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Environmental Engineers and Scientists

January 13, 2004

Clyde Dabbs Jr., P.G.

Lead Hydrogeologist

Lower West Coast Regional Service Center
South Florida Water Management District
2301 McGregor Blvd.

Fort Myers, FL 33912

Re:  Hydrostratigraphy Review Report
Dear Mr. Dabbs:

In accordance with the work Plan for Task Order 1 of the South West Florida Regional Model
Development Work Order (Hydrology and Hydraulic Modeling Support; WO1), BEM is here by
submitting the deliverables for Task 3.3. This deliverable is a letter report summarizing the
activities undertaken by our team in analyzing the available aquifer performance test (APT) data
and developing maps showing the distribution of aquifer properties for the region covered by the
Regional Model Simulation study area. Because the geologic surfaces were recently updated as
part of finalizing Task 3.2, the aquifer-property maps also to be updated as well. The new
properties values are presented in this report. This report is submitted for your consideration. We
look forward to your comments and/or suggestions.

If you have any questions concerning this report, please address them Mr. Wexler, or myself.

Sincerely,

Maged Hussein, PhD, P.E.
Project Manager
BEM Systems, Inc.
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Clyde Dabbs Jr., P.G.

Lead Hydrogeologist

Lower West Coast Regional Service Center
South Florida Water Management District
2301 McGregor Blvd.

Fort Myers, FL 33912

Re:  Hydrostratigraphy Review Report

Dear Mr. Dabbs:

1. SUBTASK 3.3 -- ESTIMATING HYDROLOGIC PARAMETERS

In Tasks 3.1and 3.2 BEM Team member Earthfx focused on the review and analysis of
hydrostratigraphic surfaces for the RSM study area. In Task 3.3, the study team focused on the
review and analysis of aquifer performance test (APT) data and the interpolation of the available
data to a grid covering the RSM study area. Data generated in this task will provide the initial
estimates of parameters to be used in the RSM model. It is expected that calibration of the
model will result in refinement of these initial estimates.

1.1 Data Sources

Earthfx was provided with two main sources of aquifer test data for the SWFFS area: (1) a
database assembled by WRS and (2) the SFWMD DBHYDRO database. These data were
supplemented by reports and modeling studies by the USGS, FGS, SFWMD, and other
consultants.

1.2 WRS Database

The WRS database is composed of wells from the FGS, USGS, Bureau of Oil and Gas (BOG),
SFWMD, and WRS internal files. The WRS database is divided into four “databases”, which
were actually four MS-Excel spreadsheets that were imported into four tables in MS-Access.
Database 4 contains fields for the well name, location, construction (total and cased depth),
aquifer tested, transmissivity, storage coefficient, specific yield, leakance value, and test method.
The format and quality of the data was much better than for Database 2 (stratigraphic data) and
we did not encounter the same difficulties in extracting information from this table.

Database 4 has a total of 406 APT results. Of these, 77 results are for the Lower Tamiami, 102
are for the Sandstone aquifer, and 185 are for the Water Table aquifer. The remaining 42 results
are for the mid-Hawthorn aquifer. Because we revised the definition of the hydrostratigraphic
layers, as described in our report on Task 3.2, some of the Water Table aquifer wells were
reclassified as Aquifer 2 or Aquifer 3 wells. .
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The wells in the WRS database offer good spatial coverage in Lee and western Charlotte,
Glades, Hendry, and Collier Counties as shown in Figure 1. There are no data points in Monroe
County and few in western Glades, Charlotte, Hendry and Collier Counties.

WRS produced maps of aquifer transmissivity and leakance for the Water Table, Lower
Tamiami and Sandstone Aquifers based on the data in the database. These were provided for our
review in a number of formats including PDF files, AutoCAD drawing (DWG) files, and Surfer
GRID files. The drawings were done in several different coordinate systems and the GRID files
were created with several different grid definitions. All the maps and gridded data were
imported into VIEWLOG for our review. Our preliminary review (Task 3.1) noted that there
were patterns in the data (such as closed contours or trends in the data) even in areas with no data
points. These were felt to artifacts of the interpolation method used by WRS.

1.3 DBHYDRO Data

The DBHYDRO database has a total of 179 aquifer performance test (APT) results for wells in
the six counties (Lee, Collier, Charlotte, Glades, Hendry, and Monroe). Of these, 45 wells are in
the Lower Tamiami, 29 are for the Sandstone aquifer, and 12 are for the Water-Table aquifer.
The remaining results are for the Floridan aquifer or were classified as “Unknown Aquifer”.
Because we revised the definition of the model layers, as described in our report on Task 3.2,
some of the Water-Table Aquifer wells were re-classified as Aquifer 2 or Aquifer 3 wells.

The areal coverage of the data, shown in Figure 2, is limited compared to that of the WRS data.
Most of the test sites are in or near Hendry County. Of these, many are duplicated in the WRS
database. Many of the APT results in the table are for different wells at a single test site. For
example, although there are 12 APT results for Water Table aquifer wells; these represent only
four different test sites. Because multiple wells at a site will likely fall within the same grid cell,
the values will be averaged during the interpolation and, in reality, represent a single point value.

This part of the DBHYDRO database is not as well-constructed as the lithology data section.
Data are contained in two tables “Well _APT_Site_Test_Info” and “Well_APT_Analysis_Info”
which have some duplicate data. Transmissivity values in the Well APT_Site Test Info table
represent composite values for the site. Many of the wells in the aquifer performance data tables
did not have well construction information and some of the aquifer classification codes are not
defined, such as “XX” and “SB”. Values are in a mix of units. For example, transmissivities are
in ft2/day while leakances are in GPD/ft3.

1.4 Interpolation of Aquifer Property Data

Aquifer property data were interpolated to the BEM/Earthfx geologic model grid. The grid has
576 rows and 740 columns with square cells, 750 ft on a side, covering the entire RSM study
area. Classification, quality-assurance, and interpolation of the data are described below.

1.4.1 Aaquifer Classification
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The aquifer test data in the WRS and DBHYDRO data base has been classified by aquifer based
on the commonly used historical terminology for the surficial and intermediate aquifer systems.
The features of this terminology were discussed in our report on Task 3.2 and WRS generated
transmissivity and leakance maps using these functional rules. Based on our experience with
numerical models, the Earthfx/BEM team recommended that the surfaces be developed with
rules that better reflect continuity of geologic and hydrogeologic layers rather than based on the
presence or absence of a confining unit. The aquifers have been defined as:

Aquifer Layer 1 — Holocene to Pleistocene sands and Late Pliocene (Pinecrest) limestone,
where present.

Aquifer Layer 2 — Early Pliocene (Ochopee Limestone). This unit conforms to the
historical definition of Lower Tamiami aquifer where confined and to the lower part of the
Water-Table aquifer where unconfined. The vertical extent of the unit is defined from the
top of Ochopee Limestone to the top of the Peace River Formation.

Aquifer Layer 3 — Sandstone aquifer. This-unit is defined from the top of the sandstone
unit (Lehigh Acres Sandstone) in the Peace River Formation to the top of the basal clay in
the Peace River formation.

After creating the surfaces, as described under Task 3.2, we determined the elevations of the
aquifer tops and bottoms for each well in Database 4 and in the DBHYDRO APT tables and
wrote these back into the database using the VIEWLOG “Mark” function. The wells were then
re-classified based on which aquifer was penetrated by the open-hole section of the borehole.
For hydraulic conductivity, if 75% of a well’s screen or open-hole zone fell within an aquifer
unit, it was included in the analysis. After this final screening, 12 APT values remained from the
DBHYDRO data set for Aquifer 2, and 20 values remained for Aquifer 3.

1.4.2 Interpolation Methods

Creation of hydraulic conductivity and leakance maps required interpolating the point data (i.e.,
APT results) to the grid representing the study area. WRS interpolated the data for the various
aquifers to different grids depending on the distribution of data points. While this is a reasonable
approach for creating maps, the numerical model requires definition of the aquifer properties at
all cells in a common grid.

Various methods were used to interpolate the APT data to the model grid. WRS used an
ordinary kriging technique and assumed linear variograms (the default values in the SURFER
program). Linear variograms have no sill or range, indicating that the data are assumed to be
correlated over large distances compared to the scale of the data interpolation being done. It is
our understanding that WRS did not conduct variance analyses to verify that this assumption was
correct.

We have assumed that the aquifer test data are log-normally distributed and, therefore, analyzed
and interpolated the log of the observed hydraulic conductivity, leakance, and storage data. The
interpolated data were back-transformed to generate map.
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To test of the assumption that the hydraulic conductivity data are log-normally distributed, we
drew a probability plot of the log of the 45 Lower Tamiami transmissivity values in the
DBHYDRO database. The transformed data plotted on a nearly straight line after one outlier
was removed. Both the Kolmogorov-Smirnov and Shapiro-Wilk statistics indicated that the data
were likely log-normally distributed. Other data sets were too small to test.

The Earthfx/BEM team created a combined data set that consisted of aquifer test data from both
DBHYDRO and WRS tables. Where duplicate data points were encountered, we used the WRS
locations and values. The Earthfx/BEM team first screened the combined APT data for outliers,
then conducted an analysis of variance to fit the theoretical variograms to the experimental
variograms, and finally interpolated the data to the geologic model grid using the geostatistical
analysis module of VIEWLOG.

1.4.3 Quality Assurance, Quality Control and Outliers

It is likely that both the WRS and DBHYDRO databases contain some errors. These could be a
result of transcription and data entry errors as well as incorrect interpretation of the APT test
information. The Earthfx/BEM team conducted a number of quality control/quality assurance
(QA/QC) procedures to spot obvious errors in the data. Statistical checks and geostatistical
analyses were then used to identify possible outliers. We did not re-analyze any of the test data
at this time. We recommend that, as time permits, the points identified as possible outliers
should be re-examined and results corrected, if possible.

Statistical tests, such as Rosner’s method for detecting outliers, were applied to the larger data
sets in the WRS data. The techniques used were described in our report on Task 3.2. Visual
analysis of the possible outliers was done to confirm that the anomalous value were not simply
indicative of local changes in aquifer properties. Non-duplicate data points in the DBHYDRO
database were then added to the data set. Because there were fewer data points, it was easier to
visually screen the DBHYDRO data for possible outliers. Surfaces were then kriged without the
outliers.

1.4.4 Variance Analysis and Interpolated Surfaces

Data were analyzed to create the experimental variogram. Theoretical variograms were then fit
to the data to best match the experimental variogram by specifying a variogram type (e.g., linear,
spherical, exponential or Gaussian), and variogram parameters.

The available data tended to be fairly noisy even after removing the most likely outliers.
Average distances between boreholes tended to be large. For example, the average minimum
separation distance for data points used to define the transmissivity of the Sandstone aquifer was
almost 2.8 miles. Separation distances were even greater for sparser data sets.

Variogram fitting was done using a non-linear least-squares fitting routine and visually inspected
for goodness of fit. The exponential model produced the best fit for most maps (Table 1).
Because the data sets were so small, kriging was done using all data points in each data set
instead of searching for the nearest n data points.
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As noted earlier the numerical model requires definition of the aquifer properties at all points in
the model area. Because there are large areas with little or no data, we had to extrapolate values
to these parts of the grid from the limited APT values that we had. The kriging technique will
calculate the mean of the data points as the best, unbiased estimate of the extrapolated value
when the distance between the grid cell and the known data points exceed the range of the
variogram. The uncertainty associated with the extrapolated values will be large, however.

1.5 Results of Mapping

Table 1 provides as summary of the results of the variance analysis and presents the variogram
properties used in the interpolation. Figures 3 through 7 show maps of hydraulic conductivity
and leakance created by back-transforming the logs of the interpolated values. A map for
leakance of the water-table aquifer was not generated since there were only 5 values in the data
set. The average leakance value for the water table aquifer, based on the mean of the log
leakance values, was 0.00953 per day as shown in Table 2.

Figures 8 and 9 show the final maps for the confined storage coefficients. A map for confined
storage in the water-table aquifer was not generated since there were only 13 values in the data
set. The average storage coefficient, based on the mean of the log storage values, was 0.0088 as
shown in Table 2.

There were only a limited number of estimated specific yield values in the WRS database. Some
of the lower values may be due to short-term tests which actually measure confined rather than
actual unconfined storage. The geometric means of the values were used to determine initial
estimates specific yield. Results are shown in Table 2.

As noted earlier, the data available for leakance and storage coefficient are very sparse and
highly variable. As a result, correlation between data points is limited. The kriging method
applies an average of the data values to grid cells outside of the range of the available data
points. As more test data become available, these maps could be updated and improved.

The interpolated surfaces have been provided to SFWMD in a VIEWLOG project file. Maps
were also provided to SFWMD in Arc/Info Grid format and the MS-Access database with the
corrected WRS data and additional information has been provided as well.

2. Summary and Conclusion

Aquifer performance test (APT) data from the WRS and DBHYDRO database were combined
and analyzed to produce aquifer property maps for the area covered by the South West Florida
Feasibility Study. The interpolated values will be used as initial estimates of aquifer properties
in the RSM model study and will likely be adjusted during model calibration.

The first step in building the aquifer property maps involved a review of the available data and
application of QA/QC procedures and statistical analyses to eliminate obvious outliers from the
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data. We did not, however, re-analyze the aquifer test data at this time. The data sets for
individual aquifers were small and many areas (e.g. Monroe and western Collier counties) had
few data points. Values had to be extrapolated to these areas because the numerical model
requires an estimate of the aquifer properties at all points.

Kriging, a well-recognized geostatistical method, was used to interpolate the data to a single
model grid with a uniform 750 x 750 m cell size. An analysis of variance was first conducted on
the data using the geostatistics module in VIEWLOG to determine the best shapes and properties
of variograms used in the interpolations.

Maps of the interpolated aquifer properties have been provided in this report. Digital output was
provided as to SFWMD as ARC/INFO grid files and as a VIEWLOG project file along with the
database containing the hydrogeologic data used in this study.

As noted, the data provides limited coverage. Other possible sources of data on aquifer
properties should be sought out. One possible source may be water use permit data. The digital
data provided to us did not provide any well performance data. However, the original paper
copies or records maintained by drillers may have information on specific capacity or step-tests
conducted at the time of well installation. Re-analysis of aquifer test data identified as possible
outliers would also provide a few additional data points.

One other point to note is the limited utility of the leakance data. Leakage can come from both
the overlying aquifer and underlying aquifer. If the overlying aquitard is thinner and/or more
permeable than the lower, the leakance value will represent the properties of the overlying
aquitard. Conversely, if the overlying aquitard is thicker and/or less permeable than the lower,
the leakance value will reflect the properties of the underlying aquitard. Conversion of the
leakance values into vertical hydraulic conductivities requires knowledge of the local conditions.
The WRS database did not contain sufficient information to allow us to convert the leakance
values into vertical hydraulic conductivities at this time. The DBHYDRO database contained
some estimates of vertical hydraulic conductivity. However, the areal coverage of this data was
extremely limited.

Report prepared by:

E.J. Wexler
Director of Modelling Services
Earthfx Incorporated
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Table 1: Results of variance analysis and variogram properties
Surface No. of | No. of No. of Variogram | Nugget | Sill | Range
Data Out- | Duplicates Type
Points liers
Hydraulic Conductivity of Aquifer 1 63 0 0 Exponential 0 0.8 | 21000
Hydraulic Conductivity of Aquifer 2 101 0 1 Exponential 0 0.24 | 12000
Hydraulic Conductivity of Aquifer 3 94 0 1 Exponential 0.1 0.39 | 41000
Leakance Values for Aquifer 2 42 0 1 Exponential 15 1.75 | 36000
Leakance Values for Aquifer 3 42 2 0 Exponential 0 2.22 | 28000
Storage Coefficient for Aquifer 2 56 0 1 Exponential 0 0.9 | 7000
Storage Coefficient for Aquifer 3 58 0 1 Exponential 0 0.75 | 10000
Table 2: Log Mean Aquifer Leakance and Storage Values for Small Data Sets
Storage Property No of Data Log Mean Mean
Points
Leakance Value -- Aquiferl 5 -2.02 0.00953
Storage Coefficient -- Aquifer 1 14 -2.56 0.0088
Specific Yield -- Aquifer 1 19 -0.89 0.130
Specific Yield -- Aquifer 2 14 -0.84 0.144
Specific Yield -- Aquifer 3 1 -0.70 0.20
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Figure 1. WRS Wells with Aquifer Performance Testing Data
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Figure 2. WILMA Wells with Aquifer Performance Testing Data
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Figure 4. Hydraulic Conductivity for Aquifer 2
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BE

Environmental Engineers and Scientists

January 6, 2004

Clyde Dabbs Jr., P.G.

Lead Hydrogeologist

Lower West Coast Regional Service Center
South Florida Water Management District
2301 McGregor Blvd.

Fort Myers, FL 33912

Re:  Hydrostratigraphy Review Report

Dear Mr. Dabbs:

In accordance with the work Plan for Task Order 1 of the South West Florida Regional
Model Development Work Order (Hydrology and Hydraulic Modeling Support; WO1),
and in response to the review comments from the Workshop Meeting (October 21-22,
2003), BEM is hereby submitting the final deliverables. This deliverable is a letter report
summarizing the activities undertaken by the BEM team in developing a geologic model
of the region covered by the South West Florida Feasibility Study and extending it to
cover the Regional Model Simulation Boundary. Specific issues that were raised at the
Workshop Meeting are addressed in this report. Electronic copy of the aquifer surfaces
has been delivered to the study team and is currently being used by the SFWMD staff to
generate the regional model.

This report is submitted for your review and consideration. We look forward to your comments
and/or suggestions. If you have any questions concerning this report, please address them Mr.
Wexler, or myself.

Sincerely,

Maged Hussein, PhD, P.E.
Project Manager
BEM Systems, Inc.

C:\Documents and Settings\tmorris\Desktop\GeologicModelFinalReport.doc

11785 Saint Andrews Place, # 101, West Palm Beach, FL33414 Tel. (561) 784-5157 Fax. (253) 830-1773

New Jersey Florida Arizona Washington, D.C. Kansas City New Mexico Virginia
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Clyde Dabbs Jr., P.G.

Lead Hydrogeologist

Lower West Coast Regional Service Center
South Florida Water Management District
2301 McGregor Blvd.

Fort Myers, FL 33912

Re:  Hydrostratigraphy Review Report
Dear Mr. Dabbs:

In Task 3.1 BEM Team member Earthfx conducted a preliminary review of the
hydrostratigraphic surfaces generated by Water Resources Solutions, Inc. (WRS) and the DHI
Water and Environment, Inc (DHI). Our preliminary review consisted of comparing data within
the WRS database for consistency with data available in South Florida Water Management
District’s (SFWMD) DBHYDRO hydrogeologic database as well as from other sources such as
recent U.S. Geological Survey (USGS) reports and data from the Florida Geological Survey
(FGS) borehole database. Our team checked the adequacy and completeness of the data used
and reviewed the methodology used in interpolating the surfaces.

In our report for Task 3.1, we recommended a comprehensive and detailed examination of the
data to ensure consistency of information and interpretation. Task 3.2 and 3.3 were re-structured
to allow us to conduct this comprehensive review. This review turned out to be quite labor
intensive and we allocated considerable resources beyond what was budgeted to achieve a level
of consistency adequate for modeling. We believe that through this effort we have developed
hydrostratigraphic surfaces that will be more conducive to numerical modeling. Results of our
review and definition of the hydrostratigraphic surfaces are provided below.

1. Data Sources

Earthfx was provided with two main sources of data for the SWFFS area: (1) a database
assembled by WRS and (2) the SFWMD DBHYDRO database. These data were supplemented
by reports from the USGS, FGS, SFWMD, and other consultants. We also have access to the
original FGS data and some of the raw data that went into the geophysical data tables in
DBHYDRO.

1.1. WRS Database

The WRS database is composed of wells from the FGS, USGS, Bureau of Oil and Gas (BOG),
SFWMD, and WRS internal files. The WRS database is divided into four “databases”, which are
actually four MS-Excel spreadsheets that were imported into four tables in MS-Access. The
primary data in each table are:

C:\Documents and Settings\tmorris\Desktop\GeologicModelFinalReport.doc
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Database 1: well name, location, elevation, construction (total and cased depth), and

owner. WRS used local names for all wells but provided a cross-reference to well names
used by the USGS, FGS, and SFWMD.

Database 2: well name, location, elevation, depth to lithologic and hydrostratigraphic
units, and/or unit thickness.

Database 3: well name, location, elevation, aquifer monitored, May 2001 water level
and September 2001 water level.

Database 4: well name, location, construction (total and cased depth), aquifer tested,
transmissivity, storage coefficient, specific yield, leakance value, and test method.

The wells in the database offer good spatial coverage of the SWFFS area and contain
information on deeper wells. WRS did not have complete access to the DBHYDRO database
and, therefore, there are wells in the DBHYDRO database that are not in the WRS database.
There is some overlap, however, since both DBHYDRO and the WRS database share common
information regarding FGS, USGS, and SFWMD wells. We were able to match 613 of the 2179
with station names or aliases in the DBHYDRO database. WRS had adjusted the locations of
many of the USGS and FGS wells in their database. The locations generally differ within a %2
mile. Because WRS changed locations of wells without saving the original locations, it was
difficult to cross-reference other wells (i.e., non-USGS or FGS wells) based on location.

In our preliminary review, we noted that the design of the WRS database limited its usability for
extracting information needed to cross check and verify the data. The four databases also
contain duplicate information (e.g., well locations and well construction). There are many
duplicate wells in each database and not all wells in Databases 2 through 4 can be found in
Database 1, which is the master well location table. Most of the data fields that should contain
numeric values (for example, datum elevations, tops of geologic units, and unit thicknesses) were
formatted as text fields. Most fields contain numbers (as text) but many contain a mixture of
text, numbers and sometimes symbols (e.g. “>50?""). To do our review, we had to rewrite all of
these fields by parsing the data and creating separate fields for the numeric value and for
additional text and symbols. The revised relational database containing the original WRS data
was created at considerable effort.

WRS produced stratigraphic surfaces based on the data in the database. These were provided for
our review in a number of formats including PDF files, AutoCAD drawing (DWG) files, and
Surfer GRID files. The drawings were done in several different coordinate systems and the
GRID files were created with several different grid definitions. Despite this, we were able to
successfully import all the maps and gridded data into VIEWLOG for our review.

DHI has also created lithologic surfaces for the SWFFS area, using the data collected by WRS.
DHI noted some difficulty interpreting the lithologic data from WRS into modeling data because
stratigraphic data were provided as a mix of depths to the top of units and unit thickness. DHI
provided their surfaces to us as Arcinfo ASCII grid files and included samples of the raw data
used in their “de-clustering” technique for surface generation.
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1.2. DBHYDRO Data

The DBHYDRO database has a total of 2026 wells in the six counties (Lee, Collier, Charlotte,
Glades, Hendry, and Monroe). Of these, 401 have tops of stratigraphic units defined. The
majority of these wells were in Lee (136 wells), Collier (97 wells) and Charlotte County (74
wells). A total of 203 wells have tops of aquifer units defined. The majority of these wells were
in Charlotte (59 wells) and Hendry County (60 wells).

The data have been entered into a relational database with a well-designed data model. Overall,
there are no significant problems with the data (such as duplicate entries) although a few location
errors (e.g. incorrect county names assigned) were noted. The areal coverage of the data is
limited compared to that of the WRS data.

1.3.  Water Use Permit Data

A third data set contains information related to water use. A limited amount of information
related to well construction was also included in this database, specifically, well location, total
depth, cased depth, and the aquifer tapped. To use this information, we first estimated the well
top elevation from a new digital elevation model (DEM) provided by SFWMD.

This data set has been has been used as an independent check on the accuracy of the stratigraphic
data in the other two databases. The data, however, were felt to be of limited use in identifying
the tops and bottoms of the aquifers since the cased depth may extend deeper than the top of the
aquifer because drillers do not know a priori where the top of a unit is located. Most wells in the
database have casing depths in multiples of 10 and 20 ft, indicating that the drillers likely drilled
a number of drill rod lengths and, after examining the cuttings, decide to drill the open-hole
portion of the well

2. Delineation of Model Layers

2.1. Approach

WRS concluded that the “there was no need to modify the commonly used historical terminology
for the surficial and intermediate aquifer systems”. The primary features of the historical
terminology are illustrated in Figure 1a, and include:

1) the Water Table aquifer is unconfined and is comprised of all unconfined permeable
stratigraphic units at a particular location;

2) the geologic units which comprise the Water-Table aquifer can vary depending on
location;

3) the lateral extent of the Lower Tamiami aquifer is restricted to where it is confined by an
overlying unit (usually the Bonita Springs marl or Caloosahatchee Clay); and
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4) the Sandstone aquifer is defined from the top of the first confined sandstone unit (Lehigh
Acres Sandstone) in the Peace River Formation to the top of the basal clay unit in Peace
River Formation

WRS and DHI generated surfaces defining the top and bottom surfaces of the Water-Table
aquifer and Lower Tamiami aquifer that conform to these functional rules. Based on our
experience with numerical models, however, the Earth/x/BEM team has recommended that the
surfaces used for the Regional Simulation Model (RSM) be developed with rules that better
reflect continuity of geologic and hydrogeologic layers rather than based on the presence or
absence of a confining unit. Accordingly, we have defined:

Aquifer Layer 1 — Holocene to Pleistocene sands and Late Pliocene (Pinecrest) limestone,
where present.

Aquitard 1- Bonita Springs Marl and Caloosahatchee Clay, where present.

Aquifer Layer 2 — Early Pliocene (Ochopee Limestone). This unit conforms to the
historical definition of Lower Tamiami aquifer where confined and to the lower part of the
Water-Table aquifer where unconfined. The vertical extent of the unit is defined from the
top of Ochopee Limestone to the top of the Peace River Formation. The unit is missing in
the northern part of the study area and outcrops in the southern part of the study area.

Aquitard 2 — Upper clays in Miocene Peace River Formation, referred to locally as the
Cape Coral Clay. Clays between the base of the Ochopee Limestone and top of the Miocene
were included in this unit.

Aquifer Layer 3 — Sandstone aquifer. This-unit is defined from the top of the first
sandstone unit (Lehigh Acres Sandstone) in the Peace River Formation to the top of the
basal clay in the Peace River formation. This definition conforms to the historical definition
of the Sandstone aquifer except where the formation is unconfined. The Sandstone aquifer
contains clay beds within the aquifer. Total thickness of sandstone and internal clay were
calculated from WRS data. The unit outcrops in the northern part of the study area where
the Tamiami Formation is missing.

Aquitard 3 —Basal clays in the Peace River Formation, referred to locally as the Fort Myers
Clay. The unit extends vertically to the top of the Arcadia Formation, which we presumed
to be equivalent to the top of the Mid-Hawthorn aquifer.

Figure 1b shows a sketch of the current definitions of the aquifer and aquitard stratigraphy.
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3. Interpolation Methods

Creation of aquifer top and bottom surfaces requires interpolating the point data (i.e., the
elevations of the aquifer tops and bottoms defined at each borehole) to a regular grid that
represents the study area. WRS interpolated the data for the various aquifer surfaces to different
grids depending on the location of data points. While this is a reasonable approach for
constructing the geologic model, the numerical model requires definition of the surfaces at all
points on a common grid. DHI used a common grid with a 1500-ft cell size that covered most,
but not all of the RSM model area. The BEM/Earthfx team designed a grid with square cells,
750 ft on a side, to cover the entire RSM model area with a higher degree of resolution. The grid
origin (lower-left corner of the grid) was set at X,y coordinates of 289800, 439850 so that our
grid and the DHI grid would overlay.

Various methods were used to interpolate the available borehole data to the grids. WRS used an
ordinary kriging technique and assumed linear variograms (the default option in the SURFER
program). Linear variograms have no sill or range, indicating that the data are assumed to be
correlated over large distances compared to the scale of the data interpolation being done. Itis
our understanding that WRS did not conduct variance analyses to verify that this assumption was
correct. Our analysis of the data found that use of a linear variogram was justified in some cases
but, in most cases, data were interpolated over distances larger than the correlation lengths and
that other variogram shapes were more appropriate. The variogram properties used in our
interpolations are discussed further on in this report.

DHI found the surfaces generated by WRS to be highly variable and sought to generate smoother
surfaces using a moving-window averaging technique. While the surfaces can be more
esthetically pleasing, the method does not honor the data values at individual points as well as
kriging does. Because different sets of wells may be used to interpolate different surfaces, it is
possible for averaged surfaces to cross over. It was also found that some of the data used to
generate the DHI surfaces had been incorrectly converted from the text fields in the WRS
database. In these cases, the depths to the tops of various units were interpreted as equal to 0.0
instead of the true depth and the interpolated elevations of the surface reflect these errors.

The Earth/x/BEM team created a combined data set that consisted of borehole data from both
DBHYDRO and WRS tables. Where duplicate data points were encountered, we generally used
the WRS locations and picks, except where noted below. As well, many of the intermediate
units, such as the confining unit beneath the Lower Tamiami Aquifer and the confining unit
beneath the Sandstone Aquifer are only defined in the WRS database. The DBHYDRO database
contained some revised picks made by the FGS in 2003. These data values were selected over
the earlier picks and WRS values in most cases.

The Earth/x/BEM team first screened the combined borehole data for outliers, then conducted an
analysis of variance to fit the theoretical variograms to the experimental variograms, and finally
interpolated the data to the geologic model grid using the geostatistical analysis module of
VIEWLOG. These steps are described below.
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3.1. Updates to Data Sources

In accordance with the recommendations made at the workshop held on October 21-22, 2003, the
following changes were made to the database:

a) Lithologic data were added from printed logs for:

W-50050 (HY-202, Well 1D 22956) HY-308 (HE-1056, Well 1D 4937)
W-15794 (HY-124, Well 1D 22943) C-2044 (C-987, Well ID 6135)
HY-206 (Well ID 21511) HY-314 (Well ID 20908)

C-2059 (C-531, Well ID 6322) HY-126 (W-50047, Well ID 22953)

b) For wells that already existed in the DBHYDRO database but were previously excluded,
geologic picks were included for:

W-15531 (C-2040) C-2033 (W-17403)
C-2041 (W-15530) C-2030 (W-14920)
C-2038 (W-15529) HY-103 (W-5029, HE-621)

c) Geologic picks for the top of the Tamiami Formation were excluded for:

W-14920 W-14934

3.2. Updated Geologic Surfaces

Once the data were revised and incorporated into the database, new geologic surfaces were generated.
These surfaces were generated either by interpolating the borehole data to a grid using kriging, or by
calculation (e.g., subtracting one interpolated unit top surface from an interpolated bottom surface to
determine the unit’s thickness). Table 1 shows the statistics derived from the kriging process of the
various surfaces.

Thickness of Holocene/Pliocene (Aquifer Layer 1): Borehole data from the WRS database were
interpolated to the geologic model grid. The interpolated values were then corrected in VIEWLOG by
setting the aquifer thickness to zero if the kriged value was less than 0.

Thickness of Bonita Springs Marl (Aquitard Layer 1): Borehole data from the WRS database were
interpolated to the geologic model grid. The interpolated values were then corrected in VIEWLOG by
setting the aquitard thickness to zero if the kriged value was less than 0. Thickness of the
Holocene/Pliocene and thickness of the Bonita Springs Marl were then added together in VIEWLOG to
get a total thickness, which was then subtracted from land surface topography to get the calculated surface
for the bottom of the Bonita Springs Marl. This surface was used as a check with the Top of the Ochopee
Limestone surface, described below.

Top of Ochopee Limestone (Aquifer Layer 2): For this surface, borehole data from the WRS database
were first interpolated to the geologic model grid. Next, borehole data from DBHYDRO were kriged
independently to the geologic model grid. The two surfaces were compared in VIEWLOG, and this
resulted in the exclusion of Well 1703 from the WRS database, as well as the following seven wells from
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the DBHYDRO database (due to overlap with WRS wells and/or significant differences when compared
to WRS wells):

10276 (W-14920) 10289 (W-15529)
10291 (W-15531) 21511 (HY-206)
15164 (W-16913-2) 12045 (W-15487)

10268 (W-14003)

After these wells were removed, the data sources were combined and kriged together to generate the
surface for the top of the Ochopee Limestone. The interpolated values were corrected in VIEWLOG by
(1) setting the top of Ochopee limestone to land surface elevation if the kriged value exceeded to land
surface elevation, and by (2) setting the top of Ochopee Limestone to the bottom of the Bonita Springs
Marl if the kriged value exceeded bottom of the Bonita Springs Marl.

Top of Peace River Formation: Borehole data from the WRS and DBHYDRO databases were
interpolated to the geologic model grid. Two wells (W-14920 and W-14934) were excluded from
DBHYDRO data based on discussions at the workshop. The formation picks for two wells, HY-202 (W-
50050, Well ID 22956) and W-15531 (C-2040, Well ID 10291) were added to the data set but later
excluded because there were duplicate WRS wells with similar picks. The formation tops for two
additional wells, HE-1056 (HY-308, Well ID 4937) and W-15794 (HY-124, Well ID 22943) were picked
from printed logs, added to the data set and used in the interpolation.

Other wells, aside from those mentioned in the workshop, were considered for addition to the data set.
The top of the Peace River was picked from the lithologic logs for wells C-2044 (C-987, Well ID 6135),
HY-206 (Well ID 21511), HY-314 (W-16032, Well ID 20908), and HY-126 (W-50047) (Well ID 22953)
but later excluded, because they were duplicated by WRS wells. Formation picks for wells C-2033 (W-
17403, Well 1D 10320), C-2030 (W-14920, Well ID 10276), C-2038 (W-15529, Well ID 10289), and
HY-103 (W-50029, HE-621, Well 1D 15296) were also excluded because they were duplicated by WRS
wells. Formation picks for wells C-2041 (W-15530, Well ID 10290) and C-2059 (C-531, Well ID 6332)
were added to the data set and used in the interpolation.

The combined WRS and DBHYDRO data were then kriged together to generate a surface for the top of
the Peace River Formation. The interpolated top of the Peace River Formation was compared with the top
of Ochopee Limestone. If the elevation of top of the Peace River Formation exceeded the top of Ochopee
Limestone, the elevation was set to the elevation of the top of the Ochopee Limestone.

Thickness of Ochopee Limestone (Aquifer Layer 2): The thickness of the Ochopee Limestone was
calculated as the difference between the top of the Ochopee Limestone and the corrected top of the Peace
River Formation.

Thickness of Upper Peace River Clays (Aquitard Layer 2): The original WRS database contained
information on the thickness of the “first” Peace River confining unit. In many cases, this unit represents
the clay that separates the Ochopee Limestone from the uppermost sandstone unit in the Peace River
Formation (see sketch below). In other cases, where the Bonita Springs Marl was not present and the
uppermost sandstone was unconfined, this uppermost sandstone unit would be included as part of the
Water Table Aquifer and the first Peace River confining unit would be the clay unit below the uppermost
sandstone unit. As was noted earlier, for purposes of this study, the first sandstone unit was selected as
the top of the Sandstone Aquifer and any clay unit above the sandstone was considered the upper Peace

C:\Documents and Settings\tmorris\Desktop\GeologicModelFinalReport.doc



BEM S page 301 40

River confining unit. Values for the thickness of the upper Peace River confining unit for wells in the
WRS database were modified accordingly. Thickness values for the wells in the WRS database were
interpolated to the geologic model grid.

Historic Definition for Sandstone Aquifer Current Definition for Sandstone Aquifer
= Upper Peace River Clays Aquitard Layer2 =
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Next, the interpolated Top of Peace River Formation and the interpolated thickness of the upper Peace
River confining unit were written back to a new table in the DBHYDRO database. An assumed thickness
of the upper Peace River confining unit was calculated in DBHYDRO as the difference between the
interpolated top of the Peace River Formation and the top of the Sandstone Aquifer (for wells with a pick
for the top of the Sandstone Aquifer). The assumed thickness was compared against the interpolated
thickness and, if reasonable, the assumed thickness was added to the data set and the thickness values
were re-interpolated. This procedure resulted in the inclusion of four DBHYDRO wells, wells W-16098
(Well ID 12061), W-50043 (Well ID 15316), W-50039 (Well ID 15301), and W-14072 (WELL ID
12021). Finally, the interpolated values were corrected by setting the aquitard thickness to zero if the
kriged value was less than 0.

Top of Sandstone Aquifer (Aquifer Layer 3): The top of the Sandstone Aquifer was calculated as the
top of the Peace River Formation the minus the interpolated thickness of upper Peace River clay.

Thickness of the Sandstone Aquifer (Aquifer Layer 3): The WRS database contains data on the net
thickness of sandstone in the Peace River Formation and the net thickness of confined sandstone in the
Peace River Formation. As noted earlier, the definition of the Sandstone Aquifer was modified for this
study to include all the sandstone units in the Peace River Formation. Accordingly, values for the net
thickness of sandstone at wells in the WRS database were interpolated to the geologic model grid. There
were no corresponding measurements in the DBHYDRO database. The interpolated values were then
corrected by setting the aquifer thickness to zero if the kriged value was less than 0.

Base of the Sandstone in the Peace River Formation: The Sandstone Aquifer contains interbedded clay
units (see sketch above). The WRS database provided data on the net thickness of sandstone in the Peace
River Formation, but did not provide information on the tops or thickness of the clay beds. It was
possible, however, to calculate the net thickness of interbedded clay from the data supplied. To portray
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the two net thickness values on the cross sections provided at the end of this report, we calculated a
surface equal to the top of the Sandstone Aquifer minus the net thickness of the Sandstone Aquifer. This
surface was displayed on the cross-sections for illustrative purposes only.

Thickness of Basal Peace River Clay: Thickness values from the WRS database were interpolated to
the geologic model grid. There were no corresponding measurements in the DBHYDRO database. The
interpolated values were then corrected by setting the aquitard thickness to zero if the kriged value was
less than 0.

Top of the Mid-Hawthorn aquifer: Picks from both the WRS and DBHYDRO databases were
interpolated to the geologic model grid. The WRS database contained two picks, one for the top of the
Arcadia Formation and one for the top of the first limestone unit in the Arcadia Formation. In most cases
these were identical, although in some areas, a clay unit underlying the basal Peace River confining unit
was identified. For simplicity, we included this lower clay in with the basal Peace River confining unit
and interpolated the top of the first limestone unit in the Arcadia Formation picks. Well LM-5864, with a
pick noted as > 222 ft deep, was excluded because it acted as a “pull-up” point rather than a “push-down”
point. Two other WRS wells were excluded because their data was replicated by other DBHYDRO wells.
The WRS data were supplemented by an additional 7 of 44 unique picks from the DBHYDRO database
based on a query for the top of the Mid-Hawthorne Aquifer and 66 of 160 unique picks based on a query
for the top of Arcadia Formation. These datasets were then combined and kriged together to generate the
surface for the top of the Mid-Hawthorn aquifer.

Top of Basal Peace River Clay: The top of the basal Peace River confining unit was calculated as the
top of the Mid-Hawthorn aquifer plus the thickness of the basal Peace River clay. The surface was
corrected if the top of basal Peace River confining unit exceeded the base of the Sandstone Aquifer by
setting the top of basal Peace River Confining unit equal to the base of the Sandstone Aquifer and re-
calculating the top of the Mid-Hawthorn aquifer.

Thickness of Interbedded Clays in the Sandstone Aquifer: The net thickness of the interbedded clays
in the Sandstone Aquifer was calculated as the base of the Sandstone Aquifer minus the top of the basal
Peace River clay. Net thickness of the interbedded clay was displayed as a gap between the Sandstone
Agquifer and the top of the basal Peace River confining unit. This unit was displayed on the cross-sections
for illustrative purposes only.

4. Quality Assurance, Quality Control and Outliers

Itis likely that both the WRS and DBHYDRO databases contain some erroneous entries. These
could be a result of transcription and data entry errors as well as incorrect interpretation of the
geologic information. The Earthfx/BEM team conducted a number of quality control/quality
assurance (QA/QC) procedures to spot obvious errors in the data. Statistical checks and
geostatistical analyses were then used to identify possible outliers. We did not re-pick any of the
geologic units or add new picks at this time. We recommend that that, as time permits, the
points identified as possible outliers should be re-examined and new picks should be made.

The Earth/x/BEM team first checked for errors in the assigned ground surface elevations by
comparing against the DEM. Where elevations differed by more than 10 ft, the wells were
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checked for possible location errors. If the well appeared to be in the proper location, the DEM
value was used in place of the original elevation.

Many wells in the WRS database were assigned elevations relative to the kelly bar or to the
derrick floor (signified by “KB” or “DF” in the original elevation field). It appears that WRS
estimated land surface elevation at these points in preparing the database, but these estimates
were not recorded. In our analyses, land surface elevations were assigned to these wells based
on the new SFWMD DEM. Of the 1864 wells in Database 2, 38 wells had no assigned
elevations. Of these, 15 were assigned elevations based on the DEM; the remaining 23 were
excluded because they were located outside the coverage of the DEM. An additional 44 wells
were excluded because they had no geologic data at all and 2 were excluded because their
locations were obviously incorrect.

Several procedures were developed to search for outliers in the data. Standard methods that test
for extreme values in a data set (such as in a record of water levels or concentrations at a well)
are not applicable here because we need to identify values that are outliers with respect to
neighboring wells. For example, depth to the top of the Ochopee Limestone ranged from 0 to
155 ft. A well with a depth of 48 ft would not be considered an extreme value, except in a
situation where all the surrounding wells have much shallower depths.

Two general procedures were used to test for outliers in the WRS data. The first involved testing
each data point and the nearest 32 data points. Rosner’s test for multiple outliers was then
applied to the 33 sample values. Rosner’s test, which is a generalization of the extreme
Studentized deviate (ESD or Grubbs’ test (Grubbs, 1969)), can be used to sequentially evaluate up
to 10 outliers for samples sizes greater or equal to 25. The test statistic is defined by:
R = Xows — x'

S!

where X’ and S’ are the mean and standard deviation of the remaining samples after the first m
outliers are removed from the data set, that is:

The R statistic can be compared against tabulated values for different initial sample sizes and
confidence intervals. In our analysis, the data point was flagged as a “possible outlier” in the
database if the point was selected as either one of the first two statistical outliers (m =2). A 95%
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confidence level was specified so there was less than a 5% chance of a false-positive selection.
Visual analysis of the possible outliers was done to confirm that the anomalous value was not
simply indicative of a localized erosional or depositional feature.

A second method for spotting outliers was to conduct a cross-validation after the surfaces were
interpolated from the WRS data. In this process, the kriging algorithm was used to estimate the
value at the data point using all data except the observed value. As an example, 649 WRS wells
were used in interpolating the top of Ochopee Limestone. To check the accuracy of the
interpolation at the location of Well CH-372, for example, the kriged value was calculated using
the nearest 32 of the remaining 648 wells. The residual was calculated by subtracting the kriged
value from the reported value of 17 ft. All residuals were checked using Rosner’s method to
detect whether the 10 largest residual values should be considered outliers. Wells exceeding the
Rosner criteria were flagged in the database as possible outliers and were confirmed by visual
inspection.

Non-duplicate data points in the DBHYDRO database were then added to the data set. Because
there were fewer data points, it was easier to visually screen the DBHYDRO data for possible
outliers. Surfaces were then re-kriged without the outliers.

5. Variance Analysis and Interpolated Surfaces

The semivariance (i.e., one half of the variance) for a pair of data points located at x;,x; is given
by:

¥ (i, ) = Bz () — 2(x )

where z(x;) is the observed value at point i. The average semivariance of all pairs of data points
separated by a given distance interval (lag distance) was calculated and an experimental
variogram (Figure 2) was generated by plotting the average semivariance for all lag distances.
Theoretical variograms were then fit to the data to best match the experimental variogram by
specifying a variogram type (e.g., linear, spherical, exponential or Gaussian), and variogram
parameters (i.e., nugget and slope for linear variograms or nugget, sill and range for the other
shapes).

The available data tended to be fairly noisy even after removing the most likely outliers.
Average distances between boreholes tended to be large. For example, the average separation
distance for data points used to define the thickness of Holocene sand was equal to 30 miles.
Separation distances were even greater for sparser data sets.

Variogram fitting was done using a non-linear least-squares fitting routine and visually inspected
for goodness of fit. The exponential model produced the best fit for most surfaces. For
stratigraphic data, we tended to select fits that minimized the nugget since there were few pairs
of data points at the smaller lag distances on which to base the size of the nugget and because,
while a large nugget effect would produce smoother surfaces, it could lead to more crossovers.

C:\Documents and Settings\tmorris\Desktop\GeologicModelFinalReport.doc



25 September 2003
Page 13 of 40

Earth/x BE

Incorporated

1|I||||||
|’||||||=|'

6. Inspection and Correction of Surfaces

Table 1 provides as summary of the results of the variance analysis and presents the variogram
properties used in the interpolation. After the initial interpolation of the surfaces, they were
inspected using the VIEWLOG array data processor to check for minimum thickness. Where the
interpolated aquifer or aquitard layer thickness was negative, the thickness value was set to zero.

Figures 3 through 20 show the final interpolated and calculated surfaces. Figures 12 through 18
require some additional explanation. As noted earlier, the Peace River formation is comprised of
interbedded sandstones and clays. From the WRS data it is possible to distinguish an upper clay
bed and a basal clay bed. The thickness of the upper confining bed (Figure 14) was calculated
by subtracting the interpolated top of the Sandstone aquifer (Figure 13) from the interpolated top
of the Peace River Formation (Figure 12). The tops and bottoms of additional clay beds between
the upper and basal confining units were not provided in the WRS database although these beds
appear on the cross-sections presented by WRS. Instead, the WRS database contains
information on the net thickness of sandstone layers between the upper and lower confining units
and it is possible to calculate the net thickness of clay beds from this information. Figure 15
shows the net thickness of sandstone in the Peace River Formation and Figure 16 shows the
calculated net thickness of the intervening clay beds. It was not possible, however, to illustrate
on cross-section the true stratigraphy of the intervening clay units without having the data on the
tops and bottoms of the individual clay units. Therefore, we have chosen to illustrate the net
thickness of the clay beds as a gap between the sandstone aquifer and the basal confining unit.

Figure 19 shows the top of the Arcadia Formation and the top of the Lower Hawthorn aquifer
which were generated in a similar manner as the other kriged surfaces. It is provided here since
it is used as a bounding surface in the geologic cross-section although it will not be used in the
numerical model.

Figure 20 shows the locations of geologic sections lines, similar to those drawn by WRS and
DHI. Figures 21 though 29 show cross sections taken through the study area. The interpolated
surfaces have been provided to SFWMD in a VIEWLOG project file so that any number of
additional cross-sections can be easily generated. Surfaces were also provided to SFWMD in
Arc/Info Grid format and the MS-Access database with the corrected WRS data and additional
information has been provided as well.

7. Summary and Conclusion

A geologic model of the area covered by the South West Florida Feasibility Study was
developed in which surfaces representing the hydrostratigraphy of the region. Layers in the
model represent three major aquifers and three aquitards. The definition of the layers differs
from the historical definition of aquifers in the study area, but was done to create
hydrostratigraphic layers that would be more amenable to numerical modeling.

To accomplish the task of building a geologic model, an extensive review of all available sources
of information was conducted. The first step involved reformatting the data provided by WRS
into a more useful relational database. QA/QC procedures and statistical analyses were carried
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out on the borehole data to eliminate obvious outliers from the data. We did not, however, re-
pick any of the geologic units or add new picks at this time.

Kriging, a well-recognized geostatistical method, was used to interpolate the data to a single
model grid with a uniform 750 x 750 m cell size. An analysis of variance was first conducted on
the data using the geostatistics module in VIEWLOG to determine the best shapes and properties
of variograms used in the interpolations. Surfaces were corrected to provide a minimum
thickness for aquifer layers and zero thickness for aquitards where the units pinch out. The
minimum aquifer thickness is a requirement of the numerical model.

Figures showing the interpolated surfaces and cross sections have been provided in this report.
Digital forms of the surfaces were provided as to SFWMD as ARC/INFO grid files and as a
VIEWLOG project file along with the database containing the geologic data used in this study.
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Surface No of No. of Duplicates | Variogram | Nugget | Sill | Rang
Data | Possible Type e
Points | Outliers

Thickness of Holocene/Pleistocene 984 7 20 Exponential 0 16246 | 16246
Sands and Pliocene Limestone
(WRS)
Thickness of Bonita Springs Marl 970 10 21 Exponential 0 73150 | 73150
(WRS)
Top of Ochopee Limestone (WRS & 999 2 21 Exponential 0 44217 | 44217
WILMA)
Top of Peace River Formation (WRS 1060 26 6 Exponential 0 12000 | 12000
& WILMA)
Thickness of upper PR Confining 853 14 19 Exponential 0 7000 | 7000
(WRS)
Net Thickness of the Sandstone 821 3 5 Exponential 0 800 | 6500
Aquifer (WRS)
Thickness of basal PR Confining 627 9 10 Exponential 0 1630 | 35000
Unit (WRS)
Top of 1st Limestone in Arcadia 793 0 23 Exponential 0 7800 | 93000
(WRS & WILMA)
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Figure 1: (a) Historical definition of aquifers in the SWFFS area, and b) current definition of aquifers for
modeling purposes
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Figure 10. Top of the Ochopee Limestone (Aquifer 2)
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Figure 11. Thickness of the Ochopee Limestone (Aquifer 2)
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Figure 12. Top of the Peace River Formation (Aquitard 2)
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Figure 13. Top of the Sandstone Aquifer (Aquifer 3)
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Figure 14. Thickness of Upper Peace River Clay (Aquitard 2)
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Figure 15. Net Thickness of the Sanstone Aquifer (Aquifer 3)
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Figure 17. Top of the Basal Peace River Clay (Aquitard 3)
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Figure 15. Kriged Thickness of the Basal Peace River Clay
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Figure 19. Top of the Arcadia Formation
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