
I *

WILLIAIS & ASSOCIATI$, INC.
P.O. Box 48, Viola, Idaho 83872 (208) 883-0153 (208) 875-147

Rvogeo % Waste Management * Geological Engineering * Mine Hydrology

186 MR 13 A9:22

March 4. 1986
Contract No. NRC-02-85-008
Fin No. D-1020
Communication No. 33

Wm W~m - WM ProjectL

Docket No._
ePDR A
ILPDR M

Mr. Jeff Pohle
Division of Waste Manaaement
Maii1--Stop SS-623 =
U.S. Nuclear Regulatory Commission
Washington. D.C. 20555 I

RE: SALT

UL41&

- Di sbttifl: 7 *
(Reurn Fbto -w -
(Ret~urn to WM_,_623-SS)____

Dear Jeff:

This letter constitutes an effort to bring to your attention the
essence of six papers that-deal with the hydrostratigraphv of the
Wolfcamp Series in the Palo Duro Basin. We have been studying
these papers in detail during the past two months. We have
written a review of each paper separately. The purpose of this
letter is to highlight several important aspects of these papers
that surface only when the papers are studied in combination.
The six papers to which I refer are as follows:

1. Bair, E.S., O'Donnell,, T.P. and Picking. L.W., 1985.
Hydrogeologic Investigations Based on Drill-Stem Test Data:
Palo Duro Basin Area, Texas and New Mexico. Office of
Nuclear Waste Isolation Technical Report BMI/ONWI-566.

2. Confti, R.D. and Senger---R;K. -!- 19e5 Hydrostratigraphy of the
Wolfcamp Aquifer, Palo Duro Basin, Texas Panhandle: Texas
Bureau of Economic Geology, Austin, TX, OF-WTWI-1985-38.

3. Senger, R.K., and Fogg,-G.E., 1984, Modeling of the Effects
of Regional Hydrostratigraphy and Topography on -Ground-Water
Flow, Palo Duro Basin, Texas. Texas Bureau of Economic
Geology, Austin, Texas.

4. Orr, E.D. and Senger. R.K., 1984, Vertical Hydraulic
Conductivity, Flux and Flow in the Deep-Basin Brine Aquifer,
Palo Duro Basin! -Texas. Texas Bureau of Economic Geolocy,
Austin, Texas. OF-WTWI-1984-44. 19 p.
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5. Senger. Rainer K., 1964. Hydrodynamic Development of the Palo
Duro Basin and Other Mechanisms Creating Possible Transient
Flow Conditions. Texas Bureau of Economic Geology, Austin.
Texas, OF-WTWI-1984-54.

6. Kaiser, W.R.. 1985. Cross-Formational Flow in the Palo Duro
Basin. Texas Panhandle. Texas Bureau of Economic Geology,
Austin, Texas. OF-WTWI-1985-33.

The first paper of interest is by Bair and others (1985). Its
number is BMI/ONWI-566. This paper presents a potentiometric
surface map for the Wolfcamp Series and a potentiometric surface
map for the Pennsylvanian System in the Palo Duro Basin of Texas
and New Mexico. Only one homogeneous aquifer is assumed to exist
in each of these two chronostratigraphic sequences. We note that
the -Wolfcamp is a series., A series by definition is a
combination of supergroups; a supergroup is by definition a
chronostratigraphic term; a group is a lithostratiaraphic term.
The Wolfcampian Series is a sequence of undifferentiated rock
units with respect to lithostratigraphy. It contains carbonates,
sandstones and shale strata. According to the report, the
Wolfcamp Series is up to 2,000 feet thick in the basin. These
2,000 feet of rock can be a supergroup, a group or a formation.
The Pennsylvanian rocks are even thicker. The Wolfcamp Series
has received most of our attention because some of the
mathematical modeling papers presented by other DOE contractors
treat the Wolfcamp Series as a single aquifer that behaves as a
drain for an overlying aquitard. The Wolfcamp Series is treated
in these papers as part of the "Deep-Basin Brine Aquifer." The
potentiometric surface for the Wolfcamp Series was derived by
Bair and others (1985) by eliminating by one process or another
those head values that would lead one to conclude that more than
one aquifer or more than one groundwater flow system exists in
the Wolfcamp Series. The culling process used by Bair and others
(1985) precludes any other interpretation of fluid potential
distribution in the series. The details of the process by which
non-conforming head data were eliminated are discussed in our
separate--rev-ew-cf-the-subject--paper.-

The second paper of interest is by Conti and Senger (1985) (OF-
WTWI-1985-M8). This paper uses a different procedure and arrives
at a conclusion opposite that derived by Bair and others (1985).
This report presents a methodology for delineating
hydrostratioraphic units in the Wolfcamp Series of the Palo Duro
Basin. The methodology delineates the distribution of porosity
(total porosity assumed to be equal to effective porosity) and
the distribution of permeability within the strata of the
Wolfcamp Series. The methodology uses data derived from drill
cutting sample logs, from core logs, from porosity log cross-
plots and from empirical porosity-permeabilitv relationships for



limestone, sandstone, and shelf margin and non-shelf margin
dolomite. The use of drill cutting sample logs and core logs for
the purpose of delineating the distribution of hydrostratigraphic
units is somewhat of a unique approach; nevertheless, the data
are reasonably convincing that hydrostratigraphic units
consisting of dolomite. limestone, sandstone, and shale exist in
the Wolfcamp Series. The report states for example that "shelf
margin dolomites are distinguished from non-shelf margin
dolomites by higher permeabilities associated with equivalent
porosities" (p. 5). The high porosity/low permeability zone is
found in an oolitic sequence found in the northwestern part of
the study area. The report states that the Granite Wash was
characterized by a linear increase in the log of permeability
which was associated with a linear increase in porosity. The
report states that the Granite Wash deposits have an exceedingly
hifgh-ermeability relative to porosity-from the same cores. The
report goes on to state the following assumptions: "all non-
shaley porosity is intergranular and interconnected or effective"
and "discrete lithologic packages of porous zones can be treated
as pure dolomite, limestone or sandstone for purposes of
establishing porosity-permeability relationships." The third
significant assumption is that "permeability parallel to bedding
is isotropic with respect to its compass orientation" (p. 6-7).
Lithologic columns were constructed for 27 wells for the Wolfcamp
strata. "Thickness weighted average porosity for non-shaley
intervals in the brown dolomite and subjacent Wolfcamp strata was
calculated for each well..." The report goes on to state that
"comprehensive hydrostratigraphic characterization of each
Wolfcamp lithologic unit entails assessing the geographic
distribution of geologic parameters (or non-shaley intervals).
thickness weighted average porosity, thickness weighted average
permeability and permeability thickness products."

The report presents a figure to illustrate the net thickness
trends for shale strata. The report presents a sequence of
figures for the brown dolomite and the Wolfcamp strata which is
subjacent to the brown dolomite. The sequence of figures
includes the distrib-ution-df-Fht-ci-ek¶sweighted average porosity,
average permeability, and permeability-thickness product. The
axes of increased porosity are comparable between the brown
dolomite and the Wolfcamp strata. The preferred orientation for
increased porosity is north-northwest to south-southeast. Trends
of greatest permeability are oriented north-south to northwest-
southeast for the brown dolomite and the Wolfcamp Series.

All these sources of data lead one to conclude that the
hydrogeologic framework of the Wolfcamp Series is not
homogeneous. The report effectively concludes that different
hydrostratigraphic units exist within the Wolfcamp Series. These
data indicate that it probably would be erroneous to manipulate
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head data to produce only one homogeneous isotropic aquifer for
the entire Wolfcamp Series. Bair and others (1985) clearly did
not consider the work of Conti and Senger (1965) when they
manipulated the head data to produce only one potentiometric
surface in the Wolfcamp Series.

The third report of significance is by Senger and Fogg (1984).
This work preceded the work of Bair and others (1985) and Conti
and Senger (1985). The latter two papers were prepared
contemporaneously. Senger and Fogg (1984) constructed a cross-
sectional groundwater flow model of the Palo Duro Basin. The
report discusses the mechanisms of recharge and discharge to and
from the "Deep-Basin Brine Aquifer." The report treats the Deep-
Basin Brine Aquifer as essentially everything below the evaporite
aquitard. Assumed hydraulic property values are used for
modelinc-throughout the paper. For all practical purposes field
data are absent, especially in the vicinities of Swisher and Deaf
Smith Counties. Head data derived primarily as pressure data
from drill-stem tests are the primary source of data for the
modeling effort. The Deep-Basin Brine Aquifer is assumed to
consist of the lower Permian (Wolfcamp Series) and Pennsylvanian
and Pre-Pennsylvanian Formations. The permeability values that
do exist for the "Deep-Basin Brine Aquifer" were converted to
saturated hydraulic conductivity values by using an average fluid
salinity and temperature for the conversion. The report states
that permeability data indicate an extremely heterogeneous
distribution of values, although the data base is very small. In
the final analysis the authors assume the generic value of 70 md
for the mud flat and alluvial fan delta systems in the
Permian/Pennsylvanian strata. The report does note that the
absence of lateral and vertical permeability trends in the deep
section constitutes a weakness in the model, particularly in view
of the heterogeneity suggested by the large variations in the
measured values of permeability that do exist. In the end the
model had to be manipulated by varying permeabilities to some
extent in the deeper sediments in order to force matches of
measured head values from the drill stem tests. Essentially.
however, theK "Deep-Basin Bine-Aquifer" is treated as a
homogeneous unit.

The fourth paper of interest is by Orr and Senger (1984) (OF-
WTWI-1984-44). This paper is entitled "Vertical Hydraulic
Conductivity Flux and Flow in a Deep-Basin Brine Aquifer. Palo
Duro Basin, Texas." Note that this paper preceded the 1985
papers by Conti and Sencer and by Bair and others but it was
contemporaneous with the paper by Senger and Fogg entitled
"Modeling the Effects of Regional Hydrostratigraphy and
Topography on Ground Water Flow. Palo Duro Basin. Texas."
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This document deals specifically with the determination of
vertical fluid potential gradients and the evaluation of these
gradients with respect to the possibility of cross-formational
flow in various locations within the Palo Duro Basin. The stated
objective of the paper is "to evaluate the significance of these
potential components of vertical flow by 1) estimating vertical
head gradients from the Deep-Basin Brine Aquifer by normalizing
vertical pressure gradients! 2) estimating vertical hydraulic
conductivities and vertical fluxes across the basin! and 3)
comparing the estimated volumes of horizontal and vertical flow
for different areas in the basin." The method used to calculate
vertical head gradient is described in the report. It also is
described in our separate review of the paper. The report notes
that the method used may not reflect the non-hydrostatic
conditions in the basin accurately. It would be advisable for
the-NRC Review Team to initiate a discussion--of-the method used.
We are not sure that it is fallacious but neither are we sure
that it is an appropriate methodology. This issue is important
because it constitutes the basis for calculating the vertical
hydraulic conductivity of the salt sequence in the Palo Duro
Basin. In order to make this calculation the "Deep-Basin Brine
Aquifer" had to be incorporated into the model. Results are
presented in the form of a contour map of vertical hydraulic
conductivity of the "Deep-Basin Brine Aquifer", maps showing
areas of vertical versus horizontal flow within the basin and
estimates of vertical and horizontal flow volumes within the
"Deep-Basin Brine Aquifer." Vertical hydraulic conductivities
range from 0.2x10- m/d to greater than 1x1O-6 m/d. Vertical
hydraulic conductivity is controlled primarily by the total shale
thickness present at each node. Comparison of vertical and
horizontal fluxes calculated at each node indicate that the
horizontal fluxes are "two to three orders of magnitude greater
than the vertical fluxes" (p. 6). The model shows that
significant vertical flow occurs in the south, west, and central
parts of the basin. Page 6 states that in these areas "nearly as
much water flows vertically within the Deep-Basin Brine Aquifer
as moves laterally out of this area alone the eastern boundary."
The reportA-is somewhat --confusing-because the entire Wolfcamp
Series is termed an aquifer. On the other hand, the report
refers to the calculation of vertical hydraulic conductivity in
terms of the percent shale that is present in the section at each
node point. The report does not present pressure versus depth
curves; consequently it is not possible to examine the graphs
with respect to the influence of shale layers on them or on
hydraulic conductivity values obtained from them via the model.
In short. this paper may be compatible with Senger and Fogg
(1984) and Bair and others (1985) or it may be compatible with
Conti and Senger (1985).
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Paper No. 5 dealing with this subject is Senger (1984) (OF-WTWI-
1984-54). The paper is entitled "Hydrodynamic Development of the
Palo Duro Basin and Other Mechanisms Creatina Possible Transient
Flow Conditions." The authors of the paper constructed a finite
element cross-sectional model along an east-west section
extending from New Mexico across the Texas Panhandle into
Oklahoma. The finite element model incorporates the San Andres
dolomite as an individual hydrologic unit within the evaporite
aquitard. Only constant head boundary conditions were used in
the model. Table 2 of the report presents values of hydraulic
conductivity (vertical and horizontal) assigned to the different
portions of the Permian-Pennsylvanian aquifer (Wolfcamp Series
plus Pennsylvanian rocks). The permeability values are
categorized as shelf carbonates, basinal systems, mud flat and
alluvial fan delta system, and fan delta system. All the
horizontal permeability values for - all- these -units -are
essentially the same except for the Permian-Pennsylvanian
Systems. Their permeabilities are five orders of magnitude lower
than the rest. The same statement holds for vertical
permeability except that the vertical permeability of the basinal
systems is only three orders of magnitude less than the
horizontal permeability. Specific storage is the same for all
units. In essence the permeability values of the carbonate
"Deep-Basin Brine Aquifer" are for homogeneous, anisotropic rocks
except for the Permian-Pennsylvanian basinal system which was
assigned a horizontal hydraulic conductivity of 10-' m/d and a
vertical hydraulic conductivity of 10-' mid. These data indicate
that the treatment of the Wolfcamp Series and deeper rocks is
somewhere between the other aforementioned papers. The reader
should note, however, that all the values for the different units
were extracted from other sources.

The last paper pertinent to this discussion is Kaiser (1985) (OF-
WTWI-1985-33). It is entitled "Cross-Formational Flow in the
Palo Duro Basin. Texas Panhandle." The report cites evidence
derived from head distributions, numerical modeling, water
chemistry, isotopic data, and core analyses to support a finding
that there is little vertical flow through the evaporite
sequence. This paper also assumes essentially all values for
hydraulic properties incorporated into the model. The report
does not differentiate among hydrostratigraphic units within the
Wolfcamp, although it does refer to different water quality
characteristics within different portions of the Wolfcamp Series.
Consequently it is more consistent with Senger and Fogg (1984)
than with Conti and Senger (1985).

The significance of the examination of these six reports in
combination pertains to the selection of a defensible conceptual
model of the hydrogeologic framework in the Palo Duro Basin,
particularly near Swisher and Deaf Smith Counties. The papers
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that treat the Wolfcamp Series and the Pennsylvanian rocks
collectively as the "Deep-Basin Brine Aquifer" lie at one extreme
of the spectrum of conceptual models and the paper by Conti and
Senqer (1985) lies at the other extreme. It should be noted.
however, that most of the papers that draw conclusions from
mathematical models develop the pertinent hydrogeologic framework
by assumption rather than by data base. At present this approach
is unavoidable because of the severely limited data base,
especially in the vicinity of Deaf Smith and Swisher Counties.
The paper by Conti and Senaer (1985) is based on physical
measurements of the hydraulic properties of core. The conclusion
that the Wolfcamp Series can be divided into hydrostratiaraphic
units by physical analysis of core data would lead one to
conclude that a conceptual model that includes lavers or possibly
lavers with facies chances is defensible. The importance of this
observation is its influence on the next step that--must be toaken
in the Palo Duro Basin. That step is the development of the
drill and test program. The design of a drill and test program
requires the use of analytical mathematical models. The Theis
equation, both the Hantush equations, the ratio method equation
of Neuman and Witherspoon, all the dual porosity equations, and
all the partial penetration equations require the pre-existence
of a conceptual model as a starting point. Depth of wells.
spacing of wells, and the design of wells including pumping rate
and which combinations of wells are to be pumped must be preceded
by a conceptual model. If the Wolfcamp Series and the
Pennsylvanian carbonate rocks are in fact all one "Deep-Basin
Brine Aquifer" then the conceptual model that must be used as a
basis for drill and test plan design will be different than if
the same rocks contain aquifers, aquitards. aquicludes and
boundaries. Future mathematical models of travel time will
reflect the outcome of a drilling test plan. Consequently, this
issue is critical and deserves the utmost attention of the NRC
Staff.

If vou have anv questions regarding this letter, please call.

Sincerely,

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