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Dear Jeff: A(Return to WM,_623 -SS)

November 19,-20. and 21, 1985, Jeff Brown and Roy Williams of
Williams and Associates, Inc-. attended-a workshop on the status
of the geological investigations-f or the -SALT-repository program
in Columbus. Ohio. A copy-of the attendance list is attached to
this trip report. The meeting was sponsored by the U.S.
Department of Energy (DOE) and -U.S. Nuclear'Regulatorv Commission
(NRC). The meeting was held to -provide-information on the
current status of research and interpretations on geologic
structures within and adjacent to the Palo Duro Basin of Texas.
The meeting was designed to enable DOE -contractors to present
results of current research and to obtain input from the NRC
regarding problems or-uncertainties of this work. Principal
meeting topices included the collection and interpretation of
seismic surveys and other geiophysical data-with regard to basin

- strucr. - '

Following introductory comments by J. Sherwin (DOE) and J. Trapp
(NRC), a geologic-overview of the Palo--Duro Basin was presented
by J. Peck of Stone and Webster Engineering Company (SWEC). Mr.
Peck's discussion included a general description of Phanerozoic
stratigraphy. Mr.-_Peck also- discussed the evolution of knowledge
of geologic structures within the Palo Duro Basi-n. Mr. Peck's
presentation was-followed by a more detailed discussion of Palo
Duro Basin geologic structure presented by R. Budnik of the Texas
Bureau of Economic--Geology (TBEG). Mr. Budnik discussed two
points regarding the basin structural evolution. The first point
is that there appears to-be a direct relation between basement
structures and those structures found higher up in the section.
Mr. Budnik stressed the importance of basement control on all
basin structures. Secondly, Mr. Budnik stressed the point that

86011606 7 851213 -

PDR WMEEECIILA
D-1020 PDR



2

major structural deformation occurred in Miocene time and that
this period of deformation was second only to that of
Pennsylvanian time in the development of Palo Duro Basin
structures. In addition, the basement control was particularly
important in this later period of structural deformation. The
importance of basement control was illustrated by a comparison of
the parallel between structure contour maps for the top of the
Permian with contour maps of the top of the Precambrian surface.
Structure contour maps of several surfaces indicate significant
changes in regional dip as well as the development of faults and

V/ folds within the basin which locally affected attitude and
thickness of subsequent depositional units. Some discussion of
strike-slip movement of the Amarillo Uplift area was presented.
It is believed that left lateral strike-slip offset may be as
much as 75 miles based on the apparent displacement of
sedimentary sequences.

H. Acharya (SWEC) and G. Long (G.J. Long and Associates)
presented a discussion of the available geophysical data and some
of the problems associated with obtaining proprietary seismic
information in the area. Mr. Acharya indicated that seismic
surveys conducted by DOE were designed to locate structural
offsets of 25 to 50 ft in the upper 3,000 ft of the basin and
structural offsets of 50 to 100 ft in the lower 6,000 ft of the
basin. Some discussion of data differences between TBEG and SWEC
ensued. R. Budnik (TBEG) presented the results of seismic work
conducted over the last year or so. He reported that at this
time it cannot be determined whether or not faulting is present
in the San Andres level within the area of the seismic surveys.
Mr. Budnik reported that attempts were made by TBEG to reprocess
some of these seismic data. TBEG encountered some problems with
interpretation of these seismic data including velocity
inversions below the evaporite sequence. Mr. Budnik (TBEG)
illustrated problems with matching north-south and east-west
seismic lines at a point of intersection. D. Turner (Dawson
Geophysical) also discussed reprocessing of selected DOE seismic
data; J. Bennett (Bendix) presented a discussion of national
uranium resource evaluation (NURE) aeromagnetic data processing.

Discussion of DOE data collection efforts continued throughout
the afternoon of November 19, 1985. P. Murphy (SWEC) described
the process and method of collection and use of well data from
non-DOE wells located within the Palo Duro Basin. Most of these
data are in the form of geophysical logs! these logs consist of
about 40 percent resistivity logs, 25 percent gamma ray-neutron
logs, and 15 percent neutron logs.

J. Peck (SWEC) discussed the location and the quality of data
from DOE drilled wells within the basin. Well site selection, of
the ten DOE wells. was based primarily on data needs with some
wells being located primarily for stratigraphic data and other
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wells being located for hydrogeologic data. Results from
drilling and data comparisons with the non-DOE wells indicate
that proper control of the mud program during drilling is
critical. The lack of good mud control in non-DOE wells has made
correlation of anything but major units between DOE and non-DOE
wells very difficult. Testing within the boreholes has been of
limited value because drill stem tests (DST) are difficult to run
successfully. Stratigraphic data have not been a great help in
resolving seismic problems. Currently no monitoring is being
done in any of the boreholes except for one microseismometer
installed in the J. Friemel well. There are no plans to re-enter
any of these boreholes. The difficulties with running reliable
drill stem tests should be noted carefully by NRC contractors.
Drill stem tests are the only tests that have been conducted for
hydrogeologic properties of stratigraphic units beneath the salt
sequence. This statement means that essentially no hydraulic
property data are available on the Wolfcamp series from oil field
wells. The reader should refer to the NRC documents and trip
reports on BWIP for a review of the NRC position on drilling with
mud for purposes of hydraulic property testing.

T. Gustavson and E. Collins (TBEG) presented data on lineament
mapping and fracture study analyses. Fracture analysis employed
surface mapping and fracture identification logs (FIL) from
boreholes. Surface mapping resulted in the recognition of
vertical, inclined and horizontal veins and the realization that
vertical veins are always cut by inclined veins and almost always
are cut by horizontal veins. E. Collins believes that the
horizontal extension that produced vertical veins is a result of
dissolution. Results of plotting of fracture trends indicate two
predominant fracture directions: one to the northwest and the
other to the northeast. D. Pierce (SWEC) also discussed fracture
analysis and hydrofracturing tests that have been run on the
Holtzclaw well. Fracture data consist almost exclusively of
those data obtained from fracture identification logs. Mr.
Pierce indicated that such data are highly interpretational and
probably do not represent a random sample. Vertical and
horizontal stress determinations from hydrofracture tests in the
San Andres salt and anhydrite units were not particularly
successful. However, measurements from the Queen/Grayberg
Siltstone and the carbonate sequence in Unit 4 of the lower San
Andres Formation indicate a higher vertical than horizontal
stress distribution throughout the sequence.

The final presentation of the day was made by E. Washer (SWEC)
and D. Davidson (TBEG) on the quality assurance (QA) program of
each organization.
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The discussion on Wednesdays November 2O0 1985. centered on
interpretation of recently collected data. P. Murphy (SWEC)
presented a discussion of stratigraphic correlation work and on
related structural interpretation. Discussion indicated that
lithologically it is difficult to pick the top of the Wolfcamp
Series because of the gradation from brown dolomite of the upper
Wolfcamp Series to the anhydritic dolomite of the overlying
Witchita Group. At the same time, however, ONWI contractors
apparently have little problem with using the top of the Wolfcamp
as a hydrostratigraphic unit boundary because of porosity

V,-" differences as interpreted from geophysical logs. No discussion
was presented regarding what permeability differences, if any.
might occur across this boundary. It is clear that when the ONWI
team uses the word "tight" to describe a rock unit the inference
is on porosity, not on permeability. Questions by R. Williams
during the meeting elucidated this point clearly. The ONWI team
is not precise with respect to hydrdaulic property data. An
uninformed listener could easily conclude that permeability data
exist when in fact they do not exist.

Considerable discussion was generated regarding the resolution of
tectonic interpretations and of the interpretational differences
of the same data set by TBEG and SWEC. Discussions covered
differences in fault location and trend. The discussion
continued with the presentation by R. Budnik (TBEG) of structural
interpretations. Much of the discussion centered around
structures within the Palo Duro Basin and local variations in the
regional dip produced as a result of these structures. Much of
the comment centered on a fault in the southeastern corner of
Deaf Smith County (Fault #7) which apparently offsets Permian
strata. R. Budnik's presentation indicates that related uplift
has occurred on the northeast side of this fault; this uplift may
be responsible for the relative thinness of the Ogallala
Formation in the area.

Wednesday afternoon was spent discussing detailed stratigraphic
and structural interpretations. S. Hovorka (TBEG) presented a
brief discussion of detailed stratigraphic correlation of
evaporite sequences from core obtained in DOE wells. The general
conclusion was that while there is significant vertical variation
within the section, and that lateral facies changes occur within
individual units over long distances many of the salt units
remain laterally consistent over the area covered by the DOE
wells. T. Gustavson (TBEG) presented a discussion of Pleistocene
stratigraphy and structure and the interpretation of structural
control of dissolution in the northern Palo Duro Basin. This
discussion revealed local thickness variations of many of the
pre-Oqallala units. It was suggested that differential
subsidence in the basin has been responsible for these thickness
variations. Considerable discussion ensued regarding the
evidence for northeast trending structures and their potential
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control of later dissolution. During these discussions.
questions regarding the evaporite depositional environment arose.
S. Hovorka indicated that the environment may not be a typical
sabkha as previously suggested. Instead, the absence of rapid
lateral facies changes and subtidal deposits suggests that
deposition was more characteristic of a shallow epiric sea.

R. Budnik (TBEG) continued the discussion of geophysical data
interpretation which included the relative strengths and
weaknesses of time-depth plots versus synthetic seismograms as
methods for identify individual stratigraphic horizons. In the
discussion he stated that while in many cases faults are not
traceable from Paleozoic units to younger units or to the
surface, there is often a disturbed zone or flexure associated
with the fault which may extend to the surface.

The meeting continued only briefly on Thursday morning. November
21, 1985. During this time further discussion of stratigraphic
and structural interpretations ensued. Related discussions on
data needs and possible methods of resolving data limitations and
interpretational differences proceeded also.

As stated above, the major purpose of the meeting was to provide
data and to discuss problems of geologic significance within the
Palo Duro Basin. However, from these discussions it is evident
that hydrogeologic characterization of the basin may be affected
by both the geologic data presented and data limitations
acknowledged during this meeting. Stratigraphic discussions
indicate considerable difficulty in locating formational, group
or even series boundaries in the subsurface and that thickness
and distribution of stratigraphic units mav be much more variable
than previously throught. Such uncertainty and variability will
have significant impact on the definition of hydrostratigraphic
units and their boundaries and on the use of simple laver-cake
conceptual models in which layers are treated as having uniform
thickness. It appears also that permeability is not being taken
into consideration correctly in the definition of
hydrostratigraphic units within the basin. Discussions during
the meeting indicate that unit boundaries are being defined on
changes in lithology and porosity as evidenced in individual
boreholes; areal similarities or differences in permeability are
not being taken into consideration because of the absence of
data. Structural interpretations presented during the meeting
also may have significant impact on hydrogeologic
characterization. Structure contour maps and seismic data
indicate that significant observed local variations in regional
dip associated with major structures and that significant changes
in unit thickness also may be associated with these structures.
Such changes in structural attitude and thickness of
stratigraphic units will affect the simplicity of resulting
conceptual models. It is likely that using a simple flat lying
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model with units of uniform thickness will not be adequate to
describe and characterize regional ground-water flow within the
basin. Too manv faults and folds exist on the edges of the
basin. The status of these structures in the vicinity of Deaf
Smith and Swisher Counties is difficult to assess because of the
absence of data. At present they are assumed to be absent at
these locations.

Finally, the uncertainty surrounding identification, locations
and significance of individual faults and related basin
structures (uplifts, thinning strata) imposes an equal degree of
difficulty on hydrogeologic characterization. The inability to
define faults in the subsurface accurately and reliably
introduces major difficulties in attempts to characterize ground-
water flow through conceptual models and ultimately numerical
simulation. Additionally, the fact that known structures at
depth which may not actually extend upward through the proposed
respository horizon can constitue inhomogeneous zones which may
extend to the surface is potentially significant. The effect of
such inhomogeneities on around water flow may account for the
anomalous head distributions with depth in the Palo Duro Basin.
Identification and hydrologic characterization of such
inhomogeneities is essential for adequate regional and site
characterization. Ultimately the structures mapped by the
geologists must be converted to conceptual models by the
hydrogeologist. This step is necessary prior to the initiation
of a finalized drill and test program.

Sincerely,

Roy E. Williams
Ph.D. Hydrogeology
Registered in Idaho

Jeff Brown
Project Manager. SALT
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