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Well R-28 Completion Report

ABSTRACT

Well R-28 (R-28) was installed at Los Alamos National Laboratory (LANL) for LANL’s
Groundwater Protection Program as part of the “Mortandad Canyon Groundwater Work Plan”
(LANL, August 2003, LA-UR-03-6221). The Department of Energy contracted and directed the
installation of R-28 with the technical assistance of LANL. The well is intended to provide
hydrogeologic and water quality data for regional groundwater in the vicinity of potential
contaminant sources in Mortandad Canyon. The data will be used with similar data from other
wells in the area to improve the conceptual model for geology, hydrogeology, and
hydrochemistry in this wet canyon and provide constraints on numerical models that address
contaminant migration in the vadose (unsaturated) zone and the regional aquifer.

At R-28, fieldwork was conducted from November 7, 2003 through Spring, 2004.

Phase I of fieldwork was conducted from November 10 to November 21, 2003, and consisted of
drilling a corehole to collect continuous core for geochemical analysis, contaminant profiling and
identification of perched water zones. Continuous core was collected from the surface to a depth
of 325.0 feet (ft) below ground surface (bgs). No significant perched water zones were identified
during drilling.

In Phase II drilling, November 20 to December 9, 2003, a borehole was drilled to a depth of
1005 ft bgs using air and fluid-assisted air-rotary methods. Samples of drill cuttings were
collected at regular intervals for stratigraphic, petrographic, and geochemical analysis. The
stratigraphy encountered during borehole drilling included, in descending order, alluvium and
colluvium, ash-flow tuffs of the Otowi Member of the Bandelier Tuff, the Guaje Pumice Bed of
the Otowi Member, Cerros del Rio basalt and the Puye Formation. The R-28 well was installed
in the regional aquifer with a screen interval from 934.3 ft to 958.1 ft bgs. Three groundwater
screening samples were collected during drilling and one groundwater well sample was collected
after well development. Groundwater samples were submitted to LANL for analysis.
Additionally, a constant rate pumping test was conducted at Well R-28 to determine aquifer
properties.

KA Project No. 37151 v April 2004
Final



























































































































Well R-28 Completion Report

other logs that are sensitive to water exhibit low water content and, thus, low water saturation
(the ELAN water saturation estimate is less than 40%).

Water-filled and total porosity3 mostly ranges 25-40% across this interpreted saturated interval
below 890 ft, reaching values as high as 50-60% in severe borehole washouts. Moveable water
content (effective porosity) is high as well, ranging 12-20% of total rock volume, reaching 30—
45% in the severe washouts. The highest total and effective porosity, besides erroneously high
values across obvious washouts, occurs at the bottom of the well in the zone 932-1000 ft,
reaching 40% and 20%, respectively, of total rock volume. Hydraulic conductivity, estimated
from the EL AN analysis, varies mostly between about one to10 gal/day/ft2 across this interval.

Vadose Zone Perched Water

The processed logs indicate a significant decrease in water content, from 40% of total rock
volume at 893 ft to 18% at 887 ft and 10% at 879 ft, likely corresponding to a transition from
fully water-saturated conditions below to a vadose zone above. Unsaturated conditions in the
interval above 890 ft are corroborated by a sharp almost 60% decrease in the ELAN water
saturation estimate from 890 ft to 887 ft. The estimated water saturation stays mostly below
40% up to 737 ft. In the remainder of the section above 737 ft the processed logs indicate some
zones of higher water saturation, but no significant fully water saturated zones. The ELAN
water saturation estimate rises above 60% in the zone 465-516 ft, but this zone has low porosity
(less than 10% of total rock volume) and water content — likely corresponding to a dense,
competent section of a basalt lava bed.

ELAN estimated water-filled porosity averages 8—13% of total rock volume in the interval 687—
879 ft, with a sharp peak of over 30% at 832 ft that is coincident with a sharp borehole washout.
The total porosity (air plus water) ranges 20-30%. Moveable water content generally ranges
only 2—-5% of total rock volume across this interval, except over 30% at 832 ft (an artifact of the
washout).

In the depth interval 545-687 ft the ELAN water-filled porosity varies significantly, with zones
of higher water content at:

o  545-563 ft: Water-filled porosity increases from 10% at 545 ft to 15% at 687 ft. Moveable
water content ranges 5—12%, reaching 12% at 687 ft. This zone also has much higher total
porosity than the surrounding section (generally 30—40% of total rock volume) — likely
corresponding to a “broken-up” rubble zone within a basalt lava sequence;

o 594-614 ft: Water-filled porosity reaches 27% (mostly 15-20%) and moveable water content
reaches 13%. The zone is characterized by high total porosity (20-44%) — likely a rubble
zone within a basalt lava sequence;

o 624630 ft: Water-filled porosity reaches 23% and moveable water content 10% — coinciding
with an increase in total porosity to 34%;

o 656-687 ft: Water-filled porosity reaches 23% (mostly 12—18%) and moveable water content
reaches 10% at 660 ft. The EL AN analysis identifies this zone as the bottom of a basalt lava
sequence with a clay-rich bed lying below (673—688 ft).

® wWater-filled porosity is defined in this report as the fraction of the total rock volume occupied by water. Total porosity is defined as
fraction of the total rock volume occupied by water plus air, plus any other fluid or gas (non-solid).
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In the interval 348-545 ft the water-filled porosity is consistently low, ranging 5-8% of total
rock volume, except a little higher (reaching 11%) in the zone 365-378 ft. The ELAN estimated
moveable water content is about 5% of total rock volume. This interval is fully within a basalt
lava sequence (as identified from the ELAN analysis).

The interval 318-348 ft, corresponding to the top of the above-mentioned basalt lava sequence,
contains several peaks of higher water-filled porosity:

o 318-320 ft: Water-filled porosity of 30% corresponds with a clay bed lying between the
basalt below and the bottom of the Guaje Pumice Bed above — as inferred from the ELAN
analysis;

o 323-333 fi: Water-filled porosity of 20-23% and negligible moveable water content, with a
low porosity zone (10%) directly below — possibly acting as a vertical flow barrier. The zone
is entirely basalt (as identified from the ELAN analysis);

s 340-348 ft: Water-filled porosity reaches 30%, with negligible moveable water content. The
ELAN analysis identifies this zone as a silica-rich, non-basalt zone within the top of the
basalt lava sequence.

The pumice/tuff sequence lying above the above-mentioned basalt — that extends up through
most of the remainder of the logged interval (32-318 ft) — is characterized by considerably
higher water-filled porosity, but generally low moveable water content. The zone 298-318 ft,
likely corresponding to the Guaje Pumice Bed, has extremely high estimated total porosity
(60%), but low estimated water-filled porosity (8%) — all of which is moveable water. Likely the
very large borehole washout across this zone is contributing to a lower water content than is
normally seen in the bottom of the Guaje Pumice Bed. Above this washed out zone the water-
filled porosity jumps to 20% at 296 ft, then slowly decreases to 14% at 244 ft. Moveable water
content is very low (2%) across this interval. There is an anomalous, high water-filled porosity
zone at 205-2335 ft, with estimated water-filled porosity of 32-42% and no moveable water. The
zone has higher total porosity than the surrounding section, but is less washed out (the latter
suggesting it is a true formation response). The nature of an anomalous zone is uncertain and
requires further investigation. Above 200 ft the water-filled porosity is generally about 12%,
with moveable water content of 3-4%, except it increases to 18% at 70-96 ft.

Geology

The processed geophysical log results delineate the geologic material and many of the formation
contacts intersected by R-28. The generalized geologic stratigraphy observed from the logs —
independent of any other information — across the logged interval is as follows (depth below
ground surface):

e 32-204 ft: Porous volcanic tuff — characterized by high total porosity (40-50% of total rock
volume), high sanidine and silica mineral/glass content;

e 204-235 ft: Very porous volcanic tuff/pumice — characterized by very high total porosity
(52-57% of total rock volume), high water-filled porosity (32-42%), high sanidine content,
and moderate silica mineral/glass and augite content;

e 235-298 ft: Porous volcanic tuff — characterized by high total porosity (46-52% of total rock
volume), high sanidine and silica mineral/glass content;
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298-315 ft: Very porous volcanic pumice/tuff — characterized by very high total porosity
(60—64% of total rock volume), high sanidine and silica mineral/glass content;

315-320 ft: Clay-rich zone — characterized by relatively high total porosity (40% of total
rock volume), and high clay content;

320-332 ft: Basalt lava, rubbly — characterized by moderate total porosity (30—40% of total
rock volume), high plagioclase content, and relatively high heavy mafic mineral content;
332-340 ft: Basalt lava, competent — characterized by low total porosity (8% of total rock
volume), high plagioclase content, and relatively high heavy mafic mineral content;

340-346 ft: Likely very porous interflow zone — characterized by very high total porosity
(53% of total rock volume), high silica mineral/glass and potassium feldspar ;

346-384ft: Basalt lava, rubbly — characterized by high total porosity (30-50% of total rock
volume), high plagioclase content, relatively high heavy mafic mineral content, and minor
amounts of clay;

384470 ft: Basalt lava, competent — characterized by relatively low total porosity (15-20%
of total rock volume), high plagioclase content, and relatively high heavy mafic mineral
content;

470-541 ft: Basalt lava, very competent — characterized by very low total porosity (6—12% of
total rock volume), high plagioclase content, and relatively high heavy mafic mineral
content;

541-564 ft: Basalt lava, rubbly — characterized by high total porosity (30-50% of total rock
volume), high plagioclase content, and relatively high heavy mafic mineral content;

564-594 ft: Basalt lava, competent — characterized by relatively low total porosity (12-18%
of total rock volume), high plagioclase content, and relatively high heavy mafic mineral
content;

541-614 ft: Basalt lava, rubbly — characterized by high total porosity (30—45% of total rock
volume), high plagioclase content, relatively high heavy mafic mineral content, and minor
amounts of clay;

614-618 ft: Basalt lava, competent — characterized by relatively low total porosity (15-20%
of total rock volume), high plagioclase content, and relatively high heavy mafic mineral
content;

618-633 ft: Basalt lava, rubbly — characterized by relatively high total porosity (30-35% of
total rock volume), high plagioclase content, relatively high heavy mafic mineral content,
and minor amounts of clay;

633—-675 ft: Basalt lava, relatively competent — characterized by relatively low total porosity
(15-25% of total rock volume), high plagioclase content, and relatively high heavy mafic
mineral content;

675-689 ft: Clay-rich, heterogeneous material, possibly fanglomerate — characterized by
moderate total porosity (20-30% of total rock volume), moderate to high clay content,
moderate silica mineral/glass and potassium feldspar content;

689-890 ft: Variably clay-rich, heterogeneous material, possibly fanglomerate -
characterized by moderate total porosity (25-35% of total rock volume), minor to moderate
clay content, high silica mineral/glass and potassium feldspar content;

890-1000 ft: Porous, heterogeneous, silica-rich material, possibly fanglomerate -
characterized by high total porosity (30—45% of total rock volume), high silica mineral/glass
content and potassium feldspar content, and minor amounts of clay in some zones.
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4.1

Summary Logs

Three summary log displays have been generated for R-28 to highlight the key hydrogeologic
and geologic information provided by the processed geophysical log results:

Porosity summary log showing continuous hydrogeologic property logs, including total and
moveable water content and water saturation — to highlight hydrologic information obtained
from the integrated log results (Figure 4.1);

Density and clay content summary showing continuous logs of formation bulk density and
estimated grain density, as well as photoelectric factor (sensitive to mineralogy) and
estimated clay volume — to highlight key geologic rock matrix information obtained from the
log results (Figure 4.2);

Spectral natural gamma ray and lithology summary showing a high vertical resolution,
continuous volumetric analysis of formation mineral and pore fluid composition (based on an
integrated analysis of the logs) and key lithologic/stratigraphic correlation logs from the
spectral gamma ray measurement (concentrations of gamma-emitting elements) — to
highlight the geologic lithology, stratigraphy and correlation information obtained from the
log results (Figure 4.3).
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Figure 4.1. Summary porosity logs in R-28 borehole from processed geophysical logs,
interval 31-1002 ft, with caliper, gross gamma, apparent chlorinity, water
saturation, and water hydraulic conductivity logs. Porosity, water saturation,
and hydraulic conductivity logs are derived from the ELAN integrated log
analysis.

KA Project No. 37151 C-15 April 2004
Final



Well R-28 Completion Report

Gross Gamma Pef Vol. Clay {(No P>hl) |
Bit Size App. Grain Density ELAN Total Porosity
10 {in) 25 ! (g/em3) 3! (f3/ft3) °
MD Bulk Density Vol. Clay (w/ Phi)
12750
! (g/cm3) 8]0 (o3 1
'5_/; —u\ \ ......... ‘%‘
100 -
200
300 e TTTER L
— .f
400 - ¥
j 1
500 g o
et R == = {2
600 L
700 A
IS T
800 -
;{ :
9200 - at—~ 3
I = i
] 1nnn L A= o

Figure 4.2. Summary bulk density and volume clay logs in R-28 borehole from processed
geophysical logs, interval 38-992 ft. Also shown - caliper, gross gamma,
apparent grain density, and total porosity logs (the latter two derived from the
ELAN analysis).
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Figure 4.3. Summary spectral natural gamma ray logs and ELAN mineralogy/lithology and pore
fluid model from R-28 borehole, interval 30-1002 ft. Caliper log is also shown.
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4.2  Integrated Log Montage

This section summarizes the integrated geophysical log montage for R-28. The montage is
provided on the CD included in Appendix C. A description of each log curve in the montage
follows—organized under the heading of each track, starting from track 1 on the left-hand side of
the montage. Note that the descriptions in this section focus on what the curves are and how
they are displayed; the specific characteristics and interpretations of the R-28 geophysical logs
are provided in the previous section.

Track 1-Depth

The first track on the left contains the depth below ground surface in units of feet, as measured
by the geophysical logging system during the AIT logging run. All the geophysical logs are
depth-matched to the spectral gross gamma measurement run with the AIT.

Track 2-Basic Logs
The second track on the left (inclusive of the depth track) presents basic curves:

e gamma ray (thick black), recorded in API units and displayed on a scale of 0 to 300 API
units;

s two calipers from the FMI (thin dotted and dashed pink) and one from the TLD (thin solid
pink) with bit size as a reference (dashed-dotted black) to show washout (pink shading),
recorded as hole diameter in inches and displayed on a scale of 10 to 25 in.;

s spontaneous potential or SP (dashed red — valid only below the borehole water level),
recorded in millivolts and displayed on a relative scale;

e bulk chlorinity (dashed green with green shading), recorded in parts per thousand (ppk) and
displayed on a scale of 10 to O ppk (left to right);

e borehole deviation displayed as a tadpole every ten feet (light blue dots and connected line
segments) — the “head” marks the angular deviation from vertical at that particular depth, on
a scale of zero to 5 degrees, and the “tail” shows the azimuth of the deviation, true north
represented by the tail facing straight towards the top of the page.

Two gamma ray curves from the NGS are presented:

o total gross gamma (thick solid black curve) and
e gross gamma minus the contribution of uranium (dashed black).

Track 3-Resistivity

The third track displays the resistivity measurements from the AIT, spanning most of the open
hole section. All the resistivity logs are recorded in units of ohmmeters and displayed on a
logarithmic scale of 2 to 2000 ohm-m.

Six electrical resistivity logs from the AIT are displayed:

e Borehole fluid resistivity (solid orange curve)—only valid in water-filled hole

e Bulk electrical resistivity at five median depths of investigation—10 in. (black solid), 20 in.
(long-dashed blue), 30 in. (short-dashed red), 60 in. (dashed-dotted green), and 90 in. (solid
purple)—each having a two-foot vertical resolution.
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The area between the 10 in. and 90 in. resistivity curves, representing radial variations in bulk
resistivity (potentially from invasion of drilling fluids), is shaded:

e blue when the 10 in. resistivity is greater than the 90 in. resistivity (labeled “resistive
invasive”) and

e yellow when the 90 in. resistivity is greater than the 10 in. resistivity (labeled “conductive
invasive”).

A high vertical resolution (~8 in.), shallow-reading (~2 in.) micro-resistivity log from the MCFL
is also displayed in this track (solid pink curve).

Track 4-Porosity

The fourth track displays the primary porosity log results. All the porosity logs are recorded in
units of volumetric fraction and displayed on a linear scale of 0.75 (left side) to negative 0.1
(right side). Specifically, these logs consist of

s CNT water-filled borehole thermal neutron porosity (solid sky blue curve)-thermal neutron
porosity valid only in the water-filled borehole;

e CNT epithermal neutron porosity (solid light blue curve)-epithermal neutron porosity
processed for both air-filled and water-filled hole;

e CMR total water-filled porosity (solid black);

e (MR effective water-filled porosity (dashed green);

e CMR bound water porosity (light blue area shading)-representing by the area between the
CMR total and effective water-filled porosities;

e Total porosity derived from bulk density and neutron water-filled porosity using a grain
density of 2.65/3.05 g/cc (dotted red curve), 2.45/2.85 g/cc (long-dashed red curve), and
2.25/2.65 g/cc (dashed red curve)-with red shading between the 2.25/2.65 and 2.65/3.05 g/cc
saturation curves to show the range (the higher grain density used across the basalt interval);
and

e ELAN water-filled porosity (dashed-dotted cyan)-derived from the ELAN integrated
analysis of all log curves to estimate optimized matrix and pore volume constituents.

Track 5-Density
The fifth track displays the:

e bulk density (thick solid maroon curve) on a scale of 1 to 3 grams per cubic centimeter
(gflce);

e Pe (long-dashed black curve) on a scale of 0 to 10 non-dimensional units;

e density correction (dashed orange curve) on a scale of -0.75 to 0.25 g/cc; and
apparent grain density (dashed-dotted brown curve), derived from the ELAN analysis, on a
scale of 2 to 3 g/cc.

Grey area shading is shown where the Pe increases above 3 (indicating the presence of heavy,
possibly mafic, minerals) and orange shading is shown where the density correction is greater
than the absolute value of 0.25 (indicating the density processing algorithm had to perform a
major correction to the bulk density calculation).
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Track 6-NGS Spectral Gamma

The sixth track from the left displays the spectral components of the NGS measurement results
as wet weight concentrations:

e potassium (solid green curve) in units of parts per thousand (ppk) and on a scale of -50 to 50
ppk;

e thorium (dashed brown) in units of parts per million (ppm) and on a scale of 50 to -50 ppm;
and

e uranium (dotted blue) in units of parts per million (ppm) and on a scale of 20 to 0 ppm.

Track 7-CMR Porosity

Track 7 displays various CMR water-filled porosities along with measurement quality flags—
valid only in the open hole section. The porosity and measurement quality logs are presented on
a scale of 0.5 to zero volume fraction and discrete blocks originating from the left side,
respectively. Specifically, the CMR logs shown in this track are:

e Total water-filled porosity (solid black curve)-representing the total water volume fraction
measured by the CMR;

e Three millisecond (ms) porosity (short-dashed brown)-representing the water volume
fraction corresponding to the portion of the CMR measured T2 distribution that is above 3
ms, a cutoff that is considered to be representative of the break between clay-bound water
(less than 3 ms) and all other types of water (greater than 3 ms);

e Effective water-filled, or free fluid, porosity (solid pink)-representing the water volume
fraction that is moveable (can flow), based on a 33 ms T2 distribution cutoff that is
considered representative of the break between bound water (less than 33 ms) and moveable
water (greater than 33 ms) in clastic rocks;

e Clay-bound water (brown area shading between total and 3 ms porosity logs)-representing
the water volume fraction that is bound within clays;

e Capillary-bound water (pink area shading between 3 ms and effective porosity logs)—
representing the water volume fraction that is bound within matrix pores by capillary forces;

¢ CMR wait-time flag (red area shading)-activates when there is significant measurement
response at late T2 times, corresponding to large amounts of completely free (“bathtub”)
water and often associated with washouts or very large pores;

e CMR measurement noise flag (yellow and orange area shading)—activates when there is
potentially detrimental amounts of measurement noise detected by the tool, at moderate
(vellow) and high (orange) levels.

Track 8 —Pore Size Distribution

Track 8 displays the water-filled pore size distribution as determined by the CMR—-shown as
binned water-filled porosities and valid only in the open hole section. The binned porosity logs
are presented on a scale of 0.5 to zero volume fraction with colored area shading corresponding
to the different bins:

e (lay-bound water—brown area shading;

e Micro pore and small pore water (the sum comprising capillary-bound water)-gray and blue
area shading, respectively;
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e Medium pore, large pore, and late decay (the sum comprising effective water-filled
porosity)—yellow, red, and green area shading, respectively.

Track 9-CMR T2 Distribution (Waveforms)

The CMR T2 distribution is displayed in Track 9 as green waveform traces at discrete depths.
The horizontal axis, corresponding to relaxation time in milliseconds, is on a logarithmic scale
from 0.3 to 3000 ms. Also plotted are the:

¢ T2 logarithmic mean (solid blue curve) and

e T2 cutoff time used for differentiating between bound and free water (solid red line)-a
constant 33 ms in this case.

Track 10-CMR T2 Distribution (Heated Amplitude)

Track 10 displays the T2 distribution in another way—on a heated color scale where progressively
“hotter” color (green to yellow to red) corresponds to increasing T2 amplitude. The remaining
aspects of the display are the same as in Track 9, except that the T2 logarithmic mean is shown
as a solid white curve and the T2 cutoff is not displayed.

Track 11-CMR Hydraulic Conductivity

Track 11 displays several estimates of hydraulic conductivity (K) derived from the CMR
measurement and the ELAN integrated log analysis (the latter primarily sensitive to the CMR
measurement of moveable water), presented on a logarithmic scale of 10™ to 106 gallons per day
per feet squared (gal/day/ft’):

e A K versus depth estimate derived from using the SDR permeability equation applied to the
processed CMR results, converted to hydraulic conductivity (dashed purple curve);

e A K versus depth estimate derived from using the Timur-Coates permeability equation with
total and moveable water content derived from the ELAN analysis, converted to hydraulic
conductivity (solid blue curve); and

s An intrinsic K versus depth estimate (assuming full saturation) using the Timur-Coates
permeability equation with total and effective porosity values derived from the ELAN
analysis, converted to hydraulic conductivity (dotted cyan).

Track 12— FMI Image (Dynamic Normalization)

Track 12 displays the FMI image, processed with dynamic normalization so that small-scale
electrical resistivity features are amplified in the image. (With dynamic normalization the range
of electrical resistivity amplitudes — colors in the image — is normalized across a small moving
depth window.) The image is fully oriented and corresponds to the inside of the borehole wall
unwrapped, such that the left-hand side represents true north, half-way across the image is south,
and the right-hand side is north again. The four color tracks in the image correspond to portions
of the borehole wall contacted by the four FMI caliper pads; the blank space in between is the
portion of the borehole wall not covered by the pads.

Also displayed are the interpreted bed boundaries (thin blue sinusoids).
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Track 13— FMI Bedding and Fractures

Track 13 displays the interpreted bed boundaries and fractures (no fractures were identified)
picked from the FMI image, shown in two ways:

¢ Individually as tadpoles at the depths the bedding plane or fracture crosses the midpoint of
the borehole — where the “heads” (circles/triangles) represent the dip angle and the “tails”
(line segments) represent the true dip azimuth (direction the bed is dipping towards). Bed
boundaries are shown as circular headed blue and black tadpoles and electrically conductive
fractures are shown as red circular headed and black triangular headed tadpoles.

o Summed as dip azimuth rose histograms (green colored fan plots for bed boundaries) — where
the number of bed boundaries having a dip direction within a particular sector are summed,
thus highlighting the predominant dip directions.

Track 14— FMI Image (Static Normalization)

Track 14 displays the FMI image again, but in a different way — processed with static
normalization to highlight larger scale features and trends. (With static normalization the range
of electrical resistivity amplitudes — colors in the image — is normalized across the entire length
of the log interval.)

Track 15— High Resolution Porosity

Track 15 displays the high resolution thermal neutron porosity log (solid blue) — spliced with
standard resolution epithermal neutron porosity above the well water level — and the density
porosity (solid red), the latter computed assuming a matrix grain density of 2.45/2.85 g/cc (the
higher grain density across the basalt zone) and pore fluid density of 1.0 g/cc. Where the density
porosity is greater than the neutron porosity the area between the two logs is shaded red. The red
shading is an indication of air in the pore space (less than 100% water saturation).

Tracks 16 to 22 — Geochemical Elemental Measurements

The narrow tracks 16 to 22 present the geochemical measurements iron (Fe) and silicon (Si),
sulfur (S) and calcium (Ca), potassium (K) and estimated aluminum (Al), titanium (Ti) and
gadolinium (Gd), and hydrogen (H) and bulk chlorinity (Cl) —from left to right respectively, in
units of dry matrix weight fraction (except H wet weight fraction, Cl and K in ppk).

Track 23-ELAN Mineralogy Model Results (Dry Weight Fraction)

Track 23 displays the results from the ELAN integrated log analysis (the matrix portion)-
presented as dry weight fraction of mineral types chosen in the model:

Montmorillonite clay (brown/tan)

Quartz (yellow with small black dots)

Silica glass (orange)

Orthoclase or other potassium feldspar (lavender)
Sanidine (violet)

Labradorite or other plagioclase feldspar (pink)
Hypersthene (purple)

Hornblende (forest green)

Augite (maroon)

Heavy mafic/ultramafic minerals, such as magnetite or olivine (dark green)
Pyrite (cross-hatched red).
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- Track 24-ELAN Mineralogy-Pore Space Model Results (Wet Volume Fraction)

- Track 24 displays the results from the ELAN integrated log analysis—presented as wet mineral
and pore fluid volume fractions:

Montmorillonite clay (brown/tan)

Clay-bound water (checkered gray-black)

Quartz (yellow with small black dots)

Silica glass (yellow with large black dots)
Orthoclase or other potassium feldspar (lavender)
Sanidine (violet)

Labradorite or other plagioclase feldspar (pink)
Pyrite (tan with large black squares).
Hypersthene (purple)

Hornblende (forest green)

Augite (maroon)

Heavy mafic minerals, such as magnetite (dark army green)
Air (red)

Moveable water (white)

- Capillary-bound water (light blue).
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Track 25-Summary Logs

- Track 24, the second track from the right, displays several summary logs that describe the fluid
and air-filled volume measured by the geophysical tools, including water saturation:

e Optimized estimate of total volume fraction water from the ELAN analysis (solid dark blue
- curve and area shading);
¢ Optimized estimate of moveable volume fraction water (effective porosity in fully saturated
conditions) from the EL AN analysis (dashed cyan curve and green area shading);
e Optimized estimate of total volume fraction of air-filled porosity from the ELAN analysis
o (solid red curve and dotted red area shading);,
e Optimized estimate of water saturation (percentage of pore space filled with water) from the
ELAN analysis (dashed-dotted purple curve);
- e Water saturation as calculated directly from the bulk density and geochemical estimated
porosity using a grain density of 2.65/3.05 g/cc (dotted light blue curve), 2.45/2.85 g/cc
(long-dashed light blue curve), and 2.25/2.65 g/cc (dashed light blue curve)-with light blue
- shading between the 2.25/2.65 and 2.65/3.05 g/cc saturation curves to show the range;
- e Integrated estimated relative water flow from the CMR log that mimics a flow meter
(spinner) acquired under flowing conditions (solid green line coming from left-hand side at
- bottom of logged interval);

- e Potential for water flow indicator from the CMR log (block cyan coming from the right-hand
side of the track).

The porosity curves scale from 0 to 1 total volume fraction, left to right; the water saturation
scales from 0 to 1 volume fraction of pore space, from left to right. The relative water flow is on
- a scale of 0 to 1 relative volumetric flow rate from left to right. The flow indicator is a binary-
valued flag that rises to halfway through the first division from the right on the x-axis when the
CMR measurement indicates a potential for flow.
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Track 26-Depth

The final track on the right, same as the first track on the left, displays the depth below ground
surface in units of feet, as measured by the geophysical logging system during the AIT-NGT
logging run.
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