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1.0 EXECUTIVE SUMMARY

It is planned to reconstruct approximately 11,200+ linear feet of Memorial Drive from 500-ft east of North
Kirkwood to the west of North Eldridge Parkway in City of Houston, Texas. We understand that the new
roadway will consist of a two lanes on each side with turn lanes concrete curb and gutters. In addition,
underground utilities will be installed along the proposed project alignment. The invert depths for the
storm sewerlines will be about 12- to 17-ft below the existing grade. The invert depths for the sanitary and
water lines will be less than the storm sewer lines. We understand that the Turkey Creek is about 17-ft
deep. Furthermore, box culverts and head walls will be constructed at the Turkey Creek.

We understand that the existing asphalt and concrete paving will be removed and replaced with concrete
paving. A portion of paving will consists of asphalt paving. In addition, underground utilities will be
constructed along the project alignment. Furnished information indicates that open-trench or augering
method of construction will be used for underground utility installations. This study was conducted is
general accordance with the City of Houston (COH) Department of Public Works & Engineering, Chapter
11, Geotechnical and Environmental Guidelines, dated July 2012. This report contains a description of
our field and laboratory testing results together with engineering analysis and recommendations for the
construction of the proposed facilities along the project alignment. Slope stability analysis for the Turkey
Creek was outside the scope of our work.

The soil conditions were explored by conducting twenty-four (24) soil test borings (B-1 through B-24) for
paving and underground utilities. The soil borings were drilled along the project alignment to depths
ranging from 10- to 35-ft below the existing grade. Due to the presence of cohesionless soils at the
termination depths at Borings B-12, B-15 and B-23, an additional 5-ft sample was obtained. The soil
stratigraphy for the project alignment is summarized as follows:

1. In general, the soil stratigraphy along the proposed alignment indicates presence of alternate strata
of Clay (CL), Clay (CH), Sand (SM) and Silt (ML) soils. Details of subsurface conditions along the
project alignment are included in this report.

2. Depth to groundwater/perched water will be important for design and construction of the proposed
facilities. Water level observations were made during drilling and 24 hours after drilling. Our
short-term field exploration along the project alignment indicated that groundwater/perched water
was encountered at depths ranging from 14- to 31-ft below the existing grade during drilling.
Groundwater level rose to depths ranging from 10- to 30-ft after 24 hours of drilling.

3. Borings B-6, B-11, B-16 and B-24 were converted to Piezometers P-1, P-2, P-3 and P-4,
respectively, after completion of the borings. The results of piezometers observations indicated
stabilized groundwater levels at a depth of about 10-ft below the existing grade in Piezometers P-1
and P-4. No stabilized groundwater level was encountered in Piezometers P-2 and P-3.

4. We understand that either open excavation or augering methods of construction will be used for
the underground utilities installations. The bedding and backfill recommendations for the
construction of the proposed underground utilities are also presented in this report.
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5. We understand that majority of the proposed paving for the Memorial Drive will consist of
concrete pavement and the remaining areas will be asphalt paved. The concrete pavement was
designed on the basis of “1993 AASHTO Guide for Design of Pavement Structures.”
Furthermore, the proposed pavement will be designed based on major thoroughfare traffic. Based
on the information provided for the project alignment, the recommended pavement thicknesses are
as follows:

Concrete Pavement

Concrete Pavement Subgrade Stabilization
Design, ESAL x 10° Thickness, inch(es) Thickness, inch(es)
10.0 10.0 8.0
Flexible Pavement
Asphalt Subgrade
Flexible Pavement Design, Pavement Base Course Stabilization
Section ESAL x 10° Thickness, inch Thickness, inch Thickness, inch
Alternative I: 10 4.0 8.0 (Black Base) 8.0
Alternative II: 10 4.0 20.0 (Crushed Concrete) 8.0

We understand that asphalt transition pavement for temporary road during construction could be
used on this project. The recommended pavement component thicknesses are summarized as
follows:

Asphalt Transition Pavement

Asphalt Pavement Base Course (crushed limestone)
Thickness, inch(es) Thickness, inch(es)
2.0 8.0

The base courses (crushed limestone) should be in accordance with “City of Houston Standard
Specifications, Section 02714 — Flexible Base for Temporary Roads, Detours, Shoulders and
Driveways”. The base course should be compacted to 95 percent of Modified Proctor density
(ASTM D 1557) at a moisture contents ranging from optimum to three-percent above optimum.
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6. The type of subgrade stabilization for the concrete pavement areas will depend on the final grade
elevation. Furthermore, the type and amount of stabilization should be evaluated once the final
grade is reached. Subgrade preparation in pavement areas should specify compaction of the upper
six-inch to at least 95% of maximum Standard Proctor density (ASTM D 698) at a moisture
content between £2% of optimum. Depending on the major type of soils encountered along the
project alignment, lime-fly ash stabilization of the subgrade soils should most likely be performed.
The upper eight-inch of the soils should be lime-fly ash stabilized, using 2% lime and 8% fly-ash
by dry weight. The application rates corresponding to these additives amounts would be 12
pounds of lime and 48 pounds of fly-ash per square yard for eight-inch of compacted thickness.
City of Houston Standard Specification 02337 should be used as a procedural guide for placing,
mixing and compacting the lime-fly ash stabilizer and soils.

7. We understand that the Turkey Creek is about 17-ft deep. Furthermore, box culverts will be
installed at the Turkey Creek. The design and construction recommendations for the proposed box
culverts including bedding requirements, lateral pressures and groundwater control are presented
in this report.

8. We understand that headwalls will be constructed at the end of the Box Culverts. The wall
structure should be able to resist lateral loads. The soil design parameters for design and
construction of the headwalls are presented in this report.
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2.0 INTRODUCTION

It is planned to reconstruct approximately 11,200+ linear feet of Memorial Drive from 500-ft east of North
Kirkwood to the west of North Eldridge Parkway in City of Houston, Texas. A site vicinity map of the
project alignment is presented on Plate 1. We understand that the existing asphalt and concrete paving
will be removed and the majority of the existing pavement will be replaced with concrete paving. A
portion of Memorial Drive will also consist of asphalt paving. In addition, underground utilities will be
constructed along the project alignment. Furthermore, box culverts will be constructed at the Turkey
Creek. The specific project information is as follows:

Facility Remarks

Underground Utilities We understand that the invert depths for the storm sewers will
be ranging from 12- to 17-ft deep. In addition, there will be
waterlines and sanitary sewer lines. The invert depths for these
utility lines will be less than the storm sewers depths.

Pavements It is planned to reconstruct 11,200+ linear feet of Memorial
Drive from 500-ft east of North Kirkwood to the west of North
Eldridge Parkway in City of Houston, Texas. We understand
that the majority of the existing asphalt and concrete paving
will be removed and replaced with concrete paving. A portion
of Memorial Drive will consist of asphalt paving.

Box Culverts and Head Walls The Turkey Creek is about 17-ft deep. We understand that box
at Turkey Creek culverts with headwalls will be constructed at the Turkey
Creek.

Furnished information indicates that open-trench or augering method of construction will be used for
underground utility installations. This report contains a description of our field and laboratory testing
programs together with engineering analysis and recommendations for the proposed project alignment.
Furthermore, installation and construction considerations for the Box Culverts and Head Walls are also
presented in the report. The pavement design in this study is in general accordance with ASSHTO 1993
Guide of Design of Pavement Structure (Ref. 1). Furthermore, this report provides recommendation for
construction of the underground utilities along the project alignment. Our recommendations on
underground utilities, site preparation and soil stabilization are in general accordance with the City of
Houston (COH) Department of Public Works & Engineering, Chapter 11, Geotechnical and
Environmental Guidelines, dated July 2012 (Ref. 2). Slope stability analysis for the Turkey Creek was
outside the scope of our work.

Project No. 09-338E (CSJ No. 0912-70-082) 4
GEOTECH ENGINEERING AND TESTING




3.1

3.2

3.0 FIELD EXPLORATION
Pavement Coring

The existing pavement was cored prior to drilling and sampling. The results of pavement coring
show that the existing pavement generally consists of concrete and asphalt. The existing pavement
thicknesses are presented on Plate 2 and on the respective boring logs. The pavement core
locations were patched with ready mix grout.

Drilling and Sampling

At the request of the client, the soil conditions were explored by conducting twenty-four (24) soil
borings (B-1 through B-24) for paving and underground utilities along the project alignment. The
soil boring locations were discussed with Mr. Michael D. Lacy, P.E. of CivilTech Engineering,
Inc., prior to drilling. The soil borings were drilled along the project alignment to depths ranging
from 10- to 35-ft below the existing grade. Due to the presence of cohesionless soils at the
termination depths of Borings B-12, B-15 and B-23, additional 5-ft samples were obtained.
Approximate boring locations are presented in Appendix A, Plates A-2 and A-3. A summary of
borehole coordinates, elevations and station number information is presented on Plate 3.

Samples were obtained continuously to the boring completion depths ranging from 10- to 35-ft.
The relative density or consistency and load carrying capacities of the subsoils were generally
obtained by performing Texas Cone Penetrometer (TCP) in accordance with the Texas Highway
Department test procedure. The test is conducted by recording the number of blows required for
a 170-pound weight falling 24-inches. The weight drives a three-inch diameter cone to 12-inches
into the subsoils at 5-ft intervals. Driving resistance for TCP, expressed as blows per foot, is
tabulated on the boring logs presented in Appendix A, Plates A-4 through A-27.

Intermittent soil samples were also obtained at each boring location from the ground surface to
depths ranging from 10- to 35-ft. The cohesive soils were sampled in general accordance with the
ASTM D 1587.

Cohesionless soils were generally sampled with a split-spoon sampler driven in general
accordance with the Standard Penetration Test (SPT), ASTM D 1586. This test is conducted by
recording the number of blows required for a 140-pound weight falling 30-inches to drive the
sampler 12-inches into the soil. Driving resistance for the SPT, expressed as blows per foot of
sampler resistance (N), is tabulated on the boring logs.

Soil samples were examined and classified in the field, and cohesive soil strengths were estimated
using a calibrated hand penetrometer. This data, together with a classification of the soils
encountered and strata limits, is presented on the boring logs in Appendix A, Plates A-4 through
A-27. Boring logs for B-1 through B-23 are presented in accordance with TxXDOT Wincore format
and boring log for B-24 for the Turkey Creek is presented in HCFCD format using gNIT format.
A key to the log terms and symbols is presented on Plate A-28 in Appendix A.
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3.3

4.1

4.2

Depth to groundwater is important for design and construction of the proposed facilities. For this
reason, borings were drilled dry and the depth at which groundwater was first encountered was
recorded. A wet rotary technique was used thereafter to the completion depth of the borings.
Water level observations made during drilling and 24 hours after drilling are indicated at the
bottom portion of each individual boring log. The boreholes were grouted with non-shrink grout
using tremie method after the completion of the field work.

Piezometer Installation

Piezometers P-1, P-2, P-3 and P-4 were installed to depths of 20- and 25-ft in Borings B-6, B-11,
B-16 and B-24, respectively, after completion of the field work. The piezometers consisted of
two-inch diameter PV C riser pipe connected to a 10-ft long section of 0.01-inch slotted well screen.
Each piezometer is capped at the top with a water tight flush mounted cap. After the borings were
drilled, the riser pipe and well screen assembly were installed in the borings, filter sand was placed
in the bottom of the borings and in the annulus between the borehole wall and the PVC pipe/screen,
and subsequently the boreholes were sealed with bentonite grout from the top of the filter sand to
the ground surface. The piezometers were developed by using a bailer to purge several volumes
of water from the piezometer riser pipe. Water levels will be periodically measured to evaluate the
stabilized groundwater table. The piezometer installation diagram is shown on Plate 4. A
summary of the piezometer readings are presented in the “Piezometer Reading Table” on Plate 5.
The piezometers were abandoned, in accordance with the TDLR (Chapter 76 of TAC), the City of
Houston Design Manual, Item 11.14-Site Restoration. The piezometer installation and
abandonment reports are provided in Appendix B.

4.0 LABORATORY TESTS
General

Soil classifications and shear strengths were further evaluated by laboratory tests on representative
samples of the major strata. The laboratory tests were performed in general accordance with
ASTM Standards. Specifically, ASTM D 2487 is used for classification of soils for engineering
purposes. Furthermore, summary of test results are presented in Appendix A on Plates A-29
through A-52.

Classification Tests

As an aid to visual soil classifications, physical properties of the soils were evaluated by
classification tests. The tests were conducted in general accordance with ASTM standards. These
tests consisted of natural moisture content tests (ASTM D 4643), percent finer than the No. 200
sieve tests (ASTM D 1140) and Atterberg limit determinations (ASTM D 4318, Method A).
Similarity of these properties is indicative of uniform strength and compressibility characteristics
for soils of essentially the same geological origin. Results of these tests are tabulated on the boring
logs at respective sample depths.
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4.3  Strength Tests

Undrained shear strengths of the cohesive soils, measured in the field, were verified by calibrated
hand penetrometer tests, unconfined compressive strength tests (ASTM D 2166) and torvane tests.
Natural water content and dry unit weight were determined routinely for each unconfined
compressive strength test. These test results are also presented on the boring log.

4.4  Particle Size Analysis Test

This test was conducted in general accordance with ASTM D 422, the Standard Method for
Particle-Size Analysis of Soils. This test was performed on selected sample obtained from Boring
B-24 at a depth of 17- to 19-ft. The analysis results are presented on Plate 6.

4.5  Soil Sample Storage

Soil samples tested or not tested in the laboratory will be stored for a period of seven days
subsequent to submittal of the final report. The samples will be discarded after this period, unless
we are instructed otherwise.

5.0 SITE GEOLOGY

According to the soil survey of Harris County, Texas (prepared by the U.S. Department of Agriculture
Soil and Conservation Service (1976), geologically the project areas at the proposed alignment lies on the
Addicks-Urban land complex (Ak), Aldine-Urban land complex (An), Aris-Urban land complex (As),
Clodine-Urban land complex (Ce) and Verland-Urban land complex (Mu). The geologic character of each
soil type is described below:

Addicks-Urban land complex (Ak) — The areas of this mapping unit are irregular in shape and generally
range in size from 30 to 850 acres. A few areas are larger than a thousand acres. The boundaries
commonly coincide with the outer limits of subdivisions and other built-up areas. The surface is plane to
slightly convex. The slope ranges from 0 to 1 percent and averages about 0.3 percent.

Addicks loam makes up 25 to 85 percent of the complex, Urban land 10 to 60 percent, and other soils 5 to
20 percent. The areas are so intricately mixed that it was not practical to separate them at the mapping
scale for this survey.

The Addicks soil has a surface layer of friable, neutral, black loam about 11 inches thick. The layer below
this that is, friable, neutral, dark gray loam about 12 inches thick. The next layer is about 26 inches thick
and consists of friable, moderately alkaline, light gray loam that is about 20 percent, by volume, visible
calcium carbonate. The layer at a depth of about 49 inches is firm, moderately alkaline, light gray loam
that has distinct yellow and yellowish brown mottles and is about 5 percent visible calcium carbonate.
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Urban land consists of soils that support buildings and other urban structures that have covered or altered
the soils so that classification is not practical. Typical structures are single- and multiple- unit dwellings,
streets, schools, churches, parking lots, office buildings and shopping centers less than 40 acres in size. In
places Urban land consists of small areas of Addicks loam that has been altered by cutting, filling and
grading. Fill material has altered the soil in places. In some areas the entire profile is covered with 6 to
24 inches of fill material. Soils in the older areas that are drained by road ditches show less evidence of
alteration.

Included with this unit in mapping are a few areas of Clodine, Gessner, Bernard and Midland soils. These
soils are unaltered in places.

This mapping unit has moderate to severe limitations for urban development. Poor drainage is the greatest
limitation. There are no limitations for landscaping or for gardening. Chlorosis is common in areas where
cuts have been made. Most of the acreage was formerly in cropland or native pasture.

Aldine-Urban land complex (An) — This is a nearly level to gently sloping complex in metropolitan
areas and in rural areas where the population is increasing. This soil unit is of minor extent. Areas are
irregular in shape and generally range from 30 to 250 acres in size. The slope is mainly 0 to 2 percent but
ranges to 3 percent. Native pine and hardwoods are common in most areas. The Aldine soil makes up 25
to 75 percent of this complex, Urban land 10 to 70 percent, and other soils 5 to 20 percent.

The surface layer of the Aldine soil is friable, medium acid, dark grayish brown very fine sandy loam
about 5 inches thick. It tongues into a layer of friable, very strongly acid, yellowish brown loam about 9
inches thick. The next layer, about 11 inches thick, is firm, very strongly acid, gray clay that has mottles
of yellowish brown and red. Below that, extending to a depth of 6 inches, is a layer of firm, slightly acid,
light gray clay loam that has less mottles with depth.

Urban land consists of soils that have been altered or obscured by buildings and other urban structures,
making their classifications impractical. Typical structures are single- multiple-unit dwellings, garages,
sidewalks, patios, driveways, streets, schools, churches, shopping centers, office buildings, paved parking
lots, and industrial parks. Included with Urban land are small areas of the Aldine soil that have been
altered by cutting, filling, and grading. In places, 6 to 24 inches of fill material has been added to improve
drainage.

Aris-Urban Land Complex (As) — This is nearly level complex in broad, irregular areas that are 30 to
1,000 acres in size. Slopes range from 0 to 1 percent but average about 0.3 percent. The Aris soils makes
up 20 to 75 percent of the complex; Urban land 10 to 75 percent, and other soils 5 to 20 percent.

The surface layer of the Aris soil is friable, neutral, dark grayish brown fine sandy loam about 7-inch
thick. The layer below that is friable, slightly acid, grayish brown fine sandy loam that extends to a depth
of 21-inch. The next layer, extending to a depth of 28-inch, is firm, medium acid, gray sandy clay loam
that has tongues and interfingers. The layer below that extends to a depth of 46-inch and is very firm,
strongly acid, dark gray clay that has mottles of red and strong brown. The next layer is very firm,
medium acid, gray clay that extends to a depth of 60-inch, where it grades to very firm, slightly acid, light
gray clay loam.
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Clodine-Urban Land Complex (Ce) — This is nearly level complex in broad, irregular areas that range
from 20 to several hundred acres in size. The slope ranges from 0 to 1 percent but averages 0.6 percent.
Clodine soils make up 20 to 85 percent of the complex; Urban land, 10 to 75 percent; and other soils, 5 to
20 percent.

The surface layer of the Clodine soil is friable, dark gray loam abut 12-inch thick. It is neutral in the upper
part and moderately alkaline in the lower part. The layer below that is friable, moderately alkaline, gray
loam about 17-inch thick. The next layer is friable, moderately alkaline, light brownish gray loam that has
irregular, pitted calcium carbonate concretions.

Verland-Urban land complex (Mu) — The soils in this mapping unit are nearly level and are in broad,
irregular areas that range in size from about 30 to 600 acres. Slopes range from 0 to 1 percent, but the
average is 0.5 percent. Most areas are open prairie, but some are covered with native harwood tress.

These soils make up 20 to 75 percent of this complex, Urban land, 10 to75 percent, and other soils, 15
percent or less. The surface layer is firm, strongly acid dark grayish brown silty clay loam about 7 inches
thick. The next layer, extending to a depth of 50 inches, is very firm, dark gray clay that is slightly acid in
the upper part and neutral in the lower part. It has slickensides in the upper part. The next layer, to a depth
of 72 inches, consists of very firm, moderately alkaline clay that us mottled gray, olive yellow, and
brownish yellow.

Included in mapping are small areas of Bernard, Lake Charles, Beaumont, Ozan, and Gessner soils. This
mapping unit has severe limitations for urban development. Poor drainage and shrinking and swelling in
the underlying layers are the main limitations.

6.0 GENERAL SOILS AND DESIGN CONDITIONS
6.1 Site Conditions

The proposed Memorial Drive improvements alignment stretches from north Kirkwood Drive to
north Eldridge Parkway in City of Houston, Texas. The project alignment is an undivided two
lane asphalt and concrete paved roadway. In general residences, commercial and educational
facilities exist in the vicinity of the project alignment. Project site pictures were taken during our
site visit. These pictures are presented in Appendix C.

6.2  Soil Stratigraphy

Field and laboratory test data indicate that soil stratigraphy along the project alignment are
variable. Details of subsoil conditions at each boring location are presented on the respective
boring logs. General soil stratigraphy for the proposed project alignment is presented in the
following report sections:
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6.2.1 Memorial Drive (Borings B-1 through B-8)

Based on Borings B-1 through B-8, the soils can be grouped into seven (7) major strata with depth
limits and characteristics as follows:

Range of
Stratum No.  Depth, ft. Soil Description*
EXISTING ASPHALT PAVEMENT (5.5 to 14” in Thickness)
STABILIZED SUBGRADE (6 to 8” in Thickness)
| 0.9-10 CLAY, soft to stiff, moist, dark brown, reddish brown, brownish yellow,
with root fibers, ferrous and calcareous nodules (CL)
II 1.2-4 SILTY SAND, loose, moist, brown, dark brown, reddish brown, with
clay pockets (SM)
111 2-25 CLAY, very soft to very stiff, moist, gray, reddish brown, brownish
yellow, with root fibers to 4°, ferrous and calcareous nodules (CH)
v 17 -20 CLAY, very stiff, moist, reddish brown, with ferrous and calcareous
nodules (CL); In Boring B-5 and B-8 only
A% 17-25 SILT, slightly compact to compact, wet, reddish brown, with clay seams
(ML)
VI 20-22 SILTY SAND, wet, reddish brown, with clay seams (SM); In Boring B-7
and B-8 only
VII 22-25 CLAY, stiff to very stiff, moist, reddish brown, with ferrous and

calcareous nodules (CL)
6.2.2 Memorial Drive (Borings B-9 through B-16)

Based on Borings B-9 through B-16, the soils can be grouped into seven (7) major strata with
depth limits and characteristics as follows:

Range of
Stratum No.  Depth, ft. Soil Description*
EXISTING ASPHALT PAVEMENT (2.3” to 12” in Thickness)
EXISTING CONCRETE PAVEMENT (12” in Thickness); At Boring B-12
only
STABILIZED SUBGRADE (4” to 8” in Thickness)
I 05-5 SILTY SAND, loose, moist, dark brown, brownish yellow, with clay pockets
(SM)
I 1.1-12 CLAY, very soft to stiff, moist, dark brown, reddish brown, brownish yellow,
with ferrous and calcareous nodules (CL)
111 2-5 SILT, loose to very loose, moist, dark brown, brownish yellow, with clay
pockets (ML); In Borings B-15 and B-16 only
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Range of

Stratum No.  Depth, ft. Soil Description*
1Y 7-30 CLAY, soft to very stiff, moist, dark brown, reddish brown, brownish yellow,
with ferrous and calcareous nodules, silts (CH)
A% 15-35 CLAY, stiff, moist, dark brown, reddish brown, brownish yellow, with ferrous
and calcareous nodules (CL)
VI 22 -24 SILTY SAND, wet, reddish brown, with clay seams (SM); In Boring B-12
only
VII 27 -30 SILT, slightly compact, moist, reddish brown, with clay seams (ML); In

Boring B-15 only

6.2.3 Memorial Drive (Borings B-17 through B-20)

Based on Borings B-17 through B-20, the soils can be grouped into five (5) major strata with depth
limits and characteristics as follows:

Range of
Stratum No. ~ Depth, ft. Soil Description™

EXISTING ASPHALT PAVEMENT (2” to 5.7” in Thickness)
STABILIZED SUBGRADE (4” to 6” in Thickness)

I 05-5 SILTY SAND, loose, moist, dark brown, with clay pockets (SM)

II 2-10 CLAY, very soft to soft, moist, dark brown, brownish yellow, with
ferrous and calcareous nodules (CL)

111 2-20 CLAY, soft to hard, moist, dark brown, reddish brown, brownish yellow,
with ferrous and calcareous nodules (CH)

v 15-25 CLAY, very stiff, moist, reddish brown, brownish yellow, with ferrous
and calcareous nodules (CL)

A% 20-25 SILT, slightly compact, moist to wet, reddish brown, with clay seams

(ML); In Boring B-19 only
6.2.4 Memorial Drive (Borings B-21 through B-23)

Based on Borings B-21 through B-23, the soils can be grouped into six (6) major strata with depth
limits and characteristics as follows:

Range of
Stratum No. ~ Depth, ft. Soil Description*

EXISTING ASPHALT PAVEMENT (4.1” to 11.7”in Thickness)
STABILIZED SUBGRADE (4” to 6” in Thickness)

| 0.7-15 CLAY, very soft to stiff, moist, dark brown, reddish brown, brownish
yellow, with ferrous and calcareous nodules (CL)
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Range of

Stratum No. ~ Depth, ft. Soil Description™

II 1.5-2 SILTY SAND, moist, dark brown, with clay pockets (SM); In Boring
B-23 only

111 12 -25 SILTY SAND, loose, moist, reddish brown, with clay seams (SM); In
Boring B-23 only

v 15-32 SILT, slightly compact to compact, moist to wet, reddish brown, with
clay seams (ML)

A% 22 - 27 CLAY, soft, moist, reddish brown, with ferrous and calcareous nodules
(CL); In Boring B-22 and B-23 only

VI 32-35 CLAY, slightly compact, moist, reddish brown, with ferrous and

calcareous nodules (CH); In Boring B-23 only
6.2.5 Turkey Creek (Boring B-24)

Based on Boring B-24, the soils can be grouped into seven (7) major strata with depth limits and
characteristics as follows:

Range of
Stratum No. ~ Depth, ft. Soil Description*
| 0-2 FILL: SANDY LEAN CLAY, very stiff, dark brown, with root fibers,
ferrous and calcareous nodules (CL)
II 2-10 FILL: SILTY SAND, loose to medium dense, brownish yellow, with clay
seams (SM)
I 10-15 FAT CLAY, stiff to very stiff, brownish yellow, with ferrous and
calcareous nodules (CH)
v 15-20 SILT, loose to medium dense, reddish brown (ML)
A% 20-22 LEAN CLAY, very stiff, reddish brown, with ferrous and calcareous
nodules (CL)
VI 22-30 SANDY SILT, medium dense, reddish brown (ML)
VII 30-35 FAT CLAY, very stiff, reddish brown, with ferrous and calcareous

nodules (CH)

* Classification in general accordance with the Unified Soil Classification System (ASTM D 2487)
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6.3

Soil Properties

6.3.1 Memorial Drive (Borings B-1 through B-8)
Soil strength and index properties and how they relate to the pavement design and underground
utility installations along the project alignment are summarized below:
TCP (s)
Stratum No. Soil Type (blow/ft) PI (s) SPT Soil Expansivity Soil Strength, tsf Remarks
I Clay (CL) 9-33 15-26 - Low- to Moderately Expansive 0.56 —2.60 -
I Silty Sand (SM) 10 - 13 Non-Expansive - Moisture Sensitive
I Clay (CH) 665 31-41 - Expansive 0.31-2.59 -
v Clay (CL) 58-93 22-23 - Low- to Moderately Expansive 1.43-2.63 -
\Y% Silt (ML) 2574 - 25-74 Non-Expansive — Moisture Sensitive
VI Silty Sand (SM) - - 23 —-49 Non-Expansive - Moisture Sensitive
VIl Clay (CL) 28 — 50 (47) 28 - Moderately Expansive 0.47-1.01 -

6.3.2 Memorial Drive (Borings B-9 through B-16)

Stratum No. Soil Type (]l;ﬁ)}\;g;t)) PI (s) SPT Soil Expansivity Soil Strength, tsf Remarks

I Silty Sand (SM) 12 - - Non-Expansive - Moisture Sensitive
11 Clay (CL) 4-21 16 — 28 - Non- to Moderately Expansive 0.31-2.81 -

I Silt (ML) 7-10 - - Non-Expansive - Moisture Sensitive
v Clay (CH) 14 -96 33-50 - Expansive 0.46 —2.60 -

\% Clay (CL) 30-50(5") 12-16 - Non-Expansive 0.31-1.70 -

VI Silty Sand (SM) - - 43 Non-Expansive - Moisture Sensitive
VIL Silt (ML) 32 - 20 Non-Expansive - Moisture Sensitive

6.3.3 Memorial Drive (Borings B-17 through B-20)

Stratum No. Soil Type (EE)EVE?‘?) PI (s) SPT Soil Expansivity Soil Strength, tsf Remarks
I Silty Sand (SM) 17 - - Non-Expansive - Moisture Sensitive
I Clay (CL) 4-20 23-29 - Moderately Expansive 0.39-1.89 -
I Clay (CH) 13-50(5") 38-49 - Expansive 0.73-2.43 -
v Clay (CL) 30-50(5") 14-15 - Non-Expansive 0.19-1.50 -
\% Silt (ML) 36 - 21-30 Non-Expansive - Moisture Sensitive
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6.3.4 Memorial Drive (Borings B-21 through B-23)

Stratum No. Soil Type (Eﬁ)svgzt)) PI (s) SPT Soil Expansivity Soil Strength, tsf Remarks
I Clay (CL) 4-28 16 - 27 - Non- to Moderately Expansive 0.31-2.05 -
II Silty Sand (SM) - - - Non-Expansive - Moisture Sensitive
11 Silty Sand (SM) 11 -20 - 8—11 Non-Expansive - Moisture Sensitive
v Silt (ML) 27-174 - 11 -27 Non-Expansive - Moisture Sensitive
v Clay (CL) 17 28 - Moderately Expansive 0.46 - 0.74 -
VI Clay (CH) 40 43 Expansive 1.50 -
6.3.5 Turkey Creek (Boring B-24)
Stratum TCP (s)
No. Soil Type (blow/ft) PI (s) SPT Soil Expansivity Soil Strength, tsf Remarks
I Fill: Sandy Lean Clay (CL) - 15 - Non-Expansive 1.99 -
I Fill: Silty Sand (SM) 11-12 10-16 Non- - Moisture Sensitive
11 Fat Clay (CH) 12 33 - Expansive 091-1.11 -
v Silt (ML) 12 - 9-11 Non-Expansive - Moisture Sensitive
v Lean Clay (CL) - 19 - Non-Expansive 1.69 -
VI Sandy Silt (ML) 14 13 -21 Non-Expansive - Moisture Sensitive
VII Fat Clay (CH) 12 35 - Expansive 1.28-1.42 -

Legend: TCP = Texas Cone Penetrometer
PI = Plasticity Index
SPT = Standard Penetration Test

6.4 Water-Level Measurements

The soil borings were first drilled dry to evaluate the presence of perched or free-water conditions.
A wet rotary technique was used thereafter to the completion depths of the borings. The levels
where free water was first encountered in the open boreholes during drilling and 24 hours after
drilling are shown on the boring logs. Our groundwater/perched water measurements in the
boreholes and piezometers are as follows:

Groundwater/Perched Groundwater/ Perched  Piezometer Water Elevation, ft.

Water Elevation, ft. Water Elevation, ft.
Boring No./ Piezometer at the Time of Drilling  After 24 Hour Later 1* Reading 2nd Reading

B-1 Dry Dry - -

B-2 61.67 61.67 - -

B-3 62.49 62.49 - -
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Groundwater/Perched Groundwater/ Perched  Piezometer Water Elevation, ft.

Water Elevation, ft. Water Elevation, ft.
Boring No./ Piezometer at the Time of Drilling  After 24 Hour Later 1* Reading 2" Reading

B-4 62.94 63.94 - -
B-5 65.00 68.00 - -
B-6/P-1 60.30 60.30 72.30 72.30
B-7 68.48 69.48 - -
B-8 64.95 64.95 - -
B-9 64.80 64.80 - -
B-10 Dry Dry - -
B-11/P-2 Dry Dry Dry Dry
B-12 59.89 66.89 - -
B-13 and B-14 Dry Dry - -
B-15 56.71 57.71 - -
B-16/P-3 Dry Dry Dry Dry
B-17 and B-18 Dry Dry - -
B-19 64.50 64.50 - -
B-20 Dry Dry - -
B-21 62.85 62.85 - -
B-22 63.89 63.89 - -
B-23 63.00 63.00 - -
B-24/P-4 58.00 64.00 64 64

Fluctuations in groundwater generally occur as a function of seasonal moisture variation,
temperature, groundwater withdrawal and future construction activities that may alter the surface
drainage and subdrainage characteristics of this site.

An accurate evaluation of the hydrostatic water table in the relatively impermeable clay and low
permeability silts/sands requires long term observation of monitoring wells and/or piezometers. It
is not possible to accurately predict the pressure and/or level of groundwater that might occur
based upon short-term site exploration. In view of this, Borings B-6, B-11, B-16 and B-24 were
converted to Piezometer P-1, P-2, P-3 and P-4, respectively, after completion of field work. The
result of piezometer observations are presented in Plate 5.
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7.1

7.2

7.2.1

We recommend that GET be immediately notified if a noticeable change in groundwater water
occurs from that mentioned in our report. We would be pleased to evaluate the effect of any
groundwater changes on our design and construction sections of this report.

7.0 UNDERGROUND UTILITIES
General

We understand that underground utility installations will include storm sewers, sanitary sewers
and water lines. Furnished information indicated that the depth of storm sewers will be ranging
from 12- to 17-ft deep. In addition, there will be waterlines and sanitary sewer lines. The invert
depths for these utility lines will be less than the storm sewers depths. Furthermore, Open-trench
or Augering method will be used for the underground utility installations. Soil Borings B-1
through B-23 were drilled along the project alignment for the underground utilities and paving to
depths ranging from 10- to 35-ft below the existing grade. We understand that the proposed
underground utilities will be constructed according to the “City of Houston Specifications, Section
02317 — Excavation and Backfill for Utilities, and Section 02447 — Augering Pipe and Conduit”.

Open-Trench Method
Sewerlines

In general, where dry stable trench conditions exist, bedding and backfill for the sanitary
sewerlines should be in accordance with the City of Houston Specifications Drawing No.
02317-03. Bedding for the sanitary sewerlines, where wet stable trench conditions exist (where
excavations below groundwater table are required), should be in accordance with the City of
Houston Specifications Drawing No. 02317-02.

The results of our field exploration and laboratory testing indicate that unsatisfactory soils
for excavation, such as soft clay (CL), silty sand (SM) and silt (ML) soils, exist at various
depths in the borings along the project alignment. A summary of the unsatisfactory soils,
locations and depths are as follows:
Boring(s) Depth Range, ft.

B-1 0to2

B-2 0to2/17to 22

B-3 17 to 25

B-5 0to4/20to25

B-6 20 to 25

B-7 20 to 22

B-8 0to5/20to 22

B-9 0to2
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7.2.2

Boring(s) Depth Range, ft.

B-10 0to 2

B-11 0to 2

B-12 0to2/22to24
B-14 0to5

B-15 0to5/27to30
B-16 0to5

B-17 0to 2

B-18 0to2/22to25
B-19 0to5/20to25
B-20 0to 2

B-21 15to 30

B-22 15 to 22

B-23 0to 2, 12to25/27 to 32
B-24 2t0 10, 15t020/22to 30

If these conditions are encountered during the time of construction, suitable groundwater control
measures should be implemented in accordance with the “City of Houston Standard Specifications,
Section 01578 — Control of Groundwater and Surface Water”. Furthermore, the contractor may have
to over excavate an additional 6-inch and remove unstable or unsuitable materials with approval by
geotechnical engineer, then place an equal depth of cement stabilization sand.

Due to potential variability of the on-site soils, unstable trench conditions may still exist in the
areas where we did not conduct our borings. If these conditions are encountered during the time
of construction, a stable trench should be provided to allow proper bedding and installation.

Sand backfill used in the cement-stabilized sand and sand backfill sections should be free of clay
lumps, organic materials, or other deleterious substances, and should have a PI less than 4 for the
cement-stabilized sand and less than 7 for the sand backfill section, and not more than 15% passing
the No. 200 sieve. Cement stabilized sand should conform to the “City of Houston Standard
Specifications, Section 02321 — Cement Stabilized Sand”.

Water Lines

The bedding and backfill for the proposed water lines should be constructed in accordance with the
City of Houston Specifications drawing No. 02317-04 for open-trench construction. Trenches for
the proposed water lines must have a width below the top of the pipe of not less than the outside
diameter of the pipe plus 24-inches and shall be wide enough to permit making up the joints but
shall not be wider than the outside diameter of the pipe plus 36-inches.
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7.3

7.3.1

8.1

8.2

In general, 12-inches of bank sand should be placed above the waterlines. Twelve-inch lifts of
bank sand should be placed below the waterlines for dry excavation bottom. In case of wet
excavation bottom, geotextile fabrics should be placed at the excavation bottom and along the
excavation sides to a height of at least 24 inches.

Augering and Augering Pits
Sewer Lines, Water Lines and Box Culverts

We understand that Augering may be used for the underground utility installations along the
proposed alignment and box culverts at the Turkey Creek in City of Houston, Texas. The augering
should be conducted in accordance with the City of Houston Standard Specifications 02447 —
Augering Pipe and Conduit or 02448 — Pipe and Casing Augering for Sewers. Augering should be
started from approved pit locations. Excavation for pits and shoring installation should conform to
the aforementioned City of Houston Standard Specifications and 02317 — Excavation and Backfill
for Utilities. If the augering zone is within the cohesionless soils or collapsible soils, install
casings as required by City of Houston Standard Specifications 02447 — Augering Pipe and
Conduit. The augering near existing structures or utility lines should be conducted in accordance
with the City of Houston Standard Specification 02233 — Clearing and Grubbing.

Diameter of auger hole should not exceed pipe bell diameter plus 2-inches. The receiving pit
distance should conform to the aforementioned City of Houston Standard Specifications. A
minimum spacing of 6-inches should be provided between the pipe and walls of bore pit. The
maximum allowable width of pit shall be 5-ft unless approved by City Engineers. Width of pit at
surface shall not be less than the pit width at the bottom.

8.0 BOX CULVERT RECOMMENDATIONS
General

We understand that the Turkey Creek is about 17-ft deep. Furthermore, box culverts and head wall
will be constructed at the Turkey Creek. We understand that the founding depth for the box
culverts will be about 17-ft. Excavation and groundwater control for construction of these
structures should be in accordance with our recommendations provided in construction
consideration section of this report (Section 11). The proposed box culverts may be designed in
accordance with the parameters presented on Plate 7.

Allowable Bearing Pressure

We understand that the box culverts may be supported on a seal slab foundation at about El. +57-ft.
The allowable bearing pressures for the seal slab foundation at this elevation are as follows:

Elevation Allowable Net Bearing Pressure, psf

Foundation Type ft. Dead Load* Total Load (Dead + Live)

Seal Slab +57.0 1,000 1,250

* Dead load + sustained live load
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8.3

8.4

9.1

9.2

Footings proportioned in accordance with the above bearing capacity values will have a safety
factor of 2.5 and 2.0 with respect to shearing failure for dead and total loading, respectively.

Lateral Earth Pressures

In the event that open excavations are not used, the proposed box culvert can be installed using
trench sheeting. The sheeting can be constructed in the form of cantilever sheeting or with
bracing. Lateral earth pressures for each method used are summarized on Plate 8. The trenching
and shoring operations should follow OSHA Standards. We recommend a geotechnical engineer
monitor all phases of trench excavation and bracing to assure trench safety.

Buoyancy

The proposed box culverts will experience uplift loads from the groundwater during flood
conditions. The box culverts should perform satisfactorily if a design factor of safety against uplift
loads of 2.0 is used. In general, the hydrostatic pressure will be resisted by the dead weight of the
structure, weight of the overburden soils above the top of the box culverts and the friction or
adhesion between the walls and natural soils or fill. A submerged unit weight of 60 pounds per
cubic foot (pcf) and 87 pcf can be used for soils and concrete, respectively, to compute the
resistance to uplift loads. An adhesion value of 200 psf can be used between the backfill and the
box culverts to resist the uplift loads. A factor of safety of 2.0 is included in the adhesion value.

9.0 HEADWALLS
General

We understand that headwall structure will be installed at the end of the box culverts. The wall
structure should be able to resist lateral loads. The headwall structures can be designed in general
accordance with the City of Houston Specifications, Section 02632 — Cast-In-Place Inlets,
Headwalls and Wingwalls. The soil design parameters for design and construction of the wall
structure are presented in the following report section. We assumed a horizontal backfill behind
the headwall.

Headwall Foundation

We understand that the headwall will be supported on a strip footing type foundation. Bearing
capacity is the ability of the soil to safely carry the pressure placed on the soil without undergoing
a shear failure with accompanying large settlements. Based on the results of the field and
laboratory testing and bearing capacity theory, a net allowable bearing capacity of 1,000 psf can
be used for dead load considering the foundation depth at 17-ft. The allowable loading for total
load (Dead + Live load) can be increased by 50 percent.
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9.3 Lateral Earth Pressures

Based on our field exploration and laboratory testing, lateral earth pressure coefficients were
developed, using correlation of soil data, for the design of the proposed wall structure. We
recommend lean clay soils as backfill behind the headwalls. The assumed backfill materials
behind the headwalls will have an estimated total unit weight and undrianed stress cohesion of 120
pcf and 1,000 psf, respectively. The design parameters for the backfill soils and soils in front of
the wall were computed based on the assumed wall configuration, using Log-Spiral theory (Ref.
3). These data are summarized on Plate 9. We assumed a horizontal backfill behind the headwall
structure. We recommend the water level behind the headwall to be assumed at the top of wall.

10.0 DRILLED SHAFT CAPACITY

We evaluated the drilled shaft capacity curves based on the borings. Our design recommendations are
independent of shaft size in order to permit comparison and consideration of various shaft sizes and
penetrations. This data is shown in Appendix F, in the form of accumulative allowable static friction
resistance (F), and allowable point bearing component (E), as a function of shaft tip penetration below the
ground level. The design factors E and F for drilled shafts shown in Appendix F define allowable capacity
using TxDOT Wincore program. Furthermore, a soil reduction factor of 0.7 was used for skin friction
calculations.

Shaft spacing should not be less than three diameters of the shaft; otherwise, the drilled shaft capacities
would require adjustment to account for group effects. It should, however be noted that this shaft spacing
is a minimum requirement and should be increased accordingly based on the anticipated drilled shaft
group action.

11.0 PAVEMENT RECOMMENDATIONS
11.1 General

It is planned to reconstruct approximately 11,200+ linear feet of Memorial Drive from 500-ft east
of North Kirkwood to the west of North Eldridge Parkway in City of Houston, Texas. We
understand that the existing asphalt and concrete pavement will be removed and replaced with new
concrete paving. In addition, a portion of the Memorial Drive will be asphalt paved. The new
pavement design is in accordance with the “1993 ASSHTO Guide for Design of Pavement
Structures” (Ref. 1). Furthermore, our recommendations on site preparation and soil stabilization
are in general accordance with the City of Houston (COH) Department of Public Works &
Engineering, Chapter 11, Geotechnical and Environmental Guidelines, Dated January 2011 (Ref.
2).

11.2 Traffic Information

Based on the information provided by the client, GET estimated the traffic volume and 18-kip
equivalent axle loads (EALs). Furthermore, the pavement will be designed based on major
thoroughfare traffic. A design ESAL of 10 x 10° was used for the proposed project alignment.
The results of the pavement design analyses are provided in the following sections.
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11.3

11.4

115

Subgrade Stabilization

The type of subgrade stabilization for the concrete pavement areas will depend on the final grade
elevation. Furthermore, the type and amount of stabilization should be evaluated once the final
grade is reached. Subgrade preparation in pavement areas should specify compaction of the upper
six-inch to at least 95% of maximum standard Proctor density (ASTM D 698) at a moisture content
between £2% of optimum. Depending on the major type of soils encountered along the project
alignment, lime-fly ash stabilization of the subgrade soils should most likely be performed. The
upper eight-inch of the soils should be lime-fly ash stabilized, using 2% lime and 8% fly-ash by
dry weight. The application rates corresponding to these additive amounts would be 12 pounds of
lime and 48 pounds of fly-ash per square yard for eight-inch of compacted thickness. City of
Houston Standard Specification 02337 should be used as a procedural guide for placing, mixing
and compacting the lime-fly ash stabilizer and soils.

As on a alternative to lime fly-ash subgrade stabilization, the sandy/silty subgrade can be
stabilized with cement in accordance with City of Houston Standard Specification for Portland
Cement Stabilized Subgrade, Section 02338.

Our recommendations on subgrade stabilization are preliminary. The actual depth and
type of stabilization should be determined in the field at the time of construction just after
site stripping and proofrolling. Furthermore, the type and amount of the stabilizer may
vary depending on the final grade elevation and the soil type encountered.

Recommended Subgrade Design Values

Results of the soils test indicated that subgrade soils consist of sand (SM) and clay (CL) soils
based on Unified Soils Classification System (ASTM D 2487). The recommended design
parameters based on sand (SM) and clay (CL) for CBR and Mg values are 5 and 7,500 psi,
respectively.

Concrete Pavement

The following design parameters (based on 1993 AASHTO Guide for Design of Pavement
Structures, Ref. 1) were used in the concrete pavement design for the proposed project alignment.

AASHTO Design Parameter Pavement Design Value
ESAL x 10° for 20-year design life 10.0
Reliability, R 95%
Overall Standard Deviation, Sy 0.35
Load Transfer Coefficient, J 3.2

Loss of Support, LS 1.0
Drainage Coefficient, Cq 1.2
Design Serviceability Loss, A psi 2.0
Concrete Modules of Rupture (28 days) in psi, S¢’° 620
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AASHTO Design Parameter Pavement Design Value

Concrete Compressive Strength at 28 days in psi, f.’ 3,500
Effective Modulus of Subgrade Reaction k, in pci 125

Based on the above design parameters, the minimum concrete pavement section thickness are as
follows:

Concrete Pavement Subgrade Stabilization
Design, ESAL x 10° Thickness, inch(es) Thickness, inch(es)
10.0 10.0 8.0

Detailed design computations are presented in Appendix E. Our design recommendations also
consider excellent drainage is provided near the pavement structures, assuming the pavement are
exposed to moisture levels approaching saturation from 1 to 5 percent of the time. Concrete
should meet the requirements of the City of Houston design paving specifications as well as
AASHTO “Guide Specifications for Highway Construction and the Structural Specifications for
Transportation Materials.” The construction of rigid pavement should be in accordance with the
City of Houston Standard Specification Drawing No. 02751-01.

Our recommendations for the steel reinforcement placement are in general accordance with the
City of Houston Standard Specification (Ref. 2) for the jointed reinforced concrete pavements.
The reinforcement steel bar sized and spacing are summarized as follows:

Longitudinal Steel Transverse Steel
# 4 Bars # 4 Bars
Pavement Pavement  No. of Spacing, End Bar Spacing,
Thickness, in. Width, ft. Bars n. Spacing, in. n.
10.0 45 44 12.50 3 24

The reinforcement steel should be Grade 60. We recommend a lap length of 22-inches for the No.
4 bars.

11.6  Flexible Pavement
The following design parameters (based on 1993 AASHTO Guide for Design of Pavement
Structures, Ref. 1) were used in the Flexible pavement design for the proposed Memorial Drive.
AASHTO Design Parameter Design Value
Reliability, R 95%
Overall Standard Deviation, S 0.45
Drainage Coefficient, m 1.3
Design Serviceability Loss, A psi 1.7
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AASHTO Design Parameter Design Value

California Bearing ratio (CBR) 5
Subgrade Resilient Modulus (Mg) in psi 7,500
Structural Layer Coefficients
Black Base 0.34
Crushed recycled Concrete (or Raw Limestone) 0.14
Lime-Stabilized or Lime-Fly Ash Stabilized Earth 0.11
Design Structural Number, SN 53

We have assumed two types of base in our design. These bases may consist of either Black Base
(Alternative I) or crushed concrete (Alternative II). Based on the above design parameters, the
recommended asphalt pavement sections are as follows:

Subgrade
Design, Asphalt Pavement Base Course Stabilization
Alternative ESAL x 10° Thickness, inches Thickness, inches Thickness, inches
(Black Base)
I 10.0 4.0 8.0 8.0
(Crushed Concrete)
11 10.0 4.0 20.0 8.0

Detailed Pavement Design Computations are presented on Plate E-3 in Appendix E. Our asphalt
designs also consider excellent drainage is provided near the pavement structures, assuming the
pavement are exposed to moisture levels approaching saturation from 1 to 5 percent of the time.

11.7  Asphalt Transition Pavement

We understand that asphalt transition pavement for temporary road during construction could be
used on this project. The recommended pavement component thicknesses are summarized as

follows:
Asphalt Pavement Base Course (crushed limestone)
Thickness, inch(es) Thickness, inch(es)
2.0 8.0

The base courses (crushed limestone) should be in accordance with “City of Houston Standard
Specifications, Section 02714 — Flexible Base for Temporary Roads, Detours, Shoulders and
Driveways”. The base course should be compacted to 95 percent of modified Proctor density
(ASTM D 1557) at a moisture contents ranging from optimum to three-percent above optimum.
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12.0 CONSTRUCTION CONSIDERATIONS
12.1  Site Preparation

Majority of the project alignment have the potential for construction problems related to
the surficial layer of sandy soils. These permeable surficial soils are underlain by relatively
impermeable clay soils. Thus, due to poor site drainage, wet season or site geohydrology,
water ponds on the clays and creates a “perched water table condition.” The surficial sand
soils become extremely soft when wet, and must be stabilized, aerated, or replaced. Site
preparation should be conducted in accordance with the “City of Houston Standard Specifications,
Section 02221 — Removing Existing Pavements and Structures and Section 02233 — Clearing and
Grubbing”. In general, subgrade preparation should be as follows:

1. The requirement for removal of any existing paving, and subsoil materials will depend on
final grades and other alignment information. In general, remove all vegetation, tree roots,
organic topsoil, existing foundations, paved areas and any undesirable materials from the
construction area. Tree trucks under the pavement should be removed to a root size of less
than 0.5-inches. We recommend that the stripping depth be evaluated at the time of
construction by a soil technician.

2. The subgrade areas should then be proofrolled with a loaded dump truck or similar
pneumatic-tired equipment with loads ranging from 25- to 50-tons. The proofrolling
serves to compact surficial soils and to detect any soft or loose zones. The proofrolling
should be conducted in accordance with TxDOT Standard Specification Item 216. Any
soils deflecting excessively under moving loads should be undercut to firm soils and
recompacted. Any subgrade stabilization should be conducted after site proofrolling is
completed and approved by the geotechnical engineer. The proofrolling operations should
be observed by an experienced geotechnician.

3. Offt-site borrow for fill should consist of lean clays with a liquid limit not exceeding 40 and
a PI between 12 and 20. These soils should be placed in loose lifts not exceeding
eight-inches and compacted to at least 95% of maximum standard Proctor density (ASTM
D 698) at a moisture content between optimum and 3%. Bank sands should not be used as
select structural fill. On-site soils, free of organics, (with the exception of sands and silts)
are also suitable for use as structural fill.

4. In cut areas, the soil should be excavated to grade and the surficial soil proofrolled and
scarified to a minimum depth of six-inches and recompacted to the previously mentioned
density and moisture content.

5. Positive site drainage should be developed at the beginning of the project to limit
construction difficulties with wet surface soils.
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12.2

Suitability of On-Site Soils for Use as Fill

12.2.1 General

Fill requirements should be in accordance with the ‘City of Houston Standard Specifications,
Section 02316 —Excavation and Backfill for Structures, Section 02317 — Excavation and Backfill
for Utilities and Section 02320 — Utility Backfill Materials”. The on-site soils can be used as fill
materials as described in the following report sections.

12.2.2 Select Backfill

This is the type of fill that can be used for the structures or utilities. These soils should consist of
clay (CL) with plasticity indices between 8 and 20 and amount of passing No. 200 sieve greater
than 50 percent.

12.2.3 Random Backfill

This type of fill does not meet the Atterberg limit requirements for select structural fill. This fill
should consist of clay (CL or (CH). They can be used for the structures or utilities after treatment.

12.2.4 General Fill

This type of fill consists of silts, sands and clays. However, the silts and sands are moisture
sensitive and are difficult to compact in a wet condition (they may pump). Furthermore, these
soils can erode easily. Their use is not recommended as backfill materials. They can be used for
site grading and in unimproved areas.

12.2.5 On-Site Fill Soil Classification

12.2.5.1 Memorial Drive (Borings B-1 through B-8)

Based on Borings B-1 through B-8, the on-site soils can be used as fill materials as described
below:

Use as Fill
Stratum Select Random General

No."" Soil Type Backfill Backfill Fill Notes

I Clay (CL) v v v 2,3

II Silty Sand (SM) _ _ v 2,4

1 Clay (CH) _ v v 2,5

IV Clay (CL) - v v 2,3

\Y% Silt (ML) _ _ v 2,4

VI Silty Sand (SM) _ _ v 2,4

VII Clay (CL) _ v v 2,3
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12.2.5.2 Memorial Drive (Borings B-9 through B-16)

Based on Borings B-9 through B-16, the on-site soils can be used as fill materials as described

below:
Use as Fill
Stratum Select Random General
No."" Soil Type Backfill Backfill Fill Notes
I Silty Sand (SM) — — v 2,4
11 Clay (CL) v v v 2,3
I Silt (ML) _ — v 2.4
v Clay (CH) - v v 2,5
\Y% Clay (CL) v v v 2
VI Silty Sand (SM) — _ v 2,4
VII Silt (ML) _ _ v 2,4

12.2.5.3 Memorial Drive (Borings B-17 through B-20)

Based on Borings B-17 through B-20, the on-site soils can be used as fill materials as described

below:
Use as Fill
Stratum Select Random General
No."" Soil Type Backfill Backfill Fill Notes
I Silty Sand (SM) _ _ v 2,4
II Clay (CL) _ v v 2,3
I Clay (CH) _ v v 2,5
v Clay (CL) v v v 2
\Y% Silt (ML) _ _ v 2,4

12.2.5.4 Memorial Drive (Borings B-21 through B-23)

Based on Borings B-21 through B-23, the on-site soils can be used as fill materials as described

below:
Use as Fill
Stratum Select Random General

No." Soil Type Backfill Backfill Fill Notes

I Clay (CL) v v v 2,3

II Silty Sand (SM) — _ v 2,4

111 Silty Sand (SM) — — v 2,4
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Use as Fill

Stratum Select Random General
No."! Soil Type Backfill Backfill Fill Notes
v Silt (ML) _ _ v 2,4
A% Clay (CL) _ v v 2,4
VI Clay (CH) — v v 2,5

12.2.5.5 Turkey Creek (Boring B-24)

Based on Boring B-24, the on-site soils can be used as fill materials as described below:

Use as Fill
Stratum Select Random General
No."" Soil Type Backfill Backfill Fill Notes
I Fill: Sandy Lean Clay (CL) _ v v 2
II Fill: Silty Sand (SM) — — v 2,4
I Fat Clay (CH) - v v 2,5
v Silt (ML) _ — v 2.4
\Y Lean Clay (CL) v v v 2,3
VI Sandy Silt (ML) — _ v 2,4
VI Fat Clay (CH) - v v 2,5
Notes:

1. See soil stratigraphy and design conditions sections of this report for strata description.

2. All fill soils should be free of organics, roots, etc.

3. Soils with PI greater than 20 should be lime modified with 5% by dry weight and can be used as
select backfill.

4. The on-site sands and silts soils are moisture sensitive and erode easily. These soils will pump
when they get wet. Compaction difficulties will occur in these soils in a wet condition.

5. These soils once lime modified (6% by dry weight), can be used as select backfill.

12.3 Groundwater Control
12.3.1 General

We understand that the invert depths of sanitary sewer lines along the proposed project alignment
will be ranging from about 12- to 17-ft below existing grade. The invert depths for the storm
sewers and water lines will be less than the sanitary sewer lines. Box culverts will be installed at
a depth of about 17-ft below the exiting grade. Our short-term field exploration along the project
alignment indicated that groundwater/perched water was encountered at depths ranging from 14-
to 31-ft below the existing grade during drilling. Groundwater level rose to depths ranging from
10- to 30-ft after 24 hours of drilling. Furthermore, piezometer observations indicated stabilized
groundwater levels at a depth of about 10-ft below the existing ground surface in piezometers P-1
and P-4. Hence, groundwater dewatering will be required. Fluctuations in groundwater can occur as a
function of seasonal moisture variations. Groundwater control recommendations are presented in the
following report sections.

Project No. 09-338E (CSJ No. 0912-70-082) 27
GEOTECH ENGINEERING AND TESTING




12.3.2 Dewatering Technique

12.4

12,5

In the event that groundwater is encountered during construction, it is our opinion that
groundwater should be lowered to a depth of at least three-ft below the deepest excavation grade
in order to provide dry working conditions and firm bedding. Any minor water inflow in cohesive
soil layers can probably be removed using a sump-pump or trench sump-pump. Wellpoint system
can be used in the area where sand/silt soils are present. Due to the presence of sand/silt soils
near the invert depths of the underground utilities and the hydrostatic pressure, bottom
blow up may occur if an effective dewatering system is not in place at the time of
construction. The selection and proper implementation of an effective groundwater control
system is the responsibility of the contractor.

Design of a wellpoint system should consider the amount of groundwater to be lowered and the
permeability of the affected soils. The selection and proper implementation of an effective
groundwater control system is the responsibility of the contractor. The design of groundwater and
surface water should be in accordance with the “City of Houston Standard Specifications, Section
01578 — Control of Ground Water and Surface Water”.

OSHA Soil Classifications

The subsoils can be classified in accordance with Occupational Safety and Health Administration
(OSHA) Standards, dated October 31, 1989 of the Federal Register. OSHA classification system
categorizes the soil and rock in four types based on shear strength and stability. The description
of four (4) types in classification system is summarized in the Appendix D.

Based on our geotechnical exploration and laboratory test results, details of soil classifications at
each boring are summarized in the OSHA Soil Classification, presented in Appendix D.
Furthermore, a letter for trench safety recommendation is provided separately.

Excavations

Each side of an excavation or trench which is five-ft or deeper must be protected by
sheeting/bracing shoring or sloped. Based on soil strength data and OSHA soil classifications,
temporary (less than 24 hours) open-trenched, non-surcharged, and unsupported excavations
should be made on slopes of about 1.5(h):1(v). Vertical cuts can be constructed, provided shoring
and bracing are used for the excavation wall stability. Benched excavation can also be used with
average slopes of about 1(h):1(v) and steps should not be higher than five-ft. In all cases,
excavations should conform to OSHA guidelines. Flatter slopes may have to be used if large
amounts of sand need to be excavated for deep installations. Specifications should require that no
water be allowed to pond in the excavations. The surface slopes should be protected from
deterioration and weathering if they are to be left open for more than 24 hours.

Excavations should be performed with equipment capable of providing a relatively clean bearing
area. Excavation equipment should not disturb the soil beneath the design excavation bottom and
should not leave large amounts of loose soil in the excavation.
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12.6

12.6.1

12.6.2

12.7

Backfilling
Backfilling for Open-Trench

Sand backfill used in the cement-stabilized sand and sand backfill sections should be free of clay
lumps, organic materials, or other deleterious substances, and should have a PI less than 4 for the
cement-stabilized sand and less than 7 for the sand backfill section, and not more than 15% passing
the No. 200 sieve. Cement stabilized sand should conform to the “City of Houston Standard
Specifications, Section 02321 — Cement Stabilized Sand”.

Random fill for zones above pipe bedding should be placed in loose lifts not exceeding
eight-inches and compacted to 100% of the natural soil density. This value will be on the order of
95% of standard Proctor density (ASTM D 698) at a moisture content between optimum and +3%
of optimum. These values should be verified by testing during construction.

Backfilling for Auger Pits and Auger Holes

Underground utilities should be placed on a well prepared, properly compacted working surface.
Cast-in-place box culverts can be supported on the natural soils provided subgrade is protected
from construction disturbances and surface water is not allowed to pond within the excavation.
We recommend the exposed subgrade be uniformly proofrolled to at least 95 percent of Standard
Proctor (ASTM D 698) maximum dry density at a moisture contents between + 2% of optimum.
The excavation, trenching, foundation, embedment, and backfilling for the proposed box culverts
shall be in accordance with City of Houston Specifications, Section 02317 — Excavation and
Backfill for Utilities.

Sand backfill used in the cement-stabilized sand and sand backfill sections should be free of clay
lumps, organic materials, or other deleterious substances, and should have a PI less than 4 for the
cement-stabilized sand and less than 7 for the sand backfill section, and not more than 15% passing
the No. 200 sieve.

Cement stabilized sand should conform to the “City of Houston Specifications, Section 02321 —
Cement Stabilized Sand”. Backfill should be placed in accordance with “City of Houston Standard
Specifications, Section 02317 — Excavation and Backfill for Utilities”. City of Houston Standard
Specification Drawing No. 02447-01 should be followed when backfilling the auger pits. The
annular space between the pipe and the auger hole should be backfilled to a minimum of 12-inches
on both sides beyond the auger pit as indicated in the City of Houston Standard Specification
Drawing No. 02447-01.

Surface Water Drainage

In order to minimize pounding of surface water, site drainage should be established early in project
construction so that this condition will be controlled.
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12.8

12.8.1

12.8.2

12.8.3

Earthwork for Access and Workability
General

Difficult access and workability problems can occur in the surficial soils due to poor site
drainage, wet season, or site geohydrology. Based on the laboratory test results, the subsurface
soils at the project site consists of silty sand (SM) and lean clay (CL) soils. Considering the soils
stratigraphy, the construction of this project should be conducted during the dry season to avoid
major earthwork problems. Our recommendations for earthwork activity for areas with cohesive
and cohessionless soils are provided separately. These recommendations should only be followed,
if wet soils are encountered, otherwise, they do not have to be followed.

Earthwork for Cohesive Soils

Difficult access and workability problems can occur in the surficial clay (CL) soils due to poor site
drainage, wet season, or site geohydrology. Should this condition develop, drying of the soils for
support of pavement may be improved by the addition of 5% lime by dry weight. The application
rate corresponding to this additive amount would be 23 pounds of lime per square yard for
eight-inch of compacted thickness.

City of Houston Standard Specifications 02336 shall be used as procedural guides for placing,
mixing, and compacting lime stabilizer and the soils.

Our recommendations on subgrade stabilization are preliminary. The actual depth and type
of stabilization should be determined in the field at the time of construction just after site
stripping and proofrolling. Furthermore, the type and amount of the stabilizer may vary
depending on the final grade elevation and the soil type encountered.

Provided the site work is performed during dry weather and/or project schedules permit aeration
of wet soils, the subgrade will be suitable for pavement support.

Earthwork for Cohesionless Soils
In the event the subgrade soils become wet and experience pumping problems, they can be (a)

opened up to dry up, (b) removed and replaced with dry cohesive soils or (c) chemically modified
or stabilized. These alternatives are discussed in the following report sections.

12.8.3.1 Subgrade Drying

The on-site wet soils can be opened up so that it would dry up. However, opening up the surficial
cohesionless soils for drying purposes may not be practical, due to cyclic rainfall in the Gulf-Coast
area.
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12.8.3.2 Removal and Replacement

The surficial cohesionless soils can be removed and replaced with select structural fill. The actual
depth of removal and replacement should be evaluated in the field, but it can be whole thickness
of surficial cohesionless soils. This procedure will include removal of the surficial cohesionless
soils, proofrolling and compacting the subgrade cohesive soils to a minimum of 95 percent
standard proctor density (ASTM D 698). The site can then be backfilled with select structural fill,
compacted to a minimum of 95 percent of standard proctor density. The proofrolling should be in
accordance with the site preparation section of this report. All of the fill soils should be placed and
tested in accordance with the site preparation section of this report.

12.8.3.3 Modification

We recommend that the on-site cohesionless soils be modified (to dry up), using 5 to 10 percent fly
ash by dry weight. City of Houston Standard Specifications 02337, shall be used as a procedural
guide for placing, mixing and compacting the fly-ash stabilizer. These recommendations should
only be followed if wet soils are encountered. The estimated amount of fly ash per depth of
modification are as follows:

Modification Fly Ash Weight Range,
Depth, in. Ibs. per Square Yard
6 23 -45
12 46 — 90
18 69 — 135
24 92 - 180

We recommend that five percent fly ash be used if the surficial soils are relatively moist at the time
of application. Higher levels (10 percent) of fly ash should be used if wet and soggy subgrade soils
are encountered.

The subgrade soils should be removed to a depth of 24-inch (or more) below existing grade. These
soils should be stockpiled. The soils below a depth of 24-inch should be modified to a depth of
12-inch. These soils should be compacted to a minimum of 95 percent of standard proctor density
(ASTM D 698). The stockpiled soils should then be modified and replaced in six-inch lifts and
compacted to 95 percent of maximum dry density as determined by ASTM D 698 at moisture
contents within £2 percent of optimum.

The subgrade soils should be modified in six-inch lifts and compacted within four hours of mixing
and placement. All of the subgrade soils should be compacted to a minimum of 95 percent of the
standard Proctor density at moisture contents within £2 percent of optimum. The degree of
compaction for the lifts, below a depth of 24-inch can be relaxed to 90 percent of maximum dry
density to ease the construction procedures.
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The subcontractor who will be doing the subgrade modification or stabilization should be
experienced with stabilization procedures and methods. Furthermore, all of the earthwork at this
project should be monitored by our geotechnician to assured compliance with the project
specifications.

Once the subgrade is constructed, the soils at the top of subgrade should be slicked and the
subgrade needs to be crowned such that the all surface water would drain away. No low areas
should be left within the subgrade areas, since these areas would hold water and destroy the
subgrade structure.

12.9 Construction Surveillance

Construction surveillance and quality control tests should be planned to verify materials and
placement in accordance with the specifications. The recommendations presented in this report
were based on a discrete number of soil test borings. Soil type and properties may vary across the
site. As a part of quality control, if this condition is noted during the construction, we can then
evaluate and revise the design and construction to minimize construction delays. We recommend
the following quality control procedures be followed by a qualified engineer or technician during
the construction of the facility:

(o] Observe the site stripping and proofrolling.

o Verify the compaction of subgrade soils.

o] Verify the type, depth and amount stabilizer.

o] Evaluate the quality of fill and monitor the fill compaction for all lifts.

o] Observe all phases of trench safety.

(o] Observe all excavation operations.

o] Monitor concrete placement, conduct slump tests and make concrete cylinders.

It is the responsibility of the client to notify GET of when each phase of the construction is taking
place so that proper quality control and procedures are implemented.

13.0 RECOMMENDED ADDITIONAL STUDIES

This report has been based on assumed conditions/characteristics of the proposed project area where
specific information was not available. It is recommended that the architect, civil engineer and structural
engineer along with any other design professionals involved in this project carefully review these
assumptions to ensure they are consistent with the actual planned development. When discrepancies
exist, they should be brought to our attention to ensure they do not affect the conclusions and
recommendations provided herein. We recommend that GET be retained to review the plans and
specifications to ensure that the geotechnical related conclusions and recommendations provided herein
have been correctly interpreted as intended.
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140 STANDARD OF CARE

The recommendations described herein were conducted in a manner consistent with the level of care and
skill ordinarily exercised by members of the geotechnical engineering profession practicing
contemporaneously under similar conditions in the locality of the project. No other warranty or guarantee,
expressed or implied, is made other than the work was performed in a proper and workmanlike manner.

15.0 REPORT DISTRIBUTION

This report was prepared for the sole and exclusive use by our client (CivilTech Engineering, Inc.) and
owner (City of Houston), based on specific and limited objectives. All reports, boring logs, field data,
laboratory test results, maps and other documents prepared by GET as instruments of service shall remain
the property of GET. GET assumes no responsibility or obligation for the unauthorized use of this report

by other parties and for purposes beyond the stated project objectives and work limitations.
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EXISTING PAVEMENT THICKNESS

Thickness, inches

(CSJ No. 0912-70-082)

Location Asphalt Pavement Concrete Pavement
B-1 14 -
B-2 7.8 -
B-3 7.5 -
B-4 5.5 -
B-5 11.7 -
B-6 8.7 -
B-7 11.7 -
B-8 10.5 -
B-9 11.3 -
B-10 111 -
B-11 8.1 -
B-12 - 12.0
B-13 6.7 -
B-14 12 -
B-15 2.3 -
B-16 2.3 -
B-17 5.7 -
B-18 2 -
B-19 5.5 -
B-20 3.8 -
B-21 6 -
B-22 4.1 -
B-23 11.7 -
B-24 - -

GEOTECH ENGINEERING AND TESTING
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SUMMARY OF BORING INFORMATION

Boring No. Alignment Northing Easting Elevation Station No. Offset
B-1 Memorial Dr. 13845514.72 3050918.05 79.44 115+11 18.46
B-2 Memorial Dr. 13845125.81 3050446.80 77.17 109+00 20.72
B-3 Memorial Dr. 13844934.02 3050132.91 78.49 105+34 7.76
B-4 Memorial Dr. 13844800.76 3049837.49 78.94 102+13 19.81
B-5 Memorial Dr. 13844717.83 3049220.30 81.00 95+92.02 10.18
B-6 Memorial Dr. 13844740.50 3048741.11 82.30 91+12.80 12.82
B-7 Memorial Dr. 13844763.77 3048341.78 82.48 87+12.74 12.74
B-8 Memorial Dr. 13844764.14 3047721.55 83.95 80+90.95 12.23
B-9 Memorial Dr. 13844742.66 3047290.57 84.80 76+59.43 13.44
B-10 Memorial Dr. 13844719.20 3046775.13 85.39 71+43.47 12.64
B-11 Memorial Dr. 13844698.06 3046292.74 85.72 66+60.62 11.10
B-12 Memorial Dr. 13844668.17 3045814.98 85.89 61+81.98 18.50
B-13 Memorial Dr. 13844625.40 3045821.01 85.20 55+82.95 33.15
B-14 Memorial Dr. 13844621.50 3044789.45 87.14 51+55.38 16.94
B-15 Memorial Dr. 13844694.17 3044186.01 87.71 45+48.37 10.69
B-16 Memorial Dr. 13844877.62 3043801.83 87.39 41+24.12 14.21
B-17 Memorial Dr. 13845104.00 3043417.30 87.25 36+77.91 13.40
B-18 Memorial Dr. 13845374.30 3042945.24 86.20 31+33.97 18.98
B-19 Memorial Dr. 13845604.18 3042626.45 86.50 27+43.59 15.26
B-20 Memorial Dr. 13846128.57 3042268.02 84.59 21+09.94 16.81
B-21 Memorial Dr. 13846442.48 3042147.95 82.85 17+73.54 6.42
B-22 Memorial Dr. 13846903.41 3041820.78 78.89 12+02.48 19.44
B-23 Memorial Dr. 13847100.40 3041600.70 78.00 6+5.0 0.00
B-24 Memorial Dr. 13846973.40 3041730.70 74.00 9+5.0 0.00
(CSJ No. 0912-70-082)
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PIEZOMETER INSTALLATION DATA

Piezometer Tip Depth to Filter Sand, ft. | Bentonite Grout, ft.
Piezometer Boring Top of Riser- Depth, Screen
No. No. Height, ft ft. Length, ft. Top Bottom Top Bottom
P-1 B-6 0.00 25.00 10.00 13.00 25.00 0.00 13.00
P-2 B-11 0.00 25.00 10.00 13.00 25.00 0.00 13.00
P-3 B-16 0.00 20.00 10.00 8.00 20.00 0.00 8.00
P-4 B-24 0.00 25.00 10.00 13.00 25.00 0.00 13.00

Notes: (1) Depth is referenced from the existing ground surface.

TOP CAP

TOP CAP \;

BENTONITE
GROUT

PvC
STAND PIPE

N

CLEAN QUARTZ
FILTER SAND
(SILICA SAND)

<

PIEZOMETER
SCREEN

Piezometer P-3

Note: Drawing is not to scale.
(CSJ No. 0912-70-082)
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BENTONITE
GROUT

PVC
STAND PIPE

CLEAN QUARTZ
FILTER SAND
(SILICA SAND)

PIEZOMETER
SCREEN

Piezometer P-1, P-2 and P-4
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PIEZOMETER READING TABLE

Piezometric Level, ft.

Groundwater Depth

Piezometer |During Drilling from February 10, 2013

March 10, 2013

No./Depth | Ground Surface, ft. | Before Bailing | After Bailing

Time Time
(Min.)| Depth (Min.)| Depth
1 12' 7" 1 13' 0"
P-1 2 12' 6" 2 12' 9"
(25" 22' 0" 10' 0" 5 12' 2" 10' 0" 5 12' 5"
Boring B-6 10 12' 0" 10 | 12'0"
20 11'5" 20 | 11'5"
30 11'0" 30 | 10'5"
60 10' 0" 60 | 10'0"
1 Dry 1 Dry
2 Dry 2 Dry
P-2 B Dry 5) Dry
(25) Dry Dry 10 Dry Dry 10 Dry
Boring B-11 20 Dry 20 Dry
30 Dry 30 Dry
60 Dry 60 Dry
1 Dry 1 Dry
2 Dry 2 Dry
P-3 B Dry 5) Dry
(209 Dry Dry 10 Dry Dry 10 Dry
Boring B-16 20 Dry 20 Dry
30 Dry 30 Dry
60 Dry 60 Dry

Piezometric Level, ft.

Groundwater Depth

Piezometer | During Drilling from August 09, 2013

August 30, 2013

No./Depth | Ground Surface, ft. | Before Bailing | After Bailing
Time

(Min.)| Depth

1 13'7"

P-4 2 13'6"

(25" 16' 0" 10' 0" 5 13'3"

Boring B-24 10 13'0"

20 12' 7"

30 11'5"

60 10' 0"

Time
(Min.)| Depth
1 13'5"
2 13'3"
10' 0" 5 13'1"
10 12'7"
20 | 12'2"
30 11' 7"
60 | 10'0"

Note: Borings B-6, B-11, B-16 and B-24 were converted to Piezometers P-1, P-2, P-3 and P-4,

respectively. The piezometer depths are shown in parenthesis.

(CSJ No. 0912-70-082)
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PERCENT FINER BY WEIGHT, %

931vld

U.S. STANDARD SIEVE OPENING

PERCENT COARSER BY WEIGHT, %

IN INCHES U.S. STANDARD SIEVE NUMBERS
3 2 1% 13/4 1/23/8 1/4 4 6 810 1416 20 30 40 50 70 100140 200
100 71 T T T ] BBl | I \ 0
90 \ 10
80 20
70 \ 30
60 \ 40
50 \\ 50
40 \ 60
30 70
20 80
i \\\\\\ i
10 ™ 90
0 100
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
Coarse | Fine Coarse | Medium Fine SILT CLAY
USCS Soil Classification: Silt (ML)
Percent Passing - 200: 98%
PARTICLE SIZE DISTRIBUTION CURVES FOR B- 24 (17' TO 19") Report No. 09-338E
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LATERAL EARTH PRESSURE DIAGRAM

g, Surcharge Load
v Y YV Y vv vy
‘ * * F ok ok ok &k ok ok ok &k ok ok k& T

\
\

* * % % % % * » |% * S * * »

ok ok ok s ok ok ko ok ok o

v
p9.9:9.9.9:9.9¢

Legend:

Braced Excavation (stiff clays)
*xkkkxkkx %k x Braced Excavation (sands)
--------------- Cantilevered sheeting

Active Pressure:
(@) Braced Excavation (stiff clays) = 0.5q + 30H + 62.4H
(b) Braced Excavation (sands) = 0.4q + 18H + 62.4H
(c) Cantilevered sheeting = 0.7g + 42H + 62.4H

where: q = surcharge load, psf: A value of 250 psf can be assumed.
H = wall height, ft.

Notes:

1. The above Active Pressure Equations account for the groundwater at the
surface.

2. The final lateral pressures should be reviewed prior to construction.

3. Trench excavation and construction should be observed by a geotechnical
engineer.

4. The means and methods for a safe excavation is the responsibility of the
contractor.

5. In case of layered soils, active pressure should be calculated based on the

dominant or more critical soil conditions.

GEOTECH ENGINEERING AND TESTING (CSJ No. 0912-70-082) PLATE 8
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Design Soil Parameters
Based on Boring B-24

1) Soil Parameters Behind the Headwall

Active Lateral Earth
Pressure Coefficients

Soil Type
(Assumed Backfill Material) v, pcf c, psf ) c', psf ¢’ K, K.’
Lean Clay (CL) 120 1,000 0 200 20 1.00 0.75

2) Soil Parameters in Front of the Headwall

Lateral Earth Pressure Coefficients®™

(280-0/-2760 'ON [SD)

6 31V1d

Depth Below
Existing Ground
Soil Type Surface, ft. Yt, pcf c, psf ) ¢/, psf 0’ Ka Ky Ka' Ky’
Sandy Silt (ML) 17 -20 115 0 26 0 26 0.40 2.53 0.40 2.53
Lean Clay (CL) 20-22 130 2,000 0 150 18 1.00 1.00 0.48 1.72
Sandy Silt (ML) 22-30 115 0 26 0 26 0.40 2.53 0.40 2.53
Fat Clay (CH) 30-35 125 2,000 0 300 18 1.00 1.00 0.48 1.72
Where: v. = Total Unit Weight, pcf

¢, ¢/ = Undrained and Effective Stress Cohesions

¢, ¢’ = Undrained and Effective Stress Angle of Internal Friction, Degrees

Ka, Ka' = Undrained and Effective Stress Coefficient of Active Earth Pressure
Ky, kp" = Undrained and Effective Stress Coefficient of Passive Earth Pressure

Note: 1. Lateral Earth Pressure coefficients assume a horizontal backfill




APPENDIX A

Site Vicinity Map
Plan of Borings
Logs of Borings
Key to Log Terms and Symbols
Summary of Laboratory Test Results
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PROJECT: Geotechnical Study, Memorial Drive from about 500-ft East of North Kirkwood Road to the West of
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Legend:
B-1: Boring B-1
P-1: Piezometer P-1
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PLAN OF BORINGS (boring dimensions and locations are approximate)

PROJECT: Geotechnical Study, Memorial Drive from about 500-ft East of North Kirkwood Road to the West of
North Eldridge Parkway, WBS-No. N-000798-0001-3, City of Houston, Texas
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Legend:
B-12: Boring B-12
P-3: Piezometer P-3
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PLAN OF BORINGS (boring dimensions and locations are approximate)

PROJECT: Geotechnical Study, Memorial Drive from about 500-ft East of North Kirkwood Road to the West of
North Eldridge Parkway, WBS-No. N-000798-0001-3, City of Houston, Texas
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DRILLING LOG

1o0f1

County  Harris B-1 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/21/2013
Version 3.1 CSJ No. 0912-70-082 115+11 Grnd. Elev. 79.44 ft
" 18.46 GWElev. NA
Triaxial Test | Properties
Texas Cone inti Lateral DeviatorJ Wet iti
l%#a)v. Penetrometer Strata Description Press. Stress | MC LL Pl Den. Additional Remarks
(psi)  (psi) (pcf)
ASPHALT, to 14 inches
8.2 . 11 -200: 41%
) SAND, moist, brown, wiclay pockets
77.4 —pi W) - -
Ve CLAY, soft, moist, gray, reddish
N brown, wiroot fibers to 4', ferrous 235637 |-200:62%, PP: 0.56, T: 0.75
rd and calcareous nodules (CH)
V6(6)7(6)
5 —/
7/ 14 PP: 1.50, T: 1.50
_4/
id 16. . 133.4_| PP: 1.50, T: 1.50, UC: 0.97
Ve
70.4 17 10 (6) 12 (6)
CLAY, - stiff, reddish brown
69.4 10 — 9'to 10" (CH)
15 —
20 —
25 — i
Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Conpression (tsf), No groundwater was encountered during drilling
: and 24 hours after drilling.
The ground water elevation was not determined during the course of this boring.

Driller: Matthers

Z\ENGINEERS\AIex\2009\Sunny.CLG

Logger: Joshua

Organization: GET

PLATE A-4
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DRILLING LOG

10of1

County  Harris Hole B-2 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 1/21/2013
,Mgrsion 3.1 csJ No. 0912-70-082 Station 109+00 Grnd. Elev. 7717 ft
Offset 20.72 GW Elev. 61.67 ft
L Triaxial Test Properties
Texas Cone S D ipti Lateral Deviator _ Wet Additional R k
lﬂte)v. g Penetrometer trata Description Press. Stress | MC LL Pl Den. ftional Remarks
(psi) _ (psi) (pcf)
ASPHALT, to 7.8 inches
76.4
SAND, moist, brown, w/clay pockets 11
and silt (SM)
75.2 ] - -
Ve CLAY, very stiff, moist, gray,
] reddish brown, with ferrous and 13 PP: 1.50, T: 1.50
/! calcareous nodules (CH)
Y aEne
5 -/
V7 21 PP: 0.62, T: 0.88
/
_/
iy 1750 _32_140.4 |PP: 1.01, T: 1.50, UC: 1.29
/
68.2 7 9(6) 13 (6)
P CLAY, stiff, reddish brown 9'
to 15' (CH)
10 -/
i % _|PP: 1.50, T: 1.50
| /
V7 2 61 41 PP: 1.50, T: 1.50
/
14 (6) 17 (6
[A1406)17(8)
15 —/
/
M/ 21 131.89|PP: 1.50, T: 1.50, UC: 1.66
/
60.2 ~rm -
SILT, slightly compact, wet,
A reddish brown, wiclay seams 25 SPT: 18, - 200: 72
and sand (ML)
1o 46y16(6)
20 —
- 21 . SPT: 19
55.2 ML - : :
= CLAY, stiff, moist, reddish
i = brown, wiferrous and calcareous 25 45 28 125 PP:1.50, T: 1.50, UC: 0.47
= nodules (CL)
[~ 16(6)12(6)
= 1
2 25 -+~ i
Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test
Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was coliected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

Z\ENGINEERS\Alex\2009\Sunny.CLG

Logger: Joshua

Organization: GET

PLATE A-5
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County  Harris Hole B-3 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/21/2013
_Version 3.1 CSsJ No. 0912-70-082 Station 105+34 Grnd. Elev. 78.49 ft
o Offset 7.76 GWElev.  62.49ft
L Texas Cone Triaxial Test Properties
X
inti Lateral Deviator Wet iti
!%}?)v. g Penetrometer Strata Description Press. Stress MC LL Pl Den. Additional Remarks
(psi) (psi) (pcf)
ASPHALT, to 7.5 inches
71.7 : : -200:
-4 CLAY, moist, dark brown, wiroot 14 38 21 ___|PP:1.50,T: 1.50,-200: 60
/ fibers, ferrous and calcareous
76.5 ——] noditles{CL)
L~ CLAV; soft, moist, gray, brownish
B yellow, with ferrous and calcareous 17 PP: 1.50, T: 1.50
e nodules (CH)
V1567
/
5 —/
~/ 15 PP: 1.50, T: 1.50
/
_/
ﬂ/ 19 50 31 _126.14 PP: 1.50, T: 1.50, UC: 0.59
L7
6.5 A3(6)3 (6)
L~ CLAY, very soft, gray 9' to 10
(CH)
10 -
_; . 11 PP: 0.78, T: 0.88
| /
WV 17 58 38 126.36| PP: 1.50, T: 1.50, UC: 0.97
/
7(6)11(6
rene
15 —/
7
4 28 PP: 0.31, T: 0.38
61.5 T -
SILT, compact, wet, reddish
B brown, wiclay seams (ML) 21
B 18 (6) 28 (6)
20
| 17 -200: 92, SPT 31
- 20 . | SPT2 33
lli|43.6)31(6)
53.5 25 —'

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), SPT: Standard Penetration Test

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Drilier: Matthers Logger: Joshua Organization: GET PLATE A-6

Z\ENGINEERSWAlex\2009\Sunny.CLG
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County  Harris Hole B-4 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
' ‘jion 31 CSJ No. 0912-70-082 Station 102+13 Grnd. Elev. 78.94 ft
Offset 19.81 GW Elev. 63.94 ft
L T c , Triaxial Test Propgrties
Elev 0 exas Lone Strata Description Lateral Deviator et Additional Remarks
(f) G| Penetrometer {Press. Stress | MC LL Pl Den.
 (psi)  {psi) (pcf)
78.4 ASPHALT, to 5.5inches .
’ = CLAY, stiff, moist, dark brown, 14 PP: 0.56, T: 0.62
Vz wiferrous and calcareous nodules
> (CL)
Y
,/ - 13 PP: 1.50, T: 1.50
Vz
z13E158)
=
5 =
=
A 12 __|PP:1.50, T: 1.50
A
=
= 12....40_20..135.52/ PP: 1.50, T: 1.50, UC: 2.60
Y~
= 15(6)18(6)
A
68.9 10 -
A CLAY, soft, moist, reddish brown,
R wiferrous and calcareous nodules 22 PP:1.32, T: 1.50
rd (CH)
V1
/
‘/ 24 |PP:1.50,T:1.50
e 1006)
Ve
15 -7
i . 22 PP: 1.50, T: 1.50
Ve
-/
id 21 __51_31 131.89|PP: 1.50, T: 1.50, UC: 2.59
/] - 200: 95
50.9 - 21 (6) 19 (6)
7 CLAY, stiff, reddish brown 19°
to 20" (CH)
20 — A
_j 20 PP: 1.50, T: 1.50
V) 19 PP: 0.85, T: 0.88
549 @20
e CLAY, very stiff, reddish brown
9 25 P 24’ to 25' (CH)

“emarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf)

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

Z\ENGINEERS\Alex\2009\Sunny.CLG

Logger: Joshua

Organization: GET

PLATE A-7
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e County Harris Hole B-5 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
Version 3.1 csJ No. 0912-70-082 Station 95+92.02 Grnd. Elev. 81.00 ft
- Offset 10.18 GW Elev. 68.00 ft
Triaxial Test | Properties
Texas Cone ipti Lateral Deviator, Wet Additional R k
%Sv' Penetrometer Strata Description Press. Stress | MC LL PI Den. ftional Remarks
(psi)  (psi) (pcf)
ASPHALT, to 11.7 inches
80. A3 - 200: 40 %
SAND, moist, reddish brown,
w/clay pockets and silt (SM)
13
77. _ _
= CLAY, soft, moist, reddish brown,
5 = w/ferrous and calcareous nodules
Z (CL)
myZ< 16 45 26 133.4 |PP:1.08, T: 1.25, UC: 0.99
A
A
/
A .14 PP:1.50, T: 1.50
=
LA T(6)9(6)
~
7. 10 - - -
L CLAY, stiff, moist, reddish
brown, w/ferrous and calcareous 24 —__|PP:0.78,T: 0.88
d nodules (CH)
i
/
~/ 24 PP: 1.50, T: 1.50
16(8)14(8)
/
15 -~
i 20 PP: 1.50, T: 1.50
/
64. -2 . . .
/ CLAY, very stiff, moist, reddish
i = brown, wiferrous and calcareous 24 42 23 133.92/PP: 1.01, T: 1.12, UC: 1.432
”Z (CL)
28301505
LA
61. 20 -7 -
SILT, compact, wet, reddish 22 SPT: 14
] brown, wiclay seams and sand
(ML)
.27 SPT: 15,-200: 77 %
lll276)30(6)
56. 25

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane, UC: Unconfined Compression Test (tsf)

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

Z:\ENGINEERSWIex\2009\Sunny.CLG

Logger: Joshua

Organization:_ GET
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County  Harris Hole B-6 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/22/2013
Version 3.1 csJ No. 0912-70-082 Station 91+12.80 Grnd. Elev. 82.30 ft
' Offset 12.82 GWElev.  60.30 ft
L Triaxial Test Properties
Texas Cone S ioti Lateral Deviator, et dditional R k
E(}?)v' g Penetrometer trata Description Press. Stress | MC LL Pl Den. Additional Remarks
(psi) _{psi) (pcf)
% ASPHALT, to 8.7 inches
81.56 . .
A CLAY, soft, moist, reddish brown, 14.. PP:0.62,T: 0.7
LA wliferrous and calcareous nodules
= (CL)
A 19 40 22 135.66/PP:1.08,T:1.12, UC: 0.65
=
Flae56)
A
A
5 /
A 15 _IPP:1.32, T: 1.50
L=
i =
=
ﬂ/ 16 40 22 134.56)PP: 0.56, T: 0.62, UC: 0.94
= -200: 73 %
=A66)96)
=
723 10 &
’ L CLAY, soft, moist, reddish brown,
4 wiferrous and calcareous nodules 29 _PP: 1.40, T: 1.50
e (CH)
©
-/ 129 PP: 1.50, T: 1.50
Areze)
v
15 -~
_/ 22 PP: 1.50, T: 1.50
7
47
w; 22 PP: 1.50, T: 1.50
63.3 4 18 (6) 28 (6)
L~ CLAY, very stiff, reddish brown
62.3 20 - 19' to 20' (CH)
) SILT, compact, wet, reddish
] brown, wiclay seams and sand 16 - 200: 69 %
(ML)
123 SPT: 38
_if||28(6)38(6)
57.3 25 —

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), SPT: Standard Penetration Test

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

Z\ENGINEERS\Alex\2009\Sunny.CLG

Logger: Joshua

Organization: GET

PLATE A-9
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County  Harris Hole B-7 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
Version 3.1 csJ No. 0912-70-082 Station 87+12.74 Grnd. Elev. 82.48 ft
- Offset 12.74 GWElev.  69.48 ft
L Triaxial Test Properties
Texas Cone D ipti Lateral Deviator, Wet Additional R k
E(}te)v. 8 Penetrometer Strata Description Press. Stress | MC LL Pl Den. tional Remarks
] (psi)  (psi) (pcf)
g ASPHALT, to 11.7 inches
81.5 : 10
A CLAY, soft, moist, dark brown,
A reddish brown, wi/ferrous and
= calcareous nodules (CL)
% o116 32 15 127.6._PP:0.62, T: 0.75, UC: 0.57
~
£A6(6)6(8)
=
5 -~
A
= 14 PP: 1.50, T: 1.50
=
_/
/
_2 15 PP: 1.01, T: 1.12
/
Z16)7(6)
% S
=
725 10 - - -
L~ CLAY, stiff, moist, reddish
n brown, wi/ferrous and calcareous 22 PP: 1.50, T: 1.50
/ nodules (CH)
vV
-/ .25 53 33 128.75/PP:1.50, T: 1.50, uc: 2.27
7| 15 (6) 16 (6)
7 A
15 A
ﬂ/ 20 PP: 1.50, T: 1.50
L7
47
_; 22 _|PP: 1.50, T: 1.50
19 (6) 17 (6
AE1re
L
62.5 20 —-— -
. SAND, wet, reddish brown, wiclay 21 SPT: 23, -200: 48 %
seams and silt (SM)
60.5 : - . .
/ CLAY, very stiff, moist, reddish
A brown, wiferrous and calcareous ) 2146 .27 _____|PP:0.56,T:0.62
nodules (CL)
= |
[As06)50(6)
>~
25 =
Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf)
Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

ZA\ENGINEERS\Alex\2009\Sunny.CLG

Logger: Joshua

Organization: GET
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County  Harris Hole B-8 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/22/2013
Version 3.1 csJ No. 0912-70-082 Station 80+90.95 Grnd. Elev. 83.95 ft
‘ Offset 12.23 GW Elev. 64.95 ft
Triaxial Test Properties
El Texas Cone D ipti Lateral Deviator, Wet iti
( f?)v. Penetrometer Strata Description Pross. Streas| MC LL Pl Den. Additional Remarks
(psi)  (psi) (pcf)
ASPHALT, to 10.5 inches
83.1 - 9
SAND, loose, moist, dark brown,
w/clay pockets and silt (SM)
15 SPT: 13
4(6) 6 (6)
79. 5 > - :
A CLAY, soft, moist, brownish yellow,
A wiferrous and calcareous nodules 15 e |PP:1.40, T: 1.50
Z (CL)
A
LA
= 14 45 26 __136.8_|PP:1.50,T: 1.50, UC: 2.03
=
A 9 (6) 10 (6)
=
74. 10 ——-é - : :
s CLAY, stiff, moist, reddish brown,
wiferrous and calcareous nodules 24 PP: 1.50. T: 1.50
. nrd CH o T ’
g (CH)
e
_/ 25 | PP 1,40, T: 1.50
/| 14(6)17(6)
%
15 A
_/ 27 PP:1.50,T: 1.50
/
67. 44 e~ .
A CLAY, very stiff, moist, reddish
A brown, wiferrous and calcareous . 17___40 22 134,55 PP: 1.50, T: 1.50, UC: 2.63
z nodules (CL) -200:91%
1,428(6)30(6)
=
64. 20 —11 -
SILT, wet, reddish brown, wiclay ) 115  |SPT:49
B seams (ML)
62. L p p :
A CLAY, very stiff, moist, reddish -
A brown, wiferrous and calcareous 17 PP: 1.01, T: 1.12, -200: 76 %
Z nodules (CL)
A 36 (6) 30 (6)
A
59, 25 A

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), SPT: Standard Penetration Test

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
wvhere this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

ZAENGINEERS\AIex\200%\Sunny.CLG

Logger: Joshua

Organization: GET
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County  Harris Hole B-9 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
Version 3.1 CsJ No. 0912-70-082 Station 76+59.43 Grnd. Elev. 84.80 ft
C Offset 13.44 GWElev.  64.80 ft
L Triaxial Test Properties
Texas Cone ioti Lateral Deviator, Wet itional R k
%?)v. g Penetrometer Strata Description Procs Streas| MC LL Pl Den. Additional Remarks
(psi) _ {psi) (pcf)
% ASPHALT, to 11.3 inches
83.9 - 12
SAND, moist, dark brown, w/clay
82.8 e pockets and silt (SM)
’ = CLAY, soft, moist, reddish brown,
= brownish yellow, wiferrous and 19 47 28 122.57|PP: 1.32, T: 1.50, UC: 0.71
/ calcareous nodules (CL) . 200: 58%
[oe@66)
Y
5
A
A 15 PP: 1.16, T: 1.25
A
A
LA
mpZ 15 PP:1.40, T: 1.50
/
Ple®76
=z
10 -
LA
A 24 PP: 0.56, T: 0.62
8 - . .
L CLAY, soft, moist, reddish brown,
= brownish yellow, wiferrous and 24 PP: 1.50, T: 1.50
calcareous nodules (CH)
56906
7
15 ——/
_/ 23 PP:1.50, T: 1.50
L7
_/
V7 3 23 _|PP: 1.50, T: 1.50
Ve
65.8 7 26 (6) 23 (6)
L~ CLAY, very stiff, reddish brown
64.8 20 |4 19' to 20' (CH)
’ = CLAY, stiff, moist, reddish brown,
A wiferrous and calcareous nodules 14 PP: 1.50, T: 1.50
> (cL)
1A
=
A 118 30 13 _115.64/PP:0.93,T: 1.0, UC: 0.77
= -200: 87 %
A28 0)11(06)
=
8 25 1

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf)

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

ZAENGINEERSWIex\2009\Sunny.CLG

Logger: Joshua

Organization: GET

PLATE A-12




Teeas
Depavtmert
o Transpeision

DRILLING LOG

1 of1

County Harris Hole B-10 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
,\{grsion 3.1 CSsJ No. 0812-70-082 Station 71+43.47 Grnd. Elev. 85.39 ft
- Offset 12.64 GWElev. N/A
L T c Triaxial Test | Properties
exas Cone
inti Lateral Deviator, Wet iti
E(ga)v. g Penetrometer Strata Description Pross Stress | MC LL PI Dea. Additional Remarks
(psi) _ (psi) {pcf)
% ASPHALT, to 11.1 inches
84.5 izt - 12
SAND, moist, dark brown, w/clay
83 seams and silt (SM)
4 S
= CLAY, very soft, moist, dark brown,
A reddish brown, w/ferrous and calcareous 20 |PP:0.69, T: 0.78
= nodules (CL)
|~ 2(6)2(6)
_/ -
%
5
~
_/ 20 PP: 0.31, T: 0.50
A
7=
~
A 19 40 22 1321 |PP:0.56,T: 0.62, UC: 0.59
76.4 5076 -
A CLAY, soft, dark brown 9' to 10’
75.4 10 & (CL) - - -
A CLAY, stiff, moist, reddish brown,
] brownish yellow, wiferrous and 25 |PP: 1.08, T: 1.12
e calcareous nodules (CH)
g
v
ﬁ/ 26 . |PP:0.46, T: 0.62
L 14(6) 17 (6)
Ve
16 -7
i 28 PP: 1.16, T: 1.25
/
A
_; 17 PP: 1.50, T: 1.50
66.4 4 46(6)50(4)
L~ CLAY, very stiff, reddish brown
65.4 20 -4 19’ to 20’ (CH)
) A CLAY, very stiff, moist, reddish
a/ brown, brownish yellow, wiferrous 19 PP: 1.50, T: 1.50
= and calcareous nodules (CL)
_/
=
= 17 33 16 135.7 |PP:1.08,T:1.12,UC:1.77
= -200: 93 % '
A23(6)27(6)
=
4 25 +F

The ground water elevation was not determined during the course of this boring.

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), No groundwater was encountered during
drilling and 24 hours after drilling. ’

Driller: Matthers

ZAENGINEERSWIex\2009\Sunny.CLG

Logger: Joshua

Organization: GET
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County  Harris Hole B-11 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/22/2013
/\[\ersion 3.1 csJ No. 0912-70-082 Station 66+60.62 Grnd. Elev. 85.72ft
g Offset 11.10 GW Elev. N/A
L Triaxial Test Properties
[0} Texas Cone inti Lateral Deviator Wet iti
%1?)\" 2 Penetrometer Strata Description Press Stress | MC LL Pl Den. Additional Remarks
(psi) (psi) (pcf)
ASPHALT, to 8.1 inches
85. .
SAND, moist, dark brown, wiclay 3 -200:19 %
_ pockets and silt (SM)
83.7 I
/ CLAY, soft, moist, dark brown,
A reddish brown, wiferrous and calcareous 17...38 20 127.53/PP:0.78, T: 0.88, UC: 1.23
= nodules (CL)
> 10 (6) 10 (6)
=
5
=
A 16 PP:0.78, T: 0.88
A
7
=
_/ 19 PP: 1.40, T: 1.50
f 8 (6) 12 (6)
L
A
75.7 10 = - - :
L~ CLAY, stiff, moist, reddish brown,
N brownish yellow, wiferrous and 26 PP: 1.50, T: 1.50
7 calcareous nodules (CH)
V1
Ve
_¢/ 28 PP: 1.50, T: 1.50
V1 8(6)14(6)
Ve
15 -~
7; 17 | PP:1.50, T: 1.50
4
Ve
66.7 4 25 (6) 33 (6)
L~ CLAY, very stiff, reddish brown
65.7 20 P 19' to 20' (CH)
) = CLAY, stiff, moist, reddish brown,
A brownish yellow, wiferrous and
i calcareous nodules (CL)
A
=
A
=
_[~7(6)23(6)
=
7 25 44

drilling and 24 hours after drilling.

The ground water elevation was not determined during the course of this boring.

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), No groundwater was encountered during

Driller: Matthers Logger: Joshua

Z:\ENGINEERS\Alex\2008\Sunny.CLG

Organization: GET
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l:’ i County  Harris Hole B-12 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/18/2013
_Version 3.1 csJ No. 0912-70-082 Station 64+81.98 Grnd. Elev. 85.89 ft
£ Offset 18.50 GWElev.  66.89ft
L T c Triaxial Test Properties
exas Cone
inti Lateral Deviaton Wet iti
l%tl_%v. (o] Penetrometer Strata Description Press. Stress | MC LL Pl Den. Additional Remarks
(psi)  (psi) (pcf)
CONCRETE, to 12 inches
84.9 - 7 '
SAND, moist, dark brown, wiclay
83.9 ] pockets and silt (SM)
: A CLAY, soft, moist, dark brown,
_/ reddish brown, wiferrous and calcaregus 20_ 33 16 127.2_|PP: 0.56, T: 0.62, UC: 0.78\
= nodules (CL)
- 5(6)5(6)
_/
A
5 —~
A
LA 15 PP:0.93, T: 1.0
=z
i
A
mp= 16 PP:1.50, T: 1.50
76.9 10 (6) 11 (6)
= CLAY, stiff, dark brown 9' to
75.9 10 & LUK (50 B :
L~ CLAY, stiff, moist, reddish brown,
= brownish yellow, wiferrous and 21 57 36 12584 PP:1.32, T: 1.50, UC: 0.99
calcareous nodules (CH) - 200: 93 %
V1
7
-/ 20 PP:1.24,T: 1.50
] 11(6) 18 (6)
L~
15 -~
e 26 PP: 1.50, T: 1.50
/
4
wj 25 _PP:1.50,T:1.50
i 16 (6) 22 (6)
20 -
/
47 18 PP: 1.50, T: 1.50
v
63.9 — -
SAND, wet, reddish brown, w/clay 23 _.|SPT: 23, -200: 40 %
seams and silt (SM) :
:+:4 25 (6) 50 (5)
61.9 -+ " - :
= CLAY, very stiff, moist, reddish
25 = brown, wiferrous and calcareous
nodutes (CL)
Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test (tsf)
Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers L.ogger: Joshua Organization: GET PLATE A-15

Z\ENGINEERS\AIex\2009\Sunny.CLG
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County  Harris Hole B-12 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/18/2013
_Version 3.1 CcsJ No. 0912-70-082 Station 64+81.98 Grnd. Elev. 85.89 ft
N Offset 18.50 GWElev. 66.89ft
L Triaxial Test Properties
Texas Cone S D ioti Lateral Deviator] " Wet Additional R k
I'i'}?)v. g Penetrometer trata Description Press. Stress | MC LL Pl Den. ftional Remarks
(psi)  (psi) (pcf)
Pz CLAY, very stiff, moist, reddish
A brown, wiferrous and calcareous 22 PP: 1.50, T: 1.50
= nodules (CL)
A
=
1A 19 28 12 130.9 |PP:1.50, T: 1.50, UC: 1.76
/
D@35
A
55.9 30 2
35 —
40 —
45 —
50 —

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test (tsf)

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers Logger: Joshua Organization: GET PLATE A-15

ZAENGINEERSWIex\2009\Sunny.CLG
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County  Harris Hole B-13 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/18/2013
g V“};ion 3.1 CSJ No. 0912-70-082 Station 55+82.95 Grnd. Elev. 85.20 ft
' Offset 33.15 GW Elev. N/A
L: Yoxas C Triaxial Test Properties
r X one - e
: inti Lateral Deviator Wet iti
I%\l%v. g: Penetrometer - Strata Description Procs. Stress  MC LL Pl Den. Additional Remarks
(psi)  (psi) (pcf)
847 i ASPHALT, to 6.7 inches f
' 7= CLAY, soft, moist, dark brown, 15 PP: 1.50, T: 1.50
= wiferrous and calcareous nodules
e (CL)
/
2 18 PP: 1.50, T: 1.50
=
B LICLIC T
=
5
=
A 13 |PP:1.50, T: 1.50
=
78.2 + — -
e CLAY, soft, moist, dark brown,
] reddish brown, wiferrous and calcareous 15_ 54 34 135.7 | PP: 1.50, T: 1.50, UC 2.60
/| nodules (CH)
seeE).
10 -/
4/ 24 PP: 1.50, T: 1.50
e
-
; 28 73 .50 1152 _|PP:1.50, T: 1.50, UC: 1.14
71.2 7 11 (6) 15 (6) )
L CLAY, stiff, dark brown 14’ to
70.2 15 +—=~ 15° (CH)
) A CLAY, very stiff, moist, dark
= brown, reddish brown, wi/ferrous 20 PP: 1.50, T: 1.50
_ and calcareous nodules (CL)
] /
L
A 21 PP: 1.50, T: 1.50
=
[~ 21(6)29(6)
=
20 -7
L
= 17 PP: 1.50, T: 1.50
/
=
=
A 20 36_18 127.2 PP:1.50, T: 1.50,UC: 1.13
= -200: 99 %
61.2 50 (5) 50 (6)
A CLAY, hard, dark brown 23' to
60.2_ 25 25'(CL)

24 hours after drilling.

The ground water elevation was not determined during the course of this boring.

<emarks: PP: Pocket Penetrometer, T: Torvane, UC: Unconfined Compression Test (tsf), No grounwater was encountered during drilling and

Driller: Matthers

Z\ENGINEERSWex\2009\Sunny.CLG

Logger: Joshua

Organization: GET

PLATE A-16
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County  Harris Hole B-14 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/18/2013
/A{ersion 31 csJ No. 0912-70-082 Station 51+55.38 Grnd. Elev. 87.14 ft
' Offset 16.94 GW Elev. N/A
L Triaxial Test | Properties
Texas Cone ipti Lateral Deviator, et itional R k
Elev. cO; Penetrometer Strata Description Pross Stress| MC LL Pl Den. Additional Remarks
(psi)  (psi) (pcf)
% ASPHALT, to 12 inches
86.1 - 19 .
SAND, loose, moist, dark brown,
wiclay pockets and silt (SM)
16
5(6) 7 (6)
821 5 —-Z
= CLAY, soft, dark brown, reddish
= brown, with ferrous and calcareous . 18 PP: 0.69, T: 0.75
= nodules = (CL})
_/
A
LA - 14 43 24 137.94 PP:1.50, T: 1.50, UC: 2.31
A -200:72 %
Ae@86)
=
/
77.1 10
L~ CLAY, stiff, moist, dark brown,
B reddish brown, wiferrous and calcareous 21 PP: 1.50, T: 1.50
d nodules (CH)
V7
L~
_ / I 2660 39 129.78 PP:0.85, T:1.0,UC: 1.14
1e 126
7
15 —‘/
i 26 PP: 0.93, T: 1.0
L~
4
_; 20 ... PP:1.50, T: 1.50
14 (6) 13 (6
A (6) 13 (6)
20 o
P
4 21 PP: 1.40, T: 1.50
Ve
4 18 PP: 1.5, T: 1.50
63.1 ~,/ 25(6)19(6)
) = CLAY, very stiff, dark brown 24
25 | to 30’ (CH)
Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), No groundwater was encountered during
drilling and 24 hours after drilling.
The ground water elevation was not determined during the course of this boring.

Driller: Matthers

Z\ENGINEERSWIex\2009\Sunny.CLG

Logger: Joshua

Organization: GET

PLATE A-17




— DRILLING LOG

Teas
Lepariment
o Transronttion

20f2

County  Harris Hole B-14 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/18/2013
_Version 3.1 CsJ No. 0912-70-082 Station 51+55.38 Grnd. Elev. 87.14 ft
. Offset 16.94 GW Elev. N/A
L Triaxial Test Properties
Texas Cone ipti Lateral Deviator Wet itional R k
E(;gv. g Penetrometer Strata Description Press. Stress | MC LL Pl Den. Additional Remarks
(psi) __ (psi) (pcf)
e CLAY, very stiff, dark brown 24’
.y to 30" (CH) .23 PP: 1.50, T: 1.50
60.1 —+— -
P CLAY, wisilts, dark brown 27'
to 20' (CH) . .
- 19 PP:1.01,T: 1.12
V7] 18(6) 32 (6)
57.1 30 -
35 —
40 —
45 —
50 -

drilling and 24 hours after drilling.

The ground water elevation was not determined during the course of this boring.

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), No groundwater was encountered during

Driller: Matthers l.ogger: Joshua

Z\ENGINEERSWIex\2009\Sunny.CLG

Organization: GET PLATE A-17
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County  Harris Hole B-15 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/17/2013
" “sion 3.1 csJ No. 0912-70-082 Station 45+48.37 Grnd. Elev. 87.71ft
’ Offset 10.69 GW Elev. 57.71 ft
L Triaxial Test Properties
Texas Cone D ipti Lateral Deviator et Additional R k:
Elev. g Penetrometer Strata Description Press. Stress | MC LL Pl Den. ftional Remarks
(psi} _(psi) (pcf)
87.3 " -
SAND, moist, dark brown, brownish 11
yellow, wiclay pockets and siit
(SM)
7 —hiri
8 SILT, very loose, moist, dark
B brown, brownish yellow, w/clay 10 -200: 59 %
pockets and sand (ML)
Jn3®4®
27 5
8 = CLAY, soft, moist, dark brown,
= brownish yellow, wiferrous and 14 133.4_|PP: 1.50, T: 1.50, UC: 1.56
- calcareous nodules (CL)
mp5
A
A : 17 .41 23 1287 |PP:1.50,T:1.50, UC: 1.58
A
Are96)
A
77.7 10 2 - _
L CLAY, stiff, moist, dark brown,
] reddish brown, wiferrous and calcareous 19 52 32 PP: 1.24, T: 1.50
e nodules (CH)
V7
L7
4/ 19 PP: 1.50, T: 1.50, UC: 1.56
V111(6)13(6)
Vg
15 -~
W/ 27 PP: 1.50, T: 1.50
L7
,; 17 PP: 1.50, T: 1.50
14 (6) 16 (6
P (6) 16 (6)
20 -
Ve
Vg 20 PP: 1.40, T: 1.50
/
,._/
47 20 ... |PP:1.50,T: 150
63.7 d 18 (6) 35 (6)
) - CLAY, very stiff, dark brown 24'
25 p to 25' (CH)

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test (tsf)

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

Z\ENGINEERSWIex\2009\Sunny.CLG

Logger: Joshua

Organization: GET

PLATE A-18
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l” e County  Harris Hole B-15 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/17/2013
; ’"""‘;sion 31 CsJ No. 0912-70-082 Station 45+48.37 Grnd. Elev. 87.71 ft
N Offset 10.69 GW Elev. 57.71 ft
L Texas Cone Triaxial Test Properties
inti Lateral Deviator Wet iti
I%#:a)v. g Penetrometer Strata Description Press Stress | MC LL P! Den. Additional Remarks
(psi) ___(psi) (pcf)
e CLAY, wisilts, dark brown 27
to 29' (CH) . .
_{/ 23 PP: 0.62, T: 0.75
V7
L/
-/ 19 SPT: 20, -200: 53 %
58.7 15 (6) 17 (6)
SILT, slightly compact, moist,
577 30 UL reddish brown, wiclay seams (ML)
’ A CLAY, very stiff, moist, reddish
A brown, with ferrous and calcareous 29 PP: 0.31, T: 0.38
/ nodules (CL)
w/
A
A 21 PP: 0.39, T: 0.50
/
236 50(6)
A
52.7 35 2
40 —
45 —
50 —
Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test (tsf)
Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers Logger: Joshua Organization: GET PLATE A-18

Z\ENGINEERS\Alex\2009\Sunny.CLG
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County  Harris Hole B-16 District Harris
. WinCore Highway Memorial Drive Structure Pavement and UU Date 01/22/2013
" Tsion 3.1 csJ No. 0912-70-082 Station 41+24.12 Grnd. Elev. 87.36 ft
! Offset 14.21 GW Elev. N/A
L Triaxial Test Properties
Texas Cone inti Lateral Deviator et itional R
I%!?)v. g Penetrometer Strata Description Press. Stress | MC LL Pl Den. Additional Remarks
(psi) _ (psi) (pcf)
87. ASEHALI,_to_Z.B_mr.hes—
SAND, moist, dark brown, wiclay 7 - 200: 21 %
pockets and silt (SM) ’
85.4 =T
SILT, loose, moist, dark brown,
B wiclay seams (ML) 14
_ilHL5.(6) 5 (6)
824 5
L CLAY, soft, moist, dark brown,
LA brownish yellow, wiferrous and 17 PP: 0.62, T: 0.75
/ calcareous nodules (CL)
_/
L
LA 14 45 26 138 | PP:1.50, T:1.50, UC: 2.81
A -200: 78 %
A8(6)90)
LA
7.4 10 2 - -
P CLAY, soft, moist, reddish brown,
B brownish yellow, wiferrous and 31 PP: 1.08, T: 1.12
e calcareous nodules (CH)
i
Ve
- / 17....63_41._124 |PP:1.24,T:1.50, UC: 1.81
18(6)12(6)
Ve
15 -~
| 32 PP: 1.40, T: 1.50
1
_; 27 PP: 0.93, T: 1.0
68.4 4 12(6) 16 (6)
CLAY, stiff, reddish brown 19’
~ to 20' (CH)
67.4 20 —|—
25 —
Remarks: UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test (tsf), No groundwater was encountered during drilling and
' 24 hours after drilling.
The ground water elevation was not determined during the course of this boring.

Driller: Matthers Logger: Joshua Organization: GET PLATE A-19

ZAENGINEERS\WIex\2009\Sunny.CLG
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County Harris Hole B-17 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/17/2013
_Version 3.1 CcsJ No. 0912-70-082 Station 36+77.91 Grnd. Elev. 87.25 ft
co Offset 13.40 GWElev. N/A
Ll Texas Cone Triaxial Test | Properties
ipti Lateral Deviator et iti
E(}gv. 8 Penetrometer Strata Description Precs Stress | MC LL P! Den. Additional Remarks
(psi) _ (psi) (pcf)
86.8 ASPHALT, to 5.7 inches
’ SAND, moist, dark brown, w/clay 20
pockets and silt (SM)
85.3 4
Vz CLAY, ery soft, moist, dark
A brown, w/ferrous and calcareous B 23 PP: 0.62, T: 0.78
/ nodules (CL)
[A46)46)
A
5 A
A
= - 17 48 29 128.7 |PP:1.50, T: 1.50, UC: 1.89
LA
A
A
A 14 PP: 1.50, T: 1.50
78.3 g (6) 11 (6)
= CLAY, soft, dark brown 9’ to 10’
77.3 10 -] (CL) . .
Ve CLAY, soft, moist, reddish brown,
_ brownish yellow, wiferrous and 25 65 43 127.5 |PP: 1.50, T: 1.50, UC: 1.99
e calcareous nodules (CH) - 200: 93 %
V7
Vv
- 28 _i{PP:1.50, T: 1.50
5086
Ve
15 -~ ;
i 24 PP: 0.85, T: 1.0
L
_; 24 PP: 1.50, T: 1.50
68.3 g 50 (5) 50 (0) :
s CLAY, hard, reddish brown 19’
to 20' (CH)
67.3 20 ——
25 — :
Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), No groundwater was encountered during
' drilling and 24 hours after drilling.
The ground water elevation was not determined during the course of this boring.

Driller: Matthers

ZAENGINEERS\Alex\2008\Sunny.CLG

Logger: Joshua Organization: GET PLATE A-20
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iraert
l”"""’"’ County  Harris Hole B-18 ’ District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/17/2013
“sion 3.1 csJ No. 0912-70-082 Station 31+33.97 Grnd. Elev. 86.32 ft
Offset 18.98 GW Elev. N/A
L Triaxial Test Properties
l fo} Texas Cone ioti Lateral Deviator, Wet iti
I'i' f?)v. 2 Penetrometer Strata Description Press Stress | MC LL Pl Den. Additional Remarks
(psi)  (psi) {pcf)
85.9 |ASPHALT, to 2inches |
SAND, moist, dark brown, wi/clay 10
pockets and silt (SM)
843 5
/ CLAY, very soft, moist, dark brown,
A brownish yellow, wiferrous and 19 PP: 0.62, T: 1.50
= calcareous nodules (CL)
[a20020)
L~
5
=
A 19 42 23 122.6 PP:0.62, T: 1.50, UC: 0.60
A
A
LA
44 17 PP: 0.39, T: 0.50
s FAT686)
>z CLAY, soft, dark brown 9' to 10’
76.3 10 & (CL)
) e CLAY, stiff, moist, reddish brown,
4 wiferrous and calcareous nodules 30 PP: 0.85, T: 0.88
d (CH)
iy
-/ 26.. .66 _44 1235 |PP:0.69,T:0.75, UC: 0.73
-200: 90 %
L13(6)15(6)
7
15 7
i 23 PP: 1.50, T: 1.50
/
_; 20 PP: 1.40, T: 1.50
17 (6) 21 (6
A (6)21(6)
66.3 20 ol
) = CLAY, very stiff, moist, reddish
A brown, brownish yellow, wiferrous | 7. ....|PP:1.50, T: 1.50
= and calcareous nodules (CL)
A
=
A 2493114 128.5. | PP: 0.69, T: 0.75, UC: 0.19
==
Znene
=
61.3 25 2

Remarks: UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test (tsf), No groundwater was encountered during drilling and
' 24 hours after drilling.

The ground water elevation was not determined during the course of this boring.

Driller: Matthers Logger: Joshua Organization: GET PLATE A-21

Z\ENGINEERSWIex\2009\Sunny.CLG
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|

CLAY, stiff, moist, reddish brown,
brownish yellow, wiferrous and
calcareous nodules (CH)

L1969 38 125

County  Harris Hole B-19 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/11/2013
Version 3.1 CcSsJ No. 0912-70-082 Station 27+43.59 Grnd. Elev. 86.50 ft
) Offset 15.26 GWElev.  64.50 ft
L Texas Cone Triaxial Test Properties
inti Lateral Deviator| Wet iti
[-(Z;te)v. g Penetrometer Strata Description Press. Stress MC LL Pl Den. Additional Remarks
(psi) __ (psi) (pcf)
86.1 ASPHALT, to 5.5 inches
SAND, loose, moist, dark brown, 12
wiclay seams and silt (SM) )
9

PP: 1.50, T: 1.50, UC: 2.43

-200: 80 %

/
Ve
Ve
/
4 " 16 PP: 1.50, T: 1.50
110(6) 11 (6)
Ve
10 -~
i 30 _|PP: 0.78, T: 0.88
Ve
-/
_; 23 PP: 1.32, T: 1.50
12 (6) 21 (6
i /7(#,(4,),,”,_.%,,,,
L~
15 p
47 18 PP: 1.32, T: 1.50
Ve
69.5 ——
= CLAY, very stiff, moist, reddish :
A brown, brownish yellow, wiferrous 120 44 25 125 PP:1.08,T:1.12,UC: 1.03
A and calcareous nodules (CL)
4 27(6)17(6)
=
66.5 20 —t=
SILT, slightly compact, moist,
| reddish brown, w/clay seams and 21 SPT: 21, - 200: 80 %
sand (ML)
§ .30 . |sPT:30
I 10 (8) 16 (6)
5§ 25 |

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test (tsf)

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

ZAENGINEERSWIex\2009\Sunny.CLG

Logger: Joshua

Organization: GET

PLATE A-22
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County  Harris Hole B-20 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/11/2013
MVersion 31 CsJ No. 0912-70-082 Station 21+09.94 Grnd. Elev. 84.59 ft
£ Offset 16.81 GW Elev. N/A
Triaxial Test Properties
: Texas Cone ipti Lateral Deviator; P Wet iti
I%}te)v. g Penetrometer Strata Description Pross. Stress | MC LL Pl Den. Additional Remarks
(psi)  (psi) (pcf)
84.2 >
SAND, moist, dark brown, w/clay 6
pockets and silt (SM)
82.6 — -
v CLAY, soft, moist, dark brown,
= wierrous and calcareous nodules 25 70 47 127.5 |PP:0.78,T: 0.88, UC: 1.02
(CH) -200: 79 %
1678
7
79.6 5 — -
A CLAY, soft, moist, dark brown,
A brownish yellow, with ferrous 16 PP: 1.40, T: 1.50
= and calcareous nodules (CL) B
_/
=
_/ 16 PP: 1.40, T: 1.50
A
ATE86)
=
746 10 2 —
CLAY, stiff, moist, dark brown,
L~ i X
N brownish yellow, with ferrous 25 PP: 1.32, T: 1.50
/ and calcareous nodules (CH) '
i
L/
ﬁ/ 18 PP: 1.50, T: 1.50
A12(0)18(6)
L7
69.6 15 |~ - : :
= CLAY, stiff, moist, reddish brown,
= brownish yellow, with ferrous 3 19 PP: 0.69, T: 0.75
Z and calcareous nodules (CL)
_/
A
—+A e 1,23 44 25 134 |PP:0.78,T:0.88, UC: 1.06
==
Clisese)
A
20
/
A 21 PP: 0.69, T: 0.75
=
_/
=
= A9 . 1PP: 0.56, T: 0.62
/
60.6 ] s0 (6)50(5)
Pz CLAY, hard 24' to 25' (CL)
59.6 25 -] :
© - Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), No groundwater was encountered during
drilling and 24 hours after drilling.
The ground water elevation was not determined during the course of this boring.

Driller: Matthers

ZA\ENGINEERS\Alex\2009\Sunny-1.CLG

Logger: Joshua

Organization: GET

PLATE A-23
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County  Harris Hole B-21 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/11/2013
_Version 3.1 CcsJ No. 0912-70-082 Station 17+73.54 Grnd. Elev. 82.85 ft
Offset 6.42 GW Elev. 62.85 ft
L Triaxial Test Properties
Texas Cone ipti Lateral Deviator, Wet iti
I%}:.)v. g Penetrometer Strata Description Pross. Stress | MC LL Pl Den. Additional Remarks
(psi)  (psi) (pcf)
82.4 ASPHALT, to 6 inches
’ _/ CLAY, very soft, moist, dark brown, 4 PP: 0.46, T: 0.62
/ reddish brown, with ferrous and
,/ calcareous nodules (Cl.)
=
A 17_...44 27 127.5 |PP:0.62, T: 0.88, UC: 0.66
A
1A 2(6)2(8)
A
5 A
A
A 21 PP: 0.69, T: 1.0
A
_/
/
_2 20 PP: 0.39, T: 0.50
/
g [23(6066)
- = CLAY, soft, dark brown 9' to 15'
10 A (cL)
LA
A - 26 PP: 0.46, T: 0.62
=
A
A
b= 28 PP: 1.24, T: 1.50
A
1~ 9(6) 11 (6)
LA
67.9 15 —|r - -
SILT, compact, moist, reddish
| brown, with clay seams and sand
(ML) 18 SPT: 25, -200: 64 %
14 SPT: 27
li|[14.6)28(6)
62.9 20 -
SILT, wet, reddish brown 20' to 15 SPT: 11
] 30", w/sand (ML)
15 ISPT: 11
Alf1® 23
25 —
Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test
Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Drilier: Matthers

Z\ENGINEERSWIex\2009\Sunny-1.CLG

Logger: Joshua

Organization: GET

PLATE A-24
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' l”’“"”’”"” County Harris Hole B-21 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/11/2013
_Version 3.1 CSJ No. 0912-70-082 Station 17+73.54 Grnd. Elev. 82.85 ft
‘ Offset 6.42 GW Elev. 62.85 ft
L Triaxial Test Properties
0 Texas Cone ioti Lateral Deviatorn Wet Additional R k
E(]l?)v. G Penetrometer Strata Description Press. Stress | MC LL Pl Den. itional Remarks
(psi)  (psi) (pcf)
SILT, wet, reddish brown 20' to 17 SPT: 16

30", wisand (ML)

13 SPT: 15

15 (6) 18 (6)

53.9 — -
SILT, slightly compact 29' to

30' (ML)

52.9 30

35 —

40

45 —

50 —

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers Logger: Joshua Organization: GET PLATE A-24

Z\ENGINEERS\Alex\2009\Sunny-1.CLG
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County  Harris Hole B-22 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/10/2013
yyiersion 3.1 CSJ No. 0912-70-082 Station 12+02.48 Grnd. Elev. 78.89 ft
" Offset 19.44 GWElev. 63.89ft
L Triaxial Test Properties
0 Texas Cone inti Lateral Deviaton Wi iti
I%}?)V' G Penetrometer Strata Description Press. Stress | MC LL PI Den. Additional Remarks
(psi) _ (psi) (pcf)
78.5 = 1
i CLAY, soft, moist, dark brown, 14 40_22_131.1_|PP: 1.40, T: 1.50, UC: 2.05
= brownish yellow, wiferrous and -200: 76 %
A calcareous nodules (CL) ’ ¢
A
A 15 |PP: 1.50, T: 1.50
0~
Ar1e66)
LA
5 7
= -
A 15 PP: 1.32, T: 1.50
LA
A
=
= 14 33 16 1334  PP:1.50,T:1.50, UC: 1.72
=
69.9 L~ 13 (6) 15 (6)
A CLAY, stiff, dark brown 9' to
10 A 10' (CL)
A
mpZ 118 w-...PP:0.56, T: 0.62
LA
=
=
mrs 21 _{PP: 0.31, T: 0.50
A
L 4 (6) 3 (6)
64.9
Y= CLAY, very soft, dark brown 14'
63.9 15 LA to 15 (‘CL) :
SILT, slightly compact, wet, reddish
] brown (ML) 27 SPT: 12, -200: 90 %
. 30
o176
20 —
— 27 SPT: 16
56.9 L
= CLAY, soft, moist, reddish brown,
A with ferrous and calcareous nodules - 11647 .28 _ ____|PP:0.46, T: 0.56
= (CL)
La5612(6)
=
163.9 25 —+=
Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test
Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers Logger: Joshua Organization: GET PLATE A-25

ZA\ENGINEERSWIex\2009\Sunny-1.CLG
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" wd.

SAND, loose, moist, reddish brown,

County  Harris Hole B-23 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/10/2013
) Yersion 3.1 CSJ No. 0912-70-082 Station 6+5.0 Grnd. Elev. 78.00 ft
) Offset GW Elev.  63.00 ft
L Triaxial Test | Properties
Texas Cone D ipti Lateral Deviator Wet Additional R k:
l%}te)v. g Penetrometer Strata Description Press Stress | MC LL Pl Den. itional Remarks
(psi) __ (psi) (pcf)
% ASPHALT, to 11.7 inches
77. i . 16 -
S SAND, moist, dark brown, wiclay
76 E] pockets and silt (SM)
) = CLAY, soft, moist, dark brown,
L brownish yellow, with ferrous . .
= 16 PP:1.24, T: 1.50
= and calcareous nodules (CL)
A 7(6) 9 (6)
=
5 A
/
A 1746 27 138 __|PP:0.46, T: 0.50, UC: 0.8
=
_
A
mp= 18 PP:1.32, T: 1.50
69 = 13 (6) 15 (6)
) = CLAY, stiff, dark brown 9' to
10 A 10" (CL)
A
A _ 16.....35 .18..132.24 ,PP: 0.78, T: 0.88, UC: 0.56
A
_é

wi/clay seams and silt (SM) 14 1-200: 37 %
63.
SAND, wet, reddish brown, wisilt

15' to 25' (SM)
20 SPT: 14
19 SPT: 8

20
18 SPT: 17
18 .| SPT: 11
3. 25 24 47 29 129 |PP:0.78,T:0.88, UC: 0.74

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location

where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers

Z\ENGINEERS\WIex\2008\Sunny-1.CLG

Logger: Joshua

Organization: GET
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=k DRILLING LOG ser

ipsteen
l” " County  Harris Hole B-23 District Harris
WinCore Highway Memorial Drive Structure Pavement and UU Date 01/10/2013
‘_L\v/ersion 3.1 CSsJ No. 0912-70-082 Station 6+5.0 Grnd. Elev. 78.00 ft
£ Offset GW Elev. 63.00 ft
L Triaxial Test Properties
lo} Texas Cone ioti Lateral Deviator, Wet itional R k
Elev. 2 Penetrometer Strata Description Press Stress | MC LL Pl Den. Additional Remarks
(psi)  (psi) (pcf)
A CLAY, moist, reddish brown, w/ferrous
A and caicareous nodules (CL)
LA
51. i -
SILT, compact, wet, reddish brown, 23 ISPT: 17
B with clay seams (ML)
|36 e)38(6)
30 —
20 SPT: 15
46. il 26 65 43 | PP:1.50,T:1.50
Ve CLAY, slightly compact, moist,
N reddish brown, with ferrous and
e calcareous nodules (CH)
7/ 18 (6) 22 (6)
43. 35 4

45 —

50 —

Remarks: PP: Pocket Penetrometer (tsf), T: Torvane (tsf), UC: Unconfined Compression Test (tsf), SPT: Standard Penetration Test

Any ground water elevation information provided on this boring log is representative of conditions existing on the day and for the specific location
where this information was collected. The actual groundwater elevation may fluctuate due to time, climatic conditions, and/or construction activity.

Driller: Matthers Logger: Joshua Organization: GET PLATE A-26

Z\ENGINEERS\AIex\2009\Sunny-1.CLG
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KEY TO LOG TERMS AND SYMBOLS

TERMS CHARACTERIZING SOIL STRUCTURE

UNIFIED SOIL CLASSIFICATIONS
Symbol Material Descriptions

GW fR] WELL GRADED-GRAVELS, GRAVEL-SAND MIXTURES
LITTLE OR NO FINES

GP POORLY GRADED GRAVELS, GRAVEL-SAND
MIXTURES, LITTLE OR NO FINES

GM SILTY GRAVELS, GRAVEL-SAND SILT MIXTURES

GC P24 CLAY GRAVELS, GRAVEL-SAND CLAY MIXTURES

SW WELL GRADED SANDS, GRAVELLY SANDS, LITTLE
OR NO FINES

SP POORLY GRADED SANDS, OR GRAVELLY SANDS,
LITTLE OR NO FINES

SILTY SANDS, SAND-SILT MIXTURES a
CLAYEY SANDS, SAND-SILT MIXTURES b

INORGANIC SILTS AND VERY FINE SANDS, ROCK
FLOUR, SILTY OR CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY

2
ENE E BR

CL INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY
GRAVELLY CLAYS, SANDY CLAYS, LEAN CLAYS

oL g ORGANIC SILTS AND ORGANIC SILTY CLAYS OF
LOW PLASTICITY

MH I 'NORGANIC SILTS, MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS, ELASTIC SILTS

CH INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS}

OH &g ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS

PT PEAT, HUMUS, SWAMP SOILS WITH HIGH ORGANIC CONTENT

R FILLSOILS
k\‘%E,COARSE GRAINED SOILS (major portion retained on No. 200
_”Sieve): Includes (1) clean gravels and sands, and (2) silty or clayey
gravels and sands. Conditions rated according to standard
penetration test (SPT) and Texas Cone Penetration (TCP) as performed

"o
s

in the field.
SPT Icp
Descriptive Blows Per Descriptive Blows Per
Terms Foot™™ Terms Eoot?
Very Loose 0-4 Very Loose 0-8
Loose 5-10 Loose 8-20
Medium Dense 11~30 Slightly Compact 20-40
Dense 31-50 Compact 40-80
Very Dense” over 50 Dense 80 to to 57/100
Very Dense 0" to 57/100

1. 140 pound weight having a free fail of 30-inch

Slickensided - Having incline planes of weakness that
are slick and glossy in appearance.

Fissured - Containing shrinkage cracks frequently
filled with fine sand or silt: usually vertical.

Laminated - Composed of thin layers of varying colors
and soil sample texture.

Interbedded - Composed of alternate layers of different
soil types.

Calcareous - Containing appreciable quantities of
calcium carbonate.

Well Graded - Having wide range in grain sizes and
substantial amounts of all intermediate
particle sizes.

Poorly Graded - Predominantly of one grain size, or having

a range of sizes with some intermediate
sizes missing.

Pocket - Inclusion of material of different texture
that is smaller than the diameter of the
sample.

Parting - Inclusion less than *s-inch thick extending
through the sample.

Seam - Inclusion % to 3-inch thick extending
through the sample.

Layer - Inclusion greater than 3-inch thick
extending through the sample.

Interlayered - Soils sample composed of alternating
layers of different soit types.

Intermixed - Soil samples composed of pockets of

different soil type and layered or laminated
structure is not evident.

FINE GRAINED SOILS (major portion passing No. 200 Sieve):
include (1) inorganic or organic silts and clays, (2) gravelly,

sandy, or silty clays, and (3) clayey silts. Consistency is rated
according to shearing strength as indicated by hand penetrometer
readings or by unconfined compression and TCP tests.

Undrained
Descriptive Shear Strength Descriptive TCP Blows Per
Term Ton/Sq. Ft. Terms Foot™”
Very Soft Less than 0.13 Very Soft 0-8
Soft 0.13t00.25 Soft 8-20
Firm 0.25 to 0.50 Stiff 20-40
Stiff 0.50 to 1.00 Very Stiff 40-80
Very Stiff 1.00 to 2.00 Hard 80 to to 5”/100
Hard 2.00 or higher Very Hard 0" to 5°/100

1. 170 pound weight having a free fall of 24-inches

2. 170 pound weight having a free fall of 24-inches
| SOIL. SAMPLERS

B SHELBY TUBE SAMPLER
X STANDARD PENETRATION TEST, TEXAS CONE PENETRATION TEST
[ AUGER SAMPLING

]
TERMS CHARACTERIZING ROCK PROPERTIES

VERY SOFT OR PLASTIC Can be remolded in hand: corresponds in consistency up to very stiff in soils.

SOFT Can be scratched with fingernail.

MODERATELY HARD Can be scratched easily with knife; cannot be scratched with fingernail.
Difficult to scratch with knife.

VERY HARD Cannot be scratched with knife.

POORLY CEMENTED OR FRIABLE Easily crumbled.

CEMENTED Bounded Together by chemically precipitated materials.

UNWEATHERED Rock in its natural state before being exposed to atmospheric agents.

SLIGHTLY WEATHERED Noted predominantly by color change with no disintegrated zones.

WEATHERED Complete color change with zones of slightly decomposed rock.

EXTREMELY WEATHERED Complete color change with consistency, texture, and general appearance or soil.

GEOTECH ENGINEERING AND TESTING

PLATE A-28
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APPENDIX B

Piezometer Installation and Abandonment Reports

GEOTECH ENGINEERING AND TESTING




Annular Seal Data:

oo
Well Report: Tracking #:313565 Page 1 of 2
STATE OF TEXAS WELL REPORT for Tracking #313565
Owner: GEOTECH ENGINEERING AND TESTING Owner Well #: B-6PZ
Address: BOO VICTORIA Grid #: 65-12-7
HOUSTON , TX 771022
Well Location:  14171-14269 MEMORIAL DR @ CLEAR SPRINGS Latitude: 20° 48" 11° N
HOUSTON, TX
Well County:  Harris Longitude: 0a5° 35' 45" W
Elevation: No Data GPS Brand Used: GARMIN
Type of Work:  New Well Proposed Use; Test Well
Drilfing Date: Started: 112212043
Completed: 112212043
Diameter of Hole: Diameter: 6 in From Surface To 25 #t
Drilling Method: Bored
Borehole Gravel Packed From: 25 ftto 13§t
Completion: Gravel Pack Size: 20140 SAND

st Interval: From 25 ft to 13 ft with 5 SAND {#sacks and material}

2nd Interval: From 13 ft to 11 ft with 1 BENT.CHIPS {#sacks and materiaf}
3rd interval: From 11 ft o 0 ft with 3 CEMENT {#isacks and material)
Method Used: GROUT PUMP

Cemented By: MED}

Distance to Sepfic Field or other Concentrated Contamination: No Data
Distance to Property Line: No Data

Method of Verification: No Data

Approved by Variance: No Data

Surface Alternative Procedure Used

Completion:

Water Level: Static level: No Data
Artesian flow: No Data

Packers: BENTONITE CHIPS 3/8 1311

Plugging Info: Casing or Cement/Bentonite left in well: No Data

Type Of Pump: No Data

Well Tests: No Data

Water Quality: Type of Water: No Data
Depth of Strata: No Data
Chemical Analysis Made: No Data
Did the driller knowingly penetrate any strata which contained undesirable constifuents: No Data

Certification Data:  The driller certified that the driffer drilled this well (or the well was driled under the driller's direct
supervision) and that each and all of the statements herein are true and correct, The driller
understood that failure to complete the required items will result in the log(s) being retumed for
compléetion and resubmittal.

Company MATHERS ENVIRONMENTAL DRILLING INC.

hﬁp:f/texaswelireperts,rwdb.state‘tx,usidrii}ersfnew/insmweilrepcrtprint.asp?trackw“{i13565 3/15/2013




Well Report: Tracking #:313565 | Page 2 of 2

information: 12243 B. ¥M 529
: HOUSTON , TX 77044
Drifter License 4850
Number:
Licensed Well PATRICK L, STEPHENS

Ditller Signature:

Registered Drifler No Data
Apprentice

Signature:

Apprentice No Data
Registration
Number:

Comments: No Data

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. OCC. CODE Tile 12, Chapter 1901.251, authorizes the owner (owner or the person for whom the
well was drilled) to keep information in Well Reports confidential. The Department shall hold the contents
of the wall log vonfidential and not a matter of public record if it receives, by certified mail, a written
request 1o do so from the owner.

Please include the réport's Tracking number (Tracking #313565) on your written request.

Texas Departmant of Licensing & Regulation
P.O. Box 12157

Austin, TX 787144
{512) 463-7880
DESC. & COLOR OF FORMATION MATERIAL CASING, BLANK PIPE & WELL SCREEN DATA
From (f) To (ff) Description Dia. New/Used  Type Setting From/To
0-2' SM.ERW,RED BRW 2" NEW PLASTIC SCREEN SLOT 0.010 2515 SCH40
24’ CL.BRW,RE BRW 2" NEW PLASTIC BLANK 1§-0 SCH40

4'-8' TCP

5.7 CL, BRW, YELL, GRN, GRY
7'9' CH, REDBRW, GRNGRY
810" TCP

10'-12° CH,RDBRW, GRY
12'-14' CH, RDBRW,GRY
14'-18 TCP

15-17° CH, RDBRW, BRW
17.49' CH, ROBRW, BRW
19-20° TCP

20'-22° MLWICH RUBRW
2224 MLWICH RDEBRW
2425 TCP

http://texaswellreports.twdb.state.tx.us/drillers-new/insertwellreportprint.asp?track=313565  3/15/2013




‘Well Report: Tracking #:313568

Page 1 of 2

STATE OF TEXAS WELL REPORT for Tracking #313568

Owner: GEQTECH ENGINEERING AND TESTING Ouner Well #: B11P2
Address: 80C VICTORIA Ghd #: 85.12.7

HOUSTON . TX 77022
Well Location: 14511 MEMORIAL DR @ WINTER OAKS DRIVE  Latitude: 29° 46" 42" N

HOUSTON , TX ’
Weli County:  Harris Longitude: 085° 36" 11 W
Elevation: No Data GPS Brand Used: GARMIN
Type of Work:  New Wall Proposed Use: Test Well
Drilling Date: Started: 112212013

Completed; 1/22/2013

Diameter of Hole: Diameter: 6 in From Surface To 25 #
Driling Method:  Bored '
Borehole Gravel Packed From: 25 ftto 13 #
Completion: Gravel Pack Size: 20/140 SAND

Annular Seal Data;

ist Interval: From 25 fit fo 13 ft with 5 SAND (#sacks and material}

2nd interval: From 13 ft to 11 ft with 4 BENT.CHIPS (#sacks and material}
3rd interval: From 11 f to 6 R with 3 CEMENT {#sacks and material)
Method Used: GROUT PUNP

Cemented By: MEDI

Distance to Septic Field or other Concentrated Contamination: No Data
Distance to Property Line: No Data

Method of Verification: No Data

Approved by Variance: No Data

Surface Alternative Procedure Used
Completion;
Water Level: Static ievel: No Data

Artesian flow: No Data
Packers: BENTONITE CHIPS 3/8 1317

Plugging Info:

Casing or Cement/Bentonite laft in well: No Data

Type Of Pump; No Data

Weil Tests: No Datn

Water Quality: Type of Water: No Data
Depth of Strata: No Data
Chemical Analysis Made: No Data
Did the driller knowingly penetrate any strata which contained undesirable constituents: No Data

Certification Data: ~ The driller certified that the driller drilled this well {or the well was drilled under the driller's direct
supervision) and that each and all of the statements herein are tfrue and correct. The driller
understood that fallure to complete the required items will resultin the log(s) being returned for
completion and resubmiftal,

GCompany MATHERS ENVIRONMENTAL DRILLING INC.

tnformation: 12243 B, FM 529

https://texaswelirepoﬂs.twdb.state.tx.us;’drﬂfe;rsﬂ-newfinsertwe}lreportprint,asp

3/15/2013




Well Report: Tracking #:313568 Page 2 of 2

HOUSTON, TX 77041

Driller License 4850
Number:
Licensed Well PATRICK L, STEPHENS

Drilter Signature:

Registered Driller ~ No Data
Apprentice:

Signature:

Apprentice No Data
Registration

Number:

Comments: No Data

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. QCC. CODE Title 12, Chapler 1801.2581, authorizes the owner (wner or the person for whom the
well was drillad) to keep information in Well Reports confidential. The Depariment shall hold the contents
of the well log confidential and not'a matter af pubic record if it receives, by certified mail, a written
request to do s¢ from the owner.

Please include the report's Tracikdng number {Tracking #313588) on your written request,

Texas Department of Licensing & Regulation
P.O. Box 12157

Austin, TX 78741
{512) 46378680

DESC. & COLOR OF FORMATION MATERIAL CASING, BLANK PIPE & WELL SCREEN DATA

From () To {ft} Description Dia. New/Used Type Betting From/To
0-2' SM, BRW, RED BRW 2* NEW PLASTIC SCREEN SLOT 0.010 2815 SCH40
i; %;v, BRW, RE BRW 2" NEW PLASTIC BLANK 15°0 SCH40

5.7 Cl., BRWYELL, BRW

79 CL, BRWYELL, BRW

910" TCP

10°12' CH, RDBRW, BRW

1244’ CH, RDBRW, GRY

141§ TCP

15°17° CH, RDBRW, GRY

17°-19" CH, RDBRW, GRY

19°%.20" TCP

20-22" CH, RDBRW, GRY

22-24' CL, RDBRW, GRY

24'-25' TCp

https:/itexasweﬂreports»twdb.state;tx.us;’dr.i.ﬂers-new/insemvellreporfprint.asp 3/15/2013




Well Report: Tracking #:313573 Page  of 2 :
STATE OF TEXAS WELL REPORT for Tracking #313573
Owner: GEOTECH ENGINEERING AND TESTING Quner Well #: B-16PZ
Address: 800 VICTORIA Grid #: 85-12.7
HOUSTON , TX 77022
Well Location; 14747 MEMORIAL DR @ THICKET LN Latitude: 2945 14" N
HOQUSTON , TX
Well County:  Harris Longitude: 095° 38" 39" W
Elevation: No Data GPS Brand Used: GARMIN
Type of Work:  New Well Proposed Use; Test Well
Drilling Date: Started: 1/22/2013
Completed: 1/22/2013
Diameter of Hole:  Diameter: 6 in From Surface To 20 ft
Drilling Method: Bored
Borshole Gravel Packed Fron: 20 fito 8 it
Completion: Gravel Pack Size: 20/40 SAND
Annular Seal Data:  1st Interval: From 20 ft to 8 ft with 5 SAND {#sacks and material)
2red Interval: From B ft to 8 ft with 1 BENT.CHIPS (#sacks and material}
3rd Interval: From 6 ft to 0 fE with 2 CEMENT {#sacks and material)
Method Used: GROUT PUMP
Cemented By: MED!
Distance to Septic Field or other Concenirated Contamination: No Data
Distance o Property Line: No Data
Method of Verification: No Data
Approved by Variance: No Data
Surface Alternative Procedure Used
Completion:
Water Level: Static level No Data
Artesian flow: No Data
Packers: BENTONITE CHIPS 3/8 8'-¢
Plugging Info: Casing or Cement/Bentonite left in well: No Data
Type Of Pump: No Data
Well Tests: No Data
Water Quality: Type of Water: No Data
Depth of Strata: No Data
Chemical Analysis Made: No Data
Did the driller knowingly penetrate any strata which contained undesirable constituents: No Data
Certification Data:  The driller centified that the driller drilled this well (or the well was drilled under the driller's direct
supervision) and that each and all of the statements herein are true and correct. The driller
understood that failure to complete the required itemns will result in the log(s) being returned for
completion and resubmittal.
Company MATHERS ENVIRONMENTAL DRILLING INC.
Information: 12243 B.FM 529
https:/texaswellreports.twdb.state.tx.us/drillers-new/insertwellreportprint.asp 3/15/2013
]




Well Report: Tracking #:313573

Drifler Linense
Number;

Licensed Well
Driller Signature:

Registered Driller
Apprentice
Signature:

Apprentice
Registration
Number:

Comments:

HOUSTON , TX 77041
4850

PATRICK L, STEPHENS

No Data

No Data

No Data

Page 2 of 2

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY

TEX. OCC. CODE Title 12, Chapter 1901.251, authorizes the owner {owner or the person for whom the
‘well was drilled) to keep information in Well Reports confidential. The Department shall hold the contenits
of the well log confidential and not a matier of public record if it receives, by certified mail, a written
request to do so from the owner,

Please include the report's Tracking number (Tracking #313573) on your wiitten request,

Texas Department of Licensing & Regulation

DEBC. & COLOR OF FORMATION MATERIAL

P.O. Box 12157
Austin, TX 78711
{512) 483-7880

CASING, BLANK PIPE & WELL SCREEN DATA

From (it} To (ft) Description
0-2' SM, DRKBRW
24’ CL, DRKBRW
4.5 TCP

-7 CL, BRWYELL, BRW
7'-9° CL, BRWYELL, BRW
910 TCP
10'-12' CH, RDBRW, GRY
12-14' CH, RDBRW, BRW
14485 TCP
15' 47 CH, RUBRW, BRW
17'18" CH, RDBRW, BRW
19'-20° TCP

Dia. Newilsed Type Seiting From/To
2" NEW PLASTIC SCREEN SLOT 0.010 2010' SCH40
2" NEW PLASTIC BLANK 10°-0 SCH40

https://texaswellreports.twdb.state.tx.us/drillers-new/insertwellreportprint.asp 3/15/2013
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Plugging Report: Tracking #:89841 Page 1 of 2
STATE OF TEXAS PLUGGING REPORT for Tracking #89841
Owner: CITY OF HOUSTON ' Owner Well # PZ4
Address: 15010 MENMORIAL DRIVE Grid & 85127
HOUSTON , TX 77078
Well Locatiors 15010 MEMORIAL DRIVE Latitude: 29°48' 37 N
HOUSTON , TX 77078
Well County:  Harris Longitude: 096° 377 05" W
GPS Brand Used: GARMIN

Well Type: Monitor

HISTORICAL DATA ON WELL TO BE PLUGGED

Company information:

Plug Installer License
Number:

Originat Well Drilier: PATRICK STEPHENS
Driller's License Number 4850
of Criginal Welt Driller:
Date Well Drilled: 81212013
Weill Report Tracking 337281
Number:
Diameter of Borehole: §" inches
Total Depth of Borehole: 35" fest
Date Well Plugged: 811312013
Person Actually THOMAS E. MATHERS
Performing Plugging
Operation:
License Number of 3086
Plugging Operator:
Piugging Method: Tremmie pipe cement from bottom to top.
Plugging Varance # Ho Data
Casing Left Data: 1st Interval: 0 inches diameter, From 0 ftto D #t
2nd Interval: No Data
3rd interval: No Data
Cement/Bentonite Plugs  1st Interval: From 38 ft to 0 ff; Sack{s)itype of cement used: § CEMENT
Placed in Well: 2nd Interval: No Data
3rd Interval: No Data
4th interval: No Data
8ih Interval: No Data
Certification Data: The plug installer certified that the plug installer plugged this well (or the well was plugged

under the plug installer's direct supervision) and that each and all of the statements herein
are frye and correct. The piug installer understeod that failure to complete the required items
will result in the log(s) bsing returned for completion and resubmittal,

MATHERS ENVIRONMENTAL DRILLING INC.
12243 B. FM 520
HOUSTON , TX 77041

3098

hitps://texaswellreports.twdb.state.tx.us/drillers-new/pluggingreportprint. asp

9/16/2013




Plugging Report: Tracking #:89841 ’. Page 2 0f2

Licensed Plug Installer  THOMAS E. MATHERS
Signaturs:

Registered Plug Installer No Data
Apprentice Signature:

Apprentice Regisiration No Data
Number:

Plugging Method No Data
Comments:

Please include the plugging report’s tracking number {Tracking #89841} on your written request.

Texas Department of Licensing & Regulation
© PO, Box 12187
Austin, TX 78711
{512} 4837880

https://texasweiireports.twdb,»,state.musz’dr.iilers»newfpluggingreportprintasp 9/16/2013
: SRR -




e Well Repert: Tracking #86458

STATE OF TEXAS PLUGGING REPORT for Tracking #86459

Owner:; GEOTECH ENGINEERING AND TESTIN

Address: 800 VICTORIA
HOUSTON , TX 77022

Well Location:  14171-14299 MEMORIAL DR @ CLEAR SPRINGS
HOUSTON , TX

Well County:  Harris

Owner Well #:
Grid #;

Latitude:

Longiude:

GPS Brand Used:

B-8PZ
65-12-7

29°468"11"N

095° 35 45" W
GARMIN

Well Type: Monitor

HISTORICAL DATA ON WELL TO BE PLUGGED

Criginal Well PATRICK L, STEPHENS
Drilier:

Driller's License 4858
Number of

Originai Well

Driller:

Date Well Drilled: 172272013
Well Repart 313565
Tracking Number:

Diameter of 6" inches
Borehole:

Total Depth of 25" feet
Borehole:

Date Well 311412013
Plugged:

Person Actually PATRICK L, STEPHENS
Performing -
Plugging

Operation:

License Number 4850
of Plugging
Operator:

Plugging Method:  Tremmie pipe cement from bottom fo top.

Plugging No Data
Variance #:

Casing LeftData: 1stinterval: 0 inches diameter; (No Data) ft to (No Data) ft

2nd Interval: No Data
3rd Interval: No Data

Cement/Benfonite 1stinterval: From 25 ft to 0 ft; Sack{s)/type of cement used: 3 CEMENT

Plugs Placed in 2nd Interval: No Data

texaswelireports twdb.state.bxus/drilters-newiplug ging reportprint. asp rack= 86459
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363 Well Report, Tracking #86459
Well: 3rd interval: No Data

4th Interval; No Data
&th interval: No Data

Certification Data: The plug installer certified that the plug instalier plugged this well (or the well was plugged under
the plug installer's direct supervision)and that each and-all of the staterments herein are true and
corect. The plug installer understood that failure to complete thé required items will resultin the
log(s) being retumned for completion and resubmittal.

Company MATHERS ENVIRONMENTAL DRILLING INC.
informatiors 12243 B.FM 529

HOUSTON, TX 77041
Plug Installer 4850

License Number:

Licensed Plug PATRICK L, STEPHENS
Installer
Signature:

Registered Plug  No Data
Installer

Apprentice

Signature:

Apprentice No Data
Registration
Number:

Plugging Method  No Data
Comments:

Please include the plugging reports tracking number (Tracking #86458) on your writlen requast,

Texas Department of Licensing & Regulation
P.O. Box 12157
Austin, TX 78711
{512) 463-7880

texaswelireports.wdb.state beus/drillers- rewiplugging reportprint asp?track: BB459 242




MBS v Well Report: Tracking $88461

STATE OF TEXAS PLUC%QI&G REPORT for Tracking #86461

Owner: CEOTECH ENGINEERING AND TE:S‘HN Owner Well #; B-11PZ
Address: 860 WCTOR!A Grid # 651247
HOUSTON, TX 77022
Weil Locatior: 14511 MEMORIAL DR @ WINTER QAKS DRIVE Latitude: 29746 12" N
HOUSTON, TX
WellCounty: Harris Longitude: 895° 36" 1" W
P8 Brand Used: GARMIN
Well Type: Monitor
HISTORICAL DA’S'A ONWELL TO BEPLUGGED
Original Well PATRICK L, STEPHENS |
Driller:
Driller's License 4850
Number of
Original Well
Driller:
Date Well Drilled: 1/22/2013
Well Report 313568
Tracking Number.
Diameter of 6" inches
Borehole:

Total Depth of 25 feet
Borehole:

Bate Well
Plugged:

311472013

Person Actually  PATRICK L, STEPHENS
Performing
Plugging

Operation:

License Number 4850
of Plugging
Operator:

Plugging Method:  Tremmie pipe cement from bm:tom to top.

Plugging: No Data
Variance #;

Casing LeftData:  1stintenal: 0 inches dxameter, {No Data) ft to (No Data} ft

2nd interval: No Data
Srd Interval: No Data

Cement/Bentonite 1stinterval: From 25 ft to 0 ft; Back{s)itype of cement used: 3 CEMENT

Plugs Placedin  2nd Interval: No Data

te)esmlireportsmdb.state.uusldrmers-new'plqg_girgrepuxpﬁm;asp?ira?ﬁ!c:a@m
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Was

qui Raport Tracking #:86461

Weli: 3rd Interval: No Data
4th Interval: No Data
5th Interval; No Data

Certification Data:  The plug installer certified that the plug installer plugged this well (or the well was plugged under
the plug installer’s direct supervision} and that each and all ofthe statements herein'are trie and
correct. The plug installer understood that failure fo complete the required items will resultin the
log(s) being returmed for com pietzem and resubmittal,

Company MATHERS ENVIRONMENTAL BR!LLING INC.

information: 42243 B.FM 529
HOUSTON , TX 77041

Plug Installer 4850

License Number:

licensed Plug PATRICK L., STEPHENS

installer

Signature:

Registered Plug  NoData

installer

Apprentice

Bignature:

Apprentice No Data

Registration

Number;

Plugging Method NoData

Comments:

Please include the plugging report's fracking number (Tracking #86461) on vour written request.

texaswellreports wd state.beus/drillers-newiplugging reportprint.asp2tr acke 85461 22

Texas Departiment of Licensing & Regulation

P.0O. Box 12157
Austin, TX 78711
{612) 463.7880




311813 Well Report: Trockiing #:86460

STATE OF TEXAS PLUGGING REPORT for Tracking #86460

Qwner: GEOTECH ENGINEERING AND TESTIN OQwriér Well #: B1SPZ
© Address: 800 VICTORIA Grid #: 65-12-7
HOUSTON, TX 77022
Well Location: 14747 MEMORIAL DR @ THICKET LN Latitude: 29°48 14" N
HOUSTON, TX
Weli County.  Harris Longitude: 095° 36" 39" W

GPSBrand Used: = GARMIN

Well Type: Monitor

HISTORICAL QﬁTA ONWELL TO BE PLUGGED

Original Well PATRICK L, STEPHENS
Driller:

Driller’s License 4850
Number of

Original Well

Driller:

Date Well Drilled:  1/22/2013

Weli Report 313873
Tracking Number;

Diameter of 8" inches
Borehole:

Total Depth of 26" fpet
Borehole:

Date Well 311412013
Plugged:

Person Actually PATRICK L, STEPHENS
Performing

Plugging

Operation:

ticense Number 4850
of Plugging
Operator:

Plugging Method:  Tremmie pipe cement from bottom to top.

Plugging No Data
Variance #:

Casing LeftData:  1stinterval: § inches diamater, (No Data) ft to (No Data) ft
2nd Interval: No Data
3rd interyal: No Data

CementBentonite 15t Interval: From 20 ft to 0 ft; Sack(s)itype of cement used: 3 CEMENT
Plugs Placedin  2nd Intenval: No Data

texaswalireports tweb state Ixus/drillers-newiplug ging repariprint asptrack=86460 12




;a3

Welh

f’\!eﬂ Report: Tracking #:86460
3rd Interval: No Data
41h Interval:No Data
5t Interval: No Data

Cerlification Data:

Company
Information:

Plug Installer
License Number:

Licensed Plug
installer
Sighature:

Registered Plug
Installer
Apprentice
Signature:

Apprentice
Registration
Number:

Piugging Method
Comments:

The plug installer cerfified that the plug installer plugged this well (or the well was plugged under
the plug installer's direct supendsionyand that each and all of the statements herein are frue and
correct. The plug installer understood that failure to complete the required iterns. will resultin the
log(s} being returned for complefion and resubmittal,

MATBERS ENVIRONMENTAL DRILLING INC.

12243 B. FM 529
HOUSTON, TX 77041

4850

PATRICK L, STEPHENS

No Data

No Data

Please include the plugging report's tracking number (Tracking #86464) on your writien request.

Texas Department of Licensing & Regulation
P.0. Box 12157
Austin, TX 78711
{512} 4637880

texaswelireports. wib.state baus/drillers-newplug g ing tapoﬂpﬁnt;asp’?traéi#m




Well Repott: Tracking #:337281

ewn_e_f?
© Address:

Wel Location:

CITY OF HOUSTON
15010 MEMORIAL DRIVE
HOUSTON, TX 77079

NW OF 15010 MEMORIAL DRIVE

HOUSTON , TX 77079

Harris
No Data

Well County:
Efevation:

Type of Work:  New Well

STATE OF TEXAS WELL REPORT for Tracking #337284
' PIEZOMETER Pz
884127

Owner Wall #
Grid #:

Latitude:

Longitude:
GPS Brand Used:

26° 46" 37" N

095° 37 05" W
GARMIN

Proposed Use:

Test Well

Drilling Date:

Dikevister of Hole:
Drilling. Method:
Borehole Completion:

Annular Seal Data:

Surface Compilation:

Water Level:

Packers:
Piugging tnfo:
Type Of Pump:
Well Tests;

Started: 8/2/2013
Completed: 8/2/2013

Diamater: § in From Surface To k13

Mud Rotary

Grave! Packed From:; 2ftto 188
Grave! Pack Size: 20/40 SAND

1st Interval: From 35 ft to

2nd Iritervat: From 25 ft to 13 ft with 58

25 ft with 3 BENT.CHIPS

{#sacks and material)

AND (feacks and materialy

3rd Inferval: From 13 # to 0 £t with 3 BENT.CEMENT {#sacks and

material)

Method Used: HANDMIX
Ceniented By: MEDI
Distance to Septic Field or
Distarice to Property Line:
Mathad of Verification: No

sther Concentrated Contamination: No Data

No Data
Data

Approved by Variance: No' Data

Surface Bleove Instafled

Static level: 18 ft. below land surface on 8/2/2013
Data |

Artesian flow: No

BENTONITE CHIPS 3/8 13'111°
Casing' or Cement/Bentonite feft in well: No Data

No Data
Mo Data

g

Water Quality:

Certification Data:

Company Information:

Type of Water: No Data
Depth.of Strata: No Data
Chemical Analys

is Made: No Data

Did the driller knowingly penetrate any strate which contained undesirable

constituents: No Data
The driller ceriified that the

‘harsin.are frue and comect
the required iterss will resu
resutimittal.

ller e driller drilled this well (or the well was diilled
under the drifler's direct, Supervision) and that each.and all of the statements
. The driller understood that fallure to-Gomplete
ftin the logis) being retumad for completion and

. MATHERS ENVIRONMENTAL DRILLING INC.
12243 B. FM 829

HOUSTON, TX 77041




Well Report: Tracking #:337281 | | ~ Pags2of2

Driller- License Number: 4850

Licensed Weil Drifler Signature: PATRICK STEPHENS
Reglsterad Drifler Approntioe Signature:  No Dilta |
Apprentice Registration Number, No fats

Comiments: No Data

IMPORTANT NOTICE FOR PERSONS HAVING WELLS DRILLED CONCERNING CONFIDENTIALITY 7

TEX. OCC. CODE Title 12, Chapter 1901.261, authorizes the owner {owneror the person for whom the
well was drifled).to keep information in Well Reports confidential: The Department stiéll hold the contents
of the well log confidential and not & matter. of public record If it rapeivis, by coitifiod mall, @ wiitten
request to-do 56 from the owner, : :

Please include the report's Tracking number (Tracking #337281) on your written request,
Texas Department of Licensing & Regulation

' PO, Box 12157
Austin, TX 78711
{512) 463-7880

DESC. & COLOR OF FORMATION MATERIAL CASBING, BLANK PIPE & WELL $CR§EN' DATA

Fm"(&'fa {f} Desoription Dia. New/Used: %pe Satting From/To.

0.2 CLAY 2" NEW PLASTIC SCREEN SLOY 0.010 25415 SCH.40
2410 SAND ‘ : 2 NEW PLASTIC BLANK 150 SCH.A0

10'18' CLAY }

15.20' SILT

2022 CLAY

23230 SILT

3035 CLAY

hexaswelireports.twdbstate. (x us/drillers-now/insertwellreporprintasp. 8212013




APPENDIX C

Project Site Pictures
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PROJECT PICTURES
Project No. 09-338E

P-1 (A Picture of Project Alignment)

P-2 (A Picture of Coring and Traffic Control)

GEOTECH ENGINEERING AND TESTING




PROJECT PICTURES
Project No. 09-338E

P-4 (A Picture of TCP Testing using Automatic Hammer)

GEOTECH ENGINEERING AND TESTING




PROJECT PICTURES
Project No. 09-338E

P-5 (A Picture of Piezometer Installations)

P-6 (A Picture of Borehole Grouting using Tremie Method)




APPENDIX D

OSHA Soil Classification
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OSHA SOIL CLASSIFICATION

General

Occupational Safety and Health Administration (OSHA) has required a trench protective system for
trenches deeper than five-ft. Trenches that are deeper than five-ft, should be shored, sheeted, braced or
laid back to a stable slope, or some other appropriate means of protection should be provided where
workers might be exposed to moving ground or caving. OSHA developed a soil classification system to
be used as a guideline in determining protective requirements for trench excavations.

OSHA classification system categorizes the soil and rock in four types based on shear strength and
stability. These classifications are summarized in the following report sections.

Stable Rock

means natural solid mineral matter that can be excavated with vertical sides and remain intact while
exposed.

Type A Soil
means cohesive soils with an unconfined compressive strength of 1.5-ton per square foot (tsf) or greater.
Examples of cohesive soils are: clay, silty clay, sandy clay, clay loam, silty clay loam, sandy clay loam,
caliche and hardpan. No soil is Type A if:

o] The soil is fissured; or

) The soil is subject to vibration from heavy traffic, pile driving or similar effects; or

The soil has been previously disturbed; or

o] The soil is part of a slope, layered system where the layers dip into the excavation on a
slope of 4(h): 1(v) or greater; or

o] The material is subject to other factors that would require it to be classified as a less
stable material.

Type B Soil
o] Cohesive soil with an unconfined compressive strength greater than 0.5 tsf but less than
1.5tsf; or
o] Granular cohesionless soils including: angular gravel, silt, silt loam, sandy loam, and in
some case, silty clay loam and sandy clay loam; or
o] Previously disturbed soils except those which would otherwise be classified as Type C
soil; or
o] Soil that meets the unconfined compressive strength or cementation requirements for
Type A, but is fissured or subject to vibration; or
Project No. 09-338E 1
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o] Dry rock that is not stable; or

o] Material that is part of a sloped, layered system where the layers dip into the excavation
on a slope less steep than 4(h): 1(v), but only if the material would otherwise be classified
as Type B.

Type C Soil

o] Cohesive soil with an unconfined compressive strength of 0.5 tsf or less; or

o] Granular soils including gravel, sand, and loamy sand; or

o] Submerged soil or soil from which water is freely seeping; or

o] Submerged rock that is not stable; or

o] Materials in a sloped, layered system where the layers dip into the excavation on a slope

4 (h) : 1(v) or steeper.

Under the assumption that appropriate groundwater control measures are carried out, and the
groundwater table, if present, is lowered and maintained at least 3 feet below the excavation depths, the
stable cohesive soils (CL) & (CH), with unconfined compressive strength greater than 0.5 tsf, are
classified as OSHA soil Type “B”. The granular soils, which are less stable, are classified as OSHA soil
Type “C”.

Based on our geotechnical exploration and laboratory test results details of soil classifications at each
boring are summarized below:

OSHA SOIL TYPE

Boring No. Rar?;ﬂg, ft Soil Type OSHA Soil Classification

B-1 0-2 Silty Sand (SM) C
2-10 Clay (CH) B

B-2 0-2 Silty Sand (SM) C
2-155 Clay (CH) B

15.5 - 17 Clay (CH) C

17 -22 Silt (ML) C

22-25 Clay (CL) C

B-3 0-2 Clay (CL) B
2-15 Clay (CH) B

15-17 Clay (CH) C

Project No. 09-338E 2
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Depth

Boring No. Range ), ft Soil Type OSHA Soil Classification
B-3 17-25 Silt (ML) C
B-4 0-10 Clay (CL) B

10-16 Clay (CH) B
16 - 25 Clay (CH) C
B-5 0-4 Silty Sand (SM) C
4-10 Clay (CL) B
10 - 16 Clay (CH) B
16— 17 Clay (CH) C
17-20 Clay (CL) C
20 - 25 Silt (ML) C
B-6 0-10 Clay (CL) B
10-20 Clay (CH) B
20 - 25 Silt (ML) C
B-7 0-10 Clay (CL) B
10-14 Clay (CH) B
14-20 Clay (CH) C
2022 Silty Sand (SM) C
2225 Clay (CL) C
B-8 0-5 Silty Sand (SM) C
5-10 Clay (CL) B
1017 Clay (CH) B
17-19 Clay (CL) B
19 - 20 Clay (CL) C
2022 Silt (ML) C
2225 Clay (CL) C
B-9 0-2 Silty Sand (SM) C
2-12 Clay (CL) B
12-20 Clay (CH) B
20 - 25 Clay (CL) C

Project No. 09-338E
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Depth

Boring No. Range ), ft Soil Type OSHA Soil Classification

B-10 0-2 Silty Sand (SM) C
2_5 Clay (CL) B

57 Clay (CL) C

7-10 Clay (CL) B

10-12 Clay (CH) B

12-14 Clay (CH) C

14-20 Clay (CH) B

20 - 25 Clay (CL) B

B-11 0-2 Silty Sand (SM) C
210 Clay (CL) B

10 - 20 Clay (CH) B

20 - 25 Clay (CL) B

B-12 0-2 Silty Sand (SM) C
210 Clay (CL) B

10-22 Clay (CH) B

2224 Silty Sand (SM) C

24— 26 Clay (CL) B

26— 30 Clay (CL) C

B-13 0-6 Clay (CL) B
615 Clay (CH) B

15— 25 Clay (CL) B

B-14 0-5 Silty Sand (SM) C
5-10 Clay (CL) B

10-30 Clay (CH) B

B-15 0-2 Silty Sand (SM) C
2_5 Silt (ML) C

510 Clay (CL) B

10 - 27 Clay (CH) B

27 - 30 Silt (ML) C

Project No. 09-338E
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Depth

Boring No. Range ), ft Soil Type OSHA Soil Classification
B-15 30-35 Clay (CL) C
B-16 0-2 Sand (SM) C

2_5 Silt (ML) C

5-10 Clay (CL) B

10 - 20 Clay (CH) B

B-17 0-2 Silty Sand (SM) C
2-10 Clay (CL) B

10 - 20 Clay (CH) B

B-18 0-2 Silty Sand (SM) C
2_7 Clay (CL) B

7-10 Clay (CL) C

10-20 Clay (CH) B

2022 Clay (CL) B

2225 Clay (CL) C

B-19 0-5 Silty Sand (SM) C
517 Clay (CH) B

17 -20 Clay (CL) B

2025 Silt (ML) C

B-20 0-2 Silty Sand (SM) C
2_5 Clay (CH) B

5-10 Clay (CL) B

10 - 15 Clay (CH) B

1525 Clay (CL) B

B-21 0-2 Clay (CL) C
2_7 Clay (CL) B

7-12 Clay (CL) C

12-15 Clay (CL) B

1530 Silt (ML) C

B-22 0-12 Clay (CL) B

Project No. 09-338E

GEOTECH ENGINEERING AND TESTING




Boring No.

Depth
Range ), ft

B-22

B-23

B-24

12-15
15-22
22 -25
0-2
2-12
12-25
2527
27 - 32
32-35
0-2
2-10
10-15
15-20
20-22
22 -30
30-35

Soil Type

OSHA Soil Classification

Clay (CL)

Silt (ML)

Clay (CL)

Silty Sand (SM)
Clay (CL)

Silty Sand (SM)
Clay (CL)

Silt (ML)

Clay (CH)

Fill: Sandy Lean Clay (CL)
Fill: Silty Sand (SM)
Fat Clay (CH)

Silt (ML)

Lean Clay (CL)
Sandy Silt (ML)

Fat Clay (CH)

Note: 1. Refer to each boring log for soils stratigraphy

Project No. 09-338E
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APPENDIX E

Pavement Design Computations
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Design Slab Thickness, D (inches) / V/ / -
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DESIGN CHART FOR RIGID PAVEMENTS BASED ON USING MEAN VALUES FOR EACH INPUT VARIABLES
(SEGMENT 2)
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APPENDIX F

Drilled Shaft Capacity Curves with Data Output
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SKIN FRICTION DESIGN

WinCore

Harris

District
Date

B-1

Hole

Harris

County

Version 3.1

01/21/2013
79.44 ft
N/A

Pavement and UU

115+11
18.46

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used

0.7

Unit Frictional Resistance (T/SF)

e
v
(Ft)

~
(@] o o - £ ¥
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o Ie] i i N N ™ ™
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POINT BEARING DESIGN

WinCore . _— .
. County Harris Hole B-1 District Harris
Version 3.1
Highway Memorial Drive Structure Pavement and UU Date 01/21/2013
Control  No. 0912-70-082 Station 115+11 Grnd. Elev. 79.44 ft
Offset 18.46 GW Elev. N/A
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN

WinCore
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B-2
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Version 3.1

1/21/2013
77.17 ft
61.67 ft

Pavement and UU

109+00
20.72
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Highway Memorial Drive
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Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-2 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 1/21/2013
Control  No. 0912-70-082 Station 109+00 Grnd. Elev. 77.17 ft
Offset 20.72 GW Elev. 61.67 ft
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN

WinCore

Harris
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B-3

Hole
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County

Version 3.1

01/21/2013
78.49 ft

Pavement and UU

105+34
7.76

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

62.49 ft

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-3 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/21/2013
Control  No. 0912-70-082 Station 105+34 Grnd. Elev. 78.49 ft
Offset 7.76 GW Elev. 62.49 ft
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN

WinCore

Harris

District
Date

B-4

Hole

Harris

County

Version 3.1

01/19/2013
78.94 ft

Pavement and UU

102+13
19.81

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

63.94 ft

GW Elev.

Offset

Piling Design: No Soil Reduction Factor

Average Friction Values Used
Skin Friction Limit = 1.4 tsf

Unit Frictional Resistance (T/SF)

+78.9

+58.9

(Ft)

+43.9

Accumulative Friction (T/F)

y.CLG
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POINT BEARING DESIGN

WinCore . _— .
. County Harris Hole B-4 District Harris
Version 3.1
Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
Control  No. 0912-70-082 Station 102+13 Grnd. Elev. 78.94 ft
Offset 19.81 GW Elev. 63.94 ft
Diameters Below Tip Checked = 2
Average Bearing Values Used
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SKIN FRICTION DESIGN

WinCore

Harris

District
Date

B-5

Hole

Harris

County

Version 3.1

01/19/2013
81.00 ft

Pavement and UU

95+92.02
10.18

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

68.00 ft

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used

0.7
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-5 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
Control  No. 0912-70-082 Station 95+92.02 Grnd. Elev. 81.00 ft
Offset 10.18 GW Elev. 68.00 ft
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN

WinCore

Harris

District
Date

B-6

Hole

Harris

County

Version 3.1

01/22/2013
82.30 ft

Pavement and UU

91+12.80
12.82

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

60.30 ft

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used

0.7

Unit Frictional Resistance (T/SF)
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Accumulative Friction (T/F)
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-6 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/22/2013
Control  No. 0912-70-082 Station 91+12.80 Grnd. Elev. 82.30 ft
Offset 12.82 GW Elev. 60.30 ft
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN

WinCore
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District
Date

B-7

Hole
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County

Version 3.1

01/19/2013
82.48 ft

Pavement and UU

87+12.74
12.74

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

69.48 ft

GW Elev.

Offset

Piling Design: No Soil Reduction Factor

Average Friction Values Used
Skin Friction Limit = 1.4 tsf

Unit Frictional Resistance (T/SF)

+82.5

+62.5

(Ft)

+47.5

Accumulative Friction (T/F)

y.CLG
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-7 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
Control  No. 0912-70-082 Station 87+12.74 Grnd. Elev. 82.48 ft
Offset 12.74 GW Elev. 69.48 ft
Diameters Below Tip Checked = 2
Average Bearing Values Used
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SKIN FRICTION DESIGN

WinCore
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District
Date

B-8

Hole
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County

Version 3.1

01/22/2013
83.95 ft

Pavement and UU

80+90.95
12.23

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

64.95 ft

GW Elev.

Offset

Piling Design: No Soil Reduction Factor

Average Friction Values Used
Skin Friction Limit = 1.4 tsf

Unit Frictional Resistance (T/SF)
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+ 49

Accumulative Friction (T/F)

y.CLG
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-8 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/22/2013
Control  No. 0912-70-082 Station 80+90.95 Grnd. Elev. 83.95 ft
Offset 12.23 GW Elev. 64.95 ft
Diameters Below Tip Checked = 2
Average Bearing Values Used
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SKIN FRICTION DESIGN

WinCore
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Date
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County

Version 3.1

01/19/2013
84.80 ft

Pavement and UU

76+59.43
13.44

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

64.80 ft

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-9 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
Control  No. 0912-70-082 Station 76+59.43 Grnd. Elev. 84.80 ft
Offset 13.44 GW Elev. 64.80 ft
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN

WinCore

Harris

District
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Version 3.1

01/19/2013
85.39 ft
N/A

Pavement and UU

71+43.47
12.64

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-10 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/19/2013
Control  No. 0912-70-082 Station 71+43.47 Grnd. Elev. 85.39 ft
Offset 12.64 GW Elev. N/A
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN
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County

Version 3.1

01/22/2013
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N/A

Pavement and UU
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11.10
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Highway Memorial Drive
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Station

No. 0912-70-082

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-11 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/22/2013
Control  No. 0912-70-082 Station 66+60.62 Grnd. Elev. 85.72 ft
Offset 11.10 GW Elev. N/A
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN

WinCore

Harris

District
Date

B-12

Hole

Harris
Highway Memorial Drive

County
Control

Version 3.1

01/18/2013
85.89 ft

Pavement and UU

64+81.98
18.50

Structure

Grnd. Elev.

Station

No. 0912-70-082

66.89 ft

GW Elev.

Offset

Piling Design: No Soil Reduction Factor

Average Friction Values Used
Skin Friction Limit = 1.4 tsf

Unit Frictional Resistance (T/SF)

+85.9

+65.9

(Ft)

+50.9

Accumulative Friction (T/F)

y.CLG
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-12 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/18/2013
Control  No. 0912-70-082 Station 64+81.98 Grnd. Elev. 85.89 ft
Offset 18.50 GW Elev. 66.89 ft
Diameters Below Tip Checked = 2
Average Bearing Values Used
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SKIN FRICTION DESIGN
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Version 3.1

01/18/2013
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N/A

Pavement and UU

55+82.95
33.15
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Highway Memorial Drive
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No. 0912-70-082

GW Elev.
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Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-13 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/18/2013
Control  No. 0912-70-082 Station 55+82.95 Grnd. Elev. 85.20 ft
Offset 33.15 GW Elev. N/A
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN
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County

Version 3.1

01/18/2013
87.14 ft
N/A

Pavement and UU

51+55.38
16.94
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Highway Memorial Drive
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Grnd. Elev.
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No. 0912-70-082

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-14 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/18/2013
Control  No. 0912-70-082 Station 51+55.38 Grnd. Elev. 87.14 ft
Offset 16.94 GW Elev. N/A
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN

WinCore
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District
Date
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Version 3.1

01/17/2013

87.71 1t
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Pavement and UU

45+48.37
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Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

GW Elev.

Offset

Piling Design: No Soil Reduction Factor

Average Friction Values Used
Skin Friction Limit = 1.4 tsf

Unit Frictional Resistance (T/SF)

+87.7

+67.7

(Ft)

+52.7

Accumulative Friction (T/F)

y.CLG
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POINT BEARING DESIGN

WinCore . _— .
. County Harris Hole B-15 District Harris
Version 3.1
Highway Memorial Drive Structure Pavement and UU Date 01/17/2013
Control  No. 0912-70-082 Station 45+48.37 Grnd. Elev. 87.71ft
Offset 10.69 GW Elev. 57.71 ft
Diameters Below Tip Checked = 2
Average Bearing Values Used
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01/22/2013
87.36 ft
N/A

Pavement and UU
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Highway Memorial Drive
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Offset

Drilled Shaft Design: Soil Reduction Factor

TCP Friction Values Used
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POINT BEARING DESIGN

WinCore . _— .
. County Harris Hole B-16 District Harris
Version 3.1
Highway Memorial Drive Structure Pavement and UU Date 01/22/2013
Control  No. 0912-70-082 Station 41+24.12 Grnd. Elev. 87.36 ft
Offset 14.21 GW Elev. N/A
Diameters Below Tip Checked = 2
TCP Bearing Values Used
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Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used
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POINT BEARING DESIGN

WinCore . _—

. County Harris Hole B-17 District
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/17/2013
Control  No. 0912-70-082 Station 36+77.91 Grnd. Elev.
Offset 13.40 GW Elev.
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN
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Version 3.1
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Pavement and UU

31+33.97
18.98
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Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TCP Friction Values Used

0.7

Unit Frictional Resistance (T/SF)
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POINT BEARING DESIGN

WinCore . _— .
. County Harris Hole B-18 District Harris
Version 3.1
Highway Memorial Drive Structure Pavement and UU Date 01/17/2013
Control  No. 0912-70-082 Station 31+33.97 Grnd. Elev. 86.32 ft
Offset 18.98 GW Elev. N/A
Diameters Below Tip Checked = 2
TCP Bearing Values Used
+ 86.3 0
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+76.3 10
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(Ft)
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SKIN FRICTION DESIGN

WinCore

Harris

District
Date

B-19

Hole

Harris

County

Version 3.1

01/11/2013
86.50 ft

Pavement and UU

27+43.59
15.26

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

64.50 ft

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used

0.7

Unit Frictional Resistance (T/SF)
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POINT BEARING DESIGN

WinCore . _— .
. County Harris Hole B-19 District Harris
Version 3.1
Highway Memorial Drive Structure Pavement and UU Date 01/11/2013
Control  No. 0912-70-082 Station 27+43.59 Grnd. Elev. 86.50 ft
Offset 15.26 GW Elev. 64.50 ft
Diameters Below Tip Checked = 2
TAT Bearing Values Used
+ 86.5 0
+81.5 5
+76.5 10
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SKIN FRICTION DESIGN
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Version 3.1

01/11/2013
84.59 ft
N/A

Pavement and UU

21+09.94
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Highway Memorial Drive
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No. 0912-70-082

GW Elev.

Offset

Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used
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POINT BEARING DESIGN

WinCore . _— .
. County Harris Hole B-20 District Harris
Version 3.1
Highway Memorial Drive Structure Pavement and UU Date 01/11/2013
Control  No. 0912-70-082 Station 21+09.94 Grnd. Elev. 84.59 ft
Offset 16.81 GW Elev. N/A
Diameters Below Tip Checked = 2
TAT Bearing Values Used
+ 84.6 0
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SKIN FRICTION DESIGN

WinCore

Harris

District
Date

B-21

Hole

Harris

County

Version 3.1

01/11/2013
82.85ft

Pavement and UU

17+73.54
6.42

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

62.85 ft

GW Elev.

Offset

Piling Design: No Soil Reduction Factor

TCP Friction Values Used
Skin Friction Limit = 1.4 tsf

Unit Frictional Resistance (T/SF)
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POINT BEARING DESIGN

WinCore . _— .
. County Harris Hole B-21 District Harris
Version 3.1
Highway Memorial Drive Structure Pavement and UU Date 01/11/2013
Control  No. 0912-70-082 Station 17+73.54 Grnd. Elev. 82.85 ft
Offset 6.42 GW Elev. 62.85 ft
Diameters Below Tip Checked = 2
TCP Bearing Values Used
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+57.8 25
+52.8 30
+47.8 35
0 1 2 3 4 5 6

Z\ENGINEERS\Alex\2009\cOMMENTS_3\Sunny-1.CLG

Point Bearing (TSF)

(Ft)



SKIN FRICTION DESIGN
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Version 3.1
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Drilled Shaft Design: Soil Reduction Factor

TAT Friction Values Used

0.7

Unit Frictional Resistance (T/SF)

e
v
(Ft)

~
(@] o o - £ ¥
Nt
o Lo o Lo o Lo
o Ie] i i N N ™ ™
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
\\\\\\\\\\\\ 1- - -~~~ ~"~"~"""~""r~-"""~"~"~"~"~"~"~"~“"73|°-" """~~~ ~"~"~"~"“"[~"~"~"~"~"~"~"~"~"~"~"q4°"~"~"~"~"~"~"~"~"~"~"“"(~"~"~" "~~~ —~———°
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
\\\\\\\\\\\\ L _____Lo___________J____________L___________
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
\\\\\\\\\\\\ 1- - -~~~ ~"~"~"""~""r~-"""~"~"~"~"~"~"~"~“"73|°-" """~~~ ~"~"~"~"“"[~"~"~"~"~"~"~"~"~"~"~"q4°"~"~"~"~"~"~"~"~"~"~"“"(~"~"~" "~~~ —~———°
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
\\\\\\\\\\\\ L _____Lo___________J____________L___________
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | — |
\\\\\\\\\\\\ e e e i R
| | | = | |
| | | l | |
| | | | | |
| | 1 | | |
| | — | | | |
| | \ | | | |
| | | | | |
| \\ | | | |
| | | I | |
1 | | | 1 |
T | | | | |
1 1 1 1 1 1
[e6] ™ (e (92 (e} (9p) [ee) (s}
N~ N~ (o] (o] Lo Lo <t <t
+ + + + + + + +
L —

30

25

20

15

10

Accumulative Friction (T/F)

Z\ENGINEERS\Alex\2009\Sunny-1.CLG



POINT BEARING DESIGN

WinCore . _— .
. County Harris Hole B-22 District Harris
Version 3.1
Highway Memorial Drive Structure Pavement and UU Date 01/10/2013
Control  No. 0912-70-082 Station 12+02.48 Grnd. Elev. 78.89 ft
Offset 19.44 GW Elev. 63.89 ft
Diameters Below Tip Checked = 2
TAT Bearing Values Used
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SKIN FRICTION DESIGN

WinCore
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Version 3.1

01/10/2013
78.00 ft

Pavement and UU

6+5.0

Structure

Highway Memorial Drive

Control

Grnd. Elev.

Station

No. 0912-70-082

63.00 ft

GW Elev.

Offset

Piling Design: No Soil Reduction Factor

TCP Friction Values Used
Skin Friction Limit = 1.4 tsf

Unit Frictional Resistance (T/SF)
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POINT BEARING DESIGN

WinCore . _— .

. County Harris Hole B-23 District Harris
Version 3.1

Highway Memorial Drive Structure Pavement and UU Date 01/10/2013
Control  No. 0912-70-082 Station 6+5.0 Grnd. Elev. 78.00 ft
Offset GW Elev. 63.00 ft
Diameters Below Tip Checked = 2
TCP Bearing Values Used
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	UGeneral
	Occupational Safety and Health Administration (OSHA) has required a trench protective system for trenches deeper than five-ft.  Trenches that are deeper than five-ft, should be shored, sheeted, braced or laid back to a stable slope, or some other appr...
	UStable RockU
	means natural solid mineral matter that can be excavated with vertical sides and remain intact while exposed.
	UType A Soil
	means cohesive soils with an unconfined compressive strength of 1.5-ton per square foot (tsf) or greater. Examples of cohesive soils are: clay, silty clay, sandy clay, clay loam, silty clay loam, sandy clay loam, caliche and hardpan.  No soil is Type ...
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