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Completion Report for Well ER-12-2
DOE/NV/11718--846

ABSTRACT

Wdl ER-12-2 was drilled for the U.S. Department of Energy, National Nuclear Security
Adminigtration Nevada Site Office, in support of the Nevada Environmenta Restoration Project at the
Nevada Test Site, Nye County, Nevada. The well was drilled from November 2002 to January 2003
as pat of a hydrogeologic investigation program for the Y ucca Hat Corrective Action Unit. The
overal purpose of the well wasto gather subsurface data to better characterize the hydrogeology in the
northwestern portion of YuccaFlat. The well was drilled to total measured depth of 2,097.9 meters.
The 131.1-centimeter-diameter borehole was left open (i.e., uncased) below the base of the
intermediate casing at 901.6 meters. A piezometer string was ingtaled outside the surface casing to a
depth of 176.4 meters to monitor azone of perched water.

Data gathered during and shortly after hole congtruction include composite drill cuttings samples
collected every 3 meters, sdewall core samples from 7 depths, various geophysicd logs, and water
level measurements. These dataindicate that the well penetrated, in descending order, 137.5 meters of
Quaternary and Tertiary dluvium, 48.8 meters of Tertiary volcanic rocks, 289.6 meters of
Missssppian Chainman Shde, and 1,622.5 meters of Missssippian and Upper Devonian Eleana
Formation consisting of shae, argillite, sandstone, quartzite, and limestone.  Forty-seven days after the
well was drilled the water level insde the main hole was tagged a the depth of 65.43 meters, and the
water leve insde the piezometer string was tagged at 127.14 meters.
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1.0 Introduction

1.1  Project Description
Wdl ER-12-2 was drilled for the U.S. Department of Energy (DOE), National Nuclear Security

Adminigtration Nevada Site Office (NNSA/NSO; formerly Nevada Operations Office, DOE/NV) in
support of the Nevada Environmental Restoration Project at the Nevada Test Site (NTS), Nye County,
Nevada. Well ER-12-2 isthe third in a series of five wdls drilled in Fiscd Year (FY) 2003 as part of
the hydrogeol ogic investigation well drilling program for the Y ucca Flat Corrective Action Unit (CAU).
The YuccaHa CAU and associated well drilling program are part of the NNSA/NSO Environmental
Restoration Divison's Underground Test Area (UGTA) project a the NTS. The gods of the UGTA
project include evaluating the nature and extent of contamination in groundwater due to underground
nuclear testing, and establishing along-term groundwater monitoring network. As part of the UGTA
project, scientists are devel oping computer models to predict groundweter flow and contaminant
migration within and near the NTS. To build and test these moddls, it is necessary to collect geologic,
geophysicd, and hydrologic data from new and existing wells to define groundwater migration
pathways, migration rates, and quality.

Wel ER-12-2 islocated in the southwest corner of NTS Area 12 in the northwest portion of Y ucca
Flat at an elevation of 1,434.2 meters (m) (4,705.3 feet [t]) (Figure 1-1). Surface drainagein thisarea
is to the southeadt, into Y ucca FHat proper. The Nevada State (central zone) plane coordinates (North
American Datum [NAD] 1983) at the wellhead are North (N) 6,268,794.12 and East

(E) 548,245.19 m. Additiond Stedataarelisted in Table 1-1. Thewdll isintended to provide
information that will enhance the understanding of the hydrogeology of northwestern Y ucca Hat.

Shaw Environmenta, Inc. (Shaw) was the principa environmental contractor for the project, and Shaw
personnel collected geologic and hydrologic data during drilling. The drilling company was United
Drilling, Incorporated (UDI), a subcontractor to Bechtel Nevada (BN). Site supervison, engineering,
congtruction, ingpection, and geologic support were provided by BN. The roles and responsibilities of
these and other contractors involved in the project are described in Contract Number DE-RP-08-
95NV 11808, and in BN Field Activity Work Plan (FAWP) number D-010-002.03 (BN, 2002). The
UGTA Technicad Working Group, acommittee of scientists and engineers comprising NNSA/NSO,
Lawrence Livermore National Laboratory, Los Alamos National Laboratory (LANL), and
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Table 1-1
Well ER-12-2 Site Data Summary

Well Designation ER-12-2

Nevada State Plane (central zone) (NAD 83):
N 6,268,794.1 m (N 20,566,868.7 ft)
E 548,245.1 m (E 1,798,701.1 ft)

Nevada State Plane (central zone) (NAD 27):

Site Coordinates 2 N 881,865.4 ft
E 658,542.7 ft

Universal Transverse Mercator (Zone 11)(NAD 83):
N 4,114,254.6 m

E 577,823.3m
Surface Elevation & P 1,434.2 m (4,705.3 ft)
Drilled Depth 2,097.9 m (6,883 ft) on January 15, 2003
True Vertical Depth © 1,896.2 m (6,221 ft)
Current Depth 2,093.7 m (6,869 ft) on April 15, 2003
Fluid-Level Depth ¢ 65.43 m (214.67 ft)
Fluid-Level Elevation 1,368.74 m (4,490.63 ft)

a Measurement made by BN Survey.

Elevation at top of construction pad. 1929 National Geodetic Vertical Datum.

¢ Depth below ground surface at TD is less than drilled depth due to severe borehole deviation. See
Section 2.2.

d Measured by Shaw on March 3, 2003, in piezometer set in annulus of 20-in. casing, isolated within
volcanic rocks (Shaw, 2003).

o

contractor personnd, provided additiona technical advice during drilling, design, and construction of
thewell. See Yucca Flat Hydrogeologic Investigation Wells Drilling and Completion Criteria (IT,
2002) for descriptions of the generd plan and gods of the Yucca Hat drilling initiative project, as well
as specific goas for each planned well.

Generd guiddines for managing fluids used and generated during drilling, completion, and testing of
UGTA wdls are provided in the UGTA Huid Management Plan, Revision 3 (FMP)

(DOE/NV, 2002a), an attachment to the UGTA Waste Management Plan (DOE/NV, 2002b).
Edtimates of expected production of fluid and drill cuttings for the Y ucca Hat holes are givenin
Appendix F of the drilling and completion criteria document for the Y ucca Hat drilling project (1T,

1-3



2002), dong with sampling requirements and contingency plans for management of any hazardous
waste produced. All activities were conducted according to the BN FAWP number 010-002.03 (BN,
2002) and the UGTA Project Hedlth and Safety Plan (BN, 2001).

This report presents congruction data and summarizes scientific data gathered during drilling of

Wel ER-12-2. Some of the information in this report is preliminary and unprocessed, but is being
released with the drilling and completion data for convenient reference. A well data report prepared by
Shaw (Shaw, 2003) contains additiona informetion on fluid management, waste management, and
environmental compliance. Updated geologic information (including any changes in the geologic
interpretation) will be compiled in the documentation package for the Y ucca FHat hydrogtratigraphic
framework mode to be prepared by BN. Information on well development, aquifer testing, and
groundwater anaytical sampling will be compiled and disseminated separately, asit is acquired.

1.2  Objectives

The overdl purpose of congtructing Well ER-12-2 isto obtain information thet will help characterize the
hydrogeology of the northwestern portion of Yucca Hat. The primary scientific objectives for the well,
as discussed in the drilling criteriadocument (1T, 2002), include the following:

* Obtain datato better congtrain the extent and thickness of pre-Tertiary hydrostratigraphic units
(HSUs), including the lower carbonate aguifer - upper thrust plate (LCA3) and the upper
clagtic confining unit (UCCU).

* Obtain datathat will aid in the characterization of structurd features such as the CP thrust faullt.

*  Obtain hydrologic properties of the HSUs penetrated.

» Obtaninitid agueous geochemistry samples from the lower carbonate aquifer (LCA) for water
chemistry and age determinations.

» Obtan datato refine knowledge of the vertica head distribution/vertical hydraulic gradient
within the UCCU and between the UCCU and LCA.

» Obtain datafor determining horizontal conductivity.

See discussons in Section 4.0 for more information on the HSUs mentioned above.
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Some of these objectives were based on the assumption that Well ER-12-2 would penetrate
completdy through the UCCU and into the underlying LCA. Asdiscussed in following sections of this
report, the well reached tota depth (TD) in UCCU, never reaching the LCA. Therefore, some of the
scientific objectives will not be met as anticipated. Also, some other objectives will not be met until
additiond work, beyond the scope of this report, is completed, including ingtaling a pump and
conducting hydraulic testing.

1.3  Project Summary
This section summarizes Well ER-12-2 congtruction operations, the details are provided in Sections 2.0

through 8.0 of this report.

The surface conductor hole was constructed by augering a 121.9-centimeter (cm) (48-inch [in.])
diameter hole to a depth of 36.3 m (119 ft) and ingtalling a string of 30-in. conductor casing to 35.6 m
(116.8 ft). Drilling of the main hole with an 18Y>in. rotary bit, usng an ar-water-foam fluid (with a
polymer additive as required) in conventiona circulation, began on November 20, 2002. A suitable
depth to st the surface casing was reached at 613.0 m (2,011 ft), as planned, and drilling was
suspended for geophysicd logging prior to indaling the casing. Three atemptsto log the hole failed
because of obstructions in the borehole caused by borehole ingtability. Attempts to stabilize the hole by
cleaning and conditioning the borehole and adding high viscosity mud were unsuccesstul, so the
diameter of the hole was opened to 66.0 cm (26 in.) to adepth of 247.2 m (811 ft) for ingtalation of a
20-in. surface casing. The surface casing was set at 246.9 m (810 ft) and cemented in place on
December 1, 2002.

A piezometer gtring congisting of 2d-in. dotted tubing was ingaled between the borehole wall and the
20-in. casing to provide access to water-producing horizons noted during drilling at 166.4 m (546 ft).
The bottom of the monitoring string was placed at 176.4 m (578.9 ft) after encountering an obstruction
a that depth.

After the surface casing and piezometer string were ingtdled, an 18%4-in. bottom hole assembly (BHA)
was lowered into the hole to clean it out and continue drilling below 613.0 m (2,011 ft). However,
continued borehole ingtability necessitated the addition of bentonite mud to Sabilize the hole. After the
hole was cleaned out to 613.0 m (2,011 ft), drilling with the 18¥2in. BHA and bentonite mud resumed
on December 7, 2002. On December 16, 2002, drilling was suspended at a depth of 903.4 m
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(2,964 ft) for ingalation of astring of 13d-in. intermediate casing. The casng was s&t a a depth of
901.6 m (2,958 ft) and cemented in place on December 21, 2002. The remainder of the hole was
drilled with a 12¥in. bit using air-foam from 903.4 m (2,964) to atota depth (TD) of 2,097.9 m
(6,883 ft), which was reached on January 15, 2003.

Composite drill cuttings were collected every 3 m (10 ft) from 36.6 m (120 ft) to TD, and 7 Sdewadll
core samples were taken at various depths between 790.7 and 1,208.8 m (2,594 and 3,966 ft).
Open-hole geophysical logging of the well was conducted to help verify the geology and characterize
the hydrologic properties of the rocks, some logs dso aided in the congtruction of the wdl by indicating
borehole volume and condition. The well penetrated, in descending order, 137.2 m (450 ft) of
aluvium, 48.8 m (160 ft) of welded and nonwelded tuff older than the Timber Mountain Group,

289.6 m (950 ft) of Mississppian Chainman Shde, and 1,622.5 m (5,323 ft) of Mississppian and
Upper Devonian Eleana Formation.

The well was not completed as planned because the target hydrogeologic unit (i.e., LCA) was not
encountered. The only completion string inddled in the well isthe 2d-in. piezometer string set a
176.4 m (578.9 ft).

14  Project Manager
Inquiries concerning Well ER-12-2 should be directed to the UGTA Project Manager at:

U.S. Department of Energy

National Nuclear Security Adminigtration
Nevada Site Office

Environmenta Restoration Division

Post Office Box 98518

Las Vegas, Nevada 89193-8518
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2.0 Drilling Summary

2.1 Introduction
This section contains detailed descriptions of the drilling process and fluid management issues. The

generd drilling requirements for al FY 2003 Y ucca Hat wells were provided in Yucca Flat
Hydrogeologic Investigation Wells Drilling and Completion Criteria (IT, 2002). Specific
requirements for Well ER-12-2 were outlined in FAWP number 002-002.03 (BN, 2002). Figure 2-1
shows the layout of the drill site. Figure 2-2 isachart of the drilling and completion hitory for

Wel ER-12-2. A summary of drilling datistics for thewell isgivenin Table 2-1. Thefollowing
information was compiled primarily from BN daily drilling reports.

2.2  Dirilling History

Field operations at Well ER-12-2 began on October 23, 2002, when BN drillers using an auger rig
drilled a121.9-cm (48-in.) diameter conductor hole to the depth of 36.3 m (119 ft). A string of 30-in.
conductor casing was set at the depth of 35.6 m (116.8 ft). The bottom of the conductor casing was
cemented inside to 30.8 m (101 ft), and the annulus was cemented from the bottom of the casing to
ground level on October 29, 2002.

The UDI crews rigged up the Wilson Mogul 42B Double Drum Rig Number 5 on

November 15 to 20, 2002. Drilling resumed through the cement at the bottom of the 30-in. casing with
a center-punch assembly consisting of an 18%2-in. rotary bit mounted below a 26-in. hole opener using
ar, water, and foam (“ar-foam”) in conventiona circulation. When the 18Y2in. bit reached a depth of
39.0 m (128 ft) and the 26-in. hole opener had cleared the bottom of the 30-in. casing, the hole opener
was removed and drilling of the 47.0-cm (18.5-in.) hole resumed.

Drilling of the main hole with an 18%2in. rotary bit and air-foam began November 21, 2002. Thefirst
water production was noted by Shaw personnel on November 22, 2002, at a depth of 166.4 m

(546 ft). The borehole was advanced to a depth of 613.0 m (2,011 ft) on November 25, 2002, which
was near the planned casing point for a 13d-in. surface casing. The drillers circulated the air-foam
system to clean and condition the hole, pulled the drill string off the bottom, and waited about

30 minutes before lowering the drill string to 609.6 m (2,000 ft) without encountering any fill or other
obstructions. Asthe drill string was pulled out of the hole for geophysica logging operations prior to
running the casing, tight spots were encountered at 426.7 m (1,400 ft) and 129.8 m (426 ft).

2-1
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Access Road

Well ER-12-2
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Figure 2-1
Drill Site Configuration for Well ER-12-2
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Table 2-1
Abridged Drill Hole Statistics for Well ER-12-2

LOCATION DATA:
Coordinates: Nevada State Plane (central zone): NAD 83: N 6,268,794.1 m E 548,245.2 m
NAD 27: N 881,865.4 ft E 658,542.7 ft

Universal Transverse Mercator: NAD 83: N 4,114,254.6 m E 577,823.3m

Surface Elevation® 1,434.2 m (4,705.3 ft)

DRILLING DATA:
Spud Date: 10/23/2002, Texoma Auger Drill
11/20/2002 (main hole drilling with Wilson Mogul 42B rig)
Total Depth (TD): 2,097.9 m (6,883 ft)
Date TD Reached: 01/15/2003

Date Well Completed : Piezometer tube installed on 12/01/2002.

Hole Diameter: 121.9 cm (48 in.) from surface to 36.3 m (119 ft); 66.0 cm (26 in.) from 36.3 to
247.2 m (119 to 811 ft); 47.0 cm (18.5 in.) from 247.2 to 903.4 m (811 to 2,964 ft);
31.1cm (12.25in.) from 903.4 m (2,964 ft) to a TD of 2,097.9 m (6,883 ft).

Drilling Techniques: Dry-hole auger from surface to 36.3 m (119 ft); rotary drilling with 18%-in. tricone
bit using air-foam and polymer in direct circulation from 36.3 to 613.0 m
(119 to 2,011 ft); rotary drilling with 26-in. hole opener above 18%-in. bit using
air-foam and polymer in direct circulation from 36.3 to 247.2 m (119 to 811 ft);
rotary drilling with 18%2-in. tricone bit using bentonite gel in direct circulation from
613.0t0 903.4 m (2,011 to 2,964 ft); rotary drilling with 12%:-in. tricone bit using
air-foam and polymer in direct circulation from 903.4 m (2,964 ft) to a TD of
2,097.9 m (6,883 ft).

CASING DATA: 30-in. conductor casing, surface to 35.6 m (116.8 ft); 20-in. surface casing,
surface to 246.6 m (809 ft); 13d-in. intermediate casing, surface to 901.6 m

(2,958 ft).

WELL COMPLETION DATA:
Piezometer string consisting of 2d-in. carbon-steel tubing was installed outside the 20-in. surface casing.
The inside diameter of the tubing is 4.94 cm (1.945 in.) and the outside diameter is 6.03 cm (2.375 in.).

Piezometer Total Depth: 176.4 m (578.9 ft)
Depth of Slotted Section: 141.1to 176.4 m (463.0 to 578.9 ft)

Gravel/Sand Pack: None
Top of fill: 2,097.6 m (6,882 ft) on 01/16/2003
Water Depth ™ 65.43 m (214.67 ft) in the open borehole

127.14 m (417.13 ft) in the piezometer

DRILLING CONTRACTOR: United Drilling, Inc.

GEOPHYSICAL LOGS BY: Halliburton Energy Services; Desert Research Institute; Baker-Hughes Inteq

SURVEYING CONTRACTOR: Bechtel Nevada

a Elevation of ground level at wellhead. 1929 National Geodetic Vertical Datum.
b  Measured by Shaw on March 3, 2003 (Shaw, 2003).
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Halliburton Energy Services (HES) rigged up to conduct the planned geophysical logging. However,
the loggers encountered a bridge of doughed materid at 401.4 m (1,317 ft) while lowering the tool into
the hole, and tight spots while logging out of the hole. The drillers lowered the BHA into the borehole
to clean it out, encountering numerous bridges and tight spots.  After reaching the bottom of the hole at
613.0 m (2,011 ft), 111,291 liters (L) (700 barrels[bbl]) of 56-viscosity polymer mud were pumped
into the hole to stabilize the hole for logging. A second attempt at logging was stopped by another
bridge at 143.9 m (472 ft). Thedrill string was again lowered into the hole to clean out bridgesto a
depth of 178.0 m (584 ft). A 12,719-L (80-bbl) dug of mud was placed in the hole from 158.8 to
178.0 m (521 to 584 ft) to stahilize that portion of the hole and the logging tools were again lowered in
the hole but encountered another bridge at 185.9 m (610 ft).

After the logging attempts, it was decided to ingal a surface casing to sedl off the unstable portion of
the hole above 243.8 m (800 ft). Thelarger diameter 20-in. casing (rather than 13d-in. casing) was
chosen to assure that alarge enough diameter hole would be available at the planned TD, if it became
necessary to ingal additiona strings of casing as drilling proceeded. A BHA consisting of an 18%~in.
bit with a 26-in. hole opener was used to enlarge the hole in preparation for running 20-in. casng. The
47.0-cm (18.5-in.) hole was opened to 66.0 cm (26 in.) to a depth of 247.2 m (811 ft) and the casing
was run into the hole to a depth of 246.9 m (810 ft). The bottom of the casing was cemented with

8.5 cubic meters (m?°) (300 cubic feet [ft]) of Type Il neat cement on December 1, 2002.

A monitor string conggting of 2d-in. tubing was lowered into the hole between the borehole wall and
the 20-in. casing to provide access to water producing horizons noted during drilling at 166.4 m

(546 ft). The bottom of the monitoring string was placed at 176.4 m (578.9 ft) after encountering an
obstruction at that depth.

After ingdlation of the casing and monitoring string, the BHA was lowered into the hole to drill out the
cement and clean out the hole to 613.0 m (2,011 ft). Thetop of cement insde the 20-in. casing was
tagged at 245.4 m (805 ft), and the cement was drilled out to 246.9 m (810 ft) using air-foam and
polymer. Fill material was cleaned out of the hole to a depth of 432.5 m (1,419 ft), but continued
doughing of the borehole wall and the accumulation of fill prevented making the next connection. The
drill string was raised into the surface casing so that the circulation system could be switched from air-
foam to mud to achieve better borehole stability.



After pumping adug of 95,392 L (600 bbl) of 56-viscosity polymer mud into the hole, the drillers
lowered the drill string back into the hole and cleaned it out to 508.4 m (1,668 ft). However, doughing
and tight hole conditions perssted, necessitating the addition of bentonite gel to the mud system.
Continued borehole ingahility problems, including tight hole conditions and bridging above the bit,
plagued operations as the hole was cleaned out to a depth of 576.1 m (1,890 ft). The viscosty of the
mud was increased by the addition of 66,775 L (420 bbl) of 74-viscosity mud in the continuing effort to
improve hole gability. After circulating the mud to condition the hole, and building mud volume, the
drillers cleaned out the hole to 613.0 m (2,011 ft). They pulled the drill string up to 353.6 m (1,160 ft)
and then lowered it, encountering the top of 14.0 m (46 ft) of fill at 596.2 m (1,956 ft). The hole was
again cleaned out to 613.0 m (2,011 ft) and drilling of the 47.0-cm (18.5-in.) hole resumed on
December 7, 2002. Drilling proceeded to a depth of 723.6 m (2,374 ft) with no fill encountered during
connections, and &t that point anew 18%2-in. bit wasingalled.

On December 16, 2002, drilling was temporarily hdted at a depth of 903.4 m (2,964 ft) to indal a
gring of 13d-in. casing. Inddlation of thisintermediate casng was necessary to sed off unstable
portions of the borehole and alow switching back to an air-foam circulating system to improve
penetration rate, which had dowed to less than 1.5 meters per hour (mvhr) (5 feet per hour [ft/hr])
below 853.4 m (2,800 ft), and because ar-foam is the desired circulating fluid for drilling the lower
carbonate aquifer, which was anticipated to be encountered within afew hundred feet. Geophysica
logging was conducted on December 18 and 19, 2002, then the 13d-in. casing was lowered into the
hole to adepth of 901.6 m (2,958.2 ft) and the bottom cemented with 9.9 m? (350 ft®) of Type Il neat
cement. The bentonite mud was displaced from the borehole and the circulating system changed to an
ar-foam/polymer mix. Cement was drilled out with a 12¥+in. bit from 887.9 to 902.2 m (2,913 to
2,960 ft) and fill was cleaned out to 903.4 m (2,964 ft).

Drilling of a31.1-cm (12.25-in.) hole began on December 21, 2002, and proceeded from 903.4 to
1,020.8 m (2,964 to 3,349 ft) where the rate of penetration again dowed to 1.5 m/hr (5 ft/hr).
Increasing torque on the drill string was noted, and metd shavings were found in the drill cuttings
samples, so the drill string was pulled from the hole for inspection. Examination of the BHA reveded
extensive wear to the bit and reamers. Drilling operations were suspended on December 23, 2002, for
the holiday.

Drilling operations resumed on December 27, 2002, with anew 12Yin. bit. The hole had to be
reamed from 944.9 to 1,020.8 m (3,100 to 3,349 ft) because it was under gauge from using the worn

2-9



bit. A 31.1-cm (12.25-in.) hole was drilled from 1,020.8 to 1,203.0 m (3,349 to 3,947 ft), a which
depth the drill string was removed from the hole to ingpect the bit. The bit again showed extensve
wear and was replaced.

Drilling with a 12¥in. bit resumed at 1,203.0 m (3,947 ft) after reaming under-gauge hole from
1,187.2 to 1,203.0 m (3,895 to 3,947 ft). Drilling continued to the depth of 2,097.9 m (6,883 ft) but
was very dow and required 4 bit changes due to excessive wear of the bits caused by the hard,
abrasve quartzite being drilled. Drilling was terminated on January 15, 2003, at a depth of 2,097.9 m
(6,883 ft). At this point, the hole had become tight, causing the rotary table to lock up, and adrag of
31,752 kilograms (70,000 pounds) over drill string weight was encountered when pulling the bit off
bottom. The drill string was removed from the hole and logging operations were conducted on
January 16 to 19, 2003. The drillers rigged down the drilling equipment on January 20 and 21, 2003,
and then began to move the drilling equipment to the Well ER-7-1 site.

A graphica depiction of drilling parameters including penetration rate, rotary revolutions per minute,
pump pressure, and weight on the bit is presented in Appendix A-1. See Appendix A-2 for alisting of
casing maerids. Drilling fluids and cements used in Wel ER-12-2 are ligted in Appendix A-3.

The directiond survey run in the borehole on April 15, 2003, indicates that a the lowest surveyed
depth of 2,092.5 m (6,865 ft), the hole had drifted 609.6 m (2,000 ft) north-northeast of the surface
location. The maximum deviation of 56.77 degrees off vertica occurred at the measured depth of
1,869.5m (6,133.5 ft). Thisdeviation resulted in atrue verticd hole depth of 1,896.2 m (6,221 ft)
versus a measured (drilled) depth of 2,097.9 m (6,883 ft).

2.3  Dirilling Problems

Borehole ingahility in the upper portions of the hole resulted in difficult drilling conditions above the
depth of gpproximatdy 609.6 m (2,000 ft). Soughing of the borehole wal and intervas of swelling
claysin the formation caused accumulation of fill material during connections, tight spots, and bridges,
which necessitated numerous borehole cleaning and conditioning efforts, opening the hole from 47.0 to
66.0 cm (18.5 to 26.0in.) in diameter to a depth of 247.2 m (811 ft) to accommodate a string of 20-
in. surface casing, and using high viscosity mud as a circulating fluid while drilling from 613.0 to 9034 m
(2,011 to 2,964 ft).
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In the lower portions of the hole, below approximately 914.4 m (3,000 ft), hard and abrasive rock
dowed drilling rates consderably and caused extensive wear to some of the components of the BHA,
which required 6 drill bit changes during drilling from 903.4 to 2,097.9 m (2,964 to 6,883 ft). The
severe deviation of the borehole aso probably contributed to the excessive wear of the BHA.

24  Fluid Management
Drilling effluent was monitored according to the methods prescribed in the UGTA FMP (DOE/NV,

2002) and the associated state-approved, well-specific, fluid management Strategy letter (Wycoff,
2002). The ar-foam/polymer drill fluid was circulated down the insde of the drill string and back up
the hole through the annulus (conventiond or direct circulation) and then discharged into asump. The
bentonite mud drill fluid was dso conventiondly circulated, but was contained and re-circulated during
drilling, and not discharged to the sump until mud-based drilling operations were complete. Water used
to prepare drilling fluids came from Well UE-16d, located in western YuccaHat. Lithium bromide
(LiBr) was added to the drill fluid as atracer to provide ameans of estimating groundwater production.
Therate of water inflow was estimated from the dilution of the tracer in the drill fluid returns.

To manage the anticipated water production, two sumps were congtructed prior to drilling (Figure 2-1).
No contaminants were expected during drilling &t this site, so neither sump waslined. Samples of
drilling effluent were collected hourly and andyzed on site by BN Radiation Operations personnel for
the presence of tritium. The ongte monitoring resultsindicate that tritium levels measured in the drilling
fluid remained at or below background levels, ranging from O to 3,262 picocuries per liter. Drilling
fluids generated & Well ER-12-2 were not analyzed for lead, according to the Well ER-12-2 Fluid
Management Strategy L etter (Shaw, 2002).

No samples of drilling fluid were collected from the sumps & Well ER-12-2 for water quality analyses
during drilling operations. Because of the low volume of fluids produced during drilling, it was not
necessary to discharge fluid to the ground surface. However, dl fluid qudity objectives were met, as
shown on the fluid management reporting form dated July 18, 2003 (Appendix B). Theform lists
volumes of solids (drill cuttings) and fluids produced during well-construction operations (vadose- and
saturated-zone drilling only; well development and aquifer testing will be conducted at alater dete).
The volume of solids produced was calculated using the diameter of the borehole (from cdiper logs)
and the depth drilled, and includes added volume attributed to arock bulking factor. The volumes of
fluids listed on the report are estimates of tota fluid production, and do not account for any infiltration
or evaporation of fluids from the sumps.
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3.0 Geologic Data Collection

3.1 Introduction

This section describes the sources of geologic data obtained from Well ER-12-2 and the methods of
data collection. Improving the understanding of the subsurface structure, stratigraphy, and
hydrogeology in the northwestern portion of Y ucca Flat was among the primary objectives of

Wl ER-12-2, s0 the proper collection of geologic and hydrogeologic data from Well ER-12-2 was
consdered fundamental to successful completion of the project.

Geologic data collected at Well ER-12-2 consist of drill cuttings, sidewall core samples, and
geophysicd logs. Data collection, sampling, transfer, and documentation activities were performed
according to applicable contractor procedures.

3.2  Collection of Drill Cuttings
Composite drill cuttings were collected from Well ER-12-2 a 3-m (10-ft) intervas as drilling

progressed from the depth of 36.6 m (120 ft) (bottom of the conductor hole) to the TD of the well at
2,097.9 m (6,883 ft). Triplicate samples, each consisting of approximatdly 550 cubic centimeters of
materid, were collected from 670 intervals. These samples are stored under environmentally
controlled, secure conditions at the U.S. Geologica Survey (USGS) Geologic Data Center and Core
Library in Mercury, Nevada. One of these sample sets was seded with custody tape at the rig Site and
remains seded as an archive sample; one set was left unsedled in the originad sample containers, and the
third set was washed and stored according to standard USGS Core Library procedures. The washed
set was used by BN to congtruct the detailed lithologic log presented in Appendix C. The Shaw Field
Representative collected an additiond two sets of reference drill cuttings samples from each of the
cuttingsintervals. One sat was examined & the drill stefor use in preparing field lithologic descriptions,
and remainsin the custody of Stoller-Navarro Joint Venture (Shaw’ s successor and the current
environmenta contractor for NNSA/NSO) in Las Vegas, Nevada. The other set was sent to Giday
WoldeGabrid a LANL in New Mexico for petrographic, minerdogic, and chemica andyses, where it
remains. In addition, 3.8 liters (1 gallon) of composite drill cuttings samples were collected a 15.2-m
(50-ft) intervas while drilling the pre-Tertiary section. These samples were collected for paeontologic
anadysis, and are dso stored at the USGS Geologic Data Center and Core Library in Mercury,
Nevada.



3.3 Sidewall Core Samples

Sidewadll core samples were collected by HES from Well ER-12-2 to verify the Stratigraphy and
lithology at selected locations. Both percusson-gun and rotary sdewal coring tools were utilized.
Sample locations were sdected by the Shaw Fidd Representative on the basis of field lithologic logs,
with consideration of borehole conditions determined from cdiper logs. The percussion gun tool was
used to collect core samples between the depths of 696.5 and 1,215.5 m (2,285 and 3,988 ft). A tota
of 48 sample depths were attempted, with 6 cores recovered. The rotary Sdewall coring tool was
used to collect sdewall cores from 960.1 to 2,090.9 m (3,150 to 6,860 ft). Only 1 core was
recovered in 25 attempts. Table 3-1 summarizes the results of Ssdewall coring operations at

Well ER-12-2.

34  Sample Analysis

Twenty-five samples of drill cuttings from various depths in Well ER-12-2 were submitted to the
Hydrology, Geochemistry, and Geology Group of the Earth and Environmental Sciences Divison at
LANL for petrographic, mineraogic, and chemica anaysesto aid in gratigraphic identification and for
characterization of minera dteration. Table 3-2 ligts the sample depths and the status of [aboratory
anayses.

3.5 Geophysical Log Data

Geophysica logs were run in the borehole to further characterize the lithology, structure, and hydrologic
properties of the rocks encountered, and to eva uate borehole conditions. Geophysical logging was
conducted in three stages during drilling: prior to setting the 20-in. surface casing a 246.6 m (809 ft),
prior to ingaling the 13d-in. intermediate casing at 901.6 m (2,958 ft), and at the TD of the hole at
2,097.9m (6,883 ft). A complete listing of the logs, dates run, depths, and service companiesis
provided in Table 3-3. Thelogs are available from BN in Mercury, Nevada, and copies are on file at
the office of Stoller-Navarro Joint Venture in Las Vegas, Nevada, and at the USGS Geologic Data
Center and Core Library in Mercury, Nevada. Preliminary geophysical data from thelogs are
reproduced in Appendix D.



Sidewall Samples from Well ER-12-2

Table 3-1

vetors (e | Used® | contimeters (imches) | FOmaion | Lithology | Comments
Mostly wall-cake

790.7 (2,594) SWC 34 (1.3) Eleana Formation Argillite with argillite

fragments.
798.6 (2,620) SWC 2.0 (0.8) Eleana Formation Argillite -

919.9 (3,018) SWC 1.0 0.4) Eleana Formation Quartzite Cz:;tsel?ly

932.4 (3,059) SWC 15 (0.6) Eleana Formation Argillite -
960.1 (3,150) RSWC 3.0 (1.2) Eleana Formation Quartzite -
1,164.0 (3,819) SWC 3.0 (1.2) Eleana Formation Shale -
1,208.8 (3,966) SWC 35 (1.4) Eleana Formation Shale -

a

SWC = percussion-gun sidewall coring tool; RSWC = rotary sidewall coring tool.




Table 3-2

Status of Rock Sample Analyses for Well ER-12-2

Analyses Performed ©

a

me?eerzt?f:et) STa;rgglbe Petrographic Mineralogic Chemical
PTS MP XRD XRF Fe?* e

36.6 (120) DC C NP C C C
48.8 (160) DC C NP C C C
100.6 (330) DC C NP C C C
125.0 (410) DC C NP C C C
143.3 (470) DC C NP C C C
146.3 (480) DC C C C NP NP
152.4 (500) DC C NP C C C
161.5 (530) DC C C C C
170.7 (560) DC C C C C
173.7 (570) DC C C C C
179.8 (590) DC C C C C C
182.9 (600) DC C NP C C C
189.0 (620) DC C C C C C
192.0 (630) DC C NP C C C
195.1 (640) DC C NP C C C
249.9 (820) DC C NP C NP NP
313.9(1,030) DC C NP Cc NP NP
335.3(1,100) DC C NP Cc NP NP
548.6 (1,800) DC C NP Cc NP NP
859.5 (2,820) DC C NP C NP NP
914.4 (3,000) DC C NP C NP NP
1,365.5 (4,480) DC C NP C NP NP
1,770.9 (5,810) DC C NP C NP NP
1,920.2 (6,300) DC C NP C NP NP
2,042.2 (6,700) DC C NP C NP NP

Depth represents base of 3.0-m (10-ft) sample interval for drill cuttings.

Sample type: DC = Drill cuttings

Status of analyses at the time of this writing: C = analysis complete; NP = analysis not planned.
Analysis type: PTS = polished thin section; MP = electron microprobe; XRD = x-ray diffraction;
XRF = x-ray fluorescence; Fe?*/Fe" = wet chemical analysis for iron.
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Table 3-3

Well ER-12-2 Geophysical Log Summary

(Page 1 of 2)

Bottom of
Loggin Date Logged Top of Logged
Geophysical Log Type 2 Log Purpose gg' g Run Number 99 b Interval ®
Service Logged Interval
meters (feet)
meters (feet)
* Natural Gamma Ray Spectroscopy Stratigraphic correlation, lithologic 11/25/2002 SGR-1/GR-2 393.8 (1,292) 3.0 (10)
determination, mineralogy, natural Halliburton 11/27/2002 SGR-2/GR-4 125.9 (413) 5.2 (17)
and man-made radiation, fracture Energy 11/27/2002 SGR-3/GR-6 175.3 (575) 6.1 (20)
identification Services 12/18/2002 SGR-4/GR-9 884.5 (2,902) 237.1 (778)
01/16/2003 SGR-5/GR-14 2,084.2 (6,838) 891.5 (2,925)
* Six Arm Caliper/Gamma Ray Borehole conditions, cement Halliburton 11/27/2002 CA6-1/ GR-4 132.3 (434) 5.2 (17)
volume calculation, fracture Ener 11/27/2002 CA6-2/ GR-6 182.3 (598) 6.1 (20)
identification Servic?;/s 12/18/2002 CA6-3/ GR-8 900.7 (2,955) 234.7 (770)
01/16/2003 CA6-4/GR-13 2,094.0 (6,870) 853.4 (2,800)
* High Resolution Induction Lithologic determination, Halliburton
stratigraphic correlation Energy 11/25/2002 HRI-1/GR-2 398.4 (1,307) 3.0 (10)
Services
. . . R .
lD;:;"e;S;Tro'og/Sponta”eous 's't':zg":g'ch?ceii:':;'lgzgi”;Nater HaE”l;ZLr”m" 12/18/2002 DLL-1/SP-1/GR-9 899.2 (2,950) 246.6 (809)
g . P ' -gy 01/16/2003 DLL-2/SP-2/GR-14 2,092.5 (6,865) 891.5 (2,925)
saturation Services
* Epith I'N Densi Total k i Halli
pithermal Neutron/Density Sgtaati V‘r':ter:lgocr:ﬁztlat:gﬁ Iﬁﬁ;"lz't’l’c aEI;t::rtO” 12/19/2002 | DSEN-1/SDL-1/GR-11 903.1 (2,963) 237.7 (780)
g . P ) ' 9 -gy 01/17/2003 DSEN-2/SDL-2/GR-15 2,096.4 (6,878) 891.5 (2,925)
determination Services
Electric Micro Imager Lithologic characterization, Halliburton 11/27/2002 EMI-1/GR-4 132.3 (434) 59.4 (195)
structural analysis, fracture and Ener 11/27/2002 EMI-2/GR-6 182.3 (598) 41.5 (136)
void analysis. Servifgs 12/18/2002 EMI-3/GR-8 901.0 (2,956) 253.9 (833)
01/16/2003 EMI-4/GR-13 2,097.0 (6,880) 905.3 (2,970)
Full W Sonic - Wavef Fracture identificati Halliburt
uil Yiave sonic - fravetorm racture dentification aEr:el:r °" 1 12/19/2003 FWS-1/GR-10 899.2 (2,950) 237.7 (780)
_gy 01/17/2003 FWS-2/GR-16 2,093.7 (6,869) 883.9 (2,900)
Services
* Full W Sonic - Delta-T P ity, seismi ti Halliburt
uil vave sonic - betta Orostly, seismic properties aEr:el:r °" 1 12/19/2003 FWS-1/GR-10 899.2 (2,950) 232.3 (762)
Serviggs 01/17/2003 FWS-2/GR-16 2,093.7 (6,869) 883.9 (2,900)
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Table 3-3

Well ER-12-2 Geophysical Log Summary

(Page 2 of 2)

Bottom of
Loggin Date Logged Top of Logged
Geophysical Log Type 2 Log Purpose gg- 9 Run Number 99 b Interval P
Service Logged Interval
meters (feet)
meters (feet)
Temperature Groundwater temperature, fracture 11/25/2002 TL-1/GR-1 382.5 (1,255) Surface
identification Halliburton 11/27/2002 TL-2/GR-3 125.0 (410) Surface
Energy 11/27/2002 TL-3/GR-5 168.9 (554) Surface
Services 12/18/2002 TL-4/GR-7 888.2 (2,914) 121.9 (400)
01/16/2003 TL-5/GR-12 2,085.1 (6,841) 426.7 (1,400)
;’Egclussion Gun Sidewall Coring Geologic samples HaIEII'Lt;L:rton 12/19/2002 SWC-1 894.9 (2,936) 696.5 (2,285)
-gy 01/18/2003 SWC-2 1,215.5 (3,988) 919.9 (3,018)
Services
Rotary Sidewall Coring Tool Geologic samples Halliburton
Energy 01/19/2003 RSWC-1 2,090.9 (6,860) 960.1 (3,150)
Services
* Chemistry/Temperature Log Groundwater chemistry and Desert
temperature, formation Research 01/19/2003 Chem-1/TL-6 2,097.9 (6,883) 899.2 (2,950)
transmissivity Institute
* Thermal Flow Meter Groundwater flow rate Desert
Research 01/19/2003 TFM-1 1,768.8 (5,800) 883.9 (2,900)
Institute
North Seeker Earth-Rate Gyro Bottom hole location, true vertical Baker
depth Hughes 04/15/2003 DRG-1 2,092.5 (6,865) Surface
Inteq

a Logs presented in geophysical log summary, Appendix D, are indicated by *.

b Drilled depth below ground surface.




4.0 Geology and Hydrogeology

4.1 Introduction

This section describes the geology and hydrogeology of Well ER-12-2. The basis for the discussonsin
Section 4.0 is the detailed lithologic log presented in Appendix C. The detailed lithologic log was
developed using drill cuttings and sdewadl core samples, geophysicd logs, and drilling parameters.
Results from petrographic, mineralogic, and chemica anayses provided by Giday WoldeGabrid of
LANL for sdlect lithologic samples (WoldeGabriel, 2003) were incorporated into the lithologic log.

42  Geology

This section is subdivided into three discussons relating to the geology of Well ER-12-2. Section 4.2.1
describes the geologic setting of Y ucca Hat and Well ER-12-2. The dratigraphic and lithologic units
penetrated at the well are discussed in Section 4.2.2. Because of the sgnificant influence some
dteration products have on the hydraulic properties of certain rocks, dteration of the rocks
encountered at the well is discussed separately in Section 4.2.3. More detailed descriptions of the
dratigraphy, lithology, and dteration of the rocks encountered are provided in the detailed lithologic log
presented in Appendix C.

4.2.1 Geologic Setting

Wil ER-12-2 lies on a southeast-d oping surface of young aluvium in the northwestern portion of
YuccaFat (Figures4-1 and 4-2). Y ucca Hat isahydrologicdly closed, Cenozoic-age basin formed
asaresult of basin-and-range extension.

Rocks exposed in the highlands around the margins of Y ucca Flat conast mostly of Tertiary volcanic
rocks that overlie complexly folded and faulted Paleozoic sedimentary rocks (Sae et d., 1999).
Mesozoic granitic rocks are exposed locdly at the north end of the basin. The volcanic rocks exposed
in the highlands around Y ucca Flat are mostly Miocene tuffs of generdly rhyolitic composition erupted
from large calderas located west and northwest of Y ucca Flat. Paeozoic sedimentary rocks include
Late Proterozoic and Lower Cambrian sliciclastic rocks, Middle Cambrian to Devonian carbonate
rocks, Mississippian sliciclagtic rocks, and Pennsylvanian and Lower Permian carbonate rocks.
Extengive drilling in Y ucca Hat has confirmed that the rock units exposed aong the margins of the basin
are present beneath Y ucca Flat, buried under thick gprons of Quaternary and Tertiary dluvid debris
shed from the exposed highlands during basin devel opment.
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Rocks in the Y ucca Hat areaare cut by numerous, generdly north-gtriking normal faults associated
with basin-and-range extenson. These extensona structures overprint older contractiond structures
that include folds and thrust faullts.

Contractiond structurd events are particularly significant with regards to the geology encountered at
Wl ER-12-2. During the Late Devonian and Early Mississppian periods (360 to 325 million years
ago [Ma]), amountain-building event caled the Antler orogeny occurred north and west of the NTS
(Cashman and Trexler, 1991; Trexler et a., 1996; and Cole and Cashman, 1999). East of the
deveoping Antler highlands, afordand basin formed in the vicinity of the NTS. During the Late
Devonian and most of the Mississippian periods (360 to 310 Ma), coarse clastic debris was shed off
the highlands and deposited by turbidity currents in the trough of the basin, forming submarine fan
deposits. These marine siliciclastic deposits are represented in the Y ucca Flat area by the Eleana
Formation. To the eat, finer-grained mudrocks were deposited in an adjacent restricted margind shelf
environment and are represented in the Y ucca Hat area by the Chainman Shale. At sometime
between 250 and 100 Ma (L ate Permian through Early Cretaceous), east-directed thrust faulting
asociated with the Belted Range thrust system pushed the coarser-grained western facies deposits
(i.e., Eleana Formation) eastward and over the eastern facies depodits (i.e., Chainman Shae) in the
vicinity of Well ER-12-2 (Cole and Cashman, 1999).

4.2.2 Stratigraphy and Lithology

The gratigraphic and lithologic units penetrated at Well ER-12-2 areillustrated in Figure 4-3, and an
interpretation of the possible digtribution of sratigraphic unitsin the vicinity of Well ER-12-2 is shown
in cross section in Figures 4-4 and 4-5. Ongoing and planned geologic studies, including petrography,
biogratigraphy, borehole image andysis, and magnetotelluric surveys, will likely provide important deta
to better condtrain interpretations of this area.

Drilling &t Well ER-12-2 began in young aluvium and penetrated 137.2 m (450 ft) of Quaternary and
Tetiary dluvium. Although the dluvia matrix has a tuffaceous character due to the presence of bictite,
smadl pumice fragments, and felsic minerds (congtituents common in the loca volcanic units), the
predominant clasts are sandstone, quartzite, and conglomerate typica of the Eleana Formation that is
exposed in the highlands north and west of the well.

The dluvid deposits overlie 48.8 m (160 ft) of tuffaceous volcanic rocks consisting of bedded tuff and

nonwelded to densaly welded ash-flow tuff. The volcanic rocks generdly consst of moderate amounts

of felsc phenocrysts, induding subordinate quartz and substantial amounts of mafic mineralsincluding
4-7



bictite and subordinate hornblende. This mineraologic assemblage, combined with the ratigraphic
position of thisrdatively thin interva of volcanic rocks directly overlying Paeozoic sedimentary rocks,
suggests that the volcanic rocks likely include early eruptive units of the southwestern Nevada volcanic
field such asthe 15.25-million-year-old (Sawyer et d., 1994) Redrock Valey Tuff. Beginning a
185.9 m (610 ft), Wel ER-12-2 penetrated 289.6 m (950 ft) of mostly grayish black to black, fissile,
and sparsdy pyritic shale assigned to the Missssippian Chainman Shde. (In thisreport theterm shde
adsoincdudesditgone) The assgnment of thisinterva to the Chainman Shdeis based on the lithology
of the interval, including the presence of smectite and swelling clays, and sratigraphic and structura
relationshipsin the area (Cashman and Trexler, 1991; Trexler et d., 1996; Cole et d., 1997; and Cole
and Cashman, 1999). Near-surface weathering has resulted in the formation of iron oxides that impart
abrownish color to the upper 30.5 m (100 ft) of the interval. Mineralogica analyses of sdect drill
cuttings samples from the Chainman Shde in ER-12-2 indicate that consderable amounts of smectite
are present (WoldeGabrid et d., 2003). Thisis consstent with observations that swelling clays are
common within the Chainman Shdein drill hole UE-17e located approximately 10 kilometers

(6.2 miles) south-southwest of Well ER-12-2 (Trexler et d., 1996). Tight hole conditions, which are
commonly caused by swelling clays, were a persastent problem while drilling through the Chainman
Shale at Well ER-12-2 (see Sections 2.2 and 2.3).

Below the Chainman Shde, the well penetrated 1,622.5 m (5,323 ft) of grayish-black to black shale,
argillite, sandstone, quartzite, and limestone assgned to the Mississippian and upper Devonian Eleana
Formation. Pyriteis rather sparse but ubiquitous. The shdetypicdly is more indurated and lessfissle
than the rocks of the Chainman Shde, and consderably more dectricaly resstive (gpproximately

10 times higher; see Dud Laterolog in Appendix D). The argilliteis very wdl indurated and typicaly
occurs as blocky nonfissle fragmentsin the drill cuttings samples. (The term argillite isused in this
report for very wdl indurated nonfissile mudrocks) Mineraogica andyses of sdect shde and argillite
drill cuttings samples show thet, unlike the overlying Chainman Shde, illite is the dominant clay minera
and smectite gppearsto be only avery minor congtituent (WoldeGabrid et d., 2003). Thisis
conggtent with the absence of tight spots caused by swelling clays during drilling with air-foam below
gpproximately 903.4 m (2,954 ft). Thick, monotonous sections of shale and argillite were logged from
576.1to 771.1 m (1,890 to 2,530 ft) and from 1,069.2 to 1,674.3 m (3,508 to 5,493 ft) in

Well ER-12-2.

Sandgtone and quartzite in thisinterva are generdly well to very well indurated and fine-grained. (In this
report the term quartzite is used for very well indurated, silica-cemented dliciclastic rocks composed

4-8
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of sand-size condtituents that break across condtituent grains.) Coarser grained beds including chert
conglomerate are dso present. Condtituents of these slliciclastic rocks are predominately quartz grains
and chert fragments, with many fewer feldspar grains and shde fragments. Thus, the sandstone and
quartzite in Well ER-12-2 can be classfied as chert litharenites (Cashman and Trexler, 1991). Silicais
the cementing agent in the quartzite beds, whereas carbonate cement appears to be present along with
dlicacement in the sandstone. Minerdogicd andyses indicate that the sandstone and quartzite are
composed of approximately 75 percent quartz (WoldeGabrid et d., 2003). Sandstone and quartzite
beds generdly less than 3 m (10 ft) thick are interbedded with shde and argillite in severd intervas
below 771.1 m (2,530 ft), though more massive deposits of sandstone and quartzite up to 91.4 m
(300 ft) thick were dso logged in this section of the borehole.

Biocladtic limestone is interbedded with shae at the top of the Eleana Formation in Well ER-12-2, from
475.5t0 576.1 m (1,560 to 1,890 ft). The limestone conssts mostly of coarse-grained recrystdlized
limestone clagts including foss| fragments, and rare fine- to medium-grained, rounded quartz grains and
subrounded chert fragments. The cement appears to be a combination of sparry cacite, slica, and
argillaceous materid. Overdl, thisinterva of limestone and shae consists of gpproximately 60 percent
shale and 40 percent limestone, however the bottom 24.4 m (80 ft) of the interva is approximately

90 percent limestone and 10 percent thin shale beds.

The assgnment of the rocks below 475.5 m (1,560 ft) in Well ER-12-2 to the Eleana Formation is
based on the occurrence of bioclagtic limestone in the upper part of the section and chert litharenites
throughout the section. The Eleana Formation in the Eleana Range west of Well ER-12-2 includes
bioclagtic limestone in the upper part and chert litharenite beds generdly throughout the formation
(Pooleet d., 1961; Gibbonset d., 1963; and Trexler et d., 1996). The occurrence of chert
litharenitesis particularly diagnodtic for distinguishing the Eleana Formation from the Chainman Shae.
Sandstone and quartzite described in the Chainman Shde are quartz arenites and have a different
source than the chert litharenites in the Eleana Formation (Cashman and Trexler, 1991).

Geophysicd logs and drilling rate charts from Well ER-12-2 show an gbrupt contact between the
Eleana Formation and the Chainman Shae. The spectrd gammaray log indicates possible fracturing
associated with the contact. These data are consstent with a structural (fault) contact between the
Chainman Shae and Eleana Formation in the well.
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4.2.3 Alteration

Dueto the poorly consolidated nature of the aluvium that resulted in the separation and loss of fines
during the drilling process, very little dluvid matrix was preserved in the drill cuttings samples, and thus
was unavailable for andyds of dteration minerals. However, it isunlikely that the rdatively thin and
shdlow intervd of dluvium a Wel ER-12-2 has been sgnificantly atered since depostion.

The presence of slicification and of dtered feldspar phenocrysts and mafic mineras suggests that much
of the volcanic section has undergone quartzo-feldspathic dteration. The presence of quartzo-
feldgpathic ateration in the volcanic rocks at Well ER-12-2 may indicate that these units were probably
once buried by rather thick deposits of younger tuffs that were subsequently eroded off during theinitid
development of YuccaFlat. In deeper portions of Y ucca Hat southwest of Well ER-12-2, where the
volcanic section is much thicker, the older volcanic rocks near the base of the Tertiary section typicaly
exhibit quartzo-feldspathic dteration.

In addition to typical diagenetic effects in clastic rocks such as compaction and cementation, many of
the rocks in the Eleana Formation gppear to have undergone low-grade metamorphism that has
resulted in the formation of argillite and quartzite.

4.3 Predicted and Actual Geology

The geology encountered at Well ER-12-2 was sgnificantly different than predicted prior to drilling
(Figure 4-6). Thewd| penetrated 137.2 m (450 ft) of aluvium which is45.7 m (150 ft) more than
predicted. It was also predicted that approximately 61.0 m (200 ft) of upper volcanic units such as
units of the Timber Mountain Group would be encountered below the dluvid deposts. However,
these units were not present and older volcanic units such as Redrock Valey Tuff directly underlie the
dluvia depogits. The older volcanic rocks were expected to be approximately 61.0 m (200 ft) thick,
and 48.8 m (160 ft) were actualy penetrated.

Below the volcanic rocks Well ER-12-2 was predicted to encountered athin (61.0 m [200 ft]) diver of
Eleana Formation that forms the leading edge of an east-vergent foreland imbricate thrust sheet placing
Eleana Formation over Chainman Shde. However, Chainman Shae was encountered directly below
the volcanic rocks, indicating that the leading edge of the imbricate thrust iswest of Well ER-12-2,
between the well and exposures of Eleana Formation in the Eleana Range.
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DEPTH PREDICTED ACTUAL
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Figure 4-6

Predicted and Actual Stratigraphy at Well ER-12-2
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It was predicted that 701 m (2,300 ft) of Chainman Shae would be penetrated before encountering
P eozoic carbonate rocks were encountered. However, after penetrating 289.6 m (950 ft) of
Chainman Shae the well encountered the Eleana Formétion at the depth of 475.5 m (1,560 ft). The
well eventudly penetrated 1,622.5 m (5,323 ft) of Eleana Formation, and reached TD within the
formation at the vertical depth of 1,896.2 m (6,221 ft) (drilled depth of 2,097.9 m [6,883 ft]).

44  Hydrogeology

The dluvium, dthough unsaturated, is classified hydrogeologicdly as an dluvid aguifer based on its
lithologic character. Theinterva of zeolitic nonwelded and bedded tuffs encountered from 137.2 to
156.1 m (450 to 512 ft) is classfied as tuff confining unit because zeolitic dteration of poorly welded
tuffs severely reduces the ability of these volcanic rocks to transmit groundweter. The welded tuff
encountered from 156.1 to 185.9 m (512 to 610 ft) is classified as welded-tuff aquifer due to the
tendency of these brittle rocksto fracture. Water was first encountered during drilling at 166.4 m
(546 ft) within the welded tuff, where it appears to be perched. The rocks assigned to the Chainman
Shale and Eleana Formation are classfied as clastic confining unit, based on the fine-grained sliciclagtic
nature of these rocks.

To develop hydrogtratigraphic framework models for this area, various blocks of Paeozoic
sedimentary rocks have been defined as HSUs on the basis of their hydrogeologic character and their
extent and thickness. The LCA3 consists of alochthonous (i.e., thrugt-faulted), Middle Devonian
through Middle Cambrian carbonate rocks in the upper plates of Mesozoic thrust faults such asthe
Bedted Range and CP faults. The UCCU congsts of Mississippian and Upper Devonian slliciclagtic
rocks that are represented in the Y ucca Hat vicinity by the Chainman Shae and Eleana Formation.
The LCA consgts of autochthonous (i.e., not thrust-faulted) Middle Devonian through Middle
Cambrian carbonate rocks. Neither LCA nor LCAS3 carbonate rocks were encountered at this Site.
See Gonzdes et d. (1998) and Gonzaes and Drellack (1999) for additiond explanations of the
geology and hydrogeology of Yucca Hat and the Well ER-12-2 area. An interpretation of the possible
digtribution of hydrogeologic unitsat Well ER-12-2 is shown in cross section on Figure 4-7.
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5.0 Hydrology

5.1 Preliminary Water-Level Information

Prior to drilling, the water level within the UCCU a Well ER-12-2 was estimated to be 518.2 m
(1,700 ft) below ground surface. However, measurements made after TD was reached indicate that
the potentiometric surface associated with the UCCU is much different than predicted. The water level
in thewdl on January 16, 2003, one day after TD of the well was reached, was a 446.2 m (1,464 ft)
based on readings of the HES temperature log. Approximately 3 days later the level was 207.0 m
(679 ft) based on indications from Desert Research Indtitute’ s (DRI) chemigtry log. The water leve
continued to rise, and was measured at 65.43 m (214.67 ft) on March 3, 2003, by Shaw using a
wirdline probe. The water level insde the piezometer string isolated within welded volcanic rocks was
measured at 127.14 m (417.13 ft) by Shaw on March 3, 2003 (Shaw, 2003).

5.2  Water Production

Water production was estimated during drilling of Well ER-12-2 on the bass of LiBr dilution data as
mesasured by Shaw field personnd (Shaw, 2003). The water production rate while drilling

Wel ER-12-2 remained rdletively low, reflecting the predominance of confining units encountered in the
well. Measurable water production of approximately 57 liters per minute (Ipm) (15 gallons per minute
[gpm]) wasfirst noted at the depth of about 166.4 m (546 ft) within welded tuff. This perched water
zone was cased off as the borehole was advanced. During drilling in the Chainman Shale, water
production was generdly lessthan 38 Ipm (10 gpm). Water production increased within the Eleana
Formation, but <till remained relatively low a 189 to 379 Ipm (50 to 100 gom). Estimated water
production rates during drilling are presented graphicaly in Appendix A-1.

5.3 Preliminary Flow Meter Data

Flow meter data, dong with temperature, eectrical conductivity (EC), and pH measurements, can be
used to characterize borehole fluid variability, which may indicate inflow and outflow zones. DRI
personne made measurements with their therma flow meter a 7 locations within the Eleana Formation
between the depths 883.9 and 1,767.8 m (2,900 and 5,800 ft) shortly after drilling was completed.
The thermd flow meter dataindicate upward flow at the 2 highest measurement locations, at 883.9 and
922.0 m (2,900 and 3,025 ft), and downward flow at the 5 measurement locations between 1,028.4
and 1,767.8 m (3,374 and 5,800 ft).



In addition, DRI ran a chemigtry log, which included measurements of temperature and EC from 899.2
t0 2,097.9 m (2,950 to 6,883 ft). The pH tool was not run because the depth of the well exceeded the
maximum working depth of thetool. Temperaturein the well increased gradudly from 39.03 degrees
Centigrade (C) (102.25 degrees Fahrenheit [F]) at 899.8 m (2,952 ft), to a maximum of 59.16 degrees
C (138.49 degrees F) at 2,097.9 m (6,883 ft). The EC vaues aso increased gradually with depth, but
show no abrupt changes within the logged portion of the well.

5.4  Preliminary Groundwater Characterization Samples

Following geophysica logging on January 19, 2003, DRI and Shaw collected preliminary groundwater
characterization samples within the open borehole. Two 6-liter samples were collected at the depths of
1,028.4 and 1,920.2 m (3,374 and 6,300 ft). Analyticd datafrom these initia samples, collected
before forma well development, will provide abasis for comparison with future groundwater chemistry
data



6.0 Precompletion and Open-Hole Development

The only precompletion development conducted in Well ER-12-2 conssted of circulating fluid for
30 minutes to clean the borehole prior to the fina logging operation.



This page intentionally left blank.



7.0 Well Completion

7.1  Introduction

Wl completion refersto the ingtdlation in a borehole of a string of tubing or casing that is dotted or
screened at one or more locations dong its length. The completion process dso typicaly includes
emplacement of backfill materials around the casing, with coarse fill such as grave adjacent to the open
intervals and impervious materia's such as cement placed between or above the open intervalsto isolate
them. The tubing or casing serves as a conduit for insartion of a pump in the well, for inserting devices
for measuring fluid leve, and for sampling, so that accurate potentiometric and water chemistry data can
be collected from known portions of the borehole.

The proposed well completion design for Well ER-12-2 as presented in the Y ucca Fat Drilling Criteria
(IT, 2002) is described in Subsection 7.2.1, and the actuad well completion design, based on the
hydrogeology encountered in the borehole, is presented in Subsection 7.2.3. The completion method is
presented in Section 7.3. No production casng was ingtaled in the well, but a piezometer wasingtaled
in the upper part of the borehole. Figure 7-1 is a schematic diagram of the final well-completion design
for thewell, and Figure 7-2 shows a plan view and profile of the wellhead surface completion.

Table 7-1 isacongruction summary for the piezometer.

7.2  Well Completion Design
The find completion design differs congderably from the proposed design, as described in the following
sections.

7.2.1 Proposed Completion Design

The original completion design (presented in IT, 2002) was based on the assumption that

Wdl ER-12-2 would penetrate through the UCCU and reach TD within the LCA. The well was
planned to be completed with a single casing string of 5¥2in. stainless sted casing suspended from
7e-in. carbon-stedl casing and extending into the LCA. The bottom portion of the 5¥~in. casing
within the LCA would be dotted, gravel-packed, and isolated from the overlying UCCU with cement.
A 2F-in. sainless-gted piezometer tube would be positioned outside the completion string, at a depth
just above the top of the LCA. The bottom of the tubing would be dotted and gravel packed, and
would be isolated with cement. Another 2F-in. stainless-sted piezometer tube was to be
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Figure 7-1
As-Built Completion Schematic for Well ER-12-2
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Figure 7-2
Wellhead Diagram for Well ER-12-2
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Table 7-1
Well ER-12-2 Completion String Construction Summary

Configuration Cement Sand/Gravel

Tubing Type meters (feet) meters (feet) meters (feet)

Blank
0to141.1

2d-in. Stainless- 0to 176.4 (010 463.0)

Steel Tubing (0to 578.9)

None None
Slotted and bull-nosed

141.1t0 176.4
(463.0 to 578.9)

positioned outside the 13d-in. intermediate casing, a a depth corresponding to the static water level
within the UCCU. The bottom portion of this tubing string would have been gravel-packed and
cemented in place. The primary god of the proposed completion design was to provide groundwater
production data from the LCA, and to provide access to groundwater in two locations within the
UCCU for monitoring and sampling.

7.2.2 As-Built Completion Design

The design of the Wdl ER-12-2 completion was determined through consultation with members of the
UGTA Technicad Working Group, on the basis of onsite evauation of data such as lithology and water
production, drilling data, and data from various geophysica logs.

Figure 7-1 shows that the only completion string ingtdled in Well ER-12-2 consigts of a2d-in.
carbon-sted piezometer tube placed in the annular space between the 20-in. surface casing and the
borehole wall a a depth of 176.4 m (578.9 ft). The tubing string includes 4 contiguous dotted jointsin
the interval 141.1 to 176.4 m (463.0 to 578.9 ft). The bottom of the tubing is bull-nosed, with adrain
hole (“weep hole’) approximatdy 0.32 cm (0.125-in.) in Sze. The openingsin each dotted tubing joint
are0.15cm (0.059 in.) wide and 5.1 cm (2.0 in.) long; the dots are arranged in rows of 18, with rows
staggered 10 degrees on 15.2-cm (6.0-in.) centers.

7.2.3 Rationale for Differences between Planned and Actual Well Design
The proposed well completion design for Well ER-12-2 was based on the expectation that the well

would penetrate through the UCCU and reach TD in the LCA. However, because the LCA was not
encountered and no discrete water producing intervals were identified within the UCCU, no completion
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gring was ingtdled and the well was left uncased below 901.6 m (2,958 ft). Borehole ingtability and
the inability to determine the static water table within the UCCU due to the use of heavy mud precluded
the establishment of a piezometer string at the Static water table within the UCCU as proposed. A
piezometer string was ingtaled to adepth of 176.4 m (578.9 ft) to access unanticipated perched water
identified within the volcanic section during drilling.

7.3  Well Completion Method

The 2d-in. carbon-sted piezometer tube was inserted into the annular space outside the 20-in. surface
casing on December 1, 2002, immediatdly after ingtdlation of the 20-in. casing, and before drilling of
the 47.0-cm (18.5-in.) hole resumed. In the upper part of the annulus, above the bottom of the 30-in.
conductor casing &t at the depth of 35.6 m (116.8 ft), the tubing Sits between the two casings. Below
36.3 m (119 ft), which is the cemented portion of the hole below the surface casing, this annular space
is defined by the 20-in casing and the borehole wal. All well congtruction materids were ingpected
according to relevant procedures; standard decontamination procedures were employed to prevent the
introduction of contaminants into the well. No grave-pack or cement was emplaced with the
piezometer string.

No production casing was ingtdled in the borehole, which remains open below the 13d-in.
intermediate casing et at the depth of 901.6 m (2,958 ft).
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8.0 Planned and Actual Costs and Scheduling

Theorigina BN cost modd developed for Well ER-12-2 was based on drilling to the planned TD of
1,066.8 m (3,500 ft). The drilling program basdline projected that it would require 26 days to drill and
complete thewell. However, the actud conditions encountered during drilling of the well (borehole
ingability and much deeper than planned TD) were measurable different from the predicted conditions
90 the basdine was changed during drilling.

The new cost model is based on the actua TD of 2,097.9 m (6,883 ft). It took 55 daysto drill the
surface and main holes at Well ER-12-2. Dirilling of the surface hole to the planned casing point at
613.0 m (2,011 ft) proceeded as expected. However, borehole obstructions encountered during
geophysica logging required re-drilling to increase the hole diameter for ingdlation of alarger diameter
intermediate casing. In addition, the hole was drilled 1,031.1 m (3,381 ft) deeper than planned in the
effort to tag the target lower carbonate aquifer rocks. Drilling did not reach the target formation, and
the planned completion string was not ingtaled. A graphical comparison, by day, of planned and actud
well-congtruction activities is presented in Figure 8-1.

The cost andysisfor Wel ER-12-2 begins with congtruction of the conductor hole by BN and the cost
of mobilizing the UDI drill rig to the Wdll ER-12-2 Ste. The cost of building roads, the drill pad, and
sumpsis not included, and the cost of well-gite support by Shaw isnot included. Thetotal construction
cost for Well ER-12-2 includes dl drilling costs: charges by the drilling subcontractor; charges by other
support subcontractors (including compressor sarvices, drilling fluids, bits, casng services, down-hole
tools, and geophysica logging); and charges by BN for mobilization and demobilization of equipment,
partial congtruction of the conductor hole, cementing services, the piezometer string, radiation
technicians, ingpection services, and geotechnica consultation.

Thetotal planned cost for constructing Well ER-12-2, based on the new basdline devel oped because
the actua conditions differed greatly from the expected conditions, was $3,521,464. The actud cost
was $3,460,544, or 1.7 percent less than the planned cost. Figure 8-2 presents a comparison of the
planned (new basdine) and actud costs, by day, for constructing Well ER-12-2.
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9.0 Summary, Recommendations, and Lessons Learned

9.1 Summary

Main hole drilling at Well ER-12-2 commenced on November 20, 2002, and concluded on

January 15, 2003, at atotal drilled depth of 2,097.9 m (6,883 ft). Soughing of the borehole wall and
intervas of swelling claysin the upper portions of the hole resulted in difficult drilling conditions and
necessitated numerous borehole cleaning and conditioning efforts, setting an unplanned string of 20-in.
surface casing, and using high viscosity mud as a circulaing fluid while drilling from 613.0 to 9034 m
(2,011 to 2,964 ft). Very hard and abrasive rocks and borehole deviation caused dow drilling rates
and excessive wear to down-hole drilling components during drilling of the lower portions of the well.
The borehole deviated sgnificantly from vertical, so that the bottom of the hole islocated gpproximeately
609.6 m (2,000 ft) north-northeast of the surface location at atrue vertica depth of 1,896.2 m

(6,221 ft). Because the primary hydrogeologic target zone (i.e., LCA) was not encountered, the main
completion string was not ingtaled as planned and the well was left open below the base of the
intermediate casing a 901.6 m (2,958 ft). A piezometer consisting of adtring of 2d-in. dotted,
carbon-gted tubing was placed outside of the 20-in. surface casing to a depth of 176.4 m (578.9 ft) to
alow monitoring of perched weter identified during drilling.

Geologic data collected during drilling included composite drill cuttings samples collected every 3m
(10 ft) from 36.6 m (120 ft) to TD. In addition, 7 Sdewall core samples were collected in the interval
790.7 t0 1,208.8 m (2,594 to 3,966 ft). Geophysical logging was conducted in the upper portion of
the borehole before ingtdlation of the surface casing, in the middie portion of the hole before ingdlation
of the intermediate casing string, and after TD of thewell. Some of these logs were used to ad in
congruction of the well, while others help to verify the geology and determine the hydrologic
characteristics of the rocks.

Wadl ER-12-2 is collared in young aluvia deposits, and penetrated 137.5 m (450 ft) of Quaternary and
Tertiary aluvium before encountering 48.8 m (160 ft) of Tertiary volcanic rocks conssting of
nonwelded to densely welded tuff. Below the volcanic rocks the well penetrated 289.6 m (950 ft) of
Missssppian Chainman Shae. At adepth of 475.5 m (1,560 ft) the well encountered Mississippian
and Upper Devonian Eleana Formation conssting of shde, argillite, sandstone, quartzite, and limestone.
Drilling was terminated within the Eleana Formation at 2,097.9 m (6,883 ft) after penetrating 1,622.5m
(5,323 ft) of the formation. The water level in the well was measured at 65.43 m (214.67 ft) on March
3,2003. Tritium levelsin the drilling fluid ranged from O to 3,262 picocuries per liter during drilling,
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whichisat or below background levels. No other radionuclides above background were encountered
in the drilling fluids from Well ER-12-2.

9.2 Recommendations

Additiond geologic andyses that are pending or in progress should be completed. These analyses
include petrographic, paeontologica, and a detailed sructura and sratigraphic andysis of the Electric
Micro Imager log. The results from these andyses should be integrated with existing geologic
interpretations of the well to form a detailed geologic characterization of Well ER-12-2 that is as
complete as possible. The geologic data from the well should be integrated with the proposed
magnetotd luric survey of Yucca Hat, and used asa“tie-point” for the survey.

All the geologic and hydrologic data and interpretations from Well ER-12-2 should be integrated into
the hydrogtratigraphic framework modd of YuccaHat. Thiswill dlow for more precise
characterization of groundwater flow direction and velocity in the northwestern portion of Y ucca Hat.

9.3 Lessons Learned

The efficiency of drilling and congtructing wells to obtain hydrogeologic data in support of the UGTA
project continues to improve as experience is gained with each new well. Sometimes difficult drilling
conditions are encountered and challenges are confronted. Severa new lessons were learned during
the congtruction of Well ER-12-2, the third well in the FY 2003 Y ucca FHat drilling initiative.

* The Chanman Shdeindudesintervas of swelling clays that caused borehole ingability and tight
hole conditions during drilling of this unit in Well ER-12-2. The Chainman Shde should be
drilled with bentonite mud to provide borehole sability and control swelling clays. The
formation should also be cased off before switching back to air/foam as a circulating fluid.

» The Eleana Formation containsintervals of very hard and abrasive quartzite that can
sgnificantly dow drilling rates and cause excessive wear to components of the BHA.

» Significant borehole deviation can occur when drilling thick sections of hard and moderatdly to
steeply dipping Paeozoic formations such as the Eleana Formation. Borehole deviation should
be monitored and the configuration of the BHA evauated during drilling in such Stuations.

*  Decentrdizers on sidewall coring tools may need to be modified in deviated boreholes so core
barrels can reach the borehole wall.
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Appendix A-2
Casing Data for Well ER-12-2



Table A-2
Casing Data for Well ER-12-2

Outside Inside Wall Weight
Depth Interval ; . .
. Diameter Diameter Thickness per
Casing meters Type Grade . . .
(feet) centimeters centimeters centimeters foot
(inches) (inches) (inches) (pounds)
Conductor 0 to 35.6 Carbon Steel N/A 76.2 74.295 1.27 157 45
(0to 116.8) PE Weld (30) (29.0) (0.5) '
0 to 246.6 50.8 48.6 1.9
Surf Carbon Steel K-55 94
urtace (0 to 809.1) aroon stee (20) (19.124) (0.876)
0to 716.0 33.97 31.79 1.09
Int diat Carbon Steel J-55 61
niermediate (0 0 2,349.1) arbon tee (13.375) (12.515) (0.43)
Intermediate 716.0to 901.6 Carbon Steel J-55 33.97 31.53 2.44 68
(2,349.1 to 2,958.2) (13.375) (12.415) (0.53)
0to 176.4 6.03 4.94 1.09
Pi t Carbon Steel N/A 4.6
lezometer (0 to 578.9) aroon stee (2.375) (1.945) (0.43)

A-2-1
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Appendix A-3
Well ER-12-2 Drilling Fluids and Cement Composition



Table A-3-1
Drilling Fluids Used in Well ER-12-2

Typical Air-Foam/Polymer Mix Typical Bentonite Mud Mix a

56.8 to 113.5 liters (15 to 30 gallons) Geofoam ®2

3.810 18.9 liters (1 to 5 gallons) LP-701 ®2

60 to 70 viscosity Geo Gel ®2

0.5 to 2 liters of LiBr
per

7,949 liters (50 barrels) water

a Geofoam ® foaming agent, LP-701 ® polymer additive, and Geo Gel ® bentonite mud are
products of Geo Drilling Fluids, Inc.

NOTES:
1. All water used to mix drilling fluids for Well ER-12-2 came from Water Well UE16-d in
Yucca Flat.
2. A concentrated solution of lithium bromide was added to all introduced fluids to make
up a final concentration of 20 to 60 milligrams per liter.
Table A-3-2
Well ER-12-2 Cement Composition
30-inch 20-inch 13d-inch
Cement Conductor Casing Surface Casing Intermediate Casing
Composition
Interval Amount Interval Amount Interval Amount
Type Il, first stage
with aggregate, 0t036.6m? 40.9m3¢
remaining stages (0to 120 ft% | (1,444.5 ft5)° Not used - Not used -
with sand
Type Il neat Not used - Not 8.5m’ Not 9.9 m’
yp measured (300 ft%) measured (350 ft3)
a meter(s) b foot (feet) ¢ cubic meters d cubic feet

A-3-1
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Appendix B
Well ER-12-2 Fluid Management Data
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Appendix C
Detailed Lithologic Log for Well ER-12-2
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Detailed Lithologic Log for Well ER-12-2
Logged by Lance Prothro, Bechtel Nevada

March 2003

Depth
Interval
meters

(feet)

Thickness
meters
(feet)

Sample
Type 1

LaboratorZ
Analyses

Lithologic Description 3

Stratigraphic
Unit

0-137.2
(0 - 450)

137.2
(450)

DB1

PTS,
XRD, XRF,
Fe?/Fe®

Alluvium: Drill cuttings samples consist of loose mixtures of the
harder clasts from within the alluvium. Clasts were liberated from the
alluvium and concentrated in the samples as a result of the drilling
and sample collection processes, indicating that the alluvium is
poorly consolidated. Clasts are predominately moderate-yellowish-
brown (10YR 5/4) sandstone, quartzite, and chert-pebble
conglomerate typical of the Eleana Formation that compose much of
the highlands north and west of Well ER-12-2. Lesser amounts of
tuffaceous clasts are also present in the samples. Tuffaceous rocks
are also present in the highlands north and west of the well. Most of
the clasts show some degree of rounding indicating transport from a
source area. Many clasts are partially coated with a thin, light-brown
(5YR 5/6), fine- to medium-grained calcareous material that probably
represents the alluvial matrix. This matrix material has a tuffaceous
character due to the presence of biotite, small fragments of pumice,
and felsic minerals. The electric micro imaging log indicates the
interval is very bedded.

Quaternary
and Tertiary
Alluvium

137.2-143.3
(450 - 470)

6.1
(20)

DB4

PTS,
XRD, XRF,
Fe?/Fe®

Nonwelded Tuff: Pale-yellowish-brown (10YR 6/2); zeolitic;
common grayish-yellow (10YR 7/4) and very-pale-orange (10YR 8/2)
pumice; common felsic phenocrysts of feldspar and lesser quartz;
abundant mafic minerals of black (N1) and slightly bronze-colored
biotite and much less hornblende that appears to be partially to
completely altered to magnetite(?); rare lithic fragments.

Yucca Flat
Tuff




Lithologic Log for Well ER-12-2

Page 2 of 7

Depth Thickness . .
Interval Sample Laborator . . .3 Stratigraphic
meters 1 X Lithologic Description .
meters (feet) Type Analyses Unit
(feet)
Nonwelded Tuff: Yellowish-gray (5Y 8/1); mostly zeolitic, partially
calcic and argillic (?); rapidly disintegrates when placed in water;
143.3-151.8 8.5 DB4 PTS, MP, pumice fragments are difficult to discern but appear to be minor in Yucca Flat
(470 - 498) (28) XRD abundance; minor felsic phenocrysts of feldspar and lesser quartz; Tuff
common to abundant mafic minerals of black (N1) to bronze-colored
biotite and much less hornblende; very rare lithic fragments.
Bedded Tuff: Yellowish-gray (5Y 8/1); zeolitic; equigranular texture;
1518 - 156.1 43 PTS, very abundant small fragments of pumice; very abgndqnt felsic
(498 - 512) (14) DB4 XRD, XRF, phenocrysts of feldspar and quartz; abundant mafic minerals of black tunnel bed 1
Fe?'/Fe® (N1) to bronze-colored biotite and much less hornblende; rare lithic
fragments.
Moderately Welded Ash-Flow Tuff: Light-brownish-gray (5YR 6/1)
PTS, MP and pale-red (5R 6/2); silicic; minor flattened pumice; minor felsic
156.1 - 167.6 11.6 . .
(512 - 550) (38) DA XRI% XRSIf phepocrysts .of feldspar anq lesser quartz; minor mafic minerals of
Fe“'IFe biotite and slightly less partially to completely altered hornblende;
very rare lithic fragments.
Partially Welded Ash-Flow Tuff: Pale-yellowish-brown (10YR 6/2); Redrock Valley
weak to moderate quartzo-feldspathic alteration; rare to minor Tuff
167.6 - 173.7 6.1 PTS, MP corroded and replaced pumice; minor felsic phenocrysts qf feldspar
(550 - 570) (20) DA XRD, XRF, and much less quartz (?), feldspar phenocrysts show varying
Fe?*/Fe® degrees of alteration with many partially to completely corroded

away; common to abundant, mostly altered mafic minerals of biotite
and lesser hornblende; rare lithic fragments.
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Lithologic Log for Well ER-12-2

Page 3 of 7

Depth
Interval
meters

(feet)

Thickness
meters
(feet)

Sample
Type 1

Laborator%/
Analyses

Lithologic Description 3

Stratigraphic
Unit

173.7-179.8
(570- 590)

6.1
(20)

DB4

PTS, MP
XRD, XRF,
FeZ /Fe

Densely Welded Ash-Flow Tuff: Dark-yellowish-brown (10YR 4/2)
to moderate-yellowish-brown (10YR 5/4); quartzo-feldspathic
alteration; minor highly flattened, moderate-brown (5YR 3/4) pumice;
minor to common felsic phenocrysts of feldspar and lesser quartz,
with many feldspar phenocrysts partially to completely altered,;
original abundance of mafic minerals is difficult to ascertain due to
degree of alteration, but appears to have been at least common in
abundance, rare unaltered biotite is present; rare lithic fragments.
Many fragments show brecciation with secondary botryoidal
chalcedony (var. agate) lining and filling openings.

179.8-185.9
(590 - 610)

6.1
(20)

DB4

PTS, MP
XRD, XRF,
FeZ /Fe®

Moderately to Partially Welded Ash-Flow Tuff: Moderate-
yellowish-brown (5YR 5/4) to pale-yellowish-brown (10YR 6/2);
quartzo-feldspathic alteration; minor dark-yellowish-brown (10YR 4/2)
flattened pumice that gives rock a conspicuous eutaxitic fabric;

minor to common felsic phenocrysts of feldspar, some patrtially to
completely altered, and lesser quartz; original abundance of mafic
minerals is difficult to ascertain due to degree of alteration, but
appears to have been no greater than common, biotite is certainly
present but is strongly altered where discernable; rare to minor lithic
fragments.

Redrock Valley
Tuff

185.9 - 475.5
(610 - 1,560)

289.6
(950)

DA

PTS,
XRD, XRF,
Fe?/Fe®

Shale: Moderate-brown (5YR 4/4) to dusky-yellowish-brown (10YR
2/2) to approximately 213.4 m (700 ft), grayish-black (N2) to black
(N1) below; brownish color in upper part is due to the presence of iron
oxides that coat fragments, particularly along shale partings; poorly

to moderately indurated; weakly to moderately fissile; weakly
calcareous; sparse pyrite occurs throughout interval and appears
associated with bedding planes, shale partings, and fractures.

ChainmanShale




-0

Lithologic Log for Well ER-12-2

Page 4 of 7

Depth
Interval
meters

(feet)

Thickness
meters
(feet)

Sample
Type 1

Laborator%/
Analyses

Lithologic Description 3

Stratigraphic
Unit

4755 -576.1
(1,560 - 1,890)

100.6
(330)

DA

PTS, XRD

Interbedded Shale and Limestone: Shale is black (N1); silty; well
indurated; occurs mostly as hard blocky fragments, rarely weakly
fissile; very weakly calcareous in part; rare pyrite as very fine crystal
aggregates. The high degree of induration and hard, blocky character
of many fragments suggest that much of the shale may classify as
argillite. Limestone is dark-gray (N3) to grayish-black (N2);
bioclastic, consisting mostly of coarse-grained recrystallized
limestone clasts including fossil fragments; rare fine- to medium-
grained, rounded quartz grains and subrounded chert fragments;
cement appears to be a combination of sparry calcite, silica, and
argillaceous material; rare to common pyrite as fine disseminated
crystals and as coarser aggregates partially replacing fossil
fragments.

Overall, the interval consists of approximately 60% shale and 40%
limestone, however the bottom 24.4 m (80 ft) of the interval is
approximately 90 percent limestone and 10 percent thin shale beds.

The abrupt nature of the upper contact as observed on geophysical
logs and drilling rate charts, the indication of fractures on the spectral
gamma ray log at the contact, and the abrupt change in the lithologic
character of shale at the contact suggests the upper contact may be
a fault.

576.1-771.1
(1,890 - 2,530)

195.0
(640)

DA

None

Argillite: Black (N1); silty; well to very well indurated; occurs as
hard, blocky fragments with no fissility; degree of induration and
hardness appears to increase with depth.

Eleana
Formation
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Lithologic Log for Well ER-12-2 Page 5 of 7
Depth Thickness . .
Interval Sample Laborator . . .3 Stratigraphic
meters 1 X Lithologic Description .
meters Type Analyses Unit
(feet)
(feet)

Interbedded Quartzite and lesser Argillite: Quartzite is dark-gray
(N3) to grayish-black (N2); very well indurated; mostly fine-grained,
lesser medium-grained, and much less conglomeratic; moderately to
well sorted, mostly subrounded chert fragments and quartz grains
with much less feldspar grains and argillite fragments; silica cement
as quartz overgrowths and chert. Argillite is black (N1), well
indurated, and occurs as dense silicic blocky fragments that take

771.1-1,069.2 298.1 DA, SC PTS, XRD metal wher_l scra_tched. Pyrite is rare but occurs throughout interval

(2,530 - 3,508) (978) in association with both quartzite and argillite.

Eleana
The amount of quartzite increase with depth, and generally becomes Formation
coarser-grained towards the base of the interval. Many individual
quartzite beds appear to coarsen downward.
Fractures up to 8 mm in width and completely filled with white (N9)
coarsely crystalline quartz are common, particularly in the quartzite.
1009216743 | 6069 | 0 5o | prs xRD | ssie, andsity, Pyrie s rare. Hanine iacures are rare and lec
(3,508 - 5,493) (1,991) ’ ' ’ Y- 7y '

with quartz.
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Page 6 of 7

Depth .
Thickness . .
Interval Sample Laborator . . .3 Stratigraphic
meters 1 X Lithologic Description .
meters Type Analyses Unit
(feet)
(feet)

Interbedded Shale, Quartzite, and Sandstone: Shale is black
(N1), moderately indurated, fissile, and silty in part. Quartzite is
dark-gray (N3) to grayish-black (N2), very well indurated, mostly very-
fine- to fine-grained and generally coarsens downward to include
some medium- to coarse-grained beds, moderately to poorly sorted,
subangular to subrounded quartz grains and chert fragments, silica

i cemented by mostly chert. Quartzite becomes more abundant below

1’(657:;; é;gg; %??5994)' DA PTS, XRD approximately 1,737.4 m (5,700 ft). Sandstone generally occurs
’ ' above 1,737.4 m (5,700 ft) and is similar to quartzite but appears to
have substantial amounts of calcite and/or dolomitic cement. Some Elean.a
drill cuttings fragments in samples above 1,737.4 m (5,700 ft) may Formation
best be described as finely-crystalline, sandy dolomite.
Quartzite and sandstone beds are generally less than 3 m (10 ft)
thick.
Quartzite: Grayish-black (N2); well indurated; mostly fine-grained,
1,783.7-1,874.5 90.8 DA None moderately- to well-sorted, subangular to subrounded grains of quartz
(5,852 - 6,150) (298) and lesser chert and feldspar, rare fragments of black (N1) shale (rip-

up clasts); 25 to 50 percent dark chert cement; weakly pyritic.




Lithologic Log for Well ER-12-2

Page 7 of 7

Depth

TD

Interval Thickness Sample Laborator%/ tholodi ... 3 Stratigraphic
meters meters Type 1 Analyses Lithologic Description Unit
(feet)
(feet)
Interbedded Shale and Quartzite with lesser Sandstone: Shale is
black (N1), moderately indurated, fissile, with sparse pyrite.
Quartzite is dark-gray (N3) to grayish-black (N2), very well indurated,
mostly very-fine- to fine-grained and generally coarsens downward to
include some medium- to coarse-grained beds, moderately to poorly
1,874.5-1,995.2 120.7 DA PTS. XRD sorted, subangular to subrounded quartz grains and chert fragments,
(6,150 - 6,546) (396) ' silica cemented by mostly chert. Sandstone is similar to quartzite
but appears to have substantial amounts of calcite and/or dolomitic
cement. Eleana
Formation
Quartzite and sandstone beds are generally less than 3 m (10 ft)
thick and become more abundant towards base of interval.
Quartzite and Sandstone: Quartzite is grayish-black (N2); well
1,995.2 - 2,097.9 >102.7 indurated; mostly fine-grained, well-sorted, and subrounded grains of
(6,546 - 6,883) (>337) DA PTS, XRD quartz, feldspar, and chert; weakly calcareous and pyritic; 25 to

50 percent chert and dolomitic cement. Interbedded with black (N1)
shale and siltstone below approximately 2,072.6 m (6,800 ft).

1. DA =drill cuttings that represent lithologic character of interval; DB1 = drill cuttings enriched in hard components; DB4 = cuttings that are intimate
mixtures of units, generally less than 50% of drill cuttings represent lithologic character of interval; SC = sidewall core.

2. Completed or planned laboratory analyses. PTS = polished thin section; MP = electron microprobe; XRD = x-ray diffraction; XRF = x-ray

fluorescence; Fe? [Fe®" = wet chemical analysis for iron. See Table 3-2 of this report for additional information.

3. Descriptions are based mainly on visual examination of lithologic samples using a 10x- to 40x-zoom binocular microscope, and incorporating
observations from geophysical logs and results of laboratory analyses. Colors describe wet sample color.

Abundances for felsic phenocrysts, pumice fragments, and lithic fragments: trace = only one or two individuals observed; rare = < 1%;

minor =5%; common = 10%; abundant = 15%; very abundant > 20%.
Abundances for mafic minerals: trace = only one or two individuals observed; rare =< 0.05%; minor =0.2%; common = 0.5%;
abundant = 1%; very abundant = > 2%.
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Appendix D
Geophysical Logs Run in Well ER-12-2



Appendix D contains unprocessed data presentations of selected geophysica logsrunin
Well ER-12-2. Table D-1 summarizesthe logs presented. See Table 3-3 for more information.

Table D-1
Well ER-12-2 Geophysical Logs Presented
Log Interval
Log Type Run Number Date meters feet
CA6-2 11/27/2002 6.1-182.3 20-598

Caliper CAB6-3 12/18/2002 234.7 -900.7 770 -2,955
CA6-4 01/16/2003 853.4 - 2,094.0 2,800 - 6,870

Epithermal Neutron DSEN-1 12/19/2002 237.7-903.1 780 - 2,963
(porosity) DSEN-2 01/17/2003 891.5 - 2,096.4 2,925-6,878

Densit SDL-1 12/18/2002 237.7-903.1 780 - 2,963
Y SDL-2 01/16/2003 891.5-2,096.4 2,925-6,878

Induction (resistivity) HRI-1 11/25/2002 3.0-398.4 10 - 1,307

Dual Laterolog (resistivity) DLL-1 12/18/2002 246.6 - 899.2 809 - 2,950
g Y DLL-2 01/16/2003 891.5-2,092.5 2,925 - 6,865

Spontaneous Potential SP-1 12/18/2002 246.6 - 899.2 809 - 2,950
P SP-2 01/16/2003 891.5-2,092.5 2,925 - 6,865

GR-2 11/25/2002 3.0-393.8 10-1,292

Gamma Ray GR-9 12/18/2002 237.1-884.5 778 -2,902
GR-14 01/16/2003 891.5-2,084.2 2,925-6,838

Full-wave Sonic - Delta T FWS-1/GR-10 12/19/2003 237.7-899.2 762 - 2,950
FWS-2/GR-16 01/17/2003 883.9-2,093.7 2,900 - 6,869

Spectral Gamma Ra SGR-1 11/25/2002 3.0-393.8 10-1,292

( otasiium thorium urazium) SGR-4 12/18/2002 237.1-884.5 778 -2,902
P ' ' SGR-5 01/16/2003 891.5-2,084.2 2,925 -6,838
Chemistry/Temperature Chem-1/TL-6 01/19/2003 899.2-2,097.9 2,950 - 6,883
Thermal Flow Meter TFEM-1 01/19/2003 883.9-1,768.8 2,900 - 5,800




5883 ft

Northing: 4114354.&6
Basting: 577822.3 m
Surface HElevaticn:4705.3 ft

Drilled Depth:

01/24/2002
840332, 03030025

J. Wurtez

Stop Date:
Proj MNo:
Geologist:

D-2

Tucca Flat Drilling Program

11/20/2002

Start Date:

ER-12-2

08/20/2002

UGTRE/ SHAW
UnitedlDrlll Method: Air/Foam Rotary

Well Name:

Date:

Envircnmental Contractor:

Drilling Contractor:

Preliminary Log for Informaticn Onl

T 1 1 EREREREE T 1 T V|1 T T
i i i i ' ' i il i '
Fr T Fr FrfTqa-f-rrr a Fr FriT FriT T - rH
i i i vl 1 ' i i H i
Lo 1 Lo Lolafo] L 1 | Lol Lol 1] L]
T T TTT17 i T T[T T T T
| | i AN i i i i i ' '
b o] - b ot d e e o 44 X EE FLtd FLtd 44 - L
| WIa 1oL 1] [ [ [ i '
[T T L T Ly | Bl | | 1 1
how F + PEL S A==+ T+ +44 et Fet+ Frts + - rH
20 i i i (15 T HHHHE H i[h H H
= | | I Ll Ll ] il il ] 1 1
- (3] T T T [TTTTO7 [TTTT T FriT rrfT rrrTY T -
— 2 i i i R RERE RN i [ i i i i
m iy e i e e b (e ek el o d r+. -l =R
C.l I 1 T AR 1 L i i 1 b, 1
— I 1 1 1 1 1 I 1 1 1 1 ) ) ) 1 ) ) 1 ) 1
ke 1 Lo Fodadamfedad adade ada Lo N Lels H hy |
] i i A NERE RN AR i [ [ [ ' '
i i i R EERE R i i i i if i '
Fr EE Fr Friada--rFri14 EE 14 Fri FriT Friv T -rH
i i i A N i HE A i i H '
L I 1 oo vl I il s il vl 1 '
rr T rr Fr7117 r117 11 rfr{rfr FerT T T I
i i AN i [ il ] i ] i i
t t t -t -+ 1t - B -t 1 1
i i i AN | AR i ] i i
Lo 1 Lo Lolafo] [ aade afae Lol L f]a 1 L]
T i i I i i b T[T T T T
| i i AN i ] i) i ] ' '
L 14 L FLLl ] 14 dia4ojadqad g LA L J4pLia 1 L LL|
i i i TTT0 i T ey [ v BN i h
i i i AN i AR i ' ifa]a]s i i
Lo 1 Lo Felada] 1 R I I A T N n adfla 1] Lo
i i i AN i ENORannE [ I T i '
Sy | i i | i K il ] i ' vfa]a] ' '
ok .- - L EL - - - EX EL O Ll = EE O LR T LY | = k|
s | i M T | ] o I bl i T : :
: | H
] k- o e b i L pad i b 14 gk ot By i 1 =1 ¥
o i i i [ HR ' i ' HEE ' '
T &5 i i o K i ' i ' if il '
= Fr Fr Frteda- LS 14 Fr FriT Fr Friv riT - rH
a i i A b i HE ' i ' i i '
i i oo i I slad ] i ' sfo]o]s AN '
Fr Fr FTTT5" ™ ™" T rrr rerT - r ] ~rrTY rfT s
| i AN i ] il ] i ' ifa]a]s i '
Lo LL Lolafo] 1 EN N N N N R N Lol | ala el [ N N Y
T T T T [} T T 1 ) ) 1 ] ] ] 1 ] 1 ) ] [ ] ) il
i i AN i ] il ] i ' ifa]a]s i i
L L FLLdl ] 14 104 g U N R LA -} L J4pLia Lii] - LL
T i T i T 1 [ T N T T
| i AN i ] il ] i ' ifa]a]s i '
| I i I ol il i i i L il i il i H
T i (R i (R IR B t EEEEEE T 0
| i | i K il ] i ' vfa]a] i '
o ke ke P 4+ ada adadef e Y L - s R i [ L H
° | I NN i N Vo [ I R [ '
o i ! ! ! ! ! ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[T [T TTT777| T7 T T rfr 'rfT ' r AT prfy rfT |
i} | i AN i I il ] i vl i '
= ko ko Lfada 14 ada adadfe N Folada Luela vlal Lol
[T | I REEE | | 1] ] N ] [ RN 1
= O i i RN i i o] i ' if il '
Fr Fr LR EEE - - T{aq-rfr FriT Fr Friv riT - rH
L T T T 1 1 HHHHE HE 1 HH HH T
L L Lyad | 14 1 g U N R LA L L1 Lii] L L}
W 02 ’ ] T ] A L | i i I
a i | v | i ' ' ' il K
0 A i i Ll i HH i i i HH H
=] 17T rr T b Fr T M I
o I 1 1 1 1 1
. ke + E - e
) i _ _ o b B L
& i i ' T T i3 h b
T T T T -r T FrrrT1 ey
i i i i ' ' ifafifo]e ]
. h h il I L il i B
o
L)
5
=4
=
| ' 1 1 | ' 1 ' ' '
| 1 ™ i It 5 i i 1 i
| ™ 1B i I h 1 ' ' 5]
| 1 2 1 Il [ 1 ' 1 v
o -1 iE B i | ™ 3 .m .m '
| B i i i ' i ' ' '
4 I T L 5 | 1B 5 B H=0 H=0 iE
A EEREINTY: B ! 1 ! iy B N
_Wm [ L)) u () w _m ,m -M _m -m w B -mw.. 1B
=] = [ m [3-=-1} _m ,m 1 _m .m 61 =] .m =] I
1 ] [R7) 1 | ] 1 ] ] 1
28 1F iHE R 8 EE B R
T e ey , 1 1
|||||||||||||||||||||| y !
A P e i SRASANEN
'
& :
'
Hd H u
E= = g
% EILTT
e
< < (=1 < <
Wm SN f=3 Il =3
PE oo o8 2 &
]
T T T T T T I T T T AT
=] P oo o oo o O oo oo oo oo oo o oo o oo oo oooCQoooooCooooo0oooooooooooooooooooo o o0
R O o0 o0 0000 o 0CO0C000C0C 0000000000000 C0000CO00C0C0000CO00C0C0000CO00C0C0 000000 000000000
pt Lo B B T S A R e s T T ™~ = w - o T T o O T o T T = v o s T o B T 0 I I g v I e T O o I M T v = B o I O o B 0 B~ S R B B o B e oy B T T v B <1 ]
ef L T B T e T e B BT A O B B B4 IO I oA o N N < o T T T o B T T T T U = - S = R i s T T B B T B T R T A TR B T R I LI R (w  < Co
o=




Il
-
a4}
wl »
=1 =]
=4
| 2 = en
. Y =)
=l enf S oo
wil of Of o
i el oA
=l e 2] -
Ao | =
—Al | =] e
ol Ml 1) e
w| Al D
o [£a] ]
o -
af m o =
Hl S ol v
=1 A ]
B A=
ol w| al A
of @] 3 A
= e ] =
Ly
[}
=1
=
o
[l BE=1 &)
f=3 oyl QR
s =] I
=+ - =
cifen| =
s
e -
o| o =
e
|| -
L} FE]
Ll ] @
8| 2| &
Lo}
o o
o1 o] O
2 B D
s e

Yucca Flat Drilling Program

11/20/02

Start Date:

UCTRE/ SHAW

Caliper
inches)

(

. -

T
[

Gauma Ray
(BFT)

ldajo.o

T
-t

— T T
—F-r-t-1

I RIS

-SSR U U - S -

T
==f-r-r-ady-a-

S U U 3, - S -

Spontansous
Potential

()

400]0

i S it Sk s s |

1

LR B EE bk bt

P

—-b-L-d

[ U A S

RN U VRN . S

Resistivity
{chms,/m)

15oo0]-2zoo

coorporo o

--rfp-r-t-a-a- e

abemabboLoaoan

[ AR - ——

(SR B . UL . .

Feeabamatb

Water
Level

D-3

UnitedlDrill Method: dir/Foam Rotary

ER-12-2

1 1 1 1 1 1 1 [ 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 K] & 1 1 1 1 1 [i= 1 1 _ﬂ 1 1 v
i ' ' ' i i i i i ' i i ' ' '
=0 Lew 1B OHE _ _ _ _ B e . ‘5 ' B '
gy <h _mL [ B aE I I 5 1 g 1 1H B Ita 1 15w 1
- [ .W ET .Lm _LM _LM _Lm 1 1 13 _L—m.m 1 1 1om =]
A e Lt H o 1k 1l 1 1 15 15 = = 15 1 HopS 1
Bfaie iBd e HE JE ldE _ EE ER: _ R ER
SEEE Ha EE HE H5 HE = e H-R= -] 5 B HaRS Ha
el g B el Byl B s B Lae B Lam e @ im0 mma H s o o o 1
R T e ] ' ]
i)
= 1
o
friasl 1
b5 2
v} bt
“
I R R e e
b o o c o © © © ©o © © © © © ©o o o o o ©o o o o o o ©o o o & o o o o o o o o o o
= nooo L= Y B = T T = ST, B = SN N = ST ST~ SR BT = Y, B SN, = SN S~ ST B = ST, S = SN, = SN, S = SR S-S, B ST, BR= SRNNY, BN ST
..m — o [a) - =+ u u o L - [ w0 L) & o =] L= — — ™ ™ o L) =+ =+ u ul o o g g «© o & k) L= o
A4 A4 A A4 A A A A A A A2 A A A ™A ™A A A ~A ~ @ @®

08/25/03
Envircnmental Contractor:

(ft)

Preliminary Log for Informaticon Only
Depth |Depth

Drilling Contractor:

Well Name:
Date:

L = L s s e R s s e o e L R L L e s e o = L= e s e s = s s e e s =R =R =R s e e e s = I s D= B =R s e e =]
oo CO0OQCCC0COCCCCOCCCCOCQCCCC0O0CCC0oOCCCCOCCCOCCCC0OCCCCC0OCCC0OCCCC00CCC0OCC0CC0CCCO
LT I T T T R B I T AT I - - R T o YL~ = = = T B By B T B T - B B B Bt I R T B R B B B B B - Ty B o B B e B B o B T I R

L e T B T B T T T B B T o= B R I B O < B T T T T T T T B R T - S T e L BT oI R BT R o Y T Y T - - I S I )




4114254 .6 m

Easting: E77823.3 m
Surface Elevation:4705.2 ft
Drilled Depth: 882 ft

Northing:

01/24/0%
840222.02020035

J. Hurtz

Stop Date:
Proj No:
Ceologist :

11/20/02

Yucca Flat Drilling Program

Start Date:
UGTR S SHAW

T T T N T T T T
1 1 ' v ' K 1 1
F+ F+ Bl 1] Fr -t Fr - rH
1 1 1 | 1 K 1 1
LL LL a o ffa] | L Ll | L L]
1 1 1 R ] [ T T
1 1 ] ] 1 A 1 1
F+ F+ Bl 1] Fr Frte Fr - rH
— ! 1 | 1 K 1 1
H u 4 Iy 4 N L Lol L L
O I | 1 1 v [ 1 [ T T
a2 _ _ _ : HHE : A : :
AT Fr T Fr r Bl el B R Fr FriTin Fr -
] 1 1 1 1 1 | 1 1 .F... 1 1
ek e =Y - . Sk NEE RNy L L
— 1 | 1 1 ] e fr]n il [ AN T
Fr L r -r a-r a-rFrir a-rfr FriTdn Fr -r |- P
1 1 1 1 AR AR AR R K
kL 14 L - adcbdadod bl a4l Fotadod el S A
1 1 1 I AR OEE N [y [
1 | 1 1 [ RN N R [ tlafafa]s A
Fr T T —-r afrprfr{agrprie afrfr Friv{arfr -r | rH
1 1 1 1 AR AR AR R K
L L L L Fil i il i e Ml il il i e e i i
T T T T T N NN NN T
1 1 1 1 K | AR AR R K
s ad “ e ad [ A . Fotadad el S iy 8
1 | 1 1 1| v [ [ K
1 1 1 1 1 1 ] 1 AN 1 1
y 3 += - == - Fr rreda [ o, I EEEE T = FH
1 I 1 1 ' ' i g vl K K
- rr T T -r a rr rfFvf A Fr 111 rr
1 1 1 1 1 ' 1 i) i 1 |
& L1 1 1 3 Il 1 1] v
T T P r
M) 1 | 1 1 K
4 Lo Lol
o % v h Rk v
1 1 | 1
U a e b )a] | L
1 ' o] '
- 1 vl 1
= Fr ~Frt -
o] 1 ) ]
' AN 1
“2 b1 Fr = rTT Fr
1 1 | 1 1
a | o fo ) | mn
i [ T T
1 | 1 1
1 1 1laly 1 L
1 1 NN 1 T
' ' | ' 1
T At b -t Fr Fr
' ' | ' 1
+ A L EREBEN s s
[ i T [ I T
I 1 1 | A 1
- Lo NS . L
g 1 v [ v 1
] ' AN ' 1
STy a-rrr = rTT arfr Fr
5 o | e 1
o . NS S B Jafti L
o) g T EF R [N (B 1
=1 ] IHEK o[ 1
st a-rfr ) -t Fr
= | if o] I 1
i ek HEH i b n
i v 1] 1 [H'
—~ L L i T
g REEAR: N R RARARE b o
| R 1 AR
Ml I 1l L Ml i I
o
L]
2 [
L]
=4
| ' ' ' ' ' ' | ' ' ' 1 ' '
| ' ' ' 1 1 1 | 1 1 1 1 ' '
| R 18 & 1 & | i | | | i : :
| ' ' ' 1 1 1 | 1 1 1 1 ' '
g HR l , v I ! ' H H
59 | o 1E aE B 1E 1E i = | g i i e
B Low 1§ iE 5 i i i i | 1= g 1 1 1
- iz ow G B I I I I | s 1= ' ' '
- BT - T T T | 'E e 5 iz, g,
B g '‘gE g A A A | 1 | 1 [ [ [1=]
2 E “Dm i 0 L ol ”m “M B E “m “mm “wm i
| 1 1 1 1 1 1 i 1 1 1 1 1 1
g
RN - S ki i JBE 8 HE e 8
T T e ki i e i “ ] |

UnitedlDrill Metheod: Air/Foam Rotary

ER-12-2

08/ 25,03

Praeliminary Log for Informaticn Only

Environmental Contractor:
Drilling Contractor:

Date:

Well Name:

. . . .
Lo, 1 Vo H H
ot : . : :
H'o ' = _m 1 '
o : I . :
&z 15 I LiE !

AP B Ll ]

. o
.-hL\IJ = o j=] o (=] o o o o o o o o f=] o (=] o o o (=] o o o o o o j=] o (=] o
o g u < u =] u L] u k=] ul L= ul k=] ul k=] u L= u L= u L= u k=] u =] ut (=] U =} u
— — o~ [0 I+ B - B o H S (T BT L B ) LB o | & woooW W s [~ o m & LB =) f=]
% e e e i | - M M

LML) e e L rTTT _ T I T T

o e = B R s e s R = e s e e e R s e = e e s o e B L s e s s o = s e = e e s s e s s s B = = s B = = R = e
PR L R = = R L o e e e = = L o e e s s e s R s e = = e o e = e e s s e == = s e =R = = e =
pt L B I T T I e T N U T Y o A o T o LI v I o« w R s T O 3 T ST v o« « o O e o T (T v s« R s IO O O AL~ B o N o e B o T N I I e R
o L B T B T B BB B B T TR T T Tt N B ot B T S . S T T P P I T T T U T~ T U L T TS STy Yy BT BT T By Y B T R R X O~ U+ ST S T T+ B
s

D-4



4705 .3 ft

GER3 ft

4114354 .6 m
E77833.2 m

Northing

Easting

Surface Elevation
Drilled Depth

ER-12-2

Well Mame

08/20,/2003
Environmental Contractor:

Date

o
o
=1

[l =
f=2 eyl
o|o|
Ll Il B
s ] )
= -] =2
ol o =
T
| e
(=3 =] B =]
e
w| @l -
o} 2
L oeepom
&l 2|
o}
o o =
o o] O
L H D
L] e O
5
d B
o a
Q o
H| o o
[=1] =] =
=1
fox m
=] e 5

-l = g

e =

| ] H

Al = ~

Hf— e
= “

Rl )

mf

—| @

ol =

w| | &

of Hfw

o @ -}

£ &l 6
1

o

=

Drilling Contractor: UnitedlDrill Method

I 1 B 1
1 | L N L
1 1 [ 1
44 - L FLid - LH
T T rfa
-~ 4_- L L i
H [0} in 1 1] 1
a0 T Fr regT -
= | 1 i 1
- T Fr T Hi
EE ek H BRIRIRAEYR H
b il f . H
mwi Pl fr e frfrprjrfrf g 1
— R EEECEIEE EX T EEER Frred---rFrte 3
vl vl
o oo o] i o ot o o Y EE Frtadadambnls 1
vl e vl
Fodadafepedada b Fotada]ofeds
vl e e ey [
+ L B R HAHH
el 1 ] B HHEE
] Fedadadrbedsdadf-r IR e
™ 1 [NERRRRE R A
Folado|cbodada o Loladad s
@ CT ST e T
R R Ny I A LI U P U
2 g [ I T e iy
=] vl e A AR
i FryTqa--rrry1ar Frre{arfprfs
o E vl fefrfr]f o]
g & F+i4q--|-F+14q4-|-F Fri+d44-+Frt+
oo vl A
.ﬂ._m oo N A R Ny Y A T Leladad el
CT ST e T
rU I Ayt IRy R AU R N By
o T eI T Ly
i} vl e 1 AN
Frgtq-|-rrr1gqa-r
2, g AT a_wr
“ T H
= T T
m : -
= '
Fr
a
=] -
=] '
iiz i
i H
e H
5 E i
Fr
= 1
o Fr
2, iy
2 m m
& b Lt
p ; [+
il
= ! |
I r r
i 1 H
1 1
@y g H e
1 1
3 W i ¥
1
Y o s
s ' 1
—| v h B
ol e = L
o 1 1
(] Py h H
pirge
ola'e
Sk
ML =4
) 1 L] 1 1 1 1
= ] ,m 1 1 ] 1]
1 | [ 1 1 [
Hlo o ™ a & 5] ' .
[o] ST 'H B 1= _m ' '
3 ' i i H o ' w ik
[ LW e K i ] \ &l \
= il B 1He 1 = e 5 e
f 34 m 10 e 1 14 B 1] E =
o _._.la% .- [ER] 15 & 15
H T T ; FETERIEY
o]
[
o
aQ
S|
1= = k= k= b= k= b= =] b= k= b= k= =] k= = o o =} o L= o L= =] L= = L= o o o =} o L= =] L= = L=
ol ez nl 0 ¢ o & v & an & o & w & o & a8 & ow & o & o n & o & o & o owm & oo S an &on
g o o LT T Tt~ T T T O = = S R SO RN R SO SO N T Ty SO ST S S - A« R S = S =
[l T A A4 A A A A A A A A A A A A A A A A A A ®Mm Q@
Bl N=]
E T
e o 00 0000000000000 00000000C000C000C000C000C000C0000000000000C000C00C00 O
—| o o S0 0080080000000 00000000000000000860000000000000000000000000C00
ol w L R R A A B A R e e - R B I e R - I I B B B - S~ N = e I S TS~ -~
s L T B I T B A S AR B < I+ 2 N BT A T O T T T T T T T B T T T S R B B s B Y s B Y T - I - - T - R -
o [}

D-5




4705 .32 ft

5883 ft

4114254 .6 m
E77823.3 m

Surface Elevaticon
Drilled Depth

Northing
Easting

01/24/2003
B40333.03030036
Wurtz

J.

Proj No
Geologist

Stop Date

air/Foam Rotary
Cnly

11/20/2002

Tucca Flat Drilling Program
Start Date
|Drill Method

ion

United

Log for Informat

ER-12-2

08/19/2003

1Minary

Envircnmental Contracteor: UGCTA/SHLW

Drillng Contractor

Well HName
Date
Prel

T T T TTT T T TTT TTT
3 2 ] 1 Lofad n 1 Lofad m
a 1 1 1 T 1 T ) 1
. - L 1 R L L 1 R O
o i i T T T T T T
— m - 4 1 FL11] L 1 FL11] Ll
o W | 1 T T T T T [
Ll a o4 4 LLilJ L 4 L1l Ll
o, ] i T T T T T T
—_= a1 1 Lolad L 1 letad Ll
— ) | L 1 N ] 1 [ [N
e ) [ bt 4
a.m | 1 T N T i sl Ay
oz - K 4 FLidd L N Feiad LLis I
| 1 | v T | v T v
2 J a4 1 Lol L 1 Lol Loy L
a | [ 1 ey 1 [ [N [
Q a4 1 Frtada 1 ot Lt {
- | ' ' TRHOE ' I [ '
| H L Hl B i i L il il i H
i 1 T AR T E Bl 1
o
a a 1 Loladada oty ol Lol L) .
: | 1 1 vyl RO E [ T ]
] - a2 1 Foladaodlily aJadfly Lol Loy L
o} | [ I [y NN [ T [
—~ 4 4 Foladadfbils adadbda Lulad Luda =
I | i T AR R KR T T ¥
- - 4 4 Foladadfbils adadida Lulad Luda "
= | 1 | YT T 1T v T v
ﬂ =, 1 H H ladada el o i vl i
| 1 T IR REHE BB RHE [ T
g2 . AT L A AT AT
H J ] 1 Folado bd-rr] [ T S A Lol Loy L
| ihriy (1] i RO EE [ T v
= 2 - - FE 1 = = ] Luda adadbda Lulad Luda =
= 2 | I i T T T R KR T T ¥
. ] - L a4 1 Frtada Lt ajat b ta i1l T EEEENEN
~ | | 1 1 i i 1 i N Tnnnn
. H L il I L i il i il I i
= T T T T T T T[T H BN T T[T T
a a 4] L L a 1 Lulada L ofa]old L) Lol Lodadad o]
. 1 | I NN 1 i i T [ i
a a 4] L I 1 Lulada L ofi]ald L)1 Lol Lodadad o]
mm [ I | I NEEER RN 1 i [ [ [J DN i mn e
=4 a 4] L N I Y 1 Loladadafotada] L ) Lol Seew N ENNIA
[} i ] [} ] ] ] 1 1 1 1 1 ) 1 1 1 . ] 1 1 ) 1
2w - - L dalale PR 4 Luladadbilada oy Lulad Luda il
o oQ | | I | 10 | NN R e T T v T v
0o o -4 dddallfL -l FEN] 4 L = ey I Ll Ly Lulad Ly Ll
i 1 | VIO 1 ikl ] NN N Y T [ T
- - . ] 1 Lulad Lodadod o buladadf ity Lulad Luda il
fe ] | | ™ T vl T Ty ol N I i I i [
0 o a4 PR, JR R gl g g I I Y Lol el [ Loy Lol I g e i A
fT] | I IO T [ BN [ T [ T [
B a - L - PR 4 Lulad Ledada Lis Luda Lulad Luda Ll
k=1 1 ] [} ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ) 1
: - L - PR 4 Lulad il Lis Luda Lulad Luda Ll
g 1 v 1 177 | T N T N T N I
I I I ! il i il I il i il i Fl I I I il i
o | 1 AR 1 V[ o] V[ [ AR V[
: - " ERC LY EEET £l Frte Frtrd o Freed= £l =r = r}H
2 1 1 1 ) 1 ) 1 1 ) 1 1 ) ) ) 1 )
AT 4 v 1] H L HH B Lilidd L
| i 1 ' ' il il A ' K
ToE 4 L 144 4 LL Ll Lol Lelids Hadiih
BED 1 ! | i ' ] i fafa 1] Lk
- - - Fr T4 T Fr FriT i, Frisda I rH
] 1 ! 1 1 1 1 1 [} L L 1 hﬁ 1
Wm% = r Rkl ] FrTT Fr I 1 i
| 1 T 1 9 i vl vl 1 '
“R=-] e L L 5 Ll
T s 77 T r rrT rrT rrT T [ 1
o2Tsg ! 1 afal 1 Lo L1 L1 Lofa] [ L B
i T T T T T T v
mo— 2 142 1 Lo LLly LLly Lol 1 L
. ] T T T T T T v
& 3 PR 1 L Ly Ly Lolad 1 RN
a N 1 ' T T [ 1 ]
I Ll H H il i il i il i H H
I
L)
4 [
o
=
| i i i i i i “W i ] i 18 i
=
| 1 1 1 I 1 ) 1 [ 1 [ )
4 ' ' I & | W | VE ' B '
=] 1 1 1 | 1 [§=] 1 18 1 = 1
& i i 1l 1 = 1= = _m 15 i g 1,
o 1 . 1= | I 1 1w i = 1 ' ' I
5 Boig 1B B E E e H 1A 2 i H : :
= R B S ” E e g s 2 : e :
a g it Fwo | = : _ e ' : : :
= G H H a =
a 3= (=SS I (. [BE] a3 - [ 1 (s [re]
E 1 B | b s 'y =1 3 H 'y ' iy [
s A=k o I ' 1 e IH 1 1B 1 e
m 2] _mm _% ,% % _m (R R m _m 181 .m 181
HE E @8 4 8 B - aonid I i I 15
R ALY T SR P L ma—mmmem \ \ '
2= = s
D
i} n 1 1 1 1
o ] ' g ' '
H s 3 E VB :
55 nE o8 g [
wn r o - e
\ Famt =
T
=} kP ¢ ¢ © ¢ ¢ ©o ©¢ © © e ©¢ © ¢ o <o o o ¢ <o o o o o <o o oo o < < o £ oo < ° o oo o © 9 ° o o
R I S R~ S T = S B = S S = S R = S S = S SR = S S = S, SR = SN S = ST SR = S =S, ST S N-= S, S = =S, =, S = S|
o E L R T T R - T R = S R B T TR - S SO S T ST BN - SO - B O Y - SR - B S S = S
o = — — — — — — — — — — — — - - — — = = — — Il ™M
=
T
._hL) P oCcCoC0CC0CCDCOCO0CCCDTOC0C00CTO0C000C0C0CCTCO00CDCC02O00CC0C0CTTO0C0CCCTOCC0CTOCCOO
o 0SS C000CSSCoO000CSSC00000CC000C000C0C00C00C0000C0CC0O0C000C0C0C0CCC0O0C0C0CC0C0SC0C000C0S0S00S0 0
o R R T R R A e e R R - e A R A R R R - . e R A R L R R A - s ]
%( R e e B R B A I B I < I I o I O B B o T T T B T B S B I T - - - B T T T T T Y Y T I I - - A

D-6



Distribution List

R. M. Bangerter

U.S. Department of Energy

National Nuclear Security Adminigtration
Nevada Site Office

Environmenta Restoration Division

P.O. Box 98518, M/S 505

LasVegas, NV 89193-8518

U.S. Department of Energy

National Nuclear Security Administration
Nevada Site Office

Technicd Library

P.O. Box 98518, M/S 505

LasVegas, NV 89193-8518

U.S. Department of Energy

National Nuclear Security Adminigtration
Nevada Site Office

Nuclear Testing Archive

Public Reading Facility

P.O. Box 98518, M/S 400

LasVegas, NV 89193-8518

U.S. Department of Energy

Office of Scientific and Technicd Information
Post Office Box 62

Oak Ridge, Tennessee 37831-0062

K. A. Hoar, Director

U.S. Department of Energy

National Nuclear Security Adminigtration
Nevada Site Office

Environment, Safety and Hedlth Divison
P.O. Box 98518, M/S 505

LasVegas, NV 89193-8518

P. K. Ortego

Bechtd Nevada

P.O. Box 98521, MS NLV082
LasVegas, NV 89193-8521

Copies

2

1 (electronic)



Distribution List (continued)

John McCord

UGTA Project Manager
Stoller-Navarro

7710 West Cheyenne Ave.
Building 3

LasVegas, NV 89129

Stoller-Navarro Library
Stoller-Navarro

7710 West Cheyenne Ave.
Building 3

LasVegas, NV 89129

W. L. Hawkins

Los Alamos National Laboratory
P. O. Box 1663

Los Alamos, NM 87545-1663

G. A. Pawloski

Lawrence Livermore National Laboratory
P. O. Box 808

Livermore, CA 94551-0808

T. P. Rose

Lawrence Livermore National Laboratory
P. O. Box 808

Livermore, CA 94551-0808

B. K. Thompson

DOE/USGS Cooperative Program Manager
U.S. Geologica Survey

Water Resources Division

6770 South Paradise Road

LasVegas, NV 89119-3721

C. E. Rus#l

Desart Research Indtitute

755 East Flamingo Road

P.O. Box 19040

LasVegas, NV 89119-7363

Copies

1





