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The document summarizes available information about the hydrology
of the Permian Evaporite aquitard with respect to cross-
formational recharge to the "Deep-Basin Brine Aquifer." The
document concludes that cross-sectional and areal modeling of
regional groundwater flow indicates that leakage from the Upper
aquifer through the aquitard contributes approximately 30% of the
water in the "Deep-Basin Brine Aquifer." The permeability of the
aquitard is estimated to be approximately 10-4 md; this value is
in general agreement with cited laboratory testing results of
salt permeability. The document states that oxygen and hydrogen
isotopic composition and Cl/Br ratio of the deep basin brines
suggest leakage through the aquitard. Halite dissolution and
minor recrystallization occurred predominantly during Fermian
time. The top of the Evaporite aquitard may have been altered in
post-Permian time by groundwater flow. The document states that
the potential for leakage through the aquitard may be greatest in
areas of tectonic deformation; fracturing is prevalent in the
rock strata in the basin with the greatest density of fracturing
occurring in areas of deformation.

The document contains information that has appeared in a number
of documents reviewed previously. The conclusions contained
within this document have been noted in documents reviewed
previously. There is little new information contained in this
document. No major problems exist with the information contained
within this document.
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BRIEF SUMMARY OF DOCUMENT:

The purpose of this document is to investigate the "potential for
regional migration of external waters through evaporite strata
and the effects of leakage on the hydrodynamics and
hydrochemistry of the waters in a sedimentary basin" (p. 3).
Specifically, the document presents a review of permeability
studies of salt, a summary of the hydrogeologic setting of the
Palo Duro Basin, the data that indicate that the evaporites
function as an aquitard, the hydrogeochemical data that support
the concept of leakage, and the petrographic and geochemical data
that suggest the mechanism for leakage. The information is
integrated in the document.

The document cites several references regarding permeability
studies of domal and bedded salt deposits. Permeabilities range
from 0.5xl0-5 md to 102 ad. Bedded salt permeabilities range
from a reported 0 to 10-2 ad. Observed gas permeabilities for
salt and Gulf Coast salt domes range from 2xlO-3 to 631 md; these
values were obtained without applying overburden pressure. The
document notes that the permeability with respect to a flowing
brine was reduced to zero after application of 800 psi of
confining pressure. In-situ gas permeabilities in salt domes
range from 0.6x10-d to 5.6x10 3- md; the average permeability is
approximately 10-4 ad (p. 4).

Permeability studies of bedded salts have been concentrated in
the Permian Salado Formation at the Waste Isolation Pilot Project
(WIPP). The WIPP project site is in Carlsbad. New Mexico. Gas
permeabilities range from 3x10- to 2Y10-a md. An approximate
permeability to liquid of 10- md was obtained. Laboratory tests
of salt samples indicate a lower permeability with a range of 10-
s to 10f-4 md (p. 4).

Fluid flow along crystal boundaries or through crystals has been
investigated. Fluid flow has been measured between stressed
halite crystals; permeabilities range from 1.4x10-4 to 1.4x10-2

md. The permeabilities were obtained with an opening of 0.2 mm
between the crystal boundaries. Gas permeability through a
single salt crystal has been estimated to be approximately 10to
md; this value is 10° times lower than the permeability along
grain boundaries.

The document states that fracture permeability may be an
important aspect of fluid flow in the aquitard. The difference
between laboratory and in-situ permeabilities leads to the
conclusion that the higher permeabilities from the in-situ tests
results from flow through fractures. The document cites



Chaturvedi (1984) as observing that open fractures appear in the
Salado Formation that are associated with gas blowouts in potash
mines (p. 5). The fractures are believed to be the reservoirs
containing the high pressure gas. The fractures did not result
from the blowout of the gas.

The document concludes that the potential for evaporites to
transmit fluid appear similar to that of shales. The document
states that the reported range of salt permeabilities of 10-O to
10- md is within the range of permeabilities determined for
other aquitards.

The Palo Duro Basin contains three heterogeneous units which are
informally referred to as the "Upper aquifer, the Evaporite
aquitard, and the Deep-Basin Brine aquifer" (p. 5). The units of
the Palo Duro Basin are bounded to the west by the Sacramento and
Sierra Grande Uplifts. The units are bounded to the east by the
Hardeman Basin. The units are bounded to the north by the
Amarillo Uplift and the Oldham Nose which are believed to be
generally impermeable. Some flow may occur across the western
part of the uplift where the Wolfcamp is continuous over the
uplift (p. 6). The Matador Arch is considered to be a no-flow
boundary for the Deep-Basin Brine aquifer. The basin was
uplifted and tilted eastward during the Laramide Orogeny. The
uplift causes recharge to occur to the west of the basin and
discharge to occur to the east of the basin.

The Deep-Basin Brine aquifer is thought to be recharged in New
Mexico and through downward leakage through the Evaporite
aquitard. Groundwater flow is believed to be controlled by the
permeability distribution within the deep section; groundwater
flow is from the basin center northeast toward the thick,
permeable granite wash deposits flanking the Amarillo Uplift (p.
6). The potentiometric levels in the Deep-Basin Brine aquifer
are below the potentiometric levels in the High Plains aquifer.
The potential exists for groundwater to flow from the Upper
aquifer to the Deep-Basin Brine aquifer across the aquitard. The
document states that model generated groundwater travel times
across the basin are expected to be 2 to 4 million years. The
discharge points for the Deep-Basin Brine aquifer appear to be a
disperse zone across North-Central Texas and southern Oklahoma.
The saline springs to the east of the caprock escarpment are not
believed to be discharge zones for the Deep-Basin Brine aquifer.

The Evaporite aquitard is composed of Middle and Upper Permian
evaporite-bearing strata. The strata consist of four major
lithofacies. These lithofacies are halite, anhydrite, dolomite,
and red argillite (p. 7). A study of the core from the evaporite
section of the DOE Gruy Federal No. 1 test well in the central
part of the Palo Duro Basin indicates that 58% of the core is
halite and anhydrite, 32%. is red beds, and 10% is dolomite. The
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total thickness of the section varies from 650 to 1,550 m. The
evaporite section is composed of five major genetic units: 1)
Wichita-Red Cave Formations. 2) the lower Clear Fork and Tubb
Formations, 3) the Upper Clear Fork and Glorieta Formations, 4)
the San Andres Formation. and 5) the post-San Andres Guadalupian
and Ochoan strata. Each genetic unit is believed to represent a
regressive-transgressive sequence. A typical cycle consists of a
dark anhydritic mudstone, limestone and dolomite. anhydrite,
halite, and terrigenous red beds.

The document cites the results of two modeling studies by
Wirojanagud and others (19e4) and Senger and Fogg (1984). Both
studies indicate that leakage is downward through the Evaporite
aquitard. Wiriojanagud and others used an initial vertical
permeability for the aquitard of 2.0x1C3-4 md which was based on
the harmonic mean of permeabilities for two cross-sections
through the evaporites using typical or measured values. The
computed Wolfcampian potentiometric surface differed
significantly from the measured surface using this harmonic mean.
The permeability was lowered to SxlO-G md; a reasonable agreement
was found between the predicted and measured potentiometric
surface. The document concluded that the Evaporite aquitard
accounts for 50% of the groundwater flow in the Wolfcamp aquifer.
About 33% of the flow through the whole Deep-Basin Brine aquifer
can be accounted for by leakage through the Evaporite aquitard.

A cross-sectional model by Senger and Fogg (1984) yielded similar
results using the average permeability values for the different
units. The initial estimate of 2.OxlO- md for the vertical
permeability of the Evaporite aquitard resulted in a reasonable
representation of the potentiometric conditions of the Deep-Basin
Brine aquifer. The document states that increasing the
permeability to 2.0x10-3 md caused too much leakage; the computed
heads approached hydrostatic conditions. The cross-sectional
model study indicates that 20% of the groundwater in the Deep-
Basin Brine aquifer (Wolfcamp plus deeper saline aquifers) could
result from leakage through the Evaporite aquitard (p. 9).

The document states that the permeability values derived from the
Palo Duro Basin represent regional and not site specific
estimates. These values incorporate fracture permeability as
well as matrix permeability. The document states also that the
permeability of the halite in the section may not be the limiting
factor. The shales and red beds may exhibit a lower permeability
than the salt.

Vertical leakage through the Evaporite aquitard is complicated by
the presence of the interbedded carbonates and sandstones. These
interbedded carbonates and sandstones have higher permeabilities
than the permeabilities of the evaporites. The permeability of
the thick carbonate strata of the San Andres Formation ranges



from 6>xl-0 to 2x10-'- md (p. 10). The document cites a report in
preparation by Dutton and Orr which states that vertical leakage
could be deflected by 2 to 50 km by horizontal flow in the San
Andres carbonates.

Water samples were collected from the most porous zones in four
deep test wells. Samples were obtained from the Mansfield No. 1,
J. Friemel No. 1! Zeeck No. 1, and the Sawyer No. 1 wells. The
deepest zone sampled was the Ordovician Ellenburger Formation (p.
10). Samples were analyzed for major, minors and trace elements.
The isotopic composition of carbon. hydrogen.. oxygen. sulfur, and
gas contents were obtained also. The brines from the Zeeck No. 1
and the Sawyer No. i wells in the interior and the eastern part
of the basin have d-100 values that range from -1.7 to +2.2 i/0Q0
(p. 11). These samples approach isotopic equilibrium with
dolomite for the sampled depths and temperatures. The brines
from the Mansfield No. 1 well in the northern part of the basin
are not isotopically equilibrated with dolomite. The brines from
the Mansfield No. 1 well have oxygen isotope compositions of -5.1
to 5.B 0/00; this isotopic composition is similar to waters found
in the Upper aquifer (p. 11). Brines from the J. Friemel No. 1
well are not equilibrated with dolomite; the brines have oxygen
isotope compositions that appear to be a mixture of deep basinal
and shallow meteoric waters. The oxygen isotope compositions are
-2.0 to -3.7 0/00. The document states that the lack of isotopic
equilibration is unexpected because of the suggested old ages of
the brines (60-260 million years). The long residence times (2-5
million years) calculated from the modeling studies are not
consistent with the isotopic composition. The lack of
equilibration appears to result from the mixing of two different
waters. A deep-basin brine that is equilibrated with carbonate
rocks can mix with a non-equilibrated brine. The document
assumes that the isotopically depleted water had an original
isotopic composition similar to modern meteoric water for the
region. If this assumption is valid then Wolfcamp brine from the
J. Friemel No. 1 well contains approximately 757.. meteoric water
(p. 12). The document describes two potential sources for the
meteoric water. The first source could be water leaking from the
Upper aquifer into the Evaporite aquitard. The second possible
source could be recharge into the permeable granite wash
deposits.

The document states that the chloride/bromide ratios of the deep
basin brines suggest that the deep basin aquifers contain water
that has leaked through the evaporite section (p. 12). The Cl/Br
ratio increases as the d-' 0 0 values decrease. This inverse
relationship between d-100 and Cl/Br suggests that meteoric water
from the Upper aquifer is dissolving halite without multiple
cycles of solution and reprecipitation occurring. The document
states that the Na/Cl weight ratio for brines in the Wolfcamp
carbonate suggests that the source of the chloride is salt
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dissolution. the brines are not flowing from the granite wash
into the Wolfcamp carbonates.

The document states that there are three possible pathways for
the movement of the water through the Evaporite aquitard. These
different pathways are intracrystalline, intercrystalline, and
along major discontinuities such as fractures and faults (p. 14>.
Intracrystalline flow is not believe to be important because of
the suspected several orders of magnitude lower permeability
exhibited by intercrystalline flow as opposed to intercrystalline
flow or fracture permeability. The document states that post-
Permian meteoric waters have penetrated the top of the Evaporite
aquitard. Evidence for this penetration is exhibited by the
variety of relic fabrics and collapse features that indicate
post-Perrnian dissolution in the shallowest evaporite strata.
Recrystallized halite can be found as much as 30 m below the
post-Permian dissolution zone. This suggests that meteoric
waters have penetrated that distance into the Evaporite aquitard
(p. 15).

The document states that fluid movement through the Evaporite
aquitard may be occurring along fractures. Jointing is present
in the Permian evaporites as well as the Mesozoic strata above
and Paleozoic strata below the evaporites. Fractures have been
found in the Permian Salado Formation (Chaturvedi, 1984). The
degree of fracturing increases toward the Amarillo Uplift. This
fracturing is associated with the area of greatest structural
deformation (p. 16). The coincident occurrence of the largest
component of meteoric waters in the test wells and the occurrence
of fracturing suggests that the meteoric waters are leaking down
fractures (p. 16). The document states that fluid flow down
fracture in the evaporites may be the process which dominates
groundwater movement through the aquitard.

SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

This document is important to the Waste Management Program
because it outlines some additional comments and interpretations
of the hydrogeologic data that are available for the Palo Duro
Basin. The hydrogeologic data have been compiled and interpreted
with respect to the capability of the Evaporite aquitard
transmitting groundwater from the overlying Upper aquifer down to
the "Deep-Basin Brine aquifer." The interpretation of the data
suggests that movement is downward which is consistent with the
guidelines for siting a repository. The direction of groundwater
flow is important for the prediction of groundwater travel times.
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PROBLEMS, DEFICIENCIES OR LIMITATIONS OF REPORT:

No major problems exist with the document under review. A minor
problem occurs based on the wording of page 8 of the document.
The document states "Without the aciuitard, fluid pressures in the
Deep-Basin Brine aquifer would equilibrate with the Upper aquifer
and not be sUbhydrostatic as observed." This statement is
inaccurate. Subhydrostatic conditions can occur in a basin
without an aquitard. Recharge areas are characterized by
subhydrostatic conditions; the potential decreases with depth.
It is not accurate to say that subhydrostatic conditions cannot
exist as implied in the document.
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