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GEOTNERMAL ELEC!I'RICU POWER GENERATIOM POTEWTIAt OF NEWBERRY 
VOLCANO AND THE OREGON CASCADE RANGE 

In J u l y ,  1992 the Bonneville Power Administration (BPA) 
contracted with the Oregon Department of Geology and Mineral 
Industries (DOGAMI) to "Identify and Characterize Geothermal 
Resources in the  State of Oregonw. Task 2 of the contract 
requires DOGAMI to revise the existing geothermal resource 
assessments for the Oregon Cascades, including N e w b e r r y  
Volcano. This report meets the requirements of Task 2. 

Specific tasks  required by the above contract include: 

I.) Compilation of temperature and thermal 
conductivity data for geotheml  wells drilled since 
the last assessment in 1985. 

2 . )  Calculation of heat flow and electrical power 
generation potential for the study area. 

3.) Maps and/or tables indicating the degree to which 
each area has been assessed far geothermal resources. 

1.1 Study Area 

The study area 4s shown in Figure 1. The western boundary 
is the 100 mW/m heat flow centour (Blackwell and others, 
1978; Blackwell and others,  1982; Blackwell and others, 
1990). The eastern boundary is the junction between the 
Cascade Range and the High Lava Plains physiographic 
province on the no r th ,  and the Cascade Range and the Basin 
and Range physiographic province on the south, At Newberry 
Volcano, the study area is enclosed by the T3km=lS0 'C 
contour (The projected temperature at 3 km is equal to 150 
O C ,  see Figu re  2 )  . 

The 100 mw/rn2 heat flow contour was chosen as a boundary 
because, at lower heat flow values, the projected 
kemperature at 3 km (the maximum assumed drilling depth) is 
less than 150 OC (the assumed minimum temperature for 
electrical power generation). 

2 . 0  DEGREE OF ASSES- 

The degree of assessment f o r  geothemal resources was 
initially addressed in the 1985 report: prepared for BPA by 
the states of Oregon, Washington, Idaho, and Montana 
(Bloomquist and others,  1985). In that report the 
exploration for  geothermal resources in a given area was 
described as proceeding through a series of four exploration 
phases. The fellowing description of the exploration phases 
is taken from Dloomquist and others (1985). Phase 1 



includes literature searches, regional spring sampling, heat 
flow studies, reconnaissance mapping, and regfonal 
geophysics. Phase I1 consists of site specific heat flow 
studies (including shallow temperature gradient drilling), 
water and soil chemistry, geologic mapping, and geophysics. 
Phase 111 includes hydrologic modeling and intermediate 
depth d r i l l i n g  t o  further define and c o n f i m  the thermal 
anomaly identified in Phase 11. Phase IV consists of deep 
drilling, reservoir testing and evaluation, and quantitative 
estimates of the reservoir. Bloomquist and others (1985) 
provides cost and time e s t h a t e s  f o r  t h e  various exploration 
phases and subphases. Those estimates are valid today for 
time requirements, and will not be reviewed here. 
Obviously, when applying the 1985 cost estimates to the 
present, inflation w i l l  have to be taken into account. 

T a b l e  1 shows the phases of exploration fo r  Newberry Volcano 
and the Oregon Cascade Range, In Table 1 the Cascade Range 
is divided into five segments, which are, from north to 
south: I.) the Mount Hood area, 2.) the Breitenbush area 
(latitude 4 5 O  15' - 4 4 O  30"N) , 3 .  ) the Belknap-Foley area 
(latitude 44O 30'-44O N), 4 . )  the McCredie area (Latitude 
44O-4Ja 30' N), and 5.) the southern Cascades (latitude 4 3 O  
30' N to the California border at 42O N) . 
As Table 1 shows, Phase I: exploration is complete or nearly 
complete in a l l  areas, but only in the Mount Hood and 
N e w b e r r y  Volcano areas has the status of exploration 
proceeded significantly past Phase 11. Table 1 is, of 
course, subjective, and does not reflect any proprietary 
data that may exist in individual areas. 

3.0 RESOURCE EVALUATION 

3.1 Introduction 

In conductive heat transfer heat is transmitted through a 
medium by the transfer of energy from one molecule to 
another via molecular collision. In convective heat 
transfer it is the motion of a medium (e.g. hot water) that 
results in the transfer of heat. Most of the reliable heat 
flow data from the Cascade Range w e r e  measurements made in 
conductive regimes. It is this resource t h a t  will be 
discussed in this section. 

Previous attempts to evaluate the conduction-dominated 
geothermal resource in the United States were Diment and 
others (1975) in USGS C i r c u l a r  726 and Sass and Lachenbruch 
(1979) in USGS Circular 790. In this report  we will be 
concerned only with the conductive resource in the Cascade 
Range and a t  Newberry Volcano. 

Muffler and Cata ld i  (1978) describe four methods of 
evaluating geothermal potential. O f  these, only the volume 



method is appropriate f o r  evaluating the geothermal 
potent ia l  of a conduction-dominated region. In this method, 
the amount of heat contained in a volume of rock is 
calculated. Assumptions are then made regarding the 
percentage of this heat that can be recovered at the 
surface, and the efficiency with which it can be converted 
i n t o  electrical energy. The result is an educated guess as 
to the electrical power generation potential an area. 

It should be noted that in t h i s  report the final estimates 
of electrical generation potential do not include national 
parks, national monuments, and wilderness areas. 

3.2 Data Base 

The data base consists of temperaturea measured in drill 
holes, This effort began in the early 1970's and continues 
through the present. Many of the holes w e r e  drilled 
specifically fo r  heat flow evaluation. Others are lfhoLes of 
opportunityn. These are usually dry or nonproductive water 
wells but occasionally mineral exploration holes are used. 
Temperatures are measured at regular  intervals (usually 5 m) 
in the well. The resulting temperature gradient multiplied 
by the thermal conductivity of the rock gives heat flow. 
Thermal conductivity is measured on lithologic samples from 
the well or is estimated from known measurements on similar 
rock types. 

Appendix A is the complete heat flow data baae Ear the 
Cascade Range and N e w b e r r y  Volcano. Most of this data base 
was previously published in a variety of DOGAML and USGS 
reports.  A particularly complete compilation is in 
Ingebritsen and others 11991). Some data from DOGAMI files 
and a f e w  holes measured s ince  the publication of 
Ingebritsen and others (1991) has been added to produce 
Appendix A. 

Tabulated in Appendix A are data f o r  the hole locat ion (both 
township, range, and section and latitude and longitude), 
hole depth, bottom hole temperature, the interval over which 
the best temperature gradient was measured, thermal 
conductivity, both uncorrected and terrain corrected 
temperature gradients, and heat flow. 

3 . 3  Temwerature Calculations 

The volume method of geothermal resource assessment requires 
the calculation of the amount of heat contained in a 
discrete volume of rock. T h i s  in turn requires the 
definition of the rock volume and the calculation of 
temperatures within that volume, Two assumptions are 
required f o r  this process. The first is that the bottom of 
the geothermal resemir  is at 3 km. This is a practical 
limit associated with the economics of drilling deep 



geothermal production wells (Brook and others, 1979) . The 
second is that the minimum temperature fo r  electric power 
generation is 150 O C  (Renner and others, 1975; Brook and 
others, 1979). A t  temperatures less than 150 O C  no hot 
water is flashed t o  steam at typical steam-water separator 
operating pressures {Rerurer and others, 1975). B i n a r y  
generation schemes allow generation at temperatures less 
than 150 OC, but those systems are unlikely to be 
practicable at the deep drilling depths required in the 
Cascade Range and at N e w b e r r y  Volcano. 

Appendix B shows the temperature caLculations f o r  individual 
wells in the Cascade Range and at N e w b e r r y  Volcano. 
Tabulated in Appendix 3 is the hole name (if applicable), 
location (township, range, and section), depth, bottom hole 
temperature, the interval over which the best temperature 
gradient was measured, thennal conductivity, the corrected 
temperature gradient, heat flow, the projected temperatures 
at 1 km, 2 h, and 3 km, and the depths to the 90 "C, 100 
OC, and 150 OC isotherms. Only the best quality 
temperature-depth data from Appendix A was utilized to 
create Appendix B. 

The calculation of temperatures at depth is not a simple 
extrapolation of the best temperature gradient from the 
bottom of the hole to a depth of 3 h. Although the heat 
flow is constant for  a given hale in a conductive regime, 
the thermal conductivity is not, Two effects are seen. The 
first is an increase in thermal conductivity resulting from 
alteration effects .  The second is a decrease in thermal 
conductivity as subsurface temperatures increase above about 
100 OC. This decrease is proportional to the amount of 
quartz in the rock (the rock-forming mineral with the 
highest thermal conductivity) and results from a decrease in 
the efficiency with which the crystal lattice will transmit 
energy at higher temperatures, To account for these 
effects, a simple three-part conductivity model was adopted 
f o r  the study area. 

For the interval  from the surface to a depth of 1 km, the 
thermal conductivity was assumed to be the same as t ha t  
measured on rocks from the well. The temperature at 1 km 
was calculated from the equation: 

TI = Tbh + (dT/dZ) ( I - Z ) ,  where: 

TI is the temperature (in OC) at 1 I a n  
Tb is the bottom hole temperature 
dT9dZ is the temperature gradient 
z is the hole depth 

F o r  the internal from 1-2 km the thermal conductivity was 
assumed to be 2.3 W/m°K. T h i s  number reflects the best 
value for altered racks from the deep holes d r i l l e d  in the 



Old Maid Flat area west: of Mount Hood and the  deep hole 
d r i l l e d  near Breitenbtlsh Hot Springs (SUNEDCO 5 8 - 2 8 ) .  The 
temperature at 2 h was calculated from the equation: 

T2 = TI + (Q/2.3 W / ~ O K )  (I km), where: 

TI and T2 are the temperat res at 1 and 2 km, respectively Y Q is the heat flow in mW/m 

For the interval from 2-3 km the thermal conductivity was 
assumed to be 2.1 W/maK. This number reflects the effects 
of temperatures greater than 100 O C  on thermal conductivity 
(D.D. Blackwell, Southern Methodist University, personal 
communication). The temperature at 3 krn was calculated from 
the equation: 

TZ and T3 are the  temperat res at 2 and 3 km, respectively Y Q is the heat flow in mWJm 

Note that this thermal conductivitv model results in maximum 
projected temperatures at 3 km tha t  are significantly lower 
than those predicted by the simple extrapolation of the 
near-surface temperature gradient to 3 km. 

Once the temperatures at 1, 2, and 3 km are calculated, it 
is a simple matter t o  ca lcu la te  the depths t o  particular 
isotherms. The depth to the 150 OC isotherm combined w i t h  
the maximum drilling depth ( 3  km) gives reservoir thickness. 

3.4 Cascade Ranse Geothermal Potential 

The geothermal resource in t he  Cascade Range can be s p l i t  
i n t o  hydrothermal and conductive components. The 
hydrothermal component is associated w i t h  known hot springs 
systems and volcanos. These are, from north to south,  Mount 
Hood (summit fumaroles and Swim Warm Springs) , Austin Hot 
Springs (on the  Clackamas River), Breitenbush H o t  Spr ing (on 
the Breitenbush River), the Belknap-Foley Springs system (on 
the McKenzie River), McCredie Hot Springs (on Salt Creek, a 
major t r i b u t a r y  of the  Middle Fork of the Willamette R i v e r ) ,  
Crater Lake, and Umpqua Hat Spring [on t h e  N o r t h  Umpqua 
R i v e r ) .  The geothermal potential of these systems has been 
discussed i n  U . S .  Geological Survey Circulars  726 and 790. 
With the exception of Crater Lake, which is not available 
fox geothemal development, and the possible exception af 
Austin Hot Springs (Steve Ingebritaen, USGS, personal 
communication), these systems have most likely resewoir 
temperatures less than 150 OC, the  assumed minimum 
temperature for electrical power generation. As a result, 
and because the  U.S. Geological Survey is in the process of 
revising their geothermal resource assessments ( P a t  Muffler, 
USGS , personal communication) , the hydrothermal component of 



the Cascade Range geothermal resource will not be discussed 
further in this report. Brook and others (1979) give the 
best estimate of the  hydrothermal resource, but it should be 
noted that these systems are not expected to add 
significantly to the  electrical generation potential of the 
Cascade Range. 

Appendix C contains the calculations of geothermal potent ia l  
for the Cascade Range. In Appendix C the study area has 
been divided into a serfes of blacks, and the electrical 
generation potential has been calculated f o r  each block. 
The procedure used is as follows: 

1. The well data from Appendix A and T3 (the temperature at 
3 km) and DIs0 (the depth to the 150 OC isotherm) from 
Appendix B w e r e  plotted on 1:100,000 scale topographic maps 
(or Bureau of Land Management planirnetric maps in the few 
instances where topographic maps are not yet available). 

2 .  The study area was divided into blocks. Because neither 
the data density nor quality is adequate for  contouring, the 
blocks selected were individual townships. There is a 
"Blockw entry in Appendix C for each individual township in 
the study area. 

3 .  The area of each black (in la?) and the percentage of 
each block t h a t  is accessible lime. not contained in a 
National Park or a Wilderness Area) was determined. 

4 .  A T3 (the temperature at 3 km) and Dl50 (the depth to 
the 150 "C isotherm) value was assigned to each block based 
on the best available data, This step required the 
extrapolation of a relatively sparse data aet over large 
distances, and is almost certainly the weakest part  of the 
procedure. 

5. The resenroir thickness was calculated for each block 
from the equation: 

d - 3 - D150 where d is reservoir thickness, 3 km is the 
maxim practicable drilling depth, and Dl50 is the depth to 
the 150 O C  isotherm f o r  the block. 

6. The average reservoir temperature was calculated from 
the equation: 

t = (150 + T3) /2 where t is the reservoir temperature, 150 
OC represents the minimum temperature for electrical power 
generation, and T3 is the temperature at 3 km. 

7. The Accessible Resource Base (qR) is the amount of 
thermal energy contained in the  resemoir (in joules) 
referenced to a mean annual surface temperature of 15 O C .  

The 15 OC valve f o r  mean annual surface temperature is a 



little high for the Cascade Range (true value closer to 10 
OC). It was chosen because it was the  value used in USGS 
Circu la r s  726 and 790, and the use of 15 "C makes the 
comparison of values between the various reports simpler, q~ 
is calculated from the formula: 

q~ = pc • a ' d ' It - tres) (Rrook and others, 1979 

where : 

q~ = reservoir thermal energy in joules {J) 
pc - voLumetric specific heat of rock plus water (2.7 
J / C ~ " O C )  
a = reservoir area 
d = reservoir thickness 
t = average resemoir temperature 
t,,f = reference temperature (15 O C )  . 

The above calculation assumes t h a t  a l l  thermal energy 
between the average reservoir temperature and 15 O C  is 
available far electrical generation. This is clearly not 
the case, as it includes temperatures below which geothermal 
power plants cannot be operated efficiently or economically. 
The use of 15 OC therefore results in a significant 
overestimate of geothermal patential. This was done in 
order to maintain consistency with, and permit comparison 
to, previous reports, 

The value for the  volumetric specific heat of rock plus 
water is taken from Brook and others (19791. It assumes the 
rock volumetric specific heat to be 2 . 5  ~ / c r n ~ / ~ ~  and the  
resenroir porosity to be 15 percent, This assumed porosity 
is probably high for moat of the Cascade Range. I n  the 
Santiam Pass 77-24 hole, a nearly 1 h well drilled near the 
axis of the Cascade Range, only a few thin highly porous 
zones had porosities of 15 percent or more. The normal 
porosity was in the 3 - 5 percent range (Blackwe11,1992; 
H i l l ,  1 9 9 2 ) .  At greater depths, where alteration eEEects 
will be more pronounced, porosity can be expected to 
decrease. The Circular 790 value for volumetric specific 
heat of rock plus water was used to make comparisons between 
reparts more meaningful, 

8 .  Available work (WA) was determined using procedures 
detailed in circular 790 (Brook and others, 1979) . 
Available work is Lhe maximum amount of mechanical energy 
that is available at t he  surface to produce electrical 
energy. Determining available work is a two step process. 
F i r s t  the portion of the reservoir thermal energy ( q ~ )  that 
can be recovered at the surface must be determined, then the 
efficiency with which that surface thermal energy can be 
converted to mechanical energy must be calculated. Brook 
and others (1979) provide a graph that p lo t s  the ratio WA/qR 
versus reservoir temperature for two depths to the center of 



the resenroir (1 km and 3 km) . The values in the WA/qR 
column of Appendix C were taken from t h i s  graph. 

The graph in Brook and others (1979) conveniently takea into 
account the losses involved in producing thermal energy at 
the surface and the losses involved in converting thermal to 
mechanical energy. There is one caveat, however. The 
geothermal recovery factor IRg) is the ratio of geothermal 
energy available at the surface to (qm) to geothermal 
energy originally in the reservoir (qR). In producing the 
graph of WA/gR versus temperature, Brook and others (1919) 
assume a recovery factor of . 2 5 .  This value for Rg assumes 
an effective reservoir porosi ty of 20  percent, which may be 
valid for the hydrothermal convection systems fo r  which it 
was designed, but is certainly not valid f o r  the Cascade 
Range, As mentioned in the previous section, porosities in 
the Santiam P a s s  well were mostly less than 10 percent at 
depths shallower than 1 Ian, though a f e w  zones with 
porosities greater than 20 percent were encountered. A t  Old 
Maid F l a t ,  west of Mount Hood, porosities in the lower part  
of a nearly 2 km drill hole w e r e  generally less than 2 
percent, and often less than I percent (Blackwell and 
others, 1982). These low porosities will drastically seduce 
the recovery factor.  As pointed o u t  by Muffler and Guffanti 
(1989), the recovery factor of 25% is much too high for use 
throughout: a large geologic province. They also correctly 
point out that the previous geothermal estimate reported in 
Bloomquist and others (1985) is probably t w o  orders of 
magnitude too high aEi a result of using this high recovery 
factor. The last three columns in Appendix C are an attempt 
to account for the lower recovery factor expected in the 
Cascade Range. 

9.  The final step in estimating the electrical generation 
potential of the Cascade Range is to account for losses in 
the conversion of mechanical energy to electrical energy. 
Electrical energy is calculated from the  formula: 

E = WA ' -U where 

E = electrical energy in Mw for 30 years 
WA = available work 
,U = utilization fac tor  

The utilization factor is a function of generation 
technology and reservoir temperature. For h a t  water systems 
Brook and others (1979) use a constant representative value 
of 0.4 for the utilization factor. That value is also used 
in t h i s  report. 

10. The last five colwfins in Appendix C are calculations of 
electrical generation potential f a r  each block. The first 
column is the potential of the block regardless of land 
status. The second c a l m  removes those lands net available 



for  geothermal development in national parks, national 
monuments, and wilderness areas from the calcufations. The 
last three columns (0.1 q, .ol R , and .001 Rg) are an 
attempt to take into account the ?owe, recoveq factors 
expected in the Cascade Range. The potential for the 
Cascade Range as a whole (less National Parks and Wilderness 
Areas) probably lies between the values listed in the 0.1 Rg 
and .02 Rg columns, but could be as Low as the  0.001 Rg 
column. 

Based on the above discussion the best estimate of 
electrical generation potential is 6 - 59 MW for the Mount 
Hood area and 365 - 3655 MW for  the remainder of the  Cascade 
Range. 

The calculations of geothermal electrical generation 
potential for  Newberry Volcano are contained in Appendix D. 
With three exceptions, the procedure used for these 
calculations is identical to that described in the  
proceeding section. F i r s t ,  the blocks used to calculate 
potential are sections rather than townships. Second, the 
data density and quality is significantly better at N e w b e r r y  
Volcano than in the Cascade Range, so an attempt was made to 
contour the data. F i g u r e s  2 and 3 are the contoured values 
of depth to the 150 OC (Dl50) isotherm and the temperature 
at 3 Ian I T3 ) ,  respectively. The values assigned to each 
individual block were taken from these figures. Third, a 
fraction of the land area on Newberry Volcano that is not 
available f o r  development is in Newberry National Monument. 

The .O1 Rg and 0.1 Rg columas i n  Appendix D result in an 
estimate of geothermal electrical generation potential for 
Newbexry Volcano of 20 - 202 MW. There is a difference 
between Newberry  Volcano and t he  Cascade Range, however, and 
t h e  true potential at Newberry 19 probably greater than 202 
MW. It is quite likely that a magma chamber underlies 
Newberry Volcano at relatively shallow depths (Achauer and 
others, 1989; Fitterman and others, 1989; MacLeod and 
Sherrod, 1989 ; and Stauber and others; 1989) . In addition 
there is a known hydrothermal system associated with the 
volcano (MacLeod and Sammel, 1982; Black and others, 1984; 
S m e l  and others, 19891, as evidenced by holes drilled in 
the caldera by the U . S .  Geological Survey and Sandia 
National Laboratories. The presence of a magma chamber and 
a known hydrothermal system indicates that a recovery fac tor  
(Rg) of 25% may be valid for port ions  of the volcano. 
Accordingly, it is likely that the resource potential for 
Newberry Volcano lies between 200 - 2000 MW. The 
hydrothermal system seems to be associated with t h e  summit 
caldera, so the true potential probably lies closer to the  
lower than the upper of the two above limits. 



The geothermal electrical generation potential of the 
Cascade Range and Newberry Volcano has been estimated using 
the volume method. Only the conductive heat flow component 
af the geothermal resource has been evaluated. Results 
indicate that the  electrical generation potential of the 
Mount: Hood area lies between 6 - 59 MW, the Cascade Range 
south of Mount Hood l i e s  between 365 - 3655 MW, and Newberry 
Volcano lies between 200 - 2000 MW (probably closer to the 
lower number). 

The drill hole data base in the Cascade Range is sparse, 
with only the Mount Hood and N e w b e r q  Volcano areas having 
progressed much past Phase I1 exploration. 



Achauer, U., mans, J . R . ,  and Stauber, D.A., 1989, High- 
resolution seismic tamoyraphy of cowpressional wave 
velocity structure at Newberry Volcano, Olregon Cascade 
Range: Journal of Geophysical Research, v. 93, N. B9, 
p. 10,135-10,148. 

Beeson, M.B., and Tolan, T.L., 1990, The Columbia River 
Basalt Group in the Cascade Range: a middle Miocene 
reference datum for structural analysis: Journal of 
Geophysical Research, V. 9 5 ,  N. B12, p, 19,547-19,560. 

Black, G.L. ,  1982, An estimate of the geothermal potential 
of Newberry volcano: Oregon Department of Geology and 
Hineral Industries, Oregon Geology, v.44,  N.4, p.44-46; 
N . 5 ,  p. 57. 

Black, G . L . ,  Blackwell, D . D . ,  and Steelo, J.L., 1983, Heat 
flow in the Oregon Cascades, dr Priest, G.R., and 
Voqt, B . F . ,  &am,  Geology and gaotbemal resources of 
the central Oregon Cascads Range: Oregon Depaement of 
Geology and Mineral Industries Special Paper 15, pp. 
69-76. 

Black, G.L. ,  Elliot, H., D8Alfura, J., and Pusdom, B., 3983, 
Results of a geothermal resource assessment of the 
Ashland, Oregon, area, Jackson County: Oregon Geology, 
v.45, n . 5 ,  p. 51-55. 

Black, G.L. ,  Priest, G,R., and Woller, N . M . ,  1984, 
Temperature data and drilling history of the Sandia 
National Laboratories well at Newberry Caldera: Oregon 
Geology, v. 46,  n, 1, p. 7-9.  

Blackwell, D,D., 1993, A summary of deep thermal data Prom 
the Cascade Range: Unpublished preliminary report to 
the Oregon Department of Geology and Mineral 
Industries. 

Blackwell, D . D . ,  1992, T h e m 1  results of the Santigm Pass 
77-24 drill hole, a, Hill, B . E . ,  e d . ,  Geology and 
greetherma1 resources of the Santiarn Pass area of the 
Oregon Cascade Range, Deschutes, Jefferson and  inn 
Counties, Oregon: Oregon Department of Ge~l0gy and 
Mineral Industries open-~ile Report 0-92-3,  pp. 37-52. 

Blackwell, D . D . ,  and Baker, S . L . ,  1988, Thermal. analysis  of 
the Austin and Breitenbuah geothermal systems, Western 
Cascades, Oregon, h, Sherrod, D . R . ,  1988, Geology and 
geothermal resources of the Breitenbush-Austin H o t  
Springs area, Clackamas and Marion Counties, Oregon: 
Oregon Department of Geology and Mineral Industries 
Open-File Report 0-88-5, pp. 47-62. 



Blackwell, D.D., Bowen, R.G.,  Hull, D . A . ,  Riccio, J., and 
Steele, J.L., 2982, Heat flow, arc volcanism, and 
subduction in northern Oregon: Journal of Geophysical 
Research, v. 8 7 ,  p. 8,735-8,754, 

Blackwell, D.D., Hull, D.A., Bowen, R . G . ,  and Steele, J . L . ,  
1978, Heat flow of  Oregon: Oregon Department of 
Geology and Mineral Industries Special Paper 4 ,  4 1  p, 

Blackwell, D.D., Murphy, C.F., and S t e e l e ,  J.L., 1982, Heat 
flow and geophysical log analysis for  OW-7A geothermal 
t e s t  well, Mount Hood, Oregon, h, Priest, G.R., and 
Vegt, B . F . ,  e d s . ,  Geology and geothermal resources of 
the Mount Hood area, Oregon: Oregon Department of 
Geology and Mineral Industries Special Paper 14,  pp. 
31-42. 

Blackwell, D . D . ,  and Steele, J.L., 1987, Geothermal data 
from deep holes in the Oregon Cascade Range: 
Geothermal Reswrces Council, Transactions, v.11, pp. 
317-322. 

Blackwell, D - D , ,  Steele, J.L., Frohme, W.K., Hurphy, C.F., 
Priest, G.R., and Black, G.L., 1990, Heat flow in the 
Oregon Cascade Range and its correlation w i t h  regional 
gravity, Curie point depths, and geology: Journal of 
Geophysical Rasearch, v. 95, 19,475-19,493. 

Blakely, R . J . ,  and Jachens, R . C . ,  1990, Volcanism, isostatic 
residual gravity, and regional tectonic setting of the 
Cascade V Q ~ C ~ I ~ C  province: Zournal of Geophysical 
Research, V. 95, N. BIZ,  p. 19,439-19,452. 

B l o o a l q u i s t ,  R . G . ,  Black, G.L., Parker, D.S., Sifford, A * ,  
Simpson, S . J . ,  and Street, L . V . ,  2985,  Evaluation and 
ranking of geothermal resources for electrical 
generation or electrical offset in Idaho, Montana, 
Oregon and Washington: Bonneville Power 
Administration, U . S .  Department of Energy, DOE/BP- 
13609-3, 504 p. 

Brook, C,A., Hariner, R.H. ,  Habey, D. It., swanson, J . R . ,  
Guffanti, M., and Muffler, L . J . P . ,  1978, Hydrothermal 
convection systems with reservoir temperatures 2 ~ Q ' c ,  
h, MuffXsr, L . J . F . ,  ed., Assessment of geothermal 
resources of the United States--1978: U.S, Geological 
Survey Circular 790, pp. 18-85. 

Brawn, D . E . ,  McLean, G . D . ,  Priest, G . R . ,  Woller, N.M,, and 
BLack, G.L., 1980, Preliminary geology and geothermal 
resources of the Balknap-Foley area, Oregon: Oregon 
Z)epartment of Geology and Mineral Industries open-pile ~epost 0-80- 
2, 58 p. 



Catchings, ROD-, and Wooney, W.D., 1989, Crustal structure 
of east central Oregon: Relation between Newberry 
Volcano and regional crustal stxucture: Journal  of 
Geophysical Research, v. 93 ,  N, BS, p.  10,081-10,094. 

Connard, R.W., 1980, Analysis of aeromagnetic measurements 
from the central Oregon cascades: C o n a l l i s ,  Oregon, 
Oregon State University mester's thesis, 101 p. 

Couch, R.W., Gemperfe, M., and Connard, G . G . ,  1978, Total 
field areomagnetic anomaly map, cascade Mountain Range, 
central Oregon: -011 Deptment of Eeology and M i n d  Industries 
Geological Map Series GMS-8, 

Couch, R.W., Gsmperle, M., HcCLain, W.H., and Cannard, G.G. ,  
1981, Total field aeromaqnetic anomaly map, Cascade 
Mountain Range, southern Oregon: Oregon -t of 
GeoFogy and Mineral Ind&es Geological Hap Series GHS-17. 

Couch, R.W., Pitts, G.S., Braman, D . E . ,  and Gemperle, M., 
1981, Free-air gravity anomaly map and complete Bauguer 
gravity anomaly map, Cascade b u n t a i n  Range, northern 
Oregon : Oregon Z)epartment of Geology and M i n d  Ind&es 
Geological Map Series GMS-15, 

Couch, R.W., Pitts, G.S., Gemperle, M., Braman, D . E . ,  and, 
Veen, C.A., 1982, Gravity anomalies in the Cascade 
Range in Oregon: structural and thermal implications: 
Oregon Dqmlmat of GmIegy and Mineral Industries open-File Report 
0-82-9, 4 3  p. 

Couch, R.W., Pitts, G.S., Gemperle, M., V e e n ,  C .A. ,  and 
Braman, D .E . ,  1982, Residual gravity maps of the 
northern, central, and southern Cascade Range, Oregon, 
121° Q O r  to 122' 3Qt W. by 42"  00' to 45' 4 5 '  N.: 
Oregon Departmeat of Geology and M i n d  Industries Geological Map 
Series GM5-26, 

Couch, R.W., Pftts, G.S. ,  Veen, C.A., and Gemperle, M., 
1981, Free-air gravity anomaly and complete Bouquer 
gravity anomaly map, Cascade Mountain Range, southern 
orsgon : Oregon Department of Geology and Mineral Industries 
Geological Map Series GMS-16. 

Cumminqs, H.L., Pollock, M.J., Thompson, G.D., and Bull, 
M.K., 1990, Stratigraphic development and hydrothermal 
activity in the central western Cascade R a n g e ,  Oxeqon: 
Journal of Geophysical Research, V. 9 5 ,  H. B12, p. 
19,19,601-19,610. 

Davis, D.L.,  Chitwood, L.A., Feuer, J., and Kretenos, N.J., 
1990, System f o r  determining geothermal resource 
potential equivalents on Hewberry Volcano: Geothermal 
Resources Council Transactions, v. 1 4 ,  p. 1101-2107. 



D i m e n t ,  W.H., Urban, T.c,, S a m ,  J.H., Marshall, B . V . ,  
Munroe, R.J., and Lachmbruch, A . H . ,  1975, Temperatures 
and heat contents based on conductive transport of 
heat, b, White, D.E., and Williams, D.L., eds., 
Assessment of geothermal resources of the United 
States--1975: U.S. Geological Survey Circular 7 2 6 ,  
p, 84-103, 

Fitterman, D . V . ,  1988, Overview of the structure and 
geothermal potential of Newberry Volcano, Oregon: 
Journal of Geophysical Research, v. 9 3 ,  N. 8 9 ,  p.  
10,059-10,066. 

Fitterman, D.V., Stanley, W,D. ,  and Bisdorf, R.J., 1988, 
Electrical structure of Newberry Volcano, Oregon: 
Jaurnal af Geophysical Research, v. 93, I?. B9, p. 
101119~10~134~ 

Flanagan, G . ,  and Williams, D.L., 1982, A magnetic 
investigation of EZount Hood, Oregon: Journal of 
~eophysical Research, v.87, n.B4, p.  2804-2814. 

F o a t e ,  R.W., 1985, Curie-point isotherm mapping and 
interpretation from aercmagnetic measurements in the 
northern Oregon Cascades: Corvallis, Oregon, Oregon 
State University master's tfiesis, 115 p- 

Friedman, J.D., Williams, D.L., and Frank, D., 1982, 
Structural and heat flow implications of infrared 
anomalies at xt. Hood, Oregon, 1972-1977: Journal of 
Geophysical Research, v.87, n.84, p. 2793-2803. 

Ganoe, S . J . ,  1983, Investigation of P,-wave propagation in 
Oregon: Corvallis, Oregon, Oregon State University 
master's thesis, 97 pc  

Gettings, H . E . ,  and Griscom, A., 1989, G r a v i t y  model studies 
of N e w b e r r y  Volcano, Oregon: Journal of Geophysical 
Research, v. 93, N. B9, p. 10,109-10,138. 

Goldstein, N.E., Mozley, E,, and Wilt, M., 1982, 
Interpretation of shallow electrical features from 
electromagnetic and magnetotelluric surveys at Mount 
Hood, Oregon: Journal of Geophysical Research, v.87, 
n. B4, p. 2815-2828. 

Guffanti, M,, and Weaver, C . S . ,  1987, Late Cenozoic 
volcanism in the Pacific northwest: Cascade arc 
segmentation, subducting-plate geometry, and Basin- 
Range extension: Geothermal Resources Council 
Transactions, v.11, p. 261. 

Guffantf, M., and Weaver, c.S:, 1988, Distribution of late 
Cenozoic volcanic vents In the Cascade Range: volcanic 



arc segmentation and regional tectonic considerations: 
Journal of Geophysical Research, v.93, n.36, p.6513- 
6 5 2 9 ,  

Hill, E.E., 1992,  Stratigraphy and petrology of the  Santiam 
Pass 77-24 drill core, Cascade Range, Oregon, b, Bill, 
B.E.! ed., Geology and geothermal resources of the 
Santram Pass area of the Oregon Cascade Range, 
Deschutea, Jefferson and Linn Counties, Oregon: Oregon 
Department of Geology and Mineral Industries Open-File 
Report 0-92-3, pp. 19-35. 

Hughes, S.S., 1990, Mafic magmatism and associated tectonism 
of me central High Cascade Range, Oregon: Journal of 
Geophysical Research, V. 95 ,  N. BIZ, p.  19,823-19,638. 

Hughes, J . M . ,  Stoiber, R.E . ,  and carr, H . J . ,  2980, 
Segmentation of the Cascade volcanic chain: Geology, 
v.8, p.15-17. 

xngebritsen, S . E . ,  Harinar, R . H , ,  cassidy, D.E., shepherd, 
L.D., Presser, T.S., Pringle, M.K.W., and White, L.D., 
1988, Heat-flow and water-chemistry data from the 
Cascade Range and adjacent areas in north-central 
Oregon: U . S .  Geological Survey Open-File Report 88- 
702#  205 p- 

Ingebritsen, S .E , ,  Harfner, R . H . ,  and Sherrod, D.R. ,  1991, 
Hydrothermal systems of the Cascade Range, north- 
central Orqon: U.S. Geological Survey Open-File 
Report 91-69, 217 p. 

Ingebritsen, S.E., Sherrod, D . R . ,  and Mariner, R.H., 1989, 
Heat flow and hydrothermal circulation in the Cascade 
Range, north-central Oregon: Science, v. 2 4 3 ,  p.  1458- 
1462. 

Ingebritsen, S.E., Sherrod, D.R., and Mariner, R.K., 1992, 
Rates and patterns of groundwater flow in the Cascade 
Range volcanic arc, and the effect on subsurface 
temperatures: Journal of Gaophysical Research, v. 97, 
n. B4, pp. 4599-4627. 

Keach, R.W., 11, Oilver, J.E., Brown, L.D., and Xaufman, S,,  
1989, Cenozoic active margin and shallow Cascades 
structure: COCURP results f r o m  w e s t e r n  Oregon: 
~eological Society of America Bulletin, v. 101, p -  783- 
794. 

Keith, T.E.C., 1988, Hydrothermal alteration patterns in the 
Ereitenbush Rat Springs area, Cascade Range, Oregon: 
Geothermal Resources Council Transactions, v.12, p. 
299-304. 



Keith, T.E.C., and Bargar, K.E. ,  1989, Petrolugy and 
hydrothermal mineralogy of U.S. Ge~logical Survey 
Newberry 2 drill core from Newberry Caldera, Oregon: 
Journal of Geophysical Research, v, 93, N. 39, p.  
10,174-10,190. 

Kienle, C . F . ,  Nelson, C.A,, and Lawrence, R . D . ,  1981, Faults 
and lineaments of the southern Cascades: Oregon 
Department of Geoloyy and Mineral Industries special  
Paper 13, 23 p. 

HacLeod, N.S., and Sammel, E.A., 1982, Newberry Volcano, 
Oregon: a cascade Range geothermal project: Oregon 
Department of Geology and Mineral Industries, Oregon 
Geology, v.44,  N.11, p.  123-132. 

MacLRod, N.S., and Sharrod, D . R . ,  1988, Geologic evidence 
for a magma chamb@r beneath Hewberry Volcano, Oregon: 
Journal of Geophysical Research, v. 93, N. B9, p. 
10,067-10,080. 

MacLeod, W.S., SherrM, D.R. ,  and Chitwood, L.A.,  1982, 
Geologic map of Mewberry Volcano, Deschutes, Klamath, 
and Lake Counties, Oregon: U.S. GsoLogical Survey 
Open-File R e p o r t  82-847. 

MacLeod, N.S., Shersod, D.R. ,  Chitwoad, L.A., and M c K e e ,  
E . H . ,  1981, N e w h r r y  Volcano, Oregon, h Johnston, 
D .A . ,  and Donnelly-Nolan, J,, e d s . ,  Guides to some 
volcanic terranes in Washington, Idaho, Oregon, and 
northern California: U.S. Geological Survey Circular 
838, p. 85-103. 

Mariner, R . H . ,  Presser, T . S . ,  Evans, W.C. ,  and Pringle, 
M-KIW., 1990, Discharge rates of fluid and heat by 
thermal springs of the Cascade Range, Washington, 
Oregon, and northern California: Journal of 
Geophysical Research, V. 9 5 ,  N, B12, p.  19,517-19,532, 

McLain, W.H., 1981, Geothermal and structural implications 
af magnetic anomalies obsemed over the  southern Oregon 
Cascade Mountains and adjoining Basin and Range 
province: Corvallis, Oregon, Oregon State University 
master's thesis, 151 p.  

Muffler, L.J.P., ed., 1979, Assessment of geothermal 
resources of the United States--1978: U . S .  Geological 
Survey Circular 7 9 0 ,  163 p. 

Muffler, L . J . P . ,  1987, Geothermal studies of the U,S. 
Geological Survey in the  Cascade Range: Geothermal 
Resources Council Transactions, v.11, p.281-282. 



Muffler, L - J . P . ,  and Cata ld i ,  R*, 1978, Methods for  regional 
assessment of geothermal resources: Geothemics, v. 7, 
pp. 53-89, 

Muffler, L * J * P - ,  and Guffanti, M., 1989, Integration of 
earth-science data sets to eatimata undiscovered 
geothermal resources of the Cascade Range, $n, Muffler, 
L.J.P., Weaver, C.S.,  and Blackwell, D,D., eda., 
Gealogical, geophysical, and tectonic setting of the 
Cascade Range: U . S .  Geological Survey Open-File Report 
89-178, p. 695-703. 

Mathenson, M I ,  and Muffler, L . J . P . ,  1975, Geatheml 
resources in hydrothermal convection systems and 
conduction-dominated areas, h, White, D.E., and 
Williams, D.L., as,, Assessment of geothermal 
resources of the united States--1975: U.S. G ~ l ~ g i c a l  
Survey Circular 7 2 6 ,  p. 104-121. 

National Oceanic and Atmospheric Administration, 1982, 
Geothermal resources of Oregon: National Oceanic and 
Atmospheric Administration Map. 

Pitts, G.S., 1979, Interpretation of gravity measureements 
made in the Cascade Hountains and adjoining Basin and 
Range province in central Oregon: Carvallis, Oregon, 
Oregon State University master's thesis, 186 p. 

Pitts, G.S., and Cauch, R.W., 1978, Complete Bouguer gravity 
anomaly map, Cascade Mountain Range, central Oregon: 
Oregon Dqmlmm of Geology and M i n d  Industries Geological Hap 
Series GMS-8. 

Priest, G . R . ,  1983, Geothermal exploration in the central 
Oregon Cascade Range, b, Priest, G , R . ,  and Vogt, B,F., 
eds., 1983, Geology and geothermal resources of the 
central Oregon Cascade Range: Oregon Department of 
Geology and Mineral Industries Special Paper 15, p. T 7 -  
8 7 .  

Priest, G.R., 1990, Volcanic ahd tectonic evolution of t h e  
cascade volcanic arc, central Oregon: Journal of 
Geophysical Research, V. 9 5 ,  N. B12, p.  19,583-19,600. 

P r i e s t ,  G.R., and Vogt ,  B.F., eds., 1983, Geology and 
geothermal resources of 'the central Oregon Cascade 
Range: Oregon Department of Geology and Mineral 
Industries Special Paper 15, 1 2 3  p. 

Priest, G , R , ,  Vogk, B.F., and Black, G.L., eds., 1983, 
Survey of potential geothermal exploration sites at 
N e w b e r r y  volcano, Deschutes County, Oregon: Oregon 
Department of Geology and Mineral Industries Open-File 
Report 0-83-3, 1 7 4  p. 



Renner, J-Lo* White, D.E., and Williams, D.L. ,  1975, 
Hydrothermal convection s y s t e m s ,  h, White D.E., and 
Williams, D.L. ,  eds., Assessment of geothermal 
resources of the United States--1975: U . 5 ,  Geolagical 
survey circular 726, p,5-5?, 

Riccio, J . F . ,  1978, Preliminary geothermal resource map of 
Oregon: Oregon Department of Geology and Mineral 
~ndustsies Geological Map ~er-ies EMS-11. 

Rabison, J . H . ,  Forcella, L . S . ,  and Gannekt, M.W., 1981, Data 
from geothermal test wells near Mount Hood, Oregon: 
O.S.  Geological Survey open-~ile Report 81-1002, 24 p. 

Robison, J.H., Keith, T.E.C. ,  Beeson, H.H., ,and Bargar, 
K . E . ,  1982, Map showing geothermal investigations in 
the vicinity of the Mount ~ o o d  wilderness, Clackamas 
and H m d  River Counties, Oregon: U.S. Geological 
Survey Miscellaneous F i e l d  Studies Map MF-1379-B, 

Sammel, E.A.,  fngebritsen, S.E. ,  and ~arfner, R . H . ,  1989, 
The hydrothermal system at Newberry Volcano, Oregon: 
Journal of Geophysical Research, v. 9 3 ,  N. B9, p. 
20,149-10,162. 

Sass, J . H . ,  and Lachenbruch, A.B.,  1979, Heat flow and 
conduction-dominated thermal regimes, b, Muffler, 
L.J.P., ed., Assessment of geothermal resources of the 
United States--1978: U . S .  Geological Survey Circular 
790, p. 8-11. 

Shemod, D . R , ,  1988, Geolagy and geothermal resources of the 
Breitenbush-Austin H o t  Springs area, Clackamas and 
Marion Counties, Oregon: Oregon Department of Geology 
and Mineral Industries Open-File Report 0 - 8 8 - 5 ,  91 p.  

Sherrod, D . R . ,  1991, Geologic map of a part of the cascade 
Range between latitutes 4 3 " - 4 4 ° ,  central Oregon: U . S .  
Geological Survey Miscellaneous Investigations Series 
Map 1-1891. 

Sherrod, D . R . ,  and S m i t h ,  J.G., 1990, Quaternary extrusion 
rates of the Cascade Range, northwestern United States 
and southern British Columbia: Journal of Geophysical 
Research, V. 95, N, B12, p. 19,465-19,474. 

Sherrod, D , R , ,  and Smith, J.G., 1991, Preliminary map of 
upper Eocene to Holocene volcanic and related rocks of 
the Cascade Range, Oregon: U . S .  Geological Survey 
open-~iZe R e p o r t  89-14. 

Smith, J.G., Page, N.J., Johnson, M . G . ,  noring, B.C., and 
Gray, F,, 1982, Preliminary geologic map of the Medford 



lax2" quadrangle, Oregon and California: u.3, 
GeoLoqical Survey Open-File Report 82-955. 

Stanley, W.D., Maaney, W.D., and F u i s ,  G.S., 1990, Deep 
crustal structure of the Cascade Range and surrounding 
regions from seismic refraction and magnetotelluric 
data: Journal of Geophysical Research, V.  9 5 ,  N. 812, 
p, 19,419-19,438. 

S t a u b a r ,  D.A. ,  Green, S.M., and Iyer, H . M . ,  1989, Three- 
dimensional P velocity structure of the crust below 
Newberry Volcano, Oregon: Journal of ~eophysical 
Research, v. 9 3 ,  N. 89, p. 10,095-10,108. 

Steele, J.L., Blackwell, D . D . ,  and Robison, J.H., 1982, Neat 
flow in the vic in i ty  of the Mount nood Volcano, Oregon, 
in, Priest; G.R. ,  and Vogt, B.F . ,  eds., Geology and 
geothermal resources of the Mount Rood area, Oregon: 
Oregon Department of Geology and Rineral. Industries 
Special Paper 14, pp. 31-42, 

Swanberg, C,A, ,  Malkey, W.C-, and Corabs, J., 1988, Core hole 
drilling and the *rain curkain" phenomenon at Newberry 
Volcano, Oregon: Journal of Geophysical Research, v. 
93, n. 3 3 ,  pp. 10,163-10,173. 

Taylor, E.M., 1990, Volcanic history and tectonic 
development of the central High Cascade Range, Oregon: 
Journal of Geophysical Research, V. 95, N. 812, p. 
19,612-19,622. 

Veen, C.A.,  1981, Gravity anomalies and their structural 
implications for the  southern Oregon Cascade Mountains 
and adjoining Basin and Range province: C o w a l l i s ,  
Oregon, Oregon State University master's thesis, 86 p.  

Venkatakrishnan, R., Bond, S.G., and Kauffman, J , D . ,  1 9 8 0 ,  
Geologic linears of the  northern part of the Cascade 
Range: Oregon Department of Geology and Mineral 
Industries Special Paper 12, 25p. 

Weaver, C.S., 1985, Combined regional seismotectanics and 
the extent of Cenozoic volcanism: an improved first- 
order geothermal assessment of the Cascade Range! ~* 
Guffanti, M., and Muffler, L.J.P., eds., Proceedings of 
the  workshop on g@othermal resources of the Cascade 
Range: U . S .  Cealogical Survey Open-File Report 85-521, 
p. 14-17, 

Weaver, C.S., Green, S-PI., and fyer, H.M., 1982, Seismicity 
of Mount Hood and structure as determined from 
teleseismic P Wave delay studies: Journal of 
Geophysical Research, v.87, n.B4, p. 2782-2792, 



Weaver, C.S., and Michaelson, C . A . ,  1985, Seismicity and 
volcanism .in the pacific northwest: evidence for the 
segmentation of the Juan de Fuca plate: Geophysical 
Research Letters, v.12, n.4, p. 215-218. 

Wells, R.E., 1990, Palemagnetic retations and the Cenozoic 
tectonics of the Cascade arc, Washington, Oregon, and 
California: Journal of Geophysical Research, V. 95, N. 
B22, p. 19,409-19,418. 

White, D.Ec, and Williams, ads., 1975, Assessment of 
geothermal resources of the United States--1975: U . S .  
Geological Survey Circular 7 2 6 ,  155p. 

~iETiams, D-L., Hull, D.A,, Ackemnn,  H.P . ,  and Beeeon, 
M.H., 1982, The Mt. Hood region: Volcanic history, 
structure, and geothermal energy potential: Journal of 
Geophysical Research, v.87, n.B4, p. 2767-2783. 



Figure 1. Pattern delineates study area. Spring s p o l s  
indicate known hot springs. He vy line is 100 mW/m 
contour, dashed line is 80 mW/m9 contour. Figure modified 
from Priest (1983) . 



F i g u r e  2. Newberry Volcano. Depth to the 150 OC isotherm. 
Contour interval is .25 km. 



Figure 3 .  Newberry Volcano. Temperature at: 3 km. Contour 
interval is 25 OC. 
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Hole Nams - if ,assigned. Dashes indicate lack of data (in 
a11 columns). 

- given both as township, range, and section 
and latitude and langitude. Latitude and longitude in 
degrees, minutes, and seconds. 

- depth in meters (m), 

- b o t t o m  hole temperature in degrees 

- interval over which the uncorrected temperature 
gradient was measured, in meters (m). 

- Feml conductivity in Watts per 
meter degree Kelvin (W/m K). An "en following the number 
indicates that the value i s  an estimate based on drill hole 
lithology. Summary statistics for  drill hale lithologies 
are published in Zngebritson and athers [1991), Standard 
deviations are given in parentheses. Square brackets 
indicate estimated values published prior to Ingebritson and 
others 11991). 

Era- - uncorrected tempratme gradient in degrees 
Centigrade per kilometer ( C/km). Advectively disturbed 
prof ires are indicated by "adv.*I Isothermal or near 
isothermal profiles are indicated by "iso." 

ent Corrected - terrain corrected temperature gradient 
in degrees Centigrade per kilometer I0c/km). 

- heat flow in milliwatts per square meter 
The product of the terrain corrected temperature 

gradient and the thermal conductivity. 
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RESORT 

BEAMBR 2 



NAME TOWNSHIP RANGE SECnON LONGITUDE LATITUDE DEPTH BOITOM- INTERVAL THERMAL GRADIENT GRADIENT HEATFLOW 
HOLE CONDUCTIVITY CORRECTED 

BEAMER 3 

BEAMER 1 

KD1 1-BHSE 

SUN EDCO 
58-28 

SUN-BRIO 



NAME TOWNSHIP RANGE SECTION LOMGITUDE LATITUDE DEPTH BO'ZTOM- INTERVAL THERMAL GRADIENT GRADTENT HEAT FLOW 
HOLE CONDUCTIVITY CORRECTED 

TEMPERATURE 

368AD 

12C 

02D 

03D 

15A 

09BBC 

11A 

MCBB 

UBCB 

ZJACB 

3JACA 

adv. 
520 

(Southshore 
Campground) 

RDH-DVCK 



NAME TOWNSHlP W G E  SECnON LONGITWDE LA'ITWDE DEPTH BOTTOM- INTERVAL THERMAL GRADIENT GRADIENT HEAT FLOW 
HOLE CONDUCTrVrrY CORRECTED 

TEMPERATURE 

RL-WW I I S  1E 07D 12243 19 44 37 28 58 125 40-59 I34 ZS.1 26.7 3S 
ClW 

40-58 134 28.1 26.7 35 

EZS 4E 19D 122 22 19 44 35 20 28 9.6 15-28 1.75e 28.7 19.3 
(1.13) 

13.11 
(0.201 

BUCK MTN 11s 6E U D  I22 03 23 44 36 01 77 8.1 45-77 1.21 80.2 72% 
(0.08) 

Is81 
(1.851 

152 3 - 5 0  90.8 
66-76 1 a r  79.0 91.6 111 

MWW 135 1E %A 12238 58 14 24 08 150 13.8 75-150 1131 31.3 37.2 50 
(a-=) 

90-150 11 A] 31 5 37.4 50 



NAME TOWNSHIP RANGE SECTION LONGTIJDE LATITUDE DEPTH BOTTOM- INTERVAL THERMAL GRADIENT GRADIENT HEAT FLOW 
HOLE CONDUCTIVITY CORRECTED 

adv. 

I 
W 
P 

WOLF MDW IJS 6E 
I 

adv. 

adv. 

adv. 
355e 



NAME TOWNSHIP RANGE SECTION LONGITUDE ZATETLIDE DEPTH BO'ITOM- INTERVAL THERMAL G R A D I W  GRADIENT HEATFLOW 
HOLE CONDUCTIVITY CORRECTED 

ST DAM 1 

ST DAM 2 

adv. 

adv. 

RDI I-CRHC 



NAME TOWNSHIP RANGE SECITON LONGITUDE LATITUDE DEPTH BOlTOM- lNTERVAL THERMAL GRADIENT GRADIENT HEATFLOW 
HOLE CONDUCTIVITI CORRECTED 

17s 

WALKER-CRK 17s 

RIDER-CRK 17s 

RDH-MQCK I7S 

I 
RDH-RBCK 18s 

W 
QI 
I 

adv. 



NAME TOWNSHIP RANGE SECTION LONGITUDE LATKIWDE DEPTH BOTTOM- IWTERVAL nt-IERJMAL GRADIENT GRADIENT HEAT FLOW 
HOLE CONIIUCrWm CORRECTED 

TEMPERATURE - - 

AE-WW 20s 3E 26CD 12225 12 53.1754 124 

WALL-CRK 205 4E 27DD 122 18 58 43 47 54 137 

AE-WW 20s 3E 26CD 12225 12 43 47 53 124 
u 
I 

WALL-CRK 205 JE 27aD 122 18 48 53 47 54 137 

H ILISCRDM 215 3E 26CAA 12225 10 43 43 03 160 

CR-MCmE 21s JE Z8AD 122 20 00 434306 154 



NAME TOWNSHIP RANGE SECTION LONGTlVDE L4nTUDE DEPTH BOTTOM- INTERVAL THERMAL GRADTENT ORADIENT HEATFLOW 
HOLE CONDUCTIVITY CORRECTED 

BLCK-CRK 

BFZ-MB 

RDH-MHSW 

PNTO-CRK 

SH-WW 

TBUG-CRK 

WP-WW 

PPl--TCS 

SHD-1 

CLKPRK 

MZI-IIA 

VSFS-NUC 

USFSPRS 

MZl1-1 

WILDWOOD 

LCRKDArn 

16AC 

EBB 

26BC 

8DA 

3688 

18CA 

7DB 

25- 

5AA 

9BC 

t OCD 

3DA 

29BA 

13D 

l lAC 

f 7ADD 



NAME TOWNSHIP RANGE SECTTON LONGITUDE ZATllWDE DEPTH BOTTOM- lNTf?RVkL THERMAL GRADIENT GRADIENT HEATFLOW 
HOLE C O N D U m m  CORRECTED 

LCRKDAMI 

DMNDERK 

JVARGO 

MATHER 

RAMBO 

OWENS 

MORTEN 

, WEYEH 
W 

BUTLER FOR 

MILLER 

HARRGTON 

JM Ml LLR 

LILYGLEN 

COOK 

ASLDGRHSE 

DAREX 



NAME TOWNSHIP RANGE SECTION LONGlTUDE LATITUDE D E m  BOTTOM- NERVAL THERMAL GRADIENT GRADIENT HEAT FLOW 
HOLE CONDUCTIVTTY CORRECED 

TEMPERATURE 

JUSTICE CENT 395 1E 10BCR 12241 49 4211 42 154 

SOSC GYM 395 1E IOCOB 12241 27 4211 15 123 M1-123 1.98 25.1 50 

RODEO GKO 395 1E I4DBB 1224004 42 113 37 154 100-I50 1.85 33.0 61 

RP-WW 39s 8E 31AC 22255 12 32 08 00 52 a 
7 COLESTIN 40s 1E 36AI 122 38 32 42 08 18 140 

FORD 40s 2E 6BB tZZ3Z18 420536 137 20-137 24.6 

HARRELL JOS 2E I2ACC 12231 48 42 a6 18 47 10-47 47.0 

MURRAY JOS 3E SDDD I222900 42 06 48 73 45-73 26.4 

CORRAL CRE 40s 4E 5DB 122 2230 42 07 05 99 65-1 00 131 43.5 57 

(0.01) (0.993 (0.9) 
MT HOOD AREA 



NAME TOWWSI4IP RANGE SECTION LONGITUDE LATlTUDE DEPTH BOTTOM- INTERVAL THERMAL GRADENT GRADIENT HEAT PLOW 
HOLE CONDUCTIVl7Y CORRECED 

TEMPERATURE 

ELIOT BR 1s 9E 26-A 121 3859 45 27 33 213 

CLEAR BK 1s 9E 3IACA 1214255 452637 311 

RDH-PD 1s 10E 29CA 121 33 47 45 27 08 135 

USGS-MCG 25 86 1CDD 121 4606 45 25 08 595 

NNG-LCMI 2s 8E 9AC 121 49 2E 45 24 38 150 

NNG-OMR 2s RE 15CD 121 4828 4SZ328 12130 



NAME TOWNSI4IP RANGE SECTION LONGIlWDE LATITUDE DEPTH BOTTOM- INERVAL THERMAL GRADIENT GRADlENT HEATFLOW 
HOLE CONDUCllVITY CORRECTED 

TEMPERATURE 

(0.08) 
2000-I200 1-75 55.0 55.0 96 

(5.01 

(0.06) 

CR-LH 

SKI-BOWL 

THNDRHDL 

8E WBBD T214623 45 18 08 MI 8.4 adv. 



NAME TOWNSHIP RANGE SECTION LONGlTUDE LATmDE DEPTH B O T O M -  INTERVAL THERMAL GRADTENT GRADIENT HEAT R O W  
HOLE CONDUCTIVITY CORRECTED 

TEMPERATURE 
P 

CR-SB 3s 85E 

MEADOWS 3s 9E 

CR-MH 3s 9E 

EAST OF CASCAUl3 CREST 

3s 1lE 



NAME TOWNSHIP RANGE SECTION LONGI'WDE LATITUDE DEPTH B m M -  INTERVAL THERMAL ORADIENT GRADIENT KiEATFLOW 
HOLE CONDUCTIVlTY CORRECIED 

TEMPERATURE 

Palmer 35 

9E 28D 

tZE IOD 

l2E 178 

adv. 

iso. 

adv. 
53.9e 



NAME TOWNSHIP RANGE SECTION LONGITUDE L4TITUDE DEPTH BOTTOM- UI-RVAL THERMAL GRADIENT GRADIENT HEAT FLOW 
HOLE CONDU[JSIVlTY CORRECTED 

TEMPERATURE - -  
Kimmel 

SS IZE 1083 121 20 05 4509 19 35 11.7 adv. 

5s 12E 3IA f 21 20 25 45 05 55 108 14.9 adv. 

Garned 6s IlE IIC 121 23 20 45 03 23 72 16.7 ~ 7 2  l.& 953 92-u IS2 
Rainbow Rock co.ls> (1.14) 

CRITRN 1 65 1 4E 13D 1205946 45 02 35 120 14.9 50-120 f1.591 40.2 443 
(1.56) 

1701 

80-120 11.591 44.8 44.8 71 

Confederated 7s 11E IdC 121 U3f 44 Sf 40 30 15.2 17-30 15k 97.2 4 3 . 9  [clOS] 
Tribes (0.19 (6 .w 

Conledera!ed 75 1IE T5D I21 24 40 445722 I18 153 adv, 
Tribes 

Indian Health 7s 12E 29 C I21 19 55 45 55 36 I20 393 94-1 10 13% 75.1 75.6 
Services (0.20) (1.14) 

[lo21 

Peters 8s 12E 031% 121 1656 45 54 19 90 13.1 49-90 1.3Se 22.9 20.7 28 
(0.20) (0.19) 

M n c ~  9s 128 14D 121 1536 4447 10 28 14.1 adv. 

f mhina 9S 1 ZE 31C 121 ZO56 4 1 . 1  54 36 62 17.5 4W 1 3 e  77.7 61.5 &t 

(0.15) (1-6s) 

9s 12E 34C 121 1732 444453 24 11.9 adv. 



NAME TOWNSHlP RANGE SECTION LOPIGlTUDE LATITUDE DEPTH BOTTOM- INTERVAL THERMAL GRADIENT GRADIENT FIEAT FLOW 
H O E  CONDUCTIVITY CORRECTED 

TEMPERATLIRE 

Vibberl 

CASTLERX 

City of 
Madras 

Belle 

SCIINDR-I 
I 
P m 

I 

GREENRDG 

SliILs 

Wheeler 

(by Blue L. 
airstrip) 

61.0 
(3.58) 

37.2 
(0.90) 

175 
P-n) 
18.2 

15.6 
(131) 

11.5 
(0.45) 

53.8 
(0.58) 
50.7 

51.5 
PJ3) 

81.0 
(0.99) 
79.2 

adv. 
1 2 3  

iso. 

iso. 

adv. 



NAME TOWNSHIP RANGE SECTION LONGITUDE MTITUDE DEPTH BOTTOM- tNTERVAL THERMAL GRADIENT GRADIENT HEATELOW 
HOLE CONDUCTIVITY CORRECTED 

FLY CRK 13s 1 OE iso. 

adv. 

sdv. 

Kiewiil 
Pacific Co. 

adv. 

10E 

10E 

1OE 

l0E 

ZOE 

iso. 

iso. 

Mehring 

Wagner 

adv. 

adv. 
6.9e 

Gil txurth 

VGeCk im. 

adv. 



NAME TOWNSHIP RANGE SECTION LONGFTUDE LATITUDE DEPTH B O P O M -  INTERVAL THERMAL GRADIENT GRAPlENT HEATFLOW 
HOLE CONDUCrIVITY CORRECTED 

TEMPERATURE - 

adv. 
8.8~ 

SWIFT 14s 14E 18C 121 OC, I9 45 21 09 MI 12.3 iso. 
25-60 4.5 

CENTWEST 15s IOE 053 121 34 21 441819 102 9.7 ism. 
106 10-30 104.8 

Reed 15s 10E 068 121 35 16 44 I 8  13 61 8.8 iso. 

Mid-Oregon E 5S 11E 168 321 2533 441624 86 7.0 
crushing Co 

b. 

adv. 

adv. 

sdv. 

iso. 

adv. 

adv. 

adv. 



NAME TQWSHIP RANGE SECTION LONGITUDE LATITUDE DEPTH BOTTOM- INTERVAL THERMAL GRADIENT GRADIENT HEAT FLOW 
HOLE CONDUCTIVITY CORRECTED 

CRABTREE 15s t4E I5D I21 01 11 441555 81 1Z2 
121.8 

FHRNRKWW 

Dearing 

la Mvin Brandt 

ras 

16s 

165 

1 bS 

16s 

16s 

t 4E 

1lE 

LIE 

I l E  

11E 

12E 

1ZE 

12E 

t ZE 

l a  

adv. 

adv. 
128.4 

im. 

adv. 



NAME TOWNS1 ItP RANGE SECnON LONGITUDE LATITUDE DEPTH BOTTOM- INTERVAL THERMAL GRADIENT GRADIENT HEAT FLOW 
HOLE CONDUCTWITY CORRECTED 

TEMPERATl IRP. 

Heierman 16s 13E 16A 121 0456 34 11 31 146 10.6 isc. 

ST HWY 1 16s 14E 17D 121 0400 44 10 52 150 16.2 

MILLER 165 14E ZQA 121 04 20 44 I0 29 30 12.6 
10-30 

adv. 

adv. 
-3a.4 

LEWIS 

City or Bend 

Deschurev Cty. 

BS-WW 

13E 088 121 11 52: 4.1 a7 2a 183 10.9 adv. 

I4E 2x4 121 00 57 44 05 08 187 183 adv. 
135-170 68.7 

I IE  258 121 11 15 43 59 22 130 9.2 a h .  

0-130 

I l E  2JB 151 24 I0 43 59 17 116 9.1 iso. 



NAME TOWNSHIP RANGE SECTION LONGITUDE LATITUDE DEPTH B O m M -  INTERVAL THERMAL GRADIENT GRADIENT IlEAT FLOW 
HOLE CONDUCTNlTY CORRECVIJ;,D 

USD A 

IEE 

11E 

IfE 

14E 

7E 

12E 

14H 

11E 

11E 

12r: 

I 2E 

1313 

16A 

233 

02D 

m 

MA 

DBCB 

13A 

254 

rn 

28BDD 

29ADC 

ISDDB 

adv. 

34.5 

(3.22) 
38.3 

adv. 

30.9 
(1.1T) 

14.1 
(0.33) 

53.2 

W -9 
(1.12) 

33.0 
IO.ZT) 
34.4 

67.6 
(1"a) 
653 

1375 
(0.J) 
14L5 
(0.3) 

1293 
(0.1) 



NAME TOWNSHIP RANGE SECTION LONGITUDE LATITUDE DEPTH BOITOM- INTERVAL THERUAL GRADlENT GRADIENT HEAT Fl-0 W 
HOLE CONDUCTIVITY CORRECTED 

TEMPERATURE 

VSGS-N2 

GEO N-1 

SAN-RDO-I 

SI'NC 72-03 

GEO N-5 
I 
VI 
N 

I GEO N-1 

BFZ-(33 



Hole Name - if assigned. Dashes indicate lack of data (in 
a l l  columns). 

Hale Location - given as township, range, and section. 

Dag+h - depth in meters In). 
B- rat- - b o t t o m  hole temperature in degrees 
Centigrade (07 

- i n t e r n 1  over which the uncorrected temperature 
gradient was measured, in meters (m). 

- thermal conductivity i n  Watts per 
meter degree Kelvin (w/rnnl€). The best thermal c~nductivfty 
value from Appendix A, 

B e n t  c ~ e c w  - terrain corrected temperature gradient 
in degrees Centigrade pet kilometer I0C/km). 

- heat flow in milliwatts per square meter 
The product of the terrain corrected temperature 

gradient and the thermal conductivity. 

Temperature at 3 kw - prajected temperature at a depth of 
one kilometer in degrees centigrade ("c). 

Z g n Z S X a t u r e k m  - projected temper?ture at a depth of 
two kilometers in degrees Centigrade ( C ) .  

-ture at 3 Irm - projected temperatyre at a depth of 
three kilometers in degrees Centigrade ( C ) .  

h to 90 'c; - depth to a temperature of ninety degrees 
Centigrade in the well, in kilometers (h). 

tb to 100 -€ - depth to a temperature of one hundred 
degrees Centigrade in the w e l l ,  in kilomates8 (km). 

th to 150 'C - depth to a temperature of one hundred 
fifty degrees Centigrade in the well, in kilometers (km). 



APPENDIX B 

14AI.I E 

- 

- 

- 

Roaring R . 
TX-A 

f.k:-h-& 

Q;>-d 

R CHCRCGR 

RCH-WSE 

RDHZRAHS 

3-BHS 

tt-1 -h"<4 

PjOtf F 

S1I-MI 

ZGR-CK 

EXEEI-SB 

T R S  GLPTH BOTTII. IIITER'UAL THEl4.I. GRAD. HEAT TEI.IP TUIP TEI,IP CEPTH GEPTH EEPTH 
HOLE COND. CORR. FLWd 1 k2-! 2 i9.l 3 E3.1 93 C 103 C 156 C 

~ m l  TEIIP.  { C J  Iml  { W Z ~  xi tctkrn~ trn'rlrrn~) (CI ( c )  ( C I  tkmk ( R ~ I  ikml 



APPENDIX B 

I T R S IjEPTH BOTTII. 1SITER';ALt THEW[. GRAD. HEAT TU4P TEIJP TEMP DEPTH DEPTH CEPTH 
HOLE COND. CORR. FLMV 1 W.1 2 K7.E 3 Ir3.1 90 C 1GO C 15,: Z 



APPENDIX B 

T R 3 EE WH 0OTTI.I. INTERVRL THERt.1.. GRAD- HEAT TEMP TElIP TEMP DEPTH DEPTH DEPTH 
HOLE C ~ D .  CORR. nm la! 2 ~ 1 . 1  3m-1 ~ G C  1 o o c  159c 

jm) TEIIP. ( c )  I m l  I W t m  K; (Clkm) (mw*mZl (CI (CI ( c )  [km! (bmj (km) 

93 7E 28D 2457 141.3 1465-l715 2.2 30.7 68 

NNIE 

I 

SUrJEm 
58-20 

SUM-BRIO 

SUN-BR2 

SUFI-BRA4 

SUN-BR12 

Inqrarn 

FS-DRShW 

(Southshore 

SWl4-BRA5 

RtH-GVa 

suH-BRA9 

SUNBWU j 

SUNBRbf 1 

SUNBRR12 

RL-3X 

BUCK 14TN 

RGH-I lTCK 

1i.S 5E G Z G  55 9.8 55-65 1.3ine 25 .3  34 3 4  49 65 N I A  NIA NIA 

I 
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- Il 138 2E 36C 125 14.9 55-125 1.30~ 2 7 . 6  36 39 55 72  N/A NCR IlfA 

NRI.IE 

t4R-h'W 

EbTB-CL 

WOLF I.lDW 

BH-32 

T R S  DEPTH B0TTI.l. IHTERVAL THERI.1. .ZRAD- HEAT TW,IP TU.IP TEClP DEPTH DEPTH DEPTH 
HCLE CMID. CORR. FLU& 1 K1.l 2 KI1 3 lU.1 9i C 1 G O  C 153 C 

(rn: TEIIP. I.Zl (ml I W t m A l  (ctkm) (mrrn21 (C1 I Z I  (Cl (kml (km) {km; 
133 1E 208 13: 13.1 90-1 30 [ 1 . 3 4 1  3 9 . a  53 4 8  11 36 2.83 NIA t I jA 



effect of groundwater flow in high permeability near-sudace, young, volcanic rocks, referred 

to as the "rain curtain" effect, will be discussed. 

Two holes listed in Table I are in the state of Washington along the Columbia River 

near the town of Stevenson. The holes are 300 rn and 740 rn deep and were drilled at a resort 

to test for the potential direct use of geothermal fluids. These are the deepest wells in the 

area. They are located in a trough of low heat flow that occurs along the Columbia River. 

The trough separates the high heat flow in southern Washington from the high heat flow along 

the Cascade axis in northern Oregon (see Blackwell et a1 . , 1990a, 1990b). *She temperature- 

depth curves for the deepest well is plotted in Figure 1 and the thermal results are stirnmarized 

in Table 1. 

The low gradients are similar to the low gradients in the shallower wells available 

previously. The heat flow in the wells is about 4555 rnw/m2 (no samples are available for 

thermal conductivity measurements) and cannot exceed 60 mwlrn2 based on reasonable 

thermal conductivity estimates. The depth of these new wells in the topographically Iowest 

region in the area suggest that the uniformly low gradients along the Columbia River 

previously observed in shallower wells (typically 100 m to 150 m deep) are not due to 

groundwater flow, but are due to low regional heat flow. Only if there were some sort of 

local down flow as part of the nearby Carson Hot Spring system could the low gradient in a 

hole as deep as the Green Life 1 be due to hydrologic conditions (see Figure 1 ,  GRLTRES 1 ) .  

The results for the Santiam Pass well are presented in Table 1 because previous results 

are available only in an open-file w o r t  (Hill, 1992). Furthemore, the hole was relogged in 

1992 just before final plugging and after the manuscript was submitted for the Hill (1992) 

publication. The different thermal logs for the well are shown in Figure 2. The hole 

continued to coo1 with time, and the temperature at the bottom of the downflow zone had 

decreased to 9 OC by August of 1992. The heat flow in the well is not precisely determined 
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t m . i ~  'r H s DEPTH BDTTI.~. IIITERYAL THEM.!. GRAG. HEAT TEMP TU.IP T E ~ ~ P  DEPTH GEPTH EEFTH 
H3LE COIID. CORR. FLON 1D. l  2IOI 3K1.l 9 C C  1.3.2C 1 5 . 5 C  

Im) TUIP. ;Z) Irn) W r r n K )  (ClkrnJ (mP:#:,m2) I C )  I C )  ( C )  (km) (kml (kml 
CIIRS-CRK 195 JE 29C 153 16. B 71-153 1.15 52 .8  92 62 1G2 145 7 1.75 T I ) &  

BRCK-CRK 154 lE.l 137-154 1.75 69.5 122 1 5  128 IS6 1 .20  1 2.38 

RDH-ELKCK I 133 1 8 . 2  37-133 1.22 35.6 37 45 61 7 8  H / A  HtA ElIA 

II. FORK I 15s 5.5E 25M: 154 1 0 . 2  SS-154 1.35 82.5 Ill 89 137 1% 1.3 1.23 2 . 2 5  

SLrTLER FORE I 30s 1E 31GRD 1 . ~ 7  2 t . 9  . L.-1c.7 1. ?Z 62.4: 11s 7 6  L Z B  IS4 1.27 1.45 2.4: - + 

ASL WRHSE 3% 1E 4BBD 331 31 .2  3~21-325 (2 .  i7 1 44 .4  92 61 1i.l 115 1 7  1-98 IlrA 

JUSTICE CENTER I 39s 1E iOBCB 151 1 125-154 1.85 36.5 68 49 7 0  111 2.39 2.67 NJA 
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RODEO GROUNDS I 395 1 E  l4DBB 154 n.0 1 > ~ - 1 5 ~  1 - 8 5  33.0 61 45 7 1  100 2 . 7 0  2 . 9 0  NtA 

NAIVE 

SOSC Gm 

COLESTIN 

L T R W  CREEK 

T R 9 GEPTH B m - I .  INTERVAL THERI.1. BRAD- HEAT TU4P TEI.1P TUIP EEFTH DEPTH DEFT!4 
HOLE CWD. CORR. SLO'R 1b7.1 2M.1 3Kl-I 9.CC 1G.G.C I S C C  

1m1 m.1~. ( c )  Im) (Wrrn K) (Cjkm) ImXfmZ) It) [CJ (cJ (kml (km3 Ikm3 
39s 1E lOCDB 123 16.8 6.3-123 l.SR 25.1 52 31 61 01 MjA I NiA 

THNDRHDL 536 24.7 55.2-536 12.331 Ce.7 112 47 ?6 149 1.88 2..38 l lrA 

RDH-SC I 151 17 -7  1.30-150 2.61 25.2 67 39 69 100 2.75 9-00 lElA 



I T R S DEPTH B3T'll.t. IllTERVAL THE1U.I. GRAD. HEAT TEMP TEI-IF TEEIP EEETH DEPTH DEPTH 
HOLE CWD. CQRR. FLM 1H-1 2 2 - 1  3 K I . I  9 G C  1 - j C 2  15Cmr3 

C I E A W S  

USGS- PUC 

us.;s-w%rl' 

Palmer I 3s 13E 318 87 21.2 34-87 1 . 6 ~ ~  2 1 . 2  34 41 55 12  NIA I l rA IlrA 

Harmon I 5s 1 I E  25D t 52 2 145-152 1.6:e 6G.2 96  6 6  11.2 156 1 .52  1 2.88 

CRITRM 1 I 6 s  14E 135 121 14 - > 8t-12i. IZ.59] 4 4 . 8  71 5.1 85 119 2.15 2.44 !1jA 

Confederated 

Indf an Kealth 

Peters 

Xill iarns I 9s 11E G2B I l l  1 3 . 8  1G5-111 1.3Cc 24.9  32 36 52 65 MIA NJA I4jR 
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SBVTTE 2 

T R S  DEPTH BOTTE-I. INTERVAL T H E W .  GRAD- HEAT TEt.IP TEtIP TFI.IP DEPTH IiEPTH CEFTH 
HOLE COliD. CORR. FLOW L KI.1 2 M.! 3 KI.1 99 C 1 i . G  Z 150 C 

(m) TEI.IP. ( c ]  Im)  ( W I ~  K) ( C ~ k m )  ( m w m 2 )  ( c ]  (c) ( c )  (km] (km) (kml 

9 s  13E 30C lac  19.4 1 4 8 - 1 8 2  1.63e 35.0 56 4 8  7 2  90 2 .72  1l.A HrA 

I 23s 7E 34A 53 6.8 16-53 1.55e 12.6 2.: 10 27 37 1lrA tlrA !)/A 

IJE:.:BERR'i 1'3L.=AI$O HOLES 

2tS 12E 2 I K B  1223 57 - 5  1174-1221 1.BC 53.2 96 4 5  8 7  133 2.C7 2.28 l i j A  

2,:s 1 4 E  13A li8 13.1 7.?-1.>8 1.53e 32. ir 4fl -12 63 85 NrA ll/H 1 7 1 7 %  
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NAI-1E 

USGS-N2 

SM/-Rim-1 

S F  tfC 72-823 

GEO PI-5 

GEO IP-1 

I 
01 
N 
I 

T A S 'E PTH 0OTTI.I. IllTERVAL Tl4ERI.I. GRAD. HEAT TEIMP TEIIP TEiIP DEPTH DEPTH DEPTH 
HOLE COIIE. CORR. FLOH 1 KI.I 2 ~1 3 m.1 9s c 1.55 c 1 5 ~  c 

Imi TEIIP. IC) l m )  I W f m  K) !Crkml  ImXrrnZI ICE [ C l  !CI [kml lkm)  ( k m )  



GEOTHEREfAL ELECTRICAL GIWERATIOH POTENTIAL CALCULATIONS - 
CASCADE RANGE 

Block - blocks are identified by their tomship and range. 

 are^ - area (in km2) of the township that is contained 
within the study area. 

P e r c a  of Area Acces&& - the percentage of the area that 
is ne$ included in wilderness Areas or National Parks. 

- depth (in Wn) to the 150 "c 
Isotherm. Obtained from Appendix B. 

TamaexE&ure at 3 lap - temperature (in "c)  at a depth of 3 
Km. obtained from Appendix B. 

b l e  Resource Base - the amount of thermal energy 
contained in the reservoir, in Joules (J), referenced to a 
mean annual surface temperature of 15 ' c .  

$AB - the ratio of available work to the accessible 
rgsaurce base. obtained from a graph in U.S. Geological 
Survey circular 7 9 0 .  

A v a U l e  Work - the mechanical energy available at t h e  
surface for  the production of electrical energy ( in  Joules). 

ron Facto~ - factor ta account far losses in 
converting mechanical to electrical energy. 

E l e c t r m  Eneruv - electrical energy that can be produced 
from the block, in MW for 30 years. Does n o t  take into 
account portions of t h e  block not  accessible. Assumes a 
recovery factor of 25% (see t ex t ) ,  

B c c a s s i b l e  En- - electrical energy that can be 
generated from those portions of the block that are 
accessible . 

- electrical energy that can be 
~ k 3 ' ; ~ ~ r n % e o b ! ~ ~ k ' f g i n  MI? fo r  30 years. These are 
attempts to take into account the reduced recovery factors 
expected in the Cascade Ranqe, 



BLOCK M.EX PERCENTDEPTH TEWP. P.ES. A'IP.C: AZCESS. a A IITIL. ELPZT. ACCESS. 3.1P.q .01Rg -0tlP.g 
AREA 150 C 3 K1.1 THICK P.ES. RES. W.2P.Y. FACT. EHEA . ELEZT . 

AZCESS TEMP - B.XSE El IER. 
( T O R )  rAm21 iXmr : " I  !bmr ICI : J t  . ~ J J  IMW 30 tlG: 3: (144 3 0  {MW 30 1t.W 3: 

ES E E  
65 7E 
GS 8E 
75 6E 
7 s  7E 
7S 8E 
7 s  8.SE 
8 S  6E 
&S 7 E  
BS BE 
8s 8.5E 
8 S  BE 
9S -5E 
BS 7E 
9s 8E 
BS 8 . 5 E  
9s 4E 
PS 1GE 
IGS 6E 
I D S  7 E  
10% BE 
10s B.SE 
1 0 s  9E 
1 C S  10E 
21s 6E 
11s 7E 
11s 7.5E 
115 8E 
115 9E 
12s 6E 
12s 7E  
125 7.5E 
125 RE 



PERCEllT 
3 p . m  

ACCESS 

1SO.D 
135.0 

87.6 
4 5 . 2  
78.3 
100.0 
100.0 
46.4 
2 6 . 3  
57.4 

1 C G . C  
1Dj.G 
1GS.  O 
65.: 

9.7 
13.8 

l9t.G 
1GS. G 
I2Z.O 
79.5 
16.; 

2 . 8  
8 7 . 8  
31.1 
53.3  
i. i 
i .  il 
C .  0 

43.7 
1GC.O 

7 7 . 3  
9.7 
C. 3 
G . 3  

56 .1  
95.4 

1OG.G 
1;C.3 

8 5 . 4  
51.3 

5 . 3  
BC.5 

l r , G  .Z 
12C.5 

9 4 . 4  
2 C . 1  
1 8 . 2  

DEPTH TEI-1P . P.ES. A':T.G 
150 c' 3 Kl.1 THICK RES. 

TEI.1 P . 
lKml rcr iKm? 1C1 

ACCESS. 
RES . 
BASE 
IJI 

Ha.'@ AVAIL. 
WGRK 

0 . 0 4 6  5.2EEt17 
0.044  1.13E+17 
0.019 1.F8EtlB 
13.019 6 . 0 7 E + 1 7  
D.049 l.lOE+18 
0.046 5.29Et17 
0 . 0 4 8  8.2BEt17 
0.049 I. OBE+l& 
0.044 6.15E+17 
G.049 1.07E+f8 
0.046 5.29Et17 
0.044 6.82Et15 
0.019 1.11Et18 
0.045 l.f3Et18 
t.049 7.24E+17 
0.049 1.08Et18 
6.046 5.2JEt17 
0.044 8.03Et16 
0.047 7 .  J S E t 1 3  
0.017 6 . 4 8 E t 1 7  
9.047 3.2CEt17 
0.D17 7.12Et17 
G.016 4.30Et17 
6.044 1 . 2 6 E t 1 7  
6.047 7.52Et17 
0.047 4 .  J 5 E t 1 7  
0 .037 7.85Et17 
0.047 7.72Et 17 
0.046 5.2-lE+17 
C.344 5.51Et15 
S . D Q 4  1.95Et17 
:.a37 8.CIEtll 
5 .047  3 .60Et17  
i. 027 7.76E+17 
0.047 7.82EtI7 
G.016 5.29Et17 
F.035 S.IBEtl6 
0.045 4 .  t2Et17 
0. OSG 1 .DZEslB 
3-OSG 1.23E+18 
G.05G 1.48E+TB 
3.047 7.85E+17 
O.C-16 5.24E+17 
5.045 t i . 3 O E t l 6  
0 .545  3.0DEt17 
0.050 l.O4E+1$ 
0.050 1.4CE418 

UTIL.  
FACT. 

0.4 
0 .  -1 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.1 
0.3 
0.4 
5.4 
0.1 
R - 4  
0.1 
0.4 
0.1 
0.4 
0.1 
0.4 
0.1 
0.4 
0.1 
0. -1 
0 . 4  
0. 4 
0 . 4  
0 .3 
0.4 
0 .  -1 
0 .4  
0 . 4  
0.4 
0 .4  
0.4 
0 . 4  
0.4 
0.1 
0.4 
0.1 
0 - 4  
0.1 
0-4 
0.1 
0.4 
0.-1 
0.4 

ACCESS. 
ELEZT. 
EVER. 

I1.lW 30 
jrsl 

222.4 
47.7 

2 4 9 . 6  
126.1 
362.6 
223.6 
350.2 
210.9 
71.7 
304.1 
2 2 3 . 6  

2 . 9  
-167.G 
310.i. 

25 .7  
62.9 

221.4 
3 3 . 4  

312.8 
234.4 

2 2 . 9  
8-4 

181.9 
16.5 
188.1 - * 

d -  J 

9 -: 
9.2 

96.8 
5.3  

6 4 . 3  
32.8 
0.; 
a * ;  

185.4  
213.3 

38.8 
1EB.P 
367.5 
267.1 

0 . 0  
ZE6.8 
221.4 

3 8 . 3  
168 .0  

88 .0  
107 .3  







BLOCK 

IT. P-I 

AREA 

I Km2 I 

PEP..ZEPIT DEPTH TEt.jP. P.ES. A1:T: ACCESS. Wa 'qR .WAIL. 
AREA 1 5 F C  3FJ!THI:Y. FES. RES. WGRI! 

A Z E S S  TEHP. KISE 
(Xm) !Cl : K m i  I-: r J l  ( J l  

36s 6E 
37s 2E 
37s  3E 
37s JF 
3 7 5  5E 
37s 6E 
375 7E 
385 2E 
38.5 3E 
385 1E 
385 5E 
385 6E 
38s 7E 
34s 2E 
39s 3E 
3';s 1E 
3% 5E 
39s 6E 
3 9 s  7E 
JOS 3E 
30s 4E 
.I05 SE 
40s CE 
415 4E 
41s SE 
415 6E 

UTIL. ELECT. ACCESS. 5.1P.g . O1Rg .001Pg 
FACT. U4ER. ELECT. 

EHEP.. 
{EM 30 IbW 30 IM 30 !Mw 30 tMw 30 
crsl Y ~ S )  Y T S l  yrs)  Y r s i  

0 . 4  275.8 275 .6  27.6 2 . 8  0 . 2 8  
0.4 6U.6 6.5.6 6.1 0.6 0.G6 
0.4 173.5 173 .5  17.1 1 . 7  0.17 
0 . 1  176.1 176.1 17.6 1.8 0.18 
U - J  326.2  326.2 32.6 3.3 0 .33  
0.4 611.4 S.G 9.0 0.0 0.00 
0.4 5 . 4  54 .4  5 . 3  0.5 0.95 
0 . 1  4 4  3 . 4  3 . 4  0 . 3  0 . 0 3  
0.4 174.3 174.3 1 .  1 . 7  0.17 
0.4 176.1 1 7 6 . 1  17.6 I.& 0.18 
0.4 329 .7  324.7 33.0 3.3 0.33 
0.4 62G.6 623.6 62.1 6 . 2  0.62 
0.4 98.8 38.8 3 . 9  1 . S  0.12 
0.4 2.8 2 . 8  G.3 0 . 0  D . C S  
0.4 155.1 155.1 15.5 1.6 0.16 
0 177.1 177.1 17.7 1.8 0.18 
0.4 331.5 331 .5  33.1 3 . 3  0 . 3 3  
0.4 624.0 624 .2  5 2 . 4  6.2 0 . 6 2  
0 . 1  8 4 0 . 4  4 . 8  0 . 5  3 . C 5  
0 .4  6 1  € 4  6.1 0 . 5  0.06 
0 . 1  17G.7 17i.7 17.1 1.7 0.17 
0.4 3 3 5 . 6  3 3 S . t  33.5 3 . 3  3 . 3 3  
0.4 477.4 477.1 47.7 4 . 8  0 . 4 8  
0 . 4  56.3  56.3 5.6  G.6 O.C6 
0.4 119.8 119.8 12.2 1.2 0.12 
0.4 57.G 57.0 5.7 0.6 0.06 



GEOTHERMAL ELECTRICAL GENERATION POTENTIAL CALCULATIONS - 
NEWBERRY VOLCANO 

E&QG& - blocks are identified by their section. 
- area (in km2 ) of the section that is contained with in  

t h e  study area. 

nt Of U e a  Acees- - the percentage of t h e  area that 
is & included in the Newberry ~ational Monument. 

m ~ t h  to 150 °C Isotfiernt - depth (in Km) to the 150 
Isotherm, Obtained from Figure 2. 

n t u r e  a t  3 - temperature (in " c ]  at a depth of 3 
Km. obtained from Figure 3 .  

ess - in m. 

Bveracrre Reservoir T- - in "c.  

Accessible Resource B- - t h e  amount of thermal energy 
contained in the reservair, in Joules (Y ) ,  referenced to a 
mean annual surface temperature of 15 *c.  

- the ratio of available work ta the accessible 
resource base. Obtained from a graph in U . S .  Geological 
Survey Circular 790 .  

A v w  - the mechanical energy available at the  
surface for the production of electrical energy (in Joules). 

F- - factor to account for  losses in 
converting mechanical to electrical energy. 

&Jectri&Eeray - electrical energy that can be produced 
from the block, in MW for  3 0  years. Does not  take into 
account portions of the block not accessible. Assumes a 
recovery factor of 25% ( s e e  t e x t ) .  

a1 Erie- - electrical energy that can be 
generated from those portions of the block that are 
accessible. 

- electrical energy that can be 
in MW for 30 years. These axe 

attempts to take into account seduced recovery factors 
expected in conduction-dominated terrains. 



PERCEHT 
AP.ER 

ACCESS. 

100.0 
26.2 
0.0 
0.0 
0.0 

15.1 
93 .3  
150.0 
100.0 
100.0 
100.0 
150.0 
100.0 
1SO.O 
100. a 
100.0 
100.5 
100.0 
l o o . 0  
1 0 0 . 0  
lu"O.0 
100.6 
1EO.O 
100.0 

2 4 . 1  
0.9 
1.1.3 
50.0 

lGO.O 
100.0 
100.0 
100.0 

85.4 
0.0 
16.2 
0.0 
0 . 0  
73.2 
100.0 
100.0 
1 a O - Q  
190.0 
1 0 0 .  '3 
1 GO. 0 
1-50.0 
86.3 
11.3 

0 .  Q 

DEPTH 
153 C 

I bml 

2 - 9 5  
2.35 
2 . 9 5  
2 . 9 3  
2 . 8 8  
2 - 7 8  
2.73 
2.33 
2.93 
2.93 
2.68 
2.68 
2.75 
2.83 
2 . 8 8  
2 . 8 8  
7.70 
2.95 
Z . S C  
2 .53  
Z.55 
2.93 
2.35 
2.7G 
2.JG 
2 - 4 5  
2 . 6 G  
2 .70  
2 . 9 0  
2.90 
2 . 7 5  
2.58 
2.38 
2 .23  
2.98 
1.99 
1.51 
1.60 
1.7 3 
1.88 
2.13 
2-40 
1.98 
1.58 
2 . 3 5  
1 .25  
1.10 
1.05 

TEMP. 
3 Krn 

tc1 

157.5 
155.G 
152 .5  
157.5 
171.0 
17-1.0 
1 8 9 . 0  
165.0 
157.5 
157.5 
188.0 
179.0 
1 7 G . O  
162.5 
155.0 
156.0 
152.5 
152.5 
155.0 
1 7 0 .  G 
17C.G 
155.0 
155. G 
169.0 
247.5 
237.5 
212.5 
145.0 
13a.G 
157.5 
17C.C 
207.5 
2 4 5 . 6  
280.0 
300.G 
307.5 
3 4 3 . 0  
343.0 
3 3 7 . 5  
305.0 
262.5 
200.0 
212 .5  
290.G 
343.0 
3 4 3 . 0  
3 4 3 . 0  
313.0 

RES. 
THICK 

4 Kml 

0 . 0 5  
0.DT 
0 . 0 5  
0.07 
0.12 
0 .22  
0.27 
0 .  G7 
0.07 
0.07 
0.32 
G.32 
0.25 
G.17 
0.12 
0.12 
0.30 
0.05 
0.1G 
0.47 
0.45 
0.07 
0.05 
0.3C 
0 . 6 0  
0.55 
G.45 
G.3C 
G.10 
0.10 
0 . 2 5  
0.42 
0.62 
0.77 
0.92 
1.01 
1-49 
1.4 0 
1.27 
1.12 
0 .87  
0.60 
I. 02 
1.42 
1. E 5  
1.80 
1 . 9 d  
1.95 

A1T.G. 
RES . 
TE?.IP. 

I-; 

153.8 
152.5 
151.3 
153.8 
16.j.5 
162.3 
169.5 
157 .5  
153.8 
153.8 
169.3 
164.5 
1611.0 
156.3 
152.5 
153.5 
156.3 
151.3 
152.5 
160.0 
150.3 
152.5 
152.5 
158.5 
198.0 
143.8 
181.3 
172.5 
I60.G 
1 5 3 . 8  
160.G 
178.8 
2 5 7 . 5  
2 2 5 . 0  
225.3  
228 .8  
246.5 
246.5 
2-1 3 . 8  
227.5 
206.3 
175.0 
181.3 
2 2 0 . 0  
246.5  
246.5 
246.5 
246.5 

AVAIL. 
W0P.K 

BASE 
i J l  

1.15E+15 
6.53E414 
1.05E+l.I 
1.86E+15 
5.40Et15 
1.06E+16 
1.43Et16 
6.OEE+1J 
1.3BE+P5 
1.70E+15 
1.69E+16 
1.57Et16 
1.17Et15 
5.BkEtkS 
1.3SEtIS 
1.75EtIS 
I. 26EtlG 
1. S-1Et l l  
1 . - l lE+15  
2.14EtIG 
2.12Et16 
1.37E+15 
6 .53Et l . I  
1.39E+16 
4.03Et16 
3.72Eq16 
2.25Et14 
1.54E+16 
4.21Et15 
1.31E415 
1 .08E+16  
2.15E+16 
4.51Et16 
6.-16?2+16 
8.51E+lE 
9.65E+16 
1.62Et17 
1.52E+17 
1.36Et17 
1.07Etl7 
6.75Et16 
3.12Et1E 
5.67Et16 
1.26Et17 
1.79Et17 
'1.5SEt17 
2.06Et17 
2.12Et17 

UTIL. 
FACT. 

3 . 4  
3. J 
0.4 
0.4 
0.4 
0.4 
0 . 4  
0.1 
0.1 
0.1 
0 . 4  
G - d  
0.1 
0.4 
0.4 
0.1 
0 . 4  
0 . 4  
0. f 
0.4 
0.4 
9 - 4 
0. J 
0.4 
0 .4  
6.4 
0.1 
0.1 
0.4 
0.1 
0.4 
a * 4 
0.4 
9 . 4  
0.1 
0 .4  
G.4 
G. 4 
G. 4 
0.4 
G. 4 
0 - 4 
0.4 
3 . 4  
0.4 
G.4 
a.4 
0 . 4  

ELECT. 
DIER. 

1FW 30 
prsj 

0.5 
C. 3 
0.0 
0 . B  
2.3 
4 .3  
6.0 
6 . 3  
0 . 6  
C .  7 
7.1 
6.6 
3 . 9  
2 .5  
0 . 6  
0.7 
5 . 3  
a .  1 
0.6 
9 .3  
8.9 
0.6 
0.3 
5.4 
17.2 
15.3 
3.5 
6.5 
1 . 8  
0.6 
4 . 5  

li?. 4 
15.1 
27.3 
36. C 
4 D . B  
68.3 
64.2 
57.5 
45.6 
2 8 . 5  
1 3 . 2  
24.G 
53.3 
7 5 . 6  
82.5 
8 7 . 1  
8 3 . 4  

ACCESS. 
ELECT. 
EIIEP.. 
I1.W 3 C  

y rs l 
0.5 
0.1 
C.0  
0.0 
0 . 0  
0 . 7  
5.6 
0.3 
0.6 
0.7 
7.1 
6 . 5  
4.9 
2.5 
0.6 
0.7 
5.3 
0 . 1  
9.6 
1 . 3  
8 . 3  
0 . 6  
0.3 
5.9 
4.2 
3 . e  
1 . -1 
3 . 2  
1.8 
5 . 6  
4 - 5 

10.4 
17.0 

0 . 0  
5 . 8  
0 .  G 
0.0 

17 .0  
5 7 . 5  
45.0 
28.5  
13.2 
23. D 
53 .3  
7 5 . 6  
71.2 

9.8 
3 . 0  

O.01Rg 

1 l.iVl 3 0 
:=rs I 

0.00 
0.GO 
iJ.X 
0.00 
0.00 
0.01 
G .  06 
0.00 
0.01 
0. ill 
6.G7 
0.07 
0 . 0 5  
0 .  G2 
5 .  el 
0.01 
0.35 
3 . 0 0  
0.01 
G.39  
6-69  
0.01 
0.00 
I l .  C E  
C.G4 
3 .  09 
G:?l 
3 . 0 3  
0.02 
0.01 
.>.05 
F .  10 
0.17 
0.OC 
0 .06  
.3.00 
0.0G 
d. 17 
0 . 5 8  
c - 4 5  
L1.25 
C.13 
G. 24 
6.53 
G. 76 
G. 71 
c .  10 
0.00 

0. OoIPg 

Il.WE 36 
-.,r S 1 

3.36 
0 . 0 0  
0.50 
0 . 0 0  
0.00 
C.00 
G.GI 
6.GO 
0. oil 
0 . 6 0  
0.21 
0.01 
0 .00  
0 . 0 0  
0. GC- 
G . G O  
G.D1 
G. GD 
O.GO 
0 .  GI 
1). 01 
0 - O C  
0.90 
6-01 
0. OG 
3.0-5 
0.00 
0.CC 
0.00 
0.CO 
0. ti) 
2.01 
0.02 
0.00 
0.01 
9.00 
0.00 
0.05 
0 .06  
6 . 0 5  
C. C3 
0.01 
0.02 
0.05 
0.00 
0.07 
0.01 
0.00 



PERCEFlT 
AREA 

A?Z ESS . 

DEPTH 
150 C 

1 Rml 

1.50 
1. GC. 
1.2; 
1 - 0 2  
1.13 
1.90 
2.18 
1.50 
1.C5 
1.53 
1 . x  
l.iC 
2.>0 
2.7; 
2.55 
2.43 
2.35 
2.35 
1.53 
1:>s 
2.ts 
2-23 
2 . 5 3  
i.7i. 
2.64 
2.38 
L . 3  
L . 6 9  
X.5C 
1.48 
1. a3 
f - 0 8  
1.44 
1.83 
2.14 
2 . 5 5  
2-45 
2.08  
1.63 
1.25 
1 . 5 0  
1.30 
1. G G  
1.;: 
1 . 2 8  
1.7G 
2.28  
2.45 

TECIP. 
3 Km 

1.1; 

443.0 
3 4 3 . G  
343.0 
343.G 
30G.G 
22c.0 
212.5 
242.5 
343.0 
3-13.C 
3 4 3 . c  
3 4 3 . 3  
157.5 
167 .5  
1%" ' " . "  
2 1 3 . C  
23.5.0 
245.3 
2 9 2 . 5  
2 7 5 . G  
2.12.5 
2 1 7 . 5  
19;.G 
1 7 Z . C  
145.2 
il5.G 
245.G 
287.5 
322 .5  
343.i 
3-13.G 
3-13.G 
312.5 
27i.G 
230.G 
2 G2.5 
210.G 
245.3 
2 8 2 . 5  
335.5 
3-13 . ;  
j1l.t 
3 . t 3 . i  
3 1 3 . ;  
325. j 
2 8 5 . 5  
2 4 5 . 2  
?I:.: 

P.ES. 
THICK 

i Kmb 

2 - 0 3  
2.Gb 
2 .  i.0 
2.20 
1.87 
1.10 
0.82 
1.46 
1.55 
2 * X i  
2.i . i .  
2.  OC. 
i ) . L i  
9.3-2 
.:--45 
9.5-1 
D .  E5 
.: - 55 
1 .  i7 
1 . 3 2  
6.92 
0.77 
G .  47 
5 . 3 3  
5 . 3 6  
0 . 5 2  
1.95 
1 . 3 1  
1 .53  
1 - 5 2  
1 . 9 7  
1 .PZ 
1.5; 
I .  l i  
3 . 8 6  
5 . 1 5  
0.55 
" .>2 ". 
1.3'  
1.8: 
2.30 
2.5.: 
2.4;  
2 . 2 2  
1 . 7 2  
1 . 3 ;  
c.42 
0.55 

ACCESS 
P.ES. 

A'iA AIL. 
I'IEP. E 

BASE 
. J I  

UTI L.  
FACT. 

O*.I 
a .  4 
0.4 
6 . 4  
a .  4 
0.4 
3.1 
0.4 
0 . .I 
5 . 1  
G. 4 
G . -i 
5 - 4  
6 .  4 
C. 4 
0.1 
C . .l 
c, * 4 
3 .  .i 
2 . 4  
i. S 
c.4 
5 .  4 
,: * 4 
: .4 
,: . 4 
0 . 1 
,2 . 4 
.: . 4 
,: . 4 
2 . 4  
3 . -1 
G .  I 
3 . 4  
,> . 4 
3 . 4  
0.4 
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ABSTRACT 

This report summarizes data from several deep geothermal exploration wells in the 

Cascade Range in Oregon and southern Washington. Temperature-depth data from 17 wells 

are included. Thermal conductivity measurements were made on over 110 samples from 8 of 

the welIs and are also summarized. Heat flow values are calculated for 5 of the wells. All of 

the thermal data in the area of Newberry voIcano are presented and briefly discussed. The 

problem of determining the depth of groundwater domination on the p u n d  temperatures is 

discussed. In many cases in the literature the depth of the "rain curtaint1 has been over 

estimated. The data from the deep wells and data from electrical studies are integrated to 

investigate the problem. Throughout most of the Cascade Range, exposure to temperatures of 

30 "C to 50 "C results in a drastic decrease in the permeability of the mafic volcanic rocks. 

This decrease results in a predominance of conductive heat transfer over depths of at least 

hundreds of meters. The electrical resistivity generally decreases by a factor of 50 percent to 

100 percent in association with the alteration. Therefore resistivity soundings can be a good 

indication of the depth required to drill a geothermal gmdient test we11 to obtain useful thermal 

data. 

INTRODUCTION 

Extensive new thermal data have been collected for wells in the Cascade Range. The 

results are briefly summarized in this report. Thermal conductivity measurements have been 

made on over 110 core samples from 8 deep wells, 7 in Oregon and 1 in California. The 

temperature data reported for the welts was taken from new measurements, open-file reports, 

and other sources. The wells will be briefly discussed in order from north to south except for 

the cluster of wells in the Newberry Volcano area, which will be discussed separately. The 



because the temperature gradient is disturbed by the local fluid downflow in the well bore. 

The heat flow below 718 rn is equal to or greater than 96 rnw/rn2. The thick, low gradient, 

portion of the well is due to the fact that it was drilled at the crest of the Cascade Range. 

Resistivity data ako indicates deep fluid downflow by the great thickness of high resistivity 

near-surface rock (Blackwell et al. ,  1992). 

Data are available for two wells drilled in the vicinity of Crater Lake National Park. 

The temperature data from the wdls have been made available by California Energy and are in 

the form of Custer bomb type of logs. These logs may or may not represent equilibrium 

temperatures. The temperatures in the upper part of the MZ1-11A well have been described 

by Blackwell and Steele (1987). The temperature-depth curves are shown in Figure 1 WZ1- 

1 1A and MZ 1 1-1). Thermal conductivity measurements were made on a few core samples 

and the average thermal conductivity was determined. Although the heat flow is high in the 

upper part of well MZ1- 11 A, the heat flow values based on gradients calculat~l from bottom 

hole temperatures and mean annual surface temperatures of the two wells are low. Both welt  

may be affected over their entire depths by fluid flow. In the case of MZ1- 1 1 A the flow is 

away from the axis of the volcano and the ground water has been heated to temperatures of 

over 110 OC throughout the depth range of the well. However, any higher temperature area is 

probably within Cmter Lake National Park and not available for geothermal development. 

The temperatures in the flow regime in the MZ11-1 well are above the shallow groundwater 

temperature but are still quite low (not exceeding 30 OC to a depth of almost 900 m). Below 

about 275 m the MZ11-I well was drilled in a hypabyssal intrusive. The core samples from 

this intrusive have very Iow porosities (the densities are 2.67 to 2.77 gmlcc). Hence the high 

permeability implied by thermal indications of active flow (i. e., the very low temperature 

gradients to depths of almost 900 rn) must result from fracture permeability. These results 

confirm the situation often encountered in the Cascade Range in that the shallow intrusive 

rocks are more permeable because fractures are abundant and open in these rocks. In contrast 



the basalticlandesitic volcanic rocks tend to have very low permeability when subjected to even 

low temperature altetation. In any case the situation for geothermal resources of the grade 

sufficient for the generation of el8ctricaI energy in the vicinity of the two holes at the edge of 

Crater M e  National Park appears to be unfavorable. 

The southernmest well is the Medicine Lake 88-12 well. The temperature-depth curve 

was described by BIackwell et al. (1990a) and is shown in Figure 3. Samples were collected 

from the University of Utah Research Institute (UUM) core repository in Salt Lake City and 

thermal conductivity measurements were made on 16 samples in the depth range 695 m to 

1175 m.  The temperatures are not completely at equilibrium as indicated by the notches in the 

temperature-depth curve at 850 m and 1050 m , but the bottom part of the well has a bear 

gradient of 85 O ~ / k m .  The heat flow in that section of the well is 173 r n ~ l r n ~ .  The well is 

in a topographically high position between Medicine Lake and Mt. Shasta. The low gradient 

zone extends to only about 400 m in the well, in spite of its high topographic position. The 

heat flow in shallow holes in the California Cascade Range is near zero in 150 m to 300 m 

holes @ h e  et d., 1982). The gradient is higher between 500 rn and 1000 m than in the 

bottom of the well. The temperatures in this region of the well may be dominated by 

intermediate scale regiond groundwater downflew or the section may be dominated by 

intrahole downflow (see discussion below for the characteristics of the temperature-depth curve 

in this case). If the shape of the curve is dominated by intrahole flow the depth of the low 

gradients due to groundwater flow is only about I00 m. Without more information these two 

cases cannot be resolved. In either case, the site of the we11 at high relative elevation makes a 

high relative head likely in the shallowest aquifers. The heat flow, as in the case of the 

Oregon Cascade Range, appears to be high below the fluid flow zone, whatever its detailed 

nature. 

A final well is not in the Cascade Range but is of interest to the geothermal setting in 

Oregon. A temperature log of unknown quality obtained from Union Geothermal was open- 



filed by DOGAMI for a well near Vale, Oregon. The well is located along the western margin 

of the Cow Hollow geothermal anomaly (Bowen and Blackwell, 1975). Cow Hollow is a 

northwest-southeast trending linear anomaly that lies southeast of Vale. Its northern terminus 

is at Vale Hot Spring. Tlie temperature-depth curve is shown in Figure 4. The log does not 

appear to be an equilibrium one, and its quality is problematical. The gradient is high in the 

150 m to 750 m depth interval ( 1 3 0 ~ ~ / h ) ,  but drops to about 60 O ~ l k r n  in tlre 800 In to 

1 150 m interval. The bottom hole temperature is quite high at just over 135 OC. The change 

in gradient is (speculatively) due in part to a lithologic contact between overlying clays and 

underlying basalt. The temperatures may be higher east of Cow Hollow (see Bowen and 

Blackwell, 1975). 

NEWBERRY VOLCANO 

Thermal data are available from 12 deep wells in the Newberry volcano area. The sites 

of ten of the wells are shown in Figure 5 and the tempetature-depth curves are shown in 

Figure 6. The data for the Occidental wells are from Potter and Arnstead (1988). The data 

for the GEQ N- 1 and N-3 wells have been discr~ssed by several authors (Swanberg and Combs, 

1986, Swanberg et al., 1988; Blackwell and Steele, 1987). The data from the USGS- 1 and 

USGS-2 wells have also been discussad (Sarnmd, 1981, Sammel et al., 1988) and the Sandia 

RD-01 well has been briefly described (Black et al. ,  1984). The detailed thermal data from 

the GeoNewberry (GEO) N-2, M-4, and N-5 wells are presented for the first time. Thermal 

conductivity values have been determined on core samples for 7 of the wells, 5 of which are 

described for the first time here. The thermal conductivity values for all but one of the wells 

are almost identical at 1.60k0.5 W/rnI°K in spite of the drastic differences in percentage of 

basalt to rhyolite and ashes to lava flows in the vario~~s wells. The only well with a 

significantly different thermal conductivity is the GEO N-4 well on the east side of the caldera. 



In addition to the detailed data available there are some data from additional wells used 

in the resource analysis of the Newberry National Monument (Davis et al., 1990). There are 

average gradients and depth of "rain curtain" available for two California Energy wells (CE N- 

3 and CE N-4). These data have been incorpontd into the analysis of the "rain curtain" 

effects in the following section. 

Heat flow values for the wells are listed in Table 1.  The highest heat flow vahes 

outside the caldem are over 200 r n ~ l r n ~ .  Heat flow values are 200 r n ~ l r n ~  in two or three 

wells, 220 rnwlrn2 in two wells, and 240 mw/rn2 in one or two wells. The heat flow values 

are generally consistent with the relative gradient values except in the case of GEO N-4 on the 

east side of the caldera. The measured thermal conductivity for GEO N-4 is 25% higher than 

for the other wells. 

The high thermal conductivity in the GEO N-4 well results in heat flow contours that 

are more elongated west to east than the geothermal gradient values. This elongation seems to 

be opposite to the expected regional permeability, which might be expected to parallel the 

trend of dike injection, In many geothermal areas dikes are bamers to fluid flow so that the 

regional permeability might be expected to be anisotropic. Of course it has not yet been 

established that the thermal anomaly outside the caldera is due to fluid flow. So from a 

thermal point of view the area east of the caldera is almost as attractive as the area en the west 

side of the caldera, particularly if the thermal conductivity increases with depth aIong the west 

side, or decreases with depth on the east side. 

The electrical resistivity results (Fitterman et al., 1988) are interesting to compare to 

the thermal data. Two figures are shown here (Figures 7 and 8). The interpreted resistivity at 

250 m is of interest in outlining the low resistivity material in the caldera. The remainder of 

the area has a relatively high resistivity in the near surface region because it is generally within 

the region of low temperatures in the wells. These low temperatures are due to groundwater 



flow. The depth to the top of the first electrically conductive layer is shown in Figure 8. As 

described in a following section, this d q t h ,  where there is well control, appears ro correspond 

to tempemtures in the wells of 40-50 OC. Elsewhere in the Cascade Range a similar 

temperature interval has also proved to appear as a resistivity boundary (Blackwell et al., 

1992). Alteration is the probabIe cause of the relation (see Wright and Nielson, 1986). The 

shape of the contours on Figure 8 corroborates the west to east elongation seen in the heat flow 

data (dthough there is a paucity of data points along the north side of the caIdera on the 

resistivity map). 

Because of the high permeability of the surface volcanic mcks in the High Cascade 

Range the temperature gradients id shallow holes are often low. These low gradients result 

from the rapid downgradient flow of groundwater, which displaces the heat to the cold springs 

at lower elevations. One of the major questions affecting the use of geothermal gradient 

exploration is the depth to which holes must be drilled to obtain gradient information typical of 

deep conditions and unaffected by the shallow ground water flow. This shallow effect has 

been referred to as the "rain curtain" effect (Swanberg et al., 1988) This phenomenon wilI be 

discussed briefly here, primarily with respect to the conditions at Newberry. Newbeny is used 

as the example because of the large quantity of high quality data there and because most of the 

typical situations occur there. 

The depth to the bottom of the "rain curtain" in the Cascade Range, based on data from 

the deep wells drilled so far, varies from 0 m to about 550 m. The depth is primarily a 

function of the thickness of unaltered rock at a particular site. There is a decrease in 

permeability with increasing depth due to progressive alteration of the mafic volcanic rocks 

with increasing depth of burial {due to the associated temperature increase). Also, at deeper 

depths below the topography there is decreased topographic drive on the groundwater column, 



resuIting in lower groundwater flow rates. At many of the sites so far drilled the transition to 

regional conductive temperature gradients is quite abrupt and occurs over deprhs of a few 

meters or tens of meters. An example of this situation is shown in the case of well SF-NC-72- 

3 (Figure 6). This well is the only one at Newberry that has an easy-to-pick bottom of the 

"'rain curtain", although the 20 "C temperature in the groundwater zone is curious. 

Two of the wells, GEO N-1 and N-3 (Figure 61, have temperature-depth curves that 

are altered by the effects of intrahole fluid flow so that the effects of the "rain cumin" cannot 

be unequivocally determined. The "min curtain" in these wells has been described incorrectly 

(Swanberg et al., 19881, so that "rain curtain" effects are misunderstood in the literature 

(hgebritsen et al., p. 4607, 1992). In Figure 6 the inferred rock temperatures are shown for 

several wells by dotted Lines. In the case of well GEO N-1 the intrahole flow is down from an 

entry point at 400 rn to 500 m and out of the well predominantly in the 11 00 m region, 

although some water starts to exit at 1OOO rn. Similarly in well GEO N-4 there is downflow 

from about 400 rn to an exit point at about 540 m. The downflow pattern is clearest in well 

GEO N-2 where the inlet point at 190 m is below the "rain curtain'3oottom at about 100 rn. 

Thus the deep gradient from below the outlet point at 310 m to 400 m can be extrapolated to 

connect with the top of the flow disturbance at 190 m. 

In the case of well GEO N-3 the intrahole flow is artesian and the water enters the well 

at about 1150 m and exits the well at 600 m, The presence of such a shallow water table and 

of an aquifer at 1150 m depth with a water table at a depth of only 600 m is interesting in and 

of itself. 

The Santa Fe NC-0 1 well presents a different example of near surface effect. The 

temperatures are from a commercial temperature log of uncertain calibration and limited 

resolution. None-the-less the general shape of the temperature-depth curve seems well 

established. It shows a near isothermal zone followed by a zone with a higher gradient than is 



seen in the deeper parts of the log. T h i s  type of curve has one of two general possible 

explanations, both of which imply a very shallow rain curtain effect at this site, The 

isothermal zone stops at 200 m in SF NC-01. Extrapolation of the gradient from depth 

suggests that the apparent depth of the isothermal zone is only about 40 rn. This type of curve 

might be due to intrahole downflow and so borehole related only. It also might be due to local 

deeper aquifer flow, but the high gradient would imply that the aquifer flow is local only. 

In all the wells the depth to the "rain curtain" is not the depth of intrahole flow, but 

rather the depth at which the gradient that is observed in the bottom of the hole begins. This 

depth is about 500 rn, 550 rn, and 350 m for holes GEO N-l , N-3, and N-4 respectively . A 

comparison of two interpretations of the depth to the base of the "rain cumin" is shown on 

Table 2. In general the interpretation of the depth to the tattorn of the "rain curtain" by 

Swanberg et al. (1988) and Davis et al. (1990) is too deep because the effects of intrahole flew 

have been confused with the "min cumin" effect. The deepest "rain curtain" inflr~ence i s  on 

the order of 500 m to 600 m, not 1000 rn (also cited by Ingebritsen et al., 1992). 

Furthermore, in every case in which the well has sufficient depth below the bottom of the 

"rain curtain", the gradient is essentially constant from the base of the "rain curtain" to the 

maximum depth of the hole. Thus the bottom of the "rain curtain" appears, in the Cascade 

Range at least, to be a region of major permeability change, and below that depth thermal 

conditions are dominated by conduction, not convection, except in exceptional situations. 

CORRELATION OF RESISTIVITY AND TEMPERATURE 

The relatively large number of deep wells with qui l ibr i~~m temperature gradients and 

the sather extensive electrical sounding data at Newbeny Volwno allow an interesting 

comparison of the two data sets. In-Figures 9 and 10 the depths to the 40 "C and 50 "C 

isotherms determined from the temperature logs are compared to the depth to the base of the 

surface resistive layer (top of the first conductive Iayer) from the transient eIectmmagnetic 



(TEM) soundings of Fitterman et al. (1988) (Figure 8). The plots in Figures 9 and 10 stlow a 

nearly 1 : 1 correlation of the data sets. At shallower depths (400 m to 700 rn) the best 

correlation is with the 50 "C isotherm. At deeper depths the best correlation is with the 40 "C 

isotherm. The equation relating the depth to the 40 "C isotherm to the depth to the base of the 

resistive layer is: 

depth to base of resistive layer = 228 rn f 0.635*(depth to 40 "C) 

In the Newberq Volcano case the tempemtuxes are probably at their highest at the 

present time, so the depth of the resistivity change correlates with a present day temperature. 

In other areas, such as the Santiarn Pass area, the resistivity change corresponds to alteration 

related to higher past temperatures than occur at the present time. However, even though 

resistivity correlates with temperature, the geothermal gradient cannot be obtained from the 

correlation, except in a qualitative sense. The unknown, and variable, depth of the "rain 

curtain" means that the appropriate depth for the shallow or upper temperature point cannot be 

fixed, and so a gradient cannot be calculated. 

The correlation of resistivity to alteration has been tested by direct measurement of the 

resistivity of several core samples from the Santiam Pass and GEO N-1 wells. The results are 

shown in Table 4. The measurements were made by Core Laboratories in Bakersfield, 

California. The measurements were made on 2.5 cm diameter by 3.5 cm Long cylinders. The 

measurements were made after saturating the samples with a fluid with a resistivity of 36 ohm- 

meters, about that typical. of the groundwater in the Cascade Range. The measurements were 

run at 25 'C. With the exception of sample N- 1-2250, all the resistivity values show a binary 

relationship with depth. They are either over 800 ohm-meters in the shallower parts of the 

wells or below 494 ohm-meters in the deeper parts of the wells. This relationship is in 

qualitative agreement with the field observations, 



The close correlation of the resistivity and thermal data sets means that in a setting like 

the Cascade Range resistivity soundings can be used to obtain an estimate of the depth 

necessary to reach rocks that have been subject4 to a temperature well above ambient and 

above that occumng in the groundwater flow zone. These rocks will have had their 

penneabiIity drastically reduced due to alteration. In spite of the close correlation of 

temperature and resistivity, the temperature gradient cannot be determined except by drilling. 

The resistivity data allow planning of the appropriate depth of drill hole to obtain high quality 

thermal data, and so d o w  a more rational exploration plan, than drilling blindly until thermal 

data are obtained. 

ACKNOWLEDGMENTS 

Dick Bowen and 1. Eric Schuster logged and made available the Washington we11 data. 

REFERENCES CITED 

Black, G.L., G.R. Priest, and N.M. Woller, Temperature data and drilling history of the 
Sandia National Laboratories well at New berry caldera, Oregon Geol., 46, 7-9, 1984. 

Blackwell, D.D., thermal results of the Santiam Pass 77-24 drill hole, p 37-52, in Hill, B.E., 
ed, Geology and geothermal resources of the Santiam Pass area of the Oregon Cascade 
Range, Deschutes, Jefferson and Linn Counties, Oregon, Ore. Dept. Geol. Min. 
Indust. Open-file R e p .  0-92-3, 61 p., 1992. 

Blackwell, D.D., and S.L. Baker, Thermal analysis of the Breitenbush geothermal system, 
Geothermal. Resources Council Trans., 12, 221-227, 1988a. 

Blackwell, D.D., and S.L. Baker, Thermal analysis of the Ereitenbush geothermal system, pp 
47-62 in Geology and Geothermal Resources of the Breitenbush-Austin hot spring area, 
Clackamas and Marion Counties, Oregon, ed. D.R. S h e d ,  Ore. Dept. Geal. Mineral 
Industries Open Rewt. 0-88-5, 1988b. 

Blackwell, D.D. and R.E. Spafford, Experimental methods in continental het flow, Ch. 14, in 
Methods of Experimental Phvsics, m, Geophysics. Part B, ed. C.G. Sammis, and 
T.L. Henyey , Academic Press, Orlando, Florida, 189-225, 1987. 

Blackwell, D.D., and J.L. Steele, Thermal model of the Newberry Volcano, Oregon, in 
Survev of wtential ~reothermal ex~lomtion sites at Newberry Volcano Deschutes 
County. Oregon, men File Rep. 9-83-3, pp, 83-1 13, Oregon Den. of G o l .  Mineral w, Portland, 1983b. 



Blaclwell, D.D., and J.L. Steele, Geothermal data from deep holes in the Oregon Cascade 
Range, Trans. Geothermal Resource Co~tncil, ll, 3 17-322, 1987. 

Blackwell, D.D., R.G. Bowen, D.A. Hull, J .  Riccio. and J.L. Steele. Heat flow, arc 
volcanism, and subduction in northern Oregon, 3 .  Geowhys. Res.. 87, 8735-8754, 
1982. 

Blackwell, D.D., 3.L. Steele, M.K. Frohme, C.F. Murphey, G.R. Priest, and G.L. Black, 
Heat flow in the O ~ g o n  Cascade Range and its correlation with regional gravity, Curie 
point depths, and geology, J. Geonhvs. Res., 95, 19475- 19493, 1990b. 

.BIackwelI, D.D., J.L. Steele, S.A. Kelley, and M. Korosec, Heat flow in the state of 
Washington and Cascade Range thermal conditions, J .  Geovhys. Res., 95, -19492, 
f 990a. 

Bowen, R.G., and Blackwell, D.D., The Cow Hollow geothermal anomaly, Mdheur County, 
Otegon, The Ore Bin, 3, 109-121, 1975 

Davis, D.L., L. A. Chitwood, J .  Feuer, and N.J. Ketrenos, System for determining 
geothermal tesource potential equivalents on New berry volcano, Oregon, Geothermal 
Resources Council Trans., l4, 1101-1107, 1990 

Fitterman, D.V., W .D. Stanley, and R.J. Bisdorf, Electrical structure of Newbeny volcano, 
Oregon, J .  Geophvs. Res., 93, 101 19-10134, 1988. 

Hill, B.E., Geology and geothermal resources of the Santiam Pass area of the Oregon Cascade 
Range, Deschutes, Jefferson and Linn Counties, Oregon, Ore. & ~ t .  Geol. Min. 
Indust. Open-file Rent. 0-92-3, 61 p., 1992. 

Hifl, B., G. Priest, and D.D. Blackwell, Initial results from the I990 geothermal drilling 
program at Santiam Pass, Oregon, Oregon Geolo~r, 53, 101-103, 199Ib. 

Hill, B. ,  G. Priest, D.D. Blackwell, and W.R. Benoit, Scientific results of the Santiam Pass 
77-24 geothermal dri Iling program, Trans. Geothermal Resources Council, 15, 17 1 - 
176, 1991a. 

Ingebritsen, S.E., D. R. Sherrod and R.H. Mainer, Heat flow and hydrothermal circulation in 
the Cascade Range, north-central Oregon, Science, 243, 145 8- 1462, 1989. 

Engebritsen, S.E., D.R. Shemd and R.H. Mariner, Rates and patterns of groundwater flow in  
the Cascade Range volcanic arc, and the effect on subsurface temperatures, J .  Geuphys 
R~s., 97, 4599-4627, 1992. 

Mase, C.W., J.H. Sass, A.H. Lachenbruch, and R.J. Munroe, Preliminary heat-flow 
investigations of the California Cascades, U.S. h l .  Sum. Open-File Rept. 82-1 50, 
240 p, 1982. 

Sammel, E.A., Results of test drilling at Newberry volcano, Oregon, and some implications 
for geothermal prospects in the Cascades, Geothermal Resources Council Bull., u(11), 
3-8, 1981. 

Sammel, E. A., and S. Benson, An analysis of the hydroIogic effects of proposed test drilling 
in the Winema National Forest near Crater M e ,  Oregon, Trans. Geothermal 
Resources Council, ll, 293-303, 1987. 



Samrnel, E. A., S .E. Ingebritsea, and R.H. Mariner, The hydrothema1 system at Newberry 
volcano, Oregon, J .  Geophys. Res., 93, 10149-10162, 1988. 

Steele, J.L., D.D. Blackwell, and J. H. Robison, p 3 1-42, H&?t flow in the vicinity of the Mr. 
Hood volcano, Oregon, in Geolo~v and Geothermal Resourns of the Mt. Hood area, 
Oregon, ed. G.R. Priest and B.F. Vogt, Ore. Dewt. Geol. Minenl Industries Swecial 
Paper 14, 100 pp, 1982. 

Swanberg, C.A., and J .  Combs, Geothermal drilling in the Cascade Range: Preliminary 
results from a 1387-m core hole, Newberry volcano, Oregon, EOS Trans, AGU, 67, 
578-580, 1986. 

Swanberg, C.A., W .C. Walkey and J .  Combs, Core drilling and the "Rain Curtain" 
phenomenon at Newberry Volcano, Oregon, J .  Geo~hys. Res., 93, 101 63- 10173, 
1988. 

Wright, P.M., and Neilson, D.L., Electrical anomalies at Newberry volcano, Oregon: 
Cornpasison with alteration mineralogy in G m  corehole N-1 , Trans. Geothermal 
Resources Council, IO, 247-252, 1986. 



TEMPERATURE, DEG C 
50 100 150 

Cascade Misc. 

5 GRLTRES1 
3,/30/92 

MZ1-11A 

x SP-77-24 
BHT 

Figure 1 .  Temperature-depth curves $br sevcml deep wells in the Cascade Rangc. 
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Figlrre 2. Temperature-depth curves for several logs of the Santiam Pass deep well. The 
bottom hole temperatures measured as drilling proceeded are shown as dots. 
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Figure 3. Ternperat11 re-depth curve for the ternpenturn gradient well ML88- 12. 
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Figure 4. Temperattire-depth curve for the temperature gradient well Vale 47- 10. 
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Figure 6.  Temperature-depth curves for ten of the temperature gradient wells at Newberry 
voicano. Selected temperature points are shown by symbo:~. Dots on four of the wells are 
inferred rock temperatures (see text). 



Figure 7. Map of interpreted SchIumberger resistivity in ohm meters at a depth of 250 m 
(from Fitterman et al., 1988). Triangles are station locations. The caldera ring fmcture 
(heavy dashed he), wells (ticked circles), and lakes (shaded) are shown. 



Figure 8. Interpreted depth in meters to the conductive second layer from TEA4 data (after 
Pitterman et al., 1988). Squares are station locations. The caldera ring fracture (heavy dashed 
line), weIls (ticked circles), and lakes (shaded) are shown. 



Base of Surface Resistive Layer vs 40 "C 

Depth of 40 deg C isotherm 

(meters below surface) 
Figure 9. Comparison of the depth to the base of the surface resistive layer (from Figure 8) 
and the depth to the 40 "C isotherm (from deep well data) at Newberg volcano. 
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Figure 10. Comparison of the depth to the base of the surface resistive layer (fmm Figuse 8) 
and the depth to the 50 OC isotherm (from deep well data) at Newbeny volcano. 



Table 1. Deep Cascades data, in 61 units. 

TWN/RNG N LAT W LONG HOLE COLLARDEPTH AVGTCU NO U N G R A D  COGRRD C 0 H . F .  L X F H O ~ Y  
SECTION PEG MIN DEG MIN NAME ELEV RANGE <SE> TCU <SEr <SE> <SE> SUMMARY 

(DATE)  rn m w/m/K Deg C/km Deg C/km mW/m2 ................................................................................................................ 
NEWBERRY WELLS 

20S/12E 4 3 - 4 9 . 5 0  121-14.82 GEO-N-3 1786 1174.0 1.80 53.2 53.2 96 BASALT AND 
24BCB 9/ 6/86 1220. 0 11 .0  RHY TUFF 

VOLCANICS 

1466 TUFF, RHYO 
& OBSIDIAN 

200  BASALT TO 
DRCITE 

245  BASALT TO 
DACITE 

201 

222  BASALT TO 
DACf TE 

198 BASALT TO 
RHYOLITE 

22S/12E 43-38.25 121-14.45 GEO-N-1 1754 1146.0 l .  80 83.7 83.7 151 BASALT AND 
25BD 9 / 2 5 / 8 6  1226.0 4 4 . 0  RHY TUFF 



Table 1. Page 2 P ................................................................................................................ 
TWN/RNG N C R T  W LONG HOLE COLLAR DEPTH RVG TCU NO UP7 GRAD CO GRAD CO H. F. LITHOLOGY 
SECTION DEG MIN DEG M I N  (DATE) ELEV RANGE <SE> TCU <SE> <SE> <SE> SUMMARY 

( DATE) m m W/m/R Oeg C/km Deg C/km mW/m2 
------------------------------------d--------------d---d---d---d------------------------------------------------ 

21S/E3E 4 3 - 4 2 . 5 0  121-13.50 USGS-NB2 1943 660.0 [ 1 . 4 6 )  1092 .O 1 0 9 2 . 0  1 5 9 4  TUFF, SED, 
31CC 7 / 1 7 / 8  1 930.0 BASALT 

675 .0  7 6 4 . 4  
930.7 10.5 

2 . 0  1 7 4 . 3  
930.7 3.8 

OTHER CASCADE WELLS 

GRLTRES l 24 100.0 1 1.80)  25.4 2 2 . 0  45 BASALT 
3 / 3 0 / 9 2  740.0 0.1 

BASALT 

96 BASALTIC 
AHDESITE 

ANDESIT & 

BASALT 



Table 2 

" = etev approx. 

Table 2 .  Comparison of the "rain curtain " depth from Davis et al, (1990) in column 6 to that 
inferred in this study (column 5) .  Column 7 is the difference between columns 5 and 6. 
Column 8 i s  the temperature at the base of the "rain curtain". 



(all values are depths below surface) 
(400 O F  = 204 oC) 

[ '400 Deg F #1 '400 Deg F #2 Con Surf Layer '50 Deg C '40 Deg C 

rn m m m m 

GEO-N-I 2,646 3,033 750 1,023 918 

GEO-N-2 1,592 1,849 495 424 348 
ppppP 

G EO-N-3 4,226 4,353 1,1050 1,316 1,128 

GEO-N4 1,948 625 641 557 

GEO-N-5 1,873 2,06& 560 687 610 

USGS-NB1 3,894 660 870 674 

Table 3. Comparison of the depths to the 204 "C isotherm from Davis et al. (1990) in column 
3 and those from this study (column 2). The depths to the 40 O C  and 50 'C isotherms used in 
Figures 9 and 10 are shown in the final two columns. 

CE-NB3 

CE-NB4 

SFNC-01 

S FN C-72-03 

2,364 

2,355 

1,437 

1,759 

2,364 

2,355 

1,597 

1,787 

600 

925 

480 

505 

791 

1,014 

31 9 

650 

689 

927 

247 

578 



Table 4. Core laboratory measurements of electrical resistivity of core samples 
from Santiam Pass 77-24 and GeoNewberry N-1. 

Hole Depth 
meters 

Resistivity 
ohm-meters 



Appendex A. Thermal conductivity data 



Table Al. Geo-Newberry divided bar measurements. 

Depth Porosity 

feet: % 

Dry Thermal Conductivity 
Dens i t y  
gm/cc W/m 'K 



Table A 2 .  Oxy-Newberry divided bar measurements. 

Depth Porosity Dry Thermal Conduct i v i ty 
Density 

feet % gm/cc W/m 'K 



Table A 3 .  Crater Lake MCZ divided bar measurements. 

Depth Porosity Dry Thermal Conductivity 
Dens i t y  

feet % W/cc W/m 'K 



Table A 4 .  California, Medicine Lake 88-12 
divided bar measurements. 

Depth Porosity Dry Thermal Conductivity 
Dens i t y  

feet % gm/= W/n * K  



Appendex B. Temperature data 



DEPTH 
METERS 

0.0 
30.5 
61.0 
9 1.4 

121.9 
152.4 
182.9 
213.4 
2 4 3 . 8  
274.3 
304.8 
335.3 
365.8 
396.2 
426.7 
457.2 
487.7 
518.2 
548.6 
579.1 
609.6 
640.1 
670.6 
701.0 
731.5 
762.0 
792.5 
823.0 
853.4 
883.9 
914-4 
9 4 4 . 9  
975.4 
1005.8 
1036.3 
1066.8 
1097.3 
1127.8 
1158.2 

LOCATION: VALE FEDERAL WELL 47-10 
TJR-S: 19SJ45J-IOC 
ROLE NAME: VALE4710 
DATE MEASURED: 9/10/81 

DEPTEi 
FEET 

0.0 
100.0 
200.0 
300.0 
400.0 
500.0 
600.0 
700,0 
800.0 
900.0 
1000.0 
1100.0 
1200.0 
1300. o 
1400.0 
1500.0 
1600.0 
1700.0 
1800.0 
1900.0 
21300.0 
2100.0 
2 2 0 0 . 0  
2300.0 
2400.0 
2500.0 
2600.0 
2700.0 
2800.0 
2900.0 
3000.0 
3100.0 
3200.0 
3300.0 
3400.0 
3500.0 
3600.0 
3700.0 
3800.0 

TEMPERATURE 
DEG C DEG F 
25.667 78.20 
2 4 . 9 4 4  76.90 
24.778 76.60 
2 5 . 3 8 9  77.70 
27 .333  81.20 
30.889 87.60 
42 .667  108.80 
46,389 115.50 
51.111 124.00 
54,333 129.80 
57.222 135.00 
61.944 143.50 
66.111 151.00 
70.000 158.00 
74.056 165.30 
77.611 171.70 
8 1 . 4 4 4  178.60 
85.667 186.20 
89.211 192.40 
92.944 199.30 
96.889 206.40 

100.889 213.60 
103.556 218.40 
107.333 225.20 
210.722 231.30 
114.222 237.60 
117,278 243.10 
119.056 246.30 
120.833 249.50 
122.944 253.30 
124.500 256.10 
126.056 258.90 
126.056 258.90 
128.333 263.00 
130.500 266.90 
132.278 270.10 
133.722 272.70 
135.000 275.00 
136.222 277.20 

GEOTHERMAL GRADIENT 
DEGC/KM D E G F / l O O F T  

0.0 0.0 
-23.7 -1.3 
-5.5 -0.3 
20.0 1.1 
63.8 3.5 

116.7 6.4 
386,4 21.2 
122.1 6.7 
154.9 8 . 5  
105.7 5 . 8  

94.8  5.2 
154.9 8.5 
136.7 7.5 
127.6 7.0 
133.1 7.3 
116.7 6 . 4  
125.8 6.9 
138.5 7.6 
113.0 6 . 2  
125.8 6.9 
129.4 7 1 
131.2 7 . 2  
87.5 4.8 

123.9 6.8 
111.2 6.1 
114.8 6.3 
100.2 5.5 
58.3 3.2 
58.3 3.2 
69.3 3 . 8  
51.0 2 . 8  
51.0 2.8 
0.0 0.0 

74.7 4.1 
71.1 3.9 
58.3 3.2 
4 7 . 4  2 . 6  
41.9 2.3 
40.1 2 . 2  
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DEPTH 
METERS 

DEPTH 
FEET 

LOCATION : N EWB E M  
T/R-S:. 215/12E-29ADC 
HOLE NAME: GEO M - 2  
DATE MEASURED: 8 /90  

TEMPERATURE GEOTHERMAL GRADIENT 
DEG C D E G F  DEGC/KM DEGFJlOOET 



DEPTH 
METERS 

DEPTH 
FEET 

LOCATI0N:NEWBERRY 
T/R-S : 2 lS/12E-29ADC 
HOLE NAME: GEO N-2 
DATE MEASURED: 8/90 
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DEPTH 
METERS 

DEPTH 
FEET 

LOCATION: NEDBEKRY 
T/R-S: 2lSJ12E-29ADC 
HOLE NAME: GEO N-2 
DATE MEASURED: 8/90 
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TEMPERATURE GEOTHERMAL GRADIENT 
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TEMPERATURE GEOTHERMAL GRADIENT 
DEG C D E G F  DEGC/KM DEG F/100 FT 
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FEET 

LOCATION: NEWBERRY 
T/R-S: 21S/12E-29ADC 
HOLE NAME: GEO N-2 
DATE MEASWRED: 8 J.90 
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TEMPERATURE GEOTHERMAL GRADIENT 
DEG C D E G F  DEGCJKM D E G F / l O O F T  



LOCATION: NEWBERRY 
T/R-S: 2LSJ13E-3SDBD 
HOLE MAME: GEO N-4 
DATE MEASURED: 9/90 

DEPTH 
METERS 

20.0 
2 5 . 0  
30.Q 
35.0 
40.0 
4 5 . 0  
50.0 
55.0 
60.0 
6 5 . 0  
70.0 
75.0 
80.0 
8 5 . 0  
90.0 
9s 0 

l o o .  0 
105.0 
110.0 
115.0 
120.0 
125.0 
130.0 
135.0 
140.0 
145.0 
150.0 
1 5 5 . 0  
160.0 
165-0 
1 7 0 . 0  
1 7 5 . 0  
180.0 
185.0 
190.0 
195.0 
200.0 
205.0 
210.0 
215.0 
220.0 

DEPTH 
FEET 
65.6 
82 .0  
98.4  

1 1 4 . 8  
131 .2  
147.6  
164.0 
180.4 
196.9 
213.3 
229.7 
246.1 
2 6 2 . 5  
2 7 8 . 9  
295.3 
311. T 
328.1 
3 4 4 . 5  
360.9 
377.3 
393.7 
410.1 
426 .5  
442 .9  
459.3 
475.7 
492.1 
508 .5  
5 2 4 . 9  
541 .3  
553.7 
574.1 
590.6 
607.0 
623.4 
639.8 
6 5 6 . 2  
672.6  
689.0 
705.4 
721.8  

TEMPERATURE 
DEG C DEG F 
8.774 47  7 9  
B.174 4 6 . 7 1  
7.682 45.83 
7,249 45.05 
6.876 44,38 
6.537 43.77 
6.239 43.23 
5.994 42 .79  
5.772 42 ,39  
5 ,544 41.98 
5.360 41.65 
5,223 41,41 
5.130 41,23 
5.052 41.09 
4,984 40.97 
4.890 4 0.80 
4.808 40 .65  
4 , 7 5 4  40.56 
4 .712 40 .48  
4 ,681 40.43 
4.658 40.38 
4 ,257  39.66 
4 .321 39.78 
4.381 39.89 
4 . 4 4 5  40.00 
4.406 39.93 
4 . 4 0 6  39.93 
4 - 4 5 4  4 0 . 0 2  
4.596 4 0 . 2 7  
4.697 4 0 . 4 5  
4 ,598  40.28 
4.574 4 0  23 
4.591 40 .26  
4.626 40.33 
4.684 40 43 
4,740 40.53 
4.797 40.63 
4 . 8 8 4  40.79 
4.976 40 .96  
5 .062 4 1 . 1 1  
5.174 41.31 

GEOTHERMAL GRADIENT 
DEG C/KM DEG F/100 FT 

0 - 0  0.0 
-120.0 -6 .6  

-98.4 -5.4 
-86.6 - 4 . 8  
-74.6 -4  , 1 
-67.8 -3 .  T 
-59.6 -3.3 
-49.0  - 2 . 7  
-44 .4  -2 .4  
-45.6 -2.5 
-36.8 - 2 . 0  
-26.6 -1.5 
-19.4 -1.1 
-15.6  -0.9 
-13.6 -0.7 
-18 .8  -1.0 
-16.4  -0 .9  
-10.8 -0.6 

-& .4  -0.5 
-6.2 -0.3 
- 4 . 6  -0.3 
-80.2 -4.4 
12.8 0.7 
12.0 0.7 
12.8 0.7 
-7.8 -0.4 

0.0 0.0 
9.6 0.5 

28.4 1.6 
2 0 . 2  1.1 
-19.8 -1.1 

- 4 . 8  -0.3 
3 . 4  0 .2  
7.0 0.4 

11.6 0 .6  
11.2 0.6 
1 1 . 4  0 . 6  
17.4 1.0 
1 8 . 4  1.0 
1 7 . 2  0 . 9  
22 .4  1 . 2  



LOCATION: NEWBERRY 
T/R-S: 21S/13E-35DBD 
HOLE NAME: GEO N-4 
DATE MEASURED: 9/90 

PAGE 2 

DEPTH 
METERS 

2 2 5  0 
230.0 
235.0 
240.0  
245.0 
2 5 0 . 0  
255.0 
260.0 
265.0 
270.0 
275.0 
280.0 
285.0 
290.0 
295.0 
300 .0  
305  0 
310.0 
3 1 5 . 0  
320.0 
325.0  
330.0 
335.0 
340 .  e 
345.0  
350.0 
355.0 
360.0 
365.0 
370.0 
375.0 
380.0 
385.0 
390.0 
395.0 
400.0 
405 .0  
410.0 
415.0 
420 .0  
425 .0  

DEPTH 
FEET 
738.2 
754.6  
771.0 
787.4 
803. & 
820.2 
836.6  
853.0 
869.4 
885.8  
902.2 
918.6 
935.0 
951.4 
967 .8  
984.3 
1000.7 
1017.1 
1033.5 
1049.9 
1066.3 
1082.7 
1099.1 
1115.5 
1131.9 
1148.3 
1164.7 
1181.1 
1197.5 
1213.9 
1230.3 
1246.7 
1263.1 
1279.5 
1295.9 
1312.3 
1328.7 
1345. J. 
1361.5 
1378.0 
1394.4 

TEMPERATURE 
DEG C DEG F 

5.317 41.57 
5.446 41.80 
5.521 41 .94  
5.571 42.03 
5.619 42.11 
5.661 42.19 
5 . 6 5 5  42-18 
5.618 42.11 
5.524 41.94 
5.406 4 1.73 
5.592 42,07 
5 .930  42.67 
6 . 4 5 1  4 3 . 6 1  
6 934 4 4 . 4 8  
7.189 44.94  
7.396 45 .31  
7,604 45 6 9  
7.873 46.17 
8.072 46.53 
8 . 2 9 2  46.93 
8.623 4 7 - 5 2  
8.917 48.05 
9.215 48.59 
9,616 49.31 
10.086 50.15 
10.497 50.89 
10.894 53.61 
11.179 52.12 
11.436 5 2 . 5 8  
11.611 52.90 
11.727 53.11 
11.818 53.27 
11.894 53.41 
11,956 5 3 - 5 2  
12.007 53.61 
12.021 53.64 
12.049 53.69 
12.102 53.78 
12.295 54.13 
12 764 54 .98  
13.127 55 .63  

GEOTHERMAL GRAD1 ENT 
DEG C/KM DEG F/lOO FT 

28.6 1.6 
25.8 1.4 
15.0 0 .8  
10.0 0.5 
9.6 0 . 5  
8 . 4  0.5 
-1.2 - 0 . 1  
-7 .4  -0.4 
-18.8 -1.0 
-23.6 -1.3 
37.2 2.0 
67.6 3.7 

104.2 5.7 
96.6 5.3  
51.0 2 . 8  
41.4 2.3 
41.6 2.3 
53-8 3.0 
39.8 2.2 
4 4 . 0  2.4 
66.2 3 . 6  
58.8 3.2 
59.6 3 .3  
80 2 4.4 
94.0 5 . 2  
82.2  4.5 
79 .4  4.4 
57 0 3.1 
51.4 2.8 
35.0 1.9 
2 3 - 2  1.3 
18.2 1.0 
15.2 0.8 
12.4 0.7 
10 2 0.6 

2.8  0.2 
5 . 6  0.3 
10.6 0 . 6  
38.6 2.1 
93.8 5.1 
72.6 4.0 



DEPTH 
METERS 

430.0 
435.0 
440.0  
445 .0  
450.0 
455.0 
460. Q 
465-0  
470.0 
475.0  
4 8 0 . 0  
485 .0  
490.0 
495.0 
500.0 
505.0 
510.0 
515.0 
520.0 
5 2 5 . 0  
530.0 
535.0 
540.0 
545.0 
550.0 
555.0 
5 6 0 . 0  
565  * 0 
570.0 
S T 5  . 0 
580.0 
585.0 
590.0 
595.0 
600.0 
605.0 
610.0 
615.0 

LOCATION: NEWBERRY 
T/R-S : 2 lS/I3E-35DBP 
HOLE NAME: GEO N-4 
DATE MEASURED: 9/90 

DEPTH 
FEET 

1410,8 
1427.2 
1443.6 
3460.0 
1476.4 
1492.8  
1509.2 
1525.6 
1542.0 
1558.4 
1574 .8 
1591.2 
1607.6 
1624.0 
1640.4 
1656-8 
1673.2 
1689.6 
1706.0 
1722.4 
1738.8 
1755,2 
1771.7 
1788.1 
1804.5 
1820.9 
1837.3 
1853.7 
1870.1 
1886 5 
1902.9 
1919.3 
1935.7 
1952.1 
1968.5 
1984.9 
2001.3 
2017.7 

TEMPERATURE 
DEG C DEG F 
13.135 55.64 
13.259 55-87 
13.348 56.03 
13.53 1 56.36 
14.071 ST. 33 
13.981 57.17 
14.014 57.23 
13.999 53.20 
14.015 57.23 
14.033 5 7 - 2 6  
14.055 57.30 
14.056 57,30 
14.058 57.30 
14.070 57.33 
14.106 57-39 
14.081 57.35 
14.224 57.60 
15.173 59.3  1 
16.698 62.06 
19.541 67.17 
21.264 7 0 . 2 8  
22.150 71.67 
23.074 73.53 
23.528 74035 
23 .924 7 5 . 0 6  
24.307 75.75 
24.681 76.43  
25 .043  77 .08  
25.451 77.81 
25.961 78.73 
26.442 79 60 
27.045 80.68 
27 ,688  81.84 
28.292 8 2 . 9 3  
28.858 83.94 
2 9  -301 84 .74  
29.743 8 5 - 5 4  
30.147 86.26 
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GEOTHERMAL GRADIENT 
PEG C/KM DEG F/100 FT 

1.6 0.1 
24.8 1 4 
17.8 1.0 
36.6 2.0 
108.0 5.9 
-18.0 -1-0 
6.6 0.4 

-3.0 -0.2 
3 .2  0 . 2  
3 .6  0.2 
4 . 4  0 . 2  
0.2 0.0 
0.4 0.0 
2.4 0.1 
7.2 0.4 
-5.0 -0.3 
2 8 - 6  1.6 
189.8 10.4 
305.0 16.7 
568.6 31.2 
3 4 4 - 6  18-9 
177.2 917 
184.8 10.1 
90.8 5.0 
79.2 4.3 
76.6 4.2 
74.8 4 1 
72.4 4 0 
81.6 4 . 5  
102.0 5.6 

96.2 5.3 
120.6 6.6 
128.6 7.1 
12 0-8 6.6 
113.2 6.2 

88 6 4.9 
88.4 4 9 
80.8 4 . 4 





GEOTEERMAL GRAD! ENT ! 
3EG C/KF ?EG F/ 'DS FT I 

::3.:  E . ?  ! 
' 2 3 . 7  5.9  
r6o .a  8.8 1 
' X . 7  1 . :  1 

125 .1  6 . 9  ! 
' 7 ! .  Q S .  6 1 

1 C L . 3  7.9 I 
93.9 5 . 2  I 

126.6 6.5 ! 
1 2 3 . T  6.8 ! 
l E 2 . C  2 .? ! 
147 .2  8 .1  I 
.?'I 

L - E  " .C f 

' 6 2 . 1  * . I  
** '  t 
.&... 5 .?  

GEOTFIRSA: GRAlI EXT 
:ES C / Y %  2% =/t:2 

: ! 2 . ?  E . 2  
r t 3 , 9  5 1 
l d P . 1  8.2 
' 3 8 . 5  ' . 5  
136.7 ?. 5 
' S F . ?  9.1  
1 ' C . C  C . - - 
10I1.2 5.5 
! 2 9 . t  7 . '  
1 7 3 . 1  6.2 
15C.P t.! 
I d '  . '  7 . 7  

139.1 9 *1 I 

m 2 5 . '  5 .3  
?E.E 'F.t 



LOCATION: NEWBERRY 
T/R-S: 22S/12E-BDWA 
HOLE NAME: GEO N-5 
DATE MEASURED: 8/90 

DEPTH DEPTH 
METERS FEET 

5 .0  1 6 . 4  
10.0 32.8 
15.0 49.2 
20.0 65.6 
25.0 82.0 
30.0 98.4 
35.0 114.8 
40.0 131.2 
45.0 147.6 
5 0 . 0  164.0 
55.0 180.4 
60.0 196.9 
65.0 213.3 
70.0 229.7  
75 .0  246.1 
80.0 2 6 2 - 5  
8 5 . 0  278.9 
90.0 295.3 
95.0 311.7 
100.0 328-1 
105.0 344.5 
110 0 360.9 
115.0 377.3 
120.0 393.7 
125 0 410.1 
130.0 426.5 
135 0 442.9 
140.0 459.3 
145.0 475.7 
150.0 492.1 
155-0 5 0 8 . 5  
160.0 524.9 
165.0 541.3 
170.0 557.7 
175.0 574.1 
180.0 590.6 
185.0 607.0 
190.0 623.4  
195.0 639.8  
200 .0  6 5 6 . 2  
2 0 5 - 0  672.6 

TEMPERATURE 
DEG C DEG F 

9 .275  48.69 
8.232 4 6 .82  
6.518 43.73 
5.626 42.13 
5.376 41.68 
5.207 41-37 
5.141 41.25 
5.093 41-17 
5.055 41.10 
5 032 41.06 
5.032 41.06 
5.046 41.08 
5.054 41.10 
5 . 0 7 1  41.13 
5.093 41.17 
5.131 41.24 
5,167 41.30 
5.174 41.31 
5.186 41.33 
5.196 41.35 
5.215 41.39 
5,246 41.44 
5.267 41.48 
5.307 41.55 
5.328 41.59 
5.369 41.66 
5.396 41.71 
5.429 41.77 
5.466 41,a;s 
5.525 41,94 
5.558 42.00 
5.588 42.06 
5.632 42.14 
5.643 42.16 
5.646 42.16 
5.647 42.16 
5.648 42.17 
5.647 42.16 
5.650 42.17 
5.653 42.18 
5.653 42.18 

GEOTHERMAL GRADIENT 
DEG C/KM DEG FJlOO FT 

0.0 0.0 
-208.6 -11.4 
-342.8 -18.8 
-178.4 -9.8 

- 5 0 . 0  -2 .7  
- 3 3 . 8  -1.9 
-13.2 -0.7 
-9.6 -0.5 
-7 .6  -0.4 
-4 .6  -0.3 
0.0 0.0 
2.8 0.2 
1.6 0.1 
3 .4  0.2 
4 . 4  0 . 2  
7.6 0.4 
7.2 0 . 4  
1.4 0.1 
2 .4  0.1 
2.0 0.1 
3 . 8  0 . 2  
6 . 2  0.3 
4 . 2  0.2 
8*0 0.4 
4 . 2  0.2 
8 . 2  0.5 
5 . 4  0.3 
6 . 6  0.4 
7.4 0.4 
11.8 0.6 
6.6 0 . 4  
6.0 0.3 
8 . 8  0.5 
2 . 2  0 . 1  
0 . 6  0 . 0  
0 . 2  0 . 0  
0 . 2  0 . 0  

-0 2 0 . 0  
0.6 13.0 
0.6 0.0 
0 . 0  0.0 





LOCATION: NEWBERRY 
T/R-S: 22S/12E- 8DAA 
HOLE NAME: GEO N-5 
DATE MEASURED: 8 / 9 0  

PAGE 3 

DEPTH 
METERS . 

415.0 
420.0 
425  0 
430.0 
435.0 
440.0 
4 4 5 . 0  
450.0 
455 .0  
460 .0  
465.0 
470.0 
475.0 
480.0 
485.0 
490.0 
495.0 
500.0 
505.0 
51Q.0 
515.0 
5 2 0 . 0  
5 2 5 . 0  
530.0 
535.0 
540.0 
545 .0  
5 5 0 . 0  
555,O 
560 .0  
565.0 
570.0 
575.0 
580.0 
585.0 
590.0 
595.0 
600.0 
605.0 
610.0 
615.0 

DEPTH 
FEET 
1361.5 
1378.0 
I394 - 4  
1410,8 
1427.2 
1443.6 
1460.0 
1476.4 
1492 - 8  
1509.2 
1525.6 
1542.0 
1558.4 
1574.8 
1591.2 
1607.6 
1624.0 
1640.4 
1656.8 
1673 - 2  
1689.6 
1706.0 
1722.4 
1738.8 
1755.2 
1771.7 
1788.1 
1804.5 
1820.9 
1837.3 
1853.7 
1870-1 
1886.5 
1902.9 
1919.3 
1935.7 
1 9 5 2 . 1  
1968.5 
1984.9 
2001.3 
2017.7 

TEMPERATURE 
DEG C DEG F 

6.349 43.43 
6.491 43.68 
6.880 44.38 
7.223 45.01 
7.420 45.36 
7.614 45.71 
7.728 45.91 
7 . 8 8 0  46.18 
8.236 46 .82  
8.519 47.33 
9.032 48.26 
9.168 48.50 
9.313 48.76 
9.608 49.29 
10.075 50.13 
10.147 50.26 
10.806 51.59 
11,160 52.09 
11.603 52.89 
11.834 53 30 
11.648 52.97 
11,842 53 32 
12.133 53 .84  
12.131. 5 3 . 8 4  
12.679 54 .82  
13,386 5 6 . 0 9  
13.433 56.18 
15.312 59-56 
19.854 67.74 
21.580 70.84 
24 * 195 7s. 5 s  
26.093 78.97 
27,306 81.15 
28 .390  83-10 
29 .272  84.69 
29.912 65 -84  
30.782 87.41 
31.626 88.93 
32.486 90.47 
33.271 91.89 
34.207 93.57 

GEOTHERMAL GRADIENT 
DEGC/KM D E G F J l O O  FT 

18.8 1.0 
20.4 1 * 6 
77.8 4,3 
69 .4  3.8 
38.6 2 , 1 
38.8 2 1 
22.8 1.3 
3 0 - 4  1.7 
71-2 3.9 
56 6 3.1 

1 0 2 . 6  5.6 
2 7 - 2  1.5 
29.0 1.6 
59.0 3.2 
93.4 5.1 
14 .4  0.8 

147.8 8.1 
54 .8  3 . 0  
88.6 4 . 9  
46 * 2 2 . 5  
-37.2 - 2 . 0  

38.8 2.1 
5 8 . 2  3 2 
-0 .4  0 0 
109.6 6.0 
141.4 7 . 8  

9 .4  0.5 
375*8 20.6 
908.4 49.9 
3 4 5 . 2  18.9 
523.0 28.7 
379.6 20.8 
2 4 2 . 6  13.3 
216 .8  11.9 
176 4 9.7 
128-0 7.0 
174-0 9.5 
168.8 9.3 
172.0 9.4 
157.0 8.6 
187.2 10.3 



DEPTH 
METERS, 

620.0 
625.0 
630.0 
635.0 
640.0 
645.0 
650.0 
655.0 
660.0 
665.0 
670.0 
675.0 
680.0 
685.0 
690.0 
695.0  
700.0 
7 0 5 . 0  
730.0 
715.0 
720.0 
725.0 
730.0 
735 0 
740.0 
745 0 
750.0 
755.0 
760.0 
765.0 
770.0 
775.0 
7 8 0 . 0  
785.0 
790.0 
795.0 
800.0 
805.0 
810.0 
815.0 
820.0 

LOCATION: NEWBERRY 
T/R-S: 22S/12E- 8QAA 
HOLE NAME: GEO N-5 
DATE MEASURED: 8/90 

DEPTH 
FEET 
2034.1 
2050.5 
2066.9 
2083.3 
2099. T 
2116.1 
2132.5 
2149.10 
2165.4 
2181.8 
2198.2 
2214.6 
2231.0 
2247.4 
2263-8 
2280.2 
2296.6 
2313.0 
2329-4  
2345.8 
2362.2 
2378 .6  
2395.0 
2411.4 
2427.8 
2444.2 
2460 6 
2477.0 
2493 * 4 
2509.8 
2526 .2  
2542.7 
2559.1 
2575.5 
2591.9 
2608.3 
2624.7 
21641.1 
2657.5 
2673.9 
2690.3 

TEMPER 
DEG C 
35,138 
35.833 
36.347 
36,861 
37.418 
37.835 
38.4 12 
38.892 
39.398 
39.944 
40.365 
40.999 
4 1.596 
42.132 
42.749 
43.34 6 
44.034 
44.740 
45.435 
46.353 
47.136 
47.961 
48.900 
49.497 
50.239 
50.830 
51.304 
51,818 
52.407 
53.021 
53 *730 
54.359 
54.983 
55.694 
56.222 
56.802 
57.447 
ST. 964 
58 .448  
59.080 
59 .755  

! ATURE 
DEG F 
95.25 
96.50 
97.42 
98.35 
99.35 
100.10 
101.14 
102.01 
102.92 
103.90 
104.66 
105.80 
106.87 
107.84 
108.95 
110.02 
113.26 
112.53 
113.78 
115.44 
116.84 
118.33 
120.02 
121.09 
122.43 
123.49 
124.35 
125.27 
126.33 
127.44 
128.71 
129.85 
130.97 
132.25 
133 2 0  
134.24 
135.40 
136.34 
137.21 
138.34 
139.56 
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GEOTHERMAL GRADIENT 
DEG C/KM DEG F/100 FT 

186.2 10.2 
139.0 7 - 6 
102.8 5 . 6  
102-8 5 , 6  
111.4 6.1 
83.4 4.6 

115.4 6.3 
96.0 5.3 
101.2 5.6 
109.2 6.0 
84.2 4.6 
126,8 7.0 
119.4 6.6 
107.2 5.9 
123.4 6 . 8  
119.4 6.6 
137 + 6 7.6 
141.2 7.3 
139.0 7.6 
183.6 10.1 
156.6 8.6 
165.0 9.1 
L87+8 10.3 
119,4 6.6 
148.4 8.1 
118.2 6 . 5  
94.8 5.2 
102.8 5.6 
117.8 6.5 
122.8 6.7 
141.8 7.8 
125.8 6 .9  
1 2 4 . 8  6 .8  
142.2 7.8 
105.6 5.8 
116.0 6.4 
129.0 7.1 
103.4 5.7 
96.8 5.3 
126.4 6.9 
135.0 7.4 



DEPTH 
METERS 

825.0 
830.0 
835 .0  
840.0 
845.0 
850.0 
855.0 
860.0 
865.0 
870.0 
875.0 
880.0 
885.0 
890.0  
895.0 
900.0 
905.0 
910.0 
915.0 
920.0 
925.0 
930.0 
935.0 
940.0 
945.0 
950.0 
955.0 
960.0 
965.0 

LOCATION: NEWBERRY 
T/R-S: 22S/12E- BDAA 
HOLE NAME: GEO M-5 
DATE MEASURED : 8/17/90 

DEPTH 
FEET 

2706.7 
2723.1 
2739.5 
2755.9 
2 7 7 2 . 3  
2788.7  
2805.1 
2821.5 
2837.9 
2854.3 
2870.7 
2887.1 
2903.5 
2919.9 
2936.4 
2 9 5 2 . 8  
2969.2 
2985.6 
3002.0 
3018.4 
3034.8 
3051.2 
3067.6 
3084.0 
31100.4 
3116.8 
3133 - 2  
3149.6 
3166.0 

TEMPERATURE 
DEG C DEG F 
60.445 140.80 
61.068 141.92 
61.672 143.01 
62.286 144.11 
62.936 145.28 
63.534 146.36 
69.147 143.46 
64.779 148.60 
65.418 149.75 
66.049 150.89 
66,658 151.98 
67.270 153.09 
67.887 154.20 
68,513 155.32 
69.116 156.41 
69,721 157.50 
70.346 158.62 
70.978 159.76 
71.605 160.89 
72,232 162.02 
72.872 163.17 
73.488 164.28 
74.100 165.38 
74.670 166.41 
75.244 167.44 
75.833 168.50 
76,410 169,54 
76.922 170.46 
77.372 171.27 

PAGE 5 

GEOTHERMAL GRADIENT 
DEG C/KM DEG F/100 FT 

138.0 7.6 
124.6 6.8 
120.8 6.6 
122.8 6.7 
130.0 7.1 
119.6 6.6 
122.6 6.7 
126.4 6.9 
127.8 7.0 
126.2 6.9  
121.8 6.7  
122 .4  6 . 7  
123.4 6.8 
125.2 6 .9  
120.6 6.6 
121.0 6.6 
125.0 6.9 
126.4 6.9 
125,4 6.9 
125.4 6.9 
128.0 7.0 
123.2 6 .8  
122.4 6 .7  
114.0 6.3 
114.8 6.3 
117.8 6.5  
115.4 6 . 3  
102.4 5 6 

90.0 4 . 9  
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