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agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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Geothermal 
As i n  other 
r o l e  of the  
need of ref 
par t ly  t o  blame. Recent, successful d r i l l i ng  indicates nevertheless, 
a sharp and d about geothermal development 
standards and 

This report  i processes and issue elated to  geo- 
thermal devel nded to  inform planners and in te r -  
ested individuals i n  Deschutes County about geothermal energy, and 

-advise County o f f i c i a l s  as to  steps tha t  can be taken i n  anticipa- 
t ion  of resource development. 

The S ta t e  of Oregon de f i  es ORs 522.005 (7) 
as; 

"the mtural of the earth, the energy, inwhatever f a ,  below 
the surface of the earth present in, resulting fmm, or created by, 
or which may be extracted from, the natural heat, and a l l  minerals 
in solution or other proctuCts obtained from na-ally heated fluids, 

The processes of estimating geothermal resources, depending on 
current technology and the s t a t e  of the economy, i s  a.combination 
of those used for  estimating mineral and petroleum resources. 
Geothermal resources a r e  measured i n  uni ts  of potential  thermal, 
o r  e l ec t r i c  energy, ra ther  than millions -of tons o r  barrels  'of 
o i l .  Furthermore, geothermal energy figures re fer  to  a tempera- 
ture ,  nozmally the mean temperature of the resource. Only a frac- . 
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t ion of the to t a l  geothermal resource can be used effectively.  
Recovery r a t e s  range from less  than one percent up t o  twenty- 
f ive  percent i n  highly permeable rock. 

IV.  

Volcanic regions, par t icu lar ly  volcanic belts 
million years, host much of the  world's hydrothermal development. 
Volcanic rocks and associated intrusions in the western U.S. are  
found i n  the Aleutian Volcanic Chain, the Cascade Range, and through- 

In  these areas,  as  i n  other geo- 
thermal s i t e s  internationally,  converging .margins of major plates 
create  s t ress  regimes favorable t o  formation of volcanic rocks. 

Where the ea r t  crust  is under a t i ve  stress, geothermal energy 
-may be present Such areas may be characterized geo1ogicaW by 
act ive faul t ing and folding, mountain ranges, deep basins containing 
thick highly compressed sedimentary f i l l ,  and by local young vol- 
canic ac t iv i ty .  Examples include the Basin and Range Province of 
Nevada, Utah, and Oregon, and the Rio Grande Ri f t  of central  New . 

Hot springs and fumaroles are of ten surface manifestations of under- 
lying geothermal resources. 
does not i n  any way preclude a site's geothermal resource po.tentia1. 

- 

GEOLOGIC ENVIRONMENTS OF GEOTHERMAL SYS 

-out  the BasinbRange Province. 

* Mexico and southern Colorado. 2 

A lack of surface indicators,  however, 

V. GEOTHERMAL UTILIZATION 

A. General . 
Oregon currently u t i l i z e s  geothermal ener y direct ly  i n  commercial 

pavement de-icing, aquaculture f a c i l i t i e s ,  accelerated curing of 
concrete, milk pasteurization, and hog raising. 
power source, geothe-1 resources aze j u s t  be 
in Oregon using low temperature (250 F or  less 
head generators i n  Lakeview and Vale. 
(non-electrical) ut i l izat ion i n  the United S 

.Fal ls ,  Oregon, where on-site geothermal heat 
* .  60 thermal megawatts (MWt) - of energy during 

me following table  is a surmnarp of state g 
t e n t i a l  recently updated by the Pacif ic  Nor 
ference Committee (PNUCC). 

greenhouses, pool heating, res ident ia l  an % industr ia l  space heating, 

As an e l ec t r i c  

The 

. .  
rmai resoyrce po- 
t U t i l i t i e s  Con- 
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Table 1 

Neal Hot Springs 

available fran each 
if cost effective. 

e of econmk arri insti- 
tu- barriers. 

to Newberry Caldera. 

of oregonGeology 

PNUCC Alternative 
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nical  and social .  The Governor's Geothermal Task Force Final Re- 
iscovexy as a minimum t i m e  

t t s  on l ine.  Mike Lane, of Chev- 
mere pre-development time and 

Cumlative time aan;rlative costs 

$loQ,OOo 
$1 million 
$10 

% 

Factors affecting the ultimate cos 
include: a) resource parameters; b 
efficiency; c) proximity to  load c er andlor existing transmission; 
d) f i e l d  ownership; e) u t i l i t y - spec i f i c  methods and s t ructure  of 
financ,ing, tax treatment, indirect  COSES; and f )  t e h s  and conditions 
of contracts with resource producers. 

f geothermal power prod= t ion  
Over plant s ize ,  design, and 

. 

I ~ 

High Temperature Systems 

The most common types of geothermal systems are vapor-dominated and 
fluid-dominated. The former, while most economic to  develop, is 
rare. 
steam) which changes-phase t o  dry, superheated steam as pressure is 
decreased upon production. 
a turbine generator. 
mainly i n  the l iquid phase on1 . The f lu id  is produced from a w e l l  

t o  steam which is then fed to  a turbine generator (figures l&2). Quan- 
t i t ies  of waste f lu id  i n  a hot water system are large, since only a 
small percentage of the water flashes 
reinjected into the  peripheries of t h  

Two other types of geothermal utUl;za 
y e t  economic, are: 1) hot-dry-rock and 2) geopressured 
Scient i f ic  Laboratories estimates that hot dry rock 'at 
above 290° C (550° F) a t  depths of 5 kilometers (16,40 
prises 8 out seven percent of the 13-state Western Heat Flow Pro- 
vince. 9 Heat could be extracted by a r t i  
circulating a f lu id  as a heat transfer med 
cycle, through the heated ear th  (figure 3 1. 
mal reservoirs are saturated basins under p r  
upward movement by overlying impermeable roc 
sediments sometimes contains an anomolous 
solved methane gas. 
from geopressured zones is costly,  ye t  
sometime i n  the future when combined w i t  

A vapor-dominated reservoir  contains f lu id  (both l iquid and . 

The steam i s  then piped d i rec t ly  through 
I n  a fluid-dominated system, f lu id  a t  depth is b 

in to  a separator where it is a I lowed to  boil or  "flash" pa r t i a l ly  

a re  generally 

The technology for  p r  

-4- 
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Figure 1 

Flash Steam P 

Direct heat uses 

Q 



Dry wer Plant 

I 



/ 
F i g .  3 Typical dry-rock geothermal-energy system produced 

Source: The Potential for Hot-Dry-Rock Geothermal Energy 

by d r i l l i n g  and hydraulic f rac tur ing .  

in  the Western United States, Donald W. Brown. -3 
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Low Temperature Hot Water Systems 

Temperatures below those suf f ic ien t  for  dry steam or  flashed steam 
plants (approximately 300° F) may be u t i l i zed  i n  binary plants or  
hybrid plants .  
secondary f lu id  as freon, isobutane, o r  isopentane, which i n  turn 
drives a turbine generator. 
plants serve t o  a l l ev ia t e  corrosion o r  scaldingcproblems associated 
with cer ta in  brine-laden geothermal fluid's and a i r  pollution potent ia l .  
A binary system canza lso  be added a t  the t a i l  end of a flashed steam 
process to  ex t rac t -addi t iona l  heat from w a s t e  f lu ids .  See f igure 4 
for schematic. 

Hybrid plants require  a secondary energy source such as f o s s i l  fue ls ,  
biomass, or  solar  energy t o  raise geothermal fluid.temperatures up 
to  that  needed for  power generatton using geother=llY pre- 
heated a i r  for  the burner intake. s way, g e o t h e m l  is used 
to complement the use of other reso 
for example, w i l l  have an increased burning efficiency when dried by 
geothermal resources. 

As can be seen by the following graphs, r e l a t ive  abundance of low 
temperature resources (approximately 3000 F or less) i s  considerably 
higher than the  high temperature resources. 

Binary plants use a heat exchanger t o  vaporize a 

I n  using a secondary f lu id ,  binary 

Biomass in a plant, 

- 

c 

OL B 
if 

1978 data 1975 data 

RESERVOIR TEMPERATURE. IN DEGREES CELSIUS 

300°F r 1 S O 0 C  

Source: USGS Circ. #790,  p 

Pigure lO.-Pereent frequency of identified hy- 
drothermal convection systems by reservoir tem- 
perature (2@C classes). AI 1978 data. E, 1975 
data (frola Renner and otheTsr 1975). Also shown 
in  5 is a synthetic frequency histogrut (shaded) 
constructed Cram the equation of the line that 
best tit!: t h c  pint of cumulative frequcnrr; z. 
ri:wrvm)ir t-tnp-raiure.  a11 en*. lg7H atat3 ( 1  1.1. 11). 

29 .  
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C. Direct Util ization 

Geothermal f lu ids  with temperatures i n  the 80° F to  3000 F range a re  
more common and heat can be extracted with much greater efficiency 
than geothermal e l ec t r i c  power production. Direct-use conversion 
eff ic iencies  are typica l ly  between 70-90 percent vs. 5-25  percent 
eff ic iencies  fo r  e l ec t r i ca l  production. ' Other advantages include the 
following: 

- 

) Resources with d i r ec t  
prospects by a s  much as f ive  to one. 

2) Capi t a l  costs of d i r ec t  use are s igni  
conventional water well d r i l l i n g  equi 
transmission l ines  and power f a c i l i t  

) Development t i m e  i s  apt to  be shorte 
) Hot water can be transported greater 

ture losses of as  l i t t l e  as 0.1 C ( 0  
comparison t o  

t l y  lower--using 
and eliminating 

ances w i t h  tempera- 
per kilometer i n  

t am transport which i s  limited to approxi- mately 2 km. #!I 
5 )  Limited environmental impact. . Multi-stage use of geothermal resources, o r  ad as it i s  

known, can further enhance efficiency. An 1 si tuat ion could 
use the resource for  e l ec t r i ca l  production, the cooled effluent for  
an industr ia l  process, on t o  an even lower temperature for space- 
heating application, and f ina l ly  fo r  an aquacultural or recreational 
ac t iv i ty .  In  th i s  way, thermal "waste" from each s t ep  provides heat 
for  successive' processes that  require less heat. 



~. 
An example of geothermal-fueled indus t r ia l  processi 
Tasman Pulp and Paper Company Ln New Zealand, whic 
energy for  timber drying, black l iquor evaporatio 
paper drying. Tasman's investment cost.was approx 
thermal KW, a 70  percent reduction compared t o  conventional fue ls  
fo r  an annual savings of $1.3 m i l l i  

In  the western United States , - two plants show similar s 
Medo B e l  Creamery i n  Klamath Fa l l s ,  Oregon uses a low-temperature 
geothermal f lu id  t o  pasteurize milk. Geothermal Food Processors 
a t  Brady Hot Springs, Nevada uses a high temperature f lu id  to  de- 
hydrate onions and other vegetables. A th i rd  plant,  Ore-Ida Foods, 
Inc. i n  Ontario, Oregon, i s  considering converting to  geothermal. 
Some indus t r ia l  and agr icu l tura l  processes that coul enef i t  from 
extracted geothermal heat are shown i n  figure,  5 . 

. Annual maintenance costs  
are 2 percent of the capi ta l  c 48 

Space Conditioning. 

Three systems for  heating residences with s ign i f icant  heat loads 
are commonly used: forced a i r ,  c i rcu la t ing  water, and radiant heat 
from e l ec t r i ca l  resistance.  
fuel, a homeowner has two poss ib i l i t i es :  designing a new system o r  
r e t r o f i t t i n g  the present system t o  geothermal. 
quires matching specifications,  which may be expensive. For exam- , 
1800 F will require  additional flow i f  the geothermal temperature 
avai lable  is less than 1800 F. Lower operating costs can j u s t i f y  
i n i t i a l  expenditure. (See f igure 6 . )  

For electrical space heat, the forced-air system is  most adaptable 
for  r e t ro f i t t i ng .  Converting electrical resis tance heating (base- 
board) to  a geothermal system is  more d i f f i c u l t ,  An estimated 25 

i c  space heat percent of Deschutes Count residences with 
u t i l i z e  a zonal (baseboard v heating system. 

In general, the  older the  system, the be t te r  chance i t  has been 
over-designed, and hence of meeting the capa 
thermal conversian. A fieat exchanger transf 
mal f lu id  with about a 100 F temperature l o  
a heat exchanger to a geothermal system dep 
culating geothermal f lu ids  d i rec t ly  w i l l  co 

In examining geothermal as a heating 

A conversion re- 

p l e .  a system designed for  a 10 gallon per minute (gpm) flow a t  I 

fie' 

12 e fan-coil uni t .  

D i s t r i c t  Heating 

An alternative to  individual space heating is  d i s t r i c t  heating 
which i s  a broader and more e f f ic ien t  geothermal. application than 
any of those previously mentioned, Dis t r ic t  heating systems, such 
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Figure 5 .  .Application Temperature Range..for Some Industrial Pro- 
~< cesses and A cultural Operat 

7 

F 50' lqoo Iqo O 2pOO 2500 
I # I a 

Cone Sugor 
Evopomtlon 

I MIfd Porta Worhhg 

s Scolding Molt Bererages 
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OlitUkd Liquor 

I 
Milk Evopmnm I 

Ahmino 

elonching and Cooklng 

* Phormoceuticol 
Auto Clovlng (L Cleon-up 

C o n a r k  Block 

APPLICATION TEMPERATURE (oF ,OC)  

e: Direct Utilization of Geothermal Energy: A Layman's Guide 
Geothermal Resources COuncil Special Report No. 8 ,  1979 



Figure 6 .  Space-heating Sys terns Suitable for Geothcmutl A p p l i c i t t i o n s  

Hot Water Coil 

FORCED AIR 

Hot Water 

1 HYORONlC aAMANT FLOOR OR CElUNG PANEL ] 
lo Heat SWI 

Cgndenrrr 

Source: Direct Utilization of .Geothermal Energy: A Layman's Guide 

Figure 7 .  Space Zeating and Cooling with Geothermal Fluids 
- 

Source: Oregon: A Guide to Geothermal Energy Development . 
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as those of Klamath Fa l l s ,  Oregon (see c 
Idaho , pump geothermal f 1 to  a centra heat exchange f a c i l i t y  
after which i t  is re in jec  . A closed. op secondary pipeline 

. f i l l e d  with treated c i t y  water then supplies heat to  surrounding 
residences and buildings. 

Geothermal d i s t r i c t  heating of fe rs  sever 
could speed large scale  implementation: 

1) The technical f eas ib i l i t y  is we1  
demonstrated over an extended pe 
and elsewhere. 

2) Geothermal d i s t r i c t  heating should b 

e study below) and Boise, 

ared to  con- 

s t r i c t  heating project has incurred the following 

- Amount Status . 
Production w e l l s  $ 63,965 Complete 
Primary Pipeline 1,269,711 Complete 
Secondary Pipeline 790,966 Complete 
Engineering and Ad- 
ministration 

o jec t ,  a t  $.31 

of dis t r ibut ion,  the loss  of heat i n  dis t r ibut ion,  the high cost of 
heating one-family residences, and the high i n i t i a l  capi ta l  invest- 
ment. The main advantage of d i s t r i c t  heating i s  an 80 percent 



heating efficiency as opposed to  
heating system. Xceland has bee tremely successful i n  using 
geothermal f o r  d i s t r i c t  heating. 
country's buildings, .anti Qf percent of the buildings i n  Reykjavik, 
are heated geothermally. 

-70 percent for  an individual 

Approximately 65 percent of the 

Low tempera lu ids  'or those 
cascaded from p revhu  
processes. 

Geothermal water c i rcu la t  
finned-coil heat exc 
using temperatures 
animal husbandry (rais ing of animals) , aquaculture (cult ivation of 
fresh-water and/or marine organisms), spil warmin , mushroom rais ing,  

cu l tura l  productivity. 

The Soviet Union and Hungary use over 350 MWt annually i n  geother-.  
mally supplemented agriculture.  
r a t ion  near Susanville, California, provides heat t o  th i r ty  green- 
houses, and i s  play+ng expansion for  over 200 un'its, to  grow cucum- 
bers and tomatoes. And Fish Breeders, near BUM, 'Idaho, use 
6,000 gpm of 900 F. water t o  raise approximately 500,000 pounds of 
f i s h  annually. 

and bio-gas generation, can replace conventional f uels  and a id  agri -  

'l[n the  U.S., Geo-Products Corpo- 

D. 'Heat Pumps 

Heat pumps a r e  an application fo r  temperatures even lower than 90' F, 
and a r e  of ten used i n  individual w e l l s  and d i s t r i c t  heating to  take 
advantage of the lowest temperature resources. 
f e r s  heat from a low-temperature heat source to  a higher temp medium, 
using f lu id  temperatures as l o w  as SOo F and up to  1200 F. The 
greatest efficiency occurs i n  the 60-90° F range. 

A heat pump trans- 

The advantage of using geothermal f lu ids  i n  a water-to-water 
water-to-air heat pump is  that the heat source i s  not contin 
upon atmospheric conditions. 
source heat pumps exhibi t  a higher, and 
of performance' (COP): 700 F water allows 
-Soyp# erage ,COP'S fo r  a i r  source h 
2.5. 

Compared t o  air- to-air  

3 . 0 ,  whereas 
range from 1.7 t o  

Several heat pump ins ta l la t ions  are currently operating. 
pump i n  C r i e l ,  France extracts a 100 ercent increase by using re-  
turn Bter from the f i r s t  stage of a Parge 4,000-home heating sys- 
t em.  A 28-story o f f i ce  building i n  S a l t  Lake City, Utah i s  en- 
t i r e l y  space-conditioned -using a w a t e r  t o  a i r  hea.t pump operation, 

A heat 



nment Camp, Oregqp condominium heat pump system 
A l o t  of buildings i n  down- produces .5  million Btu's per hour. 

town Portland use groundwater heat pumps. 
homes i n  Oregon are heated by gr  

An economic analysis 'for a home-heating system i n  an 1,800-square 
foot  house i n  Klamath Fa l l s ,  Oregon w a s  co by the Oregon 
Ins t i t u t e  of Technology. The study compar cost  of an o i l  
furnace, e l ec t r i c  furnace, heat pump using omestic water, and 
heat pump requiring a separate 300 f t .  w e l l  a 100 f t .  s t a t i c  
water level. The assumed economic inflat seven percent, the 
projected inf la t ion  rate for  e l ec t r i c i ty  was  8 . 9  percent through 
1988 and 6.8 percent thereaf ter ,  and No. 2 diese l  o i l  was  projected 

Approximately 150-200 
t e r  heat pumps. 

. 

to  i n f l a t e  as follows: year - 
1979-1980 
1981-1984 . 

11 03% 
1985-1989 ' 

1990-1994 
1995-2000 11 04% 

The r e su l t s  were as follows; 

Table 2 
22 Residential Groundwat 

* '  A . B C E 
Total 20- 

FIrst -Year Year Annual 

water heat 



V I .  GEOTHERMAL SITING CONSIDERATIONS AND ENVIRONMENTAL IMPACTS 

A. General Considerations for  Electr ical  Generation 

Four general paramete 'of-any 'hydrothermal convectton system are  
heat, 2 )  permeabili 

0 MW uni t  a t  t 
ncludes the following major c 

eysers dry 6 
Leasehold size: 800-1000 acres 
Power plant--total  area: 4-6 acres 
a) turbine generators and building 
b) cooling towers 
c) switchyard 
d) abatement/treatment f a c i l i t i e s  

Steam supply--total area: 25-100 acres 
a) w e l l  and well pad 
b) steam pipeline 
c) mufflers 

Other f a c i l i t i e s  
a) o f f s i t e  f i l l  areas--s i te  specif ic  
b) transmission l ines:  5 acre$ 
c) roads: 20-40 acres . 

General s i t i ng  criteria are 1) that an adequate resource i s  con- 
tained within the leasehold, 2) that  transmission distance is mini- 
mized, and 3) that the s i t e  i s  environm nta l ly ,  technically, and 

Sunoco Energy Development Company (Sunedco), i n  reference to  a geo- 
thermal leasing on the federally-owned Belknap-Foley area,  Lane 
County, Oregon, c i t e s  "basic and immutable" operational l imitations 
to geothermal e lec t r ica l  development: 

economically feasible  for development. $5 

1) Heat loss i n  pipeline t rans  
a l imitat ion of no more t h  
between w e l l  head and gener 

2) Relatively f l a t  transmission 1 
avoid pumping and transmission 

3) Dr i l l i ng  experience i n  the B r e i t  
f i r s t  dee well i n  the Cascades, indicates 
d r i l l i n g  % w i l l  not be a viable  tec 

' region" d e t o  enormity of costs  and 
plexity- 37 

Sunedco notes as well, four 
an e l ec t r i ca l  generating plant i n  the Cascades: 

1) a reservoir  rock of volcanic material 
2) a complex faul t ing and f rac  
3) association w i t h  

4) proximity t o  an adequate heat source. 
flow, and 

More specif ical ly ,  i t  says, a resource suitable for development 
must "generate flows i n  excess of 100,000 lbs/hr from a reservoir 
with temperatures higher than 4000 F with adequate pressure t o  main- 

. &  * 



t a i n  a consisteEt2ievel of f l o w  for  the expected plant l i f e ,  i . e .  
20 t o  30 years. 

d T h  de Task Force 
further s ta tes  that  "the 1 fueled.plants i s  
res t r ic ted  t o  the areas t igh heat potential  w i t h  a su i t -  
able amount of water, e i ther  on t h  d within the 
geothermal f i e ld  There are  confl urrently recog- 
nized that will a i r  plant s i t i n  ed Natural Re- 
source areas a re  i n  general unsuit 

Water . res t r ic t ions  p 

c ipal ,  and o t  

Natural resource areas include: national 
r i a l s ;  wilderness and roadless areas; 
sensi t ive areas ; ..fishery resource, are 
above, wildl i fe  maqagement areas, re 
areas, and fishery resource areas m 
power development. These areas 
ra ther  than unsuitable" by the E 

that have been 
t e r  uses." 29 

ending on the type, 
t, and ultimate eTid-use of the geo- 
n environmental issues must be site- 

othennal development may 
t h  i t s  own environmental 
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enomena. 

-flying a i r c r a f t  , 

Test Drilling provides subsurface geologic data, l oca t e s  

delineate reservoir  l imi t s ,  and a ids  physical chemical analyses of 
reservoir f lu ids .  Locations fo r  test d r i l l i n g  are selected on the 
basis  of Phase I ac t iv i ty  and approved exploration plan. 

1 productive zones within- the geothermal reservoir ,  helps 

Test wells vary; boreholes range i n  s i z e  from four to  twenty-four 
inches i n  diameter and a f e w  hundred t o  several thousand feet i n  
depth (the deepest being i n  the 5,000 t o  10,000 foot  range). 
Larger w e l l  d r i l l i n g  impacts are comparable to  thbse o i l  and gas 
operations. D r i l l  sites (pads) are generally one acre or less, 
and are cleared of vegetation and graded t o  a f l a t  surface.’ A 
dr i l l i ng  r i g ,  usually truck-mounted, w i t h  a conventional super- 
structure,  mud pumps, together with mud tanks, generators, d r i l l  
pipe rack, tool  house, etc. usually i s  located on the d r i l l i n g  pad. 

Other f a c i l i t i e s  may be lqcated off the d r i l l  pad. 
of approximately 1,000 f t  , 6-8 ft deep, is  sometimes dug t o  contain 
waste f lu ids  during d r i l l i n g  operations. 
comodate transport  of the heavy d r i l l i n g  r i g  and other equipment 
i s  typically needed. Larger and/or deeper holes require  larger  
equipment and inevitably occupy a larger  site. 

IMPACT: Unavoidable impacts of road construction o r  enlargement 
will occur i n  t h i s  stage, and could include: 

resource production. Moderate levels of nois mpany dr i l l ing-  
and- grading. Spillage of geothermal f lu ids ,  d r t l f i ng  mud, or  other 
surface contaminants could occur. While the acts of test d r i l l i n g  
are generally temporary in nature, they may r It i n  loss of wild- 
l i f e  habi ta t  and wilderness value. 

determines flaw rate, 

. 

A reserve p i t  

Road construction to  ac- 

face disturbance, soil erosion, and 
to  1 acre at each d r i l l  s i t e  is  take 

pressure, and compatkbil 

Establishing the maxinum production ra te  i n  this-phase IMPACT: 
involves venting of the w e l l  t o  the atmosphere with accompanying 
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vapor re lease and noise. 
of f lu ids  i s  necessary to  determine the i r  toxicity.  
tha t  preliminary stages 1-3 indicate a geothermal f i e ld  has economic 
potential  for  power development, a commitment from a customer elec- 
t r i c  u t i l i t y  must be obtained to  warrant further development. 

PHASE I V  Field Development means the additional wells to  
develop more of the  same t i e l d .  Field d can continue 
many years as additional power-generating uni e cons truc t ed . 
cer ta in t ies  as t o  the  depth of the produc and type of f 
t o  be encountered are less than i n  the i n  specting stages. 
Contaminating sub tances contained i n  ge lu ids ,  if present, 
must be removed o otherwise treated bef e disposal. If 
the f lu id  is  suf f ic ien t ly  pure produced a t  a 
geothermal ins ta l la t ion .  

A desirable, although expensive, method of f lu id  disposal i s  deed- 
w e l l  injection. Injection (sometimes called re-injection) i s  the 
emplacement of wastes back in to  a reservoir,  usually below the 
w a t e r  table  and beneath a confirmed stratum i n  order to  protect 
water supplies. Inject ion can a) perpetuate long-term use of a 
reservoir by maintaining i t s  pressures,.'and b) eliminate surface 
environmental contamination by circulating f lu ids  i n  a closed-loop 
system. 
though largely mitigated, i s  a buildup of scale on pipes and wells, 
caused by silica or  carbonate deposits from waste f lu ids .  
from briny geothermal 

IMPACT: Generally similar t o  tha t  occuring i n  the test-well stage 
but on a greater scale: there w i l l  be Eurther, more permanent con- 
s t ruct ion of service f a c i l i t i e s  and l iving quarters. Fluid dis- 
posal is potentially dangerous to  vegetation, wildl i fe ,  and s o i l  
structure.  Greater land clearance reduces habitat .  A i r  and water 

Considerable monitoring and analyzing 
I n  the  event 

A technological problem sometimes encountered i n  injection, 

Corrosion 
ids  may also plague well apparatus. 

may be a concern. 

Power n t  and Power struction.comprises phase 5 .  
he steam from 

t economically 
n ts .  Power plant 

an individual 
s factors i n  
of two turbine 

- 
depletion. 
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PHASE VI Full-Scale Operations and residual management would involve 
a) operatinn and maintenance o f  power plants and related f a c i l i t i e s ,  
and dr i l l ing ,  re -dr i l l ing ,  and working over of geothermal wells to  
maintain production capacity. Overall activi  l d  be considerably 
reduced over t ha t  required i n  ses 4 and 5. 

IMPACT: * Aesthetk qual i ty  would be a f fec te  he completed de- 
velopment of a w e l l  and steam transmission sy 
faci l i t ies ,  transmission l ines ,  and permanent roads. 

* Operating noise levels as high a 120 
pulation and loca l  fauna within a % m i l e  r ad i  

' * Possible nuisance and tox ic i ty  t o  wild l i fe ,  humans, and 
t ion from uncontrolled noxious, gas emissions close to the pro- 

duction area. A hydroge i d e  ( rot ten . .  egg) odor may 

* Increased a i r  
* *  Potent ia l  for land subsidence because reservoir material 

compacts as f lu id '  i s  removed. 
* Potent ia l  for  seismic events r e s u l t  rom withdrawl 

and/or inject ion of hydrothermal f lu ids  along unstable formations. 
* Potent ia l  destruction of cultmallarcheological sites .- 
* Possible decrease of timber production area a t  power 

* Potential  water use conf l ic t s .  

* Potential  water pollution from geothermal f lu ids  w i t h  a 

* Potential  land-use conflicts--e.g. wilderness, agricul- . 

a ture  i n  plant v i c i n i  

plant site. 

require 12-14 million gallons/month. 

high dissolved so l id  content. 

'ture, habitat  preservation, recreation. 

FAVORABLE IMPACTS: 

manner provides a relative K y clean power so 
t iona l  fuels.  

is noted Zn. revious sections. Fluids m a  a1 
gas p o t e n d  (such as methane) and valua E l e  
domestic, I r r iga t ive ,  o r  indus t r ia l  use. 
after power production has ended. 

creased tax base for  the  area of development. 
sonnelwould stimulate the demands for  goods and se 
and adjacent areas. 

terest quali ty of existing g'eologic and volcanic areas. 

cooling fa 

* Development of eothennal i n  an lly acceptable 

* Geothermal heat can be cascaded fo r  

d conven- 

resources for  
Wells might be used even ' 

* Investment i n  geothermal development resu l t s  i n  an in- 
Employment of per- 

ices  i n  Bend 

* A geothermal ins ta l la t ion  could enhance the spectal in- 



D. Direct Use Si t ing Considerations 

Many potential  ac t s  from geot 1 e lec t r ica l  
development are avoided when geothermal f lu ids  

urcc. Construction sturbance and ca 
d i rec t  heatin 
t h  e lec t r ica l  
nes, power-generating equipment, or cooling 

f a c i l i t i e s .  Direct use also requires cons w e l l s  per 
deve ent,  shallower depths, and 

Many d i r ec t  
the cos t .o f  nventional fuels  Significant variables i n  pricing 
a d i rec t  us eotherrnal system clude: water qual # s i t e  location, 
pumping dep system efficiency, .daily hours of gy use, trans- 
portation distance, d r i l l i n g  costs ,  

irect use evaluations e s i te-specif ic .  Neverthe- 
idel ines  to  insure a e benefit  t the geother- 

e geothermal s y s t w  supply energy a t  a f r a c t i  

cost  of investment. 34 

m a l  user can be suggested: 

peratures compatible to  the needs of the user should be 
developed. 
s i rab le  for  keeping costs down. 

2) Pipeline distances between the production well and the user 
should be kept t o  an absolute minimum, due t o  costs and heat 
loss.  

3) Users must operate a t  least' 20-50 percent of the time i f  t h  
cost  is  t o  be competitive with that of other energy. forms. 

4) The developer must obtain low-interest loans and be will ing 

1) Resources a t  shallow pths that have flow r 

Water tha t  has few corrosive elements is  de- 

es and tern- 

$5 



VII. PERMIT PROCESS 

The f i r s t  s t ep  for any'potent 
to  ident i fy  land , the *developer 
may have to  deal e land, and the 
owner of the m i n  
mal are similar to those Obtaining the 
r igh ts  t o  a geothermal re  d than obtaining 
the r i g h t s  to  a coal - f i e 1  eothe-1 resources 
are ak in - to  water, to 'gas  r egon Geothermal 
Resources Act of 1975 gra otherma1 resour- 
ces -to the surface owner 

"Ownership rights to geo 
mpface property underlain-by the geothamal resources unless such rights 
have been otherwise reserved or conveyed. Hmever, mthhg in rhis sec- 
tioli shall divest the people or the state of any rights,, t i t l e  
west they may have in g e o t h d  resources." (ORs 522 .a5 )  

A s  there  is-some confusion about the nature of geothermal resources 
as defined by ORs 522.005(7) and the ownership of geothermal re- 
sources as defiried above, the developer is advised to  secure a l l  
resource r igh ts ,  surface and subsurface, t ha t  may cons t i tu te  a 
claim to  geothermal resources. 
t a i led  account of state, federal ,  and pr ivate  leasing processes 
excer ted from Debra Justus (Oregon: A Guide to  Geothermal Develop- 

The following p a p  provide a de- 

ment . v 
1 

A. Access and Development Rights 

1. Private Land 

Access to  pr ivate  land can be obtained by purchase, lease,  permit, 
option, or  any other m u t u a l  agreement with the owner of the surface 
property and geothermal estate. If the  land and resources are pur- 
chased outr ight ,  i t  is  important that the d 
t i t l e  to  the surface and subsurface r igh ts .  

In most instances, access t o  pr iva te  land is  obtained through a 
geothemal lease. Leasing terms 
royalty payments, Lease fees  
and development activities. 
and gas leasing procedures. 

Landowners may permit access p r io  
This allows the developer t o  conduct agreed upon preliminary ex- 
ploration activities. 
and geophysical inves t i  a t ions which do- not dis turb the surface and 

would be required for  exploratory d r i l l i n g  on p 

I f  the area of in te res t  i s  already under lease for other purposes 
such as farming or  grazing, the.deve1oper must secure permission 
from the lessee for  surface access r igh ts .  

Such activities could include geological 

temperature gradient ho f e dr i l l ing .  A state w e l l  d r i l l i ng  permit 
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, .. , 
' i  

S ta te  Land 

Board, through the Divi n of S ta te  Lands, i s  
authorized to  issue leases for  geothermal resources underlying 
state-owned lands. geothermal resources lease is required to  

herma1 resources. 
of a power plant 

fore lease ac- 

The Division also re  u i res i  An archaeological survey before entry for  

geothermal resource and ground water quali ty and quantity during pro- 
duction, program for  subsidence monitoring, re-vegetation for  dis-  
turbed areas, and compli h Department of Environmental Quality 
(DEQ) standards governi w a t e r  quali ty,  noi and waste 
disposal. 

,exploration, propose 3 program for  monitoring and surveillance of the 

on a f i r s t  come; f i r s t  served 

issue leases for  the development and use,of geothermal resources on 
certain federal  lands. Exempted from leasing a re  lands within the 
National Park System, national recreation ateas,  fish hatcheries, 
ident i f ied wildl i fe  areas (e.g. refuges, ranges, management areas, 
waterfowl production areas), Indian lands, Department of Defense 
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lands, and other lands selected by the Secretary. Wilderness areas 
may be leased i n  accordance with the terms of the Wilderness A c t  of 
1964. 

Limited exploration 
lfminary evaluation operations may be conduc 
lease by obtaining a temporary use permft f r  
Office or  the Forest Supervisor's Office. 
activities such as geologic mapping that are 
appreciably d is turb  the land. 

Pre-lease exploration a c t  ies including t e s t  d r i l l i n g  up to  152 
meters (500 fee t )  may beg on approval of a "Notice of Intent  
and Permi t  t o  Conduct Exp ion Op,erations" from the District 
Manager of the BLM, who coordinates with the USGS. The notice . 
requires s i te  specif ic  information concerning exploratio 
and a $5,000 bond o r  other bond assurance. 
quires compliance with a l l  applicable federal  and state l a w s  and 
loca l  ordinances. en the exploration activities arc complete, a . 
"Notice .of Comple of' Exploratory Operations" must. be f i l e d  with 
the BLM. 
which issues Prospecting Pe rmi t s  on National Forest Lands for  ex- 
ploratory operations. 

Casual-use and exploration under a Notice of Intent gives the non- 
exclusive r i g h t  to  conduct operations .on federal  land, but no pre- 
ference for  a lease. A geothermal lease gives the exclusive r igh t  
to  d r i l l  for, develop, and use geothermal resources under the leased 
land and the nonexclusive r i g h t  t o  perform exploration and casual- 
use operations. 
leased lands may gain access by obtaining an exploration permft from 
the appropriate surface management agency. 

The Bureau of Land Management has primary responsibflfty for idsuing 
geothennal leases on a l l  avai lable  federal  lands. 
log ica l  Syrvey and U.S. Forest Service a l so  
governing the issuance and administration of 
leases. The major r o l e  of these agencies i n  
g r a m  is  outlined below: 

Bureau of Land Management 

ceivfties and other pre-.  
before securing-a - 

e local  BLM Dis t r ic t  
C a n a l  use re fers  t o  

The approve 

Similar procedures are required by the U.S. Forest S 

Persons other than the lessee, who wish to  explore 

The U.S. Geo- 

- Receiving and processing 
areas. - Publishing lease  sale notices and receiving bids for  competitive 
lands. 

lands for  geothermal leasing purposes. 

lease environmental evaluations (USGS has primary responsi- 
b i l i t y  for  post-lease act ivi thes)  . 
ment programs for  BLM lands. 

operations. 

- Preparing environmental assessments on su i t ab i l i t y  of BLM 

- Providing input t o  the USGS on surface consideration of post- 

- Preparing lease s t ipulat ions governing special  surfaee manage- 

- Supervising land uses on BLM leased land outside areas of 
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- Awarding a l l  leases. - Administering lease (except t functions assigned to  the 
USGS or  Forest Servi 

- Providing input on geolog se t t ing  and 
for  pre-lease environmental eva - Supervising ac t iv i ty  within the 
lands for  a l l  phases of explora elopment and u t i l i za t ion .  . - Preparing post-lease environmen 
exploration ,and devel face management 
agency, 3LM or  Forest - Designating "Known Geo - Administering terms of lease.  - Issuing Geothermal Resource Operational Orders. - Reviewing lease stipulations.formu1ated by the. BLM or  Forest 
Service - Parcell ing of lease tracts. 

n t s  on s i t e  specific 

Fore st  Service - Preparing environme ssessments on su i t ab i l i t y  of national 
' fo re s t  lands for  geothermal leas in  purposes. - Providing input to  the USGS on sur f ace considerations of 
post-lease environmental evaluations. 

for  Forest Serv lands. 
- Preparing lease s t ipulat ions for  governing surface management 

- Supervising la  - Issuing apecia 

The procedures for  obtain 
the competitive in te res t  c lass i f ica t ion  of the land. 
c lass i f ied  as "Known Geothermal Resource Areas" (KGRA) and leased 

ses on leased land outside areas of operation. 
or  surface occupancy. 

a1 geothermal lease depends upon 
Lands may be 

during the same month. 





necessary pre-lease environmental review and determines which areas 
' w i l l  be available for  leasing. 
and publbhes public notices. 
bidder must submit a statement of 
sealed bid which includes payment 

The BLM sets the lease sale  date 
Prior to  the day of the sale ,  each 

ions for  leasing and a 

een classif ied as a or excluded 

t ive  basis. 
to Lease Geothermal Re'sources". The app ication requires a s i t e  
description, map, proposed plan, methods for  di l igent  operation, 
proof that. an individual, corporation, o municipality is qualified 
to hold a &ease, and other specified information. Each application 
must be f i l e d  with the BLM State  Office. Applications w i l l  be con- 
sidered, environmental assessments conducted, and leases awarded for  
lands found sui table  for  geot 
pr ior i ty  by date of fi l ing. .  

The procedure begins with the f i l i n g  of an "Application 

elopment,on the basis of 

# of lease # of # of # of d r i l l  s i t e s  # of 
500' 2000' acres applications applicants I 'acres. - 

Fort Rock 144 44 396,858 20 8 7 
Bend Distr ic t .  20 1 

1 1/4 

ce 

required w i l l  vary depending upon t h  ze of the project and the 
environmental s ens i t i v i t  of the are ample, a commercial 
geothermal greenhouse w i  P 1 require f ts  and less  processing 

ec t r i c  f a c i l i t y  sited on federal land. 

cribes the 
It is  suggested that the developer contact the 

types of permi ts  that 
may be required. 
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loca l ,  s t a t e ,  and federal  agencies which may have regulatory authority 
for  a specif ic  project  for  additional de ta i l s .  
of Energy can a l so  provfde information regarding permitting require- 
ments for  a par t icu lar  project.  

The Oregon Department 

Private Land 

types of permits may apply to  geothermal projects:  - Conditional. land use permits may be required from cit ies or 
counties t o  -comply with local zoning ordinances-and Land 
Conservation and Development Commission goals and guidelines. 
Contact the loca l  planning department for  information regarding 
applicable l a w s  and regulations. - Construction permits and building inspections 
pliance w5th state and local codes should be 
through the loca l  building and safety division. - Dril l ing permits w i l l  be required from the Department of 

'Water Resources or the Department of Geology and Minetal 
Industries,  -depending on expected w e l l  depth and temperature. - A permit is required from the DEQ for  disposal of l iquid 
,wastes such as d r i l l i n g  muds, equipment o i l s ,  geothermal 
f lu ids ,  and so l id  wastes. - A Water Pollution Control Ecicilities pe rmi t  from the DEQ 
may be required for  in jec t ion  w e l l s .  - Other permits may be required from the DEQ*to set limits on 
a i r  emissions and f lu id  discharges. Contact the local  o r  
state DEQ o f f i ce  for  spec i f ic  information. 

-, An energy f a c i l i t y  s i te  certificate i s  required for  large 
f a c i l i t i e s  over 25 MW. 

2. Sta te  Lands . 

When a lease has been issued, exploration and development a c t i v i t i e s  
are subject to  state, federal ,  and local  regulations governing land 
use, w e l l  d r i l l i ng ,  f a c i l i t y  s i t fng ,  and w a s t e  disposal, as outlined. 
i n  the preceding section. 

I n  addition, t o  develop a geothermal resource on s t a t e  land, the 
Division of S ta te  Lands requires: a proposed tes t ing  program, ber- 
t i f i e d  copies of all tests and measurements, l ega l  confirmation of 

a l l  production. 

he w e l l ' s  primary purpose, design alternatives 
elopment planning, and measurements of t h  

onsidered i n  de- 

3. Federal Lands 
a 

When BLM has issued the lease, the U.S. Geological Survey assumes 
primary responsibi l i ty  for  exploration and development operations 
within the federal  lease area. 
ponsible for  * a l l  other areas. The USGS Conservation Division Area 
Geothermal Supervisor maintains regulatory control pursuant to  the 
Geothermal Resources Operational Orders. 

The surface managing agency i s  res- 

The BLM is responsible 
f a c i l i t i e s  of 20 Mw electrical power genera 



Activi t ies  re la ted  to geothermal resource exploration, develop- 
ment, production and u t i l i za t ion  a re  carried out under a Plan of 
Operation approved by the Area Geothermal Supervisor. Necessary 
permits and environmental reviews a re  coordinated by the Area 
Supervisor with the exception of permits  
to  the atmos e+and waste disposal whi e is  by the 
Department o ironmental Quality. '3% elop s t  a lso 
obtain a w e l l  d r i l l i n g  permit from the 0 
logy and Mineral Industries, 
sequentially by development phases or  i n  combination, depending 
upon project scale and developer's data. 

ired for  emissions 

Department of Geo- 
Plans of operation may be submitted 

Environmental Review Procedures I 

Federal agencies, generally the s gement agency and 
the USGS, are responsible for  the preparation of environmental 
documents necessary to  sat isfy requirements of the National 
Environmental Policy Act and stafe or local  environmental l a w s  
for  a c t i v i t i e s  conducted on federal land. State and local re-  
gulations are applicable t o  federal  lands, but these standards 
are generally enforced by federal  agencies. 
sary for  the developer to  .perform an archaeological and native 
American rel igious s i te  survey and sometimes a biological sur- 
vey for  any threatened and endangered species. 

It may be neces- 

Deep exploration d r i l l i ng ,  development, production and u t i l i -  
zation a c t i v i t i e s  are considered major surface disturbing ac- 
t ivi t ies  and require a s i te  specif ic  environmental assessment. 
The evaluation must discuss the a f fec t  the operation w i l l  have 

Production 

Resource production is regulate 
duction from the Area.Geothe-1 Supervisor. 

PProved Plan of Pro- 
Before the plan 



is approved, the applicant must gather environmental base- 
' l i ne  data describing the existing environmental set t ing for 

a one-year periad. Requirements for  baseline data may be 
waived by the Area Supervisor for  p ro jec t s , t ha t  w i l l  have 
rninlmal impact. Waivers are  determined on a case-by-case 
basis. 
consultation with the Area Supervisor t o  determine which 
requirements will apply to a specif ic  p 
planning of suff ic ient  time 

Fac i l i t i e s  Construction 

Small scale f a c i l i t i e s - o n  federal  land a re  permitted by the 
Area Geothermal S ervisor , and environmental evaluations 
are undertaken i ecessary. Larger f a c i l i t i e s  such as  
e l ec t r i c  generat plants a re  licensed and reviewed for en- 
vironmental impact by the BLM i n  consultation w i t h  the USGS. 
The basic permit for f a c i l i t y  s i t i ng  covers ac t iv i t i e s  only 
on the lease area. Transmission or d i s t r ibu t ion  l ines  .or  
any other o f f - s i t e  f a c i l i t y  involves separate 
procedures. 

Large f a c i l i t i e s  of 25 MW o r  more on fedefal  land also re- 
quire an Oregon energy f a c i l i t y  s i t e  ce r t i f i ca t e .  

It i s  important-for the developer.to have an early 

=t to f a c i l i t a t e  

C. 

1. 

The State  re 
divided between two state agencies; Department of Geology and Mineral 
Industries (DOGAMI) and Department of Water Resources (DWR). 
regulates geothermal prospect and geothermal wells. 
than 2,000 feet)  low-temperature w e l l s  a re  regulated by DWR, essen- 
t i a l l y  i n  the same manner as  common water wells. 

I f  the intent  is t o  explore for  and produce geothe f luids  w i t h  
temperatures of 2500 or greater ,  then the necessary permits a r e  ob- 
tained from DOGAMI. The agency issues blanket ecting permits 
which may cover num us gradient wells 2,000 

The following s e c t i  outfine the general p 
well dr5lling permits. 

l a t e s  well d r i l l i n g  re ardless of land ownership. In  
Oregon, regu r atory respons ib i l i t i es  f or geothermal resources a re  

DOGAMI 
Shallow (less 

W e l l  I&'illinP; Permitting Procedure for  Shallow Low-Temperature 
Resources (Wells less then 2500 F BHT and/or 2,000 h eet  deep) 

Responsible agency: 
Relevant laws : 

'Chaper 690, Division 60; ORS Chapter 537 - A permit is not needed before dr i l l ing.  - Contact a licensed well contractor. - The contractor w i l l  f i l e  a s t a r t  card w i t h  the local Water- 

Department of Water Resources 
Oregon Administrative Rules (OAR) 

master describing location, proposed use and expected depth. 
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ndards for. the Co 

and Mineral Indus- 

Chapter 63 2,  Division 

eothermal w e l l s  as de- 
onditional upon ap- 

a. Prospect w e l l s  include and w e l l s  d r i l l ed  as a geophysical 
test w e l l ,  seismic shot hole, mineral exploration d r i l l i ngs ,  

ng.or temperature gradient test  w e l l ,  less than 
i n  depth, and d r i l l ed  i n  prospecting for  geo- 

thermal resources. - F i l e  a plan of. operation and hole loc - Filing fee - $100 per permit. - F i l e  a bond o r  security deposit i n  the sum of not less 
than $5,000 o r  a blanket bond of $25,000.  - DOGAMI sends notice of permit applicatio 
state and local agencie 
which to  comment. 

0. A permit i s  granted 
cation. 
comments require them. General st ipulations are made 
a condition of every permit. ( Table 3 ). Casing 
and abandonment requirements are a l so  made conditions 
of each permit. - Permitting of shallow holes 
area-by-area under one perm 
may be d r i l l e d  under one pe 

ons (letter form). 

e a 15 day period i n  

receipt  o f  appli- 
Restrictions are added to  the permit if agency 

blanket basis , 
s 100 holes 

es encountered t i on  logs and notatio 
equired of every operator. Blowout Prevention - 
require operators t o  mo hole temper 

If *the temperature exceeds 12 dr i l l i ng  is 
e hole completed as an o ation hole , abandoned 
ipped w i t h  safety device prescribed by rule. - A f i n a l  statement i s  required e opera tor  describing 

plugging procedure. Final loc  ns are t o  be submitted. - Si tes  are inspected for  cleanup and to  check for  ground 
.water leakage. 
conditions are m e t .  
the U.S. Geological Survey to  avoid duplication. 

The d r i l l i n g  bond i s  released i f  a l l  
Inspections a r e  coordinated with 



Table 3 

9 .. . * .  
. '. . 

General Stipulations Which Apply t o  Geothermal Dril l ing Permits 

Oregon Department of G 

1. A plan of op be submitted w i  application t o  

nd Mineral Indus 

d r i l l  showing a p l a t  of the  d r i l l i n g  pad 
of the mqd sump and any road which is t o  tructed. Dimen- 
sions of these .items should be indicated 
Details of the mud system are t o  be submitted a t  the time of ap- 

-p l ica t ion  glving the mud p i t  capacity (dimensions) and type of 
mud to  be used. 1 

3. An emergency contingency n is t o  be sub ore d r i l l i n g  
describing : 
a. f i e ld  s u p e r h o r ' s  n and. how to  contact , 
b. blowout preventioil equipment, and 
c. blowout prevention d r i l l s  planned 
In  the event of an emergency, a .department representative should 
be contacted. 

4. In the event of a blowout, a DOGAKI repres a t ive  i s  to  be 
notified as soon as possible.  

5.  Permission must be obtained from the S ta te  
* ordinary o f f - s i t e  disposal of d r i l l i n g  mud or  wastes o r  any 

other emergency tha t  c6uld a f f e c t  adjoining properties. 
6. Notice i s  .to be given the  S ta t e  Geologist o r  h i s  representative: 

a. when d r i l l i n g  is  commenced, 
b. before BOP tests after running casing s t r ings ,  
c. before performing work to  complete or  abandon a well, and 

1 d. before runnin or pulling casing s t r ings.  
Upon completion of  d r i l l i n g  operations, the s i te  is t o  be re- 
stored t o  as near or ig ina l  condition as is  pract ical .  

cluding location 

Q for  any extra- . 

7 .  
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. Geothermal w e l l s  include at ion made for  pro- 
ny geothermal injection 

led plan of operation 
including: hole location, estimated d r i l l i ng  depth, 
blowout prevention equipment, waste mud and d r i l l  
cut t ings disposal, emergency s, and s i te  and road 
construct ion. - Fi l ing  fee - $100 per well. - F i l e  a bond or securi ty  depo 
or a $25,000 statewide bond. - DOGAMI send notice of permit 
state agencies and the County Board of Commissioners. 
A permit i s  issued within 45 days a f t e r  receipt  of 
application providing no serious concerns arise. S t i p -  
ulat ions are made condition of every permit. 
and cementing programs are approved and a l l  requirements 
sa t i s f ied  before a permit i s  issued. 

blowout prevention equipment, see tha t  mud is properly 
being handled, and that records are being kept and . 
d r i l l  samples collected. - Inspections are made when f lu id  tests or  subsequent 
casing s t r ings  are run. - A l l  subsequent cementing or casing operations are w i t -  
nessed, inc n t  plugging or  completion 
work. - S i t e s  are i 1 completion and s i te  re- 
s toration. - A l l  records related to  the d r i l l i ng  must be f i l e d  with 

icat ion to relevant 

Casing 

- An inspection is  made ear ly  i n  the operation to t e s t  

same reservoir 

diction. These ru les  w i l l  include: Standards t o  determine con- 
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taminatgon, in) ection w e l l  construction standards tes t ing pro- 
cedures tfor identifying aquifers,  guidelines for’conservation of 
the resource, c r i t e r i a  for  eval i r s  for  eothermal 

thermal f l u i d  inJ ection proposals 
f lu id  dtsposal, and requirements 1 o P a l l  geo- 

othermal de- 
agency regarding disposal 

I f  geothermal f lu ids  are t o  be 
the one producing. the f l u i d  which is of be t te r  water qual i ty  than 
the geothermal f lu id ,  a. Water Pollution Control Fac i l i t i es  (WPCF) 
permit is required from DEQ. 
pr ior  t o  inject ion,  a WPCF permit w i l l  a l so  be required. The DEQ 
may e lec t  not to  requi re  a WPCF permit when inject ion is  to  the 

f geothermal f lu id  by means other than inject ion w i l l  

an aquifer other than 

If  pollutants a r e  added to  the f lu id  

cing aquifer,  o r  an aquifer of l i k e  quali ty.  

always require a WPCF permit- unless the f lu id  is  discharged to  the 
surface waters. I n  tha t  case, DEQ must issue a National Pollutant 
Discharge Elimination Systein (NPDES) permit as required by the 
Federal Clean Water A c t .  

E. Water Rights 

All water from a l l  sources of w a t e r  supply belongs, by l a w ,  to  the 
public, and i s  subject t o  existing r igh t s  and leg is la t ive  and admini- 
strative withdrawls. 
the Department of Water Resources. 

Water appropriations follow the doctorine of f i rs t - in- t ime,  f i r s t -  
in-right,  so the geothermal developer should be concerned about the 
ava i lab i l i ty  of a w a t e r  r i gh t  of suf f ic ien t  

developer may be able  t o  obtain water r igh ts  by providing replace- 
ment supplies or  purchasing r igh t s  from existing users. 

A r i g h t  t o  appropriate. water is obtained from 

uant i ty  to  sa t i s fy  pro- 
ject needs. I f  w a t e r s  in  an area have been 8 u l l y  appropriated, the 

I n  areas where w a t e r s  may be appropriated, the developer f i l e s  an 
application f o r  a w a t e r  r i gh t  with the Department of Water Resources. 
Water may be appropriated for  beneficial  
requirements of the  state water code. A p t developer should 
f i l e  for  a water r i g h t  i n  the i n i t i a l  planning stages of d 

Water r igh t s  are not  required for  the following applications: 

complying with the 

. - Domestic pur oses of less than 15,000 gallons per day 

- Stock watering - S i n  l e  indus t r ia l  or  commercial purposes of less than 5,000 

- m i g a t i o n  o P less than one half acre 

ga l  f ons per day 
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The Attorney General has dete struction of a geo- 
pipeline six inches o me te r  which is  in- . 

an ultimate length 
miles or longer cann s i t e  ce r t i f i ca t e  has 

or can reasonably be 

been issued, even i f  the f i r  truction w i l l  be 

for high voltage transmission l ines  of more than ten m i l e s  i n  
length with a capacity i n  excess 

The EFSC has the power t o  conduc investigations into a l l  aspects 
of s i t e  selection, designate areas within the s t a t e  as suitable 
or unsuitable for  geothermal power plants, and to  establish stan- 

shorter than f ive  m i l e s .  EF S s i t i ng  jur isdict ion 

230,000 vol t s  

-. , 

I 
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one-stop process for  the applicant to  sa t i s fy  Oregon requirements. 
The agencies must make provisions that they would normally make i n  
the i r  own permitting process i n  the s i t e  ce r t i f i ca t ion  process. 
Any s t ipu la t ions  must be included as s i t e  cer t i f ica t ion  conditions, 
and once a s i te  c e r t i f i c a t e  i s  granted, 
must be granted as a matter of course. 
does need t o  apply d i rec t ly  f o r  the  necess 
The permitting agency. retains the au thor i t  
ments of the license. 

The EFSC investigates eac 
of mandatory finding and may co 
proposed aspect of the f a c i l i t  
f i l i n g  fee;  however, i f  cos t s  

fee  i s  returned to  the  applicant..  

Public hearings i n  the affected area and elsewhere are required as 
deemed necessary by the EFSC. 
j e c t s  the application. The EFSC is required to  make a decision 
within nine months a f t e r  filing of an application for  a geothermal 
power plant  and within twelve months f o r  a pipeline. Rejection 
or  approval of an application i s ' sub jec t  t o  d i r ec t  jud ic ia l  re- 
view by the Supreme Court. 

A si te  c e r t i f i c a t e  authorizes the appl icant  t o  construct and operate 
a geothermal f a c i l i t y  under conditions set for th  i n  the cer t i f ica te .  
The signed c e r t i f i c a t e  binds the s t a t e  and a l l  .affected pol i t ica l  
subdivisions t o  the approval of the s i te  f o r  construction and opera- 
t ion  of the f a c i l i t y .  AI1 necessary permits and l icenses must be 
issued, subject only to  the conditions i n  a s i te  cer t i f ica te .  
EFSC can only i n i t i a t e  changes i n  a s i te  ce r t i f i ca t e  based upon a 
clear indication of danger to  the public health and safety. 

The holder of a s i te  c e r t i f i c a t e  is required t o  pay a fee  each year 
during construction and operation' of the f a c i l i t y .  
continuing authority over the site. 

orce the require- 

ssion independent studies of any 
Costs of studies are paid from the 
ed the fee ,  a l l  additional ex- 

r e  bozmc by the applicant.. '  Any unused portion of the f i l i n g  

The EFSC then e i ther  approves o r  re- . 

* .  

The 

EFSC maintains 

- G. Distribution and U s e  

The f i n a l  phase of geothermal developmen 
the resource. The extent of regulations g transport and use. 
of geothermal energy are proportional .to of the cnd-use. 
An investor-owned u t i l i t y  se l l ing  e lec t r  comply with the 
most cornprehensive set of egulations while a one-well/one-home 
heating system represents he low end of the regulatory continuum. 

Homeowners, who propose t o  use a geothermal w e l l  s i tuated on the i r  
own property for  space heating, are subject to  local  regulations 
governing land use and code enforcement. In  some areas, such as 
Klamath Fa l l s  loca l  en t i t i e s  are developing geothermal management 
ordinances, whereby new w e l l s  will have to  comply with c i t y  regu- 
la t ions.  Developers should contact t Y  or county governments 
t o  determine appl icabi l i ty  of zonin 

. 

dinances and identify neces- 
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sary permits such as construction and plumbing permits .  

Most other 
w i l l  require obtaining the r igh t  t o  cross many parcels of property. 
Transportation corridor selection w i l l  the user 's  a b i l i t y  
t o  secure rights-of-way. Outright pur operty i s  one option. 

i p a l  d i s t r i c t  heating 
system, may be ab le  to  exercise the power nent domain to  pur- 
chase private land fo r  public benefit  l i c  and private users 
can gain the limited r igh t  t o  access b an easement from 
the property owner. Easements along hts-of-way, such 
as highways and rai l roads,  a r e  obtain appropriate govern- 
ment agency o r  private owner. 

evelopment include zi dist r ibut ion system that 

ystems intended fo r  public use, such as a 

Geothermal developments on a l l  lands involving lar  e pipelines or  
e site c e r t i  icates  from the 

Oregon Energy Fac i l i ty  Si t ing Counci before construction* EFSC 
authority over the s i te  continues ing operation Federal autho- 
r i t ies  are responsible for  regulating e l ec t r i c  transmission lines. 

high voltage transmission l ines  r'equ f 

eo t 1 resources developed on federal  leases require permits or 
icenses to  transmit power or transport f lu ids .  Authorizations a r e  
ssued by the BLM under provisions of the Federal Land Policy and 

Management A c t ,  Land use 'pol ic ies  of the surface management agency 
and environmental assessments a re  considered i n  the permitting pro- 
cess. 

A l l  types of land uses must conf 0 local  regulations s including 
zoning ordinances, comprehensive use Plans and building, Plum- 
bing and electrical codes. 

tment c red i t .  
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Private geothermal developments may be ab le  to  deduct intangible 
d r i l l i n g  costs and make allowances f o r  percentage depreciation. 
Contact the local Intefnal Revenue Service for  additional informatioc. 

State 

ent ia1 income tax cred i t s  are available t ers, ren ters ,  
landlords, contract purchasers and builders for  the cost  of geother- 
mal systems ce r t i f i ed  pr ior  to  ins ta l Ia t ion  by ODOE provided tem- 
peratures are 590 F or  more. The cred i t  equals 25 percent of the' 
ac tua l  system cos ts  up to  $1,000 per- dwelling. 

Property equipped with B geothermal system is  'exempt from ad valorem 
taxatton, 

Residential ~ taxpayers can claim 

d i s t r i c t  heating system. 

Business and industry income tax cred i t s  for  the ins ta l la t ion  of 
equipment to  use geothermal, energy resources a r e  available .to faci-  
l i t i e s  ce r t i f i ed  by ODOE pr ior  to  constructSon or improvements. 
c r ed i t  i s  equal to  3s percent of the cos t  of the'equipment and i s  
claimed over a five-year period. 

Information regarding these programs may'be obtained from the Oregon 
Department of Energy and the S ta t e  Department of Revenue. 

I n  addition t o  these f inanc ia l  incentives, Oregon has provided the 
nation's f i r s t  ins t i tu t iona l  impetus for  municipal heating d i s t r i c t s  
by enactment of model leg is la t ion  allowing many communities to  bene- 
f i c i a l l y  manage loca l  geothermal resources. 

sx. 
Thus f a r ,  l ike ly  geological characteristics of local  geothermal 
sites (e.g. areas of young volcanism, hot springs, fumaroles, or 
warm water w e l l s )  have been described, and s i t i ng  considerations 
for d i rec t  use and electrical generation development ha 
outlined. The fallowing sections relate spec i f ica l ly  
geothermal development sites 'in Oeschutes Coun 
exploration, a d  plans fo r  fu ture  development. 

A. 
Several areas, as shown i n  Figure 9 , show potential  i n  Deschutes 
County. 
land, adjacent t o  the Cascade Range and the Brothers Fault Zone. 
Newberry is  the only c lass i f ied  Known Geothermal Resouyce' Area 
(KGRA) i n  Deschutes County, covering 31,284 acres. 39 A portion 
of the area, the caldera, i s  a reserved recreational area within 

I *  

5 percent income tax cred i t ,  up 
- to  a maximum of $1,000, for  the 1 t of connection t o  a geot 

The 

POTENTIAL GEOTHERMAL DEVELOPMENT SITES OF DESCHUTES COUNTY 

i r e su l t s  of Pa 

Newberry Water  and the Cascade Range 

Most reknown i s  Newberry Crater, located on Forest Service 
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the  Deschutes National Forest, and has been declared "unsuitable" 
for  geothermal development by the EFSC. . 

Newberry Crater has iriterested geothermal investigators for  a t  
least a decade. The caldera harbors youn rhyol i t ic  deposits (a 
f ine-grahed igneous rock, r i c h  i n  si l ica B and active fumaroles. 
Upon the  flanks of the  mountain are hundreds of cinder cones, 
fissure vents,  and pumice r ings.  Geological studies by Peterson 
and Groh (1969); MacLeod, Walker, and McKee (1975); and MacLeod and 
others4$1981), h par t icu lar ,  suggest geothermal potent ia l  i n  the 
area. 

The most recent  volcanism a t  Newberry occured about 1400 years ago. 
Thermal springs on the margins of Paulina and East Lakes, and near 
the lar  e obsidian flow, are the limits of. current ac t iv i ty .  (See 

errupted, "the volc o should be considered dormant, but capable of 

Two test holes, the f i r s t  d r i l l ed  i n  1977, were in i t i a t ed  by the 
U. S. Geological Survey. Caving problems plagued the Newberry 1 
dr i l l i ng ,  and when the pipe ult imately stuck, the d r i l l  pipe and 
the test hole were abandoned. Newberry 2 d r i l l i n g  began the fo l -  
lowing year, the  s i te  select ion based largely on environmental and 
access criteria. A composite temperature prof%le and eneralized 

available during the  summers of 1979 and 1981, the  second t e s t  
hole was deepened. Its f i n a l  depth of 932 m. (@ 3,000 ft.),  
reached i n  Sepgember 1981, showed the  existence of high emperature 

This 
is the  highest temperature discovered i n  the United States. 

Figure 10. 

Figufe f 0.) 
future  eruptions." &f . 

Considering the time period over which Newberry has 

l i tho logic  log w e r e  kept. (See Figures 11 6r 12.) As I unds became 

(265O C or  510 F) -geothermal f lu ids  i n  permeable rock. 45 

b 

Geologic Sketch Map of Newberry Crater 





. 

Estimates of heat flow i n  c rus ta l  rocks 'are calculated from two 
measurable quant i t ies :  the conductive thermal gradient, and the ther- 
mal conductivity of the rock. 
i n  the depth interval 675 t o  930 m. for  Newberry 2 (see Figure ll), 
the calculated gradient is  706O C; per km. 
duct ivi ty  of the zone i s  figured to  be 5 m c a l  cm' 
these two figures,  the conductive heat flow estimation is  .35 Heat 
Flow Units ( cal cm:2s'l) or about 1500 m i l l i w a t t s  per square 
meter (rnW m-2). Flow rate i s  estimated to  be 1.5 kilograms per 
second (kg/s; 12,000 lbs/hr)  . 

Based on the temperature prof i les  

The a y p - f  hemal  con- . Using 

Conclusion: Newberry 

Newberry's set t ing:  a recent ly  active caldera, a high-temperature 
thermal gradient,  and high bottom-hole tdmperature, "s&ongly im- 
p l i e s  the presence of a shallow crus ta l  heat source." 
nature and or ig in  of the geothermal f lu id  remain matters for  specu- 
la t ion :  forms of dry steam, saturated steam, and hot water a r e  pos- 
s ib le .  

The 

The Newberry findings are i l l u s t r a t i v e  of the geothermal prospect 
of the Cascade region. 
notes three important conclusions: 

Edward Sammel of the U.S. Geological Survey, 

I. 'The uderlying high-temperature e y  ard the'associated corductive 
themal gradient at NewbezqaremasW €y thg flow of cooler water. 
Such masMzlg is p M l y  camxm in the Cascades." 

2. 'Trelimizlary d y s i s  of drilliclg data fryiicates that permeable sections 
of volcanic rocks are capable of intercepting large heat flows and re- 

suggesting a lack of connected vertical permeabUiv wt.lich prevents the 
surface discharge of mst geothermal fluids." 

3. "At Newberry a mass of bt nd perhaps partly mlten rock either d e r -  
lies the caldera at shallow depths or heats geothemal fluids a t  
greater depths in the crust. These find s suppart previous lqp- 

are the best targets far exploration for *-related geothenral 

cade Range." 

distributing* heataverlargerareas laterdloorwectian. ut- 
tie of the precigitzition at Newbaxy perco % tes deep mth the cram, 

theses (Smith d shaw, 1975) that areas 7 o young silicic tlolcanisxi 

systans. 0% hidden geothermdL systans my be ptesent in &e cas- 

Sannnel's findings and conclusions are pertinent t o  Deschutes County 
i n  tha t  development rospects are favorable. He states, "the resu l t s  
of the Newberry dril E ing, even though incomplete, and, a t  present, 
ambiguous, should encourage those engaged in geothermal asp ra t ion  
in  the Cascades and perhaps stimulate additional efforts." For 
more information on the his tory of geothermal exploration of New- 
berry and the  anticipated level of development associated with en- 
vironmental impacts, see Appendices B-E. ~ 



B. Powell Butte 

d within eco mic piping distance of the industr ia l  d i s t r i c t s  
of threemajor i t i e s  i n  Central 10 miles; Prine- 
v i l l e ,  5 miles; edmond, $ miles) e, A preliminary 
evaluation of t ea, based on geo s geochemistry, 
probing of existing water w e l l s ,  and d r i l l  t 152 m. (500 ft.) 
and one 460 m. [I570 f t , )  gradient holes i ent ia1 for  1000 C 
(2120 F) temperatures a t  depths of 1000 rn. (3,300 ft .) .  The existance 
of eleva d temperatures and useable f lu ids ,  has not,  however, been ' 

proven. E% Geothermal development i n  the Powell Butte area, i f  
feasible ,  would l ike ly  be for  direct-use application. 

> 

, .  C. Brother u l  t e 

ers Fault Zone is a major uctttral lineament crossing 
Central Oregon from the Folly Farm area a t  the north end of the 
Steens Mountains, through Brothers, and possibly extending to  the 
Cascades (see Figure .9 ). Walker (1969) suggests tha t  "normal 
f au l t s  of the zone and the many volcanic vents along the zone re- 
present only the surface manifestation of deformation on a large,  
deeply buried ucture, the exact e of which is not known." 

Walker (1974), MacLeod and o t  973)  have noted a general 
progressive decrease i n  s i l i c i c  volcanic vents from east  to  w e s t  
along the zone. I n  reporting on the geothermal potential  i n  south- 
eastern Oregon, MacLeod and others (1975) s ta te ,  "Most e lec t r ic  
power-producing geothermal f i e l d s  i n  the world' occur i n  or  proximal 
to  areas of young s i l i c ic  volcankc rocks. 
defined age progression of rhyol i t ic  domes i n  southeastern Oregon, 
s i l i c i c  bodies suf f ic ien t ly  young to  be heat sources for  geothermal 

On the basis of the w e l l -  

sured Heat Flow 
oten t ia l  i n  the 
competitive geo- 

H i l l  Domes area (near Devils Lake) and Rock Mesa (Three S is te rs  W i l -  
derness Area). The geologic character is t ics  of these spots; young 
s i l i c i c  volcanism l i k e  tha t  found a t  Newberry, a r e  highly indicative 

1 resource pote 
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E. Alfalfa Valley 

Domestic water wells i n ' t h e  Alfalfa Valley, south of Powell Butte 

atures supplemented-by a heat p 
g and other low-temperature d i r  

ear Millican, have demonstrated t ratures of + 70° F. Such 
ould be usEd i n  space 

Other S i t e s  

An updated geothermal resour 
O N E  is due to  be completed by la te  summer of ,1982. 

map of Oregon compiled by DOGAMI and 

X. GEOTHERMAL DEVELOPMENT CONCLUSIONS AND RECOMMENDATIONS 

1. Local geothermal development i s  l ike ly ,  given a) favorable 
eologic environment, $) r i s ing  energy costs  of conventional 

tue ls ,  and c) stimulated exploration due to  Newberry findings. 
There is potent ia l  i n  Deschutes County for both electric and 

Geothermal energy is  indigenous t o  Oregon and cleaner than fos- 
sil fuels .  The general p o l i t i c a l  climate, government incentive 
s t ructure ,  and public knowledge ought t o  be favorable toward 
environmentally sound exploration of the resource. 

3. Research on state-wide geothermal resources i s  picktng up, but 
sol id  hydrological and structural geologic data i s  lacking. 
Brown of ODOE speculates t h a t  l o w  temperature t lu ids  may ex is t  
under Bend. The City and County should consider supporting 
non-electric geothermal research tha t ,  i n  par t icu lar ,  provides 
the area with a comparative advantage for  new indus t r ia l  and 
agr icu l tura l  processes, 

. direct-use geothermal projects. B e  prepared. 
2. 

Dave 

vice and Bureau of Land Management i n  designating areas unsuit- - able fo r  development, and provide a conditional use p r o c a r .  
geothermal activities beyond the exploration phase coordinated . 

with federal  agency procedure. 

baseline data regarding s o i l ,  hydrology, vegetation, wildl i fe ,  
air qual i ty ,  and ambient noise levels.  Specify that  measures be 
taken t o  ensure appropriate re-vegetation, erosion control, safe 
disposal methods, and noise and a i r  quali ty control during the 
length of development and operation. - 44- 

6. For electrical generation projects,  the County should require 



a 

othermal exDloration including so 

Low-temperature, small scale power generation should be encouraged 
i n  Deschutes County. 

10. Acreage l imi t s  should correspond to  the needs of geothermal develop- 
ment. Minimum acreages that are too high may inh ib i t  small-scale 
s e c t s ,  while maximum acreages that 'are too low may impede and 
prevent developers from securing the i r  investments i n  a reservoir. 

11. Given the poss ib i l i ty  of geothermal applications i n  an urban set-  
t ing i n  Deschutes County, urban planners should be prepared to  
work with geological researchers and consider: 

a) commercial and industr ia l  land use designations congruous 
with geothermal reservoir character is t ics  and cascading 
potent ia l ;  o r  i n  the case of d i s t r i c t  heating potential  

b) population density controls consistent with the cost-effec- 
tiveness of d i  strict heating services. 

12. Geothermal exploration ac t iv i ty  on Newberry Volcano has taken a 
dramatic leap forward as the number o f  w e l l  d r i l l i ng  applications 
by pr ivate  firms has increased t o  4 and DOGAMI and U.S.G.S. con- 
t inue a geothermal mapping and resource exploration e f for t  i n  
the summer of 1982. These f ac t s  show tha t  the potential  and in- 
t e r e s t  i n  geothermal development on Newberry i s  high. Deschutes 
Countv should work with the Geothermal Section of ODOE, the gee.- 
Jogists and staff a t  DOGAMI. the U.S.F.S.. and a l l  other concerned 

es OUDS to  determjne where geothermal develomnent 
w o w b e  m*favorable and how to  mitipate the environmental, 
,gocial. and land use imoacts l ike ly  to r e su l t  from such a develop- 
ment . Newberry Caldera i s  currently considered "unsuitable for  
development" by the EFSC. 
with the U.S.F.S., ODOE, and other concerned apencies t o  deter- 
mine whether or  not to  re ta in  tha t  s ta tus  and reserve areas out- 

Peschutes Countv should coordinaGe 

hydrolo i s t  with Century West Engineering speculates from his  
study of the LaPine Basin (see Appgqdix F) that  there i s  plenti-  
f u l  water a t  depth under Newberry. 
there i s  a geothermal resource a t  Newberry, data and knowledge 
need t o  be attained regarding the nature and extent of the 
underground water system i n  the area. 

Being reasonably assured that  

&, -4s- 
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16Anderson and Lund, p. 30 .  

"COP is ca lcu la t ed  by d iv id ing  the  Btu output of th.e s 
the  Btu input .  
three times g r e a t e r  than t h e  e l e c t r i c i t y  needed t o  opera te  it. 
savings w i l l  rise wi th  the  temperature of t h e  geothermal resource.  

A COP of 3.0 means that t h e  hea t  output w i l l  be about 
Energy 

2oJustus and 
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*'Lavonne Blucher-Nameny , "Geothermal Power *Plant S i t ing"  ' Geo- 
thermal Resources Seminar, February 26, 1982), p. 2. 

26Df. Di rec t iona l  d r i l l i n g  means t h a t  a hole  i s  d r i l l e d  a t  an 
angle  E series of angles  t o  reach a bottom hole  loca t ion  o ther  than 
d i r e c t l y  beneath t h e  r i g .  
access  problems, o r  a n  immovable o b j e c t  prevents v e r t i c a l  d r i l l i n g .  
The d i r e c t i o n a l  ho le  may be used t o  d r i l l  more than one subsurface 
loca t ion  from a s i n g l e  sur face  l o c a t i o n  ( e spec ia l ly  common i n  o f f =  
shore o i l  r i g g i n g ) ,  thus economizing on su r face  pipework and land 
a c q u i s i t i o n  cos t s .  . Idea l  condi t ions f o r  d i r e c t i o n a l  d r i l l i n g  are 
poorly compacted sediments with l i t t l e  o r  no f a u l t i n g  and s h p l e  
geologic structures. Geothermal resources  o f t e n  occur i n  hard -me 
morphic or igneous rock  i n  t y p i c a l l y  f a u l t e d ,  complex s 
making c o n t r o l  of d i r e c t i o n a l  d r i l l i n g  d i f f i c u l t .  

It is used when uns t ab le  sur face  condi t ions,  

27Gordon P. Se l f r idge ,  "Appeal of t h e  Decis 
Leasing in t h e  Belknap-Foley Geothermal a Contained i n  the  F ina l  
Environmental Statement Prepared by R.E. r t h ing ton of USDA- -For es t 
Service-Willamette and Deschutes Natio Fores t s  Dated September 
18, 1982" (Geothermal Resources Seminar, February 26, 1982) pp. 2-3. 

28Selfridge,  pp. 3-4 .  

29The Oregon Nuclear and The&l Energy CO 
Task Force Report ( Ju ly ,  1974) ,  p. 6-12. 
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35Tw0 ob at ions of the Task 
energy transportaion economics: 1) there is  an "obvious need for  a 
high load factor  o r  year-around base load--either indus t r ia l ,  com- 
mercial, o r  afiricultural  t o  keep the cost  of a d i s t r i c t  heating system 
a t  a minimum. 2) "The transmission cost  of large volumes with high 
load factors  wduld r e s u l t  i n  a small  portion of the t o t a l  cost." 
Final Report, Appendix D, p. 12. 

i n  i t s  discussion of geothermal 

36Anderson a 

'Blooms ter , 

38Bloomster, p. xvfi. 

39Justus, p. 149. 

47Justus, p. 183. 

4 8 ~ l p h  P a t t ,  Senior Hydrologist, Century West Engineering, Phone 
P n m r t s r  e 9 ti nn Trr 1 v 1 Qfi 7 
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APPEND1 

I 

ENVIRONMENTAL ASPECTS OF GEOTHERMAL 
POWER DEVELOPMENT AT NEWBERRY CRATER 

8 

The Newberry Crater area is currently l'isted as unsuitable i n  EFSC's 1974 
s i te  suitability report. Recent exploratory d r i l l i n g  i n  the area has 
indicated that the site holds the potential t o  generate more than 25 
megawatts of electricity. These findings have sparked interest i n  
reviewing EFSC *s policy on geothermal development a t  Newberry. 

OWE S i t i n g  staff has made a preliminarily assessment of the 
environmental implications of locating a generating faci l i ty  i n  the 
crater. This assessment is limited because the type of facil i ty proposed 
for the Newberry Crater resource is not known and insufficient 
environmental data is currently available for  the area and the resource. 
The appropriate steps to  develop. a more definitive assessment is included 
i n  the following discussion.. 

Preiiminary Draft 
Terry Vernig , 
Prepared March, 1982 

Si t ing  Section, Oregon Department of Energy 



I. Environmental Impacts 

Most of the world' 
is mainly because h i g h  quality (hot  temperatures) resources necessary t o  
support  dry steam plants have n 
the binary cycle systems are on 

The types of environmental impacts which result from a geothermal 
development 
resources an he components o he geothermal 
constraints ent i n  the parti ar env i ronment a 
instance, h i  ssions from a particular facfli ty 
contaminants d i n  the geothermal f l u i d ,  emissions control devices, 
the cooling tower design, non-condensible gas scrubbin system, shutdown 

as meteorology, topography, proximity. t o  ecologically sensitive areas, 
etc. 

a t  i ng fac i 1 i t  i es are f 1 ash-s team sys tems T h i s  

een found i n  large numbers and because 
ecently being seriously developed. 

lated to  the chemical and physi 1 make-up of the 

procedures, we1 1 blowout preventions, and s i te  physica s parameters such 

1. Air Quality 

Although the composition of geothermal f l u i d  will be different from one 
location t o  another, the following pollutants might be expected from 
geothermal f l u i d s :  hydrogen sulfide (H2S), Boron ( B ) ,  Ammo$# (NH3). 
Carbon dioxide ( C o p ) ,  Mercury (Hg), Arsenic (As), Radon (Rn ), 
Hydrocarbon (CHq), Methane '(CH3), Benzene, and particulates. I t  i s  
noteworthy that the geology of a particular resource may not produce some 
o f ,  these pollutants and alternatively the resource may contain additional 
pollutants. Possible pol lutants  'are listed i n  Appendix A. 

Other a i r  quality problems associated w i  geothermal pla 
visibility degradation, fogging, and cooling tower drlft.  

w 

detectable by some i nd iv idua l s  down t o  30 ppb. The odor overpowers the 
senses and becomes undetectable a t  150-200 ppm, and i t  is lethal a t  1,000 
ppm. H2S affects plant growth at  300 ppb, and is injurious t o  plants 

H2S has also been implicated as a source of sulfate ( 
particulates. This may create a egional problem, although f t  1s 
difficult to predict because the ate reactions i n  the atmosphere -are 
unknown. The implicatlons for a large acility w i t h  h igh  HpS emissions 
would be t o  reduce the 1ocal.visibllity and add to  acid rain regionally. 

a t  1-2.ppm. 
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Systems are available which can easily remove 8040% and claim t o  remove $ 
as much as 95 percent o f  t i  S at the condenser. 
systems on wells should re uce H2S t o  levels which &w problems. 
Development and placement o f  H2S control system a t  the we1 
prevent emissions t o  non-problem levels for wells requtrin 
directly ta atmosphere during a shutdown. 

Placement of t 8 2=- 

Amnoni a 

NH3 must be about lo00 ppm i n  a i r  to be- harmful t o  humans. A t  the 
Geysers, it ranges between 5-1,600 ppm i n  the steam r-om the wells and 
averages 194. Emissions from the cooling tower are bout 1 2  PPm9 which 
is below the 50 ppm odor threshold. However a t  Salton Sea, i t  averages 
only 35 ppm by weight i n  the geothermal brine. Ammonia i s  generally 
thought  not t o  be a problem a t  geothermal plants. 

Boron - 
Boron can be found i n  h igh  levels i n  geothermal fluids such as a t  the 
Geysers, where i t  exists i n  quantities up t o  100 ppn i n  steam. However, 
99 percent rema'ins wi th  the l i q u i d  so the greatest problem is  cooling 
tower d r i f t  f rom systems cooling the geothermal f l u i d s  using direct 
contact condensing systems. This  type of drift has produced leaf burn a t  
the Geysers area. 

Mercury 

Mercury i s  a heavy metal often found i n  geothermal f lu ids .  
concern because it is volatile and t h u s  emitted t o  the air. About 1 9 
Hg/MWt-day has been calculated as the emissions from the Geysers. This 
is similar to emissions from coal-fired power plants and is  considered t o  
be acceptable. No build-up of mercury has been shown near coal plants 
where monitoring has occurred. 

I t  is of 

Arsenic 

Arsenic is also associated w i t h  geothermal f l u i d s ,  b u t  i t  i s  generally 
discounted as an a i r  pollution problem because i t  remains i n  the l j q u i d  
fraction. However, h igh  level of d r i f t  prevention from coolicg towers is 
warranted where high levels o f  arsenic have b found i n  a geothermal 

No data 1s avaiqable a t  Newberry, bu t  the Geysers have abo 
i n  the cooling tower l iqu id .  No problems have bee 
those levels. 

f l u i d *  , 

onstrated fl-om 
... 

Radon - 
Radon is a radioactive noble gas and has been associated w i t h  cancer i n  
humans. I t  ranges from .1 t o  1 pCi/l i n  ambient a i r .  Geothermal wells 
allow better access f o r  radon gas to  be released from the earth's crust 
and are thus a cause of csncern. 

I t  is released a t  the Geysers a t  bout 1.4 W d a y  which is about three 
times natural emissions i n  the area. This. translates t o  ,00145 WL 
(working level) arithmetic average' and .00112 - + 2.07-bn geometric average. 
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Natural background is about  .0013 t o  ,0026 WL-and t h u s  radon emissions 
ign  if icant there . 

j Particulates 

are more of a concern fro 
geothermal site, such as equipment moveme 
itself .  These emissions are easily contr ering, grading, etc. 

operations at a 
r 5 11 ing  activity 

C02 emissions are a concern because some geothermal plants  may give off 
as much or more C02 ,as equivalent f plants. High values of 
C02 are often associated wi th  volca t y  and geothermal 
resources associated w i t h  them tends h i n  C02. Values i n  mg/kg 

ppm) of f l u i d  at  various locations llows: Geysers - 290 - s 0600, ave. 3260; Salton Sea - 1100 ve. 1900; Heber - Ave. 34.6; 
Brawley - ave. 23500. One fac i l i t  gives off 10 times as much 
C02 on a per MW basis as an equivalent fossil plant. However, most 
geothermal faci l i t ies  give off .  considerably less. For instance the 
Geysers emit a C02 factor of about 10 less than an equivalent coal 
plant. Large amounts of Cop could contribute to  the green house effect 
if very large geothermal developments come i n t o  existence and t h u s  should 
be evaluated as an aspect of the trade-o between. geothermal and 
competl ng technologi es. 

2. Drift - 
Drift is the carryover of small moist 
out'of the cooling towers. The affects tend t o  be very localized 
typically only w i t h i n  several hundred meters o f  the source. The best 
cooling tower dr i f t  eliminators have a d r i f t  rate of about .001 percent 
w h f l e  uncontrolled d r i f t  is about 1-2 percent o f  volume. 

roplets' i n  the warm a i r  passing 

For p l an t s  

the geothermal resource are fractured and t h u s  potentially produce access 
routes in to  clean uifers for the water forced into the zone under . 
pressure. When a oundwater aqu ontaminated i t  may not be 
possible t o  reverse the problm. 

4 r 
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During the operational phase of geothermal plants, there is  "potential t o  
chemically contaminate water supplies w i t h  process geothermal fluids or 
blowdown from cooling towers. Often geothermal f l u i d s  have relatively 
h i g h  concentration of .toxic substances such as heavy metals. 
Contamination of surface water by geothermal f l u i d s  is prevented i n  many 
conventional designs by reinjecting the f l u i d .  Cooling tower blowdown 
can be treated so t ha t  the water quality is acceptable. However, sludge 
generated i n  the treatment process w i l l  require disposal. 

Also since geotbermal plants are relatively inefficient i n  their use of 
heat t o  produce electricity, there is a large amount o'f heat rejection 
required. They may need an evaporative equfvalent of 50 acre-feetlW 
thermal of water for cooling purposes, many times more than comparison 
sized fossil or nuclear fuel plants. 
local water bodies, the potential f 
exists. 

In add i t ion  t o  contamination o f  groundwater aquifers there is also the 
potential to  use up groundwater supplies, this can cause localized 
subsidence of  land and dry up hot springs areas which are popular w i t h  
the public. Consumption o f  t h e  water also.makes i t  unavailable for other 
uses. 

- 

If a l l  this heat is  disposed of i n  
thermal degradation of those bodies .. 

4. Noise Pollution 

A t  a geothermal s i te ,  one can expect noise from machinery, d r i l l  rigs, 
t raff ic ,  well vent ing  and other day-to-day operations. Pressure wells 
can produce particularly objectionable noise, when they are tested or 
vented for other reasons (125 dBA a t  50-100 ft.). .Wilderness areas are 
typically around 20-30 dBA, so such noise levels can be a real 
intrusion. The USGS requires the max noise level a t  the boundary of the 
lease or 1/2 mile from the source, whichever is greater t o  be no more 
than  65 dBA. 

Noise can be controlled by a variety of attenuating devises. Mufflers 
for escaping air  and steam, the most i n t  ive noise sources, ran 
rock-f illed barrels t o  large expansion' t rs. Noise can also be 
attenuated by distance, barrier walls, topography, and vegetation. 

5. Solid Waste 

Depending-owthe nature of the geothermal resource, a s ign  
waste disposal problem can occur. The principal 
from land-disposed geothermal fluid-derived soli 
result from leachate run-off andtor percolation 
wastes can be generated from ai r  pol lu t ion  control equipment, treatment 
of geothermal bri,ne ( to  prepare it for further use such as for cooling 
water or for reinjection), d r i l l i n g  needs, *etc. 

Control methods include s i te  selection and landf i l l  methods and use of 
impervious lines. 

I n  the case o f  the Raft River about 2,500 gallons of sludge per day is 
disposed of i n  a landf i l l .  The sludge is  a by-product o 
cooling tower makeup and blowdown water. 

. 

In some cases off-site disposal may be necessary. 
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I V .  Newberry Crater Data 

Little can be definitively said ab New berry Crater given 
the scarcity of information available about it. However, us ing  the data 

her faci l i t ies  scenarios can ng and operating experience 

Newberry Ana lys 1 s 

ration o f  gases In non-condensable g 

, .  
94.0% 
1.8 

0.3 N 
0.8 Methane 
3.9 H2 

PPM i n  fluid/vapor 

i - 
14 (water) 
16 (Vapor) 

H2S 
H2S, 

61 (water) 
100 (Vapor) 78 .(Vapor) 

NH3 
NH3 

PH 

at  Newberry indicates. that HpS i s  
i n  the water, This is quite low 
S I s  generally associated w i t h  
area is a product of t h a t  action. 

measurement from East Lake Hot Springs which measured 0.3 mg/l. 

A t  Newberry, tests o f  gases from the drill holes showed 94 percent 
C02. East Cake Hot Springs also has h i g h  C02 levels. No data on ~ 

arsenic and radon were available t n  the Newberry area. 

. 
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V. Discussion - Newberry Crater Area 

Some data h a s  been collected on water brought 
NewberryPCrater. This. data indicates t h a t  the water tested may have been 
ntroduced by the d r i l l i n g  operation, since some of the chemical 
arameters resemble t h a t  of introduced d r i l l i n g  wat 

exis t ing data may not be very useful data t o  predic 
water brought up by the d r i l l i n g  r ig ,  after being exposed t o  the Newberry 
geothermal reservoir, was law i n  pollutants as compared t o  the Geysers 
6eothermal f luld. 

Limited data has been collected on the chemistry of several local h o t  
springs near Newberry Crater. 
data is comparable t o  the chemistry of the Newberry geothermal source 
because the fluids of the system of springs are bqlieved to  be mixed w i t h  
the local lake waters. Nonetheless, for discussion' purposes, absent 
better data, data f r o m  the springs is discussed below. 

by the drilli 

For this reason, 
01 lutants. The 

However, geologists do not believe this 

1. Air Qual i ty  

The most pollutants would, be expected from a system w i t h  a direct contact 
condenser. We have used H2S data from the Geysers t o  predict a worse 
case scenario a t  Newberry since so much data is available there and H S 

8. 

In the first step, we conside? Newberry as an independent meteorological 
u n i t .  This may not be realist ic because a i r  movements i n  the crater 
sufficient t o  mix the atmosphere contents would probably dilute the 
parcel o f  a i r  w i t h i n .  However if we reduce the calculated concentratlon 
by a factor o f  10 In recognition of this movement out 'of  the'crater, the 
results s t i l l  produce 100 ppb i n  the crater which would cause a strong 
nu i sance odor . 

has been Identified as a problem. * The analysis is contained i n  &pen 5 i x  

1 
I 

I 

If a the Gaussian Dispersion equation is used wi th  some worse case 
modeling conditions and data from Geysers, we calculate 
instantaneous value of 32 ppm could be produced at  East 
This value is f a r  above the level which could produce p l  
6W of the level which irritates the eyes. Even if HzS was reduced 90% 

an unpleasant odor and affect plants if it 
time. Note also tha t  the "uncontrolled" we 
atmosphere) would produce .8 ppm of HpS a t  €as 
qui te  unpleasant for campers. 

A fac i l i ty  located'outside the Crater area bu t  tapped into the geothermal 
resource under Newberry Crater would be difficult  t o  make any useful 
predictions about. Such a faci l i ty  would likely be subject t o  very- 
si te-spec if i c  meteorological conditions producing s i  te-spec if ic impacts. 
Such complications as high  terrain and downslope or upslope winds, etc. 
would make predictions difficult .  Thus, it  is important that  a useful 
environmeital data base be. available to  deal w i t h  these issues before any 
large scale development a t  Newberry be allowed. This base could provide 
the background necessary t o  predict the affects of any pollutants of 
concern which may result from Newberry. 

I 

I by controls, the result would be 3.2 ppm a t  
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2. Drift, Foqging and Vis ib i l i t y  
' Since campgrounds are w i t h i n  1-2 km of the.l\lewberry USGS dr i l l  si te,  

d r i f t  from a plant there could pose a problem. This is of real concern 
if Boron is found i n . h i g h  concentrations i n  the geothermal f lu id .  
Although drift would not likely directly affect these campsites, the 
effect of Boron on vegetation w i t h i n  severa hundred meters of the plant 

ould pose an aesthetic problem for campers sing the campgrounds. 

here could be problems i n  the immediate v i  e campgrounds at  
vis i b i 1 ity. These 
ocated outside the . 

Newberry from excessive fogging and consequent 
problems probably would not be serious for a f a  
crater. 

3. Water Quality 

During d r i l l i n g ,  potential contamination. of local water bodies like East 
and Pauline Lakes should be prevented 
drilling must be properly contained and disposed of. -However, the means 
to do so should be a straightforward process invo lv ing  landfills- 
Depending on the nature of the material a design'levpl o f  lea chate 
protection can be achieved. 

+Shallow groundwater supplies i n  the area are expected t o  be of h igh  
quality and should be protected. There are d r ink ing  water wells i n  the 
area of East Lake campground. Reinjection of the geothermal f l u i d s  
and/or cooling tower blowdown will need to be in to  another isolated 
aquifer, if  one exists, t o  avoid contamination. 

I t  is doubtful that use of Paulina or East Lake as. heat sinks would be 
acceptable. This leaves two options: 1) a closed-cycle system which 
reinjects the geothermal f l u i d '  using a cooling tower system suppl ied  by 
local wells or 2)  a direct contact condenser. 

Fluids  and solids from the 

Either approach has disadvantages. If t h e  direct-contact condenser -is 
used and the geothermal f l u i d  contains contaminates like'H~S, Boron or 
ther a i r  pol lutants the contaminates w i  11 e released t o  the a i r  as 
iscussed earlier. If a closed system usi water from an outside source 

is used, then large amounts of makeup wate and blowdown of the cooling 
tower will be required. A supply of fresh makeup water will be needed 
but  i t  is if It is available. For a large facil i ty,  the blowdown volume 
may be too much water t o  add t o  the reinjecti t h u s  would require a 
discharge. Whether this discharge could be a ated will require 
better site.-specific information on the type l i t y  which would be 
developed and water quality data of t l u i d .  _._ 
4. Mater Sources 

The source of available water for a geothermal facil i ty would likely b.e 
wells drilled in to  shallow aquifers near the drill si te b u t  isolated from 
the geothermal resource. I t  is believed that these wells can supply 
enou h water t o  provide the make-up for a system w i t h  a closed loop * 

cool B ng tower. If a direct contact condenser is used, the geothermal 
resource can be used as make-up directly. Alternately the geothermal 
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resource may be treated and used for  make-up. "he latter would produce 
sludges which would need t o  be disposed of. A t  Raft River, Idaho, the 
small geothermal binary cycle p lan t  there generates 2,500 gallons per day 
of sludge i n  this manrier. 

5. Noise Pollutton . 

I t  is expected that noise po l lu t ion  also would be of major concern. 
Newberry is a recreational and sensitive area. 
intrusion producing excessive 'noi evels will b ooked upon "ith 
disfavor. It can be expected t h  
noise pollution would be necessar 

However, noise control technology t o  do so is available. 

6 . Aes the9 i c Concerns 

Finally, there is the aesthetic pollution of visual ly  see ing  the plant, 
steam plumes, etc. Industry's presence i n  an area where many people go 
t o  get away from those th,tngs could produce major pub l i c  objections t o  
t h e  plant. These *aesthetic" values have always been difficult t o  
measure. 

The amount of use of the area for 'recreation needs tp be examined- This 
includes study to evaluate if a geothermal facility. would seriously 
impair that recreation i n  ways other than pbllutants. 

I expected that any 

traordi nary precautions t o  prevent 
New berry. 

s .  

I 
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V I  . Recomnendations 

1. A chemical sampling program which will. do a complete chemical 
analysis on fliuds from the Newberry bore holes. Test for H S, Hg, 

Appendix A). This samp f ing  should 
days, two samples each day. 

2. Atmospheric soundings, measuring wind speed and direction, 
temperature and relative humidity.  A t  a minimum,  twice daily for 
several weeks. ' 

3. Meteorological monitors at  the surface. Stat ions a t  the crater rim 
and at the crater floor which measure i )  relative humidity or dew 
point, i i )  temperature, i i i )  wind speed, and i v )  precipitation. The 
station at-the po in t  of emission should be collecting data 50-200 
feet above the groundJ Data collected for one year. 

4. An attempt should be made to  estimate cloud cover and fogging over 
the course of one year. 

I NH3, Boron, Arsenic, CO , radon gas and other heavy metals ( 3 ee 
cted on five different 

- 



APPENDIX B 

Geothermal P o t e n t i a l  of Newberry Crater  and 
Conflicts of Development w i  t S t a t e  Pol icy 

e of t h e  l a r g e s t  volcanoes i n  t h e  North Ameri- 
can cont inent  (covering 500 square miles) and is located i n  west- 
c e n t r a l  Oregon. mountain i t s e l f  is 
located 20 air s southeas t  of Bend, Orego inder  cones formed 
on t h e  f l anks  of t h e  volc  can be found w i t  t h e  c i t y  l i m i t s .  
Fau l t s ,  fo lds ,  lava flows inder  cones, and o ther  go l o g i c  f ea tu res  
subordinate t o  t h e  mountain extend from Bend t o  s highway 31, 
some 309 m i l e s  t o  t he  south. 

Newberry C ta t e r  i s  unique geologica l ly  a r aph ica l ly .  It i s  of 
a type of volcano c l a s s i f i e d  as " s i l i c i c  , 
lavas under the  mountain are very. v i sco  t u r e  However , sur- 

' roundin  t h e  c e n t r a l  "silicbc" vent  are numerous cinder  cones which 

extruded from these  vents  are very f l u i d  i n  nature .  
types makes Newberry Crater geologica l ly  unique. I n  addi t ion ,  the  sum- 
m i t  c r a t e r  is occupied by three clear water lakes  which have been 
c l a s s i f i e d  as a l p i n e  i n  nature because they a r e  a t  an e leva t ion  of 
6,300 f e e t .  
t he  a rea  surrounding t h e  mountain is a h i g h - d e s e r t  environment.. 

seismicity associated with the mountain. 

ough the  summit c r a t e r  of t 

h means the  primary 

are sma f 1 volcanic  forms c l a s s i f i e d  as "mafic", which means the  lavas 
This mix of lava 

What makes them unique is that even though they a lp ine ,  

t h e  volcano erupted only 1 s ago, t he re  is  no 
No eruptions are imminent, 

tes w e r e  f i l e d  

of Land Manag 

Source: Memo t o  Mock Leg i s l a t ive  Inter im Committee. Dave Brown, ODOE, 
March 15, 1982. 
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several geophysical studies, including studying the earth's magnetic 
and gravitational f ie ld  on the mountain; and the d r i l l i n g  of shallow 
temperature gradient holes. 

The deepest hole, of three the USGS dr i l led,  was completed during 
the summer- of 1981 to  a to ta l  depth of 3,057 fee t .  A t  that depth 
the temperature i n  a t e s t  hole was 5100 F which makes i t  the highest 
temperature recorded in  a test hole i n  the continental United States. 
This temperature can be gauged against producing steam wells a t  the 

have been recorded a t  8,000 to 10,000 foot depths. 
Crater has temperatures higher than the largest geothermal f ie ld  in  
the world a t  less than one-half the dr i l l ing  depth. 
are, the temperatures w i l l  undoubtedly be higher a t  depth. I 

The USGS hole a t '  Newberry Crater produced considerable steam and gases 
over a one day flow tes t .  
the USGS it is unclear, from inspection of chemical analyses of the 
produced fluids,  whether the fluid is formational f luid,  o r  merely a 
r e a n  of fluid used to d r i l l  the hole. 

* Geysers Geothermal Fteld near San Francisco where temperatures of 4800 F 
Thus, Newberry 

And indications 

However, a f te r  several discussions with 

' . 

. .  

Conflicts with Development 

Oregon Department of Geolo y and Mineral Industrfes (DOGMI) has made 
preliminary calculations of the theoretical potential for electrical  
generation a t  Newberry.. These calculations, which are  based on the 
above d r i l l  hole data and available USGS geological data, can be as- 
sumed t o  be a minimum value and are  presented below as Table 1. The 
values for e l e m  energy are given in  electrical  megawatts based 
on a 30-year l i f e  span. 

Two things are immediately obvious from the information contained in  
Table 1. F i r s t ,  the new data from the Newberry 2 t e s t  well more than 
double the theoretical electrical  generation potential of the caldera 
portion of the Newberry Volcano; and second, there may be enormous 
potential outside the caldera proper, The 15,837 MWe estimate for 
the entire gravity anomaly associated with the volcano is ,  of course, 
an absolute maximum. It is based on the assumptions that (1) the 
intrusive causing the gravity anomaly i s  everywhere providing hea 
a t  the rate found i n  the Newberry 2 t e s t  hole, and (2) the reservoir 
is  everywhere 2.07 km thick (i-e. ,  the top of the reservoir lies 
everywhere a t  a depth of a proximate1 

on the potential of the volcano. 
error and the true geothermal 
mined only by exploratory d r i l  P ing. 

potentiapfor electrical  power generation exceeding Trojan Nuclear 
Power Plant, o r  Bonneville Dam including i t s  second power house. 
Clearly, when the flanks of the volcano are considered (case 4), the 
potential for power generation is enormous. 

I 

1 .la). i l e  these assumptions 
are certainly not complete P y valid, t K ey prov useful upper limit 

The extent to which they are  i n  
otential  of the volcano can be deter- 

I These f i  res  indicate even a t  the lowest value (case 2) there is  



tes of Volume, Temperature, and En s of Newberry Crater 

Reservoir Reservoir Electrical Ene 
Source of Volume Temperature Thermal l&ergy 'l Electrical Energy 
Calculation (h3) (0  C) (10 J) 

1. USGS. 

2. M)GAM12 47 312.5 38 

C i r c .  7901 47 +, 16 230 + - 20 27 + - 10 b 

' 3. DOGAMI~ 66 '312.5 53 

4. DOGAMI 569 312.5 57 

'Brook and thers, 1979, 

20regon Department of Geology and Mineral Industries (DOGAMI) calculation, using reservoir 
volume estimate of 

3~~~~~ ea1 
hole (Sam 

and other (1979) and new temperature data fr 

increases i n  both reservoir temperature and 

volume estimate based on g i t y  work of W 

e 



Even though the above f igures 'are  obviously impressive and construc- 
tion costs for  geothermal steam plants are very low (approximately 
$850/kw instal led versug $1500/kw for  nuclear), a t  present no develop- 
ment of geothermal resources i s  allowed i n  the crater  or on the sur- 

flanks. This i s  because i n  1974 the Oregon House of Repre- 
s passed a jo in t  reso1utio"n- (WR 31) which directed the 

Nuclear Thermal Energy Council, which w a s  the forerunner of the 
Energy Faci l i ty  Sit ing Council (EFSC), t o  declare New6erry Crater as 
"unsuitable" for geothermal development. The r sons behind the 
resolution' w a e  the unique geologic character o the volcano, the 
visual beauty, the heavy recreational use of t h  ent i re  area, and the  
alleged negative impact a geothermal power plant would have on the 
area. 

The Administrative Rules under which the EFSC functions and which 
defines areas which are "unsuitable" for geothermal development 
allow for  re-examination of the designation when ". . .investigations 
are  concerned with' specific sites-, dctailed information may resu l t  i n  
reclassification of areas. Such reclassif icat lon would make allowance 
for change resulting from advanced technology." 

Clearly, there has been d "change result ing from advanced technology" 
due t o  the recent discavery af elevated temperatures a t  shallow depths 
beneath Newberry Crater. 
re-evaluatin 

And it is timely that th i s  cormnittee is  
those changes versus the present state policy and w h a t  

it may mean f o r  the development of renewable energp resources i n  the 
State-of Oregon. 



. .  

Source: S j t n  D a t R  U n ~ v e  Lpp- 
m g ~ a m s .  Debra Justus. OIT Geo-Heat Utilization 
Center, Apri l ,  1979. 
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The hewberry Crater KGHA covers 31,284 acres in Ckschutes County in 
central Oregon, ?22S., H.I3E., W.M. The KCkA i s  centerea on hewberry 
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 Ond obsidian flows. klevations range from 1,315 m. at  Paulina 
Creek to 2,434 m. at Paulina Peak ana vegetation ranges from sagebrush ana 
juniper to lodgepole ana ponderosa pine forest according to ekvation. 

Newberry Crater has been classified as a KGHA based primarily on the 
geology of the area. It is an area of young silicic volcanism, and lies between 
two major regional fault systems: High Cascades and Brothers fault zone. 
The youngest mted silicic rock is 1,300 years and recent activity along the 
faults is evident (Peterson and Groh, 1969). & a h  of the shield volcano was 
aeveloped during Pleistocene times ana alihough the date of caldera 
formation is uncertain, flows and pyroclastics are not covered by Mazama ash 
ana therefore are less than 6,60(, years old (higgins ana \F?dters, 1967). 

Unuerground heat sources are indicated by the hot springs situated along the 
northeast shore of Paulina Lake and the south shore of €ast Lake. 
Temperatures of the springs are fairly low, 57.3OC ana.6PC respectively, but 
these readings are influenced by cooler water in the lakes. 

hi  heat flow and temperature graaient study also suggests the existence of a 
potentially valuable geothermal resource. Although measurements were 
inconclusive due to shallow well depths ana the effects of migrating' 
groundwater, s t i l l  hewberry Volcano was one of three areas near the Urothers 
fault tone that was identified as being especially promising for geothermal 
mvelopment . 
A U.S. Geological Survey report (EviacLeod and others, 1975) suggests that 
Newberry Volcano has significant potential bosea on the probability of a 
shallow heat source situated airectly urtaer the calaera. The U.S.G.S. is . 
conducting an on-going temperature gradient drilling program including holes 
within the caldera ana on the flanks of the V O ~ C Q ~ ~ .  

I 
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ediate area which la be sotisfiea with 
d. Except for the  

families operating the two resorts the area tially uninhabited. 
Outdoor activities 

d area is one of the  fastest growing in the state. flend, 
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 
product ion ond recreation important aspects of the area's - 
economy. 

A large part of the growth in Ueschutes County is occurring in the area 
between tlend ana LaPine which is about 20 k m  southeast 'of hewberry 
Crater. h u c h  of the development is in the form of subdivisions to provide 
housing for year-round residents ana recreationists. Heportedly, I5,OLJO 
unaevelopea lots have been solo in.the &end area. 

t.cecreotion is  a year-round business. In the  winter large numbers ot people 
are attracteci to the area for skiing at Mt. Elachelor and snow-mobiling and 
cross-country skiing in the  Deschutes National Forest. In the summer the 
high lakes country and torest areas are heavily d for f ishing, hiking, 
camping and ether 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 una insufficient 
wta on the true nature of the resource. If a resource suitable for 
non-electric applications was discovered within the crater, pumping hot water 
up ana out of the volcano could prove too costly to justify a project in the 
Bena area. The tlanks of the volcano appear to offer some potential for 
geothermal development but less than within the volcano itself. 

The potential for electric generation from geothermal reservoirs at Newberry 
Volcano is not well known since the  resource has y e t  to be defined. tlut 
several major oil companies, who are Q 
production, have filed non-competitive lease a p  
portion of lona in and arouna Newberry Volcano. 
including private companies and individua 
9-1 1 krn. radius of the volcano. 

ensive recreation use is maae, primarily day 
ch do not require struc 

I 
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Processing of lease applications awaits completion of a n  Environmental 
Analysis Heport addressing non-competitive leasing in the  Newberry- area. 
The Oeschutes National Forest is currently preparing the  oocument which has 
a target aate of early 1979 for publication in draft form. A complete 
tnvironmental Impact Statement (EIS) will be  compiled for considering 
competitive leasing within Newberry Crater. The €IS is planned for release 
in fiscal year 1980. As well, the  U.S. Geological Suryey has tentatively 
scheduled a Uecember 1980 lease sale for tracts in the  KGRA. 

T h e  leasing situation is not the only barri geothermal exploration and 
aevelopment at berry Crater. Environmental considertat ions are also a 
controlling fac f primary concern are the area's geologic uniqueness, 
roadless qualities, recreational opportunities and scenic values. 

' In 1975 the Uregon L Iature passed house Joint Hesolu 
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 potential 
adverse impacts from geothermal development at k w b e r r y  Crater. 

It seems evident that any geothermal development at N e w k r y  
have to be compatible with environmental factors and conform to existing 
lano uses. Otherwise state regulatory bodies and public pressure will not 
likely precluae such activities. 

* -  
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SITE DATA SUMMARY 

SITE: NEWBERRY CRATER KGRA 

..Physical Reservoir Date 

*.Temperature OC 
Surface: 62OC 

.Site land Status 

Total Acres - 31,284 (Federal) 
Total Acres Lease - 0 (Federal) 

.Geothermal Development Status: 

A teriperature gradient d r i l l i n g  program was begun i n  1977 by the 
U.S. Geological Survey and i s  expected t o  continue i n t o  1979. 

..Local and S ta te  k t t i  tude Toward Geothermal Development: 

Highly sensitive. 
House Jo int  Resolution 31 (1575) directed the Nuclear and 
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SITE LOCATION AND PHYSICAL DESCRIPTION 

SITE: NaJBERRY CRATER KGRA 

. .  . .Latitude: 43O 44' N 

..Longitude: 1210 14' W 

. , Hec ti 1 i near: Secs. 11, 13, 14, 15, 21-28, 33-36, T.21S., 
R.12E; W.M. 
Secs. 1-4, 9-12, 'T.225., R.12E.; 
Secs. 10, 15-22, 27-34, T.21S., R.13E.; 
Secs. 3-10, T.22S., R.13E. 

.,County: Deschutes 

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

. .Wap Reference: U.S.G.S. tGpographic - Paulina Peak 
Afis - Crescent 1:250,000 

. . Topography . 

Newberry Volcano is a broad shield volcano, elevation 2,440 
meters, rising 1,219 meters above the basalt plateus of central 
Oregon. The volcano. is marked by a large caldera which contains 
East and Paulina Lakes. The lakes are separated by cinder cones 
and 8 large obsidian flcw. Elevations at the lakes are: 1,930 
m. (6,331 ft.) Paulina Lake and 1,942 m. (6,371 ft.) at East 
Lake. 
topography with many cinder cones and 
bluffs. Elevations range from 1,315 m 
Creek to 2,434 m. (7,985 ft.) at Pauli 
drains the caldera to the west. 

The overall terrain 1s varied ranging from rolling 

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

..Future Land Use Plans: 

Future land use i s  expected t o  continue recreation and forest 
products focus. 

153 
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.Aesthetics: 

Unique attractions within the area give a high aesthetic value. 
Paulina Peak 1s a significant viewpoi 
fOshing i n  the lakes within the crate ular recreational 

ubes, obsidian 
low sheets. (1) 

iking trails and 

ung volcahism has variety of 



GEOLOGICAL/GEOPHY S ICAL DESCR IPTIOh 

SITE: WEkBEFtKY CRATER KGRA 

l o g i c  Description: 2 

Newberry Volcano i s  a b 
meters above the basal t  plateus o f  central  Oregon. The basal 
diameter i s  approximately 32 km. 

The volcano has a s m i t  caldera which contains two large lakes, 
Paulina and East Lakes. -The lakes are separated by obsidian 
f lows, pumice cones and basa l t i c  t u f f  r ings 
flowing west to  the Deschutes River, 
drainage f o r  the crater. 

The caldera i s  an oval depression i n  the summit o f  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 r i n g  fractures 
are marked by cinder and. spatter cones. 

Cinder cones and small.vents numbering more than'150 are also 
loceted on the flanks o f  the volcano, p r imar i l y  on the southeast 
and northwest sides. They generally trend N.250 W. 

d shield volcano 

t 

Numerous northwest-trending f a u l t s  are apparent' on tiewberry 
Volcano i t s e l f  and wi th in  the crater. The most recent and 
obvious o f  these i s  a zone o f  en echelon fau l t s  trending N.300 
W. beginning i n  the caldera a t  the f issure at. East Lake and 
extending about 24 km t o  s l i g h t l y  north o f  Lava Butte. A t  least  
e ight separate basal t ic  lava flaws have occurred along t h i s  
"northwest rift zone" (Peterson and Groh) . 
Ihch o f  the shield volcano was developed during Pleistocene 
times with eruptions continuing unt i l  a few centuries ago. The 
ear ly  flows were basal t  which were followed by th ick sheets o f  
r h y o l i t e  and l a te r  with basal t ic  ash. Af ter  the flanks o f  the 
volcano had reached t h e i r  maximum height, basal t i c  eruptions 
removed support beneath the summit causing i t s  
forming Newberry Crater. 

. 

lapse, thereby 



A var ie ty  o f  features including pumice cones, rhyol  i t e  domes, 
basa l t i c  t u f f  r ings and obsidian flows were .formed i n  the crater  
a f t e r  i t s  creation. Most o f  these landforms are less than 
52,000 years old. The B ig  Obsidian Flow southeast o f  Paulina 
Lake i s  the youngest feature wi th  an age o f  approximately 1,200 
years . 
Newberry Volchno i s  located between two regional f a u l t  systems; 
the north-sourth trending High Cascades and the Brothers f a u l t  
zone. The Brothers f a u l t  zone extends f rom the Steens Mountains 
i n  southeast Oregon t o  near Bend generally trending N.60° W. 

Volcano the zone appears t o  take a turn and head 
rending d i rec t ion  towards Sisters. Tbe 
f these tectonic' features i n  regards t o  t h e i r  
t h  Newberry Volcano i s  not w e l l  understood. 

(4) 17) (8) 1 m o )  
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RESERVOIR CHARACTERISTICS 

SITE: NEWBERRY CRATER KGRA 

. . Reservoir Temperatu’re 
..Surface: 6 2 0 ~  (2) 

. .Subsurface: No estimates a 

.Geochemical - Chemical conc s i n  the hot  spr 
is very siidlar t o  those of normal groundwater, 
thereby preventing the application of 
geot hermometry techniques. 

Waring 1 ists the following spr ing  temperature: 
East Lake - 61% 141oF 
Paulina Lake - 21 b b  C (70 F)  (3) 

. .Fluid Chemsitry: East Lake Hot Sprinqs 

. Specific conductance (micromhos) 
Si l ic ia  
Calcium 
Magnesium 
Sod i um 
Potassium 
Lithium 
Sulfate 
Chloride 
Flour ide 
Boron 

396 
36 
38 
1b 
32 

58 

3.8 (Units mg/l) 

0.4 
0.2 

. 01 

. 93 
Composition of Escaping Gases ( i n  volume percent) 

Carbon D i oxi de 
Nitrogen 3 
Methane 
Oxygen and Argon 

5 6  

E a s t  Lake Hot Springs - 1.215.) R.13E.) Section 29 

! 
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LAND OWNERSHIP AND LEASING 

SITE: NEWBERRY CRATER KGRA 

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

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

..Land Leased - FEDERAL (Acres) - 0 

..Highest Pr ices Leases (Dol lars/Acre) - N/A 

. .Lessee - N/A 

..Tentative Lease Sale Dates: 12/80 

... Nuher  of Sales Offered But No Bids: 

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

. .Sumnary o f  Le 

N/A 

ng Status and Need 

An environmental impact statement covering Ne 
be completed before competit ive leasing can take place, 
Approximately 117 non-competi t i v e  lease appl icat ions have been 
f i l e d  on 264,000 acres i n  a 9-11 
Newberry Crater. Processing o f  t 
i n  1979 fol lowing approval o f  the  
leasing. tease appl icants include Ph f l  
O i l ,  Chevron, Ca l i fo rn ia  Geothermal, Su 
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GEOTHERERL DEVELOPMENT STATUS 

SITE: NEkBfRRY CRATER KGRA 

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

Industry Intere'st i n  exploring for geothermal resources, as 
evidenced by f i l i n g  of lease applications, is  extremely high. 

. Exploration Activities: 

The U.S. Geologisal Survey has selecteci three si tes;  one i n  the 
crater, one on the southwest side'of the crater and another on 
the northeast flank of the crater, for  d r i l l i n g  temperature 
gradient holes. The northeast location was d r i l l e d  i n  1977 t o  a 
depth of 384 meters. A stuck d r i l l  p ipe  prevented further 
d r i l l i n g .  In September 1978 the hole inside the crater was 
drilled to  304 meters. Reported bottom hole temperature shortly 
af ter  d r i l l i n g  ceased was about 9OOC. ( 6 )  I t  is expected 
that the well will be d r i l l e d  t o  a depth of 609 meters i n  1979. 
Dr. Ed Samnel is directing t h e  project for the U.S.G.S.. 

The Oregon Department of Geology and Mineral Industries measured 
terrperature gradients i n  five d r i l l e d  holes and four water wells 
near hewberry Volcano and Bend. None of the sites were on the 
volcano. Data from these wells are available i n  the cited 
references .% 

One well located i n  T.215., R o l l € . ,  Section 25 west of 
Paulina Lake had an average gradient from 12.5-35 meters of 
39.6oC/km. The gradient increased w i t h  depth and was found t o  
be 650 C/km from 27.5-35 meters. The estimated heat f low is 
2.4 HFU {Heat Flow Units). Th i s  value is o f  low rel iabi l i ty  
because of . the shsllow depth of the hole and possible effects of 
Groundwater migration. 

The Brothers Fault Zone heat flow study suggests that Newberry 
Volcano is one of three areas along the linegflent 
particularly promising for geothermal development 
measurements i n  the area are not reliable i n  hole 
meters due t o  groundwater effects. The study s t a  
i n  basalt w i l l  need to  be a t  least  300 meters i n  
reliable data. The need for further testing seems apparent. 
(5). (11) 

. . Projected or Planned Exploration: 

Further temperature gradient d r i l l i n g  by t h e  U.S.G.S. i n  1979. 



INST I fuT IONAL CONSIDERATIONS 

SITE: REWBERRY CRATER KGRA 

. .Institutional Requirements:. 

Oregon House Joint Resoluation 31 (1975 
and Thermal Energy Counci 1 (now the Energy Faci 1 f t y  -S i t i ng  
Council) t o  designate Newberry Crater, Lava Cast Forest and 
contiguous roadless areas as unsuitable for thermal power 
plants. T h i s  area covers 39,000 acres. 
Exploration can apparently take . .  plac 
of the caldera. 

d the Nuclear 

tside the 11,000 acres 

. .Agency and Pub1 ic Attitudes: 

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

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

An Environmental Analysis Report covering geothermal leasing for 
the Ft .  Rock Ranger District was issued i n  October 1975. T h i s  
EAR d id  not address geothermal leasing i n  Newberry Crater. 
The Deschutes National Forest is planning t o  do an Environmental 
Inpact Statement for  geothermal leasing i n  Newberry Crater. 
Release date f s  targeted for fiscal year 1980. 
An Environmental Analysis Report addressing non-competi tive 
leasing i n  the Newberry area i s  being compiled by the Forest 
Service. A d r a f t  copy should be available i n  early 1979. 

Two areas totally surrounding East na Lakes on Newberry 
t Service as par t  of 
n the National 

North Paul i na 

61 97 nger District . I 10,200 

(12) 
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. . ENVIRONMEh 

. SITE: NElJBER 

. . CLIMATE 

. .Precipitation (Annual): 64-76 cm 
Average mid winter snow depth is about 2-3 meters. Snow 
depth i n  Newberry Crater has been measured as h i g h  as 
5 meters. 

. .Average Temperature: -8.6OC (47.5OF) 

Hinimum: -59O C ( 0 2 5 ~  F) 
Maximum: 40.50 C (105O F) 

, ..AIR QUALITY: ‘I ’ Generally high -due t o  remoteness from industrial 
and population. centers. 

I 

I ..WATER QUALITY: 
j 
j I 

Quality is high b u t  there i s  hardly any surface water due t o  the 
permeability of volcanic materials a t  the surface and 
subsurface. Paulina Creek flowing west t o  the Oeschutes River 
from Paulina Lake is the only stream i n  the crater. 

~ 

1 

I . .NOISE: Low levels. 

. .BIOLOGICAL 

..Dominant Flora: 

Mixed lodgepole pine, ponderosa pine and white 
assocati on. 

forested areas - Juniper, sagebru 

..Dominant fauna: Mule deer, Black bear, cougar, ,c 
squirrel, 
procupine, pocket gophers and o t  
Numerous b i rd  species. 
Big game such as deer, antelope, elk and 
bear may water w i t h i n  the crater, b u t  must 
go outside t o  feed. (1) 

. Endangered Species 



TRANS TION AND UTILITIES 

SITE: BERRY CRATER KGRA 

smi ss i on Corr i dor nd Facilities 

Two Bonneville Power Administration transmission lines are in 

the BPA line east of  the calder 

ty, one to the east and one on the west side of 
rater. A private utility transm sjion line parallels - 

. ,  

7. (Cascade Natural 

..Transportation Cor 

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

20 runs east-west between the, Bend-Sisters area to 
the eastern border of the sta 

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

I 

I 
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POPULATION 

. SITE: NEWBERRY CRATER'KGRA 

. .General Description of Population 

Newberry Crater is essentially uninhabited 
operating the two resort facilities. However, the Deschutes 
County area is one of the fastest  growing regions i n  the state. 
Between 1960 and 1970 the Oeschutes County rural population 
increased 66%. Much of this growth has taken place i n  the Bend 
area between Sisters and LaPine. Developments range from small - 
wooded lots t o  large planned .communities such as Sunriver and 
Black Butte Ranch. Subdivisions are becoming more comnon and 
growth is expected to  continue as 15,000 undeveloped lots have 
been sold. Recreationist and retirees are particularly 
attracted to  the Bend area. 

Popu 1 a t  i on Centers : 

.. 

(1) (4) 

Bend - 17,100 approximately 40 k 

La Pine - 20 km SE 
Sunriver - 30 km NGI 
Redmond - 6,450 about.66 km north of Newberry 

-Newberry Crater. 

Crater. 

. .Economics 

..Present Land Use: 

Deschutes County has a diversified economy based 
primarily on timber production, agriculture, 1 ivestock 
raising and recreation. Forest products manufacturing 
ds increasing. Land use a t  Newberry Crater i s  focused 
on extensive recreational use and ti  management by 
the Deschutes National Forest. 

..Future Land Use: 

No major land use changes i n  the caldera are 
anticipated. * 
Continued growth of residential developments i n  
surrounding areas is apparent. 

- 
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APPENDIX D 

An estima otential of 
Newberry Volcano, Oregon 
by Gerald L. and Mineral Industries 

NTRODUCTIO 

rhyolite domes and flows. and alluvial sediments produced 
during periods of erosion." More than 400 under cones dot the 
flanks of the volcano. The most recent activity occurred a g  
proximately 1 ,400 years ago in the summit caldera and resulted 
in the formation of the Big Obsidian Flow. The volcano is con- 
sidered dormant but capable of future eruptions (MacLeod 
and others, 1981). . 

During the summer of 1981, the Geothermal Research 
Program of the U.S. Geological Survey (USGS) completed 
drilling a 930.m (3,OSl-ft) test hole (Newberry 2) in the summit 
caldera of Newberry Volcano. Fluids at a temperature of 265" 
C (509' F) were encountered in permeable rocks in the bottom 
1.8 m (6 ft) of the hole (Sammel, 1981). 

The intent of this paper is to provide a general update of 
the estimated geothermal electrical generation potential of the . 
vo1cano;based on refinements in the estimates of .reservoir 
temperature and volume. The temperature refinements are 
based on considerations of the relative validity of various 
methods of geothermometry and on data obtained from the 
USGS drill hole. The volume refinements arc based on USGS 
drill-hole data and on gravity modeling recently completed in 
the area by the USGS (Williams and Fin, 1981). 

PREVIOUS RESERVOIR ESTIMATES 
In USGS Circular 790, Brook and others (1979) estimate 

the mean reservoir thermal energy of Newberry to be 27 t 10 x 
IO'@ J (joules), resulting in a theoretical electrical generation 
potential of 740 MWe (megawatts electric). These cs 

valid only for hot-water systems, as the chemical constituents 
used in the calculations (Na, K, Ca, Mg. SiOz, Cl) are not solu- 
ble in steam (White, 1973). Although there are twohot springs 

t caldera of Newberry Volcano (East Lake and 
t Springs), their chemistry is not considered a 

tor of reservoir temperature. Both springs blue 
from lapilli tuffs along the shores of lakes occupying the 

nd are characterized by low flow rates and high 
ca concentrations. Mariner and others (1980) believe that 
the springs are probably drowned volcanic gas vents, and 
the solution of glass from the lapilli tuffs could account for 

observed high silica and magnesium concentrations which, in 
turn, would be a function of the length of time that heated 
lake waters were in contact with the tuffs. A warm well located 
in Little Crater Campground (between East and Paulina 
Lake)  probably suffers from the same limitations. 

Because of the unpnainty surrounding the geothennom- 
eters derived from the chemistry of East Lake and P a u l i  Hot 
Springs, Brook and others (1979) infer a reservoir temperature 
of 230" f 20" C, based on temperatures estimated for other 
Quaternary volcanoes. Since results of the Newberry 2 test 
hole (Figure 2) indicate a minimum temperature of 26S0 C at 
the top of the reserv'oir, the problem becomes one of estimai- 
ing maximum and mean reservoir temperatures. One possibie 
solution is to use the chemical geothcrrnometers while keeping 
in mind their limitations. Unfortunately, the Na-K, Na-K-Ca, 

ten all indicate minimum reservoir 

I 2 mller 
.____.-Caldera rim 

0 - 
figum 1. Map showing locations of some major 

volcanbes in the High catcpdw Range of Washingron, 
Otegon. and Cal~ornia. Taken from Sammel(198l). 

44 

Newberry Caldera* showing the New- 
from Sammel (1981). 
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temperatures of kss than 200' C (Mariner and others. 1980). A 
new method based on the Na/Li ratio (Fouillac and Michard. 
1981) gives reservoir temperatures of 335' C. 375' C, and 370' 
C for East Lake Hot Springs, Paulina Hot Springs, and the 
Little Crater Campground warm welt, respectively (based on 
analyses from Mariner and others, 1980). 

The reliability of &e Na/Li geothermomaer is difficult to 
assess. In general. higher temperatures cormpond to lower 
Na/Li ratios. If, however, the concentration of sodium in the 
thermal water is a function not only of temperature but also of 
the length of time that the water has been in contact with lapilli 
tuffs (Mariner and others, 1980). %hen the rcsult is a higher 
Na/Li ratio and a lower atimated reservoir temperarure. This 
implies that the calcvlated temperatures an minimums, mum- 
ing, of course, that theconcentration of lithium in the thermal 
water is a function of subsurface temperature and is not af- 
fected by the kngth of time the water is in contact with the 
tuffs. This may indeed be the case. According to Fouillac and 
Michard (1981), the concentration of lithium in thermal waters 
inCrrzues with increasing temperature, varying over about four 
orders of magnitude betwerJl 0' and 30O0 C. They feel that St is 
unlikely that the concentration of lithium in thermal uaters is 
due to chemical equilibrium between water and a lithium min- 
eral, and they believe that water-rock ratios and rock lype do 
not affect lithiurn concentrations. Given these findings, it is 
possible that *e temperatures resulting from Na/U ratios give 
useful indications of minimum mervoir temperatures beneath 
the caldera at Newberry Volcano. Ewn if Paulina and East 
Lake Hot Springs arc drowned fumaroles, the Na/Li ratios 
should be characteristic of the temperature of the thcrmal nuid 
at the point of mixing. Since the temperature of the mixture is - 
presumably less than the temperature at depth, the resulting 
Na/Li geothcrmometer should give useful minimum reservoir 
tcmpcraturcs. 

Based on the above considerations, a maximum reservoir 
temperature of 360' C and a mean reservoir temperatureof 
312.5' C have been selected for use in the calculations of geo- 
thermal potential. The maximum is simply the mean of the 
three Na/U geothmomacn (335' C, 375' C. and 370' 0 
discussed above, while the mean m o i r  temperature is the 
arithmetic avenge of the maximum (360' C) and the tempera- 
ture encountered at the bottom of the Newbury 2 test hole 
(265' C). These temperatures arc higher than those en- 
countered in many producing geothermal fields around the 
world, but they are not unheard of. The Cero  Prieto field in 
the Mexicaii district of Mexico, for example, produces nuidsat 
temperatures of 310' to 350. C from depths of 1.700-2.OOO m 
(Espinosa, 1982). 

RESERVOIR VOLUME 
Brook and others (1979) assume a r#ervoir volume of 

47 t 16 km' in their mimation o€ the geothermal potential of 
Newberry Volcano. Thii estimate is based upon a calden area 
of 32 kmz and a minimum, maximum, urd most likely depth 
to the top of the rcsavoir of 03.20, and 1 .5 km, ~~~pectively. 
They chose these numbers because the depths to the tops of the 
raervoin in most drilled geothcrmal.systems fall within that 
range and because at  the time of their study there wen no drill 
hole data available from Newberry indicating the true top of 
the reservoir. Assuming a maximum drillable depth of 3 km 
for the reservoir bottomr Brook and others (1979) calculate a 
maximum reservoir thickness of 2.J km. a minimum of 1.0 
km, and a most likely thickness of 1.5 km. The results from 
Newberry 2 indicate a depth to the top of the reservoir of 0.93 
km (Sammel, 1981) and thus a calculated reservoir thickness of 
2.07 km, the value 'that is used in this paper in calculating 
reservoir thermal energy. An imponant assumption used in the 
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c&ulaiion of resmuir voluiiws is that all p w i i o n s  01' ihr 
reservoir are considered to be equally porous atid permeable; 
no attempt is made to separate those portions of the reservoir 
which are porous and pcrmeabk from those which are not 
(Brook and others, 1979). 

illiarns and F n n  (19811, in a reexamination of gravity 
data from Newberry. delineate a large positive residual gravity 
anomaly associated with the volcano. The anomaly extends 
well outside the margins of the volcano, covers an area of ap- 
proximately 275 kmz (D.L. Williams, 1982, personal commu- 
nication), and is interpreted by Williarhs and Finn (1981) to be 
a subvolcanic intrusive. The top of the intrusive lies at a depth 
of lcss than 2 km (D.L. Williams, 1982, personal communica- 
tion) and is probabty composed of a complex of many separate 
intrusions in different states of cooling (Williams and Finn. 
1981). While it is highly unlikely that temperatures similar to 
those encountered in the Newberry 2 t a t  hole underlie the en- 
tire area of the positive gravity anomaly, calculations will be 
made using ha t  assumption in order to amve at an upper limit 
for the electrical generation potential of the volcano. 

ELECTRICAL POWER CALCULATIONS 
The techniques developed by Brook and others (1979) for 

estimating the ekctrical generation potential of a geothermal 
area are relatively straightfonvard, once reasonable estimates 
of rcservoir temperatures and volumes have been made. As a 
f i t  step, the accessible resource base (the stored heat of the 
system above 15' C and shallower than 3 km)'is calculated, 
using the fornukc 

I .  

qa =pc*a*d*(r - I,& 

where qr is the mervoir t h m a l  energy in joules (J). is the 
volumetric specific heat of rock plus water (2.7 J/an'/* C); (I 
is the reservoir area in kmz, d is the reservoir thickness in km, I 
i s  the wmoir temperature, and I,,, is the reference tempera- 
ture (15' C). The value for pc assumes a reservoir porosity of 
15 percent and L, is the mean annual surface temperature, 
which for simplicity is assumed to be constant throughout the 
United States. 

Once the reservoir thermal energy (qI) has bcen calculated, 
the problem becomes one of determining how much of that 
energy can be turned into electricity. To generate electricity, 
the thermal energy of the reservoir i s  converted into mechani- 
cal energy (work), which in turn is converted to electrical 
energy. The mcchanid work available (it;) at the wellhead 
can be determined from a graph conveniently provided in 
USGS Circular 790 (Brook and others. 1979). For a reservoir 
temperuure of 312.5' Cnnd a depth to the center of the raw- 
voir of 2 km, the ratio K/qr is qua l  to 0.082 (W,/q.= 
0.082). Hidden within this simple computation arc the follow- 
ing important assumptions which are discussed in more detail 
by Brook and 0th- (1979): (I) In an ideal reservoir, 50 per- 
cent of the reservoir thermal energy can be recovered at the 
wellhead; (1) nonideal reservoir conditions, mostly related to 
the fact that much of the reservoir volume is not porous and 

d recoverability to 25 perccnt of the 
mervoir therm gy; and 13) the condcnscr rejection 
temperature is 15' C. This last assumption tends to maximize 
the available work (1%) term, of the true condenser rejection 
temperature will usually be higher, around 40' C. 

The electrical energy obtainable from a geothermal 
system is calculated from the equation: 

where < is a utilization faaor that accounts for losses that oc- 
cur in the power cycle (Brook and others, 1979). The value of 
q. is simply the ratio of actual work to available 2) for 

E= W,*qm, 
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MEETING ANNOUNCEMENTS a given system. A value of 0.4 was chosen by Brook and others 
(1979) as typical of hot water systems and is used in this paper. 
I t  should be noted that the calculation of actual work (used in 
determining q.) assumes a condenser rejection temperature of 
40° c. 

Table 1 lists the msults of the various calculations made 
for Newberry Volcano. The values for elettrical energy are 
given in electrical megawatts based on a 30-year life span. 

Table 1. Esrimoret of volume, rempemture, and energies 
of ffewbeqv Volcano 

GSOC luncheon meetings 
The Geological Society of the Oregon Country (GSOC) 

holds noon meetings in the Standard Plaza Building. 1100 SW 
Sixth Avenue, Portland, in Room A adjacent to the third floor 
cafeteria. Topics of upcoming meetings and speakers include: 

April M-'BeIla Coola by Freighter and Beyond: by 
ebrake, members and president of 

bia River Gorge: Who Is U'otching? 
by Nancy Russtll, lecturer on Oregon native plants and chair- 

May 21-Forry FIo& by John Eliot Allen. Emeritus 
Professor of Geology, Portland State University. 

For additional information. contact Viola L. Oberson, 
Luncheon Chairwoman, phone (503) 282-3685. 

Elcarica1 Source 
of &dation , trmperOturC ' thermal (MWe of Friends of *he Columbia G ~ ~ ~ ~ .  

(kmJ) is t) energy for 30 
(10" J) yean) 

USGSCirc. 790' 47* I6 S O * # )  27% IO 740 

!$! DOGAMIJ 41 3 123 38 
DOGAMIJ 66 312.5 53 
DOGAMI' S69 312.5 457 1S.837 

I AIME dinner meeting - Brook and othm. 1919. p. 44. 

temperature data from Newberry 2 I Q ~  wll. 

volume from Ncubrn). 2 hole (Sammei. 1981). 

Willim<and Finn (1981). 

._ 
,Oregon Department of Geology and Mineral fndustrks (OOGAMI) 

* crlcubtion. using reservoir volume wimate of Brook and othm (1979) and new 

' DOGAM cokuktion using inrmKs in both rnmoir  temperatun and 

4 DOGAM &hion using volume estimate based on gravity work of 

The monthly dinner meeting of the Oregon section of the 
American Institute of Mining, Metallurgical, and Petroleum 
Engineers (AIME) will be held Friday evening, April 16, at the 
Flamingo Best Western Motel and Restaurant. 9727 NE Sandy 
Boulevard in Portland. The speaker will be Herben H. 
Kellogg. 1982 Henry Knunb Lecturer and Professor of Metal- 
lurgy at the Henry Krumb School of Mines at Columbia Uni- 
versity, who will speak on Energy Use in Metal Producrion. 

Cocktail hour is at 6 p.m.. dinner at 7 p.m.. and program 
at 8 p.m. Reservations should be made by Wednesday, April 
14, with either Mike York in Corvallis @hone 757-0349] or the 
Oregon Department of Geology and Mineral Industries receg 
tionist in Portland (phone 2294580). 0 

TWO things are immediately obvious from the informa- 
tion contained in Table 1. First, the new data from the New- . 
berry 2 test well more than double the theoretkal.electrical 
generation potential of the caldera portion of the Newberry 
Volcano; and second, there may be enormous ptential out- 
side the caldera proper. The 15,837-MWe estimate for' the 
entire gravity anomaly associated with the volcano is, of 
course, an absolute maximum. It is based on the assumptions 
that (1) the intrusive causing the gravity anomaly is everywhere 
providing heat at the rate found in the Newberry 2 test hole, 

of the reservoir lies everywhere at a depth of approximately 1 
km). While t h a t  assumptions arc certainly not completely 
valid. they provide o useful upper limit on the potential of the 
volcano. The extent to which they are in error and the true 
geothermal potential of the volcano a n  be determined only by 
exploratory drilling. 
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APPENDIX E 
USGS Circular 838 . -  

WeYBERRY VOLCANO, ORECON 

Norman 5. Ilackod, Dav A. Geological Survey, Xenlo Park, California 94025 

Ge4Ux;IC SUmuRI Wewberry lies a t  t h e  vest end of the Wgh Lava 
Plains ,  a t e r r a i n  foLMd.of Wiocene t o  0uate-r). 

Newberry Volcano, centered about 20 miles baaa l t  flovs and venta punctuated by rhyo l i t i c  dome. 
sourheaat of Bend, Oregon. i. among the  LarRest exes (Walker and othera. 1967; Grnne  
Quaternary volcanoes i n  the contekinous p i t e d  72; Walker and Wolf, t h i a  ~01.1- The 
States.  It covers an area in exceaa of 500 mi , 'ana ahow a well-defined monotonic age 
lmas f r o m - i t  extend northward many tens of miles t i n g  a t  about 10 m.y. eaa t  of lLrney 
beyond the volcano. The highest point on t he  basin and decreasing to  lesa than 1 1.7. at 
volcano, Paulina Peak with an elevat ion of 7.984 it, Newbercy'a eas t e rn  border (Valker, 197bt h e k o d  and 
is about &OOO f t  higher than the terrain others,  1975; WKee and othera, 1976). Neuberq 
rurrounding the  volcano. The gent ly  aloping flanka, rhyo l i t e s  appear t o  be a continuation of these a g e  
embellished by more than bo0 cinder  cones, cons i s t  progrcsaive rhyo l i t i c  rock.. 
of basa l t  and b a s a l t i c  andesi te  flm, andeai t ic  t o  
r h y o l i t i c  ash-flow and a i r - f a l l  t u f f s  end o the r  A complexly faul ted terrain surrounds 
types of pyroclaat ic  deposit., d a c i t d  to  rhyo l i t e  Hewberry. The northeaat-trending Walker Rim f a u l t  
domes and flm, and alluvial sediments produced ' zone impinges on Ikwbercy'a routhera f lank bo t  
during periods of eroaion of t h e  volcano.' A t  offset. only its o lde r  flovs.  A zone of f a u l t s  that 
Newberry*a auad t  I8 a b- t o  h n i l e - d d e  caldera  offset. o lder  f l m  on the  lover northern flank 
t h a t  contains scenic  Paulina and t a t  Lakes. rhe extends northvestward i n t o  the Caaccde lhnge a t  
caldera  haa been the r i te  of nmerous Holocene G r e e n  Ridge. Although Ikvberry l n a s  obacure the '  
eruptions,  WStl). of r h y o l i t i c  eoaposition. t h a t  . r e l a t ions  of t he  Walker Rim and Green Ridge f a u l t  
occurred as recent ly  as 1.500 years ago. zones, they likely join beneath kwbercy and 

represent but one curving f a u l t  ayatcm. The 
Brothers f a u l t  zone, a M ~ O C  west-northvcst-trending 

Muberry Volcano s t a r t i n g  with I. C. Ruasell (1905) zone of. f a u l t s ,  extends acroaa the extreme 
who v i s i t e d  it during a horseback reconnaiaaance of northeastern flank but does not apparrntly offret ,  

. c e n t r a l  and eaatera  Oregon in 1903. kvel l  Y i l l i . m s  s u r f i c i a l .  Revberry f low.  It .probably extends 4t 
(1935, 19571 mapped the  f l anks  of the volcano i n  depth to  j o i n  or abut egaiast  the Crern Mdge-Valker 
reconnaissance and atudied the C81d.r. i n  more U i m  f a u l t  zones. 
de t a i l .  Ria outstan 
subaequent investiga 
focused on caldera 

h a g  geologiata have atudied various aspects  of 

ce in a broad 
percent of t h e  area of t he  volcano. As p a r t  of a 
geothermal resource i nves t i za t ion  of central and to t h e  Fort 

cover the  f lank8 
lr62,500, and 

reinterpreted and the  caldera.  
iuterrro*cn and 

in  ~ ~ t f o r a i a  (Donnelly and othera,  th ia  
h t h  volcanoes have the  aame shape, 81. 

by summit calderas, contain abundant readi ly  divided into two groups on the basta of 
rhyo l i t i c  domes and flows, have widespread ash flows t h e i r  age r e l a t ive  to hzama ash (I% age 6,600- 
l a  addi t ion t o  the  amre areally extensive basa l t  and 6,700 years) derived from the volcano at Crater Lake 
basalt ic-andesite flows and t h e i r  r e l a t ed  cinder  10 miles diatant.  rhe lpunges t  lava flows overlie 
conea, have aimifar petrochclpiatry, and have been Harm aah. andlgheir . C ages range from 5,800 t o  
t h e  ri te.  of erupt lorn of p r rmlceo~~ .  tephra and 6,380 years ( C ages of t h i a  magnitude 'are 
obaidian f l m  during the  h a t  few thousand year.. generally about 800 yean  younger than actual 
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Figure  1. Geologic .ketch map of Newberry  Volcano. GeoloQy of the  caldera is shown i n  ffqure 2. 

i 
-ea). Carbon for  iaotopic  dating m a  obtained tram the older  T O l U m h O M  tlon on the  lover f b n b  are 
carbonized root syatena a t  t h e  baes  of h v a  tree baaalt .  moatly of high-alumina type ( t ab le  1. eel. 
caeta (Peteraon and Croh, 1969) and fro= beneath 1). zbe 6,0007earsld f lwa contain 52 to I 7  
cindor depoai ts  that extend u plumea leeward of percent Si02 and are bardtic andeaitea ( t ab le  1. 
cinder rent. r e l a t ed  fo t he  flaw (Qitwod aui col. 2). 
others. 1977). a jopru tion u y  have erupted 
during a NCh shorter period of time than t h e  8ge Kore than 400 cinder eone. and f i s au re  vent. 
spread indicates.  perhapa u l i t t le u a feu ureka haw been i den t i f i ed  on t h e  fhnka of Revberq-few 
or se~eral  ears. lili o the r  f law are c ered b r  o the r  volcanoes in the  m r l d  contain so many. They 
lkuv a h  and are o l d e r  rho 6.700 1c para ;  a n  eoncentrated in t h ree  broad zonea that join on 
surface f ea tu res  00 m o m  flow auggeat a r e l a t i ~ e l y  the upper part of the  volcano. ihe eaatern zone Ss 
young a8e. perhaps 7.000 to 10.000 p a n .  o t h e a  are continrution Of t he  ffigh b v a  P h i n a  zone O f  
rikely several teen or-bundred of thousands of pars bardtic vent8 md parallels t he  Brothera fmlt 
old. tono; except for cone. b w  on the  eaa t  flank, moat 

cone. in t h i s  rone appear r e l a t ive ly  old. The 
Seven ty rh ree  basaltic to auieaitic flow r o c h  northweatern tone of vent. La coPaear wtth t h e  zone 

or bomba from aaaoci8ted venta malyzed by RigRina of fault. on the 1oucroo.t flank t h a t  extenda t o  
(1973) and kyor (19731 contain 48 t o  60 percent Green Ridge la the arcade Range. and t h e  
$:02. The man silica content of them tccb  i. southweatern zone i e  co l l inea r  with the Walker Rim 
about 54 percent, e W h r  t o  that of analyzed roeka f a u l t  tone. Fiaaurea and alined cinder. coma 
C r m  the e d j e n n t  a t e a d e  Range. Of these m81YZed generally p a r a l l e l  t he  be l t a  in uhieh they ochre 
Sewberry rocka. onty about 20 percent contain lesa The d i s t r ibu t ion  of the venta. end part icular ly  of  
rhan 52 percent 1102, about 60 percent l ie  be twen  aliaed venta and fiaaurea. auggesta that  the 
$2 end I 6  percent. and t he  remaining 20 percent have northweat and eouthuest zona.. and perhaps the  
56 t o  60 percent. Thua the domirunt analyzed rock Cmlta Chat they paral le l .  are p a r t  ot w broad 
type La W a l t i c  andesi te* aimilar t o   ME^ rocka in arcuate zone tha t  curves in the r i c i n l t y  of 

aacsde &age. me analyzed rock are Braerally Ievberq'a summit. Some d i n e d  cinder coma and 
biaa.d w a r d  -gee rocka. however. .end u n y  of f i aau r r  vent. near t h e  aumait occur tn arcuate zonea 
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parallel to the c era rim and l ike ly  lie along along Teepee Draw (stop 14, road log). me Teepee 
ring fractures;  somc occur along f a u l t s  whose ‘Draw aah flow crops out along ravine w a l l s  for at 
caldera s i d e  !a dmdropped. l eaa t  6 miles toward the caldera before being buried 

by younger rock.. Along some ravines i t  exceeds 70 
b s t  of the  cinder cones a n  well preserved f t  i n  thicknesa, but i t  may be considerably thicker  

oving LO t h e i r  high porosi ty  because its base is exposed only where kipulus of 
a b s o r p t h  r a the r  than runoff of vat older  baaal t  project  through i t ;  also the  upper par t  

200 t o  300 f t .  %est are marked by summit craters t of the volcano, and, as it is 
and f lows emerge from t h e i r  basea. Cinders apparently older  than the BUrfiChl roeka on the 
diapersed by prevailing wiada during eruptions form other  flanks,  MY be present at depth echpletely 
aprons a t S n d i n g  leeward from some cones aueh aa no. Original volume of the unit is 
lava B u t t e  (Chitwood a d  other., 1977) (stop I, road estimate without information on 
log). Fisaure n n t a  cons i s t  of long ridgea or depth on the other  flanks. but i t  
trenchlike depreaaions formed by cinders,  s p a t t e r  likely is much more thao 10 cubic miles. The Teepee 
and agglut inate  flowa. Small p i t  craters are flow probably relates t o  an 
developed d o n g  8- f i aau re  vents. Cinder cones eat, period of caldera col laps  
and “ f i s su re  vent. on the  lower flanka are generally 
devoid of fragments of r h y o l i t i c  her up the northeast  f lank t 
of those higher on the  volcano ash flow is buried to  progressively greater  depth by 
inclusionr (atop 3. road log). alluvial sediments derived by erosion of rock8 

i e l d l i k e  vent. occur at t h i a  alluvium are basa l t  and andesite flowa, and 
n the  southwest f lank and Green Ilountain to  several  other  ah-f low tuff  uni ta  (stops 12 and If. 

e northwest of Xevberry. They are 1 to 3 miles road log). Some of t h e m  aah flows are vldeapread, 
roas. have gent le  slopea, and are more t a u l t e  otheca occur in only a feu scat tered localities 
der  than most a u r f i c i a l  Uevberry flows. (e-nly plastered on the  caldera s i d e  of cinder 

cones). Host of these post-Teepee Drnr ash flous 
Kany of the h i l l a  on Kevbcrrfs flanks are . are characterized by red. probably d.cit*. 

obsidian flows, and amall rhyo l i t e  or obaidian 
prottusiona occur in ~ a y  placea. mort of thedomes The weat f lank of the volcano contagma two 
form rounded h i l l s .  such u HeKay Butte 00 the  west u j o r  tephra uaits. The o lde r  un i t  forms most of 
flank, that are 100 t o  SO0 f t  high a d  up t o  6,000 t h e  lower two-thirda of the slope and overlies 
f t  across. The l a rges t  dome, &ich forms ?aulina baaal t  flows and vent depoaits that ia MW places 
Peak (atop 6. road log). extends southweatward from are deeply eroded; f i l a  unit also occur8 on the 
t h e  caldera wall f o r  3 miles. I t a  very elongate northeart  flank where it occurs higher in the  
Outcrop auggests t h a t  it vas emplaced along a than most of 
aortheart-trending f iaaure or f au l t ;  an  obsidian 
flow cropa out  f a r the r  d m  the alope on a d i r e c t  
extension of the u i s  of t h e  Pauliaa Peak dome and 
may have been erupted from the  aame buried f i r s u r e  

’ cones are as arch as SO0 f t  high, t The ash flow crops out roughly over a . 

higher on the  alopes. Interbedded i n  or underl7ing * 

rhyo l i t i c  domes. In  addition. pulpice riaga. pumice. 

a t t e s t s  to the relative abundance of rhyol i te  at 
depth on the upper pa r t  of the volcano. 

K-hr agea were determined on six rhyo l i t  
nd flows. The a e s  ranee from 400,000 t o  
ear., although many undated chyolitea are 
ounger. Some small .pia81 protruaions. d 
mice r ings on t h e  upper aoutheast flan 
a s  than 10.000 j u r a  old. Xa eontras 

luminoua component of  -st 
its on the volcano. furthermore, 

h z . a a  ash and aa pung aa 1,600 years- 

gf the gravel. Jhe or ig ina l  v o l u e  of the  uni t  was 
probably several cubic miles. P a  eruption could 

on the north and south f lanks 
baaal t  and b a r a l t i c  andesi te  t h e  aeeond major tephra uni t  on the vest f lank 
knovn un i t  occura on the  lower forma the  smooth and gently dipping upper par t  of 
f lank and coasiat8 of a uideapread rhyo l i t i c  ash the  f lank extendtng for #bout 2 milea from the 
flow i den t i f i ed  by C. U. Walker (per.. commun., caldera rim. A t  l o c a l i t i e s  f a r thes t  from the rim 
1973) during reconnaissance mapping of adjacent (stop 6, road log) the uni t  cotuiists of many t h in  
areas t o  the eaat. X t  haa been r e fe r r ed  t o  ash-flow un i t s ,  commonly 3 t o  20 f t  thick. They 
informally M the Teepee Draw ash f low Cor outcrops reddish to  brounish in  color and consist Of 



andeaft ic  scoria and pumice and accidental  l i t h i c  
fragmcnta in a poorly sorted l i t h i c -  and 
ccyatal-ri& u h y  matt:%. hie .  of individual u n i t s  
are commonly uelded. T o n r d  the caldera rim, the  
u h  flom progreasively change character and i n  many 
p l a c u  near t he  rim, u at h u l i n a  ~ ~ 1 1 8  (stop S. 
road log), t h i ck  Uni t8  hove the  8ppear.nce of 
u g l u t b u t e  f L o n  These deposita probably 
repreaenr hot col.ignl=brite lag deposi ts-  

Alluvial deposits =cur over broad areas of t he  
w r t h e a s t ,  lover s o u t h u s t 9  and tapper south flanks 
here they .form ramded - s l o p e s  with vir tual ly  
oonulstent  exposure. Ifoat of t he  deposits are 
groval and sand. but the occurrence of boulders as 
float at s o n  horitona along r ides  of ravines 
indicates t h a t  boulder beds are present also; pumice 
f s l t  .ad arh f l o n  a n  interbedded in the alluvial 
deposit8 in aome areas. kuru. moat of the  
uppermost d 0 p u  of the  rolcum in a r m  here  t he  
alluvium is present are veneered by young pumice 
fall., we uere not 8ble t o  deteraine- the orlgin of 
t h e  deposits near the caldera. They u y  be f l u v i o l  
but equally uell may be of g l 8 C i O - f l U V i d '  O r  ghCial 
origin. ?ar ther  d m  the  slope they are probably 
Jntirely flu,vial, representing broad alluvial fana. 

' 

Much of the  uppermost northeast .  east, _and 
Ooutharn flanks extending for .bout 1 to 2 miles 
ootu8rd from the u lde ra  rim are formed of pumice 
and u h  deposi ts  derived frm mu r i t h i n  t h e  . 
caldera. Most of t he  depoaita are pmger than 
1L.i.l~ ash. but s ca t t e r ed  holes dug through . t b a  
show thot  8 W . r  deposi ts  underl ie  ash in a 

ia covered on a t e n a i v e  pumice f a l l  (stop 11s 
mad log) derived frm t he  vent tor the t4 Obsidian 
flou in t h e  ul&ra (Sherrod ond 1L.cL.od. 1979). It 
atend.  as a p lum oriented 1. 80° t o ,  i. rnll over 
10 L t  t h i ck  s u r  t he  caldera  .nd thinr t o  .bout 
10 In. at a distance of about 40 miles fcom t he  
coldera. 

fW p l a e s o  lhch Oi the  U B t  f l e d  Of t he  V O l C m O  

Ui11I.p. (193S, 19S7) f i r a t  recognized t h a t  tho 
b- to k i l r u i d e  depression at the s d t  of the  
volcano l a  a caldera; (190s) hod origiarlly 
s w t e s t d  t h a t  it yu a &-e g l u i d  cique* M a g  
t o  t he  absence of known u h  f l o n  on t he  flanks. 
U i l l i m a  (19S7) interpreted the caldera  as n r u l t i q  
from * draiaoge of t he  Underlying reserroir 
e i t h e r  by subterranean migration of up. or, more 
likely. by copiocu eruptiona of basa l t  from flank 
fissures e." d t h  m u 8 m i t -  col lapae occurring 
dong ring fractures.  Higgina (1973). on the  o the r  
hand, interpreted caldera formation u d w  to  
t u t o n i r r o l c a n i c  collapse along f a u l t  -mea t h a t  
auppoaedly' interseeted a t  the @-it. Aa noted by 
teterson end Croh (1976). the u i n  .xis af the  . 
trothera fault zone liu far north of the  caldera. 
rather th8n crossing th. a d t .  ond fault. v i t h i n  
tb. gone do not appear to o f f s e t  rswberq lavaso 
Also. wit of the f a u l t s  ahom by Higgiru on t h e  
upper part of He*erry that he uses os part  of hLs 
o t m c t o r o l  i n t s r p r e u t i o n  could mot be corroborated. 

, 

Ash tlon aod other  tephra units are n w  known 
to be common and rolumhous on t he  flank.. Thua th. 
caldera  seem much wm likely to be the r e su l t  of 
volminoua tephra eruptiona from ugma chambers 
belw the f o a r  surnnrit with concomitant COllap8e of 
t he  summit in a manner similar to t h a t  of moat other  
calderas  the size of leuberq'r or latter. k t he re  
uere several mjor tephra eruptions,  it l a e m  l ikely 
t h a t  eol lapse occurred several  tlmea. each col lapre  
imolrinff areas smaller than that  of the present 

caldera. Accordingly. the present caldera la 
interpreted as several nested calderas of d i f f e ren t  
age 

The ages of the  Cdder8S and of the u h  flow8 
that ue consider to be related to t h e i r  foraat ion 
are poorly knoua. Higgins (1973) i n t e rp re t s  t he  
caldera  age as Ilolocene on t h e  basis of the absence 
of obvioos v ideaprud  ~ l a c i a l  deposits. Roycver. 
many rocka on t he  voluno.  pa r t i cu la r ly  on i t a  upper 
flanks, are now known to be several  hundred thousand 
jura  old.  ao absence of slacirl featurea probably 
is not meaningful. U s o .  aeveral  of the  larger ' 

volcanou on the eaat s ide  of of the Caacrde treat. 
vbieh are about- the same height as Redecry, a h w  no 
obviow 8laci.L' featurss. yet sane of them are 
nearly a million or u x e  yeam old. 

¶'he ring f r ac tu re1  along which collapae 
occurred are mot apoaed. yet t h e i r  $enerll' locaticn 
is indicated by arcuate zonas (flg. 2). v i s i b l e  on 
. L t i d  photOgr8phs. I t  t. not possible to relate 
i n d i v i d u l  uh-flew units t o  col lapse along spec i f i c  
ring fractures. A ~ M  it la poas ibk  that col lapse 
occurred dong parallel ring f ractures  a t  the same 
t h .  T w  p a r a l l e l  valla on the southeaat s ide  of 
t h e  caldera  present m i n t e re s t ing  problem in 
i n t e rp re t ing  the  origin of t he  caldera  wall 
aequencw~ (described l a t e r ) .  If the inner nll is 
the younger. then the area betvaea the  hnar and . 
Outer cnll may be formed of old caldera-fill 
deposits. The inner -11 is thickly mantled by 
young tephra deposits,  and the only exposures ere a 
re lat ive17 "11 area of rhyo l i t e  ln the  lover part  
of the dope. The remainder of the  s lope on t h l a  
rnll d ips  30° t o  40". near the angle of repose. .nd 
haa a vew uniform smooth s h ~ p e .  If t he  pomg 
tephra deposita were locally underlain by indurated 
rock.* as ate present in the  other u d t ,  it s e w  
likaly that the slope vould be wre i r regular .  'Ihor 
t h i s  c a l d e r a * u l l  likely is dcrinant ly  or etatirely 
formed of '  relatively unconsolidated f r a p n t a l  
rocka, probably e a l d c r c f i l l  depoaitr. The rhyo l i t e  
exposed local17 at  the  bare of the wall M y  be 8 
faul ted dome t h a t  n a  o r i g h 8 l l y  v t t h i n  the 
caldera. Ihc upper pa r t  of the MrthealC w a l l .  
above .xpoaures of caldera  mllrocb.  m y  also be 
formed of ca lde ra - f i l l  deposita,  t h e  older caldera  
w a l l  being f a r t h e r  north. 

The mlls of the caldera  are m s t l y  covered by 
younger deposita ( t J 1 U 8 .  pumice falls, etc . )  and the  
wollrocb are only locally exposed. They are 
deacrlbed by W i l l i u r  (193s) and in aore detail by 

Th8 mat contiwoua expoauru are along the w r t h  
-11 a t e n d i n g  from t he  Red Slide. north of Paulinr 
Lab, to the northeast  obs id im flcu, uhich draper 
t he  v d l  a o r t h e u t  of L s t  Lke. We b a a  of the  
-11 sequence is formed of platy rhyolite.  Higher 
in t h e  sec t ion  are basa l t i c  andesi te  floua, 
palagonite tuff. c inde r  and agglutinated apa t t e r  
deposits. and a t  the top of the exporaces are 
palagonire tuffs.  

8iggiIIS (l i ltgins 8 d  % t e C l .  1968; ftimiat. 1973). 

kposurea  in the  u s t  -11 are found only frm 
about midway on Cast hke northward to t he  Sheegs 
hap, a cinder cone along the nll a t  the northeast  
comer of the caldcra. We intermit tent  expostrres 
conaiat of b a s a l t i c  anderite or andesite flows, 
palagonire tuff.  and pumice depoaita. The h a t  
range trom unwelded ud uncollapsed pumice to 
densely velded depoalu.  

88 . 
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Piqure 2. Geolgic sketch raap of Nevberry caldera. 

Other than expoeures of it. aouth of East bzama ash l a  a usefu l  datum v t t h  uhich to 
Lake. t h e  inner aouth ca ldera  wall i a  unexposed and ‘ roughly subdivide the  ea era rocka aa older  or 
is covered by th i ck  pumice f a l l  d e p o s i t a ~  Ihe outer 
aouth wall has expoaures only near t he  Big Obsidlan rocka a d  older  than Ifaz’b.s except for those along 
flow urd f a r t h e r  ns t  below Paulina Peak. The b u t  t he  &st  Lake fissure. The East Lake f i s au re  b s  
exposures. midway between Paulina Peak and the  Big not yielded carbon for dating, but t he  amomit . 
Obaidian flow, conslat of a lower p la ty  rhyolite.  b a s a l t i c  andes i te  f l e w  along the  e f t a s u r e  lesa 
overlain by basaltic andes i te  flows, dikes, and than a mile north are about 6.090 years o ld  (1- 
cinder depoai t s  v l t h  loeal interbedded pumice . fa l l  Y. bbinson ,  wr i t ten  comun.. 1978). Included in 
deposita,  and with a cliff-forming obsidian flow a t  the prc-Hazama bareltic rocks are the  lnterlrlc 
t h e  top. At t he  *st end of t h i s  exposure are b a s a l t i c  andes i te  flow (eas t  shore of Paulina Lake). 
outcrops of bedded pumiceom tuff. that have been Red Sl ide  cinder vent and flowa (north a ide  of 
fused near t h e i r  contact with t h e  overlying obsidian Paulina Lake). Sheepa Rump c inder  cone and flow 
flow; pa r t  of the  apparent base of the  obsidian flow (northeast  a ide  of Cast Lake), and east-ria f i s s u r e  
l a  fused tu f f  even on t h e  eaa t  end of t he  outcrop. and the  associ.ted flaw from it t h a t  extends t o  ?kst 
South of the  f i g  Obsidian flov r e n t  are exposures of Lake. The palagonite tu f f  rings t ha t  occur 
andes i t i c  or dacitic ash flown and b a s a l t i c  andesite aoutheast of Paulina Lake ( l i t t le Crater)  and near  
flown. and belov Paulina Peak a ledge of basa l t  the  aouth shore of Cast Lake (stop 10. road log) are 
crops out  in one m m a l l  area. 

younger than about 6.700 & year.. A l l  t he  mafic 

arge obaidian flow in the 
caldera. an obsidian dome 

ca ldera  wall aouth of East 
flw that extend1 northvard 

andes i te  flows mud p d a g o n i t e  t u f f  r ings  occur Lake. and a poorly expoaed 
sweral places. W i l l i a m s  (1935) and Higglns (197 Central  Pumice cone- Xu 
have provided much usefu l  da ta  on the  floor rock pumlce falls, l acus t r ine  

f i l l  p n s c n t  in the caldera. A core hole,  cur ren t ly  
being d r i l l e d  for the  U.S. Geological Survey has 10 The post4azama rhyo l i t i c  depoaita occur i n  t h e  
far penetrated 1,700 It  of ca lde ra - f i l l  depoaits,  eaa te rn  half  of t h e  Caldera (fig.  2); They include 
mostly puaieeaus tephra. with a few rhyo l i t i c  and obsidian flows. pumice rings and cones. ash flour. 
d a c i t i c  flows. and lake acdiments 1.000 f t  bel- the  pumice fslls. and other pumiceous tephra depoaits. 
surface. Hydration-rind dating by lriedman (1977) indic8tca 

that the Central  Pumice cone. betvcen East end 
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Table 1. Repreacntatlve chemical malyaea of Icvberry rockr. 
1n.r. - not reporredl 

k r a  lut tr  ?aullna h k l s  ?oulln. 
?lank b a a 8 l t i r  a d c r i t i c -  ?e& Big Obaidian 
b u a l t  .ndeaite agglutinate r h p l l t c  * flow 

Si02 4 9 . 1  56.0 60.43 71.07 72 02 
a203  -17.6 16.1 16.06 14-92 14.61 
?eo+?e203 - 9.0 7.7 6-51 2.81 2-13 
ic*o - 8.9 4.b9 . 1.71 .22 i6b 
c.0 -10.0 8.2 ‘ b.58 1.08 .a5 - 2.b 3.72 5.71 6-04 5-16 

I .  

K# - .43 1.25 i.5 3.93 3.89 
E& - -51 n.r. . s3 17 0.r. 
He- - .IO nor. m07 .01 n.1. 

Ff15 - .31 nor. $9 .os , nor. 

cot - G O 5  sl*r.’ -61 G O 5  8.r. 

bl- 1. IUggba (1973. table 6. col. 62). 
blum 2. kyer (1973, table IC, la-4)~ 

alum L BQgiaa (1973, table 4. cole 27). 
blrnn 5. kidley .od MeKay (1971), merye of 66 malmea. 

t i 0 2  - 1.0 1-13 . 1.30 29 e24 

-0 - -16 . .I4 .I5 .03 * e064 

-1- 3. Higgm (1973. table 4. cole 19) .  
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APPENDIX F 

HYDROLOGY OF THE LAPINE BASIN 

Modern studies have shown at  leas 95% of geothermal f luids must be 

derived from surface precipitation and volcanic steam contributes no 

han 5%. 'In order to esources it is  neces- 

sary to underst the geothermal 

f luids. The source o f  ground water feeding the geothermal reservoir 

beneath Newberry Crater is  prbbably from precipitation recharged in 

the High Cascades to  the west and southwest. 

The U.S. Geological Survey test hole was dri l led about 3,000 feet from 

hole an elevation of about 6,300 feet. This would place the bottom 

elevation a t  about 3,300 feet and possibly .into the regional ground water 

flow system. 

The following hydrology information is  condensed from the LaPine 

Aquifer Management Plan for  Deschutes County by Century West 

s drainage basin. It 

-1 - 
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is flanked by the High Cascades on the west arid Newberry Volcano 

(the Paulina Mountains) to the east. The area of the basin is about 600 

square miles. 

The basin narrows t o  the nor th  as a resul t  o f  converging hill terrain 

and broadens to the south. Newbe Volcano t o  the east covers an 

area in excess o f  500 square m 

Paulina Peak with an elevation 7,984 feet, is  about 4,000 feet higher 

than the terrain surrounding the  volcano. Cinder cones and buttes 

west o f  the basin va ry  from 6,200 to 4,500 feet in elevation. The basin 

floor, made up o f  sediments, is  relatively f la t  and slopes gently to the 

nor th  a t  about s ix feet .per mile with elevations varying from 4,300 feet 

to 4,100 feet. The floor also slopes toward r ivers  in the central par t  

o f  the basin, wi th  gradients of  f i ve  feet to about 25 feet per mile. 

W i t h i n  the study area, local topographic rel ief is  about two to 20 feet 

. due t o  a system of shallow drainages. 

GEOLOGY 

HISTORY 

The LaPine basin i s  a low, sediment-filled area between the Cascade . 

Range to the west and Newberry Volcano t o  the east. Before the  basin 

existed, numerous basaltic lava flows spread over central and eastern 

Oregon from about ten million years to three million years ago. 

lavas form the  floor o f  the basin (Figure 7-2a). A t  the end o f  this 

period, numerous overlapping shield volcanoes, made up of basaltic lava 

flows, began to form the High Cascades. Lavas from these volcanoes 

overlapped the older lavas from the east. Volcanism in the High 

Cascades has continued nearly to the present time and formed the 

These. 
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LAPINE BASIN 
GENERALIZED GEOLOGIC HISTORY 

WEST EAST 

+--BASALTIC LAVA 

4-- EAST 
FLOWS FROM 

LAPINE AQUIFER MANAGEMENT PLAN , 

FIGURE 7-2 



western side of the LaPine basin. Low lava uplands Lo the easi pro-  

v ided the  beginnings of an eastern side t o  the  basin. 

Sedimentary deposits began accumulating on top of the ba 

shallow basin about two t o  three million years ago. Then, about one 

million years ago, Newberry Volcano began building on top of the low 

lava uplands to the  east. Th is  enormous volcano formed a major eastern 

side to the LaPine basin allowing thick deposits of sediment to accumulate. 

The thickness of these deposits was controlled by the out le l  of  the 

basin which today i s  a t  Benham Falls. The elevation of the outlet has 

. .  

ied considerably o time depending on erupt io lava flows and 

domes which have repeatedly dammed the Deschutes River. Today, the 

sediments are about 500 feet thick. They accumulated in lake and 

marsh environments and are represented Wday by silts, clays, sands, 

gravels, and organic materials (Figure 7-2b .and 7-2c) (Chitwood, 

Personal Communication, 1982). 

Dur ing  periods of glaciation, large amounts of silt, sand 

were carr ied down from the slopes o f  Newberry Volcano and the 

Cascades (Figure 7-2d). This alluvium spread over the basin on top of  

the  older sedi ents (Peterson, et. al., 1976). 

limate and by volcanic event 

STRATiCRAPHY 

I ntmduction 

The st ra t igraphy of the  LaPine Basin can be generalized by dividing it 

in to three main units: (1) older basaltic lava flows at  depths of more 
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than 500 feet in the n t e r - o f  the basin, (2) an intermediate layer o f  

s i l ts  and clays as much as 800 feet th ick  nterbedded with thin layers 

of sand, gravel, and organic sediments from lake, marsh, and stream 

deposition, and (3) an alluvial laye 0 feet of interf ingered 

nd gravels, cia1 outwash and floodplain deposits, topped with 

recent pumice and a from the erupt io Mazama. This  layer 

general ly th ins t o  the  north.  

Figure 7-4 is  a geologic fence diagram showing the generalized strat i -  

graphy of t h e  LaPine B in based on more than 1,000 dr i l lers '  logs filed 

w i th  the  Oregon Water Resources Department (WRD), and electrical re-  

s is t iv i ty  soundings. The resist iv i ty soundings and monitoring well logs. 

confirm the  information in dr i l lers '  logs showing the ence and var i -  

ab i l i ty  of interbedded clays, silts, sands, and gravels in the  LaPine 

basin. 

, 

T h e  general strat igraphic section as hown in Figure 7-4 shows a basin 

ger  basalt flows to  the 

t, west, and n o r t  

ver ly ing the  al lu 

gional, intermediate, and 

local f low systems. 
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Regional ground water flow systems are defined as being deepest and at  

the opposite end o f  t he  s urn from local low systems. The water o f  

w 'systems lies beneath local systems and above regional 

flow system few acres and be less 

REGIONAL FLOW SYSTEM 

A regional flow system in the  LaPine basin probably occurs in the 
. .  

salt  lava flows under ly ing the basin. The Ponderosa Pines No. 2 Well I 

penetrates .basalt and produced 550 gallons per  minute (gpm) with a 

drawdown of only 1.3 feet a f ter  8 hours. 

A WRD inventory  well 'near the  town of Crescent, 17 miles south o f  

LaPine, is 267 feet deep, and water was found in lava rock a t  a depth 

o f  245 feet. A pump test  yielded 117 gpm with a drawdown o f  8 feet 

. a f ter  8 hours o f  pumping (State Wa esources Board, 1961, page 59). 



INTERMEDIATE FLOW SYSTEM 

The intermediate flow system occurs in the saturated sedimen1ar.p 

deposits o f  the basin igure 7-2c). The clays and silts have low per-  

meability an ell yields are low (less than 5 gallons pe r  inute). The 

sands and gravels show well yields o f  up to  50 gallons per minute. 

Bail test  information from dri l ler 's logs show transmissivity values 

ranging from 670 to  145,000 gallons per  day per  foot estimated by the 

method of  Theis and others (1954). 
, .  

Figure 7-14 i s  a contour map o f  the potentiometric surface of the inter- 

mediate aquifer based on water levels in wells grea r than 91 feet 

deep. This map shows the direction of flow to the east and northeast. 

Static water levels reported on dri l ler 's logs were used in preparation 

o f  the potentiometric surface contour map. Because these wells were 

dr i l led and completed in some cases to dif ferent water bearing sedi- 

mentary strata, the contour map shows the generalized flow direction 

and is  subject to  substantial local variabil ity. It i s  believed, however, 

to be a reasonable representation o f  the intermediate flow system. 

The intermediate aquifer was slowly recharged from precipitation in the 

basin, along the edges o f  the basin and possibly from recharge moving 

up from the regional flow system. Because the nd clays of the 

intermediate aquifer have low permeability, recharge takes place slowly. 

The intermediate aquifer is  reported by well dr i l lers t o  be saturated. 

Because the intermediate aquifer is  saturated, l i t t le o r  no water moves 

downward from the alluvial or  upper aquifer. 





.’&. * i* , 
- I  

. P  

The artesian condition of  wells show a discharge potential of the inter- 

mediate aquifer in the nor th  par t  of the basin. The discharge is due 

to  topographic narrowing and restrictions caused by basaltic lava flows 

and thinning o f  the h t e  diate zone sediments near the depositional 

edge of  the basin. 

Artesian wells are generally deeper than 50 feet and commonly indicate 

f major confining layers composed of silt, clay and basaltic 

lava flows. tbe nor th  pa r t  of the study area, al- 

though there are isolated deep artesian wells in the middle and southern 

sections (Figure 7-15). 

Most are located i 

. 
LOCAL FLOW SYSTEM 

The local flow sytem occurs in the unconsolidated alluvium o f  the LaPine 

basin under water table (unconfined) conditions. Recharge to  the 

shallow aquifer is primari ly .from precipltation’ and surface runoff, al- . 

though some recharge probably occurs from snowmelt moving down 

through basalts along the basin edges into alluvium. Evidence fo r  

th is  recharge from surface sources is  found in the samples o f  shallow 

ground water analyzed fo r  t r i t ium content. Occurrence of t r i t ium in 

waters of the hydrologic cycle arises from both natural and man-made 

sources. The  f i r s t  major source o f  man-made t r i t ium entered the atmo- 
~ 

sphere during init ial  tests of thermonuclear devices in 1952. If water 
I 

samples contain less than 5 t r i t ium uni ts it is reasonable to conclude 

that  precipitation entered the ground pr io r  to  1952 (Freeze and. 

Cherry, 1979). Water samples in the LaPine core area contained tr i t ium 

L 
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unit counts o f  31 and 37 a t  depths o f  15 and 33 feet, confirming that 

precipitation has percolated t o  the water table since 1952. 

In the South Section of the basin, the local flow system is well de- 

fined. t s  in the alluviai sands and gravels up t o  50 feet th ick 

that l ie above the thick 1 clay layers of  the intermediate aquifer. Al- 

though there are str ingers of  clay and s i l t  found in some wells in the 

area, there is  no consistent confining layer in the aquifer. Nearly all 

domestic' wells in the South Section are dr i l led into th is aquifer. Water 

wells in the  South Section are generally less than 50 

water levels average about 15 feet below the ground ~ surface. No 

shallow wells in th is  area are reported to show artesian conditions. 

Piezometer nests installed a t  various depths in the alluvium show similar 

It e 

1 .  

water levels. From th is  it i s  'assumed there is  no significant vertical 

movement of  water in the local f low system in the South Section. 

The local flow system becomes more complex in the Middle Section. Al- 

luvial sands and gravels thin and str ingers of  silts and clays thicken. 

Wells within two miles o f  the r ivers  are usually less than 50 feet deep 

while wells toward the basin edges tend to  be deeper. The contact of 

the intermediate and the local aquifers becomes less defined toward the 

basin edges because of more complex depositional processes. 

The local flow system in the alluvial aquifer thins out  in the North 

Section. Ground water can be found above clay and s i l t  layers within a 

few feet o f  the surface. The d a y  layers restr ict  downward movement 

of surface recharge and this. perched water shows faster ;esponse to 

wells in the S In continuous 
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recorder well CR-2 in the Nor th Section, the water level rose .99 feet 

m January 1, 1982 February 15, 1982. Water in continuous re- 

e South Section' rose only .26 feet and 

. Response to  precipitation 

faster to  the no r th  o f  CR-2 because the 

R-7 and CR-3 in 

.15 feet respectively during the same per] 

ted as a domestic water source in the Nor th Section be- 

u i re  wells.to be cased to  a depth 

of the North Section, 

uvial aquifer and develop deeper 

the  intermediate aquifer. Most wells in the North Section 

produce wate nds and g rav  r pa r t  of the inter-  

mediate aquife 

ulations (61-12 

an 18 foot well would penetrate 

Figure 7-16 I It is  based on 

data f rom wells .installed th is  project and' representative domestic 

r system dis- 

t of the L i t t le  Deschutes River, 

t o  northeast flow is  

(Chitwood, 1975). 
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TABLE 7-2 ' 

REPRESENTATIVE TRANSMISSIVITY VALUES 

South Section 

Location Intermediate Aquifer Regional Aquifer 

. .  

22/10/2 
22/10/3 10 , 000 
22/10/4 21,000 
22/10/5 17,000 
22/10/7 . 
22/10/8 12,000 
22/10/9 24 , 000 
22/1 O/lO 6 , 000 
22/10/11 10,000 
22/10/12 500 ' 6,000 
22/10/14 12,200 50 , 000 
22/10/15 10,000 
22/10/16 12,000 
2211 0/17 3 ~ 12,000 
22/1 O/l9 12,000 
22/10/21 10,000 
22/10/27 12,000 
22/10/30 12,000 14,000 . 

850 , 000 

Middle Section + 

21 /10/8 
21 /10/9 
21 /10/13 
21 /10/14 
21 /10/16 
21 /10/21 
21 /10/22 
21 /10/23 
21 /10/24 
21 /10/26 
21 /1U/27 
21 /10/28 
21 /10/29 
21 /10/31 
21 /10/32 

Y 



TABLE 7-2 (Continued) 

REPRESENTATIVE T VALlJES 

Location Upper (Local) Aqui fer  lntermediate Aqui fer  Regional Aquifer 

21 /10/1 9,400 
21 /10/3 14,000 
20/17 /7 . 40;OOO 
20/11/1 24,000 
20/7 1 / 3 0  8; 800 
20/10/1 , 245,000 
20/1 0/13 30,000 
20/10/32 15,200 
20/10/31 14,000 
20/10/34 40,000 * 

20/10/35 , 50,000 

Aqui fer  Pump Tests 

Figure 7-17 shows the direct ion o f  the  local flow system in the 

core area moving to the northeast w i th -  a shallow gradient o f  about 4 

feet pe r  mile. 

The average transmissivity for three tests was 33,000 gallons per  day 

p e r  foot and the average specific yield, a percentage o f  the water that. 

can be removed by pumping from tolal volume o f  the aquifer (effect ive 

porosity), was .11. 

Based on aqui fer  test data, the average velocity of the ground water 

flow in this area was calculated to  be  from 0.39 to 0.95 feet pe r  day or 

142 t o  347 feet pe r  year using the method o f  toman (1972). The resutts 
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of. these tests show that  the shallow aquifer is highly permeable, uncon- 

d and wi l l  y ie ld mare than adequate supplies to domest 

South section. 

SURFACE WATER 

The Upper Deschutes subbasin includes al l  of the Descliutes River 

walershed above Benham Falls and drains aboul I, 710 square niiles. 

The subbasin is bounded on lhe  wesl by the Cascade Range, on the 

south by the d iv ide between l h e  Deschules and Klamath Basins (a t  

Chemult), on  the east by Walker Rim, Carter Buttes, and the Paulina 

Mountains, and on the no r th  by the arb i t ra ry  div ide which extends 

from the  Paulina Mountains through Benham Falls to the Three Sisters 

in the  Cascades (State Water Resource Board, 1961). Al l  major streams 

in th is  subbasin originate in the  Cascade Mountains. Paulina Creek, 

which originates a t  Paulina Lake, i s  the only stream that does not flow 

from the Cascades. Paulina Creek i s  an intermi l tent  slream lhat contr i -  

butes only minor I'low lo l he  L i l l i e  Deschules River.. Most sur-lace I'low 

disappears inlo surface deposils consisl ing mainly ol' pumice, cinders, 

alluvium and lava. 

There are more than 750 miles o f  streams in the subbasin o f  which only 

310 miles are perennial. Included in these fi miles of the 

Deschutes main stem, 97 miles of the L i t t le  Deschutes River, and 30 

a 

miles of Crescent Creek. The Deschutes River has an average gradient 

of 8.5 feet pe r  mile in the 71 miles from Lava Lake, i t s  headwater, lo 

Benham Falls. The L i t l le  Deschules River drops 350 feel in i t s  upper 

three miles, bul averages only nine feel per  mile in ils lower 94 niiles 

to the confluence wi th  the Deschutes main stern. Crescenl Creek has 
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an average gradient o f  about 15 feet per  mile between Crescent Lake 

and i t s  confluence w i t  he L i t t le  Deschute iver  (Figure 7-21). 

The average annual y ie ld o f  the  Upper Oeschutes subbasin from 1907 to  

1978, as determined a t  the  gaging station on the Deschutes River a t  

Benham Falls was 1,029,000 acre feet (Water Resource Data for  Oregon, 

1978). Three long-term gag 

on Figure 7-21. The gaging s t  

River wi th  54 years o f  record shows an average yearly flow o f  150,000 

acre feet. The gaging station below Wickiup Reservoir on the Des- 

chutes River w i th  40 years o f  record shows an average yearly flow o f  

541,900 acre feet. The gaging station’ a t  Fall River wi th 40 years of 

record shows an average year ly  flow of 110,800 acre feet. The average 

annual combined discharge o f  these three stations is  802,700 acre feet. 

Th is  shows tha t  the  r i ve r  system acquires an additional 200,000 acre 

~ 

feet between the  thrqe upstream gaging stations and Benham Falls. A 

gaging station located a t  the  mouth o f  Spr ing River from 1907 to 1924. 

showed an annual average flow of about 139,000 acre feet per year. 

taken March 12, 1982 showed a flow of 155 cubic feet 

in a low f low period o f  Spr ing -River (Main, 1982). Extra- 
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year, and indicates that  approximately 87,300 acre feet o f  ground water 

is  discharged to  the r i ve r  system above Benham Falls. 

One plausible explanation for such a 

between the LaPine study area and Benham Falls is  the existence of  a 

fau l t  producing subsurface barr iers  that  cause ground water to  dis- 

charge before reaching Benham Falls (Figure 7-21), (State Water Re- 

source Board, 1961). 

This accretion o f  water in the r i v e r  system comes from grav i ty  ground 

water discharge from the local aquifer and artesian discharge from the 
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