate matter. The hot springs disperse
hydrogen sulfide gas. Concentrations are approximately 0 03 ppm:
in the lmmedlate V1c1n1ty of the. springs. ‘(30) ‘

..NATER QUALITY:

Most of the groundwater in the basin occurs in al]uvia]

- deposits.  Well depths range from 41 m. to 183 m., with water
‘depths varying from 3 m. to 123 m. Coarse gravel dep051ts y1e1d
a range from a few hundred to more than 1,000 gpm. The v
f1ner-gra1ned sediments give smaller yie]ds - Groundwater is
used primarily for stock watering and domestic: purposes

Groundwater is variable in qua11ty, but is genera11y Iess ‘than
500 mg/1 of dissolved solids. High concentrations of sodium, R
boron and- f]ouride have been measured in some p]aces ' R

‘At h1gher e]evat1ons roundwater occurs in volcanic rocks.; (R
Yields vary from small to moderate with-an occassional large
yield. Water quality shows a wide range with excessive . -
concentrations of sodium and boron in some p]aces, but generally'
dissolved solids are below 100 mg/1.
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Mon1tor1ng 1nformation is avai]ab]e for two tributaries to Crump <

Lake, Twentymile and Deep Creeks. -South of Adel, Twentym11e ‘
Creek has an average discharge of 1.5 m%/s (38, 500 :
acre-feet/year) with no flow recorded at times. Deep Creek
whlch flows into Crump Lake at Adel has an average flow of
3.7m3/s (94,900 acre-feet/year). Periods of no flow have also
been recorded for Deep Creek. During low flow, the creek has '
approx1mate1y 90 ppm total dissolved solids. :

Surface water in the streams is general]y a ca1c1um-magne51um
bicarbonate type with Tow amounts of dissolved solids and
hardness. Most of the surface water rights have been
appropriated for irrigation purposes. -

Water from Crump Lake is also important for'irrigation
purposes. Dissolved solids vary between 100-500 ppm with
fluctuations in the lake level. Any overflow from Crump Lake
‘goes into Hart Lake which occassionally is dry due to pumping
for irrigation. Any overflow of Hart Lake goes into the series
of Warner Lakes which increase in salinity northwards until all
of the water is lost to evaporation. (30)(29)

. .BIOLOGICAL
. .Dominant Flora:

Perennial grasses, big sagebrush greasewood Tow
sagebrush, and various forbs. -

Western juniper associations on the plateaus and 1ower
mountain slopes.

..Dominant Fauna:

Mule deer, antelope, sagegrouse, coyotes, bobcats, -
 Jjackrabbits, raptors, rodents, wild horses, and others.
Much of the area has been designated as critical deer
winter range. Antelope kidding grounds at Hart Mountain
ﬁaﬁ1ona1 Antelope Refuge are situated northwest of Crump
ake
' The Warner lakes area’ is part1cu1ar]y va]uab]e for
waterfowl habitat.-
Pelican Lake contains''a small island wh1ch serves as a-
rookery for white pelican, egret, heron and cormorant. :
Ducks, geese, swans, and grebes are common aquat1c spec1es.‘

..Endangered Species 7
Flora: None known. =

Fauna: Peregrine Falcon
Southern Bald Eagle
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 TRANSPORTATION AND UTILITIES
'SITE:. CRUMP SPRINGS KGRA

..Utility or Energy Transmission Corridors and FacflitieS'
" pA major 800 kv Bonneville. Power Administration transmission line
" running from the Columbia River to Californ1a crosses the
-~ plateau west of the Warner Valley. =
A 69 kv line runs from Lakev1ew to Adel
One of the proposed routes of Pac1f1c Power and L1ght Company S
500 kv line from Idaho to Malin, Oregon may run close to the
KGRA.;;v : BRI , ,
..Transportatioh'Corridors or Facilities

Highway 140 :
- Secondary and gravel roads
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~ POPULATION
SITE: CRUMP SPRINGS KGRA

..General Description of Population

Population in the Crump-Warner area is extremely limited. Rural’
homesites and ranches are scattered in the valley with Adel and
Plush being the only communities in the area. Lakeview is the
closest town of sufficient size to provide goods and services.
Adel, with an estimated population of 43, is 37 km east of
Lakev1ew. Plush is a community of about 54 situated 54 km
northeast of Lakeview.

Population for the area is expected to grow on]y slightly by
1980, at about 1/3 the rate for other areas in Oregon. (30)
. .Economics
..Present Land Use:
The economy of the area is narrowly based and depends

almost entirely on livestock production, 11m1ted
agriculture and lumber mills.
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©SITE: ALVORD KGRA, OREGON
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 ALVORDKGRA

_ The Alvord Valley is a hlghly scenic and remote area in the northern part of

- the .Basin and Range province of southeastern Oregon. The valley is ‘a major

~ structural graben bounded on the west by the Pueblo and Steens Mountain and
by Trout Creek Mountains on the east. This horst and graben type topography
~is the result of large predominately vertical displacements - along major

faults. Shallow salme lakes and playas oocupy the: central portlons of - the

 "Valley.

.Wlthm the basm, I76,835 acres have been desugnated as a' KGRA, making

Alvord the largest area in Oregon of known resources accordlng to the

- US.G.S. classification. The KGRA covers most of the valley floor from
" Fields to northeast of Mickey Hot Springs. The majority of the land is owned

by the federal. government and managed by the Burns Dlstrlct Office of the
BLM. A consnderable portlon is held in private ownershlp.

b I‘;,Both public and prwate lands are used olmost excluswely for livestock

~grazing. Livestock production . virtually is the sole bdse ‘of the area's
economy. To supply winter feed alfalfa and hay are grown on small irrigated
tracts of land. - . - ;

" The harsh envnronment ‘and remoteness of the Alvord Valley restncts land use

~and population. Besides ranching, the principal land use is for recreation and
' ‘huntlng. The greatest mflux of people occurs durlng huntlng season.

The area is so remote ‘that it is likely that feral horses- outnumber people.
Fields with a year round population of |1 is the largest community in the
mmedlate vicinity. There are no paved roads and the closest iincorporated -
- town is more than 160 km distance from the Valley.  Mail service has recently
" been expanded fo three:deliveries a week. Children of high school age attend
a boarding school. about 180 km from home. " The closest service center for
__residents of the area is Burns which is about 200 km northwest of Fields. The
_majority of the population comprises ‘owners and employes of .ranches
- headquartered  in the Valley. Total populatlon of the KGRA and closely
adjacent areas is less than 50. - e Ty
Cons:dermg these: populotlon characteristics and the ‘area's remoteness a
. discussion of direct use apphcatlons of geothermal energy is not warranted.:

i f geothermal development occurs in the Alvord Valley, it will be for isoldted

) ~ applications to provnde space heatlng of resudences or for electrlcal power
o generahon. T S N BT e ; AR
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The geologlc seﬂmg and geophysncal studies indicate that the area may have

potential for geothermal power generation. A summary “of ‘the " physical" -
characteristics relevant fo geothermal development is presenfed in the data -

 sheet following this section.

The presence of thermal achvny in the Alvard Valley is clearly indicated by

three major hot spring areas. According to the U.S.G.S." Circular 726, -

‘Mickey, Alvord and Borax Lake Hot Springs have ‘the highest eshmated

subsurface temperatures  in Oregon. The subsurface temperatures are an

assumed average reservoir temperature and are calculated as 210°C for

Mickey Hot Springs, 200°C for Alvord Hot Springs and 180°C at Borax Lake.

The 'rhermal springs and pool at Borax Lake is also known as Hot Lake.

‘ Temperature gradient - drilling, heat-flow measurements and geophyslcal
~_investigations have further supported - the possnblhty ‘of  commercial
. development of  geothermal resources in the Alvord Valley.
_Audio-magnetotelluric apparent resnshvn‘y studies have indicated three large
anomalies each associated with the major hot spring areas (Long and Gregory,
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 HFU (Sass,
1976). The preferred reservoir model is three separate systems rather than
“one, Iarge hydrothermal convection system (U.S.G.S. Circular 726)

Envnronmental concerns of geothermal Ieasnng in fhe Alvord basin were
addressed in an environmental analysis report issued by the BLM in January
1975. Since that time, leasing has been active. Three lease sales were held
by June of 1975 where a total of 23,661 federal acres were leased. In
addition, 2,800 state-owned acres and approxnmately 41,500 acres of private
land have been Ieased

Several major energy compames hold leases and have been conducting fairly
active exploration programs since 1976. To date these investigations have
been geophysical studies and shallow gradient drllhng.v Deep temperature
~ gradient drilling was scheduled to begin i in late 1978." ‘ L

Although ‘this acnvn‘y is encouraging, the area is not without its Probiems.
The BLM rejected six competitive bids from Union and Getty Oil Companies
for being tfoo low. The cases were appealed to the U.S. Department of

Interior's -Board of Land Appeals in 1975. Getty's appeal was . demed buf the

Union Qil case is still pending.

*In addition, the Sierra Club and High Desert Study Group filed. sun‘ agams’r the

- BLM alleging an insufficient environmental analysis.  The ‘case ‘was heard in
U.S.. Circuit Court in January (978 and a preliminary injunction: barring’
leasing was denied. The court's final decision had not been released as of late

1978.
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' Reoffermg and leasmg of addmonal unn‘s wn‘hm the KGRA is not_ hkely unﬂlv

litigation is complete. “A BLM roadless and wnlderness study is also hmdermg‘j‘
additional leasing. Two competitive lease sales were postponed in 1978 -
because the study was not complete. ' , ,

There are physically limiting factors in the’ KGRA as well One aanSideraftan

is the limitation of surface water availability. The lakes in the basin are =

strongly alkali and have depths generally less than one foot. The availability

“and quality of subsurface waters is not well known. In- addition, waters of the B

major thermal sprmgs have unusually hngh concenfrahons of boron and lithium.

Taking all these factors into conslderatlon, the development of geothermal‘
resources for electrical power generation in the Alvord Valley must be viewed
as highly speculative. Foremost is .the unproven: existence of a viable
reservoir. 2 o

If exploration activities discover a capable reservoir and ' environmental

concems can be mitigated, there should be no severe technological problems
~ at the site. A binary power-plant system seems most likely for the Alvord,
and by the time development begins, experience from binary plants under

construction at Heber and Raft River should be  available to influence
development in the Alvord Valley. An exisﬁng transmission line further
enchances the outlook for geothermal electrical produchon, but the resource
must first be proven. -
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. SITE DATA SUMMARY
- SITE:. ALVORD KGRA

| ..Phys1ca1 Reservo1r Date

.. Temperature 0C o | K il
‘Surface: 76°C S Subsurface. 200°C 7” (1) 8

..Tota] Dissolved Sol1ds (PPM) 1440 ppm Alvord Hot Spr1ng
.;Type‘of'Overlaying»Rock:» A]]uv1um, andesite and basalt

..Estimafed Depth to Top of Reservdir (meters): 1000-15007i:

"..S1te Land Status '
Tota] Acres - 176,835 KGRA

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

. .Geothermal Development Status:

Alvord Hot Spkings is used for bathihg. Warm wells are used for
stock watering.
Exploration for geothermal resources has been fairly active.

..Local and State Attitude Toward Geothermal Development:

Local attitudes are supportive of geotherma] deve]opment as long
as existing land uses and aesthetic values of the area are
maintained. :

..Land Use and PopU]ation.

The area is extremely remote with a populat1on dens1ty of less
than one person per square kilometer. .

Primary land use is livestock grazing. ’
Secondary uses include: recreational activities, w11d]1fe
habitat, ranch headquarters, irrigated cropland and watershed.

~ ..Comments and Critical Issues:

The area is remote with rugged terrain. R
Most of the ranches in the drea depend upon graz1ng livestock on
public land for their economic survival. There is limitéd to no .
opportunity for alternate forage supplies should publlc 1ands
become unavailable or unsuitable for graz1ng
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* SITE LOCATION AND PHYSICAL DESCRIPTION =
oo SITE: ALVORD KGRA. . . -

| ..Latitude.j 420324 N o Lo
. .Longitude:’ 1180 31'f“ e TR L
Rect111near

Secs. 1, 2 10-15, 22-27, 34- 36, T. 355., R. 33E WML '
~ Secs. 1-4 9-16, 21-28 33-36 1.36S., R.33E, . .- .
Secs. 1-5, ‘8-17, 20-29, 32-36, T.37S., R. 33E
-Secs. 34-36 T. 325., R 34E.
Secs. 1-3, 10 15, 22-27, 34-36, T.33S., R. 34E '
Secs. 1-3, 10-16, 21-29, 32-36, T. 34S R 34E
‘Secs, 1- 36 T. 355., R. 34E ‘- ,47;
-.Secs. 1- 23 .27-34, T.36S., R. 34E
 Secs.. 3, 6 7,.18,.19, 30, 31, T. 37S.. R 34E
Sec 31, T. 325., R, 35E. T
Secs. 1 2, 6-8, 11-15, 17-24, 26- 35 T. 33S., R. 35E;
Secs. 3-10, 15- 22 27-34 T. 34S., R. 35E.,;;: . L
Secs. 3- 10 16-21, 28- 32 T.35S., R.35E.
- Secs.. 5-7, T.36$., R. 35E -
. Secs. 16, 17, 19-21, 28-33 T. 325., R, 36E
"Secs. -5 -8 17 18 T 33S., R 36E.;u,. S

;.COunfy. Harney T : DA
T ..AdJacent Count1es Malheur, Grant Crook Lake and Humboldt Nv.'v

..Map References U S G S - 1 24 000 - Andrews, Borax Lake, A]vord
LA g - Hot’ Sprmgs, F1elds
S ’ AMS - 1 250 000 - Ade]

Topography o . e : , ,
,-3The A1vord Va11ey lying within the Basin and Range prov1nce is-a
"north-to-northeast trending graben approximately 112 km.’ Tong -
~ and 3-16 km wide bounded on both $ides by high angle normal’ .
" faults. The Steens and Pueblo Mountains border the valley on
‘the west and it is fringed on the southeast by the Trout Creek

. Mountains. _Elevations range from 1,219 m. on the basin floor to -~ -
2947 m. at ‘the highest point in the Steens. ' The central portion- =~~~ =

" _of the ‘valley contains playas, sand dunes and shallow sa11ne
- lakes.  The arid to semi-arid climate restricts natural
vegetat1on to sagebrush associations.
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v .;Present Land Use:  ;:» _
~ Land use is almost exclusively used for ]ivestock graz1ng,,
'Some pr1vate 1and is 1rr1gated for grow1ng “hay and a]falfa. RN

Other uses include: big game hunt1ng, wildlife habitat
off-road vehicles, sightseeing, rock cllmb1ng and other e
recreational act1v1t1es. e

..Future Land Use P]anS'

No s1gn1f1cant changes in 1and use are ant1c1pated

..Aesthetics:

The Steens Mountain and Alvord Desert- together form a’ unique
landscape with high. aesthetic value. -The valley is nearly flat
which'makes man-made structures visible for great distances.

..Historical/Archaeological Significance:

A preliminary reconnaissance archaeological survey was made in
Dec.: 1974. Some 17 cultural sites were identified. The sites
are of two basic types, rockshelters and open sités. The
shelters are apparently wave cut, with basal layers of water
rolled gravel. Open sites appear to have been composites near
streams, springs and dunes. The artifacts collected were all
lithic materials. Both chipped stone and ground stone
industries are represented. The objects collected suggest:
‘occupancy by aboriginal peop]e over the period from very
recently (150 years ago) to as ancient a time as 7,000 to 11,000
years ago. One site, identified as Broken Bones S1te (ADP- 7)
was suggested as suitable for nomination to the National
Register of Historic Places. This may be an extremely early
_site, possibly related to the so-called Plano division of the
early hunters or Paleo Indian stage of the New World. This site
is located about 4 miles- northwesterly of Fields, two ‘miles
southwesterly of Hot Lake, and lies in and south of -a set of
jsand dunes. _ _ S ,

U The area is known for 1ts h1story of sett]ement by 11vestock
ranchers. (36)
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| GEOLOGICAL/GEOPHYSICAL DESCRIPTION
SITE: ALVORD KGRA

..Geologic Descr1pt10n

The geology of the Alvord Valley has been summarized 1n the
env1ronmental ana1y51s as fo]lows' R .

- "The Alvord Val]ey has been described as a graben
_ structure by various authors (Russell, 1884; 3
~ Fuller, 1931; Libbey, -1960; Groh, 1966, and -

- others). - The valley is bounded ‘on ‘the west by
the Steens-Pueblo Mountains and the Steens j
~ Mountain fault, a large basin-and-range type
fault with a:-minimum vertical displacement of
5,500 feet and a suggested maximum vertical -
disp]acement of 10,000 feet (Libbey, 1960).
- the east; the: valley is bounded by lesser- fau]ts
_associated with basxn—and-range structures. The =
- ".age ‘of faulting is Pliocene to very recent .
~ Holocene. . Russell (1884) reported very recent
-movement ‘along the old fault scarp. - He reported
finding:a fresh recent displacement, -"unclothed
" with vegetation", with a vertical displacement of -
~ 20 to 50 feet with hot springs seen lssu1ng forth
~along the base of the fault. - Russell (1884) also
reports fresh movements of faults along the * = =
eastern front of the Pueblo Mountains for a -
distance of 40 to 50 miles. .The occurrence of
volcanic rocks close to the base of the fault
scarp forming the high Steens and the ...

~ concentration of basaltic mafic dikes near the o
mountain base imply that the boundary faults -
coincide with an old belt of tensional re]ease
(Williams and Compton,. 1953)

The Steens Mountain Range marks the western S
- boundary of :the Alvord Desert.: In general, the i
 range consists of a great structural mass dipping
‘gently westward from a high eastern fault scarp.,
The mountains can be divided roughly into three -
- parts, of which the most prominent feature: is a
very simple high central block. On both the * = "~ *
- north and south this is bounded by lower, more e{v"“"‘
~ complex units referred to as the Northern and :
- Southern Steens, respectively. RN
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Tertiary volcanics and volcanic sediments ‘
comprise most of the Steens Mountain:Range. . The '
‘voleanic sequence totals-about 10,000 feet in
thickness and .includes the A]vord Creek -

~ formation, Pike Creek volcanic series, R
Steens-Pueblo volcanic series and the Steens -
- Basalt. These units contain basalt, andesite, -
~ dacite and rhyolite lava flows," tuffs and i
tuffaceous sediments, and volcanic agglomerates

w1th ‘some minor opa11ne chert and congTomerate. 7: .

Pre-Tert1ary rocks are exposed in the Pueblo
Mountains south of Fields. ' These exposures »
consist of metamorphosed sedimentary and volcanic -
rocks (greenstones, argillites, quartzites,
phyllites, ‘and schists? of Permlan or Triassic
age intruded by Jurass1c monzon1t1c and d1or1t1c
plutons. Coe e e S

The A]vord‘VaAHey' -Ahas’; been,fmed with musmné. h

fluvial and aeolian sediments to an unknown ”
depth. Playas and shallow lakes within the basin.
and elevated relic shorelines indicate that a
large lake of about 400 feet deep existed -at one -
time and is now represented by ephemera] A]vord,
Mann and Jun1per Lakes._\ A :

Walker and Repenn1ng (1965) report the presence N
of many vents of small lava cones, cinder cones,
plugs, or necks adjacent to the Alvord graben on .
the west and east sides. Also present are mafic
dikes and dike swarms. Williams and Compton -

(1953) mention that "about 25 years ago" (1928), -

a few earthquakes occurred in the Alvord area.
The hot spring at Borax Lake (Hot Lake) in :
section 11, T.37S., R.33E., in the floor of the.
graben, showed exceptional activity during the
period of earthquakes. The cause of the
garthquakes was postulated to be movements along '
the transverse fault on the south side of the . -
horst opposite Alvord.Lake. . ‘Also, Williams and -
Compton (1953) report that 12 shocks were felt on
August 9 and 10, 1943.- The shocks were S
attributed to movement along one of the :
transverse faults in the area.” (36) -~
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M1nerals

u. S Geolog1cal Survey has 1dent1f1ed most of . the Alvord as
prospect1vely valuable for 01l and gas, sodlum and potassium

The only commerical development for m1ning sodium was a borax
works around the turn of the century at Borax Lake (also known
as Hot Lake). At its peak, the mine had an output of 400 short:

_tons of ref1ned borax per, year. The mine closed in the early
1900°s. (36) P e S - ,

Mercury has- been m1ned in the area producing a total of 66

- flasks.. . (36)-

 Other identif1ed minerals'; copper, gold uran1um, zeol1te,
xkcl1nopt1lol1te, d1atom1te and gravel.l ( 6) ‘
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..Geophys1ca1 Summary

~-@ravity” stud1es have been conducted in the hot spr1ngs -areas by
. "Griscom and Conradi (1975).  Several small ‘inflections were = -
~ identified which correspond to magnetic ‘anomalies.” They have
been interpreted as small faults projecting through known hot
“springs.. Three other anomalies, due to small, shallow ‘density
differences were located. Two'of these were pos1t1ve anomalies

~south of Borax Lake, and the third was- Ll 1.4 mgal low at M1ckey
Hot Springs. - - _

Griscom and Conrad1 (1975) have a]so conducted detailedjmagnetic
profiles in-the basin. An area of magnetic noise. associated
with the shallow positive gravity anomalies was identified near

" the faults at Borax Lake hot springs. Depth to the magnetic.
body is reportedly less than 200 feet. Griscom and Conradi
suggest that the gravity and magnetic anomalies may ‘indicate
chemical reactions of hot saline waters that have generated a

- small amount of magentic minerals near fau]ts in the otherwise
nonmagnet1c alluvium, (38)

"Long and Gregory (1975) have comp]eted an audwo-magnetote]lur1c
apparent resistivity survey in the basin floor. Anomalies were -
shown in association with Mickey, Alvord and Borax Lake Hot
Springs. The largest anomaly and the lowest apparent
resistivities was several miles east of Alvord Hot Springs in
the center of the Alvord Desert.  This suggests that Alvord Hot
Springs is supplied by a reservoir in the center of the basin.
Overall results of the survey how that the hot springs are
fgg§11ed by different sources and not by one 1arge reservoir,

_Heat-flow studies in the A]vord Va]ley have been conducted by
Sass, Galanis, Munroe and Urban (1976) and Bowen, Blackwell and
Hull (1975). The regional values have a range of 1.1-2.3 HFU
with 1.5 HFU as an average.

Sass and others (1976) measured high heat flow (6.4 HFU) in
close proximity to Mickey Hot Springs. Heat flow values
decrease to 3.2 HFU two kilometers away from Mickey Hot
Springs. This drop in heat flow is similiar to observations at
other hot springs. (40)
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-rTemperature gradient and heat-flow studies’ by Bowen, BIackwe]l
~ and Hull (1975) identified an anomaly in the Trout Creek area of
. the Alvord Valley. Gradients were logged in: -preexisting- m1nera1
o exploration holes varying from 50 to .150. m. depth. The
~ gradients range from 68 to 139.40C/km, - The highest gradient.
was measured near Trout Creek and is twice the regional
- average. Heat-f]ow values range from 1.6. to 3 2 HFU. (41)(42)

_Heat-flow measurements were also. obtained in an exist1ng o -

- mineral exploration hole at Steens Mountain southwest of :
Fields. . The average gradient to 370 m. is about 60°C/km., ,
The heat-flow value is 2.26 HFU, considerably above the
regional average. (41)(42)

| Explorat1on Act1v1ties

The. fo]low1ng 1s a part1a1 115t of exploratory work that has
been or is being conducted in the Alyord Valley. For the most
part these activities are being carried out by private
companies, therefore the data is not publicly available.

1974 U.S.G.S. - Drilled 4 shallow gradient holes.

1975 ~  Phillips Petroleum Drilled 28 gradient holes to 91.m.
. _Union 0i1 .~ Drilled 13 gradient holes to 61 m.
: - Al-Aquitaine. . . 2211;§d 11 gradient holes to-between
S m.
1976 = Chevron 0il. .. Drilled 13 gradient holes to 152 m.
1977 .. Geonomics - - .- Dipole and- magnetotelluric
. Anadarko -~ Electrical resistivity.
1978 - - Supron Energy. . Planned geophysical. surveys .
. Aminoil. - - Began a drilling program of 6 152 m.‘
S - gradient holes in 9/78..
Un1on 011 ‘gi.;~ ~.Drilled 6 152 m.. gradlent holes near

: Mickey Hot Springs.
.. Phillips Petroleum Drilled a 555 m. grad1ent hole
‘f,Anadarko ' Magnetotelluric._and. electr1ca1
g , o  resistivity surveys. . - '
. Drilled a 522 m. rad1ent ho]e.sr ,
Permited for 9 610 m. -gradient holes.
 Began a planned dril]ing program of
75 152 m. in 9/78 - L
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..Hydrology' e

'iThe cllmate of the A]vord Valley is ar1d to sem1-ar1d The area S

lies in the rainshadow of the Steens-Pueblo Mountains: whlch
Timits the annual average prec1pitat1on in the bas1n to 8 1nches.

- "The basin contains several shallow lakes and p]ayas, a few
perennial streams which drain the surrounding mountains, and
some flowing springs, several of which are thermal. A1l o
drainage is into the basin. Water collects on the numerous
small playas in the area and on A]vord Desert and A]vord Lake
where it evaporates. - .

The largest lake in the basin is A]vord Lake, Max1mum water
depth does not exceed a foot and its surface area varies with
the season and precipitation. It is usually dry by mid-summer-
and has an alkali crust on the surface.  During periods of heavy
prec1p1tat1on the lake may overflow into the A]vord Desert which
is a 1arge playa.

Trout Creek is the largest perenn1a1 stream and flows toward
Alvord Lake from the southeast. The avegage volume is 11,200
acre-feet/year with a flow rate of 0.4 m3/sec. (U.S.G.S. Water
Data Report, 1975). Much of the flow from Trout Creek is :
diverted for irrigation purposes or sinks into the allyvial
basin floor so that 1ittle, if any, water reaches Alvord Lake.

There are three main areas of thermal springs in the Alvord
Valley. The northernmost is Mickey Hot Springs which includes
flowing springs, fumaroles, several vents, small pools, sinter
cones and boiling mud pots. Several springs discharge-100 Tpm
of 739C water and are depositing sinter. It is reported that
the area surrounding the springs has a hollow sound when walked
over and that water can be heard underground.

Alvord Hot Springs is situated about 24 km southwest of Mickey
Hot Springs along the western boundary of the graben. The
series of 6 to 8 springs are aligned in a north-south direction
which indicates fault control. Surface temperature of Alvord
Springs is 760C with an estimated flow rate of 500 1pm. Two
pools and a sheet metal structure have been constructed at the
site for public bathing.
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Borax Lake Hot Spfings;ja]sofanWn’as'HdtﬁLhke;'is*the'

- southernmost group. -They are located around the old borax -
 works. Several springs follow a northwest-trending fault mapped -
by Walker and Repenning (1965). A large pool, Borax Lake, '

approximately 275 yards in diameter has been formed at the
southern end of the line of springs. Surface temperatures have
been measured as 369C and 980C with a flow rate of 200 Tpm.

The springs are also depositing siliceous sinter.

 These springs are the water source for Borax Lake. Water flows
out of the lake through two channels, one on the west side and
one on the south side. The flow generally goes into Lower Borax
Lake Reservoir or into ponds northeast of the reservoir. '

The three main groups of thermal springs in the Alvord Valley
“have unusually high concentrations of boron and 1ithium. This
seems to indicate that the waters may be migrating through the
valley alluvium where evaporites occur in small playas rather
than from the surrounding mountains. (36)(37) :
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'fiRESERVOIR CHARACTERISTICS f S AN
- SITE: ALVORDKGRA |
..ReserVoir Temperatufe

Alvord  Mickey  Hot (Borax)

| _ -~ Hot Springs Hot Springs  Lake Spring
“;.Surface: | 760C 730¢ 96¢C h
. .Subsurface: 20000 - 2100C 1809
;;GeochemiCa] - o S -
| Si0p: . 148%c - 180°% 165°C
Na-K-Ca: -~ 1999¢ - 207°C o '176°c

..Total Dissolved Solids: Alvord Hot Spring 1440 ppm
..Fluid Chemistry: (See following Table)

..Estimated Reservoir Heat Content:

Alvord Hot Springs - .5 x 1018 a1,
Mickey Hot Springs - 1.4 x 1018 cal.
Hot Lake Springs - 1.2 x 1018 ca1. (1)

If Hot Lake, Mickey and Alvord are onevlérge.systém with
temperafgres as at Mickey, the heat content would be

30 x 1018 cal., however, three separate systems is the
preferred model. (1)

..Estimated Electric Energy Potential:
310 MWe (DOE Division of Geothermal Energy)

..Subsurface Area of Reservoir:

Alvord Hot Springs - 3 km estimated
Mickey Hot Springs - 6 km estimated
Hot Lake Springs - 6 kmZ estimated (3)

¢
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.gchehicalfAnalysis of Hot Springs;"'

SpeC1f1C conductance

- (micromhos).
Sil1ca
Calcium
Magnesium :
Sodium.
Potassium-
Lithium -
Bicarbonate
Carbonate .
Sulfate
Chloride -
F]our1de
Boron =

PH

Flow-rate (lpm)A‘

A]vord Hot Spr1ng

© Mickey

Hot (Borax)

Temperature (°C),

o (Ind1an Spr1ng)

4 590

120
13

?  rﬁnits mg/1

fﬂqt‘Springs
2,490

200

- - Location: A]vord Hot Spr1ng - Sec. 33 . 34S
e Mickey Hot Spring - Sec. 13, T. 33S., R.35E.

- Sec 15, T.37S.,

“Unnamed Hot Spring- Sec. 16, T.39S.,
(Trout Creek)

- Hot Lake . Spr1ng

2 0.9 o
g0

>‘;;?:250

~ Lake Spring
2,020

160

0. 3
28

a,;},;w 0.5
374
g

D434
7.2
15
96

Unnamed Hot Spr1ng

7.30 o

R 34E

Near Trout’ Creek Q -

‘IOSfi;Qggjf
“18 o

0. 8
270
1 10.8
‘439
1
204
- 24
- 12.8
- 70.89
52
- 6.77
200

R.33£.
'R.37E.

" (3) (2a1)
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LAND owusasmp AND LEASING
SITE: ALVORD KGRA |

'-;.Tota] KGRA acreS' '176 835

e‘ Federal land is managed hy the Burns District of BLM.

..Approximate Ownership:

public minerals 106,438 acres

Public land -

State land - state minerals 5,360 acres
Private land - private minerals 63,441 acres
Prlvate land - public minerals . 1,134 acres

(M1nera] rights in portions of these areas is undertermined) -

..Land Leased in KGRA: Federal 23,661 acres
‘ = State 2,800 acres
Private 41, 500 acres: (approx1mate1y)

H1ghest Price Lease: $10.56/Acre

..$/Acre o Lessee .- Federal {Acres)
7. 17 o Al-Aqu1ta1ne : . 2560
6.57 Al-Aquitaine ' 2560
2.07 Republic Geothermal , 1920
5.38 Republic Geothermal . 640 -

- 2.07 ' Republic Geothermal 2560
10.56 - Republic Geothermal 2560
2,13 - Republic Geothermal 2402
4.47 S ' Mapco’ 2397 . -
2.17 . Mapco : ' 1920 )
6.03. .. Mapco v 2016 -
5.25 Getty 0i1 ‘ 2126 -
2.53 Supron Energy 2560 .

..Leasesion‘State Land:

Lessee - Acreage
o MaxMillis. . 1280
. Intercontinental Energy S C 640
" Intercontinental Energy 1280
~Thermogenics o - 240

“Thermogenics ’ ' - 640
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..Leases;on_Privafe Land:

LR o : ~ Acreage
‘ _Lessee _ S - _Qé;gAggrox.)-e
Anadarko Product1onu Y R e 27'594 L
~“Union-0i1" - = - oo oo 11,014
Getty 0Oi1 - T - 2,729

~_ Standard 0i1 -~ . o oo 1600

..Lease sales:

Held 5/22/75, 5/29/75, 6/5/75.
‘A lease sale scheduled to 10/78 was postponed due to pendlng
1ega1 matters.v o ,

..Ndmber df‘Bids Rejecfed: 6.

..Summary‘of'Leasinngtatus‘and-Neéds:f'

Three compet1t1ve lease sales were held in 1975. of fhe 4
units that were offered 14 were 1eased w1th a tota1 of 23 661
‘acres. ; O .

The Bureau of Land Management reJected six bids from Union and
Getty 0il1 Companies for being too low. Both cases were appea]ed
to the Department of Interior's Board of Land Appeals. The '
board rejected Getty's appeal in 1976." Union's case was heard
in December 1977 and as'a result an order was issued requiring
the solicitor to consult with the U.S. Geological Survey and '
. 'provide more information to ‘the board.. The case is still.

- pending. . Reoffering of land does not seem Tikely until this .
case is reso?ved and ‘the BLM completes a road]ess area study

. ..Present Development Status.,‘f;;1f=’:“}'**¥‘557¥ S f’“ f'f*i
. A]vord Hot Spr1ngs are used for bath1ng.} h‘}'ni;iesgg.u

Act1ve exploration has been tak1ng p]ace for several years.,!ff'
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INSTITUTIONAL CONSIDERATIONS
SITE: ALVORD KGRA

..Institutidnal:RequirementS"

The area is zoned agricultural (A-1) which allows explorat1on
activities and power generating plants.

Explorat1on and development activities may require a cond1t1ona1
use permit from Harney County in certain areas.

Agency and Public Attitudes:

As indicated by the leasing of prlvate land, ]ocals are in favor
of geothermal exploration. Approximately 41,500 acres or 64
percent of the private land within the KGRA is under lease.
Reportedly annual rental rates vary from $.25 to $2.00 per acre.

Harney County Planning Committee sent a letter to the BLM in
1977 stating no objections to an environmental analysis of
14,225 acres for exploration and poss1b1e development of
geotherma] energy.

Residents of the area appear to favor geotherma] development as

long as it is compatible with existing land uses and does not
significantly modify the natural landscape.

..Status of Requirements:

An Environmental Analysis Report address1ng geotherma] leasing
in the Alvord Desert was issued by the Burns District BLM 0ff1ce
in January 1975.

The Bureau of Land Management is conducting a road]ess area .
study 1n 1978 and 1979 which includes the Alvord Valley.:

Sierra Club and the High Desert Study Group filed suit against
the BLM claiming that the environmental analysis was not
sufficient. They sought to halt all 1eas1ng until a full EIS
had been completed. The case was heard in the 9th Circuit Court
in January 1978. Judge Burns denied a preliminary injunction
barring leasing. A final decision is still -awaited.  In the
meantime the BLM is required to submit monthly reports to the
Judge listing details of all access to the area. In late 1978
40 monthly reports had been submitted. R '

Reoffering and leasing of add1t1ona1 units cannot take place

until the legal cases are resolved and the BLM has completed the
roadless area study.
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. ENVIRONMENTAL FACTORS
~ SITE: ALVORD KGRA

-« CLIMATE: Semi-afidxtq arid
..P}eyailing WindE:' West. Strong winds common ‘March to June.
© ..Precipitation (Amnual): 20 em . o
:v..AveraQeATémbérafufe ‘9;4°C (48;9ijffﬁ S e

. Minimum: 1.10C (34,19F) - .
- Maximum: ; 17.5C"(63,60F) - .

"Re1??iVe3”“midify (Se@$ona1-P?aks)' P

Summer: 30-40 percent
.. Winter: 70-80 percent

«.AIR QUALITY:

No monitoring stations are maintained in the area, '
Dust from wind storms is the only contaminant‘of,note.;ﬁ,'

l"WATER:QUALITY;_:;1 L

No information is available on-groundwater quality. _
Most of the water in the valley away from the fresh water
recharge areas is saline and has a high boron,concentration;;

The basin and lake beds are strongly alkaline, a form of natural
pollution. v R R PR A T
South of Alvord Lake near Hot Lake, several:thousand acres are
encrusted with a layer of sodium borate several inches thick,
~which also contains sodium carbonate, sodium sulphate, sodium
chloride and other salts. (37) B ’ S

..NOISE:

Ambient noise levels are low with most noise coming from traffic
- along roads. I ~ VI e L
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ENVIRONMENTAL FACTORS
" (CONTINUED)

'SITE: ALVORD KeRA

. .BIOLOGICAL
~ ..Dominant Flora: _
There are two méJor plant communities in the area: the
desert shrub type in the valley and b1g sagebrush -
association above 1,280 meters

The desert shrub zone is extreme]y frag11e and subJect to
rapid deter1orat1on by any d1sturbing 1nf1uence

Desert shrub zone: sagebrush, greasewood saltbush
cheatgrass, saltgrass, and others.. o

Big sagebrush zone: sagebrush, bitterbrush, bluebunch

wheatgrass, Idaho fescue, patches of Jun1per and a]der,
forbs and others.

..Dominant Fauna: o ,
Mule deer, antelope, feral horses, coyotes, jackrabbits,
rodents, nine species of lizards, seven species of snakes,

sandhill cranes, waterfowl, shorebirds, marshbirds and
others. : :

..Endaﬁgeréd Species:
| -Fauna:. |
Golden eagles
> Oregon Endangeredepecies List:
Alvord Chub
Alvord Cutthroat trout

Collared lizard
Leopard 1izard
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| SITE: ALVORD KGRA

..Uti]ity or Energy Transmission Corridors and Faci]ities

A 115 kv transmission Tine crosses the valley from roughly east
“to west near Fields. : : , , i

A lesser line para11e15 the north-south county road WIth spurs
to ranches and water wells. L

Harney Electric COoperat1ve prov1des e1ectrica1 service to
. ranches within the area and to the community of fxelds (1n
,i,service since 1962). B v T

Transporat1on Corridors or. Faci]it1es 1*j2,jﬁir

A gravel county road traverses the west side of the Alvord
Valley connecting the communities of Fields, ‘Andrews -and Denio,
Nevada. Numerous unimproved roads crisscross the area..

- The Steens Scenic Loop Road ‘extends northwest from Fields,

" through the Steens Mountain, north to Frenchglen and Burns. An
unimproved road eastward by way of ‘Whitehorse Ranch provides
access to U.S. Route 95 to Burns Junction and McDermitt,

- Nevada. The county road intersects State Route 78 which goes to -
Burns. The distance from Fields to Lakeview is about 232 km by
way of Denio and U.S. Route 140. "A landing strip is located at .
F1e1ds. ‘ : e R I
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* POPULATION
“SITE:  ALVORD KGRA

' ..General Descript1on of Populatlon 7 ‘
The A]vord Valley 1s one of the most remote areas 1n Oregon.

,Only a few ranchers inhabit the area, there are,no paved‘roads
and the c]osest 1ncorporated town is overtlﬁo km distance.

The commun1ty of Fields has a year round population of 11 and
boasts a post office, a combination cafe-motel-gas
station-general store, and a schoolhouse. There is also a
schoolhouse at Andrews, population less than 10. Fewer than 10
children attend the two schools. Upon reaching high school age,
students attend a public boarding school in Crane.

~ The owners and employees of the approximate nine ranches
headquartered in the area comprise a1most the total population
of the KGRA

Total popu]ation of the KGRA and closely adJacent area numbers
less than 50.

vyBurns, about 200 km northwest of F1e1ds, is the closest serv1ce
center for residents of the Alvord Valley.
.;Economics

..Present Land Use:
The economy of the area is based almost exclusively on
livestock production and grazing.

..Future Land Use:
Ranch1ng and- 11vestock grazing are likely to remain as the

primary Tand use given the physical character1st1cs and
limitations of the land. . :
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HIGH LAVA PLAINS GEOTHERMAL PLANNING REGION

The nghr Lava Plains extend from the foot of the Cascade Mountains to the
eastern border of the Harney Basin. The region is bounded on the north by
the Blue Mouhfmns and on the south by the Basin and Range province.

“The Iondscope 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 in Oregon.

Populahon_m the reglon is concentrated in the B_end and Burns areas. Outside
these communities, population levels are low. Economic activities are
centered on the forest products industry, livestock and recreation.

The U.S. Geological Survey has classified two portions of the region as Known
Geothermal Resource Areas: Newberry Crater and Burns Butte. The
potential of geothermal development in these areas .is discussed in the
following chopfer. In addition, a narrative overview of the Brothers fault
zone, a major structural lineament which crosses the region, is presenfed to
provnde a better understandmg of the geothermal potential of the region.
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~SITE: NEWBERRY CRATER KGRA, OREGON
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NEWBERRY CRATER -

The Newberry Crater KGRA covers 31,284 acres . in Deschutes County in
central Oregon, T1.215., R.I3E., W.M. The KGRA 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 {,315 m. at Paulina
Creek to 2,434 m. at Paulina Peak and vegetation ranges from sagebrush and
juniper to lodgepole and ponderosa pine forest according to elevotion. :

,Newberry Croter has been closs:fled os a K(.RA based pnmorlly 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). Much of the shield volcano was
~developed . during Pleistocene times and : although the date of caldera
formation is uncertain, flows and pyroclastics are not covered by Mozoma ash
~and therefore are less than 6 600 years old (Huggms ond Waters, 1967).

Unclerground heot sources are mdlcated by the. hot sprlngs Sltuoted along the
northeast shore of Paulind Lake and the: south shore of East Lake.
~Temperatures of the springs are fairly low, 57.3°C .and 62°C respectlvely, but
..these readmgs are influenced by cooler water in the Iokes. .

A heot flow and temperature groolent study olso suggests the exlstence of a
potentially - voluoble geothermal - resource. - ‘Although - measurements - were
- inconclusive due to . shallow well. depths .and the . effects of migrating
~groundwater, still Newberry Volcano was one of three areas near the Brothers
fault zone that was ldentmed as: bemg especnolly promlsmg for: geothermal
: aevelopment. , : -

A US Geologlcal Survey report (MacLeod and others, 1 975) suggests that
--Newberry .Volcano - has  significant potential based:on-the probability of a
- shallow heat source situated directly under- the caldera. .The U.5.G.S. ‘is
~.conducting an on-going temperature gradient: drilling program mcludmg holes -
L.mthln the caldera ond on the flanks of the volcano. =+, .~ o "
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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 is made, primarily day-use and outdoor ochvmes
: whlch do not requu'e structured facnlmes.

:However, the Bend area is one of 1he 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 1978 population is 17,100,  Timber
production and recreation are two of 1he most :mpor'rant aspects of the area's
economy.

A large part of the growth in Deschutes County is occurring in the area
between Bend and LdPine which is about 20 km southeast of Newberry
Crater. much of the development is in the form of subdivisions to provide
housing for year-round residents and recreationists. Reportedly, 15,000
“undeveloped lots have been sold in the Bend area. ce :

Recreation is a year-round business. In the winter large numbers of people
are attractea to the area for skiing at Mt. Bachelor and snow-mobiling and
cross-country skiing in the Deschutes National Forest. In the summer the
high lakes country and forest areas are heavily used for flshlng, hnknng,
campmg 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 if a resource were
readily available. The problems are: distance from the site and insufficient
data on the true nature of the resource. If a resource suitable for
non-electric applications was discovered within the crater, pumping hot water
up and 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 po'rennol for
geothermal development but less than within the volcano itself.

The pofenhal for elecmc generahon 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-competitive lease applications on a considerable

portion of land in and arouna Newberry Volcano. Lease applications in total,*

including private companies and individuals, cover obouf 2614,000 acres in a
9-11 km. radius of the volcano.
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Processing of lease applications awaits completion of an Environmental .
Analysis Report addressing non-competitive leasing in the Newberry area.
The Deschutes 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) will 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 December 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 considerations.are also.a
controlling factor. Of primary concern are the area's geologic uniqueness,
roadless qualities, recreational opportunities and scenic vaives. - . -

In 1975 the Oregon Legislature passed House Joint Resoluation 31 which
directed the Nuclear and Thermal Energy Council (now the Energy Facility
Siting Council) to designate 39,000 acres, including Newberry Crater and' the
Lava Cast Forest geologic interest area, as unsuitable for thermal power
plants. Environmental groups have also ‘expressed concern about potentia
adverse impacts from geothermal development at Newberry Crater. - '

It seems evident that any geothermal development at Newbery Crater will
have to be compatible with environmental factors and conform to existing
land uses. Otherwise state regulatory bodies and public pressure will not
likely preclude such activities. ~ S
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SITE DATA SUMMARY
SITE: NEWBERRY CRATER KGRA

‘,.Physiéal Reservoir Date
| .. lemperature °C :
Surface: 62°C
..Site Land Status
Tota1 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 Geothermai Development:

Highly sensitive.

House Joint Resolution 31 (1975) directed the Nuclear -and
Thermal Energy Council to designate 39,000 acres including
‘Newberry Crater and Lava Cast Forest as unsuitable for thermal

power plants.

..Land Use and Popu]ation'

The crater is essentially uninhabited, but is heav11y used for
recreation and timber production. :
Deschutes County area is one of the most rapldly expanding
regions in Oregon. Timber production, recreation, agriculture
and 11vestock raising are the primary economic activities.
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SITE LOCATION AND PHYSICAL DESCRIPTION
SITE: NEWBERRY CRATER KGRA =
..Latitude: }439‘44!,N
..Longitude: 1210 14° W

..Rectilinear: -Secs. 11, 13, 14 15 21 28 33-36 T. 215.,
L : .. -R.12E; WM. .
" Secs..1-4, 9 12, T, 225 R 12E., S
Secs. 10, 15-22, 27-34, T 21S., R. 13E.;
Secs. 3- 10 T. 225., R. 13E :

..County: Deschutes
..Adjacent Counties: “Lane, Jefferson, Cquk, Lake, Klamath

..Map Reference: _U.S.G.S. topographic - Paulina Peak
ANS - Crescent 1:250,000

Topography

Newberry Vo]cano is a broad ‘shield volcano, elevation 2,440
meters, rising-1,219 meters above the basalt plateus of central
Oregon. The vo]cano is marked by a large caldera which contains
' East and Paulina Lakes. The lakes are separated by cinder cones
and a large obsidian flow. Elevations at the iakes are: - 1,930
m. (6,331 ft.) Paulina Lake and 1,942 m. (6,371 ft.) at East
~ Lake.  The overa]] terrain is var1ed ranging from rolling ‘
topography with many cinder cones and lava fields to steep
bluffs. Elevations range from 1,315 m. (4,314 ft.) on Paulina
- Creek to 2,434 m. (7,985 ft.) at Paulina. Peak Pau11na Creek
drains the ca]dera to the west. : e

..Present Land Use: Heavily dsed‘recreation.anditimbeh
» ’ . production area.

"..Future Land'Use'P1ahS'

"Future land use is expected to continue recreat1on 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. Hiking trails and
fishing in the lakes within the crater are popular recreational
activities. Young volcanism has resulted in a variety of .
interesting geologic features such as: 1lava tubes, obsidian
flows, pumice deposits, cinder cones and ash flow sheets. (1)

..H1stor1ca1/Archaeo]og1cal S1gn1f1cance

Three known sites have been nom1nated to the National Reglster

of Historic Places. Others may be present.
Charcoal Cave

Pipeline Archaeological Site (1)
Paulina Lake Archaeological Site
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© GEOLOGICAL/GEOPHYSICAL DESCRIPTION
SITE: NEWSERRY CRATER KGRA

..Geologic Descriptioni' |

Newberry Volcano is a broad shield volcano rising about 1,200
meters above the basalt plateus of centra] Oregon. The basal
dlameter is approx1mate1y 32 km. :

The volcano has a summit caldera which conta1ns two large lakes,
Paulina and East Lakes. The lakes are separated by obsidian
flows, pumice cones and basaltic tuff rings. Paulina Creek,
flowing west to the Deschutes River, is the only surface
drainage for the crater. ,

The caldera is an oval depression in the summit of Newberry
Volcano about 8 km long and 6.4 km wide. It was formed as lavas
beneath the volcano were erupted withdrawing support which
caused subsidence along concentric faults. These ring fractures
are marked by cinder and spatter cones.

Cinder cones and small vents numbering more than 150 are also
‘Tocated on the flanks of the volcano, primarily on the southeast
and northwest sides. They generally trend N.25° W. .

Numerous northwest-trending faults are apparent on Newberry
Volcano itself and within the crater. The most recent and
obvious of these is a zone of en echelon faults trending N.300
W. beginning in the caldera at the fissure at East Lake and
extending about 24 km to slightly north of Lava Butte. At least
eight separate basaltic lava flaws have occurred along th1s
"northwest rift zone" (Peterson and Groh). .

Much of the shield volcano was deve10ped dur1ng P1e1stocene -
times with eruptions continuing until a few centuries ago. The
early flows were basalt which were followed by thick sheets of
rhyolite and later with basaltic ash. After the flanks of the -

"volcano had reached their maximum height, basaltic eruptions
removed support beneath the summit causing 1ts co]lapse, thereby
forming Newberry Crater. - A
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A variety of features including pumice cones, rhyolite domes,
basaltic tuff rings and obsidian flows were formed in the crater
after its creation. Most of these landforms are less than
12,000 years old. The Big Obsidian Flow southeast of Paulina
Lake is the youngest feature with an age of approximately 1,200
years.

Newberry Volcano is located between two regional fault systems;
the north-sourth trending High Cascades and the Brothers fault
zone. The Brothers fault zone extends from the Steens Mountains
in southeast Oregon to near Bend generally trending N.60° W.
Near Newberry Volcano the zone appears to take a turn and head
in a N.359 W trending-direction towards Sisters. The
implications of these tectonic features in regards to their
association with Newberry Volcano is not well understood.

(4)(7)(8)(9)(10) |
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RESERVOIR CHARACTERISTICS
SITE: NEWBERRY CRATER KGRA

..Reservoir Temperature
..Surface: 629C (2)

..Subsurface: No estimates available

. .Geochemical -‘Chemical concentrations in the hot springs water
is very similar to those of normal groundwater,
thereby preventing the application of
geothermometry techniques.

Waring lists the following spr1ng temperature
East Lake - 61°C 8141°Fg
F)

Paulina Lake - 21°C (70 3

..Fluid Chemsitry: East Lake Hot Springs

Specific conductance (m1cromhos) - 396

Silicia . L .36

Calcium : .38

Magnesium = . ' : 16 -

Sodium e TR .32 T

Potassium . 3. 8 (Units mg/1)

Lithium L +01 ,

Sulfate = . - . . o - .58

Chloride o : 0.4

Flouride = 0.2

Boron B TRy R .93

Compos1t1on of Escap1ng Gases (1n volume percent)

Carbon D1ox1de o :» SRR .56
-Nitrogen - ;;a; e L e 30 o
Methane B T N T I _b.,gl,: o
Oxygen and Argon P R T T

East Lake Hot Springs - T.21S., R.13E., Section29 .~
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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 5’ 31,284 acres
..Land Leased - FEDERAL (Acres) -0
..Highest Prices Leases‘(Dollars/Atre) - N/A

..Lessee - N/A

..Tentative Lease Sale Dates: 12/80

- -Number of Sales Offeréd But No Bids: N/A

..Number of Bids Rejected (Resultihg in No Lease): .N/A ,
..Summary &f Leasing Status and Needs:

An environmental impact statement covering Newberry Crater must X

- be completed before competitive leasing can take place. ‘
Approximately 117 non-competitive lease app11cat1ons have been
filed on 264,000 acres in a 9-11 km radius of the rim of
Newberry Crater. Processing of these applications should begin
in 1979 following approval of the EAR for non-competitive
leasing. Lease applicants include Phillips Petroleum, Union
0il, Chevron, California Geothermal, Sunoco-and others.
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GEOTHERMAL DEVELOPMENT STATUS
SITE: -NEWBERRY CRATER KGRA

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

- Industry 1nterest in'exploring for geothermal resources; as
eVidenced by‘filing of lease applications, is extremely high.

..Exploration Aetivities:"

The U.S. Geological Survey has selected three sites; one in the
crater, one on the southwest side of the crater and another on
the northeast. flank of the crater, for drilling temperature
gradient holes. 'The northeast location was-drilled in 1977 to a
depth of 384 meters. A stuck drill pipe prevented further
drilling. In.September 1978 the hole inside.the crater was -
drilled to 304 meters. Reported bottom hole temperature shortly
after drilling ceased was about 900C. (6) It is expected

that the well will be drilled to a depth of 609 meters in 1979.
Dr. Ed Sammel is d1rect1ng the. proaect for the U.S.G.S.

The Oregon Department of Geology and Mineral Industries measured
temperature gradients in five drilled holes and four water wells

- _near Newberry Volcano and Bend. None of the sites were on the
volcano. -Data from these we]ls are avallable in the C1ted
references. _ :

One well located in T.21S., R.11E., Sect1on 25 west of

Paulina Lake had.an average gradient from 12.5-35 meters of -

39.60C/km. The gradient increased with depth and was found to
. be 6590 C/km.from 27 .5-35 meters. :The -estimated heat flow is

2.4 HFU {Heat Flow Units). This value is of low reliability -

because of the shallow depth:of the ho]e and possib]e effects of
groundwater m1grat1on.‘ . RN

'_The Brothers Fault Zone heat flow study suggests that Newberry
Volcano is one of three areas a]ong the Tlineament which appear -
particularly prom1s1ng for geothermal development. Heat flow .
measurements in the area are not reliable in-holes less than 152
meters due to groundwater effects. The study states that holes

- in basalt will need to be at least 300 meters in order to obtain-
-reltable data.- The need for,further testing.seems apparent.:

*5(5)( 1)
PrOJected or P]anned Exp]orat1on'7f .

- Further temperature gradlent drilling by the U.S.G.S. in 1979.
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INSTITUTIONAL CONSIDERATIONS
SITE: NEWBERRY CRATER KGRA

*

..Institutional Requirements:

Oregon House Joint Resoluation 31 (1975) directed the Nuc1ear
and Thermal Energy Council (now the Energy Facility Siting
Council) to designate Newberry Crater, Lava Cast Forest and
contiguous roadless areas as unsuitable for thermal power
plants. This area covers 39,000 acres.

Exploration can apparent]y take place outside the 11 OOO acres
of the caldera. _

..Agency and Public Attitudes‘

Attitudes, as expressed by Oregon Legislature, are negative
towards geotherma] development in Newberry Crater.

.;Status of Requirements (i.e., EIA/EIS Requirements):

An Environmental Analysis Report covering geothermal leasing for
the Ft. Rock Ranger District was issued in October 1975. This

- EAR did not address geothermal leasing in Newberry Crater.’
The Deschutes National Forest is p]ann1ng to do an Environmental
Impact Statement for geothermal leasing in Newberry Crater.
Release date is targeted for fiscal year 1980.
An Environmental Analysis Report addressing non-competitive
leasing in the Newberry area is being compiled by the Forest
Service. A draft copy should be available in early 1979.

Two areas totally surrounding East and Paulina.Lakes on Newberry
Voicano are being examined by the U.S. Forest Service as part of
the RARE II process for possible inclusion in the National
Wilderness Preservation System. As classified in the Oregon
Supplement to the Draft Environmental Statement - Roadless Area
Review and Evaluation, neither area has produc1ng, proven or:
poss1b1e geothermal resources.

The areas are as follows:

Area Administrative - " Total

Area  Code : District - Acreage
North Paulina 6196  Deschutes Nationa]vForésf S 22,200
Ft. Rock»RangerﬁDistrict ‘ o :
South Paulina - 6197 Ft. Rock Ranger District - 10,200
(12)
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~ ENVIRONMENTAL FACTORS
SITE: NEWBERRY CRATER™ KGRA

. +CLIMATE

Prec1p1tat1on (Annual) 64 76 cm

Average mld w1nter snow depth is about 2- 3-meters. “Snow
gepth in Newberry Crater has been measured as h1gh as
meters.

.aAverage,Temperature;' 8.6°Cv(47.5°F)-

Minimum: - -590 C (-259- F)
Maximum: = 40.50.C (105° F)

..AIR QUALITY: - Generally h1gh due to remoteness from 1ndustr1a]
T : and populat1on centers

. .WATER QUALITY:

- Quality is high but there is hardly any surface water due to the
permeability of volcanic materials at the surface and
subsurface. Paulina Creek flowing west to the Deschutes River
from Paullna Lake 1s the on]y stream 1n the crater

..NOISE' Low levels
. .BIOLOGICAL
o Dominant Flora

Mixed ]odgepole pine, ponderosa p1ne and wh1te f1r forest
assocation. ,
Non- -forested areas - Jun1per, sagebrush and rabb1t brush.

..Dominant Fauna: Mule deer, Black bear cougar, coyote,
. -+ . squirrel, :
procupine, pocket gophers and others. =
Numerous bird species. o
- Big game such as deer, ante]ope, elk and-
bear may water within the crater, but must
go out51de to feed. (1). :

.:Endangered Species
Flora: Unknown

Fauna: Northern bald eagle- (Ha11aeetus Levcocephalus
: alascanus)
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TRANSPORTATION AND UTILITIES
SITE: NEWBERRY CRATER KGRA

..Utility or Energy Transmission Corridors and Facilities

Two Bonneville Power Administration transmission Tines are in
the vicinity,-one to the east and one on the west side of

Newberry Crater. A private utility transmission: 11ne parallels

the BPA 1ine east of the caldera.

gatugal)gas p1pel1ne para]le]s H1ghway 97. (Cascade'Nafural
as Co

.. Transportation Corridors or Facilities
U.S. Highway 97 connects the Co]umbia River area to the north

with Klamath Falls and California to the south.

U.S. Highway 20 runs east-west between the Bend- S1sters area to
the eastern border of the state at Ontario.

Others: State Route 31, Century Drive Scenic Loop (Cascade
Lakgs H1ghway), numerous Forest Service and logging
roads.

Burlington Northern rail line runs north-south neér HighWay g7.
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POPULATION
SITE: NEWBERRY CRATER KGRA

..Genera]fDescription of Population

Newberry Crater is essentially uninhabited except for families
operating the two resort facilities. However, the Deschutes
County area is one of the fastest growing regions in the state.
Between 1960 and 1970 the Deschutes County rural populat1on
increased 66%.  Much of this growth has taken place in the Bend
area between Sisters and LaPine. Developments range from small
wooded lots to large planned communities such as Sunriver and
Black Butte Ranch. Subdivisions are becoming more common ‘and
growth is expected to continue as 15,000 undeveloped lots have
been sold., Recreationist and ret1rees are part1cu1ar1y
attracted to the Bend area. (1) (4)

Population Centers:

" Bend - 17,100 approximately 40 km north of
S - Newberry Crater.
La Pine - 20 km SE
Sunriver - 30 km NW
Redmond - 6,450 about 66 km north of Newberry
Crater.

..Economics
..Present Land Use: .

. Deschutes County has a diversified economy based
- primarily on timber production, agriculture, livestock
v ra1sing and recreation. Forest products manufacturing
is increasing. Land use at Newberry Crater is focused

on_extensive recreational use and t1mber management by

the Deschutes National Forest

. .Future Land Use'

No major land use changes in the caldera are -
anticipated. : ¢ :

~ Continued- growth of res1dent1a1 deve]opments in
surrounding areas is apparent.

1163




164



~SITE: BURNS BUTTE KGRA and BURNS GEOTHERMAL AREA
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BURNS BUTTE KGRA

Burns Butte is sifuated 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 Geofhermol Resource Areo because of overlapping lease
appllcanons.

Burns Bu'rte lies in the High Lava Plains province which is choroctenzed 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. Burns Butte 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, is a lumber mill town with
a population of 1,575. The sawmill is one of the largest energy consumers in
the area (energy use - Appendix B). 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 immediote area.

These hot springs are located all along the margins of Harney Basin, but are"

primarily concentrated in two groups; the largest group is 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 sprlngs
appears to be structurally controlled by the Brothers fault zone. The springs
at the southeastern end of the belt have the highest temperature, 68° C at
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 30°C, but has substantial flow rates. In
addition to these two main groups, hot springs and warm water wells are

scattered 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 appi'oximotely 16
km west of the community of Crane. The sprmg discharges 550 Ipm of 80° C
water. Silica geofhermomefers indicate a minimum reservoir temperature of

127° C. ThlS hot sprmg was once used for a natotorlum. :

Heat flow and geothermal gradnent studnes 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 |10-140° 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 opercmons and me’rhone
production, and space hecmng -

Geofhermully heated .greenhouses and pavement de-icing would also be
attractive considerations given the area's short growing season and severe
winters. A district heating system would likely require a large: energy
consumer, such as the ‘Hines mill, to economically justify service to a small
population.

Although no leases have been issued for the Burns Butte KGRA,
non-competitive leasing in the Harney Basin has been active. It is estlmated v
that 200,000 acres of private land have been leased for geothermal rights.
Most of the leases have been ocquured by large energy development
companies. Assuming that their interest is in potential geothermal electrical
generation, no one is -actively pursumg the development of dtrect use
opphcahons for the Burns area. , : :
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‘ SITE DATA SUMMARY
SITE: BURNS BUTTE KGRA and BURNS GEOTHERMAL AREA

,..PhysdcaTAReservoir Date

..Temperatnre o¢c - Temperatures are for an unnamed hot
= : spr1ng near Harney Lake

Surface: 680 C B Subsurface: 1326 C (13)‘
..Type of‘Overlaying.Rock: ‘easa1§}¢ tuff anddolivine pasalt
..Estimated Depth to Top of Reservoir (meters): 1.5 km
.. Site Land,Statué - i KGRA established by over]app1ng ]ease |

applications.

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

. .Geothermal Development Status:

Active exploration in the region.

..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 of 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, Tivestock
and tourism,
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SITE LOCATION AND PHYSICAL DESCRIPTION
SITE: BURNS BUTTE KGRA

..Latitude: 430 36' N
..Longitude: 1190 08' W . |
.;Recti]inear Burns Butte KGRA - Sect10n 28 w M., T 23s., R.30E.
..County: 'Harneyi
..Adjacent Counties: :Lake, Crook, Grant, Malheur, Humboldt, Nv.
. .Map Referencef' AMS Burns, Oregon  1:250,000

Topography ANSES ' |

The area lies entirely w1th1n the High Lava. Plalns Prov1nce that

" is characterized by lava flows 1,067 to 1,829 Km (3,500 to 6,000
feet) above sea level whose nearly uneroded surface carry few
established streams. All of the drainage is into the closed
Harney Basin. The nearly treeless, low valley bottoms and
plateau areas support mainly sagebrush and bunch grasses,
whereas the e]evated foothills are covered with scattered
Juniper. (14)

..Present Land Use

The primary land uses are agr1cu1ture and ‘livestock ra1s1ng
Portions of the area are managed for wildlife hab1tat
watershed open space and recreatlon. : :

The KGRA parce] is encumbered by PLO 4858, a reservat1on for o
mainline U.S. Forest Service Road. Presumab1y it does.not -~
forbid mineral leasing. The entire parcel is 1nvolved ina
pending 011 and gas 1ease application- (OR 12551) (14)

The Burns Indlan Reservat1on is east of the town.f-

u.sS. Geo]ogaca] Survey has c1ass1f1ed the area as prospect1ve1y :
va]uable for oil and gas. ,

..Future,Land-Use P]qns,

. The Harney County Comprehensive Land Use Plan states the
following goal: To encourage new industries compatible with the
natural resources to develop within the county, consequently -
located and compatible with their needs and ava11ab1e
resource. (14) ;
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SITE LOCATION AND PHYSICAL DESCRIPTION (continded)-

..Aesthetics:

Malheur National Wildlife Refuge is in close proximity;

Diamond Craters has been proposed as a Natural Research area
because of its geological, botanical and. zoo]og1ca1 significance
for educational and sc1ent1f1c value.

..Historical/Archaeological Significance:

There are no known historic structures within the lease areas.
The Oregon State Inventory of Historic Sites lists two sites
bordering the lease areas; Harney Lake Sand Gap (Section 18,

T. 275, R.30E) and the Malheur National Wildlife Refuge. None
of the proposed lease tracts have been professionally surveyed.
The State Historic Preservation Office and University of Oregon
files did not reveal any sites located wwthln the lease areas.

(14)
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GEOLOGICAL DESCRIPTION
SITE: BURNS BUTTE KGRA

..Geologic Descr1pt1on

Burns Butte in the Harney Basin lies in the ngh Lava Plains.
The province is an uplifted region of young lava flows. The
surface is marked by volcanic features such as cinder cones,
craters and lava buttes. Tertiary volcanic rocks are basalt
flows, ash-flow tuffs and tuffaceous sediments.

The Brothers fault zone, a major structural lineament, crosses
the basin in a northwest-trending direction. Displacement along
the faults has localized many of the volcanic surface features.
Burns Butte is one of these centers. ‘

The stratigraphy and geolagic history of the Harney Basin has
been described by Piper, and others (1939)

"Five d1st1nct stratigraphic units span the
Miocene and Pliocene epochs. The oldest consists
of siliceous extrusions of Miocene (?) age about
1,000 feet thick... The Steens basalt, of Miocene
age, rests unconformably on the older siliceous
extrusives in the marginal up]and along the east.
half of the basin. Its maximum known thickness,
about 2,000 feet, is exposed in the
eastward-fac1n escarpment of Steens Mounta1n.
The component layers average ten feet in:
thickness; scoriaceous and fragmental zones are
~common at the top off each layer and afford
considerable: water-yielding capacity. The Steens
basalt is overlain unconformably by the Danforth
Formaticn, of Pliocene a?e, which crops out .
eXtens1ve1y over the whole dissected upland:and
ranges in thickness between 20 feet and 800 - -
feet. In the northwestern part of the basin .the-

- upper part of the Danforth Formation compr1ses

~ stratified siltstone, sandstone, tuff, and v
volcanic ash with a few intercalated 1ayers of -
glassy rhylite and one distinctive rhyo]1te

 tuff-breccia member.‘ - , :
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The succeeding stratigraphic unit, the Harney
Formation, of Pliocene (?) age, is about 750 feet
thick and rests on the Danforth Formation with
angular and erosional unconformity. The Harvey
Formation underlies an extensive plain of
intermediate altitude in the westcentral part of
the basin and occurs in outliers along all
~margins of the central district except the
northern. The formation includes massive ;
basaltic tuff and breccia, sandstone, siltstone,

~ some incoherent gravel, and a few layers of
scoriaceous and massive basalt...". (15) (14)
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RESERVOIR CHARACTERISTICS

SITE: BURNS BUTTE KGRA and

..Reservoir Temperature

Hot Spr

BURNS GEOTHERMAL AREA

ings near Harney Lake

Section 36; Crane Hot Spr1ngs T. 24S

Sect1on 34, W.M.

..Subéurface_Ared of Reservoir: 1.5

..Surface: 680C 1
..Subsurface: 13200 ‘
. .Geochemical - §i0p: 1320C
7 ‘Na-K-Ca: 1309 (13)
..Flow Rates: 550 1pm |
«.pH: 7.26
..Fluid Chemistry:'
. Hot Spring Crane Hot
Near Harney Lake Springs
,Specific Condutance 2,970 - 810 : .
(micromhos) _ (units mg/1)
Silica 92 - 83 -
Calcium 2 3.7
Magnesium 1.8 0.1
‘Sodium 630 170
Potassium 13 3,90
Lithium . 0.45 .09
Bicarbonate Lo 566 : 202
Carbonate : 3
Sulfate 140 86
- Chloride 590 79
Flouride 3.3 9
Boron 11.3 7.9
Temperature (° C) 68 78
pH | 7.26 8.1 |
Flow (1pm) 550 . 550 .
- (2)
' Location: Hot Spring ‘near Harney Lake T.27S., R.29 1/2 E,,

R.33E;,'

km? estimated
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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 with no

bids. 6/9/77 and 7/27/78
. .Number of Bidszejécted (Resulting in No Lease): N/A

..Summary of Leasing Status and Needs:

A large percentage of land surrounding the Burns 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 of KGRA land in two lease sales. Burns Butte should be.
declassified a KGRA so the land can be leased non-competitively.
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GEOTHERMAL DEVELOPMENT STATUS
SITE: BURNS BUTTE KGRA

..Present Develbbment'Status:

Hot springs in the area are used for . 1rr1gat1on and stock -
water1ng B v

_;Geotherma1 exp1dretienﬁin'the vicinjty hasibeen mildly active.

..Proaected or planned Development

Further exp]orat1on dr1111ng is expected
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INSTITUTIONAL CONSIDERATIONS
SITE: BURNS BUTTE KGRA

..Institutional Requirements:

Exploration and development act1v1t1es may requ1re cond1t1ona1
use perm1ts 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 of the conditional uses
under this ordinance. The county planning commission regulates
conditional uses-on a case-by-case basis. (14)

..Agency and Public Attidues:

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 Harney Basin have been leased by
private landowners. It is assumed that this interest has
financial motivation. ' S

As part of 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 -
Wildiife Service. (12)

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

EAR for Burns District Non -competitive Geothermal Area and Burns
Butte KGRA completed 2/77.
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~ ENVIRONMENTAL FACTORS
SITE: BURNS BUTTE KGRA

LCLIMATE |

..Prevailinékhinds Wester1y

..Prec1p1tat1on (Annual):  32.62 cm (12. 82 1nches)
..Avehage Temperature 70 c (44o F)

“Minimum: -1.39 C (29.7° F)
Maximum: ~ 20. 69 C (69.5° F)

. .Degree Days (anhual):‘ 7,212

..AIR QUALITY:

Air quality is good over much .of the region. -.-The major sources
of particulate matter originate from the Hines mill and
transportation vehicles, occasional dust storms deposit large
amounts of particulates in the air for short periods of time.
. Carbon monoxide, hydrocarbon, nitrogen oxide, and su]phur oxide
concentrat1ons are all extremely low. (14) s

. WATER QUALITY' L

" Most ‘of the runoff in the area occurs in w1nter and ear]y spring
and varies from 2.5 t0 5.0 mm (1 to 2 inches). Warm spring =
chinook w1nds cause rap1d snow melt and consequently heavy :
runoff. -

;Typ1ca1 of. eastern Oregon, the evaporat1on rate ise h1gh w1th pan
evaporation varying from 102 mm (40 inches) in- the forested :
-areas.to. 152 mm (60 + 1nches) 1n the - 1ower 0pen val]eys.

Many of the smal]er streams have 11tt1e or no- flow except during
periods of melting snow and high runoff, Water temperatures for
many of these streams are commonly 210C (709F)-or higher ‘in
late summer and near freezing from November to April.: They are
_generally well aerated with dissolved-oxygen concentrat1ons near
saturat1on levels, averaging 8 to 12 mg/1. . , .

Water quality of the perenn1a1 streams is good to excellent but

decreases substantlally in the downstream portions:because of
increases in mineral content. The amounts of calcium and sodium

vary; calcium is usually predominant during high flow periods. ~
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Several reservoirs are located in the geothermal area, most of
which are less than 3 acre-feet. Their primary purpose is to
provide water -for livestock, but they also provide water for
wildlife and habitat to the aquatic plants and amphibians. The
“availability of water in these reservoirs is adequate in most
_years. Projected needs for municipal, industrial, domestic and
livestock water will double by the year 2020. Ground water
supplies are estimated to be adequate to meet the demand.

A11 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 to year. (14)

..NOISE: Low Levels.

..BIOLOGICAL  *
..Dominant Flora:

Major vegetation types are of the following assocations::

Low sagebrush (Artemisia arbuscula)
Big sagebrush (Artemisia tridentata)
Western Juniper (Uniperus occidentalis)

..Dominant Fauna:

Mule deer, elk, antelope, sage grouse, eagles, chukars,
lizards, coyotes, raptorial birds, wild horses.

The Harney Basin, particularly the Malheur Wildlife Refuge,
provides important habitat for a wide variety of m1gratory
waterfow] number1ng in the thousands

Endangered Species

Flora: None Known.
Fauna: Northern blad eag]e (Ha11aeetus 1eucocepha]us)

Sage grouse strutting grounds have been documented 1n'
T.29S, R.30E. Sec. 14 and 23 and others’ probab]y '
exist. (14) - -
Golden eagles nest in the area, particularly along the rim
south of Harney Lake and the rim west of Highway 205. Two
nests in T.29S, R.31E., Sec. 22 often are active. Goldeh
eagle nests also documented to the west of Diamond Craters,
on the Malheur Refuge, and within the craters. (14)

*The seasonal and geographical distribution of water supplies
strongly influences the numbers and dIStrlbutwon of f]ora] and
"~ faunal species.’
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TRANSPORTATION AND UTILITIES
_ SITE: BURNS BUTTE KGRA

..Utility or Energy Transmission Corridors and Facilities:

Bonneville Power Adm1n1strat1on maintains the
Redmond- Hampton Harney 115 KV line.

'tThe Harney Electrlcal Cooperat1ve“provides sérvi¢é~toﬂthe
area. -

..TraWSpdrtgtion qurfddrs or Facilities
Roads: - . Highwa&'ZO:
B .Higvhway 39S

Stafe‘Route 78

State Roufe 205

- Secondary roads . -

Railroads: . _
' “Union Pacific 1line to Ontario

“Oregon and Northwestern




" POPULATION
SITE: ‘BURNS BUTTE KGRA

. .General Descrlptlon of Population

Harney County has the lowest popu]at1on density (0.7 persons per
square mile) in the state. More than half of the county
population (7, 500) is concentrated in the Burns-Hines area. The
Burns Ind1an Reservat1on is situated west of town.

Population (1978 estimates):

Burns - 3,525
Hines - 1,575 - 4 km. S.W. of 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 far the _
largest. Timber comes from the Ochoco and Malheur National
Forests. Hines is a lumber mill town.

The rural population is based primarily on ranching.
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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 (1975) suggest that the
zone may be the northwesterly portion of the Oregon-Nevada lineament
which extends from norfh-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 "normal 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 Brothers 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 faults denote only adjustment of surface and
near-surface volcanic and tuffaceous: sedlmentary rocks."

. Normal faults of the zone are generally 20-30_"km long-with 'minor “horsts ‘and
~ grabens developed between them. ‘Individual faults along the ‘zone have
- displaced all the rocks in the area excep'r the Iatest Plelstocene "Badlands

- Iava" (Peterson'l 976)

'As described by Hull and others (1977), "the zone 1raverses an lnterlayered'
sequence of volcanic .and sedimentary rocks ranging in age from Miocene to
Holocene. The wolcanic rocks at the surface are predominately basalt flows.
and rhyolitic -ash-flow: tuffs with scattered rhyolite and rhyodacite domes.
The sedimentary rocks are poorly indurated tuffoceous sandstone, snh‘stone
and claystone of f Iuvnahle and lacustrine orlgln" : : ‘

Walker (1974) dnd MacLeod and others (1975) have no'red 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 the eastern part. of Harney Basin has an estimated age of about 10
million years. Further west along ‘the zone, Glass Buttes has an age of about

5 million years. Newberry ‘Crater, still farther west, contains :silicic rocks

" dated about {,300 years (Peterson and Groh 1969). Pine Mountain and Iron
Mountain are exceptions to the pattern of progressnvely younger snhcnc rocks
, ,from east to west (Hull and others, l977) - . :
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In reporting on- the  geothermal potential in southeastern Oregon, MaclLeod .

and others (1975) 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- well-defined 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 amount of: geophysncal 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.

,Durmg 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 developmenf. Harney
Basm, Glass Buttes ‘and Newberry Volcano. , - '

Newberry was' desugnated as havmg hlgh pofenhal based pnmanly on geolognc
~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 [44° 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 of 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 73° to 160°C/km'
and average heat flow values of 3.0 HFU.

“Numerous hot springs’ “and wells in the Harney Basin further support the
- presence of a thermal anomaly. Silica geothermometry techniques apphed to

many of the hot springs result in estimated reservoir: temperatures ‘in the -
range -of 110-140°C,  Temperatures in thls range are well - smted for

‘non-electric geothermal appllcahons.
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According to the study, the distribution of hot:springs and wells 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 Buﬁes. ‘

- 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 have been leased on a non-competitive basis. In addition
numerous lease applications are pending with the Bureau of Land Management.

An 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 opplnccmons, on the other hand, are likely to develop,

in the Burns area. -
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Non-Competitive Geothermal Leases

Ledsee e Area .. .-+ . . Total ACrgagg
‘Philyli"ps bétroieﬁnﬂ Co. : - ““Glass’, Buﬂes | SR ,23,492b o
- California Geothermal - Glass Buttes 26,764
F rdncdhd Re#du}cé - . !C{loss’Buttés i |  ‘ ::;",5,%

Leonard Lundgren d GIdSS Buttes ‘ S | 640 -
- Energy Pdrtners - . .. BurnsButte - 4,668

Estimated leasing of pi'Aivdte“ land ih the Hofhey Bdsiﬁ - 200,000 acres.
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WESTERN SNAKE RIVER PLAIN GEOTHERMAL PLANNING REGVION

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.- ' ’ o ‘

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 and 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 Tresources is high,
particularly for non-electrical 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.

The U.S. Geological Survey has classified the area around and southeast of
the town of Vale as a KGRA. The following chapter presents specific data on
the Vale KGRA and a discussion of the regional potential for -geothermal
energy development., e : : '
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SITE: VALE KGRA, OREGON
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VALE KNOWN GEOTHERMAL RESOURCE AREA
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VALE KGRA.

Vale is situated in east central Oregon near the ldaho border. The town is
. situated in T.18S., R.A45E., Willamette Meridian. The broad area covers three
 geomorphic zones: Blue Mountains, High Lava Plains 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
mounfams which have been more hlghly dlssected than the same structural
features in the Bosm and Ronge provmce

The KGRA covers 22,998 acres of publicly and pnvcn‘ely-owned land southeast

" of Vale and surrounding the town itself. Originally the U.5.G.S. designated

8,940 acres for competitive bidding purposes in 1974. Subsequent geologic
studies and overlapping non-competitive lease applications promp'red the
oddmon of 14,058 acres to the Vale KGRA. : ‘

Approxlmately 75 percent of the Malheur County populahon, 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
Aes'umoted 1978 populahons are: Vol_e (l,900), Nyssa (3 OOO), and Ontario
®950). T . R

The physncal enwronment and geographlcal locahon of fhe area has led to the

development of an agricultural based economy which produces high yield

crops on irrigated land. Crops include sugar. beets, omons, potqtoes, corn, cnd v

olfolfa The area also has a dairy products industry. -

| ‘Food processing operahons have developed around these crops and is the only
major industrial activity in the area. Currenﬂy, the ma;or food processing
crops are. potatoes and sugar. beets, but an onion- processmg operation planned

. in-Nyssa will "elevate onions from a minor to.major. status as .a. processed

“product. -Most of the plants have used natural gas to-supply process heat in-
- 'the past. . Because of increased costs and ques’nons of availability, many of
“‘the plants are converfmg to oil or coal and one: is retroﬂttmg to geo'rhermal :
energy. . : v

: _‘{The potenhal for uddmonol cgn—mdustrial and other dlrect use: appllcotlons
of geothermal energy Is excellent. Although thermal waters have not been
used ‘in the drea, except for a few shallow ‘wells near Vale Hot Sprmgs, the -
‘surface manifestations of hot springs and knowledge of subsurface geology " -

. acquired -from deep oil and gas ‘exploration  drilling, mdlcofe that the
necessary condmons for dlrect geothermol use are present. - o
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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 at
Vale Hot Sprmgs has been measured at 73°C. Geothermometry indicates
minimum reservoir temperatures of 153°C (SiO2) and 158°C (N-K-Co)

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
reglonal average gradient of 85°C/km projected to' depths where basaltic
- reservoir rocks are expected to occur. If the depfh to the Grassy Mountain
Basalt is | km, assumed temperatures would be in the range of 90° to {00°C.
If drilling encountered Owyhee Basalt at 2 km, the expected temperatures
range from 1400 to 165°C.

Accordmg to Lienau and others (I978), if the anticipated utilization of
- geothermal fluids within these temperature ranges can justify deep dnllmg,
“there is reasonable assurance that the resource can be found anywhere in the
Western Snake River Plain. Additional information on the potential
geothermol 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 explorahon 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 potenhol evolucmon in the scope of this report

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

Cons:dermg the economy of the region, the most Ioglcol user ‘is -the food
processing industry. Processing consumes large amounts. of energy in the 60°
to 148°C range. Geothermal fluids could readily supply a major portion of
these thermal requirements at a cost comparable to or less than convenﬂonol
fuels.

Lienau and others (1978) examined the resource potential and compiled
preliminary designs ‘and cost benefit onolyses 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 converfmg to geothermal resources to prov:de the large
amount of energy used in the evaporation process.
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The second processor examined was Ore-lda Foods, Inc. Situated on the
Oregon-ldaho border “in Ontario, Ore-lda 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 nef onnuol saving of ‘about
Sl 000 000 in the fu'st year of operohon. -

These resuh‘s were offrochve enough to- stlmulote Ore-lda to seek portlol
~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 by in early
1980. Encouraged by the. oppor’runn‘y to replace  the company's use - of
conventional fuels, Ore-lda is examining the feasibility of using solar energy
- to- meet the 45 percent of their process hea’r requurements whnch available
thermal fluids connot supply

Geofhermal developmenf is also underway in Vole. A pr:vote company has
'desngned and is 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 will be used for space and
process heonng, and possibly - in Oregon's first oppllcahon of geothermal
coohng. l'r is antlcnpofed thot the facility w:ll be in opercmon in |979

These projects wnll only begm to tap the geothermol resource potenhol in the
Vale area. Other food processors could realize significant savmgs in fossil
fuel costs by convertmg to geothermol energy. New plants coming into the
area, such as the -onion processing facility in Nyssa, could design systems
initially to use 1hermol flurds and accrue the beneflts of usmg a Iocol energy
resource. : . : _

Commercial - greenhouses could be esfoblished to- supolement“the area's

A economy.  Greenhouse crops could extend the ‘season for farmers and food

‘processors alike. - Crops such as tomatoes, - tree - seedlings, ‘bedding plonts,'
flowers and others could be added 1o fhe present agricultural production.” -

One of the most efficient ways of uhhzmg geothermcl resources would be to

. site several of these end-users in an industrial park using ‘a c¢ascaded sysfem. :

Higher - temperature “ energy- uses such as cold storage facilities and  food
processors would be on the near end of the geothermal system with lower
temperature opphcohons ‘such as greenhouses and ‘aquaculture ponds at the
farthest end. Such‘a system would conserve use of the resource, be less
cosﬂy since fewer wells would be needed than’for lndlv:duol appllcohons, and’
minimize disposal ‘problems. Economlcs would prevem‘ the relocotlon
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of existing plonfs" 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 svitably could be met by geothermal fluids available in the area.

ln addition to these agribusiness apphcahons there is consuderable 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 systemohc and efficient resource development.

The toWn of Vale, which is the. Molheur County sea'r, has actively been
pursumg 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 away the county owns a parcel

of land along the Malheur River just upstream from Vale Hot Sprmgs. 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
bunldmgs. 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 tax base of the  area cannot justify

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 strong support of
vtilizing indigenous resources. Not only wili 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 spark geothermal resource utilization.
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" SITE DATA SUMMARY - -
SITE: VALE KGRA

..Physical Reservoir Data
..Temperature OC ,

Surface: 739C - ‘ Subsurface: 1600C (1)
..Type of Overlaying Rock: Loosely consolidated sandstone,
: : : siltstone, some fresh limestone
occasionally inter-bedded with

v basalt flows
..Estimated Depth to Top of Reservo1r (meters) 1,000 m.
..Site Land Status = v

FED. ~ __STATE PRIVATE

Total KGRA Acres - 22;998 e 14;565(approx)er - . 8,433(approx.)

Total Acres Leased 13,921 S 1,280_ Unknown

..Geotherma] Development Status |
Three geotherma] greenhouses produce p]ants for a f10r1st in
Va]e . : .

K '..Local and State Att1tude Toward Geothermal Development

Generally support1ve of geotherma] deve]opment

..Land Use and Population'

"The area is bas1ca11y rura] in nature despite the fact that 75%
of the Ma]heur County population 11ves with a 40 km rad1us of.
the KGRA. .

‘Agr1cu1tura1 and livestock production are: the pr1mary land: uses.
Food processing 1s an important factor in the area's economy.

dIn general, the valleys and low foothills in the area are -

‘privately-owned with the uplands in federal ownership. Public
lands are managed by the Vale District Office of the BLM.
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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.18S., R.45E. W.M.
Secs. 2-4, 9-15, 23-26. 36, T.19S., R.45E.
Secs. 19, 30, T.195., R.46E.

..County: Malheur

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

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

. . Topography

The area is characterized by rolling plateaus dissected by -
several intermittent drainages. Malheur River and adjacent
flood plain separate two of the plateau areas. ‘Elevations range
from 683 m. at Vale to 975 m. on hills in the area. Slopes vary
from nearly level to steeply sloping. The land around the KGRA
covers three geomorphic zones: Blue Mountains, High Lava Plains
and the Owyhee Upland. Elevations range from about 609 m. near
the Snake River to 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.

..Present Land Use:
The majority of land in the area is used for agricultural

production, livestock grazing and urban centers. Recreation is
a secondary land use. ' .

Exploration for o0il and gas has taken place in the Vale area
sporadically since the early 1900s.

Approximately 1060 acres within the KGRA have been set as1de as
gra21ng allotments.. , -
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..Histroical/Archaeological Significance:

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 ear]y trave]ers over
the historic Oregon Trail. (4)
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION
~SITE: "VALE KGRA

Geo]og1c Descr1pt1on

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.

Overlyﬁng 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. The section is composed of fine-grained tuffaceous
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.

Overlying the Deer Butte Formation with apparent unconformity is
the Kern Basin Formation composed of tuffaceous claystone,
siltstone, sandstone and less commonly conglomerate. Kern Basin
Formation is the lowest section of the Idaho Group ¢f Pliocene
age. The 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. It underlies the Chalk Butte Formation which is the most
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. Thickness of the formation ranges
-from 762 m. (2,500 ft.) to 1067 m. (3,500 ft.) (Bowen and
Blackwell, 1975).

These Tertiary units are covered by Quaternary alluvium and

terrace gravels in the valleys of Snake and Malheur Rivers and
Willow Creek.
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The dominant structural feature of the area is the Western Snake
River basin which is part of the Snake River downwarp. This
“large structural trough occupied by the Snake River, extends
from Yellowstone Park in Wyoming across southern Idaho and into
eastern Oregon.  High-angle faults which bound the. large graben
in Idaho have not been identified in Oregon.

Bowen and Blackwell (1975) have 1ndicated three fault zones in
the area. The Willow Creek fault has been identified as a major
northwest-trending fault zone based on phys1ograph1c expression
and geophysical measurements. The fault is evidenced by the
lineament formed by Willow Creek valley which extends for 48 km
in a nearly straight line to the northwest of Vale.

Vale Hot Springs is situated on the fault which also traverses
the Cow Hollow geothermal anomaly. Willow Creek fault is_
included in the series of right lateral fault zones descr1bed as
the Vale Zone: by Lawrence (1976). e

The Bully Creek fau]t parallels the Hlllow Creek fault. about 10
km to the west. Uplifting of Owyhee Basalt on the west side of
the Bully Creek zone indicates that the area between the Bully
Creek and Willow Creek faults is a graben.

The third fault known as the Malheur River fault runs northeast
of Vale roughly paralleling the Malheur River. It is
~approximately perpendicular to the Willow Creek fault and Vale
Hot Springs is located at the 1ntersect10n of the two zones.

(7) (8)
..Geophy51ca1 Summary

}Geolog1c mapp1ng of M1tche11 Butte Quadrangle was completed by
Corcoran and others. (1962). (7)

Newton and Corcoran (1963) comp11ed a reconnaissance map of the
Western Snake River Basin and correlated the subsurface %eology
of the region based on drilling information from deep 01 and
gas exp]orat1on wells. (12)

An aud10magnetote]1ur1c survey was carried out in the -
Vale-Weiser, Idaho area by Long and others (1976). - The study
delineated five areas of anomalous low apparent re51st1v1ty,
three in Oregon and two in Idaho. The Oregon anomalies are near
Vale close to hot springs or areas of high heat flow. (13) -

The results of grav1ty and seismic studies have been published.

by Couch (1975 and 1977). Gravity data indicates that the hot
springs are in high gravity zones. (11) (14) :
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The ‘Oregon Department of Geology and Mineral Industries has
conducted geotherma] gradient and heat-flow measurements in -
thirty-eight holes in the Western Snake River basin. Numerous
existing deep holes fac111tated a relatively high: dens1ty of
~geothermal data for the area. In addition, the Department
drilled five 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 in various publications
?1g§§)1972 and have been summar1zed by Bowen, B]ackwe]l and Hull

The most prominent anomaly is Cow Hollow situated about 13 km
southeast of Vale. The anomaly appears to follow a linear trend
8 km long and 5 km wide. Within this area geothermal gradients
range from-71 to 2339C/km and heat-flow values range from 2.1

to 6.4 HFU. The anomaly appears to be related to leakage along
the Willow Creek fault (Bowen and Blackwell, 1975).

Four wells with gradients greater than 909C/km and heat-f low
values ranging from 2.0 to 2.8 HFU indicated the Willow Creek
anomaly which is centered about 16 km northwest of Vale. Its
relationship to the Cow Hollow anomaly is not current]y
understood.

The third area is the South Fork Jacobsen Julch anomaly, north
of Vale. Two holes about 11 km apart indicated an area of high
heat-flow. One well had a measured gra1dent ‘of 2400C/km from
the surface to 32 m. The high gradient is due to warm water
encountered in Owyhee Basalt and probably does not continue
below the basalt. These results indicate that heat-flow
anomalies in the region are probably related to water

. circulation in the Owyhee Basalt and Grassy Mountain basalt
aquifers, and to faulting which may aisrupt the basa]t
aquifers. (15) (8) (9)
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..Exploration Activities:

The fo]lowing private companies have undertaken exploration
programs in the western Snake River basin. To secure

. competitive interests, results of these 1nvest1gt1ons have not
been pub]lcly released. . ,

Chevron 0i1 - Neal- Bully Creek Area

Completed dr1111ng a shallow gradlent holes in 1977.
Drilled a 305 m. gradient hole in 1/78.

-Completed 5 152 m. holes of a 9 hole grad1ent dr1111ng
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,

S

Ore-Ida Foods - Ontario

Seismic and gravity stud1es conducted in late 1978.

Gradient drilling is planned upon comp]et1on of geophys1ca1
surveys.
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RESERVOIR CHARACTERISTICS
SITE: VALE KGRA

..Reservoir Temperature: Vale Hot Springs
..Surface: 73°C (1) 970¢.
..Subsurface: 1609C (1) 180°C

. .Geochemical
Si0p: 1539C
Na-K-Ca: 1580C (1)
..Flow Rates: 75 1pm

..pH: 7.47

..Fluid Chemistry:
(See following Table)

- (3)

o)

..Estimated Reservoir Heat Content: 810 MWe, (5) 500 MWe (USGS)

..Subsurface Area of reservoir:

50 km2 estimated (1)
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...Chemical Analysis:

Vale Beulah Neal Mitchell Butte Unnamed Hot Spring

) Hot Springs Hot Springs Hot Springs Hot Springs Near Little Valley
Specific conductance 1,530 1,090 1,010 559 , 740
(micromhos) o : S oo
Silica ‘ - 130 170 180 .94 p 115 :
“Calcium o 19 24 8.8 ], 4.6 - 3.2

Magnesium , : 0.8 0.2 0.2 - 1 L . '0.05
Sodium T 310 - 200 190 . 110 - 'f*"]-'.;160
Potassium : 16 6 186 - 1.6 R R 3.2 -
Lithium 0.28 0.24 ~ 0.3 0,03 - 0.1
Bicarbonate ' - 161 -198. - - . T2 s 127
Carbonate o B 1 1 : 3 1
Sulfate R 100 290 120 130 - . 110
Chloride o ' 360 55 120 . - .28 74

- Flouride o . 6.1 4.7 9.4 o 10.4 0 6.8
Boron ‘ : 9.4 4.7 4.1 . 0.49 ‘ 4.7
Temperature (°C) 73 ‘ 60 87 62 ' 70
pH ‘ ‘ ' 7.47 7.56 - 71.32 - .8.69° ’ 8.71
Flow rate (1pm) 15 50 90. 80 . 550
Estimated Reservoir ~ , S S

~ Temp.(,C) - - 160 130 180 130 150

* Units mg/1 unless otherwise indicated .

Location: Vale Hot Springs
Beulah Hot Springs
Neal Hot Springs .
Mitchell Butte Hot Spr1ngs
Unnamed Hot Springs
(near Little Valley)

Sec. 20, T. 18S., R.45E., (3)(6)

Sec. 2, T.19S., R.37E. (west of Vale)

Sec. 9, T. 185., R.43E.  (slightly west of Vale)
Sec. 12, T.21S., R.45E. (east of Vale)

Sec. 30, T.19S., R.45E. (southwest of Vale)
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* LAND OWNERSHIP AND LEASING
SITE: VALE KGRA

~..Total KGRA acres: 22,998 (approximately 14,565 federa] acres
. and 8,433 private acres)

..Private land leased in KGRA and vicinity: wundetermined acreage

Lease holders include: Magma Energy, Gulf 0il, LVO s Technology
International, Standard 0il, Geotherma]
Resources Internat1onal

..State Land Leased: 1,280 acres to Amax Exp]orat1on in Vale
KGRA 640 acres to Chevron 0il in Bully

Creek area (outside KGRA)
..Land Leased in KGRA: 13,921 Federal Acres
‘ . 1,280  State Acres
15,201 Total
..Highest Priced Lease: $21.11/acre

..Compe%itive Leased Land:

$/Acre Lessee _ ‘ ' Acreage
16.16 Union 0il 4,486
21.11 Union Qil - : 3,525
10.26 Republic Geothermal ‘ 1,347
3.00 Geothermal Resources Internatlonal oo 2,560

'1.16 Amax Exploration . 2,003

. .Non-Competitive Leased Land (outside KGRA):

Lessee Acreage
Thermal Power 7,051
U.S. Geothermal 1,920
- Amax Exploration . 2,515
- Chevron 0il 2,389
Earth Power »7,347
Various Individuals Undetermined

..Tentative Lease Sale Date: None Scheduled.

..Numbef of Sales Offered but no bids: 3 tracts in 9/25/75 sale
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..Summary of Leasing Status and Needs:

Initially the U.S.G.S. designated 8,940 acres as the Vale KGRA.
Additional geologic studies prompted them, on May 30, 1974, to
include 11,535 acres in KGRA status. The BLM added 2,523 acres
to the KGRA on December 18, 1974 due to overlapping -
non-conmpetitive lease app11cat1ons Competitive lease sales
‘were held on 6/17/74, 9/15/75 and 12/9/76 where a total of
13,921 federal acres were leased. In addition, a significant
amount of private property and pub11c land adJacent to the KGRA
have been leased. :

The Repub11c Geothermai’lease covering 1,347,acres~jssued on
August 30, 1974 was the first federal geothermal lease in Oregon.
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GEOTHERMAL DEVELOPMENT -STATUS
SITE: VALE KGRA

..Present DeVe]opment Status:

Historically, Vale Hot Spr1ngs was used for pub11c bathing in a
natatorium.

Three greenhouses near Va]e Hot Springs have been heated by
geothermal energy for more than 20 years Major crops have been
.bedd1ng plants and cut flowers.

..Projected or Planned Development:

Ore-Ida Foods, Inc., a potato processing plant in Ontario
(outside the KGRA) is participating with the U.S. Dept. of
Energy in a cost shared demonstration project to prove the
feasibility of utilizing geothermal resources in the food
processing industry. Preliminary designs indicate that 55
percent of the plant's process energy requirements can be
supplied by geo-heat. Initial exploration activities and test
drilling are planned for 1978 with the system scheduled to be in
operation by early 1980.

A five acre mushroom growing facility is beginning constructed
~in Vale adjacent to the present greenhouses. Geothermal energy
will be used for cooling as well as space and process heating.
This may be the first application of geothermal cooling in

Oregon. It is anticipated that the facility will beg1n
operation in 1979.
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INSTITUTIONAL CONSIDERATIONS
SITE: VALE KGRA

..Institutional Requirements: .

In 1974 Malheur County adopted the first preliminary geothermal
ordinance in Oregon. The ordinance provides for issuance of
permits, collection of fees and prov1des pena1t1es for
v1o]at1ons. o ,

Private lands in the KGRA are zoned for exclusive farm use
(F-1), general farm use and rural residential. Under these
.zones, conditional uses are permitted for mineral exploration
including geothermal exploration and development. Any entity
wishing to conduct exploration or development on private land
must submit plans to the Malheur Planning Commission for
approval. Exploration within the Vale city limits requires the
approval of the Vale City P]ann1ng Comm1551on (4)

. .Agency and Public Att1tudes

From information gathered in interviews during the compliation
of the EAR, both local governments and the general public in
Vale, Ontario and Nyssa, are very supportive of geothermal
development. People believe that directly or indirectly their
communities w111 beneflt from geothermal development (4)

..Status of Requ1rements (1. e., EIA/EIS Requ1remen s)

‘.Env1ronmenta1 Analys1s Report for the Vale KGRA re]eased R/74 by
the Vale district office of BLM. Fael il ¥ ,
EAR for Vale KGRA:6addition issued 5/75. o R -
EAR for proposed geothermal 1eas1ng 1n the Bul]y Creek area
completed 2/76.
EAR for the Cow Creek geotherma1 1nterest area publ1shed 9/76.
EAR for proposed geotherma] and o0il and gas 1eas1ng in the.,
Oregon_Canyon area issued 8/77. -

~ EAR for proposed geothermal and oil and gas 1eas1ng 1n the
Northern Ma]heur Resource Area re]eased 4/78. : ,
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ENVIRONMENTAL FACTORS
SITE: VALE KGRA

..CLIMATE - Hot dry summers and cold wet winters.
..PreVai]ing Winds: North to northwest
..Precipitation (Ahnua]):'>24 cm.

..Average Temperature 10°C (50.8°F)

Minimum: -20C (289F)
Maximum: 23.69C (74.5°F)

..Degree Days (Annua])f 5879

..Relative Humidity (Seasonal Peaks)

Summer: 30-40%
Winter: 70-80%

..AIR QUALITY:  Quality is generally h1gh Bare ‘land is
- susceptible to wind erosion which causes dust
storms during dry periods.

..WATER QUALITY:

Quality of the Maiheur River is currently low and intensive
irrigation use degrades it further. The river is seasonally
warm, high in sediment and dissolved solids. Concentrations of
ba51c nutrients, nitrogen and phosphorous, are high,
particularly phosphorous. These high nutrient concentrations
have stimulated heavy algal growth. Concentrations of dissolved
solids average over 1,000 mg/1. Dissolved oxygen concentrat1ons
fluctuate with low f]ows and a]gal activity.

Several ground water aquifers are within the KGRA. Water
quality varies; some waters are not potable. Some deeper wells
152-183 m. produce warm water. Most potable wells in Vale are
6-12 m. deep. (4)
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..BIOLOGICAL
..Dominant Flora:

Intermountain shrub 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 moisture~is present
to sustain them the following tree species can be found;

cottonwood and aspen (Populus spp.), willow (salix spp.),
Juniper (Juniperus spp.) and Ponderosa Pine (Pinus

pondergsa).

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 (Antilocarpa 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.

Areas located in the vicinity of Malheur Reservoir, in the
area west of Bully Creek, and along the upper Malheur ‘

- Reservoir and the North and South forks are considered to -
be crilical deer winter habitat. R

~Large herds of wild horses are located in the western -
- portion of the area. At the last BLM count, numbers
totaled 1,593. The herds are capable of increasing their
numbers by 20-25% annually. (2)(4) = .

. .Endangered Species:

Flora: Hackelia cronguistii - found on diatomaceous
earth deposits located
south of Westfall.

Collamia macrocalyx

21




The following may be in close proximity to the area:

Allium robinsonii, Eriogonum ochrocephalum spp. calcareum,
Lorratium minus, Pediocactus simpsonii var. robustior,

Penstemon seorsus, Polygonum heterosepalum, and Rhysopterus
plurijugus S

Fauna: Spotted frog (Rana pretiosa)
Golden Eagle
Bald Eagle A '
Peregrine Falcon o (2)(4)
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TRANSPORTATION AND UTILITIES
SITE: - VALE KGRA

..Utility or Energy Transmission Corridors and Facilities

Two 138 kv lines owned by ‘the Idaho Power Company intersect
at the 0ntar1o substation.. ,

A natura] gas p1pe1ine is in the area.

.. Transportation Corridors or Facilities

Union Pacific Ra11road-ma1n11ne runnlng east-west and Spur
*1ine running north.

Vale is at the junction of U.S. Routes 20 and 26.
Interstate 80 is 24 km east of Vale.

Numerous city streets and secondary roads. .
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POPULATION
SITE: 'VALE KGRA

. .General Description of Population

Approximately 75% of the population of Malheur County (24,600)
Tives within a 40 km radius of the Vale KGRA. The principal
towns are Ontario (population 8,950), Vale (1,900) and Nyssa
(3,000). Vale is the county seat and Ontario is the major trade
center. '

In genéral the county is undergo1ng a popu]atlon shift from
rural to urban living. Ethnic groups included in the population
are Japanese Americans, Mexican Americans and Basques.

..Economics

..Present Land Use: _
The economy is large dependent on agr1cu1ture and livestock
production.
Agricultural products inclide sugar beets, onions,
potatoes, corn, alfalfa and da1ry1ng Food processing
p]ahts in Nyssa and Ontario are major contr1butors to the
area's economy.

..Future Land Use:

Comprehensive land use plans for Ma]heur CoLnty were
adopted in August 1973. '
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'NORTHEAST OREGON GEOTHERMAL PLANNING REGION |

The U.S. Geologlcal Survey has classified por'uons 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 and
Baker and several smaller valleys. ~

Known resource data indicates that the area is not suitable for geothermal
electrical generation. However, glven the avalldblhty of thermal water
matched with the existing ' economic base, the area is one of the most
promising -.in  Oregon for low- temperoture dlrecf use applications of
geothermol energy. :

anlted research in the vncumty has been concentrated on the hot spring areas
of the Grande Ronde Valley. This" information is presented in the followmg
chapter titled LaGrande PGRA. Baker County and surrounding hot spring -
areas were not investigated in depth as part of this report but should be -
examined by those mterested in further study.
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- GEOTHERMAL ENERGY EVALUATION-
NON-ELECTRIC GEOTHERMAL ENERGY APPLICATIONS -
" SITE: LA GRANDE PGRA, OREGON =
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LA GRANDE PGRA

The Grande Ronde Valley is a complex faulted graben situated between the
Wallowa, Elkhorn and Blue Mountains in northeastern Oregon. LaGrande, the
county seat and largest population center, is located on the western margin of
the vdlley in T.3S.,, R.38E, Willamette Meridan. Small towns scattered
~ 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.

The most impressive springs are at Hot Lake about 6 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 geochemical
thermometers is 115°C. Hot Lake spring is -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 is
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 Ipm at 60°C. Geochemical
techniques result in @ minimum reservoir temperature of 67°C.

Several other warm springs occur around the margins of the valley, but none
has surface temperatures above 30°C. In the vicinity of LaGrande several -
wells which penetrate basalt under the alluvium produce water with
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 hac a surface
‘temperature of 38°C and flows at approximately 570 lpm. Lehman Springs,
used to heat water for a swimming pool, discharges 275 Ipm of 6I°C water. -

Geochemically determined subsurface temperature at Lehman are estimated
to be 980C, :
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Geologic and geochemical charocternshcs of the Gronde “Ronde Valley,
particularly the absence of post-Miocene volcanism, indicate that the
probability of a shallow magmatic body acting as a heat source for the
thermal springs is remote. - The nature of the heat source is not known.
Extensive folding and faulting in the valley. could provide zones for. water
circulation and may control the location of the hot sprmgs. ‘Resource
assessment is needed to confirm reservoir characteristics. N

Preliminary lnvestlgotlons suggest 'rhe 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 suvited for
space heating, food processmg, drymg of grams ond lumber, and greenhouse
operohons. :

Hot Lake, opproxnmotely I6 k:lometers from LaGrande, has the best po'ren'nal
for development of the identified resources. Thermal waters are currently
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 eshmoted subsurface temperature of 1200C at
Hot Lake are sufficient to meet the process heat requnrements 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 requure relollvely low temperotures
would make a cascaded system viable.

The existing ogrlculturol and lumber complex in the .LaGrande area could
meet a considerable percentage of its ‘energy demands with geothermal
energy provided that the resource was readily available. These energy needs
are currenily met with conventional fuels. Geothermal could supply process
heat to the Island Park industrial site, lumber operations for kiln-drying, food
' processors requmng Heaied water and mdustnes |nvolved in drymg orgomc-
materials.

In addition to meeﬁnginduslriol needs, ‘geothermal energy could benefit the
commercial and residential sectors with the establishment of ‘a district

‘heating system. Such a system is operating in Bonse, ldaho and- onother isin

'rhe development stage at Klamath Falls, Oregon.
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The first step might be to set up a demonstration project for district heating.
Initially, it could provide space and watér heating to Eastern Oregon State
College, three public schools, county courthouse, hospital, and a semi-public
office building. These structures emcompass almost 900, 000 square feet and
are all concentrated on the south side of LaGrande. Represen'mflves of these
" institutions have taken an actlve |n'reresf in the possibility of geothermal
heating.

However, unless the resource at Hot Lake could be ‘economically dellvered to
L.aGrande, a closer resource must be proven to realize industrial and district
heofmg 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 is discovered, given the favorable local
attitudes, presence of end users and compahbnln‘y with land use plans,
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
;.Rectilinear. T.35., R 38E
CbUnty“ Union ‘ o
..Adjacent Count1es - Baker G11]1am, Umat11]a
..Map Reference: U.S.G. S Topographic - Craig Mtn,, Oregon 1:24, 000

- AMS - Grangeville, Idaho - Oregon - Wash1ngton
1: 250 000 s S

Topography '

LaGrande is s1tuated in the Grande Ronde Valley wh1ch is a
broad, low lying valley in the Blue Mountain physiogrdphic.
region. The valley is bordered to the east by the Wallowa
Mountains and to the west by the Elkhorn and Blue Mountains.
The Grande Ronde is an irregular, oval- shaped area of low relief
approximately 39 km long and 29 km wide. “Level plains, alluvial
fans and terraces are present on the valley floor. The Grande
Ronde River flows through the Valley. Elevations 1n the Grande
Ronde Valley range from 822 to 914 meters. o S,

..Present Land_Use.
Major land uses are:  forest, agrtculture and urban. .
Ladd Marsh, between LaGrande and Hot Lake, is a State w11d11fe
, Management area covering 2, 418 acres. . .. N
..Future Land Use' Plans. | |
Expanded acreage for rural residential, comnericalland'ﬂ ﬂi‘;f
~ industrial developments. Cont1nuedluse of forested and =
"agricu1tura1:1ahd;' ST T et S R
..Aesthetics |

The Grande Ronde Va]ley surrounded by the Wa11owa, Elkhorn and
Blue Mountains is-a h1gh1y scenlc area..,,: . , e

..Historical/Archaeological Significance:

The Oregon"Trail crosses the valley floor.
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..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, limestone, chert and shale. Estimated thickness
is 915 meters. The metavolcanics consist of altered tuffs and
basaltic to rhyolitic flows. Mesozoic intrusives of grabbo and
quartz diorite compos1t1on intrude the Paleozoic metavolcan1cs
and metasediments.

A major unconformity separates the Permian - Triassic base units
from the Tertiary clastics of the Clarno Formation. Of Miocene
age, the Clarno Formation is about 122 meters thick and consists
of tuff breccia, silicified tuff and andesite flows.

‘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. Quaternary volcanic rocks are not known to
exist in the area.

. Lacustrine materials composed of unconsolidated clay, silt and
sand of Eocene to Pleistocene age have been deposited in the
graben valleys. The permeable dep051ts 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 Val]ey is a complex folded and faulted graben
surrounded by four major structural-lithologic regions. These
include the Columbia Plateau, the Wallowa-Blue Mountain Up11fts,
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. Hampton and Brown’ (1964)
suggest that the major faulting which formed the graben occurred
during the Pleistocene. Total vertical displacement along the -
western border is approximately 1000 meters, and 1220 meters on
the eastern side. Individual faults have vertical displacements
ranging from 60 to 460 meters. Moving away. from the graben
margins, vertical displacement decreases.
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The northern extension of Craig Mountain-has been downdropped
about 425 meters by @ series of parallel faults. These faults
intersect the northwest- trendlng Hot Lake fau]t at Hot Lake

- Springs. (3)(4)(5)(6)(7)

. .Geophysical and Gradieht'Data Summary:

The Oregon Department of Geology and Mineral Industries measured
temperature gradients in over a dozen pre-drilled wells in the
LaGrande area. Only one shallow well (45 meters) had an average
gradient above the normal for the region. (8) - :

In 1974, Magma Power drilled an 831 meter exp]orat1on well one
k1lometer southeast of Hot Lake Springs. The measured gradients
were apparent]y not encouraging because Magma returned all of
its leases in the area. Speculation has been raised that .
temperature gradients may be more favorable than were recogn1zed
since the well had not reached equ111br1um when. the measurements
were made.

AMAX Exp]oration Company has conducted a seismic noise survey
near LaGrande. Results indicate that the south Grande Ronde
Valley is seismically inactive. (4) .

AMAX has also tested 14 holes for heat-flow measurements. An
anomaly extending 5 kilometers from Hot Lake south to Union with
values as high as 2.9 heatf]dw units was revealed. Analyses
suggest that the anomaly is consistent with a horizontal _
northeast-trending hot water flow through the valley. . AMAX.

postulates that the lateral water flow originates from the CraIg '

~Mountain Fault and is. conducted by 1nterflow zones- in Columbia - -
River Basalt. (4) , PR

..Geologic Hazards.

Lands11des have occurred in un1ts of Columb1a River Basalt
formlng steep c11ffs, and in col]uv1a1 depos1ts on the va]ley
marg1ns.»~ s : ,
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RESERVOIR CHARACTERISTICS
SITE: LA GRANDE PGRA

..Reservoir Temperature - Data from Hot Lake Hot Springs .

..Surface: 80%C (1)
~..Subsurface: " 1200¢

..Geochemical - Si0,: 1000C
Na-K-Ca: 1159¢C

..Flow Rates: 1,500 1pm
..pH: 9.21 '
..Total Dissolved Solids: 526 mg/1

..Fluid Chemistry:

Hot Lake Springs

Location: T.4S., R.39E., Section 5 SE 1/4

Reference - 10 9
Units mg/1 o ppm
Specific Conductance ‘
(micromhos) . 688 o
Silica 48 11
Calcium 4.9 4.7
Magnes jum .1 .2
Sodium - 130 142.4
Potassium 2.7 2.1
Lithium 03 .06
Bicarborate ‘ 75 - 20
Carbonate 12 40
Sulfate 56 49
Chloride ‘ . 140 237.5
Flouride 1.7 .
Boron ‘ 2.9
Temperature (°C) 80 85
pH 9.21 9.8
Flow 1500 1/min. 1,700 gpm

TDS
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.mg/1

102
4
0.1
132
2.8
0.03
78
- 10
60
131
3.2
3.6
82
9.22
1,514 1/min.
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Medical Hot Springs

. Location: T.6S.,

Reference

Units

Specific Conductance
(micromhos)
Silica :
Calcium
Magnes ium
Sodium
Potassium
Lithium
Bicarbonate
Carbonate
Sulfate
Chloride
Flouride

Boron
Temperature (0()
pH

Flow

TDS

Radium Hot Springs

Location:

R.41E.,

‘ To 7So Y R039E.

Sect1on 25 NE 1/4

10
mg/1 -

1,173
80
72

.2
190
7.0

26
1
400
77

1.2

2.2
60

.05

823
200 1/min.

9
ppm

61
56
.25
200
3.9

25
0
385
150

60
6.2
50 gpm

,'Secfion 28 NE 1/84 . -

(outside Grande Ronde Valley).

Reference

‘Units

Specific Conductance '
(micromhos) -

Silica

Calcium -

Magnes ium:

Sodium

Potassium

Lithium

Bicarbonate

Carbonate

Sulfate > .

Chloride -

Flouride

Boron

Temperature (°C)

pH

Flow

Collection Date

.10
mg/1

290
78

0.1

58

1972
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1.5

.3
0.42

’ 9.56
1100 1/min,

290 -

.06

4
mg/1

78
56
0.2
200
6.9
0.04
22
1 N
500
80
1.3
1.9
61.5
8.36

378 1/min. .

946

ppm

.48
3.1
0.2

0.8

25
60
23
12. 5

57
300 gpm




Cove Hot Spring (Swimming pool)
Location: T.3S., R.41E., Section 22 NW 1/4

Reference - 4 ‘ 9
Units mg/1 ppm
Silica 36 ' 0
Calcium 2 1.4
Magnesium : 0.1 0.20
Sodium 32 ‘ 66
Potassium 0.8 0.4
Lithium . 0.01 0
Bicarbonate . 112 ' 20
Carbonate 1 20
Sulfate 7 5
Chloride _ 6.1 25
Flouride 0.3

Boron 1 ,
Temperature (°C) 42 29

pH 8.57 9.8
Flow 1158 1/min 226 gpm

T0s 196

..Estimated Reservoir Heat Content: .1 x 1018 (a1 (1)

..Subsurface Area of Reservoir: Estimated 1.5 kmZ (1)
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- LAND OWNERSHIP AND LEASING.
SITE: LA GRANDE PGRA

..Land Ownership: Private

..Land Leased~ 4
Federal (acres) - None

State (acres) - None
Private (acres) - Unknown

..Summary of Leasing Status and Needs:

Leasing proposa]s will have to be negotwated with prlvate land
owners.. S o .
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GEOTHERMAL DEVELOPMENT STATUS
SITE: LA GRANDE PGRA

\

..Present Development Status: .

Cove - Geothermal heated pubiic swimming pool.
Boise Cascade tree seedling greenhouses,
7,300 sq. ft., are heated from the Cove Hot
Springs at the Cove swimming pool. ’

Hot Lake : - Space and pool heating at Hot Lake Hotel.
Space heating at small irrigation
manufacturing facility.

Medical Springs - Hot springs resort.

..Projected or Planned Development:
Hot Lake Hotel is being developed as a destination resort.
It is likely that geothermal energy will be used extensively in
the renovated hotel, barn, and spa, and in greenhouse and
aguaculture applications.

An industrial park is also being considered at the Hot Lake site.
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INSTITUTIONAL CONSIDERATION
SITE: LA GRANDE. PGRA

..Institutioﬁal Requirements

Certain exploration and development activities may require a
conditional use permit from the county. 4 :

Two small areas south of LaGrande have been-designated as
unsuitable for geothermal development by the Oregon Energy
Facility Siting Council. The Council has siting authority over
geothermal power plants which produce 25 Mw or more and
geothermal pipelines greater than six inches in diameter and
five miles in length.  (11)

..Agency and Public Attitudes . | |
Local attitudes appear favorab]e_tdvgeothefmal development.
The Union County Plan specifically states "...potential
geothermal resources will be protected from encroachment which
may limit development..." in the future and that "...renewable

energy resources, such as geothermal will be used in preference
to non-renewable resources whereever possible." (9)::
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ENVIRONMENTAL FACTORS
SITE: LA GRANDE PGRA

..CLIMATE
..Prevailing Winds:
During the winter, preva111ng southeastern w1nds common]y
: gust to 50 miles per hour.

..Precipitation_(Annuel):, 51 cm;f :

..Average Temperature - 9.720C  (49. 5°F)

Minimum: - 7°C (30.69F)
Maximum: 21.29C (70.3°F)

..Degree Days (Annual): 6069

. .WATER QUALITY:

Groundwater is obtained from lacustrine deposits and alluvial
fans in the valley and from the Columbia River Basalt. Yields
are higher in the Columbia River Basalt averaging 700 gpm.
Precipitation is the primary source of recharge.

Water quality is generally good. The Grande Ronde River has a
hardness of about 20 ppm. Groundwater ranges from about 18 ppm
in Columbia River Basalt to 93 ppm in the alluvium in

hardness. (3)
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w |
..BIOLOGICAL :
..Dominant Flora:
Valley areas are dominated by Big sagebrush/bluebunch
wheatgrass associations 1nc1ud1ng bunch grass and scattered
stands of juniper. , S RO ;
- Ponderosa pine, lodgepole p1ne and Western larch-
‘ communltxes cover the intermediate elevat1ons.
'rAt h1gher elevatlons the predomInate vegetat1ve cover 1s
Douglas fir forest. \
..Dominant Fauna: )
Elk, mule deer, waterfowl, grouse, pheasant and numerous -
non-game species. v :
@ - ”'xRocky Mounta1n elk (Cervus canadens1s ne]son1)
‘ Mule .deer .(Odocoileus hemionus columbianus)
~White tailed deer (Odocoileus virginianus ochrourus)
Ladd Marsh is managed by the,state‘for waterfowl habitat.
..Endangered Species
Flora: = . Uﬁknown
o
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TRANSPORTATION AND UTILITIES
SITE: LA GRANDE PGRA

..Uttlity or Energy Transmiésion Corridors and Facilities
Bonneville Power Adm1n1strat1on maintains a 230 kv transmission
line and the Gekeler substation on the outskirts of LaGrande.

Two other transmission lines, 69 kv and 138 kv, cross Union
County connecting the area to the Pacific Northwest power grid.

Natural gas pipeiine is located approximately 3 km south of
LaGrande. ,

..Transportation Corridors or Facilities

Interstate 80 connecting LaGrande with Pend]eton and Port1and 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 rail service.
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| POPULATION
©SITE: LA GRANDE PGRA

.,General"DescripttOn of Population

Union County had a 1977 popu]atlon of 22,400, most of which is
concentrated in the Grand Ronde Valley. A sh1ft in growth
patterns over the last five years has the rural areas growing
faster than urban areas. PrOJections estimated a popu]at1on of
22,800 in 1980 and 24,677 by 1995. (2) - .

Estimated 1976 population f1gures and d1stances from LaGrande

are below:
LaGrande = = 11,140
Union - 2,160 21 km SE
Elgin 1,735 30 km NE
Island City 545 - 4 km NE .
Cove 480 22 km E
Imbler » 235 18 km NE
Summerville 115 .20 km N

..Econom1cs
~ ..Present Land Use: Principal economic activities are:
agriculture (grains, livestock, grass seed, fruit and peas),
. manufacturing (lumber and wood products), government (federal,
state and local), and retail trade (including tourism). The
major employers are the lumber and wood products industry,
pr1mar1‘ly Boise Cascade and Terry Traﬂer, and retaﬂ trade.

Lumber m111s at Elg1n, Union, Cover and LaGrande prccess t1mber
from the surrounding forests, and Imbler is the center of a
- large grass seed ‘industry. (2) , : .

Total area of Un1on County is 1, 301 760 acres, of “which 71.3 k
percent is- timber land, 14.7 percent agricu]tura] land, and 12. 8
percent range-land. The approximate remaining 16,000 acres
includes about 6,000 acres each of rural res1dentia] and urban
areas, and the ba]ance in water bodies and public uses not
within city vicinities. About 65 percent of the county's
industrial development is based in LaGrande and ‘in the
1ndustr1a1 park northeast of Island City. (2) 5
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..Future Land Use: o - ' ‘
Land use plans anticipate that rural residential acres will
increase. The largest expansions for commerical development are
planned for Island City (100 acres) and LaGrande (400 + acres).
Greatest industrial growth is planned for Elgin (300 acres),
Island Cit% (industrial park - 200 + acres) and LaGrande (670
acres). (2) : ' o
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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, are 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 dissecied than the High Cascades resulting in @ more rugged terrain
with greater local relief. Western Cascade topography -is characterized by
steep east-west ridges divided by valleys cut by the Clackamas, Santiam,
McKenzie, and Willamette River systems.

The Cascade Mountains are sparsely populated. Small communities are
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 |mportant watersheds for the Willamette 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 concems can be mitigated. Approximately two-thirds of
Oregon's population (2,472,000-|978 state total estimate) lives in the
Willamette Valley including the major metropoln‘on areas of Portland, Salem
and Eugene. As well, much of the state's economic: ochwty is centered in the .
Willamette Valley. : _

The five counties adjacenf to the Cascode geothermal areas most likely
to benefit from commerical development include: Hood River, Clackemas,
Marion, Linn and Lane. Combined 1978 population estimates for these areas
_totals 773,000. It should be noted, however, that these counties cover @ broad-
agrea not all of which would be effected by even large scale geothermal
development. The principal industries in the planning reglon are. Iumber, ‘-
agriculture, manufacturlng, food processmg and recreation. . :

To discuss the potenhal of geothermal development in the Cascade-

- Range, this report divides the region on the basis of physnographlcv

characteristics, into two areas, ngh Cascades and Western Cascades."
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SITE: MT. HOOD, KGRA, OREGON
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‘High Cascades Region

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 Porﬂond is

_approxnmately 80 km northwest of the KGRA. :

At 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: hu'ghly dissected by
gloc':qhon on the upper slopes and modlfued by stream ochvn‘y on the lower
flanks o , ; :

-~ The KGRA and the majority of surroundlng Iond 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 (1977) proposes to increase timber
‘production and recreational opportunities while maintaining the scenic
qualities of the mountain area. The environmental statement for the plan
addresses ‘geothermal po’renflal only in general terms.

-The small porhon of prlvufe land in the Mt. Hood wcmny is 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 populcmon in these areas is
‘expected to double or trnple in the next 20 years. L

Geothermal resource potennal is mdscatcd by sUrfa'ce‘ momfnstaﬂons of

~ “thermal activity at Swim Warm Springs | near Government Camp, and

“northeast of Crater Rock near the summit of ‘Mt. Hood where approximately
20 fumarolic vents are:releasing gases to the ‘atmosphere. Temperatures of
- the fumaroles range from 50 to 90°C, Swim Warm Springs discharge 25
- gallons per minute (gpm) at a 'remperqture of 27°C Eshmated subsurche o
. reservoir femperuture for Mt. Hood is: IZSOC e ST =
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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 are
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 fhe knowledge and

understanding of Cascade volcanoes in general.

Interest in deve_lop‘ing 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 was drilled east of the Lodge, but difficult drilling problems -

caused subsequent abandonment. Apparently not discouraged, the company

drilled a second fest well near the Lodge, which was spudded in August 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 meters (1,100 ft.).

if suitable temperatures and flow rates are indicated from test drilling,
the proposed plan is to supply space heating to Timberline Lodge and the
anticipated facilities expansion, swimming pool hedting, and for snow melting
on roads -and parking areas at the Lodge. It has been estimated that the
conversion to 4 geoheating system would be cost effective if water near 93°C
(2009F) 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 non-competitive leases on 7,680 acres (cnd possibly more).

In late 1977 NWNG drilled a temperature gradient hole to'a depth of 564
meters: (1,850 ft.) at Old Maid Flat west of Mt. Hood. This well was
incorpora}ed 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 80°C (I1769F)

shortly after drilling ceased. This reading is subject o 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 are being evaluated to

examine the feasibility of Northwest Natural Gas Company's proposed heatitig
project.
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- The objective of the explorohon operation - is to locate a sufficient
resource to justify construction of a 48 inch plpelme 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 temperoture of 74°C (1659F) 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
‘wafer 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 hngh quantity and quallfy aquifer
elsewhere in Oregon and Washmgton. :

“The: drllhng at Old Maid Fiat encountered Columbia River Basalt at 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 all basalt, however, but had large sections of andesite and andesitic tuff.
' Addmonol 1ests are con'nnumg to be'rter defme fhe Mt. Hood geologic setting.

" The Portland General Electric Compony (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 will await the results of the cooperative resource assessment project
before undertakmg an investigation of its own. -

The drilling progrums at Timberline Lodge, Old Maid Flat ond the eleven
shallow gradient holes around the base of the mountain are all part of the
resource assessment project. Therefore, resulting data will be available as
public information. ’ :

Mt. Hood appears to have good potential for non-electric geothermal
applications. Possible  electrical generation does not  appear Ilkely now
because of the lack of an identified sufficient resource and given the
sensmve environmental concerns for the area. - :

: Assummg fhe Northwest Noturol Gas Company's exploration -program is
successful and that environmental and land use concerns can be resolved,
thermal water could supply a portlon 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"the communities along
Highway 26, industrial processing for pulp and paper mills in the east Portland
area, and lorger dlstrlct heating sysfems for resndentlol ‘and commercnol areas
in Pon‘ land. R : :
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Food processing operations in Parkdale and OdeH 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 consumphon figures for a food processing plant in Hood River and a
paper mill m Oregon City are shown in Appendix B.

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 wnll occur outside the
boundarles of the KGRA

Further restrictions are possible as a result of the current RARE Il
_process being conducted by the Forest Service. In fact, 182,355 acres in the
vicinity of Mt. Hood, are being evaluated for possible mclusmn into the
National Wilderness Preservcmon System. :

- Most of the Mt, Hood area has been designated by the Oregon Energy
Facilify Siting Council as unsuitable for geothermal development. The
Council has smng outhorn‘y 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 consider an
application for site certification.

The publlc is likely to be extremely sensmve to development because Mt.
Hood is a major recreation area for Willamette Valley urban oreos, and has
high aesthetic and historical value. Environmental considerations in genetdl
ate likely to be a major controlling factor effecting geothermal development
in the Mt. Hood area. _

248




. SITE DATA SUMMARY
SITE: ~MT. HOOD KGRA

..Physical Reservoir Data
.. Temperature OC

‘Surface: 900C ’(1) e ' Subsurface: : 1250C
estimated (1) , S SRR Y

..Total D1ssolved Solids (PPM): 800 (Swim Warm Springs)
.. Type of,Over]aying Rock: Lava (Quaternary)
..Estimated Depth to Top of Reservoir (meters) 1,000 (8)

..Site Land Status: 14 square miles of Nat1ona1,F6rest'1and on
Mt. Hood designated KGRA.

Total KGRA Acres - 8, 671 (Federa])
Total KGRA Acres Leased - 0 (Federa])
..Geotherma] Deve]opment Status

Explorat1on at Mt.,Hood has been act1ve and represents the
largest geothermal research effort to date in Oregon.

..Local and State Att1tude Toward Geothermal Deve]opment
Extremely sens1t1ve.,jv-' ‘

k ..Land Use and Populat1on. a t_, L -d¢1,‘7 ;,7
Open hwgh mounta1ns, forest and woodlands used pr1mar11y for
timber production, recreation and agriculture. The Mt. Hood
area is sparsely populated but over a m1111on peop]e 11ve with1nﬁe
al-2 hour drive of the area. .

..Comments and Cr1t1ca1 Issues'>

- Much of the area is 1nc]uded or is be1ng stud1ed for 1nc1u510n
“into roadless or w11derness .Classification. : : , .

The public is 11ke1y to be sensitive to geothermalhdevelbnment.
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SITE LOCATION AND PHYSICAL DESCRIPTION
SITE: MT. HOOD KGRA

..Latitude: 450 22' 5% N\
..Longitude: 1210 42? 5 W

..Rectilinear: T.2S., R.9E, secs. 16-22, 27-33,
Willamette Meridian (W.M.)

..County: Clackamas and Hood River Counties

..Adjacent Counties: Wasco and Multnomah, Oregon; Skamania and
Klickitat, Washington

..Maps: 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. Elevations range from 3,427 meters (11,235 ft,) on Mt.
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. Waterfalls
and extensive mud flows are common. g

..Present Land Use:

Land use in the Mt. Hood KGRA and vicinity is focused on the
area's natural resources: timber production, recreation and
agriculture. Other land uses such as transportation networks,
and commercial and residential developments are based on the
three primary uses. ; SR

..Future Land Use Plans:

The Mt. Hood National Forest proposed plan stresses improved
efficiency of land use by concentrating developments to areas
that are already committed to that use, providing needed support
services, increasing agricultural activities, timber. production,
opportunities for recreation, and maintaining the overall =
mountain area character. (2) o

Expansion of Timberline Lodge facilities is p]annéd.
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..Aesthetics: High aesthetic value. -
..Historical/Archaeological Significance:

Mt. Hood has been proposed for recognition to the National
Register of Natural Landmarks. Timberline Lodge and Cloud Cap
Inn are National Register Sites. Barlow Road traverses the area
outside the KGRA and is classified as a segment of the Oregon
Trail Route and the National Historic Trail System. Numerous
known cultural resource sites are adjacent to the KGRA. -




GEOLOGICAL/GEOPHYSICAL DESCRIPTION
SITE:  MT. HOOD KGRA

.;GeoTogic Déscription:‘

The complex geology of the area reflects the volcanic history
and glaciation of Mt. Hood and recent stream deposition.
Regional uplift, structural deformation and erosion by stream
and ice action has accompanied the accumulation of volcanic
material, flank sediments and alluvium since the Miocene age.
Highly varied and discontinuous rock types have resulted from
these processes. (2)

Mt. Hood is an andesitic stratovolcano of Pleistocene age. The
composite cone consists of olivine andesite, pyroxene andesite,
and hornblende dacite flows and pyroclastic debris with an
estimated volume of 45 cubic miles (approximately 70 percent is
lava flows). A significant quantity of material has been added
as a result of andesite flows and the. intrusion of a plug dome
since the end of glaciation. Much of the surface geology has
been mapped as Pleistocene Mt. Hood clastic debris, primarily
pyroclastic, but with considerable post-gldcial transported
detritus on the surface. (4) (10) (12)

Columbia River Basalt of mid to late Miocene age are the oldest
exposed rocks. Outcrops are distributed in an area surrounding
Mt. Hood which suggests that Columbia River Basalt underlies the
volcano.

The Rhododendron Formation, consisting of volcaniclastic debris
and interbedded andesite flows, unconformably overlies the
~ Columhia River Basalt.

Contemporaneous with the Rhododendron Formation is the Dalles
Formation. Of mid Pliocene age, the formation is made up of
volcanic debris with some interbedded lava flows. '

Andesites of early Pliocene age rest conforimably on the
Rhododendron Formation. Above thesé units are found: "Mt. Hood
volcancics, glacial and mudflow deposits, gravels, alluvium, and

intrusives. (9)(10)(11)

A stratigraphic description of the Mt. Hood area is available in
Wise (1968 and 1969). (9)

Major deformation by folding and faulting of rock units is
Tacking in the Mt. Hood area. o
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..Geophysical Summary:

As part of the 3 year projectito,assess the -geothermal resource of
Mt. Hood, the following studies were made in 1977:

Aeromagnetics (Dav1d L. Williams), self-potential-(Don-B.
Hoover), microseismic (H. M. Iyer and Craig S. Weaver) and
infrared (Watson, Friedman and Williams U.S.G.S.). «
Magnetotelluric and telluric electrical resistivity survey were
done by.Lawrence Berkeley Lab, Norman Goldstein and associates
and Univ. of California. Marv1n Beeson of Portland State
University is studying Columbia River Basalt in the Mt. Hood
area, and David Blackwell of Southern Method1st Un1versity is
doing thermal modeling. e :

Craig White of University of Oregon haS'conducted‘geological and

geochemical studies of young volcanic rocks and Don Hull of
Department of Geology and Mineral Industries examined areas of
hydrothermal alteration. Water chemistry was stud1ed by Haro]d
A. Wollenberg, LBL and others,  (13) - e ,

References to geophysical surveys:

Couch, R. W, and Baker, B., 1977, Geophysical
Investigations of the Cascade Range in Central Oregon
Final Reports to U.S.G.S. et

Fr1edman, J. D., and Frank, D., 1977, Structural and
- Heat-flow Implications of -Infrared Anomalies. at Mt. Hood
;Oregon. U.5.G.5. Open-File Report 77-599. :

:_U S G.S., 1977, Aeromagnetlc Map of Mt Hood and V1c1n1tyL
Oregon. Open-Flle Report 77- 819 - S '

..Geo]og1c hazards

Mt. Hood has a hlstory of vo]can1c and selsm1c act1v1ty The
~ most ‘recent recorded eruption occurred less :than 300 years ago.
Seismic occurrances have been recorded in 1974 at Government
. Camp, in 1976 on the northeast or south side of the mountain, ‘
and reportedly in m1d 1978. (4) - e T

Other potent1a1 hazards 1nc1ude 1ands11des, avalanches, eros1on,
h1gh water table,: f]ood1ng, and compress1b1e 50115. e ,
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RESERVOIR CHARACTERISTICS
'SITE: MT. HOOD KGRA

..Reservo1r Temperature
| Surface 9%
<.Subsurface: 1250¢ (1)
..Geochemical o _
Na-K-Ca: 160°C estimated minimum - Swim Warm Springs (1)

..Flow Rates: -25.gpm'at 279¢ (80°F) at Swim Warm Springs (3)
..pH: 7.3 (Swim WarmYSprfngs) : | |
..Total Dissolved Solids: 800 (Swim Warm Springs)
..Fluid Chemistry:

- Swim Warm Springs* B Fumaroles
Boron 0.15 _ B
Calcium 64 13
Chloride 170 (units mg/1) 1
Magnesium 51 o 2.8
Manganese 0.05 ' '
Potassium 12 ' 0.2
Silica g2 19
Sodium 120 5.4
Sulfate : 240 » 77
Temperature 270¢ 900C
ph 7.3 3.8 (4)

Gas analyses of the fumaroles northeast of Crater Rock average:

1.2 percent C02, 98.7 percent H20, 0.03 percent HZS and
-0.003 percent H2, (6)

..Estimated Heat Content: .3 x 1018 cal. (1) -
U.S.G.S. estimates 24 MWe with ‘possibility of up to 100 MWe.
u.s. Dept of Energy/Division of Geothermal Energy postu1ates
non-electric utilization of 100 MWe. (7) -

..Subsurface Area of Reservoir: Estimated 2 km? - (1)

*  Swim Warm Springs is the only hot spring in the Mt. Hood area.

The springs flow at 25 gpm at a temperature of 270C (80°F)
in Section 24, T.3S., R.8%E. (3)
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. LAND OWNERSHIP AND LEASING
SITE: MT. HOOD KGRA

..Land Ownership - Forest Service: 8,67I”'TOTAL AREA (Acres)
L el el . 8,671 FEDERAL (Acres)

..Land Leased: 0 - e | | |
..Tentat1ve Lease Sale Dates: No lease date schedu1ed
..Summary of Leas1ng Status and Needs el e

,5;The Mt Hood | KGRA is w1th1n a. de51gnated W11derness Area and
therefore, under Forest Service regulations, is unava11ab1e for
development

tThe first geothermal 1ease on U.S. Forest Serv1ce land was
issued on September 1, 1977 to R.L.K. & Co., operator of
Timber1ine Lodge T e

_The fg]]ow1ng non compet1tive (outs1de the KGRA) have since been
issue ‘ o ) B

~Lessee:"' o j?”:‘°ACreage'1j Townsh1p & Range

Northwest Natural Gas (NWNG) ;’ffz;sso;:;,fn'gi'jf;zs/ss WM.
COOMING 2,560 - 2S/BE WM.

- INNNGQ;""f,:ej;;-3«,'zigﬂffftz;Séd*fff;fs,;gi;*‘é5ZBE]WQMgff
"Mak'mfd1fg,ft‘;f;ff“ff??'g}ff;;Z:ssoe S as/sE .
Max Millis i,'7ff’lf;;2;so4;fﬂ;xa*?t,jk:zs(gegw;ﬂ."

Portland General E]ectr1c (PGE) f;~é;560} d;ff@;é'g:'ZS/Sﬁ,ﬁ;M{;f

PGE ALSEN A :"é,séoﬁi': 2S/10E WM.

peE 1,901 25/10E W.M.
I | o 2S/10E W.M.

PGE 1,924 3S/10E W.M.

TOTAL . 71,749 )
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GEOTHERMAL DEVELOPMENT STATUS
SITE: MT. HOOD

..Present Development Status:

A three year detailed geothermal resource assessment of Mt. Hood
was undertaken in 1977 as a joint effort 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 sha]]ow temperature gradient
drilling were begun. Deeper drilling and continued geophysical
studies have continued .in 1978, Expenditures are expected to
total almost to a million dollars, which represents the 1argest
geothermal research project to date in Oregon.”

In 1976 and 1977 a shallow gradient hole was dr111ed east of
Timberline Lodge. Serious drilling problems were encountered.
The bottom hole temperature of the 150 meter deep well near the
lodge was 10.29C gne hour after drilling ceased. (4)°

Drilling began in August 1978 on a second test hole located near
the maintenance shed at the lodge. 'The well has been permited
to a depth of 610 meters (2,000 ft.). In early October 1978
drilling had reached below 335 meters and was continuing. This
test hole has encountered considerable drilling d1ff1cu1t1es,
particularly in cementing off cold water flow.

At 01d Maid Flat, on the west side of Mt. Hood, the Northwest
Natural Gas Company (NWNG) drilled a gradient ho]e to 564 meters
(1,850 ft.) depth in 1977. This well was incorporated into the
federa] state resource assessment program and was deepened to
1,220 meters (4,003 ft.) during July and August 1978. Electric

- neutron density and fracture logs were done in August. A
temperature probe indicated a bottom hole temperature of 800¢
(1769F). This reading is subject to change since the well had
not reached equilibrium. Another temperature probe will be
completed before the end of 1978. (14)(15)(16?
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..Projected or Planned Development:

Drilling at Timberline Lodge is expected to continue to a depth
of 610 meters (2,000 ft.). Wy' East Exploration & Development
Company is carrying out the program under the R.L.K. & Co.
geothermal lease. If suitable resources are located, the
proposed plan is to supply space heatlng ‘to Timberline Lodge*
and the anticipated facilities expansion, and for snow me]tlng
on roads and park1ng ]ots at the lodge.

As part of the resource assessment program, eleven 152 meters
(500 ft.) gradient holes have been permitted for drilling around
the base of Mt. Hood. This dr1111ng program should beg1n in
October 1978. s

Results of the deep dr1lling at 01d Ma1d Flat will continue to
be evaluated to examine the feasibility of Northwest Natural Gas
Company's proposed heating project. The objective is to locate
a sufficient resource to justify a 48 inch pipeline over a 69 km
(43 mile) distance to Portland for industrial processing and
space heating. If resource capabilities are proven, it is
likely that federa1 funds will be sought for a demonstration
project. - : : .

*Timberline Lodge, which uses approximately 38,000 gallons of oil
per month, is the Iargest 51ngle bu11d1ng consumer of heat1ng oil in
Oregon.
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INSTITUTIONAL CONSIDERATIONS -
SITE: MT. HOOD

..Institutional Requlrements

Oregon Law (ORS 469.300) requires a geotherma] power p]ant or a
pipeline greater than six inches in diameter and 5 miles or
longer]1n length to be cert1f1ed by the Energy Fac111ty Siting
Counci

Areas defined by the CounC11 as "Natura] Resource. Areas" have
been designated as unsuitable for geothermal development.
Exp]orat1on activities in the 01d Maid Flat area border or are
in areas designated as unsuitable.

~In March 1978 legislation was passed which will include the
entire (with the possible exception of two sect1ons) Mt. Hood
KGRA in Wilderness class1f1cat1on.

The Bull Run Reserve (watershed for Portland) was reopened in
mid 1978 after being closed for several years. It is unlikely
that any geothermal deve]opment which impacts the watershed will
be permitted.

..Agency and Public Attitudes:

The public is likely to be extremely-sensitive to geothermal
development because Mt. Hood is a major recreation-area for the
population centers in the Willamette Va]ley, and has high
aesthetic and historical value.

In June 1978, public 1nvo1vement sessions were held teo solicit
input to goals established by the Forest Service for the
Clackamas Planning Unit. Of the 70 responses to- the goal for
providing opportunity for energy development, 27 percent fe]t
that it was very important, 30 percent-important, 20
percent-desirable and 23 percent undesirable. (17) -

The goal was revised to state, "Provide opportunity for energy
development. Energy development will minimize environmental
impacts and conflicts with other uses or damage to surface
resources". A significant percenta?e of the public in
attendance expressed that geothermal development is incompatible
with other values. (17) '
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..Status of Requirements (i.e., EIA/EIS Requirements)

Draft EAR for proposed leasing of geothermal resources with
non-surface occupancy restrictions- comp]eted by Mt. Hood
National Forest in 1977.

Final Environmental Statemént for Mt. Hood Planning Unit

-Interagency Land Use Plan - completed 10/77. Th1s EIS addresses

geothermal development on1y in genera] terms.

The second land use planning unit encompassing the Mt. Hood-
Geothermal area is for Clackamas, south of Mt. Hood. The draft
land management plan for the Clackamas unit is scheduled for
release in March 1979.

A large port1on of the Mt.- Hood geothermal area is be1ng
evaluated for possible allocation to roadless lands through the
U.S. Forest Service Roadless Area Review and Evaluation (RARE
II) process. After examining the areas and soliciting public
comment the Forest Service will make one of the following
determinations: recommend for inclusion in the National
Wilderness Preservation System, recommend for further study,
return to multiple-use designation. ~

As classified by the Forest Service in the Oregon Supplement to
the Draft Environmental Statement RARE II, none of the areas
under study have producing, proven or possible. geothermal
resources. This, despite the fact that the KGRA is included in
one of the study areas. The areas in question include the
follow1ng o

Area Administrative District  Total . Forest Service

Area | - Cnde Mt. Hood National Forestv Acreag’e Ownership Acres -
Eagle 090  Columbia Gorge Ranger 41,200 4,062
: R - Dlstr1ct : N N .
Lake 091  Columbia Gorge & Hood 10,900-‘ . 10,874
S _ i River D1str1cts j IS _
‘Big Behd;.:.‘v o VOQZJ “LColumb1a Gorge Dlstrlct ll,OdO o 11,000
Mt. Hood Additions 093  Hood River & Zigzag 11,600 11,470
Lo R Districts o . e
Wind Creek 094  Zigzag District 6,088 6,088
Salmon-Huckleberry 095  Bear Springs, Estacada 68,800 . 68,330
' S & Zigzag Districts
Twin Lakes 096  Bear Springs District 5,385 5,385
Badger Creek 097  Barlow Ranger District 27,382 27,302
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‘ENVIRONMENTAL FACTORS
SITE: MT. HOOD

..CLIMATE
A..Prevailing Winds:
West (Dry east winds occur during September and October)
..Precipitation (Annual):
Precipitation varies greatly with elevation and occurs
primarily during the winter months, mainly as snow above

the 1,067 meter elevation. Ranges from approx. 165 cm. at
305 m. to 356-432 cm. at 1,219-1,524 meters.

..Average Temperature ’
Minimum: -7\to -10C (20-30°F)
Maximum: 10 to 169C (50-60°F)

..Degree Days (Annual): |

7,949 (Estacada) Number of degree days would be much higher
in the Mt. Hood area.

..Relative Humidity (Seasonal Peaks)

Summer: 50-60 percent
Winter: 79-80 percent

..AIR QUALITY:

Air quality is believed to be relatively high in the Mt. Hood -
area, although actual characteristics are not known since no
measuring stations are maintained. Generally there is good air
dispersion on the upper slopes of the mountain due to nearly
constant winds. Proximity to the Portland metropolitan area
does affect air quality but the extent of the influence is not
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 H2s, as well as sulphur precipitate. Concentrations
?f His at Sw1m warm Springs are generally below the detection
imi

The Oregon Department of Environmental Quality has spec1a1
restrictions applied to air quality standards in wilderness
areas. .

. .WATER QUALITY:

Water quality is generally very high above populated areas. Mt.
Hood is a ground water recharge area.
Numerous rivers and creeks are in the area

..NOISE

Noise levels are extremely 1ow except in the developed areas

along Highway 26, developed recreation areas and in

communities. Activities that generate higher noise levels 1like

logging and gravel operations tend to be temporary and distant
- from residential areas. (2) .

. .BIOLOGICAL

..Dominant F]ora‘ Conlferous spec1es
Below 762 m:
Douglas fir/western hemlock (Pseudotsug
men21es11/Tsuga heterophylla)

Above ‘1, 067 m: ' :
Paelflc silver fir {Bbies amab111s) and nub]e fzr
(Abies . Ias1ocarpa) ‘ _ B

H1gher E]evat1ons. ‘ ‘ R
Mountain hemlock (Tsuga mertens1ana) and subalplne f1r
(Ab1es 1as1ocarpa) R S

Forest ‘becomes d1scont1nuous above 1, 524 m..and t1mber11ne
averages 1, 981 m. in e]evat1on.fi,~ : ,

..Domlnant Fauna

Wildlife hab1tats and spec1es are great]y d1vers1f1ed glven»?
the varied geography of the Mt. Hood area.

A w11d11fe species list is 1nc1uded in the Mt. Hood
P]annlng Unit Environmental Statement. ‘
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..Endangered Species
Flora:  Pityopus californicus
Polystichum Kruckebergii

Plants being considered for adoption as Rare, Endangered, or
- Threatened by the Oregon Rare and Endangered Plant Species Task
Force.

Arabis furcata

Arenaria purnicola

Betula glandulosa var. glandulosa
Calamagrostis breweri

Calypso bulbosa
Cimicafuga laciniata

Collomia debilis var. larsenii

Cypripedium montanum

Draba aureola

Eburophyton austiniae

Eriogonum umbellatum var. ‘hausknechtii
‘ Habenaria orbiculata

Hemitomes congestum

Hulsea nana

Hypopitys monotropa ’

Isopryum hallii

[iTium washingtonianum

Lycopodium camp lanatum

L. inundatum

Parnassia fimbriata var. hoodiana

Penstemon euglaucus

P. peckii

P. subserratus

Phlox hendersonii

Pityopus califorrica * v

Pleurocospora fimbriolata

Poa suksdorfii

Polystichum andersonii

P. kruckebergii *

P. Tonchitis

Potentilla villosa

Ribes watsoniana

dedum divergens

Silene suksdorfii

Smelowskia ovalis

Thelypteris nevadensis

*Also listed by the Sm1thson1an Institution as Endangered or
Threatened. (2)
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Fauna: American Peregrin Falcon (Falco peregrinus
anatum)

Oregon State Threaténed Cﬁéssification:

Northern bald eagle (Ha11aeetus leucocephalus
alascanus) =
Northern spotted owl (Str1x occ1denta11s caurina)

- Wolverine (Gulo luscus) ) _ .
.western Spotted rog ZRana pret1osa)
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TRANSPORTATION AND UTILITIES
SITE: MT. HOOD

..Utility or Energy Transmission Corridors and Facilities

Bonneville Power Administration (BPA) owns four transmission
lines which carry power generated from the Columbia River
hydroelectric sites west into Portland. There is one 230 KV
line, one 500 KV 1ine, one 287 KV capacity 1ine operating at 230
KV, and one 345 KV 1ine 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 30 cm (24 inches) is within 16 km (10 miles)
of the area.

..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.

Hood Loop to the Hood River community.
Ejghway 35 connects to Interstate 80 at Hood
iver. .

Secondary roads include: Timberline Road, Bennett Pass Road;
Cloud Cap Road, West Leg Road, Still
Creek Road, Truman Road, Lclo 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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POPULATION
SITE: MT. HOOD, OREGON

..GeneralnDescriptionJof_Population

Population of the Mt. Hood area (Mt. Hood National Forest
Planning Unit) was estimated to be between 7,060 and 7,160 in
- 1975. Seasonal residents comprise approximately 57 percent of
the total with the remaining 43 percent as permanent
residences. Population increased between 1970 and 1975 and is
expected to double or triple 1n the next 20 years. ‘

The heavy seasonal flucuat1ons in population correspond1ng to
seasonal recreation and employment patterns double popu]at1on
densities during certain times of the. year. :

Most of the popu]at1on is concentrated along nghways 26 and

35. Areas-available for development already have densities
Vapproachlng urban or suburban areas. This pattern is 11ke1y to
continue to increase since only a small percentage of land is in
~private ownership. (2)

Prox1m1ty to Portland and other population centers of the
Willamette Valley draws many peop]e 1nto the Mt Hood area for
recreational purposes. v ,

Population Centerébfffe- tk'.. i Popu]ation
Government Camp o C 550 (3/4 seasonal)
Parkdale fr"' | :j'fui ;A"i :300 + seasona] m1grants (300)
'Cherryvillejand Alder_Creek o 520 (few seasona])
| Brightwood to S]eepy?Hdllow :‘;, '1000 1100 (seasonal & permanent)
Zigzag Rt t: . | v750.(seasona1 & permanent)
'thdodendron/ .~ 320 (high precent seasonal)

‘Wildwood, Welches and Wemme - ‘1600 (40-50 percent seasonal)
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..Economics

‘.Present Land Use:
Primarily National Forest.

Recreation and tourism,'including three major resort
establishments.

Timber management contributes s1gn1f1cant1y to the 1oca1
and regional economy.

Emp]oyment in logging operat1ons in the Mt. Hood v1C1n1ty
is seasonal, generally six to nine months.

Agr1cu1tura1 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 Odell and marketed reg1ona1 ly and nationally.

Small retail and commercial sectors are developed in the
Mt. Hood communities and along the highways to prov1de
services.

..Future Land Use:

The Mt. Hood National Forest proposed plan stresses ,
improved eff1c1ency 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)
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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 plateauv that is so throughly dissected that little 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 122° West meridian. Each of the hot springs areas have been
classifed by the U.S. 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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. SITE: CAREY HOT SPRINGS KGRA

(Austin Hot Springs)
: Oregon N
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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 I, 620 is about 40 km (25 miles)
northwest of the hot sprmgs.

‘The fopography of the KGRA is typical of the Western Cascades - rugged
forested land ‘with steep slopes and well developed river valleys. Elevation at
the  hot springs is 520 meters (1,706 ft.). The springs discharge into the
Clackamas River whuch isa tnbufory 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 surroundmg the" Corey Hot Sprlngs KGRA is National Forest
‘land used intensively for timber production and recreation. Population levels
are low. A few persons are housed at the Forest Service Ripplebrook Ranger
Station about 10 km from the hot springs and several PGE employees reside
_at Three Lynx and maintain the small power station on the Clackamas River.
The nearest sizeable communn‘y is Estacada. It is prlmarlly a logglng town
which also provides services to recrecmonls'r and |s fhe sxfe of a Forest
»Servnce dlstrlct offlce. ' : . : A

F u‘i’ure Iand use ‘plans ‘for federally owned land mcludmg ’rhe KGRA are
‘now belng developed by the Mt. Hood National Forest.” The plan: will likely
- stress mcreosed tlmber production, recrea'rlonal opportunmes and roadless
areas. L _

Geothermal poten'nol is expressed at Carey Hot Sprmgs which flow from
about a dozen orifices adjacent to the Clackamas River. Both the location
and the alignment of the springs appears to be fault controlled (Hammond
1976). The springs discharge 950 liters per minute (Ilpm) of 86°C water.
Silica geothermometry .indicates that temperatures as hxgh as |249C. may be
encountered at depth.
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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 drllled by the
Oregon Department of Geology and Mineral Industries. The average gradlents
between 15 and 150 meters were 297° C/km and 81° C/km.

The range of potential geothermal applications based on the estimated
. subsurface temperature of 125°C includes: space heating, aquoculture,
greenhouses, de-icing, drying of organic matertals, 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 concem‘rahon 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 draft
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 Il process now underway has included 78,208 acres of the Bull
of the Woods and Olallie Lakes areas in the vicinity of the KGRA as potential
sites for roadless or wilderness classification. Geothermal development
would not be permitted in areas so designated. A

Environmental concerns in general, as expressed by the public and
government agencies, are likely to be a major factor in controlling
geothermal development not only at Carey Hot Springs, but in all areas of the
Coscades.
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* SITE DATA SUMMARY *
SITE: CAREY HOT SPRINGS KGRA (Austin Hot Springs)

..Physical Reservoir Date
..Temperature ©C

Surface: 860C (185°F§
Subsurface: 1250¢ (2570F (1)

..Type of Overlaying Rock: Olivine basalt, basaltic andesite,
L ; pyroxene andesite

..Estimated Depth to Top of Reservoir (meters): 1,500 (8)
..Site Land Status -  Most of the land is in Mt. Hood National
Forest ownership.
" Total Acres - KGBRA 7,419 (Federal)
Total Acres Leased =~ None (Federal)
. .Geothermal Development~Status: ,
Two temperatere grad1eht holes have been dr111éd-by‘the Oregon
- Department of Geology and Mineral Industries.
Su?oco Energy Company drilled a 457 meter (1 500 ft. ) grad1ent
hole. :

..Local and State Attitude Toward Geothermal Deve]opment

Extreme]y sens1t1ve._v

~ ..Land Use and Populetion:

| Few permanent residents. IR e
Primarily National Forest 1and Timber;production and roaded
recreatlon., o L EE

..Comments and Cfitical Issues:
Leasing decisions cannot take place until the land management

p]an has been completed by the Forest Serv1ce. The draft plan
is due in March 1979.
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SITE LOCATION AND PHYSICAL DESCRIPTION
SITE: CAREY HOT SPRINGS KGRA

..Latitude: 450 01' 2: N
..Longitude: 1220 Q' 6" W

..Rectilinear: T.6S., R.6E., Secs. 24, 25, 36; T. 65 R.7E.,
Secs. 19-21, 28-33, W. M

..County: Clackamas

..Adjacent Counties: Marion, Yamhill, Washington, Multnomah, Hood
River, Wasco :

..Maps: Fish Creek Mountain - 1:62,500, Vancouver - 1:250,000

.. Topography
Rugged forested land in the Western Cascades. Elevation at the
hot springs is 520 m. (1,706 ft.). The springs are located in
the Clackamas River bottom and surrounded by steep slopes.

..Present Land Use:
The public land is maintained by the U.S. Forest Service for
timber management and recreational purposes. Adjacent to the
hot springs, Portland General Electric owns 160 acres which are
established as a developed recreation site.

..Future Land Use Plans:

Land use goals and plans are being developed for the area in

federal ownership by the Mt. Hood National Forest. A draft plan

is due in March 1979 and will likely stress timber product1on
recreation and roadless areas.

..Aesthetics:

The forested character of this Western Cascade reg1on '
contributes to the overall high scenic value.

..Historical/Archaeological Significance: Unknown
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION
SITE: CAREY HOT SPRINGS

..Geb]ogic Description:

The Carey Hot Springs area was included in aﬂgeologic'study‘of
%he cintral and northern Oregon Cascades by Peck and others
1964). : o : L e .

The oldest exposed unit in the hot springs area is the Nohorn
Formation of mid to late Miocene age. Other rock units of the
Western Cascade Group present in the area include: the Bull
Creek Formation composed primarily of volcanic sedimentary rocks
(mid to late Miocene); young basalts of High Cascade origin; and
alluvium and landsiide debris at the surface.

Cropping out along the Clackamas River near the hot springs are
intrusive dikes, plugs and sills of pyroxene-bearing andesites.
An exposed intrusive of highly altered andesite porphyry is
located east of the hot springs. This intrusive may be part of
the Austin Point pluton which is a pyroxene andesite intrusion
located at the confluence of the Collawash and Clackamas
Rivers. (12) (20) (10) : o

Hammond (1976) has mapped a west-northwest 14 km long fault with
- approximately 122 meters of displacement from near Granite Peaks
through the hot springs to the North Fork of the Clackamas
River. This fault appears to control the location of Carey Hot
Springs and alignment of the spring orifices. Hammond suggests
that the fault is part of a wide belt of north-northwest -
trending faults which are a possible extension of the Brothers
Fault Zone through the Cascades. (21) ISR ' o

. .Geophysical Sdmhafy{ |

Three temperafure'gradient wells have been drilled in the
vicinity. - Lo
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..Mineral Occurrences:
Mercury has been mined in the past along the upper Clackamas
River. (20)

..Geologic Hazards:

Slopes and canyons'ofvweathered volcanic debris, and interbedded
ash and sedimentary rocks have potential landslide problems.

Seismic intensity levels are relatively 1ow when compared to
many other areas in Oregon.v
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RESERVOIR CHARACTERISTICS
SITE: CAREY HOT SPRINGS KGRA

. .Reservoir Temperature _
..Surface: 860C (1859F) (1)
. .Subsurface: 1250C (257%) (1)
~,.Geo§hemica1ﬁx (Estimétedfminfmum)

Silica Conductive: 1240C | Silica Adiabatic:- 1240C
Na-k-1/2Ca: 118°C | Na-k-4/3Ca: 889C (3)

..Flow Rates: 950 1pm‘
..pH: 7.63 (8) -

..Fluid Chemistry: ~ Suggests a hot-water-dominated hydrothermal.
- system. .
Specific Conductance (micromhos) 1,720
Silica 81
Calcium S o ‘ 35 . :
Magnesium L 0.1 (Units mg/1)
Sodium , L . , ~.- . 300 e
. Potassium . R T A |
Lithium- B B 0.4
Bicarbonate - 5
Carbonate i S 1
Suifate oo 14
Chloride Qo o ‘ 430
Flouride : : , 1.4 S
Boron ... . . : o 2.6 (8) (19)

.{EStimatéd héaf content: .1 x 1078 cal. (1)
©..Subsurface Area of Reservoir: 1.5 kn? estimated (8)
‘Carey Hot Springs flow at an estimated 950 pm from

approximately 10 orifices in Sec. 30, T.6S.,-R.7E., W.M.,
"adjacent to the Clackamas River. - T
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LAND OWNERSHIP AND LEASING
 SITE: CAREY HOT SPRINGS KGRA

TOTAL AREA FEDERAL PRIVATE
(Acres) ~  (Acres)  (Acres)

..Land Ownership KGRA 7,579 7,419 160

..Land Leased - -0

..Tentative Lease Sale Date: 1/1/79 (will be rescheduled for later
lease date) .

..Summary of Leasing Status and Needs:

Land management plan must be completed before leasing can take.
place. , o ’
The draft plant is scheduled for release ih March 1979.

Non-competitive lease applications should be processed by August
1979. '

Non-competitive Lease Applications: Carey Hot Springs

.Applicant | , ' _Acreage'
Alaska Pacific Lumber Co. 20,498
City of Eugene - _ 3,748
C. Hook : .10, 369
Sunoco Energy Development Co. o - “unknown

e e <00

v,
e et @ Vi,
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GEOTHERMAL DEVELOPMENT STATUS
SITE: CAREY HOT SPRINGS KGRA -

..Present Deve]opment'StatuS'

~ Existing use of the hot spr1ngs for recreat1ona1 bath1ng at a -
developed roads1de park.

Sunoco Energy Company completed dr11]1ng a 457 m. (1,500 ft. )
temperature gradient hole in early 1978: The drill site was
located in the NE% section 29, T.6S., R.7E. Informatlon on the
results of the dr1111ng has not been re]eased ,

The Oregon Department of Geo]ogy and Mineral Industries dr1]1ed

two gradient holes and measured geothermal gradients in several
existing wells., Data from this dr1111ng program are included in

the fo11ow1ng pages. -

..Proaected or Planned Deve]onnent.
'There are not any known plans for development.i . | |
The formulation of p1ans for further explorat1on'and development

: by private entities appears to be contingent upon establishing a
~ land position if the Forest Serv1ce allows 1eas1ng B
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Location: T.6S., R.7E., Sec. 30 NihNWyg, W.M.
Map Reference: AMS Vancouver, Oregon

Date Measured: 9/30/76

DEPTH DEPTH | TEMPERATURE : GEOTHERMAL GRADIENT

METERS ~ FEET DEGC  DEGF DEG C/KM . DEG F/100 FT.
5.0 16.4  16.680 " 61.95 .0 .0
0.0 32.8  -18.010 64.42 = 274.0 15.0°
15.0  49.2  19.930  67.87 1 384,0 211
20.0 65.6  21.760  71.17 366.0 20.1
25.0 82.0 23.610  74.50 370.0 20.3
30.0  98.4 25.540  77.97 386.0 21.2
35.0 114.8 27.400  81.32 1372.0 20.4
40.0 131.2 29.170  84.51 354.0 19.4
45.0 147.6 31.710  89.08 508.0 27.9
50.0 164.0 33.070  91.53 272.0 14.9
55.0 180.4 34.420  93.96 270.0 14.8
60.0 196.8 35.700  96.26 256.0 14.0
65.0 213,27 37.100 98.78  280.0 15.4
70.0  229.6 38.590 101.46 298.0 16.4
75.0 246.0 39.830 103.69 ~238.0 13.6
80.0 262.4 41.510 106.72  336.0 18.4
85.0 278.8 43.250 109.85 348.0 1941
90.0 295.2 44.630 112.33 276.0 15,1
95.0 311.6 45.980 114.76 270.0 14.8
100.0 328.0 47.220 117.00 248.0 13.6
105.0  344.4 48.500 119.30 256.0 14.0
110.0  360.8 49.730 121.51 246.0 - 13.5
115.0  377.2 50.930 123.67 240.0 13.2
120.0  393.6 52.100 125.78 . 234.0 12.8
125.0  410.0 53.250 127.85 230.0 12.6
130.0 426.4 = 54.400 129.92 230.0 12.3

135.0 442.8  55.290 131.52 178.0

Average gradient 10-135 meters - 297.3°C/km (24)

280




Location: T.6S., R.6E.,:Sec. 34 SE4SWy, W.M. .
Map Reference: AMS Vancouver, Oregon

Date Measured: 9/30/76

DEPTH  DEPTH - - TEMPERATURE GEOTHERMAL GRADIENT
METERS FEET ~ DEGC  DEG F  DEG C/KM DEG F/100 FT
10.0 32.8  9.650 49.37 . .0 .0
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 - 08.0 - 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° a0
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
1100.0  328.0  16.990  62.58 80.0 4.4
105.0 344.4  17.390  63.30 . 80.0 4.4
110.0 360.8  17.810  64.06  84.0 4.6
115.0 377.2  18.190  64.74 76.0 4.2
120.0 393.6 . 13.540 - 65.37. 70.0 " 3.8
125.0 410.0 ~ 18.960  66.13 84.0 - 4.6
130.0 426.4 19.290  66.72 . .66.0 3.6
135.0 442.8 ~ 19.700 67.46 ~  82.0 45
140.0 459.2 . 20.110  68.20 -  82.0 4.5
145.0 475.6  20.530  68.95 84.0° . 4.6 -
150.0 492.0  20.920 69.66  78.0 4.3

 Average gradient 154150 meters - 80.50C/km - (24)
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Location:

T.6S., R.7E., Sec. 21 SE4SW4, W.M.

Map Reference: AMS The Dalles, Oregon

Date Measured: 6/29/77

DEPTH

7.5
10.
12.
15.
17.
20.
22.
25.
27.
30.

-32.

O UM O »m O w»v O

35.0
37.5

40.0

 DEPTH .~ TEMPERATURE
METERS -

o O

FEET.  DEGC  DEGF DEG C/KM
24.6  10.690  5%.24 0.0
32.8  11.150  52.07 184.0
41.0  11.530  52.75 - 152.0
49.2  12.410  54.34 352.0
57.4  13.380  55.90 348.0
65.6  13.770  56.79 196.0
73.8  14.160 57,49 156.0
82.0  14.940  58.89 312.0
90.2  15.900  60.62 384.0
98.4  16.360  61.27 144.0
106.6  16.720  62.10 184.0
114.8 17.140  62.85 168.0
123.0  17.350  63.23 84,0

1BL2 17.870 6417 208.0

Average gradient 10-40 meters - 220.9°9C/km (25)
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. INSTITUTIONAL CONSIDERATIONS
SITE: CAREY HOT SPRINGS

.. Institutional Requirements:

- Neither competitive or non-competitive leasing can be addressed
until the Forest Service issues leasing recommendations as part
of the land management plan now in progress.

RARE II land-use decisions may also effect geothermal
activities in the area. The following areas are undergoing
review:

Bull of the Woods

(code 6098) 69,535 acres Mt. Hood Nationa] Forest and
Willamette National Forest

Olallie Lakes

(code 6099) 8,673 acres  Mt. Hood National Forest.
o (26)(23)

..Agency and Public Attitudes:

As is the case in all Western Cascade geothenmai areas, the
public is likely to be sensitive to geothermal development.

A survey of pub1ic attitudes is inAprOQresé'through the land
management plann1ng process. InitialiinputS'are as‘fo]]owS' -

In June 1978, public involvement sessions ‘were held to
solicit input to goals established by ‘the Forest Service
for the Clackamas Planning Unit. Of the 70 responses to
the goal for providing opportunity for deve]opment 27
percent felt that it was very important, 30 ~
percent-~important, 20 percent- des1rable and 23 percent
undesirable. (17) :

The goal was revised to state, "PrOV1de opportunity for-
energy development. Energy development will minimize
environmental impacts and conflicts with other uses or
damage to surface resources". A significant percentage of
the local public in attendance expressed that geothermal
development is incompatible with other values. (17)
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..Status of Requirements (i.e., EIA/EIS Requirements)

The Land management plan for the Clackamas unit of the Mt. Hood
National Forest was in progress during the fall of 1978. A

draft plan is due in March, 1979 which will prov1de guidelines
and criteria for leasing dec1swons.
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ENVIRONMENTAL FACTORS .
. SITE: CAREY HOT SPRINGS -

..CLIMATE Marine influence
..Prevailing Winds: Varying from southwest-to northwest:
..Precipitation (Annua]) 1203 cm.
..Days of Sunsh1ne (Annual): 220 o
- ..Average Temperature 57 7°F s

Minimm: 38.60F (Temperature & degree day data
Maximum: = 65.20F - = . are based on measurements for
) R ) Estacada - 40 km northwest)

..Degree Days (Annual): 5,021

..Re]at1ve Hum1d1ty (SeasonaT Peaks)

Summer: 40-50 percent
Winter: 70-90 percent

..AIR QUALITY

Air qua]vty is general]y high because of the area's. relat1ve
isolation from popu]atlon concentrat1ons.; : i

"gPresent sources of pol]ution 1nc1ude vehic]e em1ss1on, dust
“from unpaved roads, and smoke from. slash burning and f1e]d
burning in the Willamette Valley. =~
'?o measur1ng stat1ons are ma1nta1ned in the 1mmed1ate area.

- (22 : RSN :

k;,NATER QUALITY |

~Surface water qua]ity is hlgh There is. occass1ona1 siltat1on

~ of rivers and streams as a result of upstream eros1on or mass
wastlng (22) , _
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..NOISE:
Noise levels are low. Highway traffic and timber operations
are the main impacts. (22) ' .
..BIOLOGICAL
..Dominant Flora:

Douglas-fir forest.
Principal associates:.

Douglasfir (Pseudotsuga menziesii)
Western hemlock (Tsuga heterophylla)
Western redcedar (Thuja plicata)

At higher elevations ( >914 m) the True fir-Mountain
hemlock forest association predominates.

..Dominant Fauna:

Black-tailed deer, Roosevelt elk, black bear,.cougar,
coyote, raptorial birds, beaver, songbirds and others.

.. ENDANGERED SPECIES

Flora: Plants listed by the Oregon Task Force are known in
the west central Cascades and may be in the area.

Wood fern (Thelypteris nevadensis)

Sword fern (Polystichum californicum)

Bog birch (Betula glandulasa)

Cranberry (Vaccinium oxycoccus var. intermedium)
Reedgrass ‘ - (Calamagrostis breweri) -
Washington 1ily (Lilium Washingtonianum)

Bog orchid (Habenaria orbiculata) ,

Rue anemone (Isopyrum hallii) ‘ _
Matted saxifrage ~ (Saxifraga bronchialis var. vespertina)
Pinefoot (Pityopus californicus) o
Tall agoseris - (Agoseris elata) :

Alpine collomia (Collomia debilis var. 1arsenii)‘

-Crater Lake sardwort (Arenaria pumicola)

Fauna: American peregrine falcon (Falco peregrinus anatum)
Arctic peregrine falcon (Falco peregrinus tundrius) -

Threatened Species:
Wolverine (Gulo luscus) :
~ Northern BaTd Eagle (Haliaectus leucocephalus alasanus)

~ Northern Spotted Owl (Strix occidentalis caurina)
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- TRANSPORTATION AND UTILITIES
SITE:  CAREY HOT SPRINGS KGRA

..Utility or Energy Transmission Corridors and Facilities

Portland General Electric transmission line runs one m11e south

~ of the hot springs on U.S. Forest Service land.
Three Lynx powerhouse and transmlss1on 11ne is located
approxlmately 14 a1r miles N/Nw of the spr1ngs area..
..Transportation Corridors or Facilities

- Forest Service H1ghway 224 '
Numerous other Forest Serv1ce and 1ogg1ng roads
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POPULATION
SITE: CAREY HOT SPINGS, KGRA

..General Description of Population
‘Popu1at1on levels are low because most'of the area-is manéged
for timber production by the Forest Service. A few Forest -
Service employees reside at Ripplebrook Ranger Station about 6

miles from the hot springs. The largest concentration is.
Estacada, population 1,620, approximately 40 km northwest.

..Economlcs
..Present Land Use

Economically the most important land use allocat1ons are
for timber production and recreation.

..Future Land Use:

Future land use plans are presently being developed for
the Clackamas unit by the Mt. Hood National Forest.
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© SITE: BREITENBUSH HOT SPRINGS, KGRA
T OREGON C
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' BREITENBUSH HOT SPRINGS KGRA

. The Breitenbush Hot. Sprlngs Known Geothermal Resource A‘re'o 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 Sdlem.
Detroit with a populotlon of 340 is 16 km southwest of the hot sprmgs

“ The KGRA is locafed in rugged forested land in the Western Cascades.
The Breitenbush Geothermal Area (BGA), as designated by the F orest Service,
covers 44,283 acres in both the Western and High Cascade regions. The hot -
springs in the KGRA are situated in a valley just downstream from the
confluence of the North and South forks of the Breitenbush River. Elevations
in the KGRA range from about 610 meters (2,000 ft.) at the river bottom to
1,380 meters (4,528 ft.) at Devrl's Peak. Slopes vary from modero'rely steep to
precipitous. _ ,

The forest products industry is the mainstay of the ‘region and the
Breitenbush area is highly valued for its timber production capabilities. Clear
cutting is @ 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. , , R , ; v

The Brenfenbush area - is olso wndely 'used for. recreational purposes.
- There are two existing’ campgrounds in the KGRA and.the Forest Service has
identified 19 potential recreation sites. Recreation is not limited to the
summer months. During the winter cross-country skiing and snowmobiling are -
popular activities. Trails in the vicinity which provrde access to the adjacenf
Mt. Jefferson Wliderness area are heovnly traveled. : :

Wlth ,fhe exceptlon of a smoll porcel of prlvately'own’ed land at the hot
- springs, the Breitenbush KGRA is part of the Willamette National Forest.
- The broader Breitenbush Geothermal Areo lops over on fhe northern ‘edge into
: \'rhe Mt, Hood Ncmonal Forest. - e , .
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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 are 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 are concerned that geothermal
development will create adverse environmental impacts on the recreo’non
industry.

Geothermal energy potential is lllustrcn‘ed by the fact that Breltenbush
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 sprmgs flow
through the alluvium and glacial outwash deposits. The average spring
temperature is 92°C and total approximate flow rate is 3,400 Ipm.
Geothermometry indicates that temperatures as high as 150°C 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.

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 100°C water. The
well is supplying hea'f 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 55.2°C/km and 90.6°C/km. Sunoco Energy Development
Company has also drilled a test well to 366 meters (I, 200 ft.), but gradient
information has not been released.

The 150°C estimated base reservoir temperature at Breitenbush is not
within the conventional range for consideration of electrical generation.
However, there is speculction that greater temperctures may be proven by
deep test drilling.

The presence of existing transmission lines that could carry additional
loads within the KGRA and proximity to the energy-hungry Willamette Valley
are favorable factors in considering Breitenbush as a potential electrical
generating site. Yet the existence of a resource capable of  electrical

production has not been demonstrated. Nevertheless, the area's proximity to-

the Mr. Jefferson Wilderness Area and other scenic reserves and the intensity
of public sentiment could preclude any geothermal electrical developmenf
even if a sufficient resource were discovered. -
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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 llmlted however,

because the area is sparsely populated.

Transpon‘mg thermal fluids from the Breltenbush area east towards-the
Willamette Valley could help meet energy demands in industrial, commerical
and residential sectors. Lumber operations along Highway 22 could vtilize
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 manufacfurlng
concemn 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 50°C range is located on the east side of Salem.
Energy consumptuoh figures for two food processors in the Salem area are
included in Appendix B. In addition to these and other agriculturally related
uses, the opportunity for dlstrlct heanng systems in Mill City, Stayton and
Salem are good. ; v ,

3

Transmission systems with dlsfonces of 50 and - 100 km are being

- designed and theoretncally proven economical - for the Akureyri district
heating system in lceland. 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 pro;ecnons of use distant from

the site are hlgh!y speculative.

In the short term, it is likely that use of thermal waters will increase at
the two resorts. Expanded use for space heating is anticipated as the

‘facilities ‘are upgraded. = A greenhouse tc help meet . the neasds' of the

developing community at Breitenbush Hot Springs is a likely development. -

Brentenbush Hot Springs have been enjoyed as health resorts since the
1940s. Brochures from one resort claimed the mineral water offers
"remarkable cures of ' rheumatism, liver and. kidney ‘troubles, neuritis,
arthritis, diabetes, eczema, gout, constipation, nicotine -habit, and other -

chronic dilments". 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 "Old Behevers" who follow Russian
Orthodox cusfoms. i : : :
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As indicated by Sunoco Energy's temperature gradient well industry is
interested in the Breitenbush geothermal resource. Non-competitive 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 concemns 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
5,818 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 il
process for possible inclusion in the National Wilderness Preservation
System. The Draft RARE Il 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 envuronmemol concerns .will demand that any development
programs be carefully planned and conducted with local cooperahon if the
resource is to be utilized.
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- SITE DATA SUMMARY
SITE:.  BREITENBUSH HOT: SPRINGS, KGRA

..Physical Reservoir Data
..Temperature OC
Surface: g20(1) |
Subsurface: 1500C (estimated)(1)
..Total Dissolved Solids (PPM): 2,400
..Type of Overlaying Rock: Andesite

‘..Estimated Depth to'Top of Reservoir (mefers): 1,500 (8)

..Site Land Status

44,283 acres have been identified as prospectively valuable for
geothermal resources by the USGS

Total Acres (KGRA): FEDERAL - 13,445 . PRIVATE: 2,917 (BGA)
Total Acres Leased: FEDERAL - 5,818

..Geothenmal Development Status:

L1m1ted exp]oratory work
Space heating of resort cabins and sw1mming poo] heat1ng

..Local and:State,Attitude_anard Geothermal Development:
j‘Extreme:sensifiQity appeers td'be:the.prevaientlﬁocaiﬂatfitude.

..Land Use and Popu]at1on.

" Primary land use is for timber product1on and recreat1on.‘%
~ Population is trans1tory in nature. §

..Comments and Cr1t1ca1 Issues.

- In general, geotherma] deve]opment in the Cascades 15 11ke1y to
be controvers1al and keenly watched by the public. .
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~ SITE LOCATION AND PHYSICAL DESCRIPTION
SITE: BREITENBUSH HOT SPRINGS, KGRA

..Latitude: 440 46' 9" N
..Longitude: 1210 58' 5" W

..Rectilinear: Secs. 7-9, 15-22, 28-30, T. 95.,.R 7E., W.M.;
' Secs. 4 & 23, T. 85., R. 7E., W.M.; Secs. 2 11,
14, 27, 36, T. 9S., R.7E., W.M.

..County: Marion
..Adjacent Counties: Clackamas, Linn, Jefferson, Wasco

-~ ..Maps: U.S.G.S. Topographic - Bre1tenbush Hot Spr1ngs 1:62,500
AMS - Bend 1:250,000

. . Topography

Rugged forested land in the Western Cascades. Elevations range
from about 610 m, (2,000 ft.) to 1,656 m. (5,434 ft.) at '
Tr1angu1at1on Peak, The hot springs and surrounding low lying
areas are characterized by thick 1ayers of glacial till which
cover the bedrock patterns. As a result of glaciation,
lateral, terminal and medial moraines are generally evident
throughout the area. Numerous faults, flow and stream
lineations are conceptrated in the KGRA. Drainage follows a
dendritic pattern. (28) '

..Present Land Use:

Highly valuable timber product1on, with a substantial amount of
clear cut areas. Recreation is second in importance only tg
timber in the economy of the Upper North Santiam and Clackamas
Valleys. Two campgrounds, 2 recreation/residence tracts, 1
organization site, and 2 resorts are located within the KGRA.

No grazing allotments are outstanding at the present time. (28)

..Future Land Use Plans:
The U.S. Forest Service has identified 19 potent1a1
recreational sites within the KGRA. Long range use of

Whitewater Rock Quarry (Sec. 28, T.10S., R.7E.) will prec]ude
any geothermal development at the s1te (28)
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..Aesthetics:

: H1gh aesthetic va]ue. 5 :

" The following areas are in close. proximity to the Breitenbush
KGRA: Mt. Jefferson Willderness Area, Bull of the Woods
Roadlesss area, North Breitenbush and Minto Mounta1n w11derness
Study area, and 01a111e Lake Scenic area..

..Historical/Archaeological S1gn1f1oance:

A check of the 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 that not sites or structures
within the area are listed on, or nom1nated for, the National
Register of Historic Places.
In September 1975, the Department of Anthropology at the
University of Oregon conducted a five percent archaeological
survey of the area. Eleven sites were recorded. Lease terms
will require protection of the eleven known sites, as well as
“any additional sites that may be d1scovered during geothermal
development (5)

..Other Land Uses:
‘Structures Within Area:

Breltenbush Hot Spr1ngs Resort (prlvate 1and resort 1n NE>
s.20, T. 95., R.7E. ) , ,

. Brewtenbush Hot Sprlngs Resort (under Forest Servmce Spec1a1
Use Permit -in Nk Sec. 20, T.9S., R. 7E) L

Breitenbush Guard Station (Forest Serv1ce Adm1n1strat1ve S1te
NW4 Sec. 21, T. 95, R.7E. I

- Recreation S1tes. Breitenbush Campground, C]eator Bend Picnic
. Ground; Whitewater Campground wh1spering Fa]]s Campground
,R1ver51de Campground '

T'YOrgan1zat1on Sltes' Villa Mar1a Lodge, Chemeketans Cab1n

Recreat1on Res1dence Sltes Bre1tenbush Forks Tract;fDev1ls
Creek Tract ‘ - T A
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Special Permits:

Land

- Permit covering 1.8 acres providing for operation of a

small power plant to service the resort fac111t1es (held
by owners of Breitenbush Resort).

Permit for a spur road in sections 7, 17 and 20, T.9S.,
R.7E. (held by resort owners)

‘State of Oregon holds a mineral materials permit for

removal of rock in section 28, T.10S., R.7E.

Valley Telephone Company has a perm1t for a telephone
cable in sections 19, 20, 28, 29 and 33, T 10Ss., R.7E.,
and section 3, T. ]15., R.7E.

Forest Serv1ce plans for long range use of Wh1tewater Rock
Quarry in NE % SWys, section 28, T.10S., R.7E.

~ Marion County is permitted for a disposal site in SE % SW
‘%, section 14, T.10S., R.6E.

Consumers Power, Inc. holds a powerline permit in parts of

section 10, T.10S., R.6E., parts of sections 19, 20, 28,

29, and 33, T.10S., R.7E, and section 3, T. 1]5., R. 7E

'~Chemeketans hold a r1ght-of—way permit in part of section

21, T.10S., R.7E. (28)
Withdrawn from Mineral Entry:

Under Executive Order 10355, parts of sections 19, 20 and
21 have been withdrawn for recreat1on purposes..

The Federal Power Commission has withdrawn for power
purposes parts of sections 14 and 15, T.10S., R.6E., and
parts of sections 19, 20, 21, 28, and 33, T.10S., R.7E.
U.S. Geological Survey has w1thdrawn for power purposes
under Power Site Classification No. 291, parts of section
10, T.10S., R.6E., and parts of sect1ons 19, 20, 28, 29
and 33, T.10S., R.7E. (28)

Compatibility With Land-Use Plans:

The U.S. Forest Service has reviewed their proposed
geothermal leasing with Oregon Land Conservation and
Development Commission (LCDC) and Marion and Linn County
planners. Actions are consistent with existing Marion and
Linn County plans and generally consistent with LCOC goals
and guidelines. Conflicts with the goals include loss of
some land for open space and recreation use and possible
loss of opportunity for designating part of the South
Breitenbush River as a state or federal Scenic Waterway.
Degradation of quality of open space, stenic, recreation,
air and water resources represent the most important
conflicts. However, the proposed action {geothermal -
leasing) conform well with other LCDC goals, particularly
the inventory and development of energy sources. (28)
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION
SITE:- BREITENBUSH HOT SPRINGS KGRA

Geology

The Breitenbush geothermal area lies in the Cascade Mountain
Range which is primarily composed of Cenozoic volcanic rocks. The
area is divided into two. phys1ograph1c regions; the Western Cascades’
and the High' Cascades. Both regions are represented in the
Bre1tenbush geothermal area. L

. In the Western Cascades older rocks range from early 011gocene
to early Miocene age. Ash flows have deposited massive beds of
andesitic and dacitic tuff.  In less -abundance are flows, breccia,
tuff and small intrusions of dacite and rhyodac1te. Average o
thickness is 1,524-3,048 m. (5,000-10,000 ft.). :

F]ows, f]ow breccia, tuff breccia, lapilli tuff,‘tuff and -
conglomerate of mid-Miocene to late Miocene origin comprise the
younger rocks of the Western Cascades. Flows constitute between 50
and 90 percent of the formation. Average thickness is about 914 m.
(3,000 ft.) with some formations ranging up to 3,048 m. . -

(lO 000 ft.). . The.majority of the rocks are hypersthene andesite -
and contain phenocrysts of plagioclase and hypersthene in a dark
aphanitic groundmass. Less common rock -types are. basa]tlc andesite,
o]1v1ne basalt, dacite and rhyodac1te :

The High Cascades are composed of early P11ocene to Recent
basalts and andesites. Vesicular flows of porous aphyric olivine
andesite and olivine basalt are characteristic. Ash, pumice, tuffs
and cinder deposits are also common. Although the western margins
of the High Cascades show effects of glaciation, the region is less
extens1ve1y eroded. than the older rocks of the Western Cascades.

Geo]oglc mapp1ng of the Bre1tenbush area has been done by
Clayton (1976) and in- reconnalssance manner . by Hammond (]976)

" The o]dest exposed un1t is . the Detroit Format1on of Ollgocene
age. It is composed of well stratified basaltic lapilli tuff and
-1apilli breccia interbedded with tuffaceous sandstone. The . .- '
formation. is well exposed a]ong the Breitenbush River at Detroit and
trends to the west increasing in proportion of lavas per volume.

299




West of the hot springs, along the Breitenbush River, is an
extensive out cropping of Breitenbush Tuffs. The unit consists of
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 o ‘ 7 .

“The Outerson Formation unconformab]y overlies the Bre1tenbush
Tuffs and is thought to be the erosional remnants of a large shield
volcano complex originating from basalt dikes and plugs. It
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.

Structuraliy the predominant feature is the Breitenbush
anticline, a double-plunging open-fold trending.genera]1y
northeast-southwest. Clayton (1976) has located various
north-northwesterly trending faults 1n the area which have been
downthrown on the east side.

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 920C the springs have an
approximate flow rate of 3,400 1pm 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 occurs as a result of
secondary mineralization around the hot springs. No mining has
taken place on Forest Service land. In the adjacent Little North
Santiam River drainage minor deposits of gold, silver and 1ow;grade '
iron ore have been mined in the past. In the Forest Service's
est1mat1on quarry rock for road constructlon and ma1ntenance is the
area's most valuable mineral resource (28)

Geophysica] Summafy

A roving dipole resistivity survey of the Breitenbush Hot
Sprlngs area has been completed under contract to Sunoco Energy Co.
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o/ References to geophys1ca1 surveys

Couch, R. Weo and Baker, .y 1977, Geophys1cal Investigations
of the Cascade Range in Central Oregon - Final Report to
U.S.G.S.

Hassemer, J. H., and Peterson, D. L., 1977 Pr1nc1pal Facts for
a Gravity Survey of Breitenbush KGRA, Oregon., U.3.G. S,
Open-File Report 77-67-A. o -

0'Donnell, J. E., Broughan, G. W., Martinez, R., ‘and
Christopherson, K. R., 1977 Telluric Survey Data for .
Bre1tenbush KGRA Oregon U.S.G.S. Open- F11e Report‘77 66- B.

U.S.G. S., 1977, Aeromagnetic Map of Breltenbush ‘Hot Spr1ngs and
Vicinity, Oregon Open-File Report 77-820.

Geologic Hazards:

Seismic intensity 1evels are low compared to many other areas
in Oregon. Mt. Jefferson, a major peak adjacent to the KGRA, showed
a da11y incidence of 0.6 micro earthquakes. (28)

Given -the competent nature of the igneous rock formations, the
possibility of land subsidence is extremely low. v

There are some bedrock hazards due to the 1nherent1y weak rock
units which have low shearing resistance. Large scale creep and
block sliding problems are present where erosional processes have .
formed steep slopes and canyons in weathered volcanic debris, clay
seams and 1nterbedded ash and sedimentary rock units. (28)
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RESERVOIR CHARACTERISTICS
SITE: BREITENBUSH HOT SPRINGS KGRA

.,Rgservoir Temperature
. Surface: 920¢(1)
Subsurface: 1500¢ eétimated(l)

..Geochemicaii (Estimted minimum) o >
Silica Conductive: . 1270C Silica Adiabatic: 1240C -
Na-K-1/3Ca: - 1490 Na-K-4/3Ca: - 1289¢

..Flow Rates: 3,400 1pm (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

system.
7 Breitenbush Hdt Springs
‘ Specific Conductance (micromhos) 4,030
Silica , . : 83
Calcium 100
Magnesium 1.3 _
Sodium ' 720 (Units mg/1)
Potassium , : 31
Lithium o : 1.8
Bicarbunate 142
Carbonate 1
Sulfate : : , 140
Chloride , 1,300
Fluoride - 3.4
Boron : 4.1 (8)
..Estimated Reservoir Heat Content: .2 x 1018 cal (M
..Subsurface Area of Reservoir: Estimated 1.5 km® =~ (3)

Breitenbush Hot Springs are located in Sec. 20, T.9S., R.7E., W.M.
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LAND OWNERSHIP AND LEASING -
SITE. BREITENBUSH HOT SPRINGS KGRA

..Land Ownership * SRR o R
Total Area Federal i Pr1vate

Acres Acres Acres
Breitenbush Geothermal ‘ ' 47 660 JBGA) 47, 513 IBGA) BGA)
Area(BGA) ‘
..Land Leased: - li,l 13 445(KGRA) 5 818(KGRA)

..Highest Prlced Leases (Dol]ars/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 sale was held October 19, 1978

. .Summary of Leasing‘Status and Needs:

The U.S. Forest Service has approved the follow1ng leasing
recommendations:-

Non-competitive application lands to be offered ) 19,974 acres
Non-competitive application land to be w1thhe1d .~11,264 acres
KGRA lands to be offered : 6,844 acres
KGRA Tands to be withheld R ‘ 6,601 acres

The fo]low1ng units of the ‘Breitenbush KGRA were. offered for '
compet1t1ve bidding on October 19, 1978:

Unit 1:  T.9S., R.7E. Willamette Meridian
- Sec. 7 all, Sec. 8-all, -
Sec. 17- N&NPSW%, Sec. 18 NPN%SP
Total: - 2133. 40 acres ‘

Unit 2: Sec. 9-all, Sec. 15-Ms, Sec. 16-Ns
Total: 1280 acres - , L

Unit 3:  Sec. 2-all, Sec. 11-all, Sec. 14-NiNW-
Total: 1365 acres i, R
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Unit 4: Sec. 14- S%SE%, Sec. 22- SPNE%, SEl«Nwlr., N:S%
Sec. 27-SWhNWh, SWS%SE4 : ‘
Sec. 28-SLNE%, Sk
Total: 1040 acres

Unit 5: Sec. 29-S%:NW%, S%, Sec. 30 all
‘Total' 1029 acres

Sunoco Energy Development Company submitted the only bids on Units
1-4. No bids were submitted for Unit 5.

As of October 10, 1978, non-competitive lease applications were
being processed by the Bureau of Land Management
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GEOTHERMAL DEVELOPMENT STATUS.
SITE: BREITENBUSH HOT SPRINGS KGRA

..Present Deve]opment Status:

~ There are two existing resorts, locally known as "Lower. Camp"

_and "Upper Camp", at Breitenbush Hot Springs. ‘The Lower Camp
uses hot water for a bath house. The owner of the Upper Camp
has drilled a 500 ft. well on private land under a water well

- permit. (30) The well flows at 50 gpm with an approximate
‘bottom hole temperature of 1000C (2]2°F) and is used for
supplying heat to cabins and a swimming pool.

" Sunoco Energy Co. holds two State geotherma] prospect we]l
permits in the Breitenbush area on federal land The company
drilled a 1200 ft. temperature gradient hole in December 1977.
~ The hole is located in the SW% section 29, T.9S., R.7E. W.M.
~ about two miles from Breitenbush Hot Spr1ngs. Data from the
* gradient hole has not been pub11cly re]eased (30)

. The Oregon Department of Geology and Mineral Industr1es drilled
".two shallow temperature gradient holes in the Breitenbush
area. Data from the holes 1s 1lsted on the follow1ng page.

Progected or Planned Development‘

‘Lower Camp at Bre1tenbush Hot - Springs came under’ new ownersh1p

. in mid-1978.. The new proprietor plans to make gradual chan%es
“to supply Space heatlng to the cabins and to. Open the’ resor

_~ year round.

~‘ Breitenbush- Hot Spr1ngs Resort is being developed as a

o self<sufficient. commun1ty 'which will be opened to the publlc
~For workshops. and seminars stressing holistic. health and

- spiritual awareness. Plans include expanded use ‘of geothermal
- water for space heatlng and possibly a greenhouse.' (31)

S It is ant1c1pated that exp1orat1on activ1t1es wi]1 1nCrease 7

after competitive and non- compet1t1ve ]eases have been acquired
in late ]978 o .
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‘Location: Sec. 21 SE4NEx, W.M., T.9S., R.7E.

Map Reference: AMS Salem, Oregon

Date Measured: 9/30/76

'GEOTHERMAL GRADIENT

DEG F/100 FT

DEPTH  DEPTH  ~ TEMPERATURE
C METERS FEET = DEG C DEG F DEG C/KM
5.0 16.4 8.550  47.39 .

10.0 32.8 8.200  46.76 . 70.0 -
15.0 49.2 9.090 48.36 178.0
20.0 65.6 9.430 48.97 68.0
25.0 82.0 9.800 49.64 74.0
30.0 98.4 10.080  50.14 56.0 -
-35.0 114.8 . 10.530 50.95 90.0
40.0 131.2 11.170 52.11 128.0
45,0 147.6 11.740 53.13 114.0
50.0 164.0 12.390 54.30 130.0
55.0 180.4 13.070 55.53 136.0
60.0 196.8 13.620 56.52 110.0
56.0 213.2 14.140 57.45 104.0
70.0 229.6 14.820 58.68 136.0
75.0 246.0 15,070 59.13 50.0
80.0 262.4 15.570  60.03 100.0
85.0 278.8 16.110 61.00 108.0
90.0 295.2 16.480 61.66 74.0
95.0 311.6 16.990  62.58 102.0
100.0 .328.0 17.520 63.54 106.0
105.0 344.4 17.890 64.20 . 74.0
110.0 360.8 18.350 65.03 92.0
115.0  377.2 18.809 65.84 90.0,
120.0  393.6 19.270 - 66.69 94.0
125.0 410.0 19.630  67.33° 72.0
130.0 426.4 19.990 67.98 72.0 -
135.0 - 442.8 20.660 69.19 134.0
140.0 459.2 21.120 70.02 192.0
145.0 475.6 21.630 70.93 102.0
150.0 492.0 22.230 72.01

0.

120.0

w
oo

* - L] . .
OO BOONPVO—-ON - ONNNJON—WOW——NDO O

¢ =

.

NI OT N BT BN BRI BRI R~NGIONNOI~ S W WIWDe
o o o s o . e e e o & . . s o o @ N

Average Gradient 10-150 meters - 90.60C/Km (24)
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N Location: Sec. 23 NWaNW:, W.M., T.9S., R.6E.
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/100 FT
5.0 16.4  10.380  50.68 0 .0
0.0 32.8  9.080 48.34.  260.0 . . . 14.3
15.0 49,2 9,190 48,54 22,0 . 1.2
20.0 .65.6 9,430  48.97 148.0 2.6
25.0 82.0°  9.450 ' 49.01 4.0 .2
30.0 98,4 ' 9,700 49.46 -  50.0 2.7
35.0 114.8°  10.010  50.02 62.0 3.4
40.0 131.2 .- 10.290  50.52  56.0 3.1
45.0 147.6 - 10.640  51.15 1 70.0 3.8
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
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
90,0 295.2 . 13.680  56.62 = . 68.0 3.7
'95.0 "311.6 ~ 14.070  57.33 78.0 ° 4.3
'100.0 328.0 ~ 14.420  57.96 70.0 g;g

105.0 344.4 . 14,710  58.88 - 58.0

. Average Gradient 10-105 meters - 55.20C/Km  (24)
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INSTITUTIONAL CONSIDERATIONS
SITE: BREITENBUSH HOT SPRINGS KGRA

..Status of Requirements (i.e., EIA/EIS Requirements)

Draft EIS completed 10/27/76
Final EIS released - 1/10/78
Final EIS approved 4/10/78

Approximately 12,000 acres of lease application area failed to
be considered in the Breitenbush Environmental- Impact -
Statement. A separate statement, to be known as the West
Breitenbush area, will be prepared by the Willamette National
Forest after publication of the Belknap-Foley EIS.

Tentative time for release is mid to late 1979.

..Agency and Public Attitudes:

The majority of public response generated by the proposed
leasing in the EIS was negative. The major corcerns were the
proximity of wilderness areas and big game winter range.

Owners of the Breitenbush Hot Springs Resort have urged'that
the area be excluded from present and future geothermal
development.

Oregon Department of Fish & Wildlife recommended removal of
areas delineated as big game winter range from any surface
occupancy.

Oregon Governor Bob Straub responded to the draft and final EIS
and urged caution in proceeding with geothermal development in
scenic areas. He said that Oregon does not yet have a clear
understanding with Federal agencies on regulation of a
commercially-developed geothermal field on federal land. He
suggests that the Forest Service 1imit leasing and plan to
restrict development to a small area with evidence of promising
geothermal resources and minimal environmental impacts.

On May 10, 1978, the City of Detroit filed a "Notice of Appeal"

to the U. S Forest Service concerning geothermal leasing in the
Breitenbush area.
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According to the appeal, the City of Detroit Draft
Comprehensive Plan states the following: "The City of Detro1t
is concerned about geothermal development in the Breitenbush
area, if it would create strongly negative impacts on the
environment.. The City is not opposed to geothermal development
- per se, but they.do feel that strong safeguards should be used
to control the environmental impacts of a development "
Therefore the City has adopted the following policy:-

If geothermal development in the Breitenbush area
should occur, it should be of the type that:
causes the least env1ronmenta1 damage. ‘

The City requests the following assurances.

-« - The best mitigating technology to minimize air,
 noise, odor and water quality impacts to the

environment. '

. An enclosed system will be included in the
development project. ‘

e The applicant will pay for any costs. borne to the -

' City due to increased population pressures
created by the geothermal developments (e.g.

sewers, water facilities, roads, etc.).

-An ‘in-depth study of potential soc1a1-econom1c :
impacts to Detroit be required prior to..
development of a geothermal project in the
Detroit area. :

. No temporary communities will be formed for the
purpose of housing emp]oyees for the geotherma]

'deve]opnent

A coalition of ehvironmenta] groups and.individuals have also
filed notice of appeal with the Forest Service claiming that
the EIS was inadequate in proving that construction of a
geothermal power plant wou1d not adverse]y effect the
vare1tenbush area. :

Both appea]s were den1ed by the reg1ona1 forester thereby -
clearing the way: for the October 19, 1978 competitive lease‘

. _sa]e.




Institut1ona] Requ1rements

Two areas adjacent to the Breltenbush KGRA are being examined
by the U.S. Forest Service as part of the RARE II process. As

- a result of the review, the fo]low1ng designations-are -
possible: recommend for inclusion in the National Wilderness
Preservation System, recommend for further study, return to
multiple-use status. .

According to ‘the Forest Service classification, ne1ther area
has producing, proven or possible geothermal
resources. - (23) :

The areas are as follows:

Area - Administrative Total
Area Code ‘ District ‘ Acreage
Olallie Lakes 099 Mt. Hood National Forest 8,673
Mt. Jefferson 101 Willamette National Forest 1,100

(Area code 101 is suggested as an add1t1on to the ex1st1ng Mr.
Jefferson W1]derness?
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ENVIRONMENTAL FACTORS
~ SITE: BREITENBUSH HOT SPRINGS KGRA

..CLIMATE - No weather stations are located in the KGRA,
Data is from the Detroit Fish Hatchery station.

...Prevailing Winds: Varying from southwest to northwest;
! ..Precipltatlon (Annual) 208 cm ‘
1 ..Average»Temperature.‘ 49,1°F |

 Minimum: 36.99F
- Maximum: 51i2°F

..Degree Days:(AnquaT)ii 6026 (Detroit)
..Relative Humidity (Seasonal Peaks)

- Summer: 40-50 percent
Winter: 70-90 percent

..AIR QUALITY:

No measuring stations are located in the area. Generally the
air quality is excellent due to the area's remoteness from
‘urban ‘centers. The primary sources of present air pollution
are dust from unpaved roads, smoke from slash burning and field
burning in the W111amette Valley. (28) :

NATER QUALITY

‘Waters of - the KGRA dra1n into fhe North Sant1am and C!ackamas
~ River systems. The average discharge of the North Santiam
. River measured over a 48-year period at a- -gauging station 0.5
miles below Boulder Creek is 1,015 cu. ft. per second.or o
735,400 acre-feet. (not in KGRA) The sediment yield of streams
.in the Williamette Basin is low because of favorable - -
"' physiographic and climatic conditions. -USGS ‘water temperature -
. profiles indicate a mean temperature ‘of 520F for ‘the -
. Breitenbush River outlet with a minimum of 430F and a’ max1mum
- of 609F. A mean temperature of 53%F, minimum of 44°F and
maximum of 640F were recorded for the North Santiam River -
" below Boulder Creek. "Streams in the area are tributary to -
rivers tapped for domestic water at recreation sites and urban
?Egas 1nc]ud1ng Oregon City, Estacada, Detroit-and- Idanha.
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..NOISE:

No measuring stations are maintained in the area.
Given the area's distance from urban centers, noise levels
should be low. :

. .BIOLOGICAL
..Dominant Flora:

Douglas-fir forest covers approximately 70 percent of the

area. S -

Principal associates: Douglas-fir (Pseudotsuga menziesii)
Western Hemlock (Isuga HeterophylTla)
Western Redcedar (Thuja plicata)

At elevations abové 914 m. (3,000 ft;)hthe dominant flora
is the True fir-mountain hemlock forest covering
approximately 13 percent of the area, (28) ‘

..Dominant Fauna:

Big game population: Roosevelt elk, Black-tailed deer and
Black bear. '

A considerble portion of the KGRA is classified as big
gane winter range.

Th_etz, North Santiam and Breijtenbush Rivers are major fishing
vaters.

Information is not available on non-game animals.

..Endangered Species:

Flora: Of primary concern is Aster gormanii. The plants' known
range is restricted to the area between Jefferson Park .and
Breitenbush Lake. It is classified as threatened on the
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. ‘ o -

Other plants listed by the Oregon Task Force are known in
the west central Cascades and may be in the area. '

Sword fern (Polystichum californicum)

Wood fern (Thelypteris nevadensis) .

Bog -birch (Betula glandulasa) -

Cranberry (Vaccinium oxycoccus var.
~intermedium)

Reedgrass - (Calamagrostis breweri)
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Washington Hly ;%Lilium washingtonianum)

Bog orchid Habenaria orbiculata)
Rue anemone - - (Isopyrum hallii)
‘Matted saxifrage ( axifraga bronchialis var.
vespertina)
?iqefoot . (xityopus<g%l1forn1cus)
all agoseris . - . oseris elata) .. - ' .
A]pinegcollomia ‘ zfollomia 'debiTis var larsenii)

~Crater Lake: sardwort (Arenaria pumicola) ' (28)
DR ; T 28

Fauna

‘ Aleut1an Canada goose (Branta canadens1s 1eucopare1a)--known to
migrate over and rest in the Willamette National Forest--it is
- unlikely that geese set down in the area because of scarcity of
suitable habitat. . :

- American. pereg1ne falcon (Falco peregr1nus anatum)--no known
nesting sites are kpown in area..

Arctic peregine falcon (Falco peregrinus tundnius)-?most likely
to be found in the area during migration periods and winter.

.. THREATENED SPECIES'

Wolverine (Gulo luscus)--one s1t1ng from the Mt Jefferson
Wilderness. -~ .

Northern Blad eagle (Haliaeetus leucocephalus alascanus)--no
known nest1ng s1tes in area. , A s

Northern spotted owl (Strix occ1denta11s caur1na)--known to
have nested successfully in 1974 in Cub Point area - -less than’

-5 airline miles away. Its hab1tat is old growth Doug]as-f1r
forest._ (28) i

3]3 PR




- TRANSPORTATION AND UTILITIES
SITE: VBREITENBUSH HOT SPRINGS KGRA

..Utility or Energy Transhission Corridors and Facilities

Bonneville PoWef'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 of 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 Tine.

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

..Road Servicing the Area
State Highway 22
State Highway 224
National Forest System Roads -
Boulder Ridge Road
Breitenbush Road

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 built to standards
suitable for geothermal development operations. (28)
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POPULATION
SITE: BREITENBUSH HOT SPRINGS KGRA

..General Description of Population

The population of the Breitenbush geothermal area is basically
seasonal. A few people reside year round at the hot spring
resorts. The transitory population is comprised of Forest
Service and logging employees, recreationists, and those with
summer houses. Presence of these groups is concentrated in the
non-winter months. - :

Approximately 71 summer homes are in the area.

U.S. Forest Service estimates 79,400 visitor days in the area
in 1976. (28)

. .Economics

..Present Land Use:
Timber production is a vital part of the area's economy.

Of the 44,283 acres that have been identified as
prospect1ve]y valuable for geothermal resources, the
Forest Service has estimated a total standing merchantable
volume of 1,835,000,000 board feet. (28)-

- The operation of six lumber mills in the North Santiam
~area is largely dependent on t1mber from adJacent National
‘Forest lands. . .

Recreat1on is also an essential component: in the:area's .
- econony particulahly in communities such as Detroit.

..Future Land Use

Recreat1ona1 use is 11ke1y to 1ncrease.- The City of
Detro1t has adopted the fo]]owwng po]1cy in its draft
p an:

“Encourage growth in the commercial sector of the
community, especially in those types of uses most
compatible with the recreational nature of the
commun1ty " ;
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SITE: BELKNAP-FOLEY HOT SPRINGS, KGRA
BT OREGON
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© BELKNAP-FOLEY HOT SPRINGS KGRA

Covering 5,066 -acres, the Belknap-Foley Hot Springs KGRA is situated in
- T.16S., R, 6E., W.M.,, Lane County, Oregon. Population levels in the area are
low. The nearest town is the small community of McKenzie Bridge 10 km east
of the springs. Larger centers are Eugene-Sprmgfaeld (population 145,500) 87
- kilometers west and Bend (populotlon 17, IOO) is Iocoted obout 90 kllometers
over the mountains to the east , _

The two hot sprmgs are in the McKenzue Rlver valley. The Iandscope 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 l y097 m. (3 600
ft.) at the southern boundary of the KGRA :

The Belknap-Foley KGRA and surrounding areas are 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 that could be satlsfaed with the geothermal
resource are low given the present land use : :

Belknop Hot Springs is sntuoted north of Hnghway 126 known as the McKenzie
Highway and Foley is slightly south. Foley springs discharge 799C water at
an approximate rate of 95 Ipm. Belknap Hot Springs is the larger of the two
and discharges 300 Ipm at 7I°C, A surface temperature of 86°C has also been
reported for Belknap springs. Silica ‘geothermometry indicate that
temperatures in the 131-135°C may be possible ‘at depth ‘at Belknap Hot
Springs. The water quality of Belknap-Foley Springs 1s suggestlve of a
hot-water-dominated hydrothermal convect|on system. . -

As part of the 1976 geothermolvgradient driiling’ progrdm'by- the Oregon
Depcrtment of Geology and Mineral Industries two shallow wells were drilled
in the Belknap-Foley area. Average gradients from 10 to ISO ‘meters were
93°C/km ond 50°C/km. . :

The heolthy I35°C minimum reservoir temperature estimated by the USGS
- for Belknap Springs opens a wide variety of possibilities for non-electric -
geothermal apphcotlon. 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.

319




Interest has been shown in both Belknap and Foley hot springs for more than o
hundred years. Belknap was homesteaded by R. S. Belknap iin 1869 and Foley
was developed for public use in 1870 by William Hanley 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 swnmmlng 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 yeor-round
use. Geothermal space heahng is being considered.

There is moderate interest in geo’rhermal development in the Belknop-FoIey
area as expressed by mdustry and individual leasing activity. Lease

npphccmons have been filed since 1973. Approximately 1,700 acres of land
covered in the applications overlap in the Mt. Washmgfon and Three Sisters

‘Wilderness Areas. Applications have been withdrawn or rejected on 1,080 of

these acres. All other leasing fucntions, both competitive and
non-competitive, must await publication and final approval of the
environmental impact statement for the Belknap-Foley Geothermal Area.
The Willamette National Forest .is in the process of compiling the document

wnh a draft scheduled for release in mid 1979,

Envnronmen’ral issues wnll effect geothermal exploration qnd development in

the Belknap-Foley area. All of the KGRA, with the excephon 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.

320

e e~ 5 1. e v




SITE DATA SUMMARY
SITE: BELKNAP-FOLEY HOT SPRINGS KGRA

~«.Physical Reservoir Data

..Temperature OC PR ' '
Surface: 719 Subsurface: 140°C (1)

Total Dtssolved Sol1ds (PPM): 2,560 (Belknap)" (8)
..Type of Overlaying Rock: ~Olivine basalt
..Estimated Depth to Top df Reservoir (meters): 1,500  (8)
..Site Land Status - Primarily Willamette'National'Forest ownership.
Total Acres - 5,066 KGRA |
TotaT Acres Leased -0 Federal
. .Geothermal Deve]opment Status:

 The Belknap Resort heats the pool w1th therma] spr1ng water

‘..Local and State Attitude Toward Geotherma] Deve]opment

, Cons1der1ng the proximity to three wilderness areas, the public
is likely to be extremely sensitive to. any geothermal ‘
exploration or deve]opnent.
This attitude is. expressed by the genera] publlc and the U S

Forest Service.

‘f;.Land Use and. Populat1on.

There are few pernanenu res1dents in the 1mmed1ate area, but an
estimated population of 500, 000 are w1th1n ‘a 160 km (1 2 hour
dr1ve) rad1us.- _

‘The area is heavi1y used for recreat1on and t1mber productlon
'purposes.' ,

..Comments and Cr1t1ca1 Issues.

Be]knap Foley Geothermal Area borders three Wilderness Areas --
Mt. Jefferson, Three Sisters & Mt. Washington. Forest Service .
policy dictates that geothermal leases will not: be 1ssued for
lands in Wilderness classification.

Leasing in areas removed from Wilderness will not take place
until the final environmental impact statement has been approved.

7
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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 7
..Rectilinear: Secs. 14, 30-23, 26, 28, 29, T.16S., R.6E., W.M.
..County: Lane |

..Adjacent Counties: Linn,'Jefferson, Deschutes, Klahath, DOUglas

..Maps: U.S.G.S.Topographic - McKenize Bridge - 1:62,500
- AMS - Salem, Oregon - 1:250,000

.. Topography

Located in the Western Cascades, the Belknap-Foley KGRA is in
rugged forested land. Elevations range from 485 m. (1,591 ft.)
in the McKenize River Valley to 1,097 m. (3,600 ft.) at the
southern boundary of the KGRA. AdJacent 0'Leary Mountain
reaches an elevation of 1,725 m. (5,660 ft.). Stream discharge
is into the McKenzie River system.

..Present Land Use:

Primarily timber production and recreat1ona1 uses managed by the
Willamette National Forest.

..Future Land Use Plans:

It is anticipated that logging and forest management activities,
and recreation will continue to be the prime focus.

..Resthetics:
The area's natural beauty and proximity to-three Wilderness

Areas, the H. J. Andrews Experimental Forest, and Olallie
Research Natural Area represent high aesthetic values.
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. .Historical/Archaeological Signifiance:

A check of 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 that no sites or structures
within the area are listed on, or nominated for, the National
Register of Historical Places, although the Willamette Valley
and Cascade Mountain Wagon Road has been recommended for
nom1nat1on. (32) :

F1sh Lake is of considerable historical interest. It was a rest
stop for travelers along the Willamette Valley and Cascade
Mountain Wagon Road, and later it was the site of a forest
service remount and fire stat1on.

Belknap Hot' Spr1ngs was discovered in 1859 and homesteaded by

R. S. Belknap in 1869. Foley Springs, discovered by William
Hanley and William Vick, was developed for public use in 1870 by
Dr. Abram A. Foley. Both resorts flourished during the heyday
of hot spring resorts in the early 20th century.
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GEOLOGICAL/GEOPHYSICAL DESCRIPTION
SITE: BELKNAP-FOLEY HOT SPRINGS KGRA

..Geologic Description:

Bedrock is Pliocene to Holocene basic volcanic flows and
pyroclastic rocks. : :

Both hot springs discharge from volcanic breccia facies of the
Western Cascade Group. , ' (12) '

Baldwin (1964) suggests the alignment of Belknap, Foley,
McCredie and Kitson hot springs may indicate a north trending
fault similiar to the Callaghan and Buddington (1938) suggested
fault extending the length of the Cascades with the east side
downdropped. ?20) ' '

..Geologic Hazards:

Seismic intensity levels are low.
Hazards include landslides, erosion, and flooding.

. .Hydrology

Ground Water

The volcanic rocks of the High Cascades which occur in much of
the area are generally considered to be highly fractured.
Meteoric water readily infiltrates these formations and
discharges freely to maintain the dry weather flow of streams.
In most places, water lies at depths exceeding 100 ft.
reflecting the high permeability of the underlying rock and the
depth of surface erosion. :

The alluvium along the McKenzie River and Horse Creek and
glacial deposits adjacent to local stream valleys consists of
unconsolidated, poorly stratified and lenticular beds. Where
these deposits have sufficient thickness, they may contain
ground water that could be used locally for domestic purposes.

The older volcanic rocks of the Western Cascades are present in
parts of the area, mostly west of the McKenzie River. The older
rocks also underlie the High Cascade volcanics in the contact
zone between the two geologic provinces. Belknap Hot Springs
issue from conglomerate lying riear upper Tertiary lavas while
Foley Hot Springs issue from Sardine volcanics of mid-Miocene to
late Miocene age. Little is known of the subsurface :
characteristics of formations supporting these springs.
Howéver, it hds been conjectured that they may be associated
with a highly fractured zone or a layer of high permeability.
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The only ground water developments in the area are wells at Vail
Bridge Campground and Coldwater Cove Campground "The yield of
these wells ranges up to 20 gpm.

The only data available on ground water qua11ty in the area is
the analysis of water from Belknap Hot Spring. That water may
rise from considerable depth, so is probably not representative
of water from shallow aguifers. Water from zones 1ikely to be
tapped by wells should be similar to water from streams, but
somewhat higher in dissolved constituents. The ground water
should be of excellent quality suitable for domestic and other
purposes. Steep gradients, high volume of water and periodic
floods combine to keep the area's stream beds well scoured.
This condition along with the paucity of potass1um and
phosphorous in underlying rock has resulted in development of
streams of low fetility and fish production potential. (32)

Surface Water

The area is drained by the McKenzie River system. Among the
larger tributary streams are Horse Creek, White Branch, Lost
Creek, Deer Creek, Smith River and Parks Creek. Unique features
- of the area's hydrology are Fish and Lava Lakes, which are full
through the winter and early summer months, but recede through
lava tubes and fissures during the ]ater dry summer months.

Average dlscharge of the McKenzie River at the Clear Lake outlet
- (30 yr. average; June 1912-Sept. 1915, and Oct. 1947 to 1974) is
483 cubic ft./sec. (cfs) and 349,900 acres feet per year. At
the gaging station below Trail Brldge Dam the average yearly
discharge (15 year period, Oct. 1959 to 1974) is 1,070 cfs and
775,200 acre. feet adjusted for storage. )

Average temperatures of the McKenzie River at the McKenzne
Bridge gaging station is 45.50F, with a minimum of 419F and
a maximum of 51.80F, Temperatures measured at this station -
are the lowest in the McKenzie system. Low temperatures are -
attributable to the subterranean reservoirs, snow melt and

glacial seepages comprISing the sources for this sect1on of the e

river. . o SO (32)
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" RESERVOIR CHARACTERISTICS

SITE: BELKNAP-FOLEY HOT SPRINGS KGRA

e

..Reservoir Temperature

..Surface:

719C (date sampled 1/75)

860C (date sampled 6/76)

..Subsurface: ~1'40°c

(1)

..Geochemical: Belknap Hot Springs

Silica conductive:

Na-K-1/3 Ca: 1140

..Flow Rates: Belknap Hot Springs - 300 1pm,
Foley Hot Springs -

7.62 (Belknap)

..pH:

1350¢

95 1pm

(8)

Silica Adibatic: 131°C
Na-K-4/3 Ca:

82°C
(19)

(8) .

..Total Dissolved Solids: 2,506 ppm (Belknap Hot Springs) (8)

..Fluid Chemistry:

Hot Springs:

COUGAR
(Approx. 25 km. from

326

Belknap Foley Belknap Hot Springs)
Temperature 710¢ 78°C 44°¢
pH 7.62 - 8.1 7.76
Specific conductance 4,300 - 4,800 2,890
(micromhos)
Silica 96 60 50 . ;
Calcium 210 494 225 (Units mg/1)
Magnesium 0.2 0.8 0.1
‘Sodium 690 475 392
Potassium 15 11.2 6.3
Lithium 0.95 0.96 0.52
Bicarbonate 17 19
Carbonate 1.0 1
Chloride 1,300 1,304 788
Flouride 1.2 0.8 0.8 -
Boron 6.4 10.2 5.1
Sulfate 170 550 260

(8) (19)




..Estimated Reservoir Heat Content: .2 x 1018 ca, (1)
..Subsurface Area of Resérvoir:,‘l.s km estimated (8)
..Hot Springs Location: Belknap - Sec. 11, T.16S., R.6E.

Foley - Sec. 28, T.16S., R.6E.
~ ;1,Cougar - Sec.. 7, T.17S., R.5E.
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LAND OWNERSHIP AND LEASING

C

SITE: BELKNAP-FOLEY SPRINGS KGRA

..Land Ownership - Primarily-Willamette National Forest
Total Area (Acres) - 5,066 KGRA

..Land Leased - none

..Tentative Lease Sale Dates: September 27, .1979

..Summary of Leasing Status and Needs:

Leasing activity awéits the completion of the Willamette

National Forest's Environmental Impact Statement for geothermal
leasing in the Belknap-Foley area.
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GEOTHERMAL DEVELOPMENT STATUS -
SITE: BELKNAP-FOLEY HOT SPRINGS KGRA

..Present Development Status:

Belknap Hot Spring Resort offers a warm sw1mm1ng pool and
overn1ght accommodat1ons. , .

The Oregon Department of Geo]ogy and M1nera1 Industries drilled

two temperature gradient wells in the area. Data from these

tests are listed on the following pages. . : :
..PrOJected or Planned Development:

Belknap Hot Spr1ngs Resort p]ans to expand during late 1978 to

~include a new pool and tubs.. The lodge is to be refurbished and
/ear -round use- 1s expected.
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Location: Sec. 27 NW4NWk, W.M., T.16S., R.6E.

Map Reference: AMS Salem, Oregon‘

Date Measured: 9/29/76

'DEPTH DEPTH TEMPERATURE GEOTHERMAL GRADIENT

METERS  FEET DEG C. DEG F DEG C/KM DEG F/100 FT
5.0 16.4 8.120  46.62 .0 .0
10.0 32.8 8.360  47.05 48.0 2.6
15.0 49.2 8.930 : 48.07 114.0 6.3
20.0 65.6 9.340  48.81 82.0 4.5
25.0 82.0 9.850  49.73 102.0 5.6
30.0 98.4 10.360  50.65 102.0 5.6
- 35.0  114.8 10.810  51.46 90.0 4.9
40.0  131.2 11.270  52.29 92.0 5.0
45.0 147.6  11.810 53.26  108.0 5.9
50.0  164.0 12.310  54.16 100.0 5.5
55.0  180.4 12.910  55.24 120.0 6.6
60.0  19%.8 13.350  56.03 88.0 4.8
65.0  213.2 14.010  57.22 132.0 7.2
70.0  229.6 14.550  58.19 108.0 5.9
75.0  246.0 14.980  58.96 86.0 4.7
80.0  262.4 15.610  60.10 126.0 6.9
85.0 278.8 15.830  60.49 44,0 2.4
90.0  295.2 16.330  61.39 100.0 5.5
95.0  311.6 16.640  61.95 62.0 3.4
100.0  328.0 17.070  62.73 86.0 4.7
105.0  344.4 17.700  63.86 126.0 6.9
110.0  360.8 18.200  64.76 100.0 5.5
115.0  377.2 18.720  65.70 104.0 5.7
120.0  393.6 19.160  66.49 88.0 4.8
125.0 ~ 410.0  19.630  67.33 94.0 5.2
130.0  426.4 20.050 = 68.09 84.0 4.6
135.0  442.8 20.420  58.76 74.0 4.1
140.0  459.2 20.830  69.49 82.0 4.5
145.0  475.6 21.240  70.23 82.0 4.5
0 21.560  70.81 64.0 3.5

150.0  492.

~~
N
~
—

- Average gradiént 10-150 meters - 92.60C/km
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Location: Sec. 2 NE4SWs, W.M., T.16S., R.6E
Map Reference: ,AMS,SaTem, Orégon

Date Measured: 9/29/76

DEPTH - DEPTH _TEMPERATURE GEOTHERMAL GRADIENT

METERS FEET. =~ DEG C DEG F  DEG C/KM DEG F/100 FT
5.0 - 16.4 7.600 45.68 .0 .0
"10.0 32.8 7.270 45.09 -66.0 -3.6
15.0  49.2 7.470  45.45 40.0 2.2

20.0 1 65.6 7.440 45.39 _ 6.0 -.3
25.0 82.0 - '7.550  45.59 22.0 1.2
30.00 98.4 7.690 45.84 28.0 1.5
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 2.0
 60.0 196.8  8.690 47.64 . 50.0 . 2.7
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 0 40.0 2.2
80.0°  262.4 9.540 49.17 52.0 - 2.9
85.0 278.8 9.740 49,53 -~ 40.0 2.2
90.0 295.2  10.210  50.38 94,0 5.2
95.0 - 311.6 "10.500  '50.90 . 58.0 3.2
-100.0 328.0  10.810 51.46 - 62.00 3.4
105.0 344.4 11.080 51.94 - - 54,0 - 3.0
110.0  360.8. 11.450 52.61 o 78,07 4.1
115.0  377.2 -11.810 53.26 72,00 4.0
120.0 393.6 12,130  53.83 64,0 - 3.5
125.0 410.0 . 12.630 54.73 ~..100.0 . . 5.5
130.0- 426.4 13.040 55.47 . 82.0 " 4.5
135.0 442.8 - 13.600 . 56.48 - 112.0 6.1 -
~ 140.0 459.2 . 14,110 57.40 - -102,0° 5.6
145.0.  475.6 14.500 58.10 ..~ . 78.0 - - - 4.3
150.0 492.0 14,810 . 58.66 62,0 3.4
Average gradient 10-150 meters - 49.79C/km~ =  (24)
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INSTITUTTIONAL CONSIDERATIONS
SITE: BELKNAP-FOLEY HOT SPRINGS KGRA

..Institutional Requirements:

COmp]etion of environmental review by the Forest Service before
any leasing can take place. :

..Agehcy and Public Attitudes:
Geothermal exploration or development is likely to draw
criticism from Eugene based environmental . :
organizations. (32)

Public is sensitive to any geothermal development in the
. Cascade Range. -

..Status of Requirements (i.e., EIA/EIS Requirements):
A draft environmental impact statement addressing.geothermal
leasing is scheduled for release in mid 1979 with the final to
follow by late 1979.
Leasing could not be considered until late 1979.
The draft environmental statement will address geothermal
leasing for a 151,903 acre area which includes KGRA land,

non-competitive lease application lands and other National
Forest lands.

332




Land Classification

Borders 3 Wilderness Areas - Mt. Jefferson, Three S1sters, 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 of . deve]opment
activities with the Wilderness concept "

Geothermal lease applications filed in 1973 overlapped
approximately 1,000 acres of the Mt. Washington Wilderness Area
in T.14S, R.7E, Sections 16, 21, 28 and 33; and T.16S, R.7E,
Sections 2 and 3. :

Since that time, applications have been withdrawn on -
approximately 440 acres. leaving approx. 560 acres of
Wilderness still covered by lease applications. App11cat1ons
also cover approximately 700 acres of the Three Sisters
Wilderness in T.16S, R.7E, Sections 12, 14 and 23. The lease
applications for lands in Section 23 have been forma]]y -
reJected (32) ,

Vj‘Roadless Areas

Approxwmately 4, 100 acres have been se1ected for study.

Research NaturaleAreas

120 acres of Olallie R1dge Research Natural Area’ are
~ included in the EIS study area, although lease
app]1cat1ons have been w1thdrawn._,.~=»,

ﬁ;,Old Growth Grovesv

1«15*#}Two areas tota111ng approx1mate1y 160 acres are de51gnated .
~as old growth groves.

' )fffF1sh Lake Creek grove Iles between H1ghway 126 and Fish
Lake Creek, 1/2 mile north of Clear Lake. Lost Creek

grove is S1tuated located at the confluence of - Wh1te
~Branch with Lost Creek B o

(32)
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ENVIRONMENTAL FACTORS
SITE: BELKNAP-FOLEY HOT SPRINGS KGRA

. .CLIMATE - Weather station is located at Belknap Hot Springs -

..Prevailing Winds: Varying from southwest to northwest

..Precipitation (Annual): 193 cm.

..Degree Days (Annual): 4,739 at Eugehe (number of degree days
at the site would be
above this figure)

..Relative Humidity (Seasonal Peaks)

Summer: 40-50 percent
Winter: 70-90 percent

..AIR QUALITY:

There are no measuring stations in the area. Quality-is
generally excellent with the major sources of pollution being:
dust from unpaved roads, vehicle exhdust. émissions; and smoke
from slash burning. Field burning in thé Willamette Valley
contributes smoke during late July, August and Septenmber.

.. WATER QUALITY: Generally excellent.
..NOISE: Noise levels are Tow. . '

. .BIOLOGICAL

..Dominant Flora: Douglas-Fir forest.

Principal associates: Douglas-fir (Pseudotsuga menziesii)
Western hemlock (Tsuga heterophylla)
Western redcedar (Thuja p]icata)

Above 914 m. (3,000 ft.) the True-fir-Mountain hemlock _
~forest association predom1nates - . (32)
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..Dominant Fauna:

Black-tailed -deer, Roosevelt elk, black bear, coyote,
cougar, raptorial birds, beaver, songbirds and others.
Streams in the area have low fish productivity. Sport
fishing is supported by the Oregon Fish and w11d11fe
stocking program. ' . (32)

..Endangered Species

Flora:

Rare, threatened and endangered plants that: are
known to occur in the west central Cascades and

" may be in the area:

v Gorman's aster (Aster gormanii)
- Sword fern (Polystichum-californicum)
Wood fern:(Thelypteris nevadensis)

Bog birch (Betula glandulosa)

Cranberry (Vaccinium oxycoccus 'var. 1ntermed1um)
Reedgrass (Colamagrostis brewer1)

Washington Tily (Lilium Washingtonianum)

:~'Bog orchid (Habenaria orbiculata)
.Rue anemone (Isopyrum hallii)

o Matted sax1frage (Saxifraga bronch1a11s var.

- Fauna: .

vespertina)
P1nefoot (P1tyopus Californicus
Tall Agoseris (agoseris elata)
Alpine collomia (Collomia debilis var. 1arsen11)

,Crater Lake sandwort (Arenarla pumlcola)

Endangered Spec1ea

‘ ’Amer1can peregr1ne falcon (Fa]co peregrinus -

"i_-anatum) no known nesting sites, but migrants may'

i ly over or rest in area.

";<'Arct1c peregr1ne fa]con (Fa1co perearinus

tundr1us) may. mvgrate over and'rest n: area.; ;

Threatened spec1es'

“-'wO1verine (Gulo luscus) - probab]y present on]y

"«k,on an. occas1onal basis

Northern bald eag]e (Ha11acetus leucorephalus
alacarus) occasionally sighted at Clear, Fish &

Cost Lakes during nesting season.

Northern spotted owl - (Strix occidentalis

caurira) reported sitings at Fish Lake and other

points in the area.
- (32)
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TRANSPORTATION AND UTILITIES
SITE: BELKNAP-FOLEY HOT SPRINGS KGRA

«. Electric Transmission Lines
Eugene Water and Electric Board (EWEB) - 115 kv line
. Road Servicing-the Area

State Route 126 in KGRA

U.S. Route 20 29 km. (18 mi.) from Belknap Springs
State Route 242 _

(impassible in winter) 5 km. (3.5 mi.) from Belknap Springs
State Route 22 - 35 km. (22 mi.)

National Forest Service Roads: Lava Lake Rd. 1349,
: Hackleman Rd. 1360,
Robinson Lake Rd. 1467,
Olallie Creek Rd. 1573,
Scott Creek Rd. 1601, Foley
Ridge Rd. 169, and Horse
Creek Rd. 161.

. Other Utilities or Rights-of-Way

Lane Electric Company - powerline - 8.75 miles in T.16S., R.6E.
Oregon State Board of Aeronautics - air strip in Section 16;
T.16S., R.6E.

Pacific NW Bell - electronic site - .25 acre in Section 1,
T.155., R.6E. and Section 11, T.16S., R.6E.

E. H .Starr - spring - 150 ft. r1 ht-of-way in Sec. 11,
T.16S., R.6E.

- Oregon State Highway Department - storage years:
| approximately 4 acres in Sec. 2, T.16S.;, R.6E. less than 3
acres in NE%SE4, Sec. 12 & SNPSNP Sec. 14 a]] in
T.16S., R.7E.
approximate]y % acre in Sec. 14 T.16S., R.6E.

In addition, 10 road right- of—ways have been granted to various
agenc1es companles and 1nd1v1duals (exact location not known).

No grazing al]otments in area.

(32)
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| ~ POPULATION
f SITE " BELKNAP-FOLEY HOT SPRINGS KGRA

. .General Description of Population .

Population density is low and is concentrated on private land
~at the hot springs, White Branch, McKenzie Bridge, Ra1nbow and
Blue River. . . :

The populat1on 1ncreases seasona]ly when summer homes are in
use. ‘ -

Others in the area are on a nonAresidency basis.f They include
recreationists, tourists, and timber and Forest Service

employees.
Population Centers Distance %
McKenzie Bridge 9.5 km (6 mi.) from Belknap
: 6.0 km (3.8 mi. ) from Foley Blue River
C e e 16.6 km (10.5 mi.) from Belknap
Sisters . SEer 59 km (37 mi. ; ~ v
Bend , S - 86 km (54 mi, -

Eugene e 94.4 km (59 mi. )
..Econom1cs o e e

Present Land Use° Timbervproductioncand'recreatfonai.USes;
..Future Land Use: | - L -

Contwnued focus on t1mber resource and recreat1ona1 actlthles. '
2 Recreat1on L | | ‘ AT

Recreation plays. a key role in the economy of the upper
McKenz1e River Va]]ey. g IR AR,

Ne]]-known(attractxons;;, iﬂ 7 - 7 ‘
Clear Lake - 142eacre natural, ‘crystal clearn1ake‘regarded as

- the source of the McKenzie River. Motor boating -
‘_prohibited.* Very popular trout fishing spot.
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Waterfalls -. Sahalie, Kassah Tamolitch and Proxy Falls. ATl
exce?t TamoT1tch 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:

Dispersed motorized recreation/timber: » '
Approximately 12,200 acres in Clear Lake - Sand Mountain.
Nash Crater area is included in a des1gnated area
~totalling 15,589 acres. ‘

Dispersed non-motorized recreation/timber:
Approx1mate]y 200 acres in Highway 20-22 Junct1on area and
1,200 acres in Two Butte-Melakwa Lake areas have been
designated non-motorized dispersed areas.

~ English Mountain undeveloped Roadless area:
Approximately 680 acres east of Challie Trail between

Horsepasture Mountain and Taylor Castle.

Special interest areas:
Approximately 120 acres of 390 acre Lamb Butte Scen1c Area
falls within the EIS study area.
Additional 840 acres along the McKenzie R1ver in Tamo]1tch

Falls - Beaver Marsh area have been designated for
classification as a special interest area.

23 developed recreation sites (EIS area)
30 inventoried potential sites
8 trails with total length of approximately 18. 7 m11es 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 snowmobiling.

(32)
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~ SITE: McCREDIE HOT SPRINGS KGRA
- OREGON. '
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'MC CREDIE HOT SPRINGS KGRA

~ McCredie Hot' Sprmgs is situated at the southern extension of the Western
Cascades hot springs belt. Located primarily in T. 21S., R.4E., W.M., in Lane
“ County the KGRA covers 3,659 acres. Oakridge, a nearby lumber-based town .
“'is 14.5 kilometers. northeast of the hot springs. o .

Use of natural resources for . timber produc'non and recreation. domlnates
" present ‘land use ‘and is expected to remain the focus in future plans. The
" Willamette National Forest is responsnble for managing 'rhe KGRA .and
surrounding lands, all of which are in federal ownership. :

The reservoir characteristics of McCredie hot sprmgs‘ appear technically
promising for geothermal development. The springs flow 76 Ipm of 73°C
water. Geochemical thermometers suggest that a 1209C resource is feasible
at depth. A hot-water-dominated hydrothermal convection system, similiar
to those postulated for the other Cascade hot sprmgs areas, seems fo 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 at 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 the McCredie geothermal‘
resource ‘would be limited by the lack of populatlon af the site.

The benefits of McCredle's 1hermal waters have been enjoyed since 1916 when
Judge William McCredie built a resort ‘offering ‘mineral baths and hotel
~facilities. The spa operated until 1958 when the main building burned. There
are no structures at the site now, but the hot springs are used by "roadside" -
bathers. West of McCredle, Kitson Hot Sprmgs are mamtamed as Boy Scout
camp. o .
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Beyond the limited present uses of the hot springs, only moderate interest has
been expressed in developing the McCredie geothermal resources. Available
information indicates  that private industry has not wundertaken ‘any
exploration.. Non-competitive 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 Envnronmeh’ral

Impact Statement. At best, the document can be expected in late 1979.
When land positions have been established by leasing, explora'rlon and
development activities should increase.

Further possible restrictions to development include the environmental and

land use concems common to all the Known Geothermal Resource Areas in
the Cascade Region.
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~ SITE DATA SUMMARY
SITE: MC CREDIE HOT SPRINGS KGRA

..Physical Reservoir.Data

.. Temperature OC -
Surface 73°C . Subsurface 160°C (34)

..S1te Land Status The KGRA is in federa] ownersh1p managed by the
w111amette National Forest.

Tota] KGRA Acres 3 659 - Federa]
Total Acres Leased 0 - Federal
..Geothermal'DevelopmentvStatus:

No present development ‘
Two we]ls have been measured for temperature grad1ents._,,

..local and State Att1tude Toward Geothermal Development'i "

Sensitive due to env1ronmenta1 considerations. '
Locals appear to favor development that would enhance the
. economy of the area. L e .

..Land Use and Populat1on‘

There are few permanent re51dents.' o -
Recreationists, logging industry emp]oyees and Forest Serv1ce‘
personnel are in the area on a transitory basis.. :
The K:tson Hot Spring area 1s used as a Boy Scout camp.

"..Comments and Cr1tica1 Issues

The area is w1th1n 22 km of the D1amond Peak W11derness Area.,
Competitive and non-competitive leasing will not be considered
until the McCredie Geothermal Area Environmental Impact =
Statement has been completed and approved by the U.S. Forest :
‘ Service. o
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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

..Rectilinear: Secs. 25, 26, 35, 36, W.M., T.21S., R.4E.; Sec.
| 1, T.225., R.4E.; Sec. 31, W.M., T.21S., R.5E.

..County: Lane

..Adjacent Counties: Deschutes, Klamath Doug]as, L1nco1n,
' Benton, Linn_ -

..Map Reference: U.S. G.S. Topographic Oakridge, Oregon 1:62, 500

.. Topography

Rugged forested land in the Western Cascades. Elevations range
from approximately 579 m. (1,900.ft.) alohg Salt Creek 8,829 m.

(6,000 ft.) on Bunchgrass R1dge.

..Present Land Use:

National forest land used for timber production and recreation.

..Future Land Use Plans:
Increased timber yield and recreational opportuhities.'

. .Aesthatics: High aesthetic va1ue.'

| McCredie Hot Spr1ngs is within approx1mate1y 22 km (13 5 m11es)" R

of the D1amond Peak Wilderness Area.
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..Historiéal/ArChaeo]qgica]‘Significance:

~ Archaeological investigations are being conducted .in
~ conjunction with the Environmental Impact Statement.

© The Calapooya Indians lived in the Middle Fork Willamétte
“Valley in small groups of about 20 persons. Molalla and
Klamath Indians also used the area to some extent. -In 1855 the
“‘Willamette River area was ceded to the U.S. by the Kalapuyans
who then moved to the Grand Ronde Reservation. :

The Southern Pacific Railroad line was completed into Qakridge
in 1912, but was-not completed through the geothermal area and
over w111amette Pass until 1926. A special use permit for a
ten acre parcel in the McCredie hot springs area (then known as’
Winino H.S.) was issued in 1906. In 1916 Judge William W.
McCredie purchased an interest in the 'site and built a hotel
resort that operated until the main structure burned to the
ground in 1958. " Currently there are no structures at the site.

(33)

.QHydrology:
‘Drainage B |
Waters of the area drain into Sé]t Creek, 'Salmdn Creek and

Hills Creek - all tributaries of the M1dd1e Fork of the
w11]amette River.

Dlscharge

Average dlscharge of the Middle Ferk Willamette River at the
U.S.G.S. gaging station 4.2 miles downstream from the North"
Fork (52 year average) is 2, 779 cubic feet seconds (cfs), or -
2,013,000 acre-feet per year. Average discharge of the Middle
Fork W111amette 0.4 mile above Salt Creek- (40 year average) is
1,161 cfs or 841,000 acre-feet per year. No gaging station -
'ex1sts along the Middle Fork between the Sa]mon Creek and North -
.Fork conluences. :
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Temperature

Temperature records from the gaging station on the Middle Fork
Willamette River below the North Fork confluence (Sept. 1950 to
October 1960 :and June 1961 to September 1974) range from 749F
to the freezing point. At the gaging station above the Salt
Creek confluence temperatures, recorded between October 1960
a2d3§gptenber~1974 range from a maximum of 779F to a minimum

’ Domestic Use

- Domestic water sources - Blue Pool Campground, Salt Creek
‘ Recreation residence sites and the City of Oakridge. (33)
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RESERVOIR CHARACTERISTICS
SITE MC CREDIE HOT.SPRINGS KERA

. .Reservoir Temperature

..Surface: 739C U (34)
..Subsurface: 1600C °

. .Geochemical o
> S10,; 1200¢
Na-K-Ca: 750C
..Flow Rates: 76 lpm (34)
..pH: 7.29 S
..Fluid Chemistry:

Chemical constltuents are higher than other hot -springs in the

Western Cascades. A hot-water-dominated hydrotherma]

convect1on system is, 1nd1cated

: McCred1e '

Hot Springs
(un1ts mg/1)
Temperature - 730
pH ' : : 7.29
Specific Conductance '
(micromhos) 6,730
Silica : 79
Calcium ' o 460
- Magnesium I : 0.9
Sodjum . . iy : 1,000
Pptassium . 2 S
Lithium - j N 1.4
- Bicarbonate = 3 o 21 o
Sulfate o 240
Chloride Lo 2,200
Fluoride : S 2.7

Boron : : 18-
Total dlssolved sol1ds ‘ Co

..Hot Springs Locatlon

. McCredie  Sec.: 36 NW%, W M., T 21S., R.4E.

Kitson Sec. 6, W.M,, T,22S.,
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R.4E.

‘K1tson
Hot Springs
(units ppm)

449¢
7.4

-10,500
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626




LAND OKNERSHIP AND LEASING
SITE: MC CREDIE HOT SPRINGS KGRA

..Land Ownership: Willamette National Forest
Total Area (Acres) - 3,659
Federal (Acres) - 3,659

..Land Leased: O
..Tentative Lease Sale Dates: October 23, 1980
..Summary of Leasing Statusiahd Needs:

Leasing activity awaits complétion of the McCredie Géothefma]
Area Environmental Impact Statement.
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GEOTHERMAL DEVELOPMENT STATUS
'SITE: MC CREDIE HOT SPRINGS KGRA -

..Present Development Status:
No development. ‘
Temperature gradients have been: measured 1n two wells 1n the
McCred1e area. Data is present be]ow

Locatwn Sec 28 S&NE%, W. M., T. 215., R.4E.

Map Reference - AMS Roseburg, Oregon '

Date Measured: 9/29/76

DEPTH  DEPTH  TEMPERATURE ' GEOTHERMAL GRADIENT

METERS  FEET .~ DEGC  DEGF.  DEG C/KM DEG F/100 FT
10,0 . 32.8 . 9.670 . 49.41 .0 .0
15.0  49.2  10.070 .50.13 . 80.0 . . 4.4
20.0 - 65.6  10.480  50.86 . 82.0 4.5

'25.0  82.0  10.870 - 51.57 . . 78.0 4.3
30.0 98.4 11.260 °52.27 .. 78.0 4.3
'35.0 114.8° 11.610 52,90 . 70.0 3.8
40.0 131,2  12.070 53.73 . 92,0 . . 5.0
45.0  147.6 - 12.430  54.37 - 72.0 4.0
50.0  164.0 12,930  55.27 - 100.0 5.5
55.0  180.4  13.280 . 55.90 . 70.0 . = 3.8
60.0 196.8 13.780 ~ 56.80° .. 100.0 . 5.5
65.0 213,214,150 .-57.47 . ' 74.0 - 4.1
70.0  229.6  14.660 58.39 . 102.0 - 5.6
75.0  246.0 ° 15.100 © 59.i8 . 88.0° 4.8
80.0 262.4 15.520 59.94 . 84.0°"" 4.6
85,0 278.8  15.970  60.75 . 90.0 = 4.9
0 90.0  295.2 16.300 61.34 - 66.0 . 3.6
;. 9.0 311.6  16.710. 62.08 -~ 82.0 . .4.5.
"-100.0  328.0 - 17.180  62.92 94,0 - 5,2
105.0 ~ 344.4  17.620 63.72 - 88.0 4.8
'110.0  360.8 ~ 17.970  64.35 = 70.0. 3.8
115.0 377.2 © 18.360  65.05  78.0° . . 4.3
120.0  393.6  18.790 = 65.82 86.0 4.7
125.0 410.0  19.130  66.43 68.0 3.7°
130.0 - 426.4 . 19.530 67.15 - 80.0 4.4
135.0  442.8 ° 19.930 67.87  80.0 © - 4.4
140.0  459.2 20.230 68.41  60.0 3.3
145.0  475.6 - 20.610 69.10  76.0 4.2
4.1

150.0 ,429'0, 20.980  69.76 74.0

-~
N
F9

~—

‘Average gradient; 15-150 meters - 80.80C/km -
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Location: Sec. 10 SEuNE4, W.M., T.21S., R.3E.
Map Reference: AMS Roseburg, Oregon’

Date Measured: 9/28/76

‘DEPTH = DEPTH - - TEMPERATURE . GEOTHERMAL GRADIENT

METERS FEET DEGC  'DEG F  ‘DEG C/KM DEG F/100 FT
20.0 65.6 10.450 © 50.81 L0 .0
22.5 73.8 10.480  50.86 12.0 - .7
25.0 82.0 10.570 ~ 51.03 36.0 ¢ 2.0
27.5 90.2 10.630 51.13 1 24.0 1.3
30.0 - 98.4 10.680 51.22 20.0" 1.1
32.5 106.6  10.760  51.37 32.0 - 1.8
35.0 - 114.8 ~ 10.980 51.76 = 38.0 4.8
37.57" 123.0 - 11.060- 51.91 32.0 1.8
40.0 131.2 11.120 52.02 - - 24.0 - 1.3
42.5 139.4 11.220 52.20 40.0 2.2
45.0 147.6 11.300 52.34 - 32.0 1.8
47.5 155.8 11.390 52.50 36.0 2.0
50.0 164.0 11.440 52.59 20.0 -1
55.0 180.4 . 11.760  53.17 64.0 3.5
60.0 196.8 11.920 53.46 32.0 1.8
65.0  213.2 12.110  53.80 38.0 2.1
70.0  229.6 12.290 -~ 54.12 36.0 . 2.0
75.0 246.0 12.450 54.41 32.0° - 1.8
80.0 262.4  12.620 54,72 - 34.0 1.9
85.0  278.8 12.780  55.00 32.0 ~ 1.8
90.0 295.2  12.930 55.27 30.0 1.6
95.0 311.6 13.070 55.53 28.0: 1.5
100.0  328.0 13.200 ~ 55,76 26.0 - 1.4

Average gradient 22.5 - 100 meters - 31.720C/km - (24)
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..Ins

INSTITUTIONAL CONSIDERATIONS
- SITE: MC CREDIE HOT SPRINGS KGRA

titutional RequffementS'

Approved ]eas1ng by the Forest Service is needed before
exp]oratlon and development can occur. .. .

RARE II land use decisions may effect geotherma] act1v1t1es in
the McCredie area. ' v : L] :

| Several areas in the vicinity of the McCredie KGRA are be1ng
- examined by the U.S. Forest Service as part of the RARE II

process. As a result of the review, the followwng designations

are possible:
ReCommend for inclusion in the National W11derness
Preservation System, recommend for further study, return
to multiple-use status.

According to the Forest Service t]assification,rndne of the
areas has producing proven or possible geothermal resources.

The areas are as follows:

Deschutes National Willamette National

‘Area | . Area Code Forest Acreage Forest Acreage
Waldo -é1osf | L 19,700 97,176
CCharlton 6107 9,280 - 2,32
Maiden Park 6108 20,420 10,080
0dell '6111§ 3 18,150 =
- . AR S (23)
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..Agency and Public Attitudes:

Environmental concerns about gebthermal development in the
Western Cascades results in sensitive public attitudes.

..Status of Requirements (i.e., EIA/EIS Requirements):
An Environmental Impact Statement considering geothermal
leasing is being prepared by the Willamette National Forest.

The EIS will cover the KGRA and surround areas for a total
study are of 19 603 acres.

0pt1m1st1ca11y the EIS can be expected in 1ate 1979.
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- ENVIROMENTAL FACTORS
;"51IE MC CREDIE HOT SPRINGS KGRA

CLIMATE .
' o o .
‘C11mate is strong]y 1nfluenced by mo1st mar1ne air flow1ng of f
the Pacific Ocean. Temperature inversions are not uncommon.
No weather stations are maintained in the area.
Preva111ng Winds: \_ | ﬁ
Varying from southwest to northwest.
..Precipitation (Annual): 127 cm.
.;AveregezTempeketure,:, L

,:,,Minimum; 330f
© Maximum: 64°F

..Relative Hum1d1ty (Seasona] Peaks)

Summer. 40 50 percent
Winter: 70-90 percent

..AIR quLiTY o

},Genera11y exce]lent because. of the are's remoteness from urban

".areas.. Precise analytical data is lacking because there are no

(f_fsampllng stations 'in the area. Principal sources ‘of air
pollution are dust from traffic on unpaved roads, smoke from
bu¥?1ng logg1ng slash and field burn1ng 1n ‘the Willamette
Va ey : . .

WATER QUALITY: Genera]ly excellent. e

..NOISE Low 1evels ,,vﬁffjrdu':J eifiégﬂ-lba R (33) -
. BIGLOGTEAL _ ;. : T B . Gt

..Dom1nant F]ora | t,fiﬁ. ‘:_vtf_ft“t"** f{"’;;:f?_i{i:: .

Douglas f1r Forest - is the prinC1pa1 type cover1ng P

-~ approximately 19, 200 acres, 97 percent of ‘the lands in the??

~ EIS study area. Although ‘timber harvest has been underway

for many years, extensive stands of old growth Douglas f1r"'
st11] remain ‘ ; ERIE R
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Western hemlock*(Tsuga‘hetérophylia), Pacific silver-fir
(Abies amabilis), and western redcedar (Thuja plicata) are
the principal associates of Douglas fir {Pseudotsuga
menziesii) in this forest community.

Shrubs common to the Douglas fir types are Pacific . :
rhododendron (Rhododendron macrophyllum), vine maple (Acer
circinatum), golden chingapin (Castanopsis chrysophyll )
ana Pacific dogwood (Cornus nuttalii). _

Among the more commonly seen forbs are sword fern
(Polystichum munitum), deerfoot vanilla leaf (Achlys
triphylla), tall Oregon grape (Berberis nervosa), queencup
beadlily (Clintania uniflora) and white 1ns1de-out-flower
(Vancouveria hexandr777

The remaining 3 percent of the EIS study area includes
non-commerical rocky forest lands, meadows and water.

Common shrubs include Pacificg serviceberry (Amelanchier
florida), thimbleberry (Rubus parviflorus) and huckleberry

iVacc1n1um sp.)
(33)

..Dominant Fauna:

Roosevelt elk, black bear, black-tailed deer, beaver,
rodents, coyote, raptorial birds and others.

The area covers a variety of wildlife hab1tats including
-old growth forests, brushy cutover areas, meadows, streams
and riparian areas.
. .Endangered Species:

Flora: Plants listed by the Oregon Task Force are known in
the west central Cascades and may be in the area.

Wood fern _ (Thelypteris nevadensis)

Bog birch (Betula glandulasa)

Cranberry (Vaccinium oxycoccus var. 1ntermed1um)
Reedgrass - (Calamagrostis breweri)

Washington 1ily ' (Lilium Washingtonianum)

Bog orchid : (Habenaria orb1culata)

Rue - anemone - ~(Isopyrum hallii) I
Matted saxifrage Sax%fra | bronchialis var. vespertina)
Pinefoot o i(P1tyopus ca11forn1cus) o ,
*Tall agoseris - (Agoseris elata) -
Alpine collomia : (ColTomia debilis var. 1arsen11) o o
Crater Lake sardwort (Arenar1a pumicola)
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Fauna:

Ameritan:péregine faTcon (Falco peregrinus anatum)

Arctic peregine falcon (Falco peregrinus - tundr1us)

THREATENED SPECIES' N

Wolverine (Gu]o luscus)--one s1t1ng from the Mt Jefferson
Wilderness. =
Northern Blad eagle (Hal1aeetus leucocephalus alascanus)-- no

- known mnesting sites in area. -

-Northern spotted owl (Strix occ1dentalis caur1na) hab1tat is
old growth Douglas fir forest.” = . (33)
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TRANSPORTATION AND UTILITIES
SITE: MC CREDIE HOT SPRINGS KGRA

..Utility or Energy Transmission Corridors and Faciiitiesi
None in area. . '

’;.TranSportation Corridors or Facilities'and'Right;of-Waysif '
Access is via State H1ghway 58 (Willamette Highway) and
National Forest system roads. In add1t1on, there are numerous

~ logging roads in the vicinity.

Southern Pacific Railroad holds 10 special use permits for a
railroad and ancillary installations in the area. The railroad
lies within a quarter mile of McCredie Hot Springs.

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)
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TR POPULATION
~ SITE: MC CREDIE HOT SPRINGS KGRA

..General Description of Population
* Human occuparnicy is eSsentia]lyitfansitOry in nature.
Recreationists, logging industry employees and Forest Service
employees are in the area on a non-residency basis, '

_ The nearest population centers are:

‘ ,,[;Oakridge,”dflumber and railroad town, with a population of
4,300 located about 14.5 km (9 miles) from McCredie Hot
‘Springs. ' o T B T

Westfir, a lumber mill town located 5 km (3 miles)
~ northwest of Oakridge. o

. .Economics
..Present Land Use:
~ Recreation and timber production

" Timber from the area provides some support for the economy
of Oakridge and other upper Willamette Valley urban
areas. Total standing merchantable volume on the 19,603

~ acres of EIS study area is estimated to be 789,857,000

- board feet. A SRR A

Douglas fir is the principal timber species, with western
hemlock, noble fir, Pacific silver fir, mountain hemlock, -
- western white pine, western redcedar and incense cedar - -
. contributing smaller volumes to the total. " - - (33)

Recreation - ,
Blue Pool Campground is only developed recreation site in
the area. Located between Highway 58 and Salt Creek about -
.5 mile west of McCredie Hot Springs. Facilities include
19 camping units and 5 picinic units with:a'daily capacity
of 140 persons. o Lo f
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Two additional sites, totalling 16 acres have been
identified as being suitable for recreational
development. One of these tracts is at McCredie Hot
Springs. It includes the site formerly occupied by the
McCredie Hot Springs Resort Lodge Resort use terminated
- in 1958 when the lodge burned

Pr1nc1pa1 recreational activities: fishing, hunting (elk
and deer), camping, and h1k1ng. - (3)

Fishing

Salt Creek and Black Creek are the most frequentiy fished

streams in the area. They support a sport fishery based
largely on the Oregon Department of Fish and Wildlife

stocking program, although native fish are also present.
(Cutthroat and Rainbow trout)
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LEGAL AND INSTITUTIONAL 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. Pohcnes, procedures and laws related to environmental, regulatory
‘and statutory  controls dlctate where ~and how geothermal resource

development may occur.

All to frequently this maze of legal and institutional consnderations serves as

‘a barrier to geothermal energy development. However, for the most part,

state POIICIeS in Oregon have served to foster the development of direct use
appl ications in a relatively unhlndered fashxon. L : ,

Foremost was the passage of legislation in 1975 ral'lowing ‘the formiation of

- geothermal heating districts. This legislation, as contained in Oregon Revised
~-Statutes Chapter 523 (1977 Replacement Part) (Appendix D), authorizes the
- incorporation of communities for the purpose of supplying inhabitants with
‘ geothermal heat. It allows heating districts to contract for services, sue and
‘be  sued, ' issue general obllgatlon, .revenue or refunding bonds, form
" cooperative agreements, exercise the power of eminent domain, levy special
- assessment taxes and ad valorem taxes and provude supplemental energy from
‘sources other “than geothermal in times of emergency. In addition, .
-geothermal heating “districts may purchase,’ sell and hold ‘interests in water

and real property, and may receive private or federal grants, loans .or other

* funds for carrying out objectives of the district. This model legislation, the

first of ‘its kind in the country, has enabled Klamath Falls to lmtnate the

" formation of a geothermal heating district.

- To encourage homeowners fo use geothermal energy for space and hot water
‘heatmg, the Oregon Legislature enacied Senate Bill 339 -during the 1977

session. The measure provides for a tax credit of 25 percent of the cost of an

~ alternate energy device up to $1,000. Geo-heating and cooling systems which
are certified by ‘the Oregon Department of Energy before lnstallatlon can -
quallfy for this tax credlt. e ) : : SR -

;ln addition to ‘the tax credit tncentive, geothermal .space -heating. for
“residential and small commercial Interests’is simplified by the exclusion of

shallow (less than 2,000 feet), low’ termperature (under 250°F) resources from |
the provisions of the Geothermal Resource “Act (ORS Chapter 522)

(AppendixE).  This means that a typical well for home heatlng in Klamath

Falls can be drllled asa water well under the Department of Water Resources -

: regulatnons.




Geothermal wells which are more than 2,000 feet in depth or 250°F gre
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
' mterestmg questions concerning ownershlp and water appropriation. As
defined in ORS 522.005(7), "geothermal resources" 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, title 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 shallow, low terrperature 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 rights to geothermal resources
are given to the owner of the surface estate, any wafer withdreawn 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 fluids including those regulated by the Department of Geology.

It is not perceived that these 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
rights unless substantial interference can be demonstrated.
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A potenﬂal 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 use a

«-..downhole heat exchanger in a closed system but is unable to obtain a water

right. The. developer might then decide to 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 1hermal water needs.to be added to fhe llst of occepted benefncual uses.

- Thns ond other pohcy concerns may be oddressed by ~the 1979 Oregon
Legislature in response to a National Conference of State -Legislatures
project which was recently begun in the state. The pro;ect seeks to identify
-areas of policy. concern, assist in analysis of the' issues and stimulate
legislative action. ' Clarification .of policy "and regulatory issues is an
- important step at fhis point. to prevenf obsfacles and potenhal legal suuts for
.- future geothermal development. ‘

In addmon there are several other octlviﬂes takmg ploce ln 1he state whzch
will foster the development of geothermal resources. The Oregon Graduate
- Center-. is- conducting an environmental ‘overview to identify - potential
“concems 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 ‘have
been directed to recommend uniform policies regarding geothermal fluid
. disposal by House Joint Resolution 50. One of the recent encouragements to
- bringing geothermal resources "on-line" in the near-term ‘was ‘the Economic
. Development  Commission's selection of geothermal energy as"a target for
. industrial development.,, This should - facilitate “the ‘location of suitable

industries in areas with sufficient resources’ for ‘meeting- process energy =

requirements. As well,' the Department of Geology and Mineral Industries has
¢-assumed a willing posture ‘to conduct resource assessment activities. Pro;ects

“; such as the: M$, Hood resource Gssessment will provide a better underst andmg ‘

;-of the. nature of the resouroe and help 1o bun ld lnsﬂtuﬂonol confldence. R

: g-Geothermal leosmg on state land is allowed under the provnsuons of
«MGeothermal = Lease :Regulations” in  ‘the Division - of State Land's
- Administrative. Rules: 141-75, 1975, ‘Salient features include: '‘exploration
. permits, two-tier leasing,’ lO ‘year primary lease ‘term, renewal provislons,;
-u;.escalatmg annuol rentol, royalhes, ond envuronmental |mpact reporfs.{ K
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.. Taking all -of these factors into. accoynt it appears that the  legal and
_institutional - framework for the -development of direct use geothermal
applications is reasonably straightforward. The question then arises as to why
geothermal resources are not being more actively developed. The answer is
related to economics and lack of financial incentives which will be discussed
in further detanl in the overall view of lmpedlments to development.

Utilization of geothermal resources for electric power generatlon is likely to
encounter more stringent institutional controls. However, most of these
foctors are reasonable safeguards to protect the environment  since the

acts of a power plant are more sngmflcont than the |mpl|cot|ons of. dlrect
use appllcatlons. :

There are now no: regulcmons for the smng of a geothermal power plant or
plpelme. Although there is not a confirmed resource which would call for an
application. for a site certificate, a siting application' for a geotherrnql
pipeline could be forthcoming within a year or two. The absence of
regulations could delay the siting procedure. Applications must be filed qnd
site certificates granted, if deemed appropriate by the Energy Facility Sltmg
- Council for electric power productlon plants with @ minimum generating
- capacity of 25 MW and for plpelmes six inches or greater in diamter qnd five
miles or longer in_length. It is imperative that regulations governing the
siting of such facnlmes be in place _befpre opplpcqt;ons are f:led to prevent
needless delgys. :

A deterrent to the siting of geothermol power- plants is the
suntabxIlty/unsuxtablllty survey whlch classifies many areas that show
potential for development as unsuitable. In the case of geothermal it is
suggested that the survey be consulted, but that each applucatlon be
considered on a site specnfac basis.

In Oregon opproxnmotely 31 million acres or 50 percent of the lond is in
federal ownership with the U.S. Forest Service and Bureauv of Land
Management acting -as the primary management agencies. The majority of
Oregon's identified geothermal resource areas are within this federal land
hold. The lack of access to these lands is one of the most sngmfrcont '
impediments to geothermol exploration and development in Oregon. - Since
the regulotlons chncerning geothermal energy exploration and development as
outlined in the Geothiermal Steam Act of 1970 and the operating orders of the
U.S. Geologlcol Survey, Forest Service and BLM have been odequately
explained in numerous publications, this dlscusswn will focus on specific
problems and potential solutions rather than a reiteration of the complex
procedural maze. A chart summarizing the leasing process on federal land
has been included as Appendlx G.
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The primary inhibiting factors are the inobnmy of developers to obtain access
. to federal land for leasing and the tedious process of acquiring permits to
.conduct 'geothermal operations. For the most -part, 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.process applications and the
- commitment of capital for long periods of time. There are lease applications
on national forest land. that have 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 hkely to underfake geothermol development. o :

Leasing laws ond procedures make it difficult to obtain the leases which are a

necessary prerequisite to major exploration. This is particularly true in the
_case of national forest lands. Environmental 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 and. publish and then failed to include odjacent lease apphcahon
‘areas. A second impact report must be compiled before lease applications in
the area can be processed. It would facilitate leasmg on federal land to
establish prlorlty areas and comple'le envuronmental review procedures. R

A uhllzahon of geothermal resources is ever to be real:zed on national forest
lands, ‘then the Forest Service must increase its program priorlty and
&manogement commitment to geothermal development. There are signs that
this ' is happening on individual forests in Oregon; but directives from the

national and regional offices are needed-to provide -official pollcy which lends

- real support to geothermal exploration. and development. The current . -

" Roadless Area Review and Evaluation (RARE. I} study is a good indication of

the Forest Service commitment' to geothermal energy. Of ‘the dlmost 3
“million “acres under . consnderaﬂon for inclusion into the ‘National Wilderness
Perservation ‘ system -in Oregon, not one: acre 'is classified -as ~having:
"producing, proven or possible" geothermal resources. This despite the fact’
- that several areas being evaluated ‘have been clossufled as Known Geothermal
Resource Areos by the U.S. Geologlcal SurVey. : o : RO
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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 resaurce 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
Geyser-type developments in forested areas where the geothermal resources
have been identified as intermediate temperature hydrothermal resources. [t
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 magnn‘ude. :

A more reasonable approach, and one which is being considered by the
Interagency Geothermal Coordinating Council Streamlining Task Force, would
be to provide for leases based upon separate environmental assessment of the
exploration and development phases. Environmental -analysis’ for the
exploration phase could be based on areawide environmental reports that have
been developed during land management planning. This would serve as a
review only of the impacts of exploration activities. A comprehensive site
specific analysis of development impacts 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
environmenfal analysis. Canditional rights would be established through lease
stipulations. This method would not only serve ta provide a more realistic
assessment of environmental impacts - thereby facilitating more sound
judgmental decisions regarding possible development, but would be less of a
financial and man-power drain on 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 wn‘hout sacrlflcmg the importance of
environmental impact analysis. :

When preparing envirocnmental reviews of geothermal development both the
Forest Service and the BLM should address the severity of geothermal
impacts as compared with the impacts of other energy sources. Generally,
environmental reviews have not compared the impact of geothermal
development to the impacts of other resource development, but rather -
compared it with the effect of no development. At some point, it will be
‘necessary to balance energy and environmental goals, and if comparisons can
be drawn now as environmental analysis are prepared n will provnde essential .
background information for future decisions.
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A major obstacle to geothertnal development is lack of knowledge of the
nature and extent of geothermal resources in Oregon. It appears that Oregon
has the potential to meet a significant portion of its energy demand by
utilizing geothermal 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 cooperative 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 inhibiting factor

in securing financial commitments.

To encourage private exploration on federal land the U.S.G.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 non-competitive lease areas.
_. Provisions 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 to
- reclassify KGRAs after they have been offered during two lease sales and
received no bids. Several portions of KGRAs including Klamath Falls, Vale,
Crump Springs and Burns Butte have been offered as many as three times and
" no bids have been received. . S Sl -

. To bring more power on-line in the near term federal and state programs
. should focus on providing incentives for direct use applications. The
" technology .is .in place and adequate resources have been .identified for
non-electric wses, but the accomplishment of this development appears to be -

- largely dependent on’ federal assistance at this time. - Targets should be

. established to work with industries, particularly agribusiness, which are

~potential users of geothermal resources:and municipalities for ‘establishing

geothermal ~heating districts. This should 'be accomplished ' through
demonstration/pilot projects, federal guaranteed loans, -grants, technical
- assistance and outreach programs. When ' the feasibility < of - utilizing
~geothermal resources has been demonstrated by federally assisted projects, it
is assumed that private industry will be stimulated to continue development
" with private capital. s DREETIEE A o

-
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District heating systems could be further encouraged if leglskmon were
passed aHowmg 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 applications. A possible
consideration to stimulate the formation of heating districts, would be to
allow municipaliﬁes first right of refusal on competitive bid acreage.

Throughout the years the major impediment to geothermal exploration and
- development has been the lack of financial incentives. But with the passage
~of the National Energy Act in late 978, parity with other energy resource
exploration 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. lntanglble drilling costs can also be deducted in the same
fashion as oil and gas wells.

The Act also allows a 10 percent invesfmenf’ tax credit, in addition to the
normal 10 percent investment tax credit, for businesses installing geothermal
equipment. Agricultural uses may aiso qualify. Homeowners who install a
geothermal heating, cooling or hot water system may qualify for the
residential energy tax credit. The allowance is 30 percent of the first $2,000
spent; and 20 percent of the next $8,000 for a total maximum of $2,200.
Provisions of the Bill expand the authority of the Federal Energy Regulatory
Commission to order interconnection and  wheeling for utilities or
co-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
- oil and gas industry has enjoyed for years. Now, if leasing procedures can be-
streamlined oand a direct use market can be developed, geothermal energy
resource exploraﬂon and development in Oregon ‘will be greatly shmulated' '
resulhng ina sxgmfncanf contribution fo the state's energy supply.
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SUMMARY

Thls report has m‘tempted to complle an mven’rory of ovallable ‘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 the .legal and institutional considerations ‘which wnll influence
B development and commercuollzcmon 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 greafest immediate potential. Applications most likely to be
developed in Oregon are agricultural processing and district heating systems.
- Agricultural 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 malting, livestock
operations, cold storage facilities, hog pen warming, pasfeurlzatuon, and
- mushroom growing. District heating systems appear  feasible - in the
communities of Klamath Folls, Lokevnew, LoGrande, Ookrldge, Bums and the
Vale-Ontario area. - '

* Estcmofmg the potentlal for electrlcal power generotlon from Oregon's
~geothermal resources is basically conjecture now because no reservoirs of
~ sufficient temperature have been discovered. The Alvord Valley in the
- southeastern portion of the state offers some of ‘the most favorable
“indications and ‘deserves further exploration. Other ‘areas which have high
temperature potential are Vale, Lakeview, Crump Springs, Newberry Crater,
~and Glass Buttes. These sites may prove adequate for. high temperature
“ process uses if not restricted by distance from population centers. They may
also have some chance of meeting the requirements for electricol generohon.

Development potentml in the. Coscade ‘Mountains is - difficult to assess.

Indicated ' temperatures in the ‘moderate ‘rahge are suitable for direct use

: gyappllcahons, but ‘the .lack ‘of human occupatlon in the area is ‘a barrier to

_possible utilization. Oregon's major population centers in the Willamette
'Valley are located in” a 60-160 km range from the resource areas, but
"economic ‘and  thermodynamic factors may preclude - transporting thermal -
“fluids the necessary distance. As results of the Mt. Hood assessment and"
- Northwest Natural Gas exploration program become avculoble, a cleorer
[plcture of the Coscades polenhol should come into focus. . R
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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 explora'ﬂon and drilling

activities- and to maintain acceptable air, water and noise quality levels.’

Nevertheless, a full Environmental Impact Statement will likely be necessary
at’both the pre-lease and pre-development stages for Cascade resources.

In addition to environmental concerns, pohc:es and actions of public and other
institutions will 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
: '0fflCl0| posmon and enhance the opporfumty for development.

* On the other hand, laws and leasing regulations for federal land are hindering
utilization of thls in-state 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 its

priorities to place more emphasis on geothermol resources. The U.S. *

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 the 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 sufflcienﬂy
stimulated to carry the lead in geothermol 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 an acceptable manner will |mprove environmental
quality by lessening dependence on fossil fuels and will give industries which
can utilize the resource a cost-competitive advantage, thereby enhancmg ‘the
state's economy. Extremely conservative development scenarios illustrate
the potential for first stage use of 180 MWt 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 potentlol ‘contribution is significant and may make the deciding
difference in assessing the need for future construction of thermol facilittes
to meet energy supply and demand.
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APPENDIX A
EXISTING USES OF GEOTHERMAL ENERGY IN OREGON

Space Heating

Klamath Falls, Lakevnew, Vale, Hot Lake, Hames, Breitenbush Hot
Springs, Summer Lake, Ontario.

Aguaculture
Klamqfh F olls

Greenhouses

Lakeview, Klamath Folls, Cove, Vale
Numerous geothérmolly heated spas and pools around the state.

Projects Under Cohstruction

Food processmg mdusfry Ontorlo
District heating sysfem v Klomath Falls

. Muéhroom»"gr_owin,g facility - Vale -

N
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SELECTED INDUSTRIAL ENERGY CONSUMPTION DATA

APPENDIX B

Source: Industrial Waste Heat for Adjacent Communit1es and Industr1a1

Rocket Research Corp., 1977.

Energy Energy

. . S.I.C. Intensity Consumption

Company Location Employees Code Coefficient (x 109 Btu/yr.)
Publisher's Paper Co. Oregon City 630 2621 4.35 2739

‘Diamond Fruit Growers, Inc. Hood River 350 2033 .45 158 .
Stayton Canning Co. Stayton 400 2037, .9 360

o : ' 2033 ,

Castle and Cooke, Inc. Salem 475 2033 .45 214
Hines Lumber Co. Hines 925 2421 .4 370

Applications,
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APPENDIX C

OREGON GEOTHERMAL LEASING ACTIVITY

Non- Compet1tive Leas1ng Act1v1ty - Federal ‘Land

App11cations f11ed o 1f;‘_ 1142
Applications withdrawn or reJected 538
Leases in effect S iZOs |

| Leases re]!nquished S o ':720t
Pending app11oatjons - o '115 (BLM)

349 (Forest Service)‘

Non-Competitive Leasestin Effect:

BLM (99) 7' 3;375, 135 852 ‘acres
Forest Serv1ce (21) , 37,892,acres

\ “j ,f;73’744 total acres under lease_

Competitive Leasing Activity - Federal'Laod ,M_;~3

‘Competitive'ioases;in effect;;‘f“}‘ £

BLM (27) | 3, 60,685 acres
Forest Serv1ce (4): 5,818 acres

}66 503 total acres under lease
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Known Geothermal Resource Areas*

Federal
Total Acres
- KGRA Acreage Leased Lessees and Acreage
‘ Alvord 176,835 26,221 Al Agy1ta1ne (5, 120),

Belknap Hot
Springs

Breitenbush Hot

Springs

Burns'Butte

Republic Geothermal (10'082),
Mapco (6,333), Getty 0il1 -
(2, 126), Supron Energy (2, 560)

5,066 |
13,445 5,818 ' Sunoco Energy DeveIopment Co.

(5,818)
640

Carey Hot Springs 7,579

Crump Geyser
Klamath Falls
Lakeview
McCredie Hot
Springs
Mount Hood

85,663 13,023 Chevron 0i1 (13,023)
50,300 .
12,164

3,659
8,671

Newberry Crater 31,284

Summer Lake

Vale

TOTAL .

137631 .7,521 Supron Energy (5,239),
- Chevron 011 (2, 282)

22,998 13,921  Republic Geothermal (1,347),
Amax Exploration (2, 003),
Geothermal Resources
International (2,560), Union
0i1 (8,011)

431,936 66,504

*As classified by the U.S. Geological Survey
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Leasing Activity - State Land

State
Acres '
Area Leased , Lesgees and Acreage
Alvord | 2,800 Max Millis (1,280),

Intercontinental Energy (640),
Thermogenics (880)
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 ' § 294 Acres

Leasing Summary

Non-Competitive Leases = 173,744 acres

Wy

gompetzt1ve Leases L »sg,ggﬁ acres
State Leases e 8,298 acres
- . TOTAL | vy, 088,542 acres
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523.010
523.015

523.110

623.160

623160

'qugeothenmlheaﬁngdimict
Incorporation

APPENDIX D %7

Chapter 523

1977 REPLACEMENT PART

Geothermal Heatmg Districts

" DEFINITIONS
Definitions
DeﬁniﬁomﬁorORsm

CREATION AND POWERS

districts; dispocal d surplus; exclusion
Powers of district; mgvm'uq power;
wiE Ve o Cosadng S el st
to obtain geothermmal heat from
sources
Couperative agreements; bonds
Authority to perform drainage work
OPERATION )
eeto(hn:e:eco:p
Deposit for use of heat
Rates; contracts with users
Termination of service for nonpayment of
Refund of
W lriaﬁngmvieemumionm

389

bheating -

523510

Dispooaloftnmleviedbyinva!iddbhict

- BONDS

General tionbonds';limlt;lssuance;
- maturity;

3 ‘election; pledge . of
revenue A
Revenue bonds; terms; issuance

¢bonds -

Refunding

 DISSOLUTION
Ass of debts and obligations of
m&mluﬁon

' ADMINISTRATION

R .Board-election.powu-;term:aganimtion

'&nployes’ retirement system; establish-
" ment; contents )
Paymentstorehrementplantund

&nployecontﬁbuﬁonstoreﬁremwtﬁaﬁ

,Uml::nonehgibleindividualshrehremmt




cnoss BEFERENCES

et e |

CR(BSREFERENCB
Air and ) for geothermal ' 523.480 R '
T el x&mmmw ¢ for Advapce refunding bonds, state regulation, 253605 ta

523.480 :
lnformt:mmbtmdmmtoMumapalDebtAdwm . 523.620 -
Ccmrmsawn. 287.040, 287.042 . Regular biennial elections required, 259.235
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C

" hot brines-
fluids artificially. mtroduwd into geot.hexmal

- GEOTHERMAL HEATING DISTRICTS ho

DEFINITIONS - |
- 523.010 Definitions. As used in uus

(1)"Board or"boardofcommmmoners

" meansﬂ:egovennngbodyofadlstnct
(2) "By-product"meensanynnnemlor’msed

minerals (exclusive of oil, hydrocarbon gas.

~ helium or other hydrocarbon substances,

which are found in solution or in association

‘with geothermal resources and which have a
- value of less than 75 percent of the value of
‘thegeothennalreswmescrammt,becanse
of quanhty, quality, or technical difficulties in
" extraction and

production, of sufficient value

ftawanantext;acuonandpmducumby

themselves.

o (3)"Dlsmct ﬁ:eansageotbmmalheatmg'k
district formed under this chapter. -

(Q'Comty”meansthecmmtyinwhxdx
the district, or the grea

e (S)“Cotmtyboard’mea;g%:hewtmtyemnf |
.m' board . ofcounty comnnssxorm's ofthe

county. -
' (G)'Cmmtyclerk”meansthecountyclerk

: of the county.

(7)"Geothermalheat”meansheatdenved

(8)"Geothermalresmnms meansthe

'hatmalheatoftheemﬂx,tbeenergyin

whatever form, below the surface of the earth
present in, resulting from, or created by, or

' which may be extracted from, the natural

'_,heat,anda]lnnnm-alsmsolutxmorotherlpower
DeT7e21282)
fluids, brines, associated gases, and steam, in
whateverform,fmndbelowthemrfaceofthey'y
= helnnnm'otherhydrocarbonsubstams,butr

products . obtained from naturally heated

earth, exclusive of

(a) A]l pmducts of geothennal prowssas,
mdlgenous

sbeam hot water and_
-hot brines;

(b)Steamamiothergas&s hotwatera.nd
‘from water, gas or other

formatlons,
© Heatorotherassoaatedenergy found

o in geothermal formation; and

(d) Any by-product derived from them.
(9) “Inhabitant” when used with respect to

adxstnctincludesabummlocatadmﬂnn

thedlstrwt. e
391

(10) “Owner” means the holder of the

‘reem'dhtletorealpn'opm'tym'thevendee

underalandsalecontract,xftherexssucha

(11)"Votér”mwnsareglsteredvoferof

~ the state who resides in the district or pro-

district.
[1975&78251’! o

523.015 Deﬁmtums for 523020 For
the purposes of ORS 523.020 and this section,

‘notwithstanding ORS 523.610 to 523.670,

*board,” as defined in ORS 523.010, includes

‘the governing body of ‘a city. “District,” as

deﬁnedmORSSZSOlO mcludesanumrpo-
rated city.

(1977 c212 1] -

Nmmowandmommmceedmlawby
theLegxalaﬂveAssemblybutwerenotaddedwormdea

;;m'tofORSdmpterEBcrnnymﬁmmnbylegm!a :

tive action. See the Preface to Oregon Revised Statutes
!orﬁnﬂxerexp!anaﬁm

_ :&mbleassessedvalueotﬂmdmhmt,islocat-

CREATION AND POWERS .

5231)20 City as geothermal heating
district. (1) An incorporated city, when

1emp0weredby1tsd1mtertodoso,maypro- :
.vide geothermal heating services to persons

mtlnnandmthwtltsbwndanesmaocord
ance with the ions .of this chapter,
wherenotmeonfhctwlﬂ'z ORS 523.015 and

(2)Thepdwémconferredbythxschapter
and0R8523015andthxssectxonarem

-.addmontothepowersconferredbyanydther
law and not in substitution for any nght,

orpriv:legemtedmacxty

No'te: See note unda' 523 015
523.030 Incorporation of geothermal

X heatmg districts; disposal of surplus; ex- -

clusion from dxstnct. Communities may be -
incorporated for the purpose of supplying

"their inhabitants with geothermal heat as
“provided by ‘this chapter; and, in connection

therewith, may ‘supply, furnish and sell for
any use any surplus g heat over and
above the heating needs of its inhabitants to

. any . persons, corporations or associations,
,elthermthmorthhoutthedxstnct or to

other communities or municipal corporations.

'All railroad rights of way or improvements
_thereon or rolling stock moving thereover-~

shall be excluded ‘from . districts
under . ORS 198.010, -198.180, 198.520,

198.710, 199.420, 259.020, 366.321, 451.573
‘and this' chapter and for purposes of this




chapter shall not be considered as property
~ within the boundaries of such districts, unless
the owner of the railroad property expressly
consents to its inclusion.
(1975 ¢.782 §2)

523.040 Powers of dist:nct; emergenéy

~ power; applying for financing gifts and
(1) A district formed under this

grants. .
chapter shall have the power to make con-
tracts, hold and receive and dispose of real
and personal property within and without its
* described boundaries and do all other acts and
_things which may be requisite, necessary or
convenient in carrying out the objects of the
district or “exercising the powers conferred
upon it by this chapter, sue and be sued, plead
~and be impleaded in all actions &nd suits or
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 from an energy
source other than from geothermal resources
for purposes of suppleménting the geothermal
heat supplied by the district. -

(3) In addition to any other power of a
district, it may apply and qualify for and

: hecenve any private or federal grants loans of

~ other funds available for cairying out the
objects of the district.
(1975 €762 43)

523.050 Water and real property
transactions; right to obtain geothermal
heat from other sources. A district may
purchase, sell and hold interests in water and
~ real property in cairrying out the objects of the
district. A district also has the right to pur-
chase or obtain from other cities or like corpo-
rations, geothermal heat, or an interest in
geothermal heat, or an interest in a geother-

mal heat pipeline owned or operated by any

such city or like corporation, or to obtain
jointly with any such city or like corporation,

any right, or to lay and own individually or

jointly with any city or like corporation, any
geothermal heat pipeline for the purposes
specified in ORS 523.030.

11975 ¢.782 §5)

523.060 Cooperative ' agreements;
~ bonds. {1) Districts may enter into coopera-
tive agreements with each other providing for

the joint acquisition, construction, ownership,

use or control of facilities for the collection,
- treatment, dlstnbutlon or qupply of geother-
~mal heat. * -

(2) Each district may issue and sell gen-
_ eral obligation, revenue or.refunding bonds,
subject to the limitations and procedures

contained or referred to in this chapter for theu
authorization, issuance or sale of such borids,
for the purposeofpaymglmshareofﬂleebst
of the acquisition or construction of facilities
provided for in cooperative agreemerits au-
thorized by this section.

(1975 ¢.782 §18)

- 523.070 Authority to perfonn drain-
age work. Any district ma g' perform dram
age work for the purpose o
property located within the dlstnct pmb_ctmg
real or personal property located within the
district from the effects of geothermal heat-
ing, promoting sanitation, providinig for the
public health, convenience and welfdare or
providing services of public utility or benefit.
The district may use all applicable powers
granted to it by this chapter, includihg the
rights and powers of ‘eminent domain; in
performing the dramage work authorized by
this section. . -

[1975 ¢.782 §17)

OPER’Anoﬁ
523.110 Regulatlons on use of peo-

thermal hedt; effect of failure to cobnply.
Any district thay adopt and promtifgate regu:

lations conicerning the use of geothermnal heat

* and the property of the district. The board of

commissioners may refuse to supply dny
building, place or premises with geothérthal

‘heat where the user fails after 10 days’ writ-

ten notice to comply with the lations. The
written notice shall be by reglstpred mail and
shall be deemed given when it is deposited it

- the United States Post Office prop?!‘ly éﬂ-

dressed with postage prepa:d
[1975 ©.782 §11}

523.120 Deposxt for use of heat. Any
district may require a reasonable cash deposit

to insure payment for the use or rent of geo-

thermal heat to be fumxshed by the dxstnl:t
[1975¢. 782 §12]

523.130 RateS° contracts with users.
A district shall charge consumers for the
geothermal heat furnished and fix and collect
the rates therefor. Rates charged may be fixed
and classified according to the type of use and
according to the amount of geothermal heat
used, Any contract entered into by a district
with individuals, corporations or associatigns
other than domestic users shall provide for(\';
immediate cancellation whenever no surplus
supply of geothermal heat exists over and

- above any and all demands of domestic users.

A district also may contract with other coms-
392 \
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Ly

‘phedthegeothennalheatmg
. .r»(1975c782§15] _

e 523.160 Refund of heatmg aervice

- .extension costs by owner of adjacent :

... .property. Ifanypersonxsreqmredbyae.‘
'dlsmt:ttopayﬂxecostofextendmgageother '

"~ mal heating pipeline adjacent to property
L {servxczh?: msof:agd‘ other mtﬁ specially benefited by the . improvement,

" “without further extension ofthegeothexmal?immﬁwmﬁthemmm thereof
-f'heatmgpxpehne thed:stnctshallreqmrethe

. . owner of the other property, prior to providing -

"+ geothermal heating service to that property,

. 'to refund to the person required to pay the

. cost of extending the geothermal heating

- . -pipeline, a pro rata portion of the cost of the -

- extension. The right to require such refund "},

" shall not continue for ‘more ‘than -10 years

afterthedateofinstallatmnofﬁ:eextensxm

. of “the - geothermal  heating -pipeline.” The -

‘amounttoberefundedshallbedetemnmdby‘r,

'-?ff/thedlstnctandsuchdetemnnatmnslmllbe

' (1975 c.782 §16]

. GEOTHERMAL HEATING DISTRICTS

- munities, geothermal heat districts, individ- ;

- ASSESSMENTS

uals or corporations, private or municipal, to -

. supply, furnish and sell them surplus geother- - -
~mal heat on such terms and conditions and at -
, _suchratesastheboardofeommlsmmm

.. considers advisable. - = .

[1975 c.7T82 §l$]

(2)'Dxepubhcheanngreqmredunder

thereof has been given by inclusion of a notice

jﬂ‘ofthepubhcheanngmmegeothermalheac- :

ing bills ‘eent to consumers by the  district

’dunngthepenodofmdayspnortoﬂxedate
‘of the hearing. -

| usTscTE2i141 i

S - 523150 ¢ Tenmnation oﬁ service | for_;

: ,,n:mpmt .of heating charge. In case
. prompt payment of geothermal heating rent
- .aor charge is not made, adxstnctmayshutoff'
. the geothermal heating supply to the building,

§ ;lmprovementtoﬂxespecxally benefxtedprop-

placeorpmnusestowhiehthedxsmctmp-

03

_ 523.210 Specia! assessment for im-
provements; report; contents. ‘Whenever
the district board considers it necessary, upon

_-its .own motion, or upon the petition of the
- owners of one-half of the property that bene-
: : . fits specially from the improvement, to make

g 523.140 Rate increase procedure. )
’[;Mxeneveranyma'easelsproposedmﬂ:e“mby
~ existing rates charged geothermal heat con--
-.sumembyadlstnctpursuantfoORS523130
the board of commissioners shall first provide
for a public hearing on such proposal before
-anyma'easedratesareozderedmhoeffect

any improvement to be paid for in whole or in
assessment according to bene-

special
fits, the board shall, by motion, cause a survey
‘and written report for such project to be made
" and filed with the secretary. Unless the dis-
'~tnctboardd1rect.sotherwxse, the report shall.
‘f“contam.

(I)Amaporplatshowmgthegeneral'

'nature,locatx and extent of the proposed
- subsection (1) of this section shall be held at a - o o

place designated by the board after notice .

“and the land to be assessed for
thepaymentofanypa:tofthecostthm'eof

(2) Plans, specxfieatmns and estimates of
theworktobedone ‘however, where the

;;n‘oposedpro;ectlstobeeamedoutmoooper

ation with any other governmental agency,

~ the district board may adopt the plans, specifi-
: eatwnsm;destlmatesofsuchagency

(3) An estimate of the probable cost of the

:unprovement including any legal, adminis-
.trative and engmeenng costs - attnbuta.ble

(4)Anest1mateoftheumtcostofthe‘

(5)Arecommendatmnastoﬂxemethodof

""assessment to be used to arrive at a fair
'appommmenﬁo‘ﬂxew}mleoranyporhonof ©

thecostofthelmpmvementtotheproperhes -

specxa]ly benefited. -

(G)Thedwcnphonandassessedvalueof
eachlot parcel of land or portion thereof, to

and,whenmdﬂyavaﬂable,thenammofﬂxef

; contract purchasers thereof.

(7) A statement of outsbanding assess-

, ments agamstpmperty to beassessed
(1975¢782519] .

523.220 Actxon on spedal assessment

 report by board. 'After the report has been
“filed with the secretary, the district board
‘ maybymotlon approvethereport,modxfythe

repoztandapproveltasmodxfled require
‘additional or different information for the

‘1mprovement or it may abandon the improve-
. ‘ment. .
: [1975 c.782 §20]




N
Tt

- .special assessments to benehted properties.
, [l975c782 §21] o

: govemmenta] agency, or by any oombmatlon : ; ' he cra
, - county in which the district is located. The
--appeal and the requirements and formalities

623.230 Approval of special assess-
ment report; notice of improvement; con-
tents. After the district board approves the
report ‘as -submitted or modified, the board
shall, by resolution, declare its intention to.
make the improvement, provide the manner

- ~-and method of carrying out the improvement
“and direct the secretary to give notice of the
- -improvement. Such notice shall be given by
...two publications one week apart in a newspa-
. per of general circulation  within the district, -
-and by mailing copies of the notice by regis-

tered or certified 'mail to the owners to be
assessed for the costs of the improvement. The
notxce shall contain the following:

* (1).That the report of the unprovément is

“on file in the office of the secretary and is
- . subject to public examination. -

: (2)'1'hatthed1stnctboardwxllholda‘
_ public hearing on the proposed improvement

on a specified date, which shall not be earlier
than 10 days following the first publication of
notice, at which objections and remonstrances

to the unprovement will be heard by the . .

board; and that if prior to such hearing there
shall be presented to the secretary valid,

written remonstrances of the owners of two- -

thirds of ‘the property or:two-thirds of the

- front footage of the property to be specifically

affected for the improvement, then the im-

needed at once because of an emergency.
" (3) A description of the property to be

- specially benefited by the improvement, the

owners of the property and the estimate of the -
unit cost of the improvement to be paid for by

523240 Means of constructmg im-

. brovement. The district board may provide in
- the improvement resolution that the construc-

tion work will be done in whole, or in part, by
the district, by a contract or by any other

thereof.
{1975 ¢.782 §22)-

523200 Order to carry- out or aban-,‘

don improvement after public hearing;.

assessment ordmance. (1) At the tlme of

. the public hearing on the proposed improve- .
~_ment, if the written remonstrances represent
less than the amount of property required to

defeat the pmposed improvement, if such an

‘improvement is one that can be remonstrated

against, then on the basxs of such hearing of

written remonstrances and oral objections, if

any, the district board may, by motion, at the

time of the hearing or within 60 days there-
after, order the improvement to be carried out
in .accordance ‘with the resolution, or. the
district board may, on its own motlon, aban-

-dontheunpmvement. :

* (2) After the public heanng on the pro-

'posed improvement and after the district
“boardhasmovedtoprowedmﬂzthexmprove-

ment, it may pass an ordinance assessing the

?vanouslots,pamelsoflandorpartsthereof

to be specially benefited with their appor-
tioned share of the cost of the improvement;

. but. the(gassage of an assessment ordinance

may be delayed until the contract for the work
is Jet, or .until the improvement is completed
and the total cost thereof is determmed

[1975 c.782 523] -

. 523.260 Method of assessment. The
district board in adopting a method of assess-
ment of the costs of the improvement may:
(1) Use any just and reasanable method of
determining the extent of any improvement

district consistent with the benefits derived.

(2) Use any method of apportioning the
sum to be assessed as is just and reasonable

between  the ' properties determined to be

,specxally benefited.
provement will be abandoned for at least six.

~ months, unless the improvement is unani-
- mously declared by the district board to be

- (3) Authorize payment by the district of

‘all, or any part, of the cost of any such im-

provement, when in the opinion of the board
the topographical or physical conditions, or
unusual or excessive public travel, or other
character of the work involved warrants only

a partial ‘payment or no ‘payment hy  the
benefitea property of the costs of the 1mprove-

. ment.
, -(1975 c 782 524]

23270 Appeal ‘of assessment. Any
person feeling aggrieved by the assessments -
made under an assessment ordinance may,

-within 20 days after the passage of the ordi-
-nance levying the assessment by the district

board, appeal to the circuit court for the

thereof shall be heard, governed and deter- -

~mined, and the judgment thereon rendered

and .enforced, in the manner provnded for

-appeals from assessments in ORS chapter 223.

The result of the appeal shall be a final and
conclusive determination of the matter of the

-assessment, except with respect to the district

right of reassessment provlded by ORS
523.360. B :
(1975 ¢.762 §25) o :

2ab
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10 days after the
~mentslsadopted,theseu'etaryofﬁ1edxsma
" ghall gend by registered or certified mail a

j‘redeemtheproperty
: [19751:.782527] P

GEO’I‘HERMAL HEATING DISI‘RICTS

523.280 Notice of assessment to prop-
erty owners; pubheatmn, contents. Within
ce- levying. assess-

notice ‘of assessment to the owner of the

assessed property, and shall publish notice of -
" the assessment twice in a newspaper of gen-

eral circulation in the district, the first publi-

" cation of which shall be made not later than
:.10daysafterthedateoftheassessment

- ordinance. The notice of assessment shall
" 'recite the date of the assessment ordinance
and -shall state that upon the failure of the

owner of the property assessed to make appli-

: '_eationhopaytheassessmentmmstalmenis
. within 10 days from the date of the first
,pubheatxonofnotme,oruponthefaﬂureof

the owner to pay the assessment in full within

1306aysaftertheda1:eoftheassessment
.ordmaneethenxnterestwﬂlecmmemetonm

‘also ‘set forth a desmphonofthe property
' :asse&ed,thsnainedtheowmrofthemp-

-ettyandtheamotmtofeaehassessment
,"[1975c.782§26]

.. 523290 Entry of amount of assess-'l
' ment; len; priority; foreclosure. ~ After

of the assessment ardinance by the

- district board, the secretary shall enter in the

' - .docket of district liens & statement of the
_ each particular lot, -
_ parceloflandorporbanthereof together with

.. adescription of the improvement, the name of

. . the owners and the date of the assessment .

_ . " ordinance. Upon such entry in the lien docket, .

L the ameunt 0. entered shall become a lien
: poxtlonsthereof w!nchhavebeenassessedfor

. ‘All assessment liens of a .

o ',d:smashallbesupenorandpnortoalloﬂwr
.. liens or encumbrances on
- 77! the laws of the staté permit. Interest shall be
, . charged at the rate of six percent per annum

. ‘until paid on all amounts not paid within 30

- ‘j_'daysfromﬂxedateofanassessmentor&
. nance. After expiration of 30 days following
. the date of an assessment ordinance the
- district mayprowedtoforecloseorenforee
“collection ‘of the “assessment liens .in the .
,‘amountplmdedbythegenerallawofﬂxe'

- state. However, the district may, at its option,

' enter a bid for the property being offered ata .
" foreclosure sale, which bid shall be prior to all ..
- bids except those made by

amounts assessed upon

parcels of land or

beentltledunderthelawsofthestateto

2acn

persons who would

523310 Errors  in assessment.

Claimed errors in the calculation of assess-
_ments shall be called to the attention of the
. gecretary of the district, who shall determine

whether there has been an error in fact. If the
secretary finds that there has been an error in
fact, he shall recommend to the district board
‘an amendment to the assessment ordinance to
correct the error. Upon enactment of the
amendment, the secretary - -ghall make the
necessary carrection in the lien docket and

'sendaeon’ectmtweofassessmentbyregls-
‘hsredoreextxfledmaxl '

(1975 ¢.782 §28)

: $23.320 Deficit asswmnent, heanng'
objechons; notices. ' In the event that an
awessmentrsmadebefozethetotalcostofﬂae.

it is ascertained, and if it is found
that the amount of the assessment is insuffi-

_cient to defray the expenses of the improve-

‘ment, the district board may, by motion,

-"declare such deficit and prepare a

proposed
deficit assessment. The board shall set a time
for ‘a hearing of objections to such deficit

:fassessmentandsha]ldn'ectthesecretaryto

one notice thereof in a newspaper of
generalcxrculatlonmthedlsma After the
the board “shall make a just and
equitable deficit ‘assessment by ordinance,
'whxd:sballbeenteredtn&xehendod&etas,

“provided by ORS 523210 to 523.380. Notices

of the deficit assessment shall be published

‘and mailed and the collection of the assess-
‘mentshallbemadeinaccozdancemthORS
‘523.280and523.290 o

'[1975 c.782 529]

523.330 Excess assessment; enedxt;,
rebate. Uponﬂxeumpletionoftbe
‘ment project, if it is found that the assessment

previously levied upon any property is mare -

than sufficient to pay the costs of the improve-
- ments, the district board shall ascertain and
rt‘Y‘n”fara’sri.det:lmrel:heammmtuftlfxeexc:essbyordmance :
::When declared, the excess amounts shall be ~

. enteredonthehendocketasacredxtuponthe :

te assessment. If any assessment

appropria
-*has been paid, ﬂxepersonwhopmdxt,orhs

legal representative, shall be entitled to the

-repayment of the rebate credit, or the portion
‘~thereofwlnchexmdstheammmtunpa1don-'

the original assessment.

[1975 ¢.782830] - -

523.340 Abandonment of improve-
ment; cancellation of liens; refunds. The

7«_hstnctboardmayabandonproceedmgsforan

tatanytlmepnortot.heﬁnal

.completlonoftheunprovement If liens have
- 'been a&‘essed upon any property under ORS




© 523.210 to 523.380 they ghall be canceled
 and any payments made on such ass&sments
shall be refunded to the person paying t.hAe‘f

same, his assigns or legal reprwentatw&s.
[1975 c.782 §3ll i oL

523.350 Rostnctxon ‘on rendenng as-’

. sessment. invalid; correction by board. No.
improvement - assessment shall be rendered -

invalid by reason of a failure of the improve-

" ment report to contain all of the information

required by ORS 523.210, or by reason of &
failure to have all of the information required
to be in the improvement resolution, the

A " dsseésment ordinance, the lien docket or

‘hotlees required to be pubhshed and mailed,

tibi by the failure to list the name of, or mail -
notice to, the owner of any property as re-
_quired by ORS 523210 to 523.380, or by
reason of any other error, mistake, delay, -

omission, 1rregulanty or other act, jurisdiction
or otherwise, in any of the proceedings or

steps specified, unless it appears that the . .

assessment is unfair or unjust in its effect
upon the person complaining. The district

~ board may remedy and correct all such mat-

tets by suitable action and proceedmgs.
e eddl ~

593360 - Reassessment. Whenever any

. asgessment, deficit assessment or reassess-

ment for any unprovement which has been

made by the district is set aside, or its enforce- -
ment restrained by any court having jursxdxc- ,

tion thereof, or when the district board is in
doubt as to the validity of an assessmerit,

deficit assessment or reassessment, or any . .

- part thereof, the district board may make a

“reassessment in the manner prowded by ORS

223.405 to 223.485.

o (1975c. 182 §33)

523. 370 Apphcahon of certam provx-

7 sions of ORS chapters 223 and 287 to as-

‘sessments. If the cost, or any portlon of the
cost, of an authorized irprovement is'assessed
against the property directly benefited, the

" provisions of ORS 223.205 to 223300 in
- regard to the payment of  assessments in
" instaliments, the provisions of ORS 223.770; -

relating to the assessment of public property -

benefited by public improvements for the cost

- of such improvements, and the provisions of

ORS 287.502 to 287.510, relating to the is-

~ suance of improvement warrants by cities,

shall apply in so far as practicable and appli-

' cable in the district. Where, in ORS 223.203 to

223.300, 223.770 and 287.502 :to" 287.510

offlcxals of cities are mfen'ed to, the corre-

athotint eath
© - ong peroeht( .
“all taxable property within the limits of the

‘sponding officials of districts where applicable -
“ghall perform the reqmred functxons

1975c.782834) .
523.380 Foreclosure of assessment

-~ iien. (1) In case the whole or any portion of

the cost of an improvement is assessed against
the property directly benefited and the owner

of the property fails to pay the amount of the ‘
lien, or any portion thereof, or the interest

thereon, when they become due, the board

*may proceed to foreclose the lien in any man-

ner provided by law for the collection of liens
by municipalities and ‘may provide by ordi-
nance a general procedure for the collection of
liens in any manner not inconsistent with law.

(2) ‘The provisions. of ORS 223.405 to
293.485 relating to reassessment shall be

" available to dlstncts where apphmble

(1975 ¢.782 535]

TAXING POWER

523.410 ‘Ad valorem taxahdn, spactil
tax; collection; enforcement. (1) A distrtt
may assess, levy and collect taxes in ‘ah

ear ot to exceed one-fourth of
25) of the.true cash value ot

district, computed in accordance with ORS
308.207. The proceeds of the tax shall be
apphed by it in carrying out the objects and
. of ORS '523.030 to 523.050 and
523 420 to 523.490 and -for the purpose of
financing the employes retirement system.

property in an amount sufficient to pay thé
yearly interest on bonds theretoforé {asued by

~the district and. then -outstanding; togethér
-with any portion of the principal of such bontds

maturing within the year. The special tax

. €hall ‘be applied only in payment of interest

and prmcxpél of bonds issued by the district,

but the district may apply any funds it may /
~have toward payment of principal and interest

of any such bonds. If the bonds are registered

_with a county treasurer under ORS 208.200,

the officer who collects the special tax shall
transfer, the pmoeeds to the county treasurét

_referred to in. ORS 523.460. If the distritt
"bond fund is not sufficient for this purpdsé,

the district shall transfer to the couhity treds-
_urer any additional funds it has as required to

gzy the principal and interest of any such
nds. -

A Ta.\es shall be levled in each year and
returmed to the county of f:cer whose duty it is

20k

(2) A district may annually also assess, |
Jevy and ‘collect a special tax upon all ‘such
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hoextendthetaxrollbyﬁxetxmereqmredby'

lawforutytaxestobelewedandretumed.

(4) Taxa ‘levied :by the district shall’

m~ at ‘the ‘same time and be

collecbedbytbesameofﬁoer who collects
'"'cmmtytaxw,andexceptasoﬂxerwxsepm-,
- vided in subsection (2) of this section, the
"proceedssha]lbetm'nedovertothedlsma;

- according to law. The county officer whose
_dutyltlstoextendthecotmtylevyshall

S b,mtendthelevyofﬁxedlsmamﬂxesame.
. “mannerasutytaxesareutended. S

(5)Propertylssub1ecttosalefornonpay-

: ".invahddlstnct. When an attempt has been
“made to organize a district under the provi-

- - . ' gions of this chapter and subsequently by a
' dea'eeofacmntofeanpetent’unsdxctwnnt

‘has been declared that the organization is
g 'mvahd,butpnortosudxdea‘eedxeinvahd
" organization has levied taxes, the funds
"_'denvedfromthelevyslmllbed:sposedofas
© follows: -

(l)lfﬂieareaembraoedm&:emvalidf.

m'gamzauon is embraced in a subsequently
rated or incarporated territory, or ‘combina-

tmns thereof; for the purpose of furnishing
“heat ‘to the inhabitants thereof,

: ﬂwm@mdﬂ‘emwneCtedf“the-?andhermsofﬂlembemtcouponsattached

: mvahdorganimtxonshalltumthemoverto

" 'the subsequent organization to be used only

- ,forthepurposeoffmnshmggeothennalheat
tosudunhabxtants.

@K the subsequent orgamzatlon do% not

be refunded to-the payers thereof by the
4 ‘custodian of the taxes before the balance is
»tumedovertothesubsequent orgamzatlon

"{8) Tf no such subsequent organization is

: creaﬁed to provide geothermal heat for the
. inhabitants of such an area, within a period of
two years after the entry of the decree of -

- . invalidation, 'the taxes collected : shall be
'refundedbythecusbodxanofthemtothe

taxpayers who pa;d them.

" 11975 ¢.782 84]

397 .

~ 523. 460 General obhgatlon bonds;
limit; issuance; maturity; interest; election;
pledge of revenue. (1) For the purpose of

~carrying into éffect all or any powers granted

by this chapter, the district, when authorized

.at any properly called electlon held for that

purpose, ‘may borrow money and sell ‘and
dispose of general obligation bonds. Except as

‘otherwise provided by this section, the bonds

ghall never exceed in the aggregate two and

: one-halfpercentofthetruemshvalueofall
~‘taxablepropertythhmthehnntsofthe
" ment of taxes levied by the district in like
*'mannerandwxﬂlhkeeffectasmﬂleeaseof
~county and state taxes.
1976e782§10]

district, computed in aocordanoe with ORS

,308207

(2)'I'hebundsshallbexssuedfromtuneto

"ltlmebyﬁxeboardofcomnnsaonersmbehalf
523.420 Dlsposal of taxes lewed by;

ofthedxstnctasautborwedbytbevoters and
may ‘be issued in an amount not to exceed

- one-half of one percent of the true cash value
" yeferred 'to in subsection (1) of this section
‘without the approval of the voters. The bonds

shall mature serially within not to exceed 30 -

‘years from issue date, in like manner asbonds -
issued under authority:of ORS 287.008, and -
~shall bear:interest not exceeding seven per-

cent per annum payable semiannually as the

- ‘board shall determine. The bonds shall be so

conditioned that the district agrees to pay to
the bearer at a place named, which may be at

the office of the county treasurer of the county .

.’ created organization composed of umnoorpo-]_.m which proceedings for' formation of the

district were' conducted, the principal sum, -
with interest at the- rate named, payable
semxannua]ly,maccordancemﬂxthetenor

Each bond payable at the office of the county -

‘f,ueasurershallbes:gnedby,ardregusteredm .
“accordance with ORS 208.200 in the office of, .
,;«,thecountytxwmn'erreferredtomtlnsmbsec-
Co e tlon ) ,

,embraoea.ll territary embraced in the invalid .. :
. - arganization, such taxes as have been collect-
;;edfrmnthelevyuponpropettymareasnot‘

. embraced in the subsequent organization shall

(3) If the dlstnct has wnthm 1ts corporate

¥ ;hxmtsapopulatlonof3000rover,1tmaymue -
. bonds in an amount which shall not exceed in -

the aggregate 10 percent of the true: cash

value: referred to m subsectlon (1) of thxs .
section. - B

“(4) For the purpose ‘of addatlonally secur-
ing the payment of the principal and inferest

" on general -obligation' bonds issued under this

section, the district may, by resolution of its
-board which shall constitute part of the con-

tract with the holders of the bonds, pledge all
or any part of the net revenue of its geother-
- mal heating system. The board may adopt

‘such - a - resolution without submxttmg the
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' qu&tlon of the pledge to the voters of tbe

district.

[1975 c.782 §6 1977 c 188 57]

523.470 Revenue bonds, terms; is-

" suance. In addition to the authority to issue
general obhgatxon bonds, -the district, when -
_authorized at any properly called- electxon,

ghall have the power to sell and dispose of

-revenue bonds, and to pledge as: security
therefor all or any part of the unobligated net

- _revenue of the district or system, to purchase,’
... acquire, ‘lay out, construct, reconstruct, ex-
_tend, enlarge or improve a geothermal heating

- system, for the purpose of obtaining geother-
mal heating for the use of consumers, within .

or without the boundaries of the district. The
revenue bonds shall be issued in the same
manner and form as are general obligation

" bonds of the district, but they shall be pay-
“able, both as to principal and interest, from

revenues only, as specified by this section. The
revenue bond shall not: be subject to the:
percentage limitation applicable to general

. obligation bonds and shall not be a lien upon
any of the taxable property within.the corpo-
-rate limits of such district, but shall be pay-

.. able solely. from such part of the revenues of -
the district as remain after payment of obliga-
~ tions having a priority and of all expenses of

operation and maintenance of the district,

“including any taxes levied against it. All
revenue bonds shall contain a clause reciting
* that both the principal and interest are pay-

able solely from operating revenues of the
district remaining after paymg such obhga-

. tions and expenses.
{1975 782 §7]

523480 Refundmg bonds Refu:;nding
bonds of the same character and tenor as

-those replaced thereby may be issued pur-

suant to a resolution duly adopted by the
board of commissioners without submitting to
the . voters the' question of . authorizing the

" issuance of such’ bonds
- 1975 ¢.782 88}

523.490 Advertising and sale of
bonds.

‘ORS 287.002 for the sale of bonds of: cm&s of

_-thisstate.
- 11975¢.78289] -

‘All general obligation and revenue -
. -bonds, including refunding bonds,
‘under ORS 523.460 to 523.480 shall be adver-

- “tised and sold in the manner prescribed in

issued .

) DISSOLUTION
523.510 Assumptxon ‘of debts and

: obhgahons of district upon dissolution.

(1) A city may enter into a written agreement
with.a geothermal heating district contem-

plating dissolution undertaking to assume, in
" the event of such dissolution, all of the out-

standing debts and obligations of the district

" and to continue to furnish geothermal heat to
the inhabitants of the dissolving district for
domestic and municipal use for a term therein

su;pt:cxﬁed not to exceed 25 years. Subject to

provisions of - this ‘section, the successor
city shall, if the dissolution is approved, have

, thepowexsandamzetherwponsblhtlesof

geothermal heating districts under this chap-
ter. Any person entitled to. geothermal heating
service within the area of the dissolved dis-
trict has the same remedies at law or in equity

_to enforce his rights to geothermal heating

service as are available to enforce the right to
geot.hermal heatmg servwe 'within the district.

(2) The successor clty or district shall
furnish geothermal heat to persons owning or

occupying property - within the dissolved
district on the same terms and conditions as in

‘the case of those owning or occupying property

within the city, or elsewhere within the dis-

“trict. If the district assets and obligations are”
transferred to a city, the city may charge a

rate for the service that is no more than the
rate which is uniformly applied to all users in

- similar- classifications  outside the city. No
‘such differential rate may be ch'axged; howev-

er, unless such a differential is provided for,

.and specifically limited, by the terms of the

agreement made prior to the dissolution,

Nothing in this section authorizes a city to

levy an ad valorem real property tax on prop—

~ erty outside the clty or district.

(3) Any debts or oblxgahons assumed by
the successor city by reason of, or during the
riod of, its commitment under the agree-
ment shall bind the city until they are fully
paid and .discharged. No  contract shall be
effective unless all of the terms thereof are
reduced to writing, signed by the entities and
filed with the county clerk
{1975 ¢.782 §47)

ADMINISTRATION |
'523.610 Board; election; power; term;

organization, (1) Except as otherwise pro-
vided by this chapter, the power and authority

~ given to districts is vested in ‘and shall be .
“exercised by a board of five commissioners,

each of whom shall be a qualified voter within

398




the district. Exceptasprovxdedbysubsectmn

v(2)ofthxssect10n,eachcoumnsmonershaﬂbe‘

“elected for a term of four years.

. (2) Within IOdays after the t‘ormatm::tofa
- -district and the election of the members of the

: firstboard,thecomnnsmonersshallmeetand
- organize, first taking and subscribing an oath

" of office. The commissioners first elected shall

determine by lot the length of term each shall

. hold office. The term of one commissioner

shall expire the.next July 1 following his
. election, and the terms of the other four shall
- expu'eonemoneyear,onemtwoyearsami
, ,twom&reeyearsaftert!mnextJulylfol—
- lowing their election.

[1975&782536] ‘

523.620 Elechon. A regular elechon

" ghall be held in the district each year, on the

date fixed by ORS 259.240, for the election of
one or more commissioners to succeed any
commissioner whose term expires the follow-
ing July 1, and to elect commissioners to fill
= amrvacancywhld:&xenmyenst .

| neTsemzism

- 523.630 Meetings; offxcers; quorum;
employes; employe benefits. (1) The board
~of commissioners shall hold meetings at such
time and place within the district as it
* determine. The board shall hold at least one
regular meeting in each month on a day to be
fixed by it, and may hold special meetings
under such rules as it may make.

(2) The board shall, at the time of its
“organization, choose from the commissioners a
‘president, a secretary and a treasurer, who

in January, or until their successors

are elected and qualified. The ‘officers shall -
- “have," respectively, the ‘powers and sghall
'-f_performtl::edutxmusualmsuchcasa.A‘
majority shall constitute a quorum’ to do

| “business and, in the absence of the president,

S anyothermembermay;nwdeatameetmg

(3) The board of commissioners may

~ employ engineers, superintendents, mechan- -

'1s,clerksorotherpexsonsasxtmayfmd

remuneratlon asit may consider just.

(4) The board may provxde life insurance
‘and retirement or pension plans for employes
of a district, if the insurer issuing the policy is
licensed to do business in the State of Oregon.
[1975 ¢.782 §39) :

523.640 Special election. The board of
commissioners at any regular meeting may
o 399

call a specxal elechon of the voters of the
district. - ;
[19751:.782 §38]

523.650 Imhative and referendum. In
the exercise of initiative and referendum

-powers reserved under the Constitution of this

state to the voters of every municipality and
district as to all local, special and municipal -
legxslatlonofevexysoxtandcharactermand
far their respective municipalities and dis-
tricts, the general laws of the state as applied
to cities and towns shall govern in geothermal
heating districts, except that the measures
referred by the board of commissioners shall

.be filed with the secretary not less than 30

days before the election at which they are to
be voted upon. The chairman of the board

-shall dct as mayor and perform his duties, the

secretary shall: perform the duties of audxtor
or recorder, the attorney shall perform the

'dutxesofutyawomey and if there is no

attorney, the secretary shall perform. t.he

duties required of the attomey ;
[1975 c.782 540] -

523.660 sttrlct funds deposxt;

: records. (1).Except as otherwise provided by.

ORS 623.410, the money of a district shall be

rdepos:tedmmeormombanks to be desig-
may'natedbyﬂ'xeboardofcommxssmners The
‘money shall be withdrawn or paid out only

when previously ordered by vote of the board,
and upon ‘checks signed by the treasurer or

- such other person as may be authorized by

resolution of the board. Receipts or vouchers,
showing clearly the nature and items covered

,byeachcheckdrawn,shallbekeptonﬁle
, shallholdthexrofﬁowuntﬂthefu'stregular :

(2) All ‘the proceedings of the board of

‘commissioners shall be entered at large in a
record book. All books, maps, plans, docu-

ments, correspondence, vouchers, reports and - |

~‘other papers and records pertaining to the
“business of the “district shall ‘be carefully -
_preservedandshallbeopenbomspectmnas '

public reoords
[1915 c.782§41]

'523.670 Agreements between dlstnct

:andannexedcxty If a city has been annex-
ite, necessary or convenient in carrying °

‘requisi
on any work of the district and at a rate of;*and&xedlsmctmay

ed to a district under ORS 198.865, theclty

(1) Enter into contracts and agreements to
do any act or thing which either could have
done if the annexation had not occurred.

- (2) Contract and agree for the collectlon

' by the district of any geothermal heat tax or

charge imposed by the city upon geothermal

- heat users within the territory of the city, and -
the- district thereupon may provide for such
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. collection acoordmg to its rules and regula
~ tions for the collection of amounts due the -

district by geothermal heat users, including

but not limited to shutting off the geothermal ‘
- heat o

supply for nonpayment.
f1975 c.782 §42)

523.680 Employas retn'ement system,

. 'estabhshment, contents. (1) A district may
. establish an employes’ retirement system. The
“board of commissioners may enter into agree-
ments necessary to establish the system and
_carry out the plan and may agree to modifica- .
,tzmofsuchagreementsfmmumetohme

; -(2) The retirement plan may provide for
mtirement benefits measured on the basis of

. gervices rendered or to be rendered by an
~employe, either before or after the date on
“which such employe first becomes a member

of the retirement plan. The retirement plan

“ may pmwde for a minimum of years of service
- and'a minimum and maximum age of retire-
‘ment for the employe.

{1975 ¢.782 §43})

523.690 Payments to rehrement plan
fund. The district may budget and provide
for: payment into-the fund of the ret:rement

~plan an amount sufficient: -

M To provide on an actuarial reserve

 basis the amortized level premium cost of the
retirement benefits which, under the provi-

sion of t.he retu'ement system, are to be pro-

‘vided by the ' district to its- employes. who

attain the retirement ageé or retire in accord-
ance with the terms qf the retirement plan.

- (2) To meét the actuarially computed costs
of retirement benefits measured on the basis

- of services rendered or to be rendered by an
employe before or. after the date on which

such employe becoma a member of the retire-
ment plan. -
(1975 ¢.782 §44]

523.700 Employe contn’butxons to

' retu-ement plan. ‘The district may collect, as

a contribution from any employe, that per-

.centage of the salary received by the emplaye

w}uchlsneo%saxytofundonanactuana]

. reserve basis the cost of retirement benefits
~which the employe is required to provide

pursuant to the provisions of a retirement
plan. :

(1975 ¢.782 §45)

523.710 leit on ehglble individuals
in retirement plan. Nothing in this chapter
authorizes the district to budget, provide for
payments  or. collect “contributions to fund

-yetirement benefits for an individual wha is

not in the employment of the district at the
time of the creation of a membershlp status
under a retirement plan.

(1975 ¢.782 §46)
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GEOTHERMAL RESOURCES

GENERAL PROVISIONS

522005 Definitions. As used in this
chapter, unless the context requires otherwise:

(1) "Board” means the governing board of ' -
the State Department of Geology and Mineral

Industries. . :

(2) "Byproduct” means any. mineral or
. minerals, exclusive of helium or of oil, hydro-
carbon gas or other hydrocarbon ;substances,
which are found in solution or in association
with geothermal resources and which have a

* value of less than 75 percent of the value of
" the geothermal resource or are not, because of

- quantity, quality, or technical difficulties in
extraction and production, of sufficient value
to warrant extraction ‘and production by
themselves. L T
' (3) "Department” means the State Depart-

ment of Geology and Mineral Industries.

(4) “Drilling” includes drilling, redrilling
-, and deepening ofa geothermal well.

(5) “Geothermal area” means any parcel of
land that is, or reasonably appears to be,
underlaid by geqthermal resources.

- (6) "Geothermal well” includes any exca-
vation 500 feet deep or more made for discov-

- .-ery or producing geothermal resources.

(7) “Ceothermal resources” means fhe

natural heat of the earth, the energy, in

whatever form, below the surface of the earth
present in, resulting from, or created by, or
which may be extracted from, the natural
heat, and all minerals in solution or other
products obtained from naturally heated
. fluids, brines, associated gases, and steam, in
whatever form, found below the surface of the
earth, exclusive of helium or of-oil, hydrocar-
" bon gas or other hydrocarbon substances, but
including, specifically: '

(a) All products of geothermal processes,
embracing indigenous steam, hot water and
hot brines; :

(b) Steam and other gases, hot water and
hot brines resulting from water, gas, or other
fluids artificially introduced into geothermal
formations; = : s

R () Heat or other as‘Sociated_'energy found

~ in geothermal formations; and

 (d) Any byproduct derived from them.
(8) "Operator” means the person:

(a) Who possesses the legal right to drill a
geothermal well; '

~ " (b) Who has obtained a drilling permit
pursuant to ORS 522.135; or

Loz

(c) Who possesses the légal right to oper-
ate a completed geothermal well as described
by ORS 522.185.

(9) “Prospect well” includes any well
drilled as a geophysicial test well, seismic shot

- hole, mineral exploration drilling, core drill-

ing or ture gradient test well, less
than 500 feet in depth, and drilled in prospect-
‘ing for geothermal resources. well”

~'does not include a geothermal well as defined

in subsection (6) of this section.

~ (10) "Waste” means any physical waste,
including but not limited to underground
waste resulting from the inefficient, excessive
or improper use or dissipation of reservoir
energy or resulting from the location, spacing,

drilling, equipping, operation or production of

a geothermal resource well in such a manner
that reduces or tends to reduce the ultimate
economic recovery of the geothermal resources
within a reservoir; and surface waste result-
ing from the inefficient storage of geothermal
resources and the location, spacing, drillihg,
equipping, operation or production of a geo-
thermal

excessive surface loss or destruction of geo-
thermal resources released from a reservoir.
{1975 ¢.552 §3) o _

522010 (1971 c.776 §2; 1973 c.388 §1; repealed by

1975 ¢.552 §55)

522015 Policy. . (1) The Legislative
Assembly hereby finds and declares that:

(a) The people of the State of Oregon have

a direct and primary interest in the develop- -

“ment of geothermal resources situated in this
state. , , , 1L LS

" (b) The State of Oregon, through the State

Department of Geology and Mineral Indus--
. tries, shall control the drilling, redrilling and -
deepening of wells for the discovery and .

production of geothermal resources so that

such wells will be constructed, operated, .

maintained and abandoned in the manner

necessary to safeguard the life, health, prop--
erty and welfare of the people of this state, to . -
- safeguard the air, water and other natural

resources of this state, and to encourage the
maximum economic recovery of geothermal
resources therefrom. '

(2) 1t is the policy of the Legislative As-
sembly that this chapter be administered:

(a) To prevent damage to and waste of
geothermal resources;

resource well in such:a manner that
causes or tends to cause the unnecessary or




. M To prevent interference with or dam-
‘age to waters used or to be used for beneficial

‘purposes that may result from improper
drilling, operation, maintenance or abandon- _

ment of geothermal or proépect wells; and
"~ (¢) To supervise the drilling, operation, -

- -inambenance and abandoment of geothermal

or prospect wells in a manner permitting the

o ‘operatortouhhzeallmethodsbowntothe
. industry for the purpose of increasing the
* ultimate economic recovery of geothermal
© " resources, that are suitable, and consistent
—w1thprotectxonofthea1r,_waterandotherv
-f;,naturalresourmoftbestate. .
‘ 5[merly522.050]

Note:l-URSO(lB??) pmvxdm v v
Whereas geothermal m prment an ecmani

‘m!soumeofenery'and

Whereas geothenna! resources, if properly utilized,

amldbeofgreatbenef:ttoOnegm

‘ Wmesgeoﬂ:emm!mwmsmusthedevelopedm'

asystemahcnndcooxﬂmahedmannermorderwmmm
- ize economic benefit and mxmmwe possxb!e damage to the
" environment; and - . .

Whereas there must be an eoologimlly safe and

- ., economically viable méans ‘of. dxsposmg of - geothermal
! ﬂmds and

W'hereas the surface dxsposal of geot.hermal ﬂmds is

\ kcurrently the subject of scientific i mqmry and

Whereasthetypeofsystemusedtodxspweof

‘ geot.hermal fluids must be adapted to local geologxml and

environmental conditions; and S

‘Whereas improper disposal ofgeotben'nal fluids may -
. +-+ result inserious envxronmental detriment; and :

" Whereas the State of Oregon presently does not have

a policy on the regulation of geothermal fluid disposal;
and A R T *;“"'1'1.‘ C e

Wheneas there are presently at least (oux‘ state

' . agencies which have some mvolvement in the regulatwn
ofgeo!henna]resourow,and-_ g :

‘Whereas a coordinated. ef!oxt among these agencies

."'V.;E',",:s necessary in order to assure proper regulatxon whtch {
. best serves Oregon, now, tberefore. -

State of Oregon.
(1) The Water Resoumes Dcpamnent Depanment of

Environmental Quality, State Department of Geology and -

Mineral Industries and Department : of Energy are’

- directed to make. a cooperative .and coordinated effort to
. establish a policy and, if necessary, promulgate rules on -

the disposal of geothermal fluids. Any rules proposed as 8
restilt - of this effort shall be sufficiently flexible ‘to .
promote  economically’ beneflcml and ennmmnema]ly

Vsafeuseofgeothennal msoum
L (2) The dirvctors of these agencn&s shall subn'ut a ’

joint mport to the Sumeth Le-glslanve As*»mbly on the

pmgmsﬂueyhavemadetnwardﬂmgcal 'l‘hereport
may mcludeareanmmendaum formwlegulauon

: (S)Awpyofﬂxmresoluhmdmnbemmrmtwdto

the Governor, the Water Resources Director, the Director

.of the Department of Environmental Quahty,thesmte
Geologxstnndﬂ:e&rectorofﬂwbepartment Energy.

522.020 (1971 €776 §32; repealed by 1975 552 §55)

522.025 Application. The provisions of
this chapter relating to the location and
drilling of any well for the production of
‘geothermal resources do not apply to any
wells producing geothermal resources on July
1, 1975, or wells, other than prospect wells,
drilled toa depth no greater than 2,000 feet -
where: B & _ .

(1) The geothermal fluids produced are of
- less than 250 degrees Fahrenheit bottom hold
temperature or. o

(2) Such ﬂmde have ‘been appropnated

pursuanttoORSS37505to537795

(1975 ¢.552 54]
522.035 Ownerslnp nghts. 0wnershxp

'nghts to geothermal resources 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, title or
interest they may have in geothemlal re-
‘sources. K
{1975 ¢.552 §21)

522045 Abandoned wel] jurisdiction.

'Any" well drilled ‘under authonty of this -

chapter from which usable’ geothermal re-
sources cannot be’ derived, or the owner or
_operator has no intention of deriving usable
geotherma] resources, shall be plugged and -
abandoned as provided in this chapter or, -

‘upon the operator’s written application to the

" department -and ‘with the concurrence and
approval of the Water Resources Director,
jurisdiction over the well’ may be transferred

. to the Water Resourws Director and, in such
' Be lt Resol\ed by the Legs)ah\e Assembly of the

case, the well shall no longer be subject to the
. provisions of this chapter but shall be subject
to any applicable laws and rules relating to

wells drilled .for appropriation and use of .

-ground waters. If an apphcatlon is made to
transfer Junedlctlon,, a ocopy of all logs,
“records, - histories ‘and descriptions shall be -
provided to the Water Rewum Dlrector by
the applicant. -~ ,

1 1975 ¢.552 §4e]

'522.050 11971 e77s 51 1975 €552 §1 renurr!'xred
522 015}
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" GEOTHERMAL RESOURCES .

- 522,055, - Permit; apphcatlon, fee. (1) B
- No person shall engage in drilling a prospect

well without ‘first a 'permit issued

, obtaining
under the authority of the State Geologist and -
- without complying with the eondmons of such‘

perrmt

(2) An apphcatxon to dnl] prospect wells'

shall contain such information as the depart-

~ ment may require, and shall be accompanied -

" by a fee set by the department but not to .
exceed $200 to cover all prospect wells includ-
' edwxﬂxmtheapphcahon

(1975 ¢.552 §4a]
52‘2.@ (1971 ¢.776 §34; repealed by 1975 ¢ 552 555]

 522.065 Circulation of apphcatlon to
state agencxw, suggested conditions to

permit; time limit for permit action. (1)

Upon receipt of an application to drill prospect
wells, the State Geologist shall circulate

copies of the application to the Water Re--

sources Director, the Director of the Depart-.

- ment of Environmental Quality, the Director

of the Department of Land Conservation and -

. Development, and the Director of the Division
.- of.State Lands. .

(2) Any- pubhc agency. desiring to suggest
itlons under which a permit should be

granted shall provide such information to the
department within 15 days of recexpt of the -

copy of the application.
(3) Except as provided in ORS 522.075,

. within 30 days of receipt of an application to

drill prospect 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,
{1975 ¢.552 §4b] '

522,070 (1871 776 §7; repealed by 1975 552 §55]

X 522,075 Bond or secunty, execution;
cancellation; waiver. (1) No permit for

" prospect wells shall be granted until the

applicant ‘has filed with the department a

- bond or security deposit in the surh of $5,000
for all prospect wells which are included.

within the apphcatxon and to be dnlled by the
apphmnt

(2) Thé bond or deposﬁ shall be condi- -
 tioned upon compliance with the requirements
of this chapter, rules adopted and orders :

issued pursuant thereto, which shall secure

the state against all losses, charges and ex-
" penses incurred by it in obtaining such com-
- pliance.

4ok

, ' (3) The bond provxded for in subsectlon (¢))
~ of this section shall be executed by the appli-
_cant, as principal, and shall meet such condi-

tions as the board by rule may estabhsh

4) Wxth the consent. of the board, any
bond submitted as required by this . section

may be terminated and canceled and the

surety be relieved of all obligations thereun-
der. However, the board shall not consent to

_the termination and cancellation of any bond
until the prospect wells described by such

bond have been properly and safely aban-
doned pursuant to the .abandonment plan

" required by the permit or another. valid bond

for the prospect wells has been submitted and

.approved by the board.

(5) For  those ap;ﬂi@atic’ms concerning
prospect wells on federal lands, the board may

“waive the requirements of subsections (1) to

(4) of this' section - upon receipt of suitable
proof of compliance by the applicant with
federal bond requirements which would, in
the opinion of the board, be unnecessarily
duplicated by the requirements of this section.
{1975 ¢.552 §4¢; 1977c87 §1]

522.085 Report certlfymg complehon o
of abandonment plan. Upon completion of
.all drilling and testing undertaken pursuant -

to an application to drill prospect wells, the
applicant shall file with the State Geologist a

‘report certifying the completion of the aban-

donment plan required by the permit.

11975 ¢.552 §4d)

522110 (1971 ¢.776 §11,°1973 c388 §2; repealed by
1975 c. 552 §55]

GEOI‘HERMAL WELLS

~522.115 Permit; applicati('m;_ fee. (1) .

No person shall engage in the drilling or
operating of any geothermal well without first
obtaining a permit issued under the authority
of the State Geologlst and without complymg

- with the conditions of such permit.

' (2) An application for a permxt shall
contain:

- {a) The locatxon and elevat:on ‘of the floor

of the proposed derrick.

~ +(b) The rumber or other desng-nation
approved by the department by whlch the well
shall be known. - .

(c) The apphcants ectlmahe of the depths

“to be drilled.

(d) The nature and character of the geo-
thermal resource sought. '




-

(e) Such ot.her mformatmn as theboard by
rule may require. - :

(3) An application ehall ‘be aocompamed )

by a nonrefundable fee of $100

4) All fe& collected by the department -
- under this section shall be deposited with the

-State Treasurer and are continuously appro-
.. -tion of chapter 552, Oregon Laws 1975
. [1975 €552 §5; 1977 ¢.87 §2) :

Note:'l'hel.eg:.slat:ve&xmsellmsnot,pumxantto
173.160, m:derxakeutombstxtutespeaﬁcOBSrefm

" far the words “this Act” in 522.115 ar 522,135, Chapter

552, Oregon Laws 1975, enacted into law and amended

the ORS sections which may be found by referring to the:

1975 Comparative Section Table located following the

" Index in volume 6 of Oregon Revised Statutes (1975:

: Replamment Parts).

522120 [1971 776 §§12 13; 1973 €388 §3 repealed
by 1975 c. 552 §55)

522.125 Circu!ahon of apphcahon to

: sfate agencies; suggested conditions to -
" permit. (1) Upon receipt of an application for -

a permit to drill er operate a geothermal well,

the department shall circulate copies of the
application to the Water Resources Director,

the State Fish and Wildlife Director, the State

.. Forester, the Director of the Department of
o Envnronmental Quality
" officer of the State Soil and Water Conserva- -

the administrative
“tion Commission, the State Parks Superin-

" ' tendent, the Water Policy Review Board, the
~'State Highway Engineer, the Director of the

Department of Land Conservation and Devel-

opment, the Director of the Division of State

Lands and the governing body of the county or

ocounties _in’ wh;ch the well or. we]ls w111 be:

_,f,located

S ) Any pubhc agency desn'mg t.o suggest .
~;‘cond1tlons ‘under .which .a permit should be -
' .. granted shall provide such information to the
. ‘department within 30 days . of recelpt of the

‘copy of the apphcatlon o
' '.[1975c552§6] ,f : .

522!30 (1971 c 776 514 repealed by 1975 c. 552 §55]

~ :receipt of the apphcatlon the State Geologist

- shall by ‘order issue, deny, suspend, modify, -
- revoke or not renew a permit pursuant to this
- chapter and ORS ‘chapter 183 except that
- appeal ‘of any order issued pursuant to this
- section shall be madé to the governing board
of ' the State ' Department ‘of Geology' and -

Mineral Industries - before any appeal under
ORS 183. 480 is allovxed

(2) The State Geologist may issue the

perrtut if, after. recelpt of comments from the .
'agenc:w referred to in ORS 522,125, he deter-

mines that issuance thereof would be consist-
ent with the pur set forth in ORS
468.280, 468.710 and 537.525, rulés adopted

pursuant to ORS 468.725, andthepurposaof
: thxschapter :
. priated to the department for the administra-

'(3) If the State Geolog'lst issues a permit
pursuant to this section, he shall impose such

- conditions as he considers necessary to carry
out the purposes
:468.710 and 537.525, rules adopted pursuant

set forth in ORS 468.280,

to ORS 468.725, andthepmpos%ofthls
chapter. He shall include in the permit a
statement - that issuance thereof does not

relieve any person from any obligation to

obtain a perrmt under ‘ORS 468.725 or
468.730.

@ The State Geo!oglst shall mcorporate

into the permit requirements:

. (a) Any conditions made by the Water
Resources Director necessary to comply with

the purposes set forth i in ORS 537.525; and

®) Any oondmons ‘made by the Depart
ment of Environmental Quality necessary to
comply with the purposes set forth in ORS
468.280 and 468.710.

(5) Nothing in chapter 552, Oregon Laws
1975, shall be construed to excuse an operator

of a geothermal well from cormplying with the

provisions “of ‘the Federal Water Pollution’

*/Control Act amendments of 1972 (Public Law
82-500) or- ORS 468.730 or to dilute the
~authority of the Department of Environmen-
‘tal Quality to ‘issue National Pollutlon st-

- charge Ehmmatlon Systems Pemnf.s.

{]97:: ¢.552 §7]
Note-SeenoteunderSZleS L
52‘2 140 [1971 c77G §6 1973 c388 §4 repealed by

1975 ¢.552855)

522.145 Bond or secunty, e\:ecuhon,

~cancellation; waiver. (1) Except as waived
- by rule of the boaxd no pemnt shall be grant-

ool 522 135 Permlt, tlme lmut for achon' ;
S tgrounds for issuance; conditions; con-
- struction of permit. (1) Within 45 days after '

ed until: -
(a) The apphcant has flled wnth the de-

partment a ‘bond or security -deposit in. the

sum of. $10 000 for each well to be drilled; or
(b) The applicant to drill more than one

geothermal well has filed with the department

a bond or security deposit in the-sum of

;'825 000 for all wells to be dnlled

(2) ‘The bond or deposxt ehall be .condi-
tioned upon compliance with the requirements -

'.of thls chapter, rules adopted and orders

s




\

rxzsued pursuant tbereto which ghall secure
ﬂmeatateagamstallloss&.dmg&andex—
pensamcm'redbyltmobtmmngsuchoom-

. pliance.

: (3)'1‘he‘bondsprov1dedformsubsectlon'
- (1) of this section shall be executed by the -

1 princi and shall t such
D B ary mee - ment. (1) No person shall abandon a geother-

. conditions as the board by rule may establish. -

(4) With the consent of the board, any
bond submitted as required by this section

'-,maybetennmatedandcanoeledandthe'

. surety be relieved of all obligations thereun-
der. However, the board shall not consent to
_ the termination and cancellation of any bond
until the geothermal well described by such

bond has been properly completed or lawfully. usable for beneficial purposes from pollution

resulting from infiltration or add:tlon of any .
‘deleterious substance;

‘abandoned or another valid bond for the well

has been submxtted and approved by the

~ board.

. (5) For those applwatxons ‘concerning

~ geothermal wells on federal lands, the board

~ may waive the requirements of subsections (1)
to (4) of this section upon receipt of suitable

federal bond requirements which would, in
. ‘the ‘opinion of the board, be unneoessanly

duplicated by the requirements of this section.
{1975 ¢.552 §8; 1977 ¢.87 $3] '

- 522.150[1971 ¢.776 58; nepealed by 1975 ¢.552 §55]
522155 Liablity for failure to protect

- ground water; standards for protection of.

ground and surface water. (1) In addition
to any other liability of the operator of a
~ geothermal well, the operator shall be liable

to any person or public agency that sustains
damages from failure of the operator to com-
ply with a condition in a permit requiring him
to provide for the protection of ground water
in the area affected by the well.

(2) The board shall adopt by rule stand-
ards for blowout prevention, equipment and
casing design and removal, and any other
procedures necessary to shut out detrimental
substances -from strata containing ground or

surface water usable for beneficial purpos%
(1975 c. 552 §9]

© 522.160 [197] ¢.776 §18; repealed by 1975 ¢.552 §55)

522,165 Location, number, or desig-
nation change; alteration of casing. (1) The

~;. location, number or desrgnatlon specified for
. any geothermal well in a permit issued pur-

suant to ORS 522.135 shall not be changed

. without first obtaining written consent from

: 'the department.

(2) No operator shall alter in an} manner
the casing of a geothermal well without

406

not:fymg the department and obtammg its

e 6528100
522.170 [1971 c.776 §5; repealed by 1975 c.552 §55)

'§22.175 Abandonment; pmooeedings
agamst operator for unlawful abandon-

mal well without first obtmmng appmval of
the department. :
(2) A geothermal well shall be considered

‘hwfully abandoned when the operator has

oonformedtoORS522.245ardtonﬂaadopt-
edbyt.beboarddemgmdtd :

(a) Protect underground and surfaoe water

®) Prevent the mpe of all flmds to the
surface; :

(c) Close the surface apertme of the well;

and
proof of compliance by the applicant with - @ Remove all surface equipment exoept ‘

that necessary to mamtam permanent closure
of the well.

@ When the operator has violated subsec-
tion (1} or (2) of this section or ORS 522.225,

or when the department has issued a written

dxsappmval of abandonment, the board may
proceed t the operator and his surety as
provided for in ORS 522.145 or 522.185, and
may bring suit pursuant to ORS 522.810.

{1975 ¢.552 §11)

522180 [1971 ¢.776 §19; repealed by 1975 ¢.552 §55)
‘ 522.185 Production and abandon-

ment bond; cancellation; completed well.
(1) Upon completing a geothermal well, as

described by subsection (3) of this section, the ,

operator of the well shall file with the depart-
ment a production and abandonment bond in
addition to the bond required by ORS 552.145,

to insure compliance with the requirements of |
this chapter and rules adopted and orders .
jissued pursuant thereto, and the sealing of the

well when production has ceased. The board

- by rule shall establish the sum and terms of
‘the production and abandonment bond re-

q\nred N
(2) The productlon and abandonment bond

shall not be terminated and canceled by the -
‘board until the geothermal well described by -

the bond has ceased production and is lawfully
abandoned, or another valid bond for the well

has been submitted and -approved by the

board.
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'/

(3 A geothermal  well ‘is completed for
purposes of subsection (1) of this section when
it is producing geothermal resources and the
- operator ‘of the well has received written
- assurance from ‘the department that the

. manner of drilling of the well and the manner

-of. producing geothennal resources therefrom
are satisfactory. ... ‘
[19'75 c552 §13)

522.!90 [1971 ¢.776 szo repealed by 1975 ¢.552 §55]
522.195 Monthly produchon state-

(3) Within a period of six months from the

" ending date specified for such suspension, the

operator may make written application for an
extension of suspension, and file it with his

-affidavit showing good cause for such.an

extension. Upon a finding that the extension

is merited, the board may extend the suspen-

sion for an additional spemfic period.
" (4) ¥, after suspension, operations are not

“resumed by the operator within six months

from the ending date specified for the suspen-
sion " or extension thereof, an  intention to

ment. Except as excluded by rule adopted by abandon and unlawful abandonment shall be

the board, the operator of any completed
geothermal well shall file with the depart- ..
‘ment a monthly statement of the geothermal

-resources production from such well dunng .

' the preceding calendar month
[1975c552.514) -

-522.200 [1971 e 776 528 npea!ed by 1975 ¢.552 555]
522.205 'l‘ransfer or purchase of well.

- of a geotherma] well shall notify the depart-

" ment in such form as the department may
direct -of the purchase, assignment, transfer, '
~.conveyance or exchange of such well within 15 .
days of the purchase and shall accompany -

- such notice with an application for transfer of

 the permit for the parhcular well The fee for

o+ transfer of a permit is $25.

~t*suchpurchase
{1975 ¢:552 §15] : S

522.210 [1971 ¢.776 §31 repoa]ed by 1975 c 552 §55]
.application;

erahon, terms;

operator. (1) No operator shall suspend

" drilling or, operation ‘of a geothermal well
- ‘without obtalmng permnsxon from the depart T

= ment.

(2) 'l'he depaxtment may authon_ze an .

‘ operator to suspend for a specific penod"-fbe required by the department

. operations or remove equipment from an

" ‘uncompleted geothennal well upon such terms . .

" as the department may specify, upon written

" application of the operator and his affldawt :
: ~_abandonment. Before the proposed date
“upon “hﬁ)}} the work of abandonment will

" _'j showmg good t‘ause therefor

pmumed.

(5) Whenever an operator whose ‘opera-
txons have been suspended fails to comply
with such terms as the department may-
specify in its authorization, the geothermal
well shall be presumed unlawfully abandoned. -

A well shall also be deemed unlawfully aban-
-doned, if, without notice to the department,'

b notice; application; fee; notice by land- - any dnlhng or. producmg equipment is re-

_owner of transfer or purchase. (1) Except -
as excluded from the provisions of this section <

by rule of the board, an e operator - '
y e y prospective operator - ice thereof shall be mailed by registered

moved

(6) An unlawful abandonment shall -be
declared by order of the board, and written

mail both to such operator at. his last-known

post-office address, to his regxs!ered agent if -

any, and to the operator’s sureties. ,
) After declaratlon of unlawful abandon-

;ment ‘the board may. proceed against the
operator and his surety as prowded for in ORS
.522.145 or 522.185, and may bring suit pur-

(2) Any buyer of land on which a geother- _ suant'to ORS 522. 810

: ‘mal well ‘is located shall notify the depart- .
“inent ‘of the purchase, assignment, transfer,

' oconveyance or . exchange of the land upon .
- which such well is 51tuated mthm 15 days of E

[1975 c. 552 §16] .
- 522. 220 (1971 ¢ 776 §21 nepealed by 1975 c552 555]

522 225 Notxce of mtent to abandon. '

.(l) Before  commencing any operation to -
. abandon a geothermal well, the operator shall
. give notice to the department of his intention
. to abandon the well and the date upon whlch '

522, 215 Suspensxon of dn]lmg or op-
‘extension; s+
. presumption of abandonment; unlawful
abandonment; notice; proceedings against ..

the work of abandonment will begxn o
(2) Such notice shall be given at.least 24

. vhours before the .commencement of - abandon-
‘ment operations and shall indicate: :

. (a) The condition of the well

() The proposed method of the abandon»
rnent operation; and -

'(c) ‘Any additional information that may

[1975 ¢.552 §17]) .
- 522.230 [1971 €.776 §23; repealad by 1975 c:552 ‘50}
_522.235 - Conditions

precedent - to




\

‘ begm, the department shall furnish the opera-

tor with:
--ment opemtxon' '

abandonment operation, stating what specific
work or tests will be necessary before approv-

‘ ,aloftheabandonmentoperatmnwxllbegwen,
‘or

@) A report stating what specxflc mforma

wtmnlsreqmredtobefmmshedbytheopem

tor to the department before the department

. ment operation.
{1975 c.552 §18]

52.240 [1971 776 §9; repea]ed by 19'75 c.552 555]

522.245 Department approval of
"’abandonment, report by ‘operator; effect

~ of failure to comply; proceedings against

operator, (1) A representative of the depart-
~ ment shall be present during any abandan-
~ment 0peratxon If he determines that -the
.~ abandonment is satisfactory, he shall approve
the abandor;ment of the well :

“(2) Within 30 days after the mmpleuon of )
-abandonment of ‘any geothermal well, the
operator of the well shall make a written .

report of all work done with respect to the

abandonment. ‘Within 10 days after the

receipt of such report, the department shall
- furnish the operator with a written final
" approval of abandonment, or a written disap-

proval of abandonment setting forth the
conditions  upon which the dlsappmval is.
based..

3) Faxlure to abandon in aoooxdance w:th
- the approved method of abandonment, failure
“to submit to the department any notice or
report required by this chapter, or failure to

furnish the department with any. required - .

information shall constitute ~ sufficient

grounds for dnsapproval of the abandonment -

- of such well.

(4) When the depart_ment has 1ssued areldnn cutting and :core samples. (1) The

written disapproval of  abandonment, the -

board may proceed agamst the operator and

his surety as provided for in ORS 522.145.or -
522.185, or may bring suit pursuant to ORS

- 522.810.
11975 ¢.552 §19]

5222501971 ¢.776 §10; repraled by 1975 ¢.552 §55)
522,20 [1971 €776 £30; nopealed by 1975 ¢ 552 §55)
Lo8 -

(1) Approva_l to commence t.he abandon- ,
: ““the  State  Geologist
" chapter, the rules and orders made pm'suant

@ itioral appro to ce t"he""‘~t‘.!'¢eret:o and supervise the department  in

ADMINISTRATION 7

522.275 Admxmstrahon by State Geol-
ogist. Subject to policy direction by the board,
‘shall - administer this

carrying out the provisions of thxs chapter
(1975 c. 552 §23)

522.305 Rules. In acoordanoe with
applicable provisions of ORS chapter 183, the

. board may make reasonable rules necessary
- for the admxmstratmn of this chapter -

‘1975(:.55222
,,maytakeactxonupontheproposedabandonr( s3]

522.310 [197 1 c.776 524 mpea]ed by 1975 c.552 555]

" 522315 Final order of department;
delivery to operator. Whenever the depart-
ment gives any written direction concerning

‘any geothermal well and the operator requests
‘in writing that a final order for purposes of

ORS' chapter 183 be" made, the department

‘shall, within 15 days after receipt- of the

notice, dehver such fmal wntten order to the

* operator.:
' 1975 ¢.552 §24)

522320 ‘[';9'71 ¢.7?s §'§25. 26; repualed by 1975 ¢ 552
555]
522.325 Complignce with fmal order-

Iappeal. (1) The operator of any geothermal

well shall within 15 days from the date of the
service of any order, either comply with the
order or file with the department a written
statement that the order is not acceptable, and
the reasons therefor, and the statement shall

constitute an appeal from such order to the
board.

2 Any final wrltben order of the board
may be appealed in the manner provided in
ORS chapter 183 for appeals from final orders
in contested cases. , ,

{1975 c.552 §25]

522.330 [1971 c.776 §27; repealed by 1975 c.552 §55)

\VELL RFCORDS
522. 355 Records of well; conlent5°

operator of any ‘geothermal well shall keep, or
cause to be kept, a careful and accurate log,
core record and hxsmry of the dnllmg of the
\\ell .

(2) The log referred to in subsection (1) of

7 ‘this section shall show. the character and

depth of each formation encountered in the
drilling of the well; the amount, size and
weight of casing used; and the location, depth




and temperature of water-bearing strata,

including the temperature, chemical composi-
tion and other chemical and physical charac-

teristics of fluid encountered from txme to .

time, sofarasdetemuned.
(3)'Iheeorereoord refen-edtomsubsec—

| tion (1) of this section shall show the depth, -

character and fluid content of cores obtained,
sofarasdetemnnedfromtbestudyand

‘(l)ofthxssectxonshallshowﬂzelocatlonand
- amount of sidetracked casings, tools or other
- 'material; the depth and quantity of cement in
cement plugs, the shots of dymamite or other
explosives used; the results of production and

other tests dunng ‘drilling operatxons and ‘

‘ eompletlon data.
*(5) The log referred to in subsections (1)

" and (2) of this section shall be kept in the local
office of the operator and, together with the '

" tour reports of the operator, shall be subject,
.~ during ‘business .hours, to mspectlon by the
~ board, or department.

(6) The operator of any geothermal well
shall, in addition to furnishing the log,

reoords and tests required by this section,’

collect ‘representative drill cuttings. ' The
operator shall additionally, in the event cores
. are taken, collect representative core samples.

The drill cuttings and core samples shall be

~ filed with the department promptly upon

completion or upon'its written request, and
upon the abandonment or upon suspension of
- -operations for a period of at ]east six months

L [1975c552§26 1977c.87§4]

, 522.365 Fllmg record thh deparb
ment; exemption from disclosure. (1) Each
. operator of any geothermal well or his desig-
- nated agent shall file with the department a

copy of the log, history and core record, or any

portion thereof, promptly upon comp]etlon, or

- upon the written request of the department at

any time after the commencement of the work

.. of drilling any geothermal well, and upon the

- abandonment . or upon suspension. of opera-
<~ tions for a penod of at least six months.

(2) For a period of four years after the

" receipt of any log, history, core record, or any

portion thereof, such record shall be exempt
from disclosure as a trade secret pursuant to
subsection (1) of ORS 192500 unless the
operator gives approval to release the data.
{1975 ¢.552 §271

522.410 (1971 776 §3; repealed by 1975 ¢.552 §55)
522.420 {1971 ¢.776 §35; repealed by 1975 ¢ 552 §55)

622.430 [1971 ¢.776 §36; repealed by 1973 ¢.388 §8]
522440 (1971 ¢.776 §38; repealed by 1973 ¢.388 §8)
622450 (1971 ¢.776 §37; repealed by 1973 ¢.388 §8)
522.460 (1971 776 54; repealed by 1975 ¢.552 §55]

- 522.470 [1971 c.776 522 1973 ¢.388 §5; repealed by
1975 ©.552 §55)

§22.480 {1971 ¢.776 §33; 1973 c.388 §6; repealed by

1975 ¢ 552 §55) -

(4) The hxstory referred to in subsectlon e o)

522510 [1971 ¢.776 §15; 1973 c.794 $§24; repealed by

522.520 [1971 €776 §17; 1973 €.794 §25; repealed by
1975¢.552¢55) -

522530 [1971 c.776 516 repealed by 1973 794 §34)
522.540 [1971 €.776 §29; rep@]ed by 1973 794 534]

'ENFORCEMENT
| 522.810 Suits to enjoin violations.

“Whenever it appears that any person is violat-

ing or threatening to violate any provision of
this chapter or any rule or order of the board

made thereunder, or is threatening to or

committing waste, the board may bring suit
against such person in the circuit court of any

- county where the violation or waste occurs or

is threatened, to restrain such person from
continuing -such : violation or waste. In any
such suit, the court shall have jurisdiction to

. grant to the board, without bond or other
undertaking,

such temporary - restraining -
orders ‘or final prohibitory ‘and mandatory

, 1n)unctlons as the facts may warrant, includ-
~ing any such orders restraining the move-
“ment, dxsposxtlon or : waste of geothermal

resources. . -

: (1971 c 776 §41 1973 c. 388 §7 1975 c 552 §E]

522.815 Orders by board scope, no-
tlce, hearing. (1) When necessary to conserve

‘geothermal ' resources or other. natural re-

sources, or-to protect the environment, the -
correlative rights of any person having an
ownership - interest - in the affected land or

~-resource, or benefjcial uses of water, or to
" accomplish . the efficient and . economical
j,development of a geothermal reservoir, the
board may, upon the request of any interested -

party or upon its own motion, after hearing, -
enter an order. The order shall include a
description of the geothermal reservoir and
the overlymg land and may also 1nclude
provisions for the followmg

(a) Division of a geothermal reservoir into -
zones; .

Koy




(b) Establishment of spacing units includ-
- ing & description of the location, size and
shape of such spacing units; '

(¢) The integration of separately owned
_-tracts or interests within a spacing unit for -
the development and operation of the spacing
unit and the sharing of production therefrom;

(d) Unit operation of one or more reser-
voirs within a field and a statement of the
terms, conditions and procedures for such unit

operation including the allocation of produc- -

- tion, royalties and costs. Such -allocation shall -
be in accordance with any agreement of the -
partnes,pnftha‘elsnosudiagreement,tben
such allocation shall be fan', Just and equi-
table;

(é) The protection of existing and future
beneficial uses of water;

() Maintaining the renewability of geo-
thermal resources and any other natural
resources; and

(@ Any additional provisions the board

o Vdeens necessary for carrying out the provi-

sions of chapter 552, Oregon Laws 1975 or for
~ protecting the pubhc health, c.afet:y and wel-
. fare. .

(2) Any order entered under t}ns sectlon
may in the board’s discretion supersede any
right or privilege previously granted by or
_previously entered by the board with respect
+ -to such reservoir and may after hearing be
. .amended or supplemented as appears neces-
sary to the board to accomplish the purposes
of chapter 552, Oregon Laws 1975,

(3) Any proceeding under this section
shall be conducted as a contested case in
" accordance with ORS chapter 183. In addition’

~ to the notice requirements of that chapter, -

* notice shall be given to the following persons:

. (a) Any operator who has a drilling permit

~. issued pursuant to ORS 522.135 or has a legal
" right to operate a geothermal well pursuant to

ORS 522.185 in the geothermal reservoir;

() Any person who has an ownership
interest in the geothermal reservoir; and

, (c) Any person who has an ownership
" interest in land within one ml],e of the bound-

aries of the geothermal reservoir.
-"11975 ¢.552 §43)

410,

Note: 'lhe Leg:slatwe Counsel has not. pursuant to
173,160, undertaken to substitute specific ORS references

- for the words "this Act” in 522.815. Chapter 552, Oregon

Laws 1975, enacted into law and amended the ORS
sections which mybefmm!byrefezﬂngtothelws

tive Section Table Jocated following the Index in
volume € of Oregon Rewsed Statuta (1975 Replaoement
Parts).. .

. PROHIBITED ACTS
522.910 ‘Aiding in vwlatxons protubx-

ted. No person shall knowingly aid or abet - |

any other person in the violation of any provi-
sion of this chapter or of any rule or order of
the board made thereunder. ;

{1971 c.776 §40; 1975 c.552 §30)

522315 False entries, omissions, de-
struction, or removal 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 report, recard, log, account or writing,

“full, true and carrect entries as. required by

this chapter or any rule.or order adopted

-pursuant thereto;

~(3) Destroy, mutilate, alter or falsxfy any
such report, record, log, account or wntmg, or

(4) Remove from this state 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 ¢.552 §28]

522.920 (1971 €776 §39; ‘repealed bx1975 c.552 §551

PENALTI ES

522990 Penalties.
provision of this chapter or of any rule or
order of the board made thereunder is punish-

able, upon conviction, by a fine of not more

than $2,500 or by lmpnconment in the county
jail for not more than six months, or both.
{1971 c. 776 §42; 1975 c. 552 §31]

;V:ola,tlon of - any
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Pursuant to ORS 173.170, 1, Thomas G. Clifford, Legislative Counse!, do hereby certify that I have compared each
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- - ~‘;‘“:f-;:;; »_ s APPENDIX F ;A
Lounty of Malheur

VALE, OREGON

_ April 9, 1974

RESOLUTION ADOPTING A GEOTHERMAL ORDINANCE FOR THE COUNTY
 OF MALHEUR AND PROVIDING FOR THE ISSUANCE OF PERMITS,
COLLECTION OF FEES, PROVIDING PENALTIES FOR THE VIOLATION

THEREOF :

WHEREAS, Malheur County has adopted and is enforcing

a zoning ordinance and

, WHEREAS the planned building permit prohibits any

-person, firm or: corporation from erecting, constructing,

enlarging, altering, repairing, improving, moving or demol-

~ ishing any building or structure without first obtaining
~ a separate building permit for each building or structure

from the County Planner, and .

HHEREAS .the Planning Commission must examine all plans
and specifications for the proposed construction: when appli-

‘cation is made to them for a permit or permits._;;

THE. COUNTY COURT OF THE COUNTY OF MALHEUR OREGON DOES

;ORDAIN AS FOLLOWS:

- Terms, Conditions, Standards, and Application Procedures :
for Initial Geothermal Development, ‘Malheur County, Oregon;

3 hereafter known as, the Geothermal Ordinance, as: follows. -~

’ ﬁ;flv_ R 'wﬁggiA Prepared by the Planning
e ' - Commigssion and Planning
Department, Malheur County
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TERMS AND CONDITIONS

4
| - CFOR .. . o S
INITIAL GEOTHERMAL DEVELOPMENT [EN Pt )
MALHEUR COUNTY | N
1. PREAMBLE

The County Court and the Planning Commission of the Connty
of Malhenttﬁave.adopted a Resolution stating General Publie'Policy
surrounding the,initiation of Geothermal Development within this
County.‘~ Thls pollcy is 1nterlm in nature in that 1t calls for the
development of a General Plan for the total development of thev
Geothermal Resource w1th1n~the*County; In addit1on, this: Pollcy
provides for the 1n1tlat10n of Geothermal Development by allow1ng
various agenc;es both pub11c and prlvate to commence the1r own
ititial developmcnt progects. .

It is the intent of this policy to‘encourage exploratlon and
development prOJects and to’ 1ncrease the store of knowledge surroun~
ding this resource. It is also the 1ntent of this pollcytthat there
be coordination of existing and anticipated data so that the end
result may be General;Planning-that»will provide for'the optimnm
development of the available resource;_ -

Im many areas of the State, the Geothetmal’Resourceeyareﬁunder
study'enovin-one areefls alteady producing energy for heating.'

'Currentrexplotationskin most arcas are pointed chiefly at the enetgy'
field and -property so as there is much need for a clean.source of
cnergy for the déve]opment of électrical powet. However, it must
‘not be overlocked that there is a possibility for a new source of

-
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potable water and mineral recovery. Additional research is needed .

.in;allyfiéids 1f this Geothermal Resource is to be. developed to

its ultimate.

The early studies show that much of the Geothermal Resource
in this area lies below the floor of the Malheur and Willow Creek ,

Valley.,~This Valley ;s;a,major agricultural area and its preser-

Vation.is-necessarxjfor“thevcontinued~economy of the County and

to provide food and fibrekfor the populace.
-Tbe,Universicy}of,Oregoneand other.SCace Agencies; several

Federal Agencies, most prominencly the Departmentrof,the,Interior;

and Indus;ry arevallqinvolved;in.researchhandrstudy‘programs sur-

rounding the-development,ofothisteothermal'Resource. Many indus-

tries have stated their desire to continue to explore: and begin

—

production of the resource._ B ‘e;;; e
It is recognized that a General Plan providing for total

development of the reeource is:needed‘but_that.it cannot be a

ComprehensivefceqeraIfrlan without_the_inpuc:of;additionaluresearch

~and data.

It is\therfore'tﬁe'intent of tﬁis polieyatokallow for the

‘complete development of a series of initial projects in addition'

to exploratory well drilling and testing 'rp.accompush- ‘this,

‘,follow1ng in Paragraph III are a series of<terﬁs-andvcond1tioos

designed- (1) to allow these in1tia1 developments, (2) to provide 3

"ifor the optimum use of the land; (3) to protect the environment;

and  (4) to}provide\for cooperation in the development of a Com-

45,




~

ﬁrehensive Genecral Plan'for'Géothermal‘Development,

£

I1. POLICY -

'BE 'IT RESOLVED, that-a general ‘plan shall be prepared to
designate where,. and.under what conditions, geothefmal production : -
wells, poﬁer'pianté; and attendant ‘uses may be located in Malheur
County;

BE IT FURTHER RESOLVED, thacpendipg’ptepéracionof'the7genera1
plab,‘the”County‘shailz . ' |
/'(1)'Authotize the establishment of géothérmal production
projeéts:in designated locations and under prescribed terms éndt
conditions; |
(2) Authorize the drilling of exploratory geothermal ' -
wells and the use of”re$oﬁrces'produéea therefrom for testing
purposes, in various land use zones;
(3)'Advocate the‘adoption of ‘legislation designed to
insure the orderly development of geothermal‘resources and to

protect the public interest,

ke




. III TERMS AND CONDITIONS ot

‘A. DEFINITIONS
,1.~rﬁ0pefator" means-any,persoﬁ, firm,vorfcorporation
drilling,'maintainipg, operating,vpumping, or invcontrol_of any
well or relaféd facilities for bower generation,'m}neral extracti&na
desalination ér any 6cher use of geotherma1~tesources.
2. V"Géothermal,ProductionAPfoject" includes the right
- to exéldre for, teét,ibroduce, propess,,transpo:;;and,sell,geoQ

thetmal'resources~and;by-products-such-as_electricélrpower,vdesali-

nated water, minerals and heat from within the "G" Zone area

: - designated by the Planning Commission.

3. VExplorAtory_Geothermal}Well"'includesgthevtight

to expiore.for the test geothermal resources within an area des-

ignated by*ché PlanﬁingJCommission, e

4, "Test" means,to producefgeothermal fluids and/or
steam for a length of time at a_volume and rate accepted by the

.County and Regxonal Water Quality Control Board

5. '"Test Facilities" means lines pumps, sepatators

4Jmetering facilities, ponds and sumps used during the cesting of

a geothermal well or 1njection well

" :6,: "Permit for Geothermal Exploratory Well" is a:

- Condltlonal Use Permit allowable in various ‘zones. within the County,‘;

f~7,1'"Permit for Geothermal Development Project" is a

~ Conditional Use Permit to‘proqucejqeothgrmal We;},o:EWells,in a

"F-1"or"F-2"or"G"zoned area..

Ly
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8. "G-zone", Ceo;hermal Development Zone-ig'a-land*j,
classifiéafion zohe»ovgrlay permitting addiEiona1 usés;withinAother
 zones inCludihg7Ce;thetmaIMWeIi-6peration-(after'obtaining~a Con-
ditional Use Permit). -

B. GENERAL CONDITIONS

1. Propesal - A definite det&iled propdsél for a Geo-
thermal Development Project shail?ﬁe‘Smeitted in aécordance with
the'pfocedgréS*and standards. *Tﬁis~pf0§dsal;sha11 inc1udeegeologic
and engineefing evidence thatfgives reasonable assufénce'of success.

2. Application Reservation - The Planning Commission

reserves the right to deny an application if it will not be
compatable with the area or that, in it's findings, that some of
the terms and conditions are not met satisfactorily.

3. 'Procedures and Standards - All'applicants'will be

required to comply with Governmental procedures and standards
applicable to ‘the particular phase of work.

4, Compliance with the Law -’Thé operator engaged in

the driiiiﬁg,'production maintenénce and abandonment of Ceéthétmal-
~Wells and related facilities including the'disp0551<of'wasééepfoduCts
"éhall’coﬁply with all applicable local, State, and:FEdéra1‘1aws
andiéfdinahées in effect or subsédﬁently‘auly‘énacted;

5. Commencement of Work - Prior to commencing any

operation all Governmental conditions and standards applicable to

the particular phase of work contemplated shall be édmpiied with. | &;J‘
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6. General'Compliance -vAll well drilling, plant con-

-struction testing and operations shall be conducted s0 as to be

in harmony with the area and do not conflict with the public health

safety, comfort, convenience and general welfare.

7,‘ General Plan Development - The operator shall cooperate

with the County or the County s agent in the development of the

County s Geothermal Element for the General Plan. The operator

‘will be expected,to provide data and knowledge up to, but not in-.

cluding ' proprietary information .

8. Permit Expiration - All permits (for exploratory we]la

and for developmentnprojects) shall contain terms and conditionsr
Abandonment of a project_forﬁsix;(G)‘monthsoshall cause the permit

then in effect to expireiand to become‘null and void

,;9.1 Timetable - A reasonable timetable for project dev-

elopment. will be. made ‘a condition of any permits granted
10. Bonds --Each operator of a "Geothermal Production

Project" andJor ”Exploratory Geothermal Well"fshall'file and fur- d'

:n ‘sh w1th the. County an indemnity bond in the sum of $50 000 00
| for each well drilled or abandoned well re-entered or a blanket bond} )
" in the sum of $150, 000.00 for any number of wells drilled or re-
fentered.n The Bond will indemnxfy the County for any costs incurred‘
'by’thelcounty ~n repairing any drill test, or production facility
'site to as near as p0551ble to its otiginal state and in abating

.anyv public nuisance caused by the principal's exploratory 'y testing E

‘or producing operations._
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lAll. Insufaneé.4‘Befb}edéemmehEiﬁg or continuing any.
Geothermar’operat1ons, the owner or opcrator shall show contznuing
ev1dence of 1ﬁsurance against llabillty in tort in a minimum- amount -
of $1,000,000.00 arising From :the\proauAct»:iOh activities or operations
iﬁeidentai thefet;‘condﬁetéd of carried'bﬁfdnder or by virtue of
any law or ordlnance. Such insurance shall be kept in full force

anc effect durlng *he per;od of such operations.

12, Subsidenee -’Ady bpefetot'bf'a’ceothermal Production.
Project shell participate in a Geothermal subsidence prevention and
detection ptdgram deveioped‘by'the:County, State,'ahd_Federal
Government. o B |

13l ggeggggb- Uponkcompletion'ofany phase of the project,
the site shall be cleaﬁed ﬁp_ih aecofdancelwith the Standards, and:
-insofar‘as practical, the‘Iand reterned to its original cqndition.

14. Waste D1sposa1 - All waste, whether liquid or solid,

must be disposed of in compllance with the existing County, State,

and Federal rules and regulations.

15. Noiee and Vibtatibh‘Supression - The operation of
tempefary or perhenent equipment and all other operetien_peffprmed
on therpremises shall be done ie a hanner so as to suppreée all
noise and vibration to an acceptable level.

15. Electrohic Interference - No operatot shall operate

electrical equipment or transmission facilitjes that will have a

~detrimental effect on the transmission of radio or television signals

17. _Air Pollution - All operations shall be conducted

k20
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. in compliance with the requirements of the Oregon Department of

Environmental Quality.

18. Aesthetic Requirements - All permanent installation

and premises including power, steam and/or fluid transmission lines,

‘shall be harmonious in appearance with the area and not of obnoxious

e

undesirable or unsightly appearance.

19. Land,Use}-'Site development plan and land use shall

-

prOVide for maximvm surface land usage including preservation of

productiye_farm land andvshall be in accordance with the Standards.

20. Odor and'Gas Control - All operators. shall take steps

to insure that no harmful or obnoxious gases be released as a

result of their operations.

21. Right of Entry - The County reserves the right to

~enter the premises under.the control of the operator,of any

Geothermal operation'to make appropriate'inspections‘to determine

if the conditions of this policy are being fulfilled

22. 'Public Facilities - If location or site of the pro-

posed project.is,suchyasfto requirevadditional~pub11c access‘facilities,'

_.the operatorLShallrbe‘required~to'provide where7necessary,:right5;p'

of wav on’ propertv he controls and to provide the necessary road: work

23. . Qperation Personnel - A11 development operations shall

:be conducted under the direction of a responsible engineer or agent
‘The operator shall 1nsure that a maintenance crew is- immediately

available to insure compliance with the conditions and standards

required. -
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24, Scope of Terms and Conditjons - The terms and conditions

rescribed shall be for a particuiar project and will pértain'tb
hat projéct 6n1y.' Futﬁféipfojeéts hé;xféééiﬁeiaddifionai and/or

ifferent terms and conditions.
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I PROCEDURES

APPLICATION PROCEDURES

A, Exploratory Geothermal Well, To obtain -an "Exploratory

Geothermal Well" permit, an operator must submit a conditional use

, permit application for a geothermal exploratory wedl Invaddition:

the operator must submit to the Planning Commission for their

approval, a definite proposal for the work to be done, including,

but,notglimited tO' o, o : -

1.

2.

Name, locatvon ,and elevation of the well to be drilled

Home address, and telephone number of operator s

de51gnated agent,

3.

;V‘efi the location of test fac1lities including complete -

A surface plat of the property to be explored including:

o a. surface location sites of the proposed well

including the‘size and shape of,location and access

droads,»

' b.v north arrow, scale date“and contoursvof land

. where the grade exceeds two percent'vd

c,; the boundary of the parcel to be explored

'd, the locations of existing roads, water ways, and

: cultural features including the present use - _of the

property to be developed and use. of the surrounding,

,vpropertY) -

: engineering data concerning any holding pond or

‘reservoir proposed 1n conjunction with testing and
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waste aischéégé‘}ééui}é&éhééi”*"*‘
t. the location of existing roads, waterjwaysland
d‘vcnlturallteatures gEaE jg??f» l‘t,zh;é;p';*ls
rlﬁci‘Proof that the well program ‘has been approved by the
State Divzsion of Oil and Gas, ‘and that all test and

lwaste dlscharge operations have been f11ed with the

Oregon State Department of Env1ronmental Quallty.

,.B‘ Geothermal Productlon ProJect To obtain al"Geothermal
Product‘on Project permlt an operator must submxt
l.' a rezonlng appllcation for the "G" zone 1f necessary,
12. a conditional use permit application for a geothermal
‘,exploratory‘well or‘copy of ex1sting perm)t
3. a cond1t10na1 use permit appllcation for a geothermal
production project -
As a part of the application the operator must submit to
the Plannlng Commxss1on\for thelr approval a definite
.proposal for total development thCh 1nc1udes the followxng
data but is not 11m1ted to: N
.1. Name, locatlon elevatlon of well or wells to be drilled
2. ‘Name address, and telephone nnmber of the operator's
designated agenttr
35 A surface plat of the property to be developed 1nclud1n{
“a.' surface locatlon 51tes of proposed wells /1ncludin;
slae and shape:of drl111ng locations and access roads;
\5. knortn arron; scale, date‘and contoursiofvland

where the grade exceed two percent;




c. 'theiiocations of existiné'roads;»water ways, and
O cultnral’features;”including the present use of the
property to be developed, and the use of the sur-A
rounding p’rop‘.erty;
'df‘hthe“houndary of the parce1~to'he;developed;
e, the location of test facilities including‘complete
*engineerwng data concerning any holding pond or
'reservoir proposed in connection with testing and
waste discharge requirements,-
’:;f["a ‘tentative plan showing the size ‘and- location
of power generation, mineral extraction, desalination
and other surface facilities including. their relation-
ship to known active faults.
4, A general geologic and engineering presentation showing

“enough data ‘to demonstrate that the area: contains geothermal

resources.p;’

-l

5.'A timetable showing a schedule of projected development..
6. Proof that the program for well or: wells has been
'“iapproved by the State Division of Oil and Gas and that :
W'all test and waste' discharge operations have been filed
'with the Oregon Department of Environmental Quality
_ 7.’ Submit for approval any additional anticipated land
'; nse,needs such as extra facilities“and;proposed sites-

for new industry.

~-C. ‘ggneralfPrOEedures.

1. Upon receipt oi applications andlthe required
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} sééoﬁdafy ipfofmétion, the>C6unty PlsnningVDepaftmcnt,will
,get,a Publié Hea:ingfar':he Piénning‘Qommission, notify
;appropriate'property;owners, agenéiES’and individuals of £y3'§
saidkhearing. Planning'CommissiOn‘will_consider testihony
»'of”ali iqterestedrparties‘and then,take ?ppropriate actioﬁ
..on: the variouslépplications,i
2. The/Planniﬁg Commission has a scheduled meeting for
~the 4th Thursday of eéch month. In order for an applica-
tion to be heard, it, along with all zoning information,
‘muSt«be“filéd,ét,least twbjweeks.prior~tq.the meéting;v
I1 STANDARDS
A, Classification of,Staﬁdards
1. Class I Stéhdgrds: |
a:ftClassvI“Standardsishall«apply to any exploratory
GeotherméifWell,'ortG;othermal Production Site iﬁ
Malheuf County.
 2._'C1ass 11 Staﬁdafds:~
a. Class II Standards shall apply in addition to
' theFCIass I Standards, to any Exploratory Geothermal
‘Wellior Geo;hermaerrbduction Site adjacent of near |
_existing'devélopment as determined by the Planning
- Commission.
B. :Plénnihg Sténdards,'?Zin
1. Class‘I Planning Standards: .

a. All Geothermal Drilling sites including test

-
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facilities and ponds shall be as small as possible

and in no case larger than five acres on arable land.

_ Exceptions will be;allowed‘if twobor more wells are

drilled’from the same site,.
b. Every site shall be designed to retain the maximum

amount of usable agricultural land and the site shall

not interfere with the irrigation and drainage pattern.

Drill sites shall be constructed adJacent to existing

}roads insofar as possible Well density shall be
:justified and in accordance with good Reservoir
Engineering Practices

| dc.- Unless specifically waivedby'the Planning
'Commission where legally permissible, the following

| minumum distances‘shall be observed in sitting a well:

>‘0uter Boundary of Parcel 100"
:fPermanent Public Waterway f\‘ 50"

' Public | Roads 1000

B ii'Residence , i'f' _i. | db;}'300!v
!f'i[>School viooi’rx; 'L»'A~:*b1320r
‘;Hospital ”Ji dlt'g.:“ .ﬁ5280'3
“’L:vAny other developmentb B 500'*

VVd'ﬁ Production Facilities shall where possible be
| located in centralized areas to serve the maximum 3
number of wells These shall include but ‘are not

limited to power plants, extraction plants, and
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,sepatatora}

e.iuAlljelect%;eal’ttansmiasion linea shall be
eonsttncted onnexlatlngitight‘of.way whenever
oossible. | o |

f. The olans for all permanent sumps, brine ponds,

waste holdlng ponds, and any other ponds, shall

1nc1ude a s01ls lnvestxgatlon and shall be designed

and constructed under the supervision of a registered

Civil Engineefi‘ Tnetfollowing are eonsldered;minimum

lcriteria: N ; o |

(l) Pond bottoms and dgkes shall be either imperviou
'or shall be 11ned to prevent seepage

(2) fEarthen dykes shall have 3:1 slopes;

v(g) ADykes shall be designed to prov1de three feet
free board when at de31gn capacity;

(4) Plan should minlmlze wave and wind erosion;

(5) Ptotect from any flood hazard.

The plans shall be Smeltted to the County for approv

v— g. A reproducible copy of the plot plan shall be

submitted on suitable material. It shall be 18" X

,26" withlan‘aoptoprlate‘seale and'ahallvbe prepared

in accordance w1th good engineer1ng and drafting

| technlques.r It s'dll show all exlst1ng topography an

fac1l1t1es and shall clearly show proposed developmen
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C. Drilling Standards
- *1. c;éss I Drilling Standards:

a. All Geothermal Well sites shall have aisign

| naving a surface of not less than two square feet
and,not more than six square‘feet Pearing the current
name and number of the well; emergency telephone
numberdof‘agent; name and/or insignia of the oper-
ator and the owner and this sign shall be displayed
at allftimes from the commencement of drilling.
cperations until the well has neen'abandoned.

}fe. EachHoperator shall limit the continuous generation
'of wide band noise to that shoﬁndonthe chart. The
levelyshown may be exceeded by ten percent (10%) if
the nqise,is intermittent and dnring daylight hours.

., The nqiseﬁleyels shall be’measured at the parcel
.bounvda_"ry.." | N | |

"'-’ ”: Sdnnd pressure leﬁeisrshall be measured at the.

pornts spec1fied and shall be measured wlth a soundv

: level meter and associated octave band analyzer con-

.‘ forming to standards prescribed by the United States

~of America Standards Institute. '

AL PRt ;(chart,on\nethpage)"'
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d, The foregoing graph shall conform to standard

units of meas—'rement in accordance with United States

cf America Standards Inctitute Code, $-1.11-1945,
Appendix A, | -
Within sixty (h0) days after the coirpletion of

the drilling of a wel],‘all drilling wastes must be

removed from the drilling site and disposed of, in

accordance with County and State‘regnlstions.
f. Svitable and adequate sanitary facilities as
approved by the Malheur County Health Department shal

be installed and maintained in a clean and san itary

condition a. ali times,.
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»afterhcompletion_of‘anxrwell.

- Drilling operations shall be diligently pursued

until each well is completed or abandoned. ‘Alln

drilling equipment_incloding derrickishall;be re-

. moved from the premises within sixty (60) days

[

‘h.{ftrior t07853"49“m¢QF,it shall be the responsibility
'oflthevoperatorfto complv with alleregulatione of the
'vGeothermalvBesources-Law‘of;theStatelof Oregon in

, regards to snbsurface,aCtions, _lnladdition,;the

hfolloving surface requirements are imposed; ‘These

surface requirements shall also. apply when the well

: 4or wells ~goes on production and aux1liary facilities.

are no longer necessary

.a>(1) The derrick and all appurtenant equipment thereto

'h shall be removed

‘ (2) A11 tank towers, other sorface:installationS‘i

J shall be removed'

(3) A11 concrete pipe ’wood'dOr‘other‘foreign

T,f materials shall be removed from the drill site

to a depth of six feet below grade, 5

j}?(a) A11 holes and depressions shall be filled and.

1»_packed w1th native earth All waste ‘material shall

'_:be removed from the drill site

,"(5) KIn agriculture or potential agriculture areas

Vany brine holding ponds shall be purged of brine,

the salts shall he removed_from;the;dykeﬂ-and
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2.

‘"bottcm"aﬁd”thc;Séfm871eveled'to7the‘satisfaction of
"“the County. :

“Class 1I Drilling Standards: .

a{~*A111wak in prepafatibn'of'the site for drilling
shall be done between the hours 5f‘7 a.m, and 7 p.m.
b. All chattehded Qeil'sites shall'be enclosed by
a steel chaln link’ type fence Six (6) feet high.
‘There shall be no openlng below such fence greater
thantfour (4) inches. The gate shall be placed at

a non- hazardous locatton and shall be locked at all

 times.

jc. ThebPianning Commission shall direct which

Noise lLevel curve as shown'on the chart shall apply.
Each operator shall limit the continuous generation
of wide band noise to that required.. The level
mayibe-exceeded to ten percent (10%) for any one
occurance if the noise is intermittent and during
daylight hours.,

d. }SohndApreseure levels shall be measured at the:
hdints specified and ehall be measured with a sound
1eve1 meter'and associated octave band analyzer -
'cchfethiné to stahaatdshbteSCtibed by the United
_Stated of7A@§f1¢5'é£a$aAfas institute.

e;h The follow1ng graph shall conform to standard

unlts of measurement in accordance with United States -
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of America Standards Institute\Code;'841.11-1966,

~Appendix A.
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'”:Vf. Off street parking shall be’ provided with not

less than five spaces for each well site,
All lights shall be directed or'shielded so as

to confine the direct rays to the site

“he The delivery or removal of equipment or material

vri'shall be limited to the hours from 7 a.m ‘to 7 p.m.

"iexcept in the case of emergency" i

i i:i{.o drill pipe shall he racked or made up excepr'

o oetween the hours of 7 a.m. tn 7 p.m. Exception to'

‘this’ is allowed where so: nd proofing is’ provided or

in-casegof'emergency.

" j. The dril*’.¢ site shall be treatei to eliminate

-
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dust and mud. .
¢ . k. brilling(may békon a 24 hour basis providing
~above is met,
D. Productién Standards

1. Class_I Production Standards: .
‘a, All requirements imposed byrghe ClaéSjI drilling
éstandard# shall remain in effect. |
b. All construction work will require a building
%permi;. The feeS»aqa procédures will berﬁased on the
;uffeht Buiiding Code adopted by the Planning Com-
mission of~Mé1heQr-County. | |

. ;'é. fAiI‘éogstrucﬁion‘plans shall be prepared in
accordance with the Architgctural Design Zone.
‘d.4ACont§ngous.ahd intermittentzsound'shall be
controlled to the levels listed under C 1 (c)
(Drilling Noi#e,Standards for Class I)

* e. The operator shall install a minimum of one
permanent benchmark per well as directed by the
Céunty Sﬁrveyqr in order to participate in thé Sub-
sidence Detection Program. _The benchmark shall be

constructed of concrete and firmly set. A brass
~cap as furnished by the County Surveyor shall be
‘plaqed in the monument. The operator shall tie this
benchmark into the nearest point of the U.S5.G.S.

level net by First Order Leveling techniques. .
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2.

£, Power lines shall be constructed on existing

power right of ways where possible. Efforts shall be

made to share existing facilities. Any new power

line installations shall conform with County optimum

‘land‘use'and aesthetic reduirements}

g{'Ali on‘site roads}andhparking areas shall be
paved. On site parking shall be provided for all
employees, customers orclients. | :

h. ;Shrubs,htrees, and ground cover shall be planted
andinaintained to compliment the appearance of the

prOJect where soil conditions permit.

Class II Production Standards

a. A11 applicable requirements imposed by the Class
1II Driiling Standards shalllremain in effect.. |
b. ,pontinuousVandvintermittentsound shall be -
controfied in accordance with paragraph C 2 (c)

(Drilling Standards Class II)

e A11 off site collectlon pipe lines shall be

'buried and shall utilize and share existing dedicated,
right of ways - On site collection pipe lines élall

'be palnted and/or landscaped to blend with the

environment.
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