Waste Isolation Pilot Plant
Compliance Certification Application

Reference 516

Powers, D.W., J.M. Sigda, and R.M. Holt. 1996.
"Probability of Intercepting a Pressurized Brine Reservoir Under the WIPP."
Unpublished report, July 10, 1996. Albuguerque, NM: Sandia National Laboratories.
(Copy on file in the SWCF).

Submitted in accordance with 40 CFR §194.13, Submission of Reference Materials.



HOIGA

Probability of lnterc;eptfng a Pressurized Brine

Reservoir Under the WIPP
Dennis W. Powers
John M. Sigda
Robert M. Holt

July 10, 1996

ABSTRACT

Twenty-seven drillholes in the Delaware Basin are accepted as showing intercepts of
pressurized brine in the Permian Castile Formation. Using an indicator function (brine
= 1, no brine = 0) and location data for these and other driliholes in the area around
WIPP, semi-variograms were constructed. Parameters from selected semi-variograms
were input to an ordinary kriging algorithm to estimate the probabilities of intercepting
brine in a drillhole within the Castile Formation beneath the WIPP site. For the area of
the disposal panels, the estimated probabilities at computational nodes range between
0.078 and 0.084. For the shaft and access area, probabilities at nodes range between
0.078 and 0.221. Nodes within the experimental area ranged from 0.078 fo 0.371. An
areally-weighted average for the waste panel area is 0.080.

Structure contour and isopach maps of selected stratigraphic contacts and intervals
over part of the nine township area around WIPP show deformed evaporites in areas
where most brine occurrences are mapped. No data were obtained from a few
drillholes where brine was encountered. The Castile is deformed at WIPP 12, the
nearest brine encounter to the WIPP. Stratigraphic data from the Castile are few at
WIPP, but there appears to be no significant deformation in the vicinity of the waste
panels. This is consistent with generally low probabilities for a drillhole encountering
brine as calculated by geostatistical techniques. The estimated thickness from base of
Castile to base of Cowden Anhydrite at ERDA 9 is considerably less than the minimum
thickness for any known brine encounter, indicating there may be a threshold value for
reservoir formation.
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1.0 INTRODUCTION

A scenario for the Waste Isolation Pilot Plant (WIPP) includes a drillhole intercept of
pressurized brine in the Permian Castile Formation below WIPP underground workings.
The analysis of this scenario requires estimates of the probability that a drilihole at
WIPP will encounter pressurized Castile brine.

2.0 PURPOSE

This report describes the process that was followed to estimate the probability that a
drillhole will intercept brine in the Castile below the underground workings at WIPP.
This report also describes how geological data were acquired and analyzed as
complementary evidence of the distribution of pressurized Castile brine.

3.0 APPROACH

Several steps were followed to estimate the probabilities of encountering brine in a
drilihole:

1) The reported encounters of pressurized brine were listed, including
relevant information about location, depth, drilthole name, and
stratigraphic basis for assigning the encounter to the Castile.

2) A file of locations of oil and gas drillholes penetrating the Castile compiled
by the Compliance Department of Westinghouse was provided by
Westinghouse as a database for analysis. AUTOCAD software was used
to establish locations and prepare data files for use. (See Appendix A).

3) . The UNCERT geostatistics software package was used to prepare semi-
variograms utilizing an indicator function (brine report = 1; no brine report
=0} and location data for each drillhole. Rbase 5.5 and Excel 4.0 were

" used to format ASCIi data files from AUTOCAD for use by UNCERT.

4) The semi-variograms were evaluated for sensitivity to data cluster effects
and classification errors.

5) The ordinary kriging module of UNCERT was used to prepare
' comparable maps showing the estimated conditional probabilities of
intercepting brine and to obtain nodal values for points within three
defined areas including the underground workings at WIPP.

6) This analysis réport was prepared to show data sources, techniques,
estimated conditional probabilities, results and limitations.
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Several steps were also followed to analyze how geological features or processes
(mainly Castile deformation) are related to the distribution of Castile brine reservoirs:

1)

2)

3)

Reported encounters of pressurized brine flow were listed to inciude
information about location, depth, drillhole name, and stratigraphic basis
for assigning the encounter to the Castile.

Stratigraphic data were derived from-geophysical logs for many drillholes
around the WIPP site where the geophysical logs were appropriate with
respect to depth, location, and log coverage.

From the stratigraphic data, subsidiary tablies of unit elevations (for
structure maps) and thicknesses (for isopach maps) were prepared.
These tables were used to prepare maps of structure and thickness for
various horizons and intervais, respectively.

A general relationship apparently exists between the location of most
brine encounters and areas where the Castile evaporites have been
significantly deformed from original position. The structure data for the
WIPP site are meager for the Castile, though it appears that the area of
the waste panel is not significantly deformed.

The statistical reiationship or association of structure and brine
encounters is still being examined, as appropriate data have just been
drawn together. .

This analysis report discusses data sources, techniques, maps, resulits,
and limitations of the geological analysis of the relationship between brine
reservoirs and deformation.

3.1 Responsible Staff

The analysis has been conducted by:

Dennis Powers, mainly conducting geological research;

John Sigda, mainly cdnduCting geostatistical analysis; and

Robert Holt, contributing to both geological and geostatistical analyses.

3.2 Schedule and Deliverables

The analysis report includes:
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a) the estimated probabilities that a drillhole will encounter pressurized brine
under 1) the waste panel area, 2) shaft and access areas, and 3)
experimental area.

b) a discussion of the apparent relationship between Castile brine and
Castile deformation.

The first request for assistance on this issue came in early February, 1996. An initial
approach was outlined and followed before developing the broader analysis approach
in April. An initial report and supporting data were scheduled for June 18, with a “final”
report and data package required by about July 10, 1996.

4.0 DATATYPES AND SOURCES

4.1 Geostatistical Analysis

The geostatistical methods used in this analysis for estimating probabilities require two
related data sets:

a) a set of locations for drillholes, and
b) an indication of whether each drillhole intercepted Castile brine or not.

The location data set needed to be relatively comprehensive for the area in which brine
encounters have been reported. Most of the drillholes that penetrate through most or
alf of the Castile should be represented. In addition, the data set needed to have a
consistent coordinate system (e.g., NM State Plane coordinates) for computational
purposes. The coordinates for each drilthole needs to be reasonably accurate relative
to nearby drillholes, but long-range accuracy (over several miles) is not expected to be
important and was not examined.

Two sources of a location data set were found. Petroleum Information Corporation (Pl)
maintains a large drillhole data set available for lease/purchase; location coordinates
were available as an extra service. Through discussions with the Compliance
Department, Westinghouse Electric Corporation, it became apparent that a partial set
of drillhole data from P1 already been purchased and was being used. L. Madl and D.
Hughes provided two subsets of this data set. D. Hughes converted the original Pl
location data for each drillhole into equivalents to the NM State Plane coordinates (see
Appendix A). L. Madl provided files that provided common elements with the location
(State Plane coordinates) data and the standard locations (Township/Range system)
generally available for geophysical data. We added useful WIPP driltholes nat in the
database using coordinates provided in Gonzales (1989).

The data set for brine occurrences (Table 4.1-1) was compiled from several sources.

4



Final Report . 7/10/96

Original studies and reports include Griswold (1977), Register (1981), Popielak et al.
(1982), and Chaturvedi (1985). More recent summaries have been provided in
unpublished documents by Kehrman (1994) and Silva (1996). Silva obtained summary
data from a number of petroleum exploration companies active in the area. In addition,
Powers examined files at the Oil Conservation Department (NM) in Artesia and Hobbs,
NM, to develop additional data and verify some occurrences. Of the total apparent
occurrences, several were eliminated as unlikely, usually because of the combination

~_of 1) insufficient evidence of significant volume and/or pressure, and 2) being in the

wrong stratigraphic unit. Twenty-seven reports of brine occurrence were accepted as
Castile brine intercepts. The analysis is based on this set of encounters, though we
demonstrate later (Section 6.3.2) that it is rather insensitive to adding or dropping
encounters in areas where they are more common.

The data set for brine occurrences consists of reports of brine intercepts, which is a
proxy for actual occurrences, and “non-reports™. There is no requirement that all brine
intercepts be reported. Some of the earliest known reports of brine came before
modern drilling practices and resulted in loss of control of the drillhole and substantial
surface flows. We cannat know if some drillholes intercepted a brine reservoir that went
undetected because substantial pressure was depleted by other drillholes. Some
companies declined to respond to Silva’s survey. Other intercepts may have been
quickly controlled, and no report was made or required. We accept the reports
accumulated as a reasonable representation of the actual history of brine intercepts. In
later discussion, we address alternatives.

Tables 4.1-1 and 4.1-2 include basic information about the driliholes inciuded in this
analysis as encountering brine within the Castile. Some excluded driliholes are also
reported with justiﬁcatiori for deciding they should not be in the data set.

The map area was seledtéd to encompass the locations of all 27 Castile brine
occurrences. We tried to make the area as small as practical to minimize the number
of drillholes for which there is no report of a brine intercept. For the geostatistical
analysis, the total number of drillholes, including appropriate WIPP drillholes, is 354.
4.2 Geological Analysis
The geological methods used in this analysis for understanding the relationship
between brine reservoirs and geological features or processes (mainly evaporite
deformation) require two related data sets:
a) stratigraphic and referehce elevation data from drillholes (Appendix B), and
b) a IocatiOns (inéludjng State Plane coordinates) for those driltholes.

For most petrdleum exploration drillholes in the area around WIPP, one or more
geophysical logs have been made that can be purchased or examined. They vary in
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Table 4.1-1

Location Data for Drillholes
Considered to have Castile Brine

IDnum T. R. Section from section Drillhoie Name
line (e.g..n=north)

1104 21 31 35 2152s 910e ERDA &

1188 22 3t 17 148s 84e WIPP 12

5014 22 31 2 2310s 330e Pogo State "2" No. 3

5128 23 30 1 1830n 1980w Belco Hudson Federal No. 1
5278 21 32 3 1980n 660w Phillips Luke Federal No. 1

5305 21 31 26 1980n 1980w  Pogo Federal No. 1

5306 21 31 35 660n 660w Union Federal FI No. 1

5307 21 31 36 1980s 660e Yates Lost Tank "AlS" State No. 1
5308 21 31 36 1980s 1980w  Yates Lost Tank "AlS" State No. 4

5326 22 31 1 660n 1980w  Phillips Molly State No. 1

8327 22 31 1 660n 660w Phillips Molly State No. 3

5328 22 31 1 660n 1980e  Yates Unocal "AHU" Federal No. 1
5337 22 31 11 660s 1650e  Yates Martha "AIK" Federal No. 3
53388 22 31 1 1980s 1650e  Yates Martha "AIK" Federal No. 4
5339 22 31 12 330n 1650w  Pogo Federal 12 No. 8

5340 22 31 13 1880n 1980w Texaco Federal Neff 13 No. 5
S348 22 32 5 660n 1580e  Getty Bilbrey Federal No. 1

5365 22 32 15 660s 1650w  Strata Lechuza Federal No. 4

5366 22 32 16 330s  330e Yates Kiwi "AKX" State No. 1

5382 22 32 25 660n 1980w  Pogo Covington "A" Federal No. 1
5392 22 32 34 660n 1650e Pogo Red Tank "34" Federal No. 1
5394 22 32 36 330n 1980w  Shell Bootleg Ridge Unit No. 1
5404 22 32 36 660n 660e Richardson & Bass Tidewater No. 1
5405 22 32 36 1980n 1980e  Culbertson & trwin Culbertson No. 1
5406 22 20 9 660s  &60e H & W Danford No. 1

5407 22 33 20 . 660s 1980e Yates Mascho Cloyd No. 2

5408 22

33 20 660s  660e Yates Mascho Cloyd No. 1

Data sources for this table include Popielak et al (1983), Register (1981), Kehrman
(1994), Silva (1996), and information developed by Powers through visits to OCD offices
in Artesia and Hobbs, NM.
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Table 4.2-2
Brine Occurrence Depths
and Unit Assignments

7/10/96

e C s e — — =
IDnum Drillhole Name Brine Depth* | Unit at Brine Notes
Depth (ft) Data depth
Source
~ 1104 ERDA 6 2711 16,89 A2? Uppermost anhydrite;
may be A3
1159 WIPP 12 3017 17 A3
5014 Pogo State “2" No. 3 3083 5 A3 May only be gas I
5128 Belco Hudson Fed No. 1 2802 1 A3
5275 Phillips Luke Fed No. 1 3050-57 | 34,5 A3 lLost Tank SWD#1-E
5305 Pogo Fed Neo. 1 3322 1 A2-A37 A units coalesce?
5306 Union Fed Fi No. 1 2810 1 A3
5307 Yates Lost Tank “AlS” 2970 14 H2-A3 - A3-H2 contact 2932
State No. 1
5308 Yates Lost Tank “AlS” 3280 4 A2 Uppermost anhydrite? l
State No. 4 No A3?
5326 Phillips Molly State No. 1 3080 4 A3
5327 Phillips Molly State No. 3 3023 4 A3
5328 | Yates Unocal “AHU" Fed | 3068 3 A3
No. 1
5337 Yates Martha “AIK” Fed 3311 34 H2 A3-H2 contact 3267 "
No. 3 .
5338 Yates Martha “AIK" Fed 3750, 34 | H1 H1 from 4170 to 3688
No. 4 3745
| 5339 | Pogo Fed 12 No. 8 3050 . |3 A3
I[ 5340 Texaco Fed Neff 13 No. 5 | 3340 4 A3
- l
5348 Getty Bilbrey Fed No. 1 3090; 1.5;4 A3
2965~
3066
5365 Strata Lechuza Fed No. 4 | 3500 4 H2 H2 from 3700 to 3371
5366 Yates Kiwi “AKX” State No | TD(4535 | 3:54 A3 A3-H2 contact 3430
1 . o ) -1 3400; :
o 3360
- 5382 Pogo Covington “A” Fed 3600 15 A3? A3 in #5208 from
No.1. . 3385 to 73650
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IDnum Drillhole Name Brine Depth* | Unit at Brine Notes
Depth (ft) Data depth
Source |
5392 Pogo Red Tank “34" Fed 3590- 35 A3-A1;
No. 1 4489; Salado
3000 (3000}
5394 Shell Bootleg Ridge No. 1 | 3671 1 A3 probably | A3-H2 not interpreted
. top A3 at 3466
I 5404 | Tichardson & Bass 3730 1 A3? Compared to #5397
Tidewater No. 1 _H
5405 Culbertson & lrwin 3515 1,5 A3 Compared to #5210
Cuibertson No. 1
5406 H & W Danford No. 1 1930; 15 Cowden? @ | Scoutreport&
2208 1952; A3 NMBMMR well log
2150-2380 report interpreted far
Castile anhydrites/salt
5407 Yates Mascho Cioyd No. 2 | 3298; 1;5 A3? Unit inferred from
“ . 3362 maps, nearby wells
5408 Yates Mascho Cloyd No. 1 § 3322; 1;5 A3? Unit inferred
3362 from maps, nearby
wells
BOREHOLES NOT
INCLUDED
5315 Collins & Ware Lincoln 2000 3 Upper MB109 base 1926;
Fed. No. 1 - Salado top Vaca Triste 2106
5094 Phillips James A No. 9 7529 4 nd Castile-BC contact at
3658 ft
5276 AECT 39187 2,10 nd gas blowout after
well reached TD 3918

*References for Data Sources of Depths (see Reference list for complete citation):

1
2
3
4.
5
6
7

8
9.
10

. Popielak et al, 1983
. Register, 1981
. Kehrman, 1994

Silva, 1996

Jones, 1981

. Powers notes from OCD offices in Artesia and Hobbs, NM

. Sandia National Laboratories and US Geological Survey, 1983
. D'Applonia Consulting Engineers, inc., 1982
. Anderson and Powers, 1978

.Sandia National Labqratories and D’Appalonia Consulting Engineers, inc., 1983

Note: All stratigraphic unit assignments were reviewed by Powers based on
reexamination of geophysical logs or by inferring units from nearby drillholes and
contour maps of relevant units.
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type (e.g., acoustic or neutron), drillhole conditions (open/cased), logged interval, and
quality, which can be affected by unknowns such as hole diameter behind casing or by
equipment development and improvement over the years. Where the geophysical log
covers the appropriate interval and is at least partially interpretable, the principal data
for geological analysis inciudes the elevation of the log reference or beginning point
(commonly KB or kelly bushing) and the depth from the reference point to various
stratigraphic markers.

With these basic data, two additional kinds of useful information are calculated:

structure data - the eievation of any identifiable stratigraphic marker (Appendix
C), obtained by subtracting the depth from the reference point elevation, and

isopach (thickness) data - the thickness between any two identifiable
stratigraphic markers (Appendix D), obtained by subtracting the depth to the
uppermost marker from the depth to the deeper marker.

Both kinds of data are generally plotted on maps and then the elevations of the horizon
for structure or the interval thickness values are contoured. The evaporite beds are
expected to have been deposited essentially horizontal, and the upper surface of each
unit was probably about horizontal when the overlying unit began to be deposited.
Many of the units are expected to be reasonably uniform in thickness across significant
areas, but there can also be differences if there was differential subsidence during
deposition across the area.

The stratigraptiic information is interpretive. Geophysical logs abtain data about rock
characteristics indirectly.. An example is natural gamma, a measurement of the natural
radiation of the rocks the drililhole penetrates. The instrument is calibrated to a
standard for the industry, and the display is scaled such that 100 API units {one full log
cycle) would be the response from a hypothetical average mid-continent North
American black shale. In a drilihole through unknown rocks, the natural gamma
indicates the total gamma radiation from all sources, and it would be tentatively
interpreted in terms of general expectations of the naturat gamma of different rock
types. Cuttings, other geophysical logs, or cores might be used to suppiement the
interpretation. In the area of WIPP, the evaporite units are well known in general from
many thousands of drillholes and previous studies (e.g. Bachman, 1985), and their
geophysical log characteristics are also well known (e.g., Jones et al., 1960; Holt and
Powers, 1988; Powers and Holt, 1990). There is little difference in interpretation of the
geaphysical logs for many studies (see analysis in Appendix C of Powers and Holt,
1995). For this work, the main problem is that most geophysical logs for the Castile
were taken in open holes. (See Limitations discussion befow - section 5.5.)

The location data in standard township/range form were used to plot driflhole locations
on preliminary maps and post values for structure and isopach maps. Such data are
available from the geophysical logs and from Midland Map Company ownership maps
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used as convenient base map. State Plane coordinates were also assigned to each
drillhole with stratigraphic data to examine statistical relationships between structural
properties at drillhole locations and reports/nonreports of Castile brine. The statistical
studies of this relationship are incomplete at this time.

5.0 CASTILE DEFORMATION

~_Early in the history of the WIPP project, pressurized Castile brines were considered to
be related to deformation of the Castile (e.g., Griswold, 1977; Anderson and Pawers,
1978; Register, 1981; Popielak et al., 1983). Popielak et al. (1983) proposed that brine
resides in fractures created within anhydrite by deformation and that fewer large
fractures provide vigorous initial flow when hit with a drilihole. Borns et al. (1983)
reviewed basic information on evaporite deformation in the northern Delaware Basin,
considered five hypotheses on the origin of deformation, and conciuded that gravity
foundering (due to denser anhydrite overlying halite) and gravity sliding were the most
likely explanations. Nonetheless, the physical conditions for either mechanism exist
over broad areas while deformation is apparently not widespread. Borns et al. (1983)
suggest intergranular water may have varied areally, changing rock strength somewhat
locally and leading to deformation in these areas. Petrofabrics in the deformed Castile
are aiso consistent with pressure solution and intergranular fluids (e.g., Borns, 1987).
It is possible that intergranular fluids contribute directly to deformation and are also the
source of the pressurized brines, but this has not been established.

The analysis by Register (1981) reported 10 brine encounters from the 62 drillhales
(existing at that time) into the Castile near the WIPP and inferred that nine of the 10
were associated with known anticlinal structures. ‘There has been considerabie drilling
since 1981, in this section we report structural information from a much larger data
base and examine whether we can still conclude that brine reservoirs are associated
with Castile deformation.

Our data around Danford well (T.22S., R.2SE., sec. 9) are so limited that we draw no
conclusions about structure. Qur maps for this analysus do not extend to the Danford
well.

We use two main forms of structure information: structure contours on selected
stratigraphic contacts and maps of thickness (isopachs) of selected intervals. We
assume that the evaporites were deposited on generally planar, horizontal surfaces,
though we also recognize that there may have been differential subsidence or tilting
during some of the deposition. We also begin with a working assumption that most of
the units were deposited with a reasonably uniform thickness; regional and local trends
can be depositional, compensating for synsedimentary subsidence or tilting.

While the focus is on Castile deformation, we have examined some of the effects on
higher units as background. There are two reasons for this. The structure and’
thickness of higher units help delineate or bound the extent and age range for
deformation. In addition, there are many more data points on mid-Salado to Rustler
stratigraphic units across the WIPP site. If brine is associated with Castile structure,
but the effects of that structure can also be seen in higher units, it may be possible to

10
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better judge the possibilities that brine underlies parts of the WIPP. This possibility had
not been adequately tested statistically at this time.

5.1 Methods

Data for structure and isopach maps were managed and computed using Rbase 5.5.
Data were posted manually to maps and were contoured by Powers. All data were

-honored by contouring except some isolated points at the contour value (e.g., 1500)
and some values at map edges, particularly along the northeast side of the map area
where the Capitan reef underlies the area. Interpolation of values between data points
is subjective but is generally roughly scaled. Dashes and dots for contour lines reflect
decreasing confidence, generally in areas of fewer data points and at greater distance
from data points. '

Single hole anomalies that remain generally have not been reconfirmed or resolved
with available data. They should be treated with caution at this time.

5.2;Structure Contours

Drilthole locations are identified on Figure 5.1-1 with identification numbers tied to data
tables (e.g. Iable—4£~2M
Ap/w&.«-&

5.2.1 General

Over the area south of the study area, the top of the Delaware Mountain Group (DMG)
displays relatively uniform strike slightly east of north and dips east about 75-100
ft/mile (about 1 degree) (Borns and Shaffer, 1985, fig. 16). This unit is the “basement”
rock for our discussion.

For much of the study area, the DMG (Figure 5.2-1) continues the trends mapped by
Borns and Shaffer (1985) for areas south of WIPP. Data for this contact are almost
non-existent for the site area. We assume the NNE-SSW strike and modest east dip
continues under the site.

In T.22S., R.32E., the contours indicate the DMG dips less than regidnal dip. Near the
eastern edge of the map, some contours may be showing basin margin effects, though
we include too few data to be certain.

While there are some differences from areas to the south, these are relatively minor.
The structure of the DMG contrasts significantly with upper Castile horizons, as shown
below.

Structure contours have been drawn for the top of the middie (A2) and upper A3)
anhydrites of the Castile to. demonstrate the main Castile features.

11
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5.2.2 Anhydrite 2 (A2) (Figure 5.2-2)

Over the area south of the study area, A2 has strike and dip similar to the DMG (see
figure 13 of Borns and Shaffer, 1985). The southern margin of our map study area
appears to be the transition area to more complex structure to the north in the study

area.

The few data points at the site area show deformation in the northern area and
~~approximately “normal” structure in the southeastern site area (the vicinity of DOE 1).
Near the southwest corner of the site, this unit in the Hudson Belco well appears aliso to
be structurally high, though no nearby welis exist west of the Belco well to confirm
closure. Near the northwest corner of the WIPP, it appears that the attitude of A2 is
changing to more east-west strike. Three holes, each somewhat isolated, indicate
structure lows. There are no known brine encounters in the cluster of drillholes near
the northwest corner of WIPP

East and northeast of WIPP, A2 has been deformed into a major anticline trending
about NW-SE. At least half of the known brine encounters closely relate to this major
anticline, and several others are located along subsidiary structures. A structural low in
east-central T22S., R.32E., interrupts part of this trend. Along the southeast corner of
the map area, structure contours run approximately east-west, normal to the strike
further south and west. Three brine encounters are in this area, 200 - 300 ft above
projected contours from the south. The Mascho 1 and 2 brine encounters in T.228S.,
R.33E., are near deformed areas, but data near these wells are few.

Nearly all the brine encounters on the map appear to be related to areas deformed at
the A2 level. More than half appear in areas where structural closure is demonstrable
or very likely. Most of the rest are in areas where A2 differs considerably from contours
projected from the south into the area.

5.2.3 Anhydrite 3 (A3) (Figure 5.2-3)

in this area, the top of A3 is also the top of Castile. -Most of the brine encounters are
interpreted to flow from the lower part of this bed.

The major structures of A3 and associations with brine encounters are very similar to
those described for A2. The top of A3 was uncertain in the Belco well, though other
nearby wells indicate some local structure.

5.2.4 Comparison with Culebra Dolomite Member (Rustier Formation)

A recent structure contour map of the Culebra (Powers and Holt, 1995) shows that the
main anticlinal structure north and east of WIPP persists to the level of the Cuiebra.
Over the WIPP site, there are limited changes from regional trends that may be difficult
to attribute to any process (Powers and Holt, 1995).



‘
byt éi% \ N
2-2'G am 2
7934 W) cUnoflo) & .
4UN0NF uisq = W P | i i
- 4
2Y so do smojuoy aunpnng ¢ 3 % :
'
- 2 ! e :
/ L I..\..\ \.}.«.\.\ - W :
‘ - - - / mcn\ n
¢ P ’ .
’ s\ » ’ . . 1
’ . .
- Vi ’ R 4 4
4

. 'y
, .

S
2




bz %" N“ €-2'¢ u.x_hm_

jaasy 23&\8»
292303 u1 autig <
#N5p) yo doj - smopuo) aumnyInag

PR




Final Report 7/10/96

5.3 Isopach Information

5.3.1 General

Three intervals were chosen to represent the main value of thickness maps: 1) Castile
thickness, 2) the combined thickness of both halite numbers (H1, H2) and anhydrite
(A2) between these halites, and 3) the thickness from base of Castile to base of the

. Cowden Anhydrite (of the Salado Formation). For simplicity, we call the third interval

the IsoCowden.

5.3.2 Castile Thickness (Figure 5.3-1)

In areas near the southern margin of the site, the undeformed Castile is generally
1300-1400 ft thick. South and west of the site, isopach data are not very helpful.
There may be local relative thickening and thinning near Hudson Belco, but the data
are few. Over the site, DOE 2 shows thinning of the Castile; Borns (1987) described
deformation features from Castile cores. While other WIPP drillholes at the site show
structure, they do not go as deep as the DMG, and we have not inferred thickness in

such drillholes for this analysis.

As expected, this map shows a strong thickening trend along the anticline north and

east of WIPP. Just northeast of WIPP, there is an apparent minor thickening trend of
about NNE-SSW. A localized thin area in east-central T.22S., R.32E. is consistent in

location with a structural low along the anticline trend.

The apparent thickening of Castile northeast and east of WIPP is associated with
many of the brine encounters. Nonetheless data are not available at several holes with
brine, mainly because the DMG was not drilled or we cannot determine the
stratigraphic contacts for the relevant beds. Some encounters east of WIPP are
around areas of thickening or thinning, but thickness at the brine locations is not greatly
different from undeformed areas.

5.3.3 Middle Castile (H1-A2-H2) Interval (Figure 5:3-2)

The main thickening and thinning trends and locations shown by the total Castile
isopach are present in this map. There are more site details because more wells
penetrated the relevant interval. Some local features show finer detail in this map
compared to “smoother” contours for the thicker total Castile map. In “undeformed”
areas south of the site, the thickness of the interval is about 600-700 ft.

In the northern part.of the WIPP site a few drillholes are availabie that show the effects
of deformation in the “disturbed zone” (see Powers et al., 1978). WIPP 12 and WIPP
11 show thickening, while WIPP 13 is much thinner. In the southeast part of WIPP,
drillhole DOE 1 shows a “normal” thickness. The contours in these area are very
approximate, and the thickness north of WIPP 12 is expected to be quite variable.
While DOE 2 is difficult to interpret, there is almost no halite in the Castile at that
location. If A2 was correctly identified, the thickness could be less than 150 ft.

13
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Off the southwest corner of WIPP, there are some limited indications of thickening, but
the interval was not definable at Hudson Belco. Off the northwest corner of WIPP,

there is northward thickening.

Northeast and east of the site, a thick area trends along the anticlinal structure and
zone of thickening for the entire Castile. The thinner area in east-central T.22S,
R.32E., displays some apparent “fabric” of local thin zones approximately normal to the
trend of the thick zone.

Most of the known brine occurrences can be associated with areas of
thickening/thinning of this interval. There are several occurrences where data are
inadequate and few where isopach changes are smaller or can be questioned.

5.3.4 IsoCowden (Figure 5.3-3)

This interval is very similar to the total Castile isopach, and it should be
because it is the Castile plus the salt (commonliy calied the InfraCowden)
between Castile and Cowden Anhydrite. The main structures are present,
though there is some broadening across the main structure of the ERDA 6

anticline.

This map includes some estimated values noted by [ ]. The basis for the
estimated values included on the map is provided in Appendix E. [Additional
values for the thickness were generated from this map for later analysis in
Section 8.0; only values that could be estimated independently from this map
were included in this map.] The map was contoured in more detail than some
others because this map has the most values, including estimates, of the
thickness interval compared to other intervals.

While many of the brine intercepts occur in areas that are near the maximum
thickness for the interval, some intercepts are not. While we think that most of
the brine intercepts are in areas differing in thickness from regional trends, some
are located in the mid-range of thickness for this map area.

5.3.5 Comparison of “Normal” and Thickened Zones

All three isopach maps show similar thickness differences between areas that are
undeformed and deformed. This means that the thickening can principally be attributed
to the halite members or the combined H1-A2-H2 interval. The basal (A1) and upper
(A3) anhydrites included in the total Castile isopach differ much less from normal to
deformed areas than does the interval with halite.

in order to examine further the relationship between various thickness intervals
and the occurrence of brine, we plotted (Figure 5.3-4) the basic statistics
(minimum, maximum, range of + 1 standard deviation around the mean) for a
number of intervals for comparison. Those intervals are:

14
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[sOA2
isoH2

H1A2ZHZ -

IsoCas
IsoCow
Iso124
IsoRus
Cashal
IsaVT
A1-Cow

7/10/96

top of Bell Canyon to top of A1

top of Bell Canyon to top of H1

top of Bell Canyon to top of A2

top of Bell Canyon to top of H2

base of H1 to top of H2

top of Bell Canyon to top of Castile (A3)

top of Bell Canyon to base of Cowden Anhydrite
top of Bell Canyon to base of MB 124

top of Bell Canyon to base of Rustler Formation
sum to H1 and H2 thickness

top of Bell Canyon to base of Vaca Triste Sandstone Mbr
top of A1 to base of Cowden Anhydrite

0 T T

T T T T T T T

IsoA1 IsoH1 IsoA2 IsoHZ2H1A2H2s0CadsoCowso124lsoRusCashallsoVTA1-Cow

7| Brinehits Il No Brinenit

F iguré 5.3-4 Color bars show range of thickness for each interval. Bars

represent + 1 standard devation around the mean.

We see that the thickness associated with brinehits tends to be greater than for
the other drillholes. Each Cowden interval shows greater thickness for brine
hits. The minimum thickness of IsoCow associated with a brine reservoir is 1677
ft; at ERDA 9, near the waste panels, the estimated thickness of the IsoCow is
1532 (+ 25) ft. This interval is the most reliable of all listed above with respect to
largest number of data points with direct thickness information at any drillhole

This is because the Bell Ca’nydn structure is reasonably well understood and
- considered to be best for interpolation and because the Cowden could be

15
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interpreted reliably in more wells than the top of Castile. This interval is
considered as a possible exclusionary indicator for brine reservoirs under the
waste panel. The statistical data are further examined in Section 7.0.

5.4 Summary of Geological Relationship to Brine Encounters

The majority of reported accurrences of Castile brine are clearly associated with areas
of deformed evaporites in the Castile. Geological information is too limited for one
‘drillhole (Danford) to determine if the evaporites are deformed at that location. Several
drillholes are located in the general area of deformation, but they are not on extreme
features. Brine appears to be strongly related to structure in Castile.

Very limited data on the top of the Castile near the WIPP site indicate that there is
little, if any, deformation under the waste panel area. From this, we would infer that
there is low likelihood of intercepting a brine reservoir in a drilthole through the waste
panel area. The thickness of some of the intervals, especially the IsoCowden (base
Castile to base Cowden), at the waste panel is estimated to be about 145 ft less than
the minimum thickness for this interval at any known brine encounter, suggesting there
may be a threshold excluding the panel area as an area to expect brine encounters.

Though the association of brine to structure appears to be strong, we note that most
drillholes in areas of structure do not report brine in the Castile. A drillhole that does
not intercept brine is not a demonstration that brine does not exist within an area.

5.5 Limitations

Some of the Ilmltatlons far the geological data are due to the nature of the data. The
geophysical logs for this study are dominated by neutron and gamma logs taken
through casing in the evaporite section. While many of the stratigraphic “picks” are
relatively straightforward, some are not, requiring more subjective decisions based on
experience. The posted values for the structure contour and isopach maps do not
differentiate between such kinds of data. The contoured maps are themselves a means
of checking the likelihood of any individual value by the surrounding values. Single

hole anomalies should be reexammed regardless of the apparent quahty of the original
data.

Another limitation to the geologlcal study is that several of the holes with brine
encounters were drilled before modem geophysical logging and have such limited
geological data available that we are unable to confidently interpret the stratigraphic
horizons and structural features at the drilihole location. Because more reliable data
from other drillholes demonstrates that the structure and isopachs can vary over short

distances, we have hmlted our mferenceslextrapolatlons about the structure at these
hole locations.

Work has not been eompleted to examine possible statistical relationships between
structure or isopachs and brine encounters. If there is found a relationship strong
enough to be helpful, we expect to ipc’;qrporate this later into a re-evaluation of the
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kriging estimates of intercepting brine under the WIPP site (see section 7.0).

6.0 GEOSTATISTICAL ANALYSIS

6.1 INTRODUCTION

We utilize a geostatistical approach to estimate the conditional probability of a
brine reservoir intercept within the Castile Formation because geostatistics
permits quantification of a phenomenon’s spatial correlation and it provides
robust estimation algorithms in kriging. The data are first examined with a suite
of geostatistical tools to estimate the phenomenon’s covariance function and
then test the covariance estimate’s robustness. This function quantifies how the
phenomenon’s observed values are correlated in space, in time, or in both. We
can gain a better understanding of the scale of the phenomenon from the
correlation scale, the distance over which the observed values appear to be
correlated, of most estimated covariance functions. The data and the estimated
covariance function are then input into a kriging algorithm to give a “best”
unbiased, minimized least-squares error estimate of the phenomenon’s value at
unsampled locations while honoring the data exactly. For a binary phenomenon,
such as the presence or absence of a brine reservoir intercept, kriging provides
a direct estimate of the probability of the phenomenon at an unsampled location
conditioned on the data locations and on the estimated covariance function
(Deutsch and Journel, 1992). We can test the validity or appropriateness of the
probability estimates by comparing the estimated covariance with covariance
functions estimated from related phenomena, particularly those which may have
created or influenced the spatial distribution of interest.

Our phenomenon of interest is whether a borehole will intercept a brine
reservoir in the Castile Formation. We have observations of intercept/no-
intercept from 354 wells distributed across roughly 645 km? (252 mi?) of
Delaware Basin. The WIPP site is roughly centered within this area. Taking on
a value of either 1 or 0, binary variable observations are a type of categorical
variable, which can represent phenomena such as rock types, counts of
numbers of species, or whether a contaminant concentration exceeds a given
threshold value. In contrast, continuous variables describe phenomena whose
values vary more continuously than discretely; e.g., hydraulic conductivity,
chemical concentration, temperature, etc. We seek the probability of a brine
reservoir intercept at specific unsampled locations. Assuming the data set is
representative and that ¢lassification errors are negligible, we can calculate a
probability estimate for the unsampled locations which depends on the observed
values: divide the 27 intercepts by 354, the total number of observations, to get
a mean probability of 0.076. Although legitimate, this approach does not include
information contributed by locations of the observed values reiative to the:

17
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unsampled locations of interest. It is equivalent to deciding that there is no
spatial relationship between occurrences; the mean probability can be reduced
by simply enlarging the study area, which will include more drillholes without
evidence of brine occurrences.

We can treat the observed values as having originated from a random function
(RF), a name which is applied to a collection of random variables distributed
‘across a domain of interest. The spatial correlation of a RF Z is described by
the (auto)covariance, Czy, 7.y, Where E is the expectation operator, x is the
location vector for an observation, and h is the distance between it and another
observation.

Com 2ty = ENZ0) - EZOONZe+h) - EZ(x+h)l}f  (Eqn.6-1)

If we assume that the mean is constant and that the covariance is simply a
function of the distance h separating the two values within the domain of
interest, we can then simplify the covariance function:

C,(h) = E{Z(x) Z(x+h)]} - ELZ(x)? (eqﬁ. 6-2)

These assumptions are the resuit of deciding to treat the random function Z as a
stationary RF. It is useful to decide an RF is stationary because we seidom can
take repeated measurements of the phenomenon of interest at the same
location, making it impossible to estimate the cumulative distribution function
(cdf) at that point. ‘Instead, by deciding to use a stationary random function
model, we can use samples from other locations to estimate the cdf. it cannot
be determined from the data whether the stationarity decision is valid . See
Deutsch and Journel, 1992, p 12-13; Isaaks and Srivastava, 1989, p. 220-221;
and Journel, 1986 for further discussion. This decision, however, permits us the
use of a range of geostatistical tools, such as the semi-variogram, to estimate
the covariance and thereby quantify the spatial variability.

The semi-variogram, g(h), is the variance of the difference between
observations separated by a distance (or lag) h:

Y (h)=

VariZ(x—zh)-Z(x)f_' _ CA0) - CAh) (Eqn‘. 6-3)

The covariance at séparatioh distance 0 is simply the variance of Z. Equation 3
demonstrates the relationship between the variogram and the covariance
function for a stationary RF. Their interrelationship is depicted in Figure 1. The

18
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following discussion assumes a random function defined over a two-dimensional
domain; generalization to a three-dimensional domain is straightforward. Most
semi-variograms consist of three parameters: the range, defined as the lag at
which the semi-variogram value levels out, i.e., the correlation between two
observations decreases to zero; the sill, defined as the y(h) value at which the
semi-variogram levels out; and the nugget, which refers to a discontinuity
between the estimated semi-variogram’s first point (nearest to a zero lag) and
the origin. The range represents the length (or time) scale over which

"“correlation between any two observations is still observed. The sill represents
the population or sample variance of all the observations, and the nugget
represents the sum of measurement errors and small-scale spatial variability not
yet resolved. Each of these is depicted in Figure 6-1.

If, when calculated along a number of different directions, the sample semi-
variograms show no significant changes in range, nugget, or sill values then the
phenomenon is said to be isotropic; otherwise, it is anisotropic. Anisotropy in
the directional semi-variograms is analogous to the major and minor axes of an
ellipse (or ellipsoid in 3-D space). The directions corresponding to the major
and minor axes can be thought of as the phenomenon’s preferred or principal
directions. Figure 6-2 demonstrates the relevant parameters for calculating a
directional semi-variogram. To calculate an isotropic semi-variogram, which is
also called an omni-directional semi-variogram, the search and bandwidth
distances and half-angle should be set to their maxima, e.g., the length of the
domain and 90 degrees, respectively.

A host of related geostatistical tools for describing spatial variability have been
developed to complement the strengths and weaknesses of the semi-variogram
(see Deutsch and Journel, 1992, p. 56). The correlogram and non-ergodic
covariance functions can filter out trends in the variances and means for each
lag group respectively. The relative semi-variograms and semi-rodogram are
less susceptible to data clustering and outlier values than the semi-variogram.
The semi-madogram is more robust to outliers than the semi-variogram.
Prudent practice requires that one or more of these alternative measures of
spatial variability be examined in addition to the traditionat semi-variogram.

Estimation of the values at unsampled locations can begin once the spatial
 variability has been adequately characterized by a semi-variogram (or
covariance) function with an estimated sill, nugget, and range. A very wide
range of methods have been developed to solve the general interpolation
problem (see Cressie, 1991), but only the kriging algorithms provide an
unbiased, minimum error variance estimate, which exactly honors observed
values, for an explicit covariance model. The kriged or predicted value is a
_function of the estimated covariance and of the locations, not the values, of the
initial observations of the phenomenon. However, the value predicted for an
unsampled location is conditional on the observed values, since they are

- 19



FIGURE 6-2
Parameters for Calculating Sample Semi-Variograms
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reproduced exactly by the algorithms. When applied to a binary variable, such
as the presence or absence of a rock type or a brine reservoir intercept, the
most commonly used kriging aigorithm, ordinary kriging, provides a direct
estimate of the conditional probability of that variable (Journel, 1984; Deutsch
and Journel, 1982, p. 73). As above, this probability estimate is a function of the
covariance model adopted and of the data locations and is conditioned on the
observations.

o

6.2 METHODS
6.2.1 Variography

Variography is the process of extricating a phenomenon’s spatial correlation
from a set of observed values. Also known as structural analysis, the process
focuses on estimating a sample semi-variogram or related functions, which are
proxies for the covariance function, and then critically examining the estimate for
sensitivity to individual data points, data clustering, and extreme values
(outliers). Values for the range, sill, and nugget are determined from a
theoretical semi-variogram model which is fitted to the sample semi-variogram.

6.2.1.1 Sample Semi-Va‘riogramv Calculation

Semi-variograms are calculated according to
N(h)

e S
‘gN(h)g; (%-yy) (Eqn. 6-4)

v(h)="

where h is the approximate or average lag distance for each lag class, N(h) is
the number of pairs for each lag class, x; is the initial or tail value, and y; is the
final or head value for the pair. All variographic calculations were carried out
using the VARIO module of the public domain software package UNCERT
(Wingle et al, 1994), available from the Colorado School of Mines in Golden,
CO. Calculations for the final semi-variograms were compared with those from
two other geostatistical software packages: GSLIB (Deutsch and Journel 1992)
and VARIOWIN (Pannatier, 1994)

Since the geological structure data were not available to help constrain the
choice of geometric directions prior to this study's start, we calculated sarhple
semi-variograms for the isotropic (omni-directional) case and for a full range of
anisotropic geometric directions. This ensured there was no bias in the AT
selection of sample semi-variogram directions. We did not consider : 'zonal .
anisotropy in this analysis because we have assumed the Castile Formatlon,
from which all of the observahons were collected, has a homogeneous vanance

.20
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about the probability of a brine intercept. That is, the brine intercept probability
variance is constant across the study area. Our results indicate the sill does not
vary significantly compared to the ranges for the directional sample semi-
variograms and therefore the anisotropy is better described by the geometric
rather than the zonal approach.

The directional semi-variograms were estimated for azimuths 0, 20, 45, 70, 90,
110, 135, and 160 degrees measured clockwise from a 0 degree north. Lag
“spacings between 1000 ft and 2000 ft were examined because they bracketed
the most common borehole spacings observed in the data. The maximum
search distance, directional bandwidth, and horizontal half-angle were set to
their maximum values of 150000 ft, 150000 ft and 90 degrees for the isotropic
sample semi-variogram. The data were sufficient in number to restrict the
horizontal half-angle to 15 degrees , maximum search distance to 50000 ft, and
the directional bandwidth to 10000 ft and still have adequate numbers of
observation pairs (>30) within each of the first 20 or more lags for all of the
anisotropic sample semi-variograms.

Sample semi-variograms were judged significant if they exhibited a reasonably
monotonic increasing structure within the first 25% of the lag classes with
adequate numbers of pairs within each lag class. All significant sample semi-
variograms were retained for fitting of theoretical semi-variogram model
parameters (range, sill, and nugget variance). When an anisotropic sample
semi-variogram was found significant, we calculated the sample semi-variogram
along its arthogonal direction.

6.2.1.2 Sample Semi-\)ariogram Robustness

Clustering of the data locations can create apparent structure in sample semi-
variograms (Deutsch and Journel, 1992; isaaks and Srivastava, 1989, p. 162).
Given the obvious clustering of borehaole locations (see Figure 6-3), we tested
the sample semi-variogram robustness to clustering using two different
approaches. The first compares sample semi-variograms from the entire data
set with those computed for two non-overlapping data subsets which have
relatively uniform spatial distributions of boreholes and possess adequate
numbers of brine reservair intercepts. Subset 1 contains 81 boreholes, 15 of
which had brine intercepts. Subset 2 holds 93 boreholes, 9 of which had
evidence of brine intercepts. Figures 6-4 and 6-5 show the locations of the two
data subsets. These two subsets were the only areas to possess both a
relatively uniform distribution of boreholes and sufficient numbers of brine
intercepts. Most of the boreholes in these two subsets were drilled to explore
sand channels which underlie the Castile Formation. Correlation structures
which appeared significant in each of the data subsets and in the complete data
set were judged to be independent of the large scale data clustering evident in
Figure 6-3.
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The second approach utilizes alternative measures of spatial continuity which
are less sensitive to data clustering. The general and pairwise relative semi-
variograms are typically less vulnerable to clustering because they normalize the
semi-variogram value for each lag class by the squared mean of the data and
the squared average of the paired values; however, they can only be computed
for strictly positive data (Deutsch and Journel, 1992). Since our data were
mainly zeros and a few ones, we added a value of one to each data point,
shifting the data range from [0,1] to [1,2] and then calculated the relative semi-
variograms. This shift preserves the maximum and minimum differences
between any two data points, which are all that is required for calculation.

The semi-radogram, defined as
N(h)

Yr(h) = > N(h)Z,A Y| (Eqn.6-5)

is also more resistant to clustering than the semi-variogram (Deutsch and
Journel, 1992, p. 56). However, this measure (and the related semi-madogram)
is numerically identical to the semi-variogram when computed for a binary
variable limited to differences of 1 and 0. While this may suggest the semi-
variogram for a binary variable with the same maximum and minimum
differences should be relatively indifferent to data clustering, it may simply be a
numerical artifact. Accordingly, the semi-rodograms were not used in the
analysis.

We examined the impact of classification error on the sample semi-variogram
calculations. Initial variographic calculations had been made prior to
reclassifying well AEC7 from a brine intercept to a non-intercept. We
recalculated sample semi-variograms for each of the data subsets and for the
entire data set and then compared them to the previous resulits.

Undue influence of outlier data values was not considered to be significant
because the range of allowable values was strictly limited to 0 and 1.

6.2.1.3 Theoretical Variogram Model Fitting

The range, sill, and nugget variance were estimated for each of the final sample
semi-variograms using UNCERT’s VARIOFIT module. Fits of each of the most
common theoretical semi-variogram models: spherical, exponential, and
Gaussian, were made both with and without non-zero nugget variances. Modei
fit was evaluated subjectively with the objective of preserving the apparent
smaller scale range and nugget as much as possible. Automated, non-linear
curve fits of theoretical models to the sample semi-variograms were also
examined to check for subjectlve bias in the initial manual fit.
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6.2.2 Kriging of a Binary Categorical Variable

We estimated the conditional probabilities of a brine intercept at regularly-
spaced grid nodes using ordinary point kriging for each of the selected
theoretical semi-variogram models. An areally-averaged probability was then
computed from the kriged point probabilities for the waste panel area.

“Ordinary point kriging was carried out using UNCERT's GRID module for each
theoretical semi-variogram model. Inputs include the estimated semi-variogram
parameters, the intercept/no-intercept observations, grid definition parameters,
and search parameters. We selected a 1000 ft grid node spacing along both the

- N-S and E-W axes. The kriged domain range included all of the data points and
had an E-W range of [590000, 731000] and a N-S range of [480000, 530000] in
NM state plane coordinates. We compared results from the normal search
mode, with minimum and maximum number of data points set to 4 and 16, to
those from the octant search mode, which had minimum and maximum number
of data points set to 2 and 16 and a maximum per octant of 8 points.

The CONTOUR module from UNCERT was used to create color-coded maps of
the conditional brine intercept probabilities for each of the semi-variogram
models. Point-kriged probabilities for each node within the waste panel, the
shaft pillar, and the experimental areas were pulled from the output files and
noted. We estimated an average conditional probability for the entire waste
panel area through weighting each nodal conditional probability by the
percentage of the total waste panel area it influenced. These calculations were
made using the EXCEL spreadsheet package.

We checked the pomt-knged probabilities from UNCERT's GRID module

against results from GSLIB’s KTB3D a|gor|thm using the same grid, search and
variogram mode! parameters.

~ 6.3 RESULTS AND DISCUSSION
6.3.1 Variography

6.3.1.1 Sample Semi-Variogram Calculations

Figures 6-6ab and 6-7ab show all the sample semi-variograms for the first and - T \
second data subsets. Figure 6-6a depicts the most significant sample semi- 1
variograms found in Subset 1: the isotropic case and azimuths 20 and 160

degrees together with their orthogonals (110 and 70 degrees, respectively). The o
remaining directional sample seml-vanograms shown in Figure 6-6b, : .'
demonstrate a pure nugget effect, i.e., there is no spatlal carrelation. Figure 6-
7a shows that only the azimuth 160 dlrectlonal semi-variogram clearly
demonstrates any correlation structure. The isotropic case semi-variogram also
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demonstrates correlation structure because its first lag spacing point has too few
pairs to be considered a valid estimate. The 20 degree azimuth does not exhibit
significant correlation structure. The same holds for all the remaining directions

depicted in Figure 6-7b. '

Figure 6-8a indicates that significant correlation structure can be found in the
isotropic and 20, 70, and 160 degrees azimuth sample semi-variograms for the
complete data set. Figure 6-8b shows that the remaining directions have no
- correlation structure and are best described by a pure nugget effect. The
relatively large number of data points within the compiete data set ensured that
large numbers of pairs were found in all of the early lag classes, e.g., from 0 to
20000 ft lags. The semi-variogram values are typically less dependable for the
later lag classes because the semi-variogram estimates become increasingly
unstable as lag spacing increases beyond 25 to 40% of the maximum separation
distance within the data set.

The only spatial correlation structures which appear consistently across the
three data sets are the isotropic (omni-directional) and the anisotropic 160
degrees azimuth sample semi-variograms. The latter sample semi-variogram
persisted across a fairly narrow range of azimuth angles: from 157 to 162
degrees azimuth. Although it exhibits some noise (or, potentially, cyclicity) at the
fourth lag, the 70 degree azimuth sample semi-variogram was consistent across
the three data sets. The correlation structures observed for the 160 and 70
degree azimuth and isotropic semi-variograms persisted when lag spacings were
varied from the initial value of 1500 ft to 1000 and 2000 ft. This was not the
case for the 20 degree azimuth semi-variogram, which was observed at 1500
and 2000 ft lags but not at the 1000 ft lag. Furthermare, its orthogonal semi-
variogram (azimuth of 110 degrees) did not show any significant correlation
structure in any of the data sets for any lag spacing. Consequently, the 20
degree azimuth model was not considered to be a significant sample semi-
variogram. '

The relative semi-variograms for the complete data set shifted from [0,1] to [1,2]
(see Figures 6-9ab and 6-10ab) confirm the isotropic and 160 and 70 degree
azimuth semi-variograms demonstrate significant correlation structure.
Changing borehole AEC7 from an intercept to a no-intercept had a negligible
impact on the estimated sample semi-variograms. We found an exact
equivalence to four or more decimal places between the calculations made with
UNCERT’s VARIO and those made using the GSLIB and VARIOWIN
variography routines. The calculation results for each package are presented in
Appendix 1.

6.3.1.2 Theoretical SemilVér?ogram Model Fitting

Table 6-1 pres_ents the range, si'll, and nugget variance parameters fitted for the
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isotropic and two anisotropic sample semi-variograms. The “best” fits were
made using the spherical theoretical variogram model, typically with zero nugget
variance. The Gaussian thearetical variogram madel allowed a non-zero nugget
for the 160 degree azimuth sample semi-variogram. Figures 6-11abc show how
the fitted spherical theoretical variograms match the sample semi-variograms.

it is important to note that the effective ranges of the various theoretical model
types differ substantially. While the spherical model's range and effective range
are equal, the effective range for the Gaussian model is v3 times its range.
Similarly, multiply the exponential model’s range by 3 to get its effective range.
Only the effective ranges can be compared across model types.

Table 6-1 ,
Fitted Model Variogram Parameters
Sample Semi-Variogram | Theoretical Model | Nugget Range Cc
Type (ft) (= Sill - Nugget)

Azimuth 160 degrees Spherical 0.00 5700 0.085
Gaussian 0.01 2500 0.074
Azimuth 70 degrees Spherical 0.00 2880 0.080
) Gaussian 0.01 1400 0.068
isotropic Spherical : 0.01 2500 0.065
| Exponential 0.00 800 0.076

6.3.2 Kriging

Figure 6-12 shows the point-kriged conditional probability of a brine reservoir
intercept for the WIPP site and the surrounding vicinity using the 160 - 70
degree azimuth model semi-variograms. The waste panel centers are indicated
by four crosses located in the center left of the map at roughly state plane
coordinates [667000, 499000]. it is immediately south of the isolated brine
reservair hit shown as a high probability zone in yellow and orange. Note the
anisotropic orientation of the probability contours: they are aligned along an
azimuth corresponding to the 160 degree sample semi-variogram orientation.
The contours form an ellipse because the 70 degree azimuth range is roughly
half the range for the 160 degree orientation. The were no differences
observed, to three or more decimal places, in point-kriged intercept proba bilities
within the site area footprints when results from the normal and octant search
methods were compared. Figure 6-13 shows the individual nodal kriged
prababilities within the site’s three areas of interest: waste panel, shaits and
access, and the experimental area. The kriged probabilities show an increasing
trend moving from south to north as you approach the observed brine intercept
at the WIPP-12 borehole.

Within the waste panel area, however, the kriged probabilities range between
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0.078 and 0.084. Each naode is centered in a grid block which has dimensions of
1000 it on each face. We calculated an areally-averaged probability of 0.080
for the entire waste panel site by weighting each point-kriged probability by the
proportion of the waste panel area its grid block occupies. This weighted
probability average is roughly equivalent to a 3x3 block-kriged prabability if the
black overlaid the waste panel area exactly.

The waste panel point-kriged probabilities calculated using the isotropic
theoretical semi-variogram model were all less than 0.07. The lower
probabilities were caused by the substantially shorter range (2500 vs 5700 ft).
Figure 6-14 shows the paint-kriged conditional probability map assuming the
isotropic theoretical model semi-variogram.

6.3.3 Variations in Kriging Resulits

We examined partially the effects of “errors” in classification equivalent to either
missing a brine intercept in a drillhole or believing pressurized brine is present
when it is not. Drillholes AEC 7 was included in our first analyses because it was
included in some lists as a potential brine reservoir. After further review of the
basic data report (Sandia National Laboratories and D’Appolonia Consulting
Engineers, 1982), we have excluded it from the list (Table 4.1-2).

The kriging results were unchanged by the change in classification of borehole
AEC 7 from an intercept to a no-intercept. The negligible impact of the
classification error is attributable to the large distance (roughly 10 km), relative
to the semi-variogram ranges observed, between the site and AEC 7’s location.
This suggests that classification errors must be considered with regard to the
location of interest before their impact on the estimated probabilities can be
understood. Individual misclassification errors will have continue to have a
negligible impact on estimated intercept probabilities at the site unless those
errors occur within one or two correlation lengths (ranges) of the site footprint
and they are Type Il errors. Type | errors are also known as false positives;

- Type ll errérs are known as false negatives. Thus, to create a significant
change in the estimated site probabilities, ane of the nearby no-intercept
observations would have to reclassified as a brine intercept. I is unlikely such
an error has occurred because most of the wells near the WIPP site were drilled
by the Department of Energy,. and conditions should have been quite favorable
for detecting such Castile bnne reservours. Our approach is robust with regard

to individual mlsclassxﬁcatxon errors |ocated beyond several miles from the WIPP
site. : . : _

Differences in the mtercept‘prbb;bihﬁ‘ézsj;éstlmated using UNCERT s GRID

and Journel, 1992) were 5% or less thhm the waste panel footprint. The GSLIB
routine estimates for the shaft & access and experimental areas were less than
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those calculated with GRID, which was based on the KT3B algorithm. This is
attributed to the different search strategies utilized by the packages.

6.4 SUMMARY

There is significant spatial correlation to the presence of brine reservoirs
based on the available data. The physical cause of the correlation is, at
present, unknown. '

The most significant correlation occurs along an azimuth of 160 degrees
counterclockwise from north. It is anisotropic. This correlation structure does
not appear to significantly influenced by data clustering. The main drilling
trends are north-northeast.

Another model of spatial correlation, along azimuth of 20 degrees, may be
significant. However, it appears to be influenced by data clustering.

The spatial correlation length scale of a brine reservoir hit, as described by
the semi-variogram range, is relatively small: less than 6000 ft.

The kriged point probability of a borehole encountering a brine reservoir in
the Castile Formation within the waste panel footprint does not exceed 0.10,
regardless of which spatial correlation model is chosen.

The point-kriged probability estimates are insensitive to individual data
classification errors located more than several miles from the WIPP site
areas of concern. ’
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7.0 GEOSTATISTICAL INVESTIGATION OF THE CASTILE
FORMATION’'S GEOLOGICAL STRUCTURE

7.1 INTRODUCTION

The objective of this investigation is to determine whether there are significant
quantitative relationships between the brine reservoir intercepts and structural
geologic data, particularly data that may be indicative of processes which
created or influenced the observed brine intercept spatial distribution. Ideally, a
geostatistical analysis will identify a random field’s spatial correlation structure
that is consistent with the processes which controlled the distribution of that
random field. For example, the spatial variability of sail lead concentrations in
fields surrounding a lead smelter should be consistent with the orientation of the
prevailing winds and smelter operation patterns.

We believe brine reservoirs were caused by deformation of the uppermost units
within the Castile Formation. We hypothesize that structural data, such as the
thickness of these units, can provide insight into the amount and location of
deformation. We began testing our hypothesis by 1) estimating the spatial
variability of the structural data to compare with the brine intercept resuits from
section 6.0 and 2) using statistics to examine potential interrelationships
between geological structure and brine intercept data. Given our assumptions
that structural data and brine reservoirs are functions of the amount of
deformation in the upper Castile, any structural data similarities to the correlation
scale and direction observed for brine intercepts adds greater weight to our
conclusions about brine reservoir spatial variability. This investigation could
potentially provide significant improvements in predicting the conditional
probability of a brine reservoir intercept within the WIPP site.

For example, Figure 6-1 shows there are relatively few boreholes within 10000
ft of the WIPP site with information about brine intercepts/no-intercepts. There
are, however, numerous boreholes across the site with information about the
geologic structure of the Salado and Rustler Formations. If a strong association
between brine intercepts/no-intercepts and geological structure data can be
determined, then we could use the cokriging approach to get better-constrained
estimates of the conditional probability of a Castile brine reservoir intercept
within the site than can be estimated using brine hit/miss data alone. Cokriging
extends the kriging algorithms by conditioning prediction of a random field at
unsampled locations (e.g., brine hit probability) on observations of the original
and a second, related, random field (e.g., brine hits/misses and amount of
deformation). It also assumes knowledge of the random fields” autocovariance
and cross-covariance functions, which are typically estimated from sample semi-
variograms and crass-semivariograms. Cokriging can only improve on a
standard kriging algorithm when observation locations of the second random
field are more numerous within the area of interest than those for the first
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random field. At the WIPP site, this would require a strong relationship between
brine hits and structural information for units above the Castile Formation, such
as Marker Bed 124, since there are many more different observation locations
for these units than for units within the Castile across the WIPP site.

We have some doubts whether the cokriging approach will work for the specific
case of brine intercepts/no-intercepts and structural data since the cross-
cavariance (or cross-semivariogram) for each lag only receives a positive
contribution from pairs which include brine intercepts (see Eqns 7-1 and 7-2
below). This suggests that the estimated cross-covariance is then a function of
the ratio of brine intercepts to brine no-intercepts. However, cokriging may still
provide significant improvements in the conditional probability estimates from

Section 6 because it, like standard kriging and unlike many other interpolation
algorithms, honors the data exactly.

We focused on the thickness between the top of the Bell Canyon and the base
of the Cowden, which immediately overlies the presumed location of the brine
reservoirs within the Castile’s uppermost anhydrite (Anhydrite 1ll) and halite
(Hatite 11) zones. Measurements of this thickness, called here the Cowden
isopach of isoCowden, were made using geophysical logs for 352 boreholes.
The dataset differs slightly from that used for geostatistical analysis of brine
reservoir intercepts (Section 6.0). We estimated the Cowden isopach for five
brine intercept boreholes and several drillholes without intercepts using
information from nearby boreholes (section 5.0; Appendix E). As before, the 352
wells are distributed across raughly 645 km? (252 mi?) of Delaware Basin. The
WIPP site is roughly centered within this area.

=i .2'(- .

In addition to estlmatlng the spatlal varlabmty of the Cowden isopach, we
examined the spatial crass-correlation between the Cowden isopach and brine
intercept/no-intercepts. The cross-covariance between two random fields, Y and
Z, is described by Cyy, 2eny, Where E is the expectation operator, x is the

location vector for an observation, and h is the dlstance between it and another
observatiom:

Cyim.zem = ELYX) _—E{,Yl(x)}][Z(xm),— EZpch)  (Eqn7-1)

The cross-semivariogram, vc(h),- is'the variance of the difference between
observations of two variables separated by a distance (or lag) h:

VariZ(x—h) Y(x)f
Yo (") —

(Eqn. 7.2)
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7.2 METHODS

7.2.1 Exploratory Data Analysis

We examined differences in Cowden isopach measurements for twa categories:
bareholes with brine intercepts and boreholes with brine no-intercepts.
Descriptive statistics, such as sampie mean, standard deviation, skewness, etc.,
and sample cumulative frequency distributions for the two categories were

-~compared.

Descriptive statistics and sample cumulative frequency distributions of Cowden
isopach measurements were calculated for boreholes with and without brine
intercepts. Graphs and calculations were made using the Excel spreadsheet
program, version 4, from Microsoft and MathSoft’s MathCad 6.0+ mathematical
analysis program.

7.2.2 Variography

We quantified Cowden isopach spatial correlation through calcuiation of sample
semi-variograms. We tested our estimates for sensitivity to data clustering and
extreme values (outliers) by computing sample semi-variograms for subsets of
the data and by examining more robust measures such as the semi-rodogram,
general relative semi-variogram, and non-ergodic covariance function (see
Section 6.1). Values for the range, sill, and nugget variance are determined by
fitting a theoretical semi-variogram model to the sample semi-variogram.

7.2.1.1 Sample Semi-Variogram Calculation

Sample semi-variograms are calculated according to Eqn. 6-4 for the isotropic
(omni-directional) case and for a range of anisotropic geometric directions:
azimuths 0, 20, 45, 70, 90, 110, 135, and 160 degrees measured clockwise from
a 0 degree north. All variographic calculations were carried out using the
VARIO module of the public domain software package UNCERT (Wingle et al,
1994), available from the Colorado School of Mines in Golden, CO.

Lag spacing was set at 1500 ft to match the lag spacings from the analysis of
brine intercept/no-intercept spatial variability. The maximum search distance,
directional bandwidth, and horizontal half-angle were set to their maximum
values of 150000 ft, 150000 ft and 90 degrees for the isotropic sample semi-
variogram. The data were sufficient in number to restrict the horizontal half-
angle to 15 degrees, maximum search distance to 150000 ft, and the directional
bandwidth to 10000 ft for ali of the anisotropic sample semi-variograms.

Sample semi-variograms were judged significant if they exhibited a reasonably
manotonic increasing structure within the first 25% of the lag classes with
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adequate numbers of pairs within each lag class. Theoretical semi-variogram

model parameters (range, sill, and nugget variance) were estimated for selected
sample semi-variograms.

7.2.1.2 Sample Semi-Variogram Robustness

We tested the Cowden isopach sample semi-variogram robustness to clustering
using two different approaches. The first compares sample semi-variograms
--from the entire data set with those computed for two non-overlapping data
subsets which have relatively uniform spatial distributions of boreholes and
possess adequate numbers of brine reservoir intercepts. Subset 1 contains 80
bareholes, 15 of which had brine intercepts. Subset 2 holds 93 boreholes, 9 of
- which had evidence of brine intercepts. These two subsets possess both a
relatively uniform distribution of boreholes and sufficient numbers of brine
intercepts to generate adequate numbers of observation pairs for each lag.
Correlation structures which appeared significant in each of the data subsets
and in the complete data set were judged to be independent of the large scale
data clustering evident in Figure 6-3.

The second approach utilizes alternative measures of spatial continuity which
are less sensitive to data clustering. The semi-rodogram and general and
pairwise relative semi-variograms are typically less vulnerable to clustering
 because they normalize the semi-variogram value for each lag class by the
squared mean of the data and the squared average of the paired values; Eqn. 6-
5 defines the semi-rodogram and Eqn. 7-3 defines the general relative semi-
variogram. We calculated sample semi-rodograms, general relative semi- -

variograms, and non-ergodlc covariances for each data subset, their union, and
the entire data set. :

Ver (h); Var'lZ(x—h) -Z(x)}
[mtmn

(Eqn. 7-3)

" where m, and m, are the means of the tails'ahd heads of each pair within a lag.

"7.2.1.3 Sample Cross-Semi\?ariografﬁ EStimation

We estimated the sample cross-semwanograms for the brine nnterceptlno- ' |
intercept and Cowden isopach usmg

~y.)2  (Eqn. 7-4)

'VYC_ZN(hn
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Sample cross-semivariograms were determined for the union of Subsets 1 and
2 for the isotropic case and along the same eight sample semi-variogram
directions. Calculations were made with the GAM2V routine from the GSLIB
library (Deutsch and Journel, 1992) because the Sun OS version of UNCERT's
VARIQ module does not yet support cross-semivariogram estimation.

7.2.1.3 Theoretical Variogram Madel Fitting

We estimated range, sill, and nugget variance using UNCERT's VARIOFIT
module for only a few selected sample semi-variograms because of a time
limitation and because we did not need to krige Cowden isopach values. We
estimated ranges by eye for the remaining sample semi-variograms, assuming a
spherical theoretical semi-variogram model, to enable quick comparison with the
ranges estimated for the brine intercept/no-intercept variable.

7.3 RESULTS AND DISCUSSION
7.3.1 Exploratory Data Analysis

Table 7-1 summarizes the descriptive statistics for Cowden isopach categorized
by whether a brine intercept was observed (or not) in the borehole. Note that
the mean, minimum, and maximum for the brine hit group are all larger than
those for the brine miss group. Isopach standard deviations relatively close
(coefficient of variation is 10% for each group). The brine intercept group is
skewed to larger isopach values and is significantly kurtic, i.e., its probability
density function (histogram) is more flat than peaked. In contrast, the brine no-
intercept group shows relatively little skewness and kurtosis.

B Table 7-1
Summary Statistics for Cowden Isopach by Brine Intercept/No-Intercept
Statistic Brine Intercepts - Brine No-intercepts

Mean ) 1905.77 1760.16
Standard Error 37.49 9.99
Median 1891.00 1726.00
Mode 1925.00 1660.00
Standard Deviation 191.16 180.31
Variance .36541.94 32511.90
Kurtosis 5.97 -0.02
Skewness 2.01 0.55

Range 919 944
Minimum 1677 1373
Maximum - 2596 2317

Sum - 49550 573812
Count 26 326
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Figure 7-1 presents the sample cumulative relative frequency distributions for
the two groups. Figure 7-2 depicts samplé histograms for each group.
Comparison of the intercept and no-intercept curves suggests there is a

minimum Cowden isopach value of 1650 to 1680 ft below which brine reservoirs
are not observed.

We attempted to fit a Poisson distribution to the sample relative frequency
-distribution for the brine intercepts. Results are shown in Figure 7-3. If we can
assume the Cowden isopach for brine intercepts is governed by a Paoisson
process, then it is highly unlikely that brine intercepts will be observed when the
Cowden isopach is less than 1670 ft. We attempted to fit several other
- distributions but met with no success.

7.3.2 Variography
7.3.2.1 Sample Semi-Variogram Calculations

Figures 7-4ab and 7-5ab show the sample semi-variograms for the first and
second data subsets, which occupy the same locations used in Section 6.2.
Appendix J contains printouts of the calculation log files. The results are less
clear-cut than those presented for the brine intercept/no-intercept binary variable
in Section 6.3. Locally-varying trends in Cowden isopach values keep both
isotropic and anisotropic sample semi-variograms from leveling out near the sill.
See, for example, the sample semi-variograms for azimuths 0, 20, 45, and 70
degrees, as well as the isotropic case, for Subset 1 (Figures 7-4ab). These
thickening-thinning trends can be seen in Figure 5.3-3, which depicts the top of
Bell Canyon to base of Cowden isopach contours. Note the especially strong
north-south trend in isopach value across the center of the map. The sample
semi-variograms for azimuths 90, 100, and 135 degrees appear to be maostly
noise. While some evidence for trends in the sample semi-variograms for
Subset 2 can be observed (e.g., azimuths 0 and 45 degrees), it is not as
common as in the Subset 1 results. This is most likely attnbutable to the lack of
strong trends within that data set (see Fi |gure 5.3-3).

The sample semi-variogram for azimuth 160 degrees suggests the presence of
a nested correlation structure under both data subsets. The small-scale
correlation length (range) appears to fall between 4000 and 5000 ft. The
azimuth O, 20, and 135 degree sample semi-variograms for Subset 2 and the 0
degree azimuth sampie semi-variogram for Subset 1 aiso indicate such a smali-
scale correlation structure. The large-scale correlation length may reach its sill
somewhere near 15000 ft; however, this large-scale structure may be an artlfact
of the small number of palrs found WIthIl'l those largest lags.

.Figures 7-6ab present the sample semi-variograms for the complete data set.
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FIGURE 7-3

Estimated Cowden [sopach Probability Density Function (PDF) vs. Poisson PDF
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Trends in isopach values are evident in the isotropic and azimuth 0, 20, 45, and
70 degree anisotropic sample semi-variograms. Small-scale correlation
structures with effective ranges varying between 5000 and 6000 ft are shown
most clearly in the azimuth 160, 135, and 70 degree sample semi-variograms.
The 0, 20, and 45 degree directional semi-variograms also appear to possess
this small-scale structure. Additional analyses indicated that the small-scale
correlation features similar to that found in the azimuth 135 and 160 degree
directions were observable along azimuths 140, 145, 150, and 155 degrees for
__the complete data set. This observation is by the orientation of the Cowden

isopach maximum shown in Figure 5.3-3, which varies between azimuths 135
and 160 degrees.

Figures 7-6ab also demonstrate a significant large-scale correlation structure
which has an effective range between raughly 10000 ft (for azimuth 135 deg.)
and 18000 to 20000 ft (azimuths 70 and 160 deg.). The distance separating
Subset 1 from Subset 2 closely corresponds to the upper end of the range
estimate, possibly indicating the sample semi-variogram values are controlied by
data clustering. However, the large-scale correlation structure is observable in
the sample general relative semi-variograms for the same directions (see
Figures 7-7ab), suggesting that data clustering is not the cause. Plots of the
non-ergodic covariance and the semi-rodograms add support to this conclusion.
The remaining directional sample semi-variograms demonstrate more trend
effects than large-scale spatial correlation at larger lags.

7.3.2.2 Sample Cross—SemiVariogram Calculation -

Figures 7-8ab show the estimated cross-semivariograms for a combination of
data Subsets 1 and 2. As above, there is consistent evidence for a small-scale
correlation structure with an effective range of 5000 to 9000 ft (azimuths 0, 20,
70, 135, and 160 deg.). Several of the directional sample cross-semivariograms
indicate the possibility of a large-scale correlation structure with an effective
range of roughly 20000 ft. Although we have doubts about the impact of
computing a cross-semivariogram using a binary variable, these resuits are
consistent with the correlation structures observed along the azimuth 160
degree sample semwanograms

If there is a minimum Cowden isopach thickness for brine reservairs and if the
observed minimum is close to the actual threshold, it may be possible to define
an indicator variable for the threshold Cowden isopach and then cokrige the
brine intercept/no—intercept binary variable with the indicator variable.

7323 Theoretlcal Seml-Varlogram Model Fitting

Figures 7—9ab show the ﬁtted theoretical variograms for the small-scale
correlation structures observed in the azimuth 160 deg. sample semi-variograms
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for all data and for Subset 2. We fit a Gaussian model to the latter sample
semi-variogram with an effective range of v3 x 3000 ft = 5200 {t (Figure 7-9a).
The small-scale feature for the complete data set was fitted with a spherical
model and an effective range of 6600 ft (Figure 7-8b). These range values
matched those estimated by eye for the small-scale correlation structure
observed in the other sample semi-variograms. We focused solely on estimating
effective ranges because we had no need of kriging the Cowden isopach
variable.

R

7.4 SUMMARY

» The Bell Canyon to base of Cowden thickness (Cowden isopach) shows
significant spatial correlation along several directions. Several directions
demonstrate both small and large scale correlation structures.

» The observed large-scale spatial correlation had an effective range on the
order of 10000 to 20000 ft. _

» Small-scale spatial correlation, with effective ranges between 5000 and 7000
ft, was observed in the azimuth 160, 70, and 135 degree directions.

» The most consistent, significant correlation occurs in a range of azimuths
from 135 to 160 degrees counterclockwise from north. These correlation
structure does not appear to significantly influenced by data clustering and
are consistent with the direction and correlation lengths observed for the
brine intercept/no-intercept binary variable analyzed in Section 6.0

* Sample cross-semivariograms also appear to share the same small-scale
correlation structure observed in the azimuth 160 degree sample semi-
variograms.

« The geostatistical analysis results for the Cowden isopach are consistent
with those for brine intercept/no-intercept.

* There may be a threshold Cowden isopach value, roughly 1670 ft, below
which brine reservoirs do not occur.
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8.0 INTEGRATION AND CONCLUSIONS

The geological information clearly outlines the area where evaporites have
been greatly deformed to the northeast of the WIPP. Both structure contour and
isopach data also give indications for certain horizons and intervals that areas at
WIPP 12 and the Hudson Belco well differ from the surrounding areas.

Drillholes east of the WIPP site differ structurally from regional trends as well,
but are less deformed than the maximum for our study areas. The geological

“information strongly suggest that brine encounters are related to deformation of
Castile evaporites.

The geostatistical analysis of brine intercepts alone demonstrates there is a
directional anisotropy for brine reservoir intercepts along an azimuth of 160
degrees. This direction is in general agreement with the orientation of the major
structures revealed by geological analysis. Further analysis of the spatial
correlation of thickness data shows similar anisotropy, and is consistent with an
association between the structural deformation of the upper anhydrite zones and
the presence of brine reservoirs within the Castile Formation. Analysis of one
interval shows also that known brine occurrences are in areas where the interval
is thicker than estimated for the WIPP site; there may be a threshold thickness
related to degree of deformation. Further analysis of this approach is warranted
~ before concluding that this kind of information limits the probability of brine
encounters under the WIPP site.

Two models of spatial correlation for brine encounters were observed: one
isotropic with a range of 2500 ft and one anisotropic with a longer range of 5700
ft. We recommend condmonal probabilities of encountering a brine reservoir
intercept be estimated u$mg the anisotropic model because it yields the larger
estimate, though differences are small. Using the anisotropic model, the area-

weighted average of estimated conditional probabilities at computatlonal nodes
located over the waste panel is 0.08.

_

36



Final Report : 7/10/96

9.0 REFERENCES

Anderson, R.Y., and Powers, D.W. 1978. Salt anticlines in the Castile-Salado evaporite
sequence, narthermn Delaware Basin, New Mexico: Circular 159, Geology and Mineral
Deposits of Ochoan Rocks in Delaware Basin and Adjacent Areas, G.S. Austin, ed., New
Mexico Bureau of Mines and Mineral Resources, Socorro, NM, p. 78-83.

Bachman, G.0. 1984. Regional geology of Ochoan evaporites, northem part of
.Delaware Basin: Circular 184, New Mexico Bureau of Mines and Mineral Resources,
Socorro, NM.

Bomns, D.J. 1987. The geologic structures observed in dnillhole DOE-2 and their possible
origins: Waste Isolation Pilot Plant: SAND86-1495, Sandia National Laboratories,
Albuquerque, NM. _

Boms, D.J,, and Shaffer, S-E. 1985. Regional well-log correlation in the New Mexico
portion of the Delaware Basin: SAND83-1798, Sandia National Laboratories,
Albuquerque, NM.

Boms, D.J., Barrows, L.J., Powers, D.W., and Snyder, R.P. 1983. Deformation of
evaporites near the Waste Isolation Pilot Plant (WIPP) site: SAND82-1069, Sandia
National laboratories, Albuquerque, NM.

Chaturvedi, L. 1984. Occurrence of gases in the Salado Formation: EEG-25,
Environmental Evaluation Group, Santa Fe, NM.

Cressie, N. 1991. Statistics for Sggtlal Data. John Wiley and Sons, New York. 900
pages.

D’Appolonia Consulting Engineers Inc. 1982. Data file report, ERDA-6 & WIPP-12
testing: Westrnghouse Electnc Corporatron Albuquerque, NM.

Deutsch, C.V., and Joumel A.G. 1992. GSLIB: Geostatistical Software Library an
User’s Guide. Oxford University Press, New York. 340 pages.

Gonzales, M.M. 1989. Compilation and comparison of test-hole location surveys in the
vicinity of the Waste Isolation Pilot Plant site: SAND 88-1065, Sandia National
Laboratories, Albuguerque, NM.

Griswold, G.B. 1977. Site selection and evaluation studies of the Waste Isolation Pilot
Plant (WIPP), Los Medanos, Eddy County, NM: SAND77-0946, Sandia National
Laboratories, Albuquergue, NM.

Holt, R.M., and Powers, D.W. 1988. Facies variability and post-depositional alteration
within the Rustler Formation in the vicinity of the Waste Isolation Pilot Plant, southeastern
New Mexico: DOE/WIPP 88-004, US Department of Energy, Carisbad, NM.

Isaaks, E.H., and Sn‘yastava, R.M. 1989. Introduction_to Applied Geostatistics.
Oxford University Press, New York. 561 pages.

Jones, C.L. 1981. Geologic data for borehole ERDA-6, Eddy County, New Mexico:

37



Final Report . 7/10/96

Open-file Report 81-468, US Geological Survey, Denver, CO.

Jones, C.L., Bowles, C.G., and Bell, K.G. 1960. Experimental drill hole logging in potash

deposits of the Carisbad DIStﬂCt New Mexico: Open-ﬁle Report 60-84, US Geological
Survey, Denver, CO.

Joumel, A.G. 1984. The place of non-parametric geostatistics. In G. Verly et al, eds.,
Geostatistics for Natural Resources Characterization, pages 307-355, Reidel, Dordrecht,
Holland.

“Jourmel, A.G. 1986. Geostatistics: Models and tools for the earth sciences. Math.
Geology, v. 18, no. 1, p. 119-140.

Kehrman, R. 1994. Recent occurrences of pressurized brine in the Castile Formation:
- WS:94:03255, letter to W.D. Weart, Sandla National Laboratones dated 7/20/1994.
(Included as Appendix F)

Pannatier, Y. 1994. MS-WINDOWS Programs for Exploratdry.Variography and
Variogram Modeling in 2D. In Statistics of Spatial Processes: Theory and Applications.
Bari, ltaly, September 27-30, 1993. V. Capasso, G. Girone, and D. Posa, eds., pages
165-170.

Popielak, R.S., Beauheim, R.L., Black, S.R., Coons, W.E., Ellingson, C.T., and Olsen,
R.L. 1983. Brine reservoirs in the Castile Formation, Waste isolation Pilot Plant (WIPP)

project, southeastem New Mexlco WTSD—TME-31 55, US Department of Energy,
Albuquerque, NM.

Powers, D.W., and Holt, R.M. 1990. Sedimentology of the Rustler Formation near the
Waste Isolation Pilot Plant (WIPP) site: Field Trip #14 Guidebook, Geological and
Hydrological Studies of Evaporites in the Northemn Delaware Basin for the Waste
Isolation Pilot Plant (WIPP), New Mexico, D.W. Powers et al., eds., Geological Society of
America (Dallas Geological. ’Soclety) p. 27-32.

Powers, D.W., and Holt, R M '1995. Regional geological processes affecting Rustler
hydrogeology: lT Corporation report to Westinghouse Electric Corporation (in review as
SAND report). (Included as Appendix G) .

Powers, D.W.; Lambert, S.J., Shaffer, S-E., Hill, L.R., and Weart, W.D., eds. 1978.
Geological characterization report, Waste Isolation Pilot Plant (WIPP) site, southeastem
New Mexico: SAND 78-1596, Sandia National Laboratories, Albuquerque, NM.

Register, J.K. 1981. Brine pocket occurrehces in the Castile Formation, southeastemn
New Mexico: TME 3080, US Department of Energy, Albuquerque, NM.

Sandia National Laboratones and D'Appoloma Consulting Engineers. 1983. Basic data
report for drillhole AEC 7 (Waste Isolation Pilot Plant - WIPP): SAND79-0268, Sandia
National Laboratories, Albuquerque NM g

Sandia Nanonal Laboratories and US Geologlcal Survey. 1983. Basic data report for

drillhole ERDA 6 (Waste Isolation Pilot Plant - WIPP): SAND79—0267 Sandia National
Laboratories, Albugquerque, NM. -

Silva, M. 1996. Letter to P. Swift, Sandia National Laboratories, dated 3/20/1996,

38



Final Report . 7/10/96

enclosing reports from petroleum companies regarding brine occurrences in selected
wells. (Included as Appendix H)

Wingle, W.L., Poeter, E.P., and McKenna, S.A. 1994. UNCERT User's Guide.
Colorado School of Mines, Golden, CO 80401.

39






Appendix A
Background for Borehole Location Data

Westinghouse Electric Corporation



@)

WS:86:03002
DA:86:13041

Westinghause Government and Environmental Waste isolation Division

Electric Corporation Services Company ' Box 2078
Carlshad New Mexico 88221

July 18, 1396

Ms. Margaret Chu

WIPP Deputy Project Management and Technical Integration Department
Sandia National Laboratories

P.Q. Box 5800

Department 6801 MS-1335

Albuquergue, NM 87185

Subject: PROBABILITY OF INTERCEPTING A PRESSURIZED BRINE RESERVQIR UNDER THE WIPP
SITE

Dear Ms. Chu:

Per your request, please find attached two data files to aid your research of brine reservoir
occurrences in the area of the WIPP. The information was derived from our Delaware Basin Drilling
Studies which will uitimately be included in appendix DEL of the CCA. The first file consists of
drillhole locations from oil and gas exploration in the Delaware Basin linside the Capitan Reef) from
T.21-23S., R.29-33E. The second file consists of a set of locations for the underground (in State
Plane coordinates) that you will need for the final geostatistical analysis being conducted in support
of the WIPP Performance Assessment (PA). This set of locations includes the following:

a) the corners of the disposal area,

b) the corners-of the area outlining the shafts and access area, and

c) the corners of the rectangular area outlining the experimental area and access 1o it.
Attached is the request for this data, information documenting the quality of the data, along with
some additional supporting documentation. This information should be included in relevant PA data
packages and records, as required. ‘
If you have any further questions, please contact Mr. David Hughes of my staff at Extension 8175.

Sincerely,

(] l:eonard, Manager
Conpliance and Permitting

DH:hmp
Attachments

cc: Dennis Powers



Dennis W. Powers, Ph. D.

Consulting Geologist

July 15, 1996
FAX: (505) 234-8854

‘David Hughes
Westinghouse Compliance
WIPP Project

P.O. Box 2078

Carlsbad, NM 88221

Dear Dave: .

On June 13, you forwarded to Mel Marietta (SNL) documentation of the background for drillhole
location data analyzed as part of our geostatistics study of brine reservoirs in the northem
Delaware Basin. Unfortunately, the documentation has fallen through the cracks somewhere
between the time you sent it out and arriving in Albuguerque to be held for the report we were
preparing.

‘Would you please recreate the documentation and forward it to:

Margaret Chu ,
Department 6801 MS 1335
WIPP Deputy Project Management and
. Technical Integration Department
Sandia National Laboratories
P.O. Box 5800
Albuquerque, NM 87185
It will be Appendix A of our repork “Probability of Intercepting a Pressurized Brine Reservoir Under

the WIPP Site”.
: Iwould also appreciate a copy of the same documentation, if it's not too much trouble.

I apologuze for not being able to track down the documentation, and I appreciate your willingness
to recreate it for the report. :

" Sincerely,

(sent from computer)
Dennis W. Powers

e B g He TR

US Postal Service: HC 12 de 87, Anthony, TX 79821 Telephone: (915) 877-3929



WS:96:03001
DA:96:13035
Westinghouse Government and Environmental Waste Isolatian Division

Electric Corporation Services Company : : - Box 2078
. Carisbad New Mexico 88221

June 13, 1996

.Mr. Mel Marietta, Manager

“~“WIPP Project Compliance Department
Sandia National Laboratories
118 N. Main Street
Carisbad, NM 88220

Subject: GEOSTATISTICAL ANALYSIS OF BRINE RESERVOIR OCCURRENCES IN THE AREA
OF WIPP FOR WIPP PERFORMANCE ASSESSMENT (PA) '

Dear Mr. Marietta:

Per your request, please fine attached two data files to aid your research of brine reservoir
occurrences in the area of WIPP. The information was derived from our Delaware Basin
Drilling Studies and will ultimately be included as an appendix to the Compliance Certification
Application. The first file consists of drillhole locations from oil and gas exploration in the
Delaware Basin (inside the Capitan Reef) from T.21-23S., R.29-33E. The second file consists
of a set of locations for the underground (in State Plane coordinates) that you will need for
the final geostatistical analysis being conducted in support WIPP PA:

a) the corners of the disposal area, '
b) the corners of the area outlining the shafts and access area, and
c) the corners of the rectangular area outlining the experimental area and access to it.

Attached is the request for this data and pedigree for the source of the data along with some
supporting documentation. This information should be included in relevant PA data packages
and records, as required.

Should you have any question, please contact David ‘Hughes of my staff at (508) 234-8175.
Sincerely,

R. /eonard, Manager

Compliance and Permitting

DLH:kds

Attachments



DATA RECORD PACKAGE FOR DRAWINGS SUPPLIED TO DENNIS POWERS
USED IN THE GEOSTATISTICAL ANALYSIS OF BRINE RESERVOIR
OCCURRENCES IN THE AREA OF WIPP FOR WIPP PERFORMANCE
ASSESSMENT (PA). |

POWERS.DWG

"The software used to create the Powers map (see attached map) was AUTOCAD®, Release 11.
This software package is currently being used by this user for several projects, including the
making of maps and is recognized as an industry standard for this type of project.

The background information was purchased from Sylvan Ascent, Inc., P.O. Box 4792, Santa Fe,
New Mexico 87502. The information on the maps of New Mexico and West Texas was derived
from the U.S. census Bureau’s TIGER/Line data, U.S. Geological Survey 3 Arc Second Digital
Elevation Model (DEM) data, and USGS Geographical Names Information System (GNIS) data.
This data was converted to DWG files and state plane coordinate systems for easy use in
AutoCAD software. Map accuracy for the data varies for the different features, and for different
geographical areas. Each type corresponds to National Map Accuracy standards for the original
data from the US government. The State Plane Coordinate systems used in these maps were
based on the North American Datum of 1927. '

One electronic file was purchased, active.dxf (Drawing Interchange File),which consisted of all
oil and gas well locations for southeastern New Mexico and west Texas, primarily that of the
Delaware Basin. DXF files are standard ASCII text files. They can easily be translated to the
formats of other CAD systems or submitted to other programs for specialized analysis. This file
was purchased from Petroleum Information Corporation of Denver, Colorado and consisted of
points and five-digit numbers for the hydrocarbon holes. The five-digit number was part of the
API number associated with each hydrocarbon well and allowed for further information to be
retrieved from PI’s database utilizing that number. The DXF file was imported into AutoCAD
_and saved as a drawing. This drawing was then inserted into a map consisting of the information
purchased from Sylvan Ascent. The oil well location drawing was scaled up and rotated to fit the
state plane coordinates of the two dry holes located in the WIPP Site boundary. Symbology
representing the different types of oil wells were inserted at the point location for each well.

The land grid data was purchased from Whitestar Corp, 333 West Hampden Avenue, Suite 604,
Englewood, Colorado 80110 and consisted of the township, range, blocks, and section lines for
Eddy and Lea Counties in New Mexico and seven counties in West Texas. This data was in a
AutoCAD drawing file format. This drawing was inserted into the master map drawing at the
proper state plane coordinates for Jeff Davis County in west Texas.

The next step in the process to create Powers.dwg was to Wblock (a command within AutoCAD
that allows the user to write all or part of a drawing out to a new drawing file) the area desired.

1



The new drawing was given the name of Powers.dwg. The material that was not needed was
erased, leaving only the desired material which consisted of the land grid, the symbol and
location for each hydrocarbon hole, and the API number associated for each well. To properly
locate the drawing to the state plane coordinate system, the state plane coordinates for the
northeast corner of Sec. 15, Township 22 South, Range 31 East were looked up in the U.S.G.S.
table located in SAND88-1065. The drawing was moved to that location and verified that the
northeast corner of Sec. 15 was at the proper state plane coordinate.

" A lisp routine (see attached) was written to extract the five-digit API number for the hydrocarbon
holes and the x-y location of each number in the drawing. The x-y location is the same as state
plane coordinates. The API number and x-y location was written to a file called dennis.txt (see
attached).

The x-y locations as translated into state plane coordinates are as accurate as the information
obtained from Petroleum Information and no claim is made as to the exactness of the locations.
All hydrocarbon holes are reported in feet from line for the location of the hole and not in state
plane coordinates.

POWERSLDWG

WID Engineering drawing 1XMINE is maintained as an overlay for other engineering drawings -
that depict the underground conditions. This drawing (see attached) was inserted into
Powers.dwg and all extraneous information was erased. The reason for using Powers.dwg was
that it was already set up for state plane coordinates. The locations (in state plane coordinates) of
the four shafts, exhaust, waste handling, salt handling, and air intake were taken from the tables
in SAND95xxxx, Condensed Listing of Surface Boreholes at the Waste Isolation Pilot Plant
Project through June 30, 1995. The drawing was moved to these locations and verified that the
center of each shaft matched the location of that given in the above report [t was renamed to
Powersl.dwg to distinguish it from Powers dwg

Three rectangles were located on the drawing (as requcsted) and the corners were identified in
state plane coordinates and listed on the drawing.



TEXTLOC.LSP

A lisp routine or program created using the programming language Autolisp that is resident
within AutoCAD for this purpose.

(defun C:txtout (/ fln fan index el e txt)
(setq fln (getstring "\nFile name: "))
__(setq f(open fln "w"))
(setq a (ssget))
(setq n (sslength a))
(setq index (-n 1))
(repeat n
(setq el (entget (ssname a index)))
(setq index (- index 1))
(setq e (assoc 0 el))
(if (="TEXT" (cdr e))
(progn
(setq txt (cdr (assoc 1 el)))
(setq bed (cdr(assoc 10 el)))
(setq text (list(cons txt bed)))
(print text f)
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(("27217-PI" 669295.0 464951.0 0.0))
(("27197-PI" 679101.0 465014.0 0.0))
(("27383-PI" 684139.0 465062.0 0.0))
(("27198-PI" 682817.0 465065.0 0.0))
((*27101-PI" 681169.0 465313.0 0.0))
(("27103-PI* 682589.0 465972.0 0.0))
(("21224-PI" 682482.0 466299.0 0.0))
(("20599-PI" 681494.0 466300.0 0.0))
(("27382-PI" 684138.0 466316.0 0.0))
(("27706-PI" 685518.0 466368.0 0.0))
(("27374-PI" 681437.0 466431.0 0.0))
(("27114-PI" 667000.0 466556.0 0.0))
(("26987-PI" 667995.0 466565.0 0.0))
(("27216-PI" 669313.0 466572.0 0.0))
(("27841-PI" 665701.0 466865.0 0.0))
(("27412-PI" 685117.0 467296.0 0.0))
(("27391-PI" 683797.0 467448.0 0.0))




(("27616-PI" 669281.0 467459.0 0.0))
(("23739-PI" 665679.0 467512.0 0.0))
(("27237-PI" 666010.0 467514.0 0.0))
(("27238-PI" 666998.0 467530.0 0.0))
(("20796-PI" 681820.0 467615.0 0.0))
(("27243-PI" 667983.0 467543.0 0.0))
(("05842-PI" 672239.0 467570.0 0.0))
(("27387-P1" 681667.0 467748.0 0.0))
1("23175-PI" 669632.0 467690.0 0.0))
(("27388-PI" 667978.0 468528.0 0.0))
(("27411-PI" 685174.0 468675.0 0.0))
(("26928-P1" 682563.0 468746.0 0.0))
(("27290-PI" 665669.0 468828.0 0.0))
(("27289-PI" 666988.0 468846.0 0.0))
(("24257-P1" 681660.0 468930.0 0.0))
(("22473-PI" 681812.0 468931.0 0.0))
(("27384-PI" 681864.0 469026.0 0.0))
(("27162-PI" 683787.0 469110.0 0.0))
(("25408-PI" 683786.0 469259.0 0.0))
(("28182-PI" 683017.0 469790.0 0.0))
(("27423-PI" 685260.0 470246.0 0.0))
(("27129-PI" 683780.0 470306.0 0.0))
(("25305-PI" 683916.0 470307.0 0.0)) .
(("25407-PI" 684432.0 471299.0 0.0))
(("28123-PI" 684330.0 471396.0 0.0))
(("27657-PI" 685551.0 471633.0 0.0))
(("27691-PI" 686768.0 471640.0 0.0))
(("27270-PI" 665496.0 472178.0 0.0))
(("27840-PI" 667880.0 472192.0 0.0))
(("28006-PI" 669532.0 472201.0 0.0))
(("27397-PI" 664299.0 472482.0 0.0))
(("27501-PI" 663046.0 472475.0 0.0))
(("27899-PI" 667289.0 472498.0 0.0))
(("27022-PI" 669592.0 472511.0 0.0))
(("27888-PI" 665635.0 472762.0 0.0))
(("27021-PI" 667942.0 472822.0 0.0))
(("23992-PI" 664298.0 472809.0 0.0))
(("27716-PI" 686664.0 473054.0 0.0))
(("26633-PI" 667928.0 474138.0 0.0))
(("27421-PI" 664291.0 474122.0 0.0))
(("27420-PI" 665625.0 474129.0 0.0))
(("27422-PI" 662642.0 474113.0 0.0)) -
(("27152-PI" 667274.0 474138.0 0.0))



(("20423-PI" 669577.0 474150.0 0.0))
(("20298-P1" 680147.0 474229.0 0.0))
(("26591-P1" 669238.0 475167.0 0.0))
(("27887-PI" 663004.0 475158.0 0.0))
(("27396-P1" 665671.0 475278.0 0.0))
(("27589-P1" 664287.0 475452.0 0.0))
(("26382-PI" 668242.0 475481.0 0.0))
(("26021-PI" 665278.0 475476.0 0.0))

{("27153-PI" 667256.0 475672.0 0.0))
(("27886-PI" 664607.0 476632.0 0.0))
(("27392-PI" 667244.0 476784.0 0.0))
(("27393-PI" 665595.0 476793.0 0.0))

© (("27323-PI" 670887.0 476823.0 0.0))

(("27325-PI" 667900.0 476955.0 0.0))

(("27324-P1" 669548.0 477135.0 0.0))

(("27178-PI" 669545.0 477786.0 0.0))

(("27517-PI" 670866.0 477804.0 0.0))

(("27479-P1" 668221.0 478099.0 0.0))

(("10036-PI" 683072.0 478191.0 0.0))

(("27600-PI" 666705.0 478105.0 0.0))

(("27598-PI" 665254.0 478108.0 0.0))

(("24780-PI" 662386.0 478118.0 0.0))

(("27442-PI" 668443.0 479321.0 0.0)) .

(("26296-PI" 666896.0 479418.0 0.0))

(("27597-PI" 666707.0 479421.0 0.0))

(("27618-PI" 665259.0 479417.0 0.0))

(("25419-PI" 682737.0 480629.0 0.0))

(("27622-PI" 681420.0 480832.0 0.0))

(("27515-PI" 669534.0 480782.0 0.0))

(("27443-P1" 668207.0 480778.0 0.0))

(("27610-PI" 666887.0 480967.0 0.0))

(("27914-PP" 668532.0 481620.0 0.0))

(("26509-PI" 669525.0 481862.0 0.0))

(("24420-PI" 658934.0 482782.0 0.0))

(("24954-PI" 685369.0 483466.0 0.0))

(("27998-PI" 684036.0 484770.0 0.0))

(("25534-PI" 682721.0 484773.0 0.0))

(("27704-PI" 659943.0 484664.0 0.0))

(("20803-PI" 657281.0 484850.0 0.0))

(("27784-PI" 658924.0 485883.0 0.0))

(("21247-PI" 660269.0 485996.0 0.0))

(("24062-PI" 657800.0 486514.0 0.0))

(("05840-PI" 682702.0 487402.0 0.0))
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(("32334-PI" 725239.0 460126.0 0.0))
(("32332-PI" 703458.0 511356.0 0.0))
(("32326-PI" 717037.0 499821.0 0.0))
(("32324-PI" 688841.0 508765.0 0.0))
(("32287-PI" 712107.0 501921.0 0.0))
(("32255-PI" 704139.0 509067.0 0.0))
(("32233-PI" 731282.0 486206.0 0.0))
(("32221-PI" 705090.0 512723.0 0.0))
(("32176-PI* 691974.0 463775.0 0.0))
(("32149-PI" 691960.0 507160.0 0.0))
(("32143-PI" 709193.0 495630.0 0.0))
(("32142-PI" 719299.0 512875.0 0.0))
© ("32138-PI" 732950.0 461350.0 0.0))
© ((*32136-PI" 707918.0 491618.0 0.0))
(("32121-PI" 706395.0 514055.0 0.0))
(("32108-PI" 713552.0 486079.0 0.0))
(("32103-PI" 714066.0 501040.0 0.0))
(("32093-PI" 689284.0 488859.0 0.0))
(("32041-PI" 689461.0 465068.0 0.0))
(("32037-PI" 713148.0 498645.0 0.0))
(("32036-PI" 717086.0 494153.0 0.0))
(("32023-PI" 715772.0 493995.0 0.0))
(("32000-PI" 704165.0 509787.0 0.0)) .
(("31986-PI" 706377.0 516673.0 0.0))
(("31976-PI" 705153.0 510128.0 0.0))
(("31968-PI" 709669.0 478781.0 0.0))
((*31959-PI" 722064.0 496705.0 0.0))
(("31951-PI" 709225.0 492852.00.0))
(("31947-PI" 711612.0 480841.0 0.0))
(("31932-P1" 709223.0 491671.0 0.0))
(("31929-PI" 715922.0 460038.0 0.0))
(("31926-PI" 694250.0 508981.0 0.0))
(("31907-PI" 713409.0 499262.0 0.0))
(("31906-PI" 713126.0 500954.0 0.0))
(("31902-PI" 709212.0 494256.0 0.0))
(("31889-PI" 701519.0 507402.0 0.0))
(("31885-PI" 727370.0 514213.0 0.0))
(("31855-PI" 711731.0 495498.0 0.0))
(("31850-PI" 715786.0 493671.0 0.0))
(("31849-PI" 704183.0 503788.0 0.0))

(("31821-P1" 709968.0 522005 000)) 7

(("31801-PI" 704824. 0505759.0 0. 0)
(("31800-PI" 706154.0 504786.0 0. 0))
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(("31762-PI" 702509.0 507416.0 0.0))
(("31754-P1" 702247.0 498452.0 0.0))
(("31753-P1" 707493.0 504806.0 0.0))
(("31729-PI" 692941.0 508635.0 0.0))
(("31726-P1" 706503.0 502505.0 0.0))
(("31720-PI" 708236.0 492940.0 0.0))
(("31716-PI" 711819.0 511456.0 0.0))
(("31695-PI" 714399.0 499301.0 0.0))
(("31694-PI" 697351.0 491465.0 0.0))
(("31665-PI" 702536.0 503708.0 0.0))
(("31661-PI" 704225.0 498483.0 0.0))
(("31651-PI" 703103.0 479385.0 0.0))
© (("31650-PI" 702426.0 483394.0 0.0))
(("31645-PI" 701542.0 504730.0 0.0))
(("31644-PI" 702851.0 506059.0 0.0))
(("31625-P1" 710666.0 478366.0 0.0))
(("31618-PI" 706900.0 493891.0 0.0))
(("31617-PI" 705128.0 508426.0 0.0))
(("31614-PI" 706130.0 507124.0 0.0))
(("31603-PI" 706145.0 505775.0 0.0))
(("31602-PI" 705507.0 503807.0 0.0))
(("31600-PI" 702868.0 504415.0 0.0))
(("31599-PI" 704158.0 507100.0 0.0)) .
(("31595-PI" 704170.0 505751.0 0.0))
(("31576-PI" 704185.0 504435.0 0.0))
(("31518-PI" 691747.0 536332.0 0.0))
(("31515-PI" 697706.0 462644.0 0.0))
(("31512-PI" 704937.0 507436.0 0.0))
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(("31470-PI" 706351.0 520629.0 0.0))
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(("31415-PI" 703864.0 502131.0 0.0))
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(("31227-PI" 689111.0 516479.0 0.0))
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(("31137-PI" 715576.0 512845.0 0.0))
(("31120-PI" 706324.0 524620.0 0.0))
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(("27620-PI" 697134.0 519223.0 0.0))
(("27603-PI" 691693.0 543123.0 0.0))
(("27596-PI" 724919.0 497052.0 0.0))
(("27479-PI" 751583.0 463901.0 0.0))
(("27478-PI" 690748.0 463745.0 0.0))
(("27473-PI" 693182.0 517875.0 0.0))
(("27472-PI" 701090.0 519263.0 0.0))
(("27466-PI" 723435.0 511549.0 0.0))
{("27373-PI" 691724.0 538989.0 0.0))
(("27266-PI" 726123.0 506282.0 0.0))
(("27153-PI" 739333.0 506351.0 0.0))
(("27136-PI" 697570.0 461188.0 0.0))
(("26986-PI" 697111.0 523186.0 0.0))
(("26977-PI" 744873.0 476093.0 0.0))
(("26976-PI" 723492.0 506273.0 0.0))
(("26902-PI" 743432.0 491880.0 0.0))
(("26844-PI" 713292.0 474527.0 0.0))
(("26766-PI" 738219.0 482615.0 0.0))
(("26496-PI" 723696.0 486489.0 0.0))
(("26492-PI" 742177.0 485274.0 0.0))
(("26034-PI" 723856.0 468024.0 0.0))
(("25958-PI" 742356.0 464167.0 0.0))

(("25642-PI" 721841.0 469944.0 0.0)) .

(("25622-PI" 690690.0 476593.0 0.0))
(("25553-PI" 733078.0 470709.0 0.0))
(("25518-PI" 731720.0 474626.0 0.0))
(("25473-PI" 750261.0 464225.0 0.0))
(("25302-PI" 751619.0 458982.0 0.0))
(("25201-PI" 722567.0 471654.0 0.0))
(("25151-PI" 723830.0 471663.0 0.0))
(("25150-PI" 718668.0 465359.0 0.0))
(("25017-PI" 693497.0 475651.0 0.0))
(("25000-PI" 722580.0 470665.0 0.0))
(("24947-PI" 717041.0 498309.0 0.0))
(("24893-PI" 729125.0 470680.0 0.0))
(("24823-PI" 697249.0 506004.0 0.0))
(("24663-PI" 699664.0 535095.0 0.0))
(("24215-PI" 697274.0 502059.0 0.0))
(("21440-PI" 709782.0 456990.0 0.0))
(("21436-PI" 693473.0 482355.0 0.0))
(("21397-PI" 723765.0 477255.0 0.0))
(("21320-PI" 709771.0 458633.0 0.0))
(("21297-PI" 710754.0 459959.0-0.0))
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(("21296-PI" 710432.0 458630.0 0.0))
(("21081-PI" 718714.0 458749.0 0.0))
(("20810-PI" 717094.0 493357.0 0.0))
(("20804-PI" 726446.0 473311.0 0.0))
(("20759-P1" 739511.0 489206.0 0.0))
(("20734-PI" 693314.0 499351.0 0.0))
(("20437-PI" 717620.0 466333.0 0.0))
({"20432-PI" 701446.0 471743.0 0.0))
(("20428-PI" 701489.0 466482.0 0.0))
(("20424-PI" 730469.0 468043.0 0.0))
(("20423-PI" 692059.0 492737.0 0.0))
(("20407-PI" 688914.0 490347.0 0.0))
(("20153-PI" 720295.0 468984.0 0.0))
(("08365-PI" 742401.0 457586.0 0.0))
(("08364-PI" 729189.0 461450.0 0.0))
(("08363-PI" 725232.0 461442.0 0.0))
(("08361-PI" 721237.0 469325.0 0.0))
(("08360-PI" 722541.0 468018.0 0.0))
(("08359-PI" 722522.0 469334.0 0.0))
(("08358-PI" 721293.0 468009.0 0.0))
(("08357-PI" 721237.0 473292.0 0.0))
(("08356-PI" 721203.0 478534.0 0.0))

(("08355-PI" 725384.0 483523.0 0.0)) -

(("08354-PI" 735569.0 483904.0 0.0))
(("08135-PI" 715691.0 461662.0 0.0))
(("08134-PI" 716027.0 460028.0 0.0))
(("08133-PI" 714471.0 460334.0 0.0))
(("08132-PI" 713056.0 460313.0 0.0))
(("08131-PI" 712396.0 460970.0 0.0))
(("08130-PI" 713392.0 458658.0 0.0))
(("08129-PI" 713380.0 461308.0 0.0))
(("08128-PI" 714699.0 461324.0 0.0))
(("08127-PI" 712406.0 459654.0 0.0))
(("08126-PI" 704158.0 459912.0 0.0))
(("08125-PI" 689572.0 457128.0 0.0))
(("08124-PI" 713707.0 462288.0 0.0))
(("08123-PI" 714695.0 462299.0 0.0))
(("08122-PI" 715011.0 463944.0 0.0))
(("08121-PI" 712061.0 462593.0 0.0))
(("08120-PI" 715676.0 462967.0 0.0))
(("08119-PI" 719977.0 467996.0 0.0))

(("08118-PI" 697522.0 467751.0 0.0))

(("08117-PI" 708030.0 475818.00.0))
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(("27478-PI" 655598.0 494097.0 0.0))
(("27441-PI" 649916.0 511440.0 0.0))
(("27434-PI" 656517.0 507932.0 0.0))
(("27427-PI" 601429.0 540397.0 0.0))
(("27410-P1" 656234.0 497001.0 0.0))
(("27407-PI" 597877.0 546413.0 0.0))
(("27357-PI" 654945.0 490094.0 0.0))

(("27316-PI" 621268.0 479781.0 0.0))
(("27294-PI" 600237.0 540294.0 0.0))
(("27283-PI" 599227.0 542742.0 0.0))
(("27225-PI" 687611.0 525719.0 0.0))
(("27215-PI" 599233.0 541756.0 0.0))

" (("27208-PI" 655815.0 491378.0 0.0))
(("27078-PI" 652468.0 511180.0 0.0))
(("27061-PI" 599879.0 543787.0 0.0))
(("27060-PI" 601530.0 541437.0 0.0))
(("27038-PI" 640263.0 523060.0 0.0))
(("27036-PI" 600560.0 541106.0 0.0))
(("27001-PI" 688186.0 530998.0 0.0))
(("26992-PI" 623118.0 475818.0 0.0))
(("26991-PI" 622645.0 476609.0 0.0))
(("26988-PI" 686144.0 515490.0 0.0))

(("26979-PI" 683579.0 505578.0 0.0)) -

(("26973-PI" 680237.0 515105.0 0.0))
(("26960-PI" 682869.0 513845.0 0.0))
(("26954-P1" 597771.0 458188.0 0.0))
(("26942-PI" 684844.0 514173.0 0.0))
(("26941-PI" 680015.0 496696.0-0.0))
(("26940-PI" 678367.0 496708.0 0.0))
(("26934-PI" 644237.0 523079.0 0.0))
(("26932-PI" 682601.0 500402.0 0.0))
(("26931-PI" 600417.0 542418.0 0.0))
(("26929-PI" 683570.0 506937.0 0.0))
(("26918-PI" 684852.0 512857.0 0.0))
(("26917-PI" 684860.0 511537.0 0.0))
(("26910-PI" 685062.0 515399.0 0.0))
(("26909-PI" 684173.0 515489.0 0.0))
(("26908-PI" 682877.0 512529.0 0.0))
(("26904-PI" 649501.0 511172.0 0.0))
(("26894-PI" 682863.0 514819.0 0.0))
(("26877-PI" 682845.0 516790.0 0.0))
(("26876-PI" 682839.0 517800.0 0.0))
(("26875-PI" 682828.0 519113.0 0.0))
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(("26644-PI" 653460.0 513839.0 0.0))
(("26639-PI" 683605.0 497005.0 0.0))
(("26638-PI" 681299.0 496693.0 0.0))
(("26631-PI" 645242.0 520102.0 0.0))
(("26629-PI" 682660.0 491396.0 0.0))
(("26626-PI" 651831.0 520109.0 0.0))
(("26625-PI" 686437.0 523087.0 0.0))

(("26586-PI" 685127.0 520435.0 0.0))
(("26585-PI" 686453.0 520440.0 0.0))
(("26584-PI" 687762.0 521764.0 0.0))
(("26549-PI" 682796.0 509554.0 0.0))
(("26548-PI" 682812.0 505893.0 0.0))

© (("26547-PI" 682796.0 508580.0 0.0))
(("26519-PI" 633630.0 474126.0 0.0))
(("26510-PI" 649465.0 519120.0 0.0))
(("26502-PI" 686528.0 508580.0 0.0))
(("26487-PI" 685216.0 507264.0 0.0))
(("26482-PI" 685241.0 500628.0 0.0))
(("26446-PI" 601962.0 485030.0 0.0))
(("26437-PI" 652115.0 518300.0 0.0))
(("26436-PI" 652656.0 516740.0 0.0))
(("26429-PI" 652292.0 519352.0 0.0))

(("26414-PI" 596513.0 459463.0 0.0)) .

(("26408-PI" 653438.0 516467.0 0.0))
(("26407-PI" 610955.0 470146.0 0.0))
(("26400-PI" 682599.0 501631.0 0.0))
(("26398-PI" 652168.0 515145.0 0.0))
(("26380-PI" 651144.0 512689.0 0.0))
(("26377-PI" 682604.0 499315.0 0.0))
(("26376-P1" 682760.0 498050.0 0.0))
(("26372-PI" 606797.0 533853.0 0.0))
(("26371-PI" 651151.0 513733.0 0.0))
(("26314-PI" 648433.0 515137.0 0.0))
(("26313-PI" 650945.0 519123.0 0.0))
(("26304-PI" 650793.0 518134.0 0.0))
(("26288-P1" 686227.0 503289.0 0.0))
(("26287-PI" 683925.0 499308.0 0.0))
(("26263-PI" 608117.0 533433.0 0.0))
(("26254-PI" 649678.0 513983.0 0.0))
(("26232-PI" 650818.0 514982.0 0.0))
(("26172-PI" 596056.0 462130.0 0.0))
(("26171-PI" 685311.0 490031.0 0.0))
(("26165-PI" 687857.0 507261.0 0.0))
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(("26164-PI" 686552.0 504607.0 0.0))
(("26084-PI" 637668.0 460947.0 0.0))
(("26031-PI" 650807.0 516458.0 0.0))
(("25962-PI" 649679.0 515140.0 0.0))
(("25899-PI" 686544.0 505923.0 0.0))
(("25768-PI" 649478.0 517807.0 0.0))
(("25758-PI" 648081.0 516451.0 0.0))
(("25757-PI" 648211.0 513943.0 0.0))
(("25699-P1" 649489.0 516124.0 0.0))
(("25454-PI" 637575.0 475238.0 0.0))
(("25301-PI" 685247.0 497996.0 0.0))
(("24577-PI" 607006.0 463263.0 0.0))
(("24232-PI" 686504.0 512529.0 0.0))
(("24138-PI" 616093.0 523018.0 0.0))
(("24085-PI" 604394.0 505900.0 0.0))
(("24084-PI" 598885.0 533498.0 0.0))
(("23976-PI" 593929.0 506028.0 0.0))
(("23968-PI" 596263.0 538794.0 0.0))
(("23896-PI" 678521.0 524326.0 0.0))
(("23785-PI" 605975.0 516526.0 0.0))
(("23735-PI" 600183.0 546748.0 0.0))
(("23655-PI" 683516.0 515030.0 0.0))
(("23629-PI" 600233.0 541433.0 0.0))
(("23414-PI" 601706.0 463771.0 0.0))
(("23389-PI" 601536.0 486036.0 0.0))
(("23377-PI" 652484.0 491463.0 0.0))
(("23356-PI" 616072.0 528304.0 0.0))
(("23348-P1" 686559.0 501978.0 0.0))
(("23075-PI" 656055.0 486279.0 0.0))
(("23045-PI" 679839.0 528315.0 0.0))
(("23004-PI" 595252.0 512646.0 0.0))
(("22994-PI" 601630.0 484702.0 0.0))
(("22989-PI" 600188.0 545432.0 0.0))
(("22971-PI" 626143.0 476762.0 0.0))
(("22708-PI" 641866.0 537582.0 0.0))
(("22703-PI" 600435.0 471471.0 0.0))
(("22702-PI" 598999.0 479392.0 0.0))
(("22701-PI" 608228.0 483431.0 0.0))
(("22650-PI" 596193.0 473947.0 0.0))
(("22553-PI" 600341.0 472787.0 0.0))
(("22544-P1" 610750.0 537486.0 0.0))
(("22223-PI" 593907.0 526897.0 0.0))
(("22214-PI" 597569.0 530854.0.0.0))
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(("22162-PI" 638965.0 502487.0 0.0))
(("22157-PI" 610964.0 462162.0 0.0))
(("21803-PI" 625191.0 475471.0 0.0))
(("21800-PI" 624544.0 474446.0 0.0))
(("21781-PI" 621504.0 479451.0 0.0))
(("21777-PI" 624526.0 476460.0 0.0))
(("21723-PI" 640127.0 538904.0 0.0))
_ (("21685-PI" 640084.0 539009.0 0.0))
(("21672-PI" 626838.0 476099.0 0.0))
(("21636-PI" 607993.0 462867.0 0.0))
(("21529-PI" 640217.0 538905.0 0.0))
(("21501-PI" 652480.0 521752.0 0.0))
(("21455-PI" 600221.0 524283.0 0.0))
(("21289-PI" 652150.0 521751.0 0.0))
(("21277-P1" 624206.0 475477.0 0.0))
(("21175-PI" 638988.0 470184.0 0.0))
(("21126-PI" 652320.0 470288.0 0.0))
(("21117-PI" 612075.0 533557.0 0.0))
(("21098-PI" 657463.0 517615.0 0.0))
(("21052-PI" 653563.0 486310.0 0.0))
(("21050-PI" 653446.0 515478.0 0.0))
(("20996-PI" 649498.0 512506.0 0.0))

(("20948-PI" 674770.0 490031.0 0.0))-

(("20947-PI" 686573.0 496692.0 0.0))
(("20940-PI" 610781.0 524354.0 0.0))
(("20934-PI" 648187.0 525723.0 0.0))
(("20899-PI" 638966.0 474128.0 0.0))
(("20879-PI" 646880.0 521743.0 0.0))
(("20872-PI" 674707.0 505867.0 0.0))
(("20845-PI" 686567.0 500637.0 0.0))
(("20232-PI" 655287.0 434839.0 0.0))
(("10867-PI" 596252.0 537445.0 0.0))
(("10806-PI" 649472.0 515142.0 0.0))
(("06143-PI" 644201.0 480523.0 0.0))
(("05839-PI" 682933.0 498982.0 0.0))
(("05838-PI" 677094.0 545439.0 0.0))
(("05837-PI" 663915.0 541409.0 0.0))
(("04735-PI" 654924.0 488781.0 0.0))
(("04734-PI" 644179.0 498036.0 0.0))
(("04733-PI" 627120.0 525659.0 0.0))
(("03691-PI" 622928.0 468833.0 0.0))

(("03690-PI" 614935.0 472804.0 0.0))

(("03689-PI" 619832.0 504236.0°0.0))
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(("03688-PI" 608294.0 509896.0 0.0))
(("03687-PI" 597850.0 515250.0 0.0))
(("03686-PI" 609453.0 525683.0 0.0))
(("03685-PI" 608108.0 530899.0 0.0))
(("03684-PI" 605799.0 543783.0 0.0))
(("03680-PI" 604241.0 546744.0 0.0))
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Abpendix B
Location Data and Depth for
Driltholes with Interpreted Geophysical Data

Dennis W. Powers



IDNum TWP RGE Section

1104
1149
11580
1153
1158
1159
1168
17175

1243

5010

5011

Page Number:

21

Basic Stratigraphic Data - Locations

31

A

AN

31

31

31

31

A

31

31

31

31

31

31

31

"3

31

31

31

3b

11

17

17

28

fn.sl

2152s

704s

M2n

935n

148s

267s

182s

1980n

1980n

1980n

1980n

2310s

2310s

2310s

fewl

910e

128e
294w
1979w

1731w

177e

€610e

1980e

1980w

1980w

1880w

2310e

Drillhole Name

ERDA 6

DOE2

WIPP 11

AECS8 -

WIPP 13

WIPP 12

ERDAY

DOE 1

MP Grace Cabin Baby Federal No. 1

Hanagan No. 2 Unocal-HPC

Phiflips Molly State No. 2

Phillips Molly State No. 4

Pogo Federa 1 No. 1
Pogo Federai 1 No. 3
Pogo 1 Federal N§. 4
Pogo Federal 1 No. 5
Pogo Federal 1 No. 6

Pogo Federal 1 No. 6

Yates Unocal "AHU" Federal No. 2

Print Date: 07/10/1996



IDNum TWP RGE Section fn,sl

5012 sl 31 1
5014 2 3 2
5015 2 3 1
5016 2 31 11
- 5019 2 31 1
5020 2 31 1
5021 p.rl 31 12
5022 2 31 12
5023 2 3 12
5024 7] 31 12
5025 2 31 12
5027 prl 3 12
5028 » 31 12
5029 p.rl 3 13
5030 2 3 13
5032 | x 31 13
5033 sl 31 13
5034 2 3 13
5035 2 31 14
5036 2. 3 14

' Page Number: 2v

2310s

2310s

1980s

1980n

1980s

1980n

2310s
1650n

1960n

1980n

2310n

1651s

1980n

. 1980s -

fe.wl

1980e’

1650w

1650w

1980e

1980w

1980e

Drillhole Name

Pogo Federal 1 No. 2

Pogo State “2" No. 3

Yates Martha 'Alk' Federal No. 1

Yates Martha "AIK" Federal No. 2

Yates Martha "AIK” Federal No. 5

Yates Martha "AlK" Federat No. 6

Pogo Federal 12 No. 2
Pogo Federal 12 No. 4
Pogo Federal 12 No. 5
Pogo Federal 12 No. €
Pogo Federal 12 No. 7
Pogo SCL Federal No, 2
Pogo Federal 12 No. 3

Texaco Federal Neff "13" No. 2

Texaco Neff 13 No. 3

Texaco Federal N;ff 13 No. 6
Texaco Federal Neff 1.3 No.7
Texaco Federal Neff 13 No. 8
Yates Dolores "AIL" Federal No.3

Yates Dolores "AlL" Federal No. 2

Print Date: 07/10/1996



IDNum TWP RGE Section fnsl fewl Drillhole Name

5037 2 31 14 660n  430e ~ Yates Dokres "All" Federai No. 1
5038 7] 31 23 660s 660e  Pogo Federal 23 No. 1

5039 2 3 23 1750s  660e Pogo Federal 23" No. 2

5040 2 A 23 2310n  660e Pogo Federal "23* No.3

5041 2 AN px] 660n  510e Pogo Federal 23 No. 5

5042 2 3 24  1980s 1980w Texaco Getty Federal 24 No_ 4
5043 7) 31 24 990n 1652w Texaco Getty Federal 24 No. 5 SWD
5044 z 31 24 660s 660w Texaco Getty Federal 24 No. 2
5045 2 3 24 1980n  1980e Getty Federal #24-1

5046 2 A p- 1650n 330w Pogo Neff Federal No. 2

5047 2 3 25 660n 1980w Pogo Federal Neff No. 1

5048 y2) 31 24 660n  2310e Texaco Getty Federal 24 No. 3
5049 ) ';1 ze 610n  510e Pogo Federal 26 No. 1

5050 2 31 2% 19800  1980e Pogo Federal 26 No. 2

5051 p7) 31 26 610n 2130w Pogo Federal “26" No. 3

5052 2 3 26 600n 330w = Pogo Federal 26 No. 4

5053 2z n % 3300 2230e Pogo Federal 26 No. 5

5054 . 31 .1 1980n 330w Pogo Federal 26 No. 6

5055 2z 3 | > 1980n 1980&( N Pogo Federal 26 No. 7

5056 2 3N 35 .1980n | 660e Yates David Ross "AIT" Federal No. 1

' Page Number: 3 B Print Date: 07/10/1996



o e

IDNum TWP RGE Section fn.sl

5057

5061

5070

5071

S0r2

5073

8Q75

5076

5080

Page Number:

2

21

21

21

2

21

21

21

21

21

21

21

21

21

21

2

31

3

31

A

3

AN

N

-3

31
N

31

36

16

]

24

24

1980s

250n

1980n

1980n

1980n

1980n

1980s

1980s

1980n

1980s

fe wi
1980w

1600w

751e

1980w

1980e

1980e

1980e

1980e

-1980w

198Qe

Drilihole Name

Union of CA Medano State Com. Weil No. 1
Bass Big Eddy Unit No. 91

Bass Big Eddy Unit No. 44

Bass Big Eddy No. 45-Y

Phillips James "D" No. 1

Yates Kaleidoscope "AIO" Federal No. 1
Yates Julia "AJL" Federal No. 4
Phillips Peak View No. 1

Philfips James "C" No. 1

C. Grace Livingston Ridge No. 1-Y
Yates Mary "AIV" State No. 5

Yates Mary "AIV" State No. 3

Yates Mary "AlV" State No. 1

Yates Lost Tank "AIS” State No. 8
Yates Lost Tank "AlS“' State No.6
Yates Lost Tank ;AIS' State No.S
Yates Lost Tank "AlS" State No. 3
Yates Lost Tank 'AIé“ Sla‘ta No.2
Yates '~A' Federal No‘. 7

Yates Bonneville "AKK" Federal No. 2

Print Date: (7/10/1996



IDNum TWP RGE Section

5081

5087

5091

5100

5101

Page Number:

21

21

N

31

AN

25

fn,sl
1980n

1980s

2240s

1650n
1450n
1980s
1980n

12508

1650n
1980n
1980s
15523

1980s

fe,wl

330e -

330e

2310e

1200w

700w

1980e

1980w

1980e

1150e

2310w

1980e

1980w

1980e

1800e

Drillhole Name

Yates Wolf "AJA" Federal No. 5
Yates Wolf "AJA” Federal No. 4
Yates Jasmine "AJI" Federal No. 1
Phillips Livingston Ridge No. 2
Troporo Cabana No. 1

-hillips Livingston Riﬂge No. 4
Hanagan No. 1 Unocal-HPC
Phillips Livingston Ridge No. 3
Phillips Livingston Ridge No. &
Yates Donell 3 Federal No. 1
‘hillips James "A" No. 12W
Phillips ;lames A No. 10

Phillips James A No. 9

Phillips James A No. 8

" Phillips James "A" No. 4

Phillips James "A" No. 3
Phillips James "A* No. 2
Phillips James *A* No. 6
Phillips James A No. 7

Phillips James "A" No. §

Print Date: 07/10/1996



IDNum TWP RGE S_ecﬁon fn,sl

5102
5103
5104
5105
5106
5107
5109
5110
5111
5112
5113
5114
5115
5116
5117
5118

5119
5120
5121
5122

" Page Number:

2

30

13

12

12

12

12

12

12

11

11

1

KL

e

"1

665s

1330n

1980s

1880n

1980n

2247s

1980s

1810n

760n

1980s

1980s

© 1980n
1980n

19800

fe,wi

2006e

1980w

1980w

1558e

1980e

1980e

1100e

1980e

Drillhole Name

Phillips James A No. 1

Mitchell Energy Apache "13" Federal No. 1
Phillips James E No. 15

Phillips James "E" No. 14
Phillips James "E” No. 13
Phillips James "E" No. 12
Phillips James "E” No. 11

Bass James RanchFUnik No. 48
Phillips James "E” No. 8

Phillips James "E” No. &

Pljﬂlips James "E" Federal No. 5
Phillips James "E” Federal No. 4
Phillips James "E” No. 2

Sheil James Ranch No. 1

" Enron James Ranch Unit No. 71

Enron James Rand Unit No. 37
Enron James Ranch Unit No. 19
Belco James Ranch No. 11

Enron James Ranch Unit No. 18

Phillips James "E” No. 1

Prirt Date: 07/10/1996



IDNum TWP RGE Section

5123
5124
5125
§126
5127
5128
5129
5130
§131
5132
5133
5134
5135
5136
5137
5138
5139
5140
5141
5142

Page Number:

2

30

31

31

3

-3

31

31

3

-3

3
31

31

36

25

24

16

24

13

11

fn,sl

1980s

1730n

1200s

1980n

1830n

1980s

2310n

1980n

760s

1980n

1980n

1140n

1980s

fewl

2310w

1310e

1980w

1658e

1980w

1980e

1980w

1980w

1980w

2310e

Drilihole Name

Bass James Ranch Unit No. 29

Mitchell Apache "25” Federal No. 1

Mitchell Apache 25" Federal Com. No. 2
Mitchell Apache "24" Federal No. 1

Belco (Bass?) Belco-James Ranch No. 10
Beico Hudson Federal No. 1

Belco James Ranch Unit No. 3

Texaco Forty-Niner Ridge Unit No. 3
Philiips Sandy Unit No. 1

Devon Todd 13 'O Federal No. 15

Max M. Wilson Bauerdorf-Federal No. 1
Santa Fed North Pure Gold “9" No. 9

Santa Fe North Pure Gold “9” Federal No. 7
Santa Fe North Pure Gold 9" Federal No. 4
Santa Fe North Pure Gold “9” Federal No. 5
Santa Fe N?mh Pure Gold“g" Federal No. 2
Santa Fe North Pure Gold *9" Federal No. 1
Santa Fe Pure Gold "4” Federal No. 1
Santa Fe North Pure Gold "8" Federal No. 9

Sama Fe North Pure Gold 8" Federal No. 6

Print Date: 07101996



o

IDNum TWP RGE Section fnsl

5143
5144
5145
5146
5147
5148
5149
5150
5?51
5152
5153
8154
5155
5158
5159
5160
5161
5162
5163
5164

Page Number:

23

at

3t

31

31

31

31

31

3

3

31

31

31

-3

12

13

13
14
‘14

14

©660s

1780n
1980s
1980s

100s

1440n
1980n

1980s

1980s
1980n

1880n

2310n

16508

fewl

2310¢

1980w

100w

1980w

1980e

2310e

1980w

1960e

2135w

Dritlhole Name

Santa Fe North Pure Gold "8" Federal No. S
Santa Fe North Pure Gold "8" Federal No. 3
Santa Fe North Pure Gold "8" Federal No. 2
Santa Fe North Pure Gold "8~ Fedemli No. 1
Belco James Ranch Unit 14

Belco James Ranch Unit No. 15

Enron James Ranch Unit No. 17

Bass James Ranch. Nec. 13

Continental James Ranch Unit No. 7

Bass James Ranchb Unit No. 30

Continental State AA-2 No. 1

Union of CA Barclay Federal No. §

Owens Union Federal No. 1

Maralo Prohibition Federal Unit No. 1

' Pogo WBR Federal No. 1

Ray Smith B&H Fm &o, 1
Maraio Prohibition Federal Unit No. 4
Meridian Red Tank Federal No. 4
Meridian qu Tank Fedesal No, 1

Meridian Red Tank Federal No. 3

Print Date: 07/10/1996



IDNum TWP RGE Secton fnsl fewl Drillhole Name

5165 2 32 14 660s 1980w Carper Red Tank Unit No. 2 (SWD?)
5166 2 32 14 330s  2310e  Meridian Red Tank Federal No. 5 (SWD?)
5167 2 32 15 1980s  1980e Superior No. 1 Connally Federal
5168 2 32 15 9%0n 660w Strata Paisano Federal No. 3

519 2 32 15 2310n 1650w Strata Paisano Federal No. 2

5170 2 32 15 1980n 460w Strata Paisano Federal No. 1

5171 2 @ 15 1650s 330w Strata Lechuza Federal No. 5

5173 22 32 15 660s  2310e Strata Lechuza Federal No. 3

5174 2 3@ 15 1650s 1650w  Strata Lechuza Federal No.2

517 2 32 15 8625 458w  Strata Lechuza FodersiNo. 1

5176 2 32 16 23100 330e Yates Kiwi "AKX" State No. 3

5177 22 32 16 1650s 330e  Yates K A Stnte No.2

5179 2 32 '116 330s  1650e Yates iGwi "AKX" State No_ 4

5180 2 32 16 1980 1650e  Yates Kiwi"AKX State No.5

5188 2 32 16 660s 2310w Yates Kiwi "AKX" State No. 6

512 2 32 16 1980n 1980 - Yatsmwi'AJO('StateNQ.r

518 =z 2 1. 19600 2310w Yates Kiwi AKX State No. 8

518 2 32 16 330n  330e Yates iGwi "AKX" State No. 9

st5 2 32 17 1980 1980 Yates Cleary "AKC" Fecera No. 1
s186 2 @2 17 30 330w Yates Cleary "AKC" Federal No. 2

Page Number: 9 . ‘ Print Date: 07/10/1996



IDNum TWP RGE Section fnsi fewl Drillhole Name

5188 2 32 18 660n  990e Pogo Livingston Ridge Federal No. 1

519 22 32 18 480n 330w Pogo Livingston Ridge Federal No. 3 "ZAP"
5190 2 32 18 2130n  1980e Pogo East Livingston Ridge Federal No. 3
5191 2 32 20 1980n 1980e  Zonne Federal No. 1

512 2= 32 2 1880s 660 Union of CA Federal Giimore No. 1 (Cerc Fed 1 SWD)
5. 2= 32 2 3%0n 1980 Strat Cercion Federal No. 3

51 2 32 2 1990n  660e Strat Cercion Federal No. 1

51% 22 32 2= 19800  660W Trigg Federal Red Tank No. 1.22 |

516 2z ®» 2 1650n 1980w Strata Cercion Federal No. 4

slw = 2 2 3300 990w Strata Cercion Fedéral No.2

s18 2 R 23 8795 403w Mesidian Checkerboard 23 Federal No. 6
59 =z R B 2110s  990e Pogo é_edTankza Federal No. 2

s00 2 @ %@ 23 . 2310n  990e Meridian Checkerboard 23 No. 16

5201 2 2 2B 1em  9%0e Mesidian Checkerboard 23 Federal No. 13
522 22 32 23~ 660n  990e ~ Mesidian Checkerboaé 23 Federal No. 12
§23 2 32 23 1980n 19808  Meridian Checkerboard 23 Federa No. 8
S04 2z 32 23 6%0n 1980w  Meridian Checkerboard 23 FederaiNo. 4.
5206 2 32 2B  2610s 990w Mesidian Checkerboard 23 Federal No. 5
508 2 32 » 330n 660w Pogo Covington A" Federal No. 2

s 9z . zs " 330n  1980e Poga Covington "A" Federal No. 18

Page Number: 10 S Print Date: 07M0/1996



iDNum TWP RGE Section

5210
5211

5212
5214
5216
5217
5218
5219
20
5221

5223
5224
5226
5227
5228
§229
5230
5231

5232

" Page Number:

2

1"

32

32

32

32

32

32

26

27

31

31

A

32

19 -

fn,sl

1880s

1980s

1980n

760n

1980n

1980n
1980n
2310n
180s

1980n

~ 990n

fe.wl

1880w -

2310w

2310e

1980e

1980e

1980e

1980w

1650w

990w

Drillhole Name

Pogo Red Tank "26" Federal No. 1
Pogo Red Tank "26" Federal No. 2
Pogo Federal 27 No. 1

Pogo Exxon Federal 27 No. 3
Pogo Red Tank 28 Federal No.3
Bass Pemry Federal No. 1

Pogo Proximity 31 No. 4

Enron Silverton 31 Federal No. 1
Yates Lotus "ALT™ State No. 2
Pogo Red Tank 34 Federal No. 3
Pogo Red Tank 34 Federal No. 2
Pogo R;d Tank 35 Federal No. 1
Helbing & Podpechan Shell State No. 1-B

CP Miller Humble State No. 1

‘Amoco Federal "BG" No. 1

Yates pronghom Unit No. 2

Mitchelt Bighom "30" State No. 2
Yates Pronghom "ACZ" Federal No. 1
Davis & Collins Conoco Federal No. 1

Santa Fe Bootleg Ridge 19 State No. 1

Print Date: 07/10/1996



iIDNum TWP RGE Section fnsi

5234

5237

5240
5241
5?42
5243
5244
5245
5246
5247
5248

5249

5251

5253

‘ Page Number.

2

33

12

18

18

17

1"

1

1880n

1980s

1980s -

1980s

1880n

2310s

Z310n

1980n

510n

1650s

1680n

fewl

1864w "

1980e

1980w

1980e

1980e

1960e

1650e

2310e

1980w

1980e

1650e

1980w

Drillhole Name

Pogo State NBR No. 2

Pogo State NBR No. 1

Dual Hudson Fedécal No. 1

Pogo EBR Federal No. 1

Meridian Dagger Lake "8" Federal No. 1
Superior SST State 7 No. 1

Cabot State "K” No. 1

Superior San Simone State Com No. 1
Texas Pacific Reed Federal No. 1
Dual Richardson & Bass State No. 1
Meridian Dagger Lake State No. 1
Yates Saffron Unit No. 1

OB Kiel, Jr. Federal No, 1

Strata Aracanga Federal No. 1

‘Santa Fe Platinum 6 Federal No. 1

JH Trigg Federal "WL" No. 5

McBee Continental Federal No. 1

Strata Aracanga Federal No, 2

Exocon Central SW Oil Corp Federal No. 1

Superior Triste Draw Gulf Federal No. 1

Print Date: 07/101996



IDNum TWP RGE Secton fnsi

5254
5255
5256

5257

5260
5261
=2
5263
5264
5265
5266
5267
5268
5269
5270
5271
5272

5273

Page Number:

23

21

21

21

21

’21

21

21

21

21

2

fe.wl
32 11 560s 660w -
32 11 23100 1650w
7] 14 1980s 1980
3 4 2310n 330w
33 4 §60s 660
33 6 330s  330e
k<) 6 1980n 1980
33 7 660s 660w
13 8 330s 330w
k<) 10 660n 1980w
2 12 1980s 660w
32 2 1980n  1980e
2 a3 660n 1980w
32 ;s 1980s 2310w
32 N 660s 1980w
2 34 660n 1980w -
2 s 1980n 1980w
2 B 1980s 330w
2 3 650n 650w
2 31 2310‘s. 660e
13

Drilthole Name

Strata Urraca Federal No. 2

Yates Amanda "AMN" Federal No. 1
Supetior Triste Draw Federal No. 1
Yates Jackal "ANJ" Federal No. 7
Cabeen Continental Federal No. 1-P
WA & ER Hudson Shell Federal No. 1
Yates Pronghom Unit No. 1

Hudson Federal No. 1

Yates Pronghom AAP Federai No. 1
Amoco State "IK” No. 1

Belco Federal HM No. 1

Getty St#te Com No. 1

Texaco Bilbrey Federal Com No. 1
Texaco Bilbrey Federal No. 2
Phillips Bilbrey Federal No. 1

Maralo Bilbrey Fﬁétal Né. 1

Gulf Chaney Federal No. 1
Manzano Anderson No. 1

Philiips Luke Federal No. 2

Pogo Federal No. 1

Print Date: 07101996



IDNum TWP RGE Secﬁon fn,sl

8274

5275

5276

5277

5278

5279

5301

5307

5310

5311

5312

5313

Page Number:

21

21

21

21

21

2

21

2

21

21

21

21

32

31

3

A

31

3

14

3

3

31

15

13 -

18

18

21

330s

1980n

1980s
1980n
1980n
1980s

1980s

1980n

1980s

1980s

1980n

fewl

330w

1980w

1880w

1980w

1980w

1980w
1960w
1980e

1980e

1980e

Drillhole Name

Collins & Ware BW Federal No. 1
Phillips Luke Federal No. 1

AEC No.7

Getty Bilbrey Federal Com No. 1
Santa Fe Bilbrey Federal No. 1 |
Santa Fe Bilbrey Federal No. 1-A
Santa Fe Bilbrey Federal No. 1-A
WC Bianks Big Ed&y Unit No. 67
Yates Cabin Lake 34 Federal No. 1
C Grace Salomeh No. 1

Maralo MR "25" Federal No. 1
Pogo F.ederal No. 1

Union Federal Fi No. 1

Yates Lost Tank "AlS" State No. 1

" Yates Lost Tank "AIS" State No. 4

Belco Federal 'Hw No. 131

Coliins & Ware N.L. Federal No. 2

Getty North Bilbrey 18 Federal No. 1
Skelly Salt LakeSqnh Umt Ne. 1

Santa Fe Bilbrey "21" Federal Com. No. 1

Print Date: 07/101996



DNum TWP RGE Section

5314

5315

5316

8317

5318

5318

5321

5326

5331

5333

Page Number:

2

21

21

21

32

32

;1
31
31
31
31
31

31

31

15

16

18

11

12

fa,sl

660s

1980s

1980s

1880n

1980s

1980s

1980s

1060s

660n

660n

1980n

1980s

fe wl

2310e

1980w

2240w

10e

1980

2310w

1980w

1980e

2310w -

2310w

2310e

Drillhole Name

Santa Fe Bilbrey "22° Federal Com. No. 1

Collins & Ware Lincoln Federal No. 1

Santa Fe Bilbrey 27 Federal Com. No. 1

Texaco Bilbrey 32 State Com. No, 1

Bass Big Eddy Unit No. 90

Hudson Federal No. 1

Bass Big Eddy Unit 96

Bass Big Eddy Unit No. 88

Phillips James E Federai No. 9

Bass James Ranch Unit No. 70

Richardson & Bass Federal Legg No. 1

Bass James Ranch Unit No. 41

Phillips Molly State No. 1

Phillips Molly State No. 3

‘Yates Unocal "AHU" Federal No. 1

Yates Flora "AKF™ State No. 1

Yates Graham "AKB" State No. 2

Yates Graham "AKB" State No. 1

Yates Flora "AKF™ State No. 2

Pogo State 2 No. 2

Print Date: 0710/1996



IDNum TWP RGE Section

5334

5341

5342

5347

Page Number:

2

31

31

A

31

31

31

31

31

31

31

31

16

1

1

12

13

13

15

fn,sl

330s

1980n

1980s

1980n

1980s

1980s

1980s

1980s

1980n

1650s

fe wi

330e’

1650e

1650e

1650w

1980w

1980e

1980w

760w

1980w

1980e

1980w

1580e

Drilthole Name

Pogo State 2 No. 1

Bryon McKnight & Troporo Campana No. 1
Yates Liama "ALL" Federal No. 1

Yates Martha "AIK™ Federal No. 3

Yates Martha "AIK” Federal No. 4

Pogo Federal 12 No. 8

Texaco Federal Neff 13 No. 5

Pogo Neff 13 No. 1'

Clayton W. Williams Badger Unit Federal No. 1
Texas Crude Wright Federal 23 No. 1
Pogo Neff Federal No. 3

Siete Ottowa State No. 1

Santa Fe Trumpeter 4 State No. 1

Getty Bilbrey Federal Com. No. 1

" Getty Bilbrey Federal No. 1

Yates Rosemary ';AJB' I;edaal No. 1
Pogo Federal € No. 1

Amoco Federal "CK” Com. No. 1
Strata Flamenco Federai No. 1

Santa Fe White Swam “9" Federal No. 1

Print Date: 07/10/1996



IDNum TWP RGE Section fn,sl

5354

5361

§370

5371

5373

Page Number:

2

7
32
32

32

32

<7

17

9

10

10

10

11

14

14

14

14

14

15

16

18

19

2

1980n

1980s

1980s

1880n

1980s

2310n

1650s

2310n

1650s

1980s

. 2310n

fe,wl

650e

2155w
1880w

1650w

1980e

Drillhole Name

Santa Fe White Swam "9" Federal No. 4

Maralo Wild Turkey “9" state No. 1

Maralo Wild Turkey "10" state No. 1

WTI Barr None Federal No. 1

Phillips Emerald Federal No. 1

Maralo Prohibition Federal No. 2

Maralo Prohibition Federal Unit No. 6

Meridian Redchecker 14 No. 2

Meridian Redchecker 14 No. 1

Meridian Prohibition Federal No. 5

Meridian Red Tank Federal No. 6

Stirata |.echuza Federal No. 4

Yates Kiwi "AKX" State No. 1

John H. Trigg Federal Jennings No. 1

Ralph Lowe Bass Federal No. 1

Strata Cercion Federal No. 5

Pogo Prize Federal No. 13

Pogo Prize Federal No. 10

Meridian Checkerboard 23 Federal No. 11

Meridian Checkerboard 23 Federal No. 3

Print Date: 07/10/1996



IDNum TWP RGE Section fnsl

5374
§375
5376

5377

5381

5391

Page Number:

2

2

18

3

330s

1980s

1650s

1980n

1980n
2310s

1880n

710n

1980n

2210s

few

1650e

1980e

2310w

1980w

1980w

1980w

760e

2310w

1960e -

1650e

1980w

1980e

Drillhole Name

Meridian Checkerboard 23 Federal No. 2
Meridian Checkerboard 23 Federal No. 1
Meridian Checkerboard 23 Federal No. 9
Meridian Checkerboard 23 Federal No. 7
Meridian Checkerboard 23 Federal No. 10
Pogo Covington "A” Federal No. 8

Pogo Covington “A” Federal No. 9

Pogo Cuvingto;\ A" .Federal No. 1

Pogo Red Tank "26" Federal No. 3

Pogo Red Tank "26" Federal No. 4

Pogo Prize Federal No. 4

Pogo Prize Federal No. 5

Pogo Exxen Federal 27-2

Pogo Red Tank "28" Federal No. 1

'Pogo Red Tank "34" Federal No. 14

Pogo Red Tank "34" Federal No. 4
Pogo Red Tank "34" Federal No. 1

Pogo Red Tank "35" Federal No. 3 SWD

Shell Bootleg Ridge Unit No. 1

Meridian Mule Deer 36 State No. 1

Print Date: O710/1996



IDNum TWP RGE Section fnsl fewi Drillhole Name

539 » 32 36 1980n 2310e Meridian Muie Deer 36 State No. 2
5397 22 32 36 660n 860e ' Meridian Mule Deer 36 State No. 4
5398 2 3 8 330n  2310e Meridian Dagger Lake 8 Fed No. 2
5399 2 ;3 15 1980s  1980e Getty Federal 15 No. 1
5400 2 3 15 660n 1980w Getty Federal 15 Com "B* No. 1
5401 2z 33 19 1980s  660e Coliins & Ware White Lightning Federal No. 1
5402 2 33 3 660n 660e R.B. Farris Philips State No. 1
5403 2 34 23 360s 660 Pogo RI Federal 23 No. 1
m 2 32 36 660n 660 Richardson & Bass Tidewater No. 1
5405 2 32 2 19800 1980e Culbertson & iwin Culbertson N 1
5406 2 2 9 660s 660 H & W Danford No. 1
5407 22 3 ' pat] 660s  1980e Yates Mascho Cloyd No. 2
5408 2 .33 'éo 660s  660e Yates Mascho Cloyd No. 1
Page Number: 19 Print Date: §7/10/1996

The source data table and this report were created by Dennis W. Powers using Rbase 5.5, a commerciai reational database available
from Microrim, Inc. Basic information has been checked. The relational column within the database is the idnum, an identifier unique
to the drillhole. Data were checked for report setup.



idnum

1104
1149
1150
1153
1158
1159
1168
1175

1243

5007

5010
5011

6012

refelev *

3540

3418

3541

3420

3473

3328

3607

3585

3583

3570

3590

3599

Page Number: -

Basic Stratigraphic Data - Depths *

baseCow  basei124

topBC

4300

4071

4315

4428

4415

4424

4475

4479

topA1

3808

4038

3809

3914

4032

3810

4188

4138

4115

4141

4195

4126

4142

4150

4182

4172

4183

topH1

2733

3801

3512

3656

3715

3708

3360

3619

3610

topA2
2655

3392

3555

3373

3200

3272

3510

topH2
2401

2424

3290

3375
3155
3118
3015

3015

3198

3178

3241
3145
3110

3158

topA3

3083

2980

2836

2704
2890
2738
2740

2860

2892

2982

2898

2932

229

2670

2242

2562

2509

2471

2435

2528

2482

%12

2445

2597

baseVT baseRus

1525 1287
1738 1456
1688 1434
1747 1484
1633 1347
1715 1447
1653 1367
1785 1490
1481 1184
1738 1482
1696 1431
1624 1413
1704 1426
1746 1468
1680 1411
1682 1420
1720 ; 1447
1752 1473
1735 1460
1746 1468
062411996

811

961

o177

97

916

N7

947

912



idnum

5014
5015
5016

5019

8021

5022

5024

5025

5027

5028

5032

5037

refelev *

3564

3579

AN

3577

3642

3607

3626

3582

3576

Page Number:

topBC

4398

4459

4475

4475

4463

4510

3

£

topA1

4104

4174

4188

4147

437

4198

4160

4153

4195

4179

4234

4120

4240
4115

4185

4240
4168

4162

4160
4163

4210 -

topH1

3810
3746
3712

3700

3784

3730

3860

- 3740

3810

3770

topA2
3664

3614

3425
3647

3512

3865

3715
3755
3715
3610

3687

3726

3642

3710

3733

topH2
3270

3335
3310
3188

3145

3145

3325

3427

3328

3370

3470

3425

topA3

2938

2945

2780

2680

2998

3010

3165

3033

2973

3070

baseCow  basel24

573

2662

2488

2652

2510

2660

74

2753

2705

2820

baseVT
1693 1416
1854 1580
1838 1566
1765 1500
1708 1452
1840 1566
1759 1496
1704 1450
1846 1570
1805 1533
1880 1603
1880 1621
1955 1680
1848 1660
1878 1607
1894 1617
1908 1628
18ﬁ 1604
1895 1614
1856 1582
1990 1703
06/24/1996

baseRus

o

1090

1175

1010

972

1065

1010

970

1070

1036

1098

1105

1153

1137

1105

1118

1120

1107

1113

10892

1185



idnum

5041

S042

5046

5047

5051

5052

(graey *

3872

3553

3561

3601

3574

3589

3607

3598

© 3580

36810

3556

3576

3556

3585

3526

3324

Page Number:

topBC

4442

4402

4428

4520

4420

4428 -

4410

4425

3785

topA1
4122

4135

4153

4163

4221
4185
4245

4093

4158
4205

4173

4204

4150

4163

4166

4210

topk1
3845

3783

3775

3875

3885

3861

3885

3790

3860

topA2
3721

3657

3714

3737
3760
3766

3737

3766
3735

3700

3720
3710

3768

topH2
3442

3387

3423

3520

3675

3475

3428

3470

topA3
3054

2880

2978

3035

3015

3075

baseCow  basel24

2782

2721

2718
2822
2767
2826
2852
2737
2858
2820
2808
2768
2823
2750
2785
2764

2835

1947 1660
1800 1620
1887 1612
1712
1917 1646
1708
1972 1697
1915 1696
1941 1740
1835 1662
1730
1677
1966 1676
1915 1634
1985 1693
1891 1604
1936 1646
1882 1607
1932 1657
1262
863
06/24/1996

baseVT baseRus

1150

1112

1105

1204

1126

1190

1174

1168

1214

1142

1208

1153

1162

1124

1177

1090

1137

1082

127



idnum refelev *
5060 3315
5061 3250
5062 3149
5063 3216
5064 3228

5065 3218
5066 3258
5068 | 3671
5089 3627
5070 3617
5071 3603

7 5072 3604
5073 3567
5075 3578

5076 3591
5079 3650
5080 3655
5081 3682
5082 3709
5084 3362

3319

Page Number: -

topBC

3553

3606

4537

4374

4475

4518

3810

3792

topA1
3207

3207

3301

4160

4075

4120

4160

4125

4125

‘4100 .

4220

topH1

2763

2810

3010

2844

3310

. 310

3190

K

topA2

2631

27113

3773
3140
3778
3470
3287

3750

3780

3120

topH2
2670

2460

2495

3185

3195

3170

. 2810

topA3 baseCow  base124

2118

1972

2160

2190

2520

2936

2852

3172

3170

3018

2455

2400

1815

2233

1620

1804

1936

1843

2480

2441

2430

2455

2445

2530

2760
2765
2670
2157

2144

baseVT baseRus

1140 870
850 563
1013 737
1140 862
1063 797
930

1765 1500
1716 1440
1685 1431
1706 1433
1705 1436
1590 1345
1637 1380
1696 1418
1847 1670
1950 1676
191‘7 1645
1910 1628
1406, 1150
1340 1073

06/24/1996

510

465

515

594

937

916

1160

1170

1145

1120



idnum

5087

5088

5089

5091

5094

5097

5100

5101

5102

5103

5104

5105

5106

refelev *

3357
3312
3590

3314

3203
3197
3174
3232

- 328
3194
3179
3188
3217
3232

| 3187f
3193

3361

32

Page Number:

topBC

3798

3745

3772

3790

3634

3620

3658

36852

3620

3602

3655 -

3621

3640

3755

3775

3760

topA1

3520

3268

3360

3370

3323

3370

3495

3510

topH1

3200

3100

3100

2935

2973

3018

3028

3180

310

3170

topA2

3150

2087

2874
2915

2810

2845

2912

2845

2925

2928

3115

topH2

2700

2748

2670

2585

2610

2810

topA3

2590

2404

2135

2160

2210

2140

2224

2215

2270

2510

2430 .

2426

baseCow base124

2016
2482
2070
2105
1825
1943
1930
1940
1985
1925
1895
1928

1975

1950

1962

2124

2146

2112

1265 1008
1710 1438
1304 1040
1362 1103
1040 765
1160 897
1132 850
1159 898
1183 916
135 870
1103 840
1140 877
1182 918
1220 953
1153 883
1152 887
1480 ; 1216
1370 1105
1393 ‘ 1133
1360 1092
0672411596

baseVT baseRus

1112

625

543

612

570

532

510

512

510

522

610



idnum

5107
5109
5110
5111
5112
5113
5114
5115
5116
5117
5118
5119
5120
5121
5122
5123
5124
5125
5126

5127

5128

refelev *

3336

3321

3344

3238

3228

=

3187

3327

3327

3324

3324

3345

3221

3327

3391

3425
3315

3318

Page Number:

topBC

3778

3765

3775

3738

3748

3795

3665

3971

3735

topA1

3514

3515

3423

3282

3478

3370

3610

3647

topH1

3170

3140

3180

3235

3285

3240

3203

3315

3322
3285

3110

topA2
3058

3032

3080

3108
3152
3120
3100

3100

3210
3165
a217

3181

topH2
2812

2760

2790

2500

2780

2895

.2890

3142

3014

topA3
2410

2400

2421

2420

2435

2405

2470

2350

2445

2510
2576

2495

baseCow base124

2140

2105

2150

2001

2086

1950

2110

2286

2445

baseVT

1330 111-5
1350 1084
1384 1120
1245 806
1228 958
1321 1145
1322 1057
1150 874
1308 1035
1382 1102
1350 1062
1335 1054
1335 1065
1365 1082
1225 960
1320 1150
1489 1208
1416 1140
1563 1270
1328 1148
1220 968
06/24/1996

baseRus

615

710



idnum

5128

5130

5131

5132

5133,

5134

5135

5136

5137

5138

5139

5140

5141

5142

5143

5144

5145

5148

5147

5148

5149

refelev *

33N

3137

3290

3530

-~

3372

3352

3362

3372

3372

332

3317

3322

3327

3329

3327

Page Number: -

topBC

3894

3495

4180

4150

4126

4160

4131

4115

4015

topA1

3265
3635
4262
4218

3845

3892

3927

3878
3782

3797

topH1

2978

3240

3965

3905

3570

3570

3528

3552

3580 -

3535

3490

3520

13315

topAZ

2880

3142

3865

3803

3470

3426

3475

3432

3420

3428

3210

topH2

2680

2884

3584

3250

3245

3262

3207

3220

3260

3230

3167
3145
3206

3212

2975

topA3
2525

286

3070

2748

714

2730

2800
2605
2680

2620

baseCow  basel24

2260
2050
2280
2972
2910
2563
2588
26810
2560
2554

2637

2565
2463
2510

822

2424

baseVT

1285 1020
1028 714
1232 956
207 1737
1919 1645
1588 1310
1585 1305
1570 1278
1580 1290
1570 1286
1587 1308
1604 1316
1554 1270
1510 1219
1525 1234
1535 1246
1540 1251
1553 1266
1472 ‘ 1197
1403 1106
06/24/1996

baseRus

508

385

475

1200

1117

760

712

766

778

782

740



idnum

5150

95151

5152

5153

5154.

5155

5158

5189

5160

5161

5162

5163

5164

5165

5166

5167

5168

5168

5170

5171

5173

refelev *

3332

3338

3517

3494

3678

" 3725
3742
3756
3766
3731

3745

3749

3796

3746

3718

Page Number:

topBC

3508

3970

4475

4736

4815

4861

4785

4775

4789

4777

4780

4780

4768

4820

4778 .

4760

topA1

3668
735
ar2
4185
4268
4233

4215

4517

447

topH1

3348

3425

3970

3594
3918

4155

T 4224
3766

3740

426

topA2
3242

3315
3295

3730

3797

3780

3612

3680

4027

4195

3745

3783

topH2
3008

3085

3196

3283

3280

3272

topA3 baseCow

2570
2595

2595

3197

3150

2862

3025

3612

3637

3047

3137

2381
2405
2386
2790
2891
2852

2877

2753
3074
3267
3240
3280
3320
3192
2?63
2728
2713

2744

baseVT baseRus

base124
1382 1100
1442 1155
1429 1138
1872 1600
1976 1705
1949 1676
2112 1812
2075 1817
2032 1775
2159 1856
2176 1830
2134 1845
2118 1840
2140 1840
2185 1870
2001 1756
1974 1718
1982 1730
1986 1736
1978 1718
2020 1754
06/24/1996

570

6830

812

1070

1125

1145

1250

1301

1295

1235

1307

1308

1292

1300

1240

1201

1220

123

1202

1236



idnum

5174

5175

5176

5177

§179..

5180

5181

5182

5183

5184

5185

5186

5188

5189

5190

5191

5192

5193

5194

5195

5196

refelev *

3743

3733

3780

3754

3717

3744

3708

3783

3761

T 3795

370

3727

3727

3726

3678

3709

3702

3709

Page Number:

topBC

4782

4783

4817

4784

4751

4774

4715

4812

4760

4740

472

4564 -

4724

4720

4732

4720

472

topA1

4460
4455
4483

4415

4420

4424

4268

4370

4413

4423

4410

4415 -

topH1

3870

3847

3795

3910

3984

4112

3755

3990

3807

4010

4018

4168

topA2
3682

3690

3636

3753

3820

3875

3612

3912

3866

3845

3670

3872

3815

3987

topH2
3305

3396

3335

3470

3520

3497

3474

3414

3427

3552

3607

topA3
3124

3135
3102
3185
3205
3176
3194
3228
3210
3075
3280
3215
322
3090
3208
3180

3215

3286

baseCow base124

2784
2784
2780
2815
2860
2820
2878
2855
2855

2748

2882

2840

2837

2874

2910

baseVT
1980 1723
1976 1716
1975 1712
1992 1726
2020 1754
1982 1704
2012 1745
1996 1719
1976 1702
1956 1693
1996 1718
2003 1701
1882 1700
1940 1670
2010 1732
2040 1770
2075 1810
2041 1776
2058 1790
2067 | 1795
2080 1815
06/24/1996

baseRus

1205

1185

1190

1206

1228

1182

1212

1193

1166

1173

1200

1170

178

1158

1210

1440

1280

1255

1255

1265

1274



idnum

5197
5198
5199
5200
5201.
5202
5203
5204
5206
5208
5208
5210
5211
5212
5214
5216
5217
5218
5219
5220

5221

Page Number: -

refetey *

3709
3703
3740
3758
3773
762
3763
3767
3732
3793
3747

3723

3637

3538

I

3696

topBC

4754

4760

4818

4802

4802

4815

4755

4720

4520

4755

topA1

4433
4455
44%0
4515
4522
4421

4518

4593

4521

4317
4313

4258

4316

4475

topH1

3910

3965

3926

4331

4280

4240

4428

4100

3983

4132

4028

3975
3972

3910

- 4150

10

topA2
3752

3803

3793

4180

4140

4170

4280

3984

3816

3874

3923

3877

4010

topH2

3460

3605

4130

3715

3610

3754

topA3

3187

3245

3130

3410

3642

3337

3z70

3255

3185

3268

3210

3180

baseCow base124

2833

2955

2975
3148

3245

3110

2852

2976
216
2978

2977

3106

2016 1754
2103 1850
2087 1830
2105 1836
2156 1870
2195 1890
2106 1833
2111 1840
2097 1833
2250 1993
2170 1923
2271 2023
2106 1860
2140 1902
2143 1902
2080 1822
2080 1780
2074 1782
1963 1704
2085-. 1814
2282 2020
06/24/1956

baseVT baseRus

1230

1333

1317

1320

1330

1315

1315

1320

1463

1410

1485

1393

1385

1380

1285

1292

1243

1174

1280

1495



idnum

5223

5224

5226

5227

5228

5229

5230

5231

5232

5233

5234

5235

5236

5237

5238

5239

5240

5241

5242

5243

5244

refelev *

3703

3723

3726

3566

3746

3681

- 3718

3652

3632

3614

3631

3661

3661

Page Number:

topBC

4774

4794

5070

4886

4823

4813

4852

4770

4772

4760

4754

4932

topA1

4485

4510

4712

4758

4617

4581

4185

4555

4475.

4475

4490

4150 -

topH'i

1"

4204

4158

4406

4245

4255

4134

4232

4320

4105

4350

3908

4220

3750

topA2
4068

4010
4276
4083

4080

4073

3856

4150

3805

4050

topH2
3830

3773

4000

3764

3752

3314

3865

3785

3210

3290

3885

topA3

3425

3400

3426

3135

3387

3376

3108

3518

3425

2855

3100

3052

3700

baseCow base124

3137

3136

3280

2753

3107

3051

2805

2830

2709

3223

2852

3104

3187

3190

baseVT baseRus

2324 2065
2316 2061
2483 2228
2190 1910
1290 1725
220 1902
290 2035
2206 1932
2030 1757
2080 1805
2050 1705
2070 1795
2492 2200
2152 1786
2388 2112
2195 1900
2185 1845
2520 2230
2490 2245
2472 2097
2490 202
06/24/1996

1535

1586

1707

1515

1410

1230

1304

1240

1260

1632

1260

1557

1340

1240

1656

1720

1650 -

1685

sy



idnum

5245

5246

5247

5248

5249.

5250
5251
5252
5253
5254

5255

5257
5258
5259
5260
5261
5262
5263
5264

5265

refelev *

3754

3777

3697

3736

3750

- 3735

3740

3732

371

3’z

3728

3616

3780

Page Number: -

topBC

topA1

topH1

4950 4865 = 4325

4875

4762

4774

4790

5112

5076

5107

4708

‘4606
4505
4312
4315

4520

4890

4655

4697

4735

4748

4705

4756 -

4167

4166

4075

3985

4280

4195

4377

3750

12

topA2
4200

3875

4173

4218

4205

4228

4267

4237

4288

4245

topH2
3966

3765

3795

3897

3976

3972

4075

4126

topA3
3555

3400

3550

3223

3165

s72

3650

3182

3565

3630

3655

3710

3241

baseCow  basel24

3346

3166

3140

3240

3271

3370

3315

3263

3272

3070

baseVT

2482 2224
2327 2083
2222 2015
2020 1765
2035 1775
2300 2052
2290 2040
2442 2180
3182 2208
2432 2127
2480 2206
2470 2207
2495 2238
2450 2184
2550 2300

2322
2583 272
%03 7
2422 2152

247
1852 1417

061241996

baseRus

1702

1585

1500

1243

1250

1546

1541

1655

1693

1665

1690

1700

1710

1655

1772

1800

1760

1803

1620

1993

1090



idnum

5266

5267

5268

5269

5270.

5211

5272

5273

5274

5275

5276

5277

5278

5279

5280

5301

fesey

3734

3771

3758

3707

3687

3685

3691

3687

3619

3705

3697

3723

3709

3281

3214

3267

3675

3515

Page Number: -

topBC

4680

4743

4730

4721

4497

4520

4538

4610

4515

3675

4250

4204

tapA1

4215

4336

4178

4192

4182

4172

3280

4108

3812

3778

topH1

13

3961

4100

4240

3980

3780

3780

4080

2910

3812

3765

topAZ

3385

3302

2790

3150

topH2

3115

3020

2682

3280

topA3
3400

3550

3730

3302

3055

3418

2133

2803

2724

baseCow base124

2720

2685

2825

3238

3132

2490

2541

2460

2315

2683

3108

2827

1810

1952

2402

baseVT

1935 1656
1852 1591

1970 1682
2130 1837
2490 2003
2162 1875
1803 1530
1790 1507
1720 1458
1786 1505
1788 1507

1953 1680

2168 1891

2260 1985

1985 1718
1060 798
1190 932
1795 1518
1606 136
1550 1300

06/24/1996

baseRus

1130

1082

1140

1290

1430

1310

1038

1000

1000

1167

1350

1208

578

1024



idnum refelev *
5307 3629
5308 3590
5309 3829
5310 3640
5311 3661
5312 3679
5313 3712
5314 3736
5315 3735
5316 - 3712
5317 3768
.5318 3435
5319 3304
5320 3330
5321 3268
5322
5323 3359
5324 3309
5325 3310
5326 3584

3572

Page Number:

topBC

4494

4406

4740

3265

2980

3170

3820

37s2

4419

topA1

4166

4076

4292

2710

topH1

wz

3335

3288

4130

2386

2480

3R

326

107

3610

14

topA2

3161

3129

4010

2248

topH2
2932

2808

3700

1860

topA3
2755

1630

2400

2430

baseCow  base124

2435

1810

2838

3017
3087
3070
3150
3126
2560
1350

1120

2132
2190
2138

2175

2475

baseVT baseRus

1711 1445
1610 1373
2790 2550
2104 1826
2258 1970
2244 1960
2348 2070
2422 2121
2202 1929
1857 1587
1367 1108
1444 1188
1308 1018
1273 1009
1672 1404
1635 1367
06/24/1996

948

838

1333

1455

1420

1538

1556

1370

1088

610

702

512



idnum

5328

5329

5330

5331

5332

8336