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Metric to US Customary Unit Conversions

Multiply SI (Metric) Unit by To Obtain US Customary Unit

kilometers (km) 0.622 miles (mi)

kilometers (km) 3281 feet (ft)

meters (m) 3.281 feet (ft)

meters (m) 39.37 inches (in.)

centimeters (cm) 0.03281 feet (ft)

centimeters (cm) 0.394 inches (in.)

millimeters (mm) 0.0394 inches (in.)

micrometers or microns (um) 0.0000394 inches (in.)

square kilometers (km?) 0.3861 square miles (mi?)

hectares (ha) 25 acres

square meters (m?) 10.764 square feet (ft?)

cubic meters (m3) 35.31 cubic feet (ft3)

kilograms (kg) 2.2046 pounds (Ib)

grams (g) 0.0353 ounces (0z)

grams per cubic centimeter (g/cm3) 62.422 pounds per cubic foot (Ib/ft3)

milligrams per kilogram (mg/kg) 1 parts per million (ppm)

micrograms per gram (ug/g) 1 parts per million (ppm)

liters (L) 0.26 gallons (gal.)

milligrams per liter (mg/L) 1 parts per million (ppm)

degrees Celsius (°C) 9/5 + 32 degrees Fahrenheit (°F)
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CHARACTERIZATION WELL R-20 COMPLETION REPORT
ABSTRACT

Characterization well R-20 was installed under implementation of the Los Alamos National Laboratory
hydrogeologic work plan. Washington Group International, Inc., carried out drilling activities under a
subcontract to Los Alamos National Laboratory (the Laboratory). The well is located east of Technical
Area (TA)-18 on the south side of Pajarito Road in Pajarito Canyon. The primary purpose of this well is to
provide hydrogeologic and water-quality data for regional groundwater near potential contaminant release
sites at TA-54.

Hydrologic, geologic, geochemical, and geophysical information obtained during completion and
subsequent sampling of well R-20 will provide data for the Laboratory hydrologic and geologic conceptual
models and contribute to implementing a Laboratory-wide groundwater monitoring system. Monitoring this
network of wells supports the Laboratory’s Groundwater Protection Management Program Plan and will
satisfy the requirements of the Pajarito Canyon work plan to characterize the regional aquifer in this area.

The R-20 borehole was drilled to a total depth of 1365 ft below ground surface using fluid-assisted and
air-rotary and conventional mud-rotary drilling methods. Geologic strata encountered included alluvial
sediments, the Tshirege Member of the Bandelier Tuff, deposits of the Cerro Toledo interval, ash flows
and Guaje Pumice Bed of the Otowi Member of the Bandelier Tuff, Cerros del Rio lavas, Puye Formation
fanglomerates and pumiceous sediments, and sediments tentatively assigned to the Santa Fe Group.

No perched zones were encountered during drilling. The regional water table was encountered at a depth
of 873 ft.

Three well screens were installed in well R-20 to measure vertical pressure gradients and to provide
multiple water-quality monitoring ports in the regional aquifer. One screen was placed at the top of the
regional aquifer and two were placed at depth within the aquifer. Well installation was completed on
September 15, 2002. Two regional aquifer water samples were collected from the developed well and
submitted for analysis. Although strontium-90 was detected near the minimum detection activity level, the
absence of tritium suggests that the waters have not been impacted by Laboratory releases. The
completed well was equipped with a Westbay™ multiport sampling system.

Initial coring attempts prior to deep drilling were successful only to a depth of 72.5 ft below ground
surface. A separate boring was drilled adjacent to R-20 after well installation to collect remaining core
samples. The borehole was advanced to a depth of 436 ft and core samples were collected to
characterize the vertical distribution of potential contaminants beneath Pajarito Canyon. The borehole
was plugged and abandoned after coring operations were completed.
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1.0 INTRODUCTION

This completion report summarizes characterization well R-20 preparation, drilling, well construction, well
development, and site completion activities conducted from July 9, 2002, to March 5, 2003. Well R-20 is
located on the south side of Pajarito Road in Pajarito Canyon, 1225 ft east of water supply well PM-2 at
Technical Area (TA)-18 (Figure 1.0-1). The well was installed as part of the "Hydrogeologic Workplan"
(LANL 1998, 59599) to support of Los Alamos National Laboratory (LANL or the Laboratory)
“Groundwater Protection Management Program Plan” (LANL 1996, 70215) and to meet the requirements
of the “Work Plan for Pajarito Canyon” (LANL 1998, 58820). Data collection, testing, and well-
development activities for R-20 were guided by the “Sampling and Analysis Plan (SAP) for the Drilling of
Characterization Well R-16, R-20, R-21, R-23, and R-32 in the Vicinity of TA-54” (LANL 2002, 73390).
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Figure 1.0-1. Location map, characterization well R-20
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The project was funded by the Nuclear Weapons Infrastructure, Facilities, and Construction Program and
installed by the Laboratory’s Risk Reduction and Environmental Stewardship (RRES) Division.
Washington Group International, Inc. (WGII), under contract to the Laboratory, was responsible for
executing drilling activities.

Well R-20 will function primarily as a monitoring well between material disposal area (MDA) L at TA-54
and supply well PM-2. Well R-20 also will provide information about the extent of the capture zone at well
PM-2. Water-quality, geochemical, hydrologic, and geologic data gathered during drilling and subsequent
sampling will provide information about perched and regional groundwater in this part of Pajarito Canyon
and the distribution of potential contaminants downgradient of Laboratory releases. These data will be
used to update sitewide hydrologic and geologic conceptual models for the Laboratory.

Information presented in this report was compiled from field reports and activity summaries generated by
Laboratory and subcontractor personnel. Geophysical data provided by Schlumberger, Inc.
(Schlumberger) and geodetic survey results are included. This report focuses on operational activities
associated with the drilling, sampling, and completion of well R-20. Detailed analysis and interpretation of
geologic, geochemical, geophysical, and hydrologic data, included as part of previous well completion
reports, will be discussed in separate technical documents to be prepared by the Laboratory.

2.0 PRELIMINARY ACTIVITIES

Preliminary activities at R-20 included administrative functions and site preparation. Appendix A
compares these and other planned activities outlined in the R-20 SAP with actual work performed.

WGII received contractual authorization to start administrative preparatory tasks on June 6, 2002. As part
of these tasks, WGII prepared a modification to existing site-specific health and safety plan (SSHASP)
No. 271 to include well R-20. WGII also prepared the R-20 waste characterization strategy form (WCSF).
The Laboratory prepared the sampling and analysis plan (SAP) to guide field personnel in executing R-20
field activities. The host facility, Facility Management Unit 80, signed a Facility Tenant Agreement to
provide access and security control for R-20 activities.

A Readiness Review meeting was held on July 1, 2002, to discuss administrative documents, permits,
agreements, and plans pertaining to the R-20 drill pad installation and drilling. The Groundwater
Investigations Focus Area project leader signed the readiness review checklist on July 1, 2002, giving
authorization to begin work.

K. R. Swerdfeger Construction, Inc., was subcontracted by WGII to conduct site preparation activities,
including clearing and removing vegetation, modifying the access road, grading and compacting the drill
pad, and constructing a lined cuttings-containment area. Site preparation began on July 9, 2002, and was
completed on July 23, 2002.

The R-20 site initially was cleared of all vegetation. Construction of the drill pad involved leveling the 80-
by 200-ft designated area with a grader and compacting several layers of base-course gravel. A 115-ft-
long by 30-ft-wide by 14-ft-deep containment area was excavated along the south side of the drill pad and
lined with a 6-mil polyethylene liner for storing drilling fluids. An 80- by 40-ft secondary fluids-containment
area was constructed to accommodate three 20,000-gal. fluid-storage trailers and to store additional
drilling fluids. Before the secondary containment facility was constructed, the perimeter of the area was
bermed and lined with 6-mil polyethylene sheeting that overlapped the berms. The cuttings-containment
area was fenced to control access. Safety barriers and signs were placed in appropriate locations. Office
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and supply trailers, generators, and safety lighting equipment were moved to the site before drilling
commenced.

3.0 SUMMARY OF DRILLING ACTIVITIES

Drilling activities were completed in two phases during August, September, and October 2002. Phase |
drilling and core sampling was attempted by Stewart Brothers Drilling Company (Stewart Brothers) with a
Failing F-10 auger rig equipped with 4.25-in.-inside diameter (ID), 9-in.-outside diameter (OD) hollow-
stem augers (HSAs); the HSAs were equipped with a wire-line core retrieval system capable of collecting
3-in.-diameter by 5-ft-long core samples. Phase | drilling began on August 4, 2002. While coring through
68 ft of alluvium, the auger flights jammed several times, after coring down to only 72.5 ft below ground
surface (bgs) by August 8, 2002. The Laboratory suspended coring operations until after well R-20
installation. Dynatec Drilling Company, Inc. (Dynatec), completed Phase | coring between October 16 and
October 19, 2002, using a Foremost™ universal drill rig (UDR)-1000 equipped with a wire-line core
retrieval system and a 5-ft-long core barrel to collect 2.5-in.-diameter core samples.

The goal of Phase | drilling was to collect continuous rock core samples for geologic characterization and
to determine moisture, anion, stable isotope, radionuclide, metal, and tritium distributions in the upper
section of the borehole. Planned total depth (TD) for Phase | drilling was approximately 450 ft bgs, or
approximately 50 ft into the Cerros del Rio basalt. Coring was terminated at 436 ft bgs, 44 ft into the
Cerros del Rio basalt.

Phase Il drilling was conducted by Stewart Brothers using a Failing F-2500 drill rig and fluid-assisted air-
rotary and mud-rotary drilling methods. Phase Il objectives were to produce cuttings of encountered
geologic formations, collect water samples from perched and regional groundwater zones and provide a
borehole for geophysical measurements and well installation in the regional aquifer.

Figure 3.0-1 summarizes well data and depicts groundwater and geologic conditions encountered in well
R-20. Sections 3.1 and 3.2 discuss Phase | and Phase Il drilling activities, respectively, for R-20. Figure
3.0-2 summarizes the chronology of drilling and other related on-site activities.

3.1 Phase I Drilling

On August 3, 2002, Stewart Brothers mobilized the Failing F-10 drill rig and support equipment to the well
R-20 site. On the following day, the borehole was advanced by HSA while attempting to core through the
alluvium. At 32.5 ft bgs, the latching mechanism detached from the core barrel, leaving the core barrel in
the borehole. After several unsuccessful attempts to retrieve the core barrel, Stewart Brothers moved the
drill rig 10 ft to the east and started a new borehole. The offset boring was advanced to 32.5 ft, when
coring resumed. Coring continued to 57.5 ft bgs on August 5, 2002, when Stewart Brothers set surface
casing to seal off a shallow, saturated zone.

On August 6, 2002, Stewart Brothers reamed the second borehole to 37 ft bgs with a 12.25-in. auger bit,
inserted 30 ft of 10.25-in.-ID surface casing, and pressure-grouted the casing in place. The cement was
allowed to cure for 12 hr. The borehole then was reamed to 57.5 ft bgs and coring continued to 72.5 ft
bgs, with poor core recovery during each interval.

GPP-03-032 3 June 2003
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Location: East of TA-18 on the south side

of Pajarito Rd., east of the stream channel. Elevation
_ (feet asl)

Survey coordinates (brass marker

in NW corner of R-20 cement pad): x: 1637835 E 6694.3

;1759695 N (NAD 83 ) z: 6694.3 ft as| (NGVD 29)

Drilling: Conventional mud drilling, casing advance;
air rotary core w/ wireline retrival.
R-20 Start date: 08/15/02, end date: 09/06/02.
Coring start date: 10/16/02, end date: 10/19/02

Borehole R-20 drilled to 1365 ft. bgs. (T.D.).

Data collection:

Hydrologic properties: Field hydraulic test:
Constant Rate Injection Test on screen #1,
screen #2, and screen #3

Coresfcuttings submitted for geochemical
and contaminant characterization: (0)

Groundwater samples submitted for
geochemical and contaminant characterization: (3)

Geologic properties: (12)
Mineralogy, petrography, and chemistry

Borehole logs from R-20:
Lithologic: 0-490 ft. and 785 ft.-1365 ft.
Borehole Video (LANL tool): 82-785 ft. (open hole).
Natural gamma + Induction (LANL tool):
0-80.2 ft. (cased), 80.2 ft.-785 t. (cased).
Schiumberger Logs: 0-80.2 ft. (cased),
80.2-785 ft. (open hole): Array Induction, Litho
Density, Natural Gamma, Thermal/Epithermal
Neutron,Caliper, Combinable Magnetic
Resonance, and Elemental Capture Sonde.
Natural Gamma (LANL tool): 0-780 ft. (cased),
780-1365 ft. (open hole).
Schiumberger Logs: 0-780 ft. (cased), 780-
1365 ft. (open hole): Thermal/Epithermal Neutron,
Litho Density, Micro Imager, Array Induction,
and Natural Gamma.

Contaminants Detected in R-20 Water Samples: none

Well construction:
Drilling Completed: 09/06/02
Contract Geophysics: 08/26/02; 09/06/02
Well Constructed : 09/07/02-09/15/02
Well Developed : 09/15/02-12/22/02
Westbay Installed : 01/08/03-01/18/03

Casing: 4.5-in 1.D. stainless steel with external couplings.

Number of Screens: 3
4.5-in L.D. pipe based, s.5. wire-wrapped
with 0.010-in slots.

Screen (perforated pipe interval):
Screen #1 - 904.6 - 912.2 ft. bs.
Screen #2 - 1147.1 - 11547 ft. bgs.
Screen #3 - 1328.8 - 1336.5 ft. bgs.

Well development consisted of wire brushing,
bailing, chemical treatment, surging, and pumping.

Groundwater occurrence was determined for R-20
by recognition of first water produced while drilling,
by borehole geaphysics, and by borehole video.
Static water levels were determined after

the R-20 borehole was rested.

Groundwater samples collected from packed off
screen intervals after well development.

Geologic contacts for R-20 were determined

by examination of cuttings and interpretation of
geophysical logs. Contacts may be refined by
petrographic, geochemical, or mineralogic analysis
of geologic samples.

Figure 3.0-1.
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R-20 Borehole Depth (feet below ground surface)

Date
13100 12|00 1000 8(?0 6(?0 4010 2(1)0 0 Activity
1 1
Site preparation activities from 07/09 to 07/23/02 B g
o
Stewart Bros. mobilized Failing F-10 auger rig to site on 08/03/02, ——» 1S
Phase | coring activities began on 08/04/02 Q g
Phase 1 coring suspended at 72.5 ft bgs due to reoccurring auger problems on 08/08/02 ———» é no
Stewart Bros. mobilized and set up Failing F-2500 drill rig to site from 08/12 to 08/14/02 for Phase Il driling ——— og ©
S| =
N
Drilled from surface to 85 ft bgs with 23" reamer bit, S
landed and cemented 18" steel surface casing on 08/17/02 — N
Stewart Bros. drilled open hole with %
conventional mud rotary system o
to 488 ft bgs with 17" mill-tooth tricone 8
bit from 08/19 to 08/22/02 —————
®
—— Stewart Bros. switched to 17" tricone button bit, o E
drilled open hole with mud to 785 ft bgs = %
Stewart Bros. installs 13-3/8" casing — from 08/22 to 08/25/02 5
that is grouted in place with cement Schlumberger performed downhole geophysical surveys | - | oo
and bentonite (08/27 to 08/31/02) on 08/26/02 ; WGII/LANL performed geophysical g |la
surveys 08/27/02 S
o | o
Stewart Bros. drills with EDMs' Stratatest fluid sampling tool and @
/ an 8-3/8" tricone bit from 785 ft to 933 ft bgs (08/31 to 09/03/02)
©
—— Reamed borehole from 765 to 933 ft bgs g
with 12-1/4" tricone bit on 09/04/02 S
¥}
<_/— Stewart Bros. drilled open hole with mud to 1365 ft bgs
with 12-1/4" tricone bit from 09/04/02 to 09/06/02 ©
—~——— Schlumberger performed downhole geophysical surveys from 09/06 to 09/07/02; WGII/LANL performed 3
geophysical survey 09/07/02 S
¥}

< Well design 09/07/02
«—— Installed 4-1/2 " |.D. stainless-steel well casing/screens on 09/08/02

-«— Backfilling well annulus from 09/09 to 09/15/02, well construction completed on 09/15/02,

—— Began well development activities by wire brushing interior of well casing/screens
and bailing from 09/15 to 09/21/02
WGl video 09/19/02

-——— Screen surging and bailing operations from 09/22 to 09/23/02

Dynatec mobilized UDR-1000 drill rig to site, Phase | coring
resumed and completed to 436 ft bgs from 10/12 to 10/19/02

—~———— PFD applied in well to loosen drilling mud cake on 10/20/02
<—— MGA + AE acid treatments applied to screens to loosen up drilling mud cake on 10/23/02

-<———— Screen surging and bailing operations from 10/20 to 10/24/02 to work in acid and PFD treatments

~—————— Pump development of screen #3 from 10/26/02 to 10/30/02

—~——— Pump development of screens #1 and #2 from 10/30/02 to 11/01/02
—~—— Wellhead completion activities from 11/13 to 11/14/02

—~+— Wire brushing interior of well casing/screens, surging, and bailing from 11/21 to 11/22/02
—~+— Pump with packers development of screen #3, #2, and #1 from 12/04/02 to 12/06/02
-——— Hydrologic pump test performed on screen #3, #2, and #1 from 12/10/02 to 12/12/02

~<— Pump development of well from 12/13/02 to 12/14/02

Bailing operations from 12/15 to 12/16/02
« WG video 12/15 and 12/16/02

—~— Geodetic survey of concrete pad and wellhead components on 12/19/02
—~——  Pump development of well from 12/17/02 to 12/22/02

Installation of Westbay MP55 dedicated groundwater
sample collection system from 01/08 to 01/18/03

Site restoration activities from 02/10 to 03/12/03

Figure 3.0-2. Operations chronology diagram, characterization well R-20
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On August 7, 2002, Stewart Brothers advanced 18-in. augers into the Tshirege Member of the Bandelier
Tuff to avoid the difficulties associated with coring through the alluvium. The temporary 10.25 surface
casing was pulled from the borehole. During an attempt to advance the augers to 85 ft bgs, the augers
separated at 50 ft bgs, leaving 35 ft of auger in the borehole between 50 and 85 ft bgs. On August 8,
2002, after unsuccessful attempts to fish out the augers that remained in the second borehole, it was
abandoned and plugged by pumping cement grout through a tremie pipe and filling the borehole to
ground surface. At this time, the Laboratory suspended coring operations until after Phase Il drilling and
well installation.

Dynatec resumed coring activities on October 12, 2002, after Stewart Brothers completed Phase Il drilling
and well installation. Dynatec mobilized the UDR-1000 drill rig to the site and advanced a new third
borehole from ground surface to 75 ft bgs with an 8.75-in. tricone drill bit. While surface casing was being
installed to approximately 50 ft bgs, the casing string parted at about 30 ft bgs. The casing was retrieved
and subsequent attempts to ream and clear the borehole were unsuccessful. On October 14, 2002,
Dynatec plugged and abandoned the third borehole by pouring hydrated bentonite chips into the borehole
from 50 ft bgs to the surface.

Dynatec demobilized the UDR-1000 drill rig and mobilized the DR-24 drill rig to the site on October 15,
2002. Then, at the new fourth borehole location, 9.625-in. drill casing was advanced with a 10.75-in.
under reaming down-the-hole hammer (UR-DTH) bit from ground surface to 70.5 ft bgs where the casing
was landed. A mixture of water and E-Z Mud® was used to facilitate cuttings removal from the borehole.
Following cuttings removal, 5.5-in. surface casing was installed within the 9.625-in. drill casing to 69 ft
bgs. The annular space between the two casings was backfilled with 0.375-in. bentonite chips as the
9.625-in. drill casing was removed.

On October 16, 2002, the DR-24 drill rig was removed from the site and the UDR-1000 rig was mobilized
to the site. The borehole was advanced to 72.5 ft and coring resumed using a 5-ft-long, 2.5-in.-ID core
barrel; coring concluded at 436 ft bgs on October 19, 2002. The cored hole was backfilled with Pelplug®
bentonite pellets to 102 ft bgs, Hole-Plug® bentonite chips to 27 ft bgs, cement to 2 ft bgs and gravel to
ground surface. Phase | operations concluded on October 19, 2002.

3.2 Phase Il Drilling

On August 12, 2002, Stewart Brothers mobilized a Failing F-2500 drill rig and support equipment to the
site. Following the unsuccessful attempts to core, a new borehole was started. The borehole for Phase I
was drilled using conventional mud-rotary methods. Various additives were mixed with municipal water to
improve borehole stability, minimize fluid loss, and facilitate cuttings removal from the borehole. The
conventional mud fluid mixture at R-20 typically consisted of municipal water mixed with varying amounts
of soda ash, QUICK-GEL®, LIQUI-TROL™, and QUICK-FOAM® (Appendix B). Lost circulation material
(Magma-Fiber and N-seal) was used as needed in the mud mixture to maintain or regain circulation within
the borehole (Table 3.2-1).

Stewart Brothers provided the equipment used to mix and circulate drilling fluids. This equipment included
a mixing tank and pump assembly, a generator to power the mixing unit, and a shaker unit for removing
solids from the discharged drilling fluids. From August 12 to August 15, 2002, Stewart Brothers positioned
drilling-fluid mixing equipment and conducted rig maintenance.
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Table 3.2-1
Fluid Additives Used, Characterization Well R-20
Additive Amount Unit of Measure
Interval Drilled (0-780 ft)
Water 48,300 gal.
QUICK-GEL® 26,565 Ib
LIQUI-TROL™ 135 gal.
QUICK FOAM® 483 gal.
Soda ash 536 Ib
Interval Drilled (780-1365 ft)
Water 37,100 gal.
QUICK-GEL® 7,000 Ib
LIQUI-TROL™ 87 gal.
Pac-L 200 Ib
N-Seal 100 Ib
Magma Fiber 620 Ib

From August 15 through 17, 2002, Stewart Brothers installed an 18-in. steel conductor casing by
advancing a borehole through the alluvium with a 23-in. tricone bit from ground surface to 85 ft bgs. The
conductor casing was landed 12 ft into the Tshirege Member of the Bandelier Tuff and cemented in place
on August 17, 2002. On August 22, 2002, open-hole drilling was conducted with a 17-in. mill-tooth tricone
bit from 85 to 488 ft bgs through intervals of the Tshirege Member of the Bandelier Tuff, the Cerro Toledo,
the Otowi Member of the Bandelier Tuff (including the Guaje Pumice Bed), and into the Cerros del Rio
basalt. Stewart Brothers then switched to a 17-in. tricone button bit to increase the drilling rate in the
basalt. Drilling continued from 488 ft bgs, with sporadic loss of fluid circulation, down to 500 ft bgs. On
August 24 and 25, 2002, drilling advanced from 500 to 785 ft bgs with no circulation of cuttings return to
the surface. No cuttings were recovered from 490 to 785 ft bgs.

On August 27, 2002, a 13.375-in. conductor casing was installed to a depth of 780 ft bgs; the annulus
between 552 and 780 ft bgs was grouted with cement to seal off lower portions of the borehole that
contributed to the loss of drilling fluid. The upper portion of the annulus was backfilled with a combination
of Quick-Grout® bentonite grout, Pelplug® bentonite pellets, and Hole-Plug® bentonite chips to 79 ft bgs.
The annular interval above 79 ft bgs was backfilled with cement on August 31, 2002.

At the Laboratory’s request, EDM Systems (USA), a German firm, conducted a demonstration of
Stratatest™, from August 31 to September 3, 2002. This formation fluid-sampling and -testing tool is
designed to operate just behind a drill bit as part of the drill stem. The tool is intended to aid in collecting
representative groundwater samples from discrete water-production zones by placing a sand pack above
and below a 5-ft-long target interval. With the sand packs in place, water is pumped to develop the
isolated zone. A groundwater sample is collected after the zone has been adequately developed. During
drilling with the Stratatest™ tool, the borehole was advanced from 785 to 933 ft bgs using an 8.375-in.
tricone bit. No groundwater samples were collected with the Stratatest™ tool.

On September 4, 2002, Stewart Brothers continued mud-rotary drilling operations with a 12.25-in. tricone
bit. The borehole was reamed through slough from 785 to 933 ft bgs and then advanced to 1365 ft bgs,
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where TD was called in Santa Fe Group sediments on September 6, 2002. Drilling activities for Phase |l
were completed on September 7, 2002.

4.0 SAMPLING AND ANALYSIS OF CORE, DRILL CUTTINGS, AND GROUNDWATER

Core samples were collected and analyzed for anions using ion chromatography (IC) and for
radionuclides using counting techniques for characterization purposes. Thirteen core samples were
collected from the vadose zone during drilling from 9.5 to 434.0 ft bgs. Approximately 500 to 1000 g of
core or cuttings samples were placed in appropriate sample jars in protective plastic bags before they
were analyzed by EES-6 and General Engineering Laboratories (GEL). The results will be reported in an
investigation report for the TA-54 wells.

Table 4.0-1
Anion Concentrations in Alluvial Groundwater,
Characterization Well R-20

Concentration
Anion (mglL)
Cl 33.0
NOj3 (as NOs) 16.1
SOy 9.89

Drill cuttings were collected at 5-ft intervals as specified in the R-16, R-20, R-23, R-32 SAP. A portion of
the cuttings was sieved (at >#10 and >#35 mesh) and placed in chip tray bins along with an unsieved
portion. These samples were used to prepare a lithologic log (Appendix C). The remaining cuttings were
placed in ziplock bags and set in core boxes for curation. Before curation, 12 sample splits were removed
for use in mineralogy, petrography, and geochemical analyses.

Alluvial groundwater was encountered at 17.2 ft bgs. A sample was collected and analyzed for anions;
results are provided in Table 4.0-1. No perched intermediate groundwater was encountered at well R-20
during fluid-assisted drilling. Regional groundwater was encountered at 837 ft bgs on September 4, 2002.

Geochemistry of Sampled Waters

Two regional aquifer water samples were collected from the developed well and were analyzed for a
limited suite of constituents. These samples were collected from screen 2 (1147.1 to 1154.7 ft) and from
screen 3 (1328.8 to 1336.5 ft). Screen 1 (904.6 to 912.2 ft) did not produce a sufficient volume of water to
permit sampling. The samples were collected at depths of 1151 and 1336 ft primarily to determine if
potential contaminants were present in the regional aquifer. Major potential contaminants of concern at
R-20 include mobile solutes such as nitrate, perchlorate, uranium, and tritium.

Groundwater samples analyzed for inorganic and organic chemicals, tritium, and other radionuclides were
collected by using a submersible pump and packers. Temperature, turbidity, pH, alkalinity, and specific
conductance were determined on the site. Both filtered (metal, trace-element, and major cation and
anion) and nonfiltered (radionuclide, organic-compound, and stable-isotope) samples were collected for
chemical and radiochemical analysis. Aliquots of the samples were filtered through a 0.45-uym Gelman
filter. Samples were acidified with analytical-grade nitric acid to a pH of 2.0 or less for metal and major ion
analyses. All groundwater samples collected in the field were stored at 4°C until they were analyzed.
Alkalinity was determined in the field using standard titration techniques.
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Groundwater samples were analyzed by EES-6 using techniques specified in the US Environmental
Protection Agency (EPA) SW-846 manual (available at http://clu-in.org/char1.cfm).

IC was the analytical method used for bromide, chloride, fluoride, nitrate, nitrite, oxalate, perchlorate,
phosphate, and sulfate. Mercury was analyzed by cold vapor atomic absorption (CVAA). Inductively
coupled (argon) plasma emission spectroscopy (ICPES) was the analytical method used for calcium,
magnesium, potassium, silica, and sodium. Aluminum, antimony, arsenic, barium, beryllium, cadmium,
chromium, cobalt, copper, iron, lead, manganese, nickel, selenium, silver, thallium, vanadium, uranium,
and zinc were analyzed by inductively coupled (argon) plasma mass spectrometry (ICPMS).

Radionuclide activity in groundwater was determined by electrolytic enrichment for tritium; alpha
spectrometry was the analytical method used for americium, plutonium, and uranium isotopes; gas
proportional counting was used for strontium-90; liquid scintillation was used for technetium-99; and
gamma spectrometry was used for cesium-137 and other gamma-emitting isotopes. Contract laboratories
that conducted this work were GEL (radionuclides) and the University of Miami (low-level tritium). Stable
isotopes of oxygen (oxygen-18 and oxygen-16, 6180) and hydrogen (hydrogen and deuterium, 6D) were
analyzed by Geochron Laboratories (Cambridge, Massachusetts) using isotope ratio mass spectrometry
(IRMS).

The precision limits (analytical error) for major ions and trace elements generally were less than £10%
using ICPES and ICPMS. Core samples were collected; analytical results (for inorganics and
radionuclides) will be provided in an investigative report.

Tables 4.1-1 and 4.1-2 provide screening analysis results for the two groundwater samples collected from
the Cerros del Rio lavas and pumiceous fanglomerates. Although strontium-90 was detected near the
minimum detection activity level, the absence of tritium suggests that the waters have not been impacted
by Laboratory releases.

Table 4.1-1
Hydrochemistry of Regional Aquifer Filtered Samples, Characterization Well R-20
Parameter Cerros del Rio Lavas Pumiceous Fanglomerates
and Screen 2 Screen 3

Analyte (1151 ft bgs) (1336 ft bgs)
Field Parameter
pH 7.04 6.84
Temperature (°C) 21.8 22.5
Specific conductance (uS/cm) 128 100
Turbidity (NTU) 2.84 43.7
Analyte
Alkalinity (mg CaCOs/L) 54 36
Al (mg/L) 0.011 0.013
Sb (mg/L) [0.001], U [0.001], U
As (mg/L) 0.0017 0.0021
B (mg/L) 0.008 0.010
Ba (mg/L) 0.031 0.033
Be (mg/L) [0.001], U [0.001], U
HCO3 (mglL) 66 44
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Table 4.1-1 (continued)

Parameter Cerros del Rio Lavas Pumiceous Fanglomerates
and Screen 2 Screen 3

Analyte (1151 ft bgs) (1336 ft bgs)
Br (mg/L) 0.03 0.03
Cd (mg/L) [0.001], U [0.001], U
Ca (mg/L) 9.34 7.43
Cl (mg/L) 2.13 2.42
ClO4 (mg/L) [0.002], U [0.002], U
Cr (mg/L) 0.0039 0.0013
Co (mg/L) [0.001], U 0.0029
Cu (mg/L) 0.0036 0.0026
F (mg/L) 0.28 0.55
Fe (mg/L) 0.09 0.22
Pb (mg/L) 0.0004 0.0003
Mg (mg/L) 2.21 1.72
Mn (mg/L) 0.042 0.110
Hg (mg/L) 0.00008 0.00006
Mo (mg/L) 0.0016 0.0026
Ni (mg/L) 0.0043 0.0037
NO; (mg/L) (as N) 0.01 [0.005], U
NO2 (mg/L) (as N) [0.005], U [0.005], U
C204 (mg/L) (oxalate) [0.02], U [0.02], U
PO4 (mg/L) (as P) 0.60 2.21
K (mg/L) 2.35 2.05
Se (mg/L) [0.001], U [0.001], U
Ag (mg/L) [0.001], U [0.001], U
Na (mg/L) 12.3 13.8
SiO; (mg/L) 81.1 89.2
Sr (mg/L) 0.092 0.062
SO, (mg/L) 278 4.89
Tl (mg/L) [0.001], U [0.001], U
U (mg/L) 0.0007 0.0003
V (mg/L) 0.005 0.004
Zn (mg/L) 0.49 0.79
TDS (mg/L) (calculated) 180 170

Notes: 1. All samples collected December 5, 2002.

2. U = not detected.

3. Silica concentrations were calculated from measured silicon (ICPES).
4. Bicarbonate concentrations were calculated from measured alkalinity.
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Table 4.1-2
Hydrochemistry of Nonfiltered Regional Aquifer Samples, Characterization Well R-20
Parameter Cerros del Rio Lavas Pumiceous Fanglomerates
and Screen 2 Screen 3
Analyte (1151 ft bgs) (1336 ft bgs)
Tritium (pCi/L) [0.32], U [0.19], U
Am-241 (pCi/L) [-21.9], U [3.71], U
Cs-137 (pCilL) [-1.67], U [-0.044], U
Gross alpha (pCi/L) [0.98], U [2], U
Gross beta (pCi/L) 1.51 1.59
Gross Gamma (pCi/L) [115], U [102], U
Pu-238 (pCi/L) [0.002], U [0.005], U
Pu-239,240 (pCilL) [-0.005], U [-0.005], U
Sr-90 (pCi/L) 0.280+0.083, MDA, 0.2 0.351+0.100, MDA, 0.11
Tc-99 (pCilL) [-0.69], U [2.37], U
U-234 (pCi/L) 0.369 0.317
U-235 (pCi/L) [0.0248], U [0.0271], U
U-238 (pCi/L) 0.198 0.157
TOC (mgCIL) 2.13 2.77
Acetone (ug/L) 60.5 17.5
Toluene (ng/L) 11.3 4.8
5D (%o) -79 -81
50 (%) -11.4 -11.3
Notes: 1. All samples collected December 5, 2002.

1
2. U = not detected.

3. %o = permil.

4. MDA = minimum detectable activity.
5. NTU = nephelometric turbidity unit.
6. TOC = total organic carbon.

7. Standard deviation is 1 sigma.

5.0 BOREHOLE GEOPHYSICS

WGII (using Laboratory tools) and Schlumberger provided geophysical logging services at R-20. Table
5.0-1 lists borehole and well logging surveys performed at R-20.

GPP-03-032 11 June 2003



Characterization Well R-20 Completion Report

Table 5.0-1
Borehole and Well Logging Surveys Conducted, Characterization Well R-20
Open-Hole
Cased Interval
Operator Date Method Footage (ft bgs) Remarks
Schlumberger August 26, Logging 0-80 80-785 Conducted in borehole prior to
2002 suite®® installation of 13.375-in. thin-walled
conductor casing.
WGII/LANL August 27, Video, 0-80 80-785 Conducted in borehole prior to
2002 natural installation of 13.375-in. thin-walled
gamma, conductor casing.
induction
Schlumberger September 6-7, | Logging 0-780 780-1365 Conducted in borehole prior to design
2002 suite™® and installation of the well casing.
WGII/LANL September 7, Natural 0-780 780-1365 Conducted in borehole prior to design
2002 gamma and installation of the well casing.
WGII/LANL November 19— | Video, 0-1353.3 |NA® Video log run to document and verify
20, 2002 natural well screen intervals and interior
gamma condition of the well. Natural gamma
tool was run to verify backfill
placement.
WGII/LANL December 15, | Video 0-1353.3 |NA Video log run to document and verify
2002 interior condition of the well during
development.
WGII/LANL December 16, | Video 0-1353.3 | NA Video log run to 1351 ft bgs to

2002

document and verify interior condition
of the well prior to Westbay™
installation.

a First suite of Schlumberger borehole logging surveys on August 26, 2002, included array induction, combinable magnetic
resonance, triple detector lithodensity (TLD), sonic borehole caliper, elemental capture sonde, thermal\epithermal compensated
neutron log, and natural gamma.

Array induction imager, combinable magnetic resonance, formation microimager, and borehole caliper were run only in the open
portion of the borehole.

c
Second suite of Schlumberger borehole logging surveys included array induction imager, formation microimager, TLD,
thermal\epithermal compensated neutron log, and natural gamma.

NA = Not applicable; video and natural gamma logs were performed inside the well casing.

5.1 LANL-Supported Geophysical Logging

On five days between August 27 and December 16, 2002, WGII ran natural gamma, induction, and/or
video logs in borehole R-20 using down-hole logging tools provided by the Laboratory. Three natural
gamma logs were run. The first two were run to provide lithologic and stratigraphic information that
complemented data gathered from cuttings. The third was run to verify and document the placement of
annular backfill materials. An induction log also was run with the first natural gamma log. Four video logs
were run to record lithologic and hydrogeologic features and to observe and document the condition of
the interior of the well during and after development.

Natural gamma logs have proven successful in discriminating between geologic units with varying
concentrations of uranium, thorium, and potassium. The induction tool has been useful in differentiating
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between formations with different conductivity and resistivity. The first gamma log was run inside the
18-in. surface casing from the surface to 80 ft bgs and in the open borehole from 80 to 785 ft bgs prior to
installation of the 13.375 in. thin-walled steel conductor casing. The induction log also was run at this
time. The second gamma log was run with the 18-in. surface casing in place from surface to 80 ft bgs and
the 13.375-in. conductor casing from ground surface to 780 ft bgs, and in the open borehole from 780 to
1365 ft bgs. The third natural gamma log was run inside the well to a depth of 1353 ft bgs. Measurements
of natural gamma activity were obtained every 0.1 ft as the logging tool was raised upward in the hole at a
rate of about 15 ft/min.

The first video log was run before the first natural gamma log (Table 5.0-1) to evaluate borehole stability
before the natural gamma and induction logging tools were deployed. This first video log was run to
record stratigraphic, geologic, and hydrologic features present in the open portion of the borehole.
Appendix D (on a CD on the inside back cover of this report) contains the video log of the open borehole.
Three additional video logs were run as a quality-control procedure to verify and document well
construction and to inspect the condition of casing and screens during and after well development but
before installation of the Westbay™ system.

5.2 Schlumberger Geophysical Logging

Schlumberger personnel conducted borehole geophysical logging in the R-20 borehole on August 26,
2002, and again on September 6 through 7, 2002, in the R-20 borehole. The logging tools run for each
suite are presented as notes to Table 5.0-1. The first suite of logging surveys was run inside the 18-in.
surface casing from surface to 80 ft bgs and in open borehole from 80 to 785 ft bgs. The second suite of
logging surveys was run before well design and construction, with the 18-in. surface casing in place from
the surface to 80 ft bgs, the 13.375 in. conductor casing from ground surface to 780 ft bgs, and in open
borehole from 780 to 1365 ft bgs.

The primary purpose of the Schlumberger logging was to characterize conditions in the hydrogeologic
units that were penetrated by the R-20 borehole, with primary emphasis on determining the moisture
distribution in the vadose zone and in the regional aquifer, measuring flow capacity, and gathering
lithologic/stratigraphic data. Secondary objectives included evaluating borehole geometry and assessing
the degree of drilling-fluid invasion along the borehole wall.

The Schlumberger suite of geophysical logging tools included the following:

e Array Induction Tool, Version H (AITH™) measures formation electrical resistivity and borehole
fluid resistivity to evaluate drilling fluid invasion into the formation and determines the presence of
moist zones far from the borehole wall.

o Combinable Magnetic Resonance (CMR™) measures the nuclear magnetic resonance response
of the formation, evaluates total and effective water-filled porosity of the formations near the
borehole wall, and estimates pore-size distribution and hydraulic conductivity.

e Triple detector LithoDensity (TLD™) measures formation bulk density related to formation
porosity, photoelectric effects related to lithology, and borehole diameter using a single-arm
caliper.

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

o Elemental Capture Sonde (ECS™) measures elemental weight concentrations of a variety of
elements to characterize formation mineralogy, lithology, and water content.
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e Fullbore Formation Micro Imager (FMI™) measures electrical conductivity images of the borehole
wall and the borehole diameter with a two-axis caliper, thus evaluating geologic bedding and
fracturing, including strike-and-dip of these features, fracture apertures, and rock textures.

o Digital Sonic Logging Tool (DSLT) measures acoustic compressional (P-wave) velocity to
correlate seismic velocity with depth for calibrating surface seismic surveys.

Additionally, a calibrated natural gamma tool was used to record gross natural gamma activity with every
logging method to correlate depth runs between each survey conducted.

The Schlumberger logging summary report for borehole R-20 and the geophysical logs for all
Schlumberger methods, compiled as a montage, are contained in Appendix E (see CD attached to the
inside back cover of this report).

6.0 LITHOLOGY AND HYDROGEOLOGY

A preliminary assessment of the hydrogeologic features encountered in borehole R-20 is presented
below, including a description of the geologic units identified during cuttings-characterization.
Groundwater occurrence is discussed and evaluated by drilling evidence and geophysical data.

6.1 Stratigraphy and Lithologic Logging

Rock units and stratigraphic relationships, interpreted primarily from examination of drill-cuttings samples
and interpretation of geophysical data, are discussed in order of younger to older units encountered. Such
interpretations may be refined upon further analysis of petrographic, geochemical, mineralogical, and
geophysical logging. A field-generated lithology log for R-20 can be found in Appendix C.

Alluvium and Soil (0 to 68 ft bgs)

Unconsolidated dacite and tuffaceous sands and gravels, derived from the Tschicoma Formation and the
Bandelier Tuff, were noted in the interval from 0 to 68 ft bgs. Samples indicate that these sediments are
predominantly dacite and minor rhyodacite clasts in a matrix of quartz and sanidine crystals. The
sediments represent alluvial deposits in Pajarito Canyon.

Bandelier Tuff (68 to 392 ft bgs)

The Quaternary-age Bandelier Tuff occurs in the interval from 68 to 392 ft bgs (Appendix C). Units that
are represented in cuttings samples include the Tshirege Member, the Cerro Toledo interval (an informal
unit), and the Otowi Member, including the Guaje Pumice Bed.

Tshirege Member of the Bandelier Tuff, Undivided (68 to 166 ft bgs)

The Tshirege Member of the Bandelier Tuff is made up of a succession of rhyolite ash-flow tuffs (Broxton
and Reneau 1995, 49726); rocks of this unit were encountered from 68 to 166 ft bgs in R-20. Subunits of
the Tshirege Member were not identified on preliminary analysis of the R-20 data. Cutting samples in the
upper one-third of the Tshirege Member are lithic-rich, with lithics composed predominantly of gray
porphyritic dacite and minor rhyolite. The Tshirege Member is not typically lithic-rich at other locations,
and the lithic-rich nature of the cuttings may be the result of ash and pumice separation from lithic-rich
concentrates by circulating drilling fluids. Pumice predominates as the major constituent in the lower two-
thirds of the section. Pumice fragments, typically 40% to 90% by volume, are unaltered or variably altered
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to clay, producing an earthy texture. The lower part of the Tshirege Member also contains variable
percentages of dacite lithics and quartz and sanidine crystals. The Tsankawi Pumice Bed, a 2- to 3-ft-
thick fall deposit that typically occurs at the base of the Tshirege Member, could not be identified in the
drill cuttings.

Cerro Toledo Interval (166 to 183 ft bgs)

The Cerro Toledo interval was encountered from 166 to 183 ft bgs. Cuttings indicate that the interval is
composed of subrounded dacitic and rhyodacitic clasts (85% to 95% by volume), with minor percentages
of pumice and detrital quartz and sanidine crystals.

Ash Flows of the Otowi Member of the Bandelier Tuff (183 to 374 ft bgs)

Ash-flow tuffs of the Otowi Member were intersected in the borehole from 183 to 374 ft bgs. Cuttings
suggest that the Otowi Member is poorly welded to nonwelded and lithic- and pumice-rich. Coarse chip
samples contain highly variable percentages of volcanic lithics, composed of dacite, silicified dacite, and
rhyodacite, and white-to-orange vitric and clay-altered pumice. Finer-sieved sample fractions typically
contain intermediate volcanic lithics, pumice fragments, and quartz and sanidine crystals in roughly equal
proportions.

Guaje Pumice Bed of the of the Otowi Member of the Bandelier Tuff (374 to 392 ft bgs)

The Guaje Pumice Bed of the Otowi Member is a pumice-fall deposit that regionally forms the basal unit
of the Bandelier Tuff. Borehole R-20 intersected the Guaje Pumice Bed from 374 to 392 ft bgs. Drill
cuttings from this interval indicate that the unit is nonwelded and made up of vitric to slightly clay-altered
pumice (60% to 80% by volume) with subordinate amounts of pinkish and gray dacite lithics and quartz
and sanidine crystals.

Cerros del Rio Lavas (392 to 932 ft bgs)

The R-20 borehole encountered lavas and cinder deposits of the Cerros del Rio lavas in a 540-ft thick
interval from 392 to 932 ft bgs (Appendix C). The upper part of the Cerros del Rio section, from 392 to
820 ft bgs, is composed of a series of basaltic flows separated by layers of scoriaceous breccia.
Identification of this subunit is uncertain in part because fluid circulation was lost during drilling and no
samples were recovered in the interval from 490 to 785 ft bgs. Cuttings from recovered samples suggest
that at least three lava flows may be represented.

Two flow units occur in the interval from 392 to 490 ft bgs, both characterized as slightly porphyritic with
sparse olivine phenocrysts in an aphanitic groundmass. A 5- to 10-ft thick layer of oxidized scoriaceous
basalt is evident at the base of both flows. The upper of these two lavas exhibits partial alteration in the
form of iron oxides and local clay development on fractures. Generally stronger rock alteration in the
lower flow is evidenced by opaque iddingsite replacement of olivine and alteration of groundmass
minerals that intensifies with depth. A third lava flow that lacks olivine phenocrysts and exhibits stronger
alteration and bleaching is evident in the interval from 785 to 820 ft bgs.

Cuttings suggest that the basal Cerros del Rio section, from 820 to 932 ft bgs, is made up of basalt,
basaltic scoria, and local volcaniclastic sediments. Chip samples contain massive aphyric basalt and
black vitric scoria. Samples from the lowermost part of this interval contain downward-increasing
percentages of subrounded detrital dacite, pumice, white clay, and minor quartzite and granitic lithics.
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Puye Formation (932 to 1242 ft bgs)

The Pliocene Puye Formation, encountered from 932 to 1242 ft bgs (Appendix C), is represented by two
volcaniclastic fanglomerate facies. The upper facies is composed predominantly of dacite-rich detritus,
and the lower facies contains abundant pumice.

Dacite-rich Puye Formation sediments occur in the interval from 932 to 1127 ft bgs. Cuttings indicate clay-
rich volcaniclastic sands and gravels containing porphyritic pink and gray dacites (commonly 80% to 95%
by volume) as major constituents, with minor amounts of basalt, pumice, and quartzite. Preserved
fragments of volcaniclastic sandstone indicate that these sediments are at least moderately indurated.
The Puye Formation facies encountered from 1127 to 1242 ft bgs is interpreted as a pumiceous
fanglomerate. Cuttings show that this interval contains significant percentages of white clay-altered
pumice fragments (typically in the range of 20% to 50% by volume) in addition to clasts of dacite, minor
basalt, and up to 3% quartzite. The pumiceous unit is included here with the Puye Formation, but this unit
is poorly known and its stratigraphic assignment is uncertain.

Santa Fe Group (?) Sediments (1242 to 1365 ft bgs)

Volcaniclastic sand and gravel deposits, encountered from 1242 ft bgs to the bottom of the borehole at
1365 ft bgs (Appendix C), are tentatively assigned to the Santa Fe Group. Sediments in this interval are
primarily composed of subrounded dacite and rhyodacite clasts that typically make up 80% to 95% by
volume of the coarse-sized cuttings. Subordinate lithic constituents include scoriaceous basalt, white
clay-altered pumice, and up to 5% quartzite. Quartzite particle surfaces are commonly smooth and
frosted.

6.2 Groundwater Occurrence and Characteristics

When the SAP was written, it was expected that the regional water table at R-20 would be encountered at
around 854 ft bgs in the Puye Formation. Perched water was also expected, but the SAP did not indicate
specific depths. Alluvial waters were encountered at approximately 17 ft bgs. This zone produced enough
water to fill 40 ft of the 10-in.-diameter borehole and surface casing was installed to seal off the zone
before Phase | coring could continue.

The regional water table was encountered on August 27, 2002, in cinder deposits of the Cerros del Rio
lavas. After circulating drilling fluids from the borehole, the first water-level measurement indicated a
depth to water of 873 ft bgs. At this time the conductor casing was set at 780 ft bgs, and the borehole was
open to 913 ft bgs. A composite groundwater level was measured again at 857.7 ft bgs on September 17,
2002, after well construction but before well development. Near the end of well development activities, on
December 20, 2002, the composite groundwater level was measured at 832.3 ft bgs, after a 14-hr
stabilization period.

7.0 WELL DESIGN AND CONSTRUCTION

Sections 7.1 and 7.2 describe R-20 well design and construction, respectively.

71 Well Design

The design for well R-20 was completed jointly by the Laboratory and WGII, in consultation with the New
Mexico Environment Department (NMED) and the US Department of Energy (DOE). Information gathered
from geophysical logs, video logs, borehole geologic samples, water-level data, field water-quality data,
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and drillers’ observations was analyzed by the Groundwater Integration Team to plan screen placement
intervals for the well.

The final well design specified three screens in the regional aquifer and installation of a Westbay ™
sampling system. No intermediate perched zones were identified; therefore, no screens were placed
above the regional water table. The planned and actual screen intervals are given in Table 7.1-1. The
proposed well design supports the data quality objectives (DQOs) for the regional aquifer, including
installing a monitoring well between potential release sites at TA-54 and supply well PM-2 and gathering
information about the extent of the capture zone at PM-2.

Table 7.1-1
Well Screen Information, Characterization Well R-20

Planned Depth Actual Depth
Screen (ft) (ft) Geologic/Hydrologic Setting

1 904.6-912.3 904.6-912.2 Near top of regional aquifer in cinder beds of the Cerros del Rio lavas
1147.2-1154.3 | 1147.1-1154.7 | Within regional aquifer in the pumiceous Puye fanglomerate
3 1320.2-1336.9 | 1328.8-1336.5 | Within regional aquifer in the Santa Fe Group sediments

Screen 1 was located near the top of the regional zone of saturation and is the shallow measurement
point for vertical hydraulic gradients. This location was fixed relative to the water level of 873 ft bgs
measured on August 27, 2002, with the top of the sand pack placed 20 ft below measured water level so
the screen would be completely submerged for proper well development. Screen 1 also can be used to
monitor groundwater quality near the top of the regional zone of saturation.

Screen 2 was located approximately halfway between screens 1 and 3 for vertical gradient information.
Schlumberger geophysical logs were used to select a typical porosity/permeability zone for screen
placement. Screen 2 also provides an opportunity to determine if water chemistry in this area is vertically
stratified.

Screen 3 was located as deep as possible in the completed borehole for vertical gradient information.
Schlumberger geophysical logs were used to select a relatively high-porosity/high-permeability zone for
the screen so that the upper end of the permeability distributions could be targeted for straddle-packer/
injection tests in the completed well. These deposits may represent a fast pathway in the regional system,
and this screen provides an opportunity to characterize the groundwater at this depth.

7.2 Well Construction

The casing and pipe-based screens for R-20 were manufactured using 4.5-in.-ID/5-in.-OD, type 304
stainless steel fabricated to American Society for Testing and Materials (ASTM) standard A554. External
couplings were also type 304 stainless steel fabricated to ASTM standards A312 and A511, both of which
exceed the tensile strength of the threaded casing ends. The pipe-based screens were modified by
Weatherford Well Screens (Johnson Screens, Inc.) from 10-ft sections of blank well casing. Weatherford
drilled a series of 0.5-in.-diameter holes with 168 holes/ft and then welding a stainless steel wire-wrap
(with 0.010-in. spacing) over the perforated interval. The final OD of the screens was 5.56 in.
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All stainless steel well components were cleaned at the well site using a steam cleaner and scrub
brushes. All annular materials were placed in the borehole/well casing annulus through a tremie pipe.
Well construction activities were completed from September 8 to 15, 2002 (Figure 3.0-2).

7.21 Well Installation

Stewart Brothers installed the R-20 well casing and screen from September 8 to September 9, 2002. Well
installation consisted of joints of stainless steel well casing and screen sections by means of threaded
couplings. The bottom of the well was set at 1353.3 ft bgs. Stainless steel centralizers were installed
above and below each screen and in several locations above the zone of regional saturation to centralize
the well during annular fill placement operations. Figure 7.2-1 shows the as-built well casing configuration
and indicates the depths of the various well components from ground surface.

7.2.2 Annular Fill Placement

From September 9 through 15, 2002, Stewart Brothers completed annular fill placement. A steel tremie
pipe was used to deliver the annular materials to the specified depths (Figure 7.2-1). The bottom of the
borehole was measured at 1362.5 ft bgs prior to material placement. Filter packs across screened
intervals consisted of silica sand materials mixed with municipal water and placed in the annulus.
Bentonite was placed between screened intervals to seal off the annular space and isolate the water-
bearing zones. Bentonite was placed using EZ-Mud® polymer mixed with municipal water. Portland®
cement (mixed at a ratio of 5 gal. of water to each bag of cement) was used to provide foundations for the
annular fill above the regional aquifer and for wellhead protection in the annular space around the upper
75 ft of the borehole. Approximately 41,400 gal. of municipal water were used during placement of
annular fill material.

Table 7.2-1 summarizes the annular fill materials installed. The final configuration of annular materials is
illustrated in Figure 7.2-1.

8.0 WELL DEVELOPMENT AND HYDROLOGIC TESTING

Well development and hydrologic testing activities at R-20 were conducted from September 15 to
December 22, 2002 (Figure 3.0-2). Well-development procedures included wire-brushing, surging/bailing
and chemically treating the well screens, and pumping. Development activities were followed by
hydrologic tests conducted at all three well screens.

8.1 Well Development

Well development at R-20 was performed using a variety of methods. The initial stage consisted of wire-
brushing the well interior, swabbing and surging the screened intervals to draw fine sediment from the
constructed filter packs, and bailing to remove solid materials from the well. Chemical treatment
procedures were applied to individual well screens to break up particulate matter and disperse borehole-
wall filter cake that resulted from adding fluids during conventional mud-rotary drilling. The well then was
pumped to remove remaining fines from the filter pack and adjacent formation.
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Figure 7.2-1.
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Table 7.2-1
Annular Fill Materials, Characterization Well R-20

Material Use/Function Amount Unit*
20/40 sand (medium-grained) To pack screen intervals 115 bag
30/70 sand (fine-grained) To separate filter packs from bentonite seals 27 bag
Benseal® (bentonite) Granular (8-mesh) bentonite used for seals 55 bag
QUICK-GROUT® High-solids bentonite grout used for seals 125 bag
Pelplug® bentonite (0.25-in. by 0.375-in., To provide borehole annular seal below the 354 bucket
refined elliptical pellets) water table
Portland® cement (mixed with municipal To provide annular support and surface seal 48 bag
water at a ratio of 5 gal. water to 1 bag) on the upper portion of the borehole

*Sand bag = 45 Ib ea, bentonite bag/bucket = 50 Ib ea, cement bag = 94 Ib ea.

Criteria for well development were based on selected field water-quality parameters (turbidity, specific
conductance, pH, and temperature). To monitor progress during development, samples of groundwater
were withdrawn periodically and parameter measurements were made and recorded. One objective of
well development was to remove suspended sediment from the water until turbidity stabilized to a value
less than 5 nephelometric turbidity units (NTUs) for three consecutive samples. Similarly, other measured
parameters needed to stabilize before the well could be declared successfully developed. The well was
declared sufficiently developed when the above criteria were met or the measurements could not be
improved. Table 8.1-1 presents pumping and water-quality parameter data recorded at the beginning and
end of each well-development procedure.

Preliminary bailing using a 9-gal. steel bailer was performed from the R-20 well sump and screens 1, 2,
and 3 between September 15 and 23, 2002. At that time, water produced from the well amounted to
6065 gal. To remove any materials that may have been introduced to the well interior during construction,
the casing and screens were cleaned with a wire-brush system. Surging techniques were employed
across all three screens using a surge block with an attached weight for rapid upward-downward strokes.
The well screens were repeatedly surged, followed by periods of bailing. Surging/bailing activities were
suspended on September 23, 2002.

On October 20, 2002, a dispersant solution containing 2.5 gal. of AQUA-CLEAR™-PFD (phosphate-free
dispersant) in 950 gal. of municipal water was prepared and pumped into the well. Surging/bailing then
was conducted across screens 1, 2, and 3. On October 23, 2002, an acidic solution containing 270 Ib of
AQUA-CLEAR™-MGA (modified granular acid) and 27 gal. of AQUA-CLEAR™-AE (acid enhancer) was
mixed with 900 gal. of municipal water. Next, each of the three screened intervals was injected with
approximately 300. gal of the mixture. Surging and bailing then resumed at each screen.

Development pumping began on October 25, 2002, and proceeded through November 1, 2002. Pumping
initially was conducted at all screens without using inflatable packers. A 10-horsepower (hp) submersible
pump then was lowered to the bottom of screen 3 and subsequently raised between screens 1 and 2.
Onl/off cyclic pumping was conducted with approximately 30-min periods of nonpumping to allow water
levels in the well to recover. Field parameters were measured hourly from collected water samples. A
total of 61,760 gal. were pumped from the well during this phase of development.
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Table 8.1-1
Development of Characterization Well R-20

Range of Parameters®

Water
Produced Temperature | Specific Conductance Turbidity
Method (gal.) pH (°C) (uS/cm)° (NTU)

Preliminary bailing/wire- 6,065 8.1-8.0 22.6-22.1 1481-259 >1000-226
brushing/surging
Chemical treatment (add 950 +950 — — — —
gal. AQ-PFD)
Surge/bail 850 9.1-9 19.5-23.3 1410-753 923—>1000

Chemical treatment (add 900 +900 — — — —
gal. AQ-AE and AQ-MGA)

Surge/bail 400 3-6 221 309 91.8

Pump 61,760 3.8-71 20.8-22.3 2318-104 23.1-6

Wire brush/bail 650 6.8—7 19.1-21 294-130 >1000—>1000
Pump 1990 7-7 21-19.8 167-133 129-38.9
Pumping screen 3 w/packers 3850 6.7-6.6 23.2-24 1 121-106 57.4-47
Pumping at screen 2 w/packers | 5255 -7 22.1-21.8 107-128 112-2.8
Pumping at screen 3 w/packers | 7925 6.8-6.7 22.6-20 114-108 185.6—4.2
Pumping at screen 1 w/packers | 113 7.3 234 132 227

TOTAL | 87,008

a
Parameters presented as value at beginning followed by value at end of development method.

Specific conductance reported in microsiemens per centimeter (uS/cm).

On November 19, 2002, WGII conducted a video survey of the well. The survey found that sections of the
well casing and screens 2 and 3 required additional wire-brush procedures. From November 21 to
November 22, 2002, mechanical cleaning was followed by bailing and surging operations. Approximately
650 gal. of water were purged during these operations.

Development pumping using inflatable packers then was performed at each of the three screens. Packers
were positioned above and below each screen to isolate the water-bearing zone, and pumping
procedures, as described above, were applied to all three screens between December 4 and

December 6, 2002. As indicated in Table 8.1-1, turbidity measurements from screens 3 and 2 were within
acceptable ranges at the end of the pumping periods for both screens. Pumping procedures were also
applied to screen 1. After withdrawing approximately 100 gal. from the well by pumping at this screen, the
water level dropped below the pump intake. A total of 19,133 gal. were purged during this pumping
phase. Groundwater samples were collected from screens 2 and 3 at the end of screen development.

A total of 87,008 gal. of water were withdrawn during all development activities conducted at R-20.

8.2 Hydrologic Testing

On December 10, 11, and 12, 2002, the Laboratory conducted straddle-packer/injection tests of saturated
materials behind screens 1, 2, and 3 in well R-20. An injection assembly, consisting of two inflatable
packers separated by a perforated pipe, was positioned around each screen. For a given screen, the
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water-level response to injecting municipal water at different rates for different periods of time was
monitored with a pressure transducer. Specifically, three tests were conducted at all three screens. A total
of 1010 gal. of water was injected during these tests. Following the testing, approximately 8840 gal. of
water were purged from the well. This amount represents more than five times the volume of water
introduced during the tests. Results of these tests, as well as details of their design, implementation, and
analysis, will be presented in a separate Laboratory report.

8.3 Installation of Westbay™ Monitoring System

A Westbay™ sampling system was installed inside the stainless steel well casing after development and
testing procedures in well R-20 were completed. The base of the multiport casing was set at 1352.1 ft
bgs. The system was set in place using a series of packers inflated with de-ionized water and positioned
to target each well screen with a set of valve ports. The R-20 system contains eight ports used to monitor
and test ten packers. Two measurement ports with a pumping port allow access to each screen. Quarterly
sampling of Westbay™-equipped wells is accomplished using a Laboratory-owned sampling trailer
equipped with the MOSDAX® sampling system (controller, sampler probe, and sample bottle train) and a
motorized winch and boom system. The Westbay™ summary MP casing log provides details of the
installed system (Appendix F, on a CD on the inside back cover of this report).

9.0 WELLHEAD COMPLETION AND SITE RESTORATION

After completion of the pump installation, finish work commenced on the wellhead area. Well components
were surveyed, and the site underwent final cleanup and restoration.

9.1 Wellhead Completion

Surface completion for well R-20 involved installing a reinforced (3000 Ib/square inch [psi]) concrete pad,
5-ft wide by 10-ft long by 6-in. thick, around the well casing to ensure long-term structural integrity of the
well (Figure 9.1-1). The concrete pad was poured on November 13, 2002, and a brass survey cap was
installed in the northwest corner of the concrete pad. The pad was designed to be slightly elevated, with
base-course gravel graded around the pad to allow drainage. A 10-in. steel casing with locking lid
protects the well riser. A 4-in.-diameter steel bollard was placed next to each of the four sides of the pad.
One bollard can be removed to allow access to the well for sampling and maintenance.

9.2 Geodetic Survey

Southwest Mountain Surveys, Inc. (NMPLS #6998), conducted a geodetic survey of well R-20 on
December 19, 2002, using a global positioning satellite (GPS) system. The GPS system utilized National
Geodetic Vertical Datum of 99/96 for vertical computations and the datum for the horizontal control
network is North American Datum 1983 (NAD 83). The survey located the brass monument in the
northwest corner of the concrete pad and measured location and elevation at the top of the steel
protective casing, the top of the Westbay™ cap, and the top of the Westbay™ plate (Table 9.2-1). The
coordinates shown are in New Mexico State Plane coordinates, Central Zone (NAD 83) expressed in feet.
To be consistent with current Laboratory standards, elevations are expressed in feet above mean sea
level and referenced to the National Geodetic Vertical Datum of 1929 (NGVDZ29).
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Table 9.2-1
Geodetic Data, Characterization Well R-20
Description East North Elevation
Brass monument in R-20 pad 1637835.40 1759694.51 6694.35
Top of Westbay ™landing plate 1637839.83 1759689.78 6696.68
Top of Westbay™ casing 1637839.92 1759689.73 6697.14
Top of steel protective well casing 1637839.66 1759689.89 6697.68

9.3 Site Restoration

Drilling site restoration activities at R-20 were conducted by K. R. Swerdfeger Construction, Inc., from
February 24 to March 6, 2003 (Figure 3.0-2). Prior to and along with restoration, waste-management
activities were also performed. Waste materials were removed from the site according to the WCSF.
Drilling activity media included drilling fluids, cuttings, and development water. These were sampled for
contaminant analysis (Appendix G). After the Laboratory and NMED reviewed the test data, the waste
was approved for land application. The drill cuttings were used to help backfill the cuttings-containment
area and the drilling fluids and development water were applied around the site with a 3-in.-pipe irrigation
system as specified in the Notice of Intent. The waste streams from minor spill clean up included
petroleum-contaminated soils and absorbent materials used during clean up. After the Laboratory
approved the waste profile forms submitted by waste-management personnel the waste streams were
disposed of as New Mexico Special Waste. Before the site was graded, the cuttings-containment area
was excavated and the plastic lining was removed. The containment basin area then was backfilled with
dirt that had been bermed during pad construction and regraded. Base-course gravel was also regraded
and compacted across the site to form a smaller pad. The site was re-seeded with a blend of native
grasses mixed with fertilizer to facilitate regrowth of ground cover.

10.0 DEVIATIONS FROM THE R-20 SAP

There were no significant deviations between the actual characterization activities versus planned
activities described in the SAP.
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Appendix A

Activities Planned for R-20 Compared with Work Performed



“Hydrogeologic “Pajarito Canyon
Workplan” Workplan” R-20 Sampling and
Activity (LANL 1998, 59599) (LANL 1998, 58820) Analysis Plan R-20 Actual Work
Planned Depth | 100 to 500 ft into the | Planned depth of 950 | Estimated depth of Total drill depth 1365 ft
regional aquifer ft below ground 1354 ft bgs bgs

surface (bgs)

Drilling Method

Methods may include,
but are not limited to,
hollow-stem auger
(HSA), air-
rotary/Odex/Stratex,
air-rotary/Barber rig,
and mud-rotary drilling

Drilling methods not
specified

Stiff foam air rotary,
air-rotary, mud-rotary
flooded-reverse
circulation, and fluid-
assist air-rotary with
casing-advance

Conventional mud
rotary, fluid-assisted air
rotary with casing-
advance, and air-rotary
core with wireline
retrieval

Amount of Core

10% of the borehole

May be continuously
cored to 950 ft bgs

Continuous core from
surface to estimated
depth of 444 ft bgs (50
ft into Cerros del Rio),

Continuous core from
surface to 436 ft bgs
(44 ft into Cerros del
Rio lavas)

but no deeper than 450
ft bgs
Lithologic Log Log to be prepared Log preparation not Log to be prepared Log prepared from
from core, cuttings, specified from core, cuttings, core, cuttings,
and drilling geophysical logs and geophysical logs, and
performance data drilling performance drilling performance
data data
Number of A water sample may | A water sample may If perched water is One alluvial water

Water Samples
Collected for
Contaminant
Analysis

be collected from
each saturated zone,
five zones assumed.
The number of
sampling events after
well completion is not
specified.

be collected from
each saturated zone,
four zones assumed
(3 intermediate
perched zones and
the regional aquifer).

After the well is
completed,
groundwater from two
depths will be
sampled and
analyzed, continuing
on a semi-annual
basis for two years.

encountered, within the
unsaturated zone, one
groundwater-screening
sample will be
collected within up to
three perched zones.

Groundwater-
screening samples will
be collected within the
regional aquifer at the
regional water table
and at the TD of the
borehole.

sample collected at
17.5 ft. Two
groundwater samples
collected from
screens 2 and 3.
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Collected for
Contaminant

contaminant
identification in each

specified

40, 50, 75, 100, 150,
200, 300, and 400 ft

“Hydrogeologic “Pajarito Canyon
Workplan” Workplan” R-20 Sampling and
Activity (LANL 1998, 59599) (LANL 1998, 58820) Analysis Plan R-20 Actual Work
Water Sample | Initial sampling: Anions, trace Metals (dissolved), Following well
Analysis radiochemistry |, I, elements, VOCs, anions (dissolved), completion and
and lll, tritium, general | SVOCs, HE, VOCs, QQTC, gamma development,
inorganics, stable dissolved organic spec, 241Am, 137Cs, groundwater samples
isotopes, volatile carbon, total 28 ,239’24°Pu, 234U, (from screens 2 and 3
organic compounds | suspended solids, 25y, 28y, gy, stable | were analyzed for
(VOC), and metals. neutral species, isotopes (180/160, D/H, |inorganic and organic
Saturated zones: hardness, cyanide, 15N/MN), tritium, tritium | chemicals, tritium,
radionuclides (tritium, §table anqar?glogenlc (Iow-lgvel or direct radlonuclldes, stgble
%0gy 1370g 241aAm gsﬁotopgs (" “carbon, | counting), RV gross- isotopes, and anions.
plutonium isotopes, 180hl1cgr|deé4E)/H, . alpha, beta, gamma
uranium isotopes, 23?/ %)9 240Am,234 Cs,
gamma Spectrometry | yse Yae . 23r Voo, "
and gross alpha, beta, U770, 77U, S,
and gamma), stable gamma Spec, gross-
isotopes (hydrogen, | @lPha, -beta, -gamma,
oxygen, and in special | @nd tritium (low-
cases nitrogen), major | detection limit)
ions (cations and
anions), trace metals,
and trace elements.
Water Sample | Alkalinity, dissolved Alkalinity, dissolved Alkalinity, pH, specific | pH, specific
Field oxygen, pH, specific oxygen, pH, specific conductance, conductance,
Measurements | conductance, conductance, temperature, turbidity temperature, turbidity
temperature, turbidity | temperature, turbidity
Number of Twenty samples of Number of Core samples to be 13 core/cuttings
Core/Cuttings core or cuttings to be | core/cuttings samples | collected at target samples submitted for
Samples analyzed for potential | to be collected not depths of 10, 20, 30, analysis

Analysis borehole.
Core/Cuttings Upper-most core or Upper-most core or Analytical suite for Samples submitted for
Sample cuttings sample to be | cuttings sample to be | core/cuttings samples | anions and
Analytes analyzed for a full analyzed for a full includes anions, stable | radionuclides.
range of compounds; | range of compounds; | isotopes, tritium
deeper samples to be | deeper samples to be | profiles, 2*'Am, Z%Pu,
analyzed for the analyzed for major 239'240Pu, 234U, 235U,
presence of and minor anions, 238U, 90Sr, gamma
radiochemistry |, I, trace elements, and spectroscopy,
and lll analytes, tritium (low- and high- | radiological screening
tritium (low- and high- | detection limit), as (gross alpha, beta, and
detection levels), and | well as other gamma), radionuclides,
metals. Four samples | contaminants of and metals.
to be analyzed for potential concerns
VOCs. (COPCs) appropriate
for that location. In
addition, selected
samples will be
analyzed for VOCs
and semivolatile
organic compounds
(SVOCs).
June 2003 A-2 GPP-03-032




Characterization Well R-20 Completion Report

“Hydrogeologic “Pajarito Canyon
Workplan” Workplan” R-20 Sampling and
Activity (LANL 1998, 59599) (LANL 1998, 58820) Analysis Plan R-20 Actual Work

Laboratory Physical properties Retrieved core and Core samples for anion | 13 samples submitted

Hydraulic- analyses will be cuttings samples will | profiles will be for moisture analysis.

Property Tests | conducted on 5 core | be analyzed for measured for moisture | Other properties may
samples and will moisture content, at content. be inferred from
typically include 10-ft intervals, except geophysics.
moisture content, where saturation is
porosity, particle encountered.
density, bulk den§|ty, Hydraulic properties
saturate.d.hydraullc analyses will be
conductivity, and conducted on core
water retention samples based on
characteristics. geologic and

hydrologic conditions
encountered.

Geophysics In general, open-hole | Portions of the The number and types | LANL tools: natural
geophysics includes borehole may be of logs will vary as a gamma, induction;
caliper, logged with open-hole | function of borehole borehole video
falectrc?magnetic toolg .if b.orehole condition and the Schlumberger
induction, naturgl stability is such that presgnce or abse'nce geophysics: NGS,
gamma, magnetic the borehole can be of drill or well casing. AITH™ TLD™,
susceptibility, advgnced without In general, open-hole ECS™ CMR™.
b_orehole COIO!' casing. geophysics includes FMI™, DSLT
v!deotape (aX|.aI and Cased-hole wire line caliper, array induction,
side scan), fluid logging will be triple lithodensity,
temperature conducted in the combinable magnetic
(saturated), fluid cased-off borehole resonance, natural
resistivity (saturated), | 5ng well. gamma, natural
Single-point resistivity gamma ray
(saturated), and . spectrometry,
spontaneous potential epithermal
(saturated). compensated neutron,

In general, cased-hole Mechanical sidewall
geophysics includes: coring tool, fullbore
gamma-gamma formation microimager,
density, natural and borehole color
gamma, and thermal videotape (axial and
neutron. side scan).
In general, cased-hole
geophysics includes:
triple lithodensity,
natural gamma ray
spectrometry, natural
gamma, and
epithermal
compensated neutron.
Water-Level Procedures and Not specified Water levels will be Water-level meter
Measurements | methods not specified determined for each determined water
saturated zone by levels for the regional
water-level meter or by | water table.
pressure transducer.
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“Hydrogeologic “Pajarito Canyon
Workplan” Workplan” R-20 Sampling and
Activity (LANL 1998, 59599) (LANL 1998, 58820) Analysis Plan R-20 Actual Work

Field Hydraulic- | Tests to be conducted | Not specified Straddle- Constant-rate injection

Property Tests | not specified packer/injection tests tests were conducted
will be performed in all | on screens 1, 2, and 3.
screens completed
below the regional
water table.

Surface Casing | Approximately 20-in. | Not specified Install 18-in. or 20-in.- | 18.375-in.-OD steel
outer diameter (OD), OD steel casing to casing set at 80 ft,
extends from land approximately 60 ft. cemented in place
surface to 10-ft depth
in underlying
competent layer and
grouted in place.

Conductor Unless other technical | Not specified Install 11.75-in.-OD 13.375-in.-OD-drill
Casing methods are applied, drill casing from 0 to casing from 0 to 780 ft
a temporary steel ~700 to 800 ft bgs, or | bgs

casing, up to 14-in.- approximately 100 ft

OD, will be advanced above anticipated

to total depth of regional water level, or

borehole. set thin-wall casing
over problem zone(s)
and seal off casing
using materials to meet
regulatory
requirements.

Minimum Well | 6 5/8-in. OD Not specified 5-in. OD 5-in.-OD by 4.5-in.-

Casing Size inner diameter (ID)

stainless steel casing
w/ external couplings

Well Screen Machine-slotted Not specified Well screen shall be Screened intervals
(0.01-in.), stainless constructed with constructed of 5.56-
steel screens with multiple sections of in.-OD (4.5-in.-ID) pipe
flush-jointed threads; 5.5-in. OD stainless based, stainless steel,
number and length of steel pipe with wire wire-wrapped,
screens to be wrap (0.010-in. slot 0.010-in. slotted screen
determined on a site- opening).
specific basis and
proposed to NMED.
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Activity

“Hydrogeologic
Workplan”
(LANL 1998, 59599)

“Pajarito Canyon
Workplan”
(LANL 1998, 58820)

R-20 Sampling and
Analysis Plan

R-20 Actual Work

Filter Material

>90% silica sand,
properly sized for the
0.010-in. slot size of
the well screen;
extends 2 ft above
and below the well
screen

Not specified

Filter pack shall extend
at least 5 ft and no
more than 10 ft above
and below each well
screen. No
differentiation made
between primary and
secondary filter packs.

Primary filter pack
consisted of 20/40
silica sand placed 8 ft
below and 8.2 ft above
screen 3. Secondary
filter pack consisted of
30/70 silica sand
placed in a layer 2-ft-
thick below and 2.3-ft-
thick above.

Primary filter pack
consisted of 20/40
silica sand placed

10.8 ft below and

14.6 ft above screen 2.
Secondary filter pack
consisted of 30/70
silica placed in a layer
2.1-ft-thick below and
2.2-ft-thick above.

Primary filter pack
consisted of 20/40
silica sand placed

14.3 ft below and 9.4 ft
above screen 1.
Secondary filter pack
of 30/70 silica sand
placed in a layer 3.5-ft-
thick below and 2.1-ft-
thick above.

Annular Fill
Material
(exclusive of
filter materials)

Uncontaminated drill
cuttings below sump
and bentonite above
sump

Not specified

Bentonite and cement
in borehole or well
annulus.

Slough in bottom of
borehole and bentonite
seals below and above
screens 3, 2, and 1
filter packs

Cement plug from 767
to 788.7 ft bgs

Cement-bentonite
grout from surface to
75.2 ft bgs

Sump

Stainless steel casing
with an end cap

Not specified

Not specified

5-in. diameter stainless
steel casing, 16.8-ft-
long, with an end cap.

Bottom Seal

Bentonite

Not specified

Bentonite

Bentonite
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Drill-Additive Product Specifications
(CD attached to inside back cover)



QUIK-GEL®

Viscosifier

Description  QUIK-GEL is an easy-to-mix, finely ground (200-mesh), premium-grade,
high-yielding Wyoming sodium bentonite. QUIK-GEL imparts viscosity,
fluid loss control and gelling characteristics to freshwater-based drilling
fluids.

«  Mix with fresh water to form a low-solids drilling flluid for general
drilling applications

«  Viscosify water-based drilling fluids

+  Reduce filtration by forming a thin filter cake with low permeability

« Improve hole-cleaning capability of drilling fluids

+  Mix with foaming agents to make "gel/foam" drilling fluids for air/foam
drilling applications

Applications/Functions

Advantages ¢ ANSI/NSF Standard 60 certified
«  Single-sack product and cost effective
«  Provides lubricity for drilling fluids
+  Mixes easily and quickly reaches maximum viscosity
+ Yields more than twice as much mud of the same viscosity as an
equal weight of API oilfield grades of bentonite

Typical Properties - Appearance Grey to tan powder
Bulk density, Ib/ft® 68 to 72 (compacted)
«  pH (3% solution) 8.9

Recommended  Mix slowly through a jet mixer or sift slowly into the vortex of a
Treatment  high-speed stirrer.

Approximate Amounts of QUIK-GEL Added to Freshwater
Application/Desired Result Ib/100 gal Ib/bbl kg/m?®
Normal Drilling Conditions 15-25 6-10 18-30
Unconsolidated Formations 35-50 15-21 42-60

Make-Up For Gel/Foam Systems 12-15 5-7 14-18

+ 1bbl=42U.S. gallons

Additional Information Note:

«  For optimum yield, pre-treat make-up water with 1-2 pounds of
soda ash per 100 gallons of water (1.2-2.4 kg/m®).

© Copyright 2001 Baroid, a Halliburton PSL
Rev. 6/2001 - IDP 009
QUIK-GEL is a registered trademark of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”, AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Packaging  QUIK-GELDO is packaged in 50-lb (22.7-kg) multiwall paper bags.

Availability = QUIK-GEL can be purchased through any Baroid Industrial Drilling
Products Distributor. To locate the Baroid IDP distributor nearest you
contact the Customer Service Department in Houston or your area IDP
Sales Representative.

Baroid Industrial Drilling Products,
A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy. E.
Houston, TX 77032
Customer Service (800) 735-6075 Toll Free (281) 871-4612

Technical Service (877) 379-7412 Toll Free (281) 871-4613




QUIK-FOAM®

High Performance Foaming Agent

Description  QUIK-FOAM, a proprietary blend of alcohol ethoxy sulfates (AES) which
are biodegradable, is an effective foaming agent. QUIK-FOAM can be
added to fresh, brine, or brackish water for air/foam, air/gel-foam, or mist
drilling applications.

Applications/Functions « Enhance the rate of cuttings removal
« Increase the ability of lifting large volumes of water
- Improve hole-cleaning capability of the airstream
« Reduce the sticking tendencies of wet clays, thereby eliminating mud
rings and wall packing
+ Reduce erosion of poorly consolidated formations
«  Provide a technique for drilling in zones with lost circulation
« Increase borehole stability
+ Reduce air-volume requirement
+  Suppress dust during air drilling operation

Advantages ¢ ANSI/NSF Standard 60 Certified
- High quality, high expansion foam with a consistency similar to
shaving foam
«  High stability with excellent retention time
- Versatile and compatible with various types of make-up water
« Readily undergoes primary and ultimate (>99%) biodegradation
«  Proven product for multi-discipline application

Typical Properties  Appearance Light yellow, transparent liquid
Specific gravity 1.03
pH (0.5% solution) 7.1
Flash point, PMCC °F, °C 82, (28)
Pour point, °F, °C 0, (-18)

© Copyright 2001 Baroid, a Halliburton PSL
Rev. 6/2001 - IDP 010
QUIK-FOAM, EZ-MUD, QUIK-TROL, and QUIK-GEL are registered trademarks of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”, AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Recommended
Treatment

Approximate Amounts of QUIK-FOAMO Added to Injection Water

Application Amount/100 gal | Amount/bbl | Liters/m®
Dry-air drilling a4 i . )
(as a dust suppressant) 0.5 - 1 pints 0.2 - 0.5 pints 05-15
Mud-mist drilling in sticky 1-2 quarts 1-2 pints 25.5
clays
Foam and gel-foam drilling 0.5 - 2 gallons 1.5-7 pints 5-20
As a slug to clean the 1 pint* 0.5 pints* 0.5%*
annulus

* in drill pipe, followed by 3 to 5 gallons of water; ** followed by 20 liters of water
Note:

Close product container immediately after use to avoid gelation of
remaining QUIK-FOAM.

Product Make-ups for Air Drilling Injection Slurries

Main Water QUIK-GEL® | QUIK-TROL® | QUIK-FOAM
Ingredient of (gallons) viscosifier polymer foaming agent
Injection Slurry 9 (pounds) (pounds) (% by volume)
Foam Drilling 100 0.02-3.0
System

Mixing/Injection Procedure

Add QUIK-FOAM to injection water. Inject into the air stream at a rate
necessary to maintain hole stability and penetration rate. Increase amount of
QUIK-FOAM as required to compensate for downhole water dilution

Firm-Foam

Drilling System 100 05-1

0.1-20

Mixing/Injection Procedure

Mix polymer with water before adding QUIK-FOAM. 1-2 pints of EZ mMuD®
may be used as a substitute for QUIK-TROL. Inject into the air stream at a
rate necessary to maintain hole stability and penetration rate.

Mud-Mist Drilling

System 100 25

0.3-1.0

Mixing/Injection Procedure

Mix viscosifier with water before adding QUIK-FOAM. Inject into the air
stream at a rate necessary to maintain hole stability and penetration rate.
Resulting viscosity is 32-40 sec/qt as measured by Marsh Funnel.

Gel-Foam

Drilling System 100 12-15 1

0.3-1.0

Mixing/Injection Procedure

Mix viscosifier and polymer with water before adding QUIK-FOAM. Inject into
the air stream at a rate necessary to maintain hole stability and penetration
rate. Resulting viscosity is 32-40 sec/qt as measured by Marsh Funnel.

Note:

In some states, it is illegal to discharge any foreign substance into the
water shed due to potential contamination of ground water. After use, the
foam mixture must be localized in an earthen pit or some type of
containment and allowed to biodegrade naturally.




Packaging  QUIK-FOAMO is packaged in 5-gal (19-liter) plastic containers or in 55-
gal (208 liter) drums.

Availability  QUIK-FOAM can be purchased through any Baroid Industrial Drilling
Products Distributor. To locate the Baroid IDP distributor nearest you
contact the Customer Service Department in Houston or your area IDP
Sales Representative.

Baroid Industrial Drilling Products,
A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy E.
Houston, TX 77032
Customer Service (800) 735-6075 Toll Free (281) 871-4612

Technical Service (877) 379-7412 Toll Free (281) 871-4613




PAC™-L

Modified Natural Cellulosic Polymer

Description  PAC-L, modified natural cellulosic polymer, provides filtration control in
most water-based drilling fluids without substantially increasing viscosity.
PAC-L, when added to a QUIK-GEL® or BORE-GEL™ slurry, yields a
drilling mud system suitable for drilling in sandy formation. PAC-L can be
added to vegetable or mineral oil to provide an oil-based fluid
suspension, which can be poured into drill string directly.

Applications/Functions i Provide filtration control in fresh or brackish water-based drilling
fluids
i Reduce fluid loss without significantly increasing fluid viscosity
i Encapsulate shale to prevent swelling and disintegration
i Promote borehole stability in water sensitive formations
i Minimize rod chatter, rotational torque and circulating pressure
i Improve hole cleaning and core recovery

Advantages u Effective in fresh water, salt water and brackish water-based drilling
fluids
i  Effective in small quantities for filtration control
i Non-fermenting
i Compatible with other Baroid drilling fluid additives
i Resistant to harsh environments and contaminants

Typical Properties -  Appearance White, free-flowing powder
- pH (1% aqueous solution) 7.75

Recommended @ Using a Venturi Mixer, or into vortex of a high-speed stirrer, add
Treatment slowly and uniformly to the entire circulating system.

© Copyright 2001 Baroid, a Halliburton PSL
QUIK-GEL is a registered trademark of Halliburton Energy Services, Inc. Rev. 6/2001 - IDP 059
BORE-GEL and PAC are trademarks of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”", AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Recommended

Treatment

Packaging

Availability

Approximate Amounts of PACO-L Added to Water Based Fluids

Desired Condition/Result

Added to fresh or salt water Ib/100 gal kg/m3
i To stabilize water sensitive formation 3-7 4-85
i To reduce torque and lower circulating
05-2 0.6-24
pressure
Added to QUIK-GELC slurr
Q urry . |Ib/00gal| kg/m®
(25 1b/100 gallons) or (30 kilograms per m”)
i To reduce filtration rate and improve
. 05-20 | 0.6-24
borehole stability
Added to BORE-GEL ™ slurry 3
) 3 Ib/100 gal kg/m
(35 1b/100 gallons) or (42 kilograms per m”)
i To reduce filtration rate and improve
05-20 | 06-24

borehole stability

Note:

Very salty waters may require twice as much PAC-L as fresh water.
Preferably, PAC-L should be mixed in fresh water before it is added to

very salty water.

PAC-L is packaged in 50-Ib (22.7 kg) bags.

PAC-L can be purchased through any Baroid Industrial Drilling Products
Distributor. To locate the Baroid IDP distributor nearest you contact the
Customer Service Department in Houston or your area IDP Sales

Representative.

Baroid Industrial Drilling Products
A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy. E.

Houston, TX 77032
(800) 735-6075 Toll Free
(877) 379-7412 Toll Free

Customer Service

Technical Service

(281) 871-4612
(281) 871-4613




N-SEAL™

Lost Circulation Material

Description  N-SEAL, acid soluble lost circulation material, is specially formulated
extrusion spun mineral fiber. Due to its solubility in weak acids, N-SEAL
is easily removed from production zones.

Applications/Functions  N-SEAL can be used in concentrations of up to 70 Ib/100 gallons (86
kg/m3) in slug treatments or as additive to entire system.

Advantages - Acid soluble
- Easily-wetted
« Inorganic and non-fermenting

Typical Properties « Appearance Gray white fiber
- Specific gravity 2.6

Recommended N-SEAL can be added directly through the hopper.
Treatment < For normal treatment to the active system, add 5-20 Ib/100 gallons
drilling fluid (6-24 kg/ma)

- As apill, add 20-70 1b/100 gallons of drilling fluid (24-86 kg/m®)

N-SEAL is 95% acid soluble. To dissolve 1 Ib of N-SEAL, treat with either
+ 1-2Ib AQUA-CLEAR™ MGA (1-2 kg/kg)

or
+ 0.5-1 gal of 10% HCI/5% Acetic acid blend (1-2 liters/kg)

Packaging  N-SEAL is packaged in 30-lb (13.6 kg) multiwall paper bags.

Availability ~ N-SEAL can be purchased through any Baroid Industrial Drilling Products
Distributor. To locate the Baroid IDP distributor nearest you contact the
Customer Service Department in Houston or your area IDP Sales
Representative.

Baroid Industrial Drilling Products,
A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy E.
Houston, TX 77032

Customer Service (800) 735-6075 Toll Free (281) 871-4612
Technical Service (877) 379-7412 Toll Free (281) 871-4613

© Copyright 2001 Baroid, a Halliburton PSL
Rev. 8/2001 - IDP 061

N-SEAL and AQUA-CLEAR are trademarks of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”, AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



LIQUI-TROL™

Modified Cellulosic Polymer Suspension

Description  LIQUI-TROL is a free-flowing, liquid suspension of a modified natural
cellulosic polymer, in an ultra-clean oil. LIQUI-TROL, when added to a
QUIK-GEL® or BORE-GEL™ slurry, yields a drilling mud system suitable
for drilling in water sensitive formations.

Applications/Functions  «  Provide filtration control in fresh or brackish water-based drilling fluids
+  Promote borehole stability in water sensitive formations
«  Pour a slug of concentrate into drill string directly to sweep the hole
«  Minimize rotational torque and circulating pressure
+ Improve hole cleaning and core recovery
- Stiffen the foam to improve cuttings transport in air/gel-foam drilling
- Reduce air requirements, uphole velocity and borehole annulus
pressure

Advantages -+ Effective in fresh water, salt water and brackish water-based drilling
fluids
- Effective in small quantities for filtration control
«  Non-fermenting
«  Compatible with other Baroid drilling fluid additives
« Resistant to harsh environments and contaminants

Typical Properties « Appearance Off-white, free-flowing, viscous fluid
- Specific gravity 0.98
«  pH (0.3% solution) 9.0
- Flash point, PMCC °F (°C) 185, (85)
- Pour point, °F (°C) 35, (1.7)
- Freeze point, °F (°C) -40, (-40)

© Copyright 2001 Baroid, a Halliburton PSL
QUIK-GEL is a registered trademark of Halliburton Energy Services, Inc. Rev. 6/2001 - IDP 022
LIQUI-TROL and BORE-GEL are trademarks of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”, AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIESOF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Recommended
Treatment

Packaging

Availability

» Using Venturi Mixer, or into vortex of a high-speed stirrer, add slowly
and uniformly to entire circulating system.

» Used to slug down the rods to produce a high viscosity hole-cleaning
sweep.

Approximate Amounts of LIQUI-TROLO Added to Water-Based Fluids

Desired Condition/Result

Added to fresh or salt water qt/100 gal | liters/m®

« To stabilize water sensitive formation 4-6 10-15

«  To reduce torque and lower circulating
pressure

2-4 5-10

Added to QUIK-GEL® slurry
(25 pounds per 100 gallons) qt/100 gal | liters/m
(30 kilograms per m3)

3

«  To enhance drilling mud fluid properties 1-2 2.5-5
« Toi drilli d [ d
o |r.n.pro_ve ri |ng.r.n.u suspension an 94 510
stabilization capabilities
Added to injection liquid in air/foam drilling qt/100 gal | liters/m®
. Toi
o] |m.pr0ve foam performance and hole 14 25-10
cleaning
Note:

Salt water may require twice as much LIQUI-TROL as fresh water.
Preferably, LIQUI-TROL should be mixed in freshwater before it is added to
salty water.

LIQUI-TROL is packaged in 5-gal (19-liter) metal pails with an integrated,
resealable pour spout.

LIQUI-TROL can be purchased through any Baroid Industrial Drilling
Products Distributor. To locate the Baroid IDP distributor nearest you
contact the Customer Service Department in Houston or your area IDP
Sales Representative.

Baroid Industrial Drilling Products,

A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy. E.
Houston, TX 77032

Customer Service (800) 735-6075 Toll Free (281) 871-4612
Technical Service (877) 379-7412 Toll Free (281) 871-4613




HOLEPLUG®

Graded Sodium Bentonite

Description  HOLEPLUG is a naturally occurring Wyoming sodium bentonite clay that is a
sized and graded chip material used to seal and plug earthen boreholes.

HOLEPLUG is available in two particle size grades:

i  HOLEPLUG 3/4" (100% of particles pass through 3/4" screen; all
particles retained on 3/8" screen)

i HOLEPLUG 3/8" (100% of particles pass through 3/8" screen; all
particles retained on 1/4" screen)

Applications/Functions i Highly recommended for use in grouting annulus in all types of wells,
particularly environmental monitoring well applications
i  Seal above gravel packs
i Plug decommissioned boreholes
i  Stemming shotholes
i  Seal around conductor pipe
i Seal lost circulation zones
i Shut off artesian flow

Advantages o Prevents entry of surface water into boreholes
i High swelling potential
i In situ swelling to provide a superior seal with excellent casing
stabilization
i  Easier to apply than pellets
i Cost effective
i Simple to apply, mixing not required
i Prevents vertical movement of fluids in the hole between porous zones
i Forms a permanent, flexible downhole seal
i Allows hole re-entry
i  Rehydratable
i ANSI/NSF Standard 60 certified

Typical Properties  Volume of 50-Ib (22.7 kg) sack

HOLEPLUG 3/4" 0.73 ft* or 0.027 yd® or 0.021 m®
HOLEPLUG 3/8" 0.70 ft* or 0.026 yd® or 0.020 m®
Permeability 1.5 x 10°° cm/sec (in fresh water)
Appearance Beige to tan chips

© Copyright 2001 Baroid, a Halliburton PSL

HOLEPLUG is a registered trademark of Halliburton Energy Services, Inc. Rev. 6/2001 - IDP 006

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this p roduct. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”, AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Recommended
Treatment

Treatment
Considerations

Plugging and Stemming Drill Holes

Due to shipping and handling, a small amount of fine bentonite particles may
be present. For optimum results, HOLEPLUGO should be poured over a
mesh or screen with ¥4" (6.4 mm) openings to "sift out" the smaller particles.
The screen should be large enough (approx.1 yd2 or 1m2) to be folded into a
"V" shape to allow sifting while the product is being poured into the hole.
Also, HOLEPLUG should be poured slowly. Allow approximately two minutes
to pour a 50-Ib (22.7 kg) bag.

1. Position the screen with the lower end placed over the borehole

2. Slowly pour HOLEPLUG down the "V" so that fine particles fall
through the screen before the larger particles fall into the borehole

3. Fill hole as required (above static water level or to ground level)

4. Observe all regulatory specifications

Stopping loss of circulation and stabilizing unconsolidated formations

1. Pull drill pipe out of hole
2. Pour HOLEPLUG into hole to fill above problem zone
3. Drill ahead slowly with reduced pump pressure

Plugging flowing wells

Pour HOLEPLUG into hole until water flow subsides or hole is filled to
surface.

§ Adequate annular space should be present to allow for the placement of
HOLEPLUG into the area of concern without bridging. It is recommended
that a minimum annular space of two inches on either side of the outside
dimension of the casing be present. This will facilitate the placement of
tremie lines and reduce the potential of the HOLEPLUG bridging during
pouring operations. The use of this product should always correspond
with applicable federal, state and local well construction guidelines.




Application
Amounts

Amounts of HOLEPLUGO Required for Plugging Applications

Hole Hole Pounds Feet Filled Bags
Diameter V0|ume HOLEPLUG by One Bag HOLEPLUG
_ 3 Needed to HOLEPLUG Needed to
(inches) (ft/ft) Fill One Foot Fill 100 ft
2 0.022 1.6 32.6 3.2
25 0.034 2.4 20.5 5.0
3 0.049 35 14.3 7.0
35 0.067 4.8 10.4 9.6
4 0.087 6.3 7.9 12.6
4.5 0.110 7.9 6.3 15.8
5 0.136 9.8 51 19.6
5.5 0.165 11.9 4.2 23.8
6 0.196 14.1 35 28.2
6.5 0.230 16.6 3.0 33.2
7 0.267 19.2 2.6 38.4
7.5 0.307 221 2.3 44.2
8 0.349 25.1 2.0 50.2
8.5 0.394 28.4 1.8 56.8
9 0.442 31.8 1.6 63.6
9.5 0.492 354 1.4 70.8
10 0.545 39.2 1.3 78.4
11 0.660 47.5 1.1 95.0
12 0.785 56.5 0.89 113.0
15 1.227 88.3 0.57 176.6
18 1.767 127.2 0.39 254.4
20 2.182 157.1 0.32 314.2
25 3.409 245.4 0.20 490.8
30 4.909 353.4 0.14 706.8




Application
Amounts

(metric equivalents)

Packaging

Availability

Amounts of HOLEPLUGO Required for Plugging Applications

Kilograms Bags
‘Hole Hole HOLEPLUG | Meters Filled | HOLEPLUG
Diameter Volume Needed to by One Bag Needed to

(mm) (m3/m) Eill One HOLEPLUG Fill 10

Meter meters
51 0.002 2.3 9.87 1.0
64 0.003 3.6 6.31 1.6
76 0.005 5.2 4.38 2.3
89 0.006 7.0 3.22 3.1
102 0.008 9.2 2.47 4.1
114 0.010 11.6 1.95 5.1
127 0.013 14.4 1.58 6.3
140 0.015 17.4 1.30 7.7
152 0.018 20.7 1.10 9.1
165 0.021 24.3 0.93 10.7
178 0.025 28.2 0.81 12.4
191 0.029 32.4 0.70 14.3
203 0.032 36.8 0.62 16.2
216 0.037 41.6 0.55 18.2
229 0.041 46.6 0.49 20.5
241 0.046 51.9 0.44 22.9
254 0.051 57.5 0.39 25.3
279 0.061 69.6 0.33 30.7
305 0.073 82.8 0.27 36.5
381 0.114 129.4 0.18 57.0
457 0.164 186.4 0.12 82.1

508 0.203 230.1 0.10 101.4

635 0.317 359.5 0.06 158.4

762 0.456 517.7 0.04 228.1

HOLEPLUG graded bentonite is packaged in 50-b (22.7 kg) multiwall

paper bags.

HOLEPLUG can be purchased through any Baroid Industrial Drilling
Products Distributor. To locate the Baroid IDP distributor nearest you
contact the Customer Service Department in Houston or your area IDP
Sales Representative.
Baroid Industrial Drilling Products,
A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy E.
Houston, TX 77032

Customer Service

Technical Service

(800) 735-6075 Toll Free
(877) 379-7412 Toll Free

(281) 871-4612
(281) 871-4613




EZ-MUD®

Polymer Emulsion

Description  EZ-MUD, a liquid polymer emulsion containing partially hydrolyzed
polyacrylamide/polyacrylate (PHPA) copolymer, is used primarily as a
borehole stabilizer to prevent reactive shale and clay from swelling and
sloughing. EZ-MUD is also added to low-solids drilling fluids to increase
lubricity, fluid viscosity, and to improve carrying capacity of air/ffoam injection
fluids.

Applications/Functions  *  Stabilize reactive shale and clay formations
« Improve borehole stability
- Enhance slurry rheological properties
«  Alleviate mud rings, bit balling and booting-off in clay formations
«  Reduce drill pipe torque and pumping pressure
«  Minimize rod chatter in diamond core drilling
«  Create "stiff-foam" and maintain foam integrity

«  Flocculate non-reactive solids in reserve pit at low concentrations

Advantages ¢ Mixes easily with minimum shear in fresh water
«  Provides effective clay and shale stabilization with lower viscosity
« Imparts high degree of lubricity
«  Non-fermenting
«  Breaks down chemically with bleach (sodium hypochlorite)

»  ANSI/NSF Standard 60 Certified

Typical Properties +»  Appearance Thick, opaque white liquid
«  Density 8.5 Ib/gal (1.02 g/cm®)
e pH (1 quart per 100 gallons water) 8.5
«  Flash point, PMCC °F, °C >200 (>93.3)
«  Thermal stability, °F, °C 250 (121)

© Copyright 2001 Baroid, a Halliburton PSL

EZ-MUD and QUIK-GEL are registered trademarks of Halliburton Energy Services, Inc. Rev. 6/2001 - IDP 008
BORE-GEL is a trademark of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”, AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Recommended Approximate Amounts of EzZ-MUD® Added to Drilling Fluid System

Treatment o L .
Drilling Application/Desired Quarts/

Property 100 gal

Pints/bbl | Liters/m?

Added to fresh water (To formulate a clay-free drilling fluid)

« To stabilize reactive clay and shale | 0.5-2.0 [0.5-1.75|1.25-5.0

- To retard rod vibration, reduce

. 1.0-20 |1.0-175| 25-5.0
torque and pumping pressure

Added to QUIK-GEL® or BORE-GEL™ Drilling Fluids

« To retard reactive shale and clay

and enhance lubricity 05-10 | 05-10 |1.25-25

Added to injection liquid in air/foam drilling applications

«  To improve foam performance and
hole conditions

05-10 | 05-10 |1.25-25

Notes:
«  Make-up water used to mix EZ-MUD should meet the following
quality:

total chloride less than 1500 ppm (mg/L)
total hardness less than 150 ppm as calcium
total chlorine less than 50 ppm

water pH between 8.5-9.5

+ Reduce total hardness of make-up water by adding soda ash
(sodium carbonate) at 0.5 to 1 pound per 100 gallons (0.6 - 1.2
kg/m®) of make-up water.

+ EZ-MUD can be chemically broken down with liquid bleach in regular
household concentration (5% sodium hypochlorite). Use one gallon
of liquid bleach per 100 gallons (10 Iiters/ma) of fluid formulated with
EZ-MUD. Do not use perfumed liquid bleach or solid calcium
hypochlorite.

Packaging EZ-MUD is packaged in 5-gal (19-liter) and 1-gal (3.8-liter) plastic containers.

Availability EZ-MUD can be purchased through any Baroid Industrial Drilling Products
Distributor. To locate the Baroid IDP distributor nearest you contact the
Customer Service Department in Houston or your area IDP Sales
Representative.

Baroid Industrial Drilling Products,

A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy. E.
Houston, TX 77032

Customer Service (800) 735-6075 Toll Free (281) 871-4612

Technical Service (877) 379-7412 Toll Free (281) 871-4613




BENSEAL®

Sealing and Plugging Agent

Description  BENSEAL is a granular (8-mesh), natural Wyoming sodium bentonite for
use in sealing and grouting well casings and earthen structures.
BENSEAL is not recommended for use as a drilling mud.

Applications/Functions «  Seal or grout plastic or steel casings in monitor and water well
construction
«  Seal or plug abandoned boreholes
«  Seal leaking ponds, ditches and dams
+  Soil stabilization
+  Prepare BENSEAL/EZ-MUD® grouting system
« Aid in controlling loss of circulation

Advantages - High swelling capacity
»  Uniform particle size
+ No heat of hydration
»  Prevents commingling of aquifers and contamination from surface
+ Forms a flexible seal to protect casing from corrosive contaminants
+  Allows for hole re-entry
»  ANSI/NSF Standard 60 certified

Typical Properties « Appearance Bluish to gray granules
- Dry screen analysis 85% of 8 mesh
- Volume, ft®/sack 0.7 (as packaged)
- Specific gravity 2.6
- Permeability less than 1 x 10 cm/sec (in fresh water)

Recommended As acasing drill and drive operation:

Treatment ) ] ) )
1. Dig a cone-shaped depression around casing. Depression should be

6 - 8 inches (152-203 mm) larger than the outside diameter of the
casing and 2 - 3 feet (60-75 cm) deep.

2. Keep cone-shaped depression filled with dry BENSEAL while driving
the casing.

© Copyright 2001 Baroid, a Halliburton PSL
Rev. 6/2001 - IDP 005
BENSEAL, and EZ-MUD are registered trademark of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser's application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”", AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Recommended
Treatment
(continued)

Packaging

Availability

Note:

When drilling and driving a 4" (102mm) pipe, expect to use 2.5 pounds of
BENSEALD per foot of hole or 3.7 kilograms of BENSEAL per meter of
hole.

Sealing ponds or earthen structures:

Depending on the native sail, disc in or mix 3 to 5 pounds of

BENSEAL per square foot (14-24 kg/mz) uniformly over the area to be
sealed so that a 6-inch (~152 mm) blanket of soil and BENSEAL is
formed. Do not neglect the edges of the dam or the sides/walls of the
pond. This sealing blanket should then be compacted in place and as a
further protection to the sealing blanket, 2 to 4 inches (51-102 mm) of
local soil or sand should cover the sealing blanket and be compacted.

If the leaking area can be identified and isolated, an attempt can be made
to broadcast BENSEAL uniformly at 4 to 6 pounds of BENSEAL per
square foot (20-30 kg/mz) of surface area into the water over the area of
concern.

Note: Bentonite is more effective as a sealing agent when confined.
Therefore, every effort should be made to cover the BENSEAL after it is
broadcast with a 2-3 inch (51-76 mm) layer of sand. This will reduce the
potential for dispersion into the water and un-yielded bentonite particles
interfering with the gill action of fish.

Lost returns (moderate):

1. Begin with the pit full of mud.

2. Raise the pump suction off bottom and place a shovel next to it and
slightly under suction.

3. Pour dry BENSEAL slowly into the space between shovel and suction
and pump it down the hole.

BENSEAL is packaged in 50-Ib (22.7 kg) multiwall paper bags, containing
0.7 ft* (0.02 m®).

BENSEAL can be purchased through any Baroid Industrial Drilling
Products Distributor. To locate the Baroid IDP distributor nearest you
contact the Customer Service Department in Houston or your area IDP
Sales Representative.

Baroid Industrial Drilling Products,
A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy. E.
Houston, TX 77032

Customer Service (800) 735-6075 Toll Free (281) 871-4612
Technical Service (877) 379-7412 Toll Free (281) 871-4613




AQUA-CLEAR™ PFD

Phosphate-Free Dispersant

Description  AQUA-CLEAR PFD is a concentrated liquid polymer dispersant that provides
superior mud and sediment removal from the producing formation and gravel
pack. This product is also a highly effective mud thinner. AQUA-CLEAR PFD
contains no phosphates.

Applications/Functions « Disperse mud, sediment and clay from the producing formation and
gravel pack in the screened interval.
«  Reduce viscosity and gel strength of drilling fluids

Advantages ¢ ANSI/NSF Standard 60 certified
+ Reduces development time
+ Increases well yield and capacity
«  Safe to use on most plastics, rubber and metals
+  Non-fermenting
+ Reduces pumping costs

Typical Properties « Appearance straw colored liquid
- Specific gravity 12to1.4
«  pH (neat) 6.5t07.5

Recommended As a Well Development Aid
Treatment - Determine volume of water in screen area and double the calculated
volume to account for water in gravel pack and formation interface or
determine the static volume of water and add 50% excess.
+  Once the water volume is determined, calculate the required treatment
volume of AQUA-CLEAR PFD by the following formula:
AQUA-CLEAR PFD (gal or L) =0.002 x Water Volume ( gal or L)

This equates to one gallon of AQUA-CLEAR PFD for every 500 gallons of
water (0.2% by volume) or 2.0 liters of AQUA-CLEAR PFD for every cubic
meter of water.

»  Mix thoroughly before introducing into well.

«  The preferable application method utilizes a tremie line with the product
applied into the screened area.

« If necessary, the AQUA-CLEAR PFD/water solution may be poured into
the well.

«  Mixture should be thoroughly blended in well, then agitated using a surge

© Copyright 2001 Baroid, a Halliburton PSL
Rev. 6/2001 - IDP 058
AQUA-CLEAR is a trademark of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”, AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Recommended
Treatment

(continued)

and swab, jetting, or other developmental technique repeatedly every two
hours for a period of up to 24 hours.

Pump to waste until turbidity clears up and then connect well to
distribution system.

As a Mud Thinner
«  Start by adding one pint of AQUA-CLEARO PFD to 500 gallons of mud.
Increase concentration until desired viscosity is achieved.

Well Capacity Chart (Gallons per Foot)

Well Diameter | Well Capacity | Well Diameter | Well Capacity | Well Diameter | Well Capacity
(Inches) in Gallons/ft (Inches) in Gallons/ft (Inches) in Gallons/ft
2 0.2 12 5.9 24 23.5
4 0.7 14 8.0 26 27.6
6 15 18 13.2 30 36.7
8 2.6 20 16.3 36 52.9
10 4.1 22 19.7 48 94.0
Well Capacity Chart (Liters per Meter)
Well Diameter | Well Capacity | Well Diameter | Well Capacity | Well Diameter | Well Capacity
(millimeters) Liters/meter | (millimeters) Liters/meter | (millimeters) | Liters/meter
51 2.0 305 73.0 610 292.0
102 8.1 356 99.3 660 342.6
152 18.3 457 164.2 762 456.1
203 32.4 508 202.7 914 656.8
254 50.7 559 245.3 1219 1167.7

Note: The volumes in these tables show only the volume of water in a 1 foot
or 1 meter section of a given size of screen. Excess volume must be
included to account for water present in the formation interface and gravel

pack.

Packaging AQUA-CLEAR PFD is packaged in a 5-gal (19-liters) plastic pail or 1-gal
(3.8-liter) plastic container.

Availability =~ AQUA-CLEAR PFD can be purchased through any Baroid Industrial

Drilling Products Distributor. To locate the Baroid IDP distributor nearest
you, contact the Customer Service Department in Houston or your area
IDP Sales Representative.

Baroid Industrial Drilling Products
A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy E.
Houston, TX 77032

Customer Service (800) 735-6075 Toll Free

(877) 379-7412 Toll Free

(281) 871-4612

Technical Service (281) 871-4613




AQUA-CLEAR™ MGA

Modified Granular Acid

Description  AQUA-CLEAR MGA is a dry blend of granular acid and additives used in
the removal of iron, manganese and carbonate scale. It retains strength
longer than most liquid acids, which increases its cleaning capability.

Applications/Functions « Disperse scale and incrustation

+ Remove scale and incrustation from the water well screen, casing,
gravel pack and pumping equipment

+  Restore well production

+  AQUA-CLEAR MGA can be used in combination with
AQUA-CLEAR AE to remove more difficult scale and incrustation

Advantages ¢ ANSI/NSF Standard 60 certified

- Safe to use on all plastics, rubber and metals
«  No harmful vapors
- Improves water quality (color, taste and appearance)

+ Reduces equipment and piping failures due to scale build-up and
corrosion

+ Reduces pumping costs

Typical Properties « Appearance Free-flowing, off-white granules
- Specific gravity 2.00
«  pH (10% solution) 0.9
«  Solubility in water Complete with slight to hazy turbidity

Recommended + Record initial well water pH

Treatment | The preferred application method is to apply a solution of

AQUA-CLEAR MGA into the screened interval through a tremie pipe.

Recommended - Mix AQUA-CLEARO MGA with water at %2 - 1 pound per gallon of
Treatment water or 0.06 - 0.12 kilograms per liter of water and apply directly into
(continued) screened interval with a tremie pipe. When utilizing this method,
calculate the volume of water in the screened area and double the
calculated volume to account for the water in the gravel pack and
formation interface.

© Copyright 2001 Baroid, a Halliburton PSL
Rev.6/2001 - IDP 040
AQUA-CLEAR is a trademark of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”, AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Note: The previous concentration of AQUA-CLEARO MGA is
recommended for a complete reconditioning of an existing well.

«  Calculation for volume in well:
- Gallons per foot = (diameter, inches)® x 0.042
»  Liter per meter = (diameter, miIIimeters)2 x 0.0008

- Displace solution into the well screen and formation, then surge, swab,
agitate or jet well through screen and gravel pack for 20-30 minutes.

« Allow to stand in well for up to two hours and then repeat activity
approximately every two hours for a period of 24 hours.

«  Pump well to waste until well water pH is within 0.5 of original well pH.
Note: Wastewater can be neutralized by adding soda ash or lime
«  Chlorinate well and reconnect to water distribution system.
Caution: Never mix chlorine and AQUA-CLEAR MGA in well.

+ If necessary, AQUA-CLEAR MGA may be poured directly into well as
per treatment table, but results will not be as good as if applied in a
dissolved form via a tremie pipe. The undissolved form will require
more mechanical agitation.

Note:

« In heavily encrusted wells, it is desirable to brush or scrape the
casing and screen, then pump or airlift the debris to waste prior
to treating with acid.

The following charts recommend a concentration of
AQUA-CLEAR MGA that is suitable for a typical maintenance
treatment of an existing well.

AQUA-CLEAR MGA Application Amounts per 10 Feet of Standing Water

Well Diameter Pounds of | Well Diameter Pounds of | Well Diameter Pounds of

(Inches) Product (Inches) Product (Inches) Product
2 0.35 12 12.73 24 50.94
4 141 14 17.33 26 59.78
5 2.21 16 22.64 28 69.33
6 3.18 18 28.65 30 79.60
8 5.66 20 35.37 36 114.61
10 8.84 22 42.80 48 203.75




Recommended Treatment (continued)

AQUA-CLEARDO MGA Application Amounts per 10 Meters of Standing Water

Well Diameter

Kilograms of

Well Diameter

Kilograms of

Well Diameter

Kilograms of

(millimeters) Product (millimeters) Product (millimeters) Product
51 0.53 305 18.97 610 75.90
102 2.11 356 25.83 660 89.10
127 3.29 406 33.73 711 103.31
152 4.74 457 42.69 762 118.60
203 8.43 508 52.71 914 170.77
254 13.18 559 63.78 1219 303.60

Note: The concentrations of AQUA-CLEAR MGA shown in the
previous tables do not take into account the 100% excess volume
required to compensate for the water present in the formation
interface and gravel pack. The previous tables only account for the
product concentration required for the volume of water occupying a
10 foot or 10 meter section of a given size of screen.

For other diameters:

- Gallons per foot = (diameter, inches)® x 0.042

»  Liter per meter = (diameter, miIIimeters)2 x 0.0008

+  Pounds of AQUA-CLEAR MGA = (gallons per foot x 8.34) x 0.026
»  Kilograms of AQUA-CLEAR MGA = (liters per meter) x 0.026

«  Double the calculated volume in order to take into account the water
present in the gravel pack and formation interface.

«  AQUA-CLEAR AE can be used with AQUA-CLEAR MGA for iron
bacteria treatment. When used together, utilize one gallon of
AQUA-CLEAR AE for every 10 pounds of AQUA-CLEAR MGA or 0.84
liters of AQUA-CLEAR AE for every kilogram of

AQUA-CLEAR MGA.

Safety -

AQUA-CLEAR MGA is safe to handle when in dry form, but when

mixed with water it should be handled in accordance with recognized
standard practices for handling corrosive and acidic materials

(refer to Material Safety Data Sheet).

« Avoid skin and eye contact — flush with water

« Do not ingest and avoid prolonged inhalation

+  When disposing of waste fluid make sure to comply with all federal,
state and local regulations as applicable.




Packaging AQUA-CLEARDO MGA is packaged in 5-gal (19-liter) pails containing 50
pounds (22.7 kg) and in 1-gallon (3.8-liter) plastic jars containing 10
pounds (4.5 kg).

Shipping  The following are required for commercial transport:

» Insurance policy must include an endorsement for transporting
hazardous cargo.

« Vehicle driver must have a Hazmat endorsement on his/her
Commercial Drivers License.

- Hazardous Materials Certificate of Registration issued by the U.S.
Department of Transportation (renewable annually) is required.

»  Consult the state in which operating for any additional requirements
that may exist.

+  No hazardous materials placard is required for shipments less than
1000 pounds.

Availability =~ AQUA-CLEAR MGA can be purchased through any Baroid Industrial
Drilling Products Distributor. To locate the Baroid IDP distributor nearest
you contact the Customer Service Department in Houston or your area IDP
Sales Representative.

Baroid Industrial Drilling Products,
A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy E.
Houston, TX 77032
Customer Service (800) 735-6075 Toll Free (281) 871-4612

Technical Service (877) 379-7412 Toll Free (281) 871-4613




AQUA-CLEAR"™ AE

Acid Enhancer/Antifoulant

Description  AQUA-CLEAR AE is a liquid blend of acids and acid enhancers
formulated to control bacterial slime contamination due to the presence of
iron-related and sulphate-reducing bacteria.

Applications/Functions - Remove the bio-mass matrix caused by bacterial fouling
+ Reduce sulphur taste and odor in water
«  Clean up well screens, pumps and distribution system
+ Restore well productivity and reduce power and maintenance costs

« AQUA-CLEAR AE can be used in combination with AQUA-CLEAR
MGA and other acids such as, hydrochloric (muriatic), phosphoric
and sulfamic to enhance their effectiveness and to remove more
difficult scale and incrustation

Advantages - ANSI/NSF Standard 60 certified

- Safe to use on all plastics, rubber and metals

- Cost effective, efficient extended life treatment

- Improves water quality and renews well production rate
«  Mitigates corrosion and equipment failure

«  Reduces pumping costs

Typical Properties « Appearance Light amber colored liquid
- Specific gravity 1.08
- pH of solution 1.1

Recommended To treat bacteria fouling

Treatment o
= Record initial well water pH

= The preferred application method is to apply a solution of
AQUA-CLEAR AE into the screened interval through a tremie pipe.

© Copyright 2001 Baroid, a Halliburton PSL
Rev. 6/2001 - IDP 039
AQUA-CLEAR AE is a trademark of Halliburton Energy Services, Inc.

Because the conditions of use of this product are beyond the seller's control, Baroid suggests that the purchaser make its own test to determine the suitability for the
purchaser’s application. Purchaser assumes all risks of use and handling of this product. This product will be replaced if defective in manufacture or packaging. Except
for such replacement, seller is not liable for any damages caused by this product or its use. EXCEPT AS EXPRESSLY PROVIDED FOR ABOVE, THIS PRODUCT IS
PROVIDED “AS-IS”, AND BAROID MAKES NO OTHER WARRANTIES WITH RESPECT TO THE PRODUCT. BAROID DISCLAIMS ALL OTHER EXPRESS OR
IMPLIED WARRANTIES, INCLUDING ANY WARRANTIES OF MERCHANTABILITY, ACCURACY OF DATA, FITNESS FOR A PARTICULAR PURPOSE, OR NON-
INFRINGEMENT.



Recommended

(continued)

Treatment

+ Mix AQUA-CLEARO AE with water at 6 - 12 ounces per gallon of
water or 47 - 94 ml per liter of water and apply directly into screened
interval with a tremie pipe. When utilizing this method, calculate the

volume of water in the screened area and double the calculated
volume to account for the water in the gravel pack and formation

interface.

Note: The above concentration of AQUA-CLEAR AE is recommended

for a complete reconditioning of an existing well.
«  Calculation for volume in well:
- Gallons per foot = (diameter, inches)® x 0.042

»  Liter per meter = (diameter, miIIimeters)2 x 0.0008

- Displace solution into the well screen and formation, then surge, swab,
agitate or jet well through screen and gravel pack for 20-30 minutes.

« Allow to stand in well for up to two hours and then repeat
approximately every two hours for a period of 24 hours.

activity

«  Pump well to waste until at least 23 well volumes have been removed

and well water pH is within 0.5 of original well pH.

Note: Wastewater can be neutralized by adding soda ash

or lime.

+  Chlorinate well and reconnect to water distribution system.

Caution: Never mix chlorine and AQUA-CLEAR AE in well.

» If necessary, AQUA-CLEAR AE may be poured directly into well as per
treatment table, but results will not be as good as if applied via a

tremie pipe.

Notes:

- In heavily encrusted wells, it is desirable to brush or scrape the
casing and screen, then pump or airlift the debris to waste prior

to treating with acid.

- The following charts recommend a concentration of

AQUA-CLEAR AE that is suitable for a typical maintenance

treatment of an existing well.

AQUA-CLEAR AE Application Amounts per 10 Feet of Standing Water

Well Diameter Gallons of Well Diameter Gallons of Well Diameter Gallons of
(Inches) Product (Inches) Product (Inches) Product
2 0.04 12 1.27 24 5.10
4 0.14 14 1.73 26 6.00
5 0.22 16 2.26 28 6.93
6 0.32 18 2.87 30 7.96
8 0.57 20 3.54 36 11.46
10 0.88 22 4.28 48 20.40




AQUA-CLEARDO AE Application Amounts per 10 Meters of Standing Water

Well Diameter Liters of Well Diameter Liters of Well Diameter Liters of

(millimeters) Product (millimeters) Product (millimeters) Product
51 0.49 305 17.60 610 70.35
102 1.95 356 23.94 660 82.57
127 3.05 406 31.27 711 95.76
152 4.40 457 39.57 762 109.93
203 7.82 508 48.86 914 158.29
254 12.21 559 59.12 1219 281.41

Recommended Note: The concentrations of AQUA-CLEAR AE shown in the

Treatment
(continued)

previous tables do not take into account the 100% excess
volume required to compensate for the water present in the

formation interface and gravel pack. The previous tables only
account for the product concentration required for the
volume of water occupying a 10 foot or 10 meter section of a
given size of screen.

For other diameters:

Gallons per foot = (diameter, inches)® x 0.042

Liter per meter = (diameter, millimeters)® x 0.0008

Gallons of AQUA-CLEAR AE = (gallons per foot x 8.34) x 0.0026
Liters of AQUA-CLEAR AE = (liters per meter) x 0.0241

Double the calculated volume in order to take into account the water
present in the gravel pack and formation interface.

Treating Severe bio-fouling and scaling

AQUA-CLEAR AE is used as an enhancer when mixed in the well with
AQUA-CLEAR MGA

One gallon of AQUA-CLEAR AE to every 10 pounds of
AQUA-CLEAR MGA

3.8 liters of AQUA-CLEAR AE to every 4.5 kilograms of
AQUA-CLEAR MGA




Safety

Packaging

Shipping

Availability

«  Use recognized standard practices for handling corrosive and acidic
materials (refer to Material Safety Data Sheet)

« Avoid skin and eye contact — flush with water
- Do not ingest and avoid prolonged inhalation

«  When disposing of waste fluid make sure to comply with all federal,
state and local regulations as applicable.

AQUA-CLEARO AE is packaged in 1-gallon (3.8-liter) and 5-gallon (19-liter)
plastic containers.

«  The following are required for commercial transport:

« Insurance policy must include an endorsement for transporting
hazardous cargo.

«  Vehicle driver must have a Hazmat endorsement on his/her
Commercial Drivers License.

« Hazardous Materials Certificate of Registration issued by the U.S.
Department of Transportation (renewable annually) is required.

«  Consult the state in which operating for any additional requirements that
may exist.

+  No hazardous materials placard is required for shipments less than
1000 pounds.

AQUA-CLEAR AE can be purchased through any Baroid Industrial Drilling
Products Distributor. To locate the Baroid IDP distributor nearest you,
contact the Customer Service Department in Houston or your area

IDP Sales Representative.

Baroid Industrial Drilling Products
A Product and Service Line of Halliburton Energy Services, Inc.
3000 N. Sam Houston Pkwy E.
Houston, TX 77032
Customer Service (800) 735-6075 Toll Free (281) 871-4612
Technical Service (877) 379-7412 Toll Free (281) 871-4613




Appendix C

Lithology Log



Geologic Unit

Lithologic Description

Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Qal,
Alluvium

No cuttings recovered in this interval.

0-25

6694.3-6669.3

Volcaniclastic sediments, light brown (5YR 6/4), lithic-rich.
+10F (i.e., plus No. 10 size sieved sample fraction): 97%
broken light gray porphyritic dacite lithic fragments, limonite
common on fractured surfaces; 3% quartz and sanidine
crystals (up to 2.0 mm). +35F (i.e., plus No. 35 size sieved
sample fraction): 70—-80% dacite lithic fragments; 20-30%
quartz and sanidine crystals.

25-35

6669.3-6659.3

Volcaniclastic sediments, light olive-gray (5Y 6/1), lithic-rich.
+10F: 98% broken light gray porphyritic dacite lithic
fragments, most have iron oxide coating on fractured
surfaces, most have bleached coloration; 2% quartz and
sanidine crystals. +35F: 80% dacite lithic fragments; 20%
quartz and sanidine crystals; no pumices.

35-45

6659.3-6649.3

Volcaniclastic sediments, light olive-gray (5Y 6/1), lithic-rich.
+10F: 99% broken light gray porphyritic dacite lithic
fragments (most have Fe-oxide coatings on fractured
surfaces and bleached coloration), minor rhyodacite, rare
quartzite; 1-5% quartz and sanidine crystals; no pumices.
+35F: 90% dacite lithic fragments; 10% quartz and sanidine
crystals; no pumices.

45-55

6649.3-6639.3

Volcaniclastic sediments, light olive-gray (5Y 6/1), lithic-rich.
+10F: 97-98% light gray porphyritic lithic fragments that are
broken to subangular, most have bleached coloration; minor
latite and rhyodacite; 2—-3% quartz and sanidine crystals; no
pumices. +35F: 95% volcanic lithic fragments; 5% quartz and
sanidine crystals; no pumices.

55-65

6639.3-6629.3

Volcaniclastic sediments, light brown (5YR 6/4), lithic-rich.
+10F: 95-97% volcanic lithic fragments that are broken to
subangular chips (less than 3 mm), gray porphyritic dacite
much more common than rhyolite, minor indurated
tuffaceous sediments; 2-5% quartz and sanidine crystals; no
pumices. +35F: 65% volcanic lithic fragments; 35% quartz
and sanidine crystals; no pumices. Note: Qal/Qbt contact is
estimated at 68 ft bgs

65-75

6629.3-6619.3

Qbt,

Tshirege
Member,
Bandelier Tuff
(Undivided)

Rhyolite tuff, light brownish-gray (5YR 6/1), lithic-rich. +10F:
95-97% volcanic lithic fragments that are broken to
subangular chips, gray to whitish (bleached) dacite more
common than rhyolite, minor tuffaceous sandstone; 3-5%
quartz and sanidine crystals; pumices absent. +35F: 35%
volcanic lithic fragments; 65% quartz and sanidine crystals;
pumices absent.

75-85

6619.3-6609.3

No cuttings recovered in this interval.

85-100

6609.3-6594.3

Rhyolite tuff, pinkish-gray (5YR 8/1), pumice-rich, clayey or
vitric ash matrix. +10F: 99% broken chips of whitish-pumices
(up to 1.7 cm) with minor alteration to clay; 1% dacite lithic
fragments. +35F: 38% pumices; 60% phenocrysts; 2% lithic
fragments.

100-105

6594.3-6589.3

Rhyolite tuff, pinkish-gray (5YR 8/1), pumice and lithic
fragment-rich. +10F: 60% pumice fragments (up to 1.0 cm),
with minor alteration to clay; 40% volcanic lithic fragments,
mostly gray and pink dacite, rare basalt fragments.

105-110

6589.3-6584.3
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Characterization Well R-20 Completion Report

Geologic Unit

Lithologic Description

Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Qbt,

Tshirege
Member,
Bandelier Tuff
(Undivided)

Rhyolite tuff, pinkish-gray (5YR 8/1), pumice and lithic
fragment-rich, clayey ash matrix. +10F: 65% coarse pumice
fragments (up to 1.2 cm), slight clay alteration; 30-35%
volcanic lithic fragments, mostly subangular gray and pink
dacite (up to 1.0 cm). +40F: 15-25% pumice; 60-70%
phenocrysts; 3—5% lithic fragments.

110-120

6584.3-6574.3

Rhyolite tuff, pinkish-gray (5YR 8/1), pumice-rich, clayey ash
matrix. +10F: 75% pumice fragments (up to 1.0 cm)
unaltered to clay alteration evident; 10% phenocrysts; 15%
lithic fragments, mostly subangular gray dacite (up to 0.5
cm). +40F: 30% pumice; 65% phenocrysts; 5% lithic
fragments.

120-125

6574.3-6569.3

Rhyolite tuff, yellowish-gray (5Y 8/1), pumice-rich, clayey ash
matrix. +10F: 97-99% pumice fragments (up to 1.0 cm),
earthy to frothy vitric texture; no phenocrysts evident; 1-3%
lithic fragments. +40F: 10-25% pumice; 75-85%
phenocrysts; 2—-3% lithic fragments.

125-135

6569.3-6559.3

Qbt

Rhyolite tuff, yellowish-gray (5Y 8/1), pumice-rich, clayey ash
matrix. +10F: 80—90% pumice fragments (up to 1.5 cm),
earthy to vitric texture; no phenocrysts evident; 10-20% lithic
fragments with 10-12% clay-cemented crystal and pumice-
rich sandstone. +40F: 35% pumice; 25% phenocrysts; 40%
lithic fragments.

135—-145

6559.3-6549.3

Rhyolite tuff, yellowish-gray (5Y 8/1), pumice-rich, clayey ash
matrix. +10F: 65-75% pumice fragments (up to 1.0 cm),
white vitric luster, minor clay alteration; no phenocrysts
evident; 25-35% lithic fragments (up to 0.7 cm), dacite
prominent, rhyodacite common, minor basalt. +35F: 50-60%
pumice; 20—25% phenocrysts; 15-20% lithic fragments.

145-160

6549.3-6534.3

Rhyolite tuff, yellowish-gray (5Y 8/1), pumice-rich, moderate
clay in the ash matrix. +10F: 75% pumice fragments (up to
1.0 cm), fresh vitric luster, minor clay alteration; no
phenocrysts evident; 25% lithic fragments, mostly subangular
dacite, rare quartzite. +35F: 15% pumice; 25% phenocrysts;
60% lithic fragments.

160-165

6534.3-6529.3

Qct,
Cerro Toledo
Interval

Tephra/tuffaceous sediments, light olive-gray (5Y 6/1), lithic-
rich, moderate clay in the ash matrix. +10F: 3—-5% pumice;
no phenocrysts evident; 95-97% volcanic lithic fragments,
mixture of subangular to subrounded dacite and rhyodacite.
Note: Qbt/Qct contact estimated at 166 ft bgs.

165-175

6529.3-6519.3

Tephra/tuffaceous sediments, light brownish-gray (5YR 6/1),
lithic-rich. +10F: 100% volcanic lithic fragments (clasts up to
1.5 cm), mixture of subangular to subrounded dacite, silicified
dacite, and flow-banded rhyodacite. +35F: 10—20% pumice;
5-15% quartz and sanidine crystals; 75-85% volcanic lithic
fragments. Note: Qct/ Qbo contact estimated at 183 ft bgs.

175-185

6519.3-6509.3
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Characterization Well R-20 Completion Report

Geologic Unit

Lithologic Description

Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Qbo,
Otowi Member,
Bandelier Tuff

Rhyolite tuff, light brownish-gray (5YR 6/1), lithic-rich. +10F:
97% volcanic lithic fragments, gray and pink broken
subangular to subrounded chips (up to 2.0 cm) of porphyritic
dacite, flow-banded rhyodacite, and hornblende latite(?); 3—
5% pumice with slight clay alteration. +35F: 10-15% pumice;
25-50% quartz and sanidine phenocrysts; 30—40% volcanic
lithic fragments.

185-195

6509.3-6499.3

Rhyolite tuff, light brownish-gray (5YR 6/1), lithic-rich. +10F:
99% volcanic lithic fragments, broken to subrounded gray
dacite and white latite; 1-2% limonite stained pumice
fragments. +35F: 10-20% pumice; 50-70% quartz and
sanidine phenocrysts; 40-50% lithic fragments.

195-210

6499.3-6484.3

Rhyolite tuff, varicolored, very light gray (N7) to light pinkish-
gray (5YR 6/1), lithic-rich, pumiceous. +10F: 65-70%
volcanic lithic fragments, broken to subrounded pink and gray
dacite and white flow-banded rhyodacite (up to 1.0 cm); 30—
35% pumice fragments (up to 1.5 cm), white to orange, vitric
with weak clay alteration; +35F: 30% pumice; 25% quartz
and sanidine phenocrysts; 45% lithic fragments.

210-215

6484.3-6479.3

Rhyolite tuff, light brownish-gray (5YR 6/1), lithic- and
pumice-rich. +10F: 60—70% volcanic lithic fragments (up to
0.7 cm, broken to subrounded, pink and gray dacite and
whitish flow-banded rhyodacite; 30—-40% pumice fragments
(up to 1.0 cm), white to pale yellowish-brown, vitric with weak
clay alteration +35F: 2—8% pumice; 60—70% quartz and
sanidine phenocrysts; 15-45% lithic fragments.

215-230

6479.3-6464.3

Rhyolite tuff, light brownish-gray (5YR 6/1), lithic-rich.
+10F:100% volcanic lithic fragments (up to 0.7 cm), broken
to subangular, mostly gray dacite with minor siliceous
rhyodacite. +35F: 2% pumice; 78% quartz and sanidine
phenocrysts; 20% lithic fragments.

230-235

6464.3-6459.3

Qbo

Rhyolite tuff, pinkish-gray (5YR 8/1), lithic-rich, pumiceous,
pale tan clayey ash matrix. +10F: 70-90% volcanic lithic
fragments (up to 0.8 cm), mostly pink and gray broken to
subrounded dacite with minor silicic rhyodacite; 10-30%
pumice fragments (up to 1.8 cm), white to orange, vitric,
limonite-stained. +35F: 20-30% pumice; 40—-60% quartz and
sanidine phenocrysts; 20-30% lithic fragments.

235-245

6459.3-6449.3

Rhyolite tuff, pinkish-gray (5YR 8/1), lithic-rich. +10F: 85—
90% volcanic lithic fragments, mostly broken to subangular
porphyritic dacite, locally bleached and/or altered; 7-15%
pumice fragments, white, weak clay alteration. +35F: 20—
25% white and yellow pumice; 50-60% quartz and sanidine
phenocrysts; 15—-20% lithic fragments.

245-255

6449.3-6439.3

Rhyolite tuff, yellowish-gray (5Y 8/1), lithic and pumice-rich,
clayey ash matrix. +10F: 40-50% volcanic lithic fragments,
mostly subangular gray and bleached and/or altered dacite
(up to 1.0 cm), trace of gray quartzite; 40-50% pumice (up to
1.5 cm), white to pale orange, vitric, some limonite staining.
+35F: 25% pumice; 35% quartz and sanidine phenocrysts;
40% lithic fragments.

255-260

6439.3-6434.3
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Characterization Well R-20 Completion Report

Geologic Unit

Lithologic Description

Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Qbo

Rhyolite tuff, yellowish-gray (5Y 8/1), pumice-rich. +10F: 75%
pumice, white to pale orangish tan, vitric, some clay
alteration (up to 1.5 cm). 25% volcanic lithic fragments,
mostly gray to bleached dacite. +35F: 30% pumice; 30%
quartz and sanidine phenocrysts; 35% lithic fragments.

260-265

6434.3-6429.3

No cuttings returned in this interval.

265-275

6429.3-6419.3

Rhyolite tuff, yellowish-gray (5Y 8/1), lithic- and pumice-rich,
some clay in ash matrix. +10F: 70-75% volcanic lithic
fragments (up to 0.7 cm), mostly gray, pink, and white
(bleached) dacite; 25-30% white pumice (up to 1.0 cm),
unaltered to slight clay alteration. +35F: 40% pumice; 20%
quartz and sanidine phenocrysts; 40% lithic fragments.

275-280

6419.3-6414.3

Rhyolite tuff, varicolored, yellowish-gray (5Y 8/1) to medium
gray (N5), lithic- and pumice-rich. Poor sample recovery.
WR: 45-55% white pumice (up to 0.7 cm), unaltered to slight
clay alteration; 40-50% volcanic lithic fragments (up to 0.7
cm), angular to subangular.

280-290

6414.3-6404.3

Rhyolite tuff, varicolored, yellowish-gray (5Y 8/1) to medium
gray (N5), lithic- and pumice-rich, clayey with clayey ash
matrix and clay-coated chips. +10F: 40-60% white pumice,
unaltered to clay altered and some pale orange limonite-
stained pumices; 40—-60% volcanic lithic fragments (up to 0.7
cm), gray to white (bleached) dacite. +35F: 25-35% pumice;
20-30% quartz and sanidine phenocrysts; 35-45% lithic
fragments.

290-300

6404.3-6394.3

Rhyolite tuff, light brownish-gray (5YR 6/1), lithic- and
pumice-rich. Poor sample recovery. +10F: 65-70% volcanic
lithic fragments dacite (up to 0.7 cm), angular to subangular
gray and pink; 30-35% white pumice (up to 1.0 cm), vitric to
clay altered.

300-305

6394.3-6389.3

Rhyolite tuff, light brownish-gray (5YR 6/1), lithic- and
pumice-rich, clayey ash matrix. +10F: 60-65% volcanic lithic
fragments, gray and pink dacite; 35-40% white pumice (up to
1.0 cm), vitric to clay altered. +35F: 60% pumice; 15% quartz
and sanidine phenocrysts; 25% lithic fragments.

305-310

6389.3-6384.3

Rhyolite tuff, light brownish-gray (5YR 6/1), lithic- and
pumice-rich, clayey ash matrix. +10F: 75% white pumice (up
to 1.5 cm), clay altered; 25% volcanic lithic fragments, gray
dacite and flow-banded rhyolite. +35F: 60% pumice; 15%
quartz and sanidine phenocrysts; 25% lithic fragments.

310-315

6384.3-6379.3

Rhyolite tuff, light brownish-gray (5YR 6/1), lithic- and
pumice-rich, clayey ash matrix. +10F: 50—-60% white pumice
(up to 1.5 cm) vitric to slight clay alteration; 40-50% volcanic
lithic fragments, angular to subangular, light to dark gray
dacite. +40F: 25-45% pumice; 30-50% quartz and sanidine
phenocrysts; 30-40% lithic fragments.

315-330

6379.3-6364.3

Rhyolite tuff, light brownish-gray (5YR 6/1), pumice-rich,
clayey ash matrix. +10F: 85-90% white pumice (up to 1.5
cm), vitric to slight clay alteration; 10-15% dacite lithic
fragments. +40F: 40-50% pumice; 15-20% quartz and
sanidine phenocrysts; 35-45% lithic fragments.

330-335

6364.3-6359.3
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Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Qbo

Rhyolite tuff, grayish-orange pink (5YR 7/2), pumice- and
lithic-rich, 25-30% clay in the matrix. +10F: 50-70% white
pumice (up to 1.0 cm), vitric to some clay alteration; 30—-50%
light and dark gray angular to subangular dacite lithic
fragments. +40F: 35-40% pumice; 30-35% quartz and
sanidine phenocrysts; 25-30% lithic fragments.

335-345

6359.3-6349.3

Rhyolite tuff, grayish-orange pink (5YR 7/2), pumice- and
lithic-rich, 30-40% clay matrix. +10F: 40-60% white pumice
(up to 0.5 cm), vitric to slight clay alteration. +40F: 40—-45%
pumice; 25-30% quartz and sanidine phenocrysts; 25-30%
lithic fragments.

345-360

6349.3-6334.3

Rhyolite tuff, yellowish-gray (5Y 8/1), pumice- and lithic-rich,
clayey matrix. +10F: 45-50% pumice (up to 0.5 cm), vitric to
slight clay alteration; 5-10% quartz and sanidine
phenocrysts; 40-45% volcanic lithic fragments, light and dark
gray dacite, some hornblende latite. +35F: 50% pumice; 25%
quartz and sanidine phenocrysts; 25% lithic fragments.

360-365

6334.3-6329.3

Rhyolite tuff, yellowish-gray (5Y 8/1), 25-30% clay-rich
matrix. +10F: 60—80% white pumice (up to 0.7 cm) vitric to
moderate clay alteration; 20-40% volcanic lithic fragments,
gray to pinkish dacite. +35F: 25-30% pumice; 40-50%
quartz and sanidine phenocrysts; 20-25% lithic fragments.
Note: Qbo/Qbog contact estimated at 374 ft bgs.

365-375

6329.3-6319.3

Qbog,
Guaje Pumice
Bed

Tephra deposit, yellowish-gray (5Y 8/1), pumice and lithic-
rich, 25-30% clay-rich matrix. +10F: 55-65% white pumice
(up to 1.0 cm), vitric to moderate clay alteration; 35-45%
volcanic lithic fragments (up to 0.5 cm), pink and light gray
dacite. +35F: 35% pumice; 40% quartz and sanidine crystals;
25% lithic fragments.

375-385

6319.3-6309.3

Tephra deposit, yellowish gray (5Y 8/1), pumice and lithic-
rich, 25-30% clay-rich matrix. +10F: 55-60% white pumice,
(up to 1.0 cm), vitric to moderate argillic alteration; 40-45%
volcanic lithic fragments (up to 0.5 cm), pink and gray dacite.
+35F: 35% pumice; 30% quartz and sanidine crystals; 30%
lithic fragments.

385-390

6309.3-6304.3

Th4,
Cerros del Rio
basalt

Transitional Qbog/Tb 4 interval, light brownish-gray (5YR
6/1), mixed rhyolite and basalt chips, clayey matrix. +10F:
25-30% light pinkish tan very fine-grained indurated
tuffaceous sandstone; 20-30% broken chips of black
vesicular basalt vitrophyre with abundant limonitic clay rinds
and coatings (palagonite?); 15-20% white pumice with slight
clay alteration; 10-15% light gray subangular to subrounded
dacite lithic fragments. Note: Qbog/Tb4 contact estimated at
392 ft bgs.

390-395

6304.3-6299.3

Olivine basalt, medium dark gray (N4), porphyritic with
microcrystalline groundmass, vesicular, light clay coating on
chips. +10F: 3-5% brown olivine phenocrysts (up to 1.0 mm),
oxidized and replaced by iddingsite; groundmass plagioclase
slightly altered; tan clay coating on fractures and lining
vesicles.

395-405

6299.3-6289.3
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Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Th4
Cerros del Rio
Basalt

Olivine basalt, medium-dark gray (N4), slightly porphyritic
with aphanitic groundmass, massive to slighty vesicular, clay
coating on chips. +10F: 2-3% unaltered greenish olivine
phenocrysts (up to 0.5 mm); groundmass partly altered.

405-415

6289.3-6279.3

Olivine basalt, medium-dark gray (N4), slightly porphyritic
with aphanitic groundmass, massive to slightly vesicular.
+10F: 2% unaltered light green olivine phenocrysts (up to 0.5
mm); groundmass locally altered.

415-425

6279.3-6269.3

Olivine basalt, medium-dark gray (N4), slightly porphyritic
with aphanitic groundmass, massive to slightly vesicular.
+10F: 2% olivine phenocrysts (up to 0.5 mm), oxidized to
replaced; groundmass partly altered; fractures and vesicles
thinly coated with iron oxide.

425-430

6269.3-6264.3

Basalt / Scoria, dark gray (N3), aphanitic to very slightly
porphyritic, aphanitic groundmass, very vesicular
(scoriaceous). +10F: scoriaceous texture, most chips and
fragments oxidized and/or coated with iron oxide.

430-440

6264.3-6254.3

Olivine basalt, medium gray (N5), slightly porphyritic with
aphanitic groundmass, massive to slightly vesicular. +10F:
1-2% olivine phenocrysts (up to 1.0 mm), opaque, replaced
by iddingsite; groundmass strongly altered.

440-450

6254.3-6244.3

Olivine basalt, medium gray (N5), porphyritic with aphanitic
groundmass, vesicular. +10F: thin flat chips (up to 1.5 cm);
2-4% olivine phenocrysts (up to 2.0 mm), opaque, replaced
by iddingsite; groundmass strongly altered throughout and
bleached.

450-460

6244.3-6234.3

Olivine basalt, light gray (N7), slightly porphyritic with
aphanitic groundmass, massive, clay-sericite matrix binding
chips together. +10F: 1-2% unaltered pale green olivine and
dark opaque iddingsite-replaced olivine phenocrysts (up to
2.0 mm); groundmass strongly altered and bleached.

460-470

6234.3-6224.3

Olivine basalt, light gray (N7), slightly porphyritic with
aphanitic groundmass, massive, clay-sericite matrix binding
chips together. +10F: 1-2% olivine phenocrysts (up to 2.0
mm), most are dark opaque and iddingsite-replaced;
groundmass strongly altered throughout; 10—15% oxidized
scoria from 475 to 480 ft bgs.

470-480

6224.3-6214.3

Olivine basalt, medium gray (N5), porphyritic with aphanitic
groundmass, massive to slightly vesicular. +10F: 2-3%
olivine phenocrysts (up to 2.0 mm), partly to wholly replaced
by iddingsite; groundmass moderately to strongly altered;
15-20% oxidized scoria from 485 to 490 ft bgs.

480-490

6214.3-6204.3

No cuttings returned and no samples collected in this
interval.

490-785

6204.3-5909.3

Basalt, light gray (N7), aphyric, aphanitic, massive. +10F:
90-95% aphyric volcanic rock, feldspar-rich, altered and
bleached; 5-10% white-cemented quartz sandstone. Note:
this volcanic rock may be more siliceous than basalt.

785-790

5909.3-5904.3
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Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Th4
Cerros del Rio
Basalt

Basalt, medium light gray (N6) to medium gray (N5), aphyric,
aphanitic, massive. +10F: aphyric volcanic rock, abundant
plagioclase laths, fine hornblende laths present, relict Fe-Mg
minerals (up to 0.5mm) replaced by limonite, moderate to
strongly altered, bleached appearance.

790-810

5904.3-5884.3

No cuttings returned and no samples collected in this
interval.

810-820

5884.3-5874.3

Basalt, medium gray (N5), aphyric, aphanitic, massive. +10F:
chips altered and bleached, trace of hornblende phenocrysts.

820-825

5874.3-5869.3

No cuttings returned and no samples collected in this
interval.

825-835

5869.3-5859.3

Basalt/scoria, medium gray (N5), aphyric, aphanitic, massive
to scoriaceous. +10F: chips slightly altered; groundmass
contains felted plagioclase and trace of fine hornblende
phenocrysts (up to 0.5 mm). +35F: 40—70% scoria
fragments, white clay commonly filling vesicles. Vesicularity
not observed in +10F.

835-845

5859.3-5849.3

Basalt/scoria, medium gray (N5), aphyric, aphanitic, massive
to scoriaceous. +10F: 90-95% massive, altered volcanic
rock; 2—10% scoria. +35F: 50-60% massive volcanic rock;
40-50% black scoria cinders; 2—-3% white clay.

845-860

5849.3-5834.3

Basalt/scoria/sediments, medium gray (N5). +10F: 60—-70%
massive aphyric altered volcanic rock; 15-25% lithic
fragments of dacite, pumice, and volcaniclastic sandstone,
subangular to subrounded (up to 1.0 cm); 10-15% scoria.
+35F: 55-65% scoria; 35-45% various volcanic rock
fragments; 1-2% white clay.

860870

5834.3-5824.3

Basalt/scoria/sediments, medium gray (N5). +10F: 60—70%
massive, aphyric altered volcanic rock; 15-25% lithic
fragments of dacite, pumice, and volcaniclastic sandstone,
subangular to subrounded (up to 1.0 cm); 10—-15% scoria.
+35F: 55-65% scoria; 35-45% various volcanic rock
fragments ; 1-2% white clay.

870-880

5824.3-5814.3

Basalt/scoria/sediments, medium dark gray (N4). +10F: 50—
65% scoria, locally clay-coated and with amygdaloidal clay;

20-30% massive, altered basalt; 10—-15% lithic fragments of
dacite, subangular to subrounded; 1-2% white clay.

880-895

5814.3-5799.3

Scoria/sediments, medium dark gray (N4). +10F: 55-65%
scoria, locally clay coated; 30—35% lithic fragments of dacite
and various volcanic rocks, subangular to subrounded (up to
0.7 cm); <5% massive basalt; 1-3% quartzite and granitic
lithic fragments; 1-2% white clay.

895-910

5799.3-5784.3

Scoria/sediments, medium dark gray (N4). +10F: 55-60%
scoria; 35-40% lithic fragments of dacite and various
volcanic rock; trace of quartzite.

910-915

5784.3-5779.3

No sample recovery in this interval.

915-920

5779.3-5774.3
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Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Th4
Cerros del Rio
Basalt

Scoria, dark gray (N3), WR F: 85-90% black and gray
(altered and bleached) scoria; 10-15% dacite lithic
fragments; minor amounts of pumice and white clay. +10F:
85-90% scoria; 10-15% dacite lithic fragments; trace of
pumice.

920-925

5774.3-5769.3

Scoria, dark gray (N3), WR F: 85-90% black and gray
(altered and bleached) scoria; 10-15% dacite lithic
fragments, pumice, and white clay. +10F: virtually no sample
retained. Note: Th4/Tpf contact estimated at 932 ft bgs.

925-935

5769.3-5759.3

Tpf,
Puye Formation

Volcaniclastic sediments, medium-dark gray (N4). +10F: 50—
60% dacitic clasts; 30—40% basalt fragments, massive and
scoriaceous, locally subrounded clasts; 2—3% white
cemented quartzose sandstone.

935-940

5759.3-5754.3

Volcaniclastic sediments, medium-light gray (N6) gravel
(GW), with clay, clasts broken to subrounded (up to 0.5 cm),
10-15% fines, clayey. +10F: 70-75% gray dacite, broken or
subrounded; 25-30% clay-cemented sandstone. +35F: 90%
volcanic clasts; 10% Precambrian lithic clasts.

940-945

5754.3-5749.3

Volcaniclastic sediments, grayish and pink (5YR 7/2) gravel
(GW) with clay +10F: broken fragments (up to 0.5 cm); 75—
85% dacite fragments; 15—-25% clay-cemented fine-grained
sandstone, mixture of volcanic and quartz grains; 1-3%
glassy scoriaceous basalt. +35F: 98% volcanic clasts, glassy
beads of basalt common; 2% quartzite.

945-955

5749.3-5739.3

Volcaniclastic sediments, grayish and pink (5YR 7/2) gravel
(GW) with clay and sand. +10F: broken fragments (up to 0.5
cm); 70-85% volcanic lithic fragments, mostly dacite with
some basalt; 15-30% clay-cemented fine-grained volcanic
sandstone. +35F: 96-97% volcanic clasts, 2—3%
quartz/quartzite.

955-965

5739.3-5729.3

Volcaniclastic sediments, grayish and pink (5YR 7/2) clayey
gravel (GC), 25-30% clayey fines. +10F: broken chips (up to
0.5 cm); 97% gray and pink dacite clasts; 2-3% massive and
scoriaceous basalt clasts. +35F: 98% volcanic clasts, trace of
glassy basalt; 2% quartzite.

965-970

5729.3-5724.3

Volcaniclastic sediments, grayish and pink (5YR 7/2) gravel
(GW) with sand, 10-15% fines. +10F: broken chips (up to 0.5
cm) 99% dacite clasts; 1% basalt clasts. +35F: 97% dacite
grains; 1-2% quartzite; 1% basalt.

970-980

5724.3-5714.3

Volcaniclastic sediments, varicolored, gray and pink (5YR
7/2) gravel (GW) with clay. +10F: 80-85% dacite clasts; 5—
10% basalt clasts; 5-7% clay-cemented volcaniclastic
sandstone, broken and subangular clasts. +35F: no sample
retained.

980-985

5714.3-5709.3

Volcaniclastic sediments, varicolored, pinkish-gray (5YR 8/1)
clayey gravel (GC) with sand. +10F: broken and subangular
clasts (up to 0.5 cm); 60—70% dacite clasts; 15-25% clay-
cemented volcaniclastic sandstone, numerous clay-coated
clasts; 10-15% basalt clasts, partly glassy. +35F: 65-75%
volcanic lithic clasts; 25-35% sandstone lithic clasts.

985-995

5709.3-5699.3
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Elevation Range
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Tpf,
PuyeFormation

Volcaniclastic sediments, pinkish-gray (5YR 8/1) gravel (GW)
with clay, clayey matrix, 10—-15% fines. +10F: 60-70%
broken and subrounded dacite clasts (up to 0.5 cm); 30-40%
clay-cemented, fine-grained volcaniclastic sandstone clasts;
trace of quartzite. +35F: 85-90% volcanic lithic clasts;
10-15% sandstone lithic clasts.

995-1005

5699.3-5689.3

Volcaniclastic sediments, pinkish-gray (5YR 8/1) clayey
gravel (GC) with sand, 20-30% fines. +10F: 60—-70% broken
and subangular dacite clasts (up to 0.3 cm); 25-35% clay-
cemented, fine-grained volcaniclastic sandstone clasts; 1%
basalt clasts; trace of quartzite. +35F: 85% volcanic lithic
clasts; 10-15% sandstone lithic clasts.

1005-1015

5689.3-5679.3

Volcaniclastic sediments, pinkish-gray (5YR 8/1) clayey
gravel (GC) with sand, 20-30% fines. +10F: 80—90% broken
and subangular dacite clasts (up to 0.3 cm); 10-20% clay-
cemented, fine-grained volcaniclastic sandstone clasts; 1-
2% quartzite, subrounded to rounded; <1% glassy basalt
clasts. +35F: 99% dacite clasts; trace of glassy basalt clasts.

1015-1025

5679.3-5669.3

Volcaniclastic sediments, pinkish-gray (5YR 8/1) gravel (GW)
with clay and sand, 15-20% fines. +10F: 70-80% broken
and subrounded dacite clasts (up to 1.3 cm); 20-30% clay
and clay-cemented, fine-grained sandstone clasts; trace of
quartzite. +35F: 99% dacite clasts; 1% quartz and sanidine
grains.

1025-1035

5669.3-5659.3

Volcaniclastic sediments, pinkish-gray (5YR 8/1) gravel (GW)
with clay and sand, 15-20% fines. +10F: 75-80% broken
dacite chips; 20-25% fragments of clay-cemented
sandstone; <1% scoriaceous and glassy basalt. +35F: 99%
dacite clasts; 1% quartz and sanidine grains; trace of basalt.

1035-1045

5659.3-5649.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
gravel (GW) with clay and sand, 15-20% fines. +10F: 80—
90% broken to subangular light gray porphyritic dacite clasts;
10-20% clay-cemented, coarse-grained volcaniclastic
sandstone; trace of basalt. +35F: 85-90% dacite clasts;
10-15% fine grained sandstone clasts; 1-2% quartz and
sanidine grains; 1% glassy basalt clasts.

1045-1060

5649.3-5634.3

Volcaniclastic sediments, pale yellowish-brown (10YR 6/2)
gravel (GW) with silt and sand, WR: 60% gravel; 25% sand;
15% silt. +10F: mostly dacite clasts, some rounded (up to 7
mm); several clay-cemented, silty sandstone clasts; some
rhyodacite clasts. +35F: mostly dacite clasts with some
rhyodacite; 10% quartz grains.

1060-1070

5634.3-5624.3

Volcaniclastic sediments, pale yellowish-brown (10YR 6/2)
gravel (GW) with clay and sand, WR: 60% gravel; 25% sand;
15% fines, mostly clay. +10F: mostly dacite clasts, some
subrounded (up to 1cm); some clay-cemented sandstone
clasts; minor basalt and rhyodacite clasts. +35F: mostly
dacite clasts; 5% quartz grains; 1-2% basalt clasts.

1070-1080

5624.3-5614.3
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Tpf,
PuyeFormation

Volcaniclastic sediments, pale orange (10YR 8/2) gravel
(GW) with clay and sand, WR: 50% gravel; 30% sand; 20%
fines, mostly clay. +10F: mostly dacite clasts; some clay-
cemented, silty sandstone clasts; minor rhyodacite clasts.
+35F: mostly dacite clasts; some mafic clasts (basalt); 5—
10% quartz grains.

1080-1090

5614.3-5604.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
gravel (GW) with clay and sand, 10-15% fines. +10F: Chips
broken to subangular; 90—95% gray and pinkish dacite
clasts, locally silicified; 5—7% clay-cemented sandstone; 1—
3% altered pumice; trace of quartzite. +35F: 90-95% dacite
clasts; 5-10% sandstone; 1-2% vitric basalt clasts.

1090-1100

5604.3-5594.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
gravel (GW) with clay and sand, 10-15% fines. +10F: Chips
broken to subangular (up to 4 mm); 80-85% pink and gray
dacite clasts; 10-15% clay-cemented, fine-grained
tuffaceous sandstone; 7-10% altered pumice. +35F: 85-90%
dacite clasts; 5—7% altered pumice; 3-5% fine-grained
tuffaceous sandstone; 1-2% basalt clasts.

1100-1110

5594.3-5584.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
gravel (GW) with clay and sand, 10-15% fines. +10F: Chips
broken to subangular (up to 5 mm); 85-90% monolithologic
gray dacite clasts; 10—15% clay-cemented sandstone. +35F:
85-90% dacite clasts; 10-15% sandstone; 1-2% quartz and
feldspar grains; trace of basalt clasts.

1110-1120

5584.3-5574.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
gravel (GW) with clay and sand, WR: 30—40% gravel; 30—
40% sand; 10-15% fines. +10F: 90-95% monolithologic gray
to pinkish dacite clasts, mostly broken chips; 3—7% fine-
grained sandstone; 1% altered pumice. +35F: 90% dacite
clasts; 10-15% sandstone; 1-3% pumice. Note: pumiceous
fanglomerate interval from 1127 to 1242 ft bgs.

1120-1130

5574.3-5564.3

Tpp,
Pumiceous
Puye
Fanglomerate

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
clayey sand (SC) with gravel, WR: 10-20% gravel; 50-60%
sand; 20—-30% fines. +10F: chips broken to rounded; 50-60%
pinkish dacite clasts; 10-15% basalt clasts; 7-10% altered
pumice; 5-7% clay-cemented sandstone; 3-5% quartzite
clasts, rounded, gray with white acicular crystals.

1130-1135

5564.3-5559.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
clayey sand (SC) with gravel, WR: 15-25% gravel; 40-50%
sand; 15-25% fines. +10F: chips broken to subrounded (0.5—
1.5cm); 85-90% pinkish and gray dacite clasts; 3—4%
quartzite clasts; 2-3% basalt clasts; 1-2% altered pumice.
+35F: 97% volcanic lithic fragments; 3% Precambrian lithic
fragments.

1135-1140

5559.3-5554.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
clayey sand (SC) with gravel, WR: 10-15% gravel; 40-50%
sand; 25-35% fines. +10F: chips broken to subrounded (up
to 0.4cm); 50-60% pink and gray dacite clasts; 15-20%
basalt clasts; 15—-20% white altered pumice; 2—4% rounded
quartzite grains.

1140-1150

5554.3-5544.3
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Elevation Range
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Tpp,
Pumiceous

Puye
Fanglomerate

Volcaniclastic sediments, very pale orange (10YR 8/2) clayey
sand (SC), WR: 7-12% gravel; 40-50% sand; 25-35% fines.
+10F: chips broken to rounded (0.3 to 2.0cm); 50-60% gray
and pink dacite clasts with some latite; 10—-20% basalt clasts;
10-15% white altered pumice; 3—4% white rounded quartzite
grains.

1150-1160

5544.3-5534.3

Volcaniclastic sediments, very pale orange (10YR 8/2) clayey
sand (SC), WR: 7-12% gravel; 40-50% sand; 25-35% fines.
+10F: 25-50% white altered pumice; 20-25% dacite clasts;
10-20% basalt clasts; 1-4% white rounded quartzite grains.

1160-1170

5534.3-5524.3

Volcaniclastic sediments, very pale orange (10YR 8/2) clayey
sand (SC), WR: 7-12% gravel; 40-50% sand; 25-35% fines.
+10F: Chips broken to generally subangular (0.3 to 1.0 cm);
60-75% gray to pinkish dacite clasts, some latite, locally
flow-banded; 5-7% basalt clasts; 2—-3% white altered pumice;
2—-3% rounded quartzite grains; 1-2% clay-cemented, fine-
grained sandstone.

1170-1180

5524.3-5514.3

Volcaniclastic sediments, very pale orange (10YR 8/2) clayey
sand (SC), WR: 10% gravel; 60-70% sand; 20—-30% fines.
+10F: Subangular to subrounded clasts (up to 0.4cm); 40—
45% gray dacite clasts; 20-35% altered pumice; 10-15%
subrounded to rounded quartzite clasts; 10—-15% basalt
clasts; 5-10% clay-cemented volcaniclastic sandstone.

1180-1190

5514.3-5504.3

Volcaniclastic sediments, very pale orange (10YR 8/2) clayey
sand (SC), WR: 10% gravel; 60-70% sand; 20-30% fines.
+10F: broken to subrounded clasts (up to 0.3cm); 40-50%
gray dacite clasts; 15—-20% clay-cemented fine-grained
volcaniclastic sandstone; 10—15% white clay-altered pumice;
5-7% basalt clasts; 3—5% rounded quartzite clasts.

1190-1200

5504.3-5494.3

Volcaniclastic sediments, very pale orange (10YR 8/2)
pumiceous clayey sand (SC), WR: 5-10% gravel; 60-70%
sand; 25-35% fines. +10F: subangular to subrounded clasts
(up to 0.3cm); 60—70% broken to subangular gray dacite
chips; 25-30% white altered pumice; 7-10% basalt clasts; 1—
3% quartzite grains.

1200-1205

5494.3-5489.3

Volcaniclastic sediments, very pale orange (10YR 8/2)
pumiceous clayey sand (SC), WR: 5-10% gravel; 60-70%
sand; 25-35% fines. +10F: Sub angular to surrounded casts;
50-70% white and oranges tan altered pumice; 30—40%
decide casts with minor ethereal quartz crystal, trace of
manganese oxide; 10—-15% basalt casts; 1-2% rounded
quartzite grains.

1205-1215

5489.3-5479.3

Volcaniclastic sediments, very pale orange (10YR 8/2)
pumiceous clayey sand (SC), WR: 5-10% gravel; 50-60%
sand; 20—-30% fines. +10F: 50-70% white altered pumice;
35-45% volcanic lithic fragments, mostly gray dacite clasts
with some basalt; 2—-3% fine-grained sandstone; 1-2%
quartzite grains.

1215-1225

5479.3-5469.3
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Geologic Unit

Lithologic Description

Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Tpp,
Pumiceous

Puye
Fanglomerate

Volcaniclastic sediments, very pale orange (10YR 8/2)
pumiceous clayey sand (SC), WR: 5-10% gravel; 50-60%
sand; 20—-30% fines. +10F: 70-75% white clay altered
pumice; 20—25% gray dacite clasts; 2—-3% basalt clasts;
1-2% rounded quartzite grains.

1225-1240

5469.3-5454.3

Tsf,
Santa Fe Group
Sediments

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
clayey sand (SC). +10F: broken to subangular clasts (up to
0.3 cm); 35-45% gray dacite clasts; 20—-30% pinkish fine-
grained tuffaceous sandstone; 15-25% white clay-altered
pumice; 5-10% scoriaceous basalt clasts; only a trace of
quartzite. Note: Tpp/Tsf contact estimated at 1242 ft bgs.

1240-1250

5454.3-5444.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
sand (SW) with clay. +10F: mostly broken chips (up to 0.3
cm); 80—-90% gray dacite clasts, broken to subrounded (up to
0.3 cm); 3-5% basalt clasts; 3—-5% rounded quartzite grains;
1-2% white pumice; 1-2% fine-grained sandstone.

1250-1255

5444.3-5439.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
sand (SW) with clay. +10F: mostly broken chips (up to 0.3
cm); 80—85% dark gray dacite clasts; 3-5% subrounded to
rounded quartzite grains; 3-5% white altered pumice; 2-3%
fine-grained sandstone; 2—3% scoriaceous basalt clasts.

1255-1265

5439.3-5429.3

Volcaniclastic sediments, light brown (5YR 6/4) sand (SW)
with clay and gravel. WR: 10-15% gravel; 60-70% sand; 10—
15% fines. +10F: mostly broken chips (up to 0.3 cm); 70—
75% gray dacite clasts; 7-12% pink siliceous porphyritic
rhyodacite clasts with phenocrysts of biotite, hornblende, and
quartz; 3-5% quartzite grains and few other granitic clasts;
2-3% pumice; 1-2% fine-grained sandstone. +35F: 10-15%
quartzite.

1265-1275

5429.3-5419.3

Volcaniclastic sediments, light brown (5YR 6/4) sand (SW)
with clay and gravel. +10F: broken to subrounded chips (up
to 0.3 cm); 80—85% pink to gray dacite clasts and some
pinkish rhyodacite; 2—3% rounded quartzite grains; 2—3%
white pumice; 2—-3% fine-grained tuffaceous sandstone; 1—
2% scoriaceous basalt.

1275-1290

5419.3-5404.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
clayey sand (SC) with gravel. +10F: 85-90% volcanic lithic
fragments, mostly dacite with some rhyodacite and minor
basalt; 2-3% fine-grained tuffaceous sandstone; 2—-3%
pumice; 2—-3% rounded quartzite grains.

1290-1300

5404.3-5394.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
sand (SW) with clay. +10F: subangular to subrounded chips
(up to 0.3 cm); 95-97% volcanic lithic fragments, mostly
dacite with some rhyodacite and minor basalt; 2-3%
quartzite grains; 1% pumice.

1300-1305

5394.3-5389.3

Volcaniclastic sediments, grayish-orange pink (5YR 7/2)
sand (SW) with clay. +10F: broken to subrounded chips (up
to 0.3 cm); 90-95% volcanic lithic fragments, mostly gray
dacite with some pinkish rhyodacite and a trace of basalt; 5—
7% quartzite grains; trace of pumice.

1305-1315

5389.3-5379.3
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Geologic Unit

Lithologic Description

Sample Interval
(ft bgs)

Elevation Range
(ft above msl)

Tsf
Santa Fe Group
Sediments

Volcaniclastic sediments, grayish-orange (10YR 7/4) sand
(SW) with clay. +10F: 95-97% volcanic lithic fragments,
mostly dacite with some rhyodacite and a trace of pumice
and 