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____ ___ 

Location: South of Burning Ground, 
Adjacent to Nakamu Road, TA·\6 

13·3/8" OD 

Northing: Survey to be performed February 2004 
Description: Borehole ~ Drtll Casing 

Drill Casing 
Easting: Survey to be performed February 2004 (12' bgs) 
Elevation: Survey to be performed February 2004 

100 
Coring: None 

Drilling: 
(0' .12') 13·3/S" Air Rotary Casing Hammar 
(12'·223') 12·1/4' Tn·Cone with Air & Water 
(223'. 1405') 12·114" Tr1-Conewith 

Air, Water, QUIK·FOAM ®, &EZ Mud ® 


Dala Collection: 
• Cores/Cuttings submitted for geochemical and 

contaminant characterizatIon: None; carehole not advanced 

• Open borehole fluid samples submitted 

1/16/04 (1400,5') sampl. nolenelyzed 


per EES-8 personnel 

1/20/04 (1385')' chemical analy.i. pending 


Geologic Properties: 
Mineralogy, petrography, and cnemisby: 7 

Borehole Lags: 
400 t~

• Lithotogic: 0' • 1405' 
• Videa (LANL tool): 0' ·1385' 
• Schtumberger lags: 

Compensated Neutron Log: 
Open Hole: 14'·1404' ~ 

Triple Litho-Dansi!y: 
Open Hole: 14'·1404' 500 b 

Array InducUan Too: 
Open Hal.: 14'·1398' 

Elemental Capture Sonde: 
Open Hole: 14'·1399' 

Nalural GR Speclroscopy: 
Open Hole: 14'·1382' 

Combinable Magneuc Resonance: 
Open Hole: 14'·1385' 

Gamma Ray: 
Open Hole: 14'·1385' 

Fullbor. Formation Micro tmager. (FMI) 
Open Hole: No Fluid in borehole 

FMI not pelformed 

Corehole Logs: 
Corehole not advanced, 

Core Drilling Completed: Not applicable, 

Rotary Drilling Completed: 12120103· 1115104 
Contract Geophysics: 1116104 
Well Installation: To be determined 
Temporary Surface Completion: 1/23104 

Well Completion: 

• 	Due to the Jack of ground water, the w$ll has not 

been constructed, A metal plate with an access 

port has be.n welded atop the drill casing, A 

temporary 3,)(3'x6" concrete well ped was 

constructed, Occurrence of ground water is 

being monitored on a routine basis, 


Geologic contacts for CdV·I6-3(i) 
were determined from cuttings, 
borehole video, and goophyslcallags, 

1, All depths are below ground surface (bgs). 
2, Obt 1, Obt 2, Obt 3, and ObI 4 are cooling 

units of the Tshirege Member of the 
Bandelier Tuff. 

3, Conductlve vapor·exhalatlon 
fracture zone (1367'-1378') 

4, Based on results of borehole video and 
preliminary borehole geophysics, neither 

perched nor regional ground water 

is present. 
 1300 

5, Fluids present in borehole suspected 
as being drilling fluids, 

6, The regional water table was predicted to 
occur at a depth of 1284 ft based on the 
regional water table map, Lack of water in 
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1. All depths are below ground surface (bgs). 
2. Sleel plate with access pOrt welded to 

temporary drill casing. 
3, Based on results of borehole video ana 

geophysics 1099in9, neither perched ncr 
regional groundwater has been encountered. 

4. Periodic monitoring for groundwater 
is being P<J'rformed. 

5. Status of CdV-1S-3(i) will be reassessed 
in the future. 

S. Sol1loy of top of doll casing to be performed 
February 2004. 
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Characterization Well CdV-16-3(i) Completion Report 

ABSTRACT 

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

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

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

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

A bimonthly water level monitoring program has been implemented; on March 12 and 26, 2004, 
depth to water was measured at 1,350.2 and 1,350.50 ft bgs, respectively. Total depth of the 
borehole was measured on March 26,2004 at 1391.5 ft bgs. On April 13 and April 23, depth to 
water was measured at 1,350.56 and 1,350.51, respectively. Depth to water measurements will 
continue for the purpose of gathering information to support a final borehole completion 
decision. 
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Characterization Well CdV-16-3(i) Completion Rep,_o_r_t__________________ 

1.0 INTRODUCTION 

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

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

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

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

2.0 PRELIMINARY ACTIVITIES 

Preliminary activities at CdV-16-3(i) included administrative and site preparation. 

Administrative Preparation 

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

Site Preparation 

EnviroWorks, Inc. (EnviroWorks) was subcontracted by KA to conduct site preparation. 
Activities included site clearing, access road improvement, construction of the drill pad, 
construction of a lined borehole-cuttings containment area, and installation of silt and safety 
fencing. Site preparation began on October 16,2003 and was completed on December 10,2003. 
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Characterization Well CdV-16-3(i) Completion Report 

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

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

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

3.0 SUMMARY OF DRILLING ACTIVITIES 

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

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

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

TASK DESCRIPTIONS DATE 

Oct-03 Nov-03 Dec-03 Jan-04 Feb-04 Mar-04 Apr-04 

SITE PREPARATION ACTIVITIES 10/16-12/10 

BOREHOLE DRILLING AND SAMPLING 

~lltion 12/17 

Air-Rotary 12/20. 116-117 

Fluid Assisted Air-Rotary 117-1/15 

Groundwater Screening Sampling 1116 and 1120 

~()~E:HOLE GEOPHYSICS 

Schlumberger Logging 1116 

LANL Video 1/17 

LANL Geophysics Not Conducted 

WELL DESIGN AND CONSTRUCTION Open Hole Completion 

WELL DEVELOPMENT Not Applicable 

9ROUNDWATER WELL SAMPLING Not Applicable 

HYDROLOGIC TESTING Not Applicable 

SITE RESTORAnON -l-Il-i r- fiAdlvities began April 2004 

NOTES: NMED discharge approval was received in an email dated March 18, 2004. Site restoration activities began in April 2004. 
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3.1 Borehole Drilling Activities 

Drilling was perfonned by WDC Exploration & Wells (WDC) using a Star 50-CH 

Failing/Speedstar air/mud rotary drill rig equipped with conventional circulation drilling rods, 

tricone bits, down-the-hole (DTH) hammer bits, and support equipment. Drilling fluid mixing 

and circulation equipment included a mixing tank and pump assembly, and a generator to power 

the mixing unit. Drilling fluids were used as needed to improve borehole stability, minimize 

fluid loss, and facilitate cuttings removal from the borehole. Drilling fluids consisted of potable 

water with QUIK-FOAM® (surfactant) and EZ-MUD® (polymer). 


From December 17 to 19,2003, WDC mobilized the drill rig and equipment to the CdV-16-3(i) 

site. On December 20, 2003, WDC advanced 133

/ s-in outside-diameter (OD) conductor casing """ 

to a depth of 9 ft bgs using a 12Y4-in button-tooth tricone bit and air-rotary methods. Drilling 

continued open-hole to 22 ft bgs. Drilling activities were suspended from December 21,2003, 

through January 4,2004, for the Christmas and New Year holidays. 


On January 5, 2004, equipment mobilization and drill site setup resumed. The following day, 

site setup was completed and the 1331s-in conductor casing was advanced and set at 12 ft bgs. On -
January 7, 2004, drilling resumed from 22 ft bgs using a 12Y4-in button-tooth tricone bit and air­
rotary methods. The borehole was advanced through the Tshirege Member of the Bandelier Tuff 
to 105 ft bgs, where WDC began adding water to the borehole for dust suppression. Drilling 
continued in the Tshirege Member to 223 ft bgs. Forty-five minutes after drilling stopped for the 
day, a depth-to-water (DTW) measurement was attempted with an electronic sounder. No water 
was detected. 

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

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

The borehole was subsequently advanced through the Otowi Member, Guaje Pumice Bed, Puye 
Fonnation, and into the Tschicoma Fonnation at 995 ft bgs, to 1000 ft bgs. Drilling stopped to 
monitor for groundwater in the borehole at 1000 ft bgs. After waiting one and a half hours, fluid 
in the borehole was measured at 940 ft bgs. However, on the morning of January 11, 2004 a 
DTW measurement indicated the borehole was dry. The borehole was advanced in Tschicoma 
dacite to 1163 ft bgs where DTW measurements ranged from 1020 ft to 1050 ft bgs, however it 
appears that DTW indications were due to interference from drilling foam. -On the morning January of 12, 2004, 15 hours after drilling activities had ceased the night 
before, a DTW measurement was made, which indicated once again that the borehole was dry. 
WDC mobilized additional drill rods and three 3000-gal. poly tanks to the site to continue 
drilling to a deeper footage and to provide additional storage capacity for drilling fluids. On the 
morning of January 13, 2004, 40 hours after drilling stopped, a DTW measurement was made. 
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No water was indicated. The borehole was then advanced in the Tschicoma Formation from 
1163 ft to 1238 ft bgs. 

On January 14,2004, another DTW measurement was made. No water was detected, thus WDC 
switched to a 12V4-in down-the-hole hammer drill bit to penetrate the more resistant Tschicoma 
lava flows, and drilled to 1405 ft bgs by the end of shift on January 15, 2004. On January 16, 
2004, DTW was measured at 1400.5 ft bgs and a I-liter sample of borehole fluid was collected 
from the borehole (Sample ID # GW3i-04-52951). TD was declared at 1405 ft bgs, after 
advancing 121 feet beyond the predicted depth to regional groundwater. After reaching TD, the 
borehole was prepared for geophysical logging. On January 20,2004, a second sample (Sample 
ID # GW3i-04-52952) of borehole fluids was collected in an attempt to obtain a more 
representative sample ofpotential ground water. 

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

Table 3.2-1 

Introduced and Recovered Fluids 


Amount 
Material (Gallons) 

QUIK-FOAM® 48 

EZ-MUD® 14 

Potable water for Drilling 26,300 

Recovered Fluids(a) 19,340 

(a) Recovered fluids represents approximate quantity of fluids recovered during drilling. 

4.0 SAMPLING AND ANALYSIS OF CUTTINGS AND GROUNDWATER 

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

Cuttings Sampling 

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

Groundwater Sampling 

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

5.0 BOREHOLE GEOPHYSICS 

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

Schlumberger Geophysical Logging 

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

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

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

• 	 Array Induction Tool, version H (AITHTM) 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. 

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

• 	 Natural Gamma Spectroscopy (NGS™) measures spectral and overall natural gamma ray 
activity, indicating potassium, thorium, and uranium concentrations, thus evaluating 
geology and lithology. 

"" 
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• 	 Elemental Capture Spectroscopy (ECS™) measures concentrations of hydrogen, silicon, 
calcium, sulfur, iron, aluminum, potassium, titanium, chlorinity, and gadolinium to 
characterize mineralogy, lithology, and water content of the formations. 

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

Additionally, a calibrated natural gamma tool was used to record gross natural gamma~ray 
activity with each logging method (except the NGS1M run) to correlate depth runs between each 
of the surveys conducted. 

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

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

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

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

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

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

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

7. The processed logs indicate that varying amounts of clay are present in the following 
zones: 20-470 ft, 900-994 ft, and 1,135-1,405 ft. 
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Table 5.1-1 summarizes geophysical well logging conducted in CdV-16-3(i) by KAfLANL and 
Schlumberger. Schlumberger's report is presented in Appendix C along with the geophysical 
logs, compiled as a montage, (on the CD in Appendix C) of the final CdV -16-3(i) report. 

Table 5.1-1 

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


Cased Open-boleI I Footage Interval 
Date Metbod (ft bgs) (ft b2s) RemarksO~eratorI 

14-1404(b). Schlumberger January 16, 2004 Logging 0-12 , Schlumberger 
suite(a) borehole logging 

conducted prior to i 

i 

open-hole completion I 

12-1,385January 17, 2004 Video 0-12 Open-borehole video KAJLANL 
(a) Schlumberger suite ofborehole logging surveys included triple detector litho-density, array induction tool, epithennal 

compensated neutron tool, elemental capture spectroscopy, natural gamma spectroscopy, and combinable magnetic resonance. 
(b) Variable effective depths, see Figure 3.0-1 and Appendix C 

KJeinfelder-Supported Geophysical and Video Logging 

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

6.0 LITHOLOGY 

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

Stratigraphy and Lithologic Logging 

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

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

Rhyolitic ash flows of the Tshirege Member of the Bandelier Tuff have been divided into four 
separate cooling units in the general region of the Pajarito Plateau (Broxton and Reneau, 1995). 
The drilled CdV-16-3(i) section from 0 ft to 359 ft bgs is interpreted to represent Units 1, 2, 3, 
and 4. Units 1 and 3 are further subdivided, as indicated below. 
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Unit 4 (Qbt 4) was intersected from 0 ft to 70 ft bgs. Cuttings indicated that Unit 4 is a crystal­
rich tuff that is moderately welded. Samples in this interval contain widely varying amounts of 
three main constituents: welded tuff fragments, quartz and sanidine crystals, and intermediate 
volcanic lithics that include hornblende-dacite. 

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

Cuttings indicate4 that Unit 2 (Qbt 2), occurring in the section from 207 ft to 310ft bgs, is a 
crystal-rich tuff that is moderately welded. Samples are generally made up of greater than 50% 
by volume crystal-rich tuff fragments, up to 50% quartz and sanidine crystals, and minor 
volcanic lithics of intermediate composition. 

The basal cooling unit of the Tshirege Member is divided into upper devitrified (Qbt 1 v) and 
lower glassy (Qbt 19) subunits (Broxton and Reneau, 1995). The CdV-16-3(i) borehole 
intersected Unit 1 v from 310 ft to 345 ft bgs. Samples of Qbt 1 v are made up of welded tuff 
fragments, quartz and sanidine crystals, and intermediate volcanic lithic fragments that occur in 
widely varying abundances. Unit Ig occurs in the interval from 345 ft to 359 ft bgs. Cuttings 
from Unit 1 g contain variable percentages of tuff fragments, white vitric pumices, quartz and 
sanidine crystals, and lithic fragments of intermediate volcanic composition. 

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

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

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

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

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

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

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

Puye Formation, Tpf (900 ft to 995 ft bgs) 

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

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

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

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

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

-
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Groundwater Occurrences and Characteristics 

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

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

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

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

Detailed results of geophysical logging relating to water occurrence and logs for all ••''C 

Schlumberger surveys are presented in Appendix C. Electronic copies of logging files are stored ... 
on the CD attached to the back cover of this report. 

7.0 COMPLETION ACTIVITIES 
... 

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

... 
Wellhead Completion 

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

Geodetic Survey 

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

Table 7.2-1 
Geodetic Data for CdV-16-3(i) 

Description Northing I Eas!ing Elevation <a) 

Mal! Nail in CdV-16-3(i} Pad 1762434.9 1615980.5 7486.40 

Top of Steel Cover 1762434.~2 i 1615981.6 7486.80 
(4) Measured in ft amsl relative to the National Geodetic Vertical Datum of 1929. 

Site Restoration 

Fluids and cuttings produced during drilling and development were sampled in accordance with 
the Notice of Intent (NO I) to Discharge, Hydrogeologic Workplan Wells, and filed with the 
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NMED. Approval to discharge drilling and development water was received via e-mail from the 
NMED on March 18,2004. A copy of the NMED discharge approval is included in Appendix 
E; and the sample analysis is included on the CD attached to the back of this report. Silt fencing 
and straw bales have been left in place to minimize possible sediment impacts from future 
precipitation. 

Site restoration activities began in April 2004. These activities include: (l) removal and land 
application of water from the borehole-cuttings containment area, (2) removal of the 
polyethylene liner and borehole cuttings from the borehole-cuttings containment, (3) removal of 
containment area berms, and (4) backfilling and grading the containment area. The imported fill, 
used to build up the berm for the containment area during site preparation, was hauled away and 
stored off-site for re-use at other sites. The cuttings will be managed in accordance with the 
DOE-NMED letter, which states that the cuttings will be used to backfill the cuttings pit after the 
liner is removed. Site re-seeding will be performed in the Spring of2004. 

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

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

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

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

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

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


During drilling operations at borehole CdV -I6-3(i), alluvial groundwater and perched 
groundwater within the upper saturated zone were not encountered. Drilling fluid accumulated 
in the borehole and groundwater was not present in significant quantities, based on visual and 
olfactory observations. The foam-rich fluid was analyzed for inorganic constituents and results 
are provided in Table A.l-I. 

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

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

On January 20, 2004, a fluid sample was collected from a depth of 1385-1388 ft: bgs from the 
open borehole using a bailer. Analytical results for this groundwater sample are provided in 
Table A.l-I. Aliquots of the samples were filtered through a 0.45-llm Gelman filter. Samples 
were acidified with analytical-grade HN03 to a pH of 2.0 or less for metal and major cation 
analyses at EES-6. Alkalinity was determined at EES-6 using standard titration techniques. 

The fluid sample was analyzed by EES-6 using techniques specified in the US Environmental 
Protection Agency (EPA) SW-846 manual. Ion chromatography (IC) was the analytical method 
for bromide, chloride, fluoride, nitrate, nitrite, oxalate, perchlorate, phosphate, and sulfate. The 
method detection limit (MDL) for perchlorate using IC is 0.002 ppm or mglL (2 ppb or 2 IlglL). 
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 ±1O% using ICPES and ICPMS. 

Table A.l-l 

Hydrochemistry of Fluid Sample Collected at Borehole CdV-16-3(i) 


(filtered sample) 

! Depth (ft) 11385-1388 
Geologic Unit Tschicoma Massive Lava 
Date Sampled , 
pH (Lab) 

01120/04 
6.61 

Temperature COC) Not reported 
Specific Conductance (IlS/cm) 
Turbidity (NTU) 

Not reported 
Not reported 

Alkalinity (ppm CaC031L) 58.9 

IAl (ppm) 6.78 

1 Sb (ppm) 

IAs (ppm) 

: [0.001], U 
I 

0.0103 

B (ppm) 0.021 

Ba(ppm) 0.081 
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I Be (ppm) [0.001], U 

· 
i 
HC03 (ppm) 71.9 

I Br(ppm) 13.6 

,Cd (ppm) [0.001], U 


Ca(ppm) 
 24.7 

7.98 

i CI04 (ppm) (IC) 

•CI (ppm) 

[0.002], U 

I Cr(ppm) 0.0036 
i 

0.005 


Cu (ppm) 


•Co (ppm) 

0.0079 


F (ppm) 
 0.13 


Fe (ppm) 
 2.32 


Pb (ppm) 
 0.0015 


Mg(ppm) 
 7.31 


Mn(ppm) 
 0.15 


Hg (ppm) 
 0.00059 

Mo (ppm) 0.020 


Ni (ppm) 
 0.0051 

N03 (ppm) (as N) 0.01 

0.10 


C204 (ppm) (oxalate) 


•N02 (ppm) (as N) 

0.18 

I P04(ppm) (as P) [0.01], U 

I K(ppm) 5.91 


Se (ppm) 
 [0.001], U 

[0.0002], U •Ag (ppm) 
Na(ppm) 15.7 

· Si02 (ppm) 78.3 


Sr (ppm) 
 0.17 


S04 (ppm) 
 24.1 


Tl (ppm) 
 [0.001], U 


U (ppm) 
 0.0007 


V (ppm) 
 0.007 


Zn(ppm) 
 0.24 


IDS (calculated) 
 261 
. . ..Note: U = not detected. Slhca concentrations were calculated from measured sllicon (IePES). BIcarbonate 

concentrations were calculated from measured alkalinity. IDS = total dissolved solids. 
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1.0 SUMMARY 

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

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

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

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

Important results from the processed geophysical logs in CdV-16-3(i) include the following: 
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1 No substantial standing was present at the time of the January 16, 2004 logging -
although several logs indicate there may have been a little bit of fluid (possibly just 
accumulated water from the drilling foam used) at the very bottom of the borehole that 
was rising during the logging operation (1392-1405 ft bgs). 

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

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

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

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

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

7 The processed logs indicate that varying amounts of clay are present in the following 
zones: 20-470 ft, 900-994 ft, and 1,135-1,405 ft. 

2.0 INTRODUCTION 

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

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

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

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

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

• 	 Array Induction Tool, (AIT*) to measure formation electrical resistivity at five depths of 
investigation and borehole fluid resistivity, which is used to evaluate drilling fluid 
invasion into the formation (an indicator of relative permeability and water saturation), 
presence ofmoist zones far from the borehole wall, and presence of clay-rich zones; 

• 	 Natural Oamma Spectroscopy (NOS) 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 (OR) was recorded with every service except the NOS, 
for the purpose of depth matching the logging runs to each other. Table 2.1 summarizes the 
geophysical logging runs performed in CdV-16-3(i). 

Table 2.1 

Geophysical logging services, their combined tool runs and intervals logged, 


as performed by Schlumberger in borehole CdV-16-3(i) 


-


... 

Tool Depth Interval I II Date of Logging : Borehole Status ; Run# • 3 (ft) 

I 16-Jan-2004 i Open hole below 14 ft. GR 10-1,405 
iBit size of 12.25 in. i i 

II 

Steel casing above 14 ft. 

I I 
i 

Casing OD of 13.375 in. I 

I Same Same I 2 AITH ! NGS I 12-1,405 ft 

I Same ; Same i 
3 ECS CMR : GR 34-1,405 ft 

A description of these geophysical logging tools can be found on the Schlumberger website 
(http://www.hub.slb.comlindex.cfm?id==idl1618). 

·Mark of Schlumberger 
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3.0 METHODOLOGY 

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

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

3.1 Acquisition Procedure 

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

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

• 	 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); 

• 	 Threading the wire line cable through the sheaves; and 
• 	 Attaching the appropriate sonde(s) for the first run to the end of the cable. 

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

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

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

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

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

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

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

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

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

Additional information on specific tool calibration procedures can be found on the Schlumberger 
web page (http;//www.hub.slb.comlindex.cfm?id=idl1618). 

3.3 Processing Procedure 

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

-


.... 

-

-
integrated log montage was built to combine and compile all the processed log results. 
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Environmental Corrections and Raw Measurement Reprocessing 

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

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

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

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

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

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

Integrated Log Analysis 

An integrated log analysis, using as many of the processed logs as possible, was performed to 
model the near-wellbore substrate lithology/mineralogy and pore fluids. This analysis was 
performed using the Elemental Log Analysis (ELAN·) program (Mayer and Sib bit, 1980; 
Quieren et al, 1986) - a petrophysical interpretation program designed for depth-by-depth 
quantitative formation evaluation from borehole geophysical logs. ELAN estimates the 
volumetric fractions of user-defined rock matrix and pore constituents at each depth based on the 
known log measurement responses to each individual constituent by itself. ELAN requires an a 
priori specification of the volume components present within the formation-fluids, minerals, 
and rocks. For each component, the relevant response parameters for each measurement are also 
required. For example, if one assumes that quartz is a volume component within the formation 
and the bulk density tool is used, then the bulk density parameter for this mineral is well known 
to be 2.65 glcc. 

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

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

'Mark of Schlumberger 

IMathematically this corresponds to an inverse problem solving for constituent volume fractions from an (over)determined system ofequations 

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

No prior assumption is made about water saturation-where the boundary between saturated and 
unsaturated zones lies (e.g. the depth to the top of the regional aquifer or perched zones). Thus, 
the presence and amount of air in the pore space is unconstrained. Total porosity and water­
filled porosity are also left unconstrained throughout the analysis interval. Thus, interpretations 
should be made from the ELAN results with the understanding that the mineral-fluid model 
represents a mathematically optimized solution that is not necessarily a physically accurate 
representation of the native geologic formation. Within this context, the ELAN model is a robust 
estimate of the bulk mineral-fluid composition that accounts for the combined response from all 
the geophysical measurements. 
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Table 3.1 

Tool measurements, volumes, and respective parameters used in the CdV-16-3(i) ELAN 


analysis. 

'--' 

I 11 I I I;Volume ~ 
~ 

!"0 = 
1 t'; = ~ ...c:

Jl - ~ 
! 13<=I . !!: "0 

Tool Ii 11 
! .c: 1 e! = 

1 

~ <\I.. Q, .Q .. 
Measurement .. 

~ 
... <II ~:.( ~v= :: ...:l 

I Bulk density (glee) -0.19 1.00 11.00 3.11 3.55 2.65 2.33 

Epithermal 0.0 t 1.00 11.00 0.05 10.01 -0.01 0.0 

neutron porosity ! 
1 

(trl tr) I 1 

Volumetric ° ° 10.40 112 1202 7 
1 
4 

. 
2f-1 

-' 

I1 

effect I 1 

Total CMR water­ ° '1.0 !1.0 
1° 10 

\0 
!O 
1 

filled porosity 
I 

1 

I(trlfe) ! I 

~CMR_fl". ° 1.0 
1° 

!O '0 1° 
1°volume 

1 I(feltl?) ! 

Resistivity Very 136 136 Very IVery IVery IVery 
I (ohm-m) high , I high Ihigh 1high ,high 

I~__ 'H~ 0.0 0.0 :00 0.21 1°·24 ,024 10.47 

Ibf/lbt) I 

Dry weight 0.0 :0.0 0.0 /0.09 0.0 1°·09 1°.
0 

calcium 
I~f/lbfl 

0.0 0.0 1°.0 10.08 lO.20 TO.02 0.0I Dry weight iron 
1 (Ibf/lbt) I ,lDry weight sulfur 0.0 0.0 0.0 '0.0 

1°·0 
10.0 0.0 

(lbf Ilbt) I ! 

roryweight 0.0 '0.0 0.0 
1°·005 

10.01 1°·0 0.0 

1 

1 

titanium 
I IJlbf/lbQ ! 

Dry weight 0.0 
1°.

0 1°·0 1°.07 iOO 1°.16 1°·0 
. aluminum I 
I (Ibf Ilbf! ! 

I 1 

I 'gh 0.0 10.0 ,0.0 10.01 1°.0 10.0 10.0: Wetwel t 
I 

I 
, 

: potassium 
I I 

1 

I! (lbf/lbll 
1 

10.01Weight hydrogen 0.0 0.11 0.11 0.0 !o.o 
1°.

0 

(lbf Ilbt) I 
Wet weight 0.0 0.0 [00 50 25 13 12 

thorium 
I 

1 
(ppm) 

1 

Clay bound water ° 10 10 ,0 
1° 

a 10 

volume , 

i~/lfL i 
I 

1 Magnetie mineral a ° 10 ° ,0 
1° \0 

: indicator 
I I IL.. (mT~ 

! 

I ~ ~ I ';:
~.!l ~•• e~t 1 ~ I ~ - ~<=I C : 'i)i) C 

=~ I = :E~ ::-< 
1 
4 
. 
0 

.1 
3 
. 
08 12.1 i4.99 

I 
'0.02 -0.01 0.6 [0.17 

, 

I 
65 

1 

23 
. 
8 4.4 :82.1 

1 

° 10 10.425 10 

I 
! 

! 
1 

1 

010 
1° 10.425 

I 
IVery Very 1.41 IVery 
high high high 

10.18 023 0.26 10 

! 
10.0 0.10 om 10.0 

I I 

1°22 10.11 lO.04 1°.47 
I 

1°·0 io,o 1°.
0 1°·53 

1°·0 1°·048 
!O.O 1°·0
1 

I 
I 

0.0 
1°. 

02 
1°·11 

10.0 
I 

1 
0.0 1°·003 1°·005 

1°. 
0 

1 

I , 

10.0 10.00.0 '0.025 
1 i 
,4 20 .24 10 

I I 

1 

I 

1° 
° [0.425 ° 

! 

12 [0 10.5 

I I 1 

,-~ 
'"<=I ~ -c 
~;,; 

.c: '. ~ - =I - I =.. . ~ 0' 1000 
2.58 
2.56 
-0.01 

1 
7 
. 
3 

7.0 
! 

,0 
1 

I 
1° 

Very 
high 

,0.3 
10.38 

1°·0 

I 
lO.02 

0.0 

0.0 

0.10 

I 
10.102 
, 

I 

1 
0 

. 
0 

1 
5 

. 
5 

i 
I 

i 

1 

I 12.64 
1 

1°·0 1­
0 
. 
048 

[14.1 14.8 

1 1 

• 

i 
10 '0 

10 10 

I 
Very IVery
high high 

° 1°.47 

1°·405 1°.0 

1 

,0.0 10.0 

lo.o 0.0 

lo.o 0.0 

I 
I 

10.0 1°·0
I 

1 

i 
iO !O.OI .0 

0.0 0.0 

0.0 [2 

r 

10 

1 

I 

1 

I 

I 

I 
I 

I 

! 

I 

I 

1 

I 

I 
, 

I 
1 

I 

... 


""" 

... 

-


KA Project No.3 7151 C-9 May 2004 
Final 



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

4.0 RESULTS 

Preliminary results from the wire line geophysical logging measurements acquired by 
Schlumberger in CdV-16-3(i) were generated in the logging truck at the time the geophysical 
services were perfonned 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 (l) to correct/improve the 
measurements, as best as possible, for borehole/fonnation environmental conditions and (2) to 
depth-match the logs from different tool runs in the well. Additiona1logs were generated from 
integrated analysis of processed measured logs, providing valuable estimates ofkey geologic and 
hydrologic properties. 

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

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

Well Water Level 

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

Regional Aquifer 

There are no clear indications, solely from the processed geophysical log results, that CdV -16­
3(i) penetrates a fully water-saturated zone at the bottom of the primary log interval (1405 ft). 
The estimated pore volume water saturation2 computed from the ELAN integrated log analysis 
does not read consistently above 60% anywhere below 900 ft. The processed logs suggest that 
the rock type in this interval (900-1405 ft) is likely silica-rich extrusive volcanic rock. 
Estimated water saturation computed directly from bulk density and water content - over the 

2 Water saturation is defined in this report as the volumetric fraction of the total pore space occupied by water - the rest being 

occupied by air. 
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likely maximum possible range of grain density for the silica-rich volcanic rock (2.65-3.05 g/cc) 
- also does not consistently read 100% across any significant zones in this interval. The rock 
formation in the interval 1214-1405 ft (bottom oflog interval) is very dense, having an estimated 
total porosity of 10% or less of total rock volume. The estimated water-filled porosity is very 
low - only approximately 5% of total rock volume. The interval 900-1214 ft has higher, much 
more variable, total porosity (mostly 15-50%) - as well as water-filled porosity (mostly 5-20%). 
This interval appears to have the same mineralogy as the dense silica-rich volcanic material 
below 1214 ft - possibly the same rock type, but heavily weathered and broken up to form a 
breccia-like or rubble material. The average water saturation across this interval is even lower 
than the dense rock below (around 20-30%), although much more variable - suggesting the 
regional groundwater level is not crossed. 

The moveable water content estimated from the ELAN integrated log analysis averages around 
3 % of total rock volume in the 1134-1405 ft interval and approximately 4-6% in the 900-1134 
ft interval. Hydraulic conductivity, as estimated from the ELAN analysis results, is mostly 

...,below 0.1 gaVminl ft2 across the entire interval - highest in 900-1134 ft zone. 

Vadose Zone Perched Water 

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

894-900 ft: 
The 894-900 ft depth interval has very high ELAN estimated total porosity (48-61 %), high 
water-filled porosity (21-44%), and relatively high water saturation (50-72%) - characteristic of 
the log response in the bottom of the Guaje Pumice Bed. Moveable water content is also high 
(10-30%). The ELAN results indicate that the zone is underlain by a relatively clay-rich 
geologic sequence - possibly acting as a low permeability barrier that causes pooling of water in 
the highly porous pumice bed above. This zone has the highest total and moveable water content 
in the entire log interval, as well as the highest estimated hydraulic conductivity (-30 gaVminl 
ft2). 

852-894 ft: 
The 852-894 ft depth interval, assumed to be in the Bandelier Tuff (solely based on the logs), 
has high total porosity (40-50%) and relatively high, uniform water-filled porosity (18-22%), 
resulting in a water saturation of42-48%. Moveable water content ranges 3-5%. 

843-852 ft: 
This zone is characterized by a significant decrease in total porosity to 28%, along with a 
decrease in water-fIlled porosity to 13% and moveable water content to 3%. 

798-843 ft: 
The 798-852 ft interval, assumed to be in the Bandelier Tuff (solely based on the logs), has 
similar characteristics as the 852-894 ft interval: high total porosity (average 45%), water-filled 
porosity of20-23%, and moveable water content of about 5%. 
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615-798 ft: 
The processed logs across the 615-798 ft interval exhibit a sharp decrease in total and water­
filled porosity at 798 ft (to 40% and 17%, respectively), compared to the zone below. Above 
798 ft total porosity gradually increases in the upward direction, reaching 43% at 625 ft. Water­
filled porosity gradually increases to a maximum of 20% at 660 ft, then decreases to 17% at 615 
ft. Moveable water content is consistent - uniformly decreasing in the upwards from 4% at 798 
ft to around 2% at 615 ft. Water saturation ranges 40-45%. 

586-615 ft: 
This interval is characterized by lower total and water-filled porosity (41 % and 10%, 

respectively), but slightly higher moveable water content (4%) than directly below. 


412-586 ft: 

Total and water-filled porosity is more variable across this interval than the section below, 

ranging 36-53% and 8-17%, respectively. Moveable water content mostly varies between 3-5% 

and water saturation 25-40%. 


340-412 ft: 
The 340-412 ft interval is characterized by highly variably total and water-filled porosity (27­
55% and 7-24%, respectively). Moveable water content averages about 4%, reaching a 
maximum of7% at 395 ft. 

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

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

162-214 ft: 
Total porosity increases significantly above 214 ft, reaching 37% at 200 ft. Water-filled porosity 

varies between 4-11 % and moveable water content averages about 3 %. There is a large washout 

across the 170-214 ft interval that may be causing elevated total porosity values. 


127-162 ft: 

Total porosity decreases to 8-12% across this interval, with water-filled porosity and moveable 

water content relatively stable at 6% and 3%, respectively. 


13-127 ft: 

The total porosity increases considerably in this interval (compared to zone below), generally 

increasing in the upward direction - reaching 52% at 30 ft. However, the porosity increases are 

correlated with large washouts. Water-filled porosity averages around 7% across the interval 

40-127 ft and 12% across the interval 13-40 ft. 


Geology 

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

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

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

• 	 132-162 ft: Low porosity volcanic tuff - characterized by relatively low total porosity 
(17% of total rock volume), high sanidine and silica glass/mineral content, and small 
amounts ofclay 

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

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

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

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

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

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

• 	 360-412 ft: Very porous, heterogeneous volcanic tuff (possibly re-worked)­
characterized by very high and variable total porosity (30-57% of total rock volume), 
high sanidine and silica glass/mineral content, minor to moderate augite mineral content, 
and trace amounts ofclay 

• 	 412-620 ft: Porous, relatively heterogeneous volcanic tuff - characterized by high 
total porosity (36-53% of total rock volume), high sanidine and silica glass/mineral 
content, and minor to moderate augite mineral content 

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

• 	 798-843 ft: Very porous volcanic tuff- characterized by very high total porosity (45% 
of total rock volume), high sanidine and silica glass/mineral content 

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

• 	 852-894 ft: Very porous volcanic tuff- characterized by very high total porosity (40­
50% of total rock volume), high sanidine and silica glass/mineral content 
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• 	 894-900 ft: Extremely porous volcanic tufT/pumice - characterized by extremely high 
total porosity (48-61% of total rock volume), high water-filled porosity (21-44%), high 
sanidine content, and moderate silica glass/mineral content 

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

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

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

4.1 Summary Logs 

Three summary log displays have been generated for CdV-16-3(i) to highlight the key 
hydrogeologic and geologic information provided by the processed geophysical log results: 

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

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

• 	 Spectral natural gamma ray and lithology summary showing a high vertical resolution, 
continuous volumetric analysis of formation mineral and pore fluid composition (based 
on an integrated analysis of the logs) and key lithologic/stratigraphic correlation logs 
from the spectral gamma ray measurement (concentrations of gamma-emitting elements) 
- to highlight the geologic lithology, stratigraphy and correlation information obtained 
from the log results (Figure 4.3) 
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Summary porosity logs in CdV-16-3(i) borehole from processed geophysical logs, interval 
13-1405 ft, with caliper, gross gamma, water saturation, and water hydraulic conductivity 
logs. Porosity, water saturation, and hydraulic conductivity logs are derived from the 
ELAN integrated log analysis. 
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Figure 4.2. Summary bulk density and volume clay logs in CdV-16-3(i) borehole from processed 
geophysical logs, interval 13-1405 ft Also shown - caliper, gross gamma, apparent grain 
density, and total porosity logs (the latter two derived from the ELAN analysis). 
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Figure 4.3. Summary spectral natural gamma ray logs and ELAN mineralogyllithology and pore fluid 
model from CdV-16-3(i) borehole, interval 13--1405 ft. Caliper log is also shown. 
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4.2 Integrated Log Montage 

This section summarizes the integrated geophysical log montage for CdV-16-3(i). The montage 
is provided on a CD in the back of this report. A description of each log curve in the montage 
follows-organized under the heading of each track, starting from track 1 on the left-hand side of 
the montage. Note that the descriptions in this section focus on what the curves are and how 
they are displayed; the specific characteristics and interpretations of the CdV-16-3(i) geophysical 
logs are provided in the previous section. 

Track i-Depth 

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

Track 2-Basic Logs 

The second track on the left (inclusive ofthe depth track) presents basic curves: 

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

• 	 caliper borehole diameter from the TLD (thin solid pink) with bit size as a reference 
(dashed-dotted black) to show washout (Pink shading), recorded as hole diameter in 
inches and displayed on a scale of 11 to 26 in.; 

Two gamma ray curves from the NGS are presented: 

• 	 total gross gamma (thick solid black curve) and 

• 	 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 of2 to 2000 ohm-m. 

Six electrical resistivity logs from the AIT are displayed: 

• 	 Borehole fluid resistivity (solid orange curve)-only valid in water-filled hole 
• 	 Bulk electrical resistivity at five median depths of investigation-lOin. (black solid), 20 

in. (long-dashed blue), 30 in. (short-dashed red), 60 in. (dashed-dotted green), and 90 in. 
(solid purple)--each having a two-foot vertical resolution. 

The area between the lOin. and 90 in. resistivity curves, representing radial variations in bulk 
resistivity (potentially from invasion ofdrilling fluids), is shaded: 

• 	 blue when the lOin. resistivity is greater than the 90 in. resistivity (labeled "resistive 
invasive") and 

• 	 yellow when the 90 in. resistivity is greater than the lOin. resistivity (labeled "conductive 
invasive"). 
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Track 4-Porosity 

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

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

• 	 CMR total water-filled porosity (short-dashed black); 

• 	 CMR effective water-filled porosity (long-dashed green); 

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

• 	 Total porosity derived from bulk density and neutron water-filled porosity using a grain 
density of 2.65/3.05 glcc (dotted red curve), 2.45/2.85 glcc (long-dashed red curve), and 
2.25/2.65 glcc (dashed red curve)-with red shading between the 2.25/2.65 and 2.65/3.05 
glcc porosity curves to show the range (the higher grain density range used across the 
siliceous volcanic flow interval below 900 ft); and 

• 	 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: 

• 	 bulk density (thick solid maroon curve) on a scale of 1 to 3 grams per cubic centimeter 
(g/cc); 

• 	 Pe (long-dashed black curve) on a scale of 0 to lOnon-dimensional units; 

• 	 density correction (dashed orange curve) on a scale of -0.75 to 0.25 glcc; and 

• 	 apparent grain density (dashed-dotted brown curve), derived from the ELAN analysis, on 
a scale of 1 to 3 glcc. 

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

Track 6-NGS Spectral Gamma 

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

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

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

• 	 uranium (dotted blue) in units of parts per million (ppm) and on a scale of20 to 0 ppm. 
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Track 7-CMR Porosity 

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

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

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

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

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

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

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

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

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

Track 8 -Pore Size Distribution 

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

• 	 Clay-bound water-brown area shading; 

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

• 	 Medium pore, large pore, and late decay (the sum comprising effective water-filled 
porosity)-yellow, red, and green area shading, respectively. 
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Track 9-CMR T2 Distribution (Waveforms) 

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

• 	 T210garithmic mean (solid blue curve) and 

• 	 T2 cutoff time used for differentiating between bound and free water (solid red line). 

Track 10-CMR T2 Distribution (Heated Amplitude) 

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

Track ll-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 10-4 to 106 gallons per day 
per feet squared (gal/day/ft2): 

• 	 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); 

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

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

Tracks 12 to 16 - Geochemical Elemental Measurements 

The narrow tracks 12 to 16 present the geochemical measurements iron (Fe) and silicon (Si), 
sulfur (S) and calcium (Ca), potassium (K) and estimated aluminum (AI), titanium (Ti) and 
gadolinium (Gd), and hydrogen (H) and bulk chlorinity (CI) -from left to right respectively, in 
units ofdry matrix weight fraction (except H wet weight fraction, CI and Kin ppk). 

Track 17-ELAN Mineralogy Model Results (Dry Weight Fraction) 

Track 17 displays the results from the ELAN integrated log analysis (the matrix portion)­
presented as dry weight fraction ofmineral 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) 
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• 	 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). 

Track IS-ELAN Mineralogy-Pore Space Model Results (\Vet Volume Fraction) 

Track 18 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). 

Track 19-5ummary Logs 

Track 19, the second track from the right, displays several summary logs that describe the fluid 
and air-filled volume measured by the geophysical tools, including water saturation: 

• 	 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 ELAN analysis (dashed cyan curve and green area 
shading); 

• 	 Optimized estimate of total volume fraction of air-filled porosity from the ELAN analysis 
(solid red curve and dotted red area shading); 
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....t-:

• 	 Optimized estimate of water saturation (percentage of pore space filled with water) from 

the ELAN analysis (dashed-dotted purple curve); 


• 	 Water saturation as calculated directly from the bulk: density and geochemical estimated 

porosity using a grain density of 2.65/3.05 glcc (dotted light blue curve), 2.45/2.85 g/cc 

(long-dashed light blue curve), and 2.25/2.65 glcc (dashed light blue curve)-with light 

blue shading between the 2.25/2.65 and 2.65/3.05 glcc saturation curves to show the 

range (the higher grain density range used across the siliceous volcanic flow interval 

below 900 ft); 


• 	 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); 

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

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

Track 20-Depth 

The final track on the right, same as the first track on the left, displays the depth below ground 
surface in units of feet, as measured by the geophysical logging system during the AIT-NGT 
logging run. 
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Lithologic Descriptions of Drill Cuttings from Borehole CdV-16-3(i) 


Lithologic Description Sample Elevation 
Unit 

Geologic 
Interval Range 

(ft) (ft above 
msl) 

Volcanic tuff, grayish orange pink (5YR 7/2), weakly to moderately 0-23 7486.4­
Tshirege 
Qbt4, 

welded. WR (Le., unsieved whole rock sample): fme ash with 15% 7463.4 
Member sand-size grains. + 1 OF (i.e. sample fraction retained by the No. 10 


of the 
 sieve): composed of 60-70% vitric pumice and welded tuff fragments 
Bandelier (up to 2 cm), 30-40% rounded intermediate volcanic (dacite) lithic 


Tuff 
 fragments (up to 1.5 cm). 

Volcanic tuff, very light gray (N8), weakly to moderately welded. 23-38 7463.4­
WR: very fme ash with 10-15% tuff fragments, and quartz and 7448.4 
sanidine crystals. + 1 OF: composed of 80-90% welded tuff fragments 
(made up of 3-5% crystals, 3-5% pumice, 90-95% ash), 5-10% 
volcanic lithic fragments, 5-10% clay fragments. +35F (Le., sample 
fraction retained by the No. 35 sieve): 5% volcanic lithics, 70-75% 
Iquartz and sanidine crystals, 15-20% welded tuff fragments. 
Volcanic tuff, grayish orange pink (5YR 7/2), weakly to moderately 38-53 7448.4­
welded. WR: very fine ash with trace tuff fragments, and quartz and 7433.4 
sanidine crystals. + 1 OF: composed of 20-30% welded tuff fragments 
and pumice (up to 8 mm), 25-30% euhedral quartz and sanidine 
crystals, 45-50% angular to subrounded volcanic (mostly dacite) 
lithic fragments (up to 6 mm). +35F: 10-15% volcanic lithics, 50% 
quartz and sanidine crystals, 35-40% pumice, and welded tuff 
fraS!llents. 
Volcanic tuff, grayish orange pink (10YR 7/2), weakly to moderately 53-70 7433.4­
welded. WR: very fine ash with trace pumice, and quartz and 7416.4 
sanidine crystals. +1 OF: composed of 65-70% subangular to 
subrounded, intermediate volcanic (hornblende-dacite noted) lithic 
fragments (up to 2 cm); 30-35% euhedral quartz and sanidine 
crystals; trace pumice and welded tuff fragments. +35F: 95-98% 
quartz and sanidine crystals, 1-2% pumice, 1-3% volcanic lithics. 
Note: the lower contact between subunit Qbt 4 and underlying Qbt 3t 
is interpreted to occur at 70 ft bgs based on geophysical logging data. 

Qbt 3t, Volcanic tuff, very pale orange (1 OYR 8/2), weakly welded or 70-80 7416.4­
Tshirege weathered. WR: very fme ash with trace tuff fragments, and quartz 7406.4 

Member 
 and sanidine crystals. + 10F: composed of 70-75% intermediate 


of the 
 volcanic (predominantly dacite) lithic fragments (up to 2 em); 25­
Bandelier 30% euhedral quartz and sanidine crystals. +35F: 1-2% volcanic 


Tuff 
 lithics, 98% quartz and sanidine crystals, 1-2% pumice and tuff 

fragments. 
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Geologic Lithologic Description Sample 
Unit Interval 

(ft) 

Elevation 
Range 

(ftabove 
msl) 

Volcanic tuff, light brownish gray (5YR 611) to light brown (5YR 
6/4). WR: fme ash with 15% tuff fragments, and quartz and sanidine 
crystals. +10F: poor sample returns ofthis size fraction. +35F: 1-2% 
volcanic Iithics, 98% quartz and sanidine crystals, 1-2% pumice. 
Note: the lower contact between subunit Qbt 3t and underlying Qbt 3 
is inteq>reted to occur at 88 ft bgs based on geophysical logging data. 

Qbt3, Volcanic tuff, light brown (5YR 6/4) to grayish orange (10YR 7/4), 
moderately welded. WR: fme ash with trace tuffvolcanic lithics, and Tshirege 
quartz and sanidine crystals. + 1 OF: 100% crystal-rich welded tuffMember 
fragments (up to 7 rum) containing sparse relict pumice. +35F: 2-3% of the 
volcanic lithics, 95-98% quartz and sanidine crystals, 1-2% pumice Bandelier 
and tuff fragments.Tuff 

Volcanic tuff, grayish orange (lOYR 7/4), weakly to moderately 
welded. WR: fme ash with trace quartz and sanidine crystals. + 1 OF: 
95-98% quartz and sanidine crystals, 2-5% altered tuff fragments (up 
to 3 mm). Note: poor sample returns of the + lOF size fraction in the 
intervals 110-115 ft bgs and 120-125 ft bgs. 
Volcanic tuff, light brownish gray (5YR 6/1), weakly to moderately 
welded. WR: 75-80% quartz and sanidine crystals, 10-15% fine ash, 
1-2% lithics, 2-3% tuff fragments. +10F: 40-45% crystal-rich welded 
tuff fragments (up to 2 rum), 40-45% quartz and sanidine crystals, 5­
8% volcanic lithics (up to 3-mm). +35F: 90-95% quartz and sanidine 
crystals, 5-10% tuff fragments. 
Volcanic tuff, light brownish gray (5YR 6/1), weakly to moderately 
welded. WR: 80-85% quartz and sanidine crystals, 5-10% fme ash, 5­

i 10% tuff fragments. + 1 OF: 90-95% crystal-rich welded tuff fragments 
(up to 3 rum), 5-10% quartz and sanidine crystals. +35F: 25-30% 
quartz and sanidine crystals, 70-75% tuff fragments. Note: the 
contact between subunit Qbt 3 and underlying Qbt 3 nw is interpreted 
to occur at 162 ft bgs based on geophysical logging data. 

Qbt 3 nw, Volcanic tuff, light brownish gray (5YR 6/1), weakly welded. WR: 
Tshirege 90-95% quartz and sanidine crystals, 5-10% fine ash. + lOF: 

Member 
 composed of 80-85 % quartz and sanidine crystals, 10-15% welded 

of the ·tuff fragments, 5-10% volcanic lithics. +35F: 95-98% quartz and 
Bandelier isanidine crystals, and 2-5% tuff fragments. 

Tuff 

Volcanic tuff, grayish orange (lOYR 7/4) to pale yellowish brown 
(lOYR 6/2), weakly welded. +10F: composed of90-95% quartz and 
sanidine crystals, 2-5% welded tuff fragments, 2-5% volcanic lithics. 
+35F: 98% quartz and sanidine crystals, and 2% tuff fragments.I 
Note: the contact between subunit Qbt 3 nw and underlying Qbt 2 is 

i 

interpreted to occur at 207 ft bgs based on geophysical logging data. I 

80-88 7406.4­
7398.4 

88-105 7398.4­
7381.4 

105-125 7381.4­
7361.4 

125-145 7361.4­
7341.4 

145-165 7341.4­
7321.4 

-

-


165-185 7321.4­
7301.4 

~-

185-210 7301.4­
7276.4 
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Geologic 
Unit 

Lithologic Description Sample 
Interval 

(ft) 

Elevation 
Range 

(ft above 
msl) 

Qbt2, 
Tshirege 
Member 

of the 
Bandelier 

Tuff 

Volcanic tuff,light brownish gray (5YR 6/1), weakly to moderately 
welded. WR: 80-85% quartz and sanidine crystals, 10-15% fine ash, 
2-5% volcanic lithics (up to 2 mm). +1 OF: composed of 80-85% 
quartz and sanidine crystals, 5-10% welded tuff fragments (up to 2 
mm) and 10-15% volcanic lithic fragments. +35F: 95-98% quartz 
and sanidine crystals, 2-3% tuff fragments, and 1-2% volcanic lithics. 

210-220 7276.4­
7266.4 

Volcanic tuff, light brownish gray (5YR 6/1), moderately welded. 
+ 1 OF: composed of50% quartz and sanidine crystals, 50% welded 
tuff fragments and volcanic lithic fragments. +35F: 60-65% quartz 
and sanidine crystals, and 35-40% tuff fragments. 

220-225 7266.4­
7261.4 

Volcanic tuff, light brownish gray (5YR 6/1), moderately welded. 
+ 1 OF: composed of 1 % quartz and sanidine crystals, 99% welded tuff 
fragments. +35F: 60-65% quartz and sanidine crystals and 35-40% 
tuff fragments. 

225-230 7261.4­
7256.4 

Volcanic tuff, light brownish gray (5YR 6/1), moderately welded. 
WR: quartz and sanidine crystals, and varying percentages of fine 
ash. + 10F: 88-90% crystal-rich welded tuff fragments (up to 3 mm), 
6-7% quartz, sanidine, and ferromagnesian crystals. +35F: 25-30% 
Iquartz and sanidine crystals, 70-75% tuff fragments. 

230-250 7256.4­
7236.4 

Volcanic tuff, light brownish gray (5YR 611), moderately welded. 
WR: 90-95% fine ash, 2-5% quartz and sanidine crystals, 2-5% tuff 
fragments (up to 3 mm). + lOF: poor returns of this size sample 
fraction, composition similar to that in the interval 230-250 ft bgs. 
+35F: 50-60% quartz and sanidine c_rystals, 40-50% tufffrRg!!!ents. 

250-265 7236.4­
7221.4 

Volcanic tuff, light brownish gray (5YR 611), moderately welded. 
WR: 15-40% quartz and sanidine crystals, 55-80% fine ash, 5% 
volcanic lithics (up to 4 mm). +1 OF: composed of 88-90% welded 
tuff fragments, 5-7% quartz and sanidine crystals, and 5% volcanic 
lithic fragments. +35F: 65-70% tuff fragments and 30-35% quartz 
and sanidine crystals. 

265-285 7221.4­
7201.4 

Volcanic tuff, light brownish gray (5YR 6/1), moderately welded. 
+ 1 OF: composed dominantly ofwelded tuff fragments containing 10­
15% quartz and sanidine crystals, and 10-15% dacitic lithics; 
abundant elongate Fe-oxide-stained volcanic lithic fragments (up to 3 
mm). +35F: 60-65% tuff fragments and 35-40% quartz and sanidine 
crystals. 

285-310 7201.4­
7176.4 

Qbt lv, 
Tshirege 
Member 

of the 

No sample recovery; no cuttings available for examination in this 
interval. Note: the contact between Qbt 2 and underlying Qbt Iv is 
interpreted to occur at 310ft bgs based on geophysicallogging data. 

310-315 7176.4­
7171.4 
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Lithologic Description 

Volcanic tuff, light brownish gray (5YR 6/1) to grayish orange pink: 
(5YR 7/2), moderately to weakly welded. +IDF: composed ofvarying 
abundances of welded tuff fragments, quartz and sanidine crystals, 
and volcanic lithics. +35F: 70-80% quartz and sanidine crystals, 20­
.30% tuff fragments and lithics. 
Volcanic tuff, light brownish gray (5YR 6/1), weakly welded, crystal-
rich. WR: fme ash, 7-10% quartz and sanidine crystals, and tuff 
fragments (up to 2 mm). + 1 OF: poor returns of this size sample 
fraction. +35F: 60-70% quartz and sanidine crystals, and 30-40% tuff 
and volcanic lithic fragments. Note: the contact between subunit Qbt 
Iv and underlying Qbt Ig is interpreted to occur at 345 ft bgs based 
on geophysical logging data. 
Volcanic tuff, grayish orange pink: (5YR 7/2), weakly welded, 
crystal-rich. WR: 25-30% quartz and sanidine crystals, tuff 
fragments, and fme ash. + 1 OF: very poor returns of this size fraction, 
predominantly quartz and sanidine crystals. +35F: 85-90% quartz and 
sanidine crystals and 10-15% tuffand lithic fragments, trace pinkish 
pumice(?) fragments. 

Volcanic tuff, grayish orange pink: (5YR 7/2) to light brown (5YR 
6/4), weakly welded, crystal-rich. WR: quartz and sanidine crystals, 
lithic fragments, and fine ash. +1 OF: very poor returns of this sample 
fraction, composed dominantly ofwhite vitric pumice, minor quartz 
and sanidine crystals, and lithics. +35F: 70-80% quartz and sanidine 
crystals, 5% pumice, and 5-10% tuff and lithic fragments. Note: the 
contact between Qbt Ig and underlying Qct is interpreted to occur at 
359 ft bgs based on geophysical logging data. 
Volcaniclastic sediments, silty sand (SM), moderate orange pink: 
(5YR 8/4), very fine to coarse sand, grains subangular to subrounded. 
+10F: detrital constituents (up to 15 mm) composed of40-50% varied 
volcanic (dacite, rhyolite, obsidian, and other intennediate 
lithologies) lithics, 30-35% white fibrous, vitric pumice, 10-15% 
quartz and sanidine crystals. +35F: grains made up of20-25% quartz 
and sanidine crystals, 20-25% pumice, and 50-60% volcanic lithics. 
Volcaniclastic sediments, well-graded sand (SW) with silt, moderate 
orange (5YR 8/4), fine to coarse sand, grains subangular. +IOF: 
detrital constituents composed of 80-85% varied volcanic 
(hornblende-dacite, rhyolite, vitrophyre) lithics, 5-10% white fibrous, 
vitric pumice, 5-10% quartz and sanidine crystals. +35F: 
composition similar to that ofthe + 1 OF size sample. 

Geologic 

Unit 


Bandelier 

Tuff 


Qbt 19, 

Tshirege 

Member 

of the 


Bandelier 

Tuff 


Qct, 

Cerro 


Toledo 

Interval 


Sample 

Interval 


(ft) 

315-330 

330-345 

345-350 

350-365 

365-385 

385-405 

Elevation 

Range 


(ft above 

msl) 


7171.4­
7156.4 

7156.4­
7141.4 

-

7141.4­
7136.4 

7136.4­
7121.4 

-

7121.4­
7101.4 

7101.4­
7081.4 

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

Lithologic Description Sample Elevation 
Unit 

Geologic 
Intenral Range 

(ft) (ft above 
msl) 

405-410Volcaniclastic sediments, silty sand (SM), very pale orange (10YR 7081.4­
8/2). WR: fme to coarse sand, grains subangular to subrounded, 30­ 7076.4 
40% silt. + 10F: detrital constituents composed of45-50% varied 
volcanic (hornblende-dacite, vitrophyre) lithics (up to 4 mm), 45-50% 
white fibrous, vitric pumice, 1-2% quartz and sanidine crystals. 
+35F: grains made up of 40-45% pumice, 40-45% intermediate 
volcanic lithics, 10% quartz and sanidine crystals. 
Volcaniclastic sediments, well-graded sand (SW) with silt, very pale 410-414 7076.4­
orange (lOYR 8/2) to moderate orange pink (lOYR 8/4). +10F: 7072.4 
detrital constituents (up to 6 mm) composed of 90% varied volcanic 
(dominantly dacite) lithics, 5-7% white vitric pumice, trace quartz 
and sanidine crystals. +35F: grains made up of30-35% pumice, 30­
35% intermediate volcanic lithics, 30-35% quartz and sanidine 
crystals. 
Volcaniclastic sediments/volcanic tuff, well-graded sand (SW) with 414-430 7072.4­
silt, very pale orange (10YR 6/2). WR: abundant fme ash with 20­ 7056.4 
40% volcanic lithics (up to 4 mm), quartz and sanidine crystals, and 
pumice fragments. +1 OF: composed of 70-75% intermediate volcanic 
(predominantly dacite) lithics, 25-27% white fibrous, vitric pumice, 
and 3-5% quartz and sanidine crystals. +35F: 10-15% pumice, 70­
75% quartz and sanidine crystals and 10-15% volcanic lithics. Note: 
the contact between Qct and underlying Qbo is interpreted to occur at 
:430 ft bgs based on geophysical logging data. 


Qbo, 
 No cuttings returns; no sample available for examination in this 430-435 7056.4­
Otowi 7051.84 

Member 
ofthe 

Bandelier 
Tuff 

Volcanic tuff, moderate orange pink (5YR 8/4) to light brown (5YR 

interval. 

435-440 7051.4­
6/4), weakly welded. WR: fme ash with 10-15% tuff fragments and 7046.4 
quartz and sanidine crystals. +1 OF: very poor returns ofthis sample 
fraction. +35F: 30-35% pumice, 60-70% quartz and sanidine crystals 

i. and 5-10% volcanic lithics. 

Volcanic tuff, moderate orange pink (5YR 8/4), weakly welded. WR: 
 440-465 7046.4­
fine ash with 10-15% tuff fragments and quartz and sanidine crystals. 7021.4 
+1OF: composed ofvarying percentages ofcrystal-poor tuff 

fragments, quartz and sanidine crystals, orange pink to olive black 

vitric and nonvitric pumices. +35F: 50% pumice and lithics, 50% 

Iquartz and sanidine crystals. 

Volcanic tuff, moderate orange pink (5YR 8/4), weakly welded. WR: 
 465-485 7021.4­
fme ash with 30-35% quartz and sanidine crystals, 5-10% tuff 7001.4 
fragments (up to 2 mm). +1 OF: composed of 98-99% tuff fragments, 
1-2% light brown, pale orange, and olive black vitric pumices. +35F: 

i
50% pumice and lithics, 50% quartz and sanidine crystals. i 
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Charact~izati()n Well CdV-16-3 (i) Compl_et_io_n_R_e",p_o_r_t_____~___ 

Geologic Lithologic Description 
Unit 

Volcanic tuff, pale yellowish brown (lOYR 6/2), weakly welded. 
WR: fme ash with 70-75% quartz and sanidine crystals, lithics and 
pumice (up to 1 mm). +10F: composed of20% crystal-poor tuff 
fragments, 30% pale orange and olive black vitric pumices, 50% 
varieties of intermediate volcanic lithics. +35F: 10-15% pumice, 5­
10% volcanic lithics, 65-70% quartz and sanidine crystals, 5-10% tuff 
fragments. 
Volcanic tuff, grayish orange pink (5YR 7/2), weakly welded. WR: 
fine ash with 10% quartz and sanidine crystals, 1-2% lithics, and 5% 
pumice and tuff fragments (up to 2 mm). +10F: very poor returns of 
this sample fraction. +35F: 10-15% vitric pumice, 5-10% volcanic 
lithics, 80% quartz and sanidine crystals. 
Volcanic tuff, pale yellowish brown (lOYR 6/2), weakly welded. 
WR: fme ash with 5% quartz and sanidine crystals, 5 % volcanic 
lithics, 5% pumice (up to 1 mm). +10F: poor sample returns ofthis 
size fraction; composed of95% varied aphyric, aphanitic 
intermediate volcanic lithics (up to 2 mm), 2-5% varicolored vitric 
pumice, 1-2% quartz and sanidine crystals. +35F: 95-98% quartz and 
sanidine crystals; and 2-5% volcanic lithics and pumice. 
No cuttings returns; no sample available for examination in this 
interval. 
Volcanic tuff, grayish orange pink (5YR 7/2), weakly welded. WR: 
fine ash with 2-5% quartz and sanidine crystals, 2-5% volcanic lithics 
and tuff fragments. + 10F: composed of 30% aphyric and porphyritic 
intermediate volcanic (hornblende-dacite noted), lithics (up to 7 mm), 
50% orange, white, and olive black, fibrous, vitric pumice, 18-20% 
tuff fragments, 1-2% quartz and sanidine crystals. +35F: 90-95% 
Iquartz and sanidine crystals; 2-5% volcanic lithics, and 5-7% pumice. 
Volcanic tuff, grayish orange pink (5YR 7/2) to moderate orange 
pink (5YR 8/4), weakly welded. WR: fme ash with 2-5% quartz and 
sanidine crystals, 1-2% volcanic lithics. + 10F: composed of98% 
aphyric, aphanitic intermediate volcanic lithics (andesite, dacite, and 
vitrophyre), 1-2% tuff fragments. +35F: 80-85% quartz and sanidine 
crystals; 2-5% volcanic lithics, and 5-10% vitric pumice. 
Volcanic tuff, very pale orange (10YR 8/2) to pale yellowish brown 
(10YR 6/2), weakly welded. WR: fine ash with 20-25% quartz and 
sanidine crystals, 10-15% volcanic lithics (up to 5 mm). + 1 OF: 
composed of95-97% varied aphyric and porphyritic intermediate 
volcanics (hornblende-dacite, andesite, vitrophyre), 2-5% orange and 
olive black pumice. +35F: 95-98% quartz and sanidine crystals and 2­
5% vitric ~umice fra~ents. 
No cuttings returns; no sample available for examination in this 
interval. 

Sample 
Interval 

(ft) 

485-500 

Elevation 
Range 

(ftabove 
msl) 

7001.4­
6986.4 

500-510 6986.4­
6976.4 

510-515 6976.4­
6971.4 

515-520 

520-530 

6971.4­
6966.4 
6966.4­
6956.4 

530-540 6956.4­
6946.4 

540-565 6946.4­
6921.4 

565-570 6921.4­
6916.4 

... 

-

-


-
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Characterization Well CdV-J6-3(i} Completion Report 

Geologic Lithologic Description Sample Elevation 
Unit Interval Range 

! (ft) (ft above 
msl) 

Volcanic tuff, grayish orange pink (5YR 7/2) to pale yellowish brown 570-585 6916.4­
(10YR 6/2), weakly welded. WR: fine ash with 30-40% quartz and 6901.4 
sanidine crystals, 5-10% volcanic lithics (up to 5 rom). +10F: 
composed of 100% varied aphyric and porphyritic intennediate 
volcanic (hornblende-biotite-dacite, andesite, vitrophyre) lithics (up 
to 4 rom). +35F: 90-95% quartz and sanidine crystals 5% volcanic 
lithics, and 2-5% vitric pumice fragments. 
Volcanic tuff, very pale orange (10YR 8/2), weakly welded. WR: 585-605 6901.4­
fine ash with 20-25% quartz and sanidine crystals, 5-10% volcanic 6881.4 
lithics (up to 3 rom). +10F: composed predominantly of varied 
aphyric and porphyritic intennediate volcanic (hornblende-dacite, 
andesite, vitrophyre) lithics (up to 5 rom). +35F: 95-98% quartz and 
sanidine crystals 2-5% volcanic lithics, and 1% vitric pumice 
fragments. 
Volcanic tuff, very pale orange (10YR 8/2) to grayish orange pink 605-610 6881.4­
(5YR 7/2), weakly welded. WR: fme ash with 10-15% quartz and 6876.4 
sanidine crystals, 5-10% volcanic lithics (up to 4 rom). + I OF: 
composed of98% aphyric, aphanitic dacite Iithics (up to 1 em); 2% 
orange pumices. +35F: 95-98% quartz and sanidine crystals; 2-5% 
ivolcanic lithics. 
Volcanic tuff, very pale orange (10YR 8/2) to grayish orange pink 610-625 6876.4­
(5YR 712), weakly welded. WR: fme ash with 10-15% quartz and 6861.4 
sanidine crystals, 5-10% volcanic lithics (up to 4 rom). +10F: 
composed of 40% intennediate volcanic lithics (up to 5 mm), 60% 
orange and light brown, fibrous, vitric pumice and tuff fragments. 
+35F: 98-99% quartz and sanidine crystals; 1-2% volcanic lithics. 
Volcanic tuff, light brown (5YR 6/4), weakly welded. WR: fme ash 625-630 6861.4­
with 5-10% quartz and sanidine crystals, 1-2% volcanic lithics (up to 6856.4 
1 rom). +1 OF: poor returns of this size sample fraction, composed of 
30% intennediate volcanic Iithics (up to 3 rom), 70% pumice and tuff 
fragments. +35F: 98% quartz and sanidine crystals; 2% volcanic 
lithics. 
Volcanic tuff, grayish orange pink (5YR 7/2) to very pale orange 630-640 6856.4­
(10YR 8/2), weakly welded. + 1 OF: very poor returns of this size 6846.4 
sample fraction, composed of 100% intennediate volcanic lithics (up I 
to 4 rom). +35F: 98% quartz and sanidine crystals; 1-2% volcanic 
lithics. . 
Volcanic tuff, moderate orange pink (5YR 8/4) to very pale orange 640-650 6846.4­
(IOYR 8/2), weakly welded. +10F: very poor returns of this size 6836.4 
sample fraction, composed of 98% varied aphyric and porphyritic 
intennediate volcanic (hornblende-dacite noted) lithics. +35F: 98% 
Iquartz and sanidine crystals; 1-2% volcanic lithics. 
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Characterization Well CdV-16-3(i) Completion Repor_t__..____.. ____________ 

Geologic 
Unit 

Lithologic Description 

Volcanic tuff, grayish orange pink (5YR 7/2), weakly welded. + 1 OF: 
poor returns of this size sample fraction, composed of 100% varied 
intermediate volcanic lithics. +35F: 98% quartz and sanidine crystals; 
1-2% volcanic lithics. 
Volcanic tuff, very pale orange (1 OYR 8/2), weakly welded. + 1 OF: 
composed of98% varied aphyric and porphyritic intermediate 
volcanic (hornblende-dacite, andesite) lithics, 1-2% pumices. +35F: 
80-85% quartz and sanidine crystals, 10-12% volcanic lithics, 5-10% 
pumice. 
Volcanic tuff, grayish orange (lOYR 7/4), weakly welded. + 10F: 
composed of 95-98% varied intermediate volcanic (dacite noted) 
lithics, 2-5% vitric pumices. +35F: 60-65% quartz and sanidine 
crystals; 35-40% volcanic lithics. 
Volcanic tuff, grayish orange pink (5YR 7/2) to very pale orange 
(10YR 8/2), weakly welded. +1 OF: composed of 99% varied aphyric, 
aphanitic intermediate volcanic (dacite, vitrophyre) Iithics (up to 7 
mm); trace pumice. +35F: 50-60% quartz and sanidine crystals, 30­
40% volcanic lithics, 5-10% pumice. 
Volcanic tuff, grayish orange pink (5YR 7/2), weakly welded. + 1 OF: 
very poor returns of this size sample fraction, composed dominantly 
of intermediate volcanic lithics (up to 4 mm). +35F: 80-85% quartz 
and sanidine crystals; 15-20% volcanic Iithics. 
No cuttings returns; no sample available for examination in this 
interval. 
Volcanic tuff, very pale orange (1 OYR 8/2), weakly welded. + 1 OF: 
very poor returns ofthis size sample fraction, composed of 50% 
intermediate volcanic lithics; 50% pumice and tuff fragments. +35F: 
99% quartz and sanidine crystals, 1 % volcanic Iithics. 
Volcanic tuff, grayish orange pink (5YR 7/2) to very pale orange 
(10YR 7/4), weakly welded. + 10F: poor returns of this size sample 
fraction, composed of 50% white, fibrous vitric pumice with Mn­
oxide spots; 50% intermediate volcanic (hornblende-dacite noted) 
lithics (up to 4 mm), angular to subrounded. +35F: 30-40% quartz 
and sanidine crystals; 30-40% volcanic lithics, 20-30% pumice. 
Volcanic tuff, very pale orange (lOYR 7/4), weakly welded. +10F: 
.composed of 50% white, vitric pumice with Mn-oxide spots; 50% 
intermediate volcanic (hornblende-dacite noted) lithics, angular to 
subrounded. +35F: 80-85% quartz and sanidine crystals, 5-10% 
volcanic lithics, 5-10% white vitric ~umice. 
Volcanic tuff, very pale orange (10YR 7/4), weakly welded. + 10F: 
poor returns of this size sample fraction, composed of95-98% 
intermediate volcanic (hornblende-dacite noted) lithics (up to 1 em), 
angular to subrounded; 2-5% white fibrous, vitric pumice with Mn­
oxide spots (up to 5 mm). +35F: 50-80% quartz and sanidine 
crystals, 10-25% volcanic lithics, 10-25% pumice. 

Sample 
InteM'al 

(ft) 

Elevation 

Range 


(ft above 

msl) 


650-660 6836.4­
6826.4 

660-670 6826.4­
6816.84 

.... 

670-680 6816.4­
6806.4 

i 

680-700 6806.4­
6786.4 

"'" 
6786.4­
6761.4 

700-725 

725-735 6761.4­
6751.4 


735-745 
 6751.4­
6741.4 

745-760 6741.4­
6726.4 

760-785 6726.4­
6701.4 

.". 

785-800 6701.4­
6686.4 

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

Geologic 
Unit 

Lithologic Description Sample 
Interval 

(ft) 

Elevation 
Range 

(ftabove 
msl) 

Volcanic tuff, very pale orange (1 OYR 7/4), weakly welded. + 1 OF: 
composed ofvarying percentages of intermediate volcanic 
(hornblende-dacite, andesite noted) lithics (up to 7 mm) and white 
fibrous, vitric pumice (up to 1 cm). +35F: 90-95% quartz and 
sanidine crystals, 2-5% volcanic lithics, 5-8% pumice. 
Volcanic tuff, very pale orange (lOYR 7/4), weakly welded. +10F: 
composed of30-50% varied intermediate volcanic lithics (up to 5 
mm), angular to subangular; 50-70% white fibrous, vitric pumice (up 
to 6 mm). +35F: 50-80% quartz and sanidine crystals, 10-25% 
volcanic lithics, 10-25% pumice. 
No cuttings returns; no sample available for examination in this 
interval. 

800-815 

815-830 

830-840 

6686.4­
6671.4 

6671.4­
6656.4 

6656.4­
6646.4 

I 

Volcanic tuff, very pale orange (lOYR 7/4), weakly welded. +10F: 
composed of 90-95% varied intermediate volcanic (dacite, andesite) 
lithics (up to 1 cm), angular to subangular, local oxide staining; 5­
10% white fibrous, vitric pumice. +35F: 35-40% quartz and sanidine 
crystals, 10-20% volcanic lithics, 45-50% pumice. 
Volcanic tuff, medium light gray (N6), weakly welded. + 1 OF: 
composed of 100% varied intermediate volcanic (hornblende-dacite, 
minor andesite) lithics, angular to subangular, trace Fe-oxide 
(possible limonite) staining. +35F: 5-10% quartz and sanidine 
crystals; 80-85% volcanic lithics, 5-10% pumice. 
No cuttings returns; no sample available for examination in this 
interval. 

840-865 

865-870 

870-875 

6646.4­
6621.4 

6621.4­
6616.4 

6616.4­
6611.4 

Qbog, 
Guaje 

Pumice 
Bed 

Volcanic tuff, very pale orange (lOYR 7/4), weakly welded. WR: 
fine ash with 50% fragments (up to 5 mm) of pumice, quartz and 
sanidine crystals, and volcanic lithics. + 1 OF: composed of 70% 
intermediate volcanic (hornblende-dacite, andesite) lithics (up to 7 
mm), angular to subangular; 30% white vitric pumice. +35F: 30-35% 
quartz and sanidine crystals, 30-35% volcanic lithics, 30-35% 
pumice. 
No cuttings returns; no sample available for examination in this 
interval. Note: the contact between Qbo and underlying Qbog is 
interpreted to occur at 894 ft bgs based on geophysicalloggin~ data. 
Volcanic tuff/tephra, very pale orange (lOYR 7/4) to white (N9), 
weakly welded. WR: fine ash with 50% pumice (up to 1 cm),45% 
intermediate volcanic lithics (up to 3 mm), and 5% quartz and 
sanidine crystals (up to 1 mm). + IOF: composed of 90-95% 
intermediate volcanic lithics (up to 4 mm), angular to subangular; 5­
10% white vitric pumice (up to 3 mm). +35F: 20-25% quartz and 
sanidine crystals, 35-40% volcanic lithics, 35-40% pumice. Note: 
the base of Qbog and contact with Tpf is placed at 900 ft bgs. 

875-890 

890-895 

895-900 

6611.4­
6596.4 

6596.4­
6591.4 

6591.4­
6586.4 

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

Geologic 

Unit 


Tpf, 

Puye 


Formation 


Tt 
Tschicoma 
Formation 

(laval 
breccia) 

Lithologic Description 

Tephralvolcaniclastic sediments, well-graded gravel (OW), very pale 
orange (10YR 8/2) to white (N9). WR: made up of95% vitric 
pumice fragments (up to 8 mm), 2-5% volcanic lithics, 2-5% quartz 
and sanidine crystals. + 1 OF: composed of 25-30% intermediate 
volcanic clasts (up to 7 mm), 65-70% white vitric pumice (up to 3 
mm), 5-10% quartz and sanidine crystals. +35F: 80-85% pumice, 10­
15% quartz and sanidine crystals, 2-5% volcanic lithics. 
Volcaniclastic sediments, well-graded gravel (OW), very pale orange 
(10YR 8/2), up to 2.5 cm. +lOF: composed of100% intermediate 
volcanics (hornblende-dacite and andesite noted) clasts (up to 2.5 
cm), angular to subrounded. 
Volcaniclastic sediments, well-graded gravel (OW), very pale orange 
(10YR 8/2). +1 OF: detrital clasts (up to 2 cm) composed of 100% 
intermediate volcanics (hornblende-dacite and andesite), angular to 
subrounded. +35F: 95-98% volcanic clasts, 1-2% pumice, 2-3% 
Iquartz and sanidine crystals. 
Volcaniclastic sediments, well-graded gravel (OW), grayish orange 
pink (5YR 7/2), gravel clasts up to 3 cm. +1 OF: detrital clasts 
composed of 100% intermediate volcanics (hornblende-dacite, 
andesite, and rhyolite), angular to subangular. +35F: 95-98% 
volcanic clasts, 2-3% tuff and pumice fragments, 1-2% quartz and 
sanidine crystals. 
Volcaniclastic sediments, well-graded sand (SW) with gravel, grayish 
orange pink (5YR 7/2). +lOF: detrital clasts (up to 2.5 cm) composed 
of 100% intermediate volcanics (including hornblende-dacite and 
andesite), angular to subrounded. +35F: 95-98% volcanic clasts, 2­
3 % tuff and pumice fragments, 1-2% quartz and sanidine crystals. 
Volcaniclastic sediments, well-graded sand (SW) with silt and gravel, 
reddish brown (lOR 5/4). +1 OF: partly subrounded detrital clasts (up 
to 1.8 cm) composed of 100% hornblende-biotite-dacite (dacite 
consists of 5-7% phenos of plagioclase, hornblende, biotite, plus 
pyroxene[?]). +35F: 88-90% dacite fragments, 10-12% free feldspar, 
hornblende, and biotite. 
Dacite lavalbreccia, medium gray (N5). +10F: chips (up to 2.5 cm) 
made up of 100% gray to white (bleached) dacite, porphyritic with 
aphanitic groundmass, phenocrysts (8-12% by volume) of 
anhedral/resorbed plagioclase, euhedral hornblende, biotite, and 
minor pyroxene (?); groundmass is partly bleached. +35F: 2-4% 
feldspar and ferromagnesian crystals, 96-98% gray and white 
hornblende-dacite fragments. 
No cuttings returns; no sample available for examination in this 
interval. 

Sample 
Interval 

(ft) 

Elevation 

Range 


(ft above 

msl) 


900-905 6586.4­
6581.4 

.... 

905-915 

915-935 

6581.4­
6571.4 

6571.4­
6551.4 

.... 

935-950 6551.4­
6536.4 

950-985 6536.4­
6501.4 

--

985-995 6501.4­
6491.4 

995-1000 6491.4­
6486.4 

I 
I 

... 

1000­
1015 

6486.4­
6471.4 
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Characterization Well CdV-16-3(i) Completion Repo_r_t_________.________ 

Geologic Lithologic Description Sample Elevation 
Unit Inten'al Range 

(ft) (ftabove 
msl) 

Dacite lavalbreccia, medium gray (N5) to very light gray (N8). 1015­ 6471.4­
+10F: chips (up to 1.7 cm) made up of 100% hornblende-dacite, 1030 6456.4 
porphyritic with aphanitic groundmass, phenocrysts (10-20% by 
volume) of anhedral/resorbed plagioclase, euhedral hornblende, and 
minor pyroxene(?). +35F: 3-4% feldspar and ferromagnesian 
crystals, 96-97% gray and pink-colored hornblende-dacite fragments. 
WR: 5% moderately cemented sandstone/siltstone fragments in the 
: interval 1025-1030 ft bgs. 
No cuttings returns; no sample available for examination in this 1030­ 6456.4­
interval. 1035 6451.4 
Dacite lavalbreccia, brownish gray (5YR 411). +1 OF: chips (up to 2.0 1035­ 6451.4­
cm) made up of 100% hornblende-dacite, porphyritic with aphanitic 1045 6441.4 
groundmass, phenocrysts (7-15% by volume) of anhedral/resorbed 
plagioclase and euhedral hornblende; groundmass partly altered, 
oxidized (pink) or bleached and commonly pitted with corroded 
appearance. +35F: 3-4% feldspar and ferromagnesian crystals, 96­
97% gray and pink-colored hornblende-dacite fragments. WR: 5% 
moderately cemented sandstone/siltstone fragments in the interval 
1025-1030 ft bgs. 
No cuttings returns; no sample available for examination in this 1045­ 6441.4­
interval. 1055 6431.4 
Dacite lavalbreccia, massive, very light gray (N8) to pale red (5YR 1055­ 6431.4­
6/2). + 10F/+35F: chips made up of 100% pinkish to white (bleached) 1060 6426.4 
hornblende-dacite, porphyritic with aphanitic groundmass, 
phenocrysts (10-15% by volume) of anhedral/resorbed plagioclase, 
hornblende, and pyroxene(?); groundmass moderately altered, 
commonly pitted and having a corroded appearance. 
Dacite lavalbreccia, massive, medium light gray (N6). +10F/+35F: 1060­ 6426.4­
chips (up to 1.3 cm) made up of 100% hornblende-dacite, porphyritic 1070 6416.4 
with aphanitic groundmass, phenocrysts (8-12% by volume) of 
anhedral/resorbed plagioclase and hornblende; groundmass fresh to 
weaklyoxidized, locally with vuggy texture. 
Dacite lavalbreccia, massive, pale red (5R 6/2) to mottled pink and 1070­ 6416.4­
dark gray (N3). + 1 OF/+3 5F: chips made up of 100% pinkish to white 1090 6396.4 
(bleached) hornblende-dacite, porphyritic with aphanitic and glassy 
(i.e., local vitrophyre) groundmass, phenocrysts (10-15% by volume) 
of anhedral/resorbed plagioclase, hornblende; groundmass 
moderately to strongly altered and or oxidized; pinkish groundmass 
exhibits corroded, vuggy appearance. 
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Characterization Well CdV-16-3(i) Completion Report 

Lithologic Description 

Unit 


Geologic 

i 

Dacite lavalbreccia, massive, very dark gray (N3) and pale red (5R 
6/2). +10F: chips made up of varieties of porphyritic pink (oxidized) 
and dark-colored glassy dacite (the former appears to be altered 
vitrophyre); phenocrysts (8-10% by volume) ofplagioclase and 
hornblende; groundmass altered aphanitic or glassy. +35F: 1-2% 
plagioclase, ferromagnesian, and possible quartz (?) crystals, 98-99% 
I~ink (altered) and black vitrophyric dacite fragments. 
No cuttings returns; no sample available for examination in this 
interval. 
Dacite lavalbreccia, massive, pale red (5R 6/2) to medium light gray 
(N6). +10FI+35F: chips made up of 98-99% varieties ofporphyritic 
pink (oxidized) and gray (fresh) dacite; aphanitic groundmass, 
phenocrysts (10-15% by volume) ofplagioclase and hornblende; 
groundmass weak to moderately altered, locally glassy; 1-2% 
rounded fragments ofvolcanic siltstone to fme -grained sandstone. 
Dacite lavalbreccia, massive, pale red (5R 6/2) to medium light gray 
(N6). +lOFI+35F: chips made up ofvarieties ofpink (oxidized) and 
gray dacite; porphyritic with aphanitic groundmass, phenocrysts (15­
20% by volume) of plagioclase, pyroxene, and hornblende; 
groundmass generally weakly altered. Note: dark green stubby 
crystals ofpyroxene are more abundant downward in the section, 
commonly seen in cumulophyric clots with plagioclase. 
Dacite lavalbreccia, massive, medium light gray (N6). + 10FI+35F: 
chips (up to 1. 5 cm) made up ofmono lithologic gray dacite, 
porphyritic with aphanitic groundmass, phenocrysts (8-12% by 
volume) of plagioclase, euhedral hornblende, and minor pyroxene; 
groundmass fresh to weakly altered. 
No cuttings returns; no sample available for examination in this 
interval. 
Dacite lavalbreccia, massive, medium light gray (N6). +1 OFI+35F: 
chips (up to 2.5 cm) made up of varieties ofhornblende- and 
hornblende-pyroxene-dacite; porphyritic with aphanitic groundmass, 
phenocrysts (7-10% by volume) ofplagioclase, hornblende and 
pyroxene (commonly in cumulophyric clusters); groundmass 
generally weakly altered. Note: mafic xenolithic inclusion (vesicular, 
approximately 1 cm) at 1180-1185 ft bgs. 
Dacite lavalbreccia, massive, medium light gray (N6) to light gray 
(N7). +lOFI+35F: chips (up to 7 mm) made up of gray dacite; 
weakly porphyritic with aphanitic groundmass, phenocrysts (3-7% by 
volume) of plagioclase and fme hornblende; groundmass fresh to 
moderately bleached. 

Sample 
Interval 

(ft) 

i 

Elevation 
Range 

(ftabove 
msl) 

1090· 
1105 

6396.4­
6381.4 

1105­
1110 
1110­
1130 

6381.4­
6376.4 
6376.4­
6356.4 

1130­
1150 

6356.4­
6336.4 

1150­
1170 

6336.4­
6316.4 

1170­
1175 
1175­
1190 

6316.4­
6311.4 
6311.4­
6296.4 

1190­
1200 

6296.4­
6286.4 

... 


KAProjectNo.37151 D-12 May 2004 
Final 



Characterization Well CdV-16-3(i) Comp_le_tl_·o_n_R-'ep"--o_r_t__________________ 

Geologic Lithologic Description Sample Elevation 
Unit Intenral Range 

(ft) (ft above 
msl) 

Tt Dacite, massive lava, medium light gray (N6) and grayish orange 1200­ 6286.4­
Tschicoma (10YR 7/4). +10FI+35F: chips made up of 98-99% hornblende­ 1220 6266.4 
Formation dacite, porphyritic with aphanitic groundmass, phenocrysts (2-5% by 
(massive volume) of plagioclase and fme hornblende; groundmass commonly 

lava) bleached and pitted, having a corroded appearance; 1-2% rounded 
fragments ofyellowish tan siltstone with fine-grained sand 
(suggesting possible sedimentary interlayers). Note: the base ofTt 
lavalbreccia section and contact with underlying Tt massive lavas is 
placed at 1206 ft bgs based on video log survey data and geophysical 
logs. 
Dacite, massive lava, medium light gray (N6). + lOFI+35F: 1220­ 6266.4­
monolithologic chips (up to 2.0 cm) made up of gray dacite, 1240 6246.4 
porphyritic with aphanitic groundmass, phenocrysts (10-12% by 
volume) ofplagioclase, pyroxene, and hornblende; groundmass 
weakly altered. WR: 2-5% rounded fragments ofyellowish siltstone 
in the interval 1230-1235 ft bgs. 
Dacite, massive lava, medium light gray (N6). + 1 OFI+35F: 1240­ 6246.4­
mono lithologic chips (up to 1.0 cm) made up ofporphyritic dacite 1255 6231.4 
with aphanitic groundmass, phenocrysts (12-15% by volume) of 
anhedral plagioclase, green pyroxene, and euhedral hornblende; 
groundmass weakly altered to fresh, partly bleached. Note: pyroxene 
phenocrysts, commonly in cumulophyric clusters, are generally more 
abundant with depth. 
Dacite lava/fme-grained sediments, medium light gray (N6) and 
moderate orange (5YR 8/4). +10FI+35F: chips made up of 80% 
weakly porphyritic dacite with aphanitic groundmass, phenocrysts (5­
7% by volume) of plagioclase and hornblende; groundmass generally 
fresh; 20% rounded fragments (up to 1.5 cm) siltstone with fme mafic 
mineral sand grains. 
Dacite, massive lava, medium light gray (N6). +10F: monolithologic 
chips (up to 1.5 cm) made up of weakly porphyritic dacite with 
aphanitic groundmass, phenocrysts (8-10% by volume) of 
plagioclase, green pyroxene, and hornblende; groundmass generally 
. fresh. + 35F: composition similar to that of the + 1 OF sample fraction, 
itrace tan-colored siltstone fragments. 
Dacite lava/fme-grained sediments, medium light gray (N6) and 
moderate orange (5YR 8/4). +10FI+35F: chips (up to 2.0 cm) made 
up of 85-95% weakly porphyritic dacite with aphanitic groundmass, 
phenocrysts (5-8% by volume) of plagioclase and hornblende; 
groundmass generally fresh; 5-15% rounded fragments ofvolcanic(?) 
siltstone with fine sand grains. 
Dacite, massive lava, medium light gray (N6). +10FI+35F: 
mono lithologic chips (up to 1.5 cm) made up ofporphyritic dacite 
with aphanitic groundmass, phenocrysts (8-12% by volume) of 
iplagioclase, green pyroxene, and hornblende; groundmass generally 
Ifresh, partly bleached. 

1255­ 6231.4­
1260 6226.4 

1260­ 6226.4­
1265 6221.4 

1265­ 6221.4­
1280 6206.4 

1280­ 6206.4­
1295 6191.4 
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Characterization Well CdV-16-3(i) Completion Report 

Lithologic Description Geologic Sample Elevation 
Unit Interval Range 

(ft) (ft above 
msl) 

Dacite lava/fine-grained sediments, medium light gray (N6) and 1295­ 6191.4­
moderate orange (5YR 8/4). +lOF/+35F: chips made up of75% 1300 6186.4 
weakly porphyritic dacite with aphanitic groundmass, phenocrysts (5­
8% by volume) of plagioclase, pyroxene, and hornblende; 
groundmass generally fresh; 25% rounded fragments (up to 2.0 cm) 
of volcanic (?) siltstone with fme sand grains. 
Dacite, massive lava, medium light gray (N6). +10F: monolithologic 1300­ 6186.4­
chips (up to 1.5 cm) made up ofporphyritic dacite with aphanitic 1305 6181.4 
groundmass, phenocrysts of plagioclase, green pyroxene, and 
hornblende; groundmass generally fresh. 
Dacite lava/fine-grained sediments, medium light gray (N6) and 1305­ 6181.4­
moderate orange (5YR 8/4). WRl+10F: chips made up of 70% 1310 6176.4 
porphyritic dacite with aphanitic groundmass, phenocrysts of 
plagioclase, pyroxene, and hornblende; groundmass generally fresh; 
30% rounded (Le., milled by drilling) fragments (up to 2.3 cm) of 
volcanic (?) siltstone with fme sand grains. 

Dacite, massive lava, medium light gray (N6). WRl+lOF: poor 1310­ 6176.4­
cuttings returns, monolithologic chips made up of weakly porphyritic 1315 6171.4 
dacite with aphanitic groundmass, phenocrysts (7-10% by volume) of 
plagioclase, green pyroxene, and hornblende; groundmass generally 
fresh. 
Dacite lava/fine-grained sediments, medium light gray (N6) and 1315­ 6171.4­
moderate orange (5YR 8/4). WRl+I0F: chips made up of95% 1325 6161.4 
porphyritic dacite with aphanitic groundmass, phenocrysts (10-15% 
by volume) of subhedral plagioclase, dark green pyroxene (as single 
crystals, in cumulophyric clots, and as intergrowths with plagioclase), 
and hornblende; groundmass generally fresh; 5% rounded fragments 
(up to 5 mm) of volcanic (?) siltstone with fine sand grains. 
Dacite, massive lava, medium light gray (N6). WRl+10F: 1325­ 6161.4­
monolithologic chips made up ofweakly porphyritic dacite with 1340 6146.4 
aphanitic groundmass, phenocrysts (10-15% by volume) of 
plagioclase, green pyroxene, and hornblende; groundmass fresh to 
weakly altered; Fe-oxide-stained altered dacite in the interval 1335­

i 1340 ft bgs. Poor sample recovery in the interval 1325-1335 ft bgs. 
Dacite lava/fine-grained sediments, medium light gray (N6) and 1340­ 6146.4­
moderate orange (5YR 8/4). WRl+ 10F: chips made up of90% 1345 6141.4 
porphyritic dacite with aphanitic groundmass, phenocrysts (12-17% 
by volume) ofplagioclase, dark green pyroxene (commonly as 
intergrowths with plagioclase), and euhedral hornblende; groundmass 

igenerally fresh; 10% rounded fragments (up to 1 cm) ofvolcanic(?) 

siltstone with fine sand grains. 
 I 

... 


'.'1' 

-


-


-

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

Geologic 
Unit 

Lithologic Description Sample 
Intenral 

(ft) 

Elevation 
Range 

(ft above 
msl) 

Dacite, massive lava, medium light gray (N6). WRJ+ 1 OF: 
mono lithologic chips made up ofporphyritic dacite with aphanitic 
groundmass, phenocrysts (15-20% by volume) of plagioclase, green 
pyroxene (commonly as intergrowths with plagioclase), and 
hornblende; groundmass fresh to weakly altered; locally up to 2 % 
siltstone fragments. 

1345­
1365 

6141.4­
6121.4 

Dacite, massive lava, medium light gray (N6). WRJ+ 10F: 
monolithologic chips (up to 5 mm) made up ofporphyritic dacite 
with aphanitic groundmass, phenocrysts (10-15% by volume) of 
anhedral plagioclase, pyroxene (generally more abundant than 
hornblende), and hornblende; groundmass fresh to weakly altered. 

1365­
1385 

6121.4­
6101.4 

Dacite, massive lava, light gray (N7). WRJ+ 1 OF: monolithologic 
chips (up to 5 mm) made up ofporphyritic dacite with aphanitic 
groundmass, phenocrysts (15-20% by volume) of anhedral 
plagioclase, pyroxene, and minor hornblende; groundmass 
moderately to strongly altered, partly bleached. 

1385­
1405 

6101.4­
6081.4 

TOTAL BOREHOLE DEPTH (TD) IS AT 1405 FT BGS. 

Note: Descriptions presented in this lithology log are based on those made during visual examination of 
cuttings samples collected at 5-ft intervals while drilling the CdV-16-3(i) borehole from 0 to 1405 ft bgs. 

Note: ASTM standards were used in describing the texture of drill chip samples for sedimentary rocks 
such as alluvium and the Puye Fanglomerate. ASTM method D 2488-90 incorporates the Unified Soil 
Classification System (USCS) as a standard for field examination and description of soils. The following 

-S! is a glossary of standard USCS symbols used in the CdV-16-1Iithlog. 

GW Well graded gravel 

SP Poorly graded sand 

SM Silty Sand 

SP-SC Poorly graded sand with clay to clayey sand (gradational) 

ML Silt 

ML-CL Sandy silt to sandy clay (gradational) 

SW Well graded sand 

SW-ML Well-graded sand with silt to silt (gradational) 

SW-SC Well-graded sand with clay to sand clay (gradational) 

SW-SM Well-graded sand with silt to silty sand (gradational) 


Note: Cuttings were collected at nominal 5-ft intervals and divided into three sample splits: (1) unsieved, 
or whole rock (WR), sample; (2) + 10F sieved fraction (No. 10 sieve equivalent to 2.0 mm); and (3) +35F 
sieved fraction (No. 35 sieve equivalent to 0.50 mm). 

Note: The term "per cent" (%), as used in the above descriptions, refers to relative abundance by volume 
for a given sample component. 
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Characterization Well CdV-16-3(i) Completion Report 

Note: Contact locations are based on cuttings retrieval. There is general agreement between this 

borehole log and the geophysics report. 


REFERENCE: 

ASTM D 2488-90. Standard Practice and Identification of Soils (Visual-Manual Procedure) 


Geologic Society ofAmerica, 1995. Rock-color chart with genuine Munsell color chips. 8th printing. 
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Appendix E 

NMED Discharge Approval 


(Discharge Media Analytical Results included on CD) 




Bob: 


This email confirms NMED approval for the discharge of drilling 

and development water from Workplan Well CdV-16-3(i) (described 

below). The 

drilling and development water must be discharged as described 

in the Hydrogeologic Workplan NOr dated July 16, 2002. 


Curt Frischkorn 

NMED Ground Water Quality Bureau 


-----Original Message----­

From: Enz, Robert D. 

Sent: Thursday, March 18, 2004 

To: 

'curt Frischkorn@nmenv.state.nm.us';'john_young@nmenv.state.nm.u 

s' 

Cc: 'bbeers@lanl.gov'; 'bbockisch@kleinfelder.com'; Whitacre, 

Thomas; Johansen, Mathew 

Subject: Land Application of Drilling and Development Water From 

CdV-16-3( i) 


Dear Curt and John, 


r am transmitting the analytical screening data from the 

sampling of Workplan Well CdV-16-3(i) drilling and development 

water. Workplan Well CdV-16-3(i) is located on the mesa top at 

TA-16, southeast of R-25. 


Approximately 33,000 gallons of drilling and development water 

was recently produced during the construction of CdV-16-3(i). 

The details are as follows. 


Water Approximately 33,000 gallons of drilling and 
development water are being stored in a lined pit at the CdV-16­
3(i) drill site. Screening 
analysis of the pit water produced the following results: 

1) 	No PCBs were detected at concentrations greater than Method 
Detection Limits. 

2) 	No VOAs were detected with the exception of 1­
Methlynaphthalene (1300 ppb) and 2-Methlynaphthalene (2000 
ppb). Hall Environmental Analysis Laboratory (HEAL) 
believes that the observed methylnaphthalene concentrations 
were likely carried over from previous unrelated samples 
that were analyzed prior to our samples. The presence of 
foam in the samples caused the lab to use a relatively high 
sample dilution factor. This helped to prevent the sample 
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from foaming during extraction. If a small amount of 
contaminant was carried over from a previous sample, the 
quantified concentration would look much bigger due to the 
large dilution factor. This appears to be substantiated 
because the results of the 8270 SVOC analysis did not 
indicate the presence of methylnaphthalenes at a much lower 
PQL and a dilution factor of 1. 

3) 	No SVOAs were detected in the sample with the exception of 
Bis(2-ethylhexyl)phthalate at 200 ppb. HEAL stated that 
this contaminate typically originates from using latex 
gloves during sample collection. Kleinfelder did use latex 
gloves during sample collection since this is their 
standard operating procedure. 

4) 	Gross alpha activity is 6.31 pCi/L (+/-1.84 pCi/L), below 
EPA drinking water MCL of 15 pCi/L. 


5) Tritium results were non detect (DL=408 pCi/L). 

6) Perchlorate results are still pending. However, no 


perchlorate is expected at this location since both CdV-16­
l(i) and CdV-16-2(i) were non detect. 

7) 	Screening results show that no contaminants exceeded NM 
WQCC Regulation 3103 ground water standards with the 
exception of the llowing: 

0.1 ppm (ground water std=5.0 ppm) 
Fe=5.6 ppm (ground water std=l.O ppm) 
Mn=0.97 ppm (ground water std=0.2 ppm) 

DOE proposes to land apply the CdV-16-3{i) drilling and 
development water along the sides of the paved roads in the 
vicinity of the burning grounds and the roads located to the 
west of the Nakamu Road. This water would be spray applied to 
the unpaved ground located adjacent to the roads. The 
application will be conducted in accordance with the terms and 
conditions of the Hydrogeologic Workplan NOI. 

Please contact me at 667-7640 or Bob Beers at 667-7969 (office) 
or 699-2342 (cell) should you have any questions regarding this 
notification. This notification will be formally transmitted to 
you via a letter signed by Mat Johansen, DOE Ground Water 
Compliance Manager. 

Bob Enz 
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Appendix F 


Activities Plannedfor Well CdV-16-3(i) 

Compared with Work Performed 




Characterization Well CdV-J6-3(i) Completion Report 

Addendum to CMS Plan Scope of Services for CdV-I6-3(i) CdV-16-3(i) 
for PRS 16-021 (C)l GSA Task Order 9T3N163PG Actual WorkActivity 

Planned Depth 

I 
! Drilling Method 

Approximately 800 ft - 1000 
ft bgs or into the top of the 
deep perched zone where 
present. 

Methods may include, but 
are not limited to HSA, air­
rotary/OdexiStratex, air­
rotarylBarber rig, and mud­
roUlry drilling 

Number ofWater Not specified. 
Samples Collected 
for 
Contaminant 
Analysis 

.. 

Planned TO of900 ft bgs, 
approximately 50 ft below the 
anticipated perched water zone, 
assumed to be at 850 ft bgs. If 
perched zone is not encountered, the 
borehole will be advanced into the 
regional water table estimated at 1284 
ft bgs. 
Not specified in the Scope of 
Services. 

CdV-16-3(i) drilled to 1405 ft bgs 
TO, approximately 550 feet into the 
predicted deep-perched zone. 

CdV-16-3(i) drilled using fluid-
assisted, open-hole, air- rotary 
methods. 

Amount ofCore 10% ofthe borehole No coring was required in the Scope No coring was performed at 
of Services for CdV -16-3(i). CdV-16-3(i) 

Lithologic Log Log to be prepared from Log to be prepared from data The CdV-16-3(i) lithlog was 
provided by cuttings, geophysical core, cuttings and drilling 

performance logs, and drilling performance. 

Water Sample 
Analysis 

Alkalinity, pH, specific Carbonate alkalinity, pH, specific No field parameters measured. Water Sample Field 
conductance, temperature, conductance, temperature, turbidity 

turbidity 


Number of 


Measurements""" 

~ Not specified. No coring was required in the Scope No core/cuttings samples were 
Core/Cuttings of Services for CdV-16-3(i). collected for contaminant analysis. 
Samples Collected 
for Contaminant 
Analysis 
Core/Cuttings 
Sample Analytes 

Laboratory 
Hydraulic-
Property Tests 

HE, metals, anions (nitrate, 
sulfate, perchlorate) fluoride, 
chloride, bromide, HCO) 
(bicarbonate), Volatile 
organic compounds, Gross 
alphalbeta 

HE, metals, anions (nitrate, 
sulfate, perchlorate) fluoride, 
chloride, bromide, HCO) 
(bicarbonate), Volatile 
organic compounds, Gross 
alphalbeta 
Physical properties analyses 
will be conducted on 5 core 
samples and will typically 
include: moisture content, 
porosity, particle density, 
bulk density, saturated 
hydraulic conductivity, and 
water retention 
characteristics. 

If perched water is encountered in the 
unsaturated zone, ground water 
samples to be collected from each 
perched zones for screening analysis. 
Groundwater samples from the 
regional aquifer were not specified in 
the Scope of Services. 

• Analytes not specified in the Scope of 
' Services. 

prepared from cuttings samples in 
the interval 0·1405 ft. Interpretation 
ofgeophysical logs and 
determination of unit contacts was 
provided by LANL EES-6. 
No water samples were obtained 
from the vadose zone because no 
perched zones were encountered. 
One (1) screening sample collected 
at 1400.5 ft bgs (no analysis 
performed). A second screening 
sample was collected at 1385 ft bgs 
and was analyzed for inorganic 
constituents . 
Two (2) water samples were 
collected but neither were analysed 
for the specified analytes per LANL 
personnel. One sample was 
analyzed for inorganic constituents. 

No coring was required in the Scope No core/cuttings samples were 
of Services for CdV-16-3{i). collected for contaminant analysis. 

Not specified in the Scope of No Laboratory Hydraulic-
Services. Property Tests were performed. 

Geology Ten samples ofcore or The geology task leader to determine Seven (7) samples of cuttings were 
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Characterization Well CdV-_16_-_3...:...(O,-·_C_o_m-,,-!p_le_t_io_n_R_e~p_o_rt__________________ 

I 
Addendum to CMS Plan Scope of Services for CdV-16-3(i) 

i Activity for PRS 16-021 (c)l GSA Task Order 9T3N163PG 
cuttings will be collected for the number of samples for 
petrographic, X-ray characterization ofmineralogy, 
fluorescence (XRF) and X- petrography. and geochemistry based 
ray diffraction (XRD) on geologic and hydrologic conditions 
analyses. encountered during drilling. 

Geophysics In general, open-hole Typical wireline logging service as 
geophysics includes caliper, planned: open-hole geophysics 
electromagnetic induction, includes array induction imager. triple 
naturaI gamma, magnetic lithodensity, combinable magnetic 
susceptibility, borehole color resonance tool, natural gamma, 
videotape (axial and natural gamma ray spectrometry, 
sidescan), fluid temperature epithermal compensated neutron log, 
(saturated), single-point caliper, full-bore formation micro-
resistivity (saturated), and imager, elemental capture 
spontaneous potential spectrometer and borehole video. 
(saturated). 
In general, cased-hole In general, cased-hole geophysics 
geophysics includes: includes triple lithodensity, naturaI 
gamma-gamma density, gamma, natural gamma spectrometry, 
natural gamma, and thermal epithermal compensated neutron log, 
neutron. elemental capture spectrometer. 

i 

I 
Water-Level Not specified I Water levels will be determined for 
Measurements i each saturated zone by water-level 

: meter or by pressure transducer. 

Field Hydraulic- Not specified. Slug or pumping tests may be 
Property Tests conducted in saturated intervals once 

the well is completed. 

Shallow Not specified. Not specified. 
Piezometers 
Surface Casing Approximately 16-in. outer Not specified. 

diameter (OD) extends from i 

land surface to 10-ft depth in 

I 
underlying competent layer 
and grouted in place. 

• Minimum Well 5.56-in.OD 4-in. diameter, 304 grade stainless 
Casing Size steel casing. 
Well Screen Number and length of 4-in. diameter, 304 grade stainless 

screens to be determined on steel wel1 screen, estimated to be lOft 

KA Project No. 37151 F-2 

CdV-16-3(i) 
Actual Work 

collected and submitted for analysis 
for mineralogy, petrography, and 
geochemistry 

Schlumberger geophysical logging 
surveys conducted at CdV-16-3 (i) 
included: 
Compensated Neutron Tool: 

Cased: none 
Open Hole: 14 -1404fi bgs 

Triple LithO-Density: 
Cased: none 
Open Hole: 14 -1404fi bgs 

Array Induction Tool: 
Cased: none 
Open Hole: 14 -1098fi bgs 

Elemental Capture Spectroscopy: 
Cased: none 
Open Hole: 14 1399fi bgs 

Natural Gamma Spectroscopy: 
Cased: none 
Open hole: 14 1382fi bgs 

Combinable Magnetic Resonance: 
Cased: none 
Open Hole: 14 -1386fi bgs 

Gamma Ray: 
Cased: none 
Open Hole: 14 -1386fi bgs 

Full-bore Fm Micro-imager: 
Cased: none 

Open Hole: none, no water 

Electric water level meter (sounder) 
used to measure zones of perched 
and regional saturation (i.e., 
attempted measurements) 
No field hydraulic-property tests 
were performed at tests at CdV -16­
3(i). A January 17, 2004, video log 
performed in the open CdV-16-3(i) 
borehole indicated no water 
entering, or accumulated in, the 
borehole. Groundwater is currently 
being monitored in the open CdV­
l6-3(i) borehole. 
A shallow piezometer was not 
installed at CdV -16-3 (it 

13 %-in. OD steel casing was 
installed to 12 ft bgs and remains in 
place. The borehole is currently 
capped with a steel top plate fitted 
with an access ~ort. 
No well casing installed. 

• No well installed. 
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Characterization Well CdV-16-3(i) Completion Report 

Activity 
Addendum to CMS Plan 

for PRS 16-021 (c) I 
Scope of Services for CdV-16-3(i) 

GSA Task Order 9T3N163PG 
CdV-16-3(i) 

Actual Work 
a site-specific basis and 
proposed to NMED 

long. 

Sump 

Backfill 

Stainless-steel casing with an 
end cap 

Uncontaminated drill 
cuttings below sump and 
bentonite above sump 

Not specified. 

Not specified. 

No well installed. 

No well installed. 

Filter Material Filter pack shall be sized 
based on formation grain 
size and characteristics and 
extend no more than 2 ft 
above and 2 ft below the 
screened interval. 

Not specified. No well installed. 

Transition Seal Not specified. Not specified. No well installed. 
Bentonite Seal Not specified. Not specified. No well installed. 
Concrete Backfill Not specified. Not specified. No well installed. 
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