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Adjacent to Nakamu Road, TA-16 a
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Northing: Survey to be performed February 2004
Easting: Survey to be performed February 2004
Elevation: Survey to be performed February 2004

100
Coring: Nona o

TTT T TTTyTrTs

Drilling:
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Geologic Properties:
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Corehole Logs.
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Contract Geophysics: 1/16/04

Well instaliation: To be determinad
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* Due to the lack of ground water, the well has not
been constructed. A metal plate with an access
port has bean welded atop the dnill casing. A
temporary Ix¥x6" concrate wall pad was
constructed, Oceurrence of ground water is
being monitored on a routine basis.

Geologic contacts for CdV-18-3(i)
wera datermined from cuttings,
horehole video, and geophysical logs.
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4. Based on results of borehole video and
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perched nor regional ground water
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. Fluids present in borehole suspected
as being drilling fluids.

6. The regional water table was predicted to

oceur at a depth of 1284 ft based on the
regional water table map. Lack of water in
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ABSTRACT

Borehole CdV-16-3(i) is being installed by the Department of Energy (DOE) as part of the
Addendum to Corrective Measures Study (CMS) Plan for Potential Release Site (PRS) 16-021(c)
Revision 1 (LA-UR-02-7366, 2003). This borehole is located on a ridge south of the Technical
Area (TA)-16 Burning Ground, between Fish Ladder Seep and Martin Spring, within TA-16 of
Los Alamos National Laboratory (the Laboratory, or LANL). This borehole is intended to be
used to identify potential contamination in the deep perched and regional aquifers that may be
associated with effluents containing high explosives (HE) that were discharged from TA-16 and
possibly other nearby sites. Borehole CdV-16-3(i) is currently an open-hole completion.

Information obtained from this borehole will be used (1) to determine how fast the
contamination, if confirmed to be present, is moving downgradient toward the Pajarito well field
or other potential exposure points such as Bandelier National Monument; (2) assess the presence
and direction of groundwater flow; and (3) determine the hydraulic gradient of the regional
aquifer and any deep perched saturated zones in the southwest part of the Laboratory. The data
obtained from drilling this borehole will be used with similar data from other wells in the area to
improve the conceptual model for geology, hydrogeology, and hydrochemistry, as well as to
provide constraints on numerical models that address contaminant migration in the vadose
(unsaturated) zone and the regional aquifer.

Construction for the drill pad and cuttings pit occurred in phases from October 16 to December
10, 2003. Borehole drilling was conducted from December 20, 2003 to January 15, 2004.
Corehole drilling was not included in the scope of work for CdV-16-3(i). The well borehole was
drilled using air and fluid-assisted air-rotary methods to a total depth of 1,405 ft bgs. No
groundwater was observed during drilling. The borehole was advanced 121 ft past the predicted
depth of the regional water table. DOE and LANL subsequently decided to monitor water levels
in the open borehole to determine if water was slowly recharging the drill hole; but the borehole
made little groundwater, possibly due to the impermeable nature of dacitic lavas that make up the
aquifer at this location. 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, ash-flow tuffs of the Tshirege Member of the
Bandelier Tuff, Cerro Toledo interval, ash-flow tuffs and Guaje Pumice Bed of the Otowi
Member of the Bandelier Tuff, Puye Formation, Tschicoma lava/breccia, and massive
Tschicoma lavas.

On January 20, 2004, NMED approved an open-hole completion for CdV-16-3(i) to allow for
continued observations of the presence of groundwater. Well screen and casing were not
installed in CdV-16-3(i) due to the apparent absence of water. No well development or aquifer
testing could be conducted at CdV-16-3(i).

A bimonthly water level monitoring program has been implemented; on March 12 and 26, 2004,
depth to water was measured at 1,350.2 and 1,350.50 ft bgs, respectively. Total depth of the
borehole was measured on March 26, 2004 at 1391.5 ft bgs. On April 13 and April 23, depth to
water was measured at 1,350.56 and 1,350.51, respectively. Depth to water measurements will
continue for the purpose of gathering information to support a final borehole completion
decision.

KA Project No. 37151 iv May 2004
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Characterization Well CdV-16-3(i) Completion Report

1.0 INTRODUCTION

This status report summarizes borehole drilling and related activities conducted from October 16,
2003 through Spring 2004 for borehole CdV-16-3(i). CdV-16-3(i) was drilled for LANL’s Risk
Reduction and Environmental Stewardship Remediation Services (RRES-RS) as part of the
Addendum to Corrective Measures Study (CMS) Plan for Potential Release Site (PRS) 16-021(c)
Revision 1 (LA-UR-02-7366, 2003). The CdV-16-3(i) investigation was funded and directed by
the Department of Energy (DOE). Kleinfelder, Inc. (KA), under contract to the US Army Corps
of Engineers (USACE), was responsible for executing the drilling, installation, testing, and
sampling activities, with technical assistance from LANL.

The information presented in this report was compiled from field reports and activity summaries
generated by KA, LANL, and subcontractor personnel. All original source documents are on file
in the KA Albuquerque office. Results of the field activities are discussed briefly and shown in
tables and figures contained in this report. Detailed analysis and interpretation of geologic,
geochemical, and hydrologic data will be included in separate technical documents prepared by
LANL.

CdV-16-3(i) is located within Technical Area (TA)-16 on a high ridge south of the TA-16
Burning Ground, as shown in Figure 1.0-1. CdV-16-3(i) was designed as an intermediate well to
target the thick perched zones of groundwater observed in other nearby wells. This borehole is
intended to be used to identify potential contamination in the deep perched and regional aquifers.
Effluents containing high explosives have been discharged at TA-16 and possibly other nearby
sites.

Data from CdV-16-3(i) will be evaluated in conjunction with data from other area wells and
boreholes to form the technical basis for the design of a groundwater monitoring system, if
needed. Water quality, geochemical, hydrologic, and geologic information obtained from CdV-
16-3(1) will augment knowledge of regional subsurface characteristics and distribution of
contaminants downgradient of potential release sites.

2.0 PRELIMINARY ACTIVITIES
Preliminary activities at CdV-16-3(i) included administrative and site preparation.
Administrative Preparation

KA received contractual authorization to start administrative preparation tasks in the form of a
notice to proceed on July 11, 2003. As part of this preparation, KA developed a Project
Management Plan (PMP), a Contractor’s Quality Management Program (CQMP), a Site-Specific
Health and Safety Plan (SSHASP) and a Drilling Plan (DP) for the work at CdV-16-3(i). The
LANL host facility was Engineering Sciences and Applications (ESA), a division of LANL.
Necessary permits and access agreements were obtained prior to beginning fieldwork.

Site Preparation

EnviroWorks, Inc. (EnviroWorks) was subcontracted by KA to conduct site preparation.
Activities included site clearing, access road improvement, construction of the drill pad,
construction of a lined borehole-cuttings containment area, and installation of silt and safety
fencing. Site preparation began on October 16, 2003 and was completed on December 10, 2003.

KA Project No. 37151 1 May 2004
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Characterization Well CdV-16-3(i) Completion Report

Site preparation began with repairing Nakamu Road, the road leading to the site location. The
CdV-16-3(i) drill pad was cleared of vegetation and graded with a front-end loader. A primary
layer of base-course gravel was distributed over the drill pad. Drill pad construction was
completed with an additional graded layer of base-course gravel. EnviroWorks constructed a 20
ft wide by 60 ft long by 7 ft high, lined containment area for drilling fluids and borehole cuttings.
Enviroworks imported fill to build up the berm for the containment area due to the hard rock
surface of the site location. Safety barriers and signs were installed at the site entrance and
around the borehole-cuttings containment area. Office and supply trailers, generators, and safety
lighting equipment were moved to the site during subsequent mobilization of drilling equipment.

Sediment from site preparation work was controlled on-site through the use of silt fences and
straw bales as per the storm water pollution prevention plan (SWPP).

Potable water was provided by a canvas fire hose connected to a fire hydrant (hydrant no. 593)
located adjacent to the old water treatment plant, approximately 800 feet to the west of the drill
site. A backflow prevention system was installed at the hydrant.

3.0 SUMMARY OF DRILLING ACTIVITIES

Borehole drilling activities at the CdV-16-3(i) site were completed between December 20, 2003
and January 15, 2004. Objectives were to collect cuttings of intersected geologic formations,
collect groundwater samples from perched water zones and the regional aquifer, and provide a
borehole for geophysical logging and installation of a monitoring well. The planned TD of the
CdV-16-3(i) borehole was approximately 900 ft below ground surface (bgs) to investigate
perched zones at intermediate depths. If the perched zone was not encountered before reaching
the proposed total depth (TD) the borehole could be advanced into the regional aquifer,
estimated to occur at approximately 1284 ft bgs.

Drilling activities were performed generally in one 12-hour shift per day, 7-days per week by the
drill crew and two site geologists. DTW measurements were taken at the beginning and end of
every shift to check for the presence of water. Drilling equipment was removed from the
borehole at the end of each shift to facilitate measurement of possible groundwater.

Figure 3.0-1 summarizes drilling data and graphically depicts groundwater and geologic
conditions encountered during drilling at CdV-16-3(i). Table 3.0-1 details the chronology of
drilling and other on-site activities at CdV-16-3(1). Section 3.1 discusses specific borehole
drilling activities.
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Table 3.0-1 Operations Chronology for Borehole CdV-16-3(i)

TASK DESCRIPTIONS DATE
0Oct-03 Nov-03 Dec-03 Jan-04 Feb-04 Mar-04 Apr-04

SITE PREPARATION ACTIVITIES 10/16-12/10
ﬂ!}OREHOLE DRILLING AND SAMPLING

Mobilization 1217

Air-Rotary 12/20, 1/6-177

Fluid Assisted Air-Rotary 17115

Groundwater Screening Sampling 1416 and 1/20

BOREHOLE GEOPHYSICS

Schiumberger Logging 116

LANL Video M7

LANL Geophysics Not Conducted

WELL DESIGN AND CONSTRUCTION Open Hole Completion

WELL DEVELOPMENT Not Applicable

GROUNDWATER WELL SAMPLING Not Applicable

HYDROLOGIC TESTING Not Applicable
[siTe RESTORATION RN T 1 ] ] ] | T 1 | | Activities began April 2004

NOTES: NMED discharge approval was received in an email dated March 18, 2004. Site restoration activities began in April 2004.
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Characterization Well CdV-16-3(i) Completion Report

3.1 Borehole Drilling Activities

Drilling was performed by WDC Exploration & Wells (WDC) using a Star 50-CH
Failing/Speedstar air/mud rotary drill rig equipped with conventional circulation drilling rods,
tricone bits, down-the-hole (DTH) hammer bits, and support equipment. Drilling fluid mixing
and circulation equipment included a mixing tank and pump assembly, and a generator to power
the mixing unit. Drilling fluids were used as needed to improve borehole stability, minimize
fluid loss, and facilitate cuttings removal from the borehole. Drilling fluids consisted of potable
water with QUIK-FOAM® (surfactant) and EZ-MUD® (polymer).

From December 17 to 19, 2003, WDC mobilized the drill rig and equipment to the CdV-16-3(i)
site. On December 20, 2003, WDC advanced 13%/-in outside-diameter (OD) conductor casing
to a depth of 9 ft bgs using a 12%-in button-tooth tricone bit and air-rotary methods. Drilling
continued open-hole to 22 ft bgs. Drilling activities were suspended from December 21, 2003,
through January 4, 2004, for the Christmas and New Year holidays.

On January 5, 2004, equipment mobilization and drill site setup resumed. The following day,
site setup was completed and the 13%/g-in conductor casing was advanced and set at 12 ft bgs. On
January 7, 2004, drilling resumed from 22 ft bgs using a 12%-in button-tooth tricone bit and air-
rotary methods. The borehole was advanced through the Tshirege Member of the Bandelier Tuff
to 105 ft bgs, where WDC began adding water to the borehole for dust suppression. Drilling
continued in the Tshirege Member to 223 ft bgs. Forty-five minutes after drilling stopped for the
day, a depth-to-water (DTW) measurement was attempted with an electronic sounder. No water
was detected.

On the morning of January 8, 2004, an attempt to measure water in the borehole was made; none
was detected. Fluid-assisted air-rotary drilling was initiated at 223 ft bgs to clear cuttings from
the borehole. Potassium bromide (KBr) was added to the fluids as a tracer to aid in determining
the occurrence of groundwater saturation. Drilling continued through the Tshirege Member, the
Cerro Toledo interval, and into the Otowi Member of the Bandelier Tuff, to 523 ft bgs.

Attempts to measure groundwater in the borehole at the end of shift on January 8, and on the
morning of January 9, 2004, indicated the borehole was dry. The borehole was advanced
through the Otowi Member to 743 ft bgs and an attempt to measure DTW was again made; no

water was detected.

The borehole was subsequently advanced through the Otowi Member, Guaje Pumice Bed, Puye
Formation, and into the Tschicoma Formation at 995 ft bgs, to 1000 ft bgs. Drilling stopped to
monitor for groundwater in the borehole at 1000 ft bgs. After waiting one and a half hours, fluid
in the borehole was measured at 940 ft bgs. However, on the morning of January 11, 2004 a
DTW measurement indicated the borehole was dry. The borehole was advanced in Tschicoma
dacite to 1163 ft bgs where DTW measurements ranged from 1020 ft to 1050 ft bgs, however it
appears that DTW indications were due to interference from drilling foam.

On the morning January of 12, 2004, 15 hours after drilling activities had ceased the night
before, a DTW measurement was made, which indicated once again that the borehole was dry.
WDC mobilized additional drill rods and three 3000-gal. poly tanks to the site to continue
drilling to a deeper footage and to provide additional storage capacity for drilling fluids. On the
morning of January 13, 2004, 40 hours after drilling stopped, a DTW measurement was made.
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Characterization Well CdV-16-3(i) Completion Report

No water was indicated. The borehole was then advanced in the Tschicoma Formation from
1163 ft to 1238 ft bgs.

On January 14, 2004, another DTW measurement was made. No water was detected, thus WDC
switched to a 12%-in down-the-hole hammer drill bit to penetrate the more resistant Tschicoma
lava flows, and drilled to 1405 ft bgs by the end of shift on January 15, 2004. On January 16,
2004, DTW was measured at 1400.5 ft bgs and a 1-liter sample of borehole fluid was collected
from the borehole (Sample ID # GW3i-04-52951). TD was declared at 1405 ft bgs, after
advancing 121 feet beyond the predicted depth to regional groundwater. After reaching TD, the
borehole was prepared for geophysical logging. On January 20, 2004, a second sample (Sample
ID # GW3i-04-52952) of borehole fluids was collected in an attempt to obtain a more
representative sample of potential ground water.

Table 3.2-1 shows the total amount of fluids introduced and recovered from the borehole during
drilling at CdV-16-3(i).

Table 3.2-1
Introduced and Recovered Fluids
Amount
Material (Gallons)
QUIK-FOAM® 48
EZ-MUD® 14
Potable water for Drilling 26,300
Recovered Fluids® 19,340

® Recovered fluids represents approximate quantity of fluids recovered during drilling.

40 SAMPLING AND ANALYSIS OF CUTTINGS AND GROUNDWATER

During drilling at CdV-16-3(i), samples of cuttings and borehole fluids were collected according
to the Scope of Services (GSA Task Order 9T3N163PG). Samples of cuttings and borehole
fluids were submitted to LANL for analysis. Cuttings collected from CdV-16-3(i) may be
analyzed for mineralogic, petrographic, and geochemical properties by LANL. Borehole fluids
were submitted for analysis of metals, anions, and HE compounds, but were not considered to be
representative samples of groundwater.

Cuttings Sampling

As borehole drilling conditions permitted, a sufficient quantity of cuttings was collected from the
discharge line at 5-ft intervals. A portion of the cuttings were sieved (at >#10 and >#35 mesh or
>#35 and >#60 for finer-grained samples) and placed in chip-trays along with an unsieved whole
rock portion. These chip trays were studied to determine the lithology of the borehole. A
detailed lithologic log was prepared for CdV-16-3(i). The remaining cuttings were sealed in
Ziploc® bags, labeled and archived in core boxes. Up to seven samples may be removed by
LANL for mineralogic, petrographic, and geochemical analyses. No cuttings samples were
submitted for contaminant characterization analysis.
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Characterization Well CdV-16-3(i) Completion Report

Sample analysis results will be included in a future LANL investigation report for Cafion de
Valle.

Groundwater Sampling

A groundwater-screening sample was collected on January 16, 2004 from CdV-16-3(i) at a depth
of 1400.5 ft bgs. This sample (Sample ID # GW3i-04-52951) was collected from the open
borehole using disposable and stainless steel bailers. An additional sample (Sample ID # GW3i-
04-52952) was collected on January 20, 2004 from a depth of 1385-1388 ft bgs. The current
total depth of the borehole was determined to be at 1391.5 ft bgs on March 26, 2004 due to
slough in the bottom of the hole. These samples were submitted to LANL for analysis of metals,
anions, and HE compounds. However, according to Pat Longmire, representative for LANL,
these samples were determined to consist of drilling fluids and do not represent groundwater.
Sample ID # GW3i-04-52951 was therefore not analyzed. Sample ID # GW3i-04-52952 was
analyzed for inorganic constituents; these results are provided in Appendix A.

5.0 BOREHOLE GEOPHYSICS

Using LANL-owned and subcontractor-owned tools, KA and Schlumberger performed borehole
geophysics logging operations at CdV-16-3(i).

Schlumberger Geophysical Logging

Schlumberger personnel conducted geophysical logging in the CdV-16-3(i) borehole on January
16, 2004. The primary purpose of the Schlumberger logging was to characterize the conditions
in the hydrogeologic units penetrated by the CdV-16-3(1) borehole, with emphasis on gathering
moisture distribution data, identifying the potential presence of water zones, measuring capacity
for flow (porosity and moisture), and obtaining lithologic/stratigraphic data. Secondary
objectives included evaluating borehole geometry and determining the degree of drilling fluid
invasion along the borehole wall.

Schlumberger personnel performed a suite of geophysical logging in the cased and uncased
portions of the borehole; the suite included the following tools:

e Combinable Magnetic Resonance (CMR™) measures the nuclear magnetic resonance
response of the formation, which is used to evaluate total and effective water-filled
porosity of the formation and to estimate pore size distribution and in situ hydraulic
conductivity.

o Array Induction Tool, version H (AITH™) measures formation electrical resistivity and
borehole fluid resistivity, thus evaluating the drilling fluid invasion into the formation,
the presence of moist zones away from the borehole wall, and the presence of clay-rich
ZOnes.

e Triple Detector Litho-Density (TLD™) measures formation bulk density related to
porosity, photoelectric effect related to lithology, and borehole diameter using a single-
arm caliper.

e Natural Gamma Spectroscopy (NGS™) measures spectral and overall natural gamma ray
activity, indicating potassium, thorium, and uranium concentrations, thus evaluating
geology and lithology.
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e Elemental Capture Spectroscopy (ECS™) measures concentrations of hydrogen, silicon,
calcium, sulfur, iron, aluminum, potassium, titanium, chlorinity, and gadolinium to
characterize mineralogy, lithology, and water content of the formations.

o Epithermal Compensated Neutron Tool, model G (CNTG™) measures volumetric water
content beyond the casing to evaluate formation moisture content and porosity.

Additionally, a calibrated natural gamma tool was used to record gross natural gamma-ray
activity with each logging method (except the NGS™ run) to correlate depth runs between each
of the surveys conducted.

Important results from the processed geophysical logs in CdV-16-3(i) include the following:

1. No substantial standing was present at the time of the January 16, 2004 logging —
although several logs indicate there may have been a small quantity of fluid (possibly just
accumulated water from the drilling foam used) at the very bottom of the borehole that
was rising during the logging operation (1392-1405 fi bgs).

2. There are no clear indications that CdV-16-3(i) penetrates a fully water-saturated zone at
the bottom of the borehole section that was logged (maximum depth of 1,405 ft bgs).
The estimated pore volume water saturation computed from the integrated log analysis
does not read consistently above 60% (% of pore volume occupied by water) anywhere
below 900 ft. The rock formation in the interval 1214-1405 ft is very dense, having an
estimated total porosity of 10% or less of total rock volume and water-filled porosity is
very low — only approximately 5% of total rock volume. The interval 900-1214 ft has
higher, much more variable, total porosity (mostly 15-50%) — as well as water-filled
porosity (mostly 5-20%) — than the bottom section of the borehole, but an estimated
water saturation of only 20-30%.

3. The processed logs do not indicate any significant fully water-saturated (perched) zones
across the entire logged interval (13-1,405 ft). The estimated water saturation never
reaches above 75% and mostly stays below 50%. The highest water content (44% of
total rock volume), moveable water content (30% of total rock volume), and water
saturation (72% of pore volume) occurs in the 894-900 ft depth interval.

4. The processed logs indicate a dense, low porosity silica-rich volcanic formation (likely
lava flow(s)) exists across the interval 1,213-1,405 ft.

5. The processed logs indicate a highly altered, heterogeneous siliceous volcanic material
(possibly a brecciated flow or rubble zone) exists across the interval 900-1,213 ft. The
borehole condition is highly rugose and washed out across this interval and the estimated
total porosity is highly variable (15-50%).

6. The geophysical log response in the zone 894-900 ft, overlying the likely siliceous
volcanic flow material, is characteristic of the bottom of the Guaje Pumice Bed, with very
high total porosity (48—61%) and the highest total and moveable water content in the
borehole. The logs above 894 ft to the near the top of the log interval (13 ft) are
characteristic of the Bandelier Tuff.

7. The processed logs indicate that varying amounts of clay are present in the following
zones: 20470 ft, 900-994 ft, and 1,135-1,405 ft.
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Characterization Well CdV-16-3(i) Completion Report

Table 5.1-1 summarizes geophysical well logging conducted in CdV-16-3(i) by KA/LANL and
Schlumberger. Schlumberger’s report is presented in Appendix C along with the geophysical
logs, compiled as a montage, (on the CD in Appendix C) of the final CdV-16-3(i) report.

Table 5.1-1
Borehole Logging Surveys Conducted in CdV-16-3(i)

Cased Open-hole
Footage Interval

Operator Date Method (ft bgs) (ft bgs) Remarks
Schlumberger | January 16, 2004 Logging 0-12 14-1,404® | Schlumberger
suite® borehole logging

conducted prior to
open-hole completion

KA/LANL January 17, 2004 Video 0-12 12-1,385 Open-borehole video ]

® Schiumberger suite of borehole logging surveys included tripte detector litho-density, array induction too, epithermal
compensated neutron tool, elemental capture spectroscopy, natural gamma spectroscopy, and combinable magnetic resonance.
® variable effective depths, see Figure 3.0-1 and Appendix C

Kleinfelder-Supported Geophysical and Video Logging

On January 17, 2004, video logging was performed in the CdV-16-3(i) borehole using downhole
tools provided by LANL. The video logs were used to identify possible evidence for perched-
water zones and to aid in lithologic contact identification. No saturated zones were observed in
the borehole, with the exception of fluid at the bottom of the hole. The video log of the open
borehole was digitized onto a digital video disc (DVD) and is included as Appendix B.

6.0 LITHOLOGY

A preliminary assessment of the hydrogeologic features encountered during drilling operations at
CdV-16-3(i) is presented below. Included are summary descriptions of geologic units identified
during characterization of the cuttings samples. LANL EES-6 staff provided preliminary
identification of geologic contacts. Groundwater occurrences are discussed based on drilling
evidence, open-hole video logging, geophysical logging, and water-level measurements.

Stratigraphy and Lithologic Logging

Rock units and stratigraphic relations are interpreted from the visual examination of CdV-16-3(i)
cuttings samples and preliminary interpretation of geophysical and video camera survey data.
Units are briefly discussed in order of younger to older occurrence. The interpretations
presented below are preliminary and may be revised upon future analysis of petrographic,
geochemical, mineralogical, and geophysical logging data. A lithologic log for CdV-16-3(i)
containing detailed descriptions that identify texture and composition of sample intervals is
presented in Appendix D.

Tshirege Member of the Bandelier Tuff, Qbt (0 ft to 359 ft bgs)

Rhyolitic ash flows of the Tshirege Member of the Bandelier Tuff have been divided into four
separate cooling units in the general region of the Pajarito Plateau (Broxton and Reneau, 1995).
The drilled CdV-16-3(i) section from 0 ft to 359 ft bgs is interpreted to represent Units 1, 2, 3,
and 4. Units 1 and 3 are further subdivided, as indicated below.
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Characterization Well CdV-16-3(i) Completion Report

Unit 4 (Qbt 4) was intersected from 0 ft to 70 ft bgs. Cuttings indicated that Unit 4 is a crystal-
rich tuff that is moderately welded. Samples in this interval contain widely varying amounts of
three main constituents: welded tuff fragments, quartz and sanidine crystals, and intermediate
volcanic lithics that include hornblende-dacite.

The interval from 70 ft to 207 ft bgs is subdivided into upper Unit 3t (Qbt 3t), a unit having
chemical properties that are transitional between Qbt 3 and Qbt 4, middle Unit 3 (Qbt 3), and
lower nonwelded Unit 3 nw (Qbt 3 nw). Qbt 3t was intersected in the CdV-16-3(i) borehole
from 70 fi to 88 ft bgs. Subunits Qbt 3 and Qbt 3 nw occur from 88 ft to 162 ft bgs and from 162
ft to 207 ft bgs, respectively. All three subunits are composed of moderately welded to
nonwelded crystal-rich tuff and appear to be mineralogically and texturally similar. The coarse-
fraction (i.e., plus No. 10 sieved size) of most cuttings samples contains abundant welded
crystal-rich tuff fragments (with the exception of Qbt 3 nw which contain less than 10% tuff
fragments due to pulverization and loss of fine ash), generally 50% or more quartz and sanidine
crystals, and minor lithics of intermediate volcanic composition.

Cuttings indicated that Unit 2 (Qbt 2), occurring in the section from 207 ft to 310 ft bgs, is a
crystal-rich tuff that is moderately welded. Samples are generally made up of greater than 50%
by volume crystal-rich tuff fragments, up to 50% quartz and sanidine crystals, and minor
volcanic lithics of intermediate composition.

The basal cooling unit of the Tshirege Member is divided into upper devitrified (Qbt 1v) and
lower glassy (Qbt 1g) subunits (Broxton and Reneau, 1995). The CdV-16-3(i) borehole
intersected Unit 1v from 310 ft to 345 ft bgs. Samples of Qbt 1v are made up of welded tuff
fragments, quartz and sanidine crystals, and intermediate volcanic lithic fragments that occur in
widely varying abundances. Unit 1g occurs in the interval from 345 ft to 359 ft bgs. Cuttings
from Unit 1g contain variable percentages of tuff fragments, white vitric pumices, quartz and
sanidine crystals, and lithic fragments of intermediate volcanic composition.

Cerro Toledo Interval, Bandelier Tuff, Qct (359 ft to 430 ft bgs)

Volcaniclastic sedimentary and tephra deposits of the Cerro Toledo interval regionally separate
the Tshirege and Otowi Members of the Bandelier Tuff. Preliminary interpretation of
geophysical logs suggests that the Cerro Toledo interval occurs in borehole CdV-16-3(i) from
359 ft to 430 ft bgs.

Cuttings in the Qct interval indicate weakly cemented fine-grained deposits of silt, silty sand, and
well-graded sand. The coarse fraction of most samples contains subangular to subrounded
detrital constituents that generally include more than 50% intermediate to felsic volcanic lithics,
up to 50% pumice, and up to 15% quartz and sanidine crystals. Varied lithic fragments
commonly include dacite, hornblende-dacite, rhyolite, and vitrophyre. Pumices are generally
vitric and white in color.

Otowi Member of the Bandelier Tuff, Qbo (430 ft to 894 ft bgs)

Rhyolitic ash-flow tuff representing the Otowi Member of the Bandelier Tuff was intersected in
CDV-16-3(i) from 430 ft to 894 ft bgs. Cuttings from this interval indicated that the Otowi
Member is lithic bearing, partly pumiceous, and weakly welded. The coarse fraction of most
cuttings samples throughout the section is made up of varying amounts of pumice fragments
(generally less than 50% by volume) and volcanic lithics that represent xenolithic inclusions.
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Lithic constituents (up to 90% by volume due to pulverization and loss of fine ash) include
porphyritic dacite, andesite, and vitrophyre. Pumice fragments are generally glassy, fibrous, and
orange, white, or brown to gray in color. Fine-fraction (i.e., plus No. 35 sieved size) cuttings
samples are made up dominantly of quartz and sanidine crystals with subordinate amounts of
volcanic lithics and pumice.

Guaje Pumice Bed, Bandelier Tuff, Qbog (894 ft to 900 ft bgs)

The Guaje Pumice Bed is made up of air-fall tephra that regionally form a thin stratigraphic
interval at the base of the Bandelier Tuff. The Guaje Pumice Bed was intersected in the CdV-16-
3(i) borehole from 894 ft to 900 ft bgs. Unsieved whole rock cuttings samples from this interval
contain up to 50% white vitric pumice fragments and subordinate abundances of intermediate

volcanic lithics plus quartz and sanidine crystals.
Puye Formation, Tpf (900 ft to 995 ft bgs)

The Puye Formation intersected in CdV-16-3(i) is made up of volcaniclastic sand and gravel
deposits occurring from 900 ft to 995 ft bgs. Cuttings indicated that this sedimentary section is
made up of poorly cemented, fine to coarse detritus representing a range of intermediate to felsic
volcanic lithologies. Volcanic constituents include homblende-dacite, rhyodacite, andesite,
vitrophyre, and minor local pumice. Sample chips are commonly subrounded and/or broken,
indicating an abundance of gravel-size clasts consistently throughout the section.

Tschicoma Formation, Tt (995 ft to 1405 ft bgs)

Dacite lava flows and intercalated breccias of the Tschicoma Formation were intersected from
995 ft to the bottom of the CdV-16-3(i) borehole at 1405 ft bgs. The Tschicoma section is
informally divided into upper and lower intervals based on evidence from video log survey

information.

The upper Tt interval, from 995 ft to 1206 ft bgs, consists of a monolithologic breccia that is
interpreted as a flow breccia of dacite composition. Drill cuttings from this interval contain gray
and pink-colored porphyritic dacite with aphanitic groundmass that locally exhibits moderate
hydrothermal alteration. Phenocrysts occupy as much as 20% by volume and include coarse,
anhedral to resorbed plagioclase, euhedral homnblende, biotite, and minor pyroxene.
Groundmass is commonly altered, bleached, and has a pitted or corroded appearance.
Porphyritic dacite with glassy groundmass was noted in the interval from 1070 ft to 1130 ft bgs.

The lower Tt section, intersected from 1206 ft to 1405 ft bgs, consists of massive dacite lava that
appears less hydrothermally altered than dacite in the upper part of the section. Cuttings in the
interval are mostly monolithologic, consisting of coarsely porphyritic dacite with dark green
pyoxene. Pyroxene, observed as individual stubby phenocrysts, in cumulophyric clusters, and as
intergrowths with plagioclase, becomes more abundant and exceeds hornblende as the dominant
accessory ferromagnesian constituent with depth. Aphanitic groundmass is generally fresh or
weakly altered. Local sample intervals contain as much as 20% by volume rounded (i.e., milled
during drilling) fragments of yellowish tan siltstone with dark-colored ferromagnesian sand
grains. Because the video log shows no siltstone horizons, it is believed that these represent
fracture fills or patchy interflow sediments.
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Groundwater Occurrences and Characteristics

The Scope of Services required that perched groundwater zones be identified and sampled if
encountered in the upper 900 ft of the stratigraphic section at CdV-16-3(i). Regional
groundwater was anticipated to occur at a projected depth of approximately 1284 ft bgs.

Throughout the drilling of CdV-16-3(i), numerous attempts were made to measure DTW
whenever drillers suspected water might have been encountered. DTW readings using an
electric sounder were made on January 8, 2004, with the borehole advanced to 523 ft bgs, and
again the following day with the borehole depth at 743 ft bgs; however, no water was present.
Similarly, drillers stopped to measure DTW on January 11 and 12, 2004, when the borehole had
been advanced to 995 and 1020 ft bgs, respectively. On these occasions also, electric sounder
measurements indicated no accumulated water in the borehole. A water level reading again
indicated no water present on January 13, 2004, with the borehole at a depth of 1163 ft bgs.
Results of sampling and analysis for KBr in drilling fluids indicated no saturated zones down to
960 ft bgs. A comparison of the inflow KBr concentration and the KBr concentration in the
cuttings fluid is shown in Figure 6.2-1. At 960 feet, the probe was inadvertently moved in and
out of the output fluid and is depicted as continuous monitoring points on the figure. These data
are not indicative of ground water in the borehole.
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Figure 6.2-1. KBr Concentrations in Borehole at CdV-16-3(i)

On January 16, upon completion of CdV-16-3(i) drilling at a total depth of 1405 ft bgs, a DTW
of 1400.5 ft bgs was measured and a 1-liter water sample collected. Also, on January 20, 2004, a
second sample of borehole fluids was collected in an attempt to obtain a more representative
sample of potential ground water. However, samples were determined by LANL to be
introduced drilling fluid and one sample was analyzed for inorganic content (refer to Section
4.2). A video camera survey conducted on January 17, 2004 (refer to Section 5.2), showed no
evidence of groundwater saturation either as a perched zone or the regional aquifer.

On January 20 and January 22, 2004, depth to water was measured at 1,376.5 ft bgs and 1,367 ft
bgs, respectively. On March 12 and March 26, 2004, depth to water was measured at 1,350.52 ft
bgs and 1,350.50 ft bgs, respectively. Total depth of the borehole was again measured on March
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26, 2004 at 1391.5 ft bgs. On April 13 and April 23, depth to water was measured at 1,350.56
and 1,350.51, respectively. Depth to water measurements will continue on a bi-monthly
schedule for the purpose of gathering information to support a final well completion decision and
to monitor for changes in the observed water level in the borehole. This information will be used
to help support a final decision on whether to complete the borehole as a well. It should be noted
that the depth to water observed in CdV-16-3(i) is at a similar elevation to the static water level
observed (1196.7 ft bgs) in the nearby well CdV-R-37-2, which is considered to be
representative of the regional zone of saturation.

Detailed results of geophysical logging relating to water occurrence and logs for all
Schlumberger surveys are presented in Appendix C. Electronic copies of logging files are stored
on the CD attached to the back cover of this report.

7.0 COMPLETION ACTIVITIES

Well screen and casing was not installed in CdV-16-3(i) due to the apparent absence of
groundwater. The NMED approved an open-hole completion for CdV-16-3(i) to allow
continued observations for the presence of water. Figure 7.0-1 is a schematic diagram of the
current CdV-16-3(i) borehole.

Wellhead Completion

The surface completion for CdV-16-3(i) was finished on January 23, 2004 and involved placing
a reinforced (2,500 psi) concrete pad, 3-ft by 3-ft by 6-in. thick, around the 13-3/8” conductor
casing. A mag nail was placed in the northwest corner of the pad for surveying purposes. A
flush-mount screw-in cap was mounted in the conductor casing. This cap is equipped with two
holes to allow the well to breathe. The surrounding base course was sloped away from the pad to
allow for drainage.

Geodetic Survey

On March 29, 2004, Lynn Engineering and Surveying, Inc. determined the location of Well
CdV-16-3(i) using a Leica TCR303 electronic total station. Coordinates and elevations were
obtained from a mag nail placed in the concrete pad and the steel cover plate using a Static
Global Positioning System (GPS). The coordinates shown are in New Mexico State Plane Grid
Coordinates, Central Zone (North American Datum, 1983 [NAD 83]), expressed in feet.
Elevation is expressed in ft amsl relative to the National Geodetic Vertical Datum of 1929
(NGVD 29). The original geodetic survey is on file in the KA Albuquerque office.

Table 7.2-1
Geodetic Data for CdV-16-3(i)
Description Northing Easting Elevation ®
Mag Nail in CdV-16-3(i) Pad 1762434.9 1615980.5 7486.40
Top of Steel Cover 1762434.52 1615981.6 7486.80

®) Measured in ft amsl relative to the National Geodetic Vertical Datum of 1929,

Site Restoration
Fluids and cuttings produced during drilling and development were sampled in accordance with
the Notice of Intent (NOI) to Discharge, Hydrogeologic Workplan Wells, and filed with the
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NMED. Approval to discharge drilling and development water was received via e-mail from the
NMED on March 18, 2004. A copy of the NMED discharge approval is included in Appendix
E; and the sample analysis is included on the CD attached to the back of this report. Silt fencing
and straw bales have been left in place to minimize possible sediment impacts from future
precipitation.

Site restoration activities began in April 2004. These activities include: (1) removal and land
application of water from the borehole-cuttings containment area, (2) removal of the
polyethylene liner and borehole cuttings from the borehole-cuttings containment, (3) removal of
containment area berms, and (4) backfilling and grading the containment area. The imported fill,
used to build up the berm for the containment area during site preparation, was hauled away and
stored off-site for re-use at other sites. The cuttings will be managed in accordance with the
DOE-NMED letter, which states that the cuttings will be used to backfill the cuttings pit after the
liner is removed. Site re-seeding will be performed in the Spring of 2004.

8.0 DEVIATIONS FROM THE CDV-16-3(i) SCOPE OF SERVICES

Appendix F compares the actual characterization activities performed at CdV-16-3(i) with the
planned activities described in the “Addendum to Corrective Measures Study (CMS) Plan for
Potential Release Site (PRS) 16-021(c) Revision 1 (LA-UR-02-7366, 2003)” and the Scope of
Services. For the most part, drilling, and sampling at CdV-16-3(i) was performed as specified in
the Scope. The main deviations from planned activities are summarized as follows:

o Planned borehole depth - the Scope anticipated that the deep borehole would be drilled to
a TD of 900 ft bgs, approximately 50 ft below the estimated depth of perched saturation,
projected to occur at 850 ft bgs. If no perched zone was encountered, the borehole could
be advanced to 1284 ft bgs, into the regional aquifer. The completed CdV-16-3(i)
borehole was drilled to 1405 ft bgs TD, about 121 ft below the predicted depth of the
regional water table at 1284 ft bgs.

e Water Sample Field Measurements - Carbonate alkalinity, pH, specific conductance,
temperature, and turbidity were specified in the Scope of Services. No field quality
measurements were collected.

» Well Installation — A well was planned for CdV-16-3(i); however, saturated zones
producing sufficient quantities to support a decision to install well screens have not been
identified to date.

e Hydraulic Testing — Injection straddle packer tests were required for all screens below the
regional water table. No well has been installed and no hydraulic testing was performed.
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SAMPLING AND ANALYSIS OF DRILL CORE AND GROUNDWATER AT CDV-16-
3(i) INTERMEDIATE WELL

During drilling operations at borehole CdV-16-3(i), alluvial groundwater and perched
groundwater within the upper saturated zone were not encountered. Drilling fluid accumulated
in the borehole and groundwater was not present in significant quantities, based on visual and
olfactory observations. The foam-rich fluid was analyzed for inorganic constituents and results
are provided in Table A.1-1.

Core samples were not collected from the alluvium and Tshirege Member of the Bandelier Tuff
at CdV-16-3(1) because a corehole was not advanced.

GEOCHEMISTRY OF SAMPLED WATERS FROM WELL CDV-16-3(i)

On January 20, 2004, a fluid sample was collected from a depth of 1385-1388 ft bgs from the
open borehole using a bailer. Analytical results for this groundwater sample are provided in
Table A.1-1. Aliquots of the samples were filtered through a 0.45-um Gelman filter. Samples
were acidified with analytical-grade HNO3 to a pH of 2.0 or less for metal and major cation
analyses at EES-6. Alkalinity was determined at EES-6 using standard titration techniques.

The fluid sample was analyzed by EES-6 using techniques specified in the US Environmental
Protection Agency (EPA) SW-846 manual. Ion chromatography (IC) was the analytical method
for bromide, chloride, fluoride, nitrate, nitrite, oxalate, perchlorate, phosphate, and sulfate. The
method detection limit (MDL) for perchlorate using IC is 0.002 ppm or mg/L (2 ppb or 2 pg/L).
Inductively coupled (argon) plasma emission spectroscopy (ICPES) was used for calcium,
magnesium, potassium, silica, and sodium. Aluminum, antimony, arsenic, barium, beryllium,
cadmium, chromium, cobalt, copper, iron, lead, manganese, mercury, nickel, selenium, silver,
thallium, vanadium, uranium, and zinc were analyzed by inductively coupled (argon) plasma
mass spectrometry (ICPMS). The precision limits (analytical error) for major ions and trace
elements were generally less than +10% using ICPES and ICPMS.

Table A.1-1
Hydrochemistry of Fluid Sample Collected at Borehole CdV-16-3(i)
(filtered sample)
Depth (ft) 1385-1388
Geologic Unit Tschicoma Massive Lava
Date Sampled 01/20/04
pH (Lab) 6.61
Temperature (°C) Not reported
Specific Conductance (uS/cm) Not reported
Turbidity (NTU) Not reported
Alkalinity (ppm CaCOs/L) 58.9
Al (ppm) 6.78
Sb (ppm) [0.001],U
As (ppm) 10.0103
B (ppm) 0.021
Ba (ppm) 0.081
KA Project No. 37151 A-1 May 2004
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Be (ppm) [0.001}, U
HCOs (ppm) 71.9

Br (ppm) 13.6

Cd (ppm) [0.001],U
Ca (ppm) 24.7

Cl (ppm) 7.98

ClO4 (ppm) (IC) [0.002],U
Cr (ppm) 0.0036
Co (ppm) 0.005

Cu (ppm) 0.0079

F (ppm) 0.13

Fe (ppm) 2.32

Pb (ppm) 0.0015
Mg (ppm) 7.31

Mn (ppm) 0.15

Hg (ppm) 0.00059
Mo (ppm) 0.020

Ni (ppm) 0.0051
NO; (ppm) (as N) 0.01

NO; (ppm) (as N) 0.10

C>04 (ppm) (oxalate) 0.18

PO, (ppm) (as P) [0.01],U
K (ppm) 591

Se (ppm) [0.001}, U
Ag (ppm) [0.0002], U
Na (ppm) 15.7

SiO; (ppm) 78.3

Sr (ppm) 0.17

SO4 (ppm) 24.1

T1 (ppm) [0.001],U
U (ppm) 0.0007

V (ppm) 0.007

Zn (ppm) 0.24

TDS (calculated) 261

Note! U =not detected, Silica concentrations were calculated from measured silicon (ICPES). Bicarbonate
concentrations were calculated from measured alkalinity. TDS = total dissolved solids.
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1.0 SUMMARY

This report describes the borehole geophysical logging measurements acquired in
characterization well CdV-16-3(i) by Schlumberger, logged in January 2004 prior to well
completion. The report (1) summarizes the technology, measurements, and procedures
employed, and (2) presents the processed results from these measurements and discusses their
interpretation. The logging suite was acquired from 7 ft to 1,405 ft bgs, when the borehole was
open below 14 ft, drilled with 12.25 in diameter bit size, and contained 13.375 in outer diameter
freestanding steel casing above 14 ft.

The primary purpose of the geophysical logging was to characterize the geologic/hydrogeologic
section intersected by the well with emphasis on determining regional aquifer groundwater level,
perched groundwater zones, moisture content, capacity for flow, and the stratigraphy/mineralogy
of geologic units. A secondary purpose of the geophysical logging was to evaluate the borehole
conditions such as borehole diameter versus depth and degree of drilling fluid invasion. These
objectives were accomplished by measuring, nearly continuously, along the length of the well:
(1) total and effective water-filled porosity and pore size distribution, from which an estimate of
effective water hydraulic conductivity is made, (2) bulk density (sensitive to total water- plus air-
filled porosity), (3) bulk electrical resistivity at multiple depths of investigation, (4) bulk
concentrations of a number of important mineral-forming elements, (5) spectral natural gamma
ray, including potassium, thorium, and uranium concentrations, and (6) borehole diameter.

Preliminary results of these measurements were generated in the logging truck at the time the
geophysical services were performed and are documented in field logs provided on-site.
However, the measurements presented in the field results are not fully corrected for borehole
conditions and are provided as separate, individual logs. The field results were reprocessed by
Schlumberger to (1) correct/improve the measurements, as best as possible, for
borehole/formation environmental conditions, (2) perform an integrated analysis of the log
measurements so that they are all coherent, and (3) combine the logs in a single presentation,
enabling integrated interpretation. The reprocessed log results provide better quantitative
property estimates that are consistent for all applicable measurements, as well as estimates of
properties that otherwise could not be reliably estimated from the single measurements alone
(e.g. total porosity inclusive of all water and air present, water saturation, mineralogy).

The geophysical log measurements from Well CdV-16-3(i) provide good quality results that are
consistent with each other through most of the borehole. The quality of some measurements was
degraded across intervals where the borehole contains large washouts and/or rugose hole. The
measurements most affected by the adverse borehole conditions were ones that have a shallow
depth of investigation and require close contact to the borehole wall—the bulk density,
photoelectric effect, and the porosity measurements. The greatest impact on the log processing
was erroneously high estimated porosity in the problem zones. Through the integrated analysis
and interpretation of all the logs, the individual shortcomings of the specific measurements are
reduced. Thus, the integrated log analysis results (e.g. the optimized water-filled porosity log)
are the most robust single representation of the geophysical log results—providing a wealth of
valuable high resolution information on the geologic and hydrogeologic environment of the
CdV-16-3(i) locale.

Important results from the processed geophysical logs in CdV-16-3(i) include the following:
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2.0

1 No substantial standing was present at the time of the January 16, 2004 logging —

although several logs indicate there may have been a little bit of fluid (possibly just
accumulated water from the drilling foam used) at the very bottom of the borehole that
was rising during the logging operation (1392-1405 ft bgs).

There are no clear indications that CdV-16-3(i) penetrates a fully water-saturated zone at
the bottom of the borehole section that was logged (maximum depth of 1,405 ft bgs).
The estimated pore volume water saturation computed from the integrated log analysis
does not read consistently above 60% (% of pore volume occupied by water) anywhere
below 900 ft. The rock formation in the interval 12141405 ft is very dense, having an
estimated total porosity of 10% or less of total rock volume and water-filled porosity is
very low — only approximately 5% of total rock volume. The interval 900-1214 ft has
higher, much more variable, total porosity (mostly 15-50%) — as well as water-filled
porosity (mostly 5-20%) — than the bottom section of the borehole, but an estimated
water saturation of only 20-30%.

The processed logs do not indicate any significant fully water saturated (perched) zones
across the entire logged interval (13—1,405 ft). The estimated water saturation never
reaches above 75% and mostly stays below 50%. The highest water content (44% of
total rock volume), moveable water content (30% of total rock volume), and water
saturation (72% of pore volume) occurs in the 894-900 ft depth interval.

The processed logs indicate a dense, low porosity silica-rich volcanic formation (likely
lava flow(s)) exists across the interval 1,213-1,405 ft.

The processed logs indicate a highly altered, heterogeneous siliceous volcanic material
(possibly a brecciated flow or rubble zone) exists across the interval 900-1,213 ft. The
borehole condition is highly rugose and washed out across this interval and the estimated
total porosity is highly variable (15-50%).

The geophysical log response in the zone 894-900 ft, overlying the likely siliceous
volcanic flow material, is characteristic of the bottom of the Guaje Pumice Bed, with very
high total porosity (48—-61%) and the highest total and moveable water content in the
borehole. The logs above 894 ft to the near the top of the log interval (13 ft) are
characteristic of the Bandelier Tuff.

The processed logs indicate that varying amounts of clay are present in the following
zones: 20470 ft, 900-994 ft, and 1,135-1,405 ft.

INTRODUCTION

Geophysical logging services were performed in characterization well CdV-16-3() by
Schlumberger in January 2004, prior to initial well completion. The purpose of these services
was to acquire in situ measurements that help characterize the borehole, near-borehole, and
abutting geologic formation environment. The primary objective of the geophysical logging was
to provide in situ evaluation of formation properties (hydrogeology and geology) intersected by
the well. This information was (and is) used by scientists, engineers, and project managers in the
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Los Alamos Characterization and Monitoring Well Project to design the well completion, better
understand subsurface site conditions, and assist in overall decision-making.

the:

The primary geophysical logging services performed by Schlumberger in well CdV-16-3(i) were

Combinable Magnetic Resonance (CMR¥*) tool to measure the nuclear magnetic
resonance response of the formation, which is used to evaluate total and effective water-
filled porosity of the shallow formation and to estimate pore size distribution and in-situ
hydraulic conductivity;

Compensated Neutron Tool (CNT#*) to measure volumetric water content of the
formation, which is used to evaluate moist/porous zones;

Triple detector Litho-Density (TLD*) tool to measure formation bulk density and
photoelectric factor, which are used to estimate total porosity and lithology;

Array Induction Tool, (AIT*) to measure formation electrical resistivity at five depths of
investigation and borehole fluid resistivity, which is used to evaluate drilling fluid
invasion into the formation (an indicator of relative permeability and water saturation),
presence of moist zones far from the borehole wall, and presence of clay-rich zones;
Natural Gamma Spectroscopy (NGS) tool to measure gross natural gamma and spectral
natural gamma ray activity, including potassium, thorium, and uranium concentrations,
which is used to evaluate geology/lithology, particularly the amount of clay and
potassium-bearing minerals;

Elemental Capture Spectroscopy (ECS*) tool to measure elemental weight percent
concentrations of a number of elements — used to characterize mineralogy and lithology
of the formation

In addition, calibrated gross gamma ray (GR) was recorded with every service except the NGS,
for the purpose of depth matching the logging runs to each other. Table 2.1 summarizes the
geophysical logging runs performed in CdV-16-3(i).

Table 2.1
Geophysical logging services, their combined tool runs and intervals logged,
as performed by Schlumberger in borehole CdV-16-3(i)

Tool | Depth Interval

Date of Logging Borehole Status Run#  Tooll | Tool2 3 62
16-Jan-2004 Open hole below 14 ft. 1 TLD | CNT GR | 10-1,4051
Bit size of 12.25 in.

Steel casing above 14 ft.
Casing OD of 13.375 in.

| Same

Same

2

AITH

NGS

12-1,405 1

| Same

Same

3

ECS

CMR

GR

34-1,405 1t

A description of these geophysical logging tools can be found on the Schlumberger website
(http://www.hub.slb.com/index.cfm?id=id11618).

*Mark of Schlumberger

KA Project No. 37151

May 2004
Final


http://www.hub.slb.comlindex.cfm?id==idl1618

=

Characterization Well CdV-16-3(i) Completion Report

3.0 METHODOLOGY

This section describes the methods employed by Schlumberger for performed geophysical
logging services in Well CdV-16-3(i), including the following stages/tasks:

e Measurement acquisition at the well site
» Quality assessment of logs
e Reprocessing of field data

3.1  Acquisition Procedure

Once the well drilling project team notified Schlumberger that CdV-16-3(i) was ready for
geophysical well logging, the Schlumberger district in Farmington, NM, mobilized a wireline
logging truck, the appropriate wireline logging tools and associated equipment, and crew to the
job site. Upon arriving at the LANL site, the crew completed site entry paperwork and received
a site-specific safety briefing.

After arriving at the well site, the crew proceeded to rig up the wireline logging system,
including:

e Parking and stabilizing the logging truck in a position relative to the borehole that is best
for performing the surveys;

e Setting up a lower and an upper sheave wheel (the latter attached to, and hanging above,
the borehole from the drilling rig/mast truck);

o Threading the wireline cable through the sheaves; and

» Attaching the appropriate sonde(s) for the first run to the end of the cable.

Next, pre-logging checks and any required calibrations were performed on the logging sondes
and the tool string was lowered into the borehole. If any of the tools required active radioactive
sources (in this case a neutron and gamma source for the CNT/ECS and TLD, respectively), just
prior to lowering the tool string the sources were taken out of their carrying shields and placed in
the appropriate tool source-holding locations using special source handling tools. The tool string
was lowered to the bottom of the borehole and brought up at the appropriate logging speed as
measurements were made. At least two logging runs (one main and one repeat) were made with
each tool string.

Upon reaching the surface any radioactive sources were removed from the tools and returned to
their appropriate storage shields, thus eliminating any radiation hazards. Any post-logging
measurement checks were performed as part of log quality control and assurance. The tool string
was cleaned as it was pulled out of the hole, separated, and disconnected.

The second tool string was attached to the cable for another logging run, followed by subsequent
tool strings and logging runs. After the final logging run was completed the cable and sheave
wheels were rigged down.

Before departure, the logging engineer printed field logs for on site distribution and sent the data
via satellite to the Schlumberger data archiving center. The Schlumberger data processing center
was alerted that the data were ready for post-acquisition processing.
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3.2  Log Quality Control and Assessment

Schlumberger has a thorough set of procedures and protocols for ensuring that the geophysical
logging measurements are of very high quality. This includes full calibration of tools when they
are first built, regular recalibrations and tool measurement/maintenance checks, and real-time
monitoring of log quality as measurements are made. Indeed, one of the primary responsibilities
of the logging engineer is to ensure, before and during acquisition, that the log measurements

meet prescribed quality criteria.

A tool specific base calibration that directly relates the tool response to the physical
measurement using the designed measurement principle is performed on all Schlumberger
logging tools when first assembled in the engineering production centers. This is accomplished
through a combination of computer modeling and controlled measurements in calibration models

with known physical parameters.

The base calibration is augmented through regular “master calibrations” for most Schlumberger
tools — typically performed every one to six months in local Schlumberger shops (such as
Farmington, NM), depending on tool design. Master calibrations consist of controlled
measurements using specially designed calibration tanks/jigs and internal calibration devices that
are built into the tools. The measurements are used to fine-tune the tool’s calibration parameters
and to verify that the measurements are valid.

In addition, on every logging job, on-site before and after “calibrations” are executed for most
Schlumberger tools directly before/after lowering/removing the tool string from the borehole.
For most tools these represent a measurement verification instead of an actual calibration — used
to confirm the validity of the measurements directly before acquisition and to ensure that they
have not drifted or been corrupted during the logging job.

All Schlumberger logging measurements have a number of associated depth-dependent quality
control (QC) logs and flags to assist with identifying and determining the magnitude of log
quality problems. These QC logs are monitored in real-time by the logging engineer during
acquisition and are used in the post-acquisition processing of the logs to determine the best
processing approach for optimizing the overall validity of the property estimates derived from

the logs.

Additional information on specific tool calibration procedures can be found on the Schlumberger
web page (http://www.hub.slb.com/index.cfm?id=id11618).

3.3  Processing Procedure

After the geophysical logging job was completed in the field and the data archived, the data were
downloaded to the Schlumberger processing center. There the data were processed, in the order
below, to (1) correct the measurements for near-wellbore environmental conditions and redo the
raw measurement field processing for certain tools using better processing algorithms, (2) depth
match the log curves from different logging runs, and (3) model the near-wellbore substrate
lithology/mineralogy and pore fluids through integrated log analysis. Separately, the FMI
electrical image was processed to produce scaled and normalized high-resolution images that
were interpreted to identify geologic features and compute fracture apertures. Afterwards an
integrated log montage was built to combine and compile all the processed log results.
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Environmental Corrections and Raw Measurement Reprocessing

If required, the field log measurements were processed to correct for conditions in the well,
including fluid type (drilling mud or air) and (to a much lesser extent) pressure, temperature, and
water salinity.  Basically these environmental corrections entail subtracting from the
measurement response the known influences of the set of prescribed borehole conditions. In
CdV-16-3(1) the log measurements requiring these corrections are the CNT porosity and NGS
spectral gamma ray logs.

Two CNT neutron porosity measurements are available — one that measures thermal (“slow”)
neutrons and one that measures epithermal (“fast”) neutrons. Measurement of epithermal
neutrons is required to make neutron porosity measurements in air-filled hole. Only the
epithermal neutron porosity measurement was made in CdV-16-3(i) since the borehole was
entirely air-filled. Epithermal neutron porosity was processed at the field site for borehole fluid
type (air) and other environmental conditions, and didn’t require any further processing. For
further processing and analysis (e.g. ELAN analysis) the field processed epithermal neutron
porosity log was used.

The raw ECS elemental yield measurements include the contribution of hydrogen from fluid in
the borehole. The processing consists of subtracting this unwanted contribution from the raw
normalized yields, then performing the normal elemental yields-to-weight fraction processing.
The contribution to subtract is a constant baseline amount (or zoned constant values if there are
bit/casing size changes), usually determined by comparing the normalized raw yields in zones
directly below/above the borehole fluid change. Information from the driller and the results from
the neutron porosity and borehole fluid resistivity logs indicate no apparent water in CdV-16-
3(1). However, the raw ECS logs exhibit a significant increase in hydrogen content at the bottom
of the borehole — 1392 ft to the bottom of the log (1405 ft). The increased hydrogen reading
could result from the accumulation at the bottom of the borehole of foam/mist used in drilling,
possibly with the addition of small amounts of water seeping into the borehole. (The ECS was
part of the last logging suite run.) This apparent borehole contribution to the ECS hydrogen log
response below 1392 ft was corrected for by applying a baseline borehole hydrogen correction
determined from the difference between the hydrogen yield above and below this depth. No
correction was applied above this depth.

The NGS spectral gamma ray are affected by the material (fluid, air, casing) in the borehole
because different types and amounts of these materials have different gamma ray shielding
properties; the NGS measures incoming gamma rays emitted by radioactive elements in the
formation surrounding the borehole. The processing algorithms try to correct for the damping
influence of the borehole material. The NGS logs from CdV-16-3(i) were reprocessed to fully
account for the environmental effects of the borehole fluid (air) and hole size.

The measurements cannot be fully corrected for borehole washouts or rugosity since the specific
characteristics of these features (e.g., geometry) are unknown and their effects on the
measurements often too significant to account for. Thus, the compromising effects of these
conditions on the measurements, especially borehole washouts, should be accounted for in the
interpretation of the log results.
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Depth-Matching

Once the logs were environmentally corrected for the conditions in the borehole and the raw
measurement reprocessing was completed, the logs from different tool runs were depth-matched
to each other using the AIT-NGS tool run as the base reference. Gamma ray was used as the
common correlation log measurement for depth-matching the different runs.

Integrated Log Analysis

An integrated log analysis, using as many of the processed logs as possible, was performed to
model the near-wellbore substrate lithology/mineralogy and pore fluids. This analysis was
performed using the Elemental Log Analysis (ELAN") program (Mayer and Sibbit, 1980;
Quieren et al, 1986) — a petrophysical interpretation program designed for depth-by-depth
quantitative formation evaluation from borehole geophysical logs. ELAN estimates the
volumetric fractions of user-defined rock matrix and pore constituents at each depth based on the
known log measurement responses to each individual constituent by itself'. ELAN requires an a
priori specification of the volume components present within the formation—fluids, minerals,
and rocks. For each component, the relevant response parameters for each measurement are also
required. For example, if one assumes that quartz is a volume component within the formation
and the bulk density tool is used, then the bulk density parameter for this mineral is well known

to be 2.65 g/cc.

The logging tool measurements, volume components, and measurement response parameters
used in the ELAN analysis for CdV-16-3(i) are provided in Table 3.1. The final results of the
analysis — an optimized mineral-fluid volume model — are shown on the integrated log montage
(see CD attached to back of this report), 3™ track from the right (inclusive of the depth track).
To make best use of all the measurement data and to perform the analysis across as much of the
well interval as possible (13-1405 ft), as many as possible of the processed logs were included in
the analysis, with less weighting applied to less robust logs. Not all the tool measurements
shown in Table 3.1 are used for the entire interval analyzed, as not all the measurements are
available, or of good quality, across certain sections of the borehole. To accommodate fewer
tool measurements certain model constituents are removed from the analysis in some intervals.
Most notably, at the top of the log interval (above 35 ft) a number of the minerals, and capillary
bound water, had to be removed from the model due to the absence of many of the logs.

The ELAN analysis was performed with as few constraints or prior assumptions as possible. A
considerable effort was made to choose a set of minerals or mineral types for the model that is
representative of Los Alamos area geology and it’s volcanic origins. For the ELAN analysis, the
log interval above 900 ft was assumed to be within the Bandelier Tuff and a mineral suite
considered representative of this volcanic tuff was used (primary “minerals” silica glass, quartz,
sanidine, and montmorillinite with accessory minerals augite, calcite, and pyrite). In addition,
the results of laboratory analyses of Bandelier Tuff core samples from around the LANL site
were used to constrain the proportion of quartz versus glass in the ELAN analysis (as well as to

"Mark of Schlumberger

"Mathematically this corresponds to an inverse problem — solving for constituent volume fractions from an (over)determined system of equations

relating the measured log results to combinations of the tool measurement response to individual constituents
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determine the representative primary mineral suites). No assumptions about formation type were
made for the log interval below 900 ft and, thus, a wide range of possible minerals were included
—reflective of the area’s volcanism.

No prior assumption is made about water saturation—where the boundary between saturated and
unsaturated zones lies (e.g. the depth to the top of the regional aquifer or perched zones). Thus,
the presence and amount of air in the pore space is unconstrained. Total porosity and water-
filled porosity are also left unconstrained throughout the analysis interval. Thus, interpretations
should be made from the ELAN results with the understanding that the mineral-fluid model
represents a mathematically optimized solution that is not necessarily a physically accurate
representation of the native geologic formation. Within this context, the ELAN model is a robust
estimate of the bulk mineral-fluid composition that accounts for the combined response from all
the geophysical measurements.

KA Project No. 37151 C-8 May 2004
Final



Characterization Well CdV-16-3(i) Completion Report

Table 3.1
Tool measurements, volumes, and respective parameters used in the CdV-16-3(i) ELAN
analysis.
Volume s © g @ - | 2 £ -~
o -] @ = ] = = @
g2 23| € ¢ =3 2 t FI
Mswement | 5 58 5 £ | F 3 Z | #5| f| s 53 3 5
Bulk density (g/ee) |-0.19 1.0-0__11‘00 331 (355 (265 (233 140 3.08 |21 459 g.ss 264
: ‘ 56
Epithermal 0.0 100 [1.00 (005 (001 |00 |00 002 1001 (06 017 |-0061 160 0.048
newtron porosity
(6ivfig) ‘ _
Volumetric 0 0 040 112 202 7 42 65 238 (44 821 (73 [141 |48
photoelectric 7.0
effect | T
Total CMR water- |0 10 1.0 0 0 0 0 0 0 0425 |0 0 0 0
filled porosity
(R ) L
| CMR bound fiuig 19 1.0 0 10 0 0 0 0 0 0425 10 0 0 0
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®/£) ‘ ‘
Resistivity Very 36 36 Very Very Very Very Very Very 1.41 Very Very Very Very
(ohm-m) high high high |high  'high |high |high 'high  |high  |high |high
Dry weight silicon |00 0.0 0.0 021 024 024 047 lo1g 023 lo26 o 03 0 0.47
(Ibf/ Ibf) L 0.38
Dry weight 0.0 0.0 0.0 0.09 00 009 (0.0 0.0 010 001 00 0.0 0405 [DD
calcium
(Ibf/ 1)
Dry weightiron |00 0.0 0.0 008 (020 (002 |00 022 011 |004 (047 1002 00 0.0
(Ib£/1b5)
Dry weight sulfur  |0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 053 |00 0.0 00
{Ibf / 1bf) ‘ ‘ |
Dry weight 00 |00 |00 0005 [001 (00 |00 |00  0.048 (00 |00 00 |00 |00
titanium
bt/ 1bf)
Dry weight 0.0 0.0 00 007 (00 016 100 00 002 011 00 0.10 |00 0.0
aluminum
(15 / 1bf) ! | :
Wet weight 00 00 00 001 {00 0.0 0.0 0.0 0.003 |0.005 |0.0 0102 100 oo |
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(Ibf/ Ibf). ‘ |
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40 RESULTS

Preliminary results from the wireline geophysical logging measurements acquired by
Schlumberger in CdV-16-3(i) were generated in the logging truck at the time the geophysical
services were performed and are documented in field logs provided on-site. However, the
measurements presented in the field results are not fully corrected for undesirable (from a
measurement standpoint) borehole and geologic conditions and are provided as separate,
individual logs. The field log results have been processed (1) to correct/improve the
measurements, as best as possible, for borehole/formation environmental conditions and (2) to
depth-match the logs from different tool runs in the well. Additional logs were generated from
integrated analysis of processed measured logs, providing valuable estimates of key geologic and
hydrologic properties.

The processed log results are presented as continuous curves of the processed measurement
versus depth and are displayed as (1) one page, compressed summary log displays for selected
directly related sets of measurements (see Figures 4.1, 4.2, and 4.3) and (2) an integrated log
montage that contains all the key processed log curves, on depth and side by side (see CD). The
summary log displays address specific characterization needs, such as moisture content, water
saturation, and lithologic changes. The purpose of the integrated log montage is to present, side
by side, all the most salient reprocessed logs and log-derived models, depth-matched to each
other, so that correlations and relationships between the logs can be identified.

Important results from the processed geophysical logs in CdV-16-3(i) are described below.
Well Water Level

The geophysical logs indicate no substantial standing water in CdV-16-3(i) at the time of the
January 16, 2004 logging — although several logs suggest there may have been a little bit of fluid
(possibly just accumulated drilling foam) at the very bottom of the borehole. The borehole fluid
resistivity log (measured by the AIT tool) seems to indicate fluid with a resistivity of 33 ohm-m
(typical of standing water in other LANL monitoring wells) below 1405 ft. The uncorrected
ECS hydrogen content log, acquired after the borehole fluid resistivity log, indicates a sharp
increase in hydrogen content below 1392 ft — likely associated with water-based fluid in the
borehole. It is possible the borehole was very slowly filling with fluid over the course of the
logging, although the fluid could just be water derived from the drilling process (e.g. from the
breakdown of drilling foam/mist).

Regional Aquifer

There are no clear indications, solely from the processed geophysical log results, that CdV-16-
3(i) penetrates a fully water-saturated zone at the bottom of the primary log interval (1405 ft).
The estimated pore volume water saturation’ computed from the ELAN integrated log analysis
does not read consistently above 60% anywhere below 900 ft. The processed logs suggest that
the rock type in this interval (900-1405 ft) is likely silica-rich extrusive volcanic rock.
Estimated water saturation computed directly from bulk density and water content — over the

2 Water saturation is defined in this report as the volumetric fraction of the fotal pore space occupied by water — the rest being
occupied by air.
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likely maximum possible range of grain density for the silica-rich volcanic rock (2.65-3.05 g/cc)
— also does not consistently read 100% across any significant zones in this interval. The rock
formation in the interval 12141405 ft (bottom of log interval) is very dense, having an estimated
total porosity of 10% or less of total rock volume. The estimated water-filled porosity is very
low — only approximately 5% of total rock volume. The interval 900-1214 ft has higher, much
more variable, total porosity (mostly 15-50%) — as well as water-filled porosity (mostly 5-20%).
This interval appears to have the same mineralogy as the dense silica-rich volcanic material
below 1214 ft — possibly the same rock type, but heavily weathered and broken up to form a
breccia-like or rubble material. The average water saturation across this interval is even lower
than the dense rock below (around 20-30%), although much more variable — suggesting the
regional groundwater level is not crossed.

The moveable water content estimated from the ELAN integrated log analysis averages around
3% of total rock volume in the 1134—1405 ft interval and approximately 4-6% in the 900-1134
ft interval. Hydraulic conductivity, as estimated from the ELAN analysis results, is mostly
below 0.1 gal/min/ fi* across the entire interval — highest in 900-1134 ft zone.

Vadose Zone Perched Water

There are no clear indications, solely from the processed geophysical log results, that any
significant perched (fully water-saturated) zones are intersected by CdV-16-3(i). The ELAN-
estimated water saturation never reaches above 75% and mostly stays below 50%.
Hydrogeologic observations and interpretations from the processed logs are provided below for
the logged interval above 900 ft, from bottom to top.

894-900 ft:

The 894-900 ft depth interval has very high ELAN estimated total porosity (48—61%), high
water-filled porosity (21-44%), and relatively high water saturation (50—72%) — characteristic of
the log response in the bottom of the Guaje Pumice Bed. Moveable water content is also high
(10-30%). The ELAN results indicate that the zone is underlain by a relatively clay-rich
geologic sequence — possibly acting as a low permeability barrier that causes pooling of water in
the highly porous pumice bed above. This zone has the highest total and moveable water content
irg the entire log interval, as well as the highest estimated hydraulic conductivity (~30 gal/min/
ft9).

852-894 ft:

The 852-894 ft depth interval, assumed to be in the Bandelier Tuff (solely based on the logs),
has high total porosity (40-50%) and relatively high, uniform water-filled porosity (18-22%),
resulting in a water saturation of 42-48%. Moveable water content ranges 3-5%.

843-852 ft:
This zone is characterized by a significant decrease in total porosity to 28%, along with a

decrease in water-filled porosity to 13% and moveable water content to 3%.

798843 ft:
The 798-852 ft interval, assumed to be in the Bandelier Tuff (solely based on the logs), has

similar characteristics as the 852—-894 ft interval: high total porosity (average 45%), water-filled
porosity of 20-23%, and moveable water content of about 5%.
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615-798 ft:

The processed logs across the 615-798 ft interval exhibit a sharp decrease in total and water-
filled porosity at 798 ft (to 40% and 17%, respectively), compared to the zone below. Above
798 ft total porosity gradually increases in the upward direction, reaching 43% at 625 ft. Water-
filled porosity gradually increases to a maximum of 20% at 660 ft, then decreases to 17% at 615
ft. Moveable water content is consistent — uniformly decreasing in the upwards from 4% at 798
ft to around 2% at 615 ft. Water saturation ranges 40-45%.

586615 ft:
This interval is characterized by lower total and water-filled porosity (41% and 10%,
respectively), but slightly higher moveable water content (4%) than directly below.

412-586 ft:

Total and water-filled porosity is more variable across this interval than the section below,
ranging 36-53% and 8-17%, respectively. Moveable water content mostly varies between 3—5%
and water saturation 25—40%.

340-412 ft:

The 340412 ft interval is characterized by highly variably total and water-filled porosity (27—
55% and 7-24%, respectively). Moveable water content averages about 4%, reaching a
maximum of 7% at 395 ft.

312-340 ft:
Water-filled porosity decreases significantly above 340 ft, lowering to 5% at 325 ft, while total
porosity remains relatively high (mostly 30-35%). Moveable water content is no more than 4%.

214-312 ft:
Total porosity decreases significantly above 312 ft, decreasing from 20% at 311 ft to 8% at 225
ft. Water-filled porosity varies between 5—-10% and moveable water content averages about 3%.

162-214 ft:

Total porosity increases significantly above 214 ft, reaching 37% at 200 ft. Water-filled porosity
varies between 4—-11% and moveable water content averages about 3%. There is a large washout
across the 170-214 ft interval that may be causing elevated total porosity values.

127-162 ft:
Total porosity decreases to 8-12% across this interval, with water-filled porosity and moveable
water content relatively stable at 6% and 3%, respectively.

13-127 ft:

The total porosity increases considerably in this interval (compared to zone below), generally
increasing in the upward direction — reaching 52% at 30 ft. However, the porosity increases are
correlated with large washouts. Water-filled porosity averages around 7% across the interval
40-127 ft and 12% across the interval 1340 ft.

Geology

The processed geophysical log results delineate the geologic material and many of the formation
contacts intersected by CdV-16-3(i). The generalized geologic stratigraphy observed from the
logs, independent of any other information, across the logged interval is as follows (depth bgs):
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13-75 ft: Very porous volcanic tuff (possibly not volcanic tuff at top) — characterized
by very high total porosity (40-50% of total rock volume), high sanidine and silica
glass/mineral content, and trace clay content

75-88 ft: Low porosity volcanic tuff — characterized by relatively low total porosity
(20-25% of total rock volume), high sanidine and silica glass/mineral content

88-132 ft: Lower porosity, clay-rich volcanic tuff — characterized by relatively lower
total porosity (20~35% of total rock volume), high sanidine and silica glass/mineral
content, and the presence of clay throughout (maximum 10% of total rock volume)
132-162 ft: Low porosity volcanic tuff — characterized by relatively low total porosity
(17% of total rock volume), high sanidine and silica glass/mineral content, and small
amounts of clay

162-214 ft: Porous volcanic tuff — characterized by relatively high total porosity (28—
37% of total rock volume), high sanidine and silica glass/mineral content, and trace clay
content

214-312 ft: Low porosity volcanic tuff — characterized by relatively low total porosity
increasing downwards (8-20% of total rock volume), high sanidine and silica
glass/mineral content, and trace clay content

312-343 ft: Porous volcanic tuff — characterized by relatively high total porosity (30-
35% of total rock volume), high sanidine and silica glass/mineral content, and minor
presence of clay

343-346 ft: Low porosity volcanic tuff — characterized by relatively low total porosity
(23% of total rock volume), high sanidine and silica glass/mineral content, moderate
augite mineral content, and minor presence of clay

346-357 ft: Very porous volcanic tuff- characterized by very high total porosity (53%
of total rock volume), high sanidine and silica glass/mineral content, and possibly trace
pyrite content

357-360 ft: Lower porosity volcanic tuff — characterized by relatively lower total
porosity (30% of total rock volume), high sanidine and silica glass/mineral content,
moderate augite mineral content, and minor presence of clay

360412 ft: Very porous, heterogeneous volcanic tuff (possibly re-worked)-
characterized by very high and variable total porosity (30—57% of total rock volume),
high sanidine and silica glass/mineral content, minor to moderate augite mineral content,
and trace amounts of clay

412620 ft: Porous, relatively heterogeneous volcanic tuff -- characterized by high
total porosity (36-53% of total rock volume), high sanidine and silica glass/mineral
content, and minor to moderate augite mineral content

620-798 ft: Porous volcanic tuff — characterized by very high total porosity (40-43% of
total rock volume), high sanidine and silica glass/mineral content

798843 ft: Very porous volcanic tuff— characterized by very high total porosity (45%
of total rock volume), high sanidine and silica glass/mineral content

843-852 ft: Lower porosity volcanic tuff — characterized by relatively lower total
porosity (28% of total rock volume), high sanidine and silica glass/mineral content,
moderate augite mineral content, and minor presence of clay

852-894 ft: Very porous volcanic tuff- characterized by very high total porosity (40—
50% of total rock volume), high sanidine and silica glass/mineral content
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4.1

894-900 ft: Extremely porous volcanic tuff/pumice — characterized by extremely high
total porosity (48—61% of total rock volume), high water-filled porosity (21-44%), high
sanidine content, and moderate silica glass/mineral content

900-994 ft: Clay-rich, highly altered, heterogeneous siliceous volcanic material
(possibly brecciated flow or rubble zone) — characterized by highly variable total
porosity (15-50% of total rock volume); moderate quartz, potassium feldspar, and
plagioclase feldspar content; moderate clay content; and considerable presence of heavy
mafic minerals

994-1213 ft: Highly altered, heterogeneous siliceous volcanic material (possibly
brecciated flow or rubble zone) — characterized by highly variable total porosity (15—
50% of total rock volume); moderate quartz, potassium feldspar, and plagioclase feldspar
content; considerable presence of heavy mafic minerals; and variable, trace amounts of
clay

1213-1405 ft: Dense, low porosity siliceous volcanic material (likely unaltered lava
flow) — characterized by very low total porosity (10% or less of total rock volume);
moderate quartz, potassium feldspar, and plagioclase feldspar content; considerable
presence of heavy mafic minerals; and variable, minor amounts of clay

Summary Logs

Three summary log displays have been generated for CdV-16-3(i) 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 a 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 CdV-16-3(i) borehole from processed geophysical logs, interval
131405 ft, with caliper, gross gamma, water saturation, and water hydraulic conductivity
logs. Porosity, water saturation, and hydraulic conductivity logs are derived from the
ELAN integrated log analysis.
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Figure 4.2.

Summary bulk density and volume clay logs in CdV-16-3(i) borehole from processed

geophysical logs, interval 13-1405 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 CdV-16-3(i) borehole, interval 13-1405 ft. Caliper log is also shown,
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4.2  Integrated Log Montage

This section summarizes the integrated geophysical log montage for CdV-16-3(i). The montage
is provided on a CD in the back of this report. 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 CdV-16-3(i) geophysical
logs are provided in the previous section.

Track 1-Depth

The first track on the left contains the depth bgs 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;
e caliper borehole diameter 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 11 to 26 in.;

Two gamma ray curves from the NGS are presented:
s 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

o 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.

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:

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

o yellow when the 90 in. resistivity is greater than the 10 in. resistivity (labeled “conductive
invasive™).
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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
o CNT epithermal neutron porosity (solid sky blue curve)-epithermal neutron porosity
processed for both air-filled and water-filled hole;
e CMR total water-filled porosity (short-dashed black);
e CMR effective water-filled porosity (long-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 porosity curves to show the range (the higher grain density range used across the
siliceous volcanic flow interval below 900 ft); 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
(g/ce);

o 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

e apparent grain density (dashed-dotted brown curve), derived from the ELAN analysis, on
ascale of 1 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).

Track 6-NGS Spectral Gamma

The sixth track from the left displays the spectral components of the NGS measurement results
as wet weight concentrations:
s potassium (solid green curve) in units of parts per thousand (ppk) and on a scale of -50 to
50 ppk;
o thorium (dashed brown) in units of parts per million (ppm) and on a scale of 50 to -50
ppm; and
¢ uranium (dotted blue) in units of parts per million (ppm) and on a scale of 20 to 0 ppm.
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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:

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

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);

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

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

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 magnetic field variation (dotted yellow)-representing the variation in the measured
magnetic field versus the baseline magnetic field used for the logging (used as an
indicator of the presence of magnetic minerals which requires a lower T2 cutoff)

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;

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
(yellow) 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:

Clay-bound water—brown area shading;

Micro pore and small pore water (the sum comprising capillary-bound water)-gray and
blue area shading, respectively;

Medium pore, large pore, and late decay (the sum comprising effective water-filled
porosity)-yellow, red, and green area shading, respectively.
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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:
e T2 logarithmic mean (solid blue curve) and
e T2 cutoff time used for differentiating between bound and free water (solid red line).

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 107 to 10° gallons per day
per feet squared (gal/day/{t2):

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

+ 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).

Tracks 12 to 16 — Geochemical Elemental Measurements

The narrow tracks 12 to 16 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 17-ELAN Mineralogy Model Results (Dry Weight Fraction)

Track 17 displays the results from the ELAN integrated log analysis (the matrix portion)-
presented as dry weight fraction of mineral types chosen in the model:

e Montmorillonite clay (brown/tan)

e Quartz (yellow with small black dots)

o Silica glass (orange)

e Orthoclase or other potassium feldspar (lavender)

e Sanidine (violet)
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e Labradorite or other plagioclase feldspar (pink)
e Hypersthene (purple)
¢ Hornblende (forest green)
e Augite (maroon)
e Heavy mafic/ultramafic minerals, such as magnetite or olivine (dark green)
s Pyrite (cross-hatched red).
Track 18-ELAN Mineralogy-Pore Space Model Results (Wet Volume Fraction)

Track 18 displays the results from the ELAN integrated log analysis—presented as wet mineral
and pore fluid volume fractions:
e Montmorillonite clay (brown/tan)
¢ Clay-bound water (checkered gray-black)
¢ Quartz (yellow with small black dots)
¢ Silica glass (yellow with large black dots)
e Orthoclase or other potassium feldspar (lavender)
e Sanidine (violet)
e Labradorite or other plagioclase feldspar (pink)
e Pyrite (tan with large black squares).
s Hypersthene (purple)
e Hornblende (forest green)
e Augite (maroon)
o Heavy mafic minerals, such as magnetite (dark army green)
e Air (red)
s Moveable water (white)
e Capillary-bound water (light blue).
Track 19-Summary Logs

Track 19, 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);

e Optimized estimate of moveable volume fraction water (effective porosity in fully
saturated conditions) from the ELAN analysis (dashed cyan curve and green area
shading);

o Optimized estimate of total volume fraction of air-filled porosity from the ELAN analysis
(solid red curve and dotted red area shading);
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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 (the higher grain density range used across the siliceous volcanic flow interval

below 900 ft);

o 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);

o 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.

Track 20-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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