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August 31, 1987

Mr. M. E. Blackford, MS-623ss
Project Officer, WMGT
Technical Review Branch
Division of Hiqh-Level Management, NMSS
U.S. Nuclear Regulatory Commissfon
Washington, DC 20555

Reference: FIN A0297

SUBJECT: Review of Five (5) Topical Reports by the Texas Bureau of
Economic Geology on the Palo Duro Basin, Texas

Dear Mr. Blackford:

The purpose of this letter is to transmit our review letter reports on
the subject DOEJONWI documents listed below.

Five recently released Texas Bureau of Economic Geology (TBEG) topical
reports were received and formal reviews were prepared. The reports,
which discuss aspects of Palo Duro Basin geology, geohydrology and
geochemistry, are titled as follows:

1. Organic Geochemistry of the Pennsylvanian and Lower Permian. Palo
Quro Basin. Texas by S. P. Dutton, TBEG Geologic Circular 86-5 (1986).

2. Fracture Analyses of the Palo Duro Basin Area. Texas Panhandle and
Eastern New Mexico by E. W. Collins and B. A. Luneau, TBEG Geological
Circular 86-6 (1986).

3. Cyclicity in the Middle Permian San Andres Formation. Palo Duro
Basin. Texas Panhandle by M. A. Fracasso and S. C. Hovorka, TBEG Report
of Investigations No. 156 (1986).

4. Hydrogeology and Hydrochemical Facles of the San Andres Formation in
Eastern New Mex o and the Texas Panhandle by A. R. Dutton and E. 0. Orr,
TBEG Report of Investigations No. 157 (1986).

5. Hydrogeochemistry and Water Resources of the Triassic Lower Dockum
Group in the Texas Panhandle and Eastern New Mexico by A. R. Dutton and
W. W. Simpkins, TBEG Report of Investigations No. 161 (1986).
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These topical reports, recently received from ONWI, were read for future
reference and this work s in accordance with guidelines given under
Subtask 2.1 of the present A0297 project.

In our preparation of reviews, we have included our professional opinions
and judgment as to the value of the DOE/ONWI report in light of our
evaluation of a site in the Palo Duro Basin as a HLW repository.

If you have any questions, please let us know.

Sincerely yours,

Dae H. (Danny) Chung
Project Leader

DHC/ic

Enclosures as stated (5).

cc: T. Cardone, NRC/WMGT
J. Trapp, NRC/WMGT
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SUBJECT: Organic Geochemistry of the Pennsylvanian and Lower Permian.
Palo Duro Basin. Texas by S. P. Dutton, TBEG Geological Circular 86-5
(1986).

The organic geochemistry of samples of Pennsylvanian and olfcampian
(Lower Permian) shales from DOE wells in the Palo Duro Basin was
determined to further evaluate the hydrocarbon resource potential of the
Basin. Past studies and production history have indicated a low
hydrocarbon potential for the Palo Duro Basin despite the existence of
major hydrocarbon producing areas in its vicinity.

Total Organic Carbon (TOC) contents of both Pennsylvanian and olfcampian
shale samples are high enough to indicate that these shales are potential
source rocks for hydrocarbons. However, the TOC is dominantly derived
from woody material (Type III kerogen) which yields chiefly natural gas.
Type III kerogen requires higher temperatures and greater thermal
maturity than do other types of kerogen before yielding hydrocarbons.

The indicated thermal maturity of Pennsylvanian and olfcampian shales
was determined using kerogen color, vitrinite reflectance, pyrolysis and
time-temperature Index methods as indicators. The four methods yielded
somewhat differing maturity indicators and differing results between
laboratories were experienced with the vitrinite reflectance method.
However, overall similarities were noted n the data which indicate that
some Pennsylvanian and lower olfcampian shales have reached temperatures
high enough to generate oil from hydrogen-rich (Type I and Type II)
organic matter which is also present in the shales along with the more
abundant Type III organic material. The various measures of thermal
maturity ndicate that temperatures were not high enough to generate oil
or gas from the woody, Type III organic material. This could explain why
relatively little oil has been discovered in the Palo Duro Basin.

The report also indicates that an earlier geochemical study of the Palo
Duro Basin overestimated the oil-generating potential of the Palo Duro
Basin shales because it assumed that observed amorphous kerogen in
potential source rocks was of algal origin and thus would generate oil at
relatively low temperatures. The present study indicates that the
amorphous kerogen is mainly degraded vtrinite of woody origin.

The study reported in the subject document lends support to the belief
based upon exploration results and poor production history that the Palo
Duro Basin has limited hydrocarbon resource potential. Therefore, loss
of hydrocarbon resources would not be a major factor in the evaluation of
a site in the Palo Duro Basin as a nuclear waste repository.
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SUBJECT: Fracture Analyses of the Palo Duro Basin Area. Texas Panhandle
and Eastern New Mexico by E. . Collins and B. A. Luneau, TBEG Geological
Circular 86-6 (1986)

This report presents the results of analyses of fractures present in
principally Permian and younger strata in the Palo Duro Basin and
adjacent areas. Fractures studied during the investigation included
cracks, faults, joints and veins. Data sources were outcrops, DOE well
cores and Fracture Identification Logs run in the DOE holes and various
wells. Within the interior of the High Plains, where outcrops are
sparse, DOE holes and well logs provided most of the data. Outcrop
information was chiefly collected in eastern New Mexico, the Canadian
River area and along the Caprock Escarpment on the eastern margin of the
High Plains.

The study indicated that on an outcrop scale, strikes of joints in
Tertiary Ogallala strata exposed along the Canadian River Valley north of
the Deaf Smith County area differ from joint orientations in underlying
Triassic and Permian rocks suggesting that a different stress field
affected the Tertiary rocks. In the Deaf Smith area Permian and Triassic
rocks have similar fracture orientations; two dominant steeply dipping
sets are present at the 95% confidence level, 0300-0500 (northeast)
and 280-2850 (west-northwest).

Northeast trending faults have been mapped in eastern New Mexico and in
Potter County, Texas, north of the Deaf Smith area. Cretaceous and older
rocks are clearly offset along these faults. Tertiary Ogallala strata
are folded and probably faulted along the Alamosa Creek Fault in northern
Roosevelt County, New Mexico.

Zones of closely-spaced fractures are recognized in Permian and Triassic
strata exposed along the eastern Caprock Escarpment. These zones are
10-40 m wide and extend laterally for up to 0.75 km. Orientations of
these fracture zones are 0700-1000 (near east-west) and 300-3600
(northwest to north). In outcrops dissolution features are most common
along zones of closely-spaced fractures. Joint systems appear to have
formed in response to stresses that were present during accumulation,
compaction and downwarping of the sediments and during subsequent uplift
of the sedimentary series. Hydraulic fracturing experiments by DOE
indicate that the present regional stress field is oriented
northeast-southwest and therefore unfilled, northeast trending fractures
are most likely to serve as fluid conduits.
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The physical, mineralogical and geochemical characteristics of veins were
studied to determine conditions and timing of their formation. Fibrous
gypsum veins are present in units that have undergone dissolution. These
veins developed in response to late-stage regional dissolution of
underlying evaporate units. Halite veins are common in siliciclastic,
carbonate and base-of-cycle mudstone units in the salt-bearing
formations. Both synsedimentary and post compactional times of origin
are indicated. Vein development probably occurred in an environment
removed from the surface but still influenced by overlying conditions of
evaporite deposition, probably during early burial. The development of
some post compactional halite veins appears to have been influenced by
the regional stress system.

The subject report presents a synthesis of regional field data relevant
to fracturing and vein formation in potential nuclear waste repository
host rocks and overlying strata. Some data on deeper rocks are also
presented. The report presents and summarizes important basic data
against which questions concerning waste isolation and geologic stability
may be examined.
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SUBJECT: Cclicity in the Middle Permian San Andres Formation. Palo Duro
Basin. Texas Panhandle, by M. A. Fracasso and S. D. Hovorka, TBEG Report
of Investigations No. 156 (1986).

This report presents a detailed technical analysis of the varied
lithologies and indicated environments of deposition prevailing during
accumulation of the San Andres Formation, the host unit for a potential
nuclear waste repository in Deaf Smith County, Texas. The report
demonstrates that the San Andres Formation is characterized by laterally
extensive but vertically rapidly varying lithologies that appear to be
the products of changing water depths and salinities within a vast
shallow water subaqueous shelf. No exact analog in modern evaporate
environments has been described.

The sedimentary sequences preserved within the San Andres formation are
believed to reflect both episodic changes in the overall rate of
subsidence of the Palo Duro Basin and eustatic changes in sea level
possibly related to Permian glaciations. However, there is also evidence
that periodic tectonic activity was continuing to occur within the area
of the predominantly Pennsylvanian Amarillo-Wichita Uplift belt along the
northern margin of the Palo Duro Basin.

Within the Palo Duro Basin itself, relatively rapid marine transgressions
occurred episodically and marked the beginnings of sedimentary cycles.
These transgressions resulted in palodissolution events in which halite
beds deposited during the previous cycle were variably dissolved by
intruding marine waters. Mud backfilled halite karst deposits formed on
the top of the previous salt cycle and laterally extensive mudstone beds
often only a few lOs of centimeters in thickness and representing
insoluble residues accumulated to mark the beginnings of depositional
cycles. Overlying sequences consisting of carbonates, anhydrite and
halite then represent marine regressions and increasing salinities. Not
all cycles were complete, but consistent trends are demonstrated.
Because of their environment of deposition, halite deposits within the
Palo Duro basin typically contain thin clastic interbeds and clastic
impurities. These clastic sediments are believed to have been derived
from nearby land areas and generally represent wind and/or brief flood
deposits.

This paper does not discuss the implications of the lithologic sequences
and indicated depositional conditions on a nuclear waste repository in
San Andres salt. However, it is evident that the potential repository
would be located in salt beds with greater amounts of impurities than are
characteristic of salt deposits that have been evaluated during previous
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generic studies of nuclear waste disposal in bedded salt. it is likely
that clastic and/or anhydrite beds will be present n the sequence chosen
to contain mplacement rooms and cannister wells resulting in variable
geotechnical properties. Also, the possible presence of weak zones and
brine pockets residual from paleodissolution events cannot be discounted,
although these have not as yet been encountered in DOE core holes in the
Palo Duro Basin.
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SUBJECT: Hydrogeology and Hdrochemical Facies of the San Andres
Formation in Eastern New Mexico and the Texas Panhandle by A. R. Dutton
and E. D. Orr, TBEG Report of Investigations No. 157 (1986).

This report is an expanded version of a paper by A. R. Dutton titled
Origin of Brine in the San Andres Formation. Evaporite Confining System.
Texas Panhandle and Eastern New Mexico that appeared in the July, 1987
GSA Bulletin. This paper was previously informally reviewed (NRCGS 87-6,
July 28, 1987).

The TBEG report presents a more comprehensive data set than was presented
in the GSA Bulletin paper. The data set includes expanded hydrologic and

-____ hydrochemical nformation. Included in the expanded data Is a more
detailed discussion of hydrochemical fades within the San Andres
Formation. San Andres Formation water varies from potable CaHCO3/
CaSO4 types beneath and west of the Pecos River to concentrated
Na-Ca-Cl brines where the San Andres Formation is present at depth
beneath the High Plains. Also, the report identifies a ground water
divide within the San Andres Formation. This divide is located east of
the Pecos River and provides an explanation as to why the heavily
recharged portion of the San Andres Formation n New Mexico does not
appear to be contributing significant water to the deep basin to the east
despite otherwise favorable hydrologic gradients.

The paper notes the evident disagreement between regional hydrologic
characteristics that suggest ground water movement downward through the
San Andres Formation and the deep basin chemical data which suggests that
brines in the carbonate "aquifers" within the San Andres Formation are
modified Permian age conate brines suggesting ground water stagnation for
250 million years. Potential resolution of this problem is offered
through the suggestions that the potential for ground water flow in the
Palo Duro Basin region has existed for only the last several million
years as a result of regional uplift and geomorphic evolution and that
most of the resulting flow has followed fracture systems with negligible
amounts moving through unfractured areas such as those sampled by DOE
test wells drilled to date. If so, chemical and isotopic composition of
water moving through fractured zones may be different from water in
unfractured areas.

The overall findings of this study appear to support the belief that
unfractured volumes of San Andres salt and related strata have the
potential to provide long-term hydrologic isolation although recent
geologic events may have a strong bearing on the future waste isolation
capabilities of the San Andres Formation.
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Lower Dockum Group water is undersaturated with respect to salt by two
orders of magnitude or more and therefore has the potential to dissolve
salt deposits within the underlying Permian sequence.

Hater recovered from a salt dissolution zone in DOE exploratory well
(SWEC) Mansfield No. 2 in the Canadian River area north of the Potential
Deaf Smith repository site was found to have an isotopic composition
similar to that of ground water in overlying lower Dockum Group rocks.
This water is assumed to have flowed downward from the lower Dockum Group
into the Permian sequence. The water is of latest Pleistocene age
indicating infiltration through about 750 feet of Dockum Group and
uppermost Permian strata since late Wisconsin time.

In summary, studies presented in this report indicate that ground water
in the lower Dockum Group is a limited but distinct resource that will
require protection if a nuclear waste repository is established at the
Deaf Smith County site. Also, Dockum Group water has the potential to
cause salt dissolution beneath the High Plains area at any location where
a cross-connection (natural or man-caused) can be established between
Dockum Group ground water and underlying salt deposits thereby
potentially affecting geologic stability at and in the icinityof-a_ _ yy :.
repository site.
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SUBJECT: Hdrogeochemistry and Hater Resources of the Triassic Lower
Dockum Group in the Texas Panhandle and Eastern New Mexico by A. R.
Dutton and H. W. Simpkins, TBEG Report of Investigations No. 161 (1986).

This report presents a summary of the hydrogeology of the Dockum Group
beneath the Texas Panhandle and eastern New Mexico regions. The Dockum
Group consists of mudstones, sandstones and conglomerates deposited in a
continental environment; the coarser facies of this group are aquifers.
These aquifers occur mainly within the lower part of the Dockum Group and
therefore this portion of the Group is the main focus of study. The
Dockum Group is underlain by Permian salt-bearing rocks. The unit
outcrops extensively in eastern New Mexico, beneath the Canadian River
Valley in the northern Texas Panhandle and around the margins-of the -

southern High Plains. Beneath the southern High Plains, the Dockum Group
is overlain locally by Jurassic and Cretaceous marine formations and
generally by late Tertiary continental sediments of the Ogallala
Formation.

Ground water occurs in the permeable portions of the Dockum Group.
Potentiometric heads within the Dockum Group are intermediate between
those in the overlying High Plains aquifer system and those in the
underlying Permian section indicating the potential for downward movement
of ground water across the Dockum Group to the underlying strata.

Regional studies indicate that ground water divides exist along the
northern and western margins of the High Plains solating Dockum aquifers
beneath the High Plains from recharge areas in the Pecos and Canadian
River Valleys. Therefore, since precipitation on the High Plains is low
and downward movement of ground water from the High Plains aquifers to
lower Dockum aquifers is greatly retarded by mudstone beds in the upper
Dockum, water in storage is believed to be of Pleistocene or older age
and to be the result of recharge at high elevations in New Mexico prior
to incision of the Pecos and Canadian River Valleys in later Pleistocene
time. Geochemical composition of lower Dockum waters supports this
hypothesis.

Quality of lower Dockum Group water varies from fresh to saline. Lower
Dockum Group ground water is a resource that, depending upon its quality,
may be used for potable supply, irrigation or water-flooding in oil
fields. In the vicinity of the Deaf Smith County repository site, lower
Dockum water has been used for irrigation despite its high sodium content
and the City of Hereford blends lower Dockum ground water with better
quality water from the Ogallala Formation to obtain its municipal supply.
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