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John J. Linehan, Section Leader
Salt Section
Repository Projects Branch
Division of Waste Management, MS 623-SS
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Linehan:

SUBJECT: TRANSMITTAL OF AUGUST 5-8s 1985, NRC/DOE PERMIAN BASIN CORE
EXAMINATION

Enclosed are the meeting record and meeting handouts for the subject meeting.

We look forward to continued positive and productive interactions.

Sincerely,

SRPO:JS:max:8393B

Enclosures:
Meeting record with attachments:
1) Participant List
2) Agenda
3) Handouts and copies of viewgraphs.

given on the agenda.

a) Peck/Murphy, August 5, 1985
b) Murphy, August 5, 1985
c) Ruppel, August 5, 1985
d) Kreitler, August 6, 1985
e) Senseny, August 6, 1985
f) Sherwin, August 7, 1985
g) Washer, August 8, 1985
h) Murphy, August 7, 1985
i) Gustavson, August 7, 1985 (4
j) Kreltler, August 7, 1985

J. 0. Neff
Program Manager
Salt Repository Project Office

Material is keyed to names and dates

pieces)
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cc: L. Olsen, DOE-RL, w/encl.
D. Vieth, DOE-NV, w/encl.
R. Johnson, NRC, w/encl.
C. Head, DOE-HQ, w/encl.
A. La Sala, USGS, w/encl.
SRP0 Staff, w/encl., w/o attachment
D. Dawson, ONWI, w/encl.

GS# 481-85



NRC/DOE PERMIAN BASIN CORE
EXAMINATION SUMMARY

Date/Location

August 5-9, 1985
Texas Bureau of Economic Geology Offices
Austin, Texas

Attendees/Organizational Affiliation

A list of attendees and their organizational affiliations is attached as
Enclosure 1.

Background/Facts

The primary purpose of this data review was to obtain a familiarization with
the Palo Duro Basin stratigraphy and lithofacies through core examination and
presentations of interpretations of core, logs, and cross sections. Also
discussed were structural framework core observations and interpretations
relating to dissolution, groundwater flow and engineering properties. An
overview was given of ongoing work being conducted by Stone & Webster and the
Texas Bureau of Economic Geology which aided in discussions of future data
reviews and technical meetings. The agenda (Enclosure 2) gives a more
detailed listing of the topics discussed and the activities during the course
of this data review. Enclosure 3 consists of all of the handouts and copies
of viewgraphs presented; each package is identified by the person making the
presentation and date shown on the agenda. A representative of the Governor's
Office of the State of Texas (see Enclosure 1) was present during the first
day and did not make any observations for this summary.

Observations

The NRC general observations are given below. More detailed observations on
geology, hydrogeology, rock mechanics, and quality assurance are included in
the review sheets completed by NRC during the course of the data review and
will be transmitted to SRP in a follow-up package. No specific geochemistry
observations were made.

1. Interactions such as this core examination serve as one kind of excellent
mechanism to transfer current information (data interpretations, methods,
etc.) on SRP programs to IIC in a timel fashion. Such information
transfer and exchange of ideas is great enhanced by Including all the
key investigators involved with the work as was done for this data review.
The ability of NRC to comment in a timely manner to SRP on the various
plans being developed is dependent on keeping current with the work in
certain key technical areas. NRC noted that keeping up with current work
using published reports in some cases is difficult and large time lags
have and do exist for release of subcontractor reports (with their QA
review completed) due to the additional technical review process.



2. Detailed lithologic logging of the DOE core by TBEG appears to be of
extremely high quality. 1

3. Correlation of major units between DOE wells appears to be well
established and documented by TBEG.

4. Correlation of minor units between DOE wells by TBEG appears reasonable.
Continued efforts to strengthen the correlations by using geophysical logs
from intermediate petroleum exploration wells is encouraged.

5. The core appears to be well treated within the TBEG facilities. Storage
appears to be well organized and preservation techniques appear to be
adequate.

6. The characteristics of the San Andres salts are such that considerable
variation in their properties on the size scale of a repository is
expected. Vertical and lateral lithologic variations probably will be
present.

7. The preliminary investigation of the Dockum Group appears to be well
thought out and focused. Information developed by this study should be
integrated with hydrologic and structural geologic studies by others.

8. The structural framework of the basin is well known with respect to major
structures. Minor structures are not as well known.

9. Significant work still remains to be done to understand dissolution
phenomena. Problems still remain on understanding the relationship of
interior to peripheral dissolution, timing of dissolution episodes,
relationship to structural features, dissolution rates, and effects on
waste isolation.

10. SWEC and TBEG are preparing several types of lithologic and geotechnical
logs based on different classification schemes. A method of relating all
classification schemes to each other should be developed.

11. Basin-wide correlations of individual stratigraphic units, based on the
cyclicity interpreted from the core, provides a powerful means of
interpreting the stratigraphic details between widespread drill holes.
Further resolution of the extent and importance of sabkha-like versus
marine influences would enhance the ability to predict the likely
magnitude of local anomalies.

12. The DOE has not published information on the Quaternary Blackwater Draw
formation, an eolian-lacustrine deposit. The extent and characteristics of
this formation are important to the resolution of issues such as
Quaternary dissolution and warping and ages of latest movement on faults.
Information on this unit is also needed for foundation engineering.

13. The existing seismic network, as described in this meeting, does not
appear to be properly deployed to accurately locate events within
potentially seismogenic areas such as the Oldham Nose, Matador Arch,
Amarillo Uplift and eastern New Mexico.



14. The nature and extent of fracturing that may have been induced by interior
dissolution needs to be determined and its influence on hydrologic
properties of strata above the base of dissolution assessed.

15. The geophysical logs appear to be sufficient to aid in stratigraphic
correlations and geotechnical studies. The influence of halite cement on
the values of geotechnical parameters so obtained is not yet fully
understood.

16. At present, there is no document that synthesizes and integrates the
stratigrc6hic, structural and hydrogeologic research by all DOE
contractors.

17. With respect to quality assurance, SRP should improve their overview of
TBEG work in the areas of surveillance, records management, TBEG QA
organization, and supplier control. It is believed that these concerns
would be surfaced and corrected in a timely manner if the SRP implemented
a planned, disciplined program of surveillance and monitoring of work
activities as well as the audit which is conducted annually.

18. NRC Rock Mechanics/Design staff and contractors observed core custody,
core storage, and protection procedures pertinent to several borings
within the Palo Duro Basin. In addition discussions with representatives
of SWEC and RE/SPEC addressed such topics as core protection, rationale
for selection of samples for testing, representativeness of samples,
sample transportation, type of tests and documentation of core selection,
handling procedures, test procedures and results. Observations relative
to these activities will be part of the follow-up material to be provided
by NRC.

19. NRC, SRP, ONWI, and TBEG discussed ideas for future interactions in the
areas of geology, hydrogeology, geochemistry, and rock mechanics. NRC
and SRP discussed the advantages and disadvantages to having large
meetings covering many topics/issues versus meetings more focused on
issues and the information pertinent to understanding the issue. NRC in
general favors the more focused approach to interactions. The following
summarizes NRC's current ideas on interactions for fiscal year 1986:.

Geology:

1. The only presently scheduled interaction between SRP and NRC is the
surface based test plan. The NRC needs to discuss with the SRP contact
the general philosophy which will be used in preparation of this plan
prior to NRC and SRP setting a firm date for interaction.

2. Specific topical meetings are needed in the fields of structural geology,
near surface stratigraphic units and dissolution.

3. The specific topical meetings while focused must be broad enough so that
all disciplines which have input are represented.



Hydrogeology:

The following are topics to be included in one or more interactions.

1. Hydrogeologic conceptual model(s) - integration of current interpretations
of all aspects of the existing data base including structure,
stratigraphy, hydrochemistry, isotopes, and hydrogeologic properties.

2. Explanation and examination of hydrochemical and isotopic data.

3. Core data - how will core data be used to develop hydrogeologic
properties?

4. Potentiometric head data

a) error estimation
b) fluid density variations with respect to head

5. Hydrogeologic properties of evaporate section including unit 4 dolomite.

Geochemistry:

The most immediate need is to read a draft of the geochemistry program plan
when it becomes available. This will provide a better understanding of the
geochemistry program which will allow NRC and SRP to more intelligently plan
technical meetings as soon as possible.

Rock Mechanics:

Between now and January 1986, three interactions have already been agreed to
by NRC and SRP. These are for exploratory shaft construction and sealing,
repository design, and in situ testing. No additional interactions are needed
during this time period.

20. N'RC stressed the importance of having staff members, while assigned to the
NRC on-site representative, read and understand program plans and detailed
hierarchies (milestones charts) being developed by SRP/ONWI. This
background should be very useful in mutually planning out an effective and
timely series of interactions.

21. The NRC is of the opinion that this data review was extremely useful to
their understanding of the present basis of stratigraphic studies in the
Palo Duro Basin and has provided an excellent springboard from which other
more focused topical workshops can be developed. The open discussion by
all parties, especially in the core examination area, was extremely
helpful. The NRC wishes to thank all personnel involved, and especially
TBEG for hosting this review.



Agreements and Open Items

1. NRC and SRP agreed to further discuss ways (in addition to those currently
in place) for enhancing the transfer of new interpretative information. A
possibility suggested by the NRC is to open-file draft reports produced by
contractors and subcontractors.

2. NRC will continue discussions with SRP on the topics, schedules and most
effective approach to future interactions.

3. NRC will send SRP follow-up material within one month. This material will
consist of the specific observations and any concerns developed during the
meeting.

Robert L. Jo pson, NRC

',yse,'t1\-' '/tl A5j\) 1^ -j /

/Jo-Ann Sherwin, DOE/WRP

nr0N1

WTrapp, NRC/WM
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Part ,cipants

NRC Core Workshop
August 5-8, 1985

Austin, Texas

Sam Panno
Jo-Ann Sherwin

Steve Frishman

DOE HQ/Weston
DOE-SRP(*

Office of the Governor, Texas

Don McReynolds

Dick Berry
David W. Carpenter
Robert Cummings
Jaak Daemen
Claudia Hackbarth
Dale Hedges
John Imse
Gary K. Jacobs
Robert Johnson
Walt Kelly
Richard Lee
Larry McKague
Jerome Pearring
Fred Ross
Jack Sharp
John S. Trapp
Tilak (Teek) Verma
Roy E. Williams
Gerry Winter
Ernst G. Zurflueh

High Plains Water District

NRC/Lawrence Livermore
NRC/Lawrance Livermore
NRC/Engineers International
NRC/University of Arizona
NRC
NRC
NRC/Weston Geophysical Corp.
NRC/ORNL
NRC/WMPP
NRC/NMSS
NRC
NRC/Lawrence
NRC/WMEG
NRC/Williams
NRC/Willi jams
NRC/WMGT
NRC/Co 1uunbus
NRC/Williams
NRC/Will lams
NRC

806/762-0181

415/422-3976
602/884-8818
602/621-2501
301/427-4639

617/366-9191
615/576-0567
301/327-4785
301/427-4571

415/422-6494
301/427-4648

301/428-4545

208/883-0153

617/427-4343

Livermore

& Associates
& Assoc./Univ. Texas

& Associates
& Associates

Walter E. Newcomb
Owen E. Swanson

Francis D. Hansen
Paul Senseny

Tom Lamb
John Peck
Philip J. Murphy
Ev Washer

ONWI
ONW I

614/424-7685

RE/SPEC
RE/SPEC

605/394-6400
605/394-6400

SWEC
SWEC
SWEC
SWEC

617/589-2173
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Ed Bingler TBEG
Roy T. Budnik TBEG
Dow Davidson TBEG
Alan Dutton TBEG
Steve Fisher TBEG
Mike Fracasso TBEG
Thomas C. Gustavson TBEG
Susan Hovorka TBEG
David A. Johns TBEG
Charles Kreitler TBEG
H. S. Nance TBEG
Steve Ruppel TBEG
Jerry Wermund T8EG

Margaret Hart Ttxas De.,t. of Water Resources 512/463-7797
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AGENDA
PERMIAN BASIN CORE EXAMINATION

August 5

1:00 p.m.

1:30 p.m.

2:00 p.m.

3:00 p.m.

4:00 p.m.

Introductions J. Sherwin (SRPO)
E. Bingler (TBEG)

Opening remarks and expectations
of meeting.

Overview of the Palo Duro Basin,
current understandings of structural
and sedimentological history.

Origin of the Permian evaporates,
with emphasis on LSA 4.
Cort MO5 L/D - i C&C v
Palo Duro Basin stratit/raphic section,
locations of DOE test holes,
regional correlations of major units,
major hydrostratigraphic divisions.

J. Sherwin (SRPO)

k
A:f". i~ I A )

F Ft M%&AKwv)

Tea tO.r._ (TBE r
3. Hovorka (TBEG)

Auqust 6

8:15 a.m. Reconvene

8:30 a.m.

9:30 a.m.

10:00 a.m.

11:00 da.m.

Geologic logging of DOE drill holes, S. Hovorka (TBEG)
detailed logs of repository horizon
(Lower San Andres Unit 4). geologic
cross-sections, correlation of formations
and units, description of rocks present
in the core, ( incl. mineralogic, petrologic,
geochemical characteristics), with emphasis
on evaporite section and host salt beds.

Description of features noted in core C. Kreitler (TBEG)
from "dissolution wells," regional
implications

Presentation on available material C. Ada (Of21)
related to DOE drill hole logs: Larxb Cwer
lithologic logs; geophysical logs;
applicable reports and data; correlations
of geophysical logs with core;
applications of geophysical logging
to stratigraphic analysis.

Development of geotechnical logs based T. Lamb (SWEC)
on mechanical properties, geophysical JW (RE/SPEC)
logging and visual core logging-correlated p.
with test results performed on drill core; 7
index of laboratory testing for mechanical
properties of rock mass; in-situ stress
measurements.

12:00 - 1:00 p.m. LUNCH



PERMIAN BASIN CORE EXAMINATION
PLANNED AGENDA
(Continued)

August 6 (Continued)

1:15 p.m. Reconvene at Balcones Research Center
and proceed to core repository.
Core examination:

Grabbe #1
J. Friemel #1
Zeeck #1 - LSA Unit 4
One dissolution well - TBD

* There is not enough table space for
all listed core sections to be laid
out simultaneously; over two days all
core will be available.

Concurrent Quality Assurance discussions

August 7

8:15 a.m.

8:30 a.m.

12:00 - 1:00 p.m.

Reconvene at Balcones Research Center
Proceed to core repository.
Core examination contlnues. . . .
Thitr 0s TSEG Wese C 4i; m cam* $r 4 ;tlis
LUNCH

1:15 p.m. Review of status of Palo Duro Studies;
published references; on-going work;
data availability.

TBEG (Bswtavwon, kt;4*r)
SWEC
ON WI
SRPO ($*uv,

August 8

8:15 a.m. Propose topics/agenda for Permian
Basin data review.

10:15 a.m. Prepare summary of meeting. J. Sherwin (SRPO)
J. Trapp (NRC)
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LIST OF SRP EXPECTED PARTICIPANTS

DOE OtIWI SWEC

J. Sherwin W. Newcomb
C. Kuntz
H. Hume
A. Funk
S. Adams

E. Washer
J. Peck
P. Murphy
T. Lamb .

TBEG NRC

E. Bingler
S. Hovorka
D. Davidson
C. Kreitler
S. Ruppel
S. Nance
D. Johns
S. Fisher
R. Budnik
T. Gustavson
A. Dutton
M. eor asso

W. Kel ly
G. Jacobs
F. Ros s
R. Wi11iams
G. Winters
J. Parring
J. 7C.Pn
R. Cu*ini ngs
S. BiIhorn
D. Hedges
E. Zurflueh
C. Hackbarth
J. Trapp
R. Lee
R. Berry
L. McKeague
D. Carpenter
J. Imse
R. Johnson
T. Verma

8056B
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LOCATION OF PRECAMBRIAN-PENNSYLVANIAN OUTCROPS
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PtahpAa

SUMMAQRY OF WELLS DRILLED AND TESTED BY SWEC

1. Sawyer No. 1, Donley County, started June 23, 1981, completed
October 15, 1981. T.D.: 4806 ft. Present status: Final plugged.

a. Casing Program - 13 3/8 in. conductor to 66 ft, 9 5/8 in. surface to
337 ft, 5 1/2 in. production to 3938 ft, 4 in. liner fro 3938 ft to
4806 ft.

b. Rock Coring (aLl 4 in. OD core) - Total of 3872 ft, from 66 ft to
3938 ft, Yates through Pennsylvanian.

MAJOR SALT SECTION

o Upper San Andres
o LSA - Unit 5
o LSA - Unit 4
o LSA - Unit 3
o LSA - Unit 2

438 ft to 652 ft, thickness
652 ft to 756 ft, thickness
756 ft to 840 ft, thickness
840 ft to 894 ft. thickness
894 ft to 947 ft. thickness

214 ft
104 ft
84 ft
54 ft
53 ft

Unusual features - Fault zone at 756-762 ft - 155 ft of missing section.

c. Drill Stem Tests (DSTs)

No. 1 2950 ft to 3123 ft - Wolfcamp, PI - 816 psi, k - 0.15 ad

d. Geophysical Logging - Complete suites of cased and open hole logs.

e. long-TerE Pump Testing and Fluid Sampling

Zone I - Ellenburger Sand, 4716 ft - 4746 ft, unable to obtain data to
determine PI or K, 4 downhole and 2 surface samples.

Zone 2 - Ellenburger Top, 4604 ft - 4640 ft, Pt I 1390 pai, K -
0.3 ad., 4 surface samples.

Zone 3 - Penn. Limestone, 4500 ft - 4535 ft, PI - 1531 psi, K -

5.4 ad., 4 downhole and 2 surface samples.

Zone 4 - Penn. Limestone, 4258 ft-4342 ft, PI - 1350 psi, K - 2.7 ad.,
7 downhole and 10 surface samples.

Zoue 5 - Wolfcamp, 3189 ft - 3172 ft, PI - 977 psi,
3 downhole and 20 surface samples.

K - 6.1 ad.,

f. Dissolution Zone Water Well

Sawyer No. 2, 784 ft, 20 ft screen section at bottom of hole in LSA
Unit 4. Testing by TBEG scheduled to begin April 1983.

RT213697-183



2. Mansfield No. 1, Oldham County, started October 19, 1981, completed

December 19, 1982. T.D. 4995 ft by SWEC, 7409 ft by Baker & Taylor (dry

hole). Present status: Final plugged.

A. Casing Program - 13 3/8 in. conductor to 41 ft, 9 5/8 in. surface to

1212 ft, 5 1/2 in. tubing to 5180 ft.

b. Rock Coring (All 4 in. OD core) - Total of 4196 ft.

o 46 ft to 3540 ft - Dockum to Red Cave
o 4023 ft to 4123 ft - Wichita
o 4393 ft to 4995 ft - Wichita and Wolfcamp

MAJOR SALT SECTION

o Upper San Andres
o LSA - Unit 5
o LSA - Unit 4
o LSA - Unit 3
o LSA - Unit 2
o LSA - Unit 1

985
1373
1546
1815
1940
1978

ft to 1373 ft, thickness
ft to 1546 ft, thickness
ft to 1815 ft, thickness
ft to 1940 ft, thickness
ft to 1978 ft, thickness
ft to 2001 ft, thickness

388 ft
173 ft
269 ft
125 ft
38 ft
23 ft

c. Drill Stem Tests (DSTa)

No. 1 4800 ft.- 4996 ft -
No. 2 4550 ft - 4650 ft -

No. 3 4550 ft - 4650 ft -

No. 4 4550 ft - 4650 ft -
No. 5 6994 ft - 7409 ft -

No. 6 6612 ft - 6640 ft -
No. 7 4812 ft - 4840 ft -

Wolfcamp PI - 1322 psi K a 26.6 ad.
Wolfcamp - Did not produce sufficient
fluid.
Wolfcamp - Did not produce sufficient
fluid.
Wolfcamp - Unable to set packers.
Granite Wash - Did not produce sufficient
fluid.
Penn. Carbonates, PI - 2230, K - 21.4 ad.
Wolfcamp, PI - 1404, K - 30.22 ad.

d. Geophysical Logging - Complete suites of cased and open hole logs.

e. Long-Term Pump Testing and Fluid Sampling

Zone I - Wolfcamp, 481L'.4890, PI - 1470 psi, K - 3.3 ad., 8 downhole

and 24 surface samples.

Zone 2 - Wolfcamp, 4514-4638, PI - 1150 psi, K - 0.6 ad., 9 downhole

and 8 surface samples.

f. Dissolution Zone Water Well

Mansfield No. 2, 780 ft, 30 ft screen at bottom in Queen/Grayburg.
Testing by TBEC scheduled to begin May 1983.

BX213697-183



3. Detten No. 1 - Deaf Smith County, started February 26, 1982, completed
May 5, 1982. T.D. 2839.3 ft. Status: Final plugged.

a. Casing Program - 13 3/8 in. conductor to 53 ft, 9 5/8 in. surface to
1122 ft.

b. Rock Coring (all 4 in. OD core) - Total of 1249 ft

o 1129.2 ft to 1423.0 ft - Salado, Yates, Upper Seven Rivers
o 1884 ft to 2839.3 ft - Upper San Andres, Lover San Andres to

Unit 3

MAJOR SALT SECTION

o Upper San Andres 1866 ft to 2374 ft, thickness 508 ft
o LSA - Unit 5 2374 ft to 2575 ft, thickness 201 ft
o LSA - Unit 4 2575 ft to 2830 ft, thickness 255 ft

c. Drill Stem Tests (DSTs)

No. 1 1160 ft - 1360 ft - Upper Seven Rivers - Unsuccessful - Poor
packer seat.

No. 2 1299 ft - 1366 ft - Upper Seven Rivers - Unsuccessful - Poor
packer seat.

No. 3 2749 ft - 2839 ft - LSA Unit 4 Dolomite, P.I. - 1150 psi,
K - 0.16 ad.

d. Geophysical Logging - Complete suites of cased and open hole logs.

e. Long-Term Pump Testing and Fluid Sampling - None.

f. Dissolution Zone Water Well

Detten No. 2, 1325 ft, 20 ft of screen at bottom in Yates. Testing by
TBEG scheduled to begin May 1983.

BX213697-183



4 G. Friemel No. 1 - Deaf Smith County, started February 23, 1982, com-
pleted March 31, 1982. T.D. 2710 ft. Present status: Final plugged.

a. Casing Program - 13 3/8 in. conductor to 50 ft, 9 5/8 in. surface to
1058 ft.

b. Rock Coring (all 4 in. OD core) - Total of 1121.7 ft

o 1191.5 ft to 1312.0 ft - Yates, Upper Seven Rivers
o 1709.0 ft to 2710.2 ft - QueenlGrayburg, Upper San Andrea, and

Lover San Andres to Unit 3

MAJOR SALT SECTION

o Upper San Andres 1742 ft to 2331 ft, thickness 389 ft
o LSA - Unit 5 2331 ft to 2435 ft, thickness 104 ft
o LSA - Unit 4 2485 ft to 2688 ft, thickness 253 ft

c. Drill Stem Tests (DSTs)

No. 1 2600 ft - 2710 ft, LSA Unit 4 Dolomite, P.I. - 975 psi, K -

0.07 led.

d. Geophysical Logging - Complete suites of cased and open hole logs.

e. Long-Term Pump Testing and Fluid Sampling - None.

f. Dissolution Zone Water Well None.

.1--.-.- I.. RX213697-183



5. Zeeck No. 1 - Swisher County, started April 9, 1982, completed
August 12, 1982. T.D. 7652 ft. Scheduled completion of pump testing is
April 1983. Well will be final plugged at completion of pump testing.

a. Casing Program - 13 3/8 in. conductor to 26 ft, 9 5/8 in. surface at
1024 ft, 5 1/2 in. to 7421 ft.

b. Coring (all 4 in. OD core) - Total of 1993 ft

o 1035 ft to 1144 ft -
o 1885 ft to 3102 ft -

o 5309 ft to 5780 ft -
o 5910 ft to 6058 ft -
o 7300 ft to 7387 ft -

Salado
Queen/Grayburg, Upper San Andres, Lower San
Andres Units 5, 4, 3, and Upper Section of
Unit 2.
Wichita/Wolfcamp Contact and Upper Wolfcamp
Wolfc~ap
Pennsylvanian Carbonates

MAJOR SALT SECTION

o Upper San Andres
o LSA - Unit 5
o LSA - Unit 4
o LSA - Units 3,2,61

2014 ft to 2574 ft, thickness 560 ft
2574 ft to 2732 ft., thickness 158 ft
2732 ft to 3014 ft, thickness 282 ft
3014 ft to 3188 ft, thickness 174 ft

c. Drill Stem Tests (DSTs)

No. 1 1019
No. 2 1019
No. 3 3035

ft - 1044
ft - 1044
ft - 3103

ft -
ft -
ft -

No. 4 2932 ft - 3103 ft -
No. 5 2927 ft - 3103 ft -

No. 6 5365 ft - 5542 ft -
No. 7 7146 ft - 7225 ft -

Salado, Unsuccessful.
Salado, Did not produce sufficient fluid.
LSA, Unit 3, Did not produce sufficient
fluid.
LSA Unit 3, Unsuccessful.
LSA Unit 4 Dolomite, P.I. - 1250 psi, K -
0.25 ad.
Upper Wolfcamp, PI - 1875 psi, K - 6.77 md.
Pennsylvanian, PI - 2559 psi, K - 2.83 md.

d. Geophysical Logging - Complete suites of open and cased hole logs.

e. Long-Term Pump Testing and Fluid Sampling

Zone I - Penn. Carbonates, 7140 ft - 7230 ft, P.I. - 2500 psi, K - 15
ad., 7 dovnhole and 33 surface samples.

Zone 2 - Wolfcamp, 5603 ft - 5640 ft, PI - 1960 psi, K -
downhole samples.

1 ad., 8

Zone 3 - Wolfcap, 5470 ft - 5550 ft, P.I. - 1890 psi, K - 7 ad., 8
downhole and 4 surface samples.

Zone 4 - LSA Unit 4 Dolomite, 2930 Ft - 2970 ft, P.I. - 1300 psi,
pumping and sampling in progress.

f. Dissolution Zone Water Well - None.

- BX213697-183



5 Harmon No. 1 - Svibher County, started July 29, 1982 completed
September 7, 1982. T.D. 305 ft, hole completed as Shallow Dissolution
Zone Water Well (see below).

. Casing Program - 13 3/8 in. conductor to 40 ft. 9 5/8 in. surface to
1063, cement to plug 1220 ft + to 1400 ft +.

b. Rock Coring (all 4 in. OD core) - Total of 1481 ft

o 1070 ft to 1303 ft - Alibates, Salsdo, Yates, and Upper
Seven Rivers

o 1804 ft to 3052 ft (T.D.) - Queen/Grayburg, Upper San Andres, and
Lover San Andres into Unit 2.

MAJOR SALT SECTION

o Upper San Andres
o LSA - Unit 5
o LSA - Unit 4
o LSA - Unit 3

1949 ft to 26M6 ft, thickness 517 ft
2466 ft to 2651 ft, thickness 185 ft
2651 ft to 2931 ft, thickness 280 ft
2931 ft to 3012 ft, thickness 81 ft

c. Drill Stem Tests (DSTs)

No. 1 2840 ft - 3050 ft - Unit 4 Dolomite, P.1. - 1203 psi,
K - 0.011 ad., minor leakage noted
around packers.

No. 2 2830 ft - 3050 ft (T.D.) - Unit 4 Dolomite, P.I.
0.186 ad.

1315, K -

d. Geophysical Logging - Complete suites of cased and open hole logs.

e. Long-Term Pump Testing and Fluid Sampling - None.

f. Dissolution Zone Water Well

Installed in existing borehole with open hole section from bottom of
surface casing at 1064 ft + to top of cement plut at 1220 ft +. Gravel
packed screen (30 ft long) set in Yates. Pump tests and fluid sampling
by TBEG scheduled to start late spring 1983.

BS213697-183



7 . J . riemel No. 1 - D;?af Smith County, started October 15, 1982,
completed March 18, 1983. T.D. 8283 ft, pump testing scheduled to start
June 1983..

a. Casing Program - 22 in. conductor to 48 ft, 16 in. surface to 1210 ft.
10 3/4 in. intermediate salt string to 4695 ft, 5 1/2 in. to 8283 ft.

b. Rock Coring (all 4 in. OD core) - Total of 3043 ft

o 352 ft to 1464 ft -

o 1846 ft to 2830 ft -

o 5519 ft to 6032 ft -
o 6421 ft to 6537 ft -
o 7698 ft to 7780 ft -
o 8047 ft to 8283 ft (T.D.) -

Dockum, Davey Lake, Alibates, Salado,
Yates, and Upper Seven Rivers
Upper San Andres, LSA Units 5, 4, and
Upper Section of Unit 3
Wolfcamp
Penn. Carbonates
Granite Wash.
Granite Wash

MAJOR SALT SECTION

o Upper San Andres
o LSA - Unit 5
o LSA - Unit 4
o LSA - Units 3,2,61

1880 ft
2372 ft
2560 ft
2822 ft

to 2372 ft, thickness
to 2560 ft, thickness
to 2822 ft, thickness
to 3018 ft, thickness

492 ft
188 ft
262 ft
196 ft

c. Drill Stem Tests (DSTs)

No. 1 958 ft - 1216 ft - Santa Rosa - Too high Producer..
No. 2 787 ft - 850 ft - Santa Rosa - Unsuccessful.
No. 3 1279 ft - 1464 ft - Upper Seven Rivers - Did not Prodi

Sufficient Fluid.
No. 4 1279 ft - 1464 ft - Upper Seven Rivers - Did not Prodi

Sufficient Fluid.
No. 5 2753 ft - 2830 ft - LSA Unit 4 Dolomite - Did not Prodi

Sufficient Fluid.
No. 6 5630 ft - 5909 ft - Wolfcamp, Pi - 1756 psi, K - 10.3 ad.
lo. 7 Penn. Carbonates and Granite Wash - Unsuccessful, tool stuck.

luce

Lice

iuce

d. Geophysical Logging - Complete suites of open and cased hole logs.

e. Long-Term Pump Testing and Fluid Sampling

Scheduled to start June 1983. Propose testing Granite Wash, Penn.
Carbonates, Wolfcamp, and LSA Unit 4 Dolomite.

BX213697-183



8 Holtzclaw No. 1 - Randall County, started February 28, 1983, scheduled
completion April 1983. Planned T.D. 2800 ft +- Present status: Coring
Lower San Andres.

a Casing Prograu - 20 in. conductor to 41 ft, 10 3/4 in. surface to
1400 ft +-

b. Rock Coring (All 4 in. OD)

1080 ft - 1401 ft - Salado, Yates, and Upper Seven Rivers

Planned - Contact of LSA Unit 5 into LSA Unit 3.

MAJOR SALT SECTION

Unavailable at present.

c. Drill Stem Tests (DSTs)

No. 1 1276 ft - 1322 ft - Upper Seven Rivers
No. 2 1140 ft - 1186 ft - Salado
No. 3 702 ft - 748 ft - Santa Rosa

Planned - LSA Unit 4 Dolomite. If indication of porosity contact of LSA 4
and 5, contact U.S.A. and Unit 5, and upper contact of U.S.A.

d. Geophysical Loggin8 - Complete suites to T.D. planned.

e. Long-Term Pump Testing and Fluid Sampling

None presently planned.

f. Dissolution Zone Water Well

None presently planned.

BX213697-183
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PALO DURO BASIN STRATIGRAPHIC STUDIES

BUREAU OF ECONOMIC GEOLOGY

UNIT MAJOR CONTRI'UTORS

Precambrian Flawn, Budnik

Cambrian, Ordovician

Mississippian

Ruppel

Ruppel

Pennsylvanian Dutton, S.

Permian
Wolfcamp

Wichita

Red Cave

Lower Clear Fork

Tubb

Upper Clear Fork

Glorietta

San Andres

Queen-Grayburg

Seven Rivers

Yates

Tansill-Salado

Alibates

Dewey Lake

*Handford, Dutton, S., *Herron, Conti,
Hovorka, Posey

Hovorka

*Handford

*Handford

*Presley

*Presley, *McGinnis

*Presley, *McGinnis

*Presley, *Ramonoetta, *Bein, Hovorka,
Fracasso

*Kolker, Hovorka, Nance

*Kolker, Hovorka, Nance

*Kolker, Hovorka, Nance

*McGillis, *Presley, *Kolker, Nance

*McGillis, *Presley, Nance

*Kolker, Fracasso, Johns

Triassic
Dockum *McGowen, *Granata, Seni, Johns

Teritary
Ogallala

Quaternary
Blackwater Draw, Etc.

Seni, Gustavson

Caran, Baumgardner, Gustavson

* No longer with the 5ureau of Economic Geology
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Figure 40. Facies and environments recorded in Tubb strata of the Palo Duro and Daihart
Basins. Evaporite-carbonate facies record a gradual basinvward shift in environments.
Siliciclastic (red-bed) facies dominate the Tubb sequence, and were deposited in tidal mud
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70



r- -

sw BY.fi 'rQi. -.:N,

B. UNIT 2

K - . . -4-:..:

1'~~S~u

C. UNIT 3

Figure 42. Facies maps of evaporite-carbonate units 1, 2, and 3 (oldest to youngest) of
the Tubb Formation. Salt is dominant in updip regions to the north; carbonate is dominant
to the south. These units show progressive southerly migration of evaporite-carbonate
f acies. From Presley (1980b).

72



MATADOR
ARCH

-I0

Ca LL

2 QL DALHART BASIN
< LDPALO DURO BASIN

GLORIE TA
FM.

1-

UPPER
CLEAR
FORK

FM

nImII I -TrirrrUUj I II[

-:MUD FLATSR

GLOR IETA
SssI

Cl EAQ
F ORK

F h!

.I

t 4O.n

0

21I<0W SANDSTONE DOLOMITE

'I DOLOMITE

M DOLOMI1E ANHYDRITE

JIf MASSIVE SALT

Liii SANDSTONE

H MtlDr,'lONIr .Al T

R: RED BEDS

Figure 43. North-south facies cross section through Palo Duro and Dailhart Blasins showing
relation of environments for the upper Clear Fork and Glorieta Formations. From Presley
(unpublished data).



. b

SOUTH

Ml'DLAND PALO OURO BASIN
SAS:N MA:OR ARCH

NORTH

OALHART BAS:N

I 5 S., _ ,.^,

_._ _ ,'-

____ " -7 _ =I

=S .......... -'". "/i-

E x LAN AT ON

5°l1-MjdcSome IScndstone

1Sol? |- I ed :'. sI

dckm~ll Saldstcc ac
3 OnIELJSI Sal'tC

Ito r*

g)n

Figure 2 Diavram.mnatic nrth-soumh ,:ross section of upper Clear Fork and C(; Iicta Formations and underlIung and
oscrlsing unit- in Tcxas Panhandle. (encralized facies interpretations are 5hoskn. Location generallh fo-los line of
section A-V in icur. 1.

IALUV'PL--IY

8ke'l'... g, o

M.. e*,eMt

See ,6*O, ^.0.e e
,391 Cs 1e3C. : 3t s e WC

Figure 3. Exapowie and carbonate depositional facies and enwironments mftcrred for upper Clear Fork and (;lorieta
rocks.

2



__ LI' -,~^t_

K~~~ ~ ~ -t1 * s

.. ';I¢; <SL Ll

A-cs. C ' , . * A -

.'tfS . '. A/,,;,,

,, ; .x ~-rs ".*' , ' *N

/ ufA. , C 4 .',API +; - I '-Sb
; ./A L

jUPPER CLEAR FORK UNIT I TIME

4t.'.'....

| I ' t - . , t . , r

'-' ~^ -' '~"';:?i- IC , A' ^

... 9v . t

', r' *- -[ Xg>,

-! UPPE - A FORKx- UNI 27IM

, . -. V
r.......'1

.v £LOP '-.-.< -

, .'' C-I r

-.-- lA N 41 , -

.~ . AL A.- M~ - -. ~ ', V I

7*'* ' tt> u -v *-t - ^'. - L. &,.2

A.i ?- t..4^2 "4 <
94~zt *v I so -a @ ro~ *>'-"-

* ., F*4 isv 9 _ , /7 *-....................z < . 0

'$' ;¶,g.'.1"

GLORILTA TIME

-Nl
-v/

I:,gure 5. ilc'u p'oggraph> atI tile tilnle oI dt'po-;itlon of thc tirpr (CIler Iork .and It1tria l hrittisl%.



Figure 2. North-south cross section through the study area (after Presley. 1979. and P. Ramondetta. personal communication. 1981 .
Pinch-ouE of salt and anhydrite preclude detailed log correlation to the south. Datum: Top San And res. See figure I for line of section.
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DISSOLUTION CONSIDERATIONS

Process: Shallow ground water dissolving salt

Types: "Peripheral" and "Interior" ?

Controls: Hydraluic gradient, evaporite geology,
overlying geology

Extent: Geographic and stratigraphic

Rates: Rates of dissolution for different types

Timing: Ongoing or relict process

Implications to nuclear repository



TYPES OF DATA

Geologic data: Stratigraphic, structural,
geomorphic

Hydrologic-hydrochemical data: dissolution wel Is
saline springs

Core data: DOE stratigraphic and hydro wells



HYDROLOGIC-HYDRO CHEMICAL DATA

Well locations

Mansfield and Sawyer well results ("peripheral')
1. Hydrologic Testing
2. Chemical composition
3. Stable isotope composition
4. C14 Concentrations

Harmon and Detten wells ("interior")
1. Hydrologic testing
2. Chemical composition
3. Stable isotope composition



CORE DESCRIPTION

Well locations for core in dissolution zone

Diagnostic features of dissolution

Geographic distribution of dissolution features
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GEOENGINEERING TASKS

TASK

TASK

TASK

TASK

TASK

.13

.36

.62

.63

.67

LABORATORY TESTING

SUBCONTRACTED LABORATORY TESTING
(F.Y. 1985)

GEOTECHNICAL STUDIES

ENGINEERING DESIGN SUPPORT (F.Y. 1983)

GEOTECHNICAL FIELD TESTS (F.Y. 1984)

THESE STUDIES SUPPORT THE FOLLOWING ACTIVITIES:

* EA PREPARATION

* SITE CHARACTERIZATION PLANNING

* PRELIMINARY DESIGN DEVELOPMENT

35- 41,939



2 . 6

FY 1985 ACTIVITIES - GEOENGINEERING

LABORATORY TESTING

* COMPLETE TESTING BEGUN IN FY 1984
* COMPLETE SELECTED TESTS - J. FRIEMEL AND

HOLTZCLAW WELLS
* COMPLETE PETROGRAPHIC ANALYSIS
* UPDATE TESTING DATA BASE
* ANALYSIS OF LAB DATA

GEOTECHNICAL STUDIES
* COMPLETE FIELD TEST REPORT
* GEOTECHNICAL LOGS - J. FRIEMEL, G. FRIEMEL, DETTEN
* VELOCITY STUDIES - ZEECK AND J. FRIEMEL, DEAF

SMITH COUNTY
* DYNAMIC PROPERTIES STUDY
* GEOPHYSICAL LOG INTERPRETATION
* DEAF SMITH COUNTY CROSS SECTIONS

35- 41,941



f

LABORATORY TESTING * OBJECTIVES

* SITE SELECTION
- CHARACTERIZATION AT ALL PERTINENT SOIL AND ROCK UNITS FROM

GROUND SURFACE TO BASEMENT

* DEVELOPMENT OF A DATA BASE FOR ENGINEERING PROPERTIES OF
PERMIAN BASIN ROCKS

* ASSESS VARIATIONS IN PROPERTIES OF LITHOLOGIC UNITS FROM
WELL TO WELL

- ASSESS CHANGES IN ENGINEERING PROPERTIES WITH LITHOLOGIC
CHANGES

* ASSESS PREDICTABILITY OF ENGINEERING PROPERTIES

* CHARACTERIZE DISCONTINUITIES AND BOUNDAIES

* SUPPORT SHAFT DESIGN STUDIES
DEVELOP AVERAGE VALUES AND RANGES OF VALUES OF PHYSICAL
AND MECHANICAL PROPERTIES PERTINENT TO:

- EXCAVATION

- SUPPORT AND LINING

- SHAFT SEALING

85- 32,743A



LABORATORY TESTING - OBJECTIVES
(CONT.)

* SUPPORT REPOSITORY DESIGN STUDIES

- PROVIDE DATA ON ANTICIPATED RANGE OF VALUES

* PROVIDE DATA ON PREDICTABILITY OF UNITS

- PROVIDE DATA BASE FOR COMPARISON WITH SITE SPECIFIC DATA

* SUPPORT MODELING AND PERFORMANCE ASSESSMENT

* CONSTRUCTION OF MODELS

PREDICTABILITY
VARIABILITY
ENGINEERING UNITS

- ANALYSES

AVERAGE VALUES
RANGES OF PROPERTIES
DATA BASE

83 - 32,74 4 A
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LABORATORY TESTING - ROCK CORE FROM PERMIAN BASIN

PURPOSETEST RESPONSIBILITY

Physical/Index Properties Test
Density
Porosity (effective)
Water Content
Hardness (Taber,
Schmidt)

Slake/Swell
Velocity

Mechanical Properties Tests
Unconfined Strength
Elastic Constants
Triaxial & Elevated
Temperature
Dynamic Properties
Creep Rate
Direct Shear on Joints

SWEC
SWEC
SWEC, SWEC Sub
SWEc, SWEC Sub

SWEC
SWEC Sub

SWEC Sub/RE/Spec
SWEC Sub/RE/Spec
RE/Spec

SWEC Sub
RE/SPEC
SWEC

Aid in interpretation of other tests.
Develop data base. Correlate with
stratigraphy and geophysical logs.
Estimate construction behavior. Assess
variability.

Correlate geophysical and static data.

Intact rock strength and stress/strain
behavior.

Variation in properties with temp.
and c

Intact rock properties under dynamic loads.
Predict creep rate.
Joint shear strength.

Thermal Tests
Coefficient of Thermal
Expansion

Specific Heat
Thermal Conductivity
Descrepitation Temp.

Hydrologic Tests (Lab)
Permeability
Porosity
Total Porosity

Geologic Documentation
Thin Sections
Clay Mineralogy
L.O.W. on Heating
Insoluble Residue
Salt Water Content

ONWI Sub

ONWI Sub
ONWI Sub
ONWI Sub

Thermal Properties of rocks.

Maximum allowable salt temp.

SWEC, SWEC Subs
SWEC, SWEC Subs
SWEC Subs

SWEC/TBEC/BFEC
SWEC Sub, BFEC
SWEC Sub
SWEC/TBEC
SWEC/TBEG

Intact rock permeability.
Assess effective porosity.
Interpretation of Geophysical Logs,
DSTs, pump tests.

Provide detailed data to assist
in interpretation of other tests
and as input to geologic studes.



Rock Mechanics Data Summary - Permian Basin

Testing Laboratory
(Contract No.)

Test Data Included in
Laboratory Testing ReportsType of Test

SWEC Geotechnical
Laboratory,
Boston

Water Content Results for each sample

Density and Effective
Porosity

Rebound Hardness
(Schmidt)

Brazilian Tensile
Strength

Slake Durability
Index

Atterberg Limits

Direct Shear on
Discontinuities

Liquid Permeability

Unconfined Swell,
Confined Swell

Swelling Pressure

Results for each sample

Hardness index (average of 10
highest readings) for each
sample

Results for each sample

Results of each cycle for
each sample

Results of each sample

Plot of shear stress vs
horizontal displacement,
Plot of stress ratio vs
horizontal displacement
Calculated peak and resi-
dual friction angle
Photograph and cross section
of shear surface

Results for each sample for
each set of test conditions

Plot of swelling strain vs time

Plot of pressure vs time

Applied Research Assoc. Inc.
S. Royalton, Vermont
(G-l1OD)

Triaxial Compression
and Sonic Velocity

Plots of:
.Displacement vs time
Deviatoric Stress vs axial
strain

Radial strain vs axial
strain

Loading History
Velocity traces (at progres-
sively higher stresses)

Vp vs stress
Vs vs stress

B4-1369713-16 I



Rock Mechanics Data Summarv - Permian Basin <cont'd)
Rock Mechanics Data Suiunarv - Permian Basin (cont'd)

Testing Laboratory
(Contract No.)

Test Data Included in
Laboratory Testing ReportsType of Test

E(Dynamic) vs stress
G(Dynamic) vs stress
P.R.(Dynamic) vs stress

Photos
Specimen dimensions and index
properties

Bulk Modulus (dynamic) at
various confining pressures

Fracture strength or maximum
stress

Summary Data (picks from plots)

Applied Research Assoc. Inc.
S. Royalton,
Vermont,
(G-110D)

Resource Engineering Inc.
Waltham, Mass
(G-1lOM)

Applied Research Assoc. Inc.
S. Royalton,
Vermont

Unconfined Compression
and Sonic Velocity

Bulk Density,
Apparent Density,
Specific Gravity,
Effective Porosity,
Total Porosity

Unconfined Compression
Rebound hardness
Abrasion hardness

Plots of:
Displacement vs time
Stress vs strain
Radial strain vs axial strain
Velocity traces (typical)
Vp vs stress
Vs vs stress
E(Dynamic) vs stress
G(Dynamic) vs stress
P.R.(Dynamic) vs stress
Photos
Specimen dimensions and index
properties

Fracture strength or maximum
stress

Summary Data (picks from
plots)

Results for each sample,
sample description,

Plots of:
Displacement vs time
Deviatoric stress vs axial
strain

Radial strain vs axial strain
Specimen Summary Page containing:
Density, Moisture Content,
Specimen dimensions,
Fracture Strength
Taber abrasion hardness (avg.
of two determinations)
Rock abrasiveness (avg. of

(G-110J)

B4-1369713-16 2



Rock Mechanics Data Summary - Permian Basin (cont'd)

Testing Laboratory
(Contract No.)

Test Data Included in
Laboratory Testing ReportsType of Test

two determinations)
Total Hardness
Schmidt rebound hardness
(radial) (average and std.
deviation of 10 highest
readings)

Schmidt rebound hardness
(axial) (average and std.
deviation of 10 highest
readings)

Prof. R. C. Reynolds Clay Mineralogy

Dartmouth College
Hanover, NH
(G-1l1E)

Photos,
Results for each sample,
Sample description,
X-Ray diffraction charts,
Data reduction program

Terra Tek Inc.
Salt Lake City, Utah
(G-110Y)

Applied Research Assoc. Inc.
S. Royalton,
Vermont
(G-l1lM)

-Salt Index-
Water content
insoluble residue
clay mineralogy
Thermal fracture

Gas Permeability

Work in progress

Work in progress

B4-1369713-16 3



SUMMARY OF ROCK MECHANICS LABORATORY TESTS
BY WELL

Test

Density, Porosity & W/C

Total Porosity

Swelling Index

Mansfield

22

41

2

Detten

14

5

5

(xx) Indicates number of additional scheduled tests.
C.Friemel Zeeck Harman J.Friemel Holtzclaw

9 36 (30) 6' (39)
(20)

6 31 (30) (81) (39)

1 4 (26) 11s (11)
(2)

Slake Durability

Permeability

Direct Shear

Brazilian

Rebound Hardness

Petrographic Analysis

Taber Hardness

Unconfined Compression

Traxial Compression

Gas Permeability

Clay Mineralogy

15

9

I

4

7

16
(11)

10

1 4

6

(6)

2

12

7

1
(15)

8

9

8

(4)

2

6

6

(14)

11

11

6

(32)

8

8

31

(31)

10

11

13

5
(1)

7

(14)

(25)

(16)

(16)

6
(9)

(26)

6

19

35

(2)

(11)

25

7

(60)

(4)

17

5

(12)

(42)

(8)

(37)

(85)

(43)

9

22

55

(35)

17

7

(30)

(7)3
(7)

228 6 5 (6)

Salt Index (9) (9) (13) (10)



SUMMARY OF ROCK MECHANICS LABORATORY TESTS
BY FORMATION

Test

Density, Porosity & W/C

Total Porosity

Swelling Index

Slake Durability

Permeability

Direct Shear

Brazilian

Dockum

I11

4
(18)

6

8

2

I

Dewey
Lake

3
(3)

(6)

Alibatei

4
(6)

(7)

2

(xx) indicates number of tests to be performed in FY 85.
Upper Lower Queen/

Salado Yates 7-Rivers 7-Rivers Grayburv

5 13 5 2 6
(4) (6) (2)

1 4 (6) 1 3
(6) (11) (2)

1 4 2 1 1
(4) (4) (3)

2 9 3 2 5

(8) (13) (7) - (5)

2 1 - _ -

(2) (2)

1 4 3 1 3
(2) (6) (;)

2 4 1 1 4
(6) (12) (Z)

(15) (13) (7) (3) (12)

Rebound Hardness

(6)

(2)

(3)

(10)

(3)

3
(2)

(6)

(I)

2
(4)

1
(8)

4
(12)

2

8

7
(3)

(I)

Petrographic Analysis

Taber Abrasion

Unconfined Compression

Triaxial Compression

Gas Permeability

9

2

4
(2)

8

9

10
(4)

(1)

12

3

(2)

(3)

1

I

6

2

6

B4-1369713-17



Dewey Upper Lower Queen/

Test Dockum Lake Alibates Salado Yates 7--ivers -Rivers CrayburR

Clay Hineralogy 10 1 1 5 8 3 2 2

(1) (1) (1)

Salt Index - - - (1) - (6) _ _

B4-1369713-17.



SUMMARY OF ROCK MECHANICS LABORATORY TEST
BY FORMATION

Test

Density, Porosity & W/C

Total Porosity

Swelling Index

Slake Durability

Permeability

Direct Shear

Brazilian

Rebound Hardness

Petrographic Analysis

Taber Abrasion

Unconfined Compression

Triaxial Compression

Gas Permeability

Clay Mineralogy

_ .

USA

19
(.s)

8
(10)

6

9

(15)

I )
(I)

16
(8)

7
(8)

(28)

8

26

37
(2)

(4)

3
(1I)

_

LSA-5

8
(ii)

2
(15)

2

2

(16)

7
(11)

2
(22)

(21)

1

16

16
(13)

(4)

1
(1I)

_ _

LSA-4

19
I')

8
(14)

6

(19)

5

8
(13)

6
(22)

(25)

1

11

22
(7)

(5)

4
(I)

._ .

(xx) Indicates number of tests

LSA-3 LSA-2 .SA-1 Glorieta Wichita

3 - 1 3 4

-

to be performed in FY 85.

Wolfcamp Pennsylvanian

22 2
(25) (13)

31 2
(25) (13)

2 3

I1

(3)

2

(3%)

(3)

2 2 3 6
(25)

(25)

2

6

11

4

(13)

(10)

2

5

2

1

I I 2

B4-1369713-17



.. * I

Test _ USA

(12)

_

LSA-5

(13)

LSA-4 LSA-3 LSA-2 LSA-I Glorieta Wichita Wolfcamp Pennsylvanian

(12) - - - _ _Salt Index

B4-1369713-17
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I FI

FIELD GEOTECHNICAL TESTING HOLTZCLAW NO. 1 WELL

PROPOSED TEST PURPOSE RESULTS

CALIPER & TEMP. LOGS
PRIOR TO CLEANING WE(L

GEOPHYSICAL LOGS
(GAMMA RAY
CALIPHER B"C)

REPEAT FORMATION TESTER
IN ZONES TO BE FRACTURED

1.) EVALUATE SALT CREEP

2.) DETERMINE AMBIENT
DOWNHOLE TEMPERATURES

CONFIRM TEST ZONES

1.) CONFIRM ZONES ARE TIGHT

UNSUCCESSFUL HOLE CONDITIONS
PRECLUDE RUNNING LOGS

SUCCESSFUL ESSENTIALLY THE
SAME AS PREVIOUS LOGS

VERY LITTLE PRESSURE BUILDUP

2.) ESTIMATE PORE PRESSURES

BOREHOLE TELEVIEWER PRIOR
TO HYDRAULIC FRACTURE

1.) CONFIRM TEST ZONES SUCCESSFUL RESOLUTION OF
INTERBEDS GREATER THAN 6 IN.

2.) IDENTIFY INTERBEDS

HYDRAULIC FRACTURE
2790 - 2798.5
2581 - 2588.5
2430 - 2438.5
2330 - 2338.5
1885 - 1858.5

BOREHOLE TELEVIEWER
AFTER HYDRAULIC FRACTURE

IMPRESSION PACKERS
2790 - 2798.5
2581 - 2588.5
2430 - 2438.5
2330 - 2338.5
1850 - 1858.5

DETERMINE MAXIMUM AND
MINIMUM HORIZONTAL STRESS

DETERMINE FRACTURE
ORIENTATION

DETERMINE ORIENTATION OF
FRACTURES (FRACTURE
PARALLEL TO MAX.
HORIZONTAL STRESSES)

SUCCESSFUL - 4 CYCLES
SUCCESSFUL - 4 CYCLES
SUCCESSFUL - 5 CYCLES
EXTENDED PAST PACKER
SUCCESSFUL - 5 CYCLES

UNSUCCESSFUL
NO FRACTURE SEEN

SUCCESSFUL - N 45 E
SUCCESSFUL - N 60 e
SUCCESSFUL - N 60 E
SUCCESSFUL - N 40 E & N 80 W
SUCCESSFUL - N 30 E & N 40 W

V-36,1 376



Table 9-1. Sumary of Calculated Stresses

Formation Depth Vertical Stress Horizontal Stress a lDepth Hn/Depth aHMax /Depth aMax aHMin
(Rock Type) (ft) (psi) Min (psi) Max (psi) (psi/ft) (psi/ft) (psi/ft)

Queen/Grayburg 1,850-1,858.5 1,835(a) 1,110 1,260 0.99 0.60 0.68 1.14
(SiltsLone)

Upper San Andres 2,330-2,338.5 2,335(a) (d) (d) l - -
(Anhydrite)

Lower San Andres 2,430-2,438.5 2,445(a) 1.00 - - -

(Unit 5 Salt) 2,780(b) 2,915 (d) 1.14 1.20 _ _

Lower San Andres 2,581-2,589.5 2,600(a) 1.01 - - -
(Unit 4 Salt) 2:950(b)(c) 3 ,500(e) (d) 1.14 1.36 - -

Lower San Andres 2,790-2,798.5 2,810(a) 1,940 2,650 1.01 0.69 0.95 1.37 Z
(Unit 4 Limestone)

(a)
(b)
(c)
(d)
(e)

Weight of overburden by integrating Lithodensity Log. (Calculation 13697-G(B)-29.)
Calculated from hydraulic fracture data.
This may be the minimum horizontal stress. Refer to text.
Not determinable from the data obtained. Refer to text.
Refer to Note (c).

B4-1369708-61
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GEOTECHNICAL LOGS

* GRAPHICAL FORMAT

* PREPARED FOR SELECTED PROGRAM
WELLS

* SUMMARIZES DATA AVAILABLE

* INTEGRATES LAB AND FIELD DATA

* DOCUMENTS ANALYSIS OF GEOPHYSICAL
LOGS

* DOCUMENTS OUR CURRENT
UNDERSTANDING OF GEOTECHNICAL
PROPERTIES

* WORKING DOCUMENTS - USED AS A
STARTING POINT FOR ADDITIONAL
STUDIES

85- 41,940
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LAD TESTIN6 DATA SUMMARY

FORMATION
(LITHOLOGY)

GRAIN
DENSITY

YOUN6 I S
MODULUS

P-WAVE
VELOCITYPOROSITY STRENGTH

DOCKU1
(CLASTICS) 2.66

(2.64-2.68)
24

( 15-38)
100-5600 1.14 8206

(.004-2.86) (3700-15220)

DEWEY LAKE
(CLASTICS) 2.7

(2.69-2.70)
1 9

(18-21)
1200-8300 0.98 10920

(.22-1.75) (9100-14840)

ALIBATES
(CLASTICS) 2.69 19

(17-20)
2930-5600 1.51 11617

(.73-3.63) (10440-12760)

SALADO
(CLASTICS) 2.62

(2.51-2.73)
14

(2-27)
4150-6985 1.55 15472

(1.04-2.54) (1100-2370)

YATES
(CLASTICS) 2. 66

(2.64-2.69)
22

(3-29)
950-9000 1 63 12845

(.81-2.71) (10330-15000)

USR
(CLASTICS)

LSR
(CLASTICS)

2.72

2.68

19 1050-3825
(3-25)

23 2400-3800
(21-25)

6 1300-10200
(1-22)

1.79 13007
(.81-2.75) (9640-15820)

1.07 10045
(.97-1.18) (9450-10640)

3.74 14555
(.49-6.71) (9280-17170)

QUEEN-GRAY 2.5
(CLASTICS) (2.41-2.58)



LAB TESTING DATA SUMMARY

FORMATION GRAIN YOUN6'S P-WAVE
(LITHOLO6Y) DENSITY POROSITY STRENGTH MODULUS VELOCITY

…______..________________________________________________________________

USA
(SALTS)

(CLASTICS)

(ANHYDRITES)

(CARBONATES)

LSA-5
(SALTS)

(ANHYDRITES)

(CARBONATES)

LSA-4
(SALTS)

(ANHYDRITES)

*2.2

2.54
(2.34-2.69)

2. 83
(2.68-2.94)

2.7
(2.55-2.82)

'2.17
(2.16-2.21)

42.84
(2.52-2.96)

2.7
(2.59-2.76)

'2.17
(2.14-2.21)

*2. B0
(2.46-2. 94)

- 1855-9526*

14 15932w*
(1-28)

1.2 4740-28000
(0-5.7)

11.5 5980-25070
(5.6-20.1)

- 2542-9062*

0.7 5170-25210

19.3 6873-25300

- 2575-9236#

2.75 5000-23620
(2.5-3.0)

3.71 14568
(.38-5.39) (10075-16700)

6.7*4 1910044

8.94 19100
'3.62-18.94) (11500-24540)

4.8 17201
(2.67-8.75) (13200-22700)

4.47 14902
(3.47-6.49) (1T3560-16680)

10.28 19965
(6.76-16.23)( 159Z20-24800)

4.2 15084
(2.56-7.73) (11600-20200)

4.07 14868
(2.56-7.73) (14300-15440)

10.66 18837
(7.04-12.25)(16680-2!400)

(CARBONATES) 2.64 5.6 2965-25091
(2.53-2.73) (.5-19.2)

6. 5S 17585
(3.33-10.0) (11380-19980)



STATIC VS DYNAMIC MODULI CORRELATION
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LAB VS LOG CORRELATIONS
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LAB VS LOG CORRELATIONS
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ALL SALT3, ICLEIAN. DIRTY I CHAOTIC) TESTED &Y ANA
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LONER SAN A11DRES CYCLE 4 - SALTS
HECHANICAL PROPERTIES LASORATORY TESTS
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LODER SAN AMORES CYCLE 4 - SALTS
HECHAHICAL PROPERTIES LAMORATORY JESTS
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Ssew w

SAMPLE SELECTION

IMPORTANT HORIZONS

. Repository Salt

* Adjacent Units

. Thick Units

* Stiff Units

* Aquifers

SAMPLING

* Somewhat Random

* Representative

. Testable



TESTING

BRAZILIAN: Tensile Strength

UNCONFINED
COMPRESSION:

TRIAXIAL
COMPRESSION:

Compressive Strength; Elastic Constants

Envelope of Compressive Strengths
Elastic Constants

CREEP: Time-Dependent Deformation



RSI DWG 00.-83-194
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200

0.

UX 150

Lii
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I
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PALO DURO ANHYDRITE

a X 54.68 ±1.5'
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F-

.050

.040.

.030

.020

.010

0O
0 4 8 12 16

TIME, t - SECONDS x 106
20



GRABBE #1



MANSFIELD #1

Recovery Depth
Rock m Test
Type (Feet) Type

Unit 5 Salt 446.1 - 451.6 B, T, C
(1463.7 - 1481.6)

I

REXWHITE #1

Recovery Depth
Rock m Test
Type (Feet) Type

Unit 4 Salt 572.0 - 572.8 B, T
(1876.7 - 1879.3)



D.)ETTEN #1

Re'covery Depth
Rock m Test
Type (Feet) i Type

Anhyd rite

Siltstone

Sandstone

Siltstone

Salt

Anhydrite

Salt

Shale

Salt

Dolomite

Anhydrite

Unit 5 Salt

Dolomite

348.0
(1141.7

369.9
(1213.55

393.9
(1292.3

401.62
(1317.65

578.3
(1897.2

637.9
(2092.8

670.5
(2199.9

678.47
(2225.95

683.9
(2243.7

694.9
(2280.0

700.9
(2299.4

735.6
(2413.4

762.9
(2503.0

350.1
1148.5)

- 372.4
1221.7)

- 396.5
1300.7)
402.9

- 1322.0)
581.5

1907.8)
639.4

- 2097.9)
672.7

- 2207.0)
- 680.73
- 2233.35)
- 686.4
- 2252.0)

696.5
2285.15)
715.7

2348.0)
751.9

2466.7)
765.0

- 2510.0)

B, T

B. T

B, T

B, T

B, T

B. T

B. T

B. T

B. T

B, T

B. T

B. T

8, T

.



ZEECK #1

I
Recovery Depth

Rock m Test
Type (Feet) Type

Argillaceous Dolomite

Anhydrite

Unit 4 Salt

Dolomite

Limestone

Argillaceous Dolomite

Argillaceous Dolomite

Fossiliferous
Limestone

814.1
(2670.8

825.9
(2709.5

845.2
(2773.0

887.9
(2913.0

899.4
(2950.7

926.9
(3041.0

1618.5
(5310.0

1649.9
(5413.0

- 816.7
- 2679.6)

828.3
- 2717.5)

886.6
2908.8)

- 894.4
- 2934.3)

_ 909.9
2985.0)

- 940.6
- 3086.0)

1628.9
5344.0)

1656.3
5434.0)

B, T

B. T

B. T

B. T

B, T

B, T

B, T

B. T



G. FRIEMEL #1

Recovery Depth
Rock m Test
Type (Feet) Type

Unit 5 Salt 683.13 - 690.1 C
(2241.25 - 2264.1)

Unit 5 Salt 784.03 - 786.3 C
(2300.55 - 2307.2)

J. FRIEMEL #1

Recovery Depth
Rock m Test
Type (Feet) Type

Unit 4 Salt 789.8 - 825.9 C
(2591.2 - 2709.6)



WOODS-HOLTZCLAW #1

Recovery Depth
Rock m Test
Type (Feet) Type

Unit 5 Salt 746.7 - 751.3 C
(2449.8 - 2464.6)

Unit 4 Salt 783.4 - 809.3 C
(2570.0 - 2655.0)



REPORTS

ONWI-450

BMI/ONWI-549

RSI-0252

RSI-0259

Preliminary Constitutive Properties for Salt
and Nonsalt Rocks From Four Potential
Repository Sites

Constitutive Parameters for Salt and Non-
salt Rocks From the Detten, G. Friemel. and
Zeeck Wells in the Palo Duro Basin, Texas

Exponential-Time Constitutive Law for Palo
Duro Unit 4 Salt From the J. Friemel #1
Well

Influence of Impurities on the Creep of Salt
From the Palo Duro Basin



Tabl e 2-1 . Nominal Impurity Content of Specimens

Specimen Depth Nominal Impurity
ID (feet) Content

PE/84/WH 2450-0/1 2,449.8 - 2,450.7(a) Pure Salt
PE/84/WH 2453-0/1 2,452.7 - 2,453.5(a) Pure Salt
PE/84/WH 2509-0/1 2,508.9 - 2,509.7(a) Pure Salt
PE/84/WH 2383-0/1 2,382.8 - 2,383.6(a) 10% Anhydrite
PE/84/WH 2448-0/1 2,447.2 - 2,448.0(a) 10% Anhydrite
PE/84/WH 2468-0/1 2,467.5 - 2,468.3(a) 10% Anhydrite
PE/84/WH 2376-0/1 2,375.5 - 2,376.3(a) 10% Mud
PE/84/WH 2443-0/1 2,442.9 - 2,443.8(a) 10% Mud
PE/84/WH 2464-0/1 2,463.8 - 2,464.6(a) 10% Mud
PE/84/WH 2570-0/1 2,570.0 - 2 , 5 7 0 .9(b) 20% Mud
PE/84/WH 2578-0/1 2,577.2 - 2,578.1(b) 20% Mud
PE/84/WH 2655-0/1 2,654.2 - 2 ,655.0(b) 20% Mud

Unit 5 Salt
Unit 4 Salt

14



RSI DWG 001-84-308 13

.10

.09
10% MUD

.08 PURE-.08 oSALT

.07

.06

e .03

.02

* 01

0
_ A0 .5 1.0 1.5 Z.0 Z.5 3.0 3.5

TIME.T - (106 SEC)



Table 4-2. Comoarison of Current and Preyious(a) Quasi-Static
Parameter VaIues for Palo Duro Unit 5 Salt

Currrent Previous
Parameter Value Value

Indirect Tensile(b)
Strength, To (MPa) -1.6 + 0.4 -1.6 + 0.4

Young's Modulus, E (GPa)(b) 28.8 + 2.1 29.1 + 4.0

Poisson's Ratio, v(b) 0.26 + .01 0.33 + 0.01

Linear Failure Envelope(b)

C (MPa) 5.7 + 2.4 4.7 + 2.0

* (degrees) 40.1 + 4.8 39.4 + 4.0

Nonlinear Failure Enveiope(b)

K (MPa) 1.1 + 1.8 1.1 + 0.8

a (MPa) 46.0 + 5.0 43.5 + 2.6

a (MPa-1) 0.015 + .004 0.015 + .002

(a) Unit 5 from the Mansfield #1 borehole in Oldham County, Texas.

(b) 20 C data for current values; 24 C data for previous values.

a
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CONTRACI E512.05000
STONE & WEBSTER ENGINEERING CORPORATION

ONGOING TECHNICAL TASKS
FY1985 - FY1986

HYDRC GEOLOGY
* EXTEND REGIONAL 2D MODEL INTO SW OKLAHOMA
* BEGIN 3D MODEL FOR 20 Ml RADIUS OF SITE
* ANALYSIS OF PUMP TEST DATA, ZEECK AND J. FRIEMEL WELLS

GEOLOGY
* STRUCTURAL ANALYSES OF PALO DURO BASIN
* HYDROGEOLOGIC SUBDIVISIONS OF PALO DURO BASIN
* SALT DISSOLUTION IN THE INTERIOR OF THE PALO DURO BASIN

GEOPHYSICS
* MAINTAIN AND UPGRADE THE SEISMIC NETWORK

GEOTECHNICAL ENGINEERING
* GEOTECHNICAL PROFILES - DEAF SMITH COUNTY
* GEOPHYSICAL LOG ANALYSIS I ROCK MECHANICS LAB DATA
* COMPLETE LAB TESTING OF ROCK CORE

i - 44,,44



COMPUTER DATA BASES
MAINTAINED BY STONE & WEBSTER
* OGALLALA WELL DATA FILE

* DOCKUM WELL DATA FILE

* DEEP BASIN DST FILES: PRESSURE, PERMEABILITY

* FORMATION FLUID CHEMISTRY FILE

* FORMATION TOPS, MAJOR SALT UNIT TOPS

* HYDROGEOLOGIC UNIT TOPS

* ROCK MECHANICS LAB TESTING DATA

* TEST SAMPLE DESCRIPTIONS

* GEOPHYSICAL LOG DATA (SWEC WELLS) REFORMATTED
FOR IBM

65- 44,145



C-1369702-10

REPORT NO.

G82-16

T-1

T-2

T-3

T-4

T-5

T-6

T-8

T-9

T-10

T-lt

T-12

T-14

T-15

T-16

T-17

DATE

11/23/82

03/22/83

03/07/83

02/23/83

04/12/83

04/25/83

05/26/83

06/t7/83

08/01/83

07/07/83

12/29/83

07/30/85

STONE & WEBSTER TECHNICA

REPORT TYPE

Characterization Report

Topical Report

Topical Report

Well Completion Report

Well Completion Report

Well Completion Report

Well Completion Report

Topical Report

Well Completicn Report

082

L REPORTS

TITLE

Area Geological Characterization Report (AGCR)

Ogallala Aquifer Mapping Report
Revised 10/21/83 (T-16)

Maps of Selected Formations
Deaf Smith County (Draft)

Detten Final Core Log and Core
Photographs

G. Frlemel Final Core Log
and Core Photographs

Sawyer No i Pumping Test
and Fluid Sampling Report
Revised 9/7/84 (T-25)

Zeeck No. I Final Core Log
and Core Photographs

Major Salt Beds (Revision of
Report G82-12. 10/29/82)

Mansfield No. I Pumping Test
and Fluid Sampling Report
Revised 7/25/84 (T-26)

Dissolution Zone Water
Wells

J. Fripmel No. I (PD-9) Well
Completion Report

Holtzclaw No. I Well (PD - 10)
Completion Report

Hydrogeologic Investigations Based
On Drill-Stem Tests

Harman No. I Final Core Log and
Core Photographs

Ogallala Aquifer Mapping Program

Geoengineering Evaluation for the
Intermediate Shaft Liner Seal

1.13

1.17
1. 18

1.22
1.23

1.27
1.28

1.32
1.33

1.37
1.38
1.39

1.42
1.43

1.45
1.46

1.48
1.49
1.50

1.52
1.53

1.56
1.57

2.3
2.4

2.8
2.9

2.13
2.14

2.17

2.21
2.22

Well Completion

Well Completion

Report

Report

12/15/83 Well Completion Report
and 12/16/83

05/29/84 Topical Report

08/01/83 Well Completion Report

10/21/83 Topical Report

09/14/83 Topical Report (Draft)



c-1369702-tO

REPORT NO.

T-1i

T-19

T-20

T-21

T-22

T-23

T-24

CATE

Il/ 16/83

IV/18/83

04/05/84

07/19/84

06/29/84

08/20/84

12/22/83

Well

Well

Well

Well

Well

Well

Well

07/30,:'

STONE A WEBSTER TECHNICAL

REPORT TYPE

Completion Report

Completion Report

Completion Report

Completion Report

Completion Report

Completion Report

Completion Report

082

L REPORTS

TITLE

Sawyer No. I Well (PO-3)
Replaces draft of 3/8/82

Mansfield No. I Well (PD-4)
Replaces draft of 6/24/82

G. Frlemel No. 1 Well (PD-5)

Detten No. I Well (PD-6)
Revision I

Zeeck No. I Well (PD-7)
Revision 1

Harman No. I Well (PD-8)
Revision I

DlssolutiOn Zone Water
Wells (PD-8. II. 12. 13)
Revision I

Sawyer No. I Well (PD-3)
Pumping Test and Fluid
Sampling Report
Revision I

Mansfield No. I Well (PO-4)
Pumping Test Revision I

Origin of the Salado. Seven
Rivers, and San Andres
Salt Margins In Texas
and New Mexico

Geotechnical Borehole
Testing Report. Holtzclaw
No. I Well

Zeeck No. I Well (PD-7)
Pumping Test and Fluid
Sampling Report

Structural Analysis of the
Northern Palo Duro Basin

J. Frieuel No. I Well (P0-9)
Pumping Test and Fluid
Sampling Report

T-25

T-26

T-27

09/07/84 Well Completion Report

2 .25
2.26

2.28
2. 29

2.31

2.33
2 .34

2.37
2 .38

2.42
2.43

2.47
2.48
2 .49

2.52
2.53
2.54
2.55

2.58
2.59

3.4
3.5
3.6
3.7

3. 1
3. 12
3. 13

3. 17
3. 18
3. 19

3.23
3.24

3.27
3.28
3.29

07/25/84

11/09/84

Well Completion Report

Topical Report

T-28 12/04/84 Topical Report

T-29 05/1S/85 Well Completion Report

T-30

T-31

i/ 16/84

08/85

Topical Report

Well Completion Report



c-1369702-10 ;,7!: 082
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STONE & WEBSTER TECHNICAL REPORTS

REPORT NO.

T-32

DATE REPORT TYPE

12/21/84 Topical Report

TITLE

Regional Permeability
Determinations

T-33

T-34

01/03/85
Revi sed
07/85

01/03/85
Revised
04/85

Topical Report Historical Seismicity of the
Texas Panhandle from an
Examination of Lubbock
Station Records

3. 33
3.34

3.38
3.39
3.40
3.41

Topical Report Palo Duro Microearthquake
Network Operation Report for
April-Vuly 1984

3.45
3.46
3.47

T-35

t-36

T-37

T-30

T-39

T-40

T-41

T-42

T-43

T-44

04/26/85 Topical Report

04/06/85 Field Test Activities Report

04/01/85 Topical Report

06/10/85 Topical Report

A Preliminary Simulation
Model to Determine
Grount-Water Flow and
Ages Within the Palo
Duro Basin Hydrogeologic
Province

Black No. I WellI
Deaf Smith County. Texas

Velocity Study: J. Friemel No.
and Zeeck No. I Wells

3.51
3.52
3.53
3.54
3.55
3.56

4. 1
4.2

I 4.6
4.7

08/85 Topical Report

04/22/85 Topical Report

06/12/85 Topical Report

06/i0/85 Topical Report

r. '& ;_ Topical Report

Geologic Database Management
and Computer Mapping

Pumping Test Analyses - Sawyer No. I
and Mansfield No. I Wells

Palo Ouro Microearthquake
Network Operation Report
August-December 1984

Hydrogeologic Subdivision of
the Wolfcamp Series
and Pennsylvanian System of
Eastern New Mexico

Hydrodynamic Investigations
in the Texas Panhandle Area

A Report on Fracturing In the
Deaf Smith Area

Hydrogeologic Subdivision of
the Wolfcamp Series and
Pennsylvanian System of
the Deaf Smith County Area. Texas

4.10
4.11

4.14
4. 15

4. 19
4.20
4.21

4.25
4 .26
4.27
4 .28

4.32
4 .33

4 .37
4.38

A. ,.' Topical Report 4.42
4.43
4 .44
4.45
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ROCK MECHANICS LABtjarORY

Testing Report No.
Lab and Date

TESTING REPORTS

Presents Results of:Report Title

Laboratory Testing on Rock
Core Samples from
Mansfield No. I Well,
Permian Basin Project

SWFC 13A-1
1-6-84

Density, Porosity, Water Content, Rebound Hardness,
Tensile Strength, Slake Durability and Atterberg
Limits Testing from the Mansfield No. I Well

Laboratory Testing on Rock
Core Samples from
Detten No. I Well,
Permian Basin Project

Laboratory Testing on Rock
Core Samples from
G. Friemel No. 1 Well,
Permian Basin Project

SWEC

SWEC

13A-2
5-22-84

BHI/SRP 5023
Aug 84

13A-3
6-14-84

BMI/SRP 5025
Aug 84

Density, Porosity, Water Content, Rebound Hardness,
Tensile Strength, Slake Durability and Atterberg
Limits Testing from the Detten No. I Well

Density, Porosity, Water Content, Rebound Hardness,
Tensile Strength, Slake Durability and Atterberg
Limits Testing from the C. Friemel No. I Well

Laboratory Testing on Rock
Core Samples from
Zeeck No. I Well,
Permian Basin Project

Laboratory Testing on Rock
Core Samples from
J. Friemel No. I Well
Permian Basin Project

SWEC

SWEC

13A-4
9-21-84

13A-5
2-25-85

Density, Porosity, Water Content, Rebound Hardness,
Tensile Strength, Slake Durability and Atterberg
Limits Testing from the Zeeck No. I Well

Density Porosity, Water Content, Rebound Hardness
Tensile Strength, Slake Durability and Atterberg
Limits Testing from the J. Friemel No. I Well

Report of Direct Shear Testing
on Rock Core Samples from
Mansfield No. I Well,
Permian Basin Project

Report of Direct Shear Testing
on Rock Core Samples form
Detten No. I Well
Permian Basin Project

SWEC

SWEC

13A-ll
6-14-84

BMI/SRP 5027
Aug 84

13A-12
6-14-84

BMI/SRP 5026
Aug 84

Shear Strength Determinations of Naturally Occurring
Discontinuities from the Mansfield No. I Well

Shear Strength Determinations of Naturally Occurring
Discontinuities from the Detten No. I Well

B4-1369713-1OA I



Testing
Report Title Lab

Report vo.
and Date Presents Results of:

Report of Diract Shear Testing
on Rock Core Samples from
Zeeck No. I Well
Permian Basin Project

Report of Liquid Permeability
Measurements on Rock Core
Samples from Mansfield No. I
Well - Permian Basin Project

SWF.C

SWEC

13A-13
11-30-84

13A-21
2-26-85

Shear Strength Determination of Naturally
Occurring Discontinuities from the Zeeck No. 1 Well

Measurement of permeability of selected samples from
the Mansfield No. 1 Well

Laboratory Testing of Rock and
Salt Samples for Static Moduli,
Dynamic Moduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and
Salt Samples for Static Moduli,
Dynamic Hoduli and Triaxial
Compressive Strength

laboratory Testing of Rock and
.alt Samples for Static Moduli,
Dynamic Hoduli and Triaxial
Compressive Strength

laboratory Testing of Rock and
Salt Samples for Static Hoduli,
Dynamic Moduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and
Salt Samples for Static Hoduli,
Dynamic Hoduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and
Salt Samples for Static Moduli,
Dynamic Hoduli and Triaxial
Compressive Strength

ARA

ARA

ARA

ARA

ARA

ARA

Vol. 1
7-26-83

BHI/SRP 5015
Sept 84

Vol. 2
7-26-84

BHl/SRP 5015
Sept 84

Vol. 3
7-26-84

BHl/SRP 5015
Sept 84

Vol. 4
2-7-84

BMI/SRP 5015
Sept 84

Vol. 5
2-7-84

BJI/SRP 5015
Sept 84

Vol. 6
2-7-84

BMl/SRP 5015
Sept 84

Unconfined Compression and Pulse Velocity Measure-
ments for Samples from the Mansfield No. 1 Well

Unconfined Compression and Pulse Velocity Measure-
ments for Samples from the Detten No. I Well

Unconfined Compression and Pulse Velocity Measure-
ments for Samples from the G. Friemel No. 1 Well

Triaxial Compression and Pulse Velocity Measure-
ments for Samples from the C. Friemel No. 1 Well

Triaxial Compression and Pulse Velocity Measure-
ments for Samples from the Mansfield No, I Well

Triaxial Compression and Pulse Velocity Measure-
ments for Samples from the Detten No. I Well

B4-1369713-IOA 2



Report Title
Testing

Lab
Report ..o.
and Date Presents Results of:

Laboratory Testing of Rock and
Salt Samples for Static Hoduli,
Dynamic Hoduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and
Salt Samples for Static Moduli,
Dynamic Moduli and Triaxial
Compressive Strength

Laboratory Testing of Rock and
Salt Samples for Static Hoduli
Dynamic Hoduli & Triaxial

Laboratory Testing of Rock and
Salt Samples for Static Moduli,
Dynamic Hoduli & Triaxial

Laboratory Testing of Rock and
Salt Samples for the Determination
of Rebound Hardness, Abrasion
Hardness and Unconfined Compressive
Strength

Laboratory Testing of Rock and
Salt Samples for the Determination
of Rebound Hardness, Abrasion
Hardness and Unconfined Compressive
St rength

Laboratory Testing of Rock and
Salt Samples for the Determination
of Rebound Hardness, Abrasion
Hardness and Unconfined Compressive
St rength

ARA

ARA

ARA

ARA

ARA

Vol. 7
4-4-84

BMI/SRP 5015
Sept 84

Vol. 8
4-4-84

BHI/SRP 5015
Sept 84

Vols. 9-15
11-16-84

Vols. 16-20
1-10-85

Vol. 1
7-23-84

BMl/SRP 5029
Nov. 84

Unconfined Compression and Pulse Velocity Heasure-
ments for Samples from the Zeeck No. I Well

Triaxial Compression and Pulse Velocity Heasure-
ments for Samples from the Zeeck No. I Well

Unconfined and Triaxial Compression
and Pulse Velocity Ieasurements for
Samples from the J. Friemel No. I Well

Unconfined and Triaxial Compression
and Pulse Velocity Keasurements for
Samples from the Harman No. I Well

Schmidt Rebound Hardness, Taber Abrasion Hardness
and Unconfined Compressive Strength for Samples from
the Zeeck No. I Well

Schmidt Rebound Hardness, Taber Abrasion Hardness
and Unconfined Compressive Strength for Samples from
the J. Friemel No. I Well

Schmidt Rebound Hardness, Taber Abrasion Hardness
and Unconfined Compressive Strength for Samples
from the Harman No. I Well

ARA Vol. 2
7-23-84

Bll/SRP 5029
Nov. 84

ARA Vol. 3
7-23-84

BMI/SRP 5029
Nov. 84

B4-1369713-IOA 3



Testing ReporL ..o.
Report Title .ah and Date Presents Results of:

Laboratory Testing of Rock and
Salt Samples for the Determination
of Rebound Hardness, Abrasion
Hardness and Unconfined Compressive
Strength

ARA Vol. 4
2-4-85

Schmidt Rebound Hardness, Taber Abrasion Hardness
and Unconfined Compressive Strength for
Samples from the Lower portion of
the J. Friemel No. I Well

Laboratory Testing of
for the Determination
Mineralogy

Laboratory Testing of
for. the Determination
Hineralogy

Rock Samples
of Clay

Rock Samples
of Clay

Dartmouth
College

Dartmouth
College

Vol. 1
1-10-84

BMI/SRP 5018
Sept 84

Vol. 2
7-12-84

BMI/SRP 5018
Sept 84

Clay Mineralogy Determinations of Selected Samples
from the Mansfield, Detten and G. Friemel Wells

Clay Mineralogy Determinations of Selected Samples
from the Zeeck No. I. Well

Laboratory Testing of Rock Samples
for the Determination of Clay
Minera logy

laboratory Testing of Rock and Salt
Samples for Determination of
Specific Gravity and Total Porosity

Dartmouth
College

Vol. 3
1-1-85

Clay Mineralogy Determinations of Selected
Samples from the J. Friemel No. I Well

Water Content, Bulk Density, Apparent Specific
Gravity, Specific Gravity, Effective Porosity and
Total Porosity Determinations from the Mansfield
No. I Well

RE I I
9-20-83

BIl/SRP 5022
July 84

Laboratory Testing of Rock and Salt
Samples for Determination of
Specific Gravity and Total Porosity

REI
7-12-84

Water Content, Bulk Density, Apparent Specific
Gravity, Specific Gravity, Effective Porosity and
Total Porosity Determinations from the G. Friemel
and Detten WelL

Laboratory Testing of Rock and Salt
Samples for Determination of
Specific Gravity and Total Porosity

REFI 3
5-7-84

BMI/SRP 5021
July 84

Water Content, Bulk Density, Apparent Specific
Gravity, Specific Gravity, Effective Porosity and
Total Porosity Determinations from the Zeeck
No. I Well

Suspected Presence of Solid Hydro-
carlbwo in Bedded Salt Samples from
the Permian Basin

RE I 4
3-5-84

Laboratory Efforts to Identify Material Previously
Suspected to be Hydrocarbons

B4-1369713-IOA 4



Report Title
Testing

Lab
Report .io.
and Date Presents Results of:

Susperted Presence of Solid Hydro-
carbon in Bedded Salt Samples from
Ite Permian Basin

RE1 4 (rev. 1)
11-28-84

Laboratory Efforts to Identify Material Previously
Suspected to be Hydrocarbons

84-13697)3-IOA Is
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Review of status of Palo Duro Basin Studies
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7, 1985

>/Subsurface Geology

Quaternary stratigraphy of the western Rolling Plains (Gustavson)

Paleoenvirormental and paleoclimatic reconstructiion (Caran)

Characterization of the Blackwater Draw and Ogallala Formations (Gustavso

Characterization of Docktm Group strata (Johis)

Depositional systems analysies of post-Saw Andres strata (Penmian) (Nance)

Effects of interior salt dissolution in post-San Andres strata (Nance)

Petrography of post-San Andres Fonmatiorn evaporites (Hovorka)

Diagenesis of the San Andres Formation (hovorka)

Porosity and permeability analyses of Wolfcampian strata (Conti)

Regional stratigraphy of the San andres Formation (Fracasso)

Regional stratigraphy early Paleozoic strata (Ruppel)

Structure and tectonic history, Palo Duro Basin (Budnik)

Interion and peripheral salt dissolution (Gustavson)
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BEG PUBLICATIONS

REQUESTS FOR REVIEW PENDING

West Texas Waste Isolation Project
Contract No. DE-AC97-83WM46651

1. Draft:
Bureau RI

2. Draft:
Bureau RI

"Hydrogeology and Hydrochemical Facies of the San
Andres Formation in Eastern New Mexico, West-Central
Texas, and the Texas Panhandle," by Dutton and Orr.
Review requested 2/6/85.

"Numerical Modeling of Regional Ground-Water Flow in
the Deep-Brine Aquifers of the Palo Duro Basin, Texas
Panhandle," by Wirojanagud, Kreitler, and Smith. Re-
view requested 4/18/85.

3. Final:
Contract
Report

"The Internal Structure
- Experimental Modeling
by Jackson and Talbot.

of Model and Natural Salt Domes
of Salt Diapirs: Final Report,"
Review requested 4/29/85.

4. Article:
AAPG Bulletin

5. Draft:
Bureau RI

"Wolfcampian Series Porosity Distribution: Implications
for Deep-Basin Ground-Water Flow in the Palo Duro Basin,
Texas Panhandle," by Conti, Senger, Wirojanagud, and
Herron. Review requested 5/17/85.

"Cyclicity in the Middle Permian San Andres Formation,
Palo Duro Basin, Texas Panhandle," by Fracasso and
Hovorka. Review requested 6/20/85.

6. Draft:
Bureau GC

"Fracture Analyses of the Palo Duro
Panhandle and Eastern New Mexico,"
Luneau. Review requested 7/29/85.

Basin Area, Texas
by Collins and

BEG PUBLICATIONS

APPROVAL PENDING

1. Draft:
Contract
Report
Bureau GC

2. Article:
Groundwater

"Geology and Geohydrology of the Palo Duro Basin,
Texas Panhandle: A Report on the Progress of Nuclear
Waste Isolation Feasibility Studies (1983)," by
Gustavson and others. Review requested 10/2/84.
Comments received 7/1/85. Extension to 8/15/85
requested.

"Geochemistry of Salt Water in the Rolling Plains,
North-Central Texas," by Richter and Kreitler,



Review requested 10/10/84.
Responses submitted 6/13/85.
ted 7/3/85.

Comments received 5/13/85
1 Revised article submit-

3. Article:
Geology

4. Draft:
Bureau RI

5. Article:
GSA Bulletin

6. Draft:
Bureau RI

7. Draft:
Bureau RI

8. Article:
South Texas
Geological
Society

"Geochemical and Textural Evidence of Primary
Altered Bedded Salt, Pernmian Lower San Andres
ation, Palo Duro Basin, Texas," by Fisher and
Review requested 10/19/84. Comments received
Response period extended to 9/1/85.

and
Form-
Hovorka.
5/13/85.

"Late Cenozoic Geomorphic Evolution of the Texas Pan-
handle and Northeast New Mexico - Case Studies of
Structural Controls of Regional Drainage Development,"
by Gustavson and Finley. Review requested 12/21/84.
Comments received 7/1/85. Extension to 8/15/85 re-
quested.

"Structural Control of the Development of the Canadian
River Valley, Texas Panhandle: An Example of Regional
Salt Dissolution and Subsidence," by Gustavson. Review
requested 3/7/85. Comments received 7/5/85. Extension
to 8/31/85 requested.

"The Pre-Pennsylvanian of the Palo Duro Basin, Texas
Panhandle: Stratigraphy and Petroleum Potential,"
by Ruppel. Review requested 3/11/85. Comments re-
ceived 7/15/85. Responses submitted 7/24/85.

"Stratigraphy of Bedded Halite in the Permian San Andres
Formation, Units 4 and 5, Palo Duro Basin, Texas," by
Hovorka, Luneau and Thomas. Review requested 4/3/85.
Comments received 7/3/85. Responses submitted 7/25/85.

"Reinterpretation of the Internal Structure of Palangana
Salt Dome, South Texas," by Jackson and Talbot. Review
requested 4/23/85. Comments received 7/22/85.
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PUBLICATIONS ASSOCIATED WITH RESEARCH IN THE
PALO DURO AND DALHART BASINS

1. Bureau Publications

1979

Dutton, S. P., Finley, R. J., Galloway, W. E., Gustavson, T. C., Handford, C. R., and
Presley, M. W., 1979, Geology and geohydrology of the Palo Duro Basin, Texas
Panhandle: a report on the progress of nuclear waste isolation feasibility studies
(1978): The University of Texas at Austin, Bureau of Economic Geology Geological
Circular 79-1, 99 p.

McGowen, J. H., Granata, G. E., and Sent, S. J., 1979, Depositional framework of the
Lower Dockum Group (Triassic), Texas Panhandle: The University of Texas at
Austin, Bureau of Economic Geology Report of Investigations No. 97, 60 p.

1980

Dutton, S. P., 1980, Depositional systems and hydrocarbon resource potential of the
Pennsylvanian System, Palo Duro and Dalhart Basins, Texas Panhandle: The
University of Texas at Austin, Bureau of Economic Geology Geological Circular
80-8, 49 p.

Dutton, S. P., 1980, Petroleum source rock potential and thermal maturity, Palo Duro
Basin, Texasx The University of Texas at Austin, Bureau of Economic Geology
Geological Circular 80-10, 48 p.

Finley, R. J., and Gustavson, T. C., 1980, Climatic controls on erosion in the Rolling
Plains and along the Caprock Escarpment of the Texas Panhandle: The University of
Texas at Austin, Bureau of Economic Geology Geological Circular 80-11, 50 p.

Gustayson, T. C., Finley, R. J., and McGillis, K. A., 1980, Regional dissolution of Permian
salt In the Anadarko, Dalhart, and Palo Duro Basins of the Texas Panhandle: The
University of Texas at Austin, Bureau of Economic Geology Report of Investigations
No. 106, 40 p.

Gustavson, T. C., Presley, M. W., Handford, C. R., Finley, R. J., Dutton, S. P.,
Baumgardner, R. W., Jr., McGillis, K. A., and SimpkiLns, W. W., 1980, Geology and
geohydrology of the Palo Duro Basin, Texas Panhandle: a report on the progress of
nuclear waste isolation feasibility studies (1979): The University of Texas at Austin,
Bureau of Economic Geology Geological Circular 80-7, 99 p.

Handford, C. R., and Fredericks, P. L, 1980, Facles patterns and depositional history of a
Permian sabkha complex: Red Cave Formation, Texas Panhandle: The University of
Texas at Austin, Bureau of Economic Geology Geological Circular 80-9, 38 p.
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Handford, C. R., and Fredericks, P. B., 1980, Lower Permian facies of the Palo Duro
Basin, Texas: depositioral systems, shelf-margin evolution, paleogeography, and
petroleum potential: The University of Texas at Austin, Bureau of Economic
Geology Report of Investigations No. 102, 31 p.

Seni, S. J., 1980, Sand-body geometry and depositional systems, Ogallala Formation,
Texas: The University of Texas at Austin, Bureau of Economic Geology Report of
Investigations No. 105, 36 p.

1981

Finley, R. J., and Gustavson, T. C., 1981, Lineament analysis of the Texas Panhandle using
Landsat imagery: The University of Texas at Austin, Bureau of Economic Geology
Geological Circular 81-5, 37 p.

Gustavson, T. C., Bassett, R. L., Finley, R. J., Goldstein, A. G., Handford, C. R.,
McGowen, J. H., Presley, M. W., Baumgardner, R. W., Jr., Bentley, M. B., Dutton,
S. P., GriffIn, J. A., Hoadley, A. D., Howard, R. C.,: McGookey, D. A., McG llis,
K. A., Palmer, D. P., Ramondetta, P. J., Roedder, E., Simpkins, W. W., and Wiggins,
W. D., 1981, Geology and geohydrology of the Palo Duro BasirA, Texas Panhandle: a
report on the progress of nuclear waste isolation feasibility studies (1980): The
University of Texas at Austin, Bureau of Economic Geology Geological Circular 81-
3, 173 p.

Handford, C. R., Dutton, S. P., and Fredericks, P. E., 1981, Regional cross sections of the
Texas Panhandle: Precambrian to mid-Permian: The University of Texas at Austin,
Bureau of Economic Geology Cross Sections, 8 p.

McGillis, K. A., and Presley, M. W., 1981, Tansiil, Salado, and Alibates Formations: Upper
Permian evaporite/carbonate strata of the Texas Panhandle: The University of
Texas at Austin, Bureau of Economic Geology Geological Circular 81-8, 31 p.

Presley, M. W., 1981, Middle and Upper Permian salt-bearing strata of the Texas
Panhandle: The University of Texas at Austin, Bureau of Economic Geology Cross
Sections, 10 p.

Simpkins, W. W., Gustavson, T. C., AIhades, A. B., and Hoadley, A. D., 1981, Impact of
evaporite dissolution and collapse on highways and other cultural features in the
Texas Panhandle and eastern New Mexico: The University of Texas at Austin,
Bureau of Economic Geology Geological Circular 81-4, 23 p.

1982

Baumgardner, R. W., Jr., Hoadley, A. D., and Goldstein, A. G., 1982, Formation of the
Wink Sink, a salt dissolution and collapse feature, Winkler County, Texas: The
University of Texas at Austin, Bureau of Economic Geology Report of Investigations
No. 114, 38 p.
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Bein, A., and Land, L. S., 1982, San Andres carbonates in the Texas Panhandle:
sedimentation and diagenesis associated with magnesium-calcium-chloride brines:
The University of Texas at Austin, Bureau of Economic Geology Report of
Investigations No. 121, 48 p.

Dutton, S. P., Goldstein, A. C., and Ruppel, S. C., 1982, Petroleum potential of the Palo
Duro Basin, Texas Panhandle: The University of Texas at Austin, Bureau of
Economic Geology Report of Investigations No. 123, 87 p.

Gustavson, T. C., Bassett, R. L., Budnik, R. T., Finley, R. J., Goldstein, A. G., McGowen,
J. H., Roedder, B., Ruppel, S. C., Baumgardner, R. W., Jr., Bentley, M. E., Dutton,
S. P., Fogg, G. E., Hovorka, S. D., McGookey, D. A., Ramondetta, P. J., Simpkins,
W. W., Smith, D., Smith, D. A., Duncan, E. A., Griffin, J. A., Merritt, R. M., and
Naiman, E. R., 1982, Geology and geohydrology of the Palo Duro Basin, Texas
Panhandle, a report on the progress of nuclear waste Isolation feasibility studies
(1981): The University of Texas at Austin, Bureau of Economic Geology Geological
Circular 82-7, 212 p.

Presley, M. W., and McGillis, K. A., 1982, Coastal evaporite and tidal-flat sediments of
the upper Clear Fork and Glorieta Formations, Texas Panhandle: The University of
Texas at Austin, Bureau of Economic Geology Report of Investigations No. 115,
50 p.

Ramondetta, P. J., 1982, Genesis and emplacement of oil in the San Andres Formation,
Northern Shelf of the Midland Basin, Texas: The University of Texas at Austin,
Bureau of Economic Geology Report of Investigations No. 116, 39 p.

Ramondetta, P. J., 1982, Fadies and stratigraphy of the San Andres Formation, Northern
and Northwestern Shelves of the Midland Basin, Texas and New Mexico: The
University of Texas at Austin, Bureau of Economic Geology Report of Investigations
No. 128, 58 p.

1983

Bassett, R. L., and Bentley, M. E., 1983, Deep brine aquifers in the Palo Duro Basin:
regional flow and geochemical constraints The University of Texas at Austin,
Bureau of Economic Geology Report of Investigations No. 130, 59 p.

Gustavson, T. C., Kreitler, C. W., Bassett, R. L, Budnik, R. T., Ruppel, S. C.,
Baumgardner, R. W., Jr., Caran, S. C., Collins, L W., Dutton, A. R., Dutton, SL P.,
Fisher, R. S., Fogg, G. B., Hovorka, S. D., Kolker, A., McGookey, D. A., Orr, E. D.,
Roberts, M. P., Senger, R. K., Smith, Dale A., and Smith, D. Anderson, 1983,
Geology and geohydrology of the Palo Duro Basin, Texas Panhandle: a report on the
progress of nuclear waste isolation feasibility studies (1982): The University of
Texas at Austin, Bureau of Economic Geology Geological Circular 83-4, 158 p.

1984

Collins, E. W., 1984, Styles of deformation in Permian strata, Texas Panhandle: The
University of Texas at Austin, Bureau of Economic Geology Geological Circular
84-4, 32 p.
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In press

Fisher, R. S., in press, Amount and nature of occluded water In bedded salt, Palo Duro
Basin, Texas: The University of Texas at Austin, Bureau of Economic Geology
Geological Circular.

Gustavson, T. C., and Finley, R. J., in press, Late Cenozoic geomorphic evolution of the
Texas Panhandle and northeastern New Mexico--case studies of structural control of
regional drainage development: The University of Texas at Austin, -Bureau of
Economic Geology Report of Investigations.

McGookey, D. A., Gustavson, T. C., and Hoadley, A. D., in press, Regional structural cross
sections, mid-Permian to Quaternary strata, Texas Panhandle and eastern New
Mexico, distribution of evaporites and areas of evaporite dissolution and collapse:
The University of Texas at Austin, Bureau of Economic Geology Cross Sections.

Orr, E. D., Kreitler, C. W., and Senger, R. K., In press, Investigation of underpressuring in
the deep-basin brine aquifer, Palo Duro Basin, Texas: The University of Texas at
Austin, Bureau of Economic Geology Geological Circular 85-1.

Ruppel, S. C., in press, Stratigraphy and petroleum potential of Pre-Pennsylvanian Rocks,
Palo Duro Basin, Texas Panhandle: The University of Texas at Austin, Bureau of
Economic Geology Report of Investigations.

In preparation

Dutton, A. R., and Orr, E. D., in preparation, Hydrogeology and hydrochemical fades of
the San Andres Formation in eastern New Mexico, West-Central Texas, and the
Texas Panhandle: The University of Texas at Austin, Bureau of Economic Geology
Report of Investigations.

Gustavson, T. C., and others, in preparation, Geomorphology and Quaternary stratigraphy
of the Rolling Plains of the Texas Panhandle: The University of Texas at Austin,
Bureau of Economic Geology Guidebook 22.

Gustavson, T. C., and others, in preparation, Geology and geohydrology of the Palo Duro
Basin, Texas Panhandle, a report on the progress of nuclear waste isolation
feasibility studies (1983): The University of Texas at Austin, Bureau of Economic
Geology Geological Circular.

Hovorka, S. D., Luneau, B. A., and Thomas, S., in preparation, Stratigraphy of bedded
halite in the Permian San Andres Formation, units 4 and 5, Palo Duro Basin, Texas:
The University of Texas at Austin, Bureau of Economic Geology Report of
Investigations.

Wirojanagud, P., Kreitler, C. W., and Smith, D. A., in preparation, Numerical modeling of
regional ground-water now In the deep-brine aquifers of the Palo Duro Basin, Texas
Panhandle: The University of Texas at Austin, Bureau of Economic Geology Report
of Investigations.
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PUBLICATIONS ASSOCIATED WITH RESEARCH IN THE
PALO DURO AND DALHART BASINS

II. Outside Publications and Contract Reports

1978

Galloway, W. E., Gustavson, T. C., Dutton, S. P., Handford, R. J., and Presley, M. W.,
1978, Locating field confirmation study areas for Isolation of nuclear waste in the
Texas Panhandle: The University of Texas at Austin, Bureau of Economic Geology
Annual Report, 109 p.

Gustavson, T. C., Finley, R. J., and Woodruff, C. M., Jr., 1978, Geomorphic studies
applied to the evaluation of nuclear waste Isolation sites (abs.): Geological Society
of America, Abstracts with Programs, v. 10, no. 1, p. 6.

Gustavson, T. C., Finley, R. J., Morabito, J. R., and Presle7, M. W., 1978, Structural
controls on drainage development on the Southern High Plains and Rolling Plains of
the Texas Panhandle (abs): Geological Society of America, Abstracts with Pro-
grams, v. 10, no. 7, p. 413.

McGowen, J. H., Granata, G. E., and Seni, S. J., 1978, Depositional framework of the
Lower Dockum Group (Triassic), Texas Panhandle: The University of Texas at
Austin, Bureau of Economic Geology Contract Report. 113 p. (U.S.G.S. Grant).

1979

Dutton, S. P., 1979, Alternating clastic-carbonate deposition In fan delta systems, Lower
Pennsylvanian, Palo Duro Basin (abs.): Geological Society of America, Abstracts
with Programs, v. 11, no. 2, p. 146-147.

Dutton, S. P., 1979, Deposltional models and resource potential, Pennsylvanian System,
Palo Duro Basin, Panhandle, Texas (abs.): American Association of Petroleum
Geologists Bulletin, v. 63, no. 8, p. 1425.

Dutton, S. P., 1979, Facies patterns and depositional models, Pennsylvanian System, Palo
Duro Basin, Panhandle, Texas (abs.): American Association of Petroleum Geologists
Bulletin, v. 63, no. 3, p. 42-443.

Dutton, S P., 1979, Pennsylvanian fan-delta sandstones of the Palo Duro Basin, Texas
(abs.): American Association of Petroleum Geologists Bulletin, v. 63, no. 11,
p. 2116.

Dutton, S. P., 1979, Pennsylvanian fan-delta sandstones of the Palo Duro Basin, Texas: In
Pennsylvanian sandstones of the Mid-Continent: Tulsa Geological Society Special
Publication, no. 1, p. 235-245.

Finley, R. J., and Gustavson, T. C., 1979, Geomorphic effects of a major storm on an
instrumented drainage basin in the Texas Panhardle (aba.) Geological Society of
America, Abstracts with Programs, v. 12, no. 1, p. 426.
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Calloway, W. E., Gustavson, T. C., Dutton, S. P., Finley, R. J., Handford, C. R., and
Presley, M. W., 1979, Locating field confirmation study areas for isolation of
nuclear waste In the Texas Panhandle: The University of Texas at Austin, Bureau of
Economic Geology Annual Report, 106 p.

Gustavson, T. C., and Finley, R. J., 1979, Timing and rates of regional salt dissolution in
bedded Permian salts In the Texas Panhandle (abs.): Geological Society of America,
Abstracts with Programs, v. 11, no. 7, p. 413.

Gustavson, T. C., Finley, R. J., Morabito, J. R., and Presley, M. W., 1979, Regional salt
dissolution and subsidence, Texas Panhandle (abs.): Geological Society of America,
Abstracts with Programs, v. 11, no. 2, p. 147-148.

Gustavson, T. C., Handford, C. R., Presley, M. W., Baumgardner, R. W., Jr., Dutton, S. P.,
Finley, R. J., McGillis, K. A., and Simpkins, W. W., 1979, Locating field confirma-
tion study areas for isolation of nuclear waste in the Texas Panhandle: The
University of Texas at Austin, Bureau of Economic Geology Annual Report, 99 p.

Gustavson, T. C., Presley, M. W., and Handford, C. R., 1979, A multi-disciplinary
geological approach to basin evaluation for nuclear waste management, Palo Duro
Basin, northwest Texas (abs.): Proceeding, National Waste Terminal Storage
Program information Meeting, U.S. Department of Energy, Office of Nuclear Waste
Isolaticn, Battelle Memorial Institute, ONWI-62, p. 75-77.

Handford, C. R., 1979, Depositional history of high-constructive delta systems (Wolfcam-
pian), southeastern Palo Duro Basin, Texas (abs.): American Association of
Petrzleum Geologists Bulletin, v. 63, no. 11, p. 2116-2117.

Handford, C. R., 1979, Depositional and diagenetic history of high-constructive delta
systems (Wolfcampian), southeastern Palo Duro Basin, Texas, In Pennsylvanian
Sandstones of the Mid-Continent: Tulsa Geological Society Special Publication,
no. 1, p. 247-258.

Handford, C. R., 1979, Depositional systems and petroleum potential of Lower Permian
strata, Palo Duro Basin, Texas (abs.): American Association of Petroleum Geol-
ogists Bulletin, v. 63, no. 8, p. 1426.

Handford, C. R., 1979, Despite a long list of failures, Palo Duro Basin still has hopes: Oil
& Gas, v. 77, p. 190-198.

Handford, C. R., 1979, Lower Permian facles tracts and evolution of carbonate shelf
margins, Palo Duro Basin, Texas Panhandle (abs.): American Association of
Petroleum Geologists Bulletin, v. 63, no. 3, p. 461-462.

Handford. C. R., 1979, Stratigraphy and depositional systems of Lower Permian red-bed
evaporite and dolomite faies, Panhandle, Texas (abs.): Geological Society of
America, Abstracts with Programs, v. 11, no. 2, p. 148.

Handford, C. R., and Dutton, S. P., 1979, Exploration potential of Pennsylvanian-Permian
carbonate-shelf margins and deltaic sandstones, Palo Duro Basin, Texas (abs.):
American Association of Petroleum Geologists Bulletin, v. 63, no. 3, p. 461.
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Presley, M. W., 1979, San Andres facies patterns, Palo Duro and Dalhart Basins, Texas
(abs.): American Association of Petroleum Geologists Bulletin, v. 63, no. 8, p. 1427-
1428.

Presley, M. W., 1979, Shelf and supratidal facles of Permian Tubb strata, Texas Panhandle
(aba.): Geological Society of America, Abstracts with Programs, v. 11, no. 2, p. 164.

Presley, M. W., 1979, Shelf and supratidal facdes in Upper Permian strata, Palo Duro and
Dalhart Basins, Texas (abs.): West Texas Geological Society Newsletter, October
1979, p. 4.

Presley, M. W., 1979, Upper Permian evaporltes and red-beds of Palo Duro Basin, Texas--
facies patterns through time (abs.)t American Association of Petroleum Geologists
Bulletin, v. 63, no. 3, p. 511-512.

Presley, M. W., Gustavson, T. C., Galloway, W. E., Finley, R. J., Handford, C. R., Dutton,
S. P., and McGillis, K. A., 1979, Palo Duro Basin analysis (abs.): Amercan
Association of Petroleum Geologists Bulletin, v. 63, no. 3, p. 511.

Seni, S. J., 1979, Geometry and depositional systems of the Neogene Opallala Formation,
Texas (abs.): Geological Society of America, Abstracts with Programs, v. 11, no. 7,
p. 514.

Woodruff, C. M., Jr., Gustavson, T. C., and Finley, R.J., 1979, Playas and draws on the
Llano Estacado-tentative findings based on geomorphic mapping of a test area in
Texas: Texas Journal of Science, v. 31, no. 3, p. 213-223.

1980

Bassett, R. L, 1980, Surface properties of clay minerals and their contributions to waste
repository siting (abs.): American Chemical Society, Annual Meeting, Abstracts,

Bassett, R. L., and Palmer, D. P., 1980, The clay mineralogy of Palo Duro Basin bedded
salts as related to the evaluation of geologic media for nuclear waste disposal (abs.):
The Clay Minerals Society, Program and Abstracts, p. 20.

Baumgardner, R. W., Jr., Gustavson, T. C., and Hoadley, A. D., 1980, Salt blamed for new
sink in West Texas Geotimes, v. 25, no. 9, p. 16-17.

Baumgardner, R. W., Jr., and Hoadley, A. D., 1980, Geology and hydrology of the Wink
Sink, Winkler County, Texas (abs.) Solution Mining Research Institute meeting,
10 P.

Dutton, S. P., 1980, Source-rock quality and thermal maturity, Palo Duro Basin, Texas
(abs.): American Association of Petroleum Geologists Bulletin, v. 64, no. 5, p. 702.

Finley, R. J., and Baumprdner, R. W., Jr., 1980, Fluvial morphology of the Little Red
River and erosion of the Caprock Esarpment, Briscoe and Hall Counties, Texas
(abs.): Geological Society of America. Abstracts with Programs, v. 12, no. 1, p. 3.
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Finley, R. J., Baumgardner, R. W., Jr., and Gustavson, T. C., 1980, Erosion in state parks:
Discovery, v. 5, no. 2, p. 12-15.

Gustavson, T. C., Alhades, A. B., Hoadley, A. D., and Simpkins, W. W., 1980, Karstift-
cation of the Rolling Plains of the Texas Panhandle due to dissolution of Permian
evaporates (abs.): Geological Society of America, Abstracts with Programs, v. 12,
no. 1, p. 4.

Gustavson, T. C., and Finley, R. J., 1980, Rates of geomorphic processes in selected areas
of the Rolling Plains and Southern High Plains, Texas Panhandle (abs.): Geological
Society of America, Abstracts with Programs, v. 12, no. 7, p. 439.
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of the Palo Duro Basin, Texas Panhandle
(332GM) D. Tectonic History - Faulting
History; 0. Tectonic Framework; Q. Tec-
tonic History - Folding History; S. Fault-
inq History - Overview of Faultinq; and
T. Tectonic History - Long-Term Regional
Stability with Respect to Tectonic and
Geoloqic Processes

10- 18-84

10-29-84

.0-31-84

11-5-84

1-15-84

2-21-84

10-17-84

10-29-84

10- 31-84

11-5-84

11-15-84

12-21-84

N/A

N/A

N/A

N/A

N/A

N/A
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Originally
Submitted

-n nnr
Re-submitted
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OF-WTWI-1984-54

1." .: I 8 ,

. ,.s --. >8

OF-WTWI-1984-53

OF-WTWI-1985-1

" I C, s.)

OF-WTWI-1985-2

OF-1TWI -1985-3

OF-WTWI-1985-4

Hydrodynanmic Developmwnt of the Palo
Vluro I-asin and Other Mechanisms Creating
Possible Iransient Flow Conditions
(332GN G) Principal Ground-Water flow
Paths
Senger

Reconstruction of the Late Quaternary
Paleoclimate of Northwestern Tex,', -
Progress Report, 1984
(332GM J) Paleoclimatoloqy
Caran

1-18-85

1-28-85

12-18-84

Radiocarbon Age of Quarternary Deposits, 1-30-85
Western Rolling Plains of Texas
(332GM A.)
Milestone Report
Caran and Baumgardner

Hydrogeology and Hydrochemical Facies
of the San Andres Formation in Eastern
New Mexico, West-Central Texas, and
the Texas Panhandle
Topical Report
Dutton and Orr

2-6-85

12-19-84

1-30-85

2-6-85

2-13-85

2-22-85

N/A

N/A

N/A

Nl/A

N/A

N/A

Hydrologic Testing in the Salt-Dissolu- 2-13-85
tion Zone of the Palo Duro Basin,
Texas Panhandle
Topical Report
Vutton and others

Evaluation of Numerical Codes for
Fracture Flow Modeling
(332GN A.)
Milestone Report
Senger

2-22-85

13
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OPEN- I Ir- RrPORTS

Date Date
OF N _liti e1 Report Typ~e, Author S tulitted to DOE _-_ Open-Filed

OF-WTW I - I"P.S-5

OF -WWI- 1)35 - 7

I1+ I v ' 1 /t V-= ."iS6

$15> I;1 T t S-V->

OF-WTWI-1985-8

OF-WTWI-0185-6

OF-WTWI-1985-9

Initial Reaoilts of the WVoif(. nap) Pilot S'Ludy
(.332( A.)
1i 1 ! tone Report
Posey, I i sher dl(i Tweedy

Structure Control of the Development of the
Cdnadian River Val ley, TexaS Pdnhdndle: An
Example of Reoional Salt Dissolution and Sub-
sidence
(332GM1 B.)
Milestone Report
Gus tavson

Summary Well Report Supplements (No. 1 Rex White,
No. I Grabbe, No. I Sawyer, No. I Mansfield,
No. I J. Friemel, No. I G. Friemel, No. I Detten,
No. 1 Hanman, No. 1 Zeeck, No. 1 Woods-Holtzclaw)
(332FG H)
Milestone Report
WTWI Staff

The Pre-Pennsylvanian of the Palo Duro Basin,
Texas Panhandle: Stratiqtraphy and Petroleunm
Potential
Topical Report
Ruppel

Strati(qraphy of Bedded tlalite in the Permian San
Andres Forniation, Units 4 and 5, Palo Duro Basin,
Texas
Topical Report
Hlovorka, Luneau and TLomnas

2/28/85

3/7/85 3/7/85

3/8/85 3/8/85

3/11/85 3/11/85

4/3/85 4/3/85

VlI\ (>V AU-IL
\1\ rr 1p1,5 / t

I'} 1 0

tSWSt

14
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OPEN-FILED REPORTS

OF 1 Title, Report Type, Author

^ r It, s an .

Date
clitini ft~to tn l)OF

Da te
rnnan-r ii1 P

I- _ --- - -__ -_1Date

ur -WI W-I -98
Revision I

Numerical Modeling of Regional Ground-Water
Flow in the Deep-Brine Aquifers of the Palo
Duro Basin, Texas Panhandle
Topical Report
Wirojanagud, Kreitler, and Smith

4-18-85 4-18-85

OF-WTWI - 1985-10

OF-WTWI-1984-33
Revision I

OF-WTWI-1984-21
Revision 1

OF-WTWI - 1983-3
Revision I

The Internal Structure of Model and Natural
Salt Domes - Experimental Modeling of Salt
Diapirs: Final Report
(332HE E) Final Report of Conclusions
CSR
Jackson and Talbot

Wolfcampian Series Porosity Distribution:
Implications for Deep-Basin Ground-Water
Flow in the Palo Duro Basin, Texas Panhandle
Topical Report
FY85 Milestone (332GN, Subtask V, B)
Conti, Senger, Wirojanagud, Herron

Cyclicity in the Middle Permian San Andres
Formation, Palo Duro Basin, Texas Panhandle
Topical Report
FY85 Milestone (332GP, Subtask 11, h,
Fracasso and Hovorka

Fracture Analyses of the Palo Duro Basin Area,
Texas Panhandle and Eastern New Mexico
Topical Report
Collins and Luneau

4-23-85 4- 23-85

5-20-85 5- 20-85

6-20-85 6-20-85

7-29-85 7-29-85



Kre+fer e/7

The Bureau of Economic Geology
The Univeristy of Texas at Austin

Status of Reports in Hydrology-GCochemistry,
West Texas Waste Isolation

1. Modeling of hypothetical fracture flow, Palo Duro Basin, (Senger) in BEG
review
2 Cross-sectional modeling of steady-state and transient ground water flow
in the Palo Duro Basin, ( Senger) In BEG review
3. Areal modeling of ground-water flow in the Deep-Basin Brine Aquifers,
Palo Duro Basin, (Wirojanagud) In DOE review
4 Hyc logy of Deep-Basin Brine aquifer, (Smith) In BEG review
5 Geochemistry of Deep-Basin Brines, (Fisher) completed this fall
6. Pressure/Depth relationships within Deep-Basin Brine aquifer, (Orr)
published, in press
7 Geochemistry of the Wolfcamp, (Posey) completed this fall
6 Permeability from core analysts, (Senger) ongoing
9 Geochemistry of San Andres Halite, (Br chemistry, water content)(Fisher)
responding to DOE comments
IO Clay mineralogy in the evaporite strata (Palmer report, in TBEG review),
(Fisher, completed this fall)
11 Hydrogeology of the San Andres Carbonates, (Dutton) DOE review
12 Hydrogeology of dissolution zone, Sawyer and Mansfield wells ( Dutton)
BEG Open-File Report
13 Hydrogeology of the Dockum aquifer, (Dutton) in TBEG review
1 et Hydrogeology of the Ogallala aquifer, (Nativ) first year status report in

TBEG review
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No.l Mansfield 1 1

(1982) * 0l

Amarillo
Saw -Ek-- ----- i ---

No. I J. Friemels *DOE G.F No.I
(1983) Sa W No I Rex White (1978)
Saw No.l G.*Frie8

Detten (1982)0 1 ) Canyon,
Herefo SaW No.1 Holtzclow

Sa W No. I Harman DO ,
(1983) SOE G.E

No.l Grabbe.
Tuliam (1978)

10 20mit3 m
30km

1-

_ . .... . I -

*S8W No.l
Sawyer I

(1981)i

7 1

I QA1113

In
S E W Zeeck
No. 1 (1982)

1. I
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* NWTS Program test wells
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TYPICAL SAN ANDRES CYCLE
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MATADOR
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MB ! HOCKLEY
921 8

Datum a Top of San Andres Formation.
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Key to detailed logs, San Andres units 4 and S halite

Colum 1 Depths in feet below kelly bushing

PC indicates point count of 100 points over I foot interval
of slabbed core to check estimated percent lithology.

4 and * indicate sampled interval, core not available during
detailed logging and checking.

indicates sample logged by BEG and a detailed description
available in BEG files.

+ indicates sample logged, but no detailed description.

Intervals sampled before BEG logging are labeled as "sampled"
in colurm 2

Colunrm 2 Estimated percent lithology

MlIneral Composition

Porosity

Xx x I Potash Salt

- Halite
Anhydrite

tAi AAlGypsun

Coolostone

8:i 4 LiTestone
Chert

Sandstone

, Silo -os*ne

Muds tane

- Cays *ne

Cartcnate Conmonents

G Grainstone
P Packstone
W Wackes tone
M Muds tone



Carbonate Comoonents (continued)

o oolites or coated grains

o intraclasts

6 fossiliferous (general)

,moIIuscs

o crinoids

<. foramrs

'{) brachiopods

A phylloid algae

h) coral

Column 3

Hal I te

, A,

..~

//'0

104~

/I

_K

Structures

chevrons

vertically oriented crystals

dark bands

tie, pits (show residue at bottc

anrydr4, e

cnaotac mud salt

recrystali:zed halte

exceptionally coarse halite

mudstone interbed

anhydrite interted

discontinuous mudstone interbed

- discontinuous anhydrite interbed

nonhorizontal bedding

Sketch of structures in left half
of column; interbeds of one lithology
in another extend 3/4 of column widtn;
boundaries between lithologies drawn
across entire column width.

- -



Column 3

Anhvdrite

XT,' 77

Structures (continued)

gypsum pseudomrorphs

bedding (schematic)

contorted bedding

nodular

crystal lotooic

Carbonates

2'as:'cs

s- -~~

bedding, scour surface

wispy laminatIon

ripple lamination

cross beds

i ntraclasts

coarse grainstone

urrcws

stylolites

I a vinat* cn

Z urrows

it<ole laminat-:on

disturbed intraclastlc fabric

more disturbed

cross bedding

dissipation structures



Column 3

General

0-O

Ie?

C C°

J*

Structures (continued)

boudinage

mudcracks

clasts

faulting

fractures

bi rdseye-fabri c

contorted alminae.

displacive halite hoppers

skeletal displacive halite

filled fracture

nodules (note ccmoosition)

crystallotooic annydrite in other Vifhologies

031 umn 4 Comnents

A. A. left edge letters A through F indicate halite rack types.

Halite 7yces

A fe'ced halite wit.1 chevron fluid inclusions

3 tecded halite with verticaily oriented crystals

_naotic nudsait

_ ecrysallized -uddy halite

F recrystallized halite with interstitial annydrite

; disolaclve halite in sediment

H coarse recrystallized cavity fill halite

I fibrous fracture fill

See table and text for description of halite classification.



d. LocItCon, irregularity and estimated continuity of muds:aneand anhydrite interbeds in halite.

-".MOXPWI

WW - -

muds tone

anhydri te

irregular base, flat top

discontinuous beds

C . Comments on interteds

M indicates mudstone

A indicates anhydrite

bed thickness shown

:a i rd r ies sx i : ,re-

iA indicates 5 anhydrite interbeds too closely spaced tosnow individuatlyestimated percent impurities shown.
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Î I oe, .16_+s tlf rl %ferwt" . ei *r t S. ... ~t~ I' ' ~

_ S _ -_ _ _ ._ .. _,,...... _ , _ _ . . . _

LI.

~. J

03

C V''V# *V4IIIwz
I * Vt I 1 . V ., .Irt

, I l e . V A tw t. C ... s tit V

t-,p V.Vx b. tVI. -

I',tk ... 4 -. r ¶ S I VI

,.4.- " 1. V Il

,:~. t *V . *I I~A
U* .1 .,¶n I -. I

Mal- A,,.-s-

s

eV ., I V t . . ..I 1 , VV5s 11W . II .4 4 V 4 V AI.V

V I -V 1 4 "A I 1 V V V V I oV V l i t, A 4 V' V 'V V- ~ ! V A - l C * I

V ot .ert.. I I V V III. pIoI . , 1 " . . .

>rW.M *- , P-- ^&. .>..

... ,..,.. _ A..
VI.I.A ..___. V ..................

2%s

ti-

cowft- * V .,I 1I 4 PiI

4 (S V.~ n c I 't It e st elV VVI.IV<f

.V t rt l 4. .l

S?.4 "tft '.l

D". 7,p *V - J tAy pV. 'VVVV4 *IL .,. tSA*s Wt- l .>t'. I.','','.'

o V Vst A/? " I .V Ce-t ttAl G l Vt t.VI r Cry AVVI * l I * V

*VIIO.VIA VVV. teed. rAVAV_*t *I. g*VIAVVI jAV V S._... ....
4c2 t.. t I VL 1: - _. t. et l.- - .. V iI , , 'e ... I .,

4 . 1 V A V I V V' ,V l e?

0 ,I - r.l.- -.- -.- t W- .
C AVA- VA r - .V E A t V /- At A ,I,. * * . @ A 1, V

I I I V 1 ed. q I I * I I O I r f l et s l c et * 1 * V S * 
1 
_ 4 I , V ! t * -_ I*V. _ _ _ _ _ _ _ _ _______ ,__ _-, .

14 V 111.1 f X.

*t * ret 6u 1 t11 a Cootot' C loot-tod *Mef$§ t _al s*.* '.
WCto tf- A 14met " r vit t-4 I00

* 4 -C_ . _ __. . ___ _ v, ;.__.. _ .. . , _ .

C"I 1 tt|" rw1s14to .t . ~ I 6_*-, ".P V. .I,^^

I

RC ,.Il e*t, _.f ".* -1.114
e..1

1.." e . e. . . .. __ -

... I . . . . ..

, _ -A t r -*t _ . , , . _ . .N.

_ . _ _ _ _ ..W _ _ . _. _ _ _

1- t_.1 .t

U,I

. x e .

1 1 . .I .



COt)NtY 'a II \.se
WELLt. ,S I -,,< DA I'

tINtERVAL %'-4 NNO .~ -. . If's>S r LOOIGED OY %1 111-. Wti 6, ,, 'W1 .. J-

COMMttENTS LtTHOLO(31C )ESCnIPI ION

. ! i - - -
a

N ,,<,r , -Ie

i~l .rtr*
sI, 0 r LA.8 fe

Itt

41,

.C.

' t

40

.e,

so. Ast.I t.,^ *..# p 1.

1.1;t10 lo,4 fi. r1^ W& l^Fli-*w.arlat.t

Al"s Rqo P164'r~ ~r~ - c ' 0l6^ '°-O."1"'p"^ '
,LK . t J5 I~ t.tlr I4" A- tS t4,114 .

1114 N1. ofi4J "I*t / l .q W %- t-r Z1 1. 1 Ft wSA+

;rwltr 0:W1:4. *1 4 tlolkloo4 _.::-qw r* I't|-^ .w* . 1. .

VAr . _ t. _. 4. ... - t

I . ra,* tlI; t, 1; 1;1,1 ttt1^.,t

*4t1b PotI ' tZ I _ ItI .' 4 t tl* . .'*J,.'

IS t -t * IX '4 It -- str fVP,4I.@ f b~t . 1.t,,_ ,
be 0-04W^ SII tlE- , 1^_

- fl#4v .04 ./ *1 11IM -s

- Ifb,III- *-0W

4 1

. _

,_ .

I,41,

Fk"

or-t * h X I i
W_1t>e tJ4"" 4 $$S

; _ or'ql, * I, 4 #

+<rY r.-t- Xt A

t'STvs f ,it

1 #,g

i1;
trJu t,,. Ce' 7'

xt^,.ud F<tt r19
failS

$e,..t.e S,..- o

otttt t t.! Ir+e

1X4 t: C i4 l}%@--Itl 1* Ft1~ ~ t1*@1
-Ato4l~ P.44r brlt ejt1.j * t*Fs *F e-

i"01 $i,oil -lvi tli"-a i~i.. .-. ;. ._.;,-,;, i

(lots 1-^S A- ^1 '!e ite j.g4 f1 ttl tqvt¢t

VA' tlotetr-t°tii O /rl4%t"i!,_ , d

kl741 to. blo I94 p0lt t. rsl I- I t ,^

- *41 ",', -1* o e ,M$ 41
`l0et o olr rt .w _r11! .111 *£ .-- to _-

1.0t t . , ....i . . .. I to

fti =L~tol 1e._tr41) "lrot tt, "°'% s"'I"" 7w."S'""r '°'''v

tdtr41: . to I-r} woq 1* to41 1V -.- l Ib^'no1

kx.a.,

115 .|f~Z1 % @t @ §l4f@tr^ 1| -l 't-
41 14.1 II IC I~t PI ds< fe .41 0% . , I 1,o ,

IsV

totI t I
i~t~r , .ef *tS z4S

f- .......... 4

A-* i W.P140w 1 fil 3 W-.1 4011 U vt(l bIl ttte #8_

6 $ _ICelal t11 , ld* _ C-t~t ./tl1 l

Hi .e*1.

__a ._p"' Aplo a. I ... ". . to 1".

c., do f~" _14to .,, m.4 "- 4.,,. t r _..., 1-_
cl d "*.' o1rtrs fo- d Ck, o Art s14*

*f styl10itft 41 fa. t I -t0 C-P

$

It

Iaw. by _ ,, __ .,, ___ . ,_ . ..

+, .. 1_ _ . . ... - .. .. _-_

Cp b -lW .... d- __ _, ! .- --

Iet- 11-b-4 If __. I .... _ . .!; * _ _- _ _

t e ._O ....... _ .

_0"Ced, _,___

-. 1 . I C -

.f1 .

____ __



WELL - T. olqt*

INTERVAL . b c.(w'. . WOfr Cn \ , -

COUNTY. )9.De ';s. 1 . OAtE

. . *-LOGGED BY *'. . b1 _i ,C, - ,.
* . , _ . _ _ _ I

2 I LITHOLOGY Stfuictlues COMMEN TS LITHOLOGIC DESC1lPIION

. ... I . I . 1. - - *.M _ I !I

; tI.I T 11

1 r

T ITI

IITI

1 1 I I,

n1 I I

" T Yl

1-LT

'11

T-1I--
11IIgG

.0 P

-- e-I I

_vm

4.- 9--

_; ._&

, K.

- IS

Ih e

_:-

Pof hiw, ?r.sc

.L

Inter se itA PIE. e9tl ne le InIs lflrt. 6,ri..J tie. Psl'.
*11 tt"$1, tClt" @"I lt SI.nt if t _In gI f a te
* inldne l'"e.I -_e 1si 't. cnld . B *o.. . I..e4
IllICfl-d .Odo, I 4.9I a __- .

ne". o,,,w. elttlt "5. Ito lsI tI n Ih.-lt .
._I_ - c to tU I1 t I * I i creed' LI h Id II ,

,./, irtltel. it 4ed i. .1915.54 1est SIf II. * ,.t Sr
eerstt p .

WSeel l rooI a-e V4t *-. It. o 4.5 '
bela-i '.? Ut .SRI B 14.5.94 t itS .. t i '_m lt"1^s *.n* 1 .. ".d
tee tee B Ike *^t~l Ilts%.; t*t

t
1.44s, (,lflt'd SI.| ..l'* ..

of

, ¢;,, ,,* "*1

:I '.. t . 't t,.1r ,.

C-,L o ,A - %-

I I e Ins It.ee I b et _ . t -e ..- *-
Ce.

.1'

f

L.
(

'1-

114" 1*-If*tt, eree 1 tI t 'Its BI Wr't. Ct 1.9 Ill I, s rell.,
B mnees ti I 1 g 4 lCt Sol. M1.tl| l., tt., We '"It,,e
tl Ilt It114 ,4. bet4 %ttee r1 I|tt .9 Itt t-:I t_. 4-t*lt¢Pllt* , Wllll*

IIISII t -s. .4 1 ile F Ti c;s. - T'I.e,. i nt4 l 4tt

illict," Al e 7 zr Iest i Trj-ieij 1ZjBl- Tl
d.O CBI' o W -It, _ __ _ _ _ _ _.,

isee,,ete tlvv*.l ,b ,,, en_. I.t.,t 0 _.5 1 iedn'St '1..;'-

to ere II, tItt C %ittl t loee to le . I cs 3. . 1
"Iltr *I i C tI'stoi#Il eAld to,Ie . . 15? .

_5 _c . _. _ _dl _ _ _ _.l . _ ._t. _ . . _
.pe..e t eisl tt451. 14.0 t 'd edic- ts~ tesni * ,%lt i

Pfne feieel I i* sse _l .1(| fldtjen retl* sel eto~t SiSe- 'ie 3
(I * else, I~tA.I~l I.O lAS t l~l.n .J . ., t'et .dbt , e$S - te, _

.§ Sal It I cFit 5lrtcltt (slnet tn~n _* l'.et-en t'--

rj-

I,-

L.

rSI4
____,

ctA

ADG-

_~ -_

op ck

Vt

OP
O

^ht[ ;...:. . .. s
i. R 1t..., et

I~ bg I1, ..:,.,4 lt,

e S...$,-1 r.:_

'. .Q, ,. ..tA,

tx . #_ e t ., t
¢ e _.- / r J

^u -r; rTJ

.
',I

1..

___ _ ._ _ . ._____ _ . . . _ _ . .

Itloy, 1.tdtht,4 D. est-ttp*st. bfe- Ine"ci Iftree. ,dp Is' -I
tis i Ic-I- s " slICoe Snsm e frsed .91 it.. tl11 _.1tl i

d.WI#.. ADt t P ite It Z tita"Id C.I-s ".o" Ie in"t c.-xkstt ,etnelbs thtate0 *eee he.1"f

I
I

t4l1

f
/S

I'

._ __

Iirtenb 4edd *1~ A**et, B d l dn ti i'e ei4tes bentc hS~ i*ItA
5  

S ltleiL" se i
I bett er Im il,1 540 " ses!tAA. be t Ibee"t" "#i. , e l I w -iet r
I If fletetid.-ert ItO I t 9 .qe (It. I I.) -. 4.a I 11 _
ilsetl P.0 Cte tl*llr I I tly #t

t -1,l .. , !. ,

tI*.%ei lbd b, I '' . 1I

d.c E .t. .

..e d t e _ , t.

,S1.to8, I

d... 4 I
We.

set .,,



WELL 3 It --i -

INTERVAL . '

COUNTY-Dll. - - I -_ s. ' SA r. t .

. . . LOOGED Y ST <.,. T3 'J S ,. .' *

5 j LITHOLOGY Situcluros COMMENTS I LITTHOLOGIC DlESCMVI PION

) I41_

.4

I,.

2.] -,

' I'

f- . 1 'S

2'r~

flcoo.ttc f isitl -od I ,e 0~. h Sdt 1lti Oiri s. %Id
.5 it Zt foate l lt t'.,tl, si4'Oht (o*, & S %.* r -

q.o"I I rill. Fol"11 I-* pw,I,,1 ,, ,,,,,,, ,,,,
StOttW.d sto. S wNlets 5$ $0isttt t .5 tlitt.S., '-tt *Z S-'-
* i"tt po.s 6ii .0 oito ._w Ct, I .- it t -- t, -r--
do tIrt. ti-Oca tnt or o.P"aIo stt.ftIi4 .... .
b.I *fr'"It. e W r~ t.w w"qto

el *

*~~ tacs-S t-tt f
i~~~ ~~ eI+ ^4y

FW.dtck t.4ik. ttoOdto *"Irtlo-st 0 t .t^ t-0104 .
tsllttfottote I"t) c it_^- It-$ tft A.,t4ot- tot 

t  

.§.1.t

tWt It taqkt, tt05d '.. Itt. -4t-ot. * -tclot^_ it. .t1 C-.toi

c tOtat t tlost" itq tlt ri-o. i- q-to1' roi 4-c. t1-ilt.

*S"2toott.t, _ .1 1ltq 0)iti ,i .... t I . t. 18tht tt

eW44, ths- '-41f 11 6 1" *0 _11 0-0-tx t Aft1e
tIuit* I blO"k tti.t .1 tileS ial-- se

1 
WO iz tititfdId t *

ol rst cva co" tat. i4*1t't . t 15 tl t-*.

*Atln I0t.4. e,"IoId cot, li t t, t 1. bcsosiacodo

t Ii tat-O roqe, tori

imat ftwit dita tket itt nties(i tf'ictsnt U ct&ti*t sltatto tos¢c4l
to totiity failed tit¢tit otti

Cooli l-t I aitogt Orodet celow I Jet,-. "_, Se 1-_ d t .

',t ',t -S..-'

otle *tti1_t ^1 lttOios, i, *t C. . - .. * _ .

Potst t tI, _t "" tl t 4*5 tI I. t. It t' ^ .- f
to It l tos of tt., ipe iatt t

I.

r...�
.rc:

Y'

/
tvv

11, I1

. VI}

..

v

v

v

I

I
/

S* i S J< n 6 " t ic Cl trt ci i., .Io ts l 01 1 t t tt. t4 itit JS .c¢ cii,:
t ct i . t tit, . t f te i tlti * t I e tc I. - S I

9 t -t . c tactt1 t - iott toC- b r 7io t o t , -ti 'M..
%a.i-t It s lt'tv &I - 4 bIott,* olpo bt oll e to I t. coq t ".z

s .IO WJ O I * 
5
t .,n W 4 I .

b t*,tl*,ft ,It II..1 tat'
Flt- v -t 6>oe 2W *e0 s Int. 0411i ef*. t ot

9tit otilov "I I 40f- t"I

e4 .. t _ ',

rb4.ted ______ _.



.. I
WELL 'f, 4  !COUNTY ... *UP DA t F, I I

INTERVAL . 'f'TQl a3LQ CCM9, N5LW47NIP, OEO DY *' ,, >3. $£ \ t " . tj

oI

1 !
:t

LltHOLVCBY
(tul.

::--__, c=

___3
. r. S s :-:a .�

.- ,. ._

.=
,t,

.,:=_-

__ =_j

'- -.
_--_

_- =-: ._

. _ __

_ .. . �

, __:. ,_,,

-_.-_- -e
.. _ -_.

_ __

m....
-?- -.-.

_- -_._

. =5:.
_. :r- .-. '_

_.... _ _._

.

-
_ _, _, ... _ _

:_f ..

L .--
t', ., "
tJt---..-.:-- i.

_-__ _. ,

_,.. .

i _, _ --

__-_

ovz

I
;

Stirctures

v,

Cl
I

I

c

I

:1 ,

.0,

COMMENTS

,J.A i^d_,,td (A.V 21?i

t,.. ,,* .

v

, .-* I _ I w.,
,l,,,, ",* - icsf

'.. f-,-

al1

.

SS '
41I

.1.

* ttlstl.

Dlvaitutf qf6 s~tat tO lt#d.. Ith,, ~

tt^-'.td 9-*, dt%t. -1 iftlt.

qtyat.M9 by-_c 1 . blcI attz ar.?. tl.,tt .. *^ *,.. .' I .
* f-tf@hP C(ki<. Cltts *..cl. ,.o.^ I Is Sa^W- IS-W., ,',-._'

94.1,. aII*thl cbii *At? I, t. .. t1 I r .
'p-.,t I *rni tcb t. * a, I r *".4It Iii t , l.r-

ISO4",r,yt. *Oat,* Itl.t .tr-d, f,);r4 ^..',, ',, s¢ '.

(4)t z.w.. _ * *;. -, f-*tt0¢t

,S.-b

LITHOLOGIC DESCIPI ION

istnI

p". 0,, N r-' t lo's I *
... ..,) A .'

r'7 ,"' t " 1f ' 2'(s',)

I

_:

-ri
>-1
a

0-z

I\
1.wX

zLfi
7:
.',rt

u
:%

9,
.L

viy
~j i

, G'- I t {A,
Vta! 'u tI

Iloci oelcomft, _9stf shr.yl y -la. by tr.- .". .'tta ow. ..

B t- is *t.r . fw..1 &*I. b .. ; V4i-t sr.,.ar.f; 44 t l -ps, -. S

ttar0f
_'. ;I .. r

-i. 7. .

1 0

I-tvrt o ntoslcl V Ify fl- t o4 c:llan * t 1 I 14^,1 r1l1 '1- f '.."
b, S .dl * 0 Itt- t - ., I- .., ye ro r t. as It

'G. "bol w h.** rr -orrtl r"e~ WV *wl "I~ w
flyd _rG..t .r .-.. ~ O. 0 k yI f rt. . Or?,! tur*talett. .. , n N

*to9.4 cmt fltr''d l- .t I )4rp i- *r.i .1 p- -. t "lrtart)
?,tt, t./d * btw t *rlYW f .lls II r. lql 'V t* i. 1

.5t* je,?t: 9raS br0 t atI soft td..41-t a 4r",.
" Io

.. . .i . .. _ 4 .. . .. _ . -

?rl" l5.IbI PI -. . - -

~ .d .. - _ ... - _ .. . -4_44_i-......_. _,

, S I. ,8 t -

4.!. .

4.. . I.

a.. .

I-



COUNTY. Ž"0 S"*' 0
WELL ~.3 .-.l00l

INTERVAL I 1110 .O

DAIF 1e^ :f- , to( .

OOIED Y qT MI . to -'.0. f t -, W,

-' 000 1 0�10

17
LITHOOGY Strutuc lres COMMENtS LIMTHOLOGIC DESCIPTION

4 - 4-4.
_ _ _ _

1; q
w r �

i

- I -..

- I

4 . 0Iil~

i~o .' -.

0.i **

,t0 000 - .ob,0
. O- *. _ " ,

>,%l 10,4 _ ,,0

Is ro^t.4%..lr footoog h...'

Ve.01.0.
4 

)0l.0

FII., I.,t

I.000 -OO.OJ-

'--.

"i ' r '10I ?v.04<0"

I Oz0-
IIOh. A k

s 1,, i- A, __

I, I 
4
o i

4.. ( _ . _

v - - "I

*H-m!" K

it

0*, -0t4 .,, 0 0 I.,,, t0 0000 , ' sI'q "-.'; t; * r^

401st o .. " Dp I 4 i 40 0 .v.r.00 . ..

0tt". 4~ .901 cl.; al; 1r0 I ft_7;t tPlo. 0*004*0

t__1|tl.' 11.t r M'§

Tsyt

.. _) rr, " *.¶c.ooI v'0f4f 0o.0 .... .Ito.
00.0090 te 0004100 004 *.vr400. ,o...01 lt Clo*t.M.ob0 h I s t -A oot rf ¶r -

ml.,I0 o dot pa.4 to-, to.

__ . ----- .% , , - . -,, ,,.

IA-L I
1 ol 1-!

t1 L1 �

1�I
�, I
ti's � II'

jO
�1...���j

oo of,

�00; p

�00

.t1,,¢XT ,,-.

, o ' ,, I .

'-1W.| !9ntl-t. 1i;t.

.t

It
- .4,.

J, 0*'

.I.

,4

4 I

''0

-

4

7

0011'o.0o000 �.40000.0o1

0, �..O.o .00.0(0000

0'0<00..

ho'.. ii I. £,'0...I .0* I' 00

too 00 '1.1

* OTOoloot

I0(Vt..00

;Ft 1Id - o o. I .tI- a t O4 41 I 9t t lttt09oO r- o '4 0'
b04' of IA M00 49 Pools 01004d '*141 t a t ets 000I .;, 0n .;

(0 ,,0 '. 4 ., , 0. 0 0 0 Ir 000td o 00 t4 .0 0 0 1 .4 .0 . 9 0,r 01l 0. *+ , . . 0 ,,

10 00t 0 4 10.000 0 4 0 4 0t 4 t.toS t o * o 0 It lq t o o o . 4 0 0 0 <00 O l o l _ - k . l.; . o0

000 r. tt O. ttr .9 0,04 .00 o¢ b ~ t j4 00.0 000 0.I tott 1 1 0 1 0, 1 0 ,. . , ,
00 bl. 00 bl *, 4 . . .

9 0 0 t.., ¶.or lil lt 0r000 0 o I o o 1 * 0 r r ; ' 0 * * 0

0lt al.0 04 v ct 1 " s0_ Ott. 9 00,,,

:0 lift o o t.,o0 t 9 T ,o . . l. ,4.

Z iifl q t 1 0 0 0 1.

0000 0 0, lter ,io 004, 000, 0. . 0 0tt o . 0(4 < 1 . i fl,0 0 *00401 . * io "

b 0 0 0 0 ¶ nor. O bo ooot _t,.0.J 0. . ll 4 II. , oo- oo^ .} .- , ll. q M o *!. oho o0.j

ft _ 'E ,,,ftv l'o" tt wdtr ¢ b-- "

0010 bole tOslS 0,Ott.400.00011, 0ol00ltt 00 4l10 _d,1 *
0
0.0.i -0

0.1 0 0.1.0 100 0 to10 4 0 4 1 0 0" .0 0 0 1 -1 0 . ,; , , 0.0,0,. 4 - - , "

b"O. RIs c"tolrtjef tCet r l. I

0on c (ti. t. * 101e 0-sb t 00 to r qIt 1r -0040 of000 '. o00S 1 4 '000 * e 00'0' .0
0 1 |1 .4 w , tatr 00000900.0 (e* 014< 0.. 4-0 ' 0l *. t 1t - . '0 0
.0 0 0.oS t t o 001t4 I - .orr . 0! 0t11 04 -l c!,, .4 . 'o t 0 ' . - '

; .'
;. /

oFJf L. :; o,

i~iZ I.. s i

II

r

II .0

1�
1�1
-r

w£. _. "' _I_

^':- ___

,_"p
,I _

,
-3~ I " W .'1" r 109 (000000 0. 0 4 ..t 0 0 0 0- -0 04 0* 0, 0 0 0 .

. 1004 04t 0 0ts t 0d0 0 9 0. V.14 .. , ¶000

. -% . _ _ . _ _ ............... _

.. .. .. 9' - .. I . 0 0ts0o
,,,00. , .j 4 00,.oj > lo-
% . , 000.'1. 0 4 1 _ . .1

J.. 00 .. ..
0. 01 0, 0 1 0 0 1 . _ ' 1 0 . - o j

t s 4 0 0 0 . o l .4 ' 0 0 . 0 . . 0
L. -, b 0 0 4 0 , ,

00a

iI

,6'

Ii.' prt e l l,. t*r .0100 lo.0 ,0, t Ol t ot oi..ot- . 0 1 0 1 001 .0 ,0,- j . 0 0.l
1404 0t. 4 '*140sip, 0w04 0. O' op P40t00 I., 0, 4 .. 0 0.0 .. , .

ikJifl'0 4l4P404 LPet0J4L ..e 0@.uLtlt.

0h00 0 t 000 *00 t 0000 OM .1190 1000 00 0 It* b 14 ' 000 4 (. 0 , 00
1U 01 04 t00 a 0"' ' 4"' " 4 ' 0d ' ' 01 1. 104 10 - 0 00.4.0.,,

V0 9 10 .11. 4 0 0r-0 00,, 0000040040.

J 10 J. fr- - l o ,1 10.l * 01 41 04 1. 0I 0000 D. 10. 0 _0 ll .0 01..1
II. t0I0l~ 000,004 4091 00 000 40000 104ooo4~. *|-~l weh 10.1.01000000

¶ 0 0 : * f ro t ¶ 0 0 1 0 4 4 0 0e 0 I 0 0 O 0 0 ( 0 0 0 0 0 0 0 I 04 0 0 0 0 0 0 0 1 1 0 0 0 0 ' '
0-401 00 410400 . - - -t

00.000 10 0 -.- -000t 0

t 1 F4 _Sol tt
' 4 , , . . ' i

*404 . 00.

L __________ I .&0 ���0���



WELL I._ 0 -0f t

INTERVAL fbO AIID

COUNTY , " A Ori AF rr .

LOGGED1Y s- 'st. 'S It sW I I VI're N SSq LVRti I\ A

1?Ii,
t

LITHOLOGY

11%)
Stt tctlret COMME NT S LITHOLOGIC DtESCflIP ION

_ 1-9 -�

41A I

7

If
I-

If

It
L

t I

Itr
II

II t a

li

*2,-~ ...

II
ri

ti

a :

- ,,

's.

Le-v

^Fi~

0I

4I

I4
i

'"J.ttr> wl-gt -ItllF
I Scs,, \47bS.0'4I UJ, S.rl..d6F

i4s 1.001, t4.44
0
"0Y1

As cki V., I'%C~ ht.

(A- c. tS4 *; 1.4

lr I

'--'

4-.--.

ii.:

A-._ k *
1

1.r t4f 4 o ,, tsC'
fls'. yy.itI.J ) ae o ocd

kAu4rJ 4 . 6t.j t -

| t- .l nr v .. |

t7-s boo.lttJ, (441. 4
0.oMesO§4

Id

tit

94.0,, I.P. KI/sow..4 aIto.4I, 0 -t t 5, -.
140.4 4r41wrt 4 , rrI"I ae , P0S4- .I I!-s -11-1 .0 -.

otoot 0114.4. lo,, 4 11p _ 4 .' 0, r.rxt

.041 ,I'l I'0 .e ta, tt.4.0.t,, 44..., I . ., .- .. ,a ,.'It

Abror rtst t .

4. 444 Ass"I,~t "Id$04t? c"otlOdt, S talr .014o III 50.54r ,
0j0 bto St lo t1 0.41 ,.0rmtO4~ 400, -is ,,r,

5
*,

it* Itt*W VAII JAI. rt1"wl 1.4 bte 1 §

,o41l 1 t, A0 004t r.4 is 4r4 qm 't a * s l 4. r 1
Ito tooloctloot diso ..4 b a orrrroa-j r. It#I -I trl. t lr'a...

3a8* ultm I1t4r0 tlrq too loal P . soti 1050

.Ad woo0sn. 9 1. 1 ....- r V-ot-r 4'w t.t oar Ot.*454 r

Olopy I toltd oaft I"1t_ dorar*. rol-o.

0t4*4, 4,0ter4 , .0 _ *ot.,,,hrd $ *It_ rs.. t-ot's. r r .. a,!
qtrolt.t 0r # r"ow to'

-~ S 4- . . .------ - - -

_4_ ' ltou tf~t Ion * ht t *4 hmn'eod trol. II -e.' s.. -r .
_ltP't 041tts II" } 4 ^ t t ^|l@t ., -- .71 t-rl

:4 Z -rr . to 04 *r ro, a. " ,,I .a.Oo I's !r zl , ,I I . *os _ I .

0400 ¶0 *4 Sorto t4.ttr 1rs04 _t *4 .a.. ' . r, ,, 1

4. "d I41 (t' d Iat_""' I " 4 *0

4I 11 O . 9 b 040 Otto , Ir . Itt rot 4 0 41 top -o r- , .5 -- .

_t . -

I . 6It , .1

*4. 000 4$a 4, bd rIrd Dr ant .4a I. r: .O r

raetl, Wo ttd _._ O..__...

tr tl 40404 brel.

b.0 ,"Its I"toO lp 4.00 a. C o'strtt 445It. Iowr t r 0 ,

-hit IS Cr ". t I .. A *r,, 00540 _5

On
4~~_ r._ r.aot,.......... _00 .~ _ .0.0r.,o..r . or .. r.q r..!rs ..

0 t40 p.-I, S w .-

. 'I5S

.. r.1 4,44,.j
-,-.1,

, 4

i , _ sM

¾) ri L
C-
.4 . __

9*est

".c , I

F.~~~~~~O W 00 005400 ' .', __ .4 4.4......... . = ............
.* ?,- -_ -D I - !, I- -f I .1 I :l

"t

ol t, Vr- 1400 V4
1 

' tt t .044 . to "m
0.001t 04*14, Il4 tlo.'t . 0 '." ~~r4

t~d ms r7t strtw'§§f '.twt) t' #.es I ' 7
0 t_ __ ..a co. . _ott r... 444 r
%-t 500. '-Ia4.q 44 vor 4,, i4.r.b t. W p

.44050. 011.0. 441 ,ro le, t 4 1 Odoot , L

P rool o -t 14trt r 5' 81017.1 400sf. r r It, 5041 o _
00410140 10. 40940' 04 0407.0 $Air4 >4.01, boos ,. sosi0b - r.

I-1

t.-*$4

alo .1

t400's00~4 Wt __t ;_ _ _

ut"*40404._ _--

00.4 4!

0.41, ,.

4'.. .k o.

.4.'1 "i 01

40.
4.5*

I --



e- I WELL _3 I .e. ,1 Cot

INTERVAL . , ' I'.." ?EHNSqLo\offtT4,1.

UNTY __ Dee S-
DAtIE i , A%.,, t, ti

LOGGED DY . , .. U. L ', * "' - ' I",

e1I

1?I LITHOLOGY Structurtes COMMENTS IfOGCDERPTN

I jJ (%I ALOI
I

4,11

- L

,1�

'1

K

4C% it Cs*'ttg

�. a
- .Y' - -

.9. v'
.5. -

-�

C.-.,-.= 4*=

.4, 4'-.-
* -w .,

'-CI ... �

.4-,

R 1..

a 1

9, ; .

", ' . *-^- _# 6

I I

ol to M.. -l

Zo`

deall te,1P4 0t WigE 4eAl 40 tfhl- to 114t6tI C44t, I.... -t.-'
_0 IC "I' to 411 £441. .,4 (' 41' w 0,CIfoi, t. 9.4*1 1- ̂ 4

j. 9 _ 1441 mtIl t-4.

_'.

* I..

to&

1t_ tz,'IflI 144t.,.............tf ~I. .. a.'.t.e .. '.q.. X-, .r. h ,.Nf l....... j-
0.011110 VC*$t 4 it tt-. etia .11 t . .ut ~0.'1 *'.: ' '"'
Iopt# rI.1.at X.tlt- 11- . tt * StE C,..t%4 .,1

r* to,.*_ I... CI. e1ta le*-t.4 .4 1. *e1
1 

ar-i. a ec4r .-
*441 1t1.1 ta *1 t .*4 t,.tI'-.i. tt l.i'. 4to gt".

Iltft 4914 *c. o"44. .r_ le * 1_1 *'loo t*1ett. -u#"I. ̂ . II1.1Z tolo . t

_'o .'dt _ _ _ . .,_ _ _ . _._.. .,_ _. W .-

go -s 4 t . ..rC,.'. - .

0t.t161 toio.*" ro4 t- "4 otfhi citH t tt-_ ._4.14

It .1 vot tIt I too Itt *t-t C 4.r t 4

ttililp .E q'Ct4 1.44** 41 91,1 Ga e.,'1_1

Flt *l let I. tl .*t *CeI .41 90 t *4.4, _,_'f ,

taCt *~e,7901a, Ii.,... I.@ *_tt 44 I'_ .1 9 s .1e*. .. _. -
atattE C a~ttt .itellr*,tf *.ti.* i* 4"'04 t~e .441,.-,_,,,,,

'.it~rqt t_.

tt.

4

*4* 1. .1 , f* *'tttaC*E kw Q 1 <*e '1 _ a..'.. ~se" -t -I -v .t ,
r.,,t% t '4 cur 1.t.,." .. I

'at
_ , . _

~1`

.I.

,96

'-C
'.4

Sc.

*Ia

_ _, _

, _

AX---.~ ,

E_
. ''. I;Zs I J^''

1*. tee.s 14*'q1 -t' ,4I.'. ta. .e 1. e,_t, .,.. ,. .r-lit. we. p, teett - ._ttt r- t - '.- t.

1. _~ _t _44 _.' .1 _41 _* .t4 C . _It .4'4, . _'

4.4'9 t4'<4t II. lin Vtfl 4*$.j1 ' .'t ' 'Mb:

t.t. *ot-l t r t t V 0l te 190*I . -
.4414* M -4 S " .. t .eI 45

*.tnet ,t4 Ibht tiaO In' sra- '4 tz et.
eaaSt 1 C >It 4 le -_I 1:

.9909 4 t1.. t44. 4 I teta )e .

n.Ipa-. _ _. . .a p.................................. _ _ _. _ _. _ _ ._

_41 ii'pd_. to-- tt .0 -44!

4.5 _~ .4
4

' _ tin :01 *sc *4 --et _ *,
. t~ e _ , _l t .. _. _ti _.l*.. _. .. _. . .. a

tt4 Ct 11- t h *_t rtaet~ too I t** -. t . * - _, _-_4.4*441 5 - * ..,. 94 I. 4 . I---

,, 4 a _t e .11 _, _t t _ .~t . e _ * ..4 . . .
ilt tI$ _ ..Pa.g nglnX - l_ at n .0.._.4 t....

4.14~ te4* *Nt4'** Sv*Ia~ p st tel. Slt'' 
4  

(' * .
uto -, w - o _ t.. r*st s~-v-

-

'go t d . _ .-. 11 . ... ... . . _ _

- t , ,, ,, _ ._ .o

att '.4

Ci.l

&e. .I

'4..

4.

, . . I

I: !
.



WELL D ll(I -- - ... -- ...

IN1IFSVAL 112q A.A@*

COUNTY _J�-��. ..".'N lill-I

--.- - �. LOGGEDRY

COMMENTS YLIt HOLOG;IC OESCnIPt ION
4

.. . .. ... ._.__A o.., ,, .. 78s

,I P5.- -,- * .
IC

A.

/i
I,

1114 .1 c"cicto4 .. t* i. us alp-.cc~a a.i Ie IthI h

Wasclic 17,iol a 1'lic aft~ Illa *.tt hi" 774a I *dl

111".11L nip. 4ctwt cci)s mti ktWALthe

ro~Pitorlttlti r scmfttchil(diI' ~~f
Ic. ti~~i'.t~ht h t e * I il..e itt** ii.`y"v U '4ccl

a ddfIt I rtitZ....Lqi~!lii.*
lc~ih~docr ~i~ it* 'ci ! e 2-6.*i1. f~il. is A*.-

' Itc s-, .,ifV, . r

il atSo . I.,

I''

it.

1.1

lot~, litit *" amlostIwtitM.hl i~ii .c . , W q --a.Is it 7, % ~ti ~tati"40 It.4i"thciit tqloo S iti C,a at ictce' 'M '
itito f £,,V "dohth. #,act-. fili C - Mi.'.ag,,I I eei

thitO~lM%- Voill. fwt of -,.I, to144.~a thc 54it.i
lita told lcfi iitel ailitf i( oott' . . Ri.i ., I ted i".tt tic

5.,1.1 ~~lc~~e~iq tt ... .~teI ec.hi., i. tr

l looosict S*itwe 7I ti. C Fs'c.t, te .. ~ l

boot o-6ll lm tlql -0-0410"t, 1-11C (W (. &

. L-Wvua.Ilici 0cii 1.0ii olselfil owbn.d,f at n- 4 'et- rtt.. I..
ItU diolt t1* h- Sillapt 1.1 Illil ti~tei c wlit -e act. h
S. Vol I gI*Mfttd Sol 111)"il Vow..

1WV. glp ci hithlc W P." tiIc? et.. ec..ii.l t- WWW.ta. ci
2.i.lht" &UIjtlwaivdi te $Olk oo iftie

~- I.? e ot ottta ti 4Iit~t. I *,tt'. bowtit. icecit i1li.4 -

1j.1 S .til*ee.iiI ci dlt17 .ht I Il. c.-tl I, i.,_ _ '. a... i.-...
a-~ ..w~t ttJc.4-th.a AMc cc.,c hI

''I

.A

I II

*.ilcc" i'cmst.Oi 1to.i.flC af *.isa -I .i c~i.*ii

%.ii PIC.. St ft, tia. a-,, Lwfhrtt .e I t .. ,.. -, i.. le 1, i' cif

%!%to -ttttiie,

t..~tLit~ J11 _2sOo prl. fPme t9 .7 tatu, C

fta,,sall Cciftit *It it. ti..if, kttfl'¶ ihii '
ineai. .1 ltt. C ictw I"te Vfqd c1. 11 lIU sl ,

.;*~ a.-,.

-O, -i

a

$- S _- - -I ---- .... - -

I
. . h t t7c . 1 l .` t e 1 t ~ fthi , c c -a c t e I h-i tI " J" of Y lit ii. ~ " I% fl t*o - 4 -

, : I ft k tt* nd 61 i VO 2. ciii tc -0 ft44, c te i i,.a u . C.'. i I et i
v io . t t e itt e i t w w ,te i a Ia t c d , % * . . . h JI i ., n i a n , . c i ~
room", or olect ~ till. 4,, 1,11.4 tWOOS, I h~ Wa tn cici. .r

%iIi

t...

Wit

Al it ... i-q stits of S.. .7 i b S c Ciftin l t a l~e. 1 *i fl Ridei , .t
StIiit ett eia tu11ttl ; tCo , 'lIC - its -iti. V 1 '- casa l t flt ci. i ia ,

Ill1 of tidil y c nt d bct..t C ett- t4 " " t , I a& tci .1, 4t, I ' .1tt l a ~ . c
S ti tt ft ." ft do* tiQ echitI tea- c o. ita latait li l -i i. .iiat be-

#. ec t , c e S w.I" I t d .C celu .1 " P"iq. ~ . 'ct i' . . l i...c ......
Ia g slow Cift 1-lt cdeto w . " tir a t .. tett t vi1., ieti, hl- ce tea,

i* 1 coficol s tiold 1 d.8I10 ltrtliottt

por~t E .4 4 c isss. yh" i.,te total, St c4 cc.~t .c iti lel f ' i

*li te lI Wt I. cc IC .1 4 t ll, d . il 6 c ti i e i e, l i t c c t , . -t l - e

ICreat e.w , betS .citiec £1 .. ri ev c et fthllch ' 1 . / W p V P M, 4
rt lhott itdl I c wtatdit 1 t i tt6 S~,110 9 e ot de I ti. e ~ d i i i . i
v t a .; l oo ep l t . ~ i o g to p "i c 'e~ ct"l 7 le e)

iooloP 4 or _ _ _ _ _ _ _ _ _

..t

Oat 4.

I- *- 4

- - - - - - - ___ - - - -



- -
-

WELL 1-It~alCOUNTP

INTEFIVAL - Ut10 .1504Q iNJ.%.. f~E%.
,t - o.- . Oo...a*.

. . LOGGEORfY bi'.C't.

CIAT I

1I
I J

I I

i 2.4

1H

I F

LITHOLOI

\7.

3GY structures

-. 0 - _______________________________________

COMMENTS

,_ :.

l
_ .

D .

-

:J

-

, _

,

_

:

_

@ . i

. . ,

__

- . .

__

An.

.::

Err

3

- -. /

* - 4 .'

0�

0'01 4' _

- 4,

77.40 4�7� -

-, S..-

I
'V a -

A.
0�*

1�,

11Mor.441,1 boddo noits tfto o *ola fttstoo~o Itd;ot *1011 toot..., .
m oot,, ~ of s mtoE tttO 004 0 4 o t.0 9 0.0, It a ro~ 11, 1.0to1 0. 8 .

_ _ . -I �s0.*o. I ot" .0'�0

c..o,�ooo.A *to.,,o& *

A

s.. AI.4f4.4 900�..0.

* 0.\�.l* � ooeo� 4�L..4.
00* .. 0.�4 *400l� *kt004

�..l.0 ...

�. 0 t0 0 o00 *�oo0

4.0.,..t ooAl

I nZ o o o o e ool si o 0 * 0 4 0 0 4 I o o, a0 o f l i I N ) . 0 1 it 1

-. 1 S oo ol dtoe m id " 9 .0 1 41 1t40. 4 s110.4 . -1.4 .4 .4. 80 0* 0000 01 .'

~I ~ -. __

i

N O0 ** ' 4 0 S 41- 'Isi

ited. o.44t . o...4 ,tiltot .4 l.fo,~ goal. III. -. , 
0
Of- -.. 0Ol

t e a t s .. 0 , 0 * 6 . Ot to W i lt lt . W tl 1 0 0. 9 9 0 0' . 0 l o t t 4 0 . 0 0 ' k 0 .

rIo solo op I , %t~o I t I loptaille t*I o e . .2 - * to ' 0 14 , o

t0. " am t oo lio M btic e torotI.1 0 140I , I ~ ~ e o o l o . 0 0 0 ! 0 -

t h"Al w0 ol0 to tl l o , 4 dI I t S o! .af ~ l t. t0 Ottl I0' .....1 1 . 0 l .. ,

it %0.0 lost A thts leoqroll

itt t 00 4 14 0 04 v 0 1 000 40 4i4ol 9,06 .0 II _544 0 10 1' .' *
te d M 0I 0  at 12i4 0

tOO ' lltto. St 10 0, (rIIt .;q 'e a e pr oloo 1. to ll t t . . , 0 , ~ ,
*,,o000 Ily*:7 It 1.8, I21 "T

C -e tt~t o . IO?"o o ~ c o s i 0 o n . e o 5 2 Io I."

tr7 040 Coy. 18010.10 t 40000 St l110l.1

"4 0 0. t O * i t o0 0 "0 0 0 I 4 0 It O O t. 0 0 0 0 1 -'s1 0 I 1 0 J I 7 0

IS d*I~. 00 tot 00 Soloso~t It 1)11.2 a. t11lt

LIttMOLOGIC DF SCrPTImN

?4

I ;'

II 1 Sooo, , 1IE.tOI..k0 1t.I IdMVL b V jM Irl. Z.
_ ;-.:___ _.__

W A_ _K_ ___

%I

0 01

w
Vf)

0-

'V� I
t�l,I
1�1, I
I
�1\u'l

)\ N

I V

N\

I \

24�

Y

\,I

Q l Fe p Tt l to o o .tt tO O o. 4 o . I o s..O 9 0 0 1 0 _ _ _ _ _

t00 0 0 0 0 t o l 0 . 6 , 0 .0 0 0 0 T IC'0 f I t b d I f , s s o ., 0 4 .1 1 0

OtO -0to O £ Clap tS t'09 t~0,I t. lt * 1 0 0 0 IIt ofs W I 1 0 15 , 0 1 0 0 o4 t o .
IS I o O t h lO . taill 0040 . . 0 ai o oelo er .. m l ri ot t o o o o , o 7. 0 0 0 0

O 0 7 I o o. 0 0 0 1 I.0 0 04q t .0 0 t., j Ito o f0 0 1 I~o 1 0. 1 0 0 4 1 0 0 0 .

It C Att ~ o t l.]& ?0110*I I tIP o.* t' o . Gyp0 00 09 00" .3 0 0 4l 0 00
1 1 * 1ot a l s 0 0 0 1 0 0 0.0. 0 1 9 . 1 7 0 0 0 l. So l 0 1 0 I 4 0 0 1 .

' Q0 ff" St$ 4o t 0 040 1 90 10 40 II O '~tO. 00 V t00 01. o"' 000. 11t 1 I' S I 0000A

000t* At00 I 0 1100400 t ItY O O0.04010 0 1. ' . . I t I : 1~A lo l t o t 1 tla r 0 4. 00.9010 40 1 4 1 4 -911040 S ot oot4II t i4 0 Oti 41 to

t o o 0 1 O y t .al o0 i t.? 0 0 I" t t l 0 * 0 4 0 0 0 0A S '9 t t o t o1. 0 0 0 0 . 4 9. 1 0 0 1 1

4" t " f bt 1*4. 0 . J l4 0t t _____I____________bo, 10.

Omi 4,11190 01 tiysta loteol' oIS, t t I
C I , O o r., 040 I. C.00 00000o ttt'.0 0 4 0 0 o f lot t 10 S 4 *. t A .

o t . t00 0 4 0 . _ o o o 0 o_ _ 0 t J j 5 A .
14 t w loit 0 0 1.0 0 0 1 . 4 0 0 . 0 0 0 *-!t o l , 2 i ' a-

-1 - -. 1 -. "I' v, - , -C os of C IS I% I. a .1l.

I

toq9.4 It �

0140504 ____

.04.104

0 I .44,004
0 l�.

t1 . . .

!I ' 'A . ..

do . - . - '.

dot.

- - - - - - - - - -



__....f_ . __ ..
WELL t! COUNTY

INtEnVAL AV.Q O %12O UPPct SEV4 RIA C.l s . J.Pve (AEAN LOGGED 3FY 1.

. .. . DAtF i I t\

o
7-

l '-

I10(l

'P
CY

'7

jl
)L

*'D
1-,

:"l

LlTHOtOG'r

:11

. _

Ic, ±f =

!!!

, iti:t

14&

'1: '

@ ; ML *r j
ol:* !1 ;t2

L7 l
ntJ eI

h~g

4t.)

',�1

*. .-�c.-

�2�.�

I 9

� 0'.�-' j

-w .q�

A .*.f.?�

I.--

SlfucltuIres J COMMENTS CE I tt#Ot OGIC OFSCRIPT ION

II.. -- ----- -w.. ,.I -. it 0 * -' *T''i_ - _

tt4 .slitt ya , .I 4.i _._.. .g .Ti 1 t .. .4 t.. 4 ._...1 ".4*rrS*

*9Do IS n.1w411en , 19 r *..w1I tt,, -- w1e *'-7.I.?, t~ I *lmr tf -14 1 #ttte P .r --t ._ -D. OI---9

fla.,1l. nd %_ 111M~. V.41.9 to 4I- It, V ." fV*
. *, fro p tIet. Ow*tIl Va,-. 4t6t. LM t ."ft 4.I S .1 ..

cov04lato 0't

_ 2

n __ _ __ __ ___

1.,

IA

r/t;b z lt *; -. t f-t;7 - ^ ,t -, |8e1.,-
.755.1t C t222_4 I C. C *l W t ,Itot I _to & I- t 4.1t S1 1s l.. -

=1t.11-dI t I - i. . -4 1!110 4*.? r. t1 " " t'I5et%.U$e-2!1 &2 w*t itytgtn.. 2.hl<-ttl b.Ce..l- ett.*5

14

F1.1

I2 U

1. I

"I-

-C

u-J

._

rt

.0

:. :' 2 , . ;j

; -. . ,.2til i i

1 I 7;,i.'t

:A�:.� � A .4

1.4 6aty~tta|igot volt. acm.... I M, S A* C, . "I" a.. -Xr4 24"'

_- nif tIe Itt It I A. 7 7 -
I rh paj &.iL -z't l r t -.;. iI.'

I a,4t1,al Vet ~ fl to tm.tot -, S.'?, tdo.*t
I .4 T t 9I 3 ' I . _ _ _ _ _ _ _ __I_ _ _ _ _ _ _ _

Cksti, A til We*4st I,,. le. * n uIm l.1 tfuvta to r*IeI.I, m a.
dcl * 9t. O ASS 1. ow l. Ph", dS nttI I - It nt.4t 1tJ. O.. -t '
CyztS*S - to J I sC di et.. k_ ta ndv von,_ _t I*. ..... t. I - ".t1.1..t' t0,
$4 4eo0tal till 9 9tt1 fM1 ,s. it Ito7 * I ! " 1 . ; -0.
23. N41 t 't.l1 "I0 II by ./ . ._I,!1 . .t it ,.yatt 1 ,

C104r VA.14 kl *Id loll w-tir-tt.1 b"I., I O."t.t a ...

l44i _ Salt, SaI&W ` b *r r . (I 7 '- " t ItI

r ^ *? __- * .'_*so <-r"Ca 1"^.tkt.r

4-s . .----.

4

c~atic ot I.It. to," 0"e. ts o 4§*c lo *-. e--l I. i w.
4 t4ei Ia e ,I...t. I. o."to. tI. l. t- ' 4 -.. . - _ ',. -. It

-t ab041 1414.1, q .4 .l . " . * e. e it III h; _.r *4 , I.,,.. ,
CE Wb.,

Le.tII - 9554. I.U4.t. ,a......t WI t',tthtt - .t 014.19K iC*g..9

1-
�q-7<j; .�'** ______ iSttWlfl 9.011.4*.

...

A L't.at4I _l la .- It M S. Lk"" -ya " M .Ii¶ r c g I I *. I,.,
Ois.ti,_ .S4 11 W s 1, -. - . * III.

tloottic _1 "it tti e_._|.

ll.:

@|.1,1taod ~it

_C

Ia

-I

1 I

1-
I?

owstel a ll dt "It Y. t I t u'. s a lt "I 4 t. 99I * 2
1 5l''t wtall? it " It 7. I a.0 u. 4 t _ypy 9 S.n ot' . I. *," S 9. ' , I
I to *I , . t- e . n 4ily e I, -fl*I tt9, t I W t S t

I.at. *It.t tt t t `" "t9' -'"' .I S.

1*

*i0 .tO' 4 r It o " .9tilo piti l p. g n p .o I * a t o t.? 4. 1 t*.'9sls * 9, b .4

Iam r 3t .IC Cl I. lit ha 41 t et.$t t.4 I -t- i T-.,I t " _- T

194.01.14 %Ii "t. . t %i

t * , , W r l -1 _ _ _ _ _ _ 4 . 9 * X~._s._-set

-M. i - .." -t-t S- II -C
_ ist~ .1, clqt lows sil izW. rn6s r_* 1* ,q, r.; -g*
tvI A.I" .sM- amoo* l"

. _ . I

avy~t. I

- -



THIS PAGE IS AN
OVERSIZED DRAWING OR

FIGURE,
THAT CAN BE VIEWED AT THE

RECORD TITLED:
"DEAF SMITH COUNTY

CORE TEST WELL
D.O.E. - STONE & WEBSTER

#1 J. FRIEMEL"

WITHIN THIS PACKAGE

D-O1A (IMAGE 1 OF 2)
D-O1B (IMAGE 2 OF 2)



THIS PAGE IS AN
OVERSIZED DRAWING OR

FIGURE,
THAT CAN BE VIEWED AT THE

RECORD TITLED:
"SWISHER COUNTY

D.O.E. - GRUY FEDERAL #1 GRABBE
SAN ANDRES FORMATION UNIT 4

HALITE"

WITHIN THIS PACKAGE

D-02



THIS PAGE IS AN
OVERSIZED DRAWING OR

FIGURE,
THAT CAN BE VIEWED AT THE

RECORD TITLED:
"SWISHER COUNTY
CORE TEST WELL

D.O.E. - GRUY FEDERAL, #11 GRABBE "

WITHIN THIS PACKAGE

D-03



THIS PAGE IS AN
OVERSIZED DRAWING OR

FIGURE,
THAT CAN BE VIEWED AT THE

RECORD TITLED:
"SWISHER COUNTY

STONE & WEBSTER #1 ZEECK
SAN ANDRES FORMATION UNIT 4

HALITE"

WITHIN THIS PACKAGE

D-04



THIS PAGE IS AN
OVERSIZED DRAWING OR

FIGURE,
THAT CAN BE VIEWED AT THE

RECORD TITLED:
"DEAF SMITH COUNTY

STONE & WEBSTER #1 J. FRIEMEL
SAN ANDRES FORMATION

UNIT 4 HALITE"

WITHIN THIS PACKAGE

D-05




