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Office of Nuclear Waste Isolation, Columbus, OH.
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DATE REVIEW COMPLETED: June 13. 1986

ABSTRACT OF REVIEW: APPROVED BY: A

This report uses kriging (geostatistical technique) to estimate
the potentiometric surface of the Wolfcamp aquifer in the Palo
Duro Basin, Texas. The associated uncertainty in estimating the
potentiometric surface is addressed. The geostatistical
techniques result in the ability to identify those data values
that do not fit a general pattern exhibited by the rest of the
data. The geostatistical technique purportedly "provides
minimum-variance, linear, unbiased estimates of the
potentiometric surface."

This document is the most technically sound report that we have
reviewed to date with respect to geostatistical analyses of the
potentiometric data in the Palo Duro Basin. We have detected no
major problems in this document. However, the data base for the
document constitutes a potential source of concerns. Williams
and Associates reviewed the document describing the data handling
procedures which were discussed by Bair et al. (1985).

BRIEF SUMMARY OF DOCUMENT:

The report states that the "Wolfcamp aquifer" underlies the
repository site in the Palo Duro Basin (Deaf Smith County). The
report also refers to the Wolfcamp rocks as beino a series which
consists of limestone, shale, and dolomite. Arkosic sands occur
in the Wolfcamp in the vicinity of the Amarillo Uplift.
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especially on the southern flank of the uplift. Total thickness
of the Wolfcamp in the Palo Duro Basin ranges between 1,000 and
2,000 feet. The report states that the Wolfcamp aquifer presents
a possible pathway to the accessible environment. The data used
in the report were collected and culled by Stone and Webster
Engineering Corporation. The data base was refined by deleting
depressured, local grossly overpressured, and underpressured data
so that the resulting data base represented the regional flow
system more accurately. The study outlining these procedures was
conducted by Bair et al. (1985). The culled data base consists
of 85 values located in an area roughly 250 by 200 miles in New
Mexico and northern Texas.

The geostatistical analysis involved the creation of directional
semi-variograms to check for anisotropy and trend. Semi-
variograms were constructed for the four major directions. The
report states that the four semi-variograms are nearly identical
for about 75 miles; isotropy is evident to this distance.
Spreading of the plots occurs beyond 75 miles. Trend dominates
the semi-variogram beyond 75 miles.

Universal kriging includes the requirement that local drift be
estimated. The report treats drift by fitting a least squared
polynomial trend surface to the original data. Thus, the
parameters of the drift are estimated locally as part of the
kriqing estimation. Statistical linear regression techniques
were used to fit a trend surface to the 85 potentiometric values.
The regression techniques were applied using Statistical Analysis
System (SAS. 1982). The authors found that a linear trend was
sufficient to remove the trend in the semi-variogram data
although higher order trend surfaces were tried (p. 10). The
report states that the directional semi-variograms for the
residuals of the linear trend surface no longer show an obvious
trend. The overall semi-variogram pattern is the same in all
four directions. The report states that it is safe to assume
that the data are isotropic after accounting for the linear
trend.

A spherical variogram model was applied to the data. The
resulting spherical semi-variogram resulted in a nugget of 11,000
square feet, a sill of 34,000 square feet, and a range of 60
miles. The report states that the nugget of 11,000 square feet
corresponds to an error standard deviation of 148 feet in the
potentiometric data (p. 13). The kriged surfaces for both the
expected potentiometric surface and its associated uncertainty
surface were produced after selecting the semi-variogram model.
This was accomplished using universal kriging with a linear trend
and the noted semi-variogram. The trend runs primarily from the
west to the northeast or east. This trend indicates that flow is
in the direction of the Amarillo Uplift.



SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

This report is important to the Waste Management Program because
it exhibits the best technical approaches to a geostatistical
analysis of potentiometric surface in the Wolfcamp Series to
date. The report clearly states and accurately applies the
geostatistical techniques to the data base. The report states
that the direction of groundwater flow is toward the Amarillo
Uplift. The resulting potentiometric contour map allows the
determination of the direction of groundwater flow and
approximate gradient at the Deaf Smith County site.

PROBLEMS, DEFICIENCIESK. OR LIMITATIONS OF REPORT:

This document is the most technically sound report that we have
reviewed to date dealing with geostatistical studies of
potentiometric data in the Palo Duro Basin. The neostatistical
methodology, assumptions, and cross-validations have been well
thought out and well presented in the report.

Perhaps the most critical aspect of the study is the quality of
the potentiometric data base that was used in the analyses. The
data set was collected, analyzed, and culled by Stone and Webster
Engineering Corporation in a previous study by Bair et al.
(1985). Williams and Associates reviewed the document by Bair et
al. (Communication #34).

The continuing reference to the Wolfcamp rocks as a single
aquifer has been discussed by Williams and Associates in
Communication No. 33. This review outlines the complications
that occur by referring to the "Deep Brine Aquifer System" or the
"Wolfcamp Aquifer." This procedure spay account for a portion of
the error standard deviation of 148 feet.

REFERENCE CITED:

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



F

WMGT DOCUMENT REVIEW SHEET

FILE *:

The Earth Technology Corporation Contract #ES12-05700 under
Contract DE-ACO2-83CH10140 with U.S. Department of
Enerqy

DOCUMENT: The Earth Technology Corporation, March 1985, Regional
Ground-Water Flow Near Richton and Cypress Creek
Domes, Mississippi: Annual Status Report for Fiscal
Year 1984.

REVIEWER: Williams & Associates, Inc.

DATE REVIEW COMPLETED: June 13, 1986
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The report by ERTEC, March 1985, is a status report on the work
being conducted in the vicinity of Richton and Cypress Creek
domes located in Perry County, Mississippi. These domes are
being considered as potential repositories for high level nuclear
waste. The conceptual and numerical models of regional
groundwater flow in the vicinity of the domes have been refined
based on a "detailed review and evaluation of available
hydrologic data" (p. iii). A three-dimensional, finite element
code (GRAM) was used for the numerical modeling. The numerical
model was designed to simulate water levels and to calculate
rates of flux and water budgets by parameter estimation using a
least squares regression technique. The report describes the
model boundary conditions and how the determinations were made of
best estimates and bounds of reasonable certainty for hydraulic
properties and rates of flux in the hydrogeologic units that are
considered by the investigators to be most important. A two-
dimensional vertical slice model was used as the calibration tool
for the three-dimensional regional model. Field data are too
limited for the standard calibration procedure to be applied.

The report states that the results of this study should not be
considered final. The results represent a refined conceptual and
numerical model of the regional groundwater flow system in the
vicinity of Richton and Cypress Creek domes.



Our primary concern is that the approach used to derive or
estimate input for this model of regional flow results in a
"house-of-cards"'. Should any of the cards be faulty, then the
entire model is subject to questionable its reliability. We are
concerned particularly about the use of water budget analyses for
the determination of fluxes in the hydrogeologic system. Also, a
disproportionate degree of reliability must be placed on average
values of hydraulic conductivity for similar rock types that have
been reported in the literature. It is assumed that the
distribution of hydraulic conductivity can be based on
percentages of sand in the hydrogeologic section and on
lithology; only secondary importance is assigned to the
interpreted ranges of hydraulic conductivities derived from
standard aquifer test data. Fluxes derived from water budget
analyses are used as a calibration tool for the model. We
believe that, overall. the results of the model represent a
refinement of earlier work but that the results of the model must
be viewed as being very tenuous.

BRIEF SUMMARY OF DOCUMENT:

This status report describes the refinements that have been made
to the conceptual groundwater flow model and to the refinements
that have been placed on the numerical model for the Richton and
Cypress Creek domes in Mississippi. The area under study
includes 36 counties in Mississippi and 8 counties in Alabama.
The regional model area is approximately 11,000 square miles.

Precipitation is relatively evenly distributed throughout the
year over the regional model area. Precipitation ranges between
48 inches in the north and 64 inches in the south; mean annual
precipitation is 59 inches. Mean annual evapotranspiration is
estimated to be 7.0 inches. Evapotranspiration was estimated
based on analysis of precipitation data, pan evaporation data,
and total runoff data.

Richton and Cypress Creek domes are located within the Pascagoula
River Basin. This river basin drains approximately 70% of the
area covered by the regional model area and includes the
Pascagoula River and its major tributaries, the Leaf and
Chickasawahay Rivers. The report states that the mean annual
runoff is 20.4 inches per year for the Pascagoula River at
Merrill, Mississippi. The authors believe that the Pascagoula
River Basin above Merrill is representative of the regional model
area even though it encompasses only about 40% of the regional
model area. Hydrograph separation analysis of data from the
stream guaqing station at Merrill for the water year 1976
indicates that total groundwater runoff is approximately 8.3
inches per year. Surface water runoff is approximately 12.0



inches per year; recharge to the aroundwater reservoir is
estimated to be approximately 1.8 inches per year.

The Midway Group of rocks is the basal hydrogeologic boundary of
the regional model (see attached figure 4-1 from report under
review). The Midway Group is an areally extensive and thick
sequence of sedimentary beds that exhibit low hydraulic
conductivity. ERTEC has identified "five major hydrogeologic
units" above the Midway Group. These units are the Wilcox
aquifer unit, the lower Claiborne confining unit, the upper
Claiborne aquifer unit, the Vicksburg-Jackson confining unit. and
the upper aquifer unit. The report states that groundwater
originates as recharge from infiltration in outcrop areas and
generally moves downdip towards the Gulf Coast. The upper
aquifer and the Vicksburg-Jackson units crop out in the reqional
model area. The report states that hydraulic conductivity in the
Wilcox and upper Claiborne aquifer units decreases downdip.

The Wilcox aquifer unit consists of thick sand members between a
sequence of multiple clay beds. The clay beds grade into shallow
marine deposits to the south. Aquifer test data suggest that the
Wilcox transmissivity ranges from 8.1 to 16,050 ft2/day. It is
believed that hydraulic conductivity varies from approximately 10
ft/day in the northern part of the model area to less than 0.3
ft/day in the south. Total dissolved solids (TDS) concentrations
range from 10,600 to 104,000 mg/L. TDS values increase linearly
at depth at a rate of approximately 16,600 mg/L for each 100 m of
increase in depth. Approximately 12 cfs of oil field brine is
injected into the Wilcox unit. The greatest amount of injection
occurs at the Baxterville Field in the southwest portion of the
regional model area. Groundwater withdrawal from the Wilcox unit
occurs only in the northern portion of the regional model area.
Groundwater is withdrawn at a rate of about 6.85 cfs. The
outcrop area of the Wilcox unit is a recharge area based on
interpretation of potentiometric maps. Flow in the Wilcox unit
is generally to the south and southeast with an upward component
of flow south of the outcrop area.

A water budget analysis was conducted to determine inflow and
outflow in the Wilcox unit across the northern and southern model
boundaries. Net inflow across the northern model boundary is
estimated to be 3 cfs; inflow is estimated to range from 1 to 12
cfs because of variability in the transmissivity data. Net
outflow across the southern boundary is estimated to be I cfs but
it can range from 0 to 2 cfs. The analysis assumes that 12 cfs
of brine is injected into the Wilcox unit and eventually leaks
upward through the lower Claiborne confining unit. Net vertical
leakage through the lower'Claiborne confining unit is estimated
to be 12 cfs but may range from approximately 9 to 22 cfs. It is
assumed that there is no downward leakage from the Wilcox unit to
the underlying Midway Group.
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The lower Claiborne confining unit consists of shallow marine
environment deposits (claystones, siltstones. clay, shales,
marls, and limestones). The report cites hydraulic conductivity
values for similar rock types as ranging from 3xi0-6 to 3x10-4
ft/day. Few water quality data are available for this unit. The
unit is not used for water supply or oil field brine injection in
the model area. Groundwater flow is expected to be upward
through the lower Claiborne unit. Potentiometric data from the
overlying Sparta Formation and underlying upper Wilcox Formation
indicate a range of vertical gradients from 0.2 to -0.2. The
best estimate of upward flow through the lower Claiborne unit is
approximately 12 cfs. This value was determined based on water
budget analyses. Upward flow is estimated to range from 9 to 22
cfs. The upper Claiborne aquifer unit consists of floodplain and
deltaic sediments in the northern portion of the area which
transgresses to an intertidal and shallow marine silty shales and
limestones in the southern part of the model area.
Transmissivities range from 0.043 to 10,700 square feet per day
(based on 37 aquifer tests in the 11000 model area; scale of
tests unstated). The hydraulic conductivity of the upper
Claiborne is estimated to range from 30 ft/day in the northwest
part of the regional model area to 3x10-' ft/day in the
southeastern part of the model area. Groundwater is generally
saline in the upper Claiborne unit over most of the area. TDS
values range from 3,120 to 198,000 mg/L. Approximately 7.1 cfs
of groundwater are used as water supply for the upper Claiborne
unit in the northern part of the area. The upper Claiborne
aquifer unit also is used for the disposal of oil field brine
which totals approximately 11 cfs. Most injection occurs at the
Baxterville Oil Field in the southwestern part of the model area.
Groundwater in the outcrop area flows toward the south and
southeast in the upper Claiborne unit. Groundwater flow is to
the northwest in the northwest portion of the regional model area
because of the influence of pumping near Jackson, Mississippi.
Injection at Baxterville has created a mound in the
potentiometric surface in the southwestern part of the model
area. Net inflow to the upper Claiborne unit across the northern
boundary of the model area is estimated to be 9.3 cfs with a
range of 2.3 to 37 cfs. Net inflow was based on a water budget
analysis using published potentiometric maps. water level
measurements from DOE project wells corrected for salinity,
published transmissivity values and standard flow net analysis
techniques. Net outflow across the southern boundary is
approximately 0.1 cfs; the estimated range of outflow is
approximately 0 to 0.1 cfs.

The Vicksburg-Jackson confining unit overlies the upper Claiborne
unit. The Vicksburg-Jackson confining unit consists of a thick
sequence of clays, marls, and limestones. The report states that
aquifer tests for the Vicksburq-Jackson unit were conducted in
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the outcrop area. Hydraulic conductivity values reported in the
literature for similar rock types range from 3x1O-& to 3xlO-,
ft/day. The range of vertical hydraulic conductivity based on
analysis of potentiometric maps of overlying and underlying
aquifers, thickness of the unit, and the net vertical upward
leakage from the upper Claiborne unit is estimated to be 5x1O-0
to 2>:10-4 ft/day. The Vicksburg-Jackson unit is generally saline
over the model area except in the outcrop area.

The potentiometric maps of the outcrop area of the Vicksburg-
Jackson unit, the upper aquifer unit, and the upper Claiborne
unit indicate that oroundwater flow is downward in the outcrop
area from the Vicksburq-Jackson unit to the upper Claiborne unit.
Flow is upward through the Vicksburg-Jackson unit to the upper
aquifer unit over the remainder of the model area. The areal
average vertical hydraulic gradient in the region of downward
flow is -0 .2. The areal average vertical hydraulic gradient in
the region of upward flow is 0.2. The best estimate of net
upward leakage through the Vicksburg-Jackson unit is 23 cfs based
on a water budget analysis. Upward leakage is believed to range
from 15 to 62 cfs.

The upper aquifer unit is a sequence of sands, gravelly sands and
silty clays. The hydraulic conductivity of the upper aquifer
unit is estimated to range from 0.3 ft/day in the vicinity of the
domes to more than 30 ft/day along the Gulf Coast. The range in
hydraulic conductivity was estimated based on aquifer test data,
lithologic descriptions, geophysical logs, and sand percentage
maps. Groundwater in the upper aquifer unit generally is fresh;
TDS concentrations usually are less than 1,000 mg/L in wells less
than 200 ft deep. The unit is used as a source of water
supplies; water use is approximately 197 cfs over the model area.
Groundwater in the upper aquifer unit flows from recharge areas
at topographic highs to discharge areas at topographic lows and
stream valleys. The report states that surface water divides
occur at depth only in the upper aquifer unit; this observation
indicates that qroundwater flow in the upper aquifer unit is
largely independent of the underlying confined regional system.
The underlying system consists of the Vicksburg-Jackson, upper
Claiborne, lower Claiborne, and Wilcox units. The report states
that vertical leakage across the Vicksburg-Jackson unit
eventually is discharged to streams in the groundwater basins in
the upper aquifer unit.

The report states that underflow occurs across the southern model
boundaries. This underflow is directed toward the Gulf of
Mexico. A water budget analysis of the upper aquifer unit using
the potentiometric maps, the distribution of hydraulic
conductivity, and flow net analysis techniques indicates the best
estimate of Groundwater underflow leaving the model area is 270
cfs. The report assigns a range of values from 60 to 1,250 cfs
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for this underflow. The analysis indicates that the best
estimate of net recharge from precipitation is 0.4 inches per
year (the range is 0.04 to 1.7 inches per year).

The computer code GRAM was used for all simulations in this
report. GRAM is a 3-D, horizontal finite element model. The
model used in the study consists of a 30 by 20 surface arid
encompassing llOOO square miles.

Boundary conditions in this report were not the same as boundary
conditions used in earlier modeling efforts. Lateral boundary
conditions are illustrated in the attached figure 5-3 derived
from the report under review. The distribution of hydraulic
conductivity for each hydrogeologic unit was refined over that
used in 1983 work. Anisotropy for all hydrogeologic units was
assumed to be 1:10 (ratio of vertical to horizontal hydraulic
conductivity) based on preliminary simulation using the revised
input data. Estimates of vertical hydraulic conductivity for the
confining units were determined from the water budget analyses;
these values of vertical hydraulic conductivity were assumed to
be representative for the regional model area within plus or
minus one order of magnitude. The assignment of horizontal
hydraulic conductivity values within the Wilcox unit is shown in
the attached figure 5-4.

The simulation includes the injection of brines into the upper
Claiborne and Wilcox units. Injection rates were based on
records compiled from the Mississippi Oil and Gas Board for the
periods of record of 1981 and 1982. Pumpage and stream discharge
were not simulated in the 3-D calibration. Pumpage is equivalent
to only about 1.8% of the total groundwater runoff to streams in
the regional model area. The report states that stream discharge
affects groundwater flow in the upper aquifer unit and in the
outcrop area of the Vicksburg-Jackson unit. Stream discharge has
little affect on qoundwater flow in the units below the upper
aquifer. Streams were not simulated in this refinement of the
regional model. Net recharge from infiltration was used in place
of total recharge. Net recharge from infiltration was applied
uniformly over the upper boundary of the numerical model.

The hydraulic conductivity of all units and the net recharge to
the upper aquifer and the outcrop area of the Vicksburg-Jackson
unit were adjusted during calibration of the 3-D model.
Calibration was accomplished by parameter estimation via
nonlinear least squares regression. The measured data base used
as calibration data are corrected freshwater levels at selected
wells. The number of selected wells used for calibration totaled
39 (8 wells in the Vicksburg-Jackson unit, 11 wells in the upper
Claiborne unit, 8 wells in the Wilcox unit, and 12 wells tUSGS3
in the upper aquifer unit). Inflows and outflows through the
units were determined by water budget analysis. Initial
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estimates of hydraulic conductivity for each of the layers (5)
were adjusted uniformly over the entire model area.

The report states that good agreement was achieved between
simulated water levels and the 39 observed water levels at the
calibration wells. The root mean square error of residuals was
29.0 feet for the 2-D model and 34.3 ft for the 3-D model. The
report states that the equivalent error for the fiscal year 1982
status and addendum report was 65.0 and 71.5 ft, respectively.
The report states that there good agreement was achieved between
simulated and observed fluxes for each unit. The report states
that the simulated fluxes were within the bounds of reasonable
certainty for all observed fluxes.

The simulated potentiometric surface for the upper aquifer unit
is attached to this review as figure 6-6. The regional component
of groundwater flow is toward the southeast in the central and
southern parts of the model area. The potentiometric surfaces of
the upper Claiborne and the Wilcox units are attached to this
review as figures 6-7 and 6-86 respectively. Brine injection has
a significant influence on steady state potentiometric surfaces
for these two units. The most significant influence is in the
vicinity of the Bayterville injection area for the Wilcox unit.
The Baxterville injection center has a noticeable influence on
the potentiometric surface in the Wilcox Group. The Baxterville,
Thompson Creek south, and Avera injection centers have a
sirinificant influence on the potentiometric distribution in the
upper Claiborne unit. The report states that a continuous rise
in measured water levels over the last 4.5 years has occurred in
the vicinity of the Baxterville injection center.

The simulated regional upward vertical gradient to the Vicksburg-
Jackson unit is approximately 0.1 to 0.2. The simulated vertical
gradient in the vicinity of Richton and Cypress Creek domes is
approximately 0.15. "The simulated regional gradient for the
lower Claiborne unit was approximately 0.1." The vertical
gradient in the vicinity of the domes is 0.05. These gradients
indicate that an upward of velocity component exists through the
confining layers.

The report states that brine injection may be altering the
potentiometric distribution in the vicinities of the injection
centers. The injection may be altering the normal vertical flow
across the confining units in these areas. The report states
that simulations of transient flow. based on historical data,
will be necessary to quantify further the uncertainties
associated with the injection centers.

The report states that the vertical hydraulic gradient through
the lower Claiborne confining units in the vicinity of the dome
is affected by the injection. The vertical gradient in the
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vicinity of the domes is less than the regional vertical
gradient; groundwater flow may be downward.

SIGNIFICANCE TO THE WASTE MANAGEMENT PROGRAM:

This document constitutes one of the few documents that has been
released in the last year that deals with the hydrocgeoloay of the
Richton and Cypresss Creek domes in Mississippi. This document is
part of . continuing effort at three-dimensional modeling of the
groundwater flow systems in the vicinity of the Richton and
Cypress Creek domes. This report presents potentiometric
distributions for the upper aquifer unit, the upper Claiborne
unit, and the Wilcox unit. These potentiometric distributions
indicate the approximate hydraulic gradient and direction of
groundwater flow in these units based on groundwater flow
modeling. Potentiometric distributions between units can be
compared in order to estimate the vertical direction of
groundwater flow and to quantify the vertical hydraulic gradient.
These parameters are required for determining the eventual
disposition of any nuclear waste that could escape from a
repository located in the salt domes.

PROBLEM_ DEF-ICIENCIES, OR LIMITATIONS:

The report refers to "an initial conceptual model" and "a
conceptual model of the regional hydrogeologi.c system" (p. 6 &
8). These references lead one to believe that only a single
conceptual model has been considered for groundwater flow in the
vicinities of the salt domes. We believe that alternative
conceptual flow models should be considered by ERTEC when
evaluating the hydrogeologic data base in the vicinity of the
salt domes. We are not stating that alternative conceptual
models will depict the hydrogeologic data base more accurately;
we believe that alternative conceptual models should be
considered in order to avoid potential errors that can be made by
establishing a numerical model on the basis of a single
conceptual flow model.

The report extrapolates hydrogeologic data based on available
well logs, lithologic descriptions, and geophysical logs.
Extrapolation of data to cover the entire thickness and ar-eal
extent of the Wilcox unit in the model area (p. 49) is subject to
some question. Obviously, this approach was necessitated by the
absence of adequate :ion situ test data for the Wilcox unit in the
study area. The necessity for extrapolating data emphasizes the
need for collecting additional data to define more accurately the
hydrogeologic properties of relevant "hydrogeologic units."
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The report states that no field tests have been conducted for
characterizing the vertical hydraulic conductivity of the Wilcox
unit (p. 49). This problem is common to all these sites. We are
sure that Ertec recognizes the difficulty and limitations of
trying to assign representative vertical hydraulic conductivities
without the availability of any hydrogeologic test data in the
model area. The inadequate spatial distribution of test data,
particularly large scale test data, is well illustrated by figure
4-7.

The report points out that only total dissolved solids and water
temperature were considered in this study. This narrow
(chemical) point of view was necessitated, no doubt, by the lack
of available high quality data for the units of interest. Future
studies no doubt could improve upon this situation with the
acquisition of additional data. The evaluation of hydrochemical
data in the vicinity of the model area in the salt domes should
provide valuable insight into the possible delineation of the
hydrogeologic flow systems.

The report states that uncertainties associated with water
transmitting properties of the hydrogeologic units are not known
within the accuracy of the variations in kinematic vicosity.
Therefore, the report does not -consider 'changes in water
chemistry and temperature as being important to estimated values
of hydraulic conductivity. We concur with ERTEC's assessment of
the situation with respect to the uncertainties in assigned
values of hydraulic conductivities.

ERTEC points out (p. 62) that a 10% change in a reported TDS
value of 200,000 mg/L in a well with a water column of 2,950 ft
can result in a 36 ft difference in the calculated freshwater
head value. The point made by ERTEC is that relatively small
errors in measuring TDS and temperature can affect calculated
freshwater head values significantly. This point is valid and
should be noted by the reviewer of the document. Errors in
calculating freshwater head are relevant particularly to the
comparison of computer generated heads to calibrated head values
measured in the field.

The report states (p. 66) that a detailed water budget cannot be
constructed for the Wilcox aquifer unit because of limited data.
The report proceeds to approximate the range of values for the
unmeasured components of the water budget that are indicated by
available data. The report assumes that groundwater flow in the
Wilcox unit is in steady state equilibrium except in the vicinity
of pumping or injection centers. The report uses average
hydraulic gradients and estimates of transmissivitv along the
northern border to estimate inflow and outflow across this
boundary. The report acknowledges that there is much uncertainty
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associated with calculated fluxes in the Wilcox unit. The
assumed differences in inflow and outflow from the Wilcox unit
are used to estimate vertical flow across the unit (p. 68). We
believe this procedure for estimating inflow and outflow and
vertical leakage for the Wilcox unit constitutes a siqnificant
degree of uncertainty for the regional model. The primary
parameters required for such estimation are not based on field
testing. We believe this deficiency represents a severe
limitation of the report.

The hydroqeologic properties assigned to the lower Claiborne unit
are based on values reported in the literature for similar roc:l
types (p. 69). This procedure was necessary because of the lack
of tests conducted in the confined portion of the lower Claiborne
unit. Naain, we believe this deficiency constitutes a severe
limitation on the regional model.

The vertical hydraulic conductivity of the lower Claiborne unit
is calculated to range from 2xlO-° to 3xlO-4 ft/day (p. 74).
This vertical hydraulic conductivity is calculated based on
estimates of net upward flow and hydraulic gradient. Vertical
hydraulic conductivity has not been measured in the lower-
Claiborne unit. This round-about method for calculating the
vertical hydraulic conductivity of the lower Claiborne unit is
subject to uncertainties and limitations. This estimation of
vertical hydraulic conductivity is based on estimations of net
inflow and outflow from the Wilcox unit and from the upper
Claiborne unit through the lower Claiborne unit. The uncertainty
associated with this calculation is a consequence of additional
uncertainties in the estimations of inflow and outflow for the
Wilcox unit.

The report states (p. 84) that "The resulting estimated
distribution of lateral hydraulic conductivity was based
primarily on the regional trends and lithology and sand
percentages and secondarily on the interpreted range of lateral
hydraulic conductivity from the analysis of aquifer test data."
The report does not present the reasoning used to assign
secondary importance to insitu test data. The report should
outline the methodology or reasoning used to place primary
importance on estimating the lateral hydraulic conductivity based
on regional trends and lithology and sand percentages.

The report states that the lateral hydraulic conductivity values
are expected to be similar in the southern portion of the model
area for the upper Claiborne unit. It concludes further that the
vertical hydraulic conductivity can be assumed to be within a
factor of ten less than the lateral conductivity (p. 86). The
rationale for the assumption of an anisotropy ratio of ten is not
presented in the report. The rationale for making this
anisotropy ratio assumption should be stated.
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Lateral hydraulic conductivity values are assigned to the
Vicksburg-Jackson unit based on values reported in the literature
for similar rock types. Vertical hydraulic conductivity was
estimated using the difference in the inflow and outflow as
determined in the water budget analyses. We have discussed the
calculation of vertical hydraulic conductivity based on
assumptions of inflow and outflow. This use of this procedure is
a further illustration of the paucity of data available for some
of the units in the model area. Even lateral hydraulic
conductivity values are assumed for the Vicksburg-Jackson unit.
Uncertainties are compounded due to the initial assumptions for
the Wilcox aquifer unit. We believe that severe limitations
exist because of the assumptions that must be employed in order
to estimate critical hydrogeologic parameters. The discussion on
page 96 exemplifies the continued reliance upon assumed values of
critical hydrogeologic properties.

The report states (p. 109) that "Representative hydraulic
conductivity values were estimated by relating the aquifer test
data shown in table 4-9 to the percent sand indicated in
lithologic descriptions and geophysical logs. The lateral
variation in hydraulic conductivity was approximated based on the
sand percentage distribution map as shown in figure 4-32." We
believe the use of this procedure indicates further the need to
obtain hich quality insitu field data to substantiate the
assumptions that have been made in this modeling effort. We are
not being critical of the extrapolation technique; we are
pointing out the necessity for obtaining additional high quality
data.

The report states that the ratio of vertical to horizontal
hydraulic conductivity was assumed to be 0.1 (p. 142). The
report states that in a preliminary calibration step, anisotropy
was assumed to be 0.01; preliminary simulations indicate that an
anisotropy ratio of 0.01 may overestimate the contrast between
the vertical and horizontal hydraulic conductivities. We believe
the required use of this procedure illustrates the need to obtain
insitu field values of vertical hydraulic conductivity for the
units of interest.

The report states that the initial estimates of vertical
hydraulic conductivity for the confining units were determined
from water budget analyses (p. 142). We believe this statement,
in conjunction with our earlier comments, illustrates the need to
conduct insitu testing to establish some bounds on the vertical
hydraulic conductivity and lateral hydraulic conductivity of the
units of interest.

The report states (p. 151) that hydraulic conductivity and
recharne from infiltration were adjusted using parameter
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