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ABSTRACT

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

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

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

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

This completion report summarizes the drilling, well construction, well development, and related
activities conducted from November 7, 2003 to Spring, 2004 for Well R-28 (R-28). R-28 was
drilled and installed for LANL’s Groundwater Protection Program as part of the “Hydrogeologic
Workplan” (LANL 1998, 59599). The R-28 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.

The information presented in this report was compiled from field reports and activity summaries
generated by KA, LANL and subcontractor personnel. Original records, including field reports,
field logs, survey records, etc., are on file in KA’s Albuquerque office. Results of these 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.

R-28 is located in Mortandad Canyon and will provide a contaminant analysis and monitoring
point for comparison with regional well R-15, located upstream, R-11, located to the northeast in
Sandia Canyon, and R-13, located to the southeast, downstream in Mortandad Canyon (as shown
in Figure 1.0-1). As indicated in the LANL-prepared Sampling and Analysis Plan (SAP) (LANL
2003, 03-8324), contaminants have been identified in alluvial and perched intermediate
groundwater and in the regional aquifer within Mortandad Canyon. Historically, the following
constituents have been detected in surface water and alluvial groundwater: americium-241;
cesium-137; plutonium-238 and plutonium-239, 240; strontium-90; tritium; uranium-234, 235,
236, 238; nitrate; perchlorate; chloride; sulfate; fluoride; and total dissolved solids ([TDS] ESP
1999, 68661; ESP 2001, 73876; ESP 2002, 71301). Mortandad Canyon and its tributaries have
received effluents from Los Alamos National Laboratory (LANL or the Laboratory) since the
early 1950s. These effluents discharged from TA-3, TA-35, TA-48, and TA-50 have contained a
variety of contaminants, including nitrate, perchlorate, tritium, cesium-137, strontium-90,
americium-241, and several isotopes of uranium and plutonium (LANL 1997, 56835). Active
outfalls discharging to Mortandad Canyon include TA-3 and TA-50. Most contaminants found in
Mortandad Canyon are associated with TA-50 discharges into Effluent Canyon, except for
sources of strontium-90 (LANL 1997, 56835), nitrate, and perchlorate. Strontium-90, nitrate, and
perchlorate were discharged from TA-35 into Pratt Canyon; total masses of nitrate and
perchlorate discharged are not known.

Data from R-28 will be evaluated in conjunction with data from other area wells to form the
technical basis for the design of a groundwater monitoring system, if needed. Water quality,
geochemical, hydrologic, and geologic information obtained from R-28 will augment knowledge
of regional subsurface characteristics and distribution of contaminants downgradient of potential
release sites.

2.0 PRELIMINARY ACTIVITIES

Preliminary activities at R-28 included administrative and site preparation.

KA Project No. 37151 1 April 2004
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Well R-28 Completion Report

2.1 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 Plan (CQMP), a Site-Specific
Health and Safety Plan (SSHASP), a traffic control plan, and a Drilling Plan (DP) for the work at
R-28. The host facility signed a Facility-Tenant Agreement (FTA) to provide access and security
controls for site preparation, drilling and well installation activities. Necessary permits and access
agreements were obtained prior to beginning fieldwork.

2.2 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, and
construction of a lined borehole-cuttings containment area. Site preparation was begun on
November 7, 2003 and completed on November 12, 2003. Radiation Control Technicians (RCTs)
contracted from HSR-1 were present to screen the site during preparation activities.

An access road, located to avoid archaeological sites, was constructed to R-28. The R-28 site was
then cleared of vegetation. The drilling pad was developed by grading an area with a front-end
loader. A primary layer of base-course gravel was distributed over the drill pad, equipment
storage area and on the access road, as necessary. Drill pad construction was completed with an
additional graded layer of base-course gravel. To store R-28 drilling fluids and borehole cuttings,
a 25 ft wide by 60 ft long by 7 ft deep containment area was excavated along the pad boundary.
A secondary containment area was constructed with straw bales and lined with 6-mil polyethylene
to accommodate a 21,000-gallon (gal) tanker trailer used for storing potable water. Safety
barriers and signs were installed around the borehole-cuttings containment area and at the site
entrance. Office and supply trailers, generators, and safety lighting equipment were moved to the
site during subsequent mobilization of drilling equipment.

Potable water was trucked to the R-28 site from the hydrant located on the mesa south of
Mortandad Canyon. A backflow prevention system was installed at the hydrant.

3.0 SUMMARY OF DRILLING ACTIVITIES

Drilling activities at the R-28 site were completed in two phases during November and December
2003.

Phase I core drilling at R-28 was performed from November 10 to 20, 2003. The goal of Phase I
was to collect continuous rock core samples for geologic characterization and determination of
moisture, anion, stable isotope, radionuclide, metals, and tritium distributions in the upper part of
the geologic section. To accomplish this, drilling was performed without the addition of water or
other additives. The core was to be visually examined for lithologic description and to determine
geologic unit contacts. Additionally, groundwater samples were to be collected from significant
perched water zones, if encountered. The planned total depth (TD) of the R-28 corehole was 336
ft below ground surface (bgs), estimated to be about 9 ft below into Cerros del Rio lavas.

Phase II borehole drilling was performed from November 20 to December 9, 2003. Phase 11
objectives were to collect cuttings of intersected geologic formations, collect groundwater
samples from significant perched water and the regional aquifer, and provide a borehole for
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geophysical logging and installation of a single-screen monitoring well in the regional aquifer.
The planned TD of the R-28 borehole was approximately 967 ft bgs or, as necessary, to
approximately 100 ft below the top of the regional water table.

Phase I and II drilling activities were performed generally in one 12-hour shift per day, 7-days per
week by the drill crew and two site geologists.

Figure 3.0-1 summarizes well data and graphically depicts groundwater and geologic conditions
encountered during core and borehole drilling at R-28. A chronology of drilling and other on-site
activities is presented as Table 3.0-1. Sections 3.1 and 3.2 discuss specific Phase I and Phase 11
drilling activities, respectively.

3.1 Phase I Drilling Activities

On November 10, 2003, KA mobilized the StrataStar SS15 hollow-stem auger (HSA) drill rig
equipped with a 5-ft-long, 3.0-in-outer diameter (OD) continuous sample barrel and support
equipment to the R-28 site. Drilling from ground surface to 93 ft bgs was performed with 8-in OD
HSA to advance and stabilize the hole. Continuous core samples were collected using a
continuous sample barrel and Lexan liners from surface to 93 ft bgs through unconsolidated
alluvium and colluvium and into the Otowi Member of the Bandelier Tuff.

Due to drilling conditions, a split-spoon sampler was used to sample the interval from 93 ft to 95
ft bgs. On November 12, 2003, drillers began coring with air, alternating between using a
conventional core barrel and a Geobarrel, from 95 ft to 130 ft bgs.

On November 13, 2003, due to poor recovery while coring with air, KA changed sampling
methods to a split-spoon sampler driven by a down-the-hole (DTH) hammer. The corehole was
advanced from 130 ft to 169 ft bgs. Drillers returned to continuous sampling methods in the
interval from 169 ft to 316.5 ft bgs, advancing the corehole through ash flows of the Otowi
Member and into the Guaje Pumice Bed. On November 19, 2003, due to tight conditions in the
hole, the drillers changed to split-spoon sampling methods and continued drilling in the Guaje
Pumice Bed and into the top of the Cerros del Rio Basalt to a depth of 320 ft bgs. The interval
from 320 ft to 325 ft bgs was core drilled with air using a conventional core barrel. On November
20, 2003, DOE and LANL declared the corehole to be completed at 325 ft bgs due to
encountering the top of the basalt at an elevation higher than predicted.

A confirmatory depth-to-water (DTW) measurement was collected after drilling ceased. No
water was present in the hole. No zones of perched water were observed during drilling.

The R-28 corehole was plugged and abandoned on November 20 and 21, 2003. Bentonite pellets
were tremied through the augers and hydrated with potable water in the interval from 325 ft to
ground surface. A total of 125 bags of 3/8-in Hole-Plug® bentonite pellets were used in the
backfilling process.

3.2 Phase II Drilling Activities

Phase II drilling was performed by WDC Exploration & Wells (WDC) using a Dresser™ T70
drill rig equipped with conventional circulation drilling rods, tricone bits, DTH hammer bits, and
support equipment. R-28 was drilled using air-rotary and fluid-assisted air-rotary drilling
techniques. Drilling fluids were used as needed to improve borehole stability, minimize fluid

KA Project No, 37151 4 April 2004
Final



Location: Upper Mortandad Canyon - TA-5

BOREHOLE
(bgs)

CONTAMINANT
CHAR. SAMPLES (x)

BOREHOLE
GROUNDWATER

R-28 CONFIG. AT TD
{BOREHOLE)

STRATIGRAPHY
ENCOUNTERED

Description: Brass Marker
Northing: 1768359.0
Easting: 1638988.5
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Elevation: 6730.70
Description: Core Hole
Northing: 1768445.3
Easting: 1638987.0
Elevation: 6728.22

Coring:
{0 - 93') Auger with Continuous Sampler
{93 - 85"} Auger with Split Spoon
(95' - 129"} Coring with Air
{129 - 169") Auger with Spiit Spoon

(169" - 316.5% Auger with Continuous Sampler

(316.5' - 320" Auger with Spiit Spoon
(320" - 325") Coring with Air
Drilling:

(0" - 80"y 13-3/8" Air Rotary Casing Hammer

(80" - 1005 12-1/4" Mill-tooth Tri-cone
(B0’ - 325) Air
(328" - 1005') Fluid Assisted Alr Rotary
Data Collection:
« Hydrologic Properties:
Constant Discharge
Pumping Test - 2/5/04 - 3/8/04

« Cores/Cutlings submitted for geochemical and

contaminant characterization: 16
+ Ground Water Samples Submitted
Perched Ground Water -
Screening Samples: 12/05/03 (6517
12/07/03 (707")
Regional Ground Water -
Screening Sample: 12/09/03 (889')
Well Sample: 1/12/04 (347"

» Geologic Properties:
Cuttings submitted for Minerology,
petrography, and chemistry: 7

Borehole Logs:
+ Lithologic: 07 - 1005’
« Video (LANL tool): " - 888'
« Schlumberger logs:
Compensated Neutron Log:
Cased: 30'-80", Open Hole: 80302
Tripte Litho-Density:
Cased: 0'-80'; Open Hole: 80™-882°
Array Induction Tool:
Cased: nane; Open Hole: 80°.986'
Elemental Capture Sonde:
Cased: none; Open Hole: 80-989'
Natural GR Spectroscopy:
Cased: none; Open Hole: 80971
Combinable Magnstic Rescnance:
Cased: none; Open Hole: 100-972
Fullbore Formation Micro Imager:
Cased: none; Open Hole: B88-~989"
Corehole Logs:
« Lithologic: 0" - 325'
» Video (LANL toof): None
« Gamma Ray (LANL Tool): None

Core Drilling Completed: 11/10/03 - 11/20/03

Rotary Drilfing Completed: 11/20/03 - 12/8/03

Contract Geophysics: 12/10/03

Weil Installation: 12/12/03 - 12/17/03

Well Development Completed: 1/8/04 - 1/13/04
« Casing:

4.5%1.D./5.0"0.D. A304 Stainless Steel

casing with external couplings
« Number of Screens:

One (1) 4.46" 1/5.27" OD wire wrapped

stainless steel rod-based 0.020 slot
screen with external couplings.
+ Screen Inferval: 934.3" - 958.1

Well Development performed by swabbing,
bailing, and pumping,
Total Volurne Purged: 15,250 gallons
Hydrologic Properties Testing:

Total Volume Pumped: 10,058 galions
Geolngic contacts are for R-28 deep borehole;

contacts were determined from core samples,
cuttings, borehole video, and geophysical logs.
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Table 3.0-1 Operations Chronology for R-28

ot

TASK DESCRIPTIONS

DATE

Nov-03

Dec-03

Jan-04

Feh-04

Mar-04

QSITE PREPARATION ACTIVITIES

11/7-12 1

CORE HOLE DRILLING AND SAMPLING 11/10-21

Mobilization

110 ]

Continuous Coring,

11/10-20

Plug & Abandon Corehole

11/20-21

BOREHOLE DRILLING AND SAMPLING 11/20-12/9

Mobilization

/19

Air-Rotary

11720

12/1

Fluid Assisted Air-Rotary

12/1-9

Groundwater Screening Sampling

1245, 12/1,12/9

BOREHOLE GEOPHYSICS

Schlumberger Logging

12/10

LANL Video

12/11

WELL DESIGN AND CONSTRUCTION

12/11-17

WELL DEVELOPMENT

1/8-13

GROUNDWATER WELL SAMPLING

112

HYDROLOGIC TESTING

215

3/8

SITE RESTORATION

Not Completed to Date
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loss, and facilitate cuttings removal from the borehole. Drilling fluids consisted of a mixture of
municipal water with QUIK-FOAM® surfactant and EZ-MUD® polymer. 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.

On November 19, 2003, WDC mobilized drilling equipment and supplies to the R-28 site. The
following day, drillers installed 13 3/8-in OD drill casing in the alluvium from ground surface to a
depth of 80 ft bgs. The borehole advanced open-hole through the alluvium and into the Otowi
Member of the Bandelier Tuff to 185 ft bgs using a 12 Y-in milltooth tricone bit and air- rotary
methods. Drilling activities were temporarily suspended during between November 21 and 30,
2003, for maintenance and rig repairs.

On December 1, 2003, WDC resumed OH drilling using air-rotary techniques with the 12 %-in
milltooth tricone bit. The borehole was advanced from 185 ft to 325 ft bgs through Otowi
Member ash flows, the Guaje Pumice Bed, and into the Cerros del Rio basalt.

Fluid-assisted air-rotary drilling was initiated at 325 ft bgs due to difficult drilling conditions
encountered in the basalt. Table 3.2-1 shows the total amount of drilling fluids introduced and
recovered from the borehole during drilling activities. Potassium bromide (KBr) was added to the
drilling fluid as a tracer to aid in determining perched water or when the regional aquifer was
encountered. Results of the tracer test are discussed in Section 6.2 of this report. Drilling
continued in the Cerros del Rio basalt from 325 ft to 342 ft bgs. Due to slow drilling rates, WDC
tripped out of the hole at 342 bgs to switch drill bits.

Table 3.2-1
Introduced and Recovered Fluids

Amount
Material (Gallons)
QUIK-FOAM® 105
EZ-MUD® 39
Potable Water 15,200
Recovered Fluids® 28,050

@ Recovered fluids represents approximate fluids recovered during
drilling and well development.

On December 2, 2003, drilling resumed in basalt from 342 ft to 355 ft bgs with a 12 Y%-in DTH
hammer button bit. Formation instability and caving of material around the DTH hammer button
bit prompted WDC to trip out of the hole and use bentonite to seal off an apparent fracture zone in
the basalt. One super sack (41.4 cu. ft) of bentonite chips was added to the hole and hydrated
using 200 gallons of municipal water. On December 3, 2003, fluid assisted drilling continued with
a 12 Y4-in milltooth tricone bit, advancing the hole in basalt from 355 ft to 434 ft bgs. At 434 ft
bgs, drillers experienced a change in drilling conditions and again tripped out of the hole.

On December 4, 2003, WDC tripped back in and drilled from 434 ft to 665 ft bgs using a 12 Y-
DTH hammer button bit. On December 5, 2003, after tripping out of the hole, drillers measured a
DTW at 651 ft bgs and a 1-gallon groundwater screening sample (Sample ID: GW28-04-52763)
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Well R-28 Completion Report

was collected for contaminant screening. Drilling continued with the hammer button bit,
advancing the hole through the basalt and into the Puye Formation from 665 ft to 725 ft bgs. The
base of the Cerros del Rio basalt was intersected at 675 ft bgs. Drilling activities were not
performed on December 6, 2003.

On December 7, 2003, with borehole drilled to 725 ft bgs, WDC measured a DTW at 707 ft bgs
in the open borehole. Another groundwater screening sample (Sample ID: GW28-04-52764) was
collected. Drillers resumed drilling in Puye sediments from 725 ft to 905 ft bgs. On December 8,
2003, a DTW of 888.7 ft bgs (regional aquifer) was measured in the open borehole. On
December 9, 2003, WDC continued drilling in the Puye Formation from 905 to 1005 ft bgs and
drilling was terminated. An additional groundwater screening sample (Sample ID: GW28-04-
52765) was collected for analysis at a depth of 889 ft bgs. The R-28 well was installed in this
borehole and completed in the regional aquifer with a screened interval from 934.3 ft to 958.1 ft
bgs. Well design and construction are discussed in Section 7.0.

4.0 SAMPLING AND ANALYSIS OF CORE, CUTTINGS AND GROUNDWATER

During drilling at R-28, soil and groundwater samples were collected according to the LANL-
prepared Sampling and Analysis Plan (SAP) (SAP for Drilling and Testing Characterization
Wells R-1, R-28, R-33, R-34, LA-UR-03-4782). Soil and groundwater samples were submitted
to LANL for analysis. Core was collected from R-28 and analyzed for geochemical analysis and
contaminant profiling. Cuttings collected from R-28 may be analyzed for mineralogic,
petrographic, and geochemical properties. Groundwater samples were analyzed for organic,
inorganic and radiochemical compounds.

4.1 Core and Cuttings Sampling

During Phase I drilling, sixteen samples of core were collected from the unsaturated zone during
drilling from 10 ft to 325 ft bgs. Approximately 500 grams (g) to 1,000 g of core samples were
placed in appropriate sample jars and protective plastic bags before being delivered to Earth and
Environmental Sciences (EES)-6, Coastal Science Laboratories, Inc., and General Engineering
Laboratories (GEL) for laboratory analysis.

As Phase II drilling conditions permitted, a sufficient quantity of cuttings were 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-tray bins along with an unsieved
portion. These chip trays were studied to determine lithologic characteristics and used to prepare
the lithologic logs. 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.
However, all core and cuttings were screened by the RCTs prior to being moved off site.

Sample analysis results will be included in a future LANL investigation report for Mortandad
Canyon.

4.2 Groundwater Sampling

Groundwater screening samples were collected during drilling of the R-28 borehole. An
additional groundwater sample was collected after development from the completed R-28 well.
Two groundwater screening samples were collected on December 5 at 651 ft bgs (Sample ID:
GW28-04-52763), and December 7, 2003 at 707 ft bgs (Sample ID: GW28-04-52764). On
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December 9, 2003, a groundwater screening sample was collected from the regional aquifer at a
depth of approximately 889 ft bgs (Sample ID: GW28-04-52765). A well sample (Sample ID:
GW28-04-52766) was obtained from the screened interval (934.3 ft to 958.1 ft bgs) after well
development on January 12, 2004. The samples were submitted to LANL for analysis.

4.3  Geochemistry of Sampled Waters

The screening samples collected and analyzed (ID’s: GW28-04-52763, GW28-04-52764) from
the potential perched zones were determined, based on the analytical results, to be a mixture of
drilling fluid and potable water rather than perched groundwater (P. Longmire, LANL, 2004).
Further discussion of the analytical results for GW28-04-52764 are provided in Appendix A.

Sample ID GW28-04-52765, a screening sample collected from the regional aquifer at the
conclusion of drilling, was analyzed and determined to contain both drilling fluids and
groundwater (P. Longmire, LANL, 2004). The analysis for this sample is not included in
Appendix A because more representative data are available from Sample ID GW28-04-52766.
This sample was collected after well development using a submersible pump.

Temperature, pH, turbidity, and specific conductance were determined on-site during sampling of
the regional aquifer. Both filtered (metals, trace elements, and major cations and anions) and non
filtered (tritium, radionuclides, TOC, and stable isotopes) samples were collected for chemical
analyses. Further discussion on testing methods and analytical results for this sample 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 R-28.

5.1 Kleinfelder-Supported Video Logging

On December 11, 2003, video logging was performed in the R-28 borehole using down hole tools
provided by LANL. The video log was used to identify perched water zones and aid in lithologic
contact identification. The video log did not show visual evidence of any perched water zones in
the borehole. The video log of the open borehole was digitized onto a digital video disc (DVD)
and is included as Appendix B.

5.2 Schlumberger Geophysical Logging

Schlumberger personnel conducted geophysical logging in the R-28 borehole on December 10,
2003. The primary purpose of the Schlumberger logging was to characterize the conditions in the
hydrogeologic units penetrated by the R-28 borehole, with emphasis on gathering moisture
distribution data, identifying 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 used a suite of geophysical logging tools in the cased and uncased
portions of the borehole; the suite included the following:

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

e 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, including potassium, thorium, and uranium concentrations, thus evaluating
geology and lithology.

e FElemental 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.

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

e Full-Bore Formation Micro-Imager (FMI™) measures electrical conductivity images of

the borehole wall and the borehole diameter with a two-axis caliper to evaluate geologic
bedding and fracturing, including strike and dip of these features, fracture apertures, and
rock textures.

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.

Table 5.2-1 summarizes geophysical well logging conducted in R-28 by Schlumberger, KA and
LANL. Schlumberger’s report is presented in Appendix C along with the interpretive logging
report and the geophysical logs, compiled as a montage (on the CD on the back cover).
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Table 5.2-1
Borehole Logging Surveys Conducted in R-28

Cased Open-hole
Footage | TInterval
Operator Date Method (ft bgs) {ft bgs) Remarks
Schlumberger ! December 10, | Logging 0-80 90-992® | Schlumberger borehole
2003 suite™ logging conducted prior
to well installation
KA/LANL December 11, | Video Log 0-80 80-888 Video logging in open
2004 borehole to identify
perched water in the
zone of saturation

@ Schlumberger suite of borehole logging surveys included triple detector litho-density, array induction tool, epithermal
compensated neutron tool, elemental capture spectrometry, full-bore formation microimager, and natural gamma spectrometry,
combinable magnetic resonance.

® variable effective depths, see Figure 3.0-1 and Appendix C.

6.0 LITHOLOGY AND HYDROGEOLOGY

A preliminary assessment of the hydrogeologic features encountered during drilling operations at
R-28 is presented below. Included are summary descriptions of geologic units identified during
characterization of the core and cuttings samples only. LANL EES-6 staff provided preliminary
geologic contact zones. Groundwater occurrences are discussed based on drilling evidence, open-
hole video logging, geophysical logging, and water-level measurements.

6.1 Stratigraphy and Lithologic Logging

Rock units and stratigraphic relations are interpreted from the visual examination of R-28 core
and drill samples, and preliminary interpretation of geophysical data, and 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 R-28 containing detailed descriptions that identify texture and
composition of sample intervals is presented in Appendix D.

Alluvium, Qal (0 ft to 90 ft bgs)

R-28 core/cuttings indicated that unconsolidated alluvium exists from ground surface to
approximately 90 ft bgs. The position of the alluvium/Otowi contact is uncertain and additional
geologic characterization is underway to identify this contact. Samples from O ft to 90 ft bgs were
silty to clayey sands with gravel that are typically comprised of volcanic lithics, tuff fragments,
and quartz and sanidine crystals. The composition is comparable to the Bandelier Tuff from
which these sediments are likely derived.

Otowi Member of the Bandelier Tuff, Qbo (90 ft to 297 ft bgs)

Rhyolitic ash-flow tuff representing the Otowi Member of the Bandelier Tuff was intersected in
R-28 from 90 ft to 297 ft bgs. Core and cuttings showed that the Otowi Member is locally
pumiceous, lithic-bearing, and partly welded to nonwelded. The coarse-fraction (i.e., the plus No.
10 sieve-size) of most cuttings samples in this interval are made up of more than 50% vitric

KA Project No. 37151 11 April 2004
Final

o



r 8

o 4

g &

Well R-28 Completion Report

pumice fragments (locally as much as 90% by volume) and less than 50% dacitic and andesitic
lithic fragments that represent xenolithic inclusions. Fine-fraction samples (i.e., the plus No. 35
sieve-size) are made up dominantly of quartz and sanidine crystals with subordinate abundances
of volcanic lithics and pumice.

Guaje Pumice Bed, Bandelier Tuff, Qbog (297 ft to 315 ft bgs) and soil (315 ft to 318 ft bgs)

The Guaje Pumice Bed is made up of air-fall tephra and pumiceous surge deposits that form the
basal subunit of the Otowi Member of the Bandelier Tuff. The Qbog section intersected in R-28
from 297 ft to 315 ft bgs appears to be made up of nonwelded pumiceous tephra. Core samples
exhibit up to 40% white vitric pumices, up to 40% quartz and sanidine crystals, and 10 to 20%
volcanic lithic fragments. Cuttings in the interval were severely milled in the process of drilling,
to the extent that none of the plus-No. 10-sieve fraction was preserved in any of the samples,
indicating the friable nature of this unit. The plus-No. 35- sieve fraction contained dominant
proportions (i.e., more than 50% by volume) of vitric pumice with subordinate abundances of
quartz and sanidine crystals, and lithic fragments of intermediate volcanic composition. A thin
clay-rich soil lies beneath the Guaye Pumic Bed from 315 ft to 318 ft bgs.

Cerros del Rio Basalt, Th (318 ft to 675 ft bgs)

The Cerros del Rio basalt, comprised of basaltic lavas and intercalated scoria deposits, was
encountered in the R-28 borehole from 318 ft to 675 ft bgs. Cuttings indicated that this section is
comprised of medium to dark gray, massive to vesicular basalt that is composed of olivine,
pyroxene, and plagioclase feldspar phenocrysts in an aphanitic groundmass. Groundmass
frequently exhibits strong weathering and/or pervasive alteration (i.e., seriticization) resulting in a
somewhat bleached and pitted texture given to the drill chips. Distinctive reddish intervals of
oxidized scoriaceous basalt were observed from 415 ft to 435 ft bgs and from 565 ft to 630 ft bgs.

Puye Formation, Tpf (675 ft to 1005 ft bgs)

The Puye Formation in R-28 is made up of volcaniclastic silty and clayey sand and gravel
deposits and was encountered in R-28 borehole from 675 ft to 1005 ft bgs (TD). Cuttings
indicated that this sedimentary section is made up of poorly cemented, fine to coarse detritus
representing a wide range of volcanic constituents that include porphyritic dacite, rhyodacite,
andesite, basalt, vitrophyre, and pumice. Sample chips are commonly broken or subrounded,
indicating an abundance of gravel-size clasts throughout the section.

6.2 Groundwater Occurrences and Characteristics

The SAP identified two stratigraphic intervals with a potential to contain perched groundwater:
(1) the alluvium, between 0 ft and 72 ft bgs; and (2) the Cerro Toledo Interval, between 72 ft and
107 ft bgs. Regional groundwater was anticipated to occur in the Puye Formation at
approximately 867 ft bgs.

During Phase I drilling, no perched groundwater zones were observed from O ft to 325 ft bgs TD.
A depth-to-water (DTW) measurement was taken approximately 12 hrs after the corehole was
completed to confirm that no groundwater had been encountered. Again, no perched groundwater
was identified; therefore no piezometer was installed in the R-28 corehole.
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During Phase II drilling, possible perched groundwater was detected at 651 ft bgs and a 1-gallon
sample (Sample ID: GW28-04-52763) was obtained. Another possible perched groundwater zone
was encountered at 707 ft bgs and a second groundwater screening sample (Sample ID: GW28-
04-52764) was collected. Potassium bromide (KBr) was added to the drilling fluid as a tracer to
aid in determining perched water or when the regional aquifer was encountered. No samples
were collected from approximately 550 ft bgs to approximately 790 ft bgs due to errors using the
permanent probe; therefore, no data were available to corroborate the possible perched zones.
Geochemical analysis of these samples indicated that they consisted of a mixture of drilling fluid
and potable water rather than perched groundwater (P. Longmire, LANL, March 2004).

The processed geophysical logs indicate a significant decrease in water content at 887 ft and
above, likely corresponding to a transition from fully water-saturated conditions below to a
vadose zone above. Unsaturated conditions in the interval above 890 ft bgs are corroborated by a
sharp, almost 60% decrease in the ELAN water saturation estimate from 890 ft to 887 ft bgs. In
the remainder of the section above 737 ft bgs the processed logs indicate some zones of higher
water saturation, but no significant fully saturated zones. ELAN logs and interpretations are
included in Appendix C.

The regional aquifer was encountered in the open R-28 borehole at a depth of 888.7 ft bgs and a
groundwater sample was collected (Sample ID: GW28-04-52765). The depth of the borehole at
the time of measurement was 905 ft bgs. A comparison of the KBr concentration in the inflow
and the cuttings shows a decrease in the KBr values between approximately 860 ft and 905 ft bgs
as shown in Figure 6.2-1. This change in concentration coincides with the observed occurrence of
regional groundwater at 888.7 during drilling. After completion of drilling (December 9, 2003),
the DTW was again measured in the open borehole. The water level was 889.0 ft bgs.
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Figure 6.2-1. KBr Concentrations in Borchole at Well R-28
KA Project No. 37151 13 April 2004

Final

i

r

L



Well R-28 Completion Report

The depth to the regional aquifer in the R-28 well was verified by electric sounder measurement
to be at 888.8 ft bgs, after the completion of well development, on January 8, 2004. A final well
sample (sample ID: GW-28-04-52766) was obtained from the screened interval and submitted for
lab analysis. The analysis for this sample is included in Appendix A.

The processed geophysical log results indicate that R-28 penetrates a fully water-saturated zone at
890 ft bgs. The estimated pore volume water saturation computed from the ELAN integrated log
analysis is over 80% from 890 ft bgs to the bottom of the log interval (1002 ft bgs).

Water-filled and total porosity mostly ranges 25 to 40% across this interpreted saturated interval
below 890 ft. The highest total and effective porosity occurs at the bottom of the well in the zone
932 ft to 1000 ft bgs. Detailed results of geophysical surveys and the ELLAN analysis relating to
water occurrence and logs for the Schlumberger surveys are presented in Appendix C.

7.0 WELL DESIGN AND CONSTRUCTION

R-28 was installed as a hydrogeologic characterization and groundwater monitoring well.
Following approval of the well design by DOE, LANL and NMED, KA received the final
construction specifications for R-28 on December 11, 2003. Well installation activities were
performed from December 12 to December 17, 2003.

7.1 ‘Well Design

Data from geophysical logs, borehole cuttings, field water level, and field observations were
analyzed to determine the screen placement interval for R-28. Design of Well R-28 was
performed in accordance with Section 2.2 of the Contractor’s Quality Management Program
prepared by KA for this project. The well was designed with a single screen interval to monitor
potential contaminants and groundwater chemistry in the uppermost productive zone of the
regional aquifer in the Puye Formation.

7.2 Well Construction

R-28 was constructed of 4.46-in inner diameter (ID)/5.0-in-OD, type A304 stainless-steel casing
fabricated to American Society for Testing and Materials (ASTM) A312 standards. The casing
and screens were factory cleaned before shipment and delivery to the site. Additional
decontamination of the stainless-steel components was performed on site prior to well
construction using a high-pressure steam cleaner and scrub brushes. Two nominal 12-ft lengths
of 5-in OD compatible, 0.020-in continuous slot rod-based well screens were used. The screened
interval in R-28 is 934.3 ft to 958.1 ft bgs. Stainless-steel casing was placed below the screen to
construct a 22.2 ft sump. Figure 7.2-1 is a schematic as-built diagram of the completed R-28 well.

External couplings, also of type A304 stainless steel fabricated to American Society for Testing
and Materials (ASTM) A312 standards, were used to connect individual casing and screen joints.
Centralizers were installed above, at and below the well screen. In addition, another centralizer
was placed approximately 122.3 ft above the screen interval. Centralizers for R-28 are located at
812 ft, 933 ft, 946 ft, and 959 ft bgs (Figure 7.2-1).

7.2.1 Annular Fill Placement

Well casing and screens were lowered in the hole and the bottom of the sump positioned at 980.3
ft bgs. Approximately 22.5 ft of formation material sloughed into the borehole from 1005 ft to
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982.5 ft bgs. Placement of annular fill consisted of using a 2.5-in OD steel tremie pipe to deliver
various materials to specified backfill intervals. Backfill consisting of a 75:25 mixture of 10/20
sand and */g-in hydrated bentonite chips was placed from 982.5 ft to 969 ft bgs. A primary filter
pack consisting of 10/20 silica sand was placed across the screen interval from 969 ft to 926.5 ft
bgs. A secondary filter pack of 20/40 silica sand was placed above the primary filter pack from
926.5 ft to 923 ft bgs. Prior to placement, filter pack materials were mixed with municipal water
to form a slurry. The filter pack was then swabbed to induce settling prior to bentonite placement.
Next, a transition seal consisting of a 50:50 mixture of 10/20 sand and bentonite chips was placed
above the secondary filter pack in the annular space between 923 ft and 887 ft bgs. The annulus
was then filled from 887 ft to 76 ft with a bentonite seal consisting of 3 /g-in bentonite chips. The
bentonite chips were hydrated in approximately 50-ft lifts. After removing the 13%/g-in drill
casing, concrete backfill, consisting of 2,500 pounds per square inch (psi) concrete with 4 percent
bentonite, was placed from 76 ft bgs to the ground surface. =~ The quantities of annular fill
materials used in the completion of R-28 are presented in Table 7.2-1.

Table 7.2-1
Annular Fill Materials Used in Well R-28

Material Amount Unit® Mix"”
Backfill: 10/20 sand and bentonite 21 sand/5.5 bentonite Bag 75:25
Primary Filter Seal: 10/20 sand 118 Bag -
Secondary Filter Seal: 20/40 sand 8 Bag -
Transition seal: 10/20 sand and 47 sand/35 bentonite Bag 50:50
bentonite
Bentonite Seal: */g-in. Chips 17/137 Supersack/Bag -
Concrete Backfill (September 10, 2003) 22 Cubic Feet | 2,500 psi concrete

with 4% bentonite

Potable Water 11,340 Gallons -

@ Sand bag = 45 Ib each, bentonite bag/bucket = 50 1b ea, bentonite supersack = 3,000 Ib ea.
Sand bag = 0.5 ft* each, bentonite bag/bucket = 0.67 ft’ ea. bentonite supersack = 41.4 ft* ea.
® Mix ratios by volume.
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8.0 WELL DEVELOPMENT, HYDROLOGIC TESTING AND COMPLETION
ACTIVITIES

Well development activities at R-28 were conducted from January 8 to January 13, 2004. Well
development procedures included well screen swabbing, bailing, and pumping. Aquifer tests,
consisting of a constant rate pumping and recovery test, began on February 5, 2004 and were
completed on March 8, 2004. A total of 25,309 gal of water were removed during well
development and testing activities.

8.1 Well Development

Well development at R-28 was performed in two stages. The initial stage consisted of bailing and
swabbing the screened interval and sump to remove bentonite materials, drilling fluids, and
formation sands and fines that had been introduced into the well during drilling and installation
activities. Bailing activities were conducted by WDC using a 5-gal capacity, 3-in OD by 10-ft
long stainless-steel bailer attached to the backend of a Ford F550, Pulstar 12000 rig. Bailing
activities continued until water clarity improved. Water turbidity was not measured during the
bailing and swabbing process. Bailing was followed by swabbing across the screened interval to
enhance filter-pack development. The swabbing tool consisting of a 4.25-in OD, 1-in thick
rubber disc attached to the drill rod that was lowered into the well and drawn repeatedly across
the screened interval for approximately one hour.

Following swabbing, pump development procedures were applied to the screened interval (934.3
ft to 958.1 ft bgs) using a 10 horsepower, 4-in Grundfos submersible pump. The pump intake was
lowered to the screened interval and cycled on at a nominal rate of approximately 17.0 gal per
minute (gpm). The pump intake was then drawn across the length of the screened interval. While
pumping at R-28, water samples were collected for water quality parameter measurements.

Criteria for well development were based on field water-quality parameters (pH, temperature,
specific conductance, turbidity, and total organic carbon [TOCY). To monitor progress during each
development stage, samples of water were periodically collected and parameter measurements
were recorded. The primary objective of well development was to remove suspended sediment
from the water until turbidity, measured in nephelometric turbidity units (NTU), and was less than
5 NTUs for three consecutive samples. TOC provides a quantitative measurement for evaluating
potential residual drilling fluid including EZ-MUD® and QUIK-FOAM®. Similarly, other
measured parameters were required to stabilize before terminating development procedures.
Table 8.1-1 presents the final water quality parameter data values measured during the well
development process.
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Table 8.1-1
Water Removed and Final Water Quality Parameters
During R-28 Well Development and Aquifer Testing

Water Specific
Removed Temperature | Conductance | Turbidity TOC

Method (gal) pH (°C) (mS/cm) © (NTU) (ppm)
Bailing/Swabbing 40 NM® NM NM NM NM
Screen
Pumping Screen 15,210 6.1 20.7 289 1.79 0.44
Aquifer Testing 10,059 NM NM NM NM NM
Total 25,309 - - - - -

@ gpecific conductance is reported in millisiemens per centimeter (mS/cm).
® NM = Not measured.

Figure 8.1-1 illustrates the effects of well development on measured field parameters.

300 _, - , A .40

A
Al A

299 B .oax A A A 30

280 \”\XK\VW ! A‘A‘\K\ P 20

270

».
oy

EEERY'S
b

|

Specific Conductance (mS/cm)
Turbidity (NTU), pH, Temp (degrees C

. 10

|
L %
o—o— VO\A

|
E_Q_Turbidity

74

) f. - & - -SpC
N"“

260 0 ——e—pH
0 2000 4000 6000 8000 10000 12000 14000 16000
Water Purged (gal.) »—emp A

Figure 8.1-1. Effects of Well Development on Water Quality Parameters at Well R-28

8.2  Hydrologic Testing

Two 24-hour constant-rate pumping tests were performed on R-28 in February and March, 2004.
R-28 pumping tests were performed using an inflatable packer. The inflatable packer was
implemented to eliminate the effects of casing storage. Packer implementation also largely
eliminated water level fluctuation response to barometric pressure changes. The complete report
is included in Appendix E.
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R-28 was first test pumped in early February 2004. Results of that test were not entirely
satisfactory because of leaks in the pumping string installed in the well. The result was a
changing (decreasing) discharge rate during the test. Second, the check valve on the pump leaked
following both the constant-rate pumping test and the step-drawdown test (prior to the constant-
rate test), allowing water in the lower portion of the drop pipe to drain back into the well. This
affected both the time-drawdown and recovery data sets.

Because of these occurrences, the test was rerun in early March to obtain additional hydraulic
data, particularly early recovery data. During the second test, despite installing two additional
check valves immediately above the pump, a very slow check valve leak occurred, affecting the
time-drawdown data slightly, but having no effect on the recovery data.

Test 1 was started on February 5, 2004 at 9.8 gpm and continued for 24 hours until February 6.
Following pump shutoff, recovery data were measured for an additional 24 hours. After
collecting the recovery data set, water level monitoring continued until February 9. The late data
served as a background data set. Test 2 was started on March 7 at 12.9 gpm and continued to
March 8.

The following information was determined from the pumping and recovery tests on R-28:

1. Test 1 produced a screen interval hydraulic conductivity of 158 feet per day using very
early recovery data.

2. Test 2 produced screen interval hydraulic conductivities of 144 and 149 feet per day using
very early recovery data.

3. Test 2 produced a hydraulic conductivity of greater than 120 feet per day and a vertical
anisotropy of approximately 107 using the entire recovery data set and partial penetration
analysis.

4. The specific capacity of R-28 implied a lower-bound conductivity of 73 feet per day, fully
consistent with the above calculations.

5. Late data suggested a transmissivity possibly well in excess of 100,000 gpd/ft at the
location of R-28. The effective thickness of the corresponding permeable sediments is not
known.

8.3 Dedicated Sampling System Installation

At the time of this report, installation of a dedicated sampling system has not been completed. It
is anticipated that a dedicated submersible pump will be installed in Spring 2004.

8.4  Wellhead Completion

The surface completion for R-28 was completed on December 19, 2003 and involved placing a
reinforced (2,500 psi) concrete pad, 6-ft wide by 6-ft long by 6-in. thick, around the well casing to
ensure long-term structural integrity of the well. A brass survey pin was installed in the northwest
corner of the pad. A 10.75-in. steel casing with locking lid protects the well riser. The pad was
designed to be slightly elevated, with base course graded up around the pad to allow for drainage.
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8.5  Geodetic Survey

The location of Well R-28 was determined by geodetic survey on March &, 2004, using a Leica
TCR303 electronic total station. Lynn Engineering and Surveying, Inc. conducted the survey.
Coordinates and elevations were obtained from LANL Monument MCOBT-4.4 using a Static
Global Positioning System (GPS).

This survey located the brass cap monument at Well R-28 in the concrete pad, the top of the
stainless-steel well casing and the corehole. Table 8.5-1 summarizes the results of readings
conducted for various components of the completed wellhead. 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).

Table 8.5-1
Geodetic Data for Well R-28
2 Description i Northing Easting Elevation ®
1
i Brass cap in R-28 pad 1768359.0 1638988.5 | 6728.53
[ Top of stainless-steel casing 1768356.8 1638989.9 | 6730.70
% Corehole 17684453 1638997.0 6728.22

) Measured in ft ams! relative to the National Geodetic Vertical Datum of 1929,

8.6 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
NMED. Approval to discharge drilling and development water is pending. A copy of the NMED
discharge approval will be included in Appendix F of the final R-28 report. The sample analysis
is included in Appendix F.

Silt fencing and straw bales have been left in place to minimize possible sediment impacts from
future precipitation.

Future site restoration activities will 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) removing the containment area berms and (4)
backfilling and grading the containment area. The cuttings will be thin-spread on-site after
NMED-approval has been obtained. Site re-seeding will be performed in the spring of 2004.

9.0 DEVIATIONS FROM THE R-28 SAP

Appendix G compares the actual characterization activities performed at R-28 with the planned
activities described in the “Hydrogeologic Workplan” (LANL 1998, 59599) and the R-28 SAP
(LANL 2003, 03-8324). For the most part, drilling, sampling, and well construction at R-28 was

performed as specified in the SAP. The main deviations from planned activities are summarized
as follows:
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¢ Planned corehole depth — the SAP stated that continuous coring would extend from
ground surface to a depth of 335 ft bgs and water samples for contaminant analysis would
be collected at each of the two anticipated perched groundwater zones. The Phase I
corehole was completed at 325 ft bgs TD, 10 feet above the planned depth. The top of the
Cerros del Rio basalt was reached at 318 ft bgs; therefore, drilling stopped after
penetrating 7 ft into the lavas. Both continuous and spot core sampling methods were
used. No zones of perched moisture were identified and no water samples were collected
in the vadose zone during Phase I.

e Planned borehole depth — the SAP anticipated that the deep borehole would be drilled to a
TD of 967 ft bgs, or approximately 100 ft below the regional water table that was
projected to occur at 867 ft bgs. The completed R-28 borehole was drilled to 1005 ft bgs
TD, 116 ft below the measured depth to the regional aquifer that was determined to be at
888.8 ft bgs on January 8, 2003.

e Number of core and cuttings samples collected for contaminant and moisture analysis—up
to 15 samples, from specified intervals between 10 and 336 ft bgs in the unsaturated zone,
were planned in the R-28 SAP. A total of 16 were actually collected over the interval
ranging from 10 to 325 ft bgs.
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Groundwater Analytical Results

A water sample (Sample ID: GW28-04-52764) was collected during drilling at borehole R-28
from 707 to 725 ft bgs on December 7, 2003. The solution most likely consisted of municipal
water containing drilling additives.

Concentrations of dissolved bromide, chloride, nitrate (as N), sodium, and sulfate were 54.5,
7.94, 0.53, 76.9, and 43.3 ppm, respectively. Bromide was added as a tracer during drilling to
determine if native groundwater was encountered, and dilution of bromide is expected to take
place if such conditions occurred. The low concentration of nitrate suggests that native
groundwater was not encountered. Concentration of perchlorate was not decipherable in the
water sample due to matrix interferences from chloride, sulfate, and organic acids (formate and
acetate) derived from drilling fluids. These organic acids typically are not found in deep native
groundwater.

A groundwater sample (Sample ID: GW28-04-52766) was collected after well development
from the regional aquifer (934.3 to 958.1 ft bgs) within the Puye Formation using a submersible
pump. Analytical results for this sample are provided in Tables A-1 and A-2. Both filtered
(metals, trace elements, and major cations and anions) and non filtered (tritium, radionuclides,
TOC, and stable isotopes) samples were collected for chemical analyses. Analytical results for
stable isotopes (hydrogen and oxygen) and low-level perchlorate are pending. Aliquots of the
samples were filtered through a 0.45-pm Gelman filter. An aliquot was acidified with analytical-
grade HNO; 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.

Groundwater samples were 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 ng/L). Perchlorate was also analyzed by General Engineering Laboratories (GEL) using
the LC/MS/MS method. This method is more sensitive than the IC method, having an MDL of
0.00005 mg/L (0.050 pg/L) and a reporting limit (RL) or quantitation limit (QL) of 0.0002 mg/L
(0.2 ng/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.

Radionuclide activity in groundwater was determined by alpha spectrometry for americium,
plutonium, and uranium isotopes; by gas proportional counting for strontium-90; and by gamma
spectrometry for cesium-137 and other gamma-emitting isotopes. General Engineering
Laboratory performed the above radiometric analyses. Concentrations of tritium were
determined by direct counting at the University of Miami. Stable isotopes of oxygen (oxygen-18
and oxygen-16, 8'%0) and hydrogen (hydrogen and deuterium, 6D) were analyzed by Geochron
Laboratories (Cambridge, Massachusetts) using isotope ratio mass spectrometry (IRMS). Stable
isotopes of nitrogen (nitrogen-15 and nitrogen-14, 5'°N) were analyzed at EES-6 using IRMS.
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Table A-1: Hydrochemistry of Regional Groundwater at Well R-28

(Filtered Samples)
Depth (ft) 934.3 to 958.1
Geologic Unit Puye Formation
Date Sampled 01/12/04
Sample ID GW28-04-52766
pH 7.45
Temperature (°C) 19.1
Specific Conductance (1uS/cm) | 293
Turbidity (NTU) 1.56
Alkalinity (ppm CaCO,/L) 69.3
Al (ppm) 0.13
Sb (ppm) [0.001], U
As (ppm) 0.0018
B (ppm) 0.024
Ba (ppm) 0.052
Be (ppm) [0.001], U
HCO; (ppm) 84.6
Br (ppm) 1.14
Cd (ppm) [0.001], U
Ca (ppm) 33.7
Cl (ppm) 19.3
ClO; (mg/L) (LC/MS/MS) Results pending
ClO4 (ppm) (IC) [0.002], U
Cr (ppm) 0.27
Co (ppm) [0.001], U
Cu (ppm) 0.0017
F (ppm) 0.31
Fe (ppm) 0.07
Pb (ppm) 0.0004
Mg (ppm) 7.31
Mn (ppm) 0.041
Hg (ppm) [0.00005], U
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Table A-1: Hydrochemistry of Regional Groundwater at Well R-28

(Filtered Samples)
Depth (ft) 934.3 to 958.1 J
Geologic Unit Puye Formation i
Date Sampled 01/12/04 '
Sample ID GW28-04-52766
Mo (ppm) 0.0014
Ni (ppm) 0.0038
] NO; (ppm) (as N) 7.2
NO; (ppm) (as N) [0.01L, U
C,0,4 (ppm) (oxalate) [0.01,U
PO, (ppm) (as P) {6.01,U
K (ppm) 1.74
Se (ppm) {0.001],U
Ag (ppm) [0.0002], U
Na (ppm) 13.9
[S10; (ppm) 743
Sr (ppm) 0.13
SO, (ppm) 299 J[
T1 (ppm) [0.001], U |
U (ppm) 0.0009
V (ppm) [0.001], U
Zn (ppm) 0.014
TDS (ppm) (calculated) 300

Note: U = not detected. Silica concentrations were calculated from measured silicon
(ICPES). Bicarbonate concentrations were calculated from measured alkalinity.
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Table A-2: Hydrochemistry of the Regional Aquifer Samples at Well R-28

(Non Filtered Samples)
Depth (ft) 934.3 to 958.1
Geologic Unit Puye Formation
Date Sampled 01/12/04
Sample ID GW-28-04-52766
Tritium (pCi/L) 1143
Am-241 (pCi/L) [0.017],U
Cs-137 (pCi/L) [0.481].U
Pu-238 (pCi/L) [-0.0117],U
Pu-239,240 (pCi/L) [-0.0039], U
Sr-90 (pCi/L.) [0.0185], U
U-234 (pCi/L) 0.839
U-235 (pCi/L) [0.024], U
U-238 (pCi/L) 0.360
TOC (ppm) 0.44
8N (%0) +9.2
3D (%o) Results pending
3'%0 (%o) Results pending

Note: U = not detected, %o = permil, and TOC = total organic carbon
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1.0 SUMMARY

This report describes the borehole geophysical logging measurements acquired in
characterization well R-28 by Schlumberger, logged in December 2003 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 27 ft to 998 ft below ground surface, when the borehole was
open below 78 ft, drilled with 12.25 in diameter bit size, and contained 13.375-in. outer diameter
freestanding steel casing above 78 ft (as measured by the logs).

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, deviation 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, (6)
bedding and fracture orientation, fracture aperture, and geologic texture, (7) borehole inclination
and azimuth, and (8) 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 R-28 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 — bulk density, photoelectric
effect, and 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 R-28 locale.

Important results from the processed geophysical logs in R-28 include the following:

1. The well water level was stable throughout the logging acquisition, remaining between
888 ft and 890 ft below ground surface for all four logging runs.
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2.0

The processed logs strongly indicate that the intersected geologic section from 890 ft to
the bottom of the log interval (1,002 ft below ground surface) is fully saturated with
water throughout. The porosity across this interval is mostly in the range of 30-40% of
the total rock volume, although it is higher in borehole washouts. The most porous zone
appears to be at the bottom of the well (932-1000 ft, with porosity reaching 40%.
Moveable water content (effective porosity) ranges 12-20% of total rock volume,
reaching a maximum in the same porous zone.

The processed logs do not indicate any significant fully water saturated (perched) zones
above 890 ft. Estimated water saturation decreases steadily above this depth and
generally averages 30-60%. Zones with higher water content include 70-96 ft (18% of
total rock volume), 205-235 ft (40%), 292 — 296 ft (22%), 318-320 ft (30%), 323-333 ft
(22%), 340-348 ft (30%), 594614 ft (25%), 624-630 ft (23%), and 656687 ft (23%).
The geophysical log response in the zone 298-315 ft is characteristic of the Guaje
Pumice Bed, with extremely high total porosity (over 60%) and the presence of moveable
water (8%). The logs indicate another possible pumice bed at 340-346 ft, with total
porosity of over 60% and water-filled porosity of 30%.

The processed logs indicate that varying amounts of highest clay content are present in
the following zones: 315-320 ft, and 675-689 ft.

The processed logs clearly delineate an extensive basalt lava flow sequence in the
interval 320-675 ft, with less competent, high porosity “broken-up” zones at 320-332 ft,
346-384ft, 541-564 ft, 541-614 ft, and 618-633 ft.

Interpreted bed boundaries across the imaged interval 900-1,000 ft have dip azimuths
(direction beds are dipping to) predominantly to the south-southeast and dip angles (angle
from horizontal) mostly less than 10 degrees, and no more than 20 degrees. No fractures
were identified across this interval.

INTRODUCTION

Geophysical logging services were performed in characterization well R-28 by Schlumberger in
December 2003, 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 Los Alamos
Characterization and Monitoring Well Project to design the well completion, better understand
subsurface site conditions, and assist in overall decision-making.

The primary geophysical logging services performed by Schlumberger in well R-28 were the:

L 2

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
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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;
Formation Micro-Imager (FMI™) tool to measure electrical conductivity images of the
borehole wall in fluid-filled open hole and borehole diameter with a two-axis caliper —
used for evaluating geologic bedding and fracturing, including strike and dip of these
features and fracture apertures, and rock texture;

General Purpose Inclinometry Tool (GPIT™) to measure borehole deviation and azimuth
in OH — used to evaluate borehole position versus depth and to orient FMI images;
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) data were 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 R-28.

Table 2.1
Geophysical logging services, their combined tool runs and intervals logged,
as performed by Schlumberger in borehole R-28

Date of Run | Tool | Tool | Tool | Depth Interval
Logging Borehole Status # 1 2 3 (ft)

10-Dec-2003 | Open hole below 80 ft. 1 TLD | CNT | GR |32-990 ft

Bit size of 12.25 in.
Steel casing above 80
ft. Casing OD of

13.375 in.
Same Same 2 | AITH NGS 27-986 ft
Same Same 3 FMI  GPIT GR  890-992 ft
Same Same | 4 ECS | CMR | GR | 50-998 ft

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

3.0

METHODOLOGY

This section describes the methods employed by Schlumberger for performed geophysical
logging services in Well R-28, including the following stages/tasks:

Measurement acquisition at the well site
Quality assessment of logs
Reprocessing of field data
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3.1 Acquisition procedure

Once the well drilling project team notified Schlumberger that R-28 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;

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

e Threading the wireline cable through the sheaves; and

e 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.

32 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
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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.

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), presence of steel casing, 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 R-28 the log measurements requiring these corrections are the CNT
porosity, TLD density, 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. In water/mud
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filled hole both the CNT epithermal and thermal neutron measurements are valid, but the thermal
neutron porosity has better statistical precision. Both epithermal and thermal neutron porosity
measurements were made in R-28 since the borehole was partly water-filled (below 890 ft) and
partly air-filled (above 890 ft). Epithermal neutron porosity was processed at the field site for
borehole fluid type (air versus water), and other environmental conditions, and didn’t require any
further processing. The thermal neutron porosity measurement was reprocessed for borehole
conditions, although the results were very similar to the field logs. Thus, for further processing
and analysis (e.g. ELAN analysis), the reprocessed thermal neutron porosity log was used, in
addition to the field processed epithermal neutron porosity log.

The standard open hole processing algorithm used for the TLD density measurement is
influenced by the steel density in cased hole. A cased hole density algorithm was applied to the
raw TLD field measurements obtained in the short cased hole section of the log interval (32-80
ft.) to try to eliminate the casing response.

The raw ECS elemental yield measurements include the contribution of iron from steel casing
and hydrogen from fluid in the borehole. The processing consists of subtracting these unwanted
contributions 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/casing change. The ECS
log from R-28 has a short cased hole section (50-78 ft), for which casing corrections were
applied. At the time of the ECS logging in R-28 the borehole water level was 887 ft; no
hydrogen correction was required in the air-filled section above 887 ft and the difference
between the hydrogen yield above and below this depth was used to determine the baseline
borehole hydrogen correction to apply below.

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 R-28 were reprocessed to fully account
for the environmental effects of the borehole fluid (drilling mud and air), hole size, and casing
(the latter above 80 ft). There is a very large, likely erroneous, aberration in both the raw and
processed NGS results across the interval 52-85.5 ft. The cause of the aberration is unknown,
but the gross gamma ray logs from the other tool runs do not exhibit the same unusual response —
indicating the NGS response is in error.

The measurements cannot be fully corrected for borehole washouts or rugosity between casing
and the formation, 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.

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. The gross gamma ray tool (GR)
was used as the common correlation log measurement for depth-matching the different runs.
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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, the bulk density parameter for this mineral is well known to be
2.64 g/ce.

The logging tool measurements, volume components, and measurement response parameters
used in the ELAN analysis for R-28 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
Appendix C), 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
(631163 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, within the cased
interval (above 80 ft) many of the minerals 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. 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.

"Mark of Schiumberger

‘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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Table 3.1
Tool measurements, volumes, and respective parameters used in the R-28 ELAN analysis.
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40 RESULTS

Preliminary results from the wireline geophysical logging measurements acquired by
Schlumberger in R-28 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 attached
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 R-28 are described below.
Well Water Level

The standing water level in R-28 was stable during the December 10, 2004 logging, remaining
between 888-890 ft below ground surface for all four logging runs.

Regional Aquifer

The processed log results strongly suggest that R-28 penetrates a fully water-saturated zone at
the bottom of the well — possibly the regional aquifer — below approximately 890 ft. The
estimated pore volume water saturation® computed from the ELAN integrated log analysis is
high (mostly over 80%) from 890 ft to the bottom of the log interval (1002 ft). There is a sharp
increase in the estimated water saturation from 42% at 887 ft to 100% at 890 ft — coinciding with
the well water level at the time of logging. It is quite possible that the standing water in the well
is influencing the response of the shallow-reading porosity logs by saturating the pore space
surrounding the borehole — thus altering the natural conditions within the measurement volume
of investigation. However, additional evidence that this zone is fully saturated with water is
provided by the AIT resistivity logs. The five resistivity logs with different depths of
investigation, varying from 10 in to 90 in, all overlap — indicative of consistent water saturation
conditions from the near borehole to deep (90 in) into the surrounding formation. Directly above
this interval the different resistivity logs are also generally trending together, although not as
consistently; by 815 ft the resistivity curves start to separate significantly. Based on the
resistivity response, it is possible the interval 815-890 ft is also saturated with water, but the

2 Water saturation is defined in this report as the volumetric fraction of the total pore space occupied by water — the rest being
occupied by air.
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other logs that are sensitive to water exhibit low water content and, thus, low water saturation
(the ELAN water saturation estimate is less than 40%).

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

Vadose Zone Perched Water

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

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

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

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

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

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

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

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

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

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

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

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

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

Geology

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Summary Logs

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

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

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

Spectral natural gamma ray and lithology summary showing a high vertical resolution,
continuous volumetric analysis of formation mineral and pore fluid composition (based on an
integrated analysis of the logs) and key lithologic/stratigraphic correlation logs from the
spectral gamma ray measurement (concentrations of gamma-emitting elements) — to
highlight the geologic lithology, stratigraphy and correlation information obtained from the
log results (Figure 4.3).
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Figure 4.1. Summary porosity logs in R-28 borehole from processed geophysical logs,
interval 31-1002 ft, with caliper, gross gamma, apparent chlorinity, water
saturation, and water hydraulic conductivity logs. Porosity, water saturation,
and hydraulic conductivity logs are derived from the ELAN integrated log
analysis.
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Figure 4.2. Summary bulk density and volume clay logs in R-28 borehole from processed
geophysical logs, interval 38-992 ft. Also shown - caliper, gross gamma,
apparent grain density, and total porosity logs (the latter two derived from the
ELAN analysis).
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Figure 4.3. Summary spectral natural gamma ray logs and ELAN mineralogy/lithology and pore
fluid model from R-28 borehole, interval 30-1002 ft. Caliper log is also shown.
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4.2  Integrated Log Montage

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

Track 1-Depth

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

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

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

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

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

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

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

Two gamma ray curves from the NGS are presented:

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

Track 3-Resistivity

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

Six electrical resistivity logs from the AIT are displayed:

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

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

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

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

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

Track 4-Porosity

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

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

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

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

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

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

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

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

Track 5-Density
The fifth track displays the:

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

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

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

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

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

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

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

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

Track 7-CMR Porosity

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

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

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

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

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

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

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

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

Track 8 —Pore Size Distribution

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

e (lay-bound water—brown area shading;

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

Track 9-CMR T2 Distribution (Waveforms)

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

¢ T2 logarithmic mean (solid blue curve) and

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

Track 10-CMR T2 Distribution (Heated Amplitude)

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

Track 11-CMR Hydraulic Conductivity

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

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

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

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

Track 12— FMI Image (Dynamic Normalization)

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

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

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

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

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

Track 14— FMI Image (Static Normalization)

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

Track 15— High Resolution Porosity

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

Tracks 16 to 22 — Geochemical Elemental Measurements

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

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

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

Montmorillonite clay (brown/tan)

Quartz (yellow with small black dots)

Silica glass (orange)

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

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

Hornblende (forest green)

Augite (maroon)

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

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

Montmorillonite clay (brown/tan)

Clay-bound water (checkered gray-black)

Quartz (yellow with small black dots)

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

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

Hornblende (forest green)

Augite (maroon)

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

Moveable water (white)

- Capillary-bound water (light blue).

s & & €& & o &+ & ¢ 4 5 & & & 0

Track 25-Summary Logs

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

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

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

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

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

5.0 REFERENCES

Kenyon, B., R. Kleinberg, C. Straley, G. Gubelin, and C. Morris: 1995. “Nuclear Magnetic
Resonance Imaging— Technology for the 21st Century.” Oilfield Review, v. 7, n. 3, p. 19-33.

Mayer, C. and A. Sib