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Completion Report for Well ER-8-1
DOE/NV/11718--854
ABSTRACT

Wl ER-8-1 was drilled for the U.S. Department of Energy, National Nuclear Security Administration
Nevada Site Office in support of the Nevada Environmental Restoration Project at the Nevada Test
Site, Nye County, Nevada. Thiswell was drilled in October and November of 2002 as part of a
hydrogeologic investigation program for the Y ucca Hat/Climax Mine Corrective Action Unit in the
northeastern portion of the Nevada Test Ste. Well ER-8-1 islocated at the north end of Y ucca Flat
goproximately 580 meters south-southeast of the surface exposure of the Climax granitic intrusive.

To construct the well, a 1.22-meter-diameter surface conductor hole was dry-hole augered and cased
off to adepth of 35.7 meters below the surface. A 47-centimeter-diameter surface hole was then
rotary-drilled to the depth of 488 meters and cased off to the depth of 333.2 meters. The hole
diameter was then decreased to 31.1 centimeters, and the borehole was advanced to a depth of
652.6 meters and cased off to adepth of 577.8 meters. Hole size was reduced again to

25.1 centimetersfor drilling to atota depth of 872.6 meters. Air-foam in conventiond circulation was
used for the rotary-drilled portion of the borehole. Problems encountered during drilling were
excessve doughing of borehole wall materid due to borehole ingability, and lost circulation. The drill
pipe and bottom hole assembly became stuck at the depth of 872.6 meters, and were retrieved only
after severd days of effort. The project was unable to complete the well as planned due to persistent
hole doughing, and work at this site was suspended on November 12, 2002. A completion string has
not been ingtaled, and fill was tagged at the depth of 629.4 meters on November 12, 2002. A water-
level check conducted on April 25, 2003, which found no water in the borehole, and the top of fill
remained at 629.4 meters.

Detalled lithologic descriptions with ratigraphic assgnments are included in this report. These are
based on composite drill cuttings samples collected every 3 meters, and 21 sidewall samples taken a
various depths between 351.1 and 573.0 meters, supplemented by incomplete geophysical log data.
Detailed petrographic, geochemicd, and mineralogical studies of rock samples were conducted on

22 samples of drill cuttings. Drilling began in tuffaceous aluvium, and the borehole penetrated Tertiary-
age bedded tuffs of the Volcanics of Oak Spring Butte and carbonate sediments of Paleozoic age,
which were encountered at a depth of 334 meters. The borehole unexpectedly penetrated granite at
the depth of 538.9 meters in which drilling was stopped. Contact metamorphic rocks and intrusive
dikes associated with the Cretaceous-age granitic intrusive and at least one significant fault zone were
encountered.
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1.0 Introduction

1.1  Project Description

Well ER-8-1 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. Wl ER-8-1 isthe second in aseries of five wdls drilled as part of the hydrogeologic
investigation well drilling program for the Y ucca Hat Corrective Action Unit (CAU). Datafrom these
wellswill dlow for more accurate modding of groundwater flow and radionudide migration in the
region. Some of the wells may dso function as long-term monitoring wells.

The Yucca Flat hydrogeologic investigation well drilling program is part of the NNSA/NSO
Environmenta Restoration Divison’s Underground Test Area (UGTA) project at the NTS. Thegods
of the UGTA project include evauating 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 developing computer models to predict groundwater flow and
contaminant migration within and near the NTS. To build and test these models, it is necessary to
collect geologic, geophysicd, and hydrologic data from new and existing wells to define groundwater
migration pathways, migration rates, and qudlity.

The Y ucca Flat hydrogeologic investigation well program is dso part of the Corrective Action
Investigation Plan (CAIP; IT, 2000) for the Y ucca Fat and Climax Mine CAU (Number 97)
(Figure 1-1). The CAIPisarequirement of the Federal Facility Agreement and Consent Order
(FFACO, 1996) agreed to by the DOE, the Nevada Divison of Environmenta Protection, and the
U.S. Department of Defense.

Well ER-8-1 was drilled as part of the YuccaFlat CAU Phase | drilling initiative. Thiswell isintended
to provide information on the steep potentiometric gradient a the north end of Y ucca Hat, and to
provide modeing congraints on groundwater flux into Y ucca Hat from the north.

Shaw Environmenta, Inc. (Shaw) was the principa environmental contractor for the project, and Shaw
personnd 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, inspection, and geologic support were provided by BN.
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The roles and respongibilities 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 Technica Working Group, a committee of scientists
and engineers comprising NNSA/NSO, Lawrence Livermore National Laboratory, Los Alamos
Nationd Laboratory (LANL), and contractor personnel, provided additiona technical advice during
drilling, design, and congtruction of the well. See Yucca Flat Hydrogeologic Investigation Wells
Drilling and Completion Criteria (IT, 20024) for descriptions of the genera plan and goas of the

Y uccaHat drilling initiative project, aswell as specific goas for each planned well.

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

(DOE/NV, 2002a), an attachment to the UGTA Waste Management Plan (DOE/NV, 2002b).
Edtimates of production of fluid and drill cuttings for the Y ucca Hat holes are given in Appendix F of
the drilling and completion criteria document for the Y ucca Hat drilling project (IT, 2002a), along with
sampling requirements and contingency plans for management of any hazardous waste produced. All
activities were conducted according to the BN FAWP (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 Well
ER-8-1. Some of the information in this report is preliminary and unprocessed, but is being released
with the drilling data for convenient reference. A well data report prepared by Shaw (Shaw, 2003)
contains additiona information on fluid management, waste management, and environmental
compliance. Updated geologic information (including any changesin the geologic interpretation) will be
compiled in the documentation package for the Y ucca Hat hydrostratigraphic framework mode to be
prepared by BN.  Information on well development, aquifer testing, and groundwater andytical
sampling, if conducted, will be compiled and disseminated separately.

1.2 Location and Nearby Features

Wl ER-8-1 islocated in the northeast corner of NTS Area 8 a an eevation of 1,468.8 meters (m)
(4,818.9feet [ft]) (Figure 1-2). Surface drainagein this areaisto the south-southeast, into Y ucca Hat
proper. The Nevada State (central zone) plane coordinates (North American Datum [NAD] 1983) at
the wellhead are North (N) 6,273,456.0 m and East (E) 554,151.1 m. Additiona Site data are listed in
Table 1-1.
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Table 1-1
Well ER-8-1 Site Data Summary

Well Designation ER-8-1

Nevada State Plane (central zone) (NAD 83):
N 6,273,456.0m (N 20,582,163.7 ft)
E 554,151.1 m (E 1,818,077.4 ft)

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

Site Coordinates 2 N 897,159.9 ft
E 677,918.8 ft

Universal Transverse Mercator (Zone 11; NAD 83):
N 4,118,738.4m

E 583,790.6 m
Surface Elevation ° 1,468.8 m (4,818.9 ft)
Drilled Depth 872.6 m (2,863 ft) on November 4, 2002
Current Depth 629.4 m (2,065 ft) on April 25, 2003

561.4 m (1,842 ft) on October 29, 2002 ©

: c
Fluid-Level Depth None on April 25, 2003 d

907.4 m (2,976.9 ft)

Fluid-Level Elevation None on April 25, 2003 ¢

a Measurement made by BN Survey.

b  Measurement made by BN Survey. Elevation at top of construction pad. 1929 National Geodetic
November 4, 2002 Vertical Datum.

¢ Preliminary composite fluid level on October 29, 2002, during logging operations, while hole was at
drilled depth of 652.6 m (2,141 ft).

d No water detected to top of fill at 629.4 m (2,065 ft) on April 25, 2003.

The well steis approximately 580 m (1,900 ft) southeeast of (at closest approach) the surface trace of
the Boundary fault, which forms the southeastern boundary of the Climax stock. This Site was selected
to be near the Climax stock, but far enough east of the Boundary fault that the well would penetrate the
Pdeozoic carbonate aguifer without encountering the Cretaceous-age intrusive granitic body. In
addition, the well is sited on the up-thrown block (west of the surface trace) of the Y uccafault to
minimize the total depth of the borehole required to encounter the regiona carbonate aquifer. The
closest outcrop is Cretaceous-age granite, 580 m (1,900 ft) to the northwest. The closest well is
UE-15d, an inactive water well 1.3 kilometers (km) (0.8 miles [mi]) east-southeast of Well ER-8-1.
The closest active water well is Water Wl 2, located about 5.9 km (3.7 mi) southwest of

Well ER-8-1.
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The three closest underground nuclear tests to the Well ER-8-1 location were TINY TOT (U-15€),
HARD HAT (U-15a), and PILE DRIVER (U-15a.01) (DOE/NV, 2000a). All three tests were
conducted in granitic rocks within the Climax stock. Well ER-8-1 is Sted gpproximatey 1.2 km

(0.7 mi) south-southeast of the closest test, TINY TOT. Figure 1-1 shows the locations of these tests
(and othersin the Yucca Hat CAU) inrdation to Well ER-8-1. Additiona information pertaining to
the three tests is provided in the criteria document (IT, 20024).

1.3  Objectives

Wl ER-8-1 was proposed as a moderately deep (1,066.8 m [3,500 ft]) hydrologic and geologic
investigation well that will help characterize the hydrogeology of northern YuccaHat. The primary
purpose of Well ER-8-1 was to obtain data that constrain models of groundwater flow into Y ucca FHat
from the north, and that enhance the understanding of the steep potentiometric gradient at the north end
of YuccaFlat (IT, 20023, Plate 3). The congtruction of thiswell aso addresses comments by the peer
reviewers of the draft CAIP for Y ucca Flat and the Climax area (DOE/NV, 2000b) concerning the
need for adequately characterizing the former Climax Minetest area. Note that the Climax Mine and
the Y ucca Hat underground testing aress, originaly defined as two separate CAUs in the origind
FFACO (1996), are now combined into asingle CAU.

Virtudly no deep geologic or hydrologic data are available for this complex and hydrologically
important area of YuccaFlat. A viableinterpretation for this area presented in the draft
hydrogtratigraphic framework mode for Y ucca Hat (Gonzales and Drellack, 1999) shows a
hydrogeologic barrier around the north end of the valey condsting of Precambrian quartzite (lower
clagtic confining unit) to the northeast, Climax granite due north, and rocks of the Eleana Formation and
Chainman Shae (upper dadtic confining unit) in the northwest.

Information from the completion, sampling, and later hydraulic testing, of Well ER-8-1 will be used to
enhance the hydrogeologic framework mode and provide the necessary hydraulic parameters for
subsequent flow and transport modeling for the Y ucca Hat/Climax Mine CAU. Because of its down-
gradient position from the former Climax underground testing area, Well ER-8-1 might dso be a
favorable location for along-term monitoring well.

Wil-specific scientific objectives, as discussed in Appendix D of the drilling criteria document
(IT, 20024), include the following:



e Obtain geologic samples and geophysica datathat will ad in defining hydrogtratigraphic units
(HSUs) and characterizing any geologic structures encountered. This geologic information will
reduce uncertainties in the hydrogeologic framework mode, especidly regarding:

» Extent and thickness of the upper thrust plate (Y ucca Hat) of the lower carbonate (LCA)
aquifer and the upper dlastic confining unit (UCCU)

» Character of sructurd features such as the CP thrust fault

»  Obtain properties of the HSUs penetrated, especialy detailed fracture data for overal
characterization of the UCCU and the LCA.

»  Obtain representative agueous geochemistry samples from the LCA to establish water
chemigiry and age.

Additiona datathat will help refine knowledge of the hydrology in northern Y ucca Flat will be obtained
during later hydraulic testing at thiswell, which is beyond the scope of thisreport. Specific criteriafor
these later testswill be defined elsawhere, but ultimately, Well ER-8-1 is expected to provide the
following:

» Datafor determination of vertical and horizonta conductivity
* Hydraulic properties of the HSUs penetrated.

1.4  Project Summary
This section summarizes Well ER-8-1 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 36.6 m (120 ft) and ingtalling a string of 30-in. conductor casing to 35.7 m
(117 ft). Drilling of the main hole with an 18Y2in. rotary bit, usng an air-water-foam fluid (with a
polymer additive as required) in conventiond circulation, began on October 13, 2002. A suitable
depth to set the surface casing was reached at 488 m (1,601 ft) as planned. At this point, drilling was
suspended for geophysica logging, and then the 13d-in. surface casing string was landed at 333.2 m
(1,093.3 ft) on October 22, 2002. Borehole doughing and accumulation of fill prevented the surface
casing from being set closer to the drilled depth. Drilling continued with a 12%in. bit to the depth of
652.6 m (2,141 ft). At this point drilling was again suspended for geophysica logging, and the 10%/#in.
intermediate casing string was landed at 577.8 m (1,895.8 ft) on October 31, 2002. Again, the casing
string could not be set to the desired depth due to hole doughing and accumulating fill. The borehole
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diameter was reduced to 25.1 cm (9.875 in.) and drilling continued to 872.6 m (2,863 ft), which was
reached on November 4, 2002. At this point circulation was logt and the drill pipe became stuck. The
drill pipe and bottom hole assembly (BHA) were extracted after nearly aweek of intense efforts.
Continued hole ingtability prompted the NNSA/NSO project manager to suspend drilling operations at
Wel ER-8-1 on November 12, 2002. The hole was terminated at 872.6 m (2,863 ft), 194.2 m

(637 ft) short of the intended total depth (TD) of 1,066.8 m (3,500 ft).

Water production was first noted at the depth of approximately 317.9 m (1,043 ft), and reached a
maximum of approximatdy 190 liters per minute (Ipm) (50 gdlons per minute [gpm]) before the surface
casing was ingtdled. During geophysica logging operations on October 29, 2002, while a adrilled
depth of 652.6 m (2,141 ft), the composite fluid level was measured at the depth of 556.0 m (1,824 ft).
However, on April 25, 2003, no fluid was detected in the open borehole to the top of fill at 629.4 m
(2,065 ft). No radionuclides above background levels were encountered during drilling of

Well ER-8-1.

Composite drill cuttings were collected every 3.0 m (10 ft) from 36.6 m (120 ft) to TD, and 21 sSdewall
core samples were taken at various depths between 351.1 and 573.0 m (1,152 and 1,880 ft). Open-
hole geophysicd logging of the well was conducted to help verify the geology and characterize the
hydrology of the rocks; some logs aso aided in the congtruction of the well by indicating borehole
volume and condition. The lower 290.8 m (954 ft) of the borehole was not logged due to accumulation
of fill. Thewel penetrated 42.7 m (140 ft) of tuffaceous dluvium, 291.4 m (956 ft) of vitric and zedlitic
bedded tuffs related to the Volcanics of Oak Spring Butte Group (Tunnel bed 2 and older tuffs),

204.8 m (672 ft) of undifferentiated Paleozoic-age dolomite, and 333.8 m (1,095 ft) of Cretaceous-age
granitein which Wel ER-8-1 reached TD.

The well was not completed as planned. On November 12, 2002, prior to releasing UDI, fill was
tagged a 629.4 m (2,065 ft). Wel ER-8-1 was only partidly successful in achieving the design
objectives. Thiswas partly due to unexpectedly encountering Cretaceous-age granite and partly due to
the inability to complete the well because of persstent hole doughing problems. It is possible,
however, that the UGTA Program will revist thiswell and be able to pursue additiona objectives by
the ingtdlation of a piezometer tube to the current drilled depth of the well.



15 Project Manager
Inquiries concerning Well ER-8-1 should be directed to the UGTA Project Manager at:

U.S. Department of Energy

National Nuclear Security Adminigtration
Nevada Site Office

Environmenta Restoration Divison

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 dl Y ucca Ha wells were provided in Yucca Flat Hydrogeologic
Investigation Wells Drilling and Completion Criteria (IT, 20024). Specific requirements for

Wl ER-8-1 were outlined in FAWP Number D-010-002.03 (BN, 2002), and no verba change
orderswereissued. Figure 2-1 shows the layout of the drill Ste. Figure 2-2 isachart of the drilling
and completion higtory for Well ER-8-1. A summary of drilling Satistics for thewell isgivenin

Table 2-1. The following information was compiled primarily from BN daily drilling reports.

2.2 Drilling History

Field operations at Well ER-8-1 began on September 16, 2002, when BN drillers used an auger rig to
drill a121.9-cm (48-in.) diameter conductor hole to the depth of 36.6 m (120 ft). A string of 30-in.
conductor casing was st at the depth of 35.7 m (117 ft). The bottom of the conductor casing was
cemented insde to 31.7 m (104 ft), and the annulus was cemented from the bottom of the casing to
ground level on September 25, 2002.

The UDI crews rigged up the Wilson Mogul 42B Double Drum Rig Number 5, October 9 to 3, 2002.
Drilling resumed through the cement at the bottom of the 30-in. casing with a center-punch assembly
consgting of an 18%2-in. rotary bit mounted below a 26-in. hole opener, and using amix of air, water,
and foam (“ar-foam”) in conventiond circulation. When the 18%2-in. bit reached a depth of 39.2 m
(128.5 ft) and the 26-in. hole opener had cleared the bottom of the 30-in. casing, the center-punch
assembly was removed to replace the hole opener with anew 18Y2in bit, and drilling resumed.

Drilling of the main hole with an 18%2in. rotary bit and air-foam began October 14, 2002. Thefirst
water production was noted by Shaw personnd at a depth of approximately 317.9 m (1,043 ft) on
October 17, 2002 (Shaw, 2003). Later that day, at a depth of about 396 m (1,300 ft), a polymer
additive was added to the air-foam injection mix. The amounts of polymer and foaming agent in the
drilling fluid, and the fluid injection rate, were adjusted as necessary during drilling to maintain superior
circulation and penetration rate, and to minimize borehole doughing.



Constructed Drill Pad

Over flow pipe
27.3cm (10 34-in)
pipe through berm
09 m (3 ft) down

Sump #1 from top

(unlined)

C— g —

Sump #2
(unlined)
Not to Scale @
i Equilization pipe
between sumps
Sump Dimensions |
3.0 m (10 fi) deep; sides are 2:1 slope |
Approximate outside dimensions: \ -
27.4 x 366 m (90 x 120 ft)

Approximate inside dimensions:

168 x 25 m (55 x 82 ft)

Figure 2-1
Drill Site Configuration for Well ER-8-1
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WELL ER-8-1
DRILLING AND COMPLETION

FIGURE 2-2
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Table 2-1
Abridged Drill Hole Statistics for Well ER-8-1

LOCATION DATA:

Coordinates: Nevada State Plane (central zone): NAD 83: N 6,273,456.0m E
554,151.1m
NAD 27: N897,159.9ft E677,918.8ft
Universal Transverse Mercator: NAD 83: N 4,118,738.4 m E 583,790.6 m

Surface Elevation®  1,468.8 m (4,818.9 ft)

DRILLING DATA:
Spud Date: 09/16/2002, Auger rig #2
10/13/2002 (main hole drilling with Wilson Mogul 42B rig)
Total Depth (TD): 872.6 m (2,863 ft)
Date TD Reached: 11/04/2002

Date Well Completed®  Drilling suspended on 11/12/2002

Hole Diameter: 121.9 cm (48 in.) from surface to 36.6 m (120 ft); 47 cm (18.5 in.) from 36.6
t0 488.0 m (120 to 1,601 ft); 31.1 cm (12.25in.) from 488.0 to 652.6 m
(1,601 to 2,141 ft); 25.1 cm (9.875in.) to TD of 1,872.6 m (2,863 ft).

Drilling Techniques: Dry-hole auger from surface to 36.6 m (120 ft.); rotary drilling with 18%%-in.,
12%-in. and 9-F-in. tricone bits using air-foam and polymer in direct
circulation from 36.6 m (120 ft) to TD of 1,872.6 m (2,863 ft).

CASING DATA: 30-in. conductor casing, surface to 36.6 m (117 ft); 13d-in. surface casing,
surface to 333.2 m (1,093.3 ft); 10%-in. intermediate casing, surface to
577.8 m (1,895.8 ft).

WELL COMPLETION DATA:

Completion string not installed during original well construction effort due to hole instability problems.

Top of fill: 629.4 m (2,065 ft) on April 25, 2003

Water Depth : 1. Preliminary composite fluid level 561.4 m (1,842 ft) measured during logging while
at a drilled depth of 652.6 m (2,141 ft) on October 29, 2002.

2. No water was detected in the borehole to top of fill at 629.4 m (2,065 ft) on

April 25, 2003.
DRILLING CONTRACTOR: United Dirilling, Inc.
GEOPHYSICAL LOGS BY: Halliburton Energy Services
SURVEYING CONTRACTOR: Bechtel Nevada
a Elevation of ground level at wellhead. 1929 National Geodetic Vertical Datum.
b  Decision by NNSA/NSO to terminate drilling activities. Site may be revisited at a later date.
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The borehole was advanced to the planned casing point of 488.0 m (1,601 ft) with no problems. No
fill (due to doughing of the borehole wal) had been encountered when drilling was stopped to add drill
pipe (make a connection). 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 trying to tag bottom again. Fill
was tagged three times. at the depths of 481.3, 475.8, and 474.9 m (1,579, 1,561, and 1,558 ft,
respectively). Haliburton Energy Services (HES) rigged up to conduct the planned geophysical
logging. However, thelogging tool encountered a bridge of doughed materid at 331.9 m (1,089 ft).
The drilling crew lowered the BHA into borehole to clean out the fill and bridges, and then after pulling
the BHA up briefly, again tagged fill a 442.0 m (1,450 ft). A second attempt at logging was stopped
by another bridge at 372.2 m (1,148 ft), so logging was conducted in the interval 35.7 to 332.5m
(117 to 1,091 ft).

A casing subcontractor landed a string of 13d-in. casing that has ribbon stabilizers (centraizers)
ingtalled above the guide shoe, at the middie and a the top of the first casing joint, and at the top of the
second joint. A gtab-in float collar was instaled between the first and second joints. The casing was
landed at a depth of 333.2 m (1,093.3 ft) on October 22, 2002, about 0.5 m (1.7 ft) above 154.2 m
(506 ft) of fill that had accumulated in the bottom of the surface hole prior to and during geophysicd
logging. After the stab-in sub was seated in the float shoe, the sed was checked by pumping air down
the drill pipe. Pre-flush clear water was pumped down the casing and the annulus prior to cementing.
Type Il neat cement was pumped inside the casing through the stab-in sub, followed by flush water to
displace the cement into the annulus. The top of cement in the annulus behind the casing was tagged
with atubing string at the depth of approximatdy 327.7 m (1,075 ft), and then the annulus was
cemented to ground level with Type Il nest cement. Cementing of the surface casing was completed on
October 25, 2002. The top of cement inside the casing was tagged at 307.8 m (1,010 ft) when the
BHA was lowered back into the hole. Upon drilling out the stab-in collar it was noted that there was
no cement immediately below the shoe, and fill was tagged at 336.2 m (1,103 ft), indicating avoid in
the interval 333.1 to 336.2 m (1,093 to 1,103 ft). Additionad cement was placed from top of fill up into
the casing.

After drilling cement from 307.8 to 335.3 m (1,010 to 1,100 ft) and fill/bridges to 488 m (1,601 ft),
new 31.1-cm (12.25-in.) diameter borehole was advanced through the formation to the depth of
652.6 m (2,141 ft). Granite was encountered at the depth of 538.9 m (1,768 ft), and fill was
encountered during drilling in the interval 620.0 to 652.6 m (2,034 to 2,141 ft) (see Section 2.3 for



more information on drilling problems). Drilling was stopped at 652.6 m (2,141 ft) on
October 27, 2002, for geophysical logging before ingtdlation of the intermediate casing.

The logging crew experienced difficulties with obstacles (fill and bridges of doughed materid) in the
borehole and problems with logging tools. The casing crew arrived on October 31, 2002, and landed
the 10%xin. intermediate casing at 577.8 m (1,895.8 ft). The casing was cemented through a sta-in
adapter and guide shoe with neat cement followed by flush water. The top of cement was later tagged
ingde the casing at 563.9 m (1,850 ft) with anew 9F-in. bit and BHA.

Drilling resumed through the cement on November 1, 2002. After drilling out the cement, the drillers
encountered avoid from 79.1 to 618.7 m (1,900 to 2,030 ft) and fill from 618.7 to 652.3 m (2,030 to
2,140 ft). They findly advanced the 25.1-cm (9.875-in.) borehole to 872.6 m (2,863 ft) through the
granite with little or no fill a connections and water production of less than 19 Ipm (5 gpm). On
November 4, 2002, at the depth of 872.6 m (2,863 ft), circulation was lost and the drill pipe became
stuck.

After eight days of effort, which included the procurement of a“fishing” services subcontractor, the
stuck drill pipe and BHA were successfully retrieved. However, attempts to resume drilling were
impeded by continued borehole doughing. The decision was made by NNSA/NSO on

November 12, 2002, to suspend drilling activitiesat Well ER-8-1. The UDI crew was released and
they began to rig down on November 14, 2002, moving the drill rig and equipment to the

Wadl ER-12-2 dte. A borehole deviation survey was not run in Well ER-8-1 after termination of
drilling operations, but may be done at alater date.

On November 12, 2002, approximately 243.2 m (798 ft) of fill remained in the borehole, asindicated
by atag at the depth of 629.4 m (2,065 ft). On April 25, 2003, the leved of fill remained at 629.4 m
(2,065 ft), indicating that the uncased portion of the boreholeisrelatively stable.

A graphica depiction of drilling parametersincluding 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 Well ER-8-1 are listed in Appendix A-3.



2.3  Dirilling Problems
The BN FAWP for Well ER-8-1 (BN, 2002) contained provisons for setting intermediate casing in the
event that ungtable hole conditions or high water production caused drilling difficulties.

The borehole was advanced to the planned casing point of 488.0 m (1,601 ft) with no apparent problems,
though some fill was noted a afew connections. Minor water production of up to 190 Ipm (50 gpm) was
produced from perched water zones starting at the depth of about 318 m (1,043 ft). However, bridges
were encountered during geophysical logging at 331.9 m (1,089 ft) on October 19, 2002. Severa
attempts were made to clean out the hole, but logging tools still encountered bridges at the depths of
333.8and 372.2 m (1,095 and 1,221 ft). A large wash-out (portion of the borehole enlarged due to
doughing) had developed in the interval 326.7 to 334.1 m (1,072 to 1,096 ft), and it was planned to sedl
off thisinterval with adring of 13d-in. casng. However, fill materia and bridges in the borehole
prevented the casing from passing the depth of 333.2 m (1,093.2 ft) and the casing was set at that depth,
but does not fully cover the washed-out interval. When drilling had reached the depth of 622.1 m

(2,041 ft) the decison was made to ingtdl 10%#in. casing in order to control continued doughing from the
wash-out at the base of the 13d-in. casing and protect the borehole. Fill again blocked the lower portion
of the borehole during geophysica logging operations.

After the 10%#in. casing was st at the depth of 577.8 m (1,895.8 ft), drilling resumed and progressed
without incident to 872.6 m (2,863 ft). No fill or doughing was reported, but at the depth of 872.6 m
(2,863 ft) circulation was logt. The subsequent collgpse of drill cuttings that had been suspended in the
fluid stuck the drill pipe and BHA. The crew pumped various combinations of fluids down-hole (including
polymer and water, and 70-viscosity bentonite mud) but could not free the pipe. Findly, afishing service
subcontractor was procured on November 7, 2002. After severd attempts to back off and free the stuck
drill pipe, the pipe and BHA were recovered on November 11, 2002. The drill crew tripped back into the
borehole to clean out fill, but doughing persasted. Late on November 12, 2002, the NNSA/NSO project
manager made the decision to suspend further work at Well ER-8-1.

Drilling was stopped 194.2 m (637 ft) short of the planned TD of 1,066.8 m (3,500 ft) due to severe
borehole doughing problems. The UGTA project may revigt thisSte a alater date.

2.4  Fluid Management

Drilling effluent was monitored according to the methods prescribed in the UGTA FMP (DOE/NV,
2002a). The air-foam/polymer drill fluid was circulated down the insgde of the drill string and back up the

2-8



hole through the annulus (conventiona or direct circulation) and then discharged into asump. Water used
to prepare drilling fluids came from thefill stland near Building 6-900 which is supplied by Water Well C1,
located at the south end of YuccaHat. Lithium bromide (LiBr) was added to the drill fluid as atracer to
provide a means of estimating groundwater production. The rate 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 at this Site, so neither sump was lined prior to drilling.
Samples of drilling effluent were collected hourly and anadlyzed on site by BN Radiation Operations
personnd for the presence of tritium. The ongte monitoring results indicate that tritium remained a
background levels during the entire drilling operation (Shaw, 2003). Drilling fluids generated at

Wdl ER-8-1 were not andyzed for lead, as per the Well ER-8-1 Huid Management Strategy L etter
(Wycoff, 2002).

Before fluids are discharged from a sump through the overflow pipe, the FMP requires that a sample be
collected from the sump and andyzed off-dte to verify ongte monitoring data and demongtrate compliance
with the FMP. However, characterization samples were not collected at Well ER-8-1 due to the lack of
water production during drilling.

The results of analyses of samples of drilling fluid collected a Well ER-8-1 during drilling operations
indicate that dl fluid quality objectives were met, as shown on the fluid management reporting form dated
June 2, 2003 (Appendix B). Theform lists volumes of solids (drill cuttings) and fluids produced during
well-congtruction operations, Stages | and 11 (i.e., vadose- and saturated-zone drilling only; well
development and aquifer testing will be conducted at a later date).

At the completion of Well ER-8-1 drilling operations, an estimated combined total of 1,445.5 cubic meters
(381,861 gdlons[gd]) of drilling fluid and cuttings remained in the sumps. The volume of solids produced
was caculated usng the diameter of the borehole (from caliper 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 totd fluid production, and do not account for any infiltration or evaporation of fluid 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-8-1 and the methods of
data collection. Improving the understanding of the subsurface structure, stratigraphy, and
hydrogeology in northern Y ucca Flat was among the primary objectives of Well ER-8-1, so the proper
collection of geologic and hydrogeologic data from Well ER-8-1 was consdered fundamenta to
successful completion of the project.

Geologic data collected at Well ER-8-1 consist of drill cuttings, rotary Sdewadl core samples, and
partid geophysica log coverage. 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 Wdl ER-8-1 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 thewell at 872.6 m
(2,863 ft). Triplicate sampleswere collected from 275 intervas, and in addition, the Shaw field
representative collected two sets of reference samples from each of the cuttings intervals. One set was
examined a the drill gtefor usein preparing fidd lithologic descriptions, and is now in the custody of
Stoller-Navarro Joint Venture (Shaw’ s successor and the current environmenta contractor for
NNSA/NSO). The other set was sent to Giday WoldeGabrid (LANL), where it remains.
Additionaly, a composite sample of drill cuttings (gpproximately 3.8 liters[1 gd]) was collected while
drilling the pre-Tertiary carbonate section. Selected depths from this collection will be shipped to a
commercia laboratory for paleontologic micro-fossl analysis. All other samples (i.e,, 3 sets of

275 samples) are stored under secure, environmentally controlled conditions at the U.S. Geologica
Survey (USGS) Geologic Data Center and Core Library in Mercury, Nevada. One of these sample
sets was sedled with custody tape at the rig site and remains sedled as an archive sample; one set was
left unsedled in the origind sample containers, and the third set was washed and stored according to
standard USGS Core Library procedures.

3.3 Sidewall Core Samples

Sidewall core samples were collected by HES from Well ER-8-1 to verify the stratigraphy and
lithology at selected locations. Sample locations were selected by the Shaw Field Representative on
the bass of field lithologic logs (with consderation of borehole conditions determined from caiper
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logs). A wirdinerotary sidewall coring tool was used to collect sdewadl coresin theinterval 351.1 to
573.0 m (1,152 to 1,880 ft) on October 30, 2002, before the 10%#in. intermediate casing string was
installed. A total of 21 cores wasretrieved out of 42 attempts. Table 3-1 lists the recovery and
dratigraphic assgnment for each sample.

3.4  Sample Analysis

Twenty-two samples of drill cuttings from various depths in Well ER-8-1 were submitted to the LANL
Earth and Environmenta Sciences Division - Geology and Geochemistry |aboratories for petrographic,
mineradogic, and chemica anadysesto aid in gratigraphic identification and for characterization of
minera dteration. All of the planned andyses have been completed, as shown on Table 3-2.

3.5 Geophysical Logging Data

Geophysicd logs were run in the borehole to further characterize the lithology, structure, and water
content of the rocks encountered. In addition, logs were run to eva uate borehole conditions and to
determine the fluid levels during the course of drilling. Geophysicd logging was conducted during two
dages of drilling: prior to seiting the 13d-in. surface casing a 488 m (1,601 ft) and prior to ingaling
the 10%#in. intermediate casing at the drilled depth of 652.6 m (2,141 ft). A complete listing of the
logs, dates run, depths, and service companiesis provided in Table 3-3. The logs are available from
BN in Mercury, Nevada, and copies are on file at the office of Stoller-Navarro Joint Venturein Las
Vegas, Nevada, and at the USGS Geologic Data Center and Core Library in Mercury, Nevada
Preliminary geophysical data from the logs are reproduced in Appendix D.

The overdl quality of the geophysica data collected was good. However, borehole coverageis
incomplete due to doughing and bridging of the borehole (e.g., below about 579 m [1,900 ft] depth).
Also, HES experienced problems with their wirdine coring tool, which caused some delays.



Table 3-1
Sidewall Samples from Well ER-8-1

a

m(e:?er?sDep(tfheet) centimF:eetZ?s\,le(r%ches) Formation © Lithology
351.1 (1,152) 1.0 (0.4) Pz undifferentiated Dolomite
359.7 (1,180) 51 (2.0) Pz undifferentiated Dolomite
396.8 (1,302) 3.0 (1.2) Pz undifferentiated Dolomite
415.7 (1,364) 2.0 (0.8) Pz undifferentiated Dolomite
427.9 (1,404) 2.0 (0.8) Pz undifferentiated Dolomite
446.2 (1,464) 3.0 (1.2) Pz undifferentiated Dolomite
478.5 (1,570) 3.6 (1.4) Pz undifferentiated Dolomite
483.7 (1,587) 31 (1.2) Pz undifferentiated Dolomite
489.5 (1,606) 51 (2.0) Pz undifferentiated Dolomite
507.2 (1,664) 3.6 (1.4) Pz undifferentiated Dolomite
515.1 (1,690) 3.6 (1.4) Pz undifferentiated Dolomite
520.0 (1,706) 4.3 1.7) Pz undifferentiated Dolomite
526.4 (1,727) 2.3 (0.9) Pz undifferentiated Dolomite
532.2 (1,746) 0.6 (0.25) Pz undifferentiated Dolomite
537.7 (1,764) 2.0 (0.8) Pz undifferentiated Dolomite/Marble
548.0 (1,798) 4.1 (1.6) Kgc Granodiorite
554.4 (1,819) 23 (0.9) Kgc Granodiorite
557.5 (1,829) 2.0 (0.8) Kgc Granodiorite
563.9 (1,850) 18 (0.7) Kgc Granodiorite
566.9 (1,860) 3.1 (1.2) Kgc Granodiorite
573.0 (1,880) 5.1 (2.0) Kgc Granodiorite

a All samples are wireline rotary cores collected by Halliburton Energy Services on October 30, 2002.

b Pz =Paleozoic-age sedimentary rocks; Kgc = Cretaceous-age granitic rocks



Table 3-2
Status of Rock Sample Analyses for Well ER-8-1

Analyses Performed ©

me?:rzt?f:et) STa;rgglbe Petrographic Mineralogic Chemical
PTS MP XRD XRF Fe?* e
39.6 (130) DC C N/P N/P N/P N/P
42.6 (140) DC C N/P N/P N/P N/P
51.8 (170) DC C C C C
61.0 (200)A DC C C C C
61.0 (200)B DC N/P N/P C N/P N/P
88.4 (290) DC C C C C C
109.7 (360) DC C C C C C
137.2 (450) DC C C C C C
167.9 (550) DC C C C C C
222.5 (730) DC C C C C C
228.6 (750) DC C C C C C
246.9 (810) DC C C C C C
268.1 (880)A DC C N/P C N/P N/P
268.1 (880)B DC N/P N/P N/P C N/P
295.7 (970) DC C C C C C
313.9 (1030) DC C N/P C C C
347.5 (1,140) DC C C N/P C N/P
387.1 (1,270) DC C N/P C C C
405.4 (1,330) DC C C C C C
551.7 (1,810) DC Cc N/P Cc C C
762.0 (2,500) DC C N/P Cc C C
810.8 (2,660) DC C N/P C C C

a

Depth represents base of 3.0-m (10-ft) sample interval for drill cuttings. All samples are drill cuttings
that represent the lithologic character of the interval.

Sample type: DC = Drill cuttings; WRSC = Wireline rotary sidewall core

Status of analyses: C = analysis complete; N/P = analysis not planned. Analysis type:

PTS = polished thin section; MP = electron microprobe; XRD = x-ray diffraction; XRF = x-ray
a2t s 3t . . .

fluorescence; Fe“ /Fe”" = wet chemical analysis for iron.




Table 3-3

Well ER-8-1 Geophysical Log Summary

Bottom of
Loggin Date Logged Top of Logged
Geophysical Log Type 2 Log Purpose gg- 9 Run Number 99 b Interval ®
Service Logged Interval
meters (feet)
meters (feet)
* Natural Gamma Ray Spectroscopy Stratigraphic correlation, mineralogy, Halliburton 10/19/2002 SGR-1 328.3 (1,077) 15.2 (50)
natural and man-made radiation Energy 10/20/2002 SGR-2 370.0 (1,214) 15.2 (50)
Services 10/29/2002 SGR-3/ GR 581.9 (1,909) 274.3 (900)
* Six Arm Caliper/Gamma Ray Borehole conditions, cement volume Halliburton 10/19/2002 CA6-1/ SGR-1 328.3 (1,077) 15.2 (50)
calculation / Energy 10/20/2002 CA6-2/ SGR-2 370.0 (1,214) 15.2 (50)
stratigraphic correlation Services 10/29/2002 CA6-2/ GR-8 581.9 (1,909) 274.3 (900)
* High Resolution Induction Log tg?:;i?;ccgizftrir::;a/tion/ HaEIIri1:Lrthon 10/21/2002 HRI-L/ GR-3 332.5 (1,019) 0(0.0)
) . ) _gy 10/29/2002 HRI-2/ GR-9 580.3 (1,904) 274.3 (900)
stratigraphic correlation Services
R . . .
Epithermal Neutron/Density/ Tota! Waterl content /.rock porosity / Halliburton 10/22/2002 DSEN-1/ SDL-1/ GR-4 329.2 (1,080) 0.0 (0.0)
Gamma Ray stratigraphic correlation/borehole Energy DSEN-2/ SDL-2/ GR-10
conditions Services 10/29/2002 580.6 (1,905) 274.3 (900)
Electric Micro Imager Saturated zone: lithologic Halliburton EMI-3/ CAG-3/
characterization, fracture and void Energy 10/29/2002 SGR-3/ GR-8 581.3 (1,907) 274.3 (900)
analysis. Services
Temperature/Gamma Ray Saturated zone: groundwater Halliburton 10/19/2002 TL-1/ GR-1 328.3 (1,077) 15.2 (50)
temperature / stratigraphic Energy 10/20/2002 TL-2/ GR-2 356.0 (1,168) 0.0 (0.0)
correlation Services 10/29/2002 TL-3/ GR-7 569.7 (1,869) 274.3 (900)
Wireline Rotary Sidewall Coring Tool/ | Geologic samples Halliburton
Gamma Ray Energy 10/30/2002 RSWC-1/ GR-5 574.9 (1,886) 333.1 (1,093)
Services

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

b Depth below ground surface.
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4.0 Geology and Hydrogeology

4.1 Introduction

This section summarizes the geology and hydrogeology of Well ER-8-1. The basisfor the discussionin
Section 4.0 is the detailed lithologic log presented in Appendix C. The detailed lithologic log was
developed using drill cuttings and sdewal core samples, geophysical logs, and drilling parameters.
Results from petrographic, mineraogic, and chemica analyses provided by G. WoldeGabrid (LANL)
for select lithologic samples (WoldeGabrid et d., 2003) were incorporated into the log.

42  Geology

This section is subdivided into discussions of the stratigraphic section and structura features interpreted
from Well ER-8-1 deta, followed by a discusson of dteration noted in samples from thewell. The
geologic setting for the Y ucca Flat arealis summarized in Gonzales and Drellack (1999).

Virtudly no deep geologic or hydrologic data are avallable for this complex and hydrologicdly
important area of YuccaHat. A viable interpretation for this areain the draft hydrostratigraphic
framework mode for Yucca Hat (Gonzales and Drellack, 1999) shows a hydrogeologic barrier around
the north end of the valey congsting of Precambrian quartzite (lower clagtic confining unit) in the
northeast, Climax granite due north, and rocks of the Eleana Formation and Chainman Shae (upper
clagtic confining unit) in the northwest.

4.2.1 Geologic Setting

Well ER-8-1 is a the extreme northern end of Y ucca Hat, a hydrographicaly closed basin that is
bounded on dl sdes by low hills and ranges of volcanic and sedimentary rocks (Figure 4-1). The
subsurface gtratigraphy of the Y ucca Flat basin is dominated by Tertiary-age volcanic rocks conssting
mainly of ash-flow tuffs with interbedded nonwelded and bedded tuffs, which are overlain by younger
dluvid sediment eroded from the surrounding mountains.

The Mesozoic Erais represented only by intrusive igneous rocksinthe NTS area. Cretaceous-age
granitic rocks are exposed at Climax Mine north-northwest of the Well ER-8-1 site (Figure 4-2) and at
Gold Meadows north of Rainier Mesa (Figure 4-1). The Gold Meadows intrusive and the Climax
stock, which are about 12.9 km (8 mi.) apart at the surface, are probably related in both source and
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time, and are believed to be connected at depth (Jachens, 1999; Blouin et ., 2003). The Climax
gock is a compogite granitic intrusive body comprising an older, medium-grained, equigranular
granodiorite and a younger, fine- to medium-grained, coarsely porphyritic quartz monzonite (Orkild et
d., 1983). Recent re-andysis of magnetic data by Jachens (1999) reaffirmed the genera geometry and
connection at depth of the Climax and Gold Meadows stocks. The Climax stock and Gold Meadows
intrusives are grouped into the Mesozoic granite confining unit, the surface exposure of which is shown
on Figure4-1. These granitic bodies are consdered to be a confining unit because of their low
intergranular porosity and permesbility, and the lack of inter-connecting fractures (Walker, 1962,
Murray, 1981; and Laczniak et a., 1996).

In the Y ucca Hat area the rocks are cut by north-south-trending, mostly down-to-the-east, high-angle
normd faults (e.g., Yuccaand Topgdlant faults) related to Basin and Range extenson (Byerset d.,
1976). The Oak Spring geologic quadrangle map (Barnes et d., 1963) depicts the surface geology in
the vicinity of Well ER-8-1.

4.2.2 Stratigraphy and Structure

The dratigraphy and lithology of Wel ER-8-1 areillustrated in Figure 4-3. No samples were collected
in the conductor hole, which was auger-drilled to a depth of 36.6 m (120 ft). The first sample collected
below the conductor casing was of dluvium, indicating that the auger hole did not penetrate into the
volcanic tuffs. The tuff/dluvium contact is tentatively set a 42.7 m (140 ft). Immediatdy below the
dluvid deposits are 291.4 m (956 ft) of bedded tuffs related to units of the VVolcanics of Oak Spring
Butte Group, including Tunnd bed 2, Yucca Hat Tuff, Tunnd bed 1, Redrock Vdley Tuff, tuff of Twin
Peaks, and tuff of Whiterock Spring (Ferguson et d., 1994). Stratigraphic identification of these older
tuffs could not confidently be made with the typical binocular microscope examingtion, and are
tentatively based on data from WoldeGabrid et d. (2003) for 22 samples from the borehole

(Table 3-2). The volcanic gratigraphy presented here for Well ER-8-1 is consgtent with that identified
in the closest boreholes (Warren et a., 2000).

Aninterva of zedlitic tuffs with abundant, diverse lithic fragments, including some from the Eleana
Formation, was logged between 298.7 and 334.1 m (980 - 1,096 ft). This section directly overliesthe
Pd eozoic-age carbonate rocks, and dratigraphicaly represents undifferentiated Older Tuffs. Persistent
doughing and borehole enlargement occurred in the lower portion of thisinterval.
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Undifferentiated dolomite of uncertain Paleozoic age was encountered at 334.1 m (1,096 ft). Based on
nearby outcrops, the rocks a Well ER-8-1 are likely to be Ordovician or Cambrianin age (Barnes et
d., 1963). Pdeontologica age dating of selected cuttings samplesispending. Severd dtered intrusve
dikes were encountered in dolomite below the depth of about 442.0 m (1,450 ft). The degree of
dteration of these dikes increases with depth and is related to the underlying granitic intrusive,

Granite was unexpectedly encountered at the depth of 538.9 m (1,768 ft), and the borehole penetrated
granite to the TD of 872.6 m (2,863 ft). Comparison of the minerdogy and relaive minerd
abundances with datafor Climax stock (Madonado, 1977; Naiser and Madonado, 1981) indicate that
the rock is granodiorite, from the Cretaceous-age Climax stock located to the northwest of the

Well ER-8-1 site.

The position, extent, and thickness of the Stratigraphic units near Well ER-8-1 areillugtrated on the
geologic cross sectionsin Figures 4-4 and 4-5. As shown on the north-south cross section

(Figure 4-5), Well ER-8-1 isinterpreted to be located near the southern edge of the granitic body.
Thisinterpretation is based on data from nearby drill holes aswell as from regiond anayses of surface
geology, gravity, and magnetic data (Orkild et ., 1983; Cole et d., 1997; Gonzaes and Drdlack,
1999; Phelpset d., 1999; and Jachens, 1999). Well ER-8-1 is believed to have crossed afault zone
at the depth of 732 to 762 m (2,400 to 2,500 ft), where drill cuttings samples indicate highly dtered
rocks. Though the affected granite is probably well fractured, little or no additiona formation water
was produced when that interval was drilled.

4.2.3 Alteration

Alteration has a sgnificant effect on both the genera hydraulic character of volcanic rocks and on how
radionuclides migrate through these rocks. Minerdogica andysis reveas two types of pervasive
dteration processes a Well ER-8-1. Low temperature zeolitic dteration is dominant in the lower two-
thirds of the volcanic section. The carbonate rocks closest to the granitic stock display aminera
assemblage that is hydrothermd in origin. The predominant type of mineraogic dteration observed in
each dratigraphic unit encountered in Well ER-8-1 isillugtrated on Figure 4-3.

Above the depth of about 61 m (200 ft) the tuffs are mostly undtered (vitric), with some slicic
dteration. Between 61 and 91 m (200 to 300 ft) isatrangtion to the pervasvely zeolitized rocks
below. Thiszone of zedlitic dteration is dominated by clinoptilolite, with lesser amounts of mordenite,
opd-CT, smectite, and cristobalite.
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The carbonate rocks below 442.0 m (1,450 ft) exhibit increasing ateration as a result of heaet and
invasve fluids from the underlying granite intrusive (e.g., contact metamorphism and dike intrusion).
Alteration products include smectite, illite, and minor amounts of cristobalite, chlorite and cacite. Pyrite
isaso present. At greater depths the dolomite is dtered to marble and is cut by numerous fractures
and dtered (argillic) intrusive dikes. Closer to the contact with the granite the carbonate rocks maybe
classfied as skarn, as copper and other types of minerdization are present. The fault zone at 732 to
762 m (2,400 to 2,500 ft) isaso dtered, and drill cuttings from this depth interva included clayey
gauge materid. As mentioned above, the zone gpparently yielded no additiona water when drilled,
indicating that the clayey fault gauge and/or fracture filling effectively closes the fractures.

4.3  Predicted versus Actual Geology

The predicted geology for Well ER-8-1 (1T, 2002a) was based on surface geologic maps by Slate et
al. (1999) and Barnes et d. (1963). The geology of nearby wells UE-10 ITS#1, UE-10j and UE-15d
Water Well (Figure 1-2) was as0 evauated for possible lithologic and structurd smilarities. In
addition, information from Jachens (1999) was used to incorporate the latest interpretation of the
subsurface extent and geometry of the granite intrusive rocks of northern YuccaHat. A comparison of
the predicted and the actud gratigraphy is provided in Figure 4-6.

The well was predicted to penetrate gpproximately 61.0 m (200 ft) of tuffaceous aluvium, overlying
about 182.9 m (600 ft) of Tertiary-age tuffs. Beneath the volcanic rocks the well was predicted to
penetrate about 213.4 m (700 ft) of Paleozoic-age carbonate rocks thrust over the younger

Mississ ppian-age Eleana Formation and Chainman Shale. These fine-grained clastic rocks were
expected to be about 457.2 m (1,500 ft) thick and stratigraphicaly overlie the Devonian-age, mostly
carbonate, Guilmette Formation. The Cretaceous-age granite intrusive was predicted to be below
about 1,524.0 m (5,000 ft) depth at the Well ER-8-1 site.

Well ER-8-1 penetrated about 42.7 m (140 ft) of tuffaceous aluvium and 291.4 m (956 ft) of Tertiary-
age tuff. The Paeozoic-age carbonate rocks were encountered at the depth of 334.1 m (1,096 ft),
90.2 m (296 ft) deeper than expected. Such departures from pre-drill predictions at aremote Ste are
not unexpected. But, instead of penetrating the Eleana Formation at 457.2 m (1,500 ft) as predicted,
Wl ER-8-1 encountered granitic rocks at 538.9 m (1,768 ft). Thiswas a significant departure from
the expected geology. Based on the inferred displacement of the Boundary fault (Houser and Poole,
1960) and the analysis of aeromagnetic data (Jachens, 1999), depth to granite at the Well ER-8-1 site
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prior to drilling was expected to be greater than 1,524.0 m (5,000 ft). The aeromagnetic data must be
reassessed in light of this new subsurface tag, and the andyticd modd modified accordingly.

4.4  Hydrogeology

The hydrogeologic framework for Y ucca Flat is built upon that established for the NTS area by
Winograd and Thordarson (1975). Laczniak et d. (1996) provides asummary of the hydrogeologic
framework. The hydrogtratigraphic framework used to congtruct preliminary hydrogeologic modds for
the Y ucca Hat areawas further developed by the UGTA hydrogeol ogic modeling team (Gonzales et
al., 1998; Gonzales and Drellack, 1999).

An interpretation of the possible distribution of hydrogeologic units at Well ER-8-1 is shown in cross
section on Figure 4-7. Because of the limited amount of data from the areaaround Well ER-8-1, and
the difficulty in predicting the lateral continuity of hydraulic properties of volcanic rocks, the cross
section is rather conjectural. However, it doesilludtrate the complexities associated with the distribution
of hydrogeologic unitsin highly faulted, extensona settings such as the extreme northern Y ucca Hat
area.

The rocks of Well ER-8-1 can be subdivided into hydrogeologic units, asillustrated in Figure 4-3. Al
of the Quaternary and Tertiary rocks encountered in the upper 334.1 m (1,096 ft) of the borehole are
assigned to just three HSUs: the dluvid aguifer, the Timber Mountain lower vitric tuff agquifer, and the
Y ucca Hat lower confining unit.

To develop the pre-Tertiary hydrogiratigraphic framework for this area, various blocks of Paleozoic-
age sedimentary rocks have been defined as HSUs on the basis of their hydrogeologic character and
their extent and thickness. The alochthonous (i.e, thrugt-faulted) Middle Devonian through Middle
Cambrian carbonate rocks in the upper plates of Mesozoic thrust faults such as the Belted Range and
CP faults are assigned to the lower carbonate aquifer - thrust sheet (LCA3). The UCCU congsts of
Missssippian and Upper Devonian sliciclagtic rocks that are represented in the Y ucca Hat vicinity by
the Chainman Shale and Eleana Formation. The LCA consigts of autochthonous (i.e., not thrust-
faulted) Middle Devonian through Middle Cambrian carbonate rocks. Neither UCCU clastic rocks
nor LCA carbonate rocks were encountered at thissite. On the basis of pre-Tertiary sub-crop data
(Cole and Cashman, 1998; Cole et d., 1997; Cole, 1997) and in agreement with the conceptua model
of Gonzales and Drellack (1999), the carbonate rocks at Well ER-8-1 are interpreted to be LCA3.
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The dominant hydrogeologic unit in Well ER-8-1 is granite confining unit (Cretaceous System of the
Mesozoic Era). Physical properties, including hydraulic properties, for the Climax granite stock are
summarized in Blouin et d. (2003).

Andysis of water production data during drilling indicates that the granite confining unit produced very
little water, a arate of about 0 to 114 Ipm (0 to 30 gpm) (Appendix A-1). This regffirms previous
indications that these rocks have very low hydraulic conductivity. Observations during mining at Climax
suggests that water production from the granite is confined to discrete fractured intervals. However,
much of the water produced at Climax was determined to be perched and not necessarily connected to
the regiond aguifer (Waker, 1962). Thus, datafrom Well ER-8-1 confirm that interconnectivity of the
fracturesis poor. The fault zone encountered in the interval 731.5 to 762.0 m (2,400 to 2,500 ft) may
be a zone of enhanced conductivity, as evidenced by theloss of drilling fluid to the formation in this
interva. However, little additiona weater was produced while drilling thisinterval.

It should ds0 be noted that the dolomite overlying the granite intrusive is atered and intruded with
dikes. These carbonate rocks, though typicaly categorized as an aquifer, are probably impermeable in
the vicinity of the granite body.

See the discussion of the genera hydraulic properties of the hydrogeol ogic units expected in Well

ER-8-1in Section D.6.2 and Table D.6.1 of IT (20028). Planned hydrologic testing in Well ER-8-1
may not be possible due to the low hydraulic conductivity of the rocks penetrated.

4-18



5.0 Hydrology

5.1 Preliminary Water-Level Information

Water-level data are sparse in northern Y ucca Hat, and the configuration of the potentiometric surface
in extreme northern Y ucca Flat is poorly known. Hydrologic data from Well ER-8-1 will be an
important to aid in understanding regiond groundwater flow into Y ucca Hat.

Asreported in Hae et d. (1995), the devation of the Satic water level (SWL) in the Belted
Range/Emigrant Valey areato the north and northeest of this Site (e.g., a Wdl UE-13a— see location
on Figure 1-2), is 1,336.5 m (4,385 ft). However, in most of Yucca Flat (e.g., a Wel UE-10j) the
SWL devation isabout 732 m (2,400 ft) (IT, 1996). Thisdifferencein SWL devation implies astegp
groundwater gradient through the area of the Climax stock and Paiute Ridge anticline (largely pre-
Cambrian quartzite). No holes have been drilled degp enough in Climax stock to intercept the regiona
water table. Only small amounts of perched water were encountered in the granite tunnels constructed
for the three nuclear tests there, and well data from the immediate Climax stock area produced varying
depths to the SWL (1T, 1996).

These data |lead to the conclusion that the granitic intrusive sock and the surrounding
Precambrian/Paleozoic-age Slicic clagtic rocks act as a barrier to groundwater flow in this region,
which can be conceptualized as a southeast-northwest-trending barrier rimming the north end of Y ucca
Flat. Thisbarrier extends from Precambrian sedimentary rocks of the lower clagtic confining unit
exposed in the Paiute Ridge anticline southeast of the Well ER-8-1 gite, includes the Climax stock, and
continues west to the Gold Meadows stock north of Rainier Mesa (IT, 1996; Gonzales et al., 1999).
Thick sections of Chainman Shae and Eleana Formation west of Climax stock and continuing
southwest may aso contribute to this hydrologic barrier. Well ER-8-1 islocated south of the barrier.

The elevation of the water table at Well ER-8-1 was projected to be approximately 731.5 m (2,400 ft),
as derived from sparse hydrologic data for thisregion (1T, 1996). Based on the pre-construction
estimate of surface elevation at the site, depth to the regiona water table was expected at the depth of
goproximately 737.6 m (2,420 ft) (IT, 20028). A preliminary composte fluid level a Well ER-8-1 was
determined from geophysical logs to be at the depth of 556.0 m (1,824 ft) on October 29, 2002, while
the borehole was at atemporary TD of 652.6 m (2,141 ft). This depth is between the predicted
perched and regional water levels. However, on April 25, 2003, no fluid was detected in the open
borehole to top of fill at adepth of 629.4 m



(2,065 ft). Theinitid standing water in the hole (measured at 556 m [1,824 ft] on October 29, 2002)
may or may not represent areal potentiometric surface for a perched water zone. Additiona data need
to be collected; however a piezometer for monitoring of the water level was not indaled at thetime
work at Well ER-8-1 was suspended.

5.2  Water Production

Water production was estimated during drilling of Well ER-8-1 on the basis of LiBr dilution data.as
measured by Shaw field personnd. The water production rate while drilling Well ER-8-1 remained
relaively low. Of the primary water-producing unit(s) a thislocation, the LCAS3 is above the SWL
and the LCA is not present (replaced by the granite intrusve mass). Estimated water production rates
while drilling are presented graphicaly in Appendix A-1.

Based on the predicted geology for Well ER-8-1, a perched water zone was expected at the depth of
about 396.2 m (1,300 ft), where the dolomite (aquifer) overlying rocks of the Eleana Formation and
Chainman Shale (confining unit) could provide the hydrogeol ogic geometry for a perched water zone,
Zedlitic tuffs a the NTS typicaly exhibit very low hydraulic conductivities and perched weter above or
within them is not uncommon. Measurable water production (approximately 114 Ipm [30 gpm]) was
first noted at the depth of about 318 m (1,043 ft) within zeolitic bedded tuffs. This perched water zone
was cased off as the borehole was advanced.

Water production while drilling the granite was generdly less than about 19 Ipm (5 gpm), though dightly
more water (perhaps up to 38 Ipm [10 gpm]) may have been produced in the upper part of the granite
above 640 m (2,100 ft) depth (Appendix A-1).

5.3 Preliminary Flow Meter Data

Flow meter data, dong with temperature, electrica conductivity, and pH measurements, can be used to
characterize borehole fluid variability, which may indicate inflow and outflow zones. These dataare
typicaly collected from UGTA wells before or after ingdlation of the completion string. However,
flow meter data were not collected & Well ER-8-1 due to the early termination of drilling, and because
acompletion string was not ingtaled as planned (see Section 7.0).

5.4  Preliminary Groundwater Characterization Samples

Prdiminary groundwater characterization samples are typicaly collected UGTA wells following
geophysical logging. However, because of lack of credible formation water no preiminary
groundwater samples were collected at Well ER-8-1.
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6.0 Precompletion and Open-Hole Development

As noted elsawhere in this document, Well ER-8-1 has not been completed due to excessive hole
doughing. To date, there has been no precompletion development a Well ER-8-1.

For future reference it should be noted that approximately 310,025 liters (1,950 barrels [81,900 gdl])
of 60-70 viscosty bentonite drilling mud were pumped down-hole in the effort to free the stuck drill
pipe (Section 2.3). Not al of thisfluid was circulated out of the borehole and undoubtedly, some
remans within the fill materid and in the formetion.
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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 materials such as cement between, or above, the open intervals to isolate them.
The casing serves as a conduit for insertion of apump in the well, for inserting devices for measuring
fluid level, and for sampling, S0 that accurate potentiometric and water chemistry data can be collected
from known portions of the borehole.

The origind planned well completion design as proposed in the Y ucca Flat Drilling Criteria (1T, 20023)
issummarized in Section 7.2.1, and a new proposed well completion based on the hydrogeology
encountered is described in Section 7.2.3.

7.2  Well Completion Design
As noted e sewherein this document, Well ER-8-1 was not completed due to excessve hole doughing.

7.2.1 Planned Completion Design

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

Wl ER-8-1 would penetrate perched water within the LCA3 (above rocks of the Eleana Formation
and Chainman Shale [UCCU]), and ultimately the regiond water table in the LCA (below the UCCU).
Refer to Figure D.6-1in IT (2002a).

The well was planned to be completed with a Sngle casing string consisting of 5%2-in. sainless sed
casing, with every other joint dotted, suspended on carbon-steel 7e-in. casing. The primary god was
to obtain satisfactory completion within the LCA, but the proposed completion design aso caled for
the isolation (using non-dotted [“blank”] casing) of low transmissivity zones within the completion
interval, if such zones can be identified. The perched water in the LCA3, if present, would be isolated
and accessed viaa 2F-in. sdainless-sted piezometer tube run in the 44.5-cm (17.5-in.) diameter
borehole, outside the 13d-in. surface casing (refer to Figure D.7-1in I T, 2002a).



7.2.2 As-Built Completion Design

Because of persstent hole doughing and bridging, completion of the ER-8-1 borehole was suspended,
and the borehole was abandoned in the configuration shown in Figure 7-1. An as-built wellhead
diagram is provided in Figure 7-2. The casing materias used to date in Well ER-8-1 arelisted in
Appendix A-2. Thefill waslast tagged a 629.4 m (2,065 ft) on April 25, 2003, at which time the hole
was found to be dry.

7.2.3 Proposed Completion Design for Unfinished Well ER-8-1

The new proposed completion design for Well ER-8-1 is based on evauations of lithology, water
production, drilling data (lost circulation, etc.), and data from various geophysica logs. The proposed
design would provide access to the granite confining unit via a piezometer tube (Figure 7-3).

The proposed composition of the string summarized here is detailed on Table 7-1. The lower section
of the completion string, below the regiond water table (projected to be at the depth here of about
731.5m[2,400 ft]), should be stainless-sted, dotted 2F-in. tubing. The bottom of the dotted tubing
should be placed deeper than 792.5 m (2,600 ft) to provide about 61.0 m (200 ft) submergence below
the projected regiona water table. The bottom of the 2#-in. tubing may be a blank bull-nose to serve
as a sediment sump or may be open-ended. The tubing above 731.5 m (2,400 ft) should be blank and
may be carbon sted.

7.2.4 Rationale for Differences between Original Planned and New Proposed
Well Design
Based on the pre-drilling expectations of the hydrogeology of Well ER-8-1, the origina planned well

design included the congtruction of one completion zone in the LCA and a piezometer that accesses a
perched water zone in the LCA3. However, the geology encountered at Well ER-8-1 was much
different than expected. The UCCU was not encountered, no perched water was detected in the
LCA3 carbonate rocks, and the target aquifer (LCA) was not present. Only asmall amount of
perched water was detected in the lower portion of the volcanic section. The Climax granitic intrusive
mass (an aquitard) was encountered at a depth of 538.9 m (1,768 ft).

The planned completion design as presented in I'T (2002a) must be modified to accommodate the low
conductivity conditions encountered in Well ER-8-1. Low hydraulic conductivity precludes the planned
hydraulic pumping and other tests. Obtaining measurements of depth to water and samples for water
chemigry a Wdl ER-8-1 are ill important. These data can be collected with the ingtalation of a
2F-in. piezometer tube to below the projected regiona water level.
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Well ER-8-1
‘Surface Elevation: 1,468.8 m (48189 )
‘Approximate well coordinates:
Nevada State Planar (NAD 83, feet): N 20,582,163.7 E 1,818,077.4
'Universal Transverse Mercalor (Zone 11) (NAD 83, meters): N 4,118,936.1 E 583,711.3
\Driling operations Terminated: 12 November, 2002

- Ground surface
hd T ‘-
ok : 30~in. carbon-steel conductor casing
48-in. borehole o 357 m (M7 1)
to 366 m (120 H)
18 V¥2-in, borehole o >
4880 m (1,601 h)
13 38-in. carbon-steel surface casing
Ml " t0 3332 m (1,0833 h)
Cementto 327.7 m (1,075 ft) - - - - = -+
> ¥
) 10 34-in. carbon-steel intermediate casing
< to 577.8 m (1.895.8 f)
1 < = Cement 563.9 to 577.6 m (1,850 to 1,895 ft)
p S
12 V4-in. borehole —— ]
to 6526 m (2,141 1)
< —Fillto 829.4 m (2,065 f) depth on 12 November, 2002
9 78-in. borehole to TD . —

(2,400 1)
No water detected
on April 25, 2003
<« Totaldepth: 8726 m (2,863 h)

1 % Cement
R NOT TO SCALE
i Fill Alldepths are below ground surface
i

~_ diameter, etc. are provided in Appendix A-2.

Figure 7-1
As-built Completion Schematic for Well ER-8-1, November 2002
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Well Coordinates®
N 20,562,163.7 ft
E 1,818,077.4 ft

1 ¥2-in. Landing Plate

13 38-in, Surface casing 10 34-in. Intermediate casing
30-in. Conductor casing
2-in. Landing plate

48-in. Borehole l

king i .5 _in. thi | plate
I{ with 38-in. rubber gasket)
419 cm g
16.5 in. 2 10_34-in. Intermediate casing
A
’'y [ " 1 ¥2-in
I
103. 221cm H !
e 87 in : i 13 38-in. Surface casing
1 | ; : < 2-in. Landing_plate
} i
386 cm Hi 5 ) )
15.2 in. i y " 30-in. Conductor casing
H e
" 1
Ground Surface Elevalion —————Y-— v s —— 7
1,468.8 m (4,818.9 ft) 4 | :: 'y ' '
| | | 2 I <=0 Barchoie
: : i i ; ;
: : t b : :

PROFILE VIEW

a NAD 83 Central Nevada State Planar Coordinates
b See Appendix A-2 for casing data.

Figure 7-2
Wellhead Diagram for Well ER-8-1, November 2002
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Well ER-8-1
'w Elevation: 1,468.8 m (48189 H)
Approcimate well coordinales;
mmmm 83, feet): N 20582163.7 E 1,818,077.4
ransverse Mercator (Zone 11) (NAD B3, mmﬂ N 41189361 E 583,713
MWMLM.M S

—— Ground surt |
. ————————30-in. carbon-steel conductor casing
. R o 38T m M7 M
to 366 m (120 ) -
18 ¥2-in. borehole to N e ——
4880 m (1,601 f) g
13 38-in. carbon-steel surface casing
<10 3332 m (1,0033 h)
Cementto 327.7 m (1076 f) ——— =] 5
i 8
A V)
el ]
% ke
] B
» g
10 34-in. carbon-steel intermediate surface casing
< = o 5778 m (18958 )
i

12 Va-in. borehole
to 6526 m (2141 1)

[ 7.3-cm (2.875-in) Stainiess
steel piezometer tubing

~———Cement 563.9 to 577.6 m (1,850 to 1,895 f)

~Filllo 629.4 m (2,085 M) depth on 12 November, 2002
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Figure 7-3
Proposed Completion Design for Well ER-8-1
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Table 7-1
Proposed Completion String Construction Summary for Well ER-8-1

Piezometer
Tubing Type

Configuration
meters (feet

Cement

Sand/Gravel

2F-inch carbon-
steel tubing

Surface to 731.5
(2,400)

Blank

Not necessary

Not necessary

2F-inch stainless-
steel tubing

731 to 792.5 (minimum)
(2,400 to 2,600)

Slotted joints

Not necessary

Not necessary




8.0 Planned and Actual Costs and Scheduling

Theorigina BN cost modd developed for Well ER-8-1 was based on drilling to the planned TD of
1,469.0 m (3,500 ft). The drilling program basdline projected that it would require 26 days to
accomplish drilling of the surface and main holes, logging, and completion of the well, assuming the
conductor hole would aready have been constructed by BN. However, the actud conditions
encountered during drilling (severe borehole ingtability) were measurably different from predicted
conditions so the basdline was changed during drilling.

The new cost modd is based on the planned TD but includes additiona congtruction time to treet the
unexpected borehole ingtability problems. The new schedule projected that it would require 41 daysto
drill and complete Well ER-8-1. However, because the borehole was terminated 194.2 m (637 ft)
short of the planned TD and no completion string was ingtdled, the actua time spent at Well ER-8-1
was 32 days. A graphica comparison, by day, of planned and actud well-congtruction activitiesis
presented in Figure 8-1.

The cogt andysisfor Well ER-8-1 begins with congtruction of the conductor hole by BN and the cost
of mohilizing the UDI drill rig to the Wdl ER-8-1 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-8-1 includes dl drilling cogts: charges by the drilling subcontractor; charges by other
support subcontractors (including compressor services, drilling fluids, bits, casng services, down-hole
tools, fishing services contractor, and geophysical logging); and charges by BN for mohilizing and
demobilizing equipment, partid construction of the conductor hole, cementing services, radiation
technicians, ingpection services, and geotechnical consultation.

The total planned cost for constructing Well ER-8-1 was $2,352,264. The actua cost was
$2,092,135, or 11.1 percent less than the planned cost. The well was not completed as planned, so no
completion materials are included in the actuad cost. However, additional resources were spent on
cementing and efforts to retrieve drilling equipment stuck in the borehole. Figure 8-2 presentsa
comparison of the planned (revised basdine task plan) and actud cogts, by day, for drilling

Well ER-8-1.
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9.0 Summary, Recommendations, and Lessons Learned

9.1 Summary

Subcontractor activities at Well ER-8-1 commenced on October 8, 2002, and concluded on
November 13, 2002, when the UDI rig was released. Drilling was terminated short of the planned TD
of 1,066.8 m (3,500 ft) because of excessive borehole doughing. The TD of 872.6 m (2,863 ft) was
reached on November 4, 2002, when the drill string and BHA became stuck. Thirty-two working days
were expended to drill the surface and main holes, conduct geophysical logging, and retrieve the BHA
after being stuck for eight days. Crews worked on a 7-days-per-week, 24-hours-per-day schedule for
most of the operation.

Composite drill cuttings were collected every 3 m (10 ft) from 36.6 m (120 ft) to TD. Twenty-one
rotary sSdewall core samples were collected in the interval 359.7 to 573.0 m (1,180 to 1,880 ft).
Geophysicd logging was conducted in the upper part of the borehole before ingtdlation of the surface
casing, and in the middle part of the hole before ingdlation of the intermediate casing string. Most of
these logs were used to verify the geology and determine the hydrologic characteristics of the rocks.
Theinterva 579.1 to 872.6 m (1,900 to 2,863 ft) was not logged due to the accumulation of fill. The
last tag of the bottom of the borehole on April 25, 2003, indicated that 298.1 m (978 ft) had
accumulated. The tagged depth was 629.4 m (2,065 ft).

Well ER-8-1 iscollared in dluvium which is about 42.7 m (140 ft) thick. The well penetrated 291.4 m
(956 ft) of Tertiary-age tuffs, 204.8 m (672 ft) of Paleozoic-age dolomite, and 333.8 m (1,095 ft) of
Cretaceous-age granite. Encountering the granite at such a shalow depth was unexpected. A
preliminary composite fluid level was measured at 556 m (1,824 ft) on October 29, 2002, during
geophysica logging operations, while the borehole was at a depth of 652.6 m (2,141 ft). However, on
April 25, 2003, no water was encountered in the borehole to the top of fill at 629.4 m (2,065 ft). No
radionuclides above background were encountered in the groundwater produced from Well ER-8-1.

To date the borehole has not been completed.

9.2 Recommendations

Because of the low conductivity formations encountered at Well ER-8-1 it may not be possble to
accomplish the planned pump ingtalation, well development, and hydrologic testing. However,

Wdl ER-8-1 should be completed with a modified well completion desgn. At aminimum, adotted
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piezometer tube should be ingtalled to provide access to the granite confining unit below the depth of
7925 m (2,600 ft). If thiswere done, potentiometric water levels and water chemistry could be
obtained in order to accomplish saverd of the important remaining objectives for this well-construction
effort.

In addition, after dl the planned Y ucca Flat wells are drilled, geologic and hydrologic data must be
evauated and interpretations of the area hydrogeology updated and inserted into the UGTA Y ucca FHat
CAU-scde hydrologic modd. This process, followed by analysis of the updated modd, will alow
more precise characterization of groundwater flow direction and velocity in the region between the
nuclear testing areas of Climax Mine and Y ucca Hat.

9.3 Lessons Learned

The efficiency of 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
congruction of Well ER-8-1, the second well in the Yucca Hat drilling initiative.

»  Experiencing logt circulation while drilling with air-foam at depth with no formation water (eg.,
inadry hole asa Wel ER-8-1) can present serious problems. The resulting sudden collgpse
of drill cuttingsin the borehole around the BHA can tightly stick the drill pipe and BHA.

* A float vave highin the drill string will prevent wirdline string shots and free-point tools from
passing. At Well ER-8-1, pumping fluid down the stuck drill pipe permitted some tools to pass
through the flgpper within the valve. However, the flapper within the float vave findly had to
be removed with awirdline junk shot.

» After thedrill string and BHA became stuck at Well ER-8-1, it was discovered that the
standard equipment (jars) available on site for trying to loosen down-hole equipment were
inoperable. All equipment, especidly down-hole components, must be checked for operation
periodicaly.

* Aeromagnetic data of the type used to develop the expected geology for this Ste, are not
necessarily adequate for predicting depth to granite in the subsurface of northern Y ucca Fat.

»  Usful hydrogeologic information can gtill be acquired at well locations where pre-drill
predictions are not very accurate, and a different hydrogeologic setting is found.

»  Useful hydrologic information can be acquired at well |ocations where rocks of very low
hydraulic conductivity are encountered.
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Appendix A-1
Drilling Parameter Log for Well ER-8-1
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Appendix A-2
Casing Data for Well ER-8-1



Table A-2
Casing Data for Well ER-8-1

Outside Inside Wall .
Depth Interval ; . . Weight
. Diameter Diameter Thickness
Casing meters Type Grade . . . per foot
(feet) centimeters centimeters centimeters (pounds)
(inches) (inches) (inches)
Conductor 0to 35.6 Carbon Steel Not licabl 76.2 74.295 1.27 157 45
(0to 117) PE Weld ot applicable (30.0) (29.0) (0.5) '
0 to 333.2 33.97 31.79 1.09
Surf Carbon Steel K55 54.5
uriace (0 to 1,093.3) arbon stee (13.375) (12.515) (0.43)
. 0to 577.8 K55 (joints 1-9) 27.3 25.53 0.89
Int diat Carbon Steel 40.5
niermediate (0 to 1,895.8) arbon Steel | 1eg (joints 10-44) (10.75) (10.05) (0.35)
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Appendix A-3
Well ER-8-1 Drilling Fluids and Cement Composition



Table A-3-1
Well ER-8-1 Drilling Fluids

Typical Air-Foam Mix 2 Typical Air-Foam/Polymer Mix 2

34.1 to 56.8 liters (9 - 15 gallons) Geofoam ®
26.5 to 75.7 liters (7 to 20 gallons) Geofoam ®° and

; _ ®b
and 0.5 liters of LiBr 7.6t0 11.4 liters (2 - 3 gallons) LP701

per and 0.5 liters LiBr

7,949 liters (50 barrels) water per

7,949 liters (50 barrels) water

a An air-foam (“soap”) mix was used as the drilling fluid in Well ER-8-1. Various proportions of
polymer were added to the air-foam to suit conditions during drilling below approximately
396.2 meters (1,300 feet).

b Geofoam® foaming agent and LP701® polymer additive are products of Geo Drilling Fluids,
Inc.
NOTES:
1. All water used to mix drilling fluids for Well ER-8-1 came from the fill stand near
Building 6-900 supplied by Water Well C-1 at the extreme south end of Yucca Flat.
2. A concentrated solution of lithium bromide was added to all introduced fluids to make up a
final concentration of 15 to 40 milligrams per liter.
3. 310,025 liters (1,950 barrels [81,900 gallons]) of 60-70 viscosity bentonite mud were pumped down-

hole in the effort to free stuck drill pipe.

Table A-3-2
Well ER-8-1 Cement Composition

Cement 30-inch 13d-inch 10%-inch
Composition Conductor Casing Surface Casing Intermediate Casing
Type Il, first stagg VYIth 010 36.6 m?
aggregate, remaining b Not used Not used
. (0to 120 1ft°)
stages with sand
Annulus
245,410 336.2m
(815to 1,103 ft) 563.9t0579.1m
Type Il neat Not used (1,850 to 1,900 ft)

Inside casing °
327.3t0338.3m
(1,075 to 1,110 ft)

a meter(s)

b foot (feet)
c estimated

A-3-1
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Appendix B
Well ER-8-1 Fluid Management Data
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Appendix C
Detailed Lithologic Log for Well ER-8-1
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Detailed Lithologic Log for Well ER-8-1
Logged by S. L. Drellack and H. E. Huckins-Gang
Bechtel Nevada Geotechnical Sciences

June 2003
Depth . Laborator
Interval Thickness Sample Analyses E,/ . . ... c Stratigraphic
meters a Lithologic Description . d
meters (feet) Type (Sample depth Unit
(feet) in feet)
Alluvium: Washed drill cuttings are olive-gray to medium gray
0-42.7 427 DAL = to Ilght-ollve-gray, tuffaceous; VItrIF:, calcareous; rare Paleoquc- .
age fragments (limestone, quartzite, shale). Abundant medium Alluvium
(0-140) (140) DA4 130 .
gray to olive-gray cement(?) fragments; sandy. Influx of
yellowish-gray, vitric tuff at 39.6 m (130 ft).
42.7-45.7 3.0 DA P Reworked Tuff: Grayish-orange, lesser yellowish-gray; weakly
(140 - 150) (20) 140 calcareous; abundant pumice; minor felsic phenocrysts.
Bedded Tuff (Mostly Reworked and Lesser Air-fall Tuffs):
Generally grayish-orange, vitric; reworked portion is weakly
P, XRD, XRF, . . .

45.7-51.8 6.1 DA Fe calcareous. Abundant yellowish-gray pumice; common (variable)

(150 - 170) (20) 170 felsic phenocrysts.; minor (though.vellrlable) I|th|<.: fragments; Tunnel Formation
scarce to rare mafic minerals of biotite, magnetite; MnO> bed 2
staining.

Air-Fall Tuff: Grayish-yellow to pale-greenish-yellow; vitric,
51.8-54.9 3.0 o . . -
DA None pumice rich; minor felsic phenocrysts; very scarce lithic

(170 - 180) (10) A
fragments and mafic minerals; common glass shards.

54.9-79.2 24.4 DA P, XRD, XRF Bedded Tuff: Similar to the interval 45.7 - 51.8 m (150 - 170 ft).

(180 - 260) (80) 200

P, XRD, XRF, Bedded Tuff: Moderate-yellowish-brown; well indurated; vitric;

79.2-88.4 9.1 : o ) ’

DA Fe, EM minor to common small pumice; common felsic phenocrysts; Yucca Flat Tuff

(260 - 290) (30) o

290 scarce mafic minerals.
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Detailed Lithologic Log for Well ER-8-1
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hornblende. Minor lithic fragments.

Depth . Laborator
Thickness g . .
Interval Sample Analyses . . ¢ Stratigraphic
meters a Lithologic Description . d
meters (feet) Type (Sample depth Unit
(feet) in feet)
Air-Fall Tuff: Moderate-yellow; moderately indurated,; vitric,
silicified in parts to possible zeolitic; vapor-phase looking
88.4-94.5 9.1 . . . h . .
DA None pumice; common felsic phenocrysts including dipyramidal
(290 - 310) (30) S o
quartz, scarce mafic minerals of hornblende, magnetite;
Fe/MnOs stains; trace orthopyroxene; trace chalcedony.
P XRD. XRE Air-Fall / Bedded Tuff: Dark-yellowish orange; zeolitic; minor
94.5-125.0 30.5 DA ' Fe’ ' felsic phenocrysts including dipyramidal quartz; minor lithic
(310-410) (100) 360 ;ragments; MnO; stains; trace silicified, trace chalcedony older tuffs,
ragments. undifferentiated
Air-Fall Tuff (or Non-Welded Tuff): Yellowish-gray to moderate-
P, XRD, XRF, . . . o S )
125.0-140.2 15.2 DA Fe EM yellow; moderate induration, vitric to zeolitic; minor felsic
(410 - 460) (50) 4’50 phenocrysts; scarce lithic fragments; scarce mafic minerals
including MnO, stains.
Air-Fall / Bedded Tuff: Grayish-orange with grayish-yellow to
140.2 - 158.5 18.3 DA None moderate-yellow pumice; zeolitic; common small phenocrysts;
(460 - 520) (60) common small lithic fragments; scarce mafic minerals of
magnetite; minor MnO» staining.
Bedded Tuff: Pale-greenish-yellow to grayish-orange; zeolitic;
P XRD. XRE abundant very-pale-orange to grayish-orange small pumice,
158.5-189.0 30.5 DA ’ Fe’ ' common felsic phenocrysts; scarce to minor mafic minerals of
(520 - 620) (100) 550 biotite and magnetite.
Moderate-yellow, shard-rich air-fall tuff at 167.6 - 170.7 m Tunnel
(550 - 560 ft) with very scarce phenocrysts and lithic fragments. Formation. bed 1
Air-Fall and Bedded Tuff: Pale-yellowish-brown with pale-
P, XRD, XRF, reddish-brown in parts. Common very-pale-orange to grayish-
189.0-227.1 38.1 . . . .
DA1 Fe, EM yellow pumice; zeolitic; common felsic phenocrysts; minor to
(620 - 745) (125) N o .
730 common mafic minerals of biotite, magnetite, trace pyroxene and
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Depth Thickness Laboratorg
Interval Sample Analyses . . .. ¢ Stratigraphic
meters a Lithologic Description . d
meters (feet) Type (Sample depth Unit
(feet) in feet)
P, XRD, XRF, Bedded to Reworked Tuff: Moderate-reddish-brown; zeolitic;
227.1-231.6 4.6 . LT . .
(745 - 760) (15) DA Fe moderate induration; variable amounts of pumice, felsic
750 phenocrysts and lithic fragment; rare mafic minerals.
Bedded Tuff: Mixture of light-brown to moderate-reddish-brown RedrockﬁVaIIey
2316 - 260.6 229 P, XRD, XRF, and very-pale-orange below 238 m (780 ft); zeolitic; variable to Tu
(760 i 855I) (75) DB4 Fe, EM abundant felsic phenocrysts; rare to common (variable) mafic
810 minerals; abundant larger lithic fragments of devitrified rhyolitic
lava.
260.6 - 280 4 198 P. XRD Bedded Tuff: .Moderate-reddlsh—orange; zeolitic; commqn to Tuff of Twin
DB4 abundant felsic phenocrysts; common to abundant pumice;
(855 -920) (65) 880 . T - ) - Peaks
minor mafic minerals of biotite and tiny magnetite.
P, XRD, XRF, Bedded Tuff: Grayish-orange with pale yellowish-green pumice;
280.4 - 298.7 18.3 o . ) . .
(920 - 980) (60) DB4 Fe, EM zeolitic; minor to common felsic phenocrysts; rare to minor mafic
970 minerals of biotite, magnetite, and hornblende.
Bedded Tuff: Moderate-reddish-brown; similar to the interval Tuft Iff White
P, XRD, XRF, | 231.6 - 260.6 m (760 - 855 ft); zeolitic to argillic. Cuttings Rock Spring
298.7 - 317.0 18.3 ) S L -
(980 - 1,040) (60) DB1 Fe samples are enriched in lithic fragments of devitrified rhyolitic
’ 1,030 lava within “meta-conglomerate” (?) interval at 305 - 320 m
(1,000 - 1,505 ft).
Bedded Tuff: Pale-yellowish-brown; zeolitic to argillic; minor
317.0-321.6 4.6 DB4 None (though variable) pumice; abundant small felsic phenocrysts; rare
(1,040 - 1,055) (15) to minor mafic minerals of magnetite, biotite, and hornblende; Older tuffs
scarce lithic fragments. undifferentiated
321.6 - 330.7 9.1 DB1 None Bedded Tuff: Similar to the interval 298.7 - 317.0 m
(1,055 - 1,085) (30) (980 - 1,040 ft).
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Depth . Laborator
Thickness g . .
Interval Sample Analyses . . ¢ Stratigraphic
meters a Lithologic Description . d
meters (feet) Type (Sample depth Unit
(feet) in feet)
330.7-334.1 30 Air-Fall Tuff: Qraylsh-orange; zeolitic; comlmon. pumice; o Older tuffs,
DB4 None abundant felsic phenocrysts; common mafic minerals of biotite . .
(1,085 - 1,096) (11) o o undifferentiated
and magnetite; rare lithic fragments.
Dolomite: Medium-light-gray to very-light gray; medium
P, XRD, XRF, ; : )
Fe crystalline; some fragments with small MnO» spots/stains.
334.1-431.3 97.2 DB4 1140 Dark-yellowish-orange and moderate reddish-orange fracture
(1,096 - 1,415) (319) SWC ' staining increasingly common below 371.9 m (1,220 ft). Cuttings
1,270 - .
1.330 samples from below 353.6 m (1,150 ft) are contaminated with tuff
' from the interval 321.6 - 334.1 m (1,055 - 1,096 ft).
Dolomite with Altered Intrusive Dikes: Yellowish-gray (due to
staining) to very-light-gray, similar to above, accept staining | )
more prevalent. Intrusive material is dark-yellowish-orange fine- Ea eozoic K
grained calcareous, altered, with occasional breccia fragments of card_chfnate roc j
very-light-gray dolomite. Blotchy to dendritic MnO2 common. undifferentiate
Intrusive and/or highly altered zones correspond to higher natural
431.3-538.5 107.6 DA None gamma readings on the Spectral Gamma-Ray Log (e.qg., at
(1,415 -1,768) (353) SWC 432.8, and 446.4 - 454.2, and 492.3 - 502.9 m [1,420,

1,465 - 1,490 and 1,615 - 1,650 ft]). Bright-blue and greenish-
blue chrysocolla and altered dolomite noted at 438.9 m (1,440 ft).
Some brecciated (cataclastic?) and/or hydrothermally altered.
Sample at 493.8 m (1,620 ft) is contaminated with up-hole
material. Slickensides observed in the 539.5 m (1,770 ft)
cuttings sample box and in the 532.2 m (1746 ft) sidewall core.
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Depth . Laborator
Thickness g . .
Interval Sample Analyses . . ¢ Stratigraphic
meters a Lithologic Description . d
meters (feet) Type (Sar_nple depth Unit
(feet) in feet)
Granodiorite: Pale-greenish-yellow (chloritic alteration?) and
light-gray (unaltered). Approximately equal abundance of quartz,
potassium feldspar, and plagioclase; abundant biotite; trace
pyrite. Trace minerals of sphene or zircon. Below 563.9 m
(1,850 ft) light-gray with pale-greenish-yellow tint, especially
P, XRD, XRF, where associated with pyrite. Trace moderate-reddish-brown
538.9-872.6 333.8 DA Fe fracture staining. Cuttings samples badly contaminated with Granitic rocks
(1,768 - 2,863) (1,095) DB4 1,798; 1,819 tuffs, especially 588.3 - 562.3 m (1,930 - 2,140 ft).
TD ' SWC 1,829; 1,850
1,860; 1,880 Slickensides noted in 661.4 m (2,170 ft) sample. Erratic
dolomite fragments noted in several sample boxes (e.g., 670.6,
728.5 m, etc. [2,200, 2390 ft etc.]). Clayey gauge material
observed at various locations, including 563.9 and 755.9 m
(1,850 and 2,480 ft); altered waxy granite in places, e.g.,
557.5 and 789.4 m (1,829 and 2,590 ft).

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; SWC = Sidewall core.

P = petrographic microscope; TS = polished thin section; XRD = x-ray diffraction; XRF = x-ray fluorescence; Fe = Fe2+/Fe3+; EM = Electron
microprobe. See Table 3-1 of this report for additional information.

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%.

Stratigraphic assignments for the Tertiary-age tuffs are based on geochemical and mineralogical analyses by WoldeGabriel et al. (2003).
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Appendix D
Geophysical Logs Run in Well ER-8-1



Appendix D contains unprocessed data presentations of selected geophysical logs run in Well ER-8-1.

Table D-1 summarizesthe logs presented. See Table 3-3 for more information.

Table D-1
Well ER-8-1 Geophysical Logs Presented

Run Log Interval
Log Type Number Date meters feet

Caliver CA6-1 10/29/2002 15.2-328.3 50-1,077
P CA6-2 10/29/2002 274.3-581.9 900 - 1,909

Epithermal Neutron DSEN-1 10/22/2002 0-329.2 0-1,080
P DSEN-2 10/29/2002 274.3 -580.3 900 - 1,904

Densit SDL-1 10/22/2002 0-329.2 0-1,080
y SDL-2 10/29/2002 274.3 -580.3 900 - 1,904

Induction (resistivity) HRI-1 10/22/2002 0-3325 0-1,091
y HRI-1 10/29/2002 274.3 -580.3 900 - 1,904

Gamma Ra GR-3 10/21/2002 0-3325 0-1,091
y GR-4 10/29/2002 274.3-581.3 900 - 1,907

Spectral Gamma Ray SGR-1 10/19/2002 15.2-328.3 50-1,077
(potassium, thorium, uranium) SGR-2 10/29/2002 274.3-581.9 900 - 1,909

D-1
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