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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 of ponded 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 1/3 exhibits an
inverted pattern, in which the fracture spacing decreases with depth. This pattern of
fracture spacing is most likely due to differences in coolinig rate and temperature gradient
_ near the center of the flow as compared to the exposed surfaces.

ii
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Table 1. Well Information and Coordinate System for Box Canyon Site

well id | vertical/ jangle 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.)
JE-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
FE-B 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 66.00f 1583.48
I-1 vertical 0.0 40.0 12.19 58.90 64.40 1599.64 58.90 64.40| 1587.45
-2 vertical 0.0 40.0 12.19 60.80 67.90f 1599.70 60.80 67.90| 1587.50
I-3 vertical 0.0 40.0 12.19 60.90 61.00{ 1599.65 60.90 61.00] 1587.46
I-4 vertical 0.0 40.0 12.19] © 61.90 57.20] 1599.57 61.90 57.20] 1587.38
I-5 vertical 0.0 20.0 6.10 66.70 60.30|] 1599.46 66.70 60.30{ 1593.36
-1 vertical 0.0 63.2 18.29 53.50 67.30( 1599.82 53.50 67.30{ 1581.53
-2 vertical 0.0 60.0 19.26 56.10 70.10] 1599.68 56.10 70.10| 1580.42
-3 vertical 0.0 60.0 18.29 55.50 62.80] 1599.65 55.50 62.80f 1581.36
11-4 vertical 0.0 60.1 18.32 58.10 56.80] 1599.57 58.10 56.80] 1581.25
II-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
-7 vertical 0.0 60.0 18.29 65.80 54.90] 1599.50 65.80 54.90| 1581.21
[n-8 vertical 0.0 60.0 18.29 69.60 55.70] 1599.35 69.60 56.70] 1581.06
|R-1 slant 27.5 65.0 19.81 72.79 62.84| 1599.28 63.65 62.80| 1581.71
IR-2 slant 41.1 65.0 19.81 67.36 63.04| 1599.57 54.38 63.00] 1584.64
IR—3 slant 273 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 55.056 67.60f 1579.58
IR-5 slant 25.9 60.0 18.29 70.43 62.94| 1599.5* 59.43* 62.94*| 1581.40%
IR-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 62.81F 1595.37
S-2 slant 30.0 201 6.13 63.30 66.10] 1599.53 61.44 63.67| 1594.22
S-3 slant 30.0 444 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 71.80f 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 69.201 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 63.10f 1593.13
T-7 vertical 0.0 20.0 6.10 59.70] = 62.80] 1599.64 59.70 62.80f 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 wells have been calculated.

iv

*approximate
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Figure 2. Borehole Layout at Box Canyon Site
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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:

e Topsoil layer including flow-top rubble

e Upper vesicular zones with numerous near-surface soil-infilled fractures
e Massive basalt ‘

e Vertical and sub-vertical column-bounding fractures

e Horizontal and sub-horizontal fractures

e Central fracture zone

e Lower vesicular zone

e 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, core 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
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iy

fracture.

| 24.1 |Low angle.
24.3 |2 high angle

259 |High angle
fracture.

3.;3 2 High angle
-4 {fractures.

- 329 |Horizontal
330 fracture.

36.2

38.0

2vLow angle
fractures.
108 [Highangte. | |~
11.8 |2 Horizontal
12-.9 12.2 lfractures.
139
———_— — _‘ _____ S— _{
|180
——|2o5 ewange [
209 vesicular

_____ _|— — Jfractures. — {_ _ |

339

3d2

b —_— — —

Horizontal and
high angle
fracture zone.

Rubble Zone.

Vesicular.

Massive Basalf
with sparse
vesicels.
MVesicular
Bands.

Vesicular.

Massive
Basalt.

Vesicular.

Sudden-and —
constant
decrease in
well diameter
from 6.1" to
58" at 20

1 Large
single vesicle.

Massive
Basalt.

Vesicular.

Rubble Zone.

Vesicular.

Bottom of Well I-3 40’
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4

!
!
|

b o e ——— —

Bottom of

w
o

Low angle
fracture.

High angle
fracture.

3 Low angle
fractures.

2 Low angle
fractures.

"|Horizontal ™ |

fracture.

Low angle
fracture.

High angle
fracture.

Horizontal
fracture.

-4 3;

L — — —

——— —— —— 4 —

b ey ey e e —

Rubble Zone.

Vesicular.

2.9' one large
vesicle.

4.0' one large
vesicle.

5.0 basalt —
with random
vesicles.

Vesicular
fractures.
Vesicular
Band.

Massive
Basalt.

Vesicular.

Massive
Basalt.

2 Vesicular
“Bands. — T
Notice a
sudden and
constant
decrease in
well diameter
from6.1" to
5.75" at20'.

Massive
Basalt.

Rubble Zone.




I-4 Gamma and Caliper Data
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(4) wideg
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60
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Gamma

30

25

20

15

10

T

d e e m e e e e aaa

e = m e e e e 4 - m - am e ea—— =
1
'
'
'
R, |
'
1
+
1

B T T T U S
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e s m e e e - e

-3

18 F oo

20 -
254 - -

304------- Tt

(¥) wdeq

404 -------o o

45 L.

504 -----------

-7 3 A

60
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Mo

11.2

137
141

L._..._._1|__.——_____.._

— e emm dee e e — — —

Bottom of W

4.0 |2 Horizontal
4.1 |fractures.

Low angle
fracture.

10.1] 2L ow angle -
10.3 |fractures.

High angle
17.1 fracture.

Low angle
fracture.

— e e

21.8 | Low angle
fracture.

6l1

el3 Rubbly Area.

Z;:lg Rubbly Area.

17.5 { Rubbly Area.
s

Vesicular
Zone.

Notice a
sudden
decrease in
caliper.

Rubbly Area.

Rubbly Area.

[VesicUlar
Zone.

Massive
Basalt.

Rubbly Area.

Massive
Basalt.
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y

gt

47

2,0

w

5

%
&
7

38.6

395

.11.2

12.6
13.0

32.2

Horizontal
sed. stained.

Horizontal
sed. staining
with
imineralization

Horizontal
sed. stained.

Horizontal
sed. stained.

2 Horizontal
fractures.

Horizontal
sed. stained.

Horizontal
sed. stained.

Low Angle
sed. stained.

23
|

3"

12.0

13.5
14.5

- —

23.0

IR

-16:0

High angle
fractures with
sed. staining.

Low angle
fracture zone —
with sed. stain.

High angle
sed. stained.

High angle
sed. stained.

Highly fracture
zone. Low and
High angle. No
sed. staining.

Low angle
fracture zone.

Low angle
fracture zone
with sed.
staining.

1 high angle
and 1 low
angle fracture.
Sed. stained.

N

Highly fractured
zone. Low and
high angle.

No Recovery.

Upper
Vesicular.

Massive Zone.

Massive Zone.

Moderately
vesicular.

Sediment
staining.

Massive Zone.

Moderately
vesicular.

Massive

Massive Zone.

Moderately
fvesicular.

Lower
Vesicular.

35.5 Flow
Break.
Rubble Zone.

Partially
sediment
filled.
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e e L

_-;’__—"——7_______—_1_______"T“'"r"""7""'"""_7"__'"'"1'""'""'"_1_""'__’

49.0

58.2

2 Horizontal
sed. stained
fractures.

Low angie
sed. stained.

Horizontal
sed. stained.

sed. stained.

2 Horizontal
fractures.

Highly fractured
zone. Low
angle with

sed. staining.

41.3
4.7

Low angle
sed. stained.

Low angle —

Lowangle ™ |

50.2

51.6
52.2

sed. stained.
Low angle
sed. stained.
Low angle
sed. stained.

Low angle
_ised. stained.

Low angle
sed. stained.

Highly fracture
-1zene—Sed— —
staining.

Rubble zone.

Rubble-like.

Massive Zone.

Massive Zone.

Slightly
vesicular.

Massive Zone.
Highly
vesicular.

Highly
vesicular.
Massive Zone.

Slightly
vesicular.

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

18
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aliper Data

FC

11-1 Gamms

-1

Caliper (in)

14 15 16 17 18 19 20

13

10

1
v
'
e
'
'
1

v
'
'

e e e - ===
'
'
[

501 -+~ - -

11-1

Gamma

12

10

el el

104 - - - -

=t

304 - - - -

4N wdag

as{ - - - -

554 - - - -
60
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‘%.W’“ ’

N

K“ s

No recovery
2.0-4.7 2.0-3.5 Upper vesicular
3.54.7 Massive basalt zone
2.3 Horizontal fracture with sediment staining
2.3-3.1 High angle fracture with sediment staining
3.78 Horizontal fracture with sediment staining and mineralization
4.7-9.8 4.7-9.8 Massive zone
7.3 Horizontal fracture with sediment staining
9.8-14.8 9.8-10.1 .Massive zone, moderately vesicular
10.1-14.8 Massive zone, slightly vesicular
9.8-10.1 Massive zone, moderately vesicular
11.2 Horizontal fracture with sedimentary staining
12.0-13.5 High angle fractures with sedimentary staining
14.3-14 8 High angle fracture with sedimentary staining
14.8-19.8 14.8-17.2 Massive zone, slightly vesicular
17.2-17.5 Massive zone, moderately vesicular
17.5-19.8 Massive zone, slightly vesicular
16.8 Horizontal fracture with sedimentary staining
17.3-18.3 Highly fracture zone-No sedimentary staining-Probably due to drilling
19.8-24.3 19.8-22.0 Massive basalt, slightly vesicular
22.0-22.9 Massive zone, moderately vesicular
22.9-24.3 - Massive basalt, slightly vesicular
24.3-29.3 24.3-29.3 Massive basalt, slightly vesicular
26.0-26.1 Low angle fracture with sedimentary staining
26.3-26.8 Fracture zone with sedimentary staining
27.1-27.5 - Several low angle fractures with sedimentary staining
29.3-33.8 29.3-33.8 Massive basalt, slightly vesicular
30.1-30.6 Fracture zone with sedimentary staining
299 Horizontal fracture with sedimentary staining
32.2 Low angle fracture with sedimentary staining
33.8-38.8 33.8-34.7 Massive zone, slightly vesicular
34.7-35.5 Lower vesicular .
35.5-37.3 Flow Break. No returns--Probably rubble zone
37.3-38.4 Rubble zone--Partially sediment filled
38.4-38.8 Upper vesicular
35.5-38.4 Highly fractured
38.8-43.8 38.8-39.5 Rubble Zone--Might be part of upper vesicular
39.5-42.8 Upper vesicular
42.8-43 8 Massive zone
38.8-39.5 Rubbly
40.2-40.3 Highly fracture zone almost completely filled with sediment
40.6 Horizontal fracture with sediment staining
41.2 Horizontal fracture with sediment staining
41.3-41.7 Highly fracture zone with sediment staining
43.8-49.0 43.8-49.0 Massive zone, slightly vesicular
43.8-43.9 Low angle fracture with sedimentary staining
46.7 Horizontal fracture with sedimentary staining
49.0-54.0 49.0-49 8 Massive zone

20




%, 49.8-54.0 Massive zone, highly vesicular
b 50.0-50.3 Several low angle fractures with sediment staining
51.5-51.7 Low angle fracture with sediment staining
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 sedimentary stained
60.4-60.9 Highly fractured and sedimentary stained.

.W[
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|
|
I

pplicable.

Not Cored.

Not Cored.
None Installed.,
|Not Applicable. |

|NotA

1
|
I
|
|

-+

D

R e e

Low angle.

- Low-angle— -
Low angle.

High angle
fracture.

Horizontal.
Low angle
fracture.

Horizontal
fracture.

Low angle
fracture.

—;tlorizcntiat
Low angle.
High angle
fracture.

High angle
fracture.

Low angle
fracture.

37.0

High angle
fracture zone.
-One-wide — —
horizontal
fracture.

e o e p o]

Rubble Zone.

Vesicular.

5.1 vesicular
band.

6.9 &7.2
vesicular
bands.

Massive
Basalt. —

Vesicular
Bands.

Vesicular.

Massive
Basalt.”

Vesicular.

Massive
Basalt.

Vesicular._

Rubble Zone.




|

Not Cored.
None Installed.,

Not Cored.

l
|
|

T
il

it

| Not Applicable.|

_

DIM

44.7

455

49.0

_ﬂ_jﬁ i
£
[0
QO
o
<

e 54.0
Z

56.9

59.0

— —|60:0-

— —

42.5
43.0

44.7

45.4

49.4

Horizontal
fracture.

2 Low angle
fractures.

Low angle
fracture.

Low angle
fracture.

Horizontal
| fracture. 4

Low angle
fracture.

5?1

-60.1]

0!

Rubble Zone.

Rubble Zone.

Vesicular.

Vesicular.

Massive —
Basalt.

-60-Water- —
Table.
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Two low angle

i
©
N

© |

Two low angle

e

High angle
fracture.

fractures.

High angle
fracture zone.

Low angle
fractures.

Rubble Zone.
Massive
Rubble.

Vesicular.

Two high angle

Massive
Basaltwitlr —
sparse
vesicles.

Vesicular
Bands.

Massive
Basalt.

Vesicular— —

Massive
Basalt.

Massive
Basalt— — —

Rubble Zone.
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Well 11-4



BORING # DATE DRILLED: |LOGGED FROM: METHOD: PAGE:
"-4 July 14, 1995 Coring HX Coring using Water | 1/2
DRILLED BY: LOGGED BY: NORTHING: |[EASTING: SURFACE ELEVATION:
NEL David Burgess | 186.4 ft.| 190.8 ft.| 5248.7 ft.
— Py . :
© | @| total g S50 Singie Fracture . omments
o s > |8=| Fracture Zone
Do| £ (92Mma caliper cos B S+
% Qs (cps) (inches) 3 § > ‘(.’.” g < description| @ [ description
= ()] 8 >=| @ (]
= | O 4525 65 10 ° o
» : D Massive Zone.
\ e
: 181 17
I
: Vesicular.
4 4 |Lowangle
: fracture.
o i At el e Y At o e assive Zone.
|
I 25 |12 Horizontal
' 7 |Clean Vesicular.
: : fractures.
|
S FEO. S god 4| — f—— IR SE—— TR
I 0.6 11.0 |Horizontal.
| |
| |
: ! 13.0 |Low and high |Massive Zone
' | angle fracture |with some
', : 4 Low angle 14.0 |zone. vesicles.
! I 144 \fracture. )
ik ki it i o 1 1 I | 652 (i i e - — 1T — — — ] Muassive Zone:
| | .
Horizontal "
: : 16.8 |iith sadiment Some \(esucles
[ | staining. pLESEI
| I
| I
: : Massive Zone
-1 —— 7==—"F 2001 290— —+ —— — — —— 1 — — — — — with-some— —
: ! 208 vesicles.
| |
| |
: : 24.0 |Low and high [Massive Zone.
[ | I |angle fracture
O |9 O R S PPN -
! ! 25.6 [Majority high  |Massive Zone.
| | I [angle fracture
I I | [zone with some
; ' low angle
| : 28.1 [fractures.
| |
! I A O T S I T
N 3071 High angle Massive Zone.
' ' 31" |fracture with
: : 31.9 [tan silt tanning.
[ I 32.6 |Horizontal. c’:i)r(i)llsiilgly from
| ) I
l l Low angle
— [ I 34.2 fracture with
' I isediment | | |
o 2R e i 1111/ A I <= R M
| |
: : =28 37.1 [Low and high |37.1 Flow
| | : I |angle fracture |Break.
| | 38.2 |zone.
: : i Low and high
i 39.2 |angle fracture [Highly
: : o 33,6 one. fractured.
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BORING # II 4 DATE DRILLED: |LOGGED FROM: METHOD: PAGE:

July 14, 1995 Coring HX Coring using Water | 2/2
DRILLED BY: LOGGED BY: NORTHING: [EASTING: SURFACE ELEVATION:
INEL David Burgess 186.4 ft.| 190.8 ft.| 5248.7 ft.
CERER » Single Fracture
8 g tolal 2. |E2| Fracture Zone COMMENtS
O o| = | 9amma : « g*_c S g
S0o| | (cps) caliper Sza 95| 2 |description| @ | description
o | = i (inches) ~o33 w8 = =
= o o] Ol o
%= D (o] > o= ()} ()]
= V9 ey5 95 |3 6.5 10, © T ©
: 40.5' Flow
J/ Break.
| Rubble Zone
I 40.5't0 43.6'.

43.6 |Low, high, &
I |vertical Upper/Lower
1 |fractures w/ vesicular.

|
|
|
|
|
|
|
|
|
i ol a- A e M A Msediment |~ T
! I staining. A Fl
r | 46.6 2 o
| ! i L le ‘
i Horizontal. 47 4 |LOW ang

: : 2 |42 Ised stained. |48'f fracture zone.
' I g. ;
| | 492 495 |Lowangle. || | %'2 N?ar vertical
| | : ractures.

s = L e 504 — —|-49.9 {Horizontal  fg e 4 5022 [ s e
5 | Sed. stained. :5‘0.17
' ! 718 : 52.2 Flow
' I 552'27 High angle Break
: 1 . :
| ! 535 |Horizontal 53 g [ZEn=W e 2
: | 54 1 : ' 2 |sed. staining. 2 W R
; : 54.3 |Low angle.
[ = e e BB SR = o = e e —55-1{tow andhigh—|— — — — —
| | I |angle fracture [56.3 Flow
I | 1 |zone with Break.
: ! 57.2 |sed. staining. |Rubble Zone
| ; o Low and high 56.3"to: 57.2".
! I -~ langle fracture
| | zone with
(S S U | 11} U i O T e

Bottom of Well Il-4 60,0’
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Well 11-4

Vertlcal Well

Core loggmg bv bavnd Burgess on Julv 14 1995

Core Run»(feet) I Vertxcal Depth :_

1.5-4.9 IS 9 Upper vesicular, significant calcite crystals filling void spaces
1.9-4.9 Massive zone
4.1 Horizontal to low angle fracture, void of sediment or mineralization-
This fracture may have been caused during the coring process
4.9-9.9 4.9-6.5 Massive zone with air bubbles/vesicular
6.5-7.0 Massive zone
7.0-7.3 Massive zone with air bubbles/vesicular
7.3-9.7 Massive zone
9.7-9.9 Massive zone with air bubbles/vesicular
T Horizontal fracture, clean
7.8 Horizontal fracture, clean
9.9-14.9 9.9-10.6 Massive zone with air bubbles/vesicular
10.6-13.0 Massive zone
13.0-14.6 Massive zone, with tan silt infill, highly fractured
14.6-14.9 Massive zone
11.0 Horizontal fracture
13.0-14.0 Fracture zone, high angle and horizontal fractures
14.3-14.5 Moderate angle fracture
14.9-20.0 14.9-20.0 Massive zone
20.0-25.0 20.0-20.8 Massive zone, air bubbles/vesicular
20.8-25.0 Massive zone
24.0-25.0 Highly fractured zone, low to high angle fractures, some of these
fractures may have been caused during removal from core barrel-
however some sediment staining is present
25.0-30.1 25.0-30.1 Massive zone, non-vesicular more vesicular beginning at 28.1'
25.6-28.0 Highly fracture zone-mostly to low angle fractures with some
horizontal fractures
30.1-35.1 30.1-35.1 Massive zone
31.1-31.9 High angle fractures with tan silt staining
32.6 Horizontal fracture-possible caused during drilling recovery-No
sediment staining
34.2-34.3 Low angle fracture with sediment staining
35.1-40.1 35.1-36.6 Massive zone
36.6-37.1 Lower vesicular
37.1-38.2 Flow break-lower vesicular-highly fractured
38.2-39.2 Upper vesicular
39.2-39.6 Upper vesicular, highly fractured
39.6-40.1 Massive zone
37.1-38.2 Highly fractured zone with sediment staining
38.7-38.9 Low angle fracture with no sediment staining
39.2-39.6 Highly fractured zone
39.6-40.1 Massive zone
40.1-45.1 40.1-40.5 Massive zone
40.5-43.6 Rubble zone with only partial returns
43.6-45.1 Upper vesicular
44.2-45.1 High angle and vertical fractures with sediment staining
45.1-50.1 45.1-46.1 Upper/lower vesicular
46.1 Flow break
46.1-49.2 Upper vesicular
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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




R T e e e T NS . S T e, R R O~ R S s - A S A S e I

43



e S

TR R R T

e ies i e

]

bt



it 3 Bk e s hee e

e P Ry TR

45



e o nr

46



o o g A

_.‘I_wthsct‘t.o ..’T.?.;\.'.

T X e P P BT ey

47



48



Well 11-5



BORING # DATE DRILLED: |LOGGED FROM: METHOD: PAGE:
"'5 7/13/95 Coring HX Coring using Water 1/2
DRILLED BY: INEL LOGGED BY: NORTHING: |EASTING: SURFACE ELEVATION:
David Burgess 206.4 ft | 204.6 ft 5249.0 ft
— —— -
© = o) Single Fracture
8 | § | ol S> (82 Fiaclire Zone comments
i | 9amma caliper c8s 3S
S S e (cps) (inches) eaf |25 2 escription| 2 | description
27 |8 28° 3E| & B
= |9 s- |5E|l @ &
.| B4 1595 I3 6.5 10 o k=
ALy I I I ¢ § 'C t
\":"J'-\.':: ; : b ! Rubble? deglcc)nsi?s from
: . 12| § | 25 1.2 1.22.5,
I | i -Vesicles
! | : 3.0 decrease with
| | 35 : High angle i P— d;p”:
-Fracture zone
S B e oy __T__ﬁ_'_,AA, A1 [ QO N RN OO | |tracture zone. 05 &' from.
: 5.8 5.8 coring?
: 5.8
1
|
|
I
! 9.3
I2) 100 AP A i I | | S S CES—— [ SRS | SR
I
|
| 12.1
I 12.7
|
: 13.7 14.2 |Low Angle
|
: 15,8
I 1633
]
|
|
! 18.7
: 19:4 1 19.6 |Horizontal
[ D | T 120 | | | | —
|
|
|
I
. 23.7 2?i]
i 8 SRS SRS | || I SR, ORI S _ | |HighAngle |
! Slightl
: 26.0 gaxly
: 26;'7 27.3 |High Angle Vesicular
l Lot
u 287 2871 . circulation at
| - | |High angle |28 feet.
L e 4 |y |andhorizontal) =
i 1 |zone
| 31.3
: 339 |Low angle
! 32.9 |Horizontal
' 334 IHigh angle
| 337 37| ado |and
i horizontal
) ) . AU — HH - =—]——F+—— = — SRS D St [N P
|| as7| i | 361 |Horizontal 357 | Rubble. Rubble and
1 HE : H . 36'8 no recovery
B | . 36.2 s g;g Horizontal ' from core run.
; ' 37-6 |Low angle
' : 38.4 |Low angle
: 457 a5 | o .
| 40.0 |Horizontal
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BORING # , DATE DRILLED: [LOGGED FROM: METHOD: PAGE:
“'5 7/13/95 Coring HX Coring using Water | 2/2
DRILLED BY: LOGGED BY: NORTHING: |EASTING: SURFACE ELEVATION:
NEL David Burgess | 206.4 ft. | 204.6 ft 5249.0 ft
T | = ingle
S |9 total 2 0| N9 Fracture | mments
2 | @ |gamma . s>. 1S5 Fracture Zone
gg’ < | (cps) calipor S35 |22 2 [description| @ | description
I (inches) R0 M=o £ P £
2= = 28® I8E| B B
£ |9 S >=| o @
J "9 945 25 I8 65 10 o ke
; : : 40.9 4%'8 High angle

! ! 417 |Lowangle |44 Light tan silt in

' ' 42.3 |Horizontal 1 Rubble fractures and

: ' 42.9 |Horizontal 42. vesicles

i 437 in rubble zone

e ' 7 5 [Rubble

| ' 44.4 1High angle | 44.3

—+4+——+———HH —~~53—45!0— ~~~~~~ iiiog’ PUREIPURIRTREE (S5 e

: | : 457 | 456 Low angle

[ | 46.6 |Rubble

! 1 47.3 |Low angle

: : 4;'5 High angle

. , 48.7 48.2

I | 49.7

T T —— =M 1 F ¥ T T T T T T T

: : 51.7 |High angle

: : 52.5 |Horizontal

I 1 53.0

:_ | I ST 111 11— BN 75{.3 er—hgh angle ) Hl_eaw po—

! 55.2 alization of

: ! 222 Lowrangle fractures.

| : A High angle

I I 570 Heavy miner-

| ! 58.1 586 alization of

: I' 1 58.7| i | Rubble? fractures.

[N I T I I DU N N N A I
| :— : - lens| £ 60.5 il ial present.”
foo | . 61.6 |Rubble 61.6 Rubble.
Lo : | 62.2 |Horizontal with low angle ;

P ! i | 625 |Horizontal traciures tan silt mater-
Lo : 63 4 | 62-7 |High angle ial present.
o ! 64.1 ' 63.7 |Rubble Low angle
Lo I 64.1 64.4 fracture zone.
I . Wiy
1T PR SR |||, OIS (NN OO, SIS ~ T Rubble — a0 sit inge-
| |
- : 66.7 66.7
| | I s
g 67.9 |Low angle
: : ; 67.9 fracture zone.
Lo : 68.1 68.7
Lo , :| 68.7 I |Rubble
o -t -t W -2 L4 - ———- 54 R P
I H
o | : 71.5 [Low angle
LA : 3 fracture zone.
e : 71.8 72.2
A : I |Rubble
Lo | 73.3 73.3
] P""'———T—_—__'_——'"-__-‘ —————— . I e e
i
1 Bottom|of Well II15 73{7
I I
| | :
| | |
| | |
| | |
| | |
! | |
| | [
| | L
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Well 1I-5

Vertlcal Well

Core loggmg bv Davnd Burgess on Julv 13 1995

Core Run (feet) | Vertical Depth

058

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’.
5.8-9.3 5.8-9.3 Massive zone.
9.3-13.7 9.3-12.1 Massive zone.
12.1-12.7 Massive zone-Very vesicular. Fracture caused by handling of core.
13.7-18.7 13.7-15.8 Massive zone.
14.2 35° Fracture.
15.8-16.3 Massive zone, very vesicular.
16.3-18.7 Massive zone. 16.9° fracture.
18.7-23.7 18.7-19.4 Massive zone.
19.4-20.4 Massive zone, highly vesicular.
19.6 Horizontal fractures.
20.4-23.7 Massive zone.
23.7-28.7 23.7-26 High angle fracture zone.
23.7-26.7 Massive zone.
26.7-28.7 Massive zone, slightly vesicular.
27.3 High angle fracture to 28°.
28.7-33.7 28.7-33.7 Massive zone.
28.7-31.3 Highly fractured with horizontal and high angle fractures.
31.9-32.1 Moderate angle fractures.
32.9 Horizontal fractures.
33.4-33.9 High angle fracture.
33.7 Horizontal fractures.
33.7-38.7 33.7-35.7 Upper/lower vesicular.
35.7-36.2 Rubble zone, no recovery.
35.7-36.8 Flow break. Rubble zone.
36.8-38.7 Upper vesicular.
36.1 Horizontal fracture.
37.0 Horizontal fracture.
37.3-37.6 Moderate angle fracture.
37.6 Horizontal fracture.
37.7-38.4 High angle fracture.
38.5 Horizontal fracture.
38.7-43.7 38.7-39.3 Upper vesicular.
39.3-40.9 Massive.
40.9-41.4 Lower vesicular.
41.4-42.1 Flow break. Rubble zone. Light tan silt in fractures and vesicles in
the rubble zone.
42.1-43.7 Upper vesicular.
39.1-39.3 Moderate angle fractures.
40.0 Horizontal fractures.
40.8-41.7 High angle fractures.
42.5 Horizontal fractures.
42.3-42.6 Moderate angle fractures.
42.9 Horizontal fractures.
43.7-48.7 43.7-44.3 Flow break. Rubble zone.
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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 fracture.
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 fracture.
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 rubble 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.
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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 vesicular.
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Well 11-6



BORING # DATE DRILLED: |LOGGED FROM: METHOD: PAGE:
""6 July 17, 1995 Coring HX Coring using Water | 1/2
DRILLED BY: LOGGED BY: NORTHING: |EASTING: SURFACE ELEVATION:
INEL David Burgess 218.9 ft.| 226.0 ft. 5249.9 ft.
- —~ TR
s |G| total ° L g| Single Fracture |\ ments|
e o] s>_ |8w| Fracture Zone ,
5ol S |gamma : e i ‘
o2 = (cps) caliper Sz% |og| @ intion] 2 | descripti
s9ls Ps (inches) B85 58| £ description 2 | dbschiption
o =P o Q.
= |9 2 >E| o o
-0 6,5 10 T ke
] 0
| : No Recovery.
| Upper
' o 25 Vesicular.
! 2.5 No staining or
! mineralization.
| s
I
[
- T T T W50 55 | T T T T B I i =
|
|
|
|
: 856 |Two hi .
) i wo high angle| Sediment
y 92 fractures. staining.
i s
Ay e LU 10.0-| #Q:0-|10:3 [Horizontal = |~ — | — — — — ~|Massive Zone|
I :
!
: i |12.6 [Horizontal. 12.8' fracture
| { | 12.8 [Highangle. Sed. stained &
I i | 13.0 |Horizontal. mineralization.
: : | 14.5 |Horizontal. Sediment
| L N B s e e ey
; Massive Zone.
|
: Massive Zone.
! 19.0 H.orizon_tal.
: 19.7| 193 gge;je\g@ent Very vesicular.
o~ — —Hfo0 - | i ' 1 |Massive Zone
: Horizontal No sediment
I 22.2 |with sed. staining.
I staining. )
1 23.0 |Low angle Sediment
! fracture. staining.
|
|
— 1 RSO (R 1~ — |~
| 26.0
!
|
! 28.4 |Horizontal. : Massive.
| 28.7 [High angle Slightly
! 2@'3 sad. stained. vesicular.
' | | ——
Croommsee e | Massive
' Basalt.
; Slightly
| vesicular.
i Sediment
; g stained.
: i | 347 |Lowangle
B I 1111 X B fracture-— — 1354 Rubble Zone. ~|Rubble: —
; ) ) .
, i | 36.5 [Horizontal. | 40 o) G and High |Upper
i Sed. stained. ? angle fracture |Vesicular.
: 37.5 | zone.
: 38.4 |Horizontal.
i 38.8 |Horizontal.
[ Sed. stained.
| 5
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[OGGED FROM: |
Coring
[NORTHING:
2189 ft.
~ Single
. ;Fra,G,ture

|DATE DRILLED: |
‘_LOGGE;D BY:
David Burgess

Water
| SURFACE ELEVATION:

5249.9 ft.

| HX Coring using

2260ft

_description

recovery
depth

core run and
intervals

Low and high
angle fracture

Sed. stained.

Low and high
angle zone w/
sed. staining.

el e e ey e e
\

|
|

“|Horizontal. |

sed. stained.

\

_|-49.9_|sed. stained. +

3

Sed. stained.
Low angle sed.

sed. staining.

Low and high

with sediment

TS RSP FRp————

T
|

T
|
|

F s 2 5 S R oass SRR S A e S TS

Rubble Zone.
40.6 Flow

Break. No
recovery.

Sediment
stained.

Massive zone.

~Massive zone.-

Lower
Vesicular.

No Returns.
Rubble Zone.
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= ﬁpper vééiéular

Induced fracture during drilling or removal. No
sediment staining or mineratization

5.0-10.0 5.0-5.5 Upper vesicular
5.5-10.0 Massive
8.6-9.2 Two high angle fractures with sediment staining
10.0-15.0 10.0-12.1 Massive and slightly vesicular
12.1-12.8 Massive very vesicular
12.8-15.0 Massive and slightly vesicular
10.3 Horizontal fracture. No sediment staining, probably
caused by drilling
13.0 Horizontal fracture. No sediment staining, probably
caused by drilling
12.6 Horizontal fracture with sediment staining and
mineralization
12.6-13.1 High angle fracture with no sediment staining
14.5 Horizontal fracture with sediment staining
15.0-20.0 15.0-19.0 Massive zone
19.0-19.7 Massive zone, very vesicular
19.3 Horizontal fracture filled with tan silt sediment
20.0-25.0 20.0-25.0 Massive zone
20.3-21.5 High angle fractures may have been caused during
drilling. No sediment staining
22.2 Horizontal fracture with sediment staining
22.9-23.1 Low angle fracture with sediment staining
23.9 Horizontal fracture caused when removing core from
remaining shell
24.4 Horizontal fracture caused when removing core from
remaining shell
25.0-30.0 25.0-26.0 Massive, slightly vesicular
26.0-28.3 Massive zone, non-vesicular
28.3-30.0 Massive zone, slightly vesicular
28.4 Horizontal fracture with sediment staining
28.4-29.0 Moderately-high angle fracture with sediment staining
24.2 Horizontal fracture caused when removing remaining
shell
30.0-35.0 30.0-35.0 Massive basalt slightly vesicular
34.6-34.8 Moderate angle fracture with sediment staining
35.0-40.0 35.0-35.1 Massive zone
35.1-35.4 Lower vesicular
35.4-36.0 Flow break. Rubble zone.
36.0-38.7 Upper vesicular
38.7-39.4 Massive zone
39.4-40.0 Lower vesicular
35.4-36.0 Rubble zone with no sediment filling
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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 staining
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
1S 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
44.5-44.77 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 staining
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
S51.7 Horizontal fracture with sediment staining
52.3-53.5 High angle fracture with sediment staining
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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Well 11-7



METHOD: '
Alr Percussron

EASTING: | SURFACE ELEVATION:
1 216.6ft| 5249.4 ft.

Fract'u re

NGRTHING

1802ft

~ Single
Fracture

LOGGED BY. .
Marque Mesa

caliper

(inches) | description |

Log

.\_/,es‘i'ivcmqr' |
4 m,t,erval's ._j

:ILithological

Low angle
1.0 |vesicular
fracture.

i 3o |Lowangle
H vesicular
fracture.

ﬁﬁﬁﬁﬁ |59 |Horizontal | 1 lgparse —
6.0 fracture. vesicles.

Horizontal
9.2 |vesicular
fracture.

ATITTTTT

=t
.—L e
©

Horizontal
vesicular
fracture.

=i
AT e
o
e
w
[6)]

Massive
Basalt.

G
i

19.3 | Horizontal
fracture.
202 [ 20.3 | High angle |

fracture.
215

23.2

25.3 |Low angle Massive
fracture. Basalt.

29 o | Low angle :
SR, RPN 1, - c) |1 - MY, (FUPRE SO (I ——

: Three high
33.0 331 angle
fractures.
3? RubbleZens. 2 ibie Zone.
2| 36.2 |Lowangle 0
fracture.
37.0| Low angle
fracture zone.

Horizontal 3{6

39.2 fracture.

~!
~



[EoRING# ¢ "|DATE DRILLED: |LOGGED FROM:  |METHOD: - PAGE:
""7 July 1995 [T.V. Borehole Camer: Air Percussion 212 |
DRILLED BY: LOGGED BY: ~ [NORTHING: [EASTING: SURFACE ELEVATION:
INEL Marque Mesa 180.2 ft.| 216.6 ft 5249.4 ft.
—~~ g e " . "
T | = . Single Fracture
s |8 total . 82| Fracture Zone @ [FPmmenis
ool o Aty caliper = , -
0o g e (inches) |2 £| 2 |description| @ | description
| % (cps) a2l & S
5= Q >e=! @ )
5 | '_ 15 o5 s 65 1 © S
| 4f-5 Rubble Zone. | Rubble Zone.
' @
I 43.9
' 44 4 |Low angle
4 - )N |-+ — — — — + — fracturezore.{ — — — — —
455 45.2 |Horizontal
fracture.
$ 485 Two
49.0 | Horizontal ]
****** = == e — — T[fractures. | | Sl ian RN
52.0 Hit
52.0 Groundwater
Level.
Water Table.
,,__‘frlv ,,,,, g V?f_.**ff‘ssﬂfff,ii_ff,* T (et [
; A ool [Rubble Zone. |Rubble Zone.
56.0 ;
|
|
W R 1N (. SN N S ——
: ’
Bottom of \Well 1I.7 60,0
|
|
I
|
:
S| INSRPR, S (S (S (PSR T ] .
|
|
|
|
|
|
|
|
R TS T | T— - . -
|
|
|
|
|
|
|
|
L N RPN (S IR, A N
|
|
|
|
|
|
|
|
|
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Well 11-8



)
o

wx
ol
M|

6.8

—16:0-

16.9

19.3

23.2
24.0

29.2

38.2

Low angle
fracture.

fracture.

Low angle
fracture.

Horizontal
fracture.

vesicular.

High angle.

Low angle
fracture.

Horizontal
fracture.

Low angle
fracture.

| Slightly— — 1

L Horizontal- |- —

219
23.8

?‘33&
36.2

37.0

Horizontal
fracture.

Two high

fracture zone.
Rubble Zone.

[Large~ — — —

angle fractures.

'Lowangle

Massive
Basalt.

Slightly
Vesicular.

Slightly
Vesicular.

Slightly
Vesicular.

Rubble Zone.
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51.3

48.0

49.0
49.2

52.1

3 Low angle
fractures.

Horizontal
fracture.

Low angle
fracture.

2 Low angle
fractures.

Low angle
fracture.

41.9

3
a2

51'.3
52.0

High angle
fracture zone

]

Rubble Zone.

Rubble Zone.

53.9’
Groundwater
Level.

Water table
at 53.9'.
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Well S-1



BORING # S 1 DATE DRILLED: |LOGGED FROM: METHOD: PAGE:

7/117/95 Coring HX Coring using water 11
DRILLED BY: 'N EL LOGGED BY: NORTHING: |EASTING: SURFACE ELEVATION:
(30 dSigres siant FansveRical David Burgess 213.1 204.5 5248.9
T 2y Single t
g | €| total T vl 209 Fracture |0, mments]
ool & |9 caliper s |39
S0o| 3| (cps) (inches) S38[85| & [description| 2 |description
o-l| 8 oo |08 = =
£ s 5= g cl Qo o
S [S| 505 s 65 | EHblT LS 5
P ! : No Recovery.
: , 1.0 1§2 1_?1 High angle
I I 2555 2 46 fractures with
! [ : 63 |2 Horizontal | <" |sed. stain. :
i ! %?3 &l £od Stain. Massive Zone.
5 : 4.16 |2 Horizontal
B i 5o | —54-56‘64 +Y;// sedni;eixin.
——t 5 +——+ = — — — = 5] — —|-5.61 Horizontal — {— —_ftowangle — —|— — —-— —
. N e 5.86 |Horizontal | 575 f,gcture%ewith Massive Zone.
| | 1 w/ sed. stain. sed. stain
s | I 6.88 | 6.88 |2 Low angle :
——— n ! 7.14 |w/ sed. stain.
: : 8.67 | 8.67 |2 Horizontal
b g 94 HSE || s S, Massive Zone.
o ! > Low angle
I Y A 1 i oy i L L iy
: | | 11.20 1.5 v sed stain, | 118 P‘g"t‘ angi\fmh assive Zone.
v : 12.58 |3 Horizontal ractures
I | I 12.75(12.7 i sed. stain. .
=== JE N ey R 1] R A [Wisedstain. | |sed-stain_ Massive Zone,
| # 5
o Vertical| Depth of Well S-1 13.6
'—‘__L1—'5_‘__I_’-"H__———j—_-——"g'_“7¥-_— 77777 kel =i A
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1.2-2.55 Upper vesicular.
2:33=0:21 Massive zone.
1.81-2.46 Medium to high angle fracture with
sediment staining.
2.63 Horizontal fracture with sediment staining.
2,12 Horizontal fracture with sediment staining.
4.16 Horizontal fracture with sediment staining.
4.50 Horizontal fracture with sediment staining.
5.01 Horizontal fracture. No sediment staining.
Probably caused during drilling.
6.2-11.0 524933 3.27-9.35 Massive zone.
5.69-5.86 Low angle fracture with sediment staining.
5.86 Horizontal fracture with sediment staining.
6.88 Low angle fracture with sediment staining.
7.14 Low angle fracture with sediment staining.
8.67 Horizontal fracture with sediment staining.
9.01 Horizontal fracture caused from removing
core from reaming shell. No sediment
staining.
11.0-16.0 9.35-13.6 9.35-11.05 Massive zone.
11.05-11.39 Massive zone. Moderately vesicular.
11.39-12.32 Massive zone.
12.32-13.0 Massive zone. Moderately vesicular.
13.0-13.6 Massive zone.
9.55 Horizontal fracture with sediment staining.
9.94-10.03 Low angle fracture with sediment staining.
11.05 Horizontal fracture with sediment staining.
11.56-12.24 High angle fracture zone with sediment
staining.
12.58 Horizontal fracture with sediment staining.
12.75 Horizontal fracture with sediment staining.
13.0 Horizontal fracture. No sediment staining.
Fracture probably caused during removal of
core from reaming shell.
13.6 Bottom of Well S-1
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Well S-2



)
V

|
1

o e o

7.56

2 Horizontal
and sediment
stained.

Low Angle.

Horizontal.
Horizontal.
Horizontal.
Horizontal
and sediment
stained.

Low angle.

Horizontal.

e

13.73

Low angle sed.
stained zone.

Low angle
sed. stained.

Calcite crystals
at 2.38'.

Massive Zone.

Massive Zone.

Massive Zone.

No sediment
stainingat™ —
14.79'.
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Upper vesicular

: Massive zone
1.3-1.4 Moderate angle fracture with sediment
staining
195 Horizontal fracture with sediment staining
2.38 Horizontal fracture with sediment staining
and calcite crystals
2.97-3.06 Low angle fracture with sediment staining
3.31-3.48 Low angle fracture with sediment staining
5.1-10.0 4.33-8.5 4.33-8.5 Massive zone
6.29 Horizontal fracture-no sediment staining
7 il Horizontal fracture-no sediment staining
1.56 Horizontal fracture at small vesicular zone
with sediment staining
8,33 Horizontal fracture-no sediment staining
10.0-15.0 | 12.83-17.08 12.83-13.09 Massive zone, moderately vesicular
13.09-17.08 Massive zone
13.68-13.85 Low angle fracture with sediment staining
14.79 Horizontal fracture-no sediment staining
13.3 Horizontal fracture with sediment staining
15.47 Horizontal fracture-no sediment staining
17.08 Bottom of Well S-2
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Well S-3



2.5

8.16

12.4

— 4
16.7

29.1

-

33.5

(349
1135.2]

o —

De

11,98

i
(S TIPS

4

20°82

N
N

e

N
| =

oL

“115.21]

1,19
2.04

3.14
3.48

4.33
552
6.54
7.65

11.9

13.26

14.7

16.06
17.59

19.8

354 |
36.1

Horizontal
sed. stain.
Horizontal.
Horizontal.
Horizontal.
Horizontal.

Horizontal.
Low angle.
Horizontal.

Horizontal.

Low angle
sed. staining.

Horizontal.

Horizontal.
Horizontal.

Horizontal
with sediment
staining.

Horizontal.

Horizontal
sediment
staining.

Low angle.
Horizontal.

Horizontal w/

sed, staining
Horizontal w/

sed. staining

23.4

26.0

36.4
372

23.75
24 55

'ZEOTSGGL -staining. —

Low angle
fractures with
sediment
staining.

Low angle
fractures with
sediment
staining.

Low angle with
| sed. staining.__

Low angle with
sed. staining.

Low angle with
sed. staining. —

Low angle
sed. staining.

Low angle
sed. staining.

Low angle
sed. staining.

Low angle

Low angle
sed. staining.

Low angle
Highly fractured
zone with sed.
staining and

mineralizaiton.
e e e

All fractures
in the first 5’
have
mineralization.

Massive Zone.

Massive Zone.

Massive Zone.

Massive Zone.

Massive Zone.

N 15%
intergranular
porosity.
Massive Grey
Basalt.

Fracture at
35.4' has
mineralization.

37.7
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1.0-4.3 1.0-3.65 1.0-2.72 Upper vesicular
2.72.-3.65 Massive zone
1.19 Horizontal fracture with mineralization and
sediment stain
2.04 Horizontal fracture with mineralization. No
sediment stain
3.14 Horizontal fracture with mineralization. No
sediment stain
3.48 Horizontal fracture. No mineralization or
sediment stain
3.4-3.65 Low to moderate angle fracture with
sediment staining
4.3-9.6 3.65-8.16 3.65-8.16 Massive zone
2.89-3.82 Continued fracture from above run
3.91-4.25 Moderate angle fracture with sediment
staining
4.33 Low angle to horizontal fracture with no
sediment staining
.92 Horizontal fracture with sediment staining
6.54 Low angle fracture with sediment staining
6.54-6.8 Moderate angle fracture with no sediment
staining
7.65 Horizontal fracture. No sediment staining
The following data was logged on
July 20
9.6-14.6 8.16-12.4 8.16-11.98 Massive zone
11.98-12.4 Massive zone, moderately vesicular
9.26-9.35 Low angle fracture with sediment staining
10.96-11.22 Two low angle fractures with sediment
staining
11.9 Horizontal fracture. No sediment staining
14.6-19.6 12.4-16.7 12.4-13.4 Massive zone, moderately vesicular
13.4-16.6 Massive zone
12.4-12.49 Low angle fracture with sediment staining
13.26 Low angle fracture with sediment staining
14.7 Horizontal fracture with sediment staining
14.87-15.0 Low angle fracture with sediment staining
15.21 Horizontal fracture with no sediment
staining
16.06 Horizontal fracture with no sediment
staining
19.6-24.5 | 16.7-20.82 19.21-20.4 Massive zone
20.4-20.82 Massive zone. Moderately vesicular
17.59 Horizontal fracture with sediment staining
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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
staming
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
stamning
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
33.2-37.3 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 31.7 Bottom of Well S-3
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Well S-4



Bt A A

7.9

16.3

34.0

38.2

-
w

w

20,57

35.8

—20.1 7

NN
RSN
oww

28.8
29.4

37.3

38.6

Low angle.
Sediment
stained.

Low angle
sediment
stained.

Horizontal

stained.

3 Horizontal
fractures with
sediment
staining.

Horizontal.
Horizontal

staining.

Low angle
with sediment
staining.

Low angle
with sediment

[sediment — |

with sedimenf]

32.5

3}8
35.7

37.5

“fracture zone. |

2 Low angle
fracture zones
with sediment
staining.

Low angle.

2 Low angle
fracture zones
with sediment
staining.

Low and high
angle fracture
zone.

High angle
fractures.

Low angle
Hraetures: — —

Low and high
angle fracture
zone.

Low and high
angle fracture
zone.

Low angle
fracture zone.

High angle

Low angle
fracture zone.

Low angle

staining.

39.8

Heavy calicte
mineralization.

Massive Zone.

Highly
fractured.
Moderate-high
vesicularity.
Slightly
oxidized.

Massive Zone.

Sediment
staining.
Sediment
staining.. — —

Sediment
staining.

Sediment
staining.

Massive Zone.

Lower— . __
Vesicular.
Flow Break.

Sediment
staining.

Sediment
staining.

Upper
Vesicular.

Flow Break.

fracture zone.
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46.6
47417
47.8

51.3

58.7

.9 |2 horizonta
40.9 tractures with
sed. staining.
Low angle
azz fracture with
sediment
staining.

57.9 |Horizontal.

2 Low angle ini
49.2 |fractures ?Nith AR, ,
50.0{sediment — - — + — — — — — Massive Zone.
staining. Lower
Low angle Vesicular.
52.3 |fracture with High angle Flow Break.
sediment 1 |fracture zone. |Rubble Zone
staining. géz Two low angle |geq. stain.

Low and high

Minimal

angle fracture recovery

42|2 zone with ’
< | sediment
staining.

Massive Zone.

Low angle 47 .2-47 .8

48.3 |fracture zone |Rubble Zone
with sediment

fractures. :
FRaIres Massive Zone.

555 Lowangte— —|Upper — — —
55!9 fracture zone |vesicular.

Sed. staining.
High angle — |57.3-57.5

gglg fracture zone. |Rubble Zone.
2 |Sediment Flow Break.

staining.
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1-4.3 1-3.65 1-3.57 Upper vesicular
3.57-3.65 Massive zone, slightly vesicular
1.27-1.4 Several low angle fractures with sediment
staining
2.6-2.8 Two low angle fractures with sediment
staining
3.4 Horizontal fractures due to removal of core
from reaming shell
The following data was logged on
July 28, 1995
4.3-9.3 3.65-7.9 3.65-7.9 Massive zone, slightly vesicular
4.93-5.0 Low angle fractures with heavy calcite
mineralization
6.37-6.63 Moderate angle fracture with sediment
staining
6.88-7.22 Moderate angle fracture with sediment
staining
7.4-7.65 Fractures due to removal of reaming shell
9.3-14.2 7.9-12.07 7.9-12.07 Massive zone, slightly vesicular
8.75 Low angle fracture with sediment staining
14.2-19.2 | 12.07-16.32 12.07-12.5 Massive zone
12.5-13.34 Massive zone, moderate to highly vesicular,
and slightly oxidized
13.34-16.32 Massive zone, slightly vesicular
12.5-13.68 Highly fractured zone with sediment
staining and oxidation
19.2-24.2 | 16.32-20.57 16.32-18.9 Massive zone, slightly vesicular
18.9-19.97 Massive zone, moderate to highly vesicular.
Not oxidized
19.97-20.57 Massive zone, slightly vesicular
17.68-17.76 Low angle fracture with sediment staining
18.2-18.95 Fracture zone. Mostly low angle with
sediment staining
19.38-19.72 Fracture zone. Mostly low angle with
sediment staining
20.06 Horizontal fracture probably caused when
removing core from reaming shell. No
sediment staining
The following data was logged on
August 28, 1995
24.2-30 20.6-25.5 20.6-25.5 Massive zone
21.9 Horizontal fracture with sediment staining
22.3 Horizontal fracture with sediment staining
23.0 Horizontal fracture. No sediment staining
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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

Upper vesicular

Dl 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
57.3-577.5 Rubble zone
57.9 Moderate angle fracture. No sediment
staining
57.9-58.3 Moderate angle fracture with sediment
staining
Note: A flow 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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14.8 |
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|2 High angle|

fractures.

Low angle
fracture.

fracture.

High angle

High angle.

fracture.

Low angle
fracture.

High angle.

Low angle
fracture.

Low angle
fracture.

High angle
fracture.

Low angle
fracture.

High-angle- .

[ fracturé.” —

Low angle |

Rubble Zone.

Vesicular.

f— — — — —

Vesicular.

Massive
Basalt.

Vesicular.

Massive
Basalt.

Massive
Basalt.

Massive
Basalt.
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Vesicle.

Vesicular.
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