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EXECUTIVE SUMMARY

SNL-12 (permitted by the New Mexico State
Engineer as C-2954) was drilled to provide
geologica data and hydrological testing of the
Culebra Dolomite Member of the Permian Rustler
Formation near the margin of dissolution of halite
inthe upper part of the Salado south of the Waste
Isolation Pilot Plant (WIPP). SNL-12 islocated in
the southeast quarter of section 20, T23S, R31E,
in eastern Eddy County, New Mexico. SNL-12
was drilled to a total depth of 905 ft below the
ground level. Below surface dune sand and the
Berino soil, SNL-12 encountered, in order, the
Mescalero caliche, Gatuiia, Dewey Lake, Rustler,
and uppermost Salado Formations. Two intervals
were cored: (1) from the lower Forty-niner
Member through the Magenta 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 Formation. Geophysical logs
were acquired from the open hole to total depth,
and the drillhole was successfully completed with a
screened interva open across the Culebra.

At SNL-12, the uppermost Salado cores
display digplacive hdite crystasin clagtic-rich units
below an amalgamated sulfate at the top of the
formation. Thereisno indication of thinning of the
upper Salado due to postdepositional dissolution,
and thisis cong stent with predrilling expectations.
The Los Medafios has athickness and stratigraphic
sequence very smilar to that found at the center of
the WIPP site. The basal L os Medarios beds are
laminar and show no signs of postdepositional
dissolution of upper Salado halite. Higher clastic
beds of the Los Medafios do not indicate
postdepositiona dissolution of hditeeither.

The Culebra Dolomite is above average in
thickness (40 ft), and core recovery from the unit
was very good. Recovered cores show a zone of
probable 6olites accounting for much of the greater
than normal thickness. Bedding and porosity are
generaly similar to that across much of the WIPP
site. Hydrostratigraphic units CU-3 and CU-2,

normally the most transmissive parts of the Culebra,
have been extended to include the 6olite zone.
Although these hydrogtratigraphic zones are thicker
than at the WIPP site, vugs and fracturing may be
lessextensvethanin other drillholes.

The Tamarisk has a normal stratigraphic
sequence and thickness, and the mudstone unit
showstypica reddish-brown claystone overlain by
gray and reddish-brown claystone. Someintraclasts
of claystoneare preserved. Thereisnoindication
of postdepositional dissolution of halite from the
mudstone unit.

The MagentaDolomiteisabout 28 ft thick and
shows typical laminar to wavy bedding, some
ripples, minor algal stromatolites, and possible
oolites. Only onefracture was observed, and there
was little macroscopic evidence of porosity.
Microresistivity indicates about 12 ft of higher
porosity in the upper part of the Magenta, whichis
cons stent with other cores of the Magenta.

The Forty-niner is represented by atypical
sulfate-mudstone—sulfate sequence. Cuttings
indicate atypical color and lithologic sequencefor
the mudstone in the member.

The Dewey Lakewas partialy eroded, and the
Santa Rosacompletely removed, prior to deposition
of the Gatuia. Cuttings and geophysical logs
indicate that the sulfate—carbonate cement transition
in the Dewey Lakeis about 180 ft below ground
level at SNL-12, whichislower stratigraphically
than the cement boundary is near the center of the
WIPP site. A saturated zone with good quality
water was encountered above thisdepth, anditis
suggested thet it is perched on the sulfate-cemented
zone.

Most of the open drillhole below the Culebra
was cemented before reaming.The drillhole was
reamed to adiameter of 12.25 inchesthrough the
Culebra. Fiberglass reinforced plastic casing
(4.83 inches 0.d.) was placed in the hole, with a
screen interval across the Culebra Dolomite. The
annulus was filled with 8/16 Brady sand to just
above the Culebra, and bentonite was placed on
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the sand to separate the Culebrafrom the Tamarisk
mudstone. The annulus above the bentonite was
cemented to the surface. The well was devel oped
in August 2003, with several pumping and surge
periods and with pumping rates ranging from about
16 to 26.5 gallons per minute. Thefluid density of
water from the Culebrawas measured in the field
as 1.02 grams per cubic centimeter (g/cc). The
water level, measured March 8, 2004, was
2997.03 ft above mean sealevel. OnApril 5, 2004,
the screen interval was cleaned by jetting, and the
well was pumped for nearly 3 hours. The fluid
density measured in thefield was 1.004 g/cc. The
measured water level on April 13, 2004, was
2998.94 ft above mean sealevel.
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WIPPsite (on horizon, below arrow). Theoil well visiblebehind therigisPure Gold“B” Federal #6.
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1.0 INTRODUCTION

SNL-12 wasdrilled in the southeast quarter of
section 20, T23S, R31E, in eastern Eddy County,
New Mexico (Fig. 1-1). Itislocated 1711 ft from
the south line (fdl) and 2137 ft from the east line
(fel) of the section (Fig. 1-2). Thislocation places
the drillhole near the southeast arm of Nash Draw
among oil wells of the Sand Dunesfield. SNL-12
will be used to test hydraulic properties and to
monitor ground water levels of the Culebra
Dolomite Member of the Permian Rustler
Formation.

SNL-12 was permitted by the New Mexico
State Engineer as C-2954. [Official
correspondence regarding permitting and regulatory
information must reference this permit number.] In
the plan describing the integrated groundwater
hydrology program (SandiaNational Laboratories,
2003), SNL-12 is also co-designated WTS-10
because the location al so satisfies needs for long-
term monitoring of water levelsand flow rate and
direction in the Culebra Dolomite for Resource
Conservation and Recovery Act permit compliance;
this program is under the management of
Washington TRU SolutionsLLC (WTS).

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. Environmental Protection Agency
(EPA) and under a permit issued by the
New Mexico Environment Department. WIPPis
located about 25 miles east of Carlsbad,
New Mexico, in eastern Eddy County (Fig. 1-1).
Disposa panelsare being excavated in the Permian
Salado Formation at a depth of about 2,150 ft
below ground leve (bgl)

1.2 Purpose of SNL-12

SNL-12 was designed and located to provide
information for theintegrated hydrology programfor
WIPP (Sandia National Laboratories, 2003).
Among the objectives of the integrated hydrology
program, SNL-12 will 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 havebeenrisnginrecent years,
contrasting with the conditions used to calibrate
models of the Culebraacrossthe site area(Sandia
National Laboratories, 2003) for the Compliance
Certification Application (CCA; U.S. Department
of Energy, 1996). Hydraulic properties of the
Culebravary spdtialy, and threefactors (overburden,
upper Salado dissolution, and Rustler halite
distribution) appear to explain most of thevariability
intransmissvity (Holt and Yarbrough, 2002; Powers
and others, 2003). SNL-12 was located to test
Culebrahydraulic properties near the upper Salado
dissolution marginaswell asconfirming thegeologica
conditions used 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. 40; seedso Appendix A):

1. Confirm that the high transmissivity south of
thesiteindicated by our modelsexidts,

2. Determineif dissolution of the upper Salado
has occurred inthisareg;



Basic Data Report for Drillhole SNL-12 (C-2954)
DOE/WIPP 03-3295

Hobbs

P —
- < e \
— - < \ -
7 RS -
Carlsbad WIPP h ~ \ Eunice "‘\

DSllte N \ -

N

o SNL-12N_ \ \
vy
\

N Lovin

2
s©

Jal -

aArgi\ LR
o BN

Eddy Co.
Lea Co.

undary.

4
0
40

\

Y = - I;ZWSI 1 * [N
I——I \ l/

‘ o —

e
multi-well

- L]

| | complex. zri.—a. o}
Vo ) H-114p.g+

L B whbseey | Figure 1-1
Sl e e Lo | Location Map

lo b - Cabin Baby

P A

ko

SeeFigure 1-2 for’:
survey plat details

B (]

of SNL-12 |

[ 3 d

| §
1AA By %
| 2
! 3
| o

] mile

SNL-12 Fig 1-1.ai




Basic Data Report for Drillhole SNL-12 (C-2954)

DOE/WIPP 03-3295

QU <H o\
—a
[
O |
- 2
320
L 5 G
€002 _v1 1SNONY ___:@iva n
OOIX3IW A3N_ TdLvis L A — aTen
AQQ03 :XINNOD QM&W&%@N IIIII “OON T .H ﬁ m
WIWN 3Ic @ SE2 I 02 0dS NI
NOILVAHOJNI TIaM yaIavae =
009 0o0¥ 002 0 002
: ANIT GNVT — - — -- —
_ S_S..mm.mmawwz z
: ANHAIAT ANTT ZI—INS g 29 5
| [LET2 A FMOT 7T M FOLINON —53] ! 138
i avIHITA0 2 23
LI 2 =
| ~ | Tatava ssvaa . IVILSIET o s s0-s0-s0-sm-s0- o556 _mom.nsm C
_ mw (NOILVIOT JAVH) ANIT 1SY3 3HL WOd4 (LE12 avod
[ s O ONISVO HAISNI ANIT HLYON 3HL WON4 626 ST _
sl =2 adid daSLO - 39V SANIT ANV WON4 SIONVLSIA | _
N0 Y 82'/£€€ FHIITVI | avd |
<IN SN avd FLTIONOD SI MAVWHON3E 1378vL SSvad INILSTXE 7794 |
=S L il ST i ONTSY5 _ THIITVD |
= _ INILSTXHT
oZHM % A uviIq TI94 &I-INS ¥04 <1334 ND A3 620AWN L e "
%_2 S ,\wv 3 €0°016599
Y 2 X N +/'€5989% &h:“: N&\}&w}\\
n sy O nmu 39V (1334 ND 21-N d W V7] \v wrerd
. N 626
'ONINNID34
40 INIOd 3HL OL1 ,00000T 304 3.5G.§G.88S
N3HL £,00'00T 04 3.11,90.10N NIHL 4,00'001
J04 M,GG,EG.88N NIHL (,00000T 04 M,I1,90,10S| NIHL
‘02IX3W M3N ‘ALNNOD AQA3 “WdJ'WN ‘3I1EY ‘SERL 02

03 40 d3NAJ0J ¥/3 3HL WOd4 .8E2E€ee M.9T.00./9S
S3IT 1vHL INIOd ¥ 1V ONINNID3g :SMO7704 SV
@3GI¥0S3A ATIVINIILYYd 3J0W ONIZE “INIWIPYNYW
ANV 40 NY3IANG 3HL WOd4 “ADY3INI 40 LNIWLNVLIT
3HL 40 JOAV4 NI ‘Qvd T713M JOLINOW ¥ 304

LINIWIDYNYW ANV 40 NV3ANgG :WOJ4
ADY3INT 40 INIWLAIVL3IT 604

V LIGITHXA




Basic Data Report for Drillhole SNL-12 (C-2954)
DOE/WIPP 03-3295

3. Determine if the dimensionality of flow
(inferred from apumping test) indicatesthat the
high transmissvity ischanndlized (focused) or
iswiddy digtributed (diffuse);

4. Provide another monitoring point to help
determine the source and/or cause of the
water-level changesregularly observed a H-9;

5. Provide information on Culebraheadsin an
areawith many nearby oil and gaswdlls, and

6. Provide apumping location for alarge-scale
(multipad) test to provide transient data for
calibration of the Culebramodel south of the
WIPPdte.

1.3 SNL-12 Drilling and Completion

The basic information about drilling and
completion of SNL-12 ispresented 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-12 wasrotary drilled and cored to atotal
depth of 905 ft bgl (Fig. 1-3). As the drillhole
progressed, circulating fluids were successively
changed from air to fresh-water mist with foamto
brine with foam to brine with surfactant. The
changesreflect needsfor determining geologica and
hydrological conditionsinthedrillhole aswell as
maintaining control of drillhole conditions.

Core recovery ranged from excellent to poor
(Appendix C), and this experienceiscommonin
theseintervals (e.g., Powers, 2002b; Mercer and
others, 1998).

In keeping with recent practice at WIPP,
SNL-12 was cased with fiberglass reinforced
plastic (FRP) casing rather than steel to provide
longer utility of thewell for monitoring and testing.
Steel-cased wells at WIPP are expected to be
plugged and abandoned and, where necessary,
replaced with wells completed similar to SNL-12
(SandiaNationa Laboratories, 2003).

SNL-12 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 mantaining
packers; loss of water level datawhen packersfail;
mixing of waters of differing quditieswhen packers
fail; and theincreased complexity of tesinginawell
completed to multipleintervals. Although unitsother
than the Culebra bear water at SNL-12, including
the Dewey L ake Formation, the program plan does
not refer to additiona monitor or pump welson the
SNL-12 wellpad (SandiaNational Laboratories,
2003).

Geophysicd logs, especidly the naturd gamma
and caliper logs, were used to make the final
decisions regarding completion of SNL-12
(Fig. 1-4) (Appendices D and E). Thedrillholewas
cemented back to a level below the Culebrato
protect the lower Rustler from circulation of
Culebra water (Fig. 1-4). The bottom of the
Culebra screen interval was placed at 584 ft to
remain above the claystone bel ow the Culebraand
avoid possible plugging of the lowermost slots
(Fig. 1-4). Thetop of the screen, at 546 ft, isabove
the top of the Culebra. Thetop of the sand/gravel
pack (8/16 silicasand) at 540 ft is below the level
of the mudstone in the Tamarisk to prevent
connection to the Culebra. Baroid Holeplug from
540-535 ft also prevents circul ation between the
Culebraand the Tamarisk mudstone. The annulus
above the seal at 535 ft was cemented to the
surface.

A find caliper log (Fig. 1-3), obtained after the
drillhole was reamed to 12.25 inches and before
the casing was placed, showsdrillhole enlargement
in the Forty-niner and Tamarisk mudstones, and
also at the contact between the Dewey Lake and
Rustler Formations. The cdiper log (Fig. 1-3) dso
showsthat the drillhole diameter decreased through
the Culebra, similar to the experience at drillhole
C-2737 (Powers, 2002b). Above 180 ft, the
drillhole diameter is somewhat irregular and
diminished from the nomina reaming diameter; this
zone correspondsto the upper Dewey Lake where
sulfate cements are not present (see section 2.0).
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The surface configuration (Fig. 1-5) provides
sability, security, and ready accessto the casing for
measurements, sampling, or other testing. The
surface benchmark is an accessible reference point
for future measurementsif thewell configurationis
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-12 was drilled and completed by the
West Texas Water Well Service, 3410 Mankins,
Odessa, Texas, under contract fromWTS. Coring
was done by John W. Wood, Diamond Oil Well
Drilling Co., Inc., PO. Box 7843, Midland, Texas.
Geophysical logging was conducted by
Raymond Federwisch, Geophysical Logging
Services, 6250 Michele Lane, Prescott, Arizona,
under contract to West Texas Water Well Service.
Geological support was provided by
Dennis W. Powers under contract to WTS. Mike
Stapleton of the New Mexico Office of the State
Engineer witnessed hole completion activities
(Appendix E). Archeological clearances obtained
fromthe U.S. Bureau of Land Management were
based on field work and reports by Mesa Field
Services, PO. Box 3072, Carlsbad, New Mexico
(Appendix F). Cores from SNL-12 were
photographed with digital cameras, and aphotolog
isincluded in Appendix G. Electronic images can
be requested from WTS.
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Table 1-1. Summary of Drilling and Well Completion Records
for Hydrologic Drillhole SNL-12 (C-2954)

L OCATION: Southeast ¥4, section 20, Township 23 South (T23S), Range 31 East (R31E)

SURFACE COORDINATES: Thewell islocated 1,171 ft fromthesouthline (fd) and 2,137 ft from
theeast line(fel) of section 20. The New Mexico State Plane (NAD 27) horizontal coordinatesin feet
are468653.74 North, 665510.03 East (Figure 1-2 showsthesurvey plat). UTM horizontal
coordinates (NAD27, Zone 13) in meterswere cal culated for SNL-12 using Corpscon for Windows
(v.5.11.08): 3572728.40 North, 613209.67 East. Figure 1-1 shows UTM coordinates on a1000-m
grid.

ELEVATION: All depthsusedingeological and geophysical dataherewere measured from thetop of
the connector on the steel surface conductor casing, at about ground level. Depthsarereported bl
whichistaken as 3,337 ft above mean sealevel (amd), therounded valuefor the brasstabl et
benchmark (3,337.28 ft amdl) adjacent to the cement well pad. The primary datum for the compl eted
well is3,339.44 ftamd (NAVD 29) for amark on thetop of the FRP casinginsidethe protectivewell
pipe. Figures 1-3, 1-4, and 1-5 show the as-built configuration of SNL-12.

DRILLING RECORD:

Dates. Began drilling June 25, 2003; drillhole reamed to compl etion depth (600 ft) on July 24,
2003. Fina geophysical |ogging was conducted on July 24, 2003. Drillholewas prepared for casing,
and was cased and cemented July 29, 2003. Rigwastaken down July 30,2003. SNL-12 well was
devel oped by pumping on August 4, 2003, and April 5, 2004.

Circulation Fluid: Thesurface conductor casing pilot holewasdrilled to 30t bgl with circulating
air and wasthen reamed to 18-inch diameter with Baroid Quik-Foam® and fresh water mist driven by
compressed air. SNL-12 wasdrilled to 175 ft bgl with circulating air. The saturated zonein the Dewey
L ake Formation caused cuttingsto cakeinthedrillhole, and Baroid Quik-Foam® and fresh water mist
driven by compressed air were used to drill and coreto 577 ft bgl, partialy through the Culebra
Dolomite. From 577 ft bgl to total depth (905 ft bgl), the drillholewas cored and drilled using circulating
brinewith Flowzan® biopolymer (M SDS# 463650) in aportable mud pit. After geophysical logging
and plugging thelower part of thedrillhole, SNL-12 wasreamedto afina diameter (12.25 inches) to
600 ft using circulating brinewith Flowzan® biopolymer (M SDS# 463650) in aportable mud pit.

Cored Intervals: 4.0-inch corewastaken through theseintervals (depthsfrom drilling data):
425.0-470.5ft bgl: lower Forty-niner, Magenta Dolomite, and upper Tamarisk Members
520.0-720.0ft bgl: lower Tamarisk, CulebraDolomite, and L os M edarios M embers; and upper

Salado Formation

Rigand Drilling Contractor: Gardner-Denver 1500, Rig#15; West TexasWater Well Service,
Odessa, Texas



Basic Data Report for Drillhole SNL-12 (C-2954)
DOE/WIPP 03-3295

Table 1-1. Summary of Drilling and Well Completion Records
for Hydrologic Drillhole SNL-12 (C-2954), continued.

Drillhole Record:

Size (inches) |From (ft bgl) [To (ft bgl)
18 0 30
12.25 30 600
7.875 600 905
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 -2 546.0
4.83 4.33 | 3.20 FRP screen 546.0 584.0
4.83 4.33 | 3.20 FRP blank 584.0 595.0

*Reference point for logging and completion is the top of the connector on the
surface conductor casing, which is ~ ground level. The blank FRP extends ~2 ft
above this connector.

**ERP = fiberglass reinforced plastic

Coring Record:

Core Run Depth Interval (ft) Interval (ft) Recovered

No. From To Cored Recovered %
1 425 454 29 29 100.00%
2 454 470 16 16.5 103.13%
3 520 548 28 28.3 101.07%
4 548.3 577.3 29 29 100.00%
5 577.3 600 22.7 22.7 100.00%
6 600 610 10 10 100.00%
7 610 638 28 18 64.29%
8 638 666 28 20 71.43%
9 666 690.5 24.5 17.8 72.65%
10 690.5 720 29.5 30 101.69%
Totals 244.7 221.3 90.44%

Note: Marked core depths (e.g., Appendix C) vary slightly from core interval depths partly due
to differing recoveries and estimates of lost core intervals. Recovery >100% results from
recovery of core left in the drillhole on a previous run, from measurement discrepancies, or
from core not fitting together precisely when laid out for marking.
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Figure 1-3

SNL-12 As-Built Diagram
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See Figures 1-4 and 1-5 for
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Figure 1-4
SNL-12 Completion and
Monitoring Configuration (7/29/03)
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Figure 1-5
SNL-12 Surface Configuration
and Elevations (7/29/03)

Mark on casing (toc)
@ south edge:
3339.44 ft amsl (NAVD29)

cement pad ———

Surface casing to 30 ft
(13.375 inches 0.d.)
(see A below)

d g.|. ~3337 ft amsl

Drilling pad fill,
sand g %erino soil

10
Brass tablet benchmark
south of cement pad:
3337.28 ft amsl
(NAVD20) 18
(see B below)

| Mescalero caliche

Drillhole reamed with ——» ~ | Gatufa Fm
18.00 {nch diameter bit

to 30 ft bgl 30

Drillhole reamed with —»|
12.25 inch diameter bit

A - Surface casing for SNL-12 with
cap and padlock.

B - Detail of brass tablet benchmark
on southwest side of SNL-12
cement pad.
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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 compilation is
certainly the Compliance Certification Application
(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 and Yarbrough, 2002;
Powers, 2002a; Powers and others, 2003), are
relevant to understanding the geology and hydrology
at SNL-12.

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
sgnificantly affected sedimentation. Near theend of
the Permian, circulation with the ocean improved,
and some of the Rustler Formation, for example,
was deposited in saline water rather than brine. As
the Permian ended and Triassi ¢ began, continental
environments prevailed, and significant redbeds
were deposited. Although surrounding areas
accumul ated variable thicknesses of |ater Mesozoic
and Cenozoic age sediments, the WIPP area
appears to 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
have remained geologically stablefor gpproximatdy

thelast haf million years, resulting in theformation
and preservation of pedogenic calcrete (caliche)
deposits.

2.2 Geological Data From SNL-12

SNL-12 encountered a normal stratigraphic
sequence for the area south of the WIPP siteand
adjacent to the southeast arm of Nash Draw, from
ground level to total depth (Table 2-1; Fig. 2-1).
Units encountered ranged from unconsolidated
surficial sands to the upper part of the Permian
Salado Formation. No unusual structural,
sedimentological, or diagenetic festureswere found
during investigation using cuttings, cores, and
geophysical logs, although details of the
sedimentology of the Rustler will extend
understanding of that unit. Groundwater was
encountered in the Dewey Lake Formation during
drilling.

The geologic unitsencountered in SNL-12 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.
Thedifference between geophysica 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 annulusfillings were
based on depths indicated by geophysical logs
(Appendix D). Geologic logs detailing field
observations of cuttingsand coresareincludedin
Appendix C.

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

Approximately 28 ft of the uppermost Salado
were cored in SNL-12, and an additional 185 ft

11
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Table 2-1
Geology at Drillhole SNL-12
System/ Formation or unit Member Depth bel face (ft)
Period/Epoch Informal units epth below surface (ft
o Holocene surface dl.me sapd and 0-10ft
Q _ Berino soil
=) Pleistocene Mescalero caliche 10 - 18 ft
[«B]
O Miocene-Pleistocene Gatufia 18 ft- 36 ft
-2 Santa Rosa’ eroded
N . -
2 Triassic
§ Dewey Lake’ 36 ft- 372 ft
Forty-niner 372 ft- 432 ft
A-5 372 ft - 403 ft
M-4/H-4 403 ft - 418 ft
A-4 418 ft - 432 ft
Magenta Dolomite 432 ft - 460 ft
Tamarisk 460 ft - 547 ft
A-3 460 ft - 524 ft
o Rustler M-3/H-3 524 ft - 536 ft
'§ A-2 536 ft - 547 ft
2 Permian .
= Culebra Dolomite 547 ft - 587 ft
o
Los Medarios’ 587 ft - 692 ft
M-2/H-2 587 ft - 600 ft
A-1 600 ft - 608 ft
M-1/H-1 608 ft - 692 ft
692 - total depth (905 ft)
Salado 2Marker Bed 100 2-7852 ft
Marker Bed 101 822 ft - 825 ft
Marker Bed 102 845 ft - 850 ft?
Marker Bed 103 879 ft - 894 ft

Depths are based on measurements by geophysical logging supplemented by drilling data. Geol ogical 1ogs
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 completely eroded
at SNL-12.

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.

12
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were drilled and logged with geophysical tools. The
core provides arecord of the transition from the
Salado to the Rustler and any dissolution that may
have affected the upper Salado or basal Rustler.

The program plan (Sandia National
Laboratories, 2003) outlined a potential drilling
target of amarker bed (MB) in the upper Salado.
Powers (2002a, 2003a) estimated before drilling
that this location had not been affected by
dissolution of upper Salado halite, based on the
thickness of the interval between the Culebraand
the Vaca Triste Sandstone Member of the Salado
insurrounding industry drillholes. The core provides
direct stratigraphic and textural evidence to
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 the
larger Stratigraphicinterval to dissolution, if any, of
upper Salado hdite.

The upper Sdado isdominated by coarse hdite
ranging in color from white to orangish or reddish-
brown from included accessory minerals. SNL-12
also intercepted anhydrite to polyhalite
[K,Ca(SO,),- 2H,0] marker beds in the upper
Sdado and thin argillaceous beds.

A white anhydrite, ~15 ft thick, isestimated to
occur from ~879-894 ft, based on changes in
drilling rates and cuttings returned at the surface.
Thisbed isconsidered to be MB103; itissimilar
inthicknessand dtratigraphic positiontoMB103in
other drillholesin the area (Powers, 20023).

A polyhalite and halite unit from ~845-850 ft
isbelieved to be MB 102. Thisunit iswidespread,
but it is not as thick or uniformas MB 103. The
identification, based mainly on cuttings, istentative.

Based on limited data from cuttings and
geophysical logs, MB 101 is inferred from
~770-778ft. Resigtivity and density logsindicate
lithologies generdly consstent with thismarker bed.
Black claystone cuttings (returned to the surface
after the drillhole had reached ~785 ft ) are
consistent with high natural gamma from
~778-782 ft, which is a likely position for an
underclay for thisunit. Thisinferred location for

MB101 is not sufficiently reliable to use as an
indicator of thickness changes across the
Salado—Rustler contact due to local or regional
dissolution.

Several depositional cycles (both Type 1 and
Type 2, Lowenstein, 1988) are represented in the
cores from the uppermost Salado (Fig. 2-2), with
sequences sSimilar to those described by Holt and
Powers (1990a,b). The basal halite beds of the
depostiond cycleare commonly coarse hditewith
few disseminated impurities, some thin bedding
(2-8inches), and some discontinuous thin sulfate
laminae along bedding (stratified mud-poor
halite— smph; Fig. 2-2). Above this basal part of
the cycle, the hdite crystalstend to become smdller
vertically, and clay (and sometimes polyhalite)
content increases upward (muddy halite-mh,
possibly podular; Fig. 2-2). Halitic mudstone or
claystone generdly marksthe upper part of acycle.

Atthetop of thecycleat 712 ft, some claystone
accumulated before the next depositional cycle
began with sulfate, which was later converted to
polyhalite. Sandy siltstone accumulated at the top
of the Type 1 cycleat 703.4 ft. Halite crystasgrew
displacively in the clastic materia included inthe
intervalsfrom 711.7-703.4 ft and 703.3-694.7 ft.
Bedding isgeneraly poorly displayed within the
clastic-rich parts of the depositional cycles.
Syndepositional solution surfaces are likely at
715.3 ft, 714.3 ft, and 713.5 ft. Reddish-orange
polyhalite, ~0.3 ft thick, at 712 ft may not be the
beginning of aType 1 cycle; the upper surfaceis
undulatory, appears corroded by dissolution, and
displayssmdl featuresthat are possible hdite-filled
desiccation cracks.

From 694.7-692.1 ft, thin bedded gypsum and
reddish brown siltstone and sandstone mark the
uppermost Salado Formation (Fig. 3-3). The beds
are modestly disrupted, and appear to have been
amalgamated as a unit. Whether this is by
syndepositiond dissolution of somehditeor by loca
faciesvariationsis undetermined from macroscopic
evidence. The overlying beds are not disturbed.
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Figure 2-1
Well Record SNL-12 (C-2954)
T23S

Company: Washington TRU Solutions LLC
Well:  SNL-12 (C-2954) m
Section: 20 Twp: T23S Rge: R31E 8 20
Location: 1711 ft from south line (fsl) @x

2137 ft from east line (fel) °

Reference point Elevation
Log measured from: top of connector on surface KB:
conductor casing (ground level - gl) DE:

Drilling measured from: gl
Permanent Datum: benchmark

GL: 3337 ftamsl
(benchmark: 3337.28)

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: June 25, 2003

Completion date: July 29, 2003

Total depth (TD): 905 ft bgl (driller log)

Casing Record
Conductor: 30 ft
13.375 inch steel
Casing: 4.83 inch o.d.
fiberglass to TD
Screened interval:
584.0-546.0 ft

Geophysical Logs Date: July 14, 2003
Micro/Laterolog/Induction/SP:  0-905 ft

Gamma/Fluid:O 0-905 ft
Caliper:O 0-905 ft
Density/Neutron: 0-905 ft
Geophysical Logs Date: July 24, 2003

Caliper:00O 0-600 ft

Type fluid in hole: Brine
Res mud: 0.2 ohm-m.
Res mud filtrate:

4 ohm-m.
Max. Rec. Temp.:
28.2°C

Dolomite
% Polyhalite
Anhydrite
| Halite EEEEs

General Lithologic Symbols Used

Fine sandstone &
siltstone

Coarse sandstone

Sandstone w/caliche

Mudstone/siltstone

Eigure 2-1 1 og Title & Header page ai

SNL-12 Well Log Headers

Radioactive Logs
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2800

counts/sec
counts/sec

Density

2200

2 16,000

Fluid Temp

B e
degrees C

Electric Logs

Spot Resistivity
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R-32
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meters amsl
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amsl|
vation
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GL=
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50 inches 10.0
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0

Stratigraphy | Caliper -

Member
Formation
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System
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Figure 2-3
Upper Salado Displacive
Halite at SNL-12

18

The muddy halite below the Salado—Rustler
contact at SNL-12 revedsavariety of sedimentary
texturesrelevant to interpreting whether dissolution
has affected the upper Salado. Displacive halite
margins are commonly visible (e.g., Fig. 2-3;
~ 696.2—696.3 ft) in some beds. Some of the hdlite
appearsto have corroded margins. A thin siltstone
bed (Fig. 2-3) may have both displacive and
corroded hditemarginsat itsbase. Thedltstonedso
shows narrow vertical separationsthat may be due
to desiccation.

2.2.2 Permian Rustler Formation

The Rustler was completely drilled. The contact
with the underlying Salado Formationis at 692 ft,
based on geophysical logs; the boundary marked
onthecoreisat 692.1 ft. The contact between the
Rustler and the overlying Dewey L ake Formation
isat 372 ft, based on geophysical logs, and thetotal
Rustler thicknessat SNL-12is 320 ft.

2.2.2.1 Los Medanos 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 WIPPR, studiesof the Rustler
havecommonly referred tothisinterva fromthebase
of the Culebra Dolomite Member to thetop of the
Salado Formation asthe unnamed |ower 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 havebeen
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 Los Medafios occursfrom 692-587 ft at
SNL-12. The entire thickness (105 ft) of the
Los Medafioswas cored, although portions of the
upper part wereonly partially recovered.
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The informal unit mudstone-halite 1 unit
(M-1/H-1; Fig. 2-4) (Holt and Powers, 1988) is
considered here to extend from the top of the
Salado at 692 ft to 608 ft (based on geophysical
logs), and it includesthe bioturbated clagtic interval
and sandy transition without separation.
Approximately 10 ft of core were lost from core
run 7 (610-638 ft). It was assumed during drilling
that the loss occurred from ~610-620 ft, and the
uppermost core from thisinterval was therefore
marked as 620 ft (Appendix C, sheet 7). Thegray
anhydrite marked from 624.8-627.9 ft is now
believed to correspond to the diminished natural
gamma from 613616 ft. Nearly five ft of core
above the anhydrite also correspond to the five ft
thick geophysical log interval between the base of
anhydrite 1 (at 608 ft; see below) and the top of
thisadditiona anhydrite. The corelossfromrun7
more likely occurs at the base of the recovered
core. Nevertheless, the coreis not being remarked.

At the base of M-1/H-1 at SNL-12, ~2.6 ft
(692.1-689.5 ft) of reddish brown (2.5YR4/4;
Munsdll Soil Color Chart, 1971 edition; colorsare
from dry samples unless noted as wet) fine
sandstone overliesthe anhydrite considered the top
of Salado (Figs. 2-2, 2-5). The sandstone haswell-
preserved thin beds and laminae (Fig. 2-5) that
appear to be undisturbed by fracturing or tilting.
Probable claystone intraclasts are preserved in the
middle of the unit, but thereis no obvious erosiona
contact like that found dlightly above the base of
the Rustler in other cores (e.g., Powers
and Richardson, in review) and shafts
(Holt and Powers, 1990a,b; Powers and Holt,
1999). Thissandstone gppearsto befining upward,
and bedding becomes more wavy upward. This
reddish brown section also appearsto be partially
cemented by gypsum.

From ~689.5-679 ft, M-1/H-lisdominated by
grayish brown (2.5Y5/2), silty, argillaceous
sandgtone. Bedding rangesfrom faint tothinlaminae,
with somelow-angle cross-bedding or ripples near
the base and top of the unit. Small holes near the
top indicate possible bioturbation; and there are
possible small pelecypod molds at ~681-681 ft.

19

Figure 2-4
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Figure 2-5 Unfractured Thin Beds at
the Base of the Rustler Formation at SNL-12

_ ~6915ft"
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The unit is moderately indurated, and is likely
cemented by gypsum near the base. Near-vertica
fractures occur in the interval from 684682 ft;
some horizontal washouts pardlel bedding, but they
may also indicate horizontal separations. Holt and
Powers (1988) and Powers and Holt (1999) also
informally described this portion of the
Los Medarios asthe bioturbated clastic interval.

The interval from ~679-673 ft is dark gray
(5Y4/1), very fine sandstone that is silty and
argillaceous. Bedding is faint in thin zones
(24 inchesthick), and other thin beds (2—4 inches)
included very thin laminae and some cross-bedding.
This interval has poor to moderate induration.
Fractures are approximately vertical and unfilled.
Small pores (<0.5 inches diameter) are washed out,
and they may indicate bioturbation. Somebedding
planesare also partidly washed out.

The core from 673-658 ft isbelieved to have
been lost asthe lower part of core run 8 and upper
part of core run 9. The area of core loss is
uncertain.

Theinterval from 658-644 ft is gray to dark
gray (5Y5/1-4/1) argillaceous siltstone that isalso
slightly calcareous. Laminae are common,
~0.04-0.08 inch thick, somein setsto 0.2 ft thick,
and as low angle near-planar crossbedding
(see 650.2-650 ft). From ~657—-652 ft, unfilled
fractures range from nearly vertical to 45° from
vertical. There are short washout sections with
similar orientations. Small nodules of gypsum
(0.125-0.25 inch) are scattered throughout, and
thereareirregular vugsto ~ 1 inch diameter.

Dark grayish brown (2.5YR4/2), sandy
siltstone from 644638 ft is not calcareous. It
includesthin laminae (~ 0.04 inch) and some dight
mottling in zones with poor bedding, possibly
indicating bioturbation. This interval probably
correlates with the trangtional zoneasassignedin
Holt and Powers (1988); all of the lower Rustler
here is included in M-1/H-1 when trying to
compare thickness changesin the WIPP areadue
to dissolution of hditein thelower Rudtler.

A thin, anhydrite-cemented, gray sandstone
from 638-637.1 ft capsthis section of clastic beds.

A thin, light brown sandy anhydrite occursfrom
637.1-636.2 ft. Thisbed would be consistent with
the upper part of the transition zone, as generaly
indicated by color changes, but it aso correlates
with sulfatic zonesin the middle of the transition
zone.

From 636.2—634.3 ft, a dark reddish brown
(5YR3/4), silty, argillaceous sandstone includes
possible claystone clasts, some poorly defined beds,
and laminae at the top.

An anhydrite-cemented sandstone, from
634.3-633.7 ft, is somewhat similar to the sandy
anhydritefrom 637.1-636.2 ft.

A dark reddish brown (5Y R3/4) argillaceous,
sty sandstone from 633.7-627.9 ft generaly has
poorly defined bedding, some possible claystone
clasts, and laminae at the top of the bed.

The gray (5Y5/1) anhydrite from
627.9-624.8 ft isrecognizablein cores, shafts, and
many geophysical logs acrossthe WIPP site area
(e.g., Powers and Richardson, in review). The
anhydrite displays thin laminae, possible tiny
verticaly oriented (svdlowtail) gypsuminthelower
part, aprobable growth ridge created by expansive
gypsum crystd growth whilethe unit was subaeridly
exposed, and possible nodulesin the upper part of
the bed. The upper contact isirregular.

Thereddish brown (5Y R4/4), Slty, argillaceous
sandstone and dark reddish brown (5Y R3/4), silty,
sandy claystone from 624.8-620 ft likely represent
theinterva immediately below A-1, dthoughit was
assigned below acorelossinterval based on best
field observations. Geophysical logs show that the
anhydritefrom 627.9-624.8 ft is gpproximately 5 ft
below A-1 (Fig. 2-1). The claystone at the base
displays subhorizontal mottled zones and gray
layers. It includes probable smeared intraclast
textures (Powers and Holt, 2000). The overlying
sandstone exhibitsthin laminag, some dight cross-
cutting bedding, and deformation. It issulfatic, but
itis poorly indurated. A very thin claystone was
included at the base of corerun 6, just below A-1,
from 610-609.8 ft.

M-1/H-1 isgenerally not well-cemented, and
there was significant core loss. There is some
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probable gypsum cement near the base, overlying
the Salado. Some sulfate cementsareindicated in
the zone with anhydrite beds, from 638-633.7 ft.
The only zonewith indications of carbonate cement
is from 658-644 ft. No halite was observed
anwherein the lower Rustler. No fractures were
observed to haveacrysalinefilling.

Theinformal unit anhydrite 1 (A-1; Fig. 2-4)
(Holt and Powers, 1988) was encountered from
609-600 ft, based on the natural gamma and
caliper logsfrom SNL-12 (Figs. 2-4, 3-1). Based
on thedrilling records, the core of A-1 was marked
from 609.8-599.3 ft. The sedimentology of A-1is
discussed according to core depth markings.

A-1at SNL-12 isexpressed asthree subunits:
an anhydrite, a thin claystone, and a thin upper
gypsum.

The anhydrite from 609.8-601 ft isgray, with
adightly pink areaat 609 ft. The pinkish color may
indicate an earlier polyhalite or polyhditic zonethat
has been diagenetically alterred. Vertical-growth
gypsum occurs near the base, and the unit overal
displaysinterbedded laminae and nodular bedson
ascaleof ~0.5-1ft.

The claystone from 600.5-600 ft issilty, mainly
reddish brown, and has some blebs of gypsumin
thelower part.

At thetop of A-1, white, nodular gypsum from
600-599.3 ft includes claystone that hasinfiltrated
the unit from the overlying bed.

Theinformal unit mudstone-halite 2 (M-2/H-2;
Fig. 2-4) (Holt and Powers, 1988) wasencountered
from 600-587 ft, based on the natural gammaand
caliper logsfrom SNL-12 (Figs. 2-4, 3-1). Thecore
from M-2/H-2 was marked from 599.3-588.8 ft,
accordingtothedrilling dataavailable. Theunit was
cored in one run, with al of the unit apparently
recovered. Thedifferences between coreinterval
and log interval are not significant, with modest
uncertaintiesfor each. Theunitisdiscussed according
to core depth markings.

M-2/H-2 at SNL-2 is mainly argillaceous
siltstone with athin, silty, dark gray (2.5Y RN4)
claystone (marked 589.6-588.8 ft) at the top.
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Bedding isdiscernible but intermittent, ranging from
laminaeto thin beds. Bedding aso can be horizontal
(Fig. 2-6), as observed near the top of the M-2,
mixed with zones showing some tilting of
beds. M-2/H-2 ismainly gray from the claystone
downto~593.4 ft and isreddish brown below that
point. There are gypsiferous zones and displacive
gypsum in the reddish brown zone and a horizonta
gypsum veinwith vertica fibers separating the color
zones. M-2/H-2 is blocky, and slickensides are
common. The slickensides on different faces of
block show differing directions. The upper contact
with the overlying Culebra Dolomite Member
appears sharp.

2.2.2.2 Culebra Dolomite Member

Based on the natural gammalog from SNL-12,
the Culebra extends from 587-547 ft, while the
core has been marked from 588.8-548.1 ft.
Recovered Culebra core (Fig. 2-7) totals ~40.7 ft
thick, and it isbelieved that the Culebra coring was
complete, although portions of the core were
rocovered as small blocks. This contrasts with
common loss of core from the more permeable
middle and lower sections of the Culebra

Holt and Powers (1988) found a range of
20-30-ft thicknessin Culebra cores described from
WIPP and aregional thickness exceeding 40 ft,
based on geophysical log data. The Culebra at
SNL-12isnear the maximum determined regiondly.

At SNL-12, thelower Culebra (588.8-577 ft)
islight gray (5YR7/1) togray (5Y 6/1) dolomitewith
numerous pores and some thin bedding and flat
laminae. From 588.8-586.2 ft, the pores are few,
amall, and filled with gypsum. From 586.2-584.3 ft,
thevugsaresmal tolargeand aremainly filled with
gypsum. From 584.3-577 ft, porosity isestimated
to be ~20%, poresare aslargeas~ 0.5 inch, and
~1-2% are filled except in the zone from
582-579 ft. In that zone, an estimated 15-20% of
the pores arefilled. Horizonta fractureswith black
organic surfaces occur at 0.5-1 ft spacing from
584-577 ft.
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The upper Culebra (577-548.1 ft) at SNL-12
generally rangesfrom very pae brown (10YR7/3)
to pale brown (10Y R6/3). It issiity dolomite, and
may be gypsiferous. The upper Culebraincludes
scattered larger pores, to ~ 0.5 inch diameter, and
vertical to subvertical fracturesfrom 577-569.8 ft.
From 569.8-5609 ft, there are a few large pores.
From 569-563.5 ft, pores are small, and some of
the pores appear flattened. From 563.5-554.5 ft,
the Culebra appears to have small dolites, large
vugs, and rare subvertical fractures. From
553.5-551 ft, the Culebra has large pores. The
uppermost Culebraisthin bedded to laminar, with
stromatolites from 550-549.8 ft.

The Culebracoreat SNL-12 differsfrom most
of the other cores and shafts in thickness and
presence of oolites. The macroscopic elements of
the core indicate that the Culebra at SNL-12
corresponds generally to the hydrostratigraphic
units, which are based on evidence from the cores
at the H-19 multi-well complex (Holt, 1997).

Thelowest hydrostratigraphic unit, CU-4, is
assigned to theinterval from 588.8-586.2 ft. This
segment displaysthin beds and laminae, and it has
much less obvious porosity compared to overlying
cores. It also isnot a packbreccia, asis common
in the vicinity of WIPP (e.g., Holt and
Powers, 1988).

Hydrogtratigraphic unit CU-3isassgned tothe
interva from 586.2-569.8 ft. Thisinterval isboth
fractured and very porous. It is expected to be the
most permeabl e section of the Culebraat SNL-12.

Hydrostratigraphic unit CU-2 is the most
problematic to assign because of the presence of
oolites, which have not been identified near the
WIPP ste but have been reported from the Culebra
elsawhere. In the absence of specific information
about the hydraulic properties of the dolitic section,
we assumethat it has a permeability that ishigher
than the overlying, uppermost Culebra. The porous
Culebra from 569.8-563.5 ft, and the oGolitic
segment from 563.5-553.5 ft, are both assigned to
CU-2. Combined with CU-3, this section provides
a thick interval (32.7 ft) that likely provides
relaivey hightranamissvity.

Figure 2-6

Bedding in Upper M-2 at
SNL-12
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Hydrogratigraphic unit CU-1, with bedding and
little congpicuous porosity, isassigned to theinterval
from 553.5-548.1 ft.

The geophysical logs of the Culebra from
SNL-12 provide some additiona details of the unit.
The natural gammalog islow through the lower,
gray-colored section of the Culebra below about
577 ft. The lower brown-colored dolomite from
577-563 ft shows variable natural gamma, with
some higher zones consistent with more clay or
organic matter. Above 563 ft, through the 6olitic
segment and overlying uppermost Culebra, natural
gammaislow and decreasesupward, indicating little
clay or organic matter. The SNL-12 natural gamma
log does not display features common to the
Culebranearer the WIPP site: adight “spike” and
upward sharp drop. The transition upward to
gypsum of the Tamarisk was not as sharp or
distinctive asin some other areas. The general low
naturd gammathroughthisintervd isconsgent with
0Oolite deposition; dolitesform in energetic shallow-
water marine environmentsinfluenced by wavesand
tidesthat tend to remove fines. Somewell logsin
thevicinity of SNL-12 areamilar, indicating Golitic
beds are more widdly distributed.

The microresistivity log shows three zones
through the Culebra (Fig. 3-1). Resistivity is
generaly low, with ahigher resistivity zone from
572-560 ft, corresponding to the brownish
dolomite below the tolite zone. Giventhe evidence
of porosity through this zone, the higher resistivity
may be showing zonation to the fluid sdinity, with
lower sdlinity (higher resistivity) water through this
zone. Resistivity measured deeper in theformation
issmilar intrend, but isnot asdigtinctive.

The neutron log through the drillhole may not
bereliable. It consistently shows signatures that
indicate a 4-ft offset deeper than other log
indicators. In addition, the neutron log shows
neutron zones through the Culebrathat correspond
to the resistivity zone, if adjusted 4 ft upward.
Nevertheless, thereislittle difference in neutron
through the Culebra and little difference between
Culebraand other units above and below.
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Fuid resstivity shows dight variationsthrough
the Culebra. Fluid temperature does not vary
significantly through the Culebra. Neither addsto
theinformation availablefrom other logs.

2.2.2.3 Tamarisk Member

The natural gammalog of SNL-12 showsthat
the Tamarisk Member occursfrom 547460 ft bgl.
The Tamarisk comprises three basic subunits. a
lower anhydrite, amiddle mudstoneto halite, and
an upper anhydrite; all three are clearly shown by
geophysical logs and were recorded by core and
cuttings during drilling. Powers and Holt (2000)
labeled these A-2, M-2/H-2, and A-3, respectively,
and showed that the lateral gradation from
mudstone M-2 to halite H-2 reflects|atera changes
in deposition. SNL-12 islocated in the mudflat or
M-2 facies of these beds. The basal 28.1 ft and
upper 10.2 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 11 ft thick (547-536 ft bgl) on the
geophysical logs. Coreretained from theinterval
was marked from 548.1-536.7 ft, an interval
thickness of 11.4 ft. A-2 is predominantly gray
gypsum, but some anhydriteisalso present.

The contact between the Culebraand A-2 is
transitional over about 0.2 ft. Above the contact
with the Culebra (Fig. 2-7), A-2 has laminar
bedding. Thin beds and laminae of carbonate are
dispersed through much of the unit. Some of the
beddingiscrinkly, possibly from depostion over tiny
vertically oriented gypsum crystals. A clay and
organic layer occurs at about 540.4 ft. Possible
nodules of gypsum occur between 539.5-537 ft.
A stylolite is present at 545.3 ft. The upper
boundary of A-2 with the overlying claystoneis
sharp.

Theinforma Tamarisk unit mudstone-halite 3
(M-3/H-3; Fig. 2-4) (Holt and Powers, 1988) is
12 ft thick (536-524 ft bgl) at SNL-12, based on
the geophysical logs. The cored interval marked
from 536.7-525.6 ft corresponds to the logged
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Culebra Dolomite Member of the
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interval, and the thicknesses are consistent within
thelimits of interpreting thelogs.

From 536.7-529 ft, M-2/H-2 isreddish brown
(2.5YRA4/4) claystone with afew gray zones. Itis
bedded in thelower 3.7 ft, and it includes possible
smeared intraclast textures and some gypsum clasts.
Abovethiszone, gypsum occurs boths as clastsand
as fillings along bedding planes. From
529-525.6 ft, the claystoneismainly dark gray. The
gray zonedisplaysbedding that isdisrupted in some
zones. Gypsum decreases upward; it mainly occurs
along bedding planesin thelower part and asclasts
or intraclastsin the upper part.

Theinformal unit anhydrite 3 (A-3; Fig. 2-4)
(Holt and Powers, 1988) occurs from 524-460 ft
on geophysical logs, a thickness of 64 ft. Core
markingsfor the base and top, respectively, for this
unit are 525.6 ft and 460.3 ft, for an inferred
thickness of approximately 65.2 ft. The upper and
lower contacts were cored. The main part of the
unit was drilled, and cuttings were retained from
some of theinterva (Appendix C, sheet 5).

About 5.6 ft of the basal A-3 was cored, and
this part of the unit is dark gray anhydrite and
gypsum. The coreisbedded and may include some
smdl gypsum nodules. Crystd szesrangefromfine
to coarse.

The drilled portion of A-3 produced mostly
very fine powder; some coarser cuttings showed
gray gypsum and anhydrite. Geophysical logs
indicate anormal stratigraphic section through the
drilled portion.

About 10.2 ft of the uppermost A-3 was cored.
From 470.5-461 ft, the coreis gray gypsum and
anhydritethat arefineto coarsely crystalline. The
core displays poorly defined laminar bedding and
possible small nodulesthrough thisinterval. From
461-460.3 ft, A-3 consists of gray gypsum, fineto
coarsecrystds, and irregular thinlaminae of brown
carbonatethat indicateadgd growth (Fig. 2-7). This
zoneisattributed to the Tamari sk, but it isindicating
the trangition from sulfate to carbonate deposition
leading to the Magenta Dolomite.

The Tamarisk stratigraphy and thickness are
cong stent with other drillholesand shaftsinthearea
(Holt and Powers, 1988).

2.2.2.4 Magenta Dolomite Member

The Magenta Dolomite Member at SNL-12is
28 ft thick (460432 ft ) based on geophysical
logs. Core from the Magenta is marked from
460.3-432.9 ft, a thickness of about 27.4 ft
(Fig. 2-7). The entire unit was cored; recovery was
good, and the core quality was good.

The Magenta consists of sandy to granular
dolomite and gypsum, and it iswhite (10Y 8/2) to
gray (10Y5/1) in core. The reddish-purple color
for which the Magentais named occursin outcrop
and apparently isaconsequence of weethering. The
dominant characteritic of the Magentain coresfrom
SNL-12, like outcrops and shaft exposures of the
Magenta, is strong wavy to laminar bedding, with
someripples. Wave amplitudes commonly decrease
upward from the base of the Magenta. In thelower
Magenta, amplitudes range from about 0.1-0.2 ft
(Figure 3-7). Bedding amplitude ismore commonly
about 0.25-0.5 inch in the middle and upper part
of the Magenta. Some small ripple bedding is
evident in the Magenta. Near the base of the
Magentaat SNL-12, the wavy bedding and ripples
are draped by very thin, dark laminae that are
interpreted as stromatolitic. Thisisconsistent with
well-exposed algal featuresin the air intake shaft
(Holt and Powers, 1990a; Powersand Holt, 1990),
but there were no larger stromatolitesin the core.
In the zone from ~437.3-436.8 ft, some of the
grains appear to be tolites, associated with ripples.

TheMagentashowslittle evidence of fracturing.
A high-anglefracture from about 450449 ft isfilled
with gypsum. Some bedding planes, even on wavy
bedding, in the lower few ft of the Magenta core
havefibrousgypsum filling dight separations.

The core of the Magenta from SNL-12 does
not show surface evidence of open porosity or
porosity zones. Themicroresstivity log showslower
resstivity through 448-435 ft, corresponding to the
gray (brownish) zone of the Magentathat includes
moregranular and possible dalitic rock. The neutron
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Figure 2-8 Magenta Dolomite Member of the

Rustler Formation at SNL-12

448

laquiay
laulu-Ani04

1OMO|

_ higher resistivity below 448 ft; lower permeability? L

E!I....i..........I

I T W e L 0] T A S S Wil W T SR T R

ainjoely pa||y-wnsdAb

Depths indicated

photograph varies
are feet bgl

slightly in scale.

c
m
29
S o
T £
Q.
L o
S 9o
Z o

28



Basic Data Report for Drillhole SNL-12 (C-2954)
DOE/WIPP 03-3295

log shows an increase through this zone, if a4-ft
offset isassumed as discussed regarding Culebra
logs. The contrast for the resistivity log is with
overlying gypsum and more gypsiferous zones
bel ow. These zones apparently have little porosity,
increasing the resistivity. The neutron contrast
(higher neutron in amore porous zone) would be
consistent with low porosity, where the water
content isvolumetrically less than that in adjacent
gypsum (increasing the relative neutron count).

The upper contact of the Magenta with the
overlying Forty-niner Member, as placed on the
core, is sharp. The depositiona transition was not
sharp, however, as gypsum is interbedded with
dolomite through the upper 3 ft of the Magenta
before dolomite becomesinggnificant.

The Magenta is similar in thickness,
composition, and bedding characteristicsto most of
the M agenta described around the WIPP site. Alga
features are not as prominent as in some other
cores, and ripples are better expressed. If dolites
are confirmed to be present, they would be anew
feature for the Magenta. The Magenta is little
fractured at SNL-12, contrasting with some other
cores (e.g., SNL-2; Powers and Richardson,
inreview). Based on the resistivity logs, the more
porous part of the Magentais~12 ft thick and is
located in the upper half of the Magenta. Thisis
similar to findings from other recent drillholes
(e.g., Powers, 2002b; Powers and Richardson, in
review).

2.2.2.5 Forty-niner Member

The Forty-niner Member at SNL-12 is 60 ft
thick (432—372 ft ), based on geophysical logs. A
changein drilling rateswas noted a adepth of ~374
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 425 ft. All
Forty-niner coring took place in the lower sulfate
beds of the member. Like the Tamarisk, the
Forty-niner consists of upper and lower anhydrites
with amiddle unit that ranges from siltstone and
claystone at SNL-12 to halite east of the WIPP Site

area. Powersand Holt (2000) informally designated
these units as A-4, M-4/H-4, and A-5, from
bottom to top, and they attributed the lateral
relationship between clastic beds (M-4) and halite
(H-4) to depositional facies of mudflat—saline
mudflat—satpan environments.

The lower unit, anhydrite 4 (A-4; Fig. 2-4)
(Holt and Powers, 1988), isgray to white gypsum
and anhydrite ranging from very coarse gypsum to
finer anhydrite. A-4 is 14 ft thick, based on
geophysical logs; drilling and coring indicated a
thickness of 14.9 ft. The recovered core of A-4
(432.9-425 ft) reveal sthin laminae separating beds
and thin zones (<0.5 inch) with wavy brown laminae
that are probably algal. Some of the beds appear
nodular. As noted in the discussion of the Magenta,
the environmental transition was not abrupt in this
location. Above the cored interval, cuttings from
A-4 were composed of white to gray gypsum
ranging from fine, sugary crystalsto coarser flakes.

Mudstone-halite 4 (M-4/H-4; Fig. 2-4)
(Holt and Powers, 1988) is ~15 ft thick
(418403 ft ), based on the natural gamma log.
Cuttingsfrom M-4 reved ed digtinct bedswithin the
unit. From 418-410 ft, cuttings consisted of dark
gray (2.5Y RN4, wet), argillaceous, sandy sltstone.
It is gypsiferous and not calcareous. Cuttings
indicated thin fracturesfilled with gypsum. From
410405 ft, cuttings consisted of dark reddish
brown (5Y R3/4, wet), sandy, Sty claystonethat is
not calcareous. Some gypsum may be present.
These unitsaretypical of M-4 (Holt and Powers,
1988), but they are not always distinguished in
cuttings.

The upper sulfate unit, anhydrite-5 (A-5), is
~31 ft thick (403-372 ft) at SNL-12, based on
geophysical logs. The interval indicated during
drillingisaso 31 ft, though the depths differ dightly
(405-374 ft). Cuttingsfrom A-5in SNL-12 were
mainly whiteto very pale brown (10Y R8/3) and
dark grayish brown (10YR4/2) gypsum and
anhydrite. Mogt of the anhydriteisfiner and darker.
A dight gammapeak at 388 ft issmilar to modest
increases noted by Holt and Powers (1988) inthe
area east of SNL-12 and is attributed to a slight
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increasein clay or carbonate content. Thethin hdite
found in A-5 east of SNL-12 isnot present here.

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 evaporitesto red beds suggest that the Dewey
Lakeismainly Triassicin age (e.g., Schiel, 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 discusson.

At SNL-12, the Dewey Lake is 336 ft thick
(372-36 ft ), based on geophysical logs. During
drilling, cuttingsclearly identifiable as Dewey Lake
were not returned to the surface until a depth of
57 ft (Appendix C, sheet 1). The Dewey Lakeis
composed mainly of red (2.5Y R4/6-5/6) or reddish
brown (5YR5/4) siltstone interbedded with
claystone and fine to very fine sandstone. Small
(< 0.04 inch), greenish gray reduction spotsare a
common characteristic of the Dewey Lake at
SNL-12 and elsewhere. Dewey Lake cuttingsare
very calcareousto adepth of ~175 ft; from 180 ft,
cuttings are gypsiferous and slightly or not
calcareous. Most of the Dewey Lakeis described
on the basis of cuttings, drilling rates, and
geophysicd log characterigtics.

Geophysical logs from SNL-12 can be
interpreted to indicate different basic sedimentary
regimes as well as porosity conditions
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(e.g., Doveton, 1986). Thefollowing information
follows the basic template devel oped for a study
of the Dewey L ake hydrogeology (Powers, 2003b)
and applied to other drillholes such as C-2737
(Powers, 2002b).

Only thelower two of three generd depositiond
regimes for the Dewey Lake Formation can be
digtinguished on natural gammalogsof SNL-12, and
the second isonly partidly preserved.

The interval from 372-240 ft in SNL-12
displaysthe natural gammaand resistivity festures
of the lower Dewey Lake informally called the
basal bedded zone (Powers, 2003b). The natural
gammafluctuates around asimilar vaue (~25 cps
inthiscase) over thisvertica interval, andthereare
no apparent trends over the entire interval. The
resistivity tendsto fluctuate aswell, on avertical
scale of ~4-25 ft. Inthevicinity of the WIPP site,
fluctuations appear to correl ate across borehol es,
suggesting broad scale bedding, and the interval
corresponds to a bedded section clearly exposed
intheair intake shaft (Holt and Powers, 1988). At
SNL-12, the fluctuations are similar to the WIPP
Site area, but they have not individually been
correlated with Ste area.

Theinterval from 240-36 ft (204 ft thick) is
marked 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 clagtic grain Szes (Powers, 2003D).
A sandstone unit from ~240-224 ft isat the base
of thisintervd.

Theintervd of fining upward cyclesistruncated
at SNL-12 by erosion by the overlying unit. Near
the center of the gite, thisinterval ismorethan 300 ft
thick; at C-2737 it was 260 ft thick
(Powers, 2002b). At SNL-12, sandstones of the
upper fining upward cyclesareremoved by eroson.
Some smdler fining upward cycles are defined, but
the trend over much of the interval appearsto be
mainly abroad fining upward.

The upper coarsening interval of the Dewey
Lake at SNL-12 has been removed by erosion.
The broad sedimentological units definable by
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natural gammalogsfor the lower Dewey Lake are
present and are generally representative below the
erosonal surface.

Cuttings from SNL-12 showed a downward
change from carbonate cement to sulfate cements
and fracturefillingsat ~180ft . Resistivity logsaso
show achangein character at ~180 ft, increasing
somewhat below that point. The neutron log was
unresponsive at this point. This cement changeis
observable in other cores from the area
(Powers, 2002b, 2003b), and it was reported in
theair intake shaft (Holt and Powers, 1988).

The carbonate—sulfate cement boundary in the
range of 180ft isgratigraphicaly lower in SNL-12
thanitisat themiddleof thedteat drillhole C-2737
(Powers, 2002b) or at theair intake shaft (Holt and
Powers, 19904). Thischangeis consistent with the
boundary dropping stratigraphically as the
Dewey Lake is more exposed to erosion and
wegthering (Powers, 2003b), especidly to the south
of theWIPP site.

The saturated interval in the Dewey Lake
(see chapter 3) was not determined; the drillhole
depth was 175 ft when the water level was alowed
to stabilize. The cement change and resistivity
changeat 180 ft are consistent with the proposal
by Powers (2003b) that natural groundwater is
perched on the less porous sulfate-cemented zone
of the Dewey Lake.

2.2.4 Miocene-Pleistocene Gatufia
Formation

Based on the cuttings from drilling and
geophysicd logs, the Gaturia occursfrom 36-18 ft.
Cuttings to a depth of 57 ft were dominated by
amilar lithology. (The cdliper log showsthedrillhole
diameter was enlarged through the upper part of the
formation; thislikely diluted cuttings sourcesfor the
short period the hole was being deepened through
the uppermost Dewey Lake.) The Gatufia at
SNL-12 is primarily light reddish-brown
(5YR5/4-4/4) to red (2.5Y R4/6-5/6) sandstone
with interbedded argillaceous zones and argillaceous
gltstone,

Gatuna sandstones are very calcareous, with
calcite increasing vertically where pedogenic
cdcrete hasinfiltrated the unit. Sand grainsfromthe
lower Gatufiaare fine to medium and include mica
and other opaque grains. Sands from the upper
Gatuna are very fineto fine, with some medium
grains. They are subangular and are poor to
medium sorted. MnO, stains some of the cuttings,
probably from pedogenic processes. Small
(<0.04 inch) cylindrical bioturbation probably
formed asroot casts.

Gaturiadepositiona patternsare poorly known
in the area of SNL-12. There are some outcrops
to the west of SNL-12, and Gatuiaincreasesin
thickness to the southwest at Pierce Canyon
(Powers and Holt, 1993). The Santa Rosa was
eroded before Gatuiia deposition, as was part of
the upper Dewey Lake. Chert pebblesthat populate
some of the Gatufia where it overlies the
SantaRosaor is adjacent to the erosiona edge of
the Santa Rosaare missing.

The Gatufiarangesin agefrom at least 13.5to
~ 0.5 million years old (Powers and Holt, 1993).
SNL-12 is distant from an outcrop of
Lava Creek B ash found at the top of the Gatufia
by Bachman (Bachman, 1980; Izett and
Wilcox, 1982) dong Livingston Ridge. The Gatuiia
at SNL-12 does not provide any direct cluestoits
age, but it may represent younger portions of the
unit range, asis believed the case for much of the
upland Gatufia deposits.

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 about 570,000
(% 100,000) and about 420,000 (+ 60,000) years
ago (Rosholt and McKinney, 1980). The age is
further bounded by the Lava Creek B ash, about
600,000 years old, which underlies the Mescalero
aong Livingston Ridge (Izett and Wilcox, 1982).
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At SNL-12, the Mescalero is ~8 ft thick.
Mescalero cuttings at SNL-12 provide little
evidenceof itsorigin. It rangesfrom very calcareous
sandstoneto sandy “limestone’ that ispinkish white
(2.5YR8/2). The sand grains are similar to the
overlying dunesand.

The Mescalero shows evidence of pedogenic
processes such as nodule, ped, and laminae
development in exposures in the general area of
SNL-12. Not only isthe unit strongly calcareous,
the upper portion of the unitislocaly plugged and
subhorizonta laminae are partially devel oped at the
upper surface. Bachman and Machette (1977)
classified six useful stages of pedogenic calcrete
development, ranging from | asthe least devel oped
to VI morphol ogies 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 Mescaleroisgenerally
at stage1V-V inthevicinity of SNL-12.

2.2.6 Pleistocene Berino Soil and
Surficial Sands

Thesurficid sandsand Berino are strong brown
(7.5YR5/6) sand and sandstonethat isfriable at the
surface and increasingly argillaceous with depth.
There was no evidence of soil carbonatein either
surficial sands or Berino soil. Sand grainsarefine
to very fine, subrounded, moderately well
sorted, and are mostly quartz with a trace of
opaguegrains. At SNL-12, the cuttingsfelt dightly
moist with depth. The Berino soil isnot ageologic
unit; it isapedogenic unit defined by the soil scientists
in the area (Chugg and others, 1971). The upper
2 ft consisted of mixed sand and imported
Mescaero cdiche used to congtruct thedrilling pad.
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3.0 PRELIMINARY HYDROLOGICAL
DATA FOR SNL-12

SNL-12 was drilled specifically to monitor
water levels and water quality from the Culebra
Dolomite Member of the Rustler Formation and to
serve as a location for a pumping test and
observations during other pumping tests.

3.1 Shallow Groundwater above the
Rustler Formation

Groundwater was encountered in the Dewey
Lake Formation at SNL-12 on June 26, 2003. As
thedrillholereached ~160 ft depth usng compressed
air, cuttingsbeganto cakeand felt moist. Atadepth
of 170ft, thedrilling was stopped for ~10 minutes
and air wascirculated without observablewater in
thereturnflow. Thedrillholewasdegpened to 175ft,
and the hole was alowed to stand from 11:51 to
13:00 MDT without drilling or circulating air. At
13:00 MDT, the water level in the drillhole was
164.3ft, aninflow filling~10.7 ft. Samplesfor andyss
by SandiaNationa L aboratorieswereobtained with
asmall plasticbailer at 13:10and 14:00 MDT. At
14:17 MDT, the water level was at 155 ft . To
provide ample opportunity for the water level to
stabilize, drilling was suspended until July 7, 2003.
The water level was measured at 141.55 ft at
12:19 MDT on July 7. Additional water samples
were obtained on July 7 for analysis by Sandia
National Laboratories. After sampling, theholewas
drilled to deeper units using fresh water with
Baroid Quik-Foam.

3.2 Initial Results from the Magenta
Dolomite

During drilling of SNIL-12, no specific evidence
of water inflow, rates, or water levels for the
Magenta Dolomite was obtained.

After the Magenta and upper Tamarisk were
cored to 470.5 ft on July 8, 2003, the drillhole
remained open overnight. On July 9, 2003, an
electric probe was|owered in the open drillholeand
encountered water at 142.3ft . Thislevel ismore

than 300 ft above the Magenta, and it is ~13 ft
higher than the measured water level in the Dewey
Lake on the previous day. Both Dewey Lake and
Magentawere open to thedrillhole.

On July 9, 2003, the drillhole wasdrilled and
cored to adepth of 577 ft, which is~11 ft above
the base of the Culebra. On July 10, thewater leve
was 143.51t, dightly lessthan the previous day, and
thedrillhole was open to 372.3 ft. Threeintervals
likely contributed to the water levels (Dewey Lake,
Magenta, and Culebra), but the specifics are
undetermined. From 577 ft, SNL-12 was drilled
with brine and Flowzan.

3.3 Initial Results From the Culebra
Dolomite

Asindicated above, the combined fluid levels
in SNL-12 on July 10, 2003, reached 143.5 ft, and
the specific contribution of the Culebra was
undetermined.

OnAugust 4, 2003, a pump was placed in the
casing to develop the Culebra hydrology and
removedrilling fluids. Over aperiod of ~3.5 hours,
thewd | was pumped during threeintervaswith two
short backwashv/surge periods (Appendix B). A total
volumeof 80 barrels of water were produced during
well development, and the water was clear, with a
field-measured fluid density of 1.020 g/cc near the
end of the pumping. During someinitial pumping,
rateswere aslow as 16 gpm (gallons per minute);
later stages of pumping were steady at ~26.5 gpm.

From August 2003 through March 2004, static
water levels for the Culebra in SNL-12 were
regularly meesured (Table 3-1). Thecasing elevation
15 3,339.44 ft amdl (Fig. 2-5). The depth to water
on March 8, 2004, was 342.41 ft, and the
uncorrected water level elevation was 2,997.03 ft
amdl. The fresh-water equivalent (FWE) levdl,
corrected for fluid density, was 3,001.57 ft amsl
(Siegd, 2004) (Table 3-1; Fig. 3-1).

OnApril 5, 2004, the screen interval was jetted
under pressure with about 150 barrels of clean
water to remove sediment (Appendix B). An
additional 2,526 gallons of water were pumped
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fromthewell at rates of approximately 14 gpm, and
the removed water wasvery clear. Thefluid dengty
was measured in the field as 1.004 g/cc. Depth to
water on April 13, 2004, was 340.50 ft, and the
elevation was 2998.94 ft amd. The reported FWE
head (2999.84 ft and; Seigd, 2004) was computed
using thelower fluid dengity reported in April 2004.
The changein fluid density affects the apparent
changesin FWE levelsinApril (Fig. 3-1).

3.4 Observations About the Rustler—
Salado Contact

Theinterval was cored with good recovery.
Therewasno indication during drilling of changesin
drilling fluid or of flow into thedrillholefromthis
zoneaffecting thedrilling fluid returns. Coresacross
the Rustler—Salado contact do not indicate
postdepositiond dissolution of the upper Sdado, and
thisisconsstent withlittle, if any, water at thiszone.

Table 3-1
Culebra Water Levels Measured in SNL-12
Date Time Depth (ft) to Water Elevation (ft amsl)
(MDT) water level Measured Fresh-water Equivalent*
08/14/03 7:05 347.46 2991.98 2996.41
09/09/03 13:04 344.24 2995.20 2999.70
10/07/03 8:04 343.59 2995.85 3000.36
11/03/03 12:45 343.31 2996.13 3000.65
12/09/03 10:14 343.14 2996.30 3000.82
01/12/04 13:45 343.10 2996.34 3000.86
02/09/04 14:12 343.06 2996.38 3000.90
03/08/04 13:40 342.41 2997.03 3001.57
04/13/04 8:12 340.50 2998.94 2999.85

*Fluid density used for determining fresh-water equivalent elevation is 1.020 g/cc through March
2004; from April 2004, the fluid density is 1.004 g/cc.

Figure 3-1
Culebra Water Elevation at SNL-12
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4.0 SIGNIFICANCE/DISCUSSION

The materials used in completing SNL-12 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.

SNL-12 was located south of the WIPP site
to accomplish several purposes (Sandia National
Laboratories, 2003). It was located east of the
apparent line of dissolution of upper Salado hdite
(Powers, 2002a, 20034). The specific location was
chosenin part to test the possibility of adissolution
reentrant. One nearby boreholeindicated adightly
thinner interval between Culebraand VacaTriste
(Fig. 4-1), but there was neither marked thinning
nor other indicators of increased Culebra
transmissivity, such asexisted for SNL-9 (Powers
and Richardson, in prep.). SNL-12 was located
near surface drainage in the event this feature
reflected processes at depth.

Thelower Rustler and uppermost Salado were
cored to obtain direct evidence bearing on the status
of dissolution of halitein the uppermost Saladoin
thisvicinity (Fig. 4-1). In the area south of WIPP
and east of the southeastern arm of Nash Draw,
Powers (20023, 2003a), Holt and Powers (2002),
and Powers and others (2003) showed a marked
decrease in the thickness of theinterva between the
Vaca Triste Sandstone Member of the Salado
Formation and the top of the Culebra Dolomite
Member of the Rustler Formation (Fig. 4-1).
Geophysical logs supplied data that indicated the
changein thickness occurred because of dissolution
of halite at the top of the Salado and that also
indicated the SNL-12 location would belittle, if any,
affected by this process. Holt (2002) and Powers
and others (2003) related this margin to significant
changesin the hydraulic properties of the Culebra.

Upper Sdlado haitewith clagticsincludeshalite
with displacive margins, an indicator of deposition
and an indicator that these are not residues after
postdepositiona dissolution.

Macroscopic features of the cores across the
boundary revedl thicker sulfate at the boundary that

may be a unit amalgamated by syndepositional
processes, possibly involving dight dissolution as
well as repeated mudflat to gypsum mud flat
fluctuations. Although upper Sdado hdite hasbeen
dissolved in other areasto accumul ate sulfate beds
asareddue, the overlying cores of the basad Rustler
show excdlent preservation of finebedding and thin
laminae without evidence of distortion or fracturing
that would be expected to accompany
postdepositional dissolution of halite. At SNL-12,
the macroscopic featuresindicate that upper Sdado
halite has not been removed after the Rustler was
deposited. Thisconfirmsthe predrilling expectations
for thelocation.

Much of thelower Los Medafiosin M-1/H-1
does not show mineral cements. There is some
gypsum cement of sandstones near the thin sulfate
beds below A-1. The gypsum beds and cement at
SNL-12 in this stratigraphic position are more
prominent than in the vicinity of WIPP, although
thereare generdly equivadent units.

Halite beds (H-1) for the lower Los Medafios
are stratigraphically equivalent to the upper M-1
beds and sulfatic beds below A-1. At SNL-12,
coresfromthisinterva arerdatively complete, but
macroscopi ¢ features are not well displayed. Some
smeared intraclast textures may occur below A-1,
in a stratigraphic interval that also shows some
bedding. Thereisno evidence of postdepositional
dissolution of halite from these features, but more
detailed study of the coresis appropriate.

The M-2 interval below the Culebrais well
sampled and typical of the unit. Bedding and color
stratification are consistent with not having halite
removed from thisunit after deposition.

Culebra core recovery was very good,
including zones that commonly are not retained
during coring. The Culebrais unusually thick at
SNL-12, and it includes azone of probable dolites
~10 ft thick that account for much of theincreased
thickness. Although dolites have been reported
previously for the Culebra, they have not been
identified as a significant part of the unit in the
vicinity of WIPP. The main significance to the
Culebra at SNL-12 is that this zone likely has
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relatively high transmissivity and increases the
thickness of hydrostratigraphic units CU-2 and
CU-3, which arenormdly the most transmissve units
of the Culebra. CU-3typcially hasvery large pores
or vugs and fractures creating high transmissivity. At
SNL-12, the vugs do not appear as concentrated
as they are in the same zone in drillholes nearer
WIPP. The fractured zone appears shorter and less
extensive at SNL-12 compared to somedrillholes
nearer WIPP. The combined zones of CU-3 and
CU-2 likely represent athicker zone (compared to
other drillholes nearer WIPP) of higher tranamissivity,
but fewer vugs and aless extengve fracture zone may
mean the overall transmissvity of the Culebraisless
at SNL-12 than might be expected. Although no
hydraulic testing has been conducted at the time of
thisreport, it islikely that the zoneincluding CU-2
and CU-3 isthe most transmissive for the SNL-12
location by anaogy to past experience.

Field testing of fluid density of Culebrawater
suggeststhet tota dissolved solidswill below relative
to measurements of Culebrawater nearer the WIPP
Ste center.

Coresfrom M-3 at SNL-12 showed the basic
color, lithologic distinctions, and sedimentary festures
common to this unit at the WIPP site. Clasts or
intraclasts suggest subaerial exposure during
deposition, consstent with interpretations el sewhere.
Haliteisnot believed to have been asignificant part
of thisunit at SNL-12 and was not dissolved after
depogtion.

The Magenta core showed little surface porosity
or variation during logging that suggest a highly
transmissive zone. The microresistivity log suggests
that azone ~12 ft thick in the upper Magentaismore
porous than the rest of the member. This pattern has
been observed in several wells (e.g., C-2737,
Powers, 2002b; SNL-2, Powers and Richardson,
in review). The Magenta shows only one clear
fracture, and that fractureisfilled with gypsum. Water
levelsobserved during drilling provide no informetion
on whether the Magenta produced water at
SNL-12.
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Cuttings from M-4 at SNL-12 reveaed the
color and lithologic changesthat aretypica of the
unit closer to the WIPP site. By anaogy, thereis
not believed to have been any halite removed
from M-4/H-4 at SNL-12 after deposition.

Cuttingsand resgtivity changessuggest thet the
change in natural mineral cements of the Dewey
Lake is ~180 ft , and this is consistent with a
broad trend for this boundary to be
stratigraphically low west and south of the WIPP
dtecenter and stratigraphically higher in the center
and eastern part of the site (Powers, 2003b). In
the southern part of the site, Powers (2003b)
hypothesi zed that this cement boundary provides
a perching horizon for natural groundwater.
Althoughthelower boundary of the saturated zone
in SNL-12 has not been established, the saturated
zone encountered in SNL-12 isconsgtent with this
hypothess. The dratigraphic posdtion of the cement
boundary ismuch higher near the WIPP Ste center
(e.g., Holt and Powers, 1990a; Powers, 1997,
2002b, 2003b); some of the Dewey Lake has
been removed by erosion at SNL-12.

The saturated zone in the Dewey Lake was
not tested to determine hydraulic properties. The
water quality is good, as indicated by field
measurements of fluid density of 0.999 g/cc.
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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; SandiaNationa Laboratories, 2003).
Themain objectivesareto resolve questions about water-level changes, provide datafor modeling
groundwater hydrology, and construct anetwork of wellsto monitor groundwater through the W1 PP
operationa period. Sectionsof thisdocument relevant to thisdrillhol e have been reproduced on thefollow-
ing pages, with the page number of the section preceding theextract and anelipsis(...) following theend of
the extracted section. Two figureshave beenincluded, but references and other figuresare not included.
Theorigina document (SandiaNationa L aboratories, 2003) should be consulted for completedetailsand
context for the program.
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Figure 8. Air-photo map of WIPP area showing halite margins, locations of planned new
wells, and Culebra model domain.
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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...

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 WIPP
pile information modeling model site
SNL-12/
WTS-10 X X X
p. 46:

SNL-12/WTS-10: A Culebra well will be installed south of the WIPP site in an area where there
has been extensive drilling for oil and gas (see Figures 6 and 8). This is an area where our
Culebra flow models always indicate the Culebra must have high transmissivity, but no wells
have been available to confirm this. It is also an area through which the water-level changes
observed most markedly at H-9 propagate to the southern WIPP wells. Logs were obtained from
new oil wells and potash holes in this region to help optimize the location of SNL-12.
Specifically, the logs were used to identify any features that may be related to high
transmissivity, especially potential dissolution of the upper Salado, to maximize the probability
that SNL-12 will be located in a high-T zone. The data do not indicate local re-entrants along
the Salado dissolution margin. The location was chosen to sample an area where Salado may not
be dissolved, but Culebra T is likely to be high. A well at the SNL-12 location will:

1. confirm that the high transmissivity south of the site indicated by our models exists;

2. determine if dissolution of the upper Salado has occurred in this area;

3. determine if the dimensionality of flow (inferred from a pumping test) indicates that the
high transmissivity is channelized (focused) or is widely distributed (diffuse);

4. provide another monitoring point to help determine the source and/or cause of the water-

level changes regularly observed at H-9;

provide information on Culebra heads in an area with many nearby oil and gas wells; and

6. provide a pumping location for a large-scale (multipad) test to provide transient data for
calibration of the Culebra model south of the WIPP site.

o

In addition, a well at the SNL-12 location will provide needed information to help define the
direction and rate of Culebra groundwater flow across the WIPP site, which is required for
annual HWFP reporting to NMED (hence the parallel designation WTS-10).
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p. 55

5.3 Testing Activities

A variety of testing and sampling activities will be performed in different wells as this program
advances. Table 2 shows the types of tests currently anticipated to be performed in each new
well. ...

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-12/WTS-10 C C? C?

C=Culebra well
M=Magenta well
DL=Dewey Lake well

p. 57

5.3.2 Multipad Pumping Tests

Large-scale (multipad) pumping tests of the Culebra are planned for three locations to provide
transient response data needed for flow-model calibration. Multipad pumping tests typically
involve pumping for a month or longer at one location while monitoring responses at
surrounding observation wells up to several miles away. Such tests have been performed in the
past within the WIPP site boundaries at the H-3, H-11, H-19, and WIPP-13 locations, greatly
facilitating model calibration in the affected areas where observation wells were present. The
new wells to be installed provide the opportunity to extend the increased model-calibration
capability provided by multipad tests to the regions surrounding the WIPP site, which is needed
to improve our understanding of how hydraulic stresses originating off-site propagate to the
wells on the WIPP site. In particular, one of the primary objectives of the multipad tests will be
to determine the presence or absence of high-transmissivity connections between known areas of
high T, such as between H-6 and P-14, and between H-11 and H-9. These types of features are
important because, if present, they provide pathways for water from Nash Draw to flow under
the Livingston Ridge surface or, if absent, they prevent that flow so that the only effect of
increased heads in Nash Draw is to decrease the east-to-west gradient in the Culebra, causing
heads to rise. Multipad tests will be performed north, south, and west of the WIPP site.
(Transmissivity is too low east of the site to sustain the necessary pumping for a multipad test,
and our conceptual model assumes the Culebra does not show the heterogeneity in this region

that multipad tests are designed to address. The individual well tests at the new wells east of the
site should be sufficient to confirm this assumption.)
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Well SNL-9/WTS-2 will be the pumping well for the western multipad test, with observation
wells as shown in Figure 18. 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 wells for the 