
·~ .. 

LBNL-40182 

ERNEST -DRI.:..ANDO LAWRENCE 
;·. 

BERKELEY NATIONA,L .LABORATORY 

,"'j 

Lithological Conditions· 'at 
the Box Canyon Site: Results;·'. 
of Drilling, Coritig and op·en· · 
Borehole Measurements· 
1995-1997 Data Report 

Boris Faybishenko, Preston Holland, 
Marque Mesa, David Burgess, 
Carol Knutson, and Buck Sisson 

.. 

E~~.:.~S~~nces. J?..!yision ... ~ ;;:.,.,;o:·., 
0

• .;·_., ···:14.tc::~,;~~:!~.t:l~~1. ,:4;~_·:::: .. ~·~..;:d;,; :-:;~~:{: 
......__,~,.T~·.--.T"J"a'"•~' ••\. 

I 
CD' z 
I 
I 
~I 
lSI: 
~: 

en 
N 



DISCLAIMER 

This document was prepared as an account of work sponsored by the 
United States Government. While this document is believed to contain 
correct information, neither the United States Government nor any 
agency thereof, nor The Regents of the University of California, nor any 
of their employees, makes any warranty, express or implied, or assumes 
any legal responsibility for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or 
service by its trade name, trademark, manufacturer, or otherwise, does 

··not necessarily constitute or imply its endorsement, recommendation, 
or·favoring by the United States Government or any agency thereof, or 
The Regents of the University of California. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof, or The Regents of the 
University of California. 

This report has been reproduced directly from the best 
available copy. 

Available to DOE and DOE Contractors 
from the Office of Scientific and Technical Information 

P.O. Box 62, Oak Ridge, TN 37831 
Prices available from (615) 576-8401 

Available to the public from the 
National Technical Information Service 

U.S. Department of Commerce 
5285 Port Royal Road, Springfield, VA 22161 

Ernest Orlando Lawrence Berkeley National Laboratory 
is an equal opportunity employer. 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



LBNL-40182 

LITHOLOGICAL CONDITIONS AT THE BOX CANYON 
SITE: RESULTS OF DRILLING, CORING AND OPEN 

BOREHOLE MEASUREMENTS 

1995-1997 Data Report 

Boris Faybishenko 
Preston Holland 

Marque Mesa 

Earth Sciences Division 
Ernest Orlando Lawrence Berkeley National Laboratory 

University of California 
. Berkeley, California 94720 

David Burgess 
Carol Knutson 

Buck Sisson 

INEEL 
Idahol Falls, ID 83415 

September 1998 

This work was supported by the Characterization, Monitoring, and Sensor Technology 
Crosscutting Program within the Office of Science and Technology, U.S. Department of 

Energy, Office of Environmental Management under Contract No. DE-AC03-76SF00098. 



Table of Contents 

Acknowledgments ................................................................................................... .i 

Introduction ............................................................................................................... .ii 

Well 1-1 ..................................................................................................................... 1 
1-1 Lithological Log 
1-1 Gamma and Caliper Graphs 

Well 1-2 ..................................................................................................................... 4 
1-2 Lithological Log 
1-2 Gamma and Caliper Graphs 

Well 1-3 ..................................................................................................................... 7 
1-3 Lithological Log 
1-3 Gamma and Caliper Graphs 

Well 1-4 ................................................................................................................... 10 
1-4 Lithological Log 
1-4 Gamma and Caliper Graphs 

Well 1-5 ................................................................................................................... 13 
1-5 Lithological Log 
1-5 Gamma and Caliper Graphs 

Well II-1 ................................................................................................................. 16 
II -1 Lithological Log 
II -1 Caliper Graph 
II -1 Lithological Descriptions 
II -1 Photographs of Cores 

Well II-2 .................................................................................................................. 29 
II-2 Lithological Log 
II-2 Caliper Graph 

Well II-3 ................................................................................................................. 33 
II-3 Lithological Log 
II-3 Gamn1a and Caliper Graphs 

Well 11-4 ................................................................................................................. 37 
II -4 Lithological Log 
II -4 Gamma and Caliper Graphs 
II -4 Lithological Descriptions 
II -4 Photographs of Cores 

Well 11-5 ................................................................................................................. 49 
II-5 Lithological Log 
II-5 Gamma and Caliper Graphs 
II-5 Lithological Descriptions 
II-5 Photographs of Cores 



Well II-6 ................................................................................................................. 64 
II -6 Lithological Log 
II -6 Gamma and Caliper Graphs 
II -6 Lithological Descriptions 
II -6 Photographs of Cores 

Well II-7 ...................................................... _ ........................................................... 76 
II-7 Lithological Log 
II -7 Gamma and Caliper Graphs 

Well II-8 ................................................................................................................. 80 
II-8 Lithological Log 
II -8 Gamma and Caliper Graphs 

Well S-1 ................................................................................................................. 84 
S-1 Lithological Log 
S-1 Gamma and Caliper Graphs 
S-1 Lithological Descriptions 
S-1 Photographs of Cores 

Well S-2 ................................................................................................................. 90 
S-2 Lithological Log 
S-2 Gamma and Caliper Graphs 
S-2 Lithological Descriptions 
S-2 Photographs of Cores 

Well S-3 .................................................................................................................. 96 
S-3 Lithological Log 
S-3 Gamma and Caliper Graphs 
S-3 Lithological Descriptions 
S-3 Photographs of Cores 

Well S-4 ................................................................................................................ 106 
S-4 Lithological Log 
S-4 Gamma and Caliper Graphs 
S-4 Lithological Descriptions 
S-4 Photographs of Cores 

Well E-1 ................................................................................................................ 120 
E-1 Lithological Log 

Well E-2 ............................... ~ ................................................................................ 123 
E-2 Lithological Log 

Well E-3 ............................................................................................................... 126 
E-3 Lithological Log 

Well E-4 ................................................................................................................. 129 
E-4 Lithological Log 

Well R-2 ................................... , ........................................................................... 132 
R-2 Lithological Log 



Well R-3 ............................................................................................................... 135 
R-3 Lithological Log 

Well R-4 ............................................................................................................... 138 
R-4 Lithological Log 

Well R-5 ............................................................................................................... 141 
R-5 Gamma and Caliper Graphs 

Well R-6 ............................................................................................................... 144 
R-6 Lithological Log 
R -6 Gamma and Caliper Graphs 

Well T-1 ............................................................................................................... 147 
T -1 Lithological Log 

Well T-2 ............................................................................................................... 149 
T-2 Lithological Log 

Well T-3 ............................................................................................................... 151 
T-3 Lithological Log 

Well T-4 ............................................................................................................... 153 
T -4 Lithological Log 

Well T-5 ............................................................................................................... 155 
T-5 Lithological Log 

Well T-6 ............................................................................................................... 157 
T -6 Lithological Log 

Well T-7 ...................................................................... ~ ........................................ 159 
T -7 Lithological Log 

Well T-8 ............................................................................................................... 161 
T -8 Lithological Log 

Well T-8A ............................................................................................................ 163 
T -8A Lithological Log 

Well T-9 ............................................................................................................... 165 
T -9 Lithological Log 

Well T-10 ............................................................................................................. 167 
T -1 0 Lithological Log 



\ 
1 

/ Acknowledgments 

Drilling was conducted by Roger Danielson and Michael Towler of the INEEL drilling 
crew and Dwain Cook of McCabe Bros. Drilling, Inc. Don Boyce and Michael Greens of 
the USGS-Idaho provided caliper measurements, gamma measurements, and TV 
recording. This report was reviewed by Christine Doughty and Peter Zawislanski, and 
their comments and recommendations are very much appreciated. Michael Steiger 
assisted in report preparation. This work was supported by the Characterization; 
Monitoring, and Sensor Technology Crosscutting Program within the Office of Science 
and Technology, U.S. Department of Energy, Office of Environmental Management under 
Contract No. DE-AC03-76SF00098. 

i 



) 

Introduction 

Motivation 

DOE faces the remediation of several contaminated sites in unsaturated fractured 
basalt where organic and radioactive wastes have migrated downward through fracture 
pathways that are difficult, if not impossible, to detect. Perched water zones located 
above zones of low permeability (massive basalt) create a complicated system of 
hydraulic baffles. Because of these large scale heterogeneities, the characterization of the 
lithology of the rock and the geometry of the subsurface fracture pattern is a crucial step 
in the development of a conceptual model of fluid flow and chemical transport, and 
eventually the design of a remediation system. 

The overall objectives of the investigations at the Box Canyon site were: 

(1) Develop .a suite of reliable tools and methodologies that can be used together to 
characterize fluid flow and chemical transport. 

(2) Develop a conceptual model of fluid flow and chemical transport in unsaturated 
fractured basalt based on the results of ponded infiltration tests and lithological studies. 

To address these objectives, a series ofponded infiltration tests was conducted at 
the Box Canyon site using instruments and monitoring techniques specifically designed to 
study fluid flow and chemical transport in fractured basalt. 

General Description of the Site 

The Box Canyon site, an analog site for contaminated sites, in located in the 
Eastern Snake River Plain near the Idaho National Engineering and Environmental 
Laboratory (Figure 1 ). In order to install the instrumentation and obtain lithological data, 
38 vertical and slanted boreholes were drilled over the course of three years (1995-1997). 
Table 1 summarized the well coordinates, inclination, and lengths. Figure 2 shows the 
borehole layout and boundaries of the infiltration pond. 

The surface of the site consists of exposed weathered basalt and soils (clays and 
silts) which infill the near-surface fractures and basalt column joints (Figure 3). Along the 
cliff face, about 30 m from the pond, two distinct basalt flow fingers and a rubble zone 
between them can be seen. The characteristic fracture spacing in the basalt flow exhibits 
an increase in spacing with depth in the upper 2/3 of the flow. The lower 113 exhibits an 
inverted pattern, in which the fracture spacing decreases with depth. This pattern of 
fracture spacing is most likely due to differences in coolirig rate and temperature gradient 
near the center of the flow as compared to the exposed surfaces. 
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Table 1. Well Information and Coordinate System for Box Canyon Site 

well id vertical! angle from length (ft) length (m) xtop (m) ytop (m) ztop (m) xbot (m) ybot (m) zbot (m) 
slant vertical (east) (north) (elev.) (east) (north) (elev.) 

E-1 slant 45.0 60.0 18.29 57.90 61.80 1599.67 68.50 72.04 1586.74 
E-2 slant 40.0 60.0 18.29 57.30 60.90 1599.69 64.43 70.25 1585.68 
E-3 slant 35.0 60.0 18.29 56.20 60.00 1599.64 62.75 68.19 1584.66 
E-4 slant 28.0 60.0 18.29 55.90 59.20 1599.63 61.14 66.00 1583.48 

1-1 vertical 0.0 40.0 12.19 58.90 64.40 1599.64 58.90 64.40 1587.45 
1-2 vertical 0.0 40.0 12.19 60.80 67.90 1599.70 60.80 67.90 1587.50 
1-3 vertical 0.0 40.0 12.19 60.90 61.00 1599.65 60.90 61.00 1587.46 
1-4 vertical 0.0 40.0 12.19 61.90 57.20 1599.57 61.90 57.20 1587.38 
1-5 vertical 0.0 20.0 6.10 66.70 60.30 1599.46 66.70 60.30 1593.36 

11-1 vertical 0.0 63.2 18.29 53.50 67.30 1599.82 53.50 67.30 1581.53 
11-2 vertical 0.0 60.0 19.26 56.10 70.10 1599.68 56.10 70.10 1580.42 
11-3 vertical 0.0 60.0 18.29 55.50 62.80 1599.65 55.50 62.80 1581.36 
11-4 vertical 0.0 60.1 18.32 58.10 56.80 1599.57 58.10 56.80 1581.25 
11-5 vertical 0.0 73.7 22.46 62.40 62.90 1599.70 62.40 62.90 1577.23 
11-6 vertical 0.0 60.0 18.29 68.90 66.70 1599.34 68.90 66.70 1581.05 
11-7 vertical 0.0 60.0 18.29 65.80 54.90 1599.50 65.80 54.90 1581.21 
11-8 vertical 0.0 60.0 18.29 69.60 55.70 1599.35 69.60 55.70 1581.06 

R-1 slant 27.5 65.0 19.81 72.79 62.84 1599.28 63.65 62.80 1581.71 
R-2 slant 41.1 65.0 19.81 67.36 63.04 1599.57 54.38 63.00 1584.64 
R-3 slant 27.3 65.0 19.81 71.80 67.89 1599.25 62.71 67.90 1581.65 
R-4 slant 29.2 75.0 22.86 66.16 67.60 1599.53 55.05 67.60 1579.58 
R-5 slant 25.9 60.0 18.29 70.43 62.94 1599.5* 59.43* 62.94* 1581.40* 
R-6 slant 26.3 60.0 18.29 69.44 67.77 1599.5* 59.55* 67.77* 157.50* 

S-1 slant 30.0 16.0 4.88 62.30 64.90 1599.60 61.04 62.81 1595.37 
S-2 slant 30.0 20.1 6.13 63.30 66.10 1599.53 61.44 63.67 1594.22 
S-3 slant 30.0 44.4 13.53 64.60 68.10 1599.58 60.71 62.56 1587.86 
S-4 slant 30.0 69.4 21.15 66.50 71.80 1599.50 61.01 62.76 1581.18 

T-1 vertical 0.0 20.0 6.10 57.30 63.00 1599.65 57.30 63.00 1593.56 
T-2 vertical 0.0 20.0 6.10 67.00 64.50 1599.50 67.00 64.50 1593.41 
T-3 vertical 0.0 20.0 6.10 63.30 69.20 1599.75 63.30 69.20 1593.65 
T-4 vertical 0.0 20.0 6.10 63.10 58.20 1599.56 63.10 58.20 1593.46 
T-5 vertical 0.0 10.0 3.05 62.10 63.40 1599.75 62.10 63.40 1596.70 
T-6 vertical 0.0 22.0 6.71 60.70 63.10 1599.83 60.70 63.10 1593.13 
T-7 vertical 0.0 20.0 6.10 59.70 62.80 1599.64 59.70 62.80 1593.54 
T-8 vertical 0.0 10.0 3.05 59.70 64.30 1599.75 59.70 64.30 1596.70 
T-8A vertical 0.0 20.0 6.10 58.90 65.60 1599.60 58.90 65.60 1593.50 
T-9 vertical 0.0 10.0 3.05 60.20 66.50 1599.68 60.20 66.50 1596.63 
T-10 vertical 0.0 10.0 3.05 61.67 65.70 1599.67 61.70 65.70 1596.62 

Notes: Coordinates of bottoms of slant welts have been calculated. 
*approximate 
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Studies of core and TV logs and cliff face mapping revealed that the fractured 
basalt vadose zone at the Box Canyon site is composed of the following geological 
components: 

• Topsoil layer including flow-top rubble 
• Upper vesicular zones with numerous near-surface soil-infilled fractures 
• Massive basalt 
• Vertical and sub-vertical column-bounding fractures 
• Horizontal and sub-horizontal fractures 
• Central fracture zone 
• Lower vesicular zone 
• Underlying rubble zone 

Purpose and Structure of the Report 

The purpose of this data report is to compile and document the results of drilling 
and lithological studies conducted in open boreholes at the Box Canyon site. Lithological 
templates are included for each well and contain data such as drilling date, drilling method, 
logging method, well coordinates, lithological log, gamma measurements, caliper 
measurements, c0re run and recovery depth, vesicular intervals, single fracture depths and 
descriptions, fracture zone depths and descriptions, and general comments about the 
borehole lithology. The lithological features were mapped for each borehole, and a legend 
depicting each feature is given in Table 2. The gamma and caliper measurements are 
·presented as separate plots using greater resolution. Color core photos and core 
descriptions are also included. TV logging was used to map the lithology of the boreholes 
that were not cored (E, R, and T_wells). This information will be further used to create a 
comprehensive lithological model of the subsurface. 

The TV logging of cored wells was viewed to compare the resolution and accuracy 
of TV logging to core logging. The TV logging method accurately showed large scale 
features such as zones of vesicularity, large fractures, fracture zones, rubble zones, and 
massive basalt zones, but it was difficult to detect hairline fractures, fracture orientation, 
and mineralization of fractures. Also, all depth measurements in increments less than 1 ft 
are estimated. TV logging is not as precise as logging directly from the core, but it is 
useful for mapping the major lithological features. 

vii 



Table 2 

Lithological Legend 
Box Canyon Site 

0 Massive Basalt 

-· Vesicular Zone 

Rubble Zone 

Horizontal Fracture 

Low Angle Fracture 

High Angle Fracture 
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I I I I - - - - -- -,- ~- - - - - ~ - - - - - - -:- - - - - - -: - - - - - - -:- - - - - - -

' ------' 
. ' 

- - - - - - - ,- - - - - - - "j - - - - - - - .- - - - - - -20 --------' 

25 -------,- ' ' ' - - i - - - - - - -,- - - - - - - I - - - - ... - - ,- - - - - - -

i 30 ' - - - -,- I I I . I 
- - j - - - - - - -I- - - - - - - j - - - - - - - 1- - - - - - -
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-------'-
' 

I I I I -----------------------------------
1 I I I 

35 

:L 
40 

~ f 
=----:;;:- ..! - - - - - - - I_ - - - - - -

45 - - - - - - _,- - - - - - - !. - - - - - - _I_ - - - - - - J - - - - - - - ·- - -
I 0 0 

50 l. - - - - - - _I .:. - - - - - - .!. - - - - - - -I_ - - - - - - .! - - - - - - - 1
- - - - - - -

55 - - - - - - _,- - - - - - - J.. - - - - - - - ,_ - - - - - - J - - - - - - - ,_ - - - - - -

60~------~------~------~------~------~------~ 

·-



Well 1-3 

) 

7 



'BORING,#d 
~.::~r-.~~:'{~~z::~ 

,,>·> 

." .... :. 

~---

1 
I 

1.0 $ 

6.85 

7.9 

8~9 

2.0 
2.2 

2 Low angle 
fractures. 

te~z- - - - - - -
10.8 High angle. 

T 

11 .8 2 Horizontal 
12.2 ractures. 

2d.; 2 ().5 
owangfe

vesicular 
fracture. 

24.1 Low angle. 
24.3 2 high angle 

__ - - ractur.es.- _ 

25.9 High angle 
fracture. 

2 High angle 
fractures. 

3r 32.9 ~~~~~~~~al 

~.9- - - - - - - -

3612 

31!.0 

Bottom of We/11-3 40' 

8 

33 9 Horizontal and 
f high angle 

t.D fr~tll!_e ~o~. 
J Rubble Zone. 36.2 

Vesicular. 

Massive Basal 
ith sparse 
esicels . 
esicular 
Bands. 

Vesicular. 

Massive 
Basalt. 

Vesicular. 

S1:1ddeR-aAd
constant 
decrease in 
well diameter 
from 6.1" to 
5.8" at 20'. 

1 Large 
single vesicle. 

Massive 
Basalt. 

Vesicular. 

Rubble Zone. 

Vesicular. 
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· ...................... . 

·.-.-:.-.-.~.-.~.-. ....... , . ........... 
····rl'•rl• ........... .......... ........... . ·:.:.: . --,---,--

. ·~~!i~~t./;/: 
-. :·· ).'~· >'. ·.-~ :. ://..·'·-

·-~ ''· ·, . :~,: : ·: : 

. 3 ' ,.~[i~6:5i,~;(,:?16 

r---

3.6 
4.8 

6.8 

9.3 

----r------

r---

I 

11,2 
1{5 

13.8 

14.9---
15.7 

I 19.8 ,-----
20.6 20.5 

22.9 

24.4 
r---

29.1 

,-------

11 

Low angle 
fracture. 

High angle 
fracture. 

3 Low angle 
fractures. 

2 Low angle 
fractures. 

Horizontal 
fracture. 

Low angle 
fracture. 

High angle 
fracturft.... _ 

Horizontal 
fracture. 

-4 3 

Vesicular. 

2.9' one large 
vesicle. 
4.0' one large 
vesicle. 

-&. 0!-basalt- -
with random 
vesicles. 

Vesicular 
fractures. 

Vesicular 
Band. 

Massive 
Basalt. 

Vesicular. 

Massive 
Basalt. 

2 Vesicular 
- - - - - t3ancfs. - -

Rubble Zone . 

Notice a 
sudden and 
constant 
decrease in 
well diameter 
from 6.1" to 
5.75" at20'. 

Massive 
Basalt. 

Rubble Zone . 
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Gamma 

10 15 20 25 30 

or-~~~-+~~~~±=~~~-+~~~~ 

5 -----------: -- --4----: -----; -----------
~~ I 

10 +---------- -:- -·--------- -·-- -=-=----- ~-----------

~ 
15 - - - - - - - - - --:_ - - _: - - - - - - - - - - - " - - - - - - - - - - -

20 

25 -....-.. - - ... - - ....... T ....................... .. 

g 
a. 30 - - - - - - --~ - - - - - I - - - - - - - - - - - 7 - - - - - - - -
Gl 
c 

35 - - - - - - - - - - - ,_ - - - - - - - - - - _, - - - - - - - - - - - ! - -

4 0 t - - - - - - - " - - - ,_ - - - - - - - - - - ... - - - - - - - - - - - " - - - - - - - - - - -
' 

4 5 "'t - - - - - - - - - - - ·- - - - - - - - - - - -t - - - - - - - - - - - 'T - - - - - - - - - - -

50 ' - - - - - - - - - - -,- - - - - - - - - - - -, - - - - - - - - - - - i - - - - - - - - - - -

55 ...................... I ......................... _I ........................ ! ...................... ... 
' ' ' 
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4 5 6 
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Caliper (In; 

7 8 9 10 

0+-~-r~+-~-T-r,_~~-r~~~-T-r~~~-+~~~~ 

5 -------:- -------l- -----:- -------,- ------; ---
10 -------:--------r ------:--------:-------~ -------
15 - - - - - - -,_ - - - - - - - - - - - - - -·- - - - - - - -'- - - - - - - J - - - - - - -

' ' ' 

20 .............. I .................... :1 ............. I ................ I ............... .J ............... .. 

2 5 + - - - - - - .. 1- - - - - -\- - ,_ - - - - - - -I- - - - - - - -1 - - - - - - - ~ - - - - - - -

g 
.c 30 
ii 
Gl c 

35 - - - - - - - ,- - - - - - - -,- - - - - - - -,- - - - - - - -, - - - - - - - , - - - - - - -

40 I I I I 
- - - - - - - ,- - - - - .. - - ,- - - - - - - -,- - - - - - - -, - - - - - - - "'j - - - - - - -

45 +------- ,_------ -'------- -'------- -'------- J-------
I I I I I 

50 -.- - ,_ - - - - - - - ,_ - - - - - - _,- - - - - - - _, - - - - - - - J - - - - - - -

55 ............... 1.. ......... - .... r ................. ..:r .. ....... - .. - .. r - - - - - - ... -' - - - - - - -

60~--------~--~~--~----~--_j 
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-4-q{} 
1{2 

1~7 
14.1 

14 

4.0 2 Horizontal 
4.1 frac;tures. 

----

Low angle 
7.1 fracture. 

1~1 2-lewan§le 
10.3 fractures. 

17 1 High angle 
· fracture. 

19.1 Low angle 
fracture. 

Low angle 
fracture. 

611 
6.3 

7.9 
8.1:3 

1~.5 
18.5 

----

Rubbly Area. 

Rubbly Area. 

-----

Rubbly Area. 

Notice a 
sudden 
decrease in 
caliper.:...... __ 

Rubbly Area. 

R ubbly Area. 

estcOTar-
Zone. 

Massive 
Basalt. 

Rubbly Area. 

Massive 
Basalt. 
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',. 
... 30 c. ........ - .. ---- "1----- .. - .. - ....... - ........ -- .. -- ......... -- ... ----
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I 4.7 
T---

~---

I 

1-5 T---- -- 14.8_ 

I - 19.8 ---- . -

24.3 

29.3 
I 
----

33.8 

) 

r 2.3 

3~5 3.8 

-- --

7.3 

.9..8___ --

. 11.2 

12.6 
13.0 

--

16.8 

--

22.2 

32.2 

35.5--

38.6 

17 

Horizontal 
sed. stained. 

Horizontal 
sed. staining 
with 

eralization 

Horizontal 
sed. stained. 

----
Horizontal 
sed. stained. 
2 Horizontal 
fractures. 

----

Horizontal 
sed. stained. 

----

Horizontal 
sed. stained. 

Low Angle 
sed. stained. 

2.3 
I 

3~1 

HHJ 

12.0 
I . 

13.5 

14.5 

1ip 

18.3 

23.0 

26.0 
I 

27.5 

30.3 

r 
I 
I 

38.4 

High angle 
fractures with 
sed. staining. 

----

Low angle 
ractare-zone-

With sed. stain. 

High angle 
sed. stained. 

High angle 
sed. stained. ----

Highly fracture 
one. Low and 

High angle. No 
sed. staining. 

----

Low angle 
fracture zone. 

Low angle 
fracture zone 
with sed. 
staining. 

Massive Zone. 
-----

Massive Zone . -----
Moderately 
vesicular. 

Sediment 
stainin~ __ 

assive Zone. 

Moderately 
vesicular. 

Massive 
Basalt:---
Moderately 
vesicular. 

Massive Zone. -----------
1 high angle Moderately 
and 1 low esicular. 
angle fracture. 
Sed. stained. 

Lower 
Vesicular. 

---- -----
Highly fractured 35.5 Flow 
one. Low and Break. 

high angle. Rubble Zone. 

Partially 
sediment 
filled. 
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) 

I 
I I ,-, 

·--1 

I 

___ ..~. __ _ 
:a ott 
I ---,---

43.8 

40.6 2 Horizontal 
41.2 sed. stained 

fractures. 

Low angle 
sed. stained. 

r~67 Horizontal 
sed. stained. 

49.0 
49.0 

53.1 
~-

58.2 

,-
~-

~ 
--

18 

55.2 lowangre-
sed. stained. 

56.7 2 Horizontal 
57.5 fractures. 

--

Ill 1 
-- ----

40.2 Highly fractured 
41.3 zone. Low Rubble-like. 
41.7 angle with 

sed. staining. 

43.8 Low angle Massive Zone. 
sed. stained. 

5IT2 Low.ang!e--
sed. stained. 

51.6 Low angle 
52.2 sed. stained. 

Low angle 
sed. stained. 

54.6 Low angle 
sed. stained. ----

57.8 Low angle 
sed. stained. 

Highly fracture 
ooe:-Sed;-

staining. 
Rubble zone. 

----
----

Massive Zone. 
Slightly 
vesicular. 

Massive Zone. 

-----
Highly 
vesicular. 

Highly 
vesicular. 
Massive Zone. 
-----
Slightly 
vesicular. 

Lower 
vesicular. 
59.6' Flow 
Break.---
Rubble Zone. 

-----
-----
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Gamma 

20 

~~· 

22 24 26 

' ' --------

10 ----r----

"' ::::. 

1 5 

20 

25 

~ 30 .. . 
c 

35 

40 

45 

so 

-~ 
~ 

- -r-

- -, - - - - r- - -

- - - -

-=--"---= 

--,---- -~--- -~-

' 
-~ 

~ - t - - - -r- - - - ~- -

' ' 
- ---..____!._ 

11-1 Gamm'a~Caliper Data 

28 30 

-1 - - - -

- I - - -~ - - - r-

1 0 f- -/- ~ - - -1 
-

1 5 

20 

25 

~ 30 .. 
~ 

35 

40 

' ' - - - - - - -

_,- 1 - - -, -

-~ ,, 

45-1.-t_.J ___ r_ 

50 

55 

' 

-,-

11-1 

Caliper (in) 

10 11 12 13 14 15 1 6 1 7 18 19 20 

-~---~---~- -,- - ~- - - i - - ""j - - -,- - - - - I -

' ' ' ' ' ' ' ' ' ------ - - - - - - - -
' 

- - - ! - _,- _,_ _,_ 
- - J - - ;-I- - ,- - 1 - - -

-,- -, - -,- - .- - - r - - 1 - - -.- - - ~- - r ' -

- - - - - - -
' ' 

' ' ' ' ----------

-,- - - r- -

60~----L-----L-----L-----L-----~----L-----L---~~----~--_J 

60~==~~~--~~--~--~~--~~--~~--~~--J 
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49.8-54.0 Massive zone highly vesicular 
50.0-50.3 Several low angle fractures with sediment staining 
51.5-51.7 Low an_gle fracture with sediment stainin_g 
52.2-52.3 Low angle fracture with sediment staining 

Must have been some earlier redrill--driller says bottom of hole is 53.1 
According to core, the bottom is at 54.0 

53.1-58.2 53.1-53.8 Massive zone highly vesicular 
53.8-57.4 Massive zone slightly vesicular 
57.4-58.2 Lower vesicular moderately vesicular 
54.6-54.7 Low angle fracture with sediment staining 

55.2 Low angle fracture with sediment staining 
56.7 Horizontal fracture no sediment staining 
5.5 Horizontal fracture no sediment staining 

57.7-57.9 Several low angle fractures with sediment staining 
58.2-63.2 58.2-59.6 Lower vesicular 

59.6-59.9 Rubble zone--flow break 
59.9-61.9 Upper vesicular 
61.9-63.2 Massive zone 
59.9-60.1 Highly fractured and sedimental}' stained 
60.4-60.9 Highly fractured and sedimentary stained. 

) 
I • 

) 
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I 
___ l_ ___ 

I 
__ _L ___ 

I Q) Q) 

-o -o :0 :0 
ro ro Q) Q) 

.~ .~ ..._ ..._ 
0 0 n. n. () () 0. 0. - 0 <( <( 
0 z z 0 0 I z z __ l_ ___ 

.. <··:.:.:··/·>> 

----1----

I 
__ l_ __ _ 

I 
__ l_ __ _ 

""5.1 

~ : ~ 
8.5 

14.2 

--

16.8 
11.2 

21..7 
zb 

4.2 
--5~ 

5.3 

9.1 

13.0 
13.2 

--

16.2 

21 .1 

Low angle. 

Low angle. 

High angle 
fracture . 
----

Horizontal. 
Low angle 
fracture. 

- ---

Horizontal 
fracture . 

Low angle 
fracture . 

-- ~g:s 

2&.8 
2i.2 

26.1 

29.5 High angle 
fracture . 

31 .9 Low angle 
fracture . 

31'~ --
36.0 

30 

----

9.1 High angle 
I fracture zone. 

T 
11.2 

horizontal 
fracture . 

----

s.-1 'VesicUlar 
band . 
6.9' & 7.2' 
vesicular 
bands. 

Massive 
BasalC --

Vesicular 
Bands. 

Vesicular. 

Massive 
Basalt. 

Vesicular. 

\Lesl.wlar._ 

37 .0 Rubble Zone. Rubble Zone. 
I 
I 
I 



Horizontal Rubble Zone. Rubble Zone. 
42.5 fracture. 

43.0 2 Low angle 
fractures. 

44.7 44.7 
Low angle 
fracture. 
---- ---- ----

Vesicular. 

. 45.4 
Low angle 

45.5 fracture. 

l 
49.4 Horizontal Vesicular. 

fracture.. _ ---- -----

-o -o 
Q) Q) ..... ..... 
0 0 
0 0 
0 0 

0 5<f.o Low angle z z 54.3 z fracture . 
MBssive ----- --- -
Basalt. 

5,.9 

59.0 5(.1 Rubble Zone. 

w. 
I 

I ----
' 

---·---

I ---,---

---,-- -

31 
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--- -;- --

---·-
1 

--- ;-

----r-

----r-
1 

7.0 
775 

1,.2 

26.9 

34 

2.1 Low angle. 

7.0 Low angle. 

low angl 
res . 

15.2 Low angle. 

17.9 High angle. 

34.2 2 Horizontal 
34.8 fractures. 

36.0 angle. 

7.0 
I 

8.0 

36 .1 
I 
I 
I 
I 

High angle 
fracture. 

Vesicular. 

Massive 
Basaltwittr -
sparse 
vesicles. 

Vesicular 
Bands. 

high angle 
res. 

High angle 
fracture zone. 

Rubble Zone. 
Massive 
Rubble. 

Massive 
Basalt. 

Massive 
Basalt. 

Massive 
Basalt- --

Rubble Zone. 
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51.o 

---- 55§Q_ 

56-.0 

---~- .... - --
BotttJm 0 ~ 

I 
- --~-- -

I 
-- -~---

35 

time. -----

51.8 angle. 

52.5 

5)-0 Fracture Zone. 
---- ----

56.0 Low angle. 

57.0 Low angle. Loose Rock 
Matter at 

58.0 Low angle. bottom of the 
well. -- ---- ----

Ill 
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:::::. 
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35 
____ ... ___ _ 
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50 - - - .. , - -,--------
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' - - - .. - - -.- - - - - - - - - - - - - 1 - - - - - - - - - -



Well 11-4 

' .1 
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BORING# 11-4 DATE DRILLED: LOGGED FROM: METHOD: PAGE: 

July 14, 1995 Coring HX Coring using Water 1/2 
DRILLED BY: LOGGED BY: NORTHING: EAST lNG: 

INEL David Burgess 186.4 ft . 190.8 ft. 
SURFACE ELEVATION: 

5248.7 ft. 
. 

(ij - total -0 CD. 

-~~ 
CD 
:e. gamma 

caliper 
(incf1es) o..J s::. (cps) -s::. c. - CD 

:::i "C 15 

··: :·: :·: :· 

}::&:::( 
··.::-:·.::-:·.::-:· .. 

5 -

I 
I 

I --- 1-St-- --, 

-:::·:::::;:: 20 I- ___.; 
.;·: :·.;·.-:·.;·.-:·.;· I 

I 

1--- 30+ I 

~ 

--- 351- ~ 

&/:::::::::::::: 

!2:0 
.....:; 

25 3 6 .5 
I 

I 

I 

I I 

I I 
I I 
I I 

I I -, ---,----
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I , ---- ,----
I 
I 
I 
I 
I 
I 
I 
,--1- -
I 

I 
I 
I 

I 
I 
I 

I 
1- -

I 

I 
I 

I 

I 
I 

I 

I 
I 1- -
I 

I 
I 
I 

I 
I 
I 

I 
,-- -
I 

I 

I 
I 
I 

I 
I 

I ,-1- -

I 

I 
I 
I 

I 
I 

I 

I 
I 

1 

I 

I 

I 
I 
I 
I -- , - ---
1 

I 
I 

I 

I 

I 
I 

I -- , ---

I 

I 
I 
I 

I 
I 
I 

I --,----
1 

I 
I 
I 

I 

I 

I 
-- ~ ---

1 

I 
I 
I 

I 

I 

I 
I 

(/) 
s::. 

Single 
Fracture 

description 
a 
Q) 

"C 

4.4 Low angle 
fracture . 

(/) 
s::. -c. 
Q) 

"C 

Fracture 
Zone 
description 

comments 

Massive Zone. 

Vesicular. 

49- -49-- - - - - - - - f-- - ---- ----- -
Massive Zone. 

7.5 
7.8 

2 Horizontal 
clean 
fractures. 

Vesicular. 

-9.9- . - - - - - - - I- - - - - - - - - - - - -

t5 () 

1 0·6 11.0 Horizontal. 

14.4 
Low angle 
fracture. 

Horizontal 
16·8 ~ith sediment 

staining . 

13.0 Lowandhigh 
I angle fracture 

14.0 zone. 

Massive Zone 
with some 
vesicles. 

Some vesicles 
present. 

·- Lel .r:J ~.-G- --

20'.8 

Massive Zone 
------- -----~~~~-

vesicles. 

2-S.et ----

-· 30.1 ---- -

24.0 Low and high Massive Zone. 
I angle fracture 

2~:{) zone.:_ _ ______ _ 

25.6 Majority high Massive Zone. 
I angle fracture 
1 l7one with some 

low angle 
2~ 1 fractures . 

High angle Massive Zone. 
fracture with 
tan silt tanning. 
Possibly from 
drill ing. 

32.6 Horizontal. 

34.2 

- 35.1 

36.6 

39.6 

38 

Low angle 
fracture with 
sedimer:t!_ _ f-- _ 
staining 

----------

37 .1 Low and high 37 .1 Flow 
I angle fracture Break. 

38.2 zone. 
Low and high 

3~ . 2 angle fracture Highly 
3~ .6 lzone. fractured . 



) 

BORING# 

DRILLED BY: 

lNEL 
--CD 
CD :e. 

·.C , -· Q; 
CD . 

. "C . 

total 
gamma 

(cps) 

15 25 ........... f :_-!:_-!:_-!:_ I 
·~·~·~· I ........... 
·~·~·~· I ........... 
·~·~·~· I I 

;45,_j_[ 
~ II 

9'~ i! 
··: .. ::·.:·>:·.:·:. I I 

I I 

t--50 I I 
-, - I 

I I 
I I 
I I 
I I 
I I 

· ............ .. 
~~-~~·.:·~·~ ,.,., ., 
>::·.:-.-::·.>::·.:-.-

~ :: 
~7-755 -~- ~ 
~ I I 

::~ : : 

;~ :! 
..::.::~·.::..@(}.-..,- r 

I I 

I I 

I I 
I I 

I I 
I I 
I I 

--- 65r-~ - ~ 
I I 

I I 
I I 
I I 

I I 

3 

DATE DRILLED: LOGGED FROM: METHOD: PAGE: 

July 14; 1995 Coring HX Coring using Water 212 
LOGGED BY: NORTHING: EAST lNG: SURFACE ELEVATION: 

David Burgess 

caliper 
(inclles) 

6.5 10 

"0 
c:: 
<1l e:-.c:: 
c::Cil-
::l>O. ... oco 
cou-o ._co 
0._ 
(.) 

llo..(/) 
ta--ca ::::J> 
(.)llo.. 
·- CD (/)-
CDc: 
>·-

186.4 ft. 190.8 ft. /5248~7 ft. .· .. · 

Single 
Fracture 

(/) description .c: -Q; 
CD 

"C 

(/) 
.c: -Q; 
CD 
"C 

Fracture 
Zone 
description 

Low, high, & 

comments 

40.5' Flow 
Break. 
Rubble Zone 
40.5' to 43.6'. 

43.6 
I vertical Upper/Lower 

,~- __ _1_ ___ _ 
45:t 1.4--- - Hoclzootol-

48·2 Sed. stained. 
49.2 

I 

-4&:-1 
I 

46.6 

fractures w/ vesicular. 
seoimem - - - - - - -

> 
I 

I 

I 

I 
I 
I 

I 
___ _!_ _______ _ 

I 

staining. 46.1 Flow 
Break. 

47.4 Low angle 
48.2 fracture zone. 
I I 

52.2 Flow 
Break. 
Rubble zone 
52.2' to 52.7'. 

---- ·-- ------------

I I 1 
I I I 

"7(") I I 1 - - - rut- ' - r - - - 1 - - - - - - - - - - - -- - - - - ·I- - - - - - - - - - - - -

I I 
I I 
I I 
I I 
I I 
I I 
I I 

7-5 
I I 

-- r--, - ~--

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I 

I 
I 

I 
I 
I 

I 
I ------- --------------- ------ --- --
1 

I 

I 
I 

I 
I 
I 

I 
I 

39 



-~--- - ~"'-

11-4 Gamma and Galiper Data 



Highly fracture zone-mostly to low angle fractures with some 
horizontal fractures 

41 



49.2-50.1 Massive zone 
45.1-46.6 Highly fractured zone-sediment staining-oxidized 
47.2-47.4 Several low angle fractures-sediment staining 

48 .2 Horizontal fracture-sediment stained 
48.2-50.1 Near vertical fracture 

49.5 Low angle fracture with sediment staining 
49.9 Horizontal fracture with sediment staining 

50.1-55 .1 50.1-51.6 Massive zone 
51.6-52.2 Lower vesicular 
52.2-52.7 Rubble zone-flow break 
52.7-54.1 Upper vesicular 
54.1-55 .0 Massive zone, minimal air bubbles 
55.0-55.1 Lower vesicular 
48.2-52.2 High angle-vertical fracture-sediment stained 
52.7-53.6 High angle fracture-sediment stained 

53.5 Horizontal fracture-sediment stained 
54.2-54.4 Low angle fracture-sediment stained 

55.1-60.1 55.1-56.3 Lower vesicular zone 
56.3-57.2 Flow break-rubble zone 
57.2-60.1 Upper vesicular 
55.1-57.2 Highly fractured zone-sediment stained 
58.3-58.7 Moderately high angle fractures-sediment stained 

42 



43 



44 



45 



46 



.. · 

47 



• 1 
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Well 11-5 
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BORING# 11-5 
DRILLED BY: 

INEL 
(ij 
(,) 

·e;, C') 
oo a ....I 
~ -::i ............. 

•.1'•.1'•.1'• ............... 

ft§i 

~-

c. 
CD 
"C 

.s:-
~~ 5-
~; 

- - -1-{) 

-

total 
gamma 

(cps) 

15 25 

I I 
I 
I I 
I I 
I I 
I I 

I 
I I 

f---y I 
I I 

I 
I I 

I I 
I 
I 

I 
I -, -
I 

I I 

I I 

I I 
I I 

I 

I 
I 

--- "f-51---y 
I 
I 
I 

: .· :.· :.·: 

I I 

I 

I 

: ;- :;- :;- : I I 

1.-Yf.-} 20 - ~ - I 

I I 
I I 

I I 

I 
I I 

I 

I 
I 

I 

I 

I 

~~30+ ~ - :--- -
I 
I 

I 
I 
I 

·-::--:0 I : 

¥/:§£::::: 35 - I - ~ 
I 
I 

3 

DATE DRILLED: LOGGED FROM: METHOD: PAGE: 

7/13/95 Coring HX Coring using Water 1/2 
LOGGED BY: NORTHING: EASTING: SURFACE ELEVATION: 

David Burgess 206.4 ft 204.6 ft 5249.0 ft 

caliper 
(inches) 

6.5 
I 

I 
I 
I 

I 
I 
I 

I 

I 

10 

--- ,-- - -

I 

I -- , ---
1 

I --- - -- - -

I 
___ __!_ __ _ 

I 

I 
I 
I 

I 
I 

_ _ _ __!_ ___ _ 

) 

I 

I 

I 
I 

I 
I 

I 

I 
I ------

I 

I 

I 
I 

- ,- ------

~ 

1:1 ~tn Single Fracture comments 

' ' 
' 

c 
(1J i::' ..c 
c<l> ...... 
::l>O. 
.... o<l> 
Q>u"CI ._Q) 
o"-
(.) 

«S- Fracture Zone :::sm uC: tn description tn description 
. 

·- CD ~ ~ tn_ - -Cl)c:::: a. a. >·- Cl) Cl) 
"C "C 

' 
: 

1.2 

--

5.8 

I -Calcite 
I Rubble? deposits from 

2.5 
1.2 1.2'-2.5' . 

I -Vesicles 

I High angle 3.0 decrease with - I depth. 3.5 Low angle 
I I racture zone. -Fracture zone 

-- - I- ---- -~ --- -- - - aL:t:.S.B'.frorn_ 
5.8 5.8 coring? 

9.3 
-- -- - - --- ------ ------ - - ---- -

1 ~.1 
12.7 

13.7 1 4.2 Low Angle 

-------- - - ----- - -------- - -
15.8 
16~3 

18.7 19 4 _L 19.6 H~ri~o~a~ _ 
-- -- -- - - -- --- -

20'4 

23.7 

2r 27.3 High Angle 

28 .7 28'.7 

23.7 
I 

- - 1- ~ig_h_t.l}gl~ 
I 

26.0 Slightly 
Vesicular 

Lost 
28 7 circulation at 

f High angle 28 feet. 
and horizontal 

- -- - -- - - -- - - - ~ ------ - -- - -

~~:~ 
32.9 
33.4 

311.3 
zone. 

33.7 33.7 3~.9 

Low angle 
Horizontal 
High angle 
and 
horizontal - --

35.7 

36.2 

38.7 39.3 

50 

- - - -- ----- - ~---- -

36.1 Horizontal 35.7 Rubble. Rubble and 

Horizontal 3E}_ 8 

Low angle 

38.4 Low angle 
39.1 

40.0 Horizontal 

no recovery 
from core run. 



) 

BORING# · 11-5 
DRILLED BY: 

DATE DRILLED: 

7/13/95 
LOGGED BY: 

LOGGED FROM: METHOD: PAGE: 

Coring HX Coring using Water 2/2 
NORTHI NG: EASTING: 

INEL David Burgess 206.4 ft. 204.6 ft 
SURFACE ELEVATION: 

5249.0 ft 

~ 
CJ 
·a, C) 

oo o..J. 
.c:: ... 
::::i 

-... <1> 
<1> ·-

total 
gamma 
(cps) 

15 25 
I 

I I 
I I 

··:::->:::->:::.:-.:. I 

~~~~ : 

I 

I 

f/t/f!!j 45 f- ~ 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 

I 
I I 

I I 

3 

- ,- --
1 

I 

I 
I 

I 

~ 
. . 

- -:+:·. · ·55 I 

I 

I 

I 
I -- I 

I 

I 
I I 

I I 

~~-~~;·~~-~ I I 

~ II 

~~?~ 60 - __; - ~ 
~· ... ·.: 

................... ... ... 

·.: .. :-..~.::-:.:t_ .......... ........... 
-:~-:::.~~ 70 ; 
........... . :-::.:-::.-::. 

I I 
I I 

I I 
, - I 

I I 

I I 
I I 
I I 

I I 
.......... I I 

~ 

caliper 
(inches) 

n.5 
I 
I 

I 
I 
I 
I 

I 

I 
43.7 

Single Fracture m !E. Fracture Zone comments 
~ ~~--~--------~~--,-----------4 
·~ ~ .E description ~ description 
<1>c::: a. ... 
> ·- <1> 2-

"0 -5 
4Q .9 40.8 High angle I 

4 1.7 Low angle 41r4 
Rubble 

Light tan silt in 
42.3 Horizontal fractures and 
42.9 Horizontal 42 .1 vesicles 

4}7 
in rubb le zone 

Rubble 44.4 4 .3 
-4~{) 

High angle 
-- - -- - ·- - - -- - -- - - -- -+- _ _ __!_ __ _ 

I 

I 
I 
I 

I 
I 
I 

I 
I - - - ---

> 

45.3 
45.7 

48 .7 
49.7 

45.6 Low angle 

47.3 Low angle 
4j ·5 High angle 
48".2 

46.6 Rubble 

- -- ---- ---- -- - -

51.7 High angle 

52.5 Hor izontal 

53,,_.0 
53.7 54.2 Horizontal 

53.5 Rubble 

1-- -- __1__ ___ _ 
I 

: 54.3 High angle 
-- - - --- - -

55.2 55.5 Low angle 
·- He~JI1iner_:__ 

alization of 
fractures. I 

I 
I 

I 

58.7 
> I 

58.1 

56 .4 High angle 5?.o 

Rubble? 

Heavy miner
alization of 
fractures. 

->- - - __1__ --- ~~ - - r :~ ~ ~g~:;g:::: -
tan silt mater

Low-an§le-- ia.Tpresent. 
zone 
Rubble 61.6 Rubble . 

1 60 5 I . 

63.4 62.7 High angle 

with low angle 
fractures 

63.7 Rubble 

tan silt mater
ial present. 
Low angle 

I --- - - -- ~ -

64.1 64.1 

--

68.7 

--

6~.7 

61.9 
68.1 

fill_.L ---

7f.5 

64.4 fracture zone. 
- - - - ·- !- - Rubble- - - tan ..s.iiUiJilngs_ 

I 
66.7 
67.9 Low angle 

fracture zone. 
68.7 

I Rubble 
- - - - . --61..7-- - - - - - - - - - -

71.5 Low angle 
fracture zone. 

I 71.8 72.2 
1 I Rubble 

fj.:-:·;.:.·::i - -- - - ,.... -
: 73_.3 73.3 

- - - '- - - - - - --- - - - - - - - -- -~ - - - - - - - - - -
f3ottom of We/111-5 73 7' 75 

I I 

I I 
I I 
I I 

I I 

I I 

I I 

I I 

I I 

51 



11-5 

Gamma 

10 1 5 20 25 

10 

1 5 -, -

20 

25 _, -

-
= 30 :;-

Vl 

I 
0 

N 

35 r __ __ , 
40 

45 

50 

55 

-,-
-~---:·- -

--~ 
~ 

~ 

60 

30 

' - - - - - - -

- ,-

_, _ 

-,-

11-5 Gamma 

35 

1iper Data 

10 ~ - - - - - - - _,-

15 

11-5 

Caliper (in; 

10 1 5 20 

20 + - - - - - - - -l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

25 

t 30 . 
0 

> 
35 - .- - - - I - - - - - -.- -,-

40 

4 5 ~ - - - - - - - _, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

50 - ,- - - - -

55~ - - - - - - - -·-

60~----------L-----------------------------------------------~ 



0-5.8 0-5.8 

) 

Upper vesicular, highly fractured from 3' to 5.8'. Some fractures 
seem to be induced by coring. Lost approximately 1' of core during 
retrieval. Calcite deposits and highly vesicular at 1.2 ' -2.5 '. Vesicle 
density decreases with depth in this run. Vertical high angle fracture 

from 2.5'-5 .8' . 

Flow break. 

53 



44.3-45.3 Upper vesicular. 
45.3-45.7 Massive zone. 
45.7-46.6 Lower vesicular. 
46.6-46.8 Rubble zone. 
46.8-48.7 Upper vesicular. 
43.7-44.3 Highly fractured. 
44.4-45.3 Highly fractured. 
45.6-46.7 Moderate to low angle fracture. 
46.6-46.8 Highly fractured zone. 
47.3-47.4 Low angle fractme. 
47.5-48.2 High angle fracture. 

48.7-53.7 48.7-49.7 Upper vesicular. 
49.7-53.0 Massive zone. 
53.0-53.5 Lower vesicular. 
53.5-53.7 Rubble zone and highly fractured. 
51.7-52.1 High angle fracture. 

52.5 Horizontal fractme. 
53 .7-58.7 53.7-55.2 Upper vesicular. Top of this run is the very beginning of the upper 

vesicular zone. 
55.2-58.1 Massive zone. 
58.1-58.6 Lower vesicular. 
58.6-58.7 Flow break. Rubble zone. 

54.2 Horizontal fractured. 
54.3-55.0 High angle fracture. Heavy mineralization. 
55.5-55.8 Low angle fracture . Heavy mineralization. 
56.4-57.0 High angle fracture. Heavy mineralization. 

58.7-63.7 58.7-60.5 No recovery. Probably rubble zone or small interbed. Heavy 
mineralization and silt material in recovered portion of this zone. 

58.7-61.2 Flow break. Rubble zone. Significant tan silt present with broken 
basalt. 

61.2-61.6 Upper vesicular/lower vesicular zone. 
61.6-61.9 Flow break. Rubble zone. Significant tan silt. 
61.9-63.4 Upper vesicular zone. 
63.4-63 .7 Flow break. Top of rubble zone or interbed highly fractured with 

black and tan silt filling all vesicles and fractures. 
60.5-61.2 Highly fractured. 
61.6-61.9 Highly fractured. 

62.2 Horizontal fracture, minimal silt material present in fracture. 
62.5 Horizontal fracture zone. Zone is approximately 0.1" thick with 

significant tan silt. 
63.4-63 .7 Highly fractured with silt filling all available vesicles and fracture 

spaces. 
63 .7-68.7 63.7-64.1 No recovery in mbble zone. 

64.1-64.4 Upper/lower vesicular. 
64.4-66.7 Rubble zone with tan silt fill all vesicles and fractures. 
66.7-68.1 Fracture zone or small rubble zone filled with tan silt sediment. 
68 .1-68.4 Upper/lower vesicular zone. 
68.4-68.7 Flow break. Rubble zone. 

Note: from 66.7 to 68.4 may be combined to form a single 
upper/lower vesicular zone. 

68.7-73.7 68 .7-69.1 No recovery. Probably rubble zone. 
68.7-69.7 Rubble zone with tan silt filling all voids. 
69.7-71.5 Upper/lower vesicular. 
71.5-71.8 Fracture zone within upper/lower vesicular zone. 

54 



71.8-72 .2 Upper/lower vesicular zone. 
72.2-73.3 Flow break. Rubble zone with tan silt in most fractures. 
73 .3-73.7 Upper vesicu lar. 
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Well 11-6 
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BORING# 11-6 DAJE QRILLEQ: LOGGED FROfy1: ;METHOD: .. PAGE: 

1/2 July 17, 199,5 
.•. ' J 

... HX Corin~t usi-1.~ 'fater Coring 
., 

DRILLED BY: LOGGED BY: NORTHING: EASTING: SURFACE ELEVATION: 

INEL David :B!Jrgess ..... 218 .. 9 ft. 22.6.0 ft. 52.49.9 ft . 

·.-·.· . . · 
·.: · .. . . . . . . . 
... ·.:· . .-· .. · . .-·.:· . .-·. 

i ·total 
--~· g~ll)ma 

'(c ··s. ). si .... R 
a. 
~ 
"0 1 s 25 :i 

I 

······ 

ealiR.er 
(incites) 

6.5 
I 

I 

~<<~/::~ - 5 -- I - ~ -- -· 

..... · ..... · .. .-·· .. .-· 
. · . . ·. ·. .... . . . . .... . . . . . . . 

'-.:..."·:."·:.··: 

::::::.::0/; 
. . .. . . . . 

·. ·.-·.·.-·. ·.-·.· I 
.:_ · __:__ :__2{) - I 

I 

I 

I 

I ,-

I I 

'"·-:"· .-?:-c· -25-- -: - ~ -· .. · .. · .. ·. 

I ,,---

--- ~- ---

--- ~ ---

1 

I 

I 

I 
--~~----

~ -35-- ~ - ~- -- - - - ~ - - -

~-.-·.· . .-·.:·.: 
~-

~-
... . . . . . . . . . . . . . . . . 

........ ........ 

I I I 

2.5 2~5 

No Recovery . 
Upper 
Vesicular. 
No staining or 
mineralization. 

.. 5:"0 - 5~5-- - - - - - ·- - -- - - - - - - - - - -

12.6 Horizontal. 
12.8 High angle. 
13.0 Horizontal. 

_ 14.5 Horizontal. 

8i6 Two high angle Sediment 

9:2 fractures. staining. 

t- - - - - - - - Massive zone. 

12.8' fracture 
Sed. stained & 
mineralization. 

·rs:o- +5.-e--- ------ Sediment 
- - -- - - - - - Staining. - -

Massive Zone. 

Massive Zone. 

19 0 Horizontal. 
_. 193 F"lld "th 

19.7 · 1 e WI Very vesicular. 
- 20:() - - - - - an..sediment. l- - -- - --- - rvfassive ZOne 

Horizontal No sediment 
22.2 with sed. staining. 

staining. 
23.0 Low angle Sediment 

fracture. staining . 

25-:o--- ~-~.-e- - - -
26.0 

:m:o-

28.4 Horizontal. 

~~~ - - -- - - - -

28.7 High angle 
sed. stained. 

Massive. 
Slightly 
vesicular. 

- - - - - Massive - -

Basalt. 
Slightly 
vesicular. 

Sediment 
_ stained . 
~ 34 .7 Low angle 

~s-:u- 3'5.+--- - -fra{;ture.- - ~!i:-1 - ~abote zone. - Rooole--:- --
,~ 35.4 . 3~0 

~ 36.5 Honzont_al. 36.8 Low and High Upper 
§ Sed. stamed. I angle fracture Vesicular. 
§=_- 37.5 zone. 

38.4 Horizontal. 
38.8 Horizontal. 

Sed. stained . 
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BORING# D.t\TEDRIBLE[): EdGGEDFRdK/1: ' ···) METHOD~ ' i i? )) )) PAGE: 

···~t1Jiy17, 1~~5 i l • Od~iifJ i) · · I ltJK ~o~ihg ) U!:iing ;\f\l~t~.~ 2l2 
? 0 . 

'DRiLLED BY: < LOGGEfY'BY: ? ). NORTHING: EASTING: SURFA(;3EELEVATION: 

liNii~ ... m~v:ii(j ~ur;g~'s~) )i 2.18~9 ft. . ~2.§~~ ft.l. 524.9.9 ft. 

~····~· ··~~ ::s: 

i'.. totc:tl 
~gamma 

(cp~) .c c.. 
. .. CP I 
'D 15 25 

I 

I I 

:~:.~· .-:: 45-- - l - I -
. . . . . . . . .. . . . . . . 

I 

I I 

I I 
0::--:=-"-o~-Lso-- .. - , 
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~ ________ sta 1~cl_ __ 
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11-6 Gamm~'~!Caliper Data 
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36.5 Horizontal fracture with sediment staining_ 
36.8-37.5 Highly fractured zone 

38.4 Horizontal fracture with no sediment stainin_g_ 
38.8 Horizontal fracture with staining 

40.0-45.0 40.0-40.4 No recovery, probably rubble zone 
40.6 Flow break 

40.4-41.2 Rubble zone, no sediment in rubble, although staining 
is present 

41.2-41.6 Moderate angle and high angle fracture with no 
sediment staining 

41.7 Horizontal fracture. No sediment staining 
42.3 Horizontal fracture with sediment staining_ 

42.4-42 .7 Highly fractured zone with sediment staining 
43.2-44.3 Highly fractured zone with sediment staining 
44.5-44.7 Horizontal fracture with sediment staining 

45.0-50.0 45.0-46.1 Upper vesicular, possible flow break at 45.8' 
46.1-50.0 Massive zone 

45.4 Horizontal fracture with sediment stainin_g_ 
45 .8 Horizontal fracture with sediment staining 
46.6 Low angle fracture with sediment staining 

49 .9-50.0 Moderate angle fracture with sediment staining 
50.0-55.0 50.0-55.0 Massive zone 

51.7 Horizontal fracture with sediment staining 
52.3-53.5 High angle fracture with sediment stainin_g_ 
52 .3-53.1 Moderate angle fracture with sediment staining 
53.4-54.2 High angle fracture with sediment staining 
54.2-55 .0 Extremely fractured zone probably due to coring. No 

sediment staining 
55.0-60.0 55.0-57.5 Massive zone 

57.5-58.1 Lower vesicular 
58.1 -58.4 Lower vesiuclar 
58.1-58.6 Flow break. Rubble zone 
58 .6-59.3 Upper vesicular 
59 .3-59.5 Massive zone. May be upper/lower vesicular. 

However this zone had significantly less air bubbles 
than above or below 

59.5-60.0 Lower/Upper vesicular 
58.1-58.6 Some sediment filling and sediment staining 
59.6-60.0 Highly fractured zone with some sediment staining 
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19.3 Horizontal 
fracture. 
R1gnangre 
fracture. 
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fracture. 
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fr-acture.- _ 

Three high 
33.1 angle 
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Low angle 
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BORING# U-7 DATE DRILLED: 

j i July . t~~.~ 

LOGGEDFROM: METHOID: 

:r.v. Bq,;el;lole ~~t;!le,;a .A;ir Percus:s:ipn 
PAGE: 

212 
DRILLED BY: LOGGED BY: NOR'FHING: EASTING: SURFACE ELEVATION: 

INEL Marque Mesa 180.2 ft. 216:6 ft 5249.4 ft. 
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r 
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Zbri~ -m 

~ ~~~~~-------+----r---------~ 
.0 .! ~ description ~ description 

C1) S::: Q. I Q. 
> ·- C1) C1) 

"C "C 

comments 

4f-5 Rubble Zone. Rubble Zone . 

43.9 
44.4 Low angle 

f-- - f.raGtt~re~Re.- - -- - - -
45.5 45.2 Horizontal 

fracture. 

~ 48.5 Two 
1 1 49.0 Horizontal 
~-- - ~--- --- 1- -------- fractures. - 1- - -- - - - - - - - - - -

I ----------

5~. 0 

-- o-5.o- --
56.0 
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Level. 
Water Table. 

- - - - - i-s&:-1 -- - - - - - - - - - -
55•7 Rubble Zone. Rubble Zone. 

:::::::::::::::::::::::::::::_ 
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BORING# S-1 
DATE DRILLED: 

7/17/95 
PAGE: 

1/1 
LOGGED FROM: 

Coring 
METHOD: 
HX Coring using water 

DRILLED BY: INEL LOGGED BY: 

David Burgess 
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SURFACE ELEVATION: 
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(30 degree slant from vertical) 
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fracture . stammg. 
Fracture probably caused during removal of 

core from reamin shell. 
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Well S-3 
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~ 2"f9 
Low angle 
fractures with 
sediment 

4.25 staining. 
4.4 

I , -
Low angle 

6.1 6._:54 fractures with 
6~8 sediment 

staining. 

9.3 
I 

- ..,- -
10~96 

11t8 
11.9 Horizontal. 11 ~22 

12.45 Low angle with 

13.26 Low angle sed. staining. 
13.4 sed. staining. 

I 
14.7 Horizontal. 

~ - --
15.21 

16.7 
16.06 

17.59 Low angle 
sed. staining. 

Horizontal. 
Low angle 

19.8 sed. staining. 
~.4- --

20~82 

Horizontal Low angle 
24.0 sediment sed. staining. 

I 
staining. Low angle 

- ,- 25. -- -- - angle.- . ·staiflifl§. 
Zone. 

T 
25.7 angle 26.3 Horizontal. . staining. 

N15% 
I 

29.1 inteJ:granulac_ , - - --- porosity. 
Massive Grey 
Basalt. 

3~.5 
34 .6 

1 w/ 
----

angle 
fractured 

with sed. 
ing and 

ineralizaiton. 

37.7' 
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sediment stain 
to moderate 

sediment 



17.76-17.93 Low angle fracture with sediment staining 
19.46-19.55 Low angle fracture with sediment staining 

19.80 Horizontal fracture with no sediment 
staining 

24.5-29.5 20.82-25.07 20.82-25.07 Massive zone 
23.2-23.6 Moderate angle fracture with sediment 

staining_ 
23.7-23.8 Low angle fracture with sediment staining 

24.0 Horizontal fracture with sediment staining 
24.22-24.9 Fracture zone due to drilling. No sediment 

staining 
24.55-24.73 Low angle fracture with sediment staining 
24.9-25.07 Low angle fracture with sediment staining 

The following data was logged on 
July 27 

29.5-34.3 25.07-29.1 25.0-26.2 Massive zone. No vesicles. 
26.2-29.1 Massive zone. Slightly vesicular 

25.07-25.5 Moderate angle. Moderate angle fractures 
due to drilling. No sediment staining. 

25.7 Moderate angle fractures probably due to 
drilling. 

26.0-26.1 Low angle fractures with sediment staining 
26.3 Horizontal fracture with sediment staining 
28.3 Horizontal fracture due to drilling 

29.1-33.5 N 15% intergranular porosity, Massive 
grey basalt. 

34.3-39.4 29.1-33.5 33.5-34.6 Massive zone, slightly vesicular 
34.6-34.9 Lower vesicular, locally oxidized 
34.9-35.2 Flow Break. Rubble zone. Oxidized and 

sediment stained. No recovery from 41.3-
41.5 

35.2-37.3 Upper vesicular, oxidized near rubble zone 
37.3-37.7 Massive zone, slightly vesicular 
34.8-35.2 Highly fractured rubble zone. 

35.4 Horizontal fracture with sedimentation and 
mineralization 

36.1 Horizontal fracture with sediment staining 
36.4-36.46 Low angle fracture with sediment staining 
36.8-37.2 Highly fractured zone with sediment 

staining mineralization 
37.7 37.7 Bottom of Well S-3 
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S-3 
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Well S-4 

106 



I 2 Low angle 
fracture zones 
with sediment 
staining. 

I 
3.57 

3.7 Heavy calicte 
__ _I ___ - - - - 4.95 Low ~ngle.:_ 

I 
I 6.5 

2 Low angle 
I zones 

7.0 sediment 
7.9 l Low angle. staining. 

8.8 Sediment 
stained. 

___ I __ _ ---- --- -

12.1 12.5 Low and high 

13
1
.7 

angle fracture 
ne. 

__ _I ___ ---- - ---
I 

16.3 

17.7 
Low angle 

High angle sediment 1~.2 
stained. 1 .0 

fractures. 

Horizontal 19.5 Low angle 
__ _I _ __ 

L0-:1 
20~57 

21.9 
22.3 
23.0 23.2 Low and high Sediment 

I angle fracture staining. 
I zone. 

__ _I ___ ----
25.5 

21.2 Low and high 
angle fracture 

21.6 zone. 

28.8 Horizontal. 
29.4 Horizontal assive Zone. 

__ _I ___ with Lower ___ 
stain Vesicular. 

Flow Break. 

32.5 Low angle 
fracture zone. 

34.0 
__ __!_ ___ 

I 

T 38.2 Upper 

Low angle Vesicular. 

fracture zone. Flow Break. 
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fractures with I sed. staining. 
Low angle 
fracture with 

I sediment 
staining. 

I 
--- --- --, ---

46.6 
47~17 

471.8 

49.2 
2 Low angle 

I 
fractures with 

--,--- 5e. .aG .-0-

55.5 

58-.7 
57 .9 Horizontal. 

---- ----
Vertical f ell S-4 

I - - - -.---

I - ----,---

I - - -,---
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40 

45 
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1 5 - - - - _ I _ __ _ _ _ l __ _ __ _ ' - ___ _ _ _ , __ _ ___ r _ __ __ __ . _ 

2 0 -·----

25 ...... -:::::.. 
£ 3 0 - -~- : - T-- - - - - ,- - - r - -, -
0.. 
C1l 
0 

3 5 ' - -·- - - - - -
' - ' - - - ,- -
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45 -·--- --

50 -· - ---

55 
_s;;; 
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mineralization 

removing core from reaming shell. No 
sediment · · 

on 
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23.0 Horizontal fracture. No sediment staining 
23.2-25.5 Highly fracture zone with sediment 

staining. Extremely fractured from 24.0-
25.5 

30.0-35.5 25.5-29.7 25.5-29.7 Massive zone 
26.2-27.6 Fracture zone with sediment staining 

28.8 Horizontal fracture. No sediment staining 
29.4 Horizontal fracture with sediment staining 

35.0-40.0 29.7-34.0 29.7-34.0 Massive zone 
30.3 Horizontal fracture from drilling 

32.4-32.6 Several low angle fractures with sediment 
staining 

32.8 Horizontal fracture form drilling 
40.0-45.0 34.0-38.2 34.0-35.8 Massive zone 

35.8-36.2 Lower vesicular 
36.2-36.4 Lower/upper vesicular 
37.2-37.4 Moderate angle fracture with sediment 

staining 
37.5-37.6 Fracture zone with sediment staining 

45.0-49.0 38.2-41.65 38.2-38.5 Upper vesicular 
38.5-39.0 Massive zone 
39.0-39.8 Lower vesicular 

39.8-39.86 Flow Break. Lower/upper vesicular 
39.86-41.65 Upper vesicular 

38.6-38.7 Moderate angle fracture with sediment 
staining 

39.8-39.86 Fracture zone with sediment and sediment 
staining 

40.3 Horizontal fracture with sediment staining 
40.3-40.7 Moderate angle fracture with sediment 

staining 
40.9 Horizontal fracture with sediment staining 

41.0-41.5 Highly fracture zone with sediment 
staining. Missing about 1" of core. 

Probably fell out the bottom of the core 
barrel 

49.0-52.0 41.65-44.2 41.65-43.0 Upper vesicular 
43 .0-44.2 Massive zone 

41.65-42.2 Highly fracture zone with minimal recovery 
42.7 Low angle fracture with sediment staining 

55.5-59.0 44.2-47.17 47.17 -47.8 Flow Break. Rubble zone 
47.8-50.0 Upper vesicular 
50.0-50.1 Massive zone 

47.15-47.8 Minimal returns. Rubble 
48.2-48,4 Fracture zone with sediment staining 
49.2-49.3 Low angle fracture with sediment staining 

50.0 Low angle fracture with sediment staining 
59.0-64.1 50.1-54.5 50.1-51.3 Massive zone 

51.3-52.8 Lower vesicular 
52.8-52.9 Flow Break. Upper/lower vesicular 
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52.9-54.5 Ul'12_er vesicular 
52.3 Low angle fracture with sediment staining 

52.6-53.1 Highly fracture zone with sediment staining 
53.4-53.5 Two low angle fractures with sediment 

staining 
64.1-69.1 54.5-58.7 54.5-55.0 Upper vesicular 

55.0-56.9 Massive zone 
56.9-57.3 Lower vesicular 
57.3-57.5 Flow Break. No returns. Assume rubble 

zone 
57.5-58.7 Upper vesicular 
55.5-55.9 Moderate angle fracture with sediment 

staining 
57.3-57.5 Rubble zone 

57.9 Moderate angle fracture. No sediment 
staini~_ 

57.9-58.3 Moderate angle fracture with sediment 
staining 

Note: Aflow break had to occur between 
57.3' and 57.9' vertical depth due to no 
returns. The Flow break at 57.3' was an 

approximate value. 
60.0' 60.0' Bottom of Well S-4 
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Well E-2 
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I I I 
I "'0 I "'01 
I ~I Q)l 4.5 Vesicula~ 

--, "'0> I -gr- ---~ ----

I .3 I 01 
I col -:I 
I El Q)l "'0 
I El .91 Q) 
I Cil1 

..... 
col 0 

··_: -:·_: -:·.: -:·: I {.9 I ()I () 8.3 Vesicular. 
1-1 (51 .... 
I O I 

0 Massive 
_l_zl Zl z ---,- ---- -----

12.2 
1~0 Vesicular. 

) -~- ---- ----
15.3 

/ fracture. 

Massive 
Basalt. 

19.1 Horizontal. 
_ __!_ ----- ----- ----

I 

20.6 Low angle 
fracture. 

22.2 

~ 23-.6 
Vesicular. 

Low angle 
I 24.4 fractur~ _ 

-~- --.....:..:..- lii1ass1ve-
Basalt. 

27.4 2 Low angle 
28.3 fractures. 

-T- -- -- ---- ---- .Mas..siY_e __ 
Basalt. 

32.1 Low angle 
32.8 fracture. Vesicular. 

34~3 2 Low angle -,- -55:'6 ---- ----

35~9 
35.3 High angle 

., fracture. 
\ 
J Vesicular. 

~ 37~1 

38.1 Rubble Zone. Rubble Zone. 
I 
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I I 
I -g I "'0 I 41.2 Vesicular. 
I Oll ~ 
I gl o,j 
I....J I _31 "'0 
I C1l I 

Q) 
._I ..... 

IE I Q)l 0 43.9 Rubble Zone. 
IE I . 9, () L Rubble Zone . 

I 11:t I -orr-- ---- ----

I (!} I o: I 
-~~ j"" ---- ----- ----ol 6.0' IZI Zl 

I 

' 
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Well E-3 
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I I Massive I "'0 I "'0 I Basalt. I ~I <I> I ---- ----5 _ar.__ -angie-I -c»i C'll 5.6 
1.31 01 fracture. 
I rol -:I 
I El <I> I "'0 

.9-1 <!> El .... 
ctll cal 0 

CDI 01 0 
Massive 

ol -'QI 0 
Basalt. I Zl Zl z ---- ----- ----

-~-, -,-
I 

12.1 Low angle 
fracture. 

I I ---- ---- ----,-, -T-

~ 
17.4 2 Low angle 

Sparse 18.7 fractures. 
vesicles. 

I 19.5 I _ _!_ ---- ---- -------
I I 

~ ~ 
I 

-angie-,-, -T- 25.4 
fracture. fracture zone. 

I 

26.6 Low angle 26.7 
fracture. 

I 28.7 
I I I 

3d.5 
---- ---- ----

-~-~ -,-

Massive 
Basalt. 

---- ---- ----

35.6 Low angle 
fracture. 

37.1 
I 
I Rubble Zone. Rubble Zone. 
I 
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46.0 
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Well E-4 
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13.0 Low angle 
fracture. 
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~.a ----

32.0 Low angle. 
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37.2 Low angle 
fracture. 
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I 4~5 
---- ----,-, -,- 5.2 Low angle 
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I 
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Well R-3 
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