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10.0 SITE MONITOR WELLS

The preceding sections (Sections 1.0-9.0) constitute the original permit Geology Report
which provides an in depth discussion regarding the complex geology and hydrology at
the Site and identifies the water bearing zone in the Austin Chalk formation as the
uppermost aquifer. This section, Section 10.0, covers modifications to the site monitor
well system in the report. The modifications include the installation of new monitor
wells to meet the current regulations, and the plugging and replacement of two existing
monitor wells. All supporting figures are placed at the end of the section. {Note: The
formation names used in the original permit Geology Report are retained for
consistency. }

10.1 ORIGINAL MONITOR WELL SYSTEM

The original seven permitted wells used for collecting detection monitoring samples are:
MW-1, 2,3,4,5,7, 8. (See Figure 10.1) PMW-6 was converted into an original monitor
well (MW-6) completed in the Austin Chalk at a depth of 180 feet below ground surface
(bgs), but was subsequently plugged because the well did not yield water.

10.2 MONITOR WELL SYSTEM MODIFICATIONS

The purpose of modifying the original monitor well system was to meet the 600 feet well
spacing, as required by §330.403(a) (2). The modifications include:

10.2.1 Converting four recently installed investigation test wells (TW-1A, 5, 6
and 11) into monitor wells IMW-1A, MW-5A, MW-6. and MW-11
respectively). These wells were completed in the Austin Chalk at depths
of 118-160 feet below ground surface (bgs).

10.2.2 Install three additional monitor wells (MW-9, 10, and 12) in the Austin
Chalk as determined by drill cuttings returns, depth water encountered,
and/or e-logs to meet spacing requirements along the north permit
boundary line.

10.2.3 Plug existing monitor wells MW-1 and MW-5 in accordance with
applicable Well Plugging Rules (30TAC §330.421(g) and 16 TAC
§76.702 relating to Well Drilling, Completion, Capping and Plugging).

a. MW-1A replaces MW-1, since MW-1 is not completed within the
Austin Chalk to serve effectively as a monitor well. MW-1 will be
plugged in accordance with the applicable regulations.

b. MW-5 will be plugged because it exceeds the 500 feet point of
compliance distance as defined by §330.3(106). It will not be replaced
per se, although MW-5A will serve as surrogate to maintain the well
numbering sequence.
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All proposed monitor wells will be drilled and developed in accordance with 30 TAC §330.421
and will be supervised by a licensed professional geoscientist or engineer familiar with the
geology of the area, as required by 30 TAC §330.421(a)(1)(A) has been included in the
application. Monitoring well construction and installation reports will be submitted as required by
30 TAC §330.421(e). New monitor wells will be sampled and the results evaluated beginning
with the first event following installation by using intrawell comparison in accordance with the
permit.

The installation of the new POC monitor wells, including conversion of test wells into monitor
wells, and decommissioning of the MW-1 and MW-5, is contingent upon TCEQ approval.
Installation will take place as soon as possible once approval is issued contingent upon landfill
scheduling, weather and contractor availability.

Figure 10.2 shows the new monitor well locations and distances as well as the maximum
allowable point of compliance (POC) perimeter. Figure 10.3 shows the final monitor
well system once all additional monitor well have been installed. Figures 10.4.1-4.4 show
geologic cross sections and monitor well completion depths. The wells were completed
in accordance with the permit requirements.

10.3 INVESTIGATION TEST WELLS (TW)

The Site Geology and Hydrology, as described in the original permit Geology Report
(Sections 1.0-9.0) reports substantial site differing conditions from one area of the Site to
another. Therefore, in order to determine the conditions in the areas where new monitor
wells were to be installed to meet the 600 feet spacing requirement, five test wells were
installed in the areas in which there was relatively little information or anticipated
difficulties. The test wells were indentified as TW-1A, 5A, 5, 6 and 11, with the numbers
corresponding to the nearest proposed monitor well (See Figure 10.2) and ‘A’ designates
replacement wells for existing wells.

Surface casing had to be installed in all the borings due to large cobbled cemented gravel
at the surface (Uvalde Gravel). The borings were drilled with air rotary or augers,
depending on drilling conditions. TW-5A was drilled using mud rotary to install the
surface casing. Drilling conditions were difficult and the cutting returns that could be
logged were very different from one well to the next, as were the drilling conditions. This
is confirmed by the gamma e-logs and is consistent with drilling difficulties discussed in
the original Geology Report.

The test wells are discussed individually below. Figure 10.5 show the locations of the
test wells. The wells were completed in accordance with the permit. Figure 10.6 shows
the typical well completion diagram. {Note: TW-5A was completed in a siltstone above
the Anacacho.} The cross sections shown in Figure 10.4.1-4.4 show the formations in
which the wells were completed, the well depths and the screen intervals. Figures 10.7.1-
7.5 show the test well boring lithology based on boring logs correlated with the
respective e-logs. These logs reflect the variance in the geology and the extreme differing
site conditions from one end of the Site to the other and confirm the general conditions
described in the original Geology Report.
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10.3.1  TW-11

TW-11 was located in area where there was very little previous drilling and none to
depth. The boring was drilled to a depth of 178 feet. The cutting returns were
predominately the red orange clay identified in the original Geology Report as the
Anacacho. Loss circulation occurred at 105 feet bgs and only intermittent cutting
returns were recovered there after which were predominantly Anacacho to TD.
Good water returns were observed at 105 feet but production not sustained. The
hole was terminated at 178 feet due to drilling difficulties. The boring was
completed as a 4” PVC well. The bottom 18 feet was backfilled with bentonite
pellets to 160 feet bgs. The screen interval (110-120 feet bgs) was determined on
the basis of when water was encountered. The completed test well has been
consistently producing water. The static water level is approximately 85 feet bgs.
10.3.2 TW-5A

TW-5A was located to determine site conditions in the area required new monitor
well. Drilling was very hard and difficult from the start even with the large drill rig
used, equivalent to a Mayhew 1500. Temporary surface casing was installed to a
depth of 21 feet, but still had caving problems. Therefore, drilling was terminated
and the boring offset approximately 50 feet to the east and converted to mud rotary
for installing permanent surface casing. The permanent surface casing was set from
the surface to 34’ bgs. The grout seal cured for three days before returned to drilling
inside the casing with air. However, water was unexpected encountered at 35 feet
in a hard siltstone underlying the gravel to a depth of 50 feet. The orange clay was
intercepted at 50’ indicative of Anacacho. An additional five feet was drilled into
the Anacacho for confirmation. Water level rose to 17’ below the ground level
inside the surfacing. This boring of only 55 feet in total depth took 20.75 hours to
complete not counting surface casing curing time or setting casing.

Water had not been reported at this depth in any boring previously drilled at the
site. Therefore the boring was converted to a 4” PVC observation well and is not
intended to be monitor well for detection purposes. Screen interval is placed at 40-
50 feet bgs. A sustained yield of 10 gpm was estimated during well development.
Static water level is 25.18 feet bgs.

10.3.3 TW-1A

TW-1A was installed to assess MW-1, which is an existing monitor well important
to the 600 foot spacing rule. However, MW-1 was consistently dry during the
detection monitoring period and based on the Geologic Report well logs and the
well performance was not completed to the appropriate depth within the Austin
Chalk corresponding to the other wells. TW-1A was installed to determine if this
was the case.

TW-1A was completed with air to a depth of 125 feet. Although the cutting
recovery was poor, there was a distinct change when water was encountered at a
depth of 100 feet. This corresponded well with the e-logs, which shows a low
resistivity zone from 105 feet to 120 feet at which point a relatively high resistive

Rev #3 (08/16/10) 20



formation (blue shale, generally characteristic of the Eagle Ford Formation) was
drilled into for five feet. A 4” PVC well was completed to the depth of 125 feet as
shown in the cross sections. The screen was from 110-120 feet bgs. During well
development, a yield of 5-10 gpm was estimated. The nominal static water level is
77.66 feet bgs. This is consistent with the existing MW-8 which is 355 feet to the
north although totally different from MW-1 located only 25 feet to the north and
dry.

The water yield and recovery was significantly better in TW-1A than MW-1
confirming that MW-1 was not completed deep enough to monitor the Austin
Chalk.

10.3.4 TW-5

TW-5 was drilled to better define conditions at depth in the area of TW-5A. It is
located approximately 60 feet to the east of TW-5A, and 600 feet west of MW-4.
The same difficulties encountered in TW-5A were also encountered in TW-5
including shallow water in the Uvalde Gravel; therefore surface casing using augers
was set to seal off the Uvalde Gravel in order to be able to drill the well to the
Austin Chalk. Water was encountered in the Austin Chalk at a depth of
approximately 105 feet. The boring was terminated at a depth of 130 feet due to
gravel coming in from the higher strata. However, the e-log and casing could only
reach a depth of 118 feet bgs. The e-log confirmed a relatively permeable stratum
at 105 feet overlain by impermeable clay, consistent with the original Geology
Report and correlatable to the formation identified as the Austin Chalk. The well
was completed using 2” PVC in order to complete the well through the surface
casing and ensure a good seal in Uvalde Gravel. It was completed to a depth of 118’
and the 10 foot screen interval was placed at the bottom. The nominal static water
level is 102.2 feet bgs.

10.3.5 TW-6

TW-6 was located 600 feet east of TW-5. It was located in the general area of the
original monitor well PMW-6 which was complete to a depth of 180 feet bgs but
was plugged because it did not yield water.

The initial TW-6 boring location hit gravel right at the surface and was offset by 5
feet. No gravel was encountered in the new location; instead a soft white chalk
was drilled until 17 feet at which depth the typical cemented gravel with large
cobbles was drilled to 30 feet bgs. Water was not encountered in this gravel. The
gravel was underlain by an atypical uniform clean dry gravel. This gravel strata had
has not been reported in other borings. Based on it depth relative to the more site
consistent Uvalde Grave, it is the older geologic unit. Below the uniform gravel
was a series of alternating beds of white hard limestone with the typical orange clay
to 37 feet, below which the orange clay (Anacacho) was consistently encountered to
85 feet bgs. Below 85 feet the lithology was quite a bit different from other
borings with alternating layers of different colored clays and chalk to a depth of
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about 155 feet bgs. From 135’ a medium to coarse relatively consistently dry light
tan chalk was intercepted with little change to 160 feet bgs. No water with
encountered, although the chalk was similar to the Austin Chalk. The boring was
terminated at this depth. The e-log was inconclusive but did indicate a lower
permeable zone and a 2” well was completed to a depth of the 160 feet. The screen
interval was placed at 145-155 feet bgs. This well confirms the findings of the
original PMW-6. However, while no water was originally encountered in TW-6,
similar to PMW-6, water was measured recovering very slowly over time. The
water level was reported to be at 157 feet bgs (3 feet above the well bottom) on
May 12, 2010.

10.4 SITE GEOLOGY

Site hydrogeology relies heavily on the original Geology Report (Section 1.0-9.0),
incorporating the findings from the new investigations test wells discussed above.

The Geology Report identifies the principle Site geologic formations, from youngest to
oldest as: Uvalde Gravel, Anacacho Clay, Austin Chalk and Eagle Ford Shale. Figure
2-2(a) from the Permit Geology Report shows regional cross sections. Figure 10.8
shows a general stratigraphic column for the site.

10.4.1 Uvalde Gravel

The Permit Geology Report describes the Uvalde Gravel as composed of 6 to 50
feet of gravel, sand, silt and clay. Cobble size rocks are recorded in the driller’s
logs. The gravel is coarsest at the contact with the Anacacho (with the exception
of TW-6), which is uneven and encountered at different depths due to prehistoric
erosion and channeling. The stratigraphic column describes the Uvalde Gravel as
tightly cemented at the base. This general description correlates very well with the
formation encountered in the investigation test wells. The Uvalde Gravel is the
most consistent formation at the site.

10.4.2 Anacacho Clay

The original Geology Report identifies the Anacacho Clay as the intervening
strata between the Uvalde Gravel and the Austin Chalk with an average thickness
of 82 feet. A dense limestone was reported in the permit boring for MW-1 from
35-75 feet. A similar limestone formation was observed in the TW-1A boring, but
was not reported in any o the other borings described in the Permit report or
subsequent test wells. The Anacacho is described a chalky limestone with orange
bentonitic clays forming the lower confining strata for the Uvalde Gravel and the
upper confining strata for the Austin Chalk Aquifer.

10.4.3 Austin Chalk
The Austin Chalk is identified in the original Geologic Report as the uppermost
aquifer at a nominal depth of 125 to 160 below the surface. The Austin Chalk
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Aquifer reportedly exhibits both confined and unconfined traits, and in some areas
during the initial site investigation water was not encountered at all as in the case
of PMW-6. On a regional basis the Austin Chalk is typically dry with random
pockets of waters that exhibit low to medium hydraulic conductivities.

10.4.4 Eagle Ford

The primary importance of the Eagle Ford at the Site is as the lower confining
strata for the Austin Chalk. It is typically identified by its characteristically blue
shale which may have been encountered in TW-1A, but drilling was generally not
taken to the Eagle Ford due to drilling difficulties, gravel sloughing and the
uncertain geology at depth.

10.4.5 Structural Geology
The primary reason for the difficulty in interpreting Site hydrogeology is the
complexity of the Site structural geology. The area Geologic Map is part of the
original permit (See Figure 2-1(A)). The Geologic Report identifies the principal
structure feature for the Site as the east-west trending normal faults. The faults do
not extend into the upper younger formation (Uvalde Gravel) which lies unevenly
above Anacacho due to differential stream (?) erosion. The site cross sections
show the block or “graben”.

10.5 SITE HYDROLOGY

The Geology Report identifies the Austin Chalk as the upper most aquifer
confined by the Eagle Ford shale formation with a very low to negligible
permeability and a documented thickness of 150 feet.

The Permit reports that the Austin Chalk exhibits both confined and unconfined
characteristics. MW-1, 4, 7, and 8 are apparently confined and lie within the
projected graben block, while unconfined MW 2, 3, and 5 lie outside the block.
This is consistent with the description of the Austin Chalk aquifer characteristics.
While it is too soon to determine with any certainty, with the exception of TW-
SA, the test wells seem to correlate well with existing monitor wells, supported by
the e-logs.

Figure 10.9 shows the monitor wells hydrographs plotted since the background
monitoring period (7/96) up through 2007. The graphs indicate general
interrelationship between the wells and particularly the wells under confined
conditions; however, while here are some corresponding highs and lows there is
not a significant seasonal variance. Figures 10.10.1-10.10.6 show the different site
potentiometric surface maps based on measured water elevations collected during
the June/December semi annual sampling events (June and December) over the
past 3 years. These maps are consistent with the groundwater surface maps since
the background monitoring period. Figure 10.10.7 shows the generalized
groundwater gradient map using average reported monitoring water elevations for
the existing monitor wells. The predominant gradient determinant is MW-4
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which is on the average 25-30 feet higher than the other wells. Consequently, this
well defines downgradient in an apparent dome configuration. It is too early to tie
in the test wells, but TW-5A indicates an apparent shallow zone which could be
influencing the water elevation observed in MW-4.

10.6 HYDROGEOLOGY

Finally, Figure 10.11 provides a conceptualized cross section of the site
hydrogeology based on the e-logs. Due to the difficulties and complexities
referred to repeatedly throughout this section, e-logs, although somewhat difficult
in their own right, provide a reasonable basis for interpretation of the relative
geology, the depth to Austin Chalk and the appropriate monitor well screen
interval.
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— Formation contact projection.

MW-1=Existing monitor well

PMW-6= Proposed new monitor wells.

94'= depth from top of casing.

952.4 = Elevation above mean sea level (Measured 2/18/08)

— Bottom of Landfill

TW=Test Well
« = Nominal Water Elevation
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