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2003/ 8725 | 5% 19pm

West TexasWater Well Service Rig#15 (Gardner-Denver 1500) on-siteat SNL -3, viewed toward the
south. Thedrill rigisset upfor drilling with brine, which dischargesinto thelined mud pit. The WIPP site
waste handling buildingison the horizon right of center, and the north accessroad to WIPPison thel ft.
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EXECUTIVE SUMMARY

SNL-3 (permitted by the New Mexico State
Engineer as C-2949) was drilled to provide
geological data and hydrological testing of the
Culebra Dolomite Member of the Permian Rustler
Formation within adissolution reentrant north of the
WIPPsteand wel east of Livingston Ridge. SNL-3
islocated in the southeast quarter of Section 34,
T21S, R31E, in eastern Eddy County,
New Mexico. SNL-3 wasdrilled to atotal depth
of 970 ft below ground level (bgl). Below surface
dune sand, SNL-3 encountered, in order, the
Mescalero caliche, Gatuiia, Dewey Lake, Rustler,
and upper Salado Formations. Two intervalswere
cored: (1) from the lower Forty-niner Member
through the M agenta Dolomite and into the upper
Tamarisk Member; and (2) from the lower
Tamarisk Member through the Culebra Dolomite
and Los Medafios Members and into the
uppermost Salado. Geophysical logswere acquired
from the open hole at total depth.

Salado coresreved apartia depositiond cycle
ending in aclastic-rich haitewith corroded crystal
margins. A poorly lithified sandstone with rounded
gransoverliesthehdite. It isuncertain whether the
sandstoneisadissolution residue or adepositiona
unit; thissand isnot found in other coresfrom the
interva. Sltstoneand laminar gypsum may indicate
halite dissolution, consistent with predrilling
expectations. TheLosMedafioshasnormd lithology,
thickness, and stratigraphic sequence. Thereisno
evidence of haliteinthe LosMedarios. Earlier
investigations suggested that hditewould be present
in the lower Los Medafios here. The unit is
somewhat fractured, but not brecciated. At about
201t, the CulebraDolomiteisalittlelessthick than
average. Core recovery was poor, but recovered
core shows bedding and porosity similar to other
Culebracores. Corewaslost from most of thelower
Culéebra, which is usualy the most porous and
transmissive part of the unit. The Tamarisk hasa
norma stratigraphic sequence and thickness, and the
mudstone unit showstypical reddish-brown sandy
claystone overlain by gray and reddish-brown
sltstone. Intraclastsof siltstone are preserved, as

\'

areangular clasts or fragments of gypsum. A thin
interval of sulfate conglomeratein the basal upper
anhydrite of the Tamarisk was encountered. The
Magenta Dolomiteis about 25 ft thick and shows
typica laminar to wavy bedding, someripples, and
alga stromatolites. Cores and geophysical logs
indicate some porosity in the upper part of the
Magenta. Carbonate interbedsin sulfate above and
below the boundaries of the Magenta indicate
depositiona environments changed over time. The
Forty-niner is represented by a typical sulfate—
mudstone—sulfate sequence. The Dewey Lakewas
partially eroded, and the Santa Rosa completely
removed, prior to deposition of the Gaturia. Cuttings
and geophysical logs indicate that the sulfate—
carbonate cement transition in the Dewey Lakeis
about 225 ft bgl at SNL -3, below asandstone that
isfound acrossthe WIPP sitearea. The Gatuiais
65 ft thick at SNL-3 and likely representsfill of an
oldvaley leadingto Livingston Ridgeto thewest.
No water was encountered in the Gatufia or
Dewey Lake, dthough geophysical logs suggest a
possible dight influx above the sulfate-carbonate
cement boundary. Water flowed into thedrillhole
after the Magenta was penetrated, reaching an
overnight level about 600 ft bgl. After the Culebra
was penetrated, water levels rose to 422 ft bgl.
There was no indication of fluid inflow at the
Rustler—Sdado contact during drilling or from cores.
Most of the open drillhole bel ow the Culebra
was cemented, and the drillhole was reamed to a
diameter of 12.25 inches through the Culebra.
Fiberglassreinforced plastic casing (4.83 inches
outside diameter) was placed in the hole, with a
screen interval acrossthe Culebra Dolomite. The
annulus was filled with 8/16 Brady sand to just
above the Culebra and topped with bentonite to
separate the Culebrafrom the Tamarisk mudstone.
The annulus above the bentonite was cemented to
the surface. Water and sediment were bailed from
thewell, and ~2200 gallons of water were pumped
at about 10 gallons per minute to develop SNL-3.
Water level since development has reached about
3,058 ft above mean sealevel (February 2004).
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West TexasWater Well Service Rig#15 at SNL-3 and crew: Ronnie K eith, Josh Bowman, Donnie
Badle, and LuisArmendariz, fromleft toright.
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1.0 INTRODUCTION

SNL-3 wasdrilled in the northwest quarter of
Section 34, T21S, R31E, in eastern Eddy County,
New Mexico (Fig. 1-1). It islocated 2369 ft from
the south line (fd) and 2701 ft from the west line
(fwl) of the section (Fig. 1-2). Thislocation places
the drillhole north of the Waste Isolation Pilot Plant
(WIPP) site and east of the Livingston Ridge
escarpment among oil wellsof the Lost Tank field.
SNL-3will be used totest hydraulic propertiesand
to monitor groundwater levels of the Culebra
Dolomite Member of the Permian Rustler Formation
for WIPP.

SNL-3 was permitted by the New Mexico
State Engineer as C-2949. Officia correspondence
regarding permitting and regulaory information must
referencethis permit number.

Most drillholes at WIPP have been described
after completion to provide an account of the
geology, hydrology, or other basic data acquired
during drilling and immediate compl etion of the
drillhole. In addition, the basic datareport provides
an account of the drilling procedures and activities
that may be helpful to later interpretations of data
or for further work in the drillhole, including test
activities and eventual plugging and abandoning
activities. The basic data report also provides a
convenient means of reporting information about
adminigrative activities necessary to drill thehole.

1.1 Purpose of WIPP

WIPPisaU.S. Department of Energy (DOE)
facility disposing of transuranic and mixed waste,
byproducts of U.S. defense programs, as certified
by the U.S. Environmentd Protection Agency (EPA)
and under a permit issued by the New Mexico
Environment Department. WIPP is located ~25
miles east of Carlsbad, New Mexico, in eastern
Eddy County (Fig. 1-1). Disposal panelsare being
excavated in the Permian Salado Formation at a
depth of ~2,150 ft below ground level (bgl).

1.2 Purpose of SNL-3

SNL-3 was designed and located to provide
information for theintegrated hydrology programfor
WIPP (Sandia National Laboratories, 2003).
Among the objectives of theintegrated hydrology
program, SNL-3will help“... resolve questions
related to observed water-level changes around the
WIPP site, provide data needed for comprehensive
modeling of WIPP groundwater hydrology, [and]
construct agroundwater monitoring network that
can be maintained throughout the operationd period
of WIPP ...” (p. 1).

Culebra water levels in many of the wells
monitored for WIPP havebeenrisng inrecent years,
contrasting with the conditions used to calibrate
models of the Culebraacrossthesitearea (Sandia
National Laboratories, 2003) for the Compliance
Certification Application (CCA; U.S. Department
of Energy, 1996). Hydraulic properties of the
Culebravary spatialy, and threefactors (overburden,
upper Salado dissolution, and Rustler halite
distribution) appear to explain most of thevariability
in transmissivity (Holt, 2002; Powers and
others, 2003). SNL-3 was|ocated to test Culebra
hydraulic propertieswithin an areainferred to bea
reentrant aong the upper Salado dissolution margin
aswell asconfirming thegeologica conditionsused
to estimate Culebra hydraulic properties (Sandia
National Laboratories, 2003; Powers, 2002a,
2003a; Powers and others, 2003).

The drillhole is to (Sandia National
Laboratories, 2003, p. 43; seedso Appendix A):

1. Determineif dissolution of the upper Salado
hasin fact occurred at thislocation;

2. Determineif theinferred dissolution of the
upper Sdado hasresulted inincreased Culebra
tranamissvity;

3. Determineif theflow dimensioninferred from
apumping test is consistent with a bounded,
linear feature, or indicates connection with a
larger volume of the Culebra;

4. Determine if shalow (e.g., Dewey Lake)
water is present above the Magentathat could



Basic Data Report for Drillhole SNL-3 (C-2949)
DOE/WIPP 03-3294

Figure 1-1
Location Map
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be leaking into the Culebra and Magenta
through poorly plugged boreholes,

5. Determinethedirection of flow at thislocation;
and

6. Provideamonitoring location for alarge-scale
(multipad) pumping test (centered at SNL-5)
to providetransient datafor calibration of the
Culeébramode north of the WIPP site.

1.3 SNL-3 Drilling and Completion

The basic information about drilling and
completion of SNL-3 is presented herein tabular
form (Table 1-1) and graphics (Figs. 1-3, 1-4, and
1-5) for ease of reference. Appendix B includes
detailsbased ondaily drilling logs.

SNL-3 wasrotary drilled and cored to atotal
depth of 970 ft bgl (Fig. 1-3). As the drillhole
progressed, circulating fluids were successively
changed from air to fresh-water mist with foamto
brinewith surfactant. The changesreflect needsfor
determining geologica and hydrologica conditions
in the drillhole as well as maintaining control of
drillhole conditions.

Core recovery ranged from excellent to poor
(Appendix C); thisexperienceiscommon in these
intervals (e.g., Powers, 2002b; Mercer and others,
1998).

In keeping with recent practice at WIPP,
SNL-3 was cased with fiberglassreinforced plastic
(FRP) casing rather than steel to provide longer
utility of thewel for monitoring and testing. Steel-
cased wells at WIPP are expected to be plugged
and abandoned and, where necessary, replaced with
wellscompleted smilar to SNL-3 (SandiaNationa
Laboratories, 2003).

SNL -3 was completed with asingle screened
interval for monitoring and testing of only the
Culebra Dolomite (Fig. 1-4). With a single
completion interval, some of the difficulties
associated with multiple completions can be
avoided: expense of buying, placing, and maintaining
packers; loss of water level datawhen packersfail;
mixing of watersof differing quditieswhen packers
fail; and theincreased complexity of teinginawell
completed to multiple intervals. If warranted,

additiond wells can be completed to other intervals,
such asthe Dewey Lake Formation, onthe SNL-3
wellpad (SandiaNational Laboratories, 2003).

Geophysicd logs, especidly the naturd gamma
and caliper logs, were used to make the final
decisonsregarding completion of SNL-3 (Fig. 1-4)
(Appendices D and E). Thedrillhole was cemented
back to alevel below the Culebrato protect the
lower Rustler from circulation of Culebrawater
(Fig. 1-4). The bottom of the Culebra screen
interval was placed at 773 ft to remain above the
claystone below the Culebra and avoid possible
plugging of thelowermost dots(Fig. 1-4). Thetop
of the screen, at 756 ft, isjust below the top of the
Culebra Thetop of the sand pack (8/16 silicasand)
(note: the materid isreferred to asasand pack for
amplicity, dthoughthelarger grain diameter dightly
exceeds the standard upper limit for sand size) is
below theleve of the mudstonein the Tamarisk to
prevent connection to the Culebra. The annulus
above the sand pack was cemented to the surface.
A fina caliper log (Fig. 1-3) after thedrillholewas
reamed to 12.25 inches showsthin zones of drillhole
enlargement in the Gatuia, the Forty-niner
mudstone, and the Tamarisk mudstone. Theannulus
behind the casing was cemented through these
intervas.

The surface configuration (Fig. 1-5) provides
stability, security, and ready accessto the casing for
measurements, sampling, or other testing. The
benchmark is an accessible reference point for
future measurements if the well configuration is
changed. Geophysical logs and depths for FRP
casing, screen, and fill in the annulus are measured
from the top of the connector on the steel surface
conductor casing. Thetop of FRP casing was cut
off 2 ft abovethis point before the outer protective
stedl casing was threaded to the connector on the
steel surface conductor casing. The cement pad
was poured around the surface conductor casing
and connector.

1.4 Other Background

SNL-3wasdrilled and completed by the West
Texas Water Well Service, 3410 Mankins, Odessa,
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Texas, under contract from Washington TRU
Solutions LLC (WTS). Coring was done by
Billy Pon, Diamond Oil Well Drilling Co., Inc.,
P.O. Box 7843, Midland, Texas. Geophysical
logging was conducted by Raymond Federwisch,
Geophysica Logging Services, 6250 MicheleLane,
Prescott, Arizona, under contract to West Texas
Water Well Service. Geological support was
provided by Dennis Powers under contract toWTS.
Mike Stapleton of the New Mexico Office of the
State Engineer witnessed hole completion activities
(Appendix E). Well drilling wastes (brine and mud)
were removed from SNL-3 and disposed of by
Controlled Recovery, Inc., Hobbs, New Mexico,
under New Mexico Discharge Permit DP-818
(Appendix E). Archeological clearances obtained
from the U.S. Bureau of Land Management were
based on field work and reports by Mesa Field
Services, Carlsbad, New Mexico (Appendix F).
Coresfrom SNL-3 were photographed with digital
cameras, aphoto log isincluded in Appendix G
Electronic images can berequested from WTS.
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Table 1-1. Summary of Drilling and Well Completion Records
for Hydrologic Drillhole SNL-3 (C-2949)

LOCATION: Southeast ¥4, Section 34, Township 21 South (T21S), Range 31 East (R31E)

SURFACE COORDINATES: Thewell islocated 2,369 ft from the south line (fd) and 2,701 ft from
thewest line (fwl) of Section 34. The New Mexico State Plane (NAD 27) horizontal coordinatesin feet
are522141.31 North, 675336.57 East (Fig. 1-2 showsthesurvey plat). UTM horizontal coordinates
(NAD27, Zone 13) inmeterswere cal culated for SNL-3 using Corpscon for Windows (v. 5.11.08):
616102.67 East, 3589046.84 North. Figure 1-1 showsa1,000-m UTM coordinate grid.

ELEVATION: All depthsusedin geological and geophysical dataherearereported bel ow ground
level (bgl), whichistaken as 3,488 ft above mean sealevel (amd), therounded valuefor thebrass
tablet benchmark (3,488.26 ft amd) adjacent to the cement well pad. The primary datum for the
completed well 1s3,490.34 ft amd (NAV D 29) for amark onthetop of the casinginsidethe protective
well pipe. Figures 1-3 and 1-4 show the as-built configuration of SNL-3.

DRILLING RECORD:

Dates. BegandrillingAugust 14, 2003; drillhole reamed to completion depth (970 ft) on
August 25, 2003. Final geophysical logging was conducted on September 10, 2003. Drillholewas
prepared for casing, and was cased and cemented September 11, 2003. Rigwas moved off the
drillpad September 12, 2003. SNL -3 well devel opment began September 17, 2003; the pump was
removed on September 18, 2003. OnApril 1, 2004, SNL-3 wasfurther developed by jetting across
thescreeninterval, and 2,366 gallonswere pumped from thewell after jetting (Appendix B).

Circulation Fluid: SNL-3wasdrilledto 212 ft bgl with circulating air. The holewasdrilled and
cored from 212 ft bgl to 782 ft bgl (bel ow Culebra) using Baroid Quik-Foam® and fresh water mist
driven by compressed air. From 782 ft bgl to total depth (970ft bgl), thedrillholewas cored and drilled
using circulating brinewith Flowzan® biopolymer (M SDS#463650) in aportable mud pit. After coring
was completed at 881 ft bgl, the upper 30 ft wasreamed and a permanent surface conductor casing
was cemented. After geophysica logging and plugging thelower part of thedrillhole, SNL-3was
reamed to afinal diameter (12.25 inches) to 785 ft using circulating brinewith Flowzan® inaportable
mud pit.

Cored Intervals: 4.0-inch corewastaken through theseintervals (depthsfrom drilling data):
631.0-672.9ft bgl: lower Forty-niner, Magenta Dolomite, and upper Tamarisk Members
719.6-881.0ft bgl: lower Tamarisk, CulebraDolomite, and L os M edafios M embers; and upper

Salado Formation

Rigand Drilling Contractor: Gardner-Denver 1500; West Texas Water Well Service, Odessa,
Texas
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Table 1-1. Summary of Drilling and Well Completion Records
For Hydrologic Drillhole SNL-3 (C-2949), continued.

Drillhole Record:

Size (inches) |From (ft bgl) [To (ft bgl)

18 0 30

12.25 30 785

7.875 785 970

Casing Record:
Outside diameter | Inside diameter Weight/ft From To

(inches) (inches) (pounds) (ft bgh* | (ft bgl)
13.38 12.72 | 48 steel 0 30
4.83 4.33 | 3.20 FRP** blank -2.0 756.0
4.83 4.33 | 3.20 FRP screen 756.0 773.0
4.83 4.33 | 3.20 FRP blank 773.0 783.5

*Top of the casing connector is the reference for depth denoted below ground level (bgl).
The FRP extends 2 ft (-2) above the connector casing.
**ERP: fiberglass reinforced plastic

Coring Record:

Core Run | Depth Interval (ft) Interval (ft) Recovered
No. From To Cored  Recovered %

1 631 657 26 26.4 101.54%
2 657 672 15 15.5 103.33%
3 719.6 750 30.4 30.4 100.00%
4 750 762.5 12.5 8 64.00%
5 762.5 782 19.5 7.5 38.46%
6 782 812 30 27.2 90.67%
7 812 839 27 15.2 56.30%
8 839 856 17 10 58.82%
9 856 881 25 22.4 89.60%

Totals 202.4 162.6 80.34%

Note: Marked core depths (e.g., Appendix C) vary slightly within core interval
depths partly due to differing recoveries and estimates of lost core intervals.
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Figure 1-3

SNL-3 As-Built Diagram

General Stratigraphy
and Configuration
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Figure 1-4

SNL-3 Completion and
Monitoring Configuration (9/11/03)
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Figure 1-5
SNL-3 Surface Configuration
and Elevations (9/23/03)

; Surface casing to 30 ft
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Ground level
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3,488.26 ft amsl|

(see B below)
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29 —
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I& Drillhole reamed with
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_ . B - Detail of brass tablet benchmark
A - Surface casing for SNL-3 with on north side of SNL-3 cement pad.
cap and padlock. Enlarged inset of brass marker, with

elevation 3,488.26 ft amsl.
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2.0 GEOLOGICAL DATA

2.1 General Geological Background

The geology and hydrology of formationsat the
WIPP site and surroundings have been intensively
investigated since 1975, and the information and
interpretations have been reported in numerous
documents. The most thorough compilationisthe
CCA submitted in 1996 by the DOE to the EPA
(U.S. Department of Energy, 1996). Some salient
features of the broader geological history, aswell
as more recent work on the geohydrology of the
Rustler (e.g., Holt, 2002; Powers, 2002a, 20033;
Powers and others, 2003), are relevant to
understanding the geology and hydrology a SNL-3.

The Delaware Basin (Fig. 1-1) was a large
structura feature that controlled deposition through
much of the Paleozoic. By late Permian, thebasin
connection to the open ocean was restricted, and
evaporite mineraswere precipitated in abundance.
The basin filled with sediments, and it no longer
ggnificantly limited the area of sedimentation. Near
the end of the Permian, circulation with the ocean
improved, and some of the Rustler Formation, for
example, was deposited in saline water rather than
brine. Asthe Permian ended and Triassic began,
continental environments prevailed, and significant
redbeds were deposited. Although surrounding
areas accumulated variable thicknesses of later
Mesozoic and Cenozoic age sediments, the WIPP
area gppearsto have mainly been subject to erosion
during an extended period. Some basin tilting from
mid-to-late Cenozoic exposed the evaporite beds
to faster solution and erosion, and weathered
material began to accumulate. The Pecos River
drainage became integrated through the region
during this period; and more recent deposits reflect
such asedimentary environment, aswell as sources
of sediment from outside thelocal area. Although
the region continues to be subject to some
dissolution of evaporites and erosion, large areas
haveremained geologically stablefor gpproximatdy
thelast haf million years, resulting in theformation
and preservation of pedogenic calcrete (caliche)
deposits.

2.2 Geological Data From SNL-3

SNL-3 encountered a normal stratigraphic
sequencefor thisareanorth of the WIPP Site area,
from ground level to total depth (Table 2-1;
Fig. 2-1). Units encountered ranged from
unconsolidated surficial sandsto the upper part of
the Permian Salado Formation. Structural,
sedimentological, and diagenetic features were
examined during investigation using cuttings, cores,
and geophysical logs. A poorly consolidated sand
in the upper Salado at SNL-3 has not been
observed in other drillholes of thisseries. Details of
the sedimentology of the Rustler will extend
understanding of that unit. Units above the Rustler
did not yield noticeablewater during drilling.

The geologic units encountered in SNL-3 are
described from total depth to the surface, in the
order in which they were deposited rather thanin
the order in which they were encountered in the
drillhole. Cores and cuttings were described in the
field usng mainly drilling depthsfor depth control.
Geologiclogsdetailing field observations of cuttings
and cores are included in Appendix C. The
difference between geophysical logsand drilling
depthsisgeneraly dight. Thelargest differences
commonly resulted from depths and core markings
through intervals of partial core recovery when
compared to later geophysica logs. Decisions about
placing screen intervals and annulusfillingswere
based on depths indicated by geophysical logs
(Appendix D).

Note that the descriptions that follow use
depths that correspond to core markings, with
basic stratigraphic intervals provided by
geophysical logs, asindicated.

2.2.1 Permian Salado Formation

Only the uppermost Salado (~ 18 ft) was cored
in SNL-3. The core provides a record of the
trangition from the Salado to the Rustler and any
dissolution that may have affected the upper Sdado
or basa Rudtler.

11
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Table 2-1
Geology at Drillhole SNL-3

System/ Formation or unit Member Depth bel face (ft)
Period/Epoch Informal units epth below surface (ft
o Holocene surface dune sand and 0-16ft
'E ) Berino soil
=) Pleistocene Mescalero caliche 16 - 29 ft
[«b]
O Miocene-Pleistocene Gatufa 29 ft - 94 ft
S Santa Rosa’ eroded
N . -
2 Triassic
§ Dewey Lake’ 94 ft - 577 ft
Forty-niner 577 ft - 638 ft
A-5 577 ft - 608 ft
M-4/H-4 608 ft - 621 ft
A-4 621 ft - 638 ft
Magenta Dolomite 638 ft - 663 ft
Tamarisk 663 ft - 755 ft
A-3 663 ft - 721 ft
o Rustler M-3/H-3 721 ft - 736 ft
'§ A-2 736 ft - 755 ft
2 Permian .
= Culebra Dolomite 755 ft- 775 ft
o
Los Medafios’ 775 ft - 863 ft
M-2/H-2 775 ft- 784 ft
A-1 784 ft- 792 ft
M-1/H-1 792 ft - 863 ft
863 - total depth (970 ft)
Salado ?Marker Bed 100 ?
Marker Bed 101 ?
Marker Bed 102 ?
Marker Bed 103 931 ft - 948 ft

Depths are based on measurements by geophysical logging; drilling and coring provided supplemental
datato total depth (TD) of 970 ft bgl. Geological logs based on field descriptions (Appendix C) and
markings on cores (Appendix G) vary modestly because of incomplete recovery and lesser precision

using cuttings.

2The Santa Rosa Formation, part of the Dockum Group or undifferentiated Triassic, is apparently
completely eroded at SNL-3.

3The Dewey Lake Formation has been considered part of the Permian System in the past. Recent work
(Renne and others, 1996, 2001) indicatesthat lithologically equivalent rocksin Texas are mostly
Lower Triassic, with some Upper Permian at the base.

“The Los Medafios Member was named by Powers and Holt (1999) to replace the informal unit
“unnamed lower member” of the Rustler Formation.
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The program plan (Sandia National
Laboratories, 2003) outlined a potential drilling
target of a marker bed (possibly MB103) in the
upper Salado. Powers (20023, 2003a) estimated
before drilling that thislocation had been affected
by dissolution of upper Salado halite, based on the
thickness of the interval between the Culebra
Dolomite Member of the Rustler Formation and the
Vaca Triste Sandstone Member of the Salado
Formation in surrounding industry drillholes. The
core provides direct stratigraphic and textural
evidenceto investigate any dissolution at the top of
the Salado. Drilling beyond the uppermost Salado
to an identifiable marker bed (possibly MB103)
was expected to hel p in relating thickness changes
of thelarger stratigraphic interval to dissolution, if
any, of upper Salado hdlite.

The upper Sdado isdominated by coarse hdite
ranging in color from white to orangish or reddish-
brown from included accessory mineras. From 970
to 881 ft, cuttingsand drilling ratesindicated halite
with a sulfate from 948-931 ft. Relatively high
natura gammathrough thisinterva indicatethat the
sulfate is at least partially polyhalite
[CaoK2MQg(SOy)4 - 2H20]. Depositiona cycles
(either Type 1 or Type 2) defined by
Lowengtein (1988) are only partialy representedin
the core from SNL-3 (Fig. 2-2). The halite
sequenceissimilar to part of theidedlized sequence
described by Holt and Powers (1990a,b). From the
base of the core at 881 ft upward to 877 ft, the
halite beds of the basa part of the depositiond cycle
display coarse halite with few disseminated
impurities, some thin bedding (1-4 inches), and
some discontinuous thin sulfate laminae along
bedding (stratified mud-poor halite; Fig. 2-2).
Abovethisbasal part of the cycle, from 877-872
ft, the halite crystals tend to become smaller
verticaly, and clagtic content increases upward (Silty,
argillaceous halite; Fig. 2-2). At the top of this
apparent cycle (from 872-870 ft), asoft, pinkish-
colored sandstone that is silty and argillaceous
accumulated (Fig. 2-3). This sandstone is not
evident in other cores obtained recently

(i.e., SNL-2, SNL-9, SNL-12). Other cores and
logs from this area are expected to be carefully
reexamined as the cores from this program are
studied regarding the Sdlado—Rustler trangtion and
dissolution of upper Sdlado hdlite.

From 870-863.4 ft, there are two sequences of
dliciclagticswith overlying thin gypsum beds. There
isnovigblehditein thesetwo sequences. Thelower
sequence, from 870-867 ft, is dominantly sandy,
argillaceoussiltstone. It displays both mottling and
somebedding on ascdeof ~0.5inch. Thissequence
may be a continuation of the deposition of the
underlying sandstone, as the sand grains appear
generaly smilar. Theupper sliciclastic sequenceis
adglty, sandy claystonethat isgray and mottled. It
includes clasts or smeared intraclast textures
(Powers and Holt, 2000). The gypsum or
gypsiferous beds at 867.7 ft, 866.5-867 ft, and
863.4-863.8 ft include thin laminae, with limited
deformation. Thetop of the Sdlado hasbeen assigned
to the top of the gypsum in cores at 863.4 ft,
following Holt and Powers (1990a,b) and Powers
and Holt (1999). Thisgypsum marksthebeginning
of thefresher water in the basin that wasfollowed
by basal clagtics of the Rustler Formation.

Asdiscussedin Section 4.0, SNL-3wasdrilled
in an area where a reentrant of upper Salado
dissolution has been inferred (Powers, 2002a,
2003a). The core from SNL-3 has not revealed
macroscopic features of large strain or fracturesthat
might accompany such dissolution. Detailed
examination of cores and comparison with nearby
drillholeswill help differentiate between depostiond
and dissolution processes|eading to thinner intervas
acrossthe Salado—Rustler contact.

2.2.2 Permian Rustler Formation

The Rustler was completely drilled. The contact
with the underlying Salado Formation is marked at
863.4 ft on the core and 863 ft on geophysicd logs.
The contact between the Rustler and the overlying
Dewey Lake Formation is at 577 ft bgl, and the
total Rustler thicknessat SNL-3is286 ft.

13
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Figure 2-1

Well Record SNL-3 (C-2949)

T21S

Company: Washington TRU Solutions LLC
Well:  SNL-3 (C-2949) m
Section: 3400  Twp: T21SO  Rge: R31E (T)' 34
Location: 2,369 ft from south line (fsl) @

2,701 ft from west line (fwl)

Reference point Elevation

Log measured from: top of connector on surface KB:

conductor casing (ground level - gl) DF:

Drilling measured from: gl
Permanent Datum: benchmark

GL: 3488 ft amsl
(benchmark: 3488.26)

Drilling contractor: West Texas Well Water Service

Coring contractor: Diamond Oil Well Drilling Co.

Geophysical logs: Raymond Federwisch
Geophysical Logging Services (AZ)

Geologist: Dennis W. Powers

Spud date: August 14, 2003

Completion date: September 11, 2003

Total depth (TD): 970 ft bgl (driller log)

Casing Record
Conductor: 30 ft
13.375 inch steel
Casing: 4.83 inch o.d.
fiberglass reinforced
plastic to TD
Screened interval:
773-756 ft

Geophysical Logs Date: August 26, 2003

Micro/Laterolog/Induction/SP:  0-970 ft
Gamma/Fluid:O0 0-970 ft
Caliper:O 0-970 ft
Density/Neutron: 0-970 ft

Res mud filtrate:
9.2 ohm-m.
Max. Rec. Temp.:
26.27°C

Type fluid in hole: Brine
Res mud: 0.42 ohm-m

Dolomite

Mudstone/siltstone

Anhydrite

Halite

OO
PSLSIRRKS
0203050002
2e%e%e%%

PRI

General Lithologic Symbols Used

Fine sandstone &
siltstone

Coarse sandstone

Sandstone w/caliche

Polyhalite

Figure 2-1 Log Title & Header page.ai

SNL-3 Well Log Headers

25,000
0

counts/sec
counts/sec

Radioactive Logs

NEeUutron s« esesrsssisieiiiiiiiina.
12,500

Density
-2000

Fluid Temp
o
———
degrees ¢ o
Fluid Res
1

o
it
o
o]

R_1 6 svisan R
R-64

Electric Logs (ohms/m)

Induction/Microlog

Spot Resistivity

R-8
R-32

feet amsl|
Elevation
meters amsl

3488 ft (1063 m) amsl|

GL

cored

feet bgs
Depth

meters bgs

Lithology

100
+300

Cal_ll[;')er--
0.0 inches 300
Gamma
0 API units

P
+150 mV

S

Member
Formation
Group
System

Stratigraphy
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Figure 2-3

Sand in Upper Salado
Between 870-872 ft bgl

18

2.2.2.1 Los Medafios Member

The Los Medafios Member of the Rustler
Formation was named by Powersand Holt (1999)
based on the rocks described in shafts at the WIPP
Ste. For theareaaround WI PP, sudiesof the Rustler
havecommonly referredtothisinterva fromthebase
of the Culebra Dolomite Member to thetop of the
Salado Formation asthe unnamed lower member
of the Rustler. Holt and Powers(1988) and Powers
and Holt (1999) also informally subdivided the
LosMedariosinto five units: abioturbated clastic
interval at thebase, asandy trangtion zone, alower
mudstone-halite 1 (M-1/H-1), anhydrite-1 (A-1),
and an upper mudstone-halite2 (M-2/H-2). Halite
marginsfor the LosMedafiosbelow A-1 have been
treated asasingle compositeunit (Powers, 2002a),
caled M-1/H-1 (Fig. 2-4), because halite below
A-1lisnot restricted to the thinner zone designated
M-1/H-1intheseearlier publications.

The entire thickness (88 ft) of the Los Medafios
was cored in SNL-3, although significant portions
of the unit were only partially recovered
(Table 1-1).

The informal unit mudstone-halite 1 unit
(M-VYH-1; Fig. 2-4) (Holt and Powers, 1988) is
considered here to extend from the top of the
Salado at 863 ft to 792 ft (based on geophysical
logs) or from 863.4 ft to 791.6 ft (based on core
markings). M-1/H-1 includesthe bioturbated clastic
interval and sandy trangition without separation.

At the base of M-1/H-1 at SNL-3, ~0.6 ft of
reddish brown (~2.5Y R4/4; Munsell Soil Color
Chart, 1971 edition; dry sample colors unless noted
aswet) sandstone overliesthe gypsum considered
the top of Salado (Figs. 2-2, 2-5). The sandstone
isthin bedded to laminar, with an erosona contact
abovethe base. A sulfate clast isincluded, and the
base appears conglomeratic. The erosiona contact
isstratigraphically equivalent to more substantial
erosion and channeling observed elsewhere in
WIPP shaftsand cores (Holt and Powers, 1990a,b;
Powersand Holt, 1999).

From ~862.8 to 846 ft bgl, M-1/H-1 is
dominated by gray (10Y R5/1) silty, argillaceous
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sandstone that is generally uniformingrain size

through theinterval. Thin laminaeto thin beds are Figure 2._4
common, with bed thickness ~0.25 inch. Some Rustler Units
small cross-bedding occurs near the base of this at SNL-3
interval. Some of the bedding appears modestly 577
disturbed by bioturbation in theform of mottling and t
circular to oval discoloration onthe coresurface. | L
Holt and Powers (1988) also informally described 608 NN <
this portion of the Los Medarios as the bioturbated M-4—"_H-4| 2
cladgticintervd. 62l F Q
The cores within this sameinterval revealed \\\\\\\\@\\ v
blocks or fragments near the base. The core surface 638
from the upper portion of thisinterva displays TV C ATy
vertical to diagonal washouts that are indicating e g
probable fracturing (Fig. 2-6). There is little 663

macroscopic evidence of open apertures. The
interval isdightly calcareous, but it does not include
halite or gypsum cements.

Thecoreinterval marked from 839-823.8ftis | 700 -
dominated by reddish brown (~2.5YR4/4)
sandstonethat isvery fine grained and silty. Local
zones of greenish gray (10Y R6/3; light brownish
gray) sandstone are also present. Grain size is
generdly uniform through theinterval. The cores
generaly show thin bedding, dthough the zonefrom
~ 832835 ft is gpparently featureless.

Inthisinterval, neither halite nor sulfate were
observed, but some cores are dlightly calcareous.
The cores are not well indurated. Possible high-
anglefractures, with silt fill, occur from 836-837 ft.
A vertical fracture occurs from 831.4-831 ft. Short | 800
segments show diagonal washouts on core surfaces
that a so probably indicate fracturing.

The cores from the interval from
~809.2—791.6 ft are dominated by dark reddish
brown (2.5Y R3/4) to reddish brown (2.5Y R4/4)
gty sasndstone and sandy Sltstonewith somegrayish
zones. Two thin interbeds of gray, laminated
anhydrite were recovered from 798.5-798.3 ft and
797.5-797 ft. Thininterbeds of gypsum, ~0.25inch -
thick, arewiddy spaced in the sandstone below the 0 40 80 120 Er?ifsﬂzrngoé ;npatlﬂgr;t
lower anhydrite interbed. Reddish brown siltstone Natural Gamma SNL-3 based on
fillstheinterva between the sulfate bedsand overlies (API units) natural gamma log
the upper anhydrite. Bedding is thin and nearly
horizontal throughout much of the interval; some
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bedding appearsdightly wavy or irregular. Possible
smeared intraclast textures were observed from
800-804 ft. Slltstone clasts overlie eroson surfaces
on each of thethin anhydrites.

Theinformal unit anhydrite 1 (A-1; Fig. 2-4)
(Holt and Powers, 1988) was encountered from
792784 ft bgl, based on the natural gammalog
from SNL-3 (Figs. 2-1, 2-4). Based on thedrilling
records and apparent loss of core from the unit
above A-1, the core of A-1 was attributed to the
interval from 791.6—783.1 ft bgl and was marked
accordingly. The sedimentology of A-1isdiscussed
according to core depth markings.

A-lat SNL-3isasinglebed. At SNL-2 and
SNL-9 (Powers and Richardson, in review), thin
anhydrites occur below A-. At SNL-2, the
intervening clastic unit wasthin and the underlying
sulfate beds wereincluded in A-1. More detailed
log and core studies should determine the detailed
correlations of these units,

A-1liscomposed of anhydrite and gypsum that
aregray. Thin bedsand laminae are near horizontal.
Stylolites, or crinkly bedding, were noted at
789.8 ft, 787.6 ft, 786.1 ft, and 784.4 ft; the upper
stylolite is most developed. Upper and lower
contacts are sharp, and the upper contact islikely
to beerosiond.

Theinformal unit mudstone-halite2 (M-2/H-2;
Fig. 2-4) (Holt and Powers, 1988) wasencountered
from 784775 ft bgl, based on the natural gamma
and caliper logsfrom SNL-3 (Figs. 2-1, 2-4). Only
1.1ft of corewasrecovered fromthisinterval, and
itisbelievedtodirectly overlieA-1. Thecorereveds
aconglomerate of gypsum and anhydrite claststo
1-inchdiameter. They aresubangular to subrounded,
with clay and sulfate matrix. The corefrom SNL-2
fromthisinterval asoreveded conglomerateat the
base of M-2/H-2 (Powers and Richardson,
inreview).

Theupper contact with the overlying Culebra
Dolomite Member was not recovered in cores.

2.2.2.2 Culebra Dolomite Member

Based on the natural gammalog from SNL-3,
the Culebra extends from 775.0-755.0 ft bgl, a
thickness of 20 ft (Fig. 2-1). Based on drilling
depths available at the time, the recovered Culebra
core was marked from ~770 to 754.2 ft bgl (as
used in information in Appendices C and F).
Recovered Culebra core (Fig. 2-7) totals ~11 ft
thick, indicating acoreloss of ~9 ft from thisunit.
Based on the drilling activity and recovery of
adjacent units, the core loss was attributed to two
zones, both in the upper middle and base of the
Culebra(see Appendix C, sheets5 and 6).

Holt and Powers (1988) found a range of
20-30 ft thickness in Culebra cores from the
WIPP Project and aregional thickness exceeding
40 ft, based on geophysical log data. Significant
corelossinthe middle of the Culebrais common
because of the porosity of that zone.

The dolomite recovered in core from SNL-3
iscommonly pinkish gray (7.5YR7/2). The core
fromrun 5 wasvery fragmented, with larger sections
indicating high-angle fractures with very fine
apertures. Gypsum israre, and most blocks show
few vugs or pores. The upper Culebrarecovered
in core run 4 is better preserved, athough it is
fractured in elongate blocks with fresh surfaces.
Vugs (~0.125-1.0 inch) are present in theinterval
above 758 ft, but they are not abundant. Sparse
larger vugs are d ongate a ong bedding planes. A thin
(0.1 ft) light reddish brown (5Y R6/3) organic-rich
zoneispresent at thetop of the Culebra.

The basal hydrostratigraphic unit (CU-4)
proposed for the Culebra by Holt (1997) does not
appear to have been recovered in cores. The partia
core recovered from ~770-762.5 ft probably
represents some combination of CU-3 and CU-2,
but the vuggy porosity that generally marksthese
hydrogratigraphic unitsispoorly sampled. The core
from the upper Culebra is characteristic of
hydrostratigraphic unit CU-1.

The geophysicd logs of the Culebraprovidea
few additiond detailsof theunit. Thenatura gamma
increases from a relatively low value of
~10-15API (American Petroleum Ingtitute) units
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(Fig. 2-4) near the base of the unit and then
increases toward the top, with small spikes. This
most likely represents amodest, general increase
upward in clay minerals and possibly organic
content. Theresgtivity log showsadigtinctive, lower
resistivity zone through the Culebrawith two thin
zonesof higher microresdtivity. Thefluid resstivity
log through the Culebra does not appear to be
sgnificantly affected by influx of lesssaline water,
though the fluid temperature log does show a
broad, dight decrease centered on the Culebra

2.2.2.3 Tamarisk Member

The natural gammalog of SNL -3 shows that
the Tamarisk Member occurs from 755-663 ft bgl
(Fig. 2-1). The Tamarisk comprises three basic
subunits: alower anhydrite, amiddle mudstoneto
halite, and an upper anhydrite; al three are clearly
shown by geophysical logs and were recorded by
cuttings during drilling. Powers and Holt (2000)
labeled these A-2, M-3/H-3, and A-3, respectively,
and showed that the lateral gradation from
mudstone M-3 to halite H-3 reflects|atera changes
in deposition. SNL-3islocated in the mudflat or
M-3 facies of these beds. The basal 34.6 ft and
upper 10.8 ft of the Tamarisk were cored; the
remainder of the unit is described on the basi s of
cuttingsand geophysica logs.

Theinformal unit anhydrite 2 (A-2; Fig. 2-4)
(Holt and Powers, 1988) at the base of the
Tamarisk is 19 ft thick (755-736 ft bgl) on the
geophysical logs. Coreretained from theinterval
was marked from 754.2—735.2 ft, an interval
thickness of 19 ft. A-2 is predominantly gray
anhydrite, with some gypsum as well as thin
claystoneinterbeds.

Abovethe contact with the Culebra (Fig. 2-7),
A-2 has subhorizontal bedding and laminae from
754.2—745.2 ft, with dips to ~15 degrees from
horizontal. The lower contact displaysfine, crinkly
laminaethat probably result fromaga growth. Sty
claystone occursat 753 ft. There are some possible
nodular textures below 747 ft.

A silty claystone in the core from
~745.2—744 ft isreddish brown (2.5Y R4/4) and

hasthin laminae at the top. This zone has numerous
thin gypsum-filled fractures ranging from
subhorizontd to subvertical. Thereare dickensides
on many fractures.

Gray anhydrite from 744—741 ft includes
fractures, dipping ~45 degreesfrom verticd, filled
with reddish-brown clay.

The claystone from 741—740.5 ft is reddish-
brown (2.5Y R4/4) and thinly laminated. A fracture,
dipping ~45 degreesfrom vertical, hasdickensides
parale tothedip.

From 740.5-735.2 ft, gray anhydrite and
gypsum appears to be nodular and bedded. The
interval aso includes disseminated gray clay or
organic materia. The upper contact issharp.

Theinformal Tamarisk unit mudstone-halite 3
(M-3/H-3; Fig. 2-4) (Holt and Powers, 1988) is
15 ft thick (736721 ft bgl) at SNL-3, based on
the geophysical logs. The cored interval marked
from 735.2—721.5 ft corresponds to the logged
interval, and the thicknesses are consistent within
thelimits of interpreting thelogs.

The basal contact with A-2 is sharp and is
erosond. M-3isdominantly claystone and slltstone
that can be subdivided by color and by verticd grain
size changes. The unit is reddish brown
(2.5YR4/4-5/4) from 735.2—723 ft and is gray
(2.5YRN5/-N3/) from 722.4—721.5 ft. A gray
gypsum bed from 723—-722.4 ft includes some dark
gray clay, some possiblethin clay laminae, and is
inclined at avery high anglefrom horizontal. From
735.2—728 ft, the claystone is conglomeratic with
pebbles decreasing upward. The upper contact may
be erosond, and thereis someloading deformetion.
A second fining-upward sequence of argillaceous
sitstoneto sty claystone occursfrom 728-725 ft,
and a third sequence occurs from 725-723 ft.
Some bedding is apparent in these fining-upward
sequences. Slickensides occur on fractures in
claystone dipping ~45 degrees from vertical, and
thereis somefibrous gypsum filling somefractures.
Thegray claystonefrom 722.4-721.5 ft isbedded,
and the bedding isinclined.

Theinformal unit anhydrite 3 (A-3; Fig. 2-4)
(Holt and Powers, 1988) occurs from
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721-663 ft bgl on geophysicd logs, athickness of
58 ft. Core markings for the base and top,
respectively, for thisunit are 721.5 ft and 662.1 ft,
for athickness of approximately 59.4 ft. The upper
and lower contacts were cored, and the main part
of theunit wasdrilled.

Approximately 1.9 ft of the basal A-3 were
cored, and this part of the unit is mainly gray
gypsum and anhydrite overlain by anhydrite
conglomerate. From 721.5-719.8 ft, the gypsum
and anhydrite islaminar, with a high-angle basal
contact. From 719.8-719.6 ft, the core reveals a
conglomerate of anhydrite clasts to 0.5-inch
diameter inaclay and sulfate matrix.

Most of A-3 was not cored, and the drilling
returned few cuttings for examination. The
geophysical log for natural gamma (Fig. 2-1)
indicates increased natural gamma for the
conglomerate near the base of A-3 associated with
the clay matrix. The natural gamma decreases
upward to 715 ft on thelog; this may indicate the
upper limit of the conglomeratic zone. From 720—
707 ft, the microresistivity log showsfour zones of
relatively high resistivity, indicating zones of lower
porosity. The bulk of A-3 displays low natural
gamma and other log properties consistent with
relatively uniform anhydrite.

Core from the upper 10.8 ft of A-3 is a
brownish-gray bedded anhydrite with some coarse
gypsum and thin (1-2 inch) carbonate bands.
Scattered nodules are poorly displayed. Carbonate
and organic-rich zones occur at 671.4,
670.45-670.5, 668, 666.6-666.2, 665.6-665, and
663.3-663 ft. There are some horizontal fractures
withfilling in carbonate zones.

The contact between the Tamarisk and the
overlying Magenta Dolomite Member has been
placed at a relatively sharp boundary between
anhydrite and dolomite. Nevertheless, the
depositional change is more gradational, as the
carbonate and sulfate alternate through the cored
zone.

The Tamarisk stratigraphy and thickness are
congstent with other drillholesand shaftsinthe area
(Holt and Powers, 1988) and do not suggest
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unusual conditions. Conglomerates at the base of
A-3 indicating erosion are also consistent with
depositional environments proposed for the unit
(Holt and Powers, 1988).

2.2.2.4 Magenta Dolomite Member

The Magenta Dolomite Member at SNL-3is
25 ft thick (663638 ft bgl) based on geophysical
logs. Core from the Magenta is marked from
662.1-638.6 ft, athickness of ~23.5 ft (Fig. 2-8).
Theentire unit was cored; recovery wasexcellent,
with little fragmentation.

The Magentaconssts of dolomite and gypsum,
anditiscommonly light gray (2.5YR7/2) to grayish
brown (2.5YR5/2) in core. The reddish-purple
color for which the Magentais named occursin
outcrop and apparently is a consequence of
weathering. The dominant characteristic of the
Magentain coresfrom SNL-3, like outcrops and
shaft exposures of the Magenta, is strong wavy to
laminar bedding. A few laminae are thicker than
0.5inch.There are zones of small rippleson minor
erosional surfaces and some isolated ripples
indicating a sediment starved depositiona system,
along with zones of algal stromatolites. Erosional
surfaces are present at 643.5 ft and 640.4 ft, and
there is slight soft-sediment deformation on the
erosona surface at 640.6 ft. Dolomite and gypsum
grainsare generaly medium sand size, with some
fineto very coarsegrains.

The base of the Magentaincludes dark layers
of organic matter from low-amplitude algal
stromatolites. Organic-rich laminae also occur from
646-643.5 ft and at 638.9 ft. These probable
sromatolites are cong stent with well-exposed dgd
featuresin the air intake shaft (Holt and Powers,
1990a; Powers and Holt, 1990). Nodular gypsum
in dolomiteis preserved from 640.9-640.4 ft and
isoverlain by one of the erosiona surfaces.

The core of the Magenta appears to be most
porousthrough theinterval from 651-641.5 ft, and
this coincides in part with the most organic-rich
zone from 646.3-643.4 ft. The microresistivity log
also decreases from ~652-641 ft. From 662.1—
656 ft, gypsum increasesin fractures at an angleto
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Figure 2-8 Magenta Dolomite Member of the

Rustler Formation at SNL-3
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bedding. A high-angle fracture was observed at
648 ft, but the unit isnot gresatly fractured.

Likethebasa contact of the Magenta, thetop
contact isplaced at arelatively sharp boundary in
the core, but the carbonate bandsin the overlying
sulfate show that the depositional environment
changed over sometime.

The Magenta is typical in thickness,
composition, and sedimentary features. The more
porous zone in the upper Magentais consistent in
thickness and stratigraphic position with porous
zonesin many other Magenta cores, although the
porosity may not be great. The Magentaislittle
fractured, especialy compared, for example, to
SNL-2, near Livingston Ridge (Powers and
Richardson, inreview).

2.2.2.5 Forty-niner Member

The Forty-niner Member at SNL-3 is 61 ft
thick (638-577 ft bgl), based on geophysical logs.
A changein drilling rates was noted at a depth of
~577 ft, consistent with the logging depths. The
Forty-niner isdescribed on the basis of cuttingsand
geophysical logs through the upper part of the
member to the coring depth beginning at 631 ft bgl.
All Forty-niner coring took placein thelower sulfate
bed of the member. Like the Tamarisk, the Forty-
niner congsts of upper and lower anhydriteswith a
middle unit that rangesfrom sltstone and claystone
at SNL-3 to halite east of the WIPP site area.
Powersand Holt (2000) informally designated these
unitsasA-4, M-4/H-4, and A-5, and they attributed
thelatera relationship between clastic beds (M-4)
and halite (H-4) to depositiona facies of mudflat—
sdine mudflat—sdtpan environments.

The lower unit, anhydrite 4 (A-4; Fig. 2-4)
(Holt and Powers, 1988), is gray to white very
coarse gypsum to finer anhydrite. A-4is17 ft thick
(638621 ft), based on geophysica logs. The
interval from drilling and coring is from
638.6-622 ft. The recovered core of A-4 from
638.6-631 ft islaminar to thin bedded, and thin
dolomite beds similar to the Magenta occur at
638.6-638, 637—636.8, 635.2-634.9, 633.9, and
633.4 ft. Some nodular texturesare arranged inthin
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beds. Thin (<0.25 inch) subhorizontal zones of
fibrous white gypsum are most prominent in
carbonate zones. Vertical fractures occur with
fibrous gypsum fill at 637 ft. This section was
placed stratigraphically in A-4 instead of the
M agenta because of the dominance of gypsum and
because of the continuous dolomite below 638.6 ft
(asmarked on the core).

Mudstone-halite 4 (M-4/H-4; Fig. 2-4)
(Holt and Powers, 1988) is~13 ft thick (621-608
ft bgl), based on the natural gammalog. Cuttings
returns and drilling ratesindicating clastics from
~610-622 ft are cond stent with the geophysicd log.
Cuttings from M-4 showed a lower dark gray
(7.5YRNY/) siltstone and an upper reddish-brown
claystone. Neither zonewas cdcareous, the slltstone
was better indurated than the claystone.

Thenaturd gammalog of M-4 showsamarked
decrease in the middle of the unit. This part of the
unit islikely more sandy and less argillaceous, but
cuttings were not sufficient to differentiate a sandy
bed.

The upper sulfate unit, anhydrite-5 (A-5), is
whiteto gray gypsum and anhydrite ranging from
coaretranducent gypsum to fineanhydrite. Itis~31
ft thick (608-577 ft bgl) at SNL-3.

2.2.3 Permo-Triassic Dewey Lake
Formation

The Dewey Lake Formation has most
commonly been assigned to the Permian System
(e.g., Hillsand Kottlowski, 1983), although there
is no direct evidence, either paleontological or
radiometric, of agein thevicinity of WIPP. More
recently, Renne and others (1996, 2001) obtained
radiometric (Ar-Ar) ages from ash beds near the
base of lithologically equivalent red beds
(Quartermaster Formation) inthe Texas panhandle.
These ages show that the basal Quartermaster is
Permian, but most of theformationisearly Triassic
in age. Although lithologic contacts are not
inherently isochronous, the particular relationships
of evaporites to red beds suggest that the
Dewey Lakeismainly Triasscin age (e.g., Schid,
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1988, 1994; Powers and Holt, 1999). Lucas and
Anderson (1993) have asserted that the
Quartermaster, and Dewey Lake, are Permianin
age, but more recent direct evidence supersedes
their discussion.

At SNL-3, the Dewey Lake is 483 ft thick
(57794 ft bgl) and is composed mainly of reddish
brown (2.5Y R5/4) interbedded sandy claystone,
siltstone, sandy siltstone, and fine—grained
sandstone. Small (< 0.04 inch) light olive brown
(2.5YR5/4) reduction spots are a common
characteristic of the Dewey Lake but are poorly
recorded by the fine cuttings at SNL-3. The
Dewey Lakeisdescribed on the basis of cuttings,
drilling rates, and geophysica log characterigtics.

Geophysical logs from SNL-3 can be
interpreted to indicate different basic sedimentary
regimes as well as porosity conditions
(e.g., Doveton, 1986). Thefollowing information
follows the basic template devel oped for a study
of the Dewey Lake hydrogeology (Powers, 2003)
and applied to other drillholes such as C-2737
(Powers, 2002b) and SNL-2 (Powers and
Richardson, inreview).

Only thelower two of three generd depositiond
regimes for the Dewey Lake Formation can be
clearly distinguished on natural gamma logs of
SNL-3 (Fig. 2-1). The base of the third may be
preserved.

The interval from 577-466 ft bgl in SNL-3
displaysthe natural gammaand resistivity features
of the lower Dewey Lake informally called the
basal bedded zone (Powers, 2003). The natural
gammafluctuates around asimilar vaue (~70 cps
inthiscase) over thisvertical interval. There are
zones of lower gamma, but there are no apparent
trendsover theentireinterval. Theresstivity tends
to fluctuate aswell, on avertical scale of ~4-40ft.
The fluctuations are too coarse to correlate with
other boreholes asis possible in somelogs. The
patterns are consistent with broad-scale bedding,
and theinterval correspondsto a bedded section
clearly exposed in the air intake shaft (Holt and
Powers, 1988).

Theinterva from 466-140 ft bgl (326 ft thick)
ismarked by generally upward increasing gamma
above thinner low gamma units. These are
interpreted as an interval of fining upward cycles
becauseincreasing natura gammaisfrequently an
indicator of finer clastic grain 9zes (Doveton, 1986;
Powers, 2003). The base of thisinterval is defined
by a sandstone unit from ~466-446 ft bgl. Near
the center of the gite, thisinterval ismorethan 300 ft
thick; at C-2737 it was 260 ft thick (Powers,
2002b). West of SNL-3, at SNL-2, sandstones of
the upper fining upward cycles are removed by
erosion (Powersand Richardson, in review).

The natural gamma log through the fining
upward cycles shows amarked decrease over the
interva from 214-200 ft, corresponding to very fine
to medium grained reddish brown sand and
sandstone cuttings. The sand grains are subangular
to well rounded and include few opaque grains.
This unit corresponds to sandstone 1 (ssl), a
persistent sandstonein this stratigraphic interval
(Powers, 2003).

The natural gamma appears to decrease
somewhat above 140 ft to the top of the preserved
Dewey Lake at 94 ft. Thisinterval istentatively
attributed to the third sequence, adight coarsening
upward cycle at the top of the Dewey Lake in
drillholesto the east of thisarea.

The broad sedimentological units definable by
natura gammalogsfor the Dewey Lake are present
and are generdly representative below the erosond
surface at 94 ft.

Cuttings from the upper Dewey Lake were
dightly calcareousto adepth of ~225 ft bgl. Below
~225 ft bgl, cuttings included gypsum and were
non-calcareous. Resistivity logs show an increase
at ~230-2001t bgl, acrosstheinterva including ssl.
Across the same interval, fluid temperature
decreases ~0.5 degree C. These changes suggest
there may be may be dight inflow from ssl to the
drillhole, dthough none was observed during drilling
(see Section 3.0). The neutron flux and density logs
are not helpful in defining this change in minerals
cementing the Dewey Lake.
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The boundary between natural carbonate
(above) and sulfate (below) cementsin the Dewey
Lake at ~225 ft bgl is similar to some other
drillholesinthe southern part of the WIPP Ste. This
cement change is observable in other coresfrom
the area (Powers, 2002b, 2003) and was reported
inthe air intake shaft (Holt and Powers, 1988).

Onthebassof theresstivity log (Fig. 2-1) and
by comparison with other similar situations, the
Dewey Lakeislikely to be moretransmissve above
~225 ft bgl, at or near the carbonate—sulfate
boundary. Thisisfurther discussed in Section 4.0.

2.2.4 Miocene-Pleistocene Gatufia
Formation

Based on the cuttings from drilling and
geophysical logs, the Gatufia occurs from
94-29 ft bgl. The Gatufiaat SNL-3 is primarily
reddish-brown (5YR4/4) to yellowish-red
(5Y R5/8) cal careous sandstone with pebble and
gravel zones. A zone of pebbleswas encountered
from 5744 ft bgl. Some of the upper Gatufiashows
MnQ, stains and extensive engulfing of grains by
carbonate from the overlying Mescaero cdiche. The
formation is porous and mottled due to pedogenic
processes.

The Gatufiagenerdly increasesinthicknessfrom
SNL-3 to the west toward SNL-2. The
depositiona edge of the formation at the WIPP site
isin the same genera areawhere the Santa Rosa
pinches out because of erosion that preceded
Gatuna deposition (Powers and Holt, 1993). The
Gatunaisrelatively thick at SNL-3, asitisalong
the Livingston Ridge escarpment west of thedrillhole
location. Bachman (1985) also found thicker
Gatufiain thisareaand suggested it wasfilling an
erosional valley. The SNL-3 data are consistent
withthisinterpretation.

The Gatufiarangesin agefrom at least 13.5to
~ 0.5 million years old (Powers and Holt, 1993).
SNL-3 is located east of an outcrop of
Lava Creek B ash found at the top of the Gatufia
by Bachman (Bachman, 1980; 1zett and Wil cox,
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1982). From generd relationshipsaong Livingston
Ridge, the Gatufia at SNL-3 includes younger
portions of the unit range, but it may aso represent
asgnificant portion of the age.

2.2.5 Pleistocene Mescalero caliche

The Mescderoisaninformal soil stratigraphic
unit defined by Bachman (1973). It iswidespread
in southeastern New Mexico, and it isacontinuous
stratigraphic unit at the WIPP site. Uranium-
disequilibrium agesindicate the Mescaero formed
as a pedogenic unit between ~570,000
(+ 100,000) and ~420,000 (+ 60,000) years ago
(Rosholt and McKinney, 1980). The ageisfurther
bounded by the Lava Creek B ash, ~600,000
yearsold, which underlies the Mescalero west of
SNL-3 aong Livingston Ridge (1 zett and Wilcox,
1982).

At SNL-3, the Mescalero is ~13 ft thick
(29-16 ft bgl). From cuttings, the Mescaleroisa
white to reddish brown, variegated calcareous
sandstone to sandy limestone. Chert pebbles are
included. Textures show evidence of pedogenic
processes such as nodule, ped, and laminae
development. Cuttingsweretoo limited to determine
if the upper portion of theunitislocally plugged or
if subhorizontal laminae are partially developed at
the upper surface. Bachman and Machette (1977)
classified six useful stages of pedogenic calcrete
development, ranging from | astheleast developed
to VI morphologies showing multiple generations of
calcrete development. (“Pedogenic calcrete’ is
preferred by many geologists and pedol ogists over
theterm “caliche’ because of thewidevariationin
use of the latter term.) The Mescalero is at |least
at stage IV at SNL-3. The Mescalero crops out
along the WIPP access road north of SNL-3
(Fig. 2-9) and is stage V to stage VI at that
location. The Triassic Santa Rosa Formation, not
present at SNL-3, underliesthe Mescalero at that
location. The Mescalero overliesDewey Lakein
thelow valley south of thisoutcrop, asillustrated
inFigure 2-10.
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2.2.6 Pleistocene Berino Soil and
Surficial Sands

The Berino is a yellowish-red (2.5Y R5/6)
sandstone that is friable and argillaceous. Sand
grainsarevery fineto medium. The Berino soil is
not ageologic unit; it isapedogenic unit defined
by the soil scientistsin the area (Chugg and others,
1971). At SNL-3, the Berino was not identified in
cuttings, although it occursin thevicinity of SNL-3
(Fig. 2-10). Yellowish red (5Y R5/6) sand, similar
to that in dunes surrounding the drill pad, was
recovered bel ow the pad construction fill to thetop
of the Mescalero at 16 ft. Imported Mescalero
caliche was used to construct the drilling pad,
forming ~1.5-t fill over the dune sands.

Figure 2-9. Mescalero Caliche Overlying Triassic Santa Rosa
Formation North of SNL-3. (View to south, from section 15, T21S,
R31E.)
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Berino soil

Figure 2-10. Berino Soil Overlying Weak Mescalero Caliche North of SNL-
3. (A: view to north, showing irregular eroded surface on the Mescalero. B:
east side of road cut, showing weak Mescalero developed on Dewey Lake
Formation.)
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3.0 PRELIMINARY HYDROLOGICAL
DATA FOR SNL-3

SNL-3 wasdrilled specifically to monitor water
levelsand water qudity from the Culebra Dolomite
Member of the Rustler Formation and to serve as
alocation for observations during pumping tests.

3.1 Checks for Shallow Groundwater
Above the Rustler Formation

Groundwater was not encountered in the
Dewey Lake or Gatufia Formations. After normal
overnight shutdown on August 14, thedrillholewas
checked for fluids using an electric probe. No
moisture was detected at the bottom of the open
drillhole, which was at 150 ft.

Atadepthof 212 ft bgl, intheDewey Lake, the
drillholewas observed for 59 minutesto determine
if groundwater was cominginto thedrillhole. The
returnair flow did not include moisture, indicating
nosgnificantinflow.

This depth was chosen for several reasons.
Cuittings had appeared dightly moist from ~184 ft
depth. Thedrillhole had reached theinformal ss1
associated by Powers (2003) with saturated zones
inthe upper Dewey Lakeinthe southern part of the
WIPPsdite. In addition, thedrillhole stability wasa
concern, giventhepoor induration of thesand at the
interva andthedifficulty of lifting cuttingsjust using
circulaingair. Following the period of observation,
drilling continued, using mist and Quik-Foam® for
hole stability and return of cuttings.

On the morning of August 18, after normal
weekend shutdown, an electric probe wasrun to
thebottom of thedrillhole, theninA-5 of theRustler
at 590 ft bgl. Possible moisture was detected at
587.40ft bgl. Nevertheless, after thedrillpipewas
run to the bottom of the hole, air circulated to the
surfacedid not include observablewater. Weinfer
littleor nowater production fromtheopendrillhole
above the Rustler from these observations.
Nevertheless, changes in fluid resistivity and
temperaturefrom 230-200ft inthegeophysica logs
(Fig. 2-1) arepossibleindicatorsof limitedinflow.

3.2 Initial Results From the Magenta
Dolomite

The lower Forty-niner, Magenta, and upper
Tamarisk were cored to 672.9 ft on August 18,
2003, and drilling was shut down overnight. On
August 19, 2003, the water level was determined
to be 600.9 ft bgl, using an electric probe in the
open drillhole. This water level is above the
Magentaand would stand in the upper anhydrite
(A-5) of the Forty-niner.

Previous checksindicatethat thedrillholewas
not yielding significant fluid above 590 ft. Themost
likely source of the inflow is the Magenta. It is
possible that the M-4 unit of the Forty-niner was
yieldingweter, asthat wasnot €iminated by thecheck
at adepth of 590 ft. Thedrillhole diameter was~6
inchesthrough this zone. With a69-ft column of
water, thetotal volumeof inflow was~14.1 cubicft,
or ~106 gallons, over aperiod of ~13.5hours. Itis
undetermined if the fluid level had reached
equilibrium.

3.3 Initial Results From the Culebra
Dolomite

After coring through the Culebrato a depth of
782 ft on August 20, 2003, drilling was shut down
for theevening. At 07:11 MDT onAugust 21, 2003,
the water level was 422.50 ft below the top of the
connector on the surface casing. Both Culebraand
Magentalikely contributed to thiswater level.

After thewell was completed, the Culebrawas
developed to prepare it for future testing and
monitoring. On September 17, 2003, seven bailers
of water and sediment were removed from SNL-3.
A pump wasthen placed in the hole. On September
18, pumping began a 6:55 M DT, but the meter was
not working. Pumping continued steady to 08:05;
measurement with a bucket indicated a pumping
rate of 10.5 gallons per minute (gpm). The water
was clear and steady. The pump was surged four
times over 25 minutes, and the water quickly
cleared. From 08:30 to 09:30, the pump was run
at ~10 gpm. The pump was turned off, and then
was surged again between 09:30 and 10:00. From
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10:00 to 11:30, the well was pumped at 10 gpm
with very clear water. Development was ended at
11:30; ~2,200 gallonswere produced by pumping.
The water density was measured at 1.042 grams/
cubic centimeter (g/cc).

On April 1, 2004, SNL-3 was jetted and
pumped to develop the well. The screen interval
was jetted in three passes, using 150 barrels of
water from the Jal Municipa system. A pump was
installed, and the well wasinitially pumped for ~2
hours &t rates between ~12-14 gpm. Thewd | was
surged four times and then was pumped again for
~1 hour at 13-13.5 gpm. The water was clear, and

Beginning October 2003, satic water levelsfor
the Culebrawere regularly measured (Table 3-1)
(Segd, 2004). Water levelsmeasured through May,
2004, aswell as calculated fresh-water-equivalent
(FWE) levels, areshownin Figure 3-1.

3.4 Observations About the Rustler—
Salado Contact
The Rustler-Salado contact was cored with
good recovery. Therewasnoindication during drilling
of changesindrilling fluid or of flow intothedrillhole
fromthiszoneaffectingthedrilling fluid returns Cores
acrossthe Rustler—Salado contact indicate likely

thefinal density was 1.028 g/cc. postdepositiona dissolution of the upper Salado.
Table 3-1
Culebra Water Levels and Elevations in SNL-3
Date Time Depth (ft) to |Water Elevation (ft | FWE Water Elevation
(MST) water level amsl) (ft amsl)
10/07/03 08:04 435.98 3054.36 3068.27
11/03/03 11:03 434.39 3055.95 3069.92
12/08/03 11:24 433.09 3057.25 3071.28
01/13/04 8:15 432.69 3057.65 3071.69
02/10/04 13:40 432.32 3058.02 3072.08
03/08/04 11:37 432.15 3058.19 3072.26
no April data because of pumping test
05/11/04 14:25| 424.93| 3065.41 3074.99

Source: Siegel, 2004. Measuring point reference for depth is 3,490.34 ft amsl.
Fluid density measured 4/1/04 is 1.028 g/cc.

Figure 3-1
Culebra Water Elevation at SNL-3
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4.0 SIGNIFICANCE/DISCUSSION

The materials used in completing SNL-3 are
expected to be stable over alengthy monitoring
period, in contrast to stedl casing in monitoring wells
drilled before 1995. Newer monitoring wells
provide construction experience for groundwater
surveillanceweIsthat may bedrilled in thefuture.

The lower Rustler and uppermost Salado were
cored to obtain direct evidence bearing on the status
of dissolution of halitein the uppermost Saladoin
this vicinity. Powers (2002a, 2003a), Holt and
Powers (2002), and Powers and others (2003)
showed an area (Fig. 4-1) where the interval
between the Vaca Triste Sandstone Member of the
Salado Formation and the top of the Culebrais
thinner than in the surrounding areas. Thiszoneis
interpreted as areentrant of the dissolution margin
from its broader association with Livingston Ridge
and the eastern margin of Nash Draw. Geophysica
logsfrom oil and gaswellsand potash drillhole data
generaly indicate the change in thickness occurs
because of dissolution of halite at the top of the
Salado. The relationship between upper Salado
dissolution and Culebra hydraulic properties
(Holt and Yarbrough, 2002; Powers and
others, 2003) indicatesthat the Culebraat SNL-3
should be affected by this process.

The cores across the boundary between the
Rustler and Salado preserved ~9 ft of sliciclastics,
with some gypsum, bel ow the base of the Rustler.
The gypsum immediately below the boundary
includesthin sltstones and may be ama gamated by
dissolution of haite. Approximately 2 ft of pinkish
sandstone, with rounded grains, overlying thetop
of haliteis unusual. The rounded grains suggest
considerable transport; grain rounding and the
amount of sand are not what is expected for a
dissolution residue. This zone needs careful
examination to determineif it isapost-depostiona
dissolution residue or a function of original
depositional environmentsand exposure. The hdite
underlying this sand shows corroded boundaries,
indicating fresher water circulated, but neither timing
nor process of circulation. There are somefractures

within the lower Rustler, and gypsum and halite
cements were not found. The lower Rustler is not
brecciated. Erosiond featuresin the basal Rustler,
similar to those found in large-diameter WIPP
shafts, also show that this is a sedimentary
accumulation with amodest amount of fracturing
that is congistent with, but probably not diagnostic
of, some postdepositional dissolution of the upper
Salado.

The uppermost Los Medafios (M-2/H-2) isnot
believed to include hdite at SNL-3, athough core
was not recovered from thisinterval. Geophysical
logs do not indicate any halite in this zone, and
deeper coresdo not include hdite. Thisiscons stent
with previoudy defined halite marginsfor thisunit
and adepostiond origin for mudstone-hditefacies.

Culebra core recovery was poor overall, with
most of the recovered core attributed to the upper
Culebra. Thisisacommon problem, and not one
that is specificto SNL-3. Resitivity logsindicate
rather uniform conditionsthrough the Culebra; there
isadlightly increased resistivity in the upper 4 ft,
which may indicate reduced porosity. In testing at
other locations, thelower Culebraisgenerdly more
transmissive than the upper Culebra. The Culebra
a SNL-3isonly ~20ft thick, lessthan in most other
drillholesin the area; and some of the hydraulic
zonesidentified for the Culebrain numerous other
drillholes cannot be verified at SNL-3.

The Magenta core showed some surface
porosity and wetting in the upper part that is at the
same zone where microresistivity decreased
noticeably, suggesting azonewith relatively higher
hydraulic conductivity compared to the rest of the
Magenta. Thewater level inthedrillhole after the
Magentawas cored rose abovethislevel, and this
zone of the Magentaisthe most likely source.

Cuttings and resistivity changes suggest that the
changein natural mineral cements of the Dewey
Lakeis~225ft bgl. Thispositionisjust below a
persistent sandstone that produces water in the
southern part of the WIPP site when the cement
boundary is below the sandstone (Powers, 2003b).
Powers (2003b) hypothesized that this cement
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boundary provides a perching horizon for natural
groundwater. The broad trend for thisboundary is
to be stratigraphically low west and south of the
WIPP site center and stratigraphically higher inthe
center and eastern part of the site (Powers, 2003Db).
The boundary tendsto drop stratigraphically to the
north of the WIPP site center, but SNL-3 provides

additional data. There does not appear to be a
saturated zone at thisboundary in SNL-3, or inany
other part of the Dewey Lake, in view of the
observation periodsduring drilling. Only the changes
in fluid temperature and resistivity suggest there
might have been somefluid inflow from thiszone.
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Appendix A
Drillnole Objectives

Thebasic document providing thebasisfor thedrillhole and operationsisthe Program Plan WIPP
Integrated Groundwater Hydrology Program, FY 03-09 (Revision 0; SandiaNational Laboratories,
2003). Themain objectivesareto resolve questions about water-level changes, provide datafor
modeling groundwater hydrology, and construct anetwork of wellsto monitor groundwater through the
WIPP operational period. Sectionsof thisdocument relevant to thisdrillhole have been reproduced on
thefollowing pages, with the page number of the section preceding theextract and anelipsis(...)
following the end of the extracted section. A few figures have beenincluded, but referencesand most
figuresarenot included. Theoriginal document (SandiaNational Laboratories, 2003) should be
consulted for compl ete detail sand context for the program. Acronymsin the extracted text may not
haveadefinitionincludedin the extracted text.
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p. 39:

5. Description of Field Activities

A variety of field activities are planned to address the issues discussed in Section 3 and provide
data needed for the modeling activities discussed in Section 4. To the extent possible, the
activities represent an integrated approach to addressing all of the issues simultaneously, rather
than a piecemeal approach that addresses each issue individually. The principal components of
the field activities are drilling and logging of new and replacement wells, testing in individual
wells, large-scale testing involving many wells, recompletion of existing wells, and plugging and
abandonment of old wells. In addition, we anticipate that various ancillary activities will be
necessary to collect information to support scenario evaluation and conceptual model
development. The planned schedule for the field activities, as well as for the modeling activities,
is described in Section 6. The activities described below represent our best current estimate of
the work that will be needed. Clearly, the activities conducted in FY04 and later years are
necessarily contingent on the results of previous years’ field and modeling activities. As
described in Section 11, a meeting of all parties involved in the hydrology program will be held
annually to evaluate progress to date and develop final plans for the coming year.

5.1 New and Replacement Wells

Twelve locations have been identified where data from new wells are needed. These locations
are designated with “SNL-#” labels in this document. Some of these wells are expected to
provide information directly relevant to the scenarios under consideration, while others will
provide information needed to support our conceptual and numerical models. In addition, a
long-term Culebra monitoring network consisting of fiberglass-cased wells at potentially 21
locations has been designed to provide the data needed for compliance with the requirements of
the WIPP HWFP. These wells will replace the existing network of steel-cased wells that are
deteriorating and in need of plugging and abandonment. The 21 locations for the long-term
monitoring network are designated with “WTS-#" labels. Well locations have been optimized so
that five wells can serve as both SNL and WTS wells, reducing the total to 28 locations.
Preliminary locations for the wells are shown in Figure 8. However, the final number and
locations of the WTS wells will be optimized based on the modeling described in Section 4.
Seven other existing well locations outside the extent of the HWFP network have been identified
that will likely require replacement wells in the future to continue to provide data needed for
Culebra modeling. New Magenta wells will be installed at six of the SNL- and WTS-designated
locations to provide data needed for scenario evaluation and modeling. Five Dewey Lake wells
are planned for locations north of the WIPP site where Dewey Lake water is encountered while
drilling the Culebra wells. The justifications for the 12 SNL locations are given below, followed
by the justifications for the WTS locations and the “far-field” replacement locations. Table 1
shows the roles to be played by each of the wells. The sequencing of drilling and testing in the
new wells is described and explained in Section 6.
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5.1.1 SNL Well Justifications...

SNL-3: This Culebra well is to be located in the northern re-entrant of inferred dissolution
extending to the southeast from Nash Draw (see Figure 8). If present, this dissolution re-entrant
may short-circuit the long recharge path assumed for the Culebra in the CCA, and allow
anthropogenically induced changes in the flow regime in Nash Draw to affect the Culebra (and
Magenta) at the WIPP site. Alternatively, it could act as a drain on the unfractured, low-
transmissivity Culebra lying to the east. This area has also been recently targeted for oil
exploration. Logs were obtained from as many of these wells as possible to help optimize the
location of SNL-3. Specifically, the logs were used to identify the boundaries of the dissolution
re-entrant so that SNL-3 could be located as centrally within the re-entrant as possible. Six
primary purposes will be served by SNL-3:

1. determine if dissolution of the upper Salado has in fact occurred at this location;

2. determine if the inferred dissolution of the upper Salado has resulted in increased Culebra
transmissivity;

3. determine if the flow dimension inferred from a pumping test is consistent with a
bounded, linear feature, or indicates connection with a larger volume of the Culebra;

4. determine if shallow (e.g., Dewey Lake) water is present above the Magenta that could be

leaking into the Culebra and Magenta through poorly plugged boreholes;

determine the direction of flow at this location; and

6. provide a monitoring location for a large-scale (multipad) pumping test (centered at
SNL-5) to provide transient data for calibration of the Culebra model north of the WIPP
site.

o

If water is found in the Dewey Lake, a Dewey Lake well may also be installed at the SNL-3

location.
p. 41:
Table 1. Roles Served by Planned Wells.

Addresses Provides Provides Provides Provides
leakage Addresses | Addresses | Addresses model other information | information

Well from high-T leaking Salado boundary information supporting on flow

tailings conduits boreholes | dissolution condition needed for conceptual across

pile information modeling model WIPP site

SNL-3 X X X
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p. 56.
Table 2. Testing to Be Performed in New/Replacement Wells.
. Scanning Testing Not
4-day Slug Multipad Colloidal Needed—
Well Pumping Pumping
Tests Borescope | Replacement
Test Test :
Logging Well
SNL-3 C,DL? C

C=Culebra well

M=Magenta well

DL=Dewey Lake well

p. 57

5.3.2 Multipad Pumping Tests ...

Well SNL-9/WTS-2 will be the pumping well for the western multipad test, with observation
wells as shown in Figure 18[not included].

wells for the test.

fallback pumping locations.

41

Provided that it is able to produce at least
approximately 5 gpm, SNL-5 will be the pumping well for the northern multipad test, with
observation wells as shown in Figure 19. If SNL-5 does not have the needed pumping capacity,
SNL-11, SNL-3, and WTS-12 (in that order) will be considered as potential fallback pumping
The pumping well for the southern multipad test will prospectively be
SNL-12/WTS-10, with observation wells as shown in Figure 20. Should SNL-12/WTS-10 not
have the required pumping capacity, WTS-11 and WTS-6 (in that order) will be considered as
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p. 58
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Figure 19. Pumping well and principal observation wells for northern multipad pumping test.
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p. 61

5.3.3 Scanning Colloidal Borescope Logging

Direct measurement of the direction of groundwater flow is needed in the inferred Salado
dissolution re-entrants, near the Mississippi East tailings pile, and on the edge of Nash Draw.
Therefore, after SNL-1, 2, 3, 7, 9, and 11 have recovered from well development or pumping
tests, the screened intervals of both the Culebra and Magenta (if present) wells will be logged
using the scanning colloidal borescope. The scanning colloidal borescope images colloidal-
size particles moving with the water through the wellbore, and tracks their motion to
determine the direction and velocity of groundwater flow. In SNL-3 and 9, this will provide
direct indications of whether the dissolution re-entrants serve as sources of fluid to the WIPP
site, or as sinks for fluids coming from the east and north. In all cases, the information will
be useful in flow model calibration.

p. 69
Table 4. Expectations and Contingent Actions for New Wells.
Well Expectations Possible Actions if Expectations
Not Met
SNL-3 | « dissolution of upper Salado  increases importance of SNL-5
e high CulebraT and SNL-11 in understanding
e subradial flow dimension flow north of the site
o flow direction parallel to dissolution | e shifts more focus on cause of
re-entrant water-level rise to Nash Draw
p. 72

Table 5. Anticipated Total Depths of Proposed Wells.

Culebra Magenta Dewey
Location Well Depth | Well Depth | Lake Well
(ft) (ft) Depth (ft)
SNL-3 940* ??

*depth to MB103
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p. 73

Dissolution of the upper Salado Formation will be studied in up to eight drilling locations:
SNL-2, 3,4,7,9,and 12 and WTS-4 and 6. At these selected locations, the boreholes that will
become the Culebra wells will be cored from the lower part of the upper Tamarisk anhydrite to
the halite beds of the upper Salado (approximately 175 ft), and then will be rotary drilled through
Marker Bed (MB) 103. If MB100, 101, or 102 are well defined, the on-site geologist together
with the Lead Hydrologist and Field Operations Lead may terminate drilling at any one of these
marker beds. If MB103 is disturbed by deeper dissolution, the borehole may need to be
deepened by an estimated additional 100 ft by rotary drilling through MB109 or other suitable
stratigraphic marker bed as determined by the on-site geologist in consultation with the Lead
Hydrologist and Field Operations Lead. This decision is most likely for four holes (SNL-2,
SNL-3, SNL-11, and SNL-12) where the uppermost Salado may have been dissolved to greater
depths, obscuring the upper Salado stratigraphic record. After all desired core and geophysical
logs have been collected from the upper Salado, the holes will be plugged with cement back to a
depth approximately 20 ft below the base of the Culebra before the upper part of the hole is
reamed to its final diameter.

Available information is adequate to justify coring the upper Salado in holes SNL-2, SNL-3, and
SNL-9. ...

p. 74

7.3 Logging

Open-hole geophysical logging will be performed after each Culebra hole is drilled to total depth
and reamed, but before the casing and well screen are installed. Wells drilled into the upper
Salado will be logged prior to reaming, and caliper logging will be repeated after reaming. The
suite of logs to be run in all wells includes: natural gamma, resistivity (induction if the well is not
fluid-filled), neutron, density, and caliper. These logs will be used to confirm stratigraphic
contact depths determined from core, and will aid in selecting final casing and screening depths.
In addition, a high-resolution microresistivity log (e.g., FMI, FMS, EMI) will be run in the
SNL-2 Culebra well to determine its effectiveness at identifying fractures and their orientations.
If successful, a microresistivity log may be run in other holes. In the Magenta and Dewey Lake
wells, only natural gamma and caliper logs are planned, although resistivity (or induction) and
neutron logs could be required in Dewey Lake wells to resolve uncertainty about the zone of
saturation. After well completion, an acoustic cement-bond log may be run to provide a baseline
of cement conditions behind the well casing. The logger must provide all logs in both paper and
digital form.
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Appendix B
Abridged Borehole History

The abridged borehol e history hasbeen prepared by compiling information fromdriller’ sreports
by West TexasWater Well Services (WTWWS) personnel, on-sitereporting by Washington
Regulatory and Environmenta Services(WRES) personnel, and geologiclogsby DennisW. Powers.
Themaininformationisfrom WTWWSreports, which arereported as Central Daylight time. For
consistency, al informationin theabridged borehol e history hasbeen converted to Central Daylight
time, regardlessof source. Origind filesare maintained by WRESIin the Environmental Monitoring and
Hydrology Section.
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Note: Theabridged drillholehistory provided here hasbeen compiled mainly fromthedaily
records produced by personnel of West Texas Water Well Service (WTWWS) and provided to Ron
Richardson (Washington Regul atory and Environmenta Services). Theinformation hasbeen reformatted
and has been modestly edited. Additionsto the record from notes by Dennis Powersor other
personnel areinitalics. All timesreported inthe abridged drillholehistory arein CDT (Central Day-
light Time) asrecorded by WTWWS becausethey operatefrom Odessa, TX. Any additional notes
included here(initalics) withtimesrecordedinMDT (Mountain Daylight Time) at the site have been
converted to CDT. Geologiclogs(main body of text) havetimesasM DT, and timesin the geologiclogs
commonly vary dightly fromdriller’ slog after allowing for thehour timedifference.

8-14-03 Arrived on SNL-3 siteat 07:00 CDT (seenote above). Drilled through drillpad, sand
and calicheto 18ft. Set temporary casing. Drilled withair to 150 ft.

8-15-03 Arrived on siteat 07:00. Held safety meeting. Measured fluid level, dry hole. Started
trippinginat 07:15. Began drilling 7 7/8" holeat 07:30. Drilled from 150' to 160" by 07:45. Paused for
rig maintenance. Continued drilling from 160" at 07:58. Moist cuttings at 190'. Blew hole dry.
Continued drilling from 190" at 08:42. Drilled to 212' by 09:00. Cuttings are moist and poorly
lithified. Paused to verify whether holewas producing water. Concluded that well does not appear
to be producing water. Due to poorly consolidated sand zones, decided to continue drilling with
mist. Continued drilling at 10:00. Drilled to 338" by 13:00. Drilling rateincreased noticeably.
Stopped for lunch. Continued drilling at 13:40. Drilled to 592' by 18:10. Tripped out. Left siteat 19:00.

8-18-03 Arrived onsiteat 08:00. Held safety meeting. Repaired entrance gate at 08:15. M easured
static water at 587.4'. Started tripping into holeat 08:30. No fluid blown fromhole. Began drilling at
09:15. Drilled from 590’ to 631" by 10:05. Tripped out of hole. Set up coring tool at 10:30. Started
tripping back into holeat 11:15. Began corerun#1 at 12:10. Cored 26' from 631’ to 657" by 12:45.
Tripped out of hole. Stopped for lunch at 13:20. Collected core at 14:00. Prepared coring tool for next
run. Started tripping into holeat 14:17. Began corerun#2 at 15:10. Cored approximately 15' from
657't0672.9'. Started tripping out of holeat 15:40. Collected coreat 16:47. Secured siteand | eft for
evening.

8-19-03 Arrived onsiteat 07:00. Held safety meeting. Measured fluid level at 600.9'. Started
tripping into hole at 07:36. Reamed hole until 09:00. Compressor down. A. Rivasand D. Ripley arrived
onsitefor safety inspection at 10.30. Instructed WTWAW to reroute water lineand block wheelson
water-pipetruck. No other safety concer nswere noted. Returned from Hobbs and replaced fuel
filter torepair compressor. Continued reaming at 11:45. Drilled to 720 by 13:12. Tripped out of hole.
Prepared coring tool at 13:50. Started tripping back into holeat 14:10. Began corerun#3 at 15:05.
Cored 30 from 720" to 750 by 16:07. Tripped out of hole. Collected core at 16:45. Reassembl ed
coringtool at 17:05. Shut down for evening and left siteat 17:30.

8-20-03 Arrived on siteat 07:00. Held safety meeting. Measured fluid level in hole—dry.
Started tripping in at 07:15. Blew hole out without adding foam and the hole (as expected) made
water. Most probable explanation is that a part of the hole squeezed in enough to obstruct the
water level probe. Cleaned out 15' fill at 08:30. Began corerun#4 at 08:45. Cored approximately
12.5' before core barrel jammed. Started tripping out at 09:16. Tore down core barrel at 09:57.
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Retrieved 8' core. Started tripping back into holeat 10:11. Began corerun#5at 11:12. Cored 19.5'
(762.5't0 782") by 12:20. Recovered 7.5'. Tripped out of hole. Stopped for lunch at 13:05. Laid out
coreat 13:35; rig diverter down. Began rigging up portablepit at 15:00. Secured siteand | eft for
evening.

8-21-03 Arrived onsiteat 07:00. Held safety meeting. Measured static water level at 422.5
below temporary collar. Prepared to switch to mud drilling. Started tripping into hole at 09:05; 20' of
fill. Began circulating bottom with brine at 10:45. Began corerun #6 at 11:40. Cored 30' from 782' to
812" by 13:15. Circulated. Started tripping out of holeat 13:40. Retrived coreat 14:35. Recovered
27.2'. Started tripping back into hole at 14:45. Circulated bottom of holeat 15:35. Began corerun#7
at 15:40. Cored 27' from 812' to 839' by 16:40. Circulated hole. Started tripping out at 16:55. L eft
corehanging in hole. Secured Site and | eft for evening.

8-22-03 Arrived on site 07:00. Measured fluid level at 65' bel ow surface casing. Laid down core
from day before. Recovered 15.2'. Tripped into hole; about 4' of fill. Began cuting core#8 from 839" at
09:06. Cut 17" of core, and tripped out from 11:40 to 12:00. Laid down core. Trippedinto holeand
began coring run#9 at 13:12. Cut 25' of coreto 881" at 14:39. Tripped out of hole, laid down core.
Recovered 22.4'. Left Siteat 17:50.

8-23-03 Arrived on siteat 07:00. Held safety meeting. Rigged up 18" bit for surface casing.
Measured static water level at 85.4'. Began drilling 30' of 18" holeat 07:45. Set 30 of 13 3/8" casing.
Mixed 27 bags of Portland cement at 11:00. Tremie cement into annulus. Secured sSiteand | eft for
weekend.

8-25-03 Arrived on siteat 08:00. On stand-by. Held safety meeting at 08:15. M easured static
water level at 47.8'. Started tripping in at 08:30. Circulated hole. Began reaming 6%4' coreholeto
77/8" from 720" at 10:25. Wash out at 735' to 748'. Worked on lift pump at 11:30. Wash out at 765'
to 770 Finished reaming to 881" at 13:30. Circulated hole. Began drilling 7 7/8" holefrom 881" at
14:51. Drilled to 970" by 17:25. Circulated hole. Began tripping out at 18:00. Secured siteand | eft for
evening.

8-26-03 Arrived onsiteat 07:45. Held safety meeting. On stand-by for logger. Measured static
water level at 20'. Beganlogging well at 09:00. Finished logging at 13:50. Began running tremmie pipe
at 13:55. Mixed cement; pumped 2.3 yards (470 gallons of water and atotal of 49 bags of Portland
cement) at 15:30. Cleaned out mud pump. Started tripping out at 16:25. Secured siteand | eft for
evening.

8-27-03 Arrived onsiteat 08:00. Held safety meeting. Started tripping into hole at 08:55. Tagged
cement at 776'. Started tripping out at 10:37. Rigged up to ream 12%4". Shut downrig to let cement set
for 24 hours. Secured site and left for evening at 11:45.

8-28-03 Arrived onsiteat 07:00. Held safety meeting. M easured static water level at 65.3'. Began

reamingto 12v4" from 30'to 180" at 07:15. Stopped reaming and shut downrig at 12:30. Attended
meeting at WIPP siteregarding the broken water lineat SNL -3. Returned to siteand resumed reaming
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from 180" at 14:00. Reamed to 225' by 15:30. Circulated holeat 15:30. Began tripping out at 15:40.
Secured siteand | eft for evening.

9-02-03 Held safety meetingin Odessa. Arrived on siteat 10:00. Performed rig maintenance.
Measured static water level at 68.5'. Started tripping in at 10:20. Began drilled 12v4" from 225’ at
10:40. Drilled to 307" by 17:50. Circul ated hole. Began tripping out at 18:00. Secured siteand | eft for
evening.

9-03-03 Arrived on siteat 07:00. Held safety meeting. Measured static water level at 16'. Ser-
vicedrigat 07:15. Replaced 12v4" bit. Tripped in. Began drilling 12%4" from 307" at 08:45. Drilled to
339 by 11:50. Drilled to 403 by 15:47. Drilling rate hasincreased in the last 40'. Drilling rate
slowed again by 16:00. Drilled to 424' by 17:00. Circul ated hole and tripped out. Secured siteand | eft
forevening at 17:50.

9-04-03 Arrived onsiteat 07:00. Held safety meeting. Measured static water level at 42.4'.
Servicedrigat 07:15. Tripped in. Began drilling 12%/4” from 424’ at 07:50. Drilled to 498" by 12:45.
Drilledto 557" by 17:15. Circulated hole. Begantripping out at 17:30. Secured site and | eft for evening.

9-05-03 Arrived on siteat 07:00. Held safety meeting. Measured fluid level at 76'. Servicedrig
at 07:15. Tripped in. Reamed back to bottom of hole. Began drilling 124" from 557" at 09:00. Drilled
to 600" by 17:00. Circulated hole. Started tripping out at 17:50. Bit broken. Secured siteand | eft for
evening.

9-06-03 Arrived on siteat 07:00. Held safety meeting. Measured fluid in hole at 54'. On stand-
by for 124" bit from Odessa. Rigged up replacement bit at 09:00. Started tripping into hole at 09:10.
Drilled 2" —hard drilling. Planned to trip in with 9 5/8" bit on 6-08-03. Tripped out and shut down site
for weekend.

9-08-03 Arrived onsiteat 08:00. Held safety meeting. Serviced rig at 08:15. Measured fluid
level inholeat 94'. Changed 12Y4” bit for 95/8" bit. Trippedin. Began drilling from 602" at 09:40.
Drilled to 625' by 10:30. Drilled to 656' by 12:20. Drilled to 720" by 16:30. Drilled to 751 by
17:32. Drilledto 782" by 18:30. Circul ated hole and tripped out. Secured siteand | ft for evening.

9-09-03 Arrived on siteat 07:00. Held safety meeting. Serviced rig at 07:15. Changed 9 5/8" bit
for 124" bit. Measured static water level at 28'. Started tripping into holeat 07:30. Reamed through the
Dewey Lake. Begandrilling 12%4" from 602" at 09:00. Drilledto 625' by 10:25. Drilled to 688’ by
18:05. Circulated holeand tripped out. Secured Siteand | eft for evening.

9-10-03 Arrived onsiteat 07:00. Held safety meeting. Servicedrig at 07:15. Started trippinginto
holeat 07:30. Reamed to the Dewey L ake. Began drilling 12%4" from 688" at 09:00. Drilled to 720" by
12:50. Drilledto 751" by 15:35. Drilled to 782" by 17:15. Drilled to 785' by 18:15. Circulated hole
and tripped out. Ran caliper log from 19:30to 20:15. Secured sSiteand | eft for evening.

9-11-03 Arrived onsiteat 07:00. Held safety meeting. Serviced rig. Measured static water level at
30 Trippedinto hole. Reamed each joint down asholewas swelling. Totd of 35' of fill. Circulated hole
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at 09:45. Started tripping out of holeat 11:00. Prepared tremmiepipeat 11:35. Began running 5"
diameter fiberglass casing. Bottom 10.50' wasblank; 19.65' screen, and blank to surface. of whichthe.
Landed casing at 783.50" bel ow top of conductor pipe. Ran 27 joints, 794.75', and | eft 2' stickup for
locking cap. Pumped 27 sacksof 8/16 Colorado silicasand. Pumped 5 sacks of baroid hole plug.
Grout pump down at 18:00. Cement trucks on stand-by, waiting for part from Odessa. Started pumping
19yardsof cement (513 bags) at 21:45. Pulled tremmie pipe. Shut down rig and secured sitefor night
at 12:35 (am, 9-12-03).

9-12-03 Arrived onsiteat 11:00. Held safety meeting. Rantremmiepipein casing at 11:15.
Flushed with clean water. Tripped out at 13:00. Shut down rig and secured site.

9-17-03 Arrived on site at 09:20. Sarted bailing well; water was very red and muddy with
chunks of red clay in bailer. Observed screen slot impressions on clay. Removed about 7 bailers,
with red clay chunks in water. Collected 5 more bailers of water, with water still very muddy and
including small amounts of clay chunks. Slopped bailing at 10:35 and set up to install pump. Wil|
set pump about 2’ from base of screen. Pump set at about 771 ft at 13:00. Tested electric cable at
surface; found short, removed from hole. Checked pump and all cable without finding short.
Used 500" of new cable, started back in hole with tubing at 16:40. Leave site at 17:40.

9-18-03 Arrived on site at 07:20. Sarted generator for pump and turned pump on at 07:45.
Flow started at about 12 gpm at 7:55; meter is not working. Water started to get muddy at
08:12. Flow steady at 10-12 gpm at 08: 20; water cleared up. Measured flow with 5 gallon bucket
at 08:30. Five gallons/28 seconds is 10.5 gpm. Flow is steady and slightly silty. Pumping clear
and steady at 10 gpm at 08:45. Turned pump off at 09:05. Pumped 10 gpm for 70 minutes for a
total of 700 gallons. Surged well 4 times by 09:30. Water cleared up quickly, pumping steady at
10-11 gpm. Pumped 60 minutes (to 10:30) at 10 gpm for 600 more gallons, and turned pump off.
Surged 3 times between 10:30 and 11:00. Began pumping again at 11:00 until 12:30. Sopped
pumping after 90 minutes at 10 gpm for additional 900 gallons. Ended development. Fluid
density measured at 1.042 g/cc. Total of 2200 gallons pumped.

4-1-04 Arrived on site at 08:00. Set up to jet at 200 psi across 20 ft screen interval. Source
iS150 barrels of Jal Municipal water. Repaired transfer pump. Completed first full passat 09: 10.
Water issilty, tan with black flakes, but is not really muddy. Completed second full pass by 09:21;
water is cleaning up well. Pumped 110 barrels for jetting by 09:30. Completed third full pass by
08:42; water isvery clear, with no flakes. Pumped full 150 barrels by 09:50; water clear. Sopped
Jetting. Pulled pipe to get ready to set pump. Back in hole with pump and pipe. Set pump at same
point as jet tool at 775.38 ft, 2’ below screen. Completed rigging discharge pipe. Sarted intial
pumping at 12:05. First flow rate was 13 gpm at 12:13. Flow rate at 12:20 was 13 gpm. Flow
rate at 12:25 was 13 gpm. Flow rate at 12:30 was 12.5 gpm; water was slightly milky, tanin
color. Flow rate at 12:40 was 12.7 gpm. Flow rate at 12:50 was 12.8 gpm. Flow rate at 13:00
was 13 gpm. Flow rate at 13:15 was 13.5 gpm and rising; water is clear with air bubbles. Flow
rate at 13:30 was 13.7 gpm; fluid density = 1.025 g/cc, temperature = 24.6 degrees C. Flow rate
at 14:00 was 13.7 gpm; water was crytal clear. Surged well 4 times on and off. Pump back on at
14:35; water isvery clear. Flow rate at 14:45 was 13 gpm. Flow rate at 15:00 was 13.5 gpm;
fluid density was 1.029 g/cc, and temperature was 23.9 degrees C. Water was crystal clear. Flow
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rate at 15:15 was 13.5 gpm; fluid density = 1.029 g/cc, and temper ature was 24.0 degrees C.
Flow rate at 15:25 was 13.4 gpm; fluid density was 1.028 g/cc, and temperature was 23.9
degrees C. Pump was turned off at 15:30. Water was crystal clear, with no flakes. Surging did not
cause water to become turbid. Total discharge during pumping was 2366 gallons. Sarted pulling
pump from well at 15:40. Pump out of hole by 16:30; loaded up equipment. Departed SNL-3 at
17:15 for portacamp.
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Appendix C
Geologic Logs

Note: Theorigina field descriptionsand graphiclogswere prepared at somewhat variable
scales, and thegraphiclogsfor publication were generally produced at 10 or 20 vertical ft per inch, as
indicated inthe header for thelog.

Thefield descriptionswererelated to depth based on drilling information and corerecovery as
best determined inthefield. Core and samplefootagesare marked accordingly and can vary somewhat
from depths determined for stratigraphic unitsbased on geophysical logs (see Table 2-1 of text). Core
depth markingshave not been revised toreflect later geophysical log data. Depthsused for completing
thewell are based on geophysical logs.

51



Appendix C Geologic Logs

Explanation of Symbols Used in
Lithologic Logs (Appendix C)
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Oolites

Wavy bedding

A A
A AN

V
s

Stromatolites,
algal bedding

Vertical gypsum crystals
Gypsum nodules

O

D
/

Clasts, may show
lithology as fill pattern

Brecciated, fractures

Fractures, filled or
unfilled

Erosional boundary

Sharp lithologic contact

— — = = Gradational lithologic

contactsr
sl Slickensides
ns No cuttings sample

Symbols may be combined; not all symbols may be used
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Basic Data Report for Drillhole SNL-3 (C-2949)

DOE/WIPP 03-3294

CORE LOG

Sheet 1 of 10

SNL-3

Hole ID:

Location: about 2369 ft fsl, about 2701 ft fwl, sec. 34, T21S, R31E

Drill Date: 8/14/03-8/25/03 Drill Method: rotary

Drill Make/Model:

Hole Diameter: initial 7.875 inches

Gardner-Denver 1500

Barrel Specs: 6in o0.d., 4 in core

Drill Crew: West Texas Water Well | Hole Depth:  TD 970 ft Drill Fluid: _ air; foam, brine

Service (Ronnie Keith, driller) Hole Orient:  vertical downward Core Preserv: box as is

Logged by: Dennis W. Powers, Ph.D., Consulting Geologist Date: 8/14/03 Scale: variable
Northing Easting Elevation

Survey Coordinate (Zone 13): (m)

3589046.84 N (UTM NAD27)

616102.67 E (UTM NAD27)

3488.26 ft
(brass marker at surface)

Comdments: The State Engineer assigned the number C-2949 for this well, and official records reflect this number. The reference

elevation Tor coring and drilling is ground Tevel. Differences in stratigraphic intervals compared to geophysical logs derive mainly

from uncertainties during drilling and from core recovery. Core depth marks were based on best estimate of recovered depths.

Description

Remarks

Construction fill (caliche) to ~ 1.5 ft

1.5-16.0 ft Sand, yellowish red (5YR5/6), non-
calcareous, very fine to fine grained, subround to
round (dune sand).

16-29 ft Caliche (limestone), sandy, gravelly; white to
reddish brown, variegated; chert pebbles scattered

through lower half. Sand increasing downward,
carbonate decreases.

Sandstone, yellowish red (5YR5/8) to reddish brown
(5YRA4/4) downward, very calcareous, with small
pebbles of chert from about 44 ft to 57 ft, some MnO2

58 ft Sandstone, light brown, fine to coarse,
subangular grains may be separated by carbonate

Begin 1150 MDT;
12.25 inch hole to
18 ft, place
temporary 8.625
inch o.d. casing to
18 ft.

16 ft @ 1235 MDT

Begin drilling @ 18
ft @ 1430 MDT

25 ft @ 1432 MDT

30 ft @ 1433 MDT
add jt

45 ft @ 1449 MDT

50 ft @ 1456 MDT

60 ft @ 1500 MDT
add jt

)
. o ™
[0} s [ o
S€ =R 3 a 2>
xS ;8L 3 o S x
z [vd 84 a8
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U N —
< < < .
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L
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=
€
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Q
2
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@
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c2 §
c |
[}
g
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£
5
© a
stains
A0 C-4
e AV J
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50 C-7
— c-8 cement.
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Appendix C Geologic Logs

CORE LOG
Hole 1D: _ SNL-3 (cont. sheet) Sheet __ 2 of _10
Logged by: Dennis W. Powers, Ph.D., consulting geologist Date: 8/14/03
° —~
— = Q
[} - [} =%
c o = B3 Q9 X
& g §f_-3 § 8‘ E : Description Remarks
z — o4 @ a8
N @
Iadal
oY
< < | L e - .
> > > |:... 0] 60-95 ft: sandstone, similar to section from
S-L0 . il ~30-40 ft, with some zones of pebbles
AR 70 ft @ 1511 MDT
+0— c9 o @
.2~ zone of fine-grained dark reddish sand
86— c1o PRI 80 ft @ 1515 MDT
%) e ‘;" . ‘0 /
< Bl (R
£ ST
(]
©
@
Q.
£
8
= 90 ft @ 1520 MDT
90— cu1 g add jt
o ~ .
£ .. | Base of Gatufia Formation
£ J 94 ft _
Cl2 5 Top of Dewey Lake Formation
3
TAn E = ) ) 100 ft @ 1532 MDT
*ou—| C13 @ 95-577 ft: Siltstone and claystone, with some
£ fine to very fine grained sandstone; red
3 (2.5YRA4/6) with small greenish gray reduction
spots. Very calcareous to calcareous from 95-
~| 225 ft, gypsiferous and mainly non-calcareous
from 225-577 ft.
110
ITro—| Cl4 110 ft @ 1539 MDT
190 118 ft @ 1544 MDT
tzuT 15 add jt, begin drilling
1607 MDT
130 ft @ 1617 MDT
436 C16
—a c17 140 ft @ 1630 MDT
T \J




Basic Data Report for Drillhole SNL-3 (C-2949)
DOE/WIPP 03-3294

CORE LOG
Hole 1D: _ SNL-3 (cont. sheet) Sheet _ 3 of 10
Logged by: Dennis W. Powers, Ph.D., consulting geologist Date: 8/14/03; 8/15/03
® —~
— = Q
[} - [} =%
c Qo = = Q >
& g %f_‘j § 8‘ “5 : Description Remarks
z eZ o o a g
ian | F € Note scale change
15U .
< < Dewey Lake Formation, cont.
> > 95-577 ft: Siltstone and claystone, with some 150 ft @ 1644 MDT,
cis fine to very fine grained sandstone; red end drilling 8/14
. . . begin 8/15 @0630
(2.5YRA4/6) with small greenish gray reduction MDT: no water in
spots. Very calcareous to calcareous from 95- hole
1601 c19 225 ft, gypsiferous and mainly non-calcareous | 160 ft @ 0649 MDT
from 225-577 ft.
165 ft @ 0706 MDT
159-163 ft, 166-167 ft: Sandstone, reddish-
c20 brown (2.5YR5/4), fine to very fine grained, 170ft @ 0710 MDT
moderately calcareous. 175 ft @ 0715 MDT
186 co1 172 ft: Small chip of gypsum; moderately 180 ft @ 0720 MDT
© calcareous zone. add jt @ 181 ft
2 172-200 ft: Claystone and siltstone, interbedded;| cuttings slightly
° moderately calcareous. moist @ 184 ft
c222 190 ft @ 0738 MDT;
E circulate air
g 195 ft @ 0747 MDT
206 c23 g _ _ 200 ft @ 0752 MDT
Qe - | 200-211 ft: Sandstone, reddish brown, very fine 205 ft @ 0757 MDT
C24 5 -| to medium, subangular to well rounded, with few
c25 £ | opaque grains; very poorly indurated (informal 210 ft @ 0759 MDT
p SS1 of Dewey Lake) stop 212 ft @0801
E_ MDT to observe,
290 ISt add jt; circulate @
zzo—| C26 0900, no moisture;
£ . . started drilling with
c27 5 Interbedded claystone, siltstone, and very fine mist and Quifk
° - grained sandstone; gypsiferous from 225 ft, non-| Foam to control
c28 calcareous. hole conditions
220 ft @ 0916 MDT
225 ft @ 0922 MDT
240 c29 230 ft @ 0927 MDT
235 ft @ 0932 MDT
240 ft @ 0937 MDT
add jt
C30 250 ft @ 0956 MDT
260 c31 260 ft @ 1012 MDT
cs2 270 ft @ 1027 MDT
add jt
2860 c33 280 ft @ 1048 MDT
285 ft @ 1053 MDT
C34 290 ft @ 1056 MDT
295 ft @ 1101 MDT
200 1 C35 300 ft @ 1109 MDT

L=AYAY4
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Appendix C Geologic Logs

CORE LOG
Hole 1D: _ SNL-3 (cont. sheet) Sheet __ 4  of 10
Logged by: Dennis W. Powers, Ph.D., consulting geologist Date: 8/15/03
? —
— e ()
[0} o [} o
c o p=J— > 9 X
€5 § § % CD)‘ I i Description Remarks
= — 4 o a8
o | F € Note scale change
oUyU p—— N
< < « [====- Dewey Lake Formation, cont. 308 ft add it
> > >t =| 95-577 ft: Siltstone and claystone, with some
c36 3 - 7| fine to very fine grained sandstone; red
L = (2.5YR4/6) wi : : 310 ft @ 1133 MDT
3 - (2. ) with small greenish gray reduction
- =] spots. Very calcareous to calcareous from 95-
320 c37 o =] 225 ft, gypsiferous and mainly non-calcareous 320 ft @ 1140 MDT
2 = from 225-577 ft.
- = 325 ft @ 1146 MDT
c38 - -] 330 ft @ 1150 MDT
3 -] 338 ft @ 1200 MDT
I - add jt, stop for lunch
340 c39 - = 340 ft @ 1245 MDT
@ - =
o - .
[ r .
° o -
ca02 - - 350 ft @ 1255 MDT
£ ]
[ r .
2] - -
= a =
3660 c413 L B 360 ft @ 1303 MDT
2 3 < 365-385 ft: easier drilling; abundant gypsum @
g 3 -1 385 ft
ca2 § - B 370 ft @ 1315 MDT
o a = add jt
= 3 = 375 ft @ 1325 MDT
£ a =
380 c43 i - ] 380 ft @ 1328 MDT
g =
] 3 = 385 ft @ 1331 MDT
© - ]
c44 - = 390 ft @ 1335 MDT
400 cas 3 - 400 ft @ 1346 MDT
a3 = add jt
c46 Fo 410 ft @ 1400 MDT
420 C47 - = 420 ft @ 1407MDT
c48 - =
- = 430 ft @ 1415 MDT
3 ] add jt
4401 cao F N 440 ft @ 1431 MDT
C50 3 = 450 ft @ 1439 MDT
a3 ] 460 ft @ 1449 MDT
1c0 1 C51 —— —— - add jt
AV AV
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Basic Data Report for Drillhole SNL-3 (C-2949)

DOE/WIPP 03-3294

CORE LOG
Hole 1: _ SNL-3 (cont. sheet) Sheet 5  of 10
Logged by: Dennis W. Powers, Ph.D., consulting geologist Date:  8/15/03; 8/18/03
® —~
fu = (]
7] c <] o
c o = > <o X
& % %ug’_) § 8* § ; Description Remarks
z ec o o a3
| F € Note scale change
FOU p—— -
< < < [===== Dewey Lake Formation, cont.
> > >t 95-577 ft: Siltstone and claystone, with some
c52 L fine to very fine grained sandstone; red
3 (2.5YRA4/6) with small greenish gray reduction 4701t @ 1510 MDT
- spots. Very calcareous to calcareous from 95-
4801 cs53 3 225 ft, gypsiferous and mainly non-calcareous | 480 ft @ 1516MDT
r from 225-577 ft.
C54 - 490 ft @ 1524 MDT
3 add jt; get water
566 css i 500 ft @ 1606 MDT
2 -
S
3 3
C56 % - 510 ft @ 1612 MDT
£
£ a
2] -
= a
520 c57Q - 520 ft @ 1616 MDT
S i 365-385 ft: easier drilling; abundant gypsum @ | add jt @ 528
3 3 385 ft
cs58 § - 530 ft @ 1630 MDT
P 3
g -
540 cs9 § a 540 ft @ 1635 MDT
g 3
=
3 i
C60 - 550 ft @ 1639 MDT
566 ce1 3 560 ft @ 1644 MDT
3 add jt
c62 - Base of Dewey Lake Formation 5701t @ 1654 MDT
577 ft ]
580 ce3 Top of Rustler Formation 580 1t @ 1700MDT
577-610 ft: Gypsum and anhydrite, white to gray;
fine sugary to coarse translucent crystals
o < 590 ft @ 1709 MDT
end drilling 8/15/03
@ 592 ft, 1711 MDT
666 cs5 8/18/03, 0730 MDT,
moisture indicated
587.40 ft below
— - . ; temporary casing; on
ns = 610 61(f5t ft: Claysltone, reddish brown (2.5YR4/4), bottom @ 0815 MDT,
L Very soft, non-caicareous. hole clean, no fluid
c66 —|§ 616-622 ft: Siltstone, dark gray (7.5YRN5/), blown from hole
~on | C67 = indurated, non-calcareous 620 ft @ 0848 MDT

U7
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Appendix C Geologic Logs

Hole ID:

SNL-3

CORE LOG
(cont. sheet)

Sheet

6

of 10

Logged by:

Dennis W. Powers, Ph.D., consulting geologist

Date:  8/18/03

Run
Number

Depth
(feet )

% Recovered

RQD

Profile
(Rock Type)

Description

Note scale change

Remarks

P
N
P

N/A

(o]
()
((®)

N/A

C68

622

N/A

P
(ep]

D
al
P

Cut 26 ft; recovered 26.4 ft

631 -

98.1

~0.5’ in segments < 4 inches;

RQD

>
»
D

()]
-
D

Cut 15 ft;

recovered 15.5 ft

o
al
~N
N

1

< 616-622 ft: Siltstone, dark gray (7.5YRNS/),
T indurated, non-calcareous

:\rl/ 622-631 ft: Gypsum and anhydrite, dark gray

= 631-638.6 ft: Gypsum and anhydrite, dark gray, fine
to coarse crystalline; laminar to bedded, probable
thin beds of bedded nodular textures. Carbonate and
organic-rich zones @ 633.4, 633.9, 634.9-635.2,

< 636.8-637, 638-638.6 ft. Thin (0.0625-0.25 inch)
subhorizontal zones of fibrous white gypsum, most
prominent in carbonate zones. Vertical fractures with
fibrous gypsum @ 637 ft. Larger nodule @ ~637.5 ft.
638.6 ft: base Forty-niner Member, top Magenta

Dolomite Member
638.6-662.1 ft: Dolomite and gypsum, light gray

(2.5YR7/2) to grayish brown (2.5YR5/2); laminar to
thin bedded throughout; zones of small ripples on
minor erosional surfaces, some isolated ripples
(starved system). Dolomite and gypsum are
granular, generally ~ medium sand, some fine to
very coarse; a few laminae are > 0.5 inch thick.
Nodular gypsum in dolomite 640.9-640.4 ft;
erosional surface overlying nodular zone, fine
laminae and slight soft sediment deformation on
erosional surface. Very little gypsum from 640.4-
638.9 ft, organic-rich laminae at top, possible
stromatolite. Organic-rich, fine laminae from 646-
643.5 ft (erosional surfaces), very little gypsum. Very

all segments > 4 inches;

N/A

P
Q
D

()]
©
D

wiaVal

N/A

cutting sample number noted at sample depths

C69

C70

ns

NA ¥
1

little gypsum 643.5-656 ft. Darker/lighter laminae
may imply different clay or organic content. 650-
662.1 - increasing gypsum in fractures (and
laminae?) parallel to bedding. High-angle fracture at
648 ft. Basal dark layers of organic matter are
probable stromatolites, low amplitude.

—662.1 ft: base Magenta Dolomite Member, top of
Tamarisk Member
662.1-719.6 ft: Anhydrite, brownish-gray, with coarse
gypsum and thin (1-2 inch) carbonate-rich bands.
Poor to moderate nodule development in upper
cored section. Laminar to bedded. Carbonate-
organic zones @ 663-663.3, 665-665.6, 666.2-

o 666.6, 668, 670.45-670.50, 671.4. Horizontal

<& separations filled with fibrous gypsum are

observable in the carbonate zones.

672.9 ft, end coring
8/18/03; begin
8/19/03, ream to
673 ft, drill with mist
to 720 ft

fluid level 600.9 ft
below casing @
0636 MDT, 8/19/03

680 ft @ 1106MDT

690 ft @ 1120 MDT;
add jt; lunch break

700 ft @ 1158 MDT

LIA>AY4

58




Basic Data Report for Drillhole SNL-3 (C-2949)

DOE/WIPP 03-3294

CORE LOG
Hole 1D: _ SNL-3 (cont. sheet) Sheet __ 7 of 10
Logged by: Dennis W. Powers, Ph.D., consulting geologist Date: 8/19/03; 8/20/03
. 3 7
c8 |85 | 2 oS
€ g § § % CD)' I i Description Remarks
z — 04 [ a8
= c
7001 : . —
672.9-719.6 ft: Anhydrite and gypsum, gray; limited
cuttings.
% % % \ 705 ft @ 1200 MDT
710 c708€ 710 ft @ 1203MDT
ES ™
o8 < 715 ft @ 1206MDT
gt 719.6-719.8 ft: Conglomerate; rounded anhydrite
i% \ clasts to 0.5"; clay, sulfate matrix.
£3 719.8-721.5 ft: Gypsum and anhydrite, gray, laminar,
c7132 N SR high-angle lower contact 720 ft @ 1211 MDT
ZzC B NNNNNNN 721.5-722.4 ft: Claystone, gray (2.5YRN5/ to N3/);
bedding deformed to overlying gypsum
w5 722.4-723 ft: Gypsum, gray, with dark gray clay; thin
Q clay laminae at high-angle (~70°) from horizontal,
& Q parallel to lower contact.
g - 723-735.2 ft: Claystone, silty, reddish brown
730 g A (2.5YR4/4) and argillaceous siltstone, reddish brown
9] g (2.5YR5/4); conglomeratic from base to 728.5 ft,
g GE) pebbles decrease in size upward, basal contact
3 § > erosional, upper contact erosional and loaded; some
= @ slickensides normal to dip. Fining upwards cycles
1= 728-725, 725-723. Most of unit is bedded
740 ® § x 735.2-740.5 ft: Anhydrite, gray, and gypsum;
8 =T NN dispersed clay or organics; possible bedded nodular
23 \\\\ texture
° 9 N . .
3 :' —————{ oy 740.5-741 ft: Claystone, silty, reddish brown
] i) DN < (2.5YR4/1); thin laminae of anhydrite; slickensided.
= g 741-744 ft: Anhydrite, gray; fractures filled with
— reddish brown claystone.
759 750 = \ 744-745.2 ft: like 740.5-741; numerous thin gypsum-| 750 ft, end coring
£ | - RN filled subhorizontal fractures, slickensides. 8/19/03
LR IEN NN 745.2-747 ft: Anhydrite, gray to brown upward, begin coring 8/20/03;
4 o8| &% carbonate laminae; silty and gypsiferous upward. ﬂgﬁ%%g}%afﬂu.ﬁd n
N9 § ) 747-754.2 ft: anhydrite and gypsum, gray; laminar to [ ith probe; bridged,
5 8 in g bedded, inclined about 15°; silty claystone at 753; blew water from hole
760 O & fine, crinkly laminae from algal growth at base. with compressed air
7625 754.2 ft: base Tamarisk Member, top of vertical fract
. ures
- Culebra Dolomite Member appear fresh:
7{ 754.2-774 ft (based on geophysical log): Dolomite, | horizontal fractures
| 0 pinkish gray (7.5YR7/2), with light reddish brown have dark staining
E S (5YR6/3) organic-rich zone at top. Fractured in
77+ Eo | § elongate blocks with fresh surfaces. Vugs common, | Much of Culebra core
5 g % o from very small (0.125") to large (>1"). Larger vugs | and lower part are
3| =3 elongate in horizontal plane. poorly represented.
Jo| ex & 774 ft: base Culebra Dolomite Member, top
18 g 5 of Los Medafios Member (based on log)
n o N 774-784 ft: M-2/(H-2) not recovered in coring;
—on Al _§' interval determined by geophysical logs.
rov
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Appendix C Geologic Logs

CORE LOG
(cont. sheet) Sheet __ 8 of _10
Dennis W. Powers, Ph.D., consulting geologist Date: 8/20-22/03
3 —
— = [
[0} - o o
c o = B3 Q9 X
& E gff_d § S 5 2 Description Remarks
z — o4 x a8
RS 3

-
D

N
(]

(e ]
D

92.6

RQD =

~2 ft in segments < 4 inches;

Cut 30 ft; recovered 27.2 ft

MﬁﬁH{f

(o]
[@)]

[ee]
ey
N

do
(«n]

A2

75.7

(e}
D

Cut 27 ft;
recovered 15.2 ft
11.5’ core > 4";
RQD

o]
w
©

(e ¢}
D

e

[e'e)
P
60.0

recovered 10.0 ft

Cut 17.0 ft;

~6’ core in segments > 4";

SRQD

[or]
[

782-783.1 ft: Conglomerate, gypsum and anhydrite
clasts to 1" diameter; subangular to subround; clay
and sulfate matrix.

783.1-791.6 ft: Anhydrite and gypsum, gray, laminar
to thin bedded, ~ horizontal; stylolites or crinkly
bedding @ 784.4, 785.1, 787.6, 789.8, 790.2; best
developed at 784.4.

791.6-~810.0 ft: Sandstone, silty, and siltstone,
sandy, dark reddish brown (2.5YR3/4) to reddish
brown (2.5YR4/4). Sand is very fine; thin beds, wavy
to irregular, not well exposed; unit is not well
indurated. Local grayish mottling or thin zones of
gray. Possible smeared intraclast textures from 800-
804.

Small anhydrite clasts in siltstone on erosional
surface over anhydrite at 797.0 and 798.3.
797.0-797.5 and 798.3-798.5: Anhydrite, gray,
laminated. Some thin beds of gypsum, about 0.25
inch thick, from 800-802.

825.7-839 ft: Sandstone, very fine grained, silty,
argillaceous, reddish brown (2.5YRA4/4) with local
zones of greenish gray (10YR6/2; light brownish
gray). Grain size appears uniform from base to top
of section cored. Zone is poorly indurated, soft. No
halite, no sulfate observed; slightly calcareous in
gray zones. Thin bedded, with zone ~832-835 with
no visible bedding. Vertical fracture 831-831.4;
possible high-angle fracture 836-837, with silt fill?
Short segments @ ~45° from horizontal show
washouts on core surface and may indicate
fractures.

846-856 ft: Sandstone, very fine grained, silty,
argillaceous, gray (10YR5/1). Grain size appears
uniform and similar to core from run 7. Zone cored is
poorly to moderately well indurated. No halite or
sulfate, slightly calcareous. Zones shows extensive
lamination and very thin bedding, with some laminae
~ 0.25 inch. Scattered circular to oval discoloration
on core surface is probably bioturbation. Core
surface shows vertical to diagonal narrow washouts
indicating fractures. Few fractures show open
apertures.

Coring ended 782’ on
8/20/03.

Water level 422.5 ft
below casing collar (~
ground level) at 0711
MDT 8/21/03

Begin drilling with bring

Note re core box
markings. Recovered
0.3 ft of material at
top of core run 6 of
undetermined origin.
It is not consistent
with the sequence
and is likely infill
between coring runs.
Total marked interval
is from 782-808.9 ft =
26.9 ft.

Core loss from core
run 6 is believed
mainly from lower 10
ft interval.

Core loss from core
run 7 is attributed
mainly to upper part;
core was marked
from base of core
run.

End of coring 8/21/03
Fluid level 65 ft below
casing top before

drilling began 8/22/03.
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Basic Data Report for Drillhole SNL-3 (C-2949)
DOE/WIPP 03-3294

CORE LOG
Hole 1D: _ SNL-3 (cont. sheet) Sheet __ 9 of _10
Logged by: Dennis W. Powers, Ph.D., consulting geologist Date: 8/22/03; 8/25/03
N 3 o
c 8 = : q>) <@ %
& E gff_d § S 5 2 Description Remarks
z — o4 @ a8
e | % € Note Scale Change
oY 858.6-862.8 ft: Sandstone, argillaceous, gray;
bedded to cross-bedded; fragmented into blocks
with fractures vertical to diagonal; gypsum in
fractures at base. Mottled by possible bioturbation.
862.8-863.4 ft: Sandstone, argillaceous, reddish
AL brown, thin beds, with erosional contact above bhase.
©9o = Anhydrite pebble, some conglomerate at base below|
;ri erosional surface.
9 S Base of Rustler Formation
Q Top of Salado Formation
g
876 = % 863.4-863.8 ft: Gypsum, white to gray, fine laminae
ﬁ < to thin beds, somewhat wavy, with thin claystone
N < interbedded. Probably amalgamated unit.
5 \% 863.8-864.6 ft: Siltstone, reddish brown, tiny white
© g mottles along horizontal plane. Gray laminae at
) base.
g, © 864.6-866.5 ft: Claystone, silty, sandy, mottled gray;
Q75 s 8 probable smeared in_traclast textures, some clasts
cn (?) near base. Sulfatic at top.
=0 866.5-867 ft: Gypsum, white to brown, laminar, with
@ g ———— claystone between. Upper gypsum is deformed.
oo 867-870 ft: Siltstone, sandy, argillaceous; sand is
.7, 7. 1 similar to unit below, more silt and clay. Bedded @
+ + + 4 0.5inch scale to 868; sulfate @ 867.7. Slight gray
880 .t .. % | mottlingin upper 6 inches. Coring and drillng
gg1=, . . "] 870-872ft Sandstone, silty, argillaceous, pinkish g?zdzelgsssly on
< < < | R _red; very soft; mottleq. No obwo_us beddlng._Mottllng Begin drilling at 881 af
2 2 E P is gray, sqme discontinuous horizontal mottling. ;?tgrlrlé/lg)n':'ir?/ZCSé?Sd
+ . + . + . | Sand grains are round to well-rounded, well sorted, Jone. 9
- + + 4 mainly quartz with 1-2% opaques.
+ o+ o+
885 © + + + +  872-877 ft: Halite, argillaceous, silty, with clastic
g L. 7.7 contentincreasing upward to 872.9. Halite with less
o N + . + . + | clastics from 872.9-872. Halite is medium coarse,
%_ PR general < 1 inch, with corroded boundaries rather
% . 7,7, thandisplacive boundaries. Some mudstone
i + + + 4 laminae ~ 0.25-0.5 inch thick.
oTatal ns -g + " + " + " + H i
OJyY o L 877-881 ft Halite, clear to brgwnlsh, generally very 890' @ 1403 MDT
o + + + 4  coarse, with crystals 0.5-1.0 inch; some cloudy
5 LT, 7,7 crystals from small fluid inclusions; some (~1%)
E A gypsum or polyhalite in discontinuous laminae (<
3 ", . .7 0.0625inch) near bottom of cored section. Bedded
% R B 0.1-03 ft. Vug at 881 possibly due to KClI
895 = .+ + 4 dissolution.
g + v + v + v 4
< + o+ o+
b=} + o+ o+ 4
8 + ’ + ’ + ’ +
+ o+ o+
— — + . + . + . +
MUV
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Appendix C Geologic Logs

CORE LOG
Hole 1D: _ SNL-3 (cont. sheet) Sheet 10 of _10
Logged by: Dennis W. Powers, Ph.D., consulting geologist Date: 8/25/03
=]
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— = [
[0} - [} o
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Appendix D
Geophysical Logs

Geophysica logging of SNL-3wasconducted
by Geophysical Logging Services, 6250 Michele
Lane, Prescott, Arizona 86305, onAugust 26, 2003,
and on September 10, 2003. The operator was
Raymond Federwisch. Copies of the logs are
maintained by Washington Regulatory and
Environmental Services, Environmenta Monitoring
and Hydrology Section, for the WIPP Project. A
CD-ROM isbeing retained by theHydrology Section
that includes:

1) Electronic copies of the logs produced by
Geophysical Logging Services using
WelICAD vs3.2,

2) WellCAD Reader to opentheélectroniclogs,
and

3) Electronic data files in both .txt and .las
formats.

OnAugust 26, 2003, thefollowing geophysica
logswereobtained:

o Cdiper

* Natura gamma

* Neutron

* Dengty

» Formationresstivity (includinginductionlog)

* Huidresdivity

 Fuid(or drillholeair) temperature

Thedrillholewas open to about 970 ft bgl at
thetime of logging. A conductor casing had been
emplaced to adepth of 30ft bgl. Thefluid level at
thetimeof logging was abovethe bottom of casing.

On September 10, 2003, the following
geophysica log wasobtained after thedrillholewas
reamed using a12.25-inch-diameter bit to adepth
of about 785ft byl

 Cdliper (0-784ft)

Thecaliper logwasused to determinedrillhole
sizefor estimating material volume placedinthe
annulusbetween fiberglassreinforced plasticcasng
andthedrillholewall. Thetop of the connector on
the surface conductor casing (see photograph next
page) was used as the reference point for depths
measured during drilling andlogging.
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Appendix D Geophysical Logs

Geophysical Logging Serviceslogging
vehicle(above) set upandlogging
SNL-3onAugust 26, 2003. A logging
tool isat thetop of connector onthe
surface casing (left, arrow) prior to
making alogging runof SNL-30n
August 26, 2003. The connector isthe
reference point for depthsmeasured

during drillingandlogging.
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Appendix E
Permitting and Completion Information

A casefilefor SNL-3(C-2949) containing official documentsis maintained by theland
management section of Washington Regulatory and Environmenta Servicesfor the WIPPProject.
Selected documentsare reproduced herefor ease of access. Originalshave been reduced tofit page
formats.

Asnotedinthetext, al officia correspondence concerning permitting and regul atory matters
should refer to the New Mexico State Engineer permit number C-2949.

I nformation on management of well-drilling fluidsfor SNL-3isincluded at theend of this
gppendix. Origind filesaremaintained by Washington Regul atory and Environmental Services.
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Dennis W. Powers, Ph. D.

Consulting Geologist
September 1, 2003

Ron Richardson Rick Beauheim
Field Lead Hydrology Lead
WRES Sandia National Laboratories

Re: Screen Interval for Culebra Dolomite Member in SNL-3

Our discussions regarding the Culebra Dolomite Member in SNL-3 indicate that the best
interval to screen is from 773-756 ft below the top of the permanent conductor casing. This
decision is based on geophysical logs completed on August 26, 2003 (see attached figure).

These are the factors we considered in this decision for SNL-3:

e The Culebra interval, as indicated by the natural gamma geophysical log, is from 775-
755 ft below the top of the permanent conductor casing. This interval is 20 ft thick, which
is less than the average around the WIPP site.

e The screened or slotted section of a single casing joint is ~ 27 ft long, too long for this
shorter Culebra interval. Two shorter slotted casings, each about 10 ft long, provide a
total screened interval of ~ 14 ft. This will provide a screened interval that will
incorporate nearly all of the Culebra.

e No core was recovered from the basal Culebra or from most of the laminated claystone
and mudstone (M-2/H-2) below the Culebra. Geophysical logs indicate a typical
signature for the interval, with M-2/H-2 having a thickness of about 9 ft. The laminated
claystone immediately underlying the Culebra commonly behaves somewhat plastically.

e Core and geophysical logs above the Culebra indicate the anhydrite/gypsum unit (A-2) is
intact and separates the Culebra from the Tamarisk Member mudstone (M-3/H-3) by ~ 17
ft. Two thin claystone/siltstone beds within A-2 are at least 10 ft above the Culebra, and
the top of the sand/gravel pack should be below these two thin beds.

e There is no indication of halite in the Los Medafios Member in either cores or logs.

By placing the bottom of the screened interval 773 ft below the top of the conductor, the
mudstone below the Culebra should be isolated from squeezing into the screens. The top of the
screened interval at 756 ft should be isolated from M-3/H-3. The top of the sand/gravel pack
around the screen should not be higher than about 746 ft below the top of the casing to prevent
circulation into M-3/H-3.

To provide adequate space below the screened interval for pumping, a minimum 10 ft long
blank casing should be added below the screened casing. The lower part of the hole should be
cemented up into A-1, the anhydrite below the Culebra, or above, with top of cement in the
interval from 776-790 ft below the top of the conductor casing to minimize circulation into the
lower Los Medafios Member, even though there is no evidence of halite in the Rustler Formation
at SNL-3. The top of cement may be drilled to provide room for the casing below Culebra.

I believe this letter summarizes our discussions and presents the hydrological and geological
justification for setting the screened interval and preparing SNL-3 for completion.

Sincerely,

Wsia W) S

Dennis W. Powers

140 Hemley Road, Anthony, TX 79821
Telephone: (915) 877-3929  E-mail: dwpowers@evaporites.com FAX: (915) 877-5071
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Dennis W. Powers, Ph. D.

Consulting Geologist

Partial Geophysical Log of SNL-3
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Dennis W. Powers, Ph. D.

Consulting Geologist
September 1, 2003

Rey Carrasco
Geotechnical Engineering
Washington TRU Solutions
Carlsbad, NM 88220

Storage and Retention of Cores and Rock Samples from SNL-3
Background
Cores and cutting samples have been collected from drillhole SNL-3 in support of the drilling and testing
program to investigate the hydrology of the Culebra Dolomite Member of the Rustler Formation as well
as other units of hydrogeological significance to the program. These samples were collected under my
supervision, and the chain-of-custody has been maintained by me or WRES personnel. SNL-3 is being
drilled, completed, and tested under WTS contract provisions and under provisions in the hydrology
program plan (SNL. 2003. Program Plan, WIPP Integrated Groundwater Hydrology Program,
FY03-09, Revision 0. March 14, 2003. ERMS 526671).

Core and Cuttings Storage Conditions

There is no sample or core testing planned for SNL-3 requiring abnormal handling, preservation
conditions, or immediate action to obtain test information. As a consequence, these samples and cores can
be maintained in your current core storage facilities. Many of the cores obtained from SNL-3 are likely to
be accessed in the next few months for further geologic studies to establish more details of stratigraphic,
sedimentologic, and diagenetic conditions and events. These studies, if carried out, will be carried out
under a formal plan, most likely developed under QA requirements of Sandia National Laboratories.

Core and Cuttings Retention Periods

It is recommended that cores obtained from SNL-3 be maintained indefinitely under normal storage
conditions because of their relevance to hydrology and monitoring programs. The cores can be accessed
for observations, and they can be removed for further laboratory study, including possible destruction,
under a plan with appropriate management and QA approval.

It is recommended that cuttings samples be retained under normal storage conditions through the approval
by EPA of the second CRA. The cuttings are commonly very fine in shallow sections and add little to the
geologic record from initial observations as well as geophysical logs. Cuttings may be accessed for
observation, and they may be removed for further laboratory study, including possible destruction, under
a plan with appropriate management and QA approval.

Supplemental Information

Descriptive core logs and digital photographs of cores with a photograph log will be provided to you on
CD-ROM format in accessible formats when the content has been approved for publication in the basic
data report for SNL-3.

Wia W Gosnr

Dennis W. Powers

Copy to:
Ron Richardson, Environmental Monitoring, WRES
Richard L. Beauheim, Hydrology Lead, Sandia National Laboratories

140 Hemley Road, Anthony, TX 79821
Telephone: (915) 877-3929  E-mail: dwpowers@evaporites.com FAX: (915) 877-5071
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‘John R. D Antonio, Jr., P.E.
State Engineer

Roswell Office
¢ 1900 WEST SECOND STREET
S ROSWELL, NM 88201

x,

STATE OF NEW MEXICO
Trn Nbr: 258325 ~ OFFICE OF THE STATE ENGINEER

File Nbr: C 02949
Feb. 14, 2003
DOUG LYNN
US DEPT OF ENERGY CARLSBAD FIELD OFFICE, WIPP
PO BOX 3090 ’
CARLSBAD, NM 88221-3090
Greetings:
Enclosed is your copy of the Exploratory Permit which has been approved.
In accordance with the conditions of approval, the well can only be tested

for 10 cumulative days, and the well is to be completed on or before
02/14/2004, unless a permit to use the water is acquired from this office.

Sincefely,
Mike Stapleton
(505) 622-6467
Enclosure

cc: Santa Fe Office

explore
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Revised August 1967
IMPORTANT - READ INSTRUCTIONS ON BACK BEFORE FILLING OUT THIS FORM

APPLICATION FOR PERMIT

To appropriate (explore & monitor) the Underground Waters of the State of New Mexico

Date Received February 12, 2003

File No.__(¢-2949 Exni
1.

Name of applic antU.S. Department of Energy, Carlsbad Field Office, WIPP i
Mailing addressP.O. Box 3090, Carlsbad, New Mexico 88221-3090
City and StateCarlsbad, New Mexico, 88221

Source of water supply Artesian - Culebra

located inCarlsbad,
(Artesian or shallow water aquifer)

(Name of underground basin)

3 The well is to be located in the MW, nfw w4 sle 14, Section 34 Township21 South
Range31 East N.M.P.M., or Tract No. v/a of Map No.n/a of the Carlsbad, District,

on land owned by U.S. Department of Energy, Carlsbad Field Office, WIPP

4, Description of well: name of driller West Texas Water Well Service
Outside Diameter of casing 3.5" fiberglass inches; Approximate depth to be drilled_940’bgs feet;

Quantity of water to be appropriated ahd beneficially usedN/A acre feet,

(Consumptive use, diversion)
forN/A

purposes.
6. Acreage to be irrigated or place of useNA

acres.

Subdivision Section Township  Range Acres Owner

Additional statements or explanations This well is to be drilled as an exploration/monitoring well only. It will be
drilled to a total depth of 940’ bgs in order to acquire core samples from Marker Bed 103. After cores are taken, the well will
be cemented back to the Culebra dolomite interval @ 699745 bgs. Casing and cement inspections have been identified as
hold points pending on site inspections by personnel from the New Mexico Office of the State Engineer. After the initial
drilling, pump tests will be conducted to determine the production capacity of the Culebra. These will occur for approximately

96 hours @ 20 gallons per minute. After the completion of the initial pump test, this well will be used fogouung;glitoring
purposes (e.g., water level ments). 2

4

34 €

ge i Wil gi g

|,M#éb, affirm that the foregoing statements are true to the best of my knowledge and belief
and that develop: i

nt shall not commence until approval of the permit has been obtained.

, Permittee,

By:

7 \
Subscribed and sworn to before me this \ l day of, ALb .A D, 20Q§_
My commission expires, &f\}: 5 mg %hm 7 Qs - %&2’)
Notary Public Jdv
T 58335
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Number of this permit___C-2949 Expl

ACTION OF STATE ENGINEER

Alter notice pursuant to statute and by authority vested in me, this application is approvedprovided it is not

exercised to the detriment of any others having existing rights; further provided that all rules and regulations of
the State Engineer pertaining to the drilling of wells be complied with; and further subject to
the following conditions: see attached conditions

Proof of completion of well shall be filed Omar before___ , 20

Proof of application of water to beneficial use shall b&jled on or before ,20

Witness my hand and seal this I L{ daysf
John R. D' Antonio, Jr., P.E., State Engineer

o Gl

Art Mason, District II Supervisor

February . AD, 2003

INSTRUCTIONS

This form shall be executed, preferably typewritten, in triplicate and shall be accompanied by a filing fee of $25.00.
Each of triplicate copies must be properly signed and attested.

A separate application for permit must be filed for each well used.

Secs. 1-4 - Fill out all blanks fully and accurately.

-.Sec. 5 - Irrigation use shall be stated in acre feet of water per acre per annum to be
applied on the land. If for municipal or other purposes, state total quantity in acre feet to be used
annually.

Sec. 6 - Describe only the lands to be irrigated or where water will be used. If on
unsurveyed lands describe by legal subdivision “as projected” from the nearest government
survey comers, or describe by metes and bounds and tie survey to some permanent, easily located
natural object. P T

Sec. 7 - If lands are irrigated from any other source, explain in this section. Give any
other data necessary to fully describe water right sought.
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NEW MEXICO STATE ENGINEER OFFICE
PERMIT TO EXPLORE

SPECIFIC CONDITIONS OF APPROVAL

2 The well shall be constructed to artesian well specifications and
the State Engineer shall be notified before casing is landed or
cemented

B The well shall be drilled by a driller licensed in the State of
New Mexico in accordance with Section 72-12-12 New Mexico Statutes

Annotated.
c Driller’s well record must be filed with the State Engineer within
10 days after the well is drilled or driven. Well record forms

will be provided by the State Engineer upon request.

c2 No water shall be diverted from this well except for testing
purposes which shall not exceed ten (10) cumulative days, and well
shall be plugged or capped on or before , unless a permit to use
water from this well is acquired from the Office
of the State Engineer.

LOG The Point of Diversion C 02949 EXPL must be completed and the Well
Log filed on or before 02/14/2004.

ACTION OF STATE ENGINEER
Date Rcvd. Corrected:

Pub. of Notice Ordered:
Affidavit of Pub. Filed:

Witness my hand and seal this 14 da

Johp/ET’;\Antonio/|Jr., P.E. |,
- By:L/kj' {/"/ (.

Art Mason

of Feb A.D., 2003

Trn Desc: C 02949 EXPL File Number: C 02949
Trn Number: 258325

page: 1
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Revised June 1972
STATE ENGINEER OFFICE
WELL RECORD

Section 1, GENERAL INFORMATION

(A) Owner of well WASHINGTON TRU SOLUTIONS Owner's Well No. SNL-3
Street or Post Office Address P.0. BOX 2078 i
City and State CARLSBAD, NEW MEXICO 88221

Well was drilled under Permit No €-2949 EXPL., and is located in the:

o NW_ oy NIy S/E %of Section.__34 __Township__ 2L S Range 31 E NM.P.M.

. b. Tract No.__NiA__ of Map No, N/A of the CARLSBAD DISTRICT
¢. Lot No. of Block No, of the
Subdivision, recorded in EDDY County.
4 X= o feet, Y= feet, N.M. Coordinate System Zone in
the Grant.
(B) Drilling Contractor -WEST TEXAS WATFR WELL SERVICE License No, WD-1184
Address 3410 MANKINS ODESSA, TEXAS 79764
Drilling Began __ 08-14-03 Completed 0911203 Type toots_MUD ROTARY  gpp0 o popel2=1/4 ;-
Elevation of land surface or - at well js_3486.54 ft. Total depth of well-—_lgi__ ft.
Completed well is O shallow @( artesian, Depth to water upon completion of wep._—____. ft.
Section 2. PRINCIPAL WATER-BEARING STRATA
Depth in Feet Thickness " . Estimated Yield
From To in Feet Description of Water-Bearing Formation (gallons per minute)
GRAY DOLOMITE
754 775 21 RUSTLER FORMATION 10 _GPM
Section 3. RECORD OF CASING
Diameter Pounds Threads Depth in Feet Length. Perforations
(inches) per foot per in, Top Bottom (feet) Type of Shoe From To
13-3/8 48 8 2.5 AGL |+ 30 32-%
5" FIBERGLASS CAP .0R0 SCREE
FIBERGLASS| 3.2 4 2" _AGI 783~} 785-% ON _BOTTOM 773 755
Section 4, RECORD OF MUDDING AND CEMENTING
Depth in Feet Hole Sacks Cubic Feet
From To Diameter of Mud of Cement Method of Placement
18"
0 30 13-3/8 cse 27 TRIMMIE
776 970 7-7/8 ' 65 TRIMMIE
- 11 =T OLE
0 744 5" €86 513 TRIMMIE

Section 5. PLUGGING RECORD
Plugging Contractor
Address Depth in Feet Cubic Feet

Plugging Method No. Top Bottom of Cement

Date Well Plugged...
Plugging epproved by:

]
2
3
State Engineer Representative 4

FOR USE OF STATE ENGINEER ONLY
Date Received

Quad FWL FSL

File No Use Location No.,
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Section 6. LOG OF HOLE

Froicpm L Fee’tro Tj}:f::&ss Color and Type of Material Encountered
0 1.5 1.5 PAD CONSTRUCTION FILL
SAND, ' YELLOWISH-RED, UNCONSOLIDATED
1.5 16 14,5 (DUNE SAND)
CALICHE, WHITE, SANDY & PEBBLY
16 29 13 (MASCALERO CALICHE)
SAN} STONE, YELLOWISH RED TO DARK REDDISH BROWN, CALCAREOUS, PEBBLY
29 95 66 (GATUNA FORMATION) !
INTERBEDDED SILT$TONE, CLAYSTONE, & FINE GRAINED SANDSTONE RED W/SMALL GREENISH GRAY
95 . 225 130 REDUCTION SPOTS, CALCAREOUS (DEWEY LAKE FORMATION )
AS ABOVE, EXCEPT GRYPSIFEROUS & NOT CALCAREOUS
225 577 352 (DEWEY LAKE FORMATION)
ANHYDRITE & GYPSUM, GRAY TO WHITE
577 610 33 (A~S, OF FORTY-NINER MEMBER, RUSTLER FORMATION)
CLAY$TONE, REDDISH BROWN, NON-CALCAREOUS, OVERLAYING SILTSTONE, GRAY
610 622 12 (M4/H4, FORTY-NINER MEMBER, RUSTLER FORMATION)
GYPSUM & ANHYDRITE, GRAY
622 638.6 16.6 (A-4, FORTY-NINER MEMBER, RUSTLER FORMATION)
DOLOMITE & GYPSUM, GRAY TO GRAYISH BROWN, LAMINATED TO THIN BEDDED
638.6 662,1 23.5 (MAGENTA DOLOMITE MEMBER, RUSTLER FORMATION)
. ANHYDRITE & GYPSUM, GRAY, BEDDED
662.1 721.5 59.4 (A3, TAMARISK MEMBER RUSTLER FORMATION)
CLAYSTONE, SILTY, & SILTSTONE, REDDISH-BROWN, W/SOME GYPSUM
721.5 735.2 13.7 (M3/H3, TAMARISK MEMBER, RUSTLER Fi )
ANHYDRITE & GYPSUM, GRAY, W/SOME CLAYSTONE INTERDEDDED
735.2 754.2 19 (A2, TAMARISK MFMBER. RUSTLER FORMATION)
DOLOMITE, GRAY, VUGGY
754.,2 775 20.8 (CULEBRA DOLOMITE MEMBER, RUSTLER FORMATION)
CLAYSTONE
775 782 7 (M2/H2, 1L0S MEDANOS MEMBER, RUSTLER FORMATION
ANHYDRITE, GRAY
782 792 10 (Al, LOS MEDANOS MEMBER, RUSTLER FORMATION
SANDSTONE, REDDISH BROWN TO GRAY, VERY FINE GRAINED, MODERATELY
792 . 863.4 71.4 LITHIFIED (M1/H1, LOS MEDANOS MEMBER, RUSTLER FORMATION)
HALITE
863.4 932 68.6 (UPPER SALADO FORMATION)
; ) POLYHALITE, RED
932 948 16 (MARKER BED 103, SALADO _FORMATION)
: HALITE
948 970 22 (SALADO FORMATION) _

Section 7. REMARKS AND ADDITIONAL INFORMATION

The undersigned hereby certifies that, to the best of his knowledge and belief,
described hole.,

g is a true and correct record of the above

4

/ Driller

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the appropriate district office
of the State Engineer. All sections, except Section §, shall be answered as completely and accurately as possible when any well is
drilled, repaired. or deepened. When this f~ = is used as a plugging record, only Section 1(; d Section § need be completed,
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PATRICK H. LYONS L . COMMISSIONER'S OFFICE
COMMISSIONER Commissioner Of Public Lands Phone (505) 827-5760
310 OLD SANTA FE TRAIL Fax (505) 827-5766
P.O. BOX 1148 www.nmstatelands.org

SANTA FE, NEW MEXICO 87504-1148

August 29, 2003

Doug Lynn

US Department of Energy
PO Box 3090

Carlsbad, NM 88221-3090

Re:  Right-of-Way Easement No. RW-28537

Dear Mr. Lynn:

Enclosed is an approved copy of the captioned grant of right-of-way easement. Also, enclosed
are “Affidavit of Completion” forms to be completed and returned to this office upon completion

of the project.

If any corrections are necessary, please let us know and we will retype or amend this lease as
necessary.

If you have any questions, please feel free to contact this office at the above address or at (505)
827-5728 or 5729.

ly,

ie Gasca, agement Analyst
Surface Resources Division

“WORKING FOR EDIICATION™
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State of New Mexico

PATRICK H. LYONS L . COMMISSIONER'S OFFICE
COMMISSIONER Commissioner Of Public Lands Phone (505) 827-5760
310 OLD SANTA FE TRAIL Fax (505) 827-5766
P.O. BOX 1148 www.nmstatelands.org

SANTA FE, NEW MEXICO 87504-1148

August 26, 2003

Doug Lynn

US Department of Energy

PO Box 3080

Carlsbad, NM 88221

Re:  Water Development Easement No. WD-119
Dear Mr. Lynn:

Enclosed is an approved copy of the captioned of water development easement.

If you have any questions, please feel free to contact this office at (505) 827-5728 or 5729.

Sincezely,

Lorrie Gasca, Management Analyst .
Surface Resources Division

“WORKING FOR EDIICATION .

76



Basic Data Report for Drillhole SNL-3 (C-2949)
DOE/WIPP 03-3294

CONTROLLED RECOVERY, INC.
P.O. Box 388 = Hobbs, New Mexico 88241-0388

(505) 393-1079
Binto____—% AN
—
Ad¢ess
Company/Generator Wfﬁvi‘ /X s [// k ///2// S/ e
Lease Name Wi S L -3 onjup3.
Trucking Company _£i7-t./ Vehicle Number 20 |oriver Print) Treon LS DineS
Date 9 19 o> , | Time G 30  @m/pm.
. Type of Material
O Exempt O Tank Bottoms B Fuids
0 Non-Exempt G117 Q Other Material
C138 QO Soils List Description Below
ﬂ//%,_/) C
DESCRIPTION
Vou ﬂ 2 aibois AM;«/ Gl s fer
I‘A yaY ¥
" Volume of Material 0 Bbls. Q Yard %anons'?j U YO

O Wash Out Q Call Out ‘ Q After Hours O Debris Charge

This statement applicable to exempt waste only.
1 represent and warant that the wastes are: generated from oil and gas expioration-and production operations: exempt from Resource
Conservation and Recover Act (RCRA) Subtitie C Regulations; and not mixed with non-exempt wastes.

— 8.

Agent L/nn 2t 5 G a2
(Signaturs)
CRI Representative <
Sgrature) 7/

TANK BOTTOMS /

’ Feet Inches

2nd Gauge Free Water
N¢ 48899

Whie - CR Carery - CR Accounting Pink - CRi Part Gold - Teansporter

BUPEROR PRNTING SERACE.INC.
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Appendix E- Permitting and Completion Information

CONTROLLED RECOVERY, INC.
F.O. Box 388 » Hobbs, New Mexico 88241-0388

(505) 393-1079
Bill to
Address
: , .
Company/Generator _ Leslc 7exas [ilufer (bell Srerce
Lease Name é‘,{/’/}ﬂ-’o 5/1/1,"3 4%) “0/2//0'2‘»
Trucking Company  Z ot L/ l’Vehicle Number 7 & & Lﬁer (P@WV\ &,@1{5
Date 4. &4 @S ]Tme /}@ am. ¢
‘ Type of Material
QO Exempt " O Tank Bottoms L2¥uids
O Non-Exempt C117, 0 Other Material
C138 Q Soils List Description Below
AED
DESCRIPTION
.%‘L ”édo/oé;us / rj//';:?(/ [j‘/ﬂovﬂ M]@
i r 'O
Volume of Material  Q Bbls. QYad ' ‘//‘B;éallons; U
Q Wash Out D cCaliout O After Hours : O Debris Charge

This statement applicable to exempt waste only. .
1 represent and warrant that the wastes are: generated from oil and gas exploration and production operations: exempt from Resource
Conservation and Recaver Act (RCRA) Subtitie C Regulations; and not mixed with nonh-exempt wastes.

AgemW:ch 636 ya]

{Signature)
CR! Representative
{Signatura) p
TANK BOTTOMS
Feet Inches : .
(g
1st Gauge BBLS Received BS&W %
2nd Gauge Free Water
Received Total Received
N2 48923
Write - CRt Canary - CRI Accounting Pink - CRE Plant Gold - Transporter
SUPERION PANTIE SEIVICE. INC.
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CONTROLLED RECOVERY, INC.
P.O. Box 388 » Hobbs, New Mexico 88241-0388

{505) 393-1079
Bill to
Address
Company/Generator et 7exus W c.)(of ell Sorsee.
Lease Name Wi PP S WNL=-3 )0 i5/2/93\
Trucking Compmyl}‘d*b\.) | Vehxole Number ~7 O | Driver (Print), 7, i ,&/‘/am es
pate ] L4 ol | Time Yo am. i)
Type of Material

0 Exempt Q Tank Bottoms & Flids

O Non-Exempt C117 Q Other Material

c138 0 Soils /L//‘j [\\ D C List Description Below

‘ DESCRIPTION :
: _ — - p
/Mg 2 /dsS 5 2

7 :
Volume of Material O Bbls. 'O Yard : m‘e-albn&>| 5_ QC
bl 4

0 Wash Out Q Call Out O After Hours 3 Debris Charge

This statement applicable to exempl waste only.
| represent and warrant that the wastes are: generated from ol and gas exploration and producﬁon operations: exempt frorn Resource
Conservation and Recover Act (RCRA) Subtitle C Reguiations; and not mixed with non-exempt wastes.

Agent //zvt Jﬁat& £3¢6 , /\/m

CRI Representative '
TANK BOTTOMS
: Feet Inches
1st Gauge ' BBLS Received BS&wW %
2nd Gauge Free Water
Received Total Received
Ne 48927
White - CR8 Cansry - CRI Accounting Pink - CR Part Goie - Transporter

SUPERON PANTIE SERVICE, INC.
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Appendix E- Permitting and Completion Information

West TexasWater Well Services Rig#15 set up on SNL-3. Compressed air and foam are being used
tolift cuttingsfromthedrillholeinto thelined pit.

80



Basic Data Report for Drillhole SNL-3 (C-2949)
DOE/WIPP 03-3294

Appendix F
Archeological Clearance Report

Thereport from Mesa Field Serviceson thefollowing three pageswas converted from an original
Word document to anAcrobat (pdf) fileand reduced in sizedightly to fit pageformats. Theorigina
signed document ismaintai ned by theland management section of Washington Regulatory and
Environmental Servicesfor the WIPP Project.
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Appendix F Archeological Clearance Report

TITLE PAGE/ABSTRACT/
NEGATIVE SITE REPORT
BLM/CFO CARLSBAD FIELD OFFICE

1. BLM Report No.: 2. (ACCEPTED) (REJECTED)

3. NMCRIS No.: 82101

4. Title of Report (Project Title): An Archaeological Survey for a the SNL-3 Water
Monitoring Well

5. Project Date(s):
January 30, 2003

6. Report Date:
February 7, 2003

7. Consultant Name & Address
Direct Charge: Sean Simpson
Name: Mesa Field Services
Address: P.O. Box 3072
Carlsbad, NM 88221-3072
Author’s Name: Theresa Straight
Field Personnel Names: Theresa Straight
Phone: (505) 628-8885

8. Permit No.: 153-2920-02-L

9. Consultant Report No.:
MFS — 823

10. Sponsor Name and Address
Individual Responsible: Ron Richardson
Name: Westinghouse TRU Solutions, LLC
Address: P.O.Box 2078

Carlsbad, NM 88221
Phone:  (505) 234-8395

11. For BLM use only

12. Acreage

Total acres surveyed: 2.07
Per Surface Ownership

Federal: 1.06

State: 1.01

Private: 0

13. Location & Area (maps attached if negative survey)
a. State: New Mexico
b. County: Eddy
c. BLM Field Office: Carlsbad
d. Nearest City or town: Carlsbad, NM
Location: T 21S, R 31E, Section 34: NW¥: NWY4 SEY4, NEY4 NEY4a SWY4
Well Pad Footages: N/A

f. 7.5' Map Name(s)and Code Number(s): Livingston Ridge, NM Provisional Edition 1985 (32103-D7)

g. Area
Block: Impact: 100 ft by 100 ft
Surveyed: 200 ft by 450 ft
Linear: Impact: 82.71 ft by 20 ft
Surveyed: N/A

14. a. Records Search

Location: Bureau of Land Management — Carlsbad Field Office and the Archaeological Records

Management System (ARMS) via modem
Date: January 29, 2003 by Natalie Allen
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Basic Data Report for Drillhole SNL-3 (C-2949)
DOE/WIPP 03-3294

List by LA # all sites within .25 miles of the project (those sites within 500" are to be shown on the project
map): No previously recorded archaeological sites are within 0.25 miles of the project area.

b. Description of Undertaking (client’s activities): Westinghouse TRU Solutions, LLC plans on drilling a water
monitoring well. The pad for the well will be 100 ft by 100 ft, yet a 200 ft by 200 ft area was surveyed to ensure the
protection of cultural resources. Originally the access road began at Louis Witlock Road and extended west for 260
ft to the well location. Ron Richardson with Westinghouse TRU Solutions, LLC requested that a 100 ft wide corridor
on either side of the access road centerline be surveyed so the well location could be shifted east if need be. This
resulted in a 450 ft long by 200 ft wide block survey with the acreage totaling 2.07. Since the time of the survey, the
well location was shifted east approximately 178 ft. The new location is reflected on the plat map.

c. Environmental Setting (NRCS soil designation, vegetative community, etc.): The project is located within a
dune field. The soil is a light brown sand that has been wind worked into dunes up to 3 m high. It is of the Kermit-
Berino soil association as defined by the Soil Conservation Service of the U.S. Department of Agriculture. Project
elevations average 3,480 ft above mean sea level. Local vegetation is characteristic of Chihuahuan Desert Scrub
and includes mesquite, yucca, bunch grasses, and noxious weeds. Due to this vegetative cover, ground surface
visibility averaged 70 percent.

d. Field Methods
Transect Intervals: 15 m
Crew Size: 1
Time in Field: 1 hour
Collections: None

15. Cultural Resource Findings: No cultural resources were observed within the project area.
Identification and Description (location shown on project map):

16. Management Summary (recommendations): Because no cultural material was encountered archaeological
clearance is recommended for the project area as staked. If any cultural material is encountered during construction
activities, work at that location should stop and archaeologists at the BLM-CFO should be notified.

| certify that the information provided above is correct and accurate and meets all appreciable BLM standards.

Responsible Archaeologist:
Signature Date

THE ABOVE COMPLETES A NEGATIVE REPORT. IF ELIGIBLE OR POTENTIALLY ELIGIBLE PROPERTIES ARE
INVOLVED, THEN THE ABOVE WILL BE THE TITLE PAGE AND ABSTRACT FOR A COMPLETE REPORT.
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Survey for the SNL-3 Water Monitor Well
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Appendix F
Photograph Logs

Digita photographsweretaken of the coresfrom SNL-3. These photographs have been
compiledinto alisting of consecutive photos beginning with the uppermost core (lower Forty-niner
Member of the Rustler Formation) and ending with thelowermost (upper Salado Formation). Most of
the photographsweretaken in thefield shortly after recovery. A CD-ROM with theseimages (jpeg
format) isbeing archived, and acopy with photographiclog ismaintained by Geotechnica Engineering
(Washington TRU Solutions L L C) with records of the cores stored for WIPP.
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Appendix

G Photograph Logs

Photograph Log Sheet

File DATE | LOCATION DESCRIPTION OF SUBJECT PHOTOGRAPHER
(includes individual/group names, (initials and dept.)
direction, etc. as appropriate)

SNL-3_Core001.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Forty-niner Mbr core, DW Powers
T21S, R31E, sec|630.9 - 632.3 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core002.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Forty-niner Mbr core, DW Powers
T21S, R31E, sec|631.8 - 633.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core003.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Forty-niner Mbr core, DW Powers
T21S, R31E, sec|632.8 - 634.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core004.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Forty-niner Mbr core, DW Powers
T21S, R31E, sec|633.8 - 635.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core005.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Forty-niner Mbr core, DW Powers
T21S, R31E, sec|634.8 - 636.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core006.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Forty-niner Mbr core, DW Powers
T21S, R31E, sec|635.8 - 637.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core007.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Forty-niner Mbr core, DW Powers
T21S, R31E, sec|636.8 - 638.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core008.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Forty-niner / Magenta [DW Powers
T21S, R31E, sec|Dolomite Mbrs core, 637.7 - 639.1 ft bgl, |Consultant to WTS
34 with markings, scale, and time-date stamp

SNL-3_Core009.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Forty-niner / Magenta [DW Powers
T21S, R31E, sec|Dolomite Mbrs core, 638.4 - 639.5 ft bgl, |Consultant to WTS
34 with markings, scale, and time-date stamp

SNL-3_Core010.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 639.5 - 640.3 ft bgl, with markings, [Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core011.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 639.8 - 641.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core012.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 640.8 - 642.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core013.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 641.7 - 643.1 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core014.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 642.7 - 644.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core015.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 643.7 - 645.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core016.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 644.8 - 646.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

Camera: Casio QV-3500EX Resolution: 2048 x 1536 Page 1 of 11
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Photograph Log Sheet

File DATE | LOCATION DESCRIPTION OF SUBJECT PHOTOGRAPHER
(includes individual/group names, (initials and dept.)
direction, etc. as appropriate)
SNL-3_Core017.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 645.6 - 647.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core018.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 646.6 - 648.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core019.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 647.6 - 649.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core020.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 648.7 - 650.2 ft bgl, with markings, |Consultantto WTS
34 scale, and time-date stamp
SNL-3_Core021.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 649.7 - 651.2 ft bgl, with markings, |Consultantto WTS
34 scale, and time-date stamp
SNL-3_Core022.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 650.8 - 652.3 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core023.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 651.8 - 653.3 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core024.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 652.7 - 654.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core025.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 653.8 - 655.3 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core026.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 654.8 - 656.3 ft bgl, with markings, [Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core027.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 655.8 - 657.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core028.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 656.4 - 657.4 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core029.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 657.4 - 658.4 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core030.jpg 8-18-03 [SNL-3 drillpad; [Close-up photo of Magenta Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 657.8 - 659.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp
SNL-3_Core031.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 658.7 - 660.2 ft bgl, with markings, |Consultantto WTS
34 scale, and time-date stamp
SNL-3_Core032.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 659.8 - 661.3 ft bgl, with markings, |Consultantto WTS
34 scale, and time-date stamp
Camera: Casio QV-3500EX Resolution: 2048 x 1536 Page 2 of 11
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Photograph Log Sheet

File DATE | LOCATION DESCRIPTION OF SUBJECT PHOTOGRAPHER
(includes individual/group names, (initials and dept.)
direction, etc. as appropriate)

SNL-3_Core033.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 660.7 - 662.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core034.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Magenta Dolomite / DW Powers
T21S, R31E, sec|Tamarisk Mbrs core, 661.7 - 663.2 ft bgl, |Consultant to WTS
34 with markings, scale, and time-date stamp

SNL-3_Core035.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|662.7 - 664.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core036.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|663.7 - 665.1 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core037.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|664.8 - 666.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core038.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|665.8 - 667.3 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core039.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|666.8 - 668.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core040.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|667.8 - 669.3 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core041.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|668. - 670.2 ft bgl, with markings, scale, Consultant to WTS
34 and time-date stamp

SNL-3_Core042.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|669.7 - 671.2 ft bgl, with markings, scale, |[Consultant to WTS
34 and time-date stamp

SNL-3_Core043.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|670.7 - 672.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core044.jpg 8-18-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|671.7 - 672.9 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core045.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|710.5 - 720.3 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core046.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|719.9 - 721.1 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core047.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|721.0 - 722.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core048.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|722.0 - 723.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

Camera: Casio QV-3500EX Resolution: 2048 x 1536 Page 3 of 11
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Photograph Log Sheet

File DATE | LOCATION DESCRIPTION OF SUBJECT PHOTOGRAPHER
(includes individual/group names, (initials and dept.)
direction, etc. as appropriate)
SNL-3_Core049.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|722.9 - 724.1 ft bgl, with markings, scale, |[Consultantto WTS
34 and time-date stamp
SNL-3_Core050.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|724.0 - 725.2 ft bgl, with markings, scale, |[Consultantto WTS
34 and time-date stamp
SNL-3_Core051.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|725.0 - 726.4 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core052.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|726.0 - 727.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Core053.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|727.0 - 728.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Core054.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|727.8 - 729.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core055.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|729.0 - 730.3 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core056.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|730.0 - 731.3 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core057.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|730.9 - 732.3 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core058.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|731.6 - 733.0 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core059.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|732.8 - 734.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core060.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|733.8 - 735.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core061.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|734.6 - 736.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core062.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|735.7 - 737.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core063.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|736.6 - 738.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Core064.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|737.7 - 739.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
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SNL-3_Core065.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|738.7 - 740.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core066.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|739.7 - 741.3 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core067.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|740.6 - 742.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core068.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|741.7 - 743.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core069.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|742.7 - 744.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core070.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|743.7 - 745.3 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core071.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|744.7 - 746.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core072.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|745.8 - 757.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core073.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|746.7 - 748.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core074.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|747.8 - 749.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core075.jpg 8-19-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|748.7 - 750.0 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core076.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|749.9 - 751.4 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core077.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|750.9 - 752.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core078.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|751.9 - 753.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp

SNL-3_Core079.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Tamarisk Mbr core, DW Powers
T21S, R31E, sec|752.8 - 754.1 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core080.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Tamarisk / Culebra DW Powers
T21S, R31E, sec|Dolomite Mbrs core, 753. - 755.0 ft bgl, Consultant to WTS
34 with markings, scale, and time-date stamp
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SNL-3_Core081.jpg 8-20-03 [SNL-3 drillpad; [Close-up photo of Culebra Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 754.9 - 756.1 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core082.jpg 8-20-03 [SNL-3 drillpad; [Close-up photo of Culebra Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 755.8 - 757.1 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core083.jpg 8-20-03 [SNL-3 drillpad; [Close-up photo of Culebra Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 756.8 - 757.8 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core084.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Culebra Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 762.4 - 763.6 ft bgl, with markings, [Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core085.jpg 8-20-03 |SNL-3 drillpad; |Close-up photo of Culebra Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 762.8 -764.2 ft bgl, with markings, Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core086.jpg 8-20-03 |SNL-3 drillpad; |Close-up photo of Culebra Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 763.8 -765.2 ft bgl, with markings, Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core087.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Culebra Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 764.8 - 766.3 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core088.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Culebra Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 765.8 - 767.2 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core089.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Culebra Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 766.8 - 768.3 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core090.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Culebra Dolomite Mbr [DW Powers
T21S, R31E, sec|core, 767.8 - 769.3 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core091.jpg 8-20-03 [SNL-3 drillpad; |Close-up photo of Culebra Dolomite Mbr |DW Powers
T21S, R31E, sec|core, 768.7 - 769.9 ft bgl, with markings, |Consultant to WTS
34 scale, and time-date stamp

SNL-3_Core092.jpg 8-21-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|782.0 - 783.6 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core093.jpg 8-21-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|782.8 - 784.4 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core094.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|783.8 - 785.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp

SNL-3_Core095.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|784.8 - 786.2 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp

SNL-3_Core096.jpg 8-21-03 |SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|785.9 - 787.2 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
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SNL-3_Core097.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|786.8 - 788.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Core098.jpg 8-21-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|787.8 - 789.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Core099.jpg 8-21-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|788.8 - 790.1 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel00.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|789.8 - 791.1 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corel01.jpg 8-21-03 |SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|790.8 - 792.1 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corel02.jpg 8-21-03 |SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|791.7 - 793.1 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel03.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|792.8 - 794.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel04.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|793.8 - 795.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel05.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|794.8 - 796.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel06.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|796.1 - 797.1 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel07.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|796.5 - 797.9 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Core108.jpg 8-21-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|796.8 - 798.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Core109.jpg 8-21-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|797.8 - 799.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel110.jpg 8-21-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|798.9 - 800.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corelll.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|799.9 - 801.3 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corell2.jpg 8-21-03 |SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|800.8 - 802.3 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
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SNL-3_Corel13.jpg 8-21-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|801.8 - 803.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corell4.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|802.8 - 804.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel15.jpg 8-21-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|803.8 - 805.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corell6.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|804.8 - 806.3 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corell7.jpg 8-21-03 |SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|805.7 - 807.2 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corel18.jpg 8-21-03 |SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|806.8 - 808.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel19.jpg 8-21-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|807.7 - 808.9 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel20.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|823.9 - 825.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel21.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|824.8 - 826.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel22.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|825.8 - 827.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel23.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|826.8 - 828.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel24.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|827.7 - 829.2 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corel25.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|828.7 - 830.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel26.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|829.7 - 831.1 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel27.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|830.7 - 832.1 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corel28.jpg 8-22-03 |SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|831.8 - 833.2 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
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SNL-3_Corel29.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|832.8 - 834.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core130.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|833.7 - 835-2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel31.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|834.7 - 836.1 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel32.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|835.8 - 837.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel33.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|836.7 - 838.1 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel34.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|837.6 - 839.0 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel35.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|846.0 - 847.4 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel36.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|846.8 - 848.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel37.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|847.8 - 849.1 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel38.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|848.8 - 850.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel39.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|849.8 - 851.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Core140.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|850.7 - 852.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel41l.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|851.8 - 853.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel42.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|852.8 - 854.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel43.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|853.9 - 855.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel44.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|854.8 - 856.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
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SNL-3_Corel45.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|858.5 - 859.5 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel46.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|858.9 - 860.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel47.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|859.9 - 861.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel48.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|860.9 - 862.2 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corel49.jpg 8-22-03 |SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|861.8 - 862.6 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corel50.jpg 8-22-03 |SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|862.6 - 863.8 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel51.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|862.8 - 864.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel52.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|863.8 - 865.3 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel53.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|864.8 - 866.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel54.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|865.8 - 867.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel55.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|866.8 - 868.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel56.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|867.8 - 869.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel57.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|868.8 - 870.2 ft bgl, with markings, scale, |Consultantto WTS
34 and time-date stamp
SNL-3_Corel58.jpg 8-22-03 [SNL-3 drillpad; [Close-up photo of Los Medafios Mbr core, |DW Powers
T21S, R31E, sec|869.8 - 871.2 ft bgl, with markings, scale, |Consultant to WTS
34 and time-date stamp
SNL-3_Corel59.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr core, [DW Powers
T21S, R31E, sec|870.8 - 872.2 ft bgl, with markings, scale, [Consultantto WTS
34 and time-date stamp
SNL-3_Corel60.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Los Medafios Mbr DW Powers
T21S, R31E, sec|Salado Fm core, 871.8 - 873.2 ft bgl, with [Consultant to WTS

34

markings, scale, and time-date stamp

Camera: Casio QV-3500EX

Resolution: 2048 x 1536
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Appendix G Photograph Logs

Photograph Log Sheet

File DATE | LOCATION DESCRIPTION OF SUBJECT PHOTOGRAPHER
(includes individual/group names, (initials and dept.)
direction, etc. as appropriate)
SNL-3_Corel61.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Salado Fm core, 872.8 -|DW Powers
T21S, R31E, sec|874.2 ft bgl, with markings, scale, and Consultant to WTS
34 time-date stamp
SNL-3_Corel62.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Salado Fm core, 873.8 -|DW Powers
T21S, R31E, sec|875.2 ft bgl, with markings, scale, and Consultant to WTS
34 time-date stamp
SNL-3_Corel63.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Salado Fm core, 874.8 -|DW Powers
T21S, R31E, sec|876.3 ft bgl, with markings, scale, and Consultant to WTS
34 time-date stamp
SNL-3_Corel64.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Salado Fm core, 875.9 -|DW Powers
T21S, R31E, sec|877.2 ft bgl, with markings, scale, and Consultant to WTS
34 time-date stamp
SNL-3_Corel65.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Salado Fm core, 876.8 -|DW Powers
T21S, R31E, sec|878.2 ft bgl, with markings, scale, and Consultant to WTS
34 time-date stamp
SNL-3_Corel66.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Salado Fm core, 877.9 -|DW Powers
T21S, R31E, sec|879.2 ft bgl, with markings, scale, and Consultant to WTS
34 time-date stamp
SNL-3_Corel67.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Salado Fm core, 878.8 -|DW Powers
T21S, R31E, sec|880.3 ft bgl, with markings, scale, and Consultant to WTS
34 time-date stamp
SNL-3_Corel68.jpg 8-22-03 [SNL-3 drillpad; |Close-up photo of Salado Fm core, 879.7 -|DW Powers
T21S, R31E, sec|881.0 ft bgl, with markings, scale, and Consultant to WTS

34

time-date stamp

Camera: Casio QV-3500EX

Resolution: 2048 x 1536

96
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