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1.0 Introduction

1.1 Project Description

Well ER-3-2 was drilled for the U.S. Department of Energy, Nevada Operations Office
(DOE/NYV), in support of the Nevada Environmental Restoration Project (NV ERP) at the
Nevada Test Site. IT Corporation (IT) was the principal environmental contractor for the project.
The roles and responsibilities of IT and other contractors involved in the project are described in
the Raytheon Services Nevada (RSN) Drilling Program (1994a) and the Underground Test Area
Operable Unit Project Management Plan (DOE, 1994). The well will become part of the
Underground Test Area (UGTA) monitoring well network.

The site is located in the west central portion of Area 3 in Yucca Flat (Figure 1-1). in an area
where underground nuclear tests have been conducted above and below the water table. This
location was selected to obtain data on the thickness of the alluvial section and information on a
postulated hydraulic sink in the area (Winograd and Thordarson. 1975). Well ER-3-2 is located
approximately 1.4 kilometers from the closest drill hole (UE-3c) that penetrated the full thickness
of the alluvial section and is approximately 34 meters (m) (110 feet [ft]) north of Water Well A
(WW-A) (Figure 1-2).

The Central Nevada State Planar Coordinates for the well are N833.111.6 ft and E684,014.8 ft.
The ground surface elevation at the wellhead is 1,221.6 m (4,007.9 ft) above mean sea level.

Additional site summary and survey information 1s given in Tabie 1-1.

‘This report presents construction information and limited scientific data gathered during the
drilling and well-installation phase of the investigation. Most of the information in this report is
preliminary and unprocessed, compiled to summarize the drilling history, geophysical data, and
well-installation design. However, the lithologic log is provided in final form. Information on
well development, water levels, aquifer testing, and groundwater analytical sampling will be
presented in a future hydrologic data report(s). Additional information on the results of geologic,
geophysical, and hydrologic investigations will be presented in one or more analysis and
interpretation reports.

1-1
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Table 1-1

Well ER-3-2 Site Summary

Hole Designation

ER-3-2

Site Coordinates®

Central Nevada State Planar:
N833,111.6, E684,014.8 feet (ft)
Universal Transverse Mercator:

(Zone 11) N4,099,228.0, E585.716.8 meters (m)

Surface Elevation®

1,221.6 m (4,007.9 fi)

Drilled Depth

914.4 m (3,000 ft)

Completed Depth

914.4 m (3,000 ft)

Fluid-Level Depth

490 m (1,607 ft)

Fluid-Level Elevation

732 m (2,401 ft)

21 927 North Amencan Datum. Measurement mace by RSN Survey.
1929 North American Vertical Datum. Measurement made by RSN Survey.

1.2  Objectives
‘The primary scientific purpose for drilling Well ER-3-2 was to obtain vertical permeability and
water-level data from the saturated volcanic rocks that make up the welded-tuff aquifer
underlying the alluvium in south-central Yucca Flat. Other objectives, as discussed in the
Drilling and Completion Criteria Report (IT. 1993) and the Drilling Prdgram (RSN, 1994a),
include the following:

« Establish a monitoring well to obtain information on vertical and lateral permeability of the
valley-fill and welded-tuff aquifers (when tested in conjunction with Water Well A)

+ Determine the distribution of potentiometric levels between the valley-fill and welded-tuff
aquifers

+ Obtain samples for determination of natural chemistry and radiochemistry of local
groundwater

¢ Determine the thickness of the alluvium art this location.

Interpretation of these data is expected to further the understanding of the hydraulic sink in this
portion of Yucca Flat first postulated by Winograd and Thordarson (1975).

1.3  Project Summary
Well ER-3-2 was drilled with conventional rotary drilling techniques, using a direct circulation

system. to a total depth of 914.4 m (3,000 ft) between December 14, 1993, and February 8, 1994.

1-4




Most of the hole was drilled using bentonite air foam and pdlymer air foam, but high-viscosity
bentonite and sepiolite mud was required to drill the last 310 m (1,017 ft) because of problems
with sloughing of saturated alluvium into the borehole. Beyond the depth of 623.6 m (2,046 ft),
no drill fluid was recovered, resulting in the loss of approximately 2,703 cubic meters (m’)
(17,000 barrels [bbl]) of high-viscosity bentonite and sepiolite mud to the formation.

Composite drill cuttings were obtained every 3 m to the depih of 623.6 m (2,046 ft) for lithologic
descriptions. When no cuttings were returned during drilling, percussion-gun sidewall core
samples were collected. Geophysical logs were run periodically during drilling with no returns
and after drilling was completed to aid in verification of the geology. The hole penetrated

801.9 m (2,631 ft) of Quaternary/Tertiary-age alluvium and reached total depth in Tertiary-age
volcanic tuff.

No open-hole precompletion development was attempted in Well ER-3-2 because or hole
instability problems. Three completion strings were installed in the well: one in the welded-tuff
aquifer and two in the valley-fill aquifer. The lowest piezometer, String #1, was landed off at
895.5 m (2,938 ft) and has a 6.1-m (20-ft) slotted section located between 883.1 and 889.2 m
(2,897 to 2,917 ft). The middle piezometer, String #2. was landed off at 809.3 m (2,655 ft) and
also has a 6.1-m slotted section. located at the contact of the valley-fill aquifer with the
underlying tuff. between 796.9 and 803.0 m (2.614 to 2,634 ft). Moyno® pump startors were
installed in both lower piezometer strings. Piezometer String #3 was landed at 542.4 m

(1,779 ft). at the top of the valley-fill aquifer, just below the static water level (490 m [1,607 ft]).
String #3. consisting entirely of Hydril® tubing, conrains two slotted intervals at 523.2 t0 533.2 m
(1,716 to 1,749 ft) and 496.8 to 505.9 m (1.630 to 1.660 ft). The third piezometer was installed
for use in conjunction with hydrologic testing planned for nearby WW-A.

1.4  Project Manager
Inquiries regarding Well ER-3-2 should be directed to Mr. Steven J. Lawrence, UGTA. Project
Manager at:

Environmental Restoration Division
DOE/Nevada Operations Office
Post Office Box 98518

Las Vegas, Nevada 89193-8518
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2.0 Drilling Summary

2.1 Introduction

This summary was compiled from field notes prepared by the IT Field Representative and from
the RSN ER-3-2 Hole History (RSN, 1995), in which complete details of drilling activities can
be found. Figure 2-1 is a chart of the drilling and cémpletion history for Well ER-3-2.

A summary of driliing statistics for Well ER-3-2 is given in Table 2-1.

2.2  Drilling History

Mobilization for drilling of Well ER-3-2 began on December 14, 1993. A 0.91-m (36-inch [in.])
diameter borehole was dry-augered from the surface to 36.6 m (120 ft) on December 15, 1993,
using a Reynolds Electrical & Engineering Co.. Inc. {REECo) auger rig. A 0.51-m (20-in.)
outside diameter (od) casing was set at a depth of 35.4 m (116 ft) and the bottom of the casing
was cemented on December 16, 1993; final cement was in place on January 3, 1995. Operauons
were suspended until a REECo Cardwell 500 drill rig was mobilized to the site on

January 3, 1994, and bentonite-based air foam was used in direct circulation to drill a

0.31-m (12%-in.) diameter hole. Drilling operations were temporarily suspended at a depth of
431.0 m (1,414 ft) on January 7, 1994. and the hole was left open until well-completion materials

became available.

When drilling operations at Well ER-3-2 resumed on January 24, 1994, a polymer air foam
mixture was substituted for the bentonite-based air foam. Drilling continued to a depth of
563.3 m (1,848 ft) where it became necessary to address hole sloughing problems. Attempts to
ciean out the hole were unsuccessful, and in accordance with contingency plans described;in the
Drilling Program, the hole was cemented back to 478.5 m (1,570 ft) on the morning of |
January 26. 1994. The cement was drilled out to the original depth of 563.3 m (1,848 ft) with
poiymer air foam late on January 26, but hole sloughing continued to hamper drilling efforts.
The drilling fluid was changed to high-viscosity bentonite drilling mud (in accordance with
contingency plans), and the hole was successfully cleaned out to 559.3 m (1,835 ft) on

January 28. 1994. The hole was stabilized for the weekend by filling it with high-viscosity
bentonite drilling mud to a depth of 179.8 m (590 ft).

Drilling resumed on January 31, 1994, with bentonite-based air foam, after pumping out the
bentonite mud. Drilling efforts were again hampered by sloughing at a depth of 604.4 m

2-1
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Abridged Drill Hole Statistics for Well ER-3-2

Table 2-1

LOCATION DATA:

Surface Elevation

Coordinates

Central Nevada State Planar: N833,111.6, E684,014.8 feet (ft)

Universal Transverse Mercator: N4,099,228.0.,
E585,716.8 meters (m)

1,221.6 m (4,007.9 ft)

DRILLING DATA:
Spud Date:
Total Depth (TD):
Date TD Reached:

Date Well Completed:
Original Hole Diameter:

Drilling Techniques:

12/14/93 (auger rig); 01/06/94 (Cardwell 500)

914.4 m (3,000 ft)
02/08/94
02/18/94

91 centimeters (cm) (36 inches [in.]) from surface to 36.6 m (120 ft); 31 cm

(12% in.) from 36.6 m (120 ft) to 914.4 m (3,000 ft)

Dry hole auger from surface 10 36.6 m {120 ft). Air-foam rotary

drilling from 36.6 m (120 ft) to 604.4 m (1,983 ft) using a

31-cm (12%-in.) tricone bit with conventional circulation.

Rotary drilling with high-viscosity bentioniie and sepiolite muds

from 604.4 m (1,983 ft) to 914.4 m (3,000 ft) using a 31-cm (12%-in.)
tricone bit with conventional circulation.

CASING DATA:

51-cm (20-in.) outside diameter (od) casing from surface to 35.4 m

(116 ft).

No intermediate casing set in hole.

WELL COMPLETION DATA:
Lower two piezometer strings consist of 2%-in. od tubing, carbon steel in the unsatwuraied zone.
stainless steei within and extending approximately 33 m (108 ft) above the saturated zone. Upper
plezometer string consists of 1.9-in. Hydril® tubing.

Total Depth:
Depth of Slotted Section:

Depth of Sand Pack:
Depth of Gravel Pack:

Depth of Moyno® Stator:
Fluida Deptha:

Lower Piezometer (#1)

895.5m {2,938 ft)
883.1-889.2 (2,897-2,917 ft)

871.7-914.4 m (2,860-3,000 ft)
NA

859.9-864.6 m (2,821-2,837 ft)
480.3m {1,608.7 ft)

Middie Piezometer (#2)

809.3m {2.655 ft)
796.9-803.0 m (2,614-2,634 ft)

788.8-803.5 m (2,588-2.636 1)
NA

773.7-778.4 m (2,538-2,554 fi)
4373 m {1.434.8 fi)

Upper Piezometer (#3)

5424 m (1,779 1)

523.2-533.2 m (1,716-1,749 ft)
496.8-505.9 m (1,630-1,660 ft)
472.4-496.5 m (1,550-1,629 ft)
496.5-576.1 m (1,629-1,890 ft)

NA

438.6 m (1,439.1 ft)

DRILLING CONTRACTOR:

Reynolds Elecirical & Engineering Co., Inc.

GEOPHYSICAL LOGS BY:

Baker Hughes INTEQ

Atlas Wireline Services (AWS), Haliburton Logging Service.

SURVEYING CONTRACTOR:

Raytheon Services Nevada

aPreIimmary fluid level measured by IT on February 23, 1994. Probably reflects presence of residual drilling fiuid 1n wbe.




(1,983 ft). At this point, the Drilling Program contingency plan called for the use of high-
viscosity bentonite mud. which was used to drill the rest of the hole. Drilling continued without
further sloughing problems to the total depth, but no drilling-fluid returns were obtained beyond
a depth of 623.6 m (2,046 ft). A total depth of 914.4 m (3,000 ft) was reached on

February 8, 1994. Approximately 2,703 m3 (17,000 bbls) of high-viscosity bentonite and
sepiolite drilling mud were lost to the formation while drilling without returns. See Figure 2-2
for an illustration of fluid use during drilling of Well ER-3-2 and Appendix A-4 for additional

data on fluids used down hole.

A graphical depiction of drilling parameters including penetration rate. revolutions per nﬁﬁute.
pump pressure, and weight on the bit is presented in Appendix A-2. Geophysical logs were run
several times during drilling to assess borehole geology, and the final suite of logs was

completed on February 10. 1994.

The Desert Research Institute (DRI) installed time domain reflectometry (TDR) instrumentation
in the fluid discharge line at the rig on Well ER-3-2 to determine the effectiveness of TDR in
detecting the presence of free water in the fluid discharge line of the drill rig. " The TDR system

and the resuits of this test are discussed in Section 5.0.

Completion activities were begun on February 11, 1994, and finished on February 18, 1994,
(see Section 7.0).

2.3 Drilling Problems

The primary problems encountered during drilling of Well ER-3-2 were the result of sloughing
of alluvium into the borehole. It had been recognized that sloughing could occur in the lower
saturated alluvium. and the Drilling Program specified procedures to mitigate the various
possible degrees of sloughing severity. The following is a list of the primary consequences of
sloughing and mitigation procedures at Well ER-3-2:

+  Additional rig time was required for cementing and redrilling unstable sections of the hole
(see Section 8.0).

» High-viscosity bentonite mud required to stabilize the hole could compromise one or more of
the scientific objectives of the hole (because of thé potentials for wall-cake formation, for

fluid invasion, and for channeling during completion [see Section 7.01).

« The presence of high-viscosity mud prevented proper operation of the acoustic televiewer
log, and thus no datd were obtained on fractures in the borehole.
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Figure 2-2
Drilling-Fluid Use Diagram
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The lack of fluid returns from the depth of 604.4 m (1,983 ft) to total depth caused additional
problems:

+ Lack of drill cuttings prevented assessment of the lithology and stratigraphy during drilling,
making "real-time" identification of the target formation and completion zones impossible.

* Drilling of Well ER-3-2 was frequently interrupted in this interval to run geophysical logs.
This added both rig time costs and logging costs to the project (see Section 8.0).

Minor incidents of lost time also occurred. including the following:

» After several failed attempts to acquire acoustic televiewer data, it was discovered that the
presence of high-viscosity drilling mud in the borehole severely limited the tool’s
performance.

+ A logging tool became stuck in the hoie, possibly due in part to the presence of liquid mud.
and proper fishing tools were unavailable.

2.4  Fluid Management

Bentonite air-foam, polymer air-foam. high-viscosity bentonite. and sepiolite muds were used
during drilling of Well ER-3-2. All air-foam mixtures were modified to eliminate soda ash
(sodium carbonate [Na,CO,]) from the mixture except for the first 114.6 m’ (720 bbls) mixed on
January 5, 1994, and used while drilling to the depth of 431.0 m (1.414 ft).

Drilling-fluid effluent was monitored in accordance with the Draft Fluid Management Plan for
NV ERP Well Construction Activities (DOE. 1993) in effect at the ume the wgll was drilled.
The results of analyses on samples of drilling fluid collected at Well ER-3-2 during drilling
operations indicate thart all fluid quality objectives were met.

Appendix B of this report contains a fluid disposition reporting form and final analytical results.
The fluid disposition form lists volumes and data for well-construction operations. Stages I
through ITI. The volumes of fluids imported to and produced at Well ER-3-2 were calculated
from vacuum-truck delivery tickets and measurements of fluids in the lined sump. The solids
produced were calculated using the diameter of the borehole and the depth drilled and take into

account hole sloughing, redrill of cemented intervals, and lost circulation.




3.0 Geologic Data Collection

3.1 Introduction

This section describes the sources of geologic data obtained from Well ER-3-2 and methods of
data collection. Obtaining geologic data was one of the primary objecuves of Well ER-3-2
because of the need for information on the welded-tuff aquifer that underlies the alluvium in this
part of Yucca Flat. Few nearby holes penetrate the entire alluvium section, so the depth of the
tuff aquifer had been estimated from indirect sources. Thus, the proper collection of geologic
data from Well ER-3-2 was considered fundamental to successful completion of the project.
Geologic data collection and sampling at Well ER-3-2-consisted of drill cuttings, sidewall core
samples, and geophysical logs.

Geologic data collection, sampling, transfer, and documentation activities were performed in
accordance with applicable RSN, REECo, and IT procedures.

3.2  Collection of Drill Cuttings

Drill cuttings were collected continuously from Well ER-3-2 at 3.05-m {10-ft) intervals as
drilling progressed from 36.6 m (120 ft) to 603.5 m (1,980 ft). Below 603.5 m (1,980 ft), poor-
quality cuttings were returned at 612.6 m (2,010 ft) and at 623.6 m (2,046 ft), but no cuttings
reached the surface from any deeper in the hole due to lost circulation conditions. The IT Field
Geologist collected a grab sample from each of the cuttings samples before relinquishing custody
to the U.S. Geological Survey (USGS) Core Library via RSN. These samples were examined at
the drill site, and the field lithologic descriptions were used to prepare the lithologic log for Well
ER-3-2 given in Appendix C. '

3.3 Sidewall Core Sampling

Drilling was stopped three times after fluid returns were lost to collect sidewall core sampies to
verify geology. In particular, the cores were taken to obtain material for detailed lithologic
descriptions and to identify the geologic contact between the alluvium and the underlying tuff.

Depth intervals for the core runs and the individual core sample depths were determined by the
IT Field Representative and the IT Field Manager in consultation with RSN geologists and
logging engineers. Samples were taken where litHologic data were needed after analysis of
penetration-rate changes, geophysical logs (to identify lithologic boundaries), and caliper logs
(for successful operation of the sidewall tool).
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The 611.7- to 635.5-m (2,007- to 2.085-ft) interval was sampled every 0.6 mto 1.5 m (2 to 5 ft)
on February 1, 1994. The 728.2- to 733.7-m (2,389- to 2,407-ft) interval was sampled every
0.6 to 1.2 m (2 to 4 ft) on February 3, 1994. Two intervals were sampled on February 7, 1994;
4 samples were taken in the interval 685.8 to 726.9 m (2,250 to 2,385 ft), and 17 samples were
taken in the interval 746.8 to 847.0 m (2,450 to 2,779 ft). A final set of cores was taken after
total depth was reached in the 848.0- to 911.4-m (2,782- to 2,990-ft) interval at 0.9- 10 28.3-m
(3- to 93-ft) spacings.

Sixty-six 20-millimeter (0.8-in.) diameter sidewall cores were obtained out of the 71 attempred.
Five samples (and the core barrels) were not recovered. The percussion-gun sidewall cores were
collected by Atlas Wireline Services (AWS) personnel and transferred to the USGS Core Library
in Mercury. Table 3-1 summarizes sidewall-core depths and dates.

3.4 Geophysical Data

Geophysical logs Were Tun at various stages of drilling and well-completion to further '
characterize the lithology, structure, and water content of the formations encountered.
Geophysical logs were also run to check hole conditions and to determine the extent of caving,
the depth to warer prior to cementing, fluid levels during the course of drilling, and to monitor
completion activities. All logs run are listed in Table 3-2. Geophysical logs used in geologic
interpretation are presented as a composirte log in Appendix D.

Geophysical logs from Well ER-3-2 are available from RSN in Mercury, Nevada, or the
Well ER-3-2 project files maintained by IT. '
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Table 3-1
Well ER-3-2 Sidewall Core Data

Depth Date Core Run Depth Date Core Run

meters (feet) Number meters (feet) Number
611.7 (2,007) 732.4 (2.403)
613.3 (2.012) 733.0 (2,405). NR 0?0'22;3’4 SGUN-2
614.8 (2,017) 733.7 (2.407)
616.3 (2,022) 746.8 (2.450)
617.8 (2,027) 762.0 (2.500)
619.4 (2,032) 779.1 (2.556)
620.9 (2,037) 788.2 (2.586)
622.4 (2,042) 791.3 (2.596)
623.9 (2.047) 795.5 (2.610)
625.4 (2,052) 800.4 (2.526)
627.0 (2,057) 800.4 (2.626)
627.6 (2,059) ores 802.8 (2.634) Rcadined SGUN-3
628.2 (2.061) 2090 hotirs SGUN-1 804.7 (2.640)
628.8 (2,063) 811.4 (2.662)
629.4 (2,065) 818.7 (2.686)
630.0 (2,067) 824.2 (2.704)
630.6 (2,069) 835.8 (2.742)

631.2 (2,071), NR® 844.3 (2.770)
631.9 (2,073) 845.8 (2.775)
632.5 (2,075) 847.0 (2.779)
633.1 (2,077) 848.0 (2.782)
633.7 (2,079) 848.6 (2.784). NR
634.3 (2,081) 354.0 (2.802)
634.9 (2,083) 855.6 (2.807)
635.5 (2,085) 868.7 (2.850), NR
685.8 (2,250) 883.9 (2.900)
ZZ; .; (2,300) 12%,;;9!;,;5 SaUNS 887.0 (2.910)

.9 (2,385) 887.0 (2.910) 02-10-94 SaUN4

726.9 (2,385) 890.0 (2.920) 1000 hours
728.2 (2,389) 902.2 (2,960)
728.8 (2,391) 905.3 (2,970)
729.4 (2,393) 908.3 (2.980)
730.0 (2,395) (20394 SGUN-2 909.8 (2.985)
730.6 (2,397) 911.4 (2.990)

731.2 (2,399), NR 911.4 (2.990)

|__751.8 (2401)

Sidewall Core Type - Percussion-Gun: Series 1812 CM Corgun

Operator - Atlas Wireline Services

a
No Recovery; core barrels also lost.
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4.0 Geology

The formations encountered in Well ER-3-2 are Quaternary/Tertiary alluvium and Tertiary-age
volcanic tuffs, which include Ammonia Tanks Tuff and Rainier Mesa Tuff, both of the Timber
Mountain Group. IT personnel prepared field lithologic descriptions of the cuttings and sidewall
cores, and selected samples were sent to Los Alamos National Laboratory for petrographic and
mineralogical analysis (Warren, 1994). Using these data and incorporating analysis of
geophysical data, RSN geologists prepared the final lithologic and stratigraphic logs presented in
Appendix C.

The drill hole penetrated approximately 801.9 m (2,631 ft) of alluvium, 44.2 m (145 ft) of
nonwelded to partially welded ash flow and 5.8 m (19 ft) bedded tuif of the Ammonia Tanks
Tuff. and approximately 62.5 m (205 ft) of nonweided to moderately welded ash flow of the
Rainier Mesa Tuff. Real-time evaluation of the formations encountered during drilling were
complicated by the lack of cutting samples below the depth of 623.6 m (2,046 ft). The field call
of the alluvium/tuff contact at 802.8 m (2,634 ft) was used to design the placement of
piezometers. However. based on an analysis of more complete data available later, the
alluvium/tuff contact is placed at 801.9 m (2,631 ft).

The contact of the alluvium with volcanic twif was encountered 222.8 m (731 ft) below the
predicted depth of 579.1 m (1,900 ft). The contacts are shown compared with the predicted
stratigraphy on Figure 4-1 (IT. 1993). Detailed analysis and interpretation of the geologic data

wili be submitted in a separate report.
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5.0 Hydrology

5.1 Water-Level Information

The depth to water projected for Well ER-3-2 was approximately 494 = 6 m (1,620 + 20 ft)

(IT, 1993), based on wafer-level measurements made in WW-A located approximately 34 m
(110 ft) south of Well ER-3-2. However, the last depth-to-water measurement in WW-A was in
" 1971, and the well is no longer accessible for water-level measurements. Thus, it is not known
what effect groundwater pumping in WW-A (1960 to 1988) and any subsequent recovery may
have had on the local groundwater level. '

Observations made during drilling of Well ER-3-2 indiéated a static, open-hole water level at the
depth of approximately 490 m (1,607 ft) and an elevation of approximately 732 m (2.401 ft).

5.2 Time Domain Reflectomeiry Test

Time domain reflectometry instrumentation to detect the presence of water in the drilling effluent
was tested by DRI during drilling of Well ER-3-2. The sensor was a modified two-wire TDR
probe designed to fit within the drill rig's fluid discharge line. Time domain reflectomertry
monitoring began after dry-augering at 36.6 m (120 ft) and continued to a depth of 530 m

(1,739 ft) when visual inspection of the drilling fluids indicated that the water table had been
peneirated. The TDR response showed a pronounced shift toward drier readings between 470 m
(1,542 ft) and 490 m (1.608 ft). However, the addition of instrumentation to measure pump
strokes (that add moisture to the drilling fluid) and compressor pressure was required to provide
data on the effect of drill-fluid pump rate on the TDR response. Additional analysis
incorporating these data indicated a water-levei depth of 490 m (1,608 ft). Desert Research
Institute concluded that without the pump-stroke measurements. TDR data alone were not a

useful indicator of water-table penetration (Hokett et al.. 1994).
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6.0 Precompletion and Open-Hole Development

Precompletion open-hole development was not attempted in Well ER-3-2 due to unstable hole
conditions encountered in the lower saturated alluvium section.
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7.0 Well Completion

7.1 Introduction

The objective of well completion is to hydraulically isolate specific water-producing zones witﬁin a
single borehole in order to collect potentiometric and water-chemistry data from the desired
producing zones. Completion of Well ER-3-2 began on February 10, 1994, and was concluded on
February 18, 1994. Figure 7-1 is a schematic of the final well-completion design for Well ER-3-2,
Table 7-1 is a construction summary for the well. and Figure 7-2 shows a plan view and profile of the

wellhead surface completion.

The as-built completion of Well ER-3-2 differed significantly from the planned completion
design, as described in this section: three piezometers were installed in the borehole instead of
two to maximize dara acquisition 1n a hydrogeologic setting with a thicker than expected valley-
fill alluvium section. The lowest completion string (String #1) is located in 2 moderately welded
tff aquifer about 79.2 m (260 ft) below the ailuvium/tuff contact, in an interval believed (based
on degree of welding) to have a high fracture permeability. The original plan for an upper
completion string in volcanic rock was changed to place String #2 at the base of the saturated
valley-fill aquifer, spanning the alluvium/tuff contact. This will allow potentiometric head
measurements at the boundary of the valley-fill and welded-tuff aquifers and the monitoring of
drawdown during pumping of String #1. The added string (String #3) is located near the 1op of
the valley-fill aquifer, just below the static water level, with the screened interval placed in a

coarse-gravel zone expected to have a high permeability.

Development of Well ER-3-2 as completed is expected to provide data on the vertical
permeability between the valley-fill and tuff aquifers if the process is not hindered by the
presence of excessive high-viscosity bentonite mud. Information on lateral permeability in the
valley-fill alluvium aquifer can be gained in conjunction with recompletion and testing in nearby
WW-A. '

7.2  Well Compietion Design
7.2.1 As-Built Completion Design: Strings #1 and #2
Strings #1 and #2 are composed of stainiess steel, including one slotted section in each

piezometer, from the bottom of the string to just above the water level, and then flush-joint
carbon-steel casing to the surface. Detailed diagrams of the completion zones for Strings #1
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2901A07

PLAN VIEW

Outer casing
20—inch (in.)
outside diometer (od)

Well Coordinates:
NB833,111.6 feet (ft)

E684.014.8 ft String #3

3.8—centimeter (cm) (1.5—in.)

inside diameter (id), 1.9—in. od carbon—steel
tubing to 542.5 meter (m) (1,779.4 ft)

String #1

6.2—cm (2.441—in) id,

2 Jg—in. od carbon-steel tubing

to 457.4 m (1,501 ft), 5.9—-cm (2.323-in.)
id, 2 %—in. od stainless—steel tubing from
457.4 m (1,501 ft) to 859.9 m

(2,938 ft)

Landing plote

String #2
6.2—cm (2.441-in.) id,
2 J3—in. od carbon-steel tubing to

! 456.1_m (1,496.5 ft), 5.9—cm (2.323-in.)
id, 2 Jg—in. od stainless—steel tubing from
| ) 456.1 m (1,496.5 ft) to 773.7 m
| (2,538.3 ft)
0.19 m
(0.63 ft) ) . 0.28 m
| | / (0.92 ft)
Locking lid {
i N |
; I \ i
Piezometer + 7 L] ]
access tube ! N !
i
Londing plote —e{ : : I
i H 0.34 m
I I
: #2 u3 1 :/(1.10 ft)
| d
Grouna surfoce : | i Elevation 1,221.6 m (4,0079 ft)
=11 : ' ' El L
=l=l1kE ! =
== ETE=T
= A e ==
=11l | =T
plIs ey =L

|

PROFILE VIEW

See Appendix A—3 for casing ana tubing daoia.

Figure 7-2
Well ER-3-2 Wellhead Diagram
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and #2 are shown in Figures 7-3 and 7-4. respectively, and the string compositions summarized
here are listed in Table 7-1.

The lower section of both strings is 27%-in. od, Type 304 stainless steel to approximately 33 m
(108 ft) above static water level (based on a static water level in the hole of approximately 490 m
[1,607 ft]). Each bottom assembly is composed of a 6.1-m (20-ft), Schedule 40, stainless-steel,
bull-nosed tailpipe as a sediment trap, followed by a 6.1-m (20-ft), Schedule 40, stainless-steel,
slotted section.

The élotted section of each piezometer contains eight rows of saw-cut slots, 7.62 cm long by 0.10
cm wide (3 in. by 0.038 in.), staggered on 30.5-centimeter (cm) (12-in.) centers. Above each
slotted section are three solid. 6.1-m (20-ft) joints, followed by a 4.6-m (15-ft) carbon-steel
Moyno® pump stator. The slotted section and the stator were separated by three solid joints so
that the stator could be encased in cement to reduce contact of its carbon-steel case with

groundwater.

Above the slotted section of both strings, the rest of the casing is composed of solid 6.1-m
stainless-steel joints to approximately 33 m (108 ft) above the static water level, followed by
9.6 m (31.5 ft) long, 27%-in. od carbon-steel joints to the surface.

7.2.2 As-Built Completion Design: String #3

String #3 is composed entirely of 1.9-in. od. Grade L-80. Hydril® tubing, with two slotted
sections. The bottom assembly is composed of a 9.1-m (30-ft). bull-nosed tailpipe as a sediment
trap. followed by a 10.1-m (33-ft) siotted secuon. Above the slotted section are two 8.5-m
{28-ft) solid sections followed by another 9.1-m (30-ft) slotied section. Both siotted sections
contain eight rows of saw-cut slots, 7.62 cm long by 0.32 cm wide (3 in. by 0.125 in.), staggered
on 30.5-cm (12-in.) centers. Figure 7-5 is a detailed diagram of the completion zone for

String #3.

7.2.3 Rationale for Differences between Actual and Proposed Well Design

The differences between the as-built and proposed well-completion designs (as specified in the
Completion Criteria {IT, 1993] and the Drilling Program [RSN, 1994a]) are summarized below.
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5709W01

String #1
N

274/-inch (in.) outside diometer,
5.9—centimeters (cm) (2.323~in.)
inside diometer stainiess—steel tuping

12 V/4—in. diameter borehole ————‘ i

859.90 meters (m) (2,821.19 feet [ft]) ———
' 4.7 m (15.37 ft)
864.58 m (2,836.56 ft) ——F
o e T 8 mo(20 1)
5 3 . - ...4 |
871.7 m (2,860 ft) : e -}
: |

52 m (17 ft) 6.1 m (20 ft)
i

|

876.9 m (2,877 ft)

6.1 m (20 ft) ST e m (20 1)
wal U6=9 1 l
883.12 m (2,897.39 ft) S hpiSand *
S I CER S I
_:.III,__;",‘»’_- 6.1 m (20 ft)
- ' L g
o [N | ARV
889.22 m (2,917.39 ft) e T %
T e [
LT B m (20 1)
L I P B
895.54 m (2.038.13 ft) ——wtd "L | L
914.4 m (3,000 ft) e
NOT TO SCALE

Moyno® pump

stator. carbon steel

Stainless—steel
joint

Stainless—steel
joint

Stainless—steel
joint

Stainless—steel
slottea section

Stainless—steel

bull-nosed tailpipe

Cement

22 20/40
=] Sand

6-9

"1 Sand

Figure 7-3
Completion Configuration for Well ER-3-2
Lower Completion Zone (String #1)
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2901A04

String #2

N

27k/—inch (in.) outside diameter,
5.9—centimeter (2.323—in.) inside
diameter stainless—steel tubing

12 V4—in. diometer borehole—-———1 .

Moyno ®pump

773.68 meters (m) (2,538.31 feet [ft]) —= T
a 147 m (1536 ft)
778.36 m (2,553.67 ft)————t—1 %
F o s Tt 7161 m (20 1) Stginless—steel
. Sooe joint
t 2 > *
.. :. " . -
a ’ . 161 20 ft Stainless—stee!
7888 m (2,588 f)—me—p i ey 01 ™ (20 1) o
3.7 m B /40%;
(12, ft) p2z e

792.5 m (2,600 ft)
44 m

(14.5 [

796.88 m (2,614.45 ft)

802.98 m (2.634.44 ft)—— |2

803.5 m (2,636 ft)———™

809.30 m (2,655.18 ft)———

1 6.1

-] 6.1

__>*<_

m (20 ft)

— | y—

m (20 ft)

.+ 6.1 m (20 ft)
J o

jre—

Stainless—steel
joint

Stainless—steel
slottea section

Stainless—steel

bull-nosea tailpipe

LEGEND

NOT TO SCALE =

. Cement
2 20/40
ez Sand
8 6-9
- Sand
Note: Deeper string omitted for diagram clarity.
Figure 7-4

Completion Configuration for Well ER-3-2
Intermediate Completion Zone (String #2)
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String #3

1.9-inch (in.) outside diometer, 3.8—centimeter

(1.5-in.) inside diameter carbon—steel tubing
121/4—in. diameter borehole

472,4 meters (m) (1,550 feet [ft])

N

e’
Cement ~

. %
.

s oD D A e
e

5.8 20/407]
(19 :
478.2 m (1,569 ft) =
18.3 m
(60 ft) [*-. -
4965 m (1,629 ft)
496.79 m (1,629.89 ft)———— PO, )
’Q%C( | 9.2 m (30 ft)
Sl
505.91 m (1,659.81 ft)—pcHo—!
85%%( 53] 8.5 m (28 ft)
. m
Sl 0
o
03 o
) Q ;
POl RSO8S2d 85 m (28 1)
s et
523.15 m (1,716.37 1)— '|'>8%8‘8(>ch
cxol PRI Y OL o1 @)
%C),(%D(giilgce%%ogvé 10.1 m (33 ft)
O<0
OSY!, 1BRE0
533.20 m (1.749.35 ft) b g%og)gé
POSI D9S3 1
X8 )%8%00(% 9.2 m (30 f)
3 Ry
542.35 m (1,779.36 ft)————F 2 o&?&ooo
S delereter
BR8G
Jaeiagiyeiellel
O&-Chevreaux and?
DO Trona gravel<oy

H<O O\ D Ko
e glyet 0ot

576.1 m (1,890 ft)

00030

. Cement. ~ .

Sy

NOT TO SCALE

Note: Deeper strings omitted for diagrom clarity.

Carbon-steel slotted
section

Carbon—steel joint

Carbon—steel joint

Carbon-steel slotted

section

Carbon-steel

bull-nosed tailpipe

. | Cement

-] 20/40 Sona

6-9 Sand

Chevreaux and Trona
Gravel

Figure 7-5
Completion Configuration for Well ER-3-2

Upper Completion Zone (String #3)
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* A third piezometer was installed to serve as an observation well during pumping and testing
activities in WW-A and in the lower two completion zones in Well ER-3-2. '

* The intermediate string was screened in the alluvium at the tuff contact instead of within the
uppermost portion of the volcanic tuff. This change was made to provide vertical
permeability data across the alluvium/tuff boundary and to provide permeability data from
the valley-fill aquifer.

* The intermediate and lower strings were placed farther apart than specified to accommodate
the revised completion specifications.

* One Moyno® pump stator per string was installed in Strings #1 and #2 instead of two because
it was determined that an additional pump stator would not significantly extend the useful life
of the well.- ’

» Chevreaux gravel. Trona gravel, and 6-9 sand were used in the filter pack of the upper
completion zone instead of only Trona gravel. as specified. In the two lower completion
zones, 6-9 sand was substituted for Trona gravel. Both of these changes were implemented
to save on the limited stock of Trona gravel. In addition. the smaller diameter 6-9 sand was
more compatible with the equipment used to install the filter pack.

* The slot size in the lower and intermediate screened intervals was reduced from 0.32 cm to
0.10 cm (0.038 in. instead of 0.125 in.) to be compatible with the smaller diameter 6-9 sand
used in these intervals.

* The bull-nosed tailpipes for the intermediate and lower strings were 6.1 m (20 ft) long instead
of 9.1 m (30 ft) long because this pipe is manufactured in standard 6.1-m-iong sections.

7.3  Well Completion Methods

7.3.1 Introduction

Well construction materials were inspected in accordance with relevant procedures; standard
decontamination procedures were employed to prevent introduction of contaminants into the
well. Caliper logs were used to calculate the volumes of cement needed during well compietion.
The Photon Annulus Investigation Log was used to monitor the rise in cement and the placement
of sand and gravel.

7.3.2 Completion Method:. Strings #1 and #2

Both Strings #1 and #2 piezometers were assembled and landed prior to the emplacement

of filter packs and cement. String #1 was landed at 895.5 m (2,938 ft), and String #2 was landed
at 809.3 m (2,655 ft). AWS verified the depth of each piezometer by tagging the top of the
Moyno® pump stator with a sinker bar.
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Water was pumped down through 27%-in. od Hydril® tubing to displace the drilling mud column
and allow proper emplacement of the filter pack and cement. The filter pack and cement were
then emplaced through the Hydril® tubing. Each stage of cement was allowed to cure for

approximately six hours before emplacement of another stage of cement or filter-pack material.

The filter packs for Strings #1 and #2 consist of 6-9 sand, with 20/40 sand emplaced on top to
prevent infiltration of cement into the screened portion of the filter pack. Following
emplacement of the filter pack, Type II cement with two-percent calcium chloride (CaCl,) was
emplaced between Strings #1 and #2 to hydraulically isolate the completion zones. As-built
measurements for Strings #1 and #2 are shown on Figures 7-3 and 7-4.

7.3.3 Completion Method: String #3

String #3 was assembled and run into the borehole after cement was emplaced up 1o a depth of
576.1 m (1,890 ft). After the 1.9-in. od Hydril® tubing was landed at 542.4 m (1,779 ft),
dewarering operations commenced using 1.6-in. od Hydril® tubing inside a 27%-in. od eductor
casing. The fluid level in the hole was lowered from 146.3 m (480 ft) to 442.6 m (1.452 ft)
before dewatering operations were halted.

After dewatering the hole. a filter pack consisting of Chevreaux and Trona gravels was emplaced
in the upper completion zone. When the supplies of Chevreaux and Trona gravels were
exhausted. 6-9 sand was substituted, starting at-0.27 m (0.9 ft) above the top of the upper slotted
section of tubing and extending up approximately 18.3 m (60 ft). As an infiltration barrier, 20/40
sand was emplaced above the 6-9 sand, and the well installation was completed with
emplacement of Type II cement with two-percent CaCl, in two stages from the top of the

20/40 sand to the surface. Construction materials for String #3 are listed in Table 7-1, and the as-
built measurements are shown on Figure 7-5.

7.3.4 Complications

Coimparison between the last caliper log run prior to completion (CA6-7) and the RSN
cementing record shows that less cement was used than caiculated for much of the completion
process. Eight percent less cement was used between the completion zones for Strings #1

and #2. 38 percent less cement was used between Strings #2 and #3. and 6 percent less cement
was used between the upper completion zone and the surface. These differences indicate the
possibility of a wall-cake buildup, channeling, or both. The cement section between Strings #2
and #3 corresponds to the portion of the borehole that suffered the worst sloughing, as described
in Section 2.2.
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The construction of Strings #1 and #2 with the Moyno® stators cemented in place above the
screens may complicate development. A retainer pin that acts as a stop for the drive rods is
located at the bottom of each stator and will prevent the passage of equipment below the stator.
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8.0 Actual versus Planned Costs and Scheduling

The RSN Work Order Estimate for Well ER-3-2 (summarized in the Fiscal Year 1994

Cost Summary [RSN, 1994b]) projected that drilling and completion operations would require
20 days to accomplish. The RSN projection allowed for 15 days of drilling and geophysical
activities and 5 days of completion activities. Actual time spent drilling and logging

Well ER-3-2 was 21 days, while completion required 7 days, for a total of 28 days. The added
drilling time reflects the greater-than-expected drilled depth required to reach the target
formation and the time spent managing the sloughing problems. The added completion time is a
result of the de¢ision to add a third piezomerter string to the well.

The planned cost for fifteen days of drilling, geophysical logging, and materials was $421,500.
The planned cost for five days of completion and materials was $310.900. The toral pianned cost
for Well ER-3-2 was $732.400.

The actual cost of Well ER-3-2 through completion totaled $1,427,040, or approximately

95 percent more than the planned cost. Table 8-1 provides a comparison of the actual versus
predicted costs. Figure 8-1 is a comparison of the planned versus actual drilling costs, and
Figure 8-2 is a comparison of the planned versus actual completion costs. These data

(taken from the RSN summary report for Fiscal Year 1994 [RSN, 1994b]) show actual costs
plotted against the day the charges were received from REECo. not against actual drilling
and completion days. The additional days shown for drilling and completion also reflect
subsequent activities related to water-level measurements, preparation of the well for future
development, and vacating the site.

Table 8-1
Well ER-3-2 Planned versus Actual Costs
e || e
Drilling and geophvysical logging $421.500 $864,500 +105%
Well completion $310,900 $562,540 +81%
Total $732.400 $1,427,040 +95%
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9.0 Summary, Recommendations, and Lessons Learned

9.1 Summary

Drilling operations commenced at Well ER-3-2 on December 14. 1993, and concluded on
February 8, 1994, when the total depth of 914.4 m (3.000 ft) was reached. Well completion
activities were finished on February 18, 1994. Crews worked on a five-day-per-week, 24-hour-
per-day schedule, and 28 working days were expended in the well-drilling and completion
process. Two 2-week drilling hiatuses took place: the first in December 1993 for the holidays
and the second in mid-January 1994 while waiting for well-construction materials.

Drilling of Well ER-3-2 took longer than expected because the target formation was deeper than
predicted and because of complications due to unstable hole conditions. Shortly after the water
table was penetrated, the saturated alluvium began to slough, and contingency plans provided in
the drilling program were implemented to manage the problem. The mitigation process required
cementing back, redrilling, and eventually using high-viscosity bentonite and sepiolite drilling
muds to finish the hole. Loss of drilling fluid to the formation coincided with the onset of
drilling with high-viscosity bentonite mud. and most of the bentonite and sepiolite mud

(2,703 m’ [17,000 bbls]) was lost to the formation.

Well-completion activities were accompiished in seven days. Precompletion. open-hole
development was not attempted on the well because of unstable hole conditions. Three
piezometers were successfully installed in the borehole. instead of two as planned, tc maximize
dara acquisition in a hydrogeologic setting with a thicker than expected valley-fill alluvium
secuon. String #1 was landed at 895.5 m (2,938 ft) in a moderately weided volcanic tuff unit
believed (based on degree of welding) to have a higher fracture permeability. String #2 was
landed at 809.3 m (2,655 ft), with its completion zone located at the alluviuny/tuff contact. String
#3 was landed at 542.3 m (1,779 ft), in a zone of coarse gravel within the saturated portion of the
valley-fill alluvium aquifer. '

The Desert Research Institute installed experimental TDR instrumentation in the fluid discharge
line as part of a program to develop a method for "real-time" determination of the onset of
groundwater flow during drilling. The results indicated a water level of 490 m (1,608 ft) in the
borehole, which agrees with water-level data obtained by other means in Well ER-3-2.

Composite drill cuttings were collected continuously from Well ER-3-2 at 3.05-m (10-ft)
intervals as drilling progressed from 36.6 m (120 ft) to 603.5 m (1,980 ft). Below 603.5 m
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(1,980 ft), poor-quality cuttings were returned at 612.6 m (2.010 ft) and at 623.6 m (2,046 ft), but
no cuttings reached the surface from any deeper in the hole due to lost circulation conditions.
Drilling was stopped three times after fluid returns were lost to collect sidewall core samples to
verify geology. Sixty-six percussion-gun sidewall cores were obtained in four runs from discrete
depths ranging from 611.7 m (2,007 ft) to 911.4 m (2,990 ft). All geologic drill cuttings and core
samples are archived at the USGS Core Library in Mercury, Nevada.

The total estimated cost for Well ER-3-2 was $732,400. The actual cost was $1,427,040, which
is approximately 95 percent more than the estimated cost.

The hole was successfully drilled and compleied in spite of significant sloughing problems and a
deeper-than-expected target formation. The objectives of obtaining preliminary' water-level data
and data on the alluvium thickness were accomplished. but the loss of the bentonite mud to the
borehole (as wall-cake and/or through formation invasion) will make the development process
difficult. Additionally, if each piezomerer string is not adequately developed and the remnant
drilling mud is not removed from the completion zones (i.e., from within the wbing and gravel
pack), valid water-level measurements and ultimately, vertical gradients cannot be obtained. The
objectives of obtaining groundwater samples for chemical analysis may also have been
compromised.

Provided that postcompletion development is successful, Well ER-3-2. as completed. is expected
10 provide data on the vertical permeability between the valley-fill and tuff aquifers: informaton
on lateral permeability within the valley-fill aquifer can be gained in conjunction with
recompletion and testing in nearby WW-A.,

The construction of the well with the Moyno® stator cemented in piace above the screens in
Strings #1 and #2, may further complicate development. A retainer pin that acts as a stop for the
drive rods is located at the bottom of each stator and wili prevent the passage of equipment
below the stator. As a result, development across the slotted interval will not be possible without
knocking out the retainer pin.

9.2 Recommendations for Additional Data Interpretation
The following paragraphs describe additional work needed to further interpret the geologic,
hydrologic, and geophysical data gathered during drilling and completion of Well ER-3-2.




Structural Analysis

Analysis of the structural geologic setting could help explain why the tuff/alluvium contact was
deeper than expected. Planning for the rest of the UGTA program for Yucca Flat could be aided
by exploring the presence of this subbasin along the Yucca Fault. Information could be gained
on the origin of the basin, the character of the inferred hydrologic sink, and ultimately,
groundwater flow beneath Yucca Flat.

Hydrologic Analyses

Hole sloughing problems at Well ER-3-2 precluded any open-hole development, and, to date,
postcompletion development of the piezometer strings has not been undertaken. It is imperative
that the planned postcompletion development be accomplished so that valid water-level
measurements may be obtained. Finally, analysis of the subsequent water-level data is necessary
to achieve the primary scientific objectives for Well ER-3-2.

9.3 Lessons Learned
The following section describes lessons learned during drilling and construction of Well ER-3-2.
As appropriate, these lessons can be applied to other UGTA drilling projects. '

Contingency Plans

The development (prior to drilling) of contingency plans for handling possible hole problems
seemed to prevent some lost time on Well ER-3-2. In the future, these plans could include the
procurement of additional drilling and completion marerials to avoid costly delays waiting on
materials.

Drilling in Alluvium

The use of liquid mud (as opposed to air foam) contributed to several problems during drilling
ar;d geophysical logging and may hamper the development process. In future holes, the use of
liquid mud should be avoided if possible.

The possibility of using dual-wall reverse-circulation drilling should be explored for future holes
drilled 1n alluvium or any poorly indurated lithology, such as vitric, friable, bedded tuff, to
decrease the likelihood of formation sioughing and related problems.

Operational Problems
The following problems occurred with equipment and materials during logging and completion
operations at Well ER-3-2:




» Logging equipment - The presence of high-viscosity mud prevented proper operation of the
acoustic televiewer log. Not only were no fracture data obtained. but time was lost trying to
get the tool to work. A list of conditions under which the tool will and will not work should
be developed. and the tool operators should be made aware of hole conditions. To avoid lost
time during fishing operations, proper fishing tools for logging tools should be available on
site, and all logging tools should be modified to have appropriate connections for fishing
tools. Proper-size sinker bars should be available. especially when equipment is installed
downhole that could be damaged by an incorrect-size bar.

* Completion Strings - The inside diameters of the stainless-steel and carbon-steel tubing were
different enough that it was not possible to conduct development swabbing of the lower and
middle piezometers. All future completion strings should be designed to have the same
inside diameter from surface to bottom.

Site Exploration

The alluvium section at Well ER-3-2 was 222.8 m (731 ft) thicker than expected (IT. 1994),
mainly because. though numerous holes have been drilled in this area. no drill holes cioser than
1.4 kilometers from Well ER-3-2 penetrate the full thickness of the alluvium. Attempts at using
surface geophysical methods to determine alluvium thickness have been unsuccessful in Yucca
Flat. For future drilling projects in areas with no nearby holes that provide adequate geologic
information, sufficient drilling materials should be on hand in case the hole goes deeper than
expected.
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Appendix A-1
List of Records of Verbai Communication for Well ER-3-2




Appendix A-1

Raytheon Services Nevada, Record of Verbal Communications (RVC)
Applicable to Well ER-3-2 Drilling and Completion

RVCi# Date Subiject

RVC-0348 01/06/94 Revision to Drilling Program for Underground Test Area
(UGTA) Well ER-3-2: Use of Davis Mix Below Water Level

RVC-0349 01/10/94 Revision to Drilling Program for UGTA Well ER-3-2:
Revise Moyno®

RVC-0351 01/19/94 Revision to Drilling Program for UGTA Well ER-3-2: Water
Well A Revisions

RVC-0352 01/25/94 Revision to Drilling Program for UGTA Well ER-3-2: Fill
Actions

RVC-0353 01/26/94 Revision to Drilling Program for UGTA Well ER-3-2:
Cleanout

RVC-0354 01/27/94 Revision to Drilling Program for UGTA Well ER-3-2:
Second Cemeniing

RVC-0355 01/28/94 Revision to Drilling Program for UGTA Well ER-3-2: Plan
for Drilling Below Depth of 1,848 feet

RVC-0357 02/02/94 Revision to Drilling Program for UGTA Well ER-3-2:
Cease Lithium Bromide Analysis

RVC-0358 02/10/94 Rewvision to Drilling Program for UGTA Well ER-3-2:
Piezometer Settings

RVC-0359 02/14/94 Revision to Drilling Program for UGTA Well ER-3-2: Third

' Piezometer String

RVC-0360 02/16/94 Revision to Drilling Program for UGTA Well ER-3-2:
Change in Gravel Brand :

RVC-0361 02/17/94 Reviston 10 Drilling Program for UGTA Well ER-3-2: Air-
Lift Clean #1 and #2

L-94-055 02/01/94 Logging at Well ER-3-2
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Appendix A-2
Drilling Parameter Log
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Appendix A-3
Casing and Tubing Data for Well ER-3-2




Appendix A-3
Casing and Tubing Data for Well ER-3-2

Depth Interval Outside l_nsuie Wall Weight per
Diameter Thickness
Casing meters Type Grade Diameter foot
(feet) (incnes) cenumeters centimeters (pound/foot)
{inches) (inchesj
Surface Casing 010 35.4 Carbon K-55 20 49.5 0.64 52.73
{0 to 116) Steef {19.5) {0.250)
Tubing
Plezometer #1 0to 457.4 Carbon Range 2 2% 6.2 0.55 6.5
(0 to 1,501) Steel (2.441) (0.217)
Hydril®
Piezometer #1 457.4 to 859.9 Stainless 304 L 2-" 5.9 0.70 7.66
(1,501 to0 2,938) Steel {2.323) (0.276)
Piezometer #2 0 to 456.1 Carbon Range 2 2-% 8.2 0.55 6.5
(0 to 1.496.5) Steel {2.441) {0.217)
Hyan®
Piezometer #2 456.1t0 773.7 Stainless 304 L 2-% 59 2.7C 7.66
(1,496.5 10 2,538.3 Steet 12.323) 10.276)
Piezometer #3 010 542.5 Carbon i-80 1.9 38 0.51 2.9
(0 to 1.779.4) Steel {1.5) {0.20)
Hydril®
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Appendix A-4
Well ER-3-2 Drilling Fluids and Cement Composition
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Appendix B
Well ER-3-2 Fluid Management Status Report
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Appendix C
Stratigraphic and Lithologic Logs of Well ER-3-2
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Lithologic Log of ER-3 -2
(Compiled by Lance Prothro, RSN, 12 April 1995)

Unless otherwise noted, the following descriptions refer to washed cuttings samples at 3.05 m (10 ft} intervals. The lithologic
descriptions follow RSN Department Procedure NTS-GEO-003 and were compiled using the IT Corp. field sample descriptions. In
addition, petrographic analysis, quantitative XRD analysis, and sample descriptions provided by R. G. Warren (LANL) were also used.
Stratigraphic contacts and lithologic divisions are tied to geophysical logs whenever possible.

Depth Lithologic Description Stratigraphic Unit
Meters/(Feet)
0-1158m Interbedded Sandy Gravel and Alluvium
(0 - 380 ft) Gravelly Sand: Sampies are

unconsolidated mixtures of the
coarser clasts that make up the
alluvium. Samples are moderate-
yellowish-brown in overall color;
consist of varying amounts of
medium to.coarse sand and very fine
to medium pebble gravel; poorly to
moderately sorted; subangular to
subrounded. Gravel and coarse
sand fractions consist predominately
of tuffaceous clasts and much less
silistone clasts. The smaller
sandstone fraction consists of
tuffaceous clasts and quartz and
feldspar crystals. Samples indicate
sandy gravel intervals at 39.6 -

51.8 m (130 - 170 ft), 73.2 - 85.3 m
(240 - 280 ft), 91.4 - 100.6 m

(300 - 330 ft), and 109.7 - 116.8 m
(360 - 380 ft).
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Lithologic Log of ER - 3 - 2 (cont.)

Depth Lithologic Description Stratigraphic Unit
Meters/(Feet)
115.8 - 320.0 m Sandy Gravel: Samples are Alluvium

(380 - 1050 ft)

320.0 - 466.3 m
(1050 - 1530 ft)

unconsolidated mixtures of the
coarser clasts that make up the
alfuvium. Samples are moderate-
yellowish-brown in overall color;
consist predominately of fine to
medium pebble gravel; moderately
sorted; subangular to subrounded.
Gravel consists predominately of
tuffaceous clasts and lesser siltstone,
carbonate, and argillite clasts. Fine
pebble gravel dominates samples to
146.3 m (480 ft) becoming mostly
medium pebble gravel below.-

Gravelly Sand: Samples are Alluvium
unconsolidated mixtures of the
coarser clasts that make up the
alluvium. Samples are moderate-
yellowish-brown in overall color;
consist predominately of medium to
very coarse sand and lesser very fine
to fine pebbie gravel; poorly to
moderately sorted; subangular to
subrounded. Sand and gravel
consist predominately of tuffaceous
clasts and lesser siltstone, carbonate,
and argillite clasts. Quartz and
feldspar crystals make up a portion of
the smaller sand fraction. Samples
and geophysical logs indicate minor
interbedded sandy gravel to 368.8 m
(1210 ft) and below 432.8 m

(1420 ft).




Lithologic Log of ER - 3 - 2 (cont.)

Depth Lithologic Description Stratigraphic Unit
Meters/(Feet)
466.3 - 533.4 m Sandy Gravel: Samples are Alluvium

(1530 - 1750 ft)

533.4 - 588.0 m
(1750 - 1929 ft)

unconsolidated mixtures of the
coarser clasts that make up the
alluvium with very minor amounts of
intact alluvium. Samples are
moderate-yellowish-brown (based on
intact fragments of alluvium); consist
predominately of very fine to medium
pebble gravel increasing in size to
coarse pebble gravel near base;
moderately sorted, becoming poorly
sorted near base; subangular to
subrounded. Clasts are mostly
tuffaceous with lesser siltstone,
carbonate, and sedimentary breccia.
Intact fragments of alluvium are
moderately cemented with calcite.

Sandy Gravel: Samples are Alluvium
unconsolidated mixtures of the
coarser clasts that make up the
alluvium with minor amounts of intact
alluvium. Samples are moderate-
yellowish-brown (based on intact
fragments of alluvium); consist
predominately of fine to very coarse
pebble gravel (very coarse pebble
gravel is conspicuous); poorly sorted;
subangular to subrounded. Gravel
consists predominately of tuffaceous
clasts with lesser sedimentary clasts
representing a variety of lithologies.
Intact fragments of alluvium are
moderately cemented with calcite.
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Lithologic Log of ER - 3 - 2 (cont.)

Depth Lithologic Description , Stratigraphic Unit
Meters/(Feet)
588.0 - 801.9 m Sand: Description is based on Alluvium

(1929 - 2631 ft)

801.9 - 837.3 m
(2631 - 2747 ft)

percussion gun sidewall core
samples. Samples are predominately
moderate-yellowish-brown;
tuffaceous; mostly vitric, commonly
zeolitic, as well as argillaceous and
silicified in part; fine to medium sand;
moderately sorted; subangular to
subrounded; consisting predominately
of tuffaceous rock and pumice clasts,
quartz and feldspar crystals, and
lesser mafic minerals; minor cross-
bedded laminae.

Partially Welded Ash-Flow Tuff: Mafic-poor
Description is based on percussion Ammonia Tanks Tuff,
gun sidewall core samples. Timber Mountain
Moderate-yellowish-brown to Group

approximately 807.7 m (2650 ft)
becoming dark-yellowish-brown
below; vitric; common very-light-gray
and lesser dark-yellowish-orange
pumice to approximately 807.7 m
(2650 ft) becoming minor in
abundance and moderate-brown
(5YR 4/4) in color below; common
felsic phenocrysts of feldspar and
lesser quartz; rare mafic minerals of
clinopyroxene and hornblende, and -
lesser biotite; rare lithic fragments;
trace of sphene; conspicuous black
glass shards. Tuff/Alluvium contact
determined from sidewall core
samples and gamma ray log #13.
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Lithologic Log of ER - 3 - 2 (cont.)

Depth Lithologic Description Stratigraphic Unit
Meters/(Feet)
837.3 - 846.1 m Nonwelded Ash-Flow Tuff: Mafic-poor

(2747 - 2776 ft)

846.1 - 851.9 m
(2776 - 2795 ft)

851.9 - 877.2 m
(2795 - 2878 ft)

Description is based on percussion
gun sidewall core samples. Very-
pale-orange; vitric; rare to common
white pumice; common to abundant
felsic phenocrysts of feldspar and
lesser quartz; rare tiny.mafic minerals
of clinopyroxene, hornblende, and
lesser biotite; rare lithic fragments.

Bedded Tuff: Description is based
on percussion gun sidewall core
samples. Pale- to moderate-
yellowish-brown; vitric; rare to
common white pumice; common to
abundant felsic phenocrysts of
feldspar and lesser quartz; rare tiny
mafic minerals of clinopyroxene,
hornblende, and lesser biotite; rare
lithic fragments.

Nonweided to Partially Welded
Ash-Flow Tuff: Description is based
on percussion gun sidewall core
samples. Grayish-orange-pink; vitric,
zeolitic in part; rare white pumice;
common felsic phenocrysts of
feldspar and lesser but conspicuous
quartz; common mafic minerals of
biotite and lesser clinopyroxene and
hornblende; rare lithic fragments.

Ammonia Tanks Tuff,
Timber Mountain
Group

Bedded

Ammonia Tanks Tuff,
Timber Mountain
Group

Mafic-rich

Rainier Mesa Tuff,
Timber Mountain
Group




Lithologic Log of ER - 3 - 2 (cont.)

Depth Lithologic Description Stratigraphic Unit
Meters/(Feet) :
877.2 - 897.9 m Moderately Welded Ash-Flow Tuff:  Mafic-rich

(2878 - 2946 ft)

897.9 - 9144 m

(2946 - 3000 ft)
TD

Description is based on percussion
gun sidewall core samples. Pale-
yellowish-brown; devitrified; common
white pumice; rare to common felsic
phenocrysts of feldspar and lesser
quartz; rare to common mafic
minerals of large biotite and much
less clinopyroxene; rare lithic
fragments.

Moderately Welded Ash-Flow Tuff:
Description is based on percussion
gun sidewall core samples. Grayish-
pink; devitrified; minor pale-red
pumice; rare to common felsic
phenocrysts of feldspar and quartz;
rare biotite; trace lithic fragments.

Rainier Mesa Tuff,
Timber Mountain
Group

Mafic-poor
Rainier Mesa Tuiff,
Timber Mountain
Group




Appendix D
Selected Geophysical Logs -




Appendix D is a composite of geophysical logs run at Well ER-3-2 sampled at one-foot intervals.

Table D-1 provides information on each composite.

Table D-1 .
Geophysical Logs
—
Geophysical Log Date Run No. Log Intervgl Composite Intervai
Type Logged (feet BGS) (feet BGS)

Caliper/Gamma Ray 02/08/94 | CA8-7/GR-13 72 t0 2,982 NA®
Density Log 02/01/94 CDL-1/GR-6 52 to 2,080 52 to 2,090

02/03/94 CDL-2/GR-9 1,782 to 2,401 2,091 to 2,401

02/04/94 CDL-3/GR-10 2,293 to 2,781 2,402 to 2,781

02/08/94 CDL-4/GR-14 2,989 to 2,588 2,782 10 2,989
Lateral Log 02/01/94 DLL-1/GR-5 350 to 2,088 350 to 2,080

02/08/94 DLL-4/GR-15 2,991 to 1,583 2,081 to 2,991
Spectral Logs 02/07/94 SGR-1 2,248 to0 2,780 2,248 to 2,780

02/08/94 SGR-2 2,750 to0 2,992 2,781 tc 2,992

a N
Feet below ground suriace
No composite periormed

D-1




Hole No. ER-3-2
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