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NOTES ON GEO N-1 GEOPHYSICAL WELL LOGS 

CALIPER LOG 
The caliper log shows a highly uniform hole diameter and 

shape over most of the length of the hole. There a r e a few 
areas of enlargement that correspond for the most part to flow 
boundaries or to suspected fractures- The interval immediately 
adjacent to the bottom of the rain curtain at 3260 is enlarged 
to 5 in, and the largest washout occurs at 3429, where the 
hole diameter is 9-7 in-

TEMPERATURE LOGS 
There were two temperature logs run in the well- The first 

was run on 2 Nov 85 during the course of the Dresser Atlas 
logging- The second temperature log was run on 9 Nov 85 by 
Geotech Data of Poway, Ca- This second log used a tool having an 
apparent sensitivity of about 0-01 C, which is believed to be 
considerably better than the sensitivity of the usual logging 
tool temperature probe- In addition, the second tool is likely 
to be better calibrated. The last fluid circulation is estimated 
to have occurred when the black iron pipe was set, which was 
completed on 8 Nov 85, one day earlier- Neither of the 
temperature logs is an equilibrium log- Nevertheless, they do 
yield data of significance-

The upper 200 ft of the hole shows temperatures about 45 F, 
which decrease downward to about 41 F and then begin a very show 
buildup such that at 2000 ft temperature is 42 F, and at 3000 ft 
temperature is 51 F. Between 3260 and 3300 ft, there is a very 
rapid increase in temperature to 103 F, and thereafter a more 
uniform gradient to a temperature of 160 F at 4000 ft- This 
area is in a fairly massive dacite unit- The abrupt temperature 
increase apparently signifies the bottom of the level of cold 
water circulation called the rain curtain- The average gradient 
below 3300 ft corresponds to 115 C/km- Average thermal 
conductivities for the rocks below 3300 ft a r e 4-3 mcal/cm—sec— 
deg C, so that the indicated heat flow is about 5 HFU- We must 
remeber that the temperature profile is not equilibrium, however, 
and this heat flow value is only an indication of the true value 
below 4000 ft-

GAMMA RAY LOG 
This log shows counts in standard API units- Basalt and 

andesite flows are fairly uniform, but some individual flows can 
be differentiated- Typical values of the basalts are 20-40 API 
units- A dacite ash at 1982 is clearly delineated- Several thin 
clay-altered units below about 3100 ft show high response-
Dacite flows at 3211-3330 ft and 3708-4000 ft show increased 
response, averaging 130 API units- This log appears to be 
successful at differentiating the felsic and/or altered units 
from the basalt and basaltic-andesite flows-



ELECTRIC LOGS ,.;• ' ' '7-, • • -7 7 . 7 - ^ -
The electri c . logs comprise an SP log^ a- 16-̂ ing-shpr:t normal 

resistivity log and an induction log- The SP log was off scale 
for much of the upper part of the hole and appears to be of 
limited use for quantative interpretation in any case- It will 
not be discussed further- The resistivity of the borehole fluid 
at the time of the logging was not measured, and so the 
interpretations that can be placed on the resistivity and 
induction logs are somewhat compromised- The induction log is 
the more useful of the two remaining logs in yielding 
representative values of resistiyity for the formations because 
of its greater depth penetration-

Both the resistivity and induction logs indicate the 
presence of conductive horizons below a depth of about 2800 ft-
The conductors become more numerous and of higher conductivity 
down hole- The average resistivity of the upper 2000 ft of the 
hole is 50—70 ohm-m- Below this there is a systematic decrease 
in resistivity with depth- Below 2800 ft, there are at lease 15 
separately identifiable horizons having resistivities below 10 
ohm—m, and one horizon has a resistivity value of 1-2 ohm-m- The 
thickness of these horizons varies from a few feet to a few tens 
of feet- These conductive horizons correspond, for the most 
part, to clay—altered basaltic ash and felsic tuff units- The 
chief alteration type is smectite which has apparently developed 
at low temperature-

The conductive horizons observed on the electric logs are 
believed to be responsible for the occurrence of anomalies in 
interpreted conductivity on surface TDEM surveys reported by Dave 
Fitterman of the USGS- The surface surveys indicate a widespread 
area underlain by conductive horizons around the Newberry 
volcano- Part of the anomaly must correspond to the high-
temperature hydrothermal system found in USGS Newberry-2 , which 
was drilled in the caldera- However, part of the anomaly must 
also correspond to the conductors found in GEO N—1-

ACOUSTIC LOGS 
Two acoustic logs were run in the well—an acoustic velocity 

log and an acoustic fraclog- Both of these logs a r e useful in 
detecting flow boundaries and differentiating areas of uniform, 
probably low porosity/permeability from porous/permeable horizons 
that correspond for the most part to flow boundaries and, to a 
lesser extent, to fractures-

INTERPRETATION OF THE LOGS 

These logs will be very useful when correlated with the core 
in calibrating log response in this sequence of basalt and 
basaltic-andesite flows with separate ash and tuff units- UURI 
is involved with this work at the present time- We plan to make 
detailed log correlations with the core, make such measurements 
as resistivity and perhaps IP effect on selected core specimens, 
and study cross plots-
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OBJECTIUE: 

Sponsor research to characterize 

the deep hydrothermal regime of 

the Cascades in order to define its 

geothermal potential. 
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University of Utah Research Institute 
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CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM 

STATUS 

0 GEO Operator Corp. 

N-1 (4000') 

N-3 (4000') 

o Thermal Power Company 

Clackamas (5000') 

Completed 10/20/85 
Data and samples open 
filed by UURI Feb 86 

Spud 6/1/86 

Spud 6/1/86 

t̂  Blue Lake Geothermal 

Blue Lake (4000') Spud ? 

0 New Solicitation: May 30, 1986 

Two additional holes anticipated 
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EXPLANATION 
Quaternary volcanic rocks | 
of the High Cascades 

Tertiary volcanic rocks 
of the Western Cascades 



Priest etal., 1983 
100 mWIm 

. 80 mW/m 
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BLUE LAKE 

NEWBERRY 
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CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM 

DRTfl DN GED N-1 

Spud date 

Complet ion Dote 

Dr i l l ing Con t rac to r 

Core Recovery 

Cost — r o t o r y 0-487 

cor ing 487-4000 Ft. 

Dr i l l ing Rote 

To ta l Depth 

Public Domain Data 

Complet ion 

8 / 2 4 / 8 5 

1 0 / 2 0 / 8 5 

Tonto 

$9B/F t . 

$ 6 6 / f t . 

eQFt. /doy 

4550 ± Ft. 

0-4000 Ft. 

1 1 / 2 " i ron pipe 

to T.D. 



Geophys i ca l LUeli Logs 

GED N-1 

(Dresser Rt las, lagged 1 1 / 2 - 3 / 8 5 unless no ted) 

T e m p e r a t u r e 1 
2 

Caliper 

Gamma Ray 

Spontaneous Poten t ia l 

Res is t i v i t y 

Induct ion 

Rcoust ic 

Rcoust ic Fraclog 

DR 

Geotech Data 1 1 / 9 / 8 6 

4 - a r m 

la rge po r t i ons oFF scale 

16 in. s h o r t no rma l 

Borehole compensa ted 

Borehole compensa ted 



T ime-Doma in E l e c t r o m a g n e t i c Suruey 

800 

(FitternnanJ983; 
Fitterman et al. 1985) 

^ Resistivity of conductive 
_ horizon (ohm-m) 

r Depth to conductive horizon (m) 



Ll tholoqg25 
T e m p e r a t u r e Induct ion Log 

ZQOD 

COREHOLE 
GEO N-1 

4D00 



TEMPERATURE - DEPTH LOG 
GEO N-1 
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CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM 

DOE SUPPORTED 
SCIENTIFIC STUDIES 

University of Utah Research Institute 

Oregon Department of Geology and Mineral 
Industries 

Southern Methodist University 

U.S. Geological Survey 

GEO Operator Corp 

Thermal Power Company 

Blue Lake Geothermal 



CASCADES DEEP GEOTHERMAL GRADIENT DRILLING PROGRAM 

OPPORTUNITIES 

Holes available for experiments for one year 
following completion 

Splits of core stored at UURI available for 
study 

Geophysical well logs 
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Table 5.1. Chemical composition of thermal waters at Newberry volcano* 

(Source: Mariner and others, 1980) 
^ P 

East Lake 

Hot Springs 

East Lake 

Hot Springs 

Paulina 

Hot Springs 

Little Craterl — 

Campground || 

Wa-rm--Wel 1 

Date of sampling 

Specific conductivity 

Temp°C 

••• p H 

Na -fr 

K r 

Ca+t 
' Mg-J'-f 

H C O o ^ 

Cl -

f" --

B 

! Li 

Rb 

Cs 

\ ^ ' 
\ ^̂  
Fe 

Mn 

Hg 

1973 

396 

62.0 

6.49 

36. 

32. 

3.8 

38. 

16. 

184 

58. 

0.4 

0.2 

0.93 

0.01 

<0.02 

<0.1 

0.14 

-

<0.02 

0.10 

0.00( 

8/1975 

767 

49. 

6.42 

100. 

53. 

-

70. 

34. 

547 

28. 
1.7 

0.16 

1.1 

0.04 

0.03 

<0.1 

0.008m 

0.66 

0.90 

7/197 

-

-

6.82 

205. 

140. 

17. 

56. 

60. 

856 

<1. 

6.0 

0.57 

0.87 

0.22 

0.04 

<0.1 

-

-

_ 

0.002m 

4. 

0.25 

0.00011 

Concentrations in mg/ l ; m denotes monomeric aluminum. 

p<rtA77ht = %cr<r^ 
c*-c- C M 

40 -
^f S^O'F A- i rp -U-V 
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LITTLE CRATEFn: C A H P G R I J U M D 

WARM WELL 

^•H-***«#*#-S-*#**#-»*K-**-S-74-#-S-#*-*#****-*S-*;-•&-!«•-i^-^^-*-^^ 

SPECIES 

Na 
K 

Ca 
Mq 
Fe 
Al 
SiO 
B 
Li 
Si-
Zn 

As 
Au 
Ba 
Be 
Bi 

Ce 
Co 
Cl-
Cu 
La 
Mr. 
Mo 
Ni 
P.b 
Sn 
Sb 
Te 
Th 
Ti 
Li 
M 
W 
Zi-

CONCENTRATION 
(ppm) 

83.00 
10 u 00 

54.00 
4 8 . OC) 
4" CiC) 

N.D" 
i't. 1.00 

2.50 
12 

N.D. 
N. D. 
N.D. 
IN! . D . 

N.D. 
N.D. 
N.D. 
N.D. 
N - D. 
N. D. 
N.D. 
N.D. 
N.D. 
N.D. 

N.D. 
N. D. 
N.D. 
N. D. 
N.D. 
N. D. 
N.D. 
N.D. 
N. D. 
N. D. 
N.D. 
N.D. 

ANALYTICAL 
METHOD 

1 
1 
1 
1 
1 
1 
1 
1 
1. 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

DETECTION 
LIMITS 

.61 
1 .22 
. 24 
.49 
. 02 

.61 
cr -y 

. 12 

. C'5 

.01 

. 12 

. 05 

.61 
, . 10 
.61 
. 00 

2.44 
.06 
.24 
. 02 
. 05 
. 06 
. 12 
.24. 

1 .22 
- 12 
.24 
.12 
. 7'3 

.1. . J::^; 

2.44 
. 12 

6. 10 
1 .22 
. 12 
.12 

CONCENTRATION 
<MOL./L> 

. 3 6 I E •••••02 

.256E^^~03 

. 135E^^-02 

. 1 9 7 E - - 0 2 

. 7 1 6 E ~ 0 4 

•< . 7 4 I E •••-07 
. 2c.8E^^-02 
. 2 3 I E - - 0 3 
. 173E^ -04 

< .OOOE-I-00 
•::! . OOOE-1-00 
•V .OOOE-1-00 
< -OOOE "1-00 
••; .OOOE-I-00 
•( . OCiOÊ i-OCi 
<. »OOOE-1-00 
•< "OOOE •1-00 
-•: .oooE^i-00 
•< .OOOE-I-00 
< .000E-^•00 
•::' . OOOE-i-C)0 
•< .OOOE-^00 
•c] .OOOE-^00 

.455E~05 
•-'-. "OOOE^i-OO 
•x .OOOE-HOO 

••: "OOOE-HOO 

< .OOOE-i^OO 
•x .OOOE-1-00. 
•< .OOOE-I-00 
•< "OOOE-1-00 
•<. .OOOE^i-00 
•< . OOOE•i-00 
•"! .OOOE •I" 00 
•< .OOOE^i-00 
•< .OOOE-HOO 

TOTAL 11.2726 100.00000 



180 CATION RETENTION 

is minimized if the index solution is lowered to approximately 0 .1M during the 
final two saturation washes. The error is eliminated if the quantities of index 
salt are analytically determined instead. 
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QUESTIONS AND PROBLEMS 

1. The following distribution of cations and anions exists near a soil colloid 
surface: 

4.0 nm 3.0 nm 2.0 nm 1.0 nm 0.5 nm 0.25 nm 

4. 

Cation concentration 
(mole(+)L-') 
Anion concentration 
(mole(-)L- ' ) 

0.10 

0.10 

0.12 

0.08 

0.17 

0.06 

0.35 

0.04 

1.0 

0.01 

2.0 

0.00 

Assuming that the excess of cations reported for each increment repre
sents the entire increment (e.g., that the cation concentration is 2.0 
moles charge L~' from the colloid surface to 0.375 nm from the surface, 
etc.), estimate the CEC for a colloid having 800 X 10^ m^ kg~' of reac
tive surface (Ans. = 12.0 mmoles charge kg"')-

Based upon the data of Table 6.4, what proportion of the cross-sectional 
area of a cylindrical soil pore of radius 15 nm is influenced by the elec
tric double layer if monovalent ions predominate at a salt concentration 
of 10- ' M? 

If all water of a desaturated soil at 20% water content is spread uni
formly over 100 X 10^ m^ kg" ' of reactive surface, what proportion of 
that water is influenced by the electric double layer for the chemical 
conditions specified in Problem 2? 

A soil is equilibrated with a solution of SAR = 20. Based upon the Ca
pon equation, what would be its equilibrium exchangeable sodium per-

1 
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