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1.0 INTRODUCTION

The purpose of this report is to provide additional information regarding the subsurface soils and
groundwater at the Pescadito Environmental Resource Center (PERC) project in Webb County,
Texas. Subsurface investigation and geotechnical testing for the PERC project was originally
conducted in four phases. The results of the Phases I-IV subsurface investigation and
geotechnical testing are presented in Part III, Attachment III-E, Appendix III-E.2, Subsurface
Investigation Report (SIR) and Part III, Attachment III-E, Appendix III-E.3, Geotechnical Data

Report (GDR). Both reports were originally dated February 25, 2015 and updated in September
2015. That information was provided to meet the requirements of 30 TAC §330.63(e)(4) and
§330.63(e)(5)(A-E) and the requirements of the approved Soil Boring Plan.

Subsequent to Phases I-IV, supplemental field work and additional testing (Phase V) has been
conducted to provide additional information useful for general landfill design. This supplemental

information is provided to address the following:

1. Information limitations imposed by the use of Sonic drilling/sampling methods used
predominantly in Phases II and III of the earlier investigations.

2. Obtain undisturbed geotechnical test samples to depths of 150 feet to supplement those
from the Phase IV test pits.

3. Obtain additional information about shallow subsurface water and/or groundwater and
hydraulic interconnection and to test techniques for annular seal of piezometers and
monitoring wells.

4. Reconcile the term “moist” used to describe the Yegua-Jackson (Y-J) soils on the Phase
I-IIT boring logs with the very dry geotechnical test results and subsurface water
observations, etc. and specifically the regional geology and soil characteristics.

5. Provide additional information regarding the presence/absence of the Y-J contact within
the project boundary.

6. Obtain additional laboratory and field testing to supplement previous investigative

results.
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2.0 PREVIOUS INVESTIGATIONS — PHASES I-IV

The Y-J encountered at the site is predominantly (>90%) “claystone” with minor amounts of
“sandstone” and “siltstone.” The encountered Y-J materials appear “rock-like” due to the fact
that they have been heavily over-consolidated during their geologic history. In essence they are
“compaction” claystones as opposed to cemented claystones. However, when exposed to the
elements for a brief period or when processed, these rock-like materials quickly regain their soil
identities. This rapid transformation is due to the fact that the “claystones” have a blocky,
intensely-fissured structure (see Photo 1 - Test Pit - January 2012). A good example of the
transformation is evident from the Phase IV test pits (See Photo 2 - Test Pit 1 January 2015
below). Other examples are the various dams constructed in the immediate area where only the

Y-J colors remain, the rock-like materials have transformed back to soil.

Photo 1 - Test Pit 1 - January 2012
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Photo 2 — Test Pit 1 - January 2015

2.1.1 Sonic Drilling Limitations

Sonic drilling is a recognized method for geoenvironmental drilling (ASTM D6914-04 (2010))
suitable for meeting the requirements of the Municipal Solid Waste Management Regulations
(MSWMR). However, the Sonic drilling/sampling methods used predominantly in Phases II and
III of the earlier investigations imposed certain limitations. The method does not provide
“undisturbed” samples for such geotechnical testing purposes as strength, consolidation, or
permeability. In the earlier investigations, two deep test pits (Phase IV) were utilized to obtain
representative, undisturbed test samples of all four identified subsurface strata for subsequent

laboratory testing.
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The SIR and GDR discuss the following issues that are now further addressed by this Report:

2.1.2

SIR, § 2.2.1 Soil Borings discusses both the advantages and the limitations of the Sonic

drilling methodology.

SIR, § 2.2.2 Piezometers discusses the possible ramifications, i.e., formation disturbance,

etc., of setting piezometers in borings drilled in the Y-J with Sonic methods.

SIR, § 4.2.2 Water Levels Measured in Piezometers assumed vertical hydraulic

connection between near-surface and deeper stratigraphic units as a consequence of Sonic
drilling. Note that this assumption is a significant variance from the Y-J Groundwater
Availability Model (GAM) (TWDB, 2010)

The annular seal in all Phase I-1II piezometers consisted of “granular bentonite chips”

added from the surface. SIR, Appendix I, Piezometer Construction Diagrams. There

does not appear to have been any attempt to address the possible formation damage and

caving due to the Sonic drilling by the use of pressure grout from the bottom to the top.

Subsurface Water Information

Some of the field descriptions of cores from the previous Phases I to III boring logs described the

subsurface conditions as “moist”, but approximately 200 Atterberg Limit and natural moisture

content determinations showed that moisture contents were consistently dry of the Plastic Limit.

In fact, natural moisture contents were seven to eight percentage points (on average) below the

Plastic Limit. (GDR, § 5.0 Conclusions, R-K, 2015). In general, the following is noted regarding

the Phase I to IV investigations:

The Phase I to III piezometer installations showed comparable stable water levels
regardless of the installed depth (SIR, § 4.2.2 Water Levels Measured in Piezometers, R-
K, 2015).

The Phase IV Test Pits encountered slight seepage in TP-1 associated with the Recent-
Pleistocene (R-P) and Y-J contact zone during excavation; however, TP-1 was left open
and the seepage dried up overnight and no accumulation occurred. TP-2 did not
encounter shallow subsurface water. (SIR, § 4.2.4 Observations from Test Pits, R-K,

2015).
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e Note that the landfill design assumes the water level at the ground surface as a

conservative measure.

2.1.3 Hydrogeologic Testing of Phase III Piezometers

Part III, Attachment III-E, Appendix III-E.4, Summary of Hydrogeologic Testing in Selected

Piezometers discusses the hydrogeologic testing that was conducted in ten piezometers installed
as part of the Phase III site investigation at the site. The Phase Il piezometers were installed in
what appeared to be potentially transmissive zones, i.e., isolated sandy and/or silty intervals in
the predominantly clay matrix based on the evaluation of the previous Phase I, II, and III boring
logs and geophysical data. Information on the piezometer installations can be found in Part III,

Attachment III-E, Appendix III-E.2, Subsurface Investigation Report. The hydrogeologic tests

on select piezometers included falling head and rising head tests induced by inserting and
removing solid slugs (i.e., slug tests). Based on the results of the slug tests, a subset of five
piezometers indicating the highest transmissive potential were selected for additional higher-

stress, single-well, pump-down tests.

The test results, including those from what were the most transmissive units in the subsurface, as
determined by the borings and geophysical logs, showed that subsurface conditions are not
transmissive. In fact, all of the test results were in the poorly permeable to practically
impervious range as defined by Terzaghi, Peck, and Mesri [3rd Edition, 1996] and others. That
is, the pump down tests proved that the materials that were indicated to be the most transmissive,

were not very transmissive at all.

Pescadito ERC — Part I1I, Appendix III-E.5 5 CB&I
Supplemental SIR — Phase V September 2015



3.0 PHASE V INVESTIGATION

As discussed above, the Phase V investigation was developed and implemented to obtain
additional information regarding the soils and subsurface water at the site for design
considerations. The information is presented to update and augment the information previously

presented to meet the MSWMR.

3.1.1 Field Investigation

The field portion of the Phase V Investigation was conducted in January and February, 2015. A
total of three core (sample) borings were drilled as shown on Figure 1 in Attachment A to this
Appendix II-E.5 (Figure III-E.5-A.1 in Attachment III-E.5-A to this Appendix). The borings
have been included (annotated) on the cross sections previously provided in Appendix III-E.2
(SIR) for comparison purposes. They are included as Figures III-E.5-A.2 and 3 in Attachment
[II-E.5-A.

A large truck-mounted Gardner-Denver Model 15W drilling rig was used. Sample borings were
drilled to an approximate depth of 150 feet. A total of five piezometers were set — four of the
piezometers were set in “twin” holes adjacent (approximately 0 — 50 feet away) to the sample
boring locations. All drilling and piezometer installation was performed by a Texas-Licensed
Water Well Driller under the direction of a Professional Geologist (PG) with over twenty seven
years of experience employed by CB&I. The PG, licensed in Illinois, Indiana and Wisconsin,
also logged the samples as they were obtained and prepared them for shipment for review and
laboratory testing. See the Phase V Logs of Borings included as Attachment B to Appendix III-
E.5 (III-E.5-B). The drilling method used was primarily “air rotary” with “mud-rotary” used in
one instance. Surface casing was employed to “seal” down to below the highly-weathered Y-J
and particularly, the “contact zone” between the R-P and Y-J to minimize the intrusion of
shallow subsurface water, eliminate shallow caving of unconsolidated materials and fall-in of
any gravel potentially damaging to either the core bit or the core recovery. At B-52, a watertight
seal was not obtained and the combination of minimal amounts of water combined with highly

plastic clay cuttings required a switch to mud rotary drilling.
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Sample drilling of the Y-J was conducted using a conventional Christensen 4-5/8 x 3-inch double
tube core barrel employing a face-discharge ChrisDril bit and equipped with a split inner barrel.
See photos 1 and 2 in Attachment C to this Appendix (III-E.5-C). Sample borings were cored
continuously to the total depth with the recovered core being 3-inches in diameter. Both core
recovery (as a percent) and Rock Quality Index or RQD (as a percent) are provided for each core
run on the boring log. Recovered core was logged along with drilling observations, etc. Core
samples were packaged and placed in waxed core boxes specifically manufactured for core
storage. Visual reference samples were placed in glass jars. Boring B-58 was converted to a
piezometer while borings B-55 and B-52 were pressure grouted from the bottom to top using a

tremie and bentonite grout.

b
VY
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Photo 3 - Grouting Boring B-52 — January 2015
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Two piezometers were set at the B-52 location — P-52S or shallow and P-52D or deep. Both
piezometers were drilled with air rotary in separate holes for accurate subsurface water
identification possibly unavailable from the original B-52 boring. Since the original B-52 was
drilled using mud-rotary techniques, the process could have masked the identification of limited
subsurface water and produced the results shown as moist on the log of borings. The “twin”
holes were also used to avoid potential problems associated with plugging the original borehole

back up to the desired screen interval.

Piezometer P-55D was also set in a separately drilled “twin” hole in lieu of plugging (grouting)
boring B-55 back up to the screened interval. Piezometer P-58D was set to the full depth in
boring B-58 and the shallow piezometer P-58S was set in an adjacent “twin” hole. Two-inch
diameter piezometers were set in holes that were drilled using a 6-1/4-inch drag or wing bit
(including the reaming of B-58 for piezometer installation). Nominal 10-foot long screens,
centered in a 15-foot filter-packed interval, were used for all piezometers. The annular seal was
provided using a grout pump and tremie to place bentonite grout from the bottom to top. For the
shallow piezometer installation P-52S, the annular seal was constructed from bentonite chips
placed in 6-inch lifts and hydrated. Piezometer data sheets are included in Attachment III-E.5-D.
Copies of well reports furnished to the Texas Department of Licensing and Regulation (TDLR)
are included in Attachment III-E.5-E.

Table 1 — Piezometer Construction Summary

Piezometer Scree.ned Total Depth Interval Screened Interval
Unit (feet bgs) (feet bgs)

P-528 Shallow, Wet Sandstone 30 18-28

P-52D Deep, Dry Sandstone 92 80-90

P-55D Deep, Wet Sandstone 105 93-103

P-58S Shallow, Wet Claystone 35 20-30

P-58D Deep, Dry Claystone 150 140-150

Upon completion of piezometer installation, either falling head tests (piezometers P-528S, P-52D,
P-55D, and P-58D) and/or rising head tests (piezometer P-58S) were conducted for at least
twenty-four hours to verify piezometer functionality. The results of those tests are discussed

below.
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3.1.2 Subsurface Water Observations

Observations of subsurface water were of particular interest during this investigation since
almost all strata in the previous Phase I-III borings were logged as “moist”; while subsequent
geotechnical testing on the materials consistently showed moisture contents 7 to 8 percentage
points below the plastic limit. Further, excavated materials were dry and there was an absence of
water in the Phase IV test pit excavations. This difference may be related to the fact that
significant water amounts were added downhole during the Phase II and III Sonic drilling
activities because of the very dense, overconsolidated subsurface materials. This water addition

may have created a wet skin on recovered samples that were logged as “moist.”

For Phase V, observations of subsurface water were made during the drilling of the holes and
examination of the recovered samples after boring completion and during installation of the
piezometers and piezometer installation. The use of air rotary drilling was the preferred method

to aid in these observations since no water was introduced.

During Core Drilling

e Boring B-52 began with air-rotary drilling and encountered limited amounts of subsurface
water associated with the Y-J and R-P contact zone at about the 10-foot depth. The
underlying Y-J was mostly sandstone to approximately 28 feet. A surface casing was set to
20 feet and was ineffective in eliminating water entrance into the boring. To assist in
efficiently removing the clay cuttings as the core hole was advanced, the coring technique
was switched to mud rotary and continued to the termination depth of 150 feet. However, all
core was logged as dry upon close examination using the standard technique of carefully
removing any “skin” from the core surface before field examination (see photographs in

Attachment III-E.5-C of this Appendix).

e Boring B-55 used air-rotary drilling to core all the way down to the completion depth of 153
feet. Moist soil materials were encountered in Shelby Tube samples down to the R-P and Y-
J contact zone (approximately 11 to 12 feet in depth); however, no shallow subsurface water
was encountered. While reaming out the borehole for the surface casing, moisture was

indicated in the cuttings from approximately the 10-foot depth. Surface casing was set to 17
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feet. Moisture was noted in some of the recovered core samples and small amounts of water

were observed at several intervals during drilling; notably 32 to 36 feet and 95.5 to 101 feet.

e Boring B-58 used air-rotary drilling to core all the way down to the completion depth of 150
feet. Moist soil materials were encountered in Shelby Tube samples down to the R-P and Y-
J contact zone (approximately 11 to 12 feet in depth); however, no shallow subsurface water
was encountered. Moisture was noted in some of the recovered core samples and small
amounts of water were observed at several intervals during drilling; notably 12 to 17 feet,

22.5to 30.5 and 32 t032.3 feet.
Select photos of the core material are included as Attachment C to this Appendix (III-E.5-C).

During Piezometer Installation

e Piezometer P-52S was installed in a twin borehole some 10 feet west of boring B-52. The
30-foot-deep piezometer boring was drilled with air. Moisture was observed in the cuttings
at approximately the 22-foot depth during drilling; however, the hole was dry at the

completion of drilling activities.

e Piezometer P-52D was installed in a twin borehole some 30 feet west of boring B-52.
Surface casing was set to a depth of 30 feet. The 92-foot-deep piezometer boring was drilled
with air. Moisture was observed in the cuttings at approximately the 40-foot depth during

drilling; however, the hole was dry at completion of drilling.

e Piezometer P-55D was installed in a twin borehole approximately 40 feet southwest of
boring B-55. Surface casing was set to a depth of 45 feet. The 105-foot-deep piezometer
boring was drilled with air. Moisture was observed in the cuttings at approximately the 32 to
36-foot and 90 to 105-foot depth intervals during drilling; however, the hole was dry at

completion of drilling.

e Piezometer P-58S was installed in a twin hole approximately 30 feet northwest of boring B-
58. No moisture was observed during drilling of the twin hole with air rotary to a depth of

35-feet; however, slight water entered the hole during piezometer installation.
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e Piezometer P-58D was set in the B-58 borehole to 150-feet. Surface casing was set to a
depth of 40 feet. No moisture was observed at depth during coring or during reaming for the

piezometer installation.

After Boring and/or Piezometer Completion

e Boring B-52 took several days to complete drilling. Water levels were taken each day prior
to the resumption of drilling. Water levels were approximately 8 feet below ground surface
(bgs). Water levels observed in piezometers P-52S and P-52D were approximately the same

as in boring B-52.

e Boring B-55 took several days to complete drilling. Water levels were taken each day prior
to the resumption of drilling. Water levels were approximately 7 to 10 feet bgs. Water levels

in piezometer P-55D was approximately the same as in boring B-55.

e Boring B-58 took several days to complete drilling. Water levels were taken each day prior
to the resumption of drilling. After the first day, the 40-foot deep hole was dry. After the
second day, water was at 22 feet bgs in the 105-foot deep hole. Water levels in piezometer P-
58D measured over several days were approximately 116 feet bgs prior to the falling head
test. The piezometer P-58S water level was approximately 23 feet bgs prior to the rising

head test.

3.1.3 Piezometer Recovery Testing Results

Although primarily intended to verify piezometer functionality, the falling head and or rising
head testing did provide an opportunity for evaluating the in situ permeability (hydraulic
conductivity) of the Y-J materials represented in the screened interval of piezometers P-528, P-
52D, P-55D, and P-58S. Not unexpectedly, the time lag for piezometer P-58D was so large that
a 28-hour test provided insufficient recovery for reasonable analysis. For hydraulic conductivity
analyses, Hvorslev’s Method “F” was used along with the standard assumption that horizontal
permeability is ten times (an order of magnitude) greater than vertical permeability. Method F is
probably most appropriate for the piezometers screened in discrete sand units, i.e., the discrete

sandstone unit piezometers, P-52S, P-52D and P-55D whereas Method G, i.e., uniform
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conditions, might be more appropriate for the general claystone matrix piezometers, P-58S and
P-58D. However, Method F will estimate a permeability about 10% higher than Method G and
thus its use is conservative. Note that if an anisotropy ratio of 100 had been assumed, which is
more consistent with the Y-J GAM, the horizontal permeability would increase approximately
20% when compared to an anisotropy ratio of 10. Based on the recovery test data, calculated

horizontal permeabilities are as follows:

Table 2 — Permeability Results
Initial
Test
Screened Test Head, Test Equilibrium Recovery Horizontal
Piezometer Unit Type H, Duration | Reached? %) Permeability
(feet (hours) (Y/N) (cm/sec)
below
TOC)
P-528 Shallow, | Falling 11.63 24 Y >99 3.21x10”
Wet Head
Sandstone
P-52D Deep, Dry | Falling | 11.29 24 N >58 6.91x107
Sandstone Head
P-55D Deep, Wet | Falling 10.28 25.45 Y >99 1.64x10”
Sandstone Head
P-58S Shallow, Rising 25.38 43 Y 100 3.81x10°
Wet Head
Claystone
P-58D Deep, Dry | Falling | 118.56 28 N <1 NA
Claystone Head

Piezometer Test Data:

Piezometer recovery test data was obtained through February 14, 2015 for all five of the Phase V
piezometers. Although recovery was not complete for all tests, the data for four piezometers was
sufficiently complete for analysis. Semi-logarithmic plotting of the data indicated a classic or
typical response with a good straight-line section in the middle of the signature. Points defining
the ends of the straight lines on the graphs were picked from the tabular data. In addition, all
data were tabulated and plotted in “normalized” form, i.e., the piezometer head reading at a

given time was divided by the head reading at time zero. This procedure allows comparative

12 CB&I
September 2015
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plotting of all piezometer tests to the same scale and is a useful tool to compare differences

between geologic units, etc. See Figure 1.

Figure 1 - Phase V Piezometers
Permeability Test Data
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Methodology:

Hvorslev’s Variable Head Method “F” (Hvorslev, 1951) was selected for the preliminary
analysis. Method F may provide a more realistic estimate for a “sand” unit between “confining
layers.” In addition, Method F provides a more conservative (higher) estimate of horizontal
permeability than Method G. It should be noted that Method G is for a screen / filterpack in a
uniform matrix without confining layers. Method G would also be potentially more applicable to
the conditions at P-58S set in a shallow moist claystone interval. The Anisotropy ratio, m, was
based on the typical assumption that horizontal permeability is at least 10 times the vertical

permeability for bedded sedimentary materials. Note also that by assuming an anisotropy ratio
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of 10 results in a higher calculated horizontal permeability than would be calculated assuming

equal permeabilites in both the horizontal and vertical directions (therefore conservative for this

purpose).

Piezometer Calculations:

Calculations were made using the filter pack length (recommended). All piezometers have the
same construction dimensions. Applicable parameters (dimensional data and assumed

anisotropy) used in the calculations are as follows:

e d (screen/ riser diameter) = 2 inches = 5.08 cm

e D (borehole/ filter pack diameter) = 6.5 inches = 16.51 cm

e L, (screen length) = 10 feet = 304.8 cm

e Ly (filter pack length) = 15 feet = 457.2 cm

e kj (horizontal permeability) = to be calculated in cm/sec

e Kk, (vertical permeability) = assumed to be ky/10

e m (transformation ratio) = (ky, / ky)'?=3.162

e m- L/D = 58.38 (based on screen length) or 87.56 (based on filter pack length)

e H = piezometer reading relative to still water level (SWL) in cm at elapsed time, t

e t= elapsed time corresponding to piezometer level reading in seconds

Since 2 x m x L/D >> 4, then Hvorslev’s Equation [Method “F”] can be simplified to:
kn= ((d2xIn (4 xm x £)) + (8 X L X (tz — t1))) X In(H1 + Hz)

Since the construction dimensions are the same for all piezometers, Hvorslev’s Method F

Equation, for the filter pack length based calculations, can be expressed as:

kn = 0.041336676 cm x In (Hy/Hy) = (t, — t1)
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