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Trench Safety Report
November 7, 2014

Mr. Martin J. Cristofaro, P.E., R P.L.S., CFM
R.G. Miller Engineers, Inc.

16340 Park Ten Place, Suite 350

Houston, Texas 77084

Reference:  Trench Safety Design Considerations
Wirt Road Drainage and Paving Sub-Project II Design
WBS No. M-000287-0002-3
Houston, Texas

Dear Mr. Cristofaro:

We are pleased to present our geotechnical information for trench safety for the

referenced project.

For trench excavation, it is essential to maintain the stability of the sides and base and not
to disturb the soil below the excavation grade. This is necessary to prevent any damage to
adjacent facilities as a result of either vertical or lateral movements of the soil. In addition, a
satisfactory excavation procedure must include an adequate construction dewatering system to
lower and maintain the water level at least 3 feet below the lowest excavation grade or a
minimum of 5 feet below prevailing level of backfill during backfilling. This will minimize the

potential for softening or “boiling” of the base support soil.

Trench Excavation

Based on the information provided by R.G. Miller Engineers, Inc., it is understood that
the storm sewer and water line will be installed by open cut method of construction except the
sanitary sewer along Wirt Road at utility crossings. The sanitary sewer along Wirt Road will be

installed by trenchless method of construction at utility crossings. The following subsections
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provide information for the design and construction of the storm sewer, sanitary sewer and water

line by open cut method and access pits for trenchless method of construction.

Geotechnical Parameters. Based on the soil conditions revealed by the borings GB-1

through GB-15, geotechnical parameters were developed for the design of open cut method of
construction for storm sewer, sanitary sewer and water line installation and auger pits for
sanitary sewer trenchless method. The design parameters are provided in Table 1. For design,

the groundwater level should be assumed to exist at the ground surface.

Excavation Stability. The open excavation may be shored or laid back to a stable slope

or supported by some other equivalent means used to provide safety for workers and adjacent
structures, if any. The excavating operations should be in accordance with OSHA Standards,

OSHA 2207, Subpart P, latest revision and the City of Houston Standard Specification.

e Excavation Shallower Than 5 Feet - Excavations that are less than 5 feet deep (critical

height) should be effectively protected when an indication of dangerous ground

movement is anticipated.

e Excavations Deeper Than 5 Feet - Excavations that are deeper than 5 feet should be

sloped, shored, sheeted, braced or laid back to a stable slope or supported by some other
equivalent means or protection such that workers are not exposed to moving ground or
cave-ins. The slopes and shoring should be in accordance with the trench safety
requirements as per OSHA Standards. The following items provide design criteria for

excavation stability.

(1) OSHA Soil Type. Based on the soil conditions revealed by borings drilled for

‘this study and assumed groundwater level at surface, OSHA soil type “C” should
be used for determination of allowable maximum slope and/or the design of
shoring along the alignment for full proposed depth of open excavation. For
shoring deeper than 20 feet (if needed), an engineering evaluation is required and

deeper soil borings will be needed.



Mr. Martin J. Cristofaro, P.E., R.P.L.S., CFM Job No. 1140197101

Page 3

(ii)

(iif)

November 7, 2014

Excavation Support Earth Pressure. Based on the subsurface conditions indicated

by our field investigation and laboratory testing results, excavation support earth
pressure diagrams were developed and are presented on Figures 1.1 through 1.3.
These pressure diagrams can be used for the design of temporary trench bracing,
For a trench box, a lateral earth pressure resulting from an equivalent fluid with a
unit weight of 94 pcf can be used. The effects of any surcharge loads at the
ground surface should be added to the computed lateral earth pressures. A
surcharge load, q, will typically result in a lateral load equal to 0.5 q. The above
value of equivalent fluid pressure is based on assumption that the groundwater
level is near the ground surface, since these conditions may exist after a heavy

rain or flooding.

Bottom Stability. In braced cuts, if tight sheeting is terminated at the base of the

cut, the bottom of the excavation can become unstable. The parameters that
govern the stability of the excavation base are the soil shear strength and the
differential hydrostatic head between the groundwater level within the retained
soils and the groundwater level at the interior of the trench excavation. For cut in
cohesive soils as predominantly encountered for the proposed excavation depths
in most of the borings, the bottom stability can be evaluated as outlined on Figure
2. However, at locations near borings GB-11, GB-12B, GB-14B and GB-15
where cohesionless soils were encountered below the depth of 8 feet, dewatering

will be necessary to avoid bottom stability problems.

Groundwater Control. Excavations for the storm sewer, sanitary sewer and water line

may encounter groundwater seepage to varying degrees depending upon the groundwater

conditions at the time of construction and the location and depth of the trench. Based on the soil

conditions identified in the borings for the proposed storm sewer, sanitary sewer and water line

installation, all the excavations will be in cohesive soils except at borings GB-11, GB-12B, GB-

14B and GB-15 where the storm sewer and sanitary sewer will be in cohesive underlain by

cohesionless soils.
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In general for cohesive soils as predominantly encountered for most of the borings for the
excavation depths, the groundwater if encountered may be managed by collection in excavation
bottom sumps for pumped disposal. However, in borings GB-11, GB-12B, GB-14B and GB-15
where cohesionless soils were encountered near the invert of the excavation; dewatering will be
required. Dewatering such as vacuum well points up to 15 feet or deep wells with submersible
pumps for excavation greater than 15 feet may be required to lower the groundwater level to at
least 5 feet below the bottom 6f the excavation. It is recommended that the actual groundwater
conditions should be verified by the contractor at the time of construction and that groundwater
control should be performed in general accordance with the City of Houston Standard

Specifications, Section 01578.

We appreciate this opportunity to be of service to you. If you have any questions

regarding the report, or if we can be of further service to you, please call us.

Sincerely,

GEOTEST ENGINEERING, INC. ooy,

TBPE Registration No. F-410 “.3\:;:(,@._ OF. T
Fou

, Zxil ’IJ ............
€, GIener b 2 NARESH KOLHL £

Naresh Kolli, P.E. %o, 110928 ¢
Assistant Project Manager O e eans RS
MyssionaL e

NK\CgO T

Copies Submitted:  (2)
Enclosures:  Trench Support Earth Pressure — Figure 1.1 thru 1.3
Stability of Bottom for Braced Cut — Figure 2

Geotechnical Design Parameter Summary: Open-cut Excavation — Table 1
PC38\GEOTECHNICAL\40197101-TS.DOC
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Where:
v<' = Submerged unit weight of cohesive soil, pcf;
v~ = Unit weight of water, pcf;
q = Surcharge load at surface, psf;
P. = Lateral pressure, psf;
P1 = Active earth pressure, psf;
P, = Horizontal pressure due to surcharge, psf;
Pw = Hydrostatic pressure due to groundwater, psf;
H = Depth of braced excavation, feet
¢ = Shear strength of cohesion soil, psf;

TRENCH SUPPORT EARTH PRESSURE

SUBMERGED COHESIVE SOIL

Geotest Engineering, Ine.

FIGURE 1.1
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e = Submerged unit weight of cohesive soil, pef;
= Submerged unit weight of cohesionless soil, pcf;

Y'~s = Average submerged unit weight of soils, pcf;
q = Surcharge load at surface, psf;

P. = Lateral pressure, psf;

P, = Active earth pressure, psf;

P, = Horizontal pressure due to surcharge, psf;

Pw = Hydrostatic pressure due to groundwater, psf
H = Depth of braced excavation, feet

TRENCH SUPPORT EARTH PRESSURE

SUBMERGED COHESIVE SOIL OVER
COHESIONLESS OR SEMI-COHESIONLESS SOIL

Geotest Engineering, Inc. FIGURE 1.2
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Geotest Engineering, Inc. 'FIGURE E
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CUT IN COHESIVE SOIL,
DEPTH OF COHESIVE SOIL UNLIMITED (T>0.7 B, )
L = LENGTH OF CUT

If sheeting terminates at base of cut:

NC
Safety factor, Fg =
YyH+q
Nc = Bearing capacity factor, which depends on dlmensmns of the excavation :

B,,L and H (use N; from graph below)

C = Undrained shear strength of clay in failure zone beneath and surrounding
base of cut

Y = Wet unit weight of soil: (see Table 1)

q = Surface surcharge (assumed q = 500 psf)

If safety factor is less than 1.5, sheeting or soldier piles must be carried below the base of cut to

insure stability - (see note)

Note : If soldier piles are used, the
center to center spacing should

' . not exceed 3 times the width or

Force on buried length, py: diameter of soldier pile .

B
H] = Buried length =-—2-§L— = 5 feet

2 By
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e
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H/By ’ FOR
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...... For square pit or circle shoft

Geotest Engineerin, c. —
g g, /n FIGURE 2



TABLE 1

GEOTECHNICAL DESIGN PARAMETER SUMMARY

OPEN-CUT EXCAVATION

Alignments | Boring Stratigraphic | Range Wet Submerged | Undrained Internal
Nos. Unit of Unit Unit Cohesion, Friction
Depths, | Weight, Weight, v', psf Angle, o,
ft Ys pef degree
pef
48" RCP, GB-1 Cohesive 0-4 130 65 1,000 -
12"water 4-12 130 65 2,200 -
line & 21 to 12-18 130 65 2,500 -
24" Sanitary 15-25 125 63 1,500 - --
Sewer along GB-2 Cohesive 0-4 130 65 1,000 -
Wirt Road 4-6 125 63 1,500 --
6-14 130 65 2,500 -
14-20 130 65 3,200 -
20-25 125 63 600 --
GB-3 Cohesive 0-4 130 65 1,500 --
4-12 132 66 3,000 --
12-16 128 64 1,800 -
16-23 130 65 3,500 --
23-25 125 63 2,000 --
GB-4 Fill 0-6 125 63 1,000 -
Cohesive 6-10 130 65 1,200 --
10-25 130 65 3,000 -~
GB-5 Cohesive 0-4 125 63 1,000 --
4-6 125 63 2,000 -
6-13 130 65 3,500 -
13-15 130 65 1,200 -
Cohesionless 15-17 110 55 -- 30
GB-10 Fill 0-2 120 60 1,500 --
Cohesive 2-8 125 63 2,000 -
8-14 130 65 2,400 --
14-23 125 63 3,000 --
23-28 125 63 500 --
28-30 130 65 4,500 -
GB-11 Cohesive 0-8 125 63 500 -
Cohesionless 8-14 100 50 - 30
Cohesive 14-18 120 60 500 -
Cohesionless 18-28 115 58 - 30
Cohesive 28-30 125 63 3,000 --
GB-12B Cohesive 0-8 130 65 2,200 --
8-16 130 65 2,400 --
16-18 125 63 900 -
Cohesionless 18-23.5 100 50 -- 30
23.5-36 115 58 - 35
Cohesive 36-41.5 130 65 1,500 -
Cohesionless 41.5-45 112 62 -- 35
GB-13B Cohesive 0-10 125 63 1,200 -
10-16 120 60 800 --
16-23 132 66 1,000 --
23-35 125 63 1,000 --
35-45 125 63 4,000 --




TABLE 1

GEOTECHNICAL DESIGN PARAMETER SUMMARY

OPEN-CUT EXCAVATION

Alignments | Boring Stratigraphic | Range Wet Submerged | Undrained Internal
Nos. Unit of Unit Unit Cohesion, Friction
Depths, | Weight, Weight, v, psf Angle, o,
ft Y, pef degree
pef
48" RCP, GB-14B Cohesive 0-12 125 63 1,500 -
12"water 12-22 132 66 2,500 -
line & 21 to Cohesionless 22-43 116 58 -- 30
24" Sanitary Cohesive 43-45 125 63 3,500 --
Sewer along [~ GB 15 Cohesive 0-16 125 63 600 -
Wirt Road Cohesionless 16-18 105 53 - 30
Cohesive 18-23 125 63 2,400 -
23-25 120 60 500 -
Cohesionless 25-38.5 102 51 -- 30
Cohesive 38.5-48 125 63 3,000 -
Cohesionless 48-53 106 53 -- 28
24"-30" GB-6 Cohesive 0-4 125 63 1,000 -~
RCP Along thru 4-10 132 66 1,500 --
Shoshone GB-9 10-12 125 63 1,000 -
Road, 12-20 130 65 1,500 --
Harwood
Drive,
Haldane
Drive and
Kilburn
Road
Note: 1) Cohesive soils include Fat Clay, Fat Clay with sand, Sandy Fat Clay, Lean Clay, Lean Clay with sand

and Sandy Lean Clay.
2) Cohesionless soils include Silty Sand
3) Fill Soils include lean clay with sand
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Report No. 1140197101
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Mr. Martin J. Cristofaro, P.E., RP.L.S., CFM
R.G. Miller Engineers, Inc.
16340 Park Ten Place, Suite 350
Houston, Texas 77084

Reference:  Geotechnical Investigation
Wirt Road Drainage and Paving Sub-Project II Design
WBS No. M-000287-0002-3
Houston, Texas

Dear Mr. Cristofaro:

Presented herein is our final geotechnical investigation report for the referenced project. A
draft report was submitted to you on March 6, 2014. A revised draft report was submitted to you on
July 28,2014. This final report supersedes all previously submitted reports, transmittals, etc., for the
referenced project. This study was authorized by Professional Services Agreement dated September
30, 2013 and May 20, 2014 by accepting our proposal Nos. 1140306899 dated August 19,2013 and
1140338599 dated February 12, 2014.

the report, or if we can be of further service to you, please call us. =y
Sincerely, 27
GEOTEST ENGINEERING, INC. g*A
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Geotest Engineering, Inc. Report No. 1140197101
Wirt Road Drainage and Paving Sub-Project II Design November 7, 2014
WBS No. M-000287-0002-3; Houston, Texas

EXECUTIVE SUMMARY

A geotechnical investigation was performed for the design and construction of the proposed
Wirt Road Drainage and Paving Sub-Project II Design in Houston, Texas. The project is comprised of
approximately 5,400 linear feet (If) of 48-inch reinforced concrete pipe (RCP) storm sewer, 12 to 24-
inch sanitary sewer, 12-inch water line and pavement rehabilitation along Wirt Road between Long
Point and Kempwood. The sanitary sewer then turns east about 350 feet along Long Point Roéd to tie
into the deep manhole. The project also includes approximately 2,980 If of 24-inch and 30-inch RCP, 8
to 10-inch sanitary sewer and paving improvements in subdivision comprising of Shoshone Road,
Harwood Drive, Haldane Drive and Kilburn Road. The maximum depth of utilities ranges from 6 to 30
feet along Wirt Road and Long Point and about 14 feet along the other streets in the subdivision. The
proposed utilities will be installed by open cut method of construction except the sanitary sewer line
along Wirt Road at utility crossings. The sanitary sewer along Wirt Road will be installed by trenchless
method of construction at utility crossings. The existing pavement will be replaced with concrete

pavement with curb and gutter.

The purposes of this study were to evaluate soil and groundwater conditions and to provide
geotechnical recommendations for the proposed Drainage and Paving Improvements for Wirt Road.
The investigation included drilling and sampling fifteen (15) borings (including additional borings) to
depths ranging from 17 to 53 feet, installing piezometers in three (3) existing borings, performing
laboratory tests on soil samples recovered from the borings, performing engineering analyses and

developing geotechnical recommendations and preparing a geotechnical report.
The principal findings and conclusions developed from this investigation are as follows:

* The subsurface conditions as revealed by borings GB-1 through GB-15 along Wirt Road
and Long Point Road and other streets in the subdivision for the project alignments is
summarized below:

* Wirt Road and Long Point Road. The subsurface soil beneath pavement as
encountered in borings GB-1 through GB-5 and GB-10 through GB-15 along Wirt

Road and Long Point Road consists of cohesive soils and cohesive soils with

intermittent cohesionless soils to the explored depths of 17 to 53 feet. Fill material

1



Geotest Engineering, Inc. Report No. 1140197101
Wirt Road Drainage and Paving Sub-Project II Design November 7, 2014
WBS No. M-000287-0002-3; Houston, Texas

consisting of medium stiff to hard gray and brown lean clay with sand was
encountered to depths of 2 to 6 feet below the existing pavement in borings GB-4
and GB-10. Cohesive soils consists of soft to hard dark gray, gray, brdwn,
yellowish brown and reddish brown sandy lean clay, lean clay with sand, lean clay,
sandy fat clay, fat clay with sand and fat clay. The cohesionless soils consist of

fine sand with silt, silty sand, sandy silt, silt with sand and silt.

Other Streets (Shoshone Road, Harwood Drive, Kilburn Road). The subsurface

soil beneath pavement as encountered in borings GB-6 through GB-9 drilled along
Shoshone Road, Harwood Drive, Kilburn Road consist of stiff to hard dark gray,
gray, brown, yellowish brown and reddish brown sandy lean clay, lean clay with

sand and fat clay with sand to explored depth of 20 feet.

Based on the available information from U.S. Geological Survey (USGS) Maps and
information contained in house records relating to geologic faults for the project area,
the Long Point Fault crosses Wirt Road approximately 1500 feet south of Hammerly.
Based on the location of the fault, a Phase [ Geological Fault Study is recommended for

this project.

Groundwater was encountered in borings GB-1, GB-2, GB-3, GB-4, GB-5 and GB-9
through GB-15 to depths ranging from 16 to 25 feet during drilling. The groundwater
level, measured 15 to 20 minutes after water was first encountered, ranged from 8.7 to
17.6 feet in these borings. No groundwater was encountered in other borings GB-6,
GB-7 and GB-8 drilled for this study. In piezometer borings GB-1P and GB-9P, the
water level measured ranged from 12.9 to 13.8 feet on November 7, 2013. The water

level was measured at 16 feet in piezometer boring GB-14P on July 22, 2014.

The existing paving along Wirt Road consists of 2 to 2.5 inches of asphalt over 6 inches
of concrete in borings GB-1 through GB-5 and 7 to 8.5 inches of concrete over 0 to 6
inches of lime stabilized sandy clay in borings GB-9 through GB-14. The existing
paving along Long Point Road is about 10.5 inches of concrete in boring GB-15. The



Geotest Engineering, Inc.
Wirt Road Drainage and Paving Sub-Project Il Design
WBS No. M-000287-0002-3; Houston, Texas

Report No. 1140197101
November 7, 2014

existing paving as obtained in borings GB-6 through GB-9 on subdivision streets consist

of 3 to 6 inches of asphalt over 7 to 14 inches of oyster shell, sand and gravel mix.

e  All excavation operations should be carried out in accordance with OSHA standards

and the City of Houston Standard Specifications.

e In general, excavation and backfill for utilities should be designed and constructed in

accordance with City of Houston Standard Specification No. 02317.

e  The bedding and backfill for sanitary sewer, storm sewer and water line should be in

accordance with City of Houston Standard Specification Section 02317 and Drawing

Nos. 02317-02, 02317-03 and 02317-04.

e  The recommended pavement sections for Wirt Road project are given below:

Street

Pavement Section

Wirt Road

10" Reinforced Concrete over 8" Lime
Stabilized Subgrade

Shoshone Road, Harwood Drive, Haldane
Road and Kilburn Road

6" Reinforced Concrete over 6" Lime
Stabilized Subgrade

The details of pavement section are provided in Section 5.4 of this report.
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1.0 INTRODUCTION
1.1 General
The City of Houston selected R.J. Miller Engineers, Inc. to perform engineering services for
design and construction of Wirt Road Drainage and Paving Sub-Project Il Design in Houston, Texas.
R.J. Miller Engineers, Inc. retained Geotest Engineering, Inc. as a part of the design team to perform

geotechnical investigation for the above project.

1.2 Authorization

This study was authorized by Professional Services Agreement dated September 30, 2013
and May 20, 2014 by accepting our proposal Nos. 1140306899 dated August 19, 2013 and
1140338599 dated February 12, 2014.

1.3 Location and Description of Project

The project is located along Wirt Road between Long Point and Kempwood in Houston,
Texas. The project alignment runs along Wirt Road, Shoshone Road, Harwood Drive, Haldane Road
and Kilburn Road in Key Map and Grid 451 P.

The project is comprised of approximately 5,400 linear feet (If) of 48-inch reinforced concrete
pipe (RCP) storm sewer, 12 t024-inch sanitary sewer, 12-inch water line and pavement rehabilitation
along Wirt Road between Long Point and Kempwood. The sanitary sewer turns east about 350 feet
Long Point Road to tie into the manhole. The project also includes approximately 2,980 If of 24-inch
and 30-inch RCP, 8 to 10-inch sanitary sewer and paving improvements in subdivision comprising of
Shoshone Road, Harwood Drive, Haldane Drive and Kilburn Road. The maximum depth of utilities
ranges from 6 to 30 feet along Wirt Road and Long Point and about 14 feet along the other streets in
the subdivision. The proposed utilities will be installed by open cut method of construction except the
sanitary sewer line along Wirt Road at utility crossings. The sanitary sewer along Wirt Road will be

installed by trenchless method of construction at utility crossings. The existing pavement will be
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replaced with concrete pavement with curb and gutter. The vicinity map of the project area is shown

on Figure 1.

1.4 Purpose and Scope

The purposes of this study were to evaluate soil and groundwater conditions and to provide
geotechnical recommendations for the design and construction of the proposed Wirt Road Drainage

and Paving Sub-Project II Design. The scope of this investigation consisted of the followihg:

e Performed concrete coring at eleven (11) boring locations for borings access.
® Drilled and sampled fifteen (15) borings each to depths ranging from 17 to 53 feet.
e Converted three (3) borings into piezometers to monitor long term ground water level.

e Performed appropriate laboratory tests in accordance with ASTM methods on selected

samples to develop engineering properties of the soil.

e Reviewed available fault information to evaluate the potential for known active faults

that may impact the project.

e Performed engineering analyses in accordance with the City of Houston Design Manual
(July 2012) to develop geotechnical recommendations for the design and construction of

the proposed Wirt Road Drainage and Paving Sub-Project II Design.

e Prepared a geotechnical report that will include all field data, laboratory test data and

geotechnical recommendations.

e Prepared a separate soil type report for trench (open cut) excavation.



Geotest Engineering, Inc. Report No. 1140197101
Wirt Road Drainage and Paving Sub-Project II Design November 7, 2014
WBS No. M-000287-0002-3; Houston, Texas

2.0 FIELD INVESTIGATION

2.1 General

After obtaining the utilities clearance of proposed fifteen (15) marked borings in the field,
existing concrete pavement was cored at eleven (11) boring locations for boring access and borings
were drilled to the explored depths utilizing a truck mounted drilling rig. Traffic control devices and
personnel were utilized during coring and drilling to maintain safety of drill crew and people driving

in the streets. All the drilling and sampling were performed in accordance with appropriate ASTM

- procedures. It should be noted that after completion of the field work (October 2013 and June 2014),

the sanitary sewer (including increased depth) was also included (July 2014) along the entire Wirt
Road project alignment from Kempwood to Long Point and other streets in the subdivision as part of
the design of the project. At boring locations, GB-1 through GB-15, except boring GB-5, GB-12,
GB-13, GB-14 and GB-15, the depth of borings does not meet City of Houston criteria. However,
the City will provide soil boring information (in the vicinity of borings GB-1 through GB-4 and GB-
6 through GB-11) performed by others to design consultant for the design of sanitary sewer.

2.2 Geotechnical Borings

Subsurface conditions for the project area were explored by drilling and sampling nine (9) soil
borings (designated as GB-1 through GB-9) each to depths ranging from17 to 25 feet during initial
investigation. Six (6) additional borings GB-10 through GB-15 were drilled to depths ranging from 30

to 53 feet. The approximate boring locations are shown on Figure 2, Plan of Borings. Survey

| information (Northing and Easting coordinates and ground surface elevation) of completed borings was

provided to us by R.G. Miller Engineers, Inc. The survey information of completed borings is

summarized in Table 1.

In general, samples were obtained continuously to the depth of 20 feet, and intermittent
sampling at 5 foot intervals to the termination depth of 25 feet. During field investigation due to

encounter of strong Hydrocarbon Odor in boring GB-5, the boring was terminated at 17 feet.
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At boring locations GB-12, GB-13 and GB-14, hard obstructions were encountered at depths ranging
from 2 to 6 feet, and the borings were offset to borings GB-12A, GB-13B and GB-14B. In boring
GB-12A, due to loss of circulation at 20 feet, the boring was offset to GB-12B and drilled to
explored depth of 45 feet. Cohesive soils were obtained with a 3-inch thin-walled tube sampler in
general accordance with ASTM Method D 1587. Samples of cohesionless or granular soils were
obtained with a 2-inch diameter split-barrel sampler in general accordance with ASTM Method D
1586. Each sample was removed from the sampler in the field, carefully examined and then logged .
by an experienced soils technician. Suitable portions of each sample were sealed and packaged for
transportation to Geotest’s Laboratory. The shear strength of cohesive soil samples was estimated
using a pocket penetrometer in the field. Driving resistances for the split-barrel sampler were
recorded as "blows per foot" on the boring logs. All the borings, except the ones converted to
piezometers, were grouted with cement-bentonite grout after completion of drilling and obtaining

water level measurements.
Detailed descriptions of the soils encountered in the borings are given on the boring logs
presented on Figures A-1 through A-15 in Appendix A. A key to symbols and terms used on boring

logs is given on Figure A-16 in Appendix A.

2.3 Piezometer Installation

During the field investigation, piezometers were installed in the open borehole of borings
GB-1, GB-9 and GB-14. The location of the piezometers designated as GB-1P, GB-9P and
GB-14BP, are shown on Figure 2, Plan of Borings. The piezometer installation report showing the
details of the construction of the piezometers are provided on Figures A-17 through A-19 in

Appendix A.

The piezometers GB-1P, GB-9P and GB-14BP were abandoned in place after completion of
final water level readings. The piezometer installation and abandonment information were submitted
to Texas Department of Licensing and Regulations (TDLR). The TDLR installation and

abandonment reports are presented in Appendix C.
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3.0 LABORATORY TESTING

The laboratory testing program was designed to evaluate the pertinent physical properties and
shear strength characteristics of the subsurface soils. Classification tests were performed on selected

samples to aid in soil classification. All the tests were performed in accordance with ASTM Standards.

Undrained shear strengths of selected cohesive samples were measured by unconsolidated
undrained (UU) triaxial compression tests (ASTM D 2850). The results of the UU triaxial compression
tests are plotted on the boring logs as solid squares. The shear strength of cohesive samples was
measured in the field with a calibrated hand pocket penetrometer and also in the laboratory with a
Torvane. The shear strength values obtained from the penetrometer and Torvane are plotted on the

boring logs as open circles and triangles, respectively.

Measurements of moisture content and dry unit weight were taken for each UU triaxial
compression test sample. Moisture content (ASTM D 2216) measurements were also made on other
samples to define the moisture profile at each boring location. The liquid and plastic limit tests
(ASTM D 4318). Sieve analyses (ASTM D422) and percent passing No. 200 sieves (ASTM D

1140) were performed on appropriate samples.

The result of all tests are tabulated or summarized on the boring logs presented on Figures
A-1 through A-15 in Appendix A. The summary of laboratory tests is also presented in a tabular
form on Figures B-1 through B-15 in Appendix B. The grain size distribution curves are presented

on Figures B-16 and B-17 in Appendix B.
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4.0 SUBSURFACE CONDITIONS

4.1 Geology

The project area lies in the Beaumont Formation. The clays and sands of the Beaumont
Formation are over-consolidated as a result of desiccation from frequent rising and lowering of the
sea level and the groundwater table. Consequently, clays of this formation have moderate to high
shear strength and relatively low compressibility. The sands of the Beaumont Formation are
typically very fine and often silty. Further, there is occasional evidence in the Houston area of the

occurrence of cemented material (sandstone and siltstone) deposits within the Beaumont Formation.

4.2 General Fault Information

A review of information in the Geotest library, relating to known surface and subsurface
geologic faults in the general area of the project alignments, was undertaken. The available
information consisted of U.S. Geological and NASA maps, open file reports and information

contained in our files relating to geologic faults in the project area.

Based on the available information from U.S. Geological Survey (USGS) Maps and
information contained in house records relating to geologic faults for the project area, the Long Point
Fault crosses Wirt Road approximately 1500 feet south of Hammerly. A detailed fault study is not
part of the project scope. Based on the location of the fault, a Phase I Geological Fault Study is

recommended for this project.

4.3 Existing Paving

The existing paving along Wirt Road consists of 2 to 2.5 inches of asphalt over 6 inches of
concrete in borings GB-1 through GB-5 and 7 to 8.5 inches of concrete over 0 to 6 inches of lime
stabilized sandy clay in borings GB-9 through GB-14. The existing paving along Long Point Road is
about 10.5 inches of concrete in boring GB-15. The existing paving as obtained in borings GB-6
through GB-9 on subdivision streets consist of 3 to 6 inches of asphalt over 7 to 14 inches of oyster

shell, sand and gravel mix.
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The details of the existing pavement thickness at each of the boring locations for Project area

are summarized below:

Asphalt Concrete Base Subbase
Boring Nos. Thickness | Thickness | Thickness Thickness Total (in.)
(in.) (in.) (in.) (in.)

GB-1 (GB-1P) |2.25 6.0 -- -- 8.25
GB-2 2.0 6.0 -- -- 8.0
GB-3 2.0 6.0 -- -- 8.0
GB-4 2.0 6.0 -- -- 8.0
GB-5 2.0 6.0 -- -- 8.0
GB-6 6.0 -- 7.0 -- 13.0
GB-7 6.0 -- 7.0 -- 13.0
GB-8 5.0 -- 7.0 -- 12.0
GB-9 (GB-9P) | 3.0 -- 14.0 - 17.0
GB-10 -- 8.0 -- -- 8.0
GB-11 -- 8.5 -- -- 8.5
GB-12B -- 7.25 -- -- 7.25
GB-13B -- 7.0 -- -- 7.0
GB-14B -- 7.25 - 6.0 13.25
GB-15 -- 10.5 -- -- 10.5

Note: The base includes sand, oyster shell and gravel mix.
The subbase includes lime stabilized sandy clay.

4.4 Soils Stratigraphy

Based on the subsurface soils encountered in the boreholes, five (5) boring log profiles were
developed and are presented on Figures 3.1 through 3.5. To the left of each boring shown on the
profile is an indication of the consistency or density of each stratum. More than one consistency for
an individual stratum indicates that the consistency is different at different depths within the stratum.
For cohesive soils, consistency is related to the undrained shear strength of the soil. For cohesionless
soils, the relative density of soil is measured by standard penetration test blows of the soil. To the
right of each boring shown on the profile is the overall classification of the soil contained within
each stratum. The symbols and abbreviations used on the boring log profile are given on Figure 4.

The soil classification is based on ASTM Standards.

Wirt Road and Long Point Road The subsurface soils beneath pavement as encountered in

borings GB-1 through GB-5 and GB-10 through GB-15 and as shown on boring log profiles 3.1 and 3.2

10
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consist of cohesive soils and cohesive soils with intermittent cohesionless soils to the explored depths
of 17 to 53 feet. Fill material consisting of medium stiff to hard gray and brown lean clay with sand
was encountered to depths of 2 to 6 feet below the existing pavement in borings GB-4 and GB-10.
Cohesive soils consists of soft to hard dark gray, gray, brown, yellowish brown and reddish brown
sandy lean clay, lean clay with sand, lean clay, sandy fat clay, fat clay with sand and fat clay. The

cohesionless soils consist of fine sand with silt, silty sand, sandy silt, silt with sand and silt.

The Fat Clay, Fat Clay with sand and Sandy Fat Clay are of high to very high plasticity with
liquid limits ranging from 50 to 81 and a plasticity indices ranging from 29 to 52. The Sandy Lean
Clay, Lean Clay with sand and Lean Clay is of low to high plasticity with liquid limits ranging from 26
to 49 and a plasticity indices ranging from 8 to 30. The percent fines (percent passing No. 200 sieve) of
Fat Clay and Lean Clay ranges from 85 to 100 percent. The percent fines of Fat Clay with sand and
Lean Clay with sand ranges from 72 to 84 percent. The percent fines of Sandy Lean Clay and Sandy
Fat Clay ranges from 51 to 70 percent. The percent fines of fine sand with silt is about 6 percent. The
percent fines of silty sand ranges from 24 to 46 percent. The percent fines of sandy silt ranges from 51
to 54 percent; the percent fines of silt with sand is about 72 percent and the percent fines of silt is about

99 percent.

Other Streets (Shoshone Road, Harwood Drive, Kilburn Road). The subsurface soil beneath
pavement as encountered in borings GB-6 through GB-9 as shown on boring log profiles 3.3 through

3.5 drilled along Shoshone Road, Harwood Drive, Kilburn Road consist of stiff to hard dark gray,
gray, brown, yellowish brown and reddish brown sandy lean clay, lean clay with sand and fat clay with

sand to explored depth of 20 feet.

The Fat Clay with sand are of high to very high plasticity with liquid limits ranging from 59 to
69 and a plasticity indices ranging from 36 to 43. The Sandy Lean Clay and Lean Clay with sand are of
medium to high plasticity with liquid limits ranging from 32 to 46 and plasticity indices ranging from
19 to 28. The percent fines (passing number 200 sieve) of fat clay with sand and lean clay with sand

ranges from 73 to 90 percent. The percent fines of sandy lean clay ranges from 51 to 70 percent.

11
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4.5 Range of Weak Soils Encountered at Pipe Invert Level in Borings

The range of loose cohesionless and soft cohesive soils encountered in the borings are given

below:

Range of Depth of Soil Type
Boring | Location/Street En\c‘(:f:;l;esrzgf ft.
No. From To
GB-11 | Wirt Road 8 14 Loose Fine Sand w/silt
14 18 Soft to stiff Sandy Lean Clay
GB-12 12 14 Very loose Sandy Silt
GB-15 23 25 Soft Lean Clay w/sand

Thus, extra precaution should be carried out by using appropriate construction

equipment and methods to protect ground during the installation of utilities through the weak

soils.

4.6 Water Levels

Groundwater was encountered in borings GB-1, GB-2, GB-3, GB—4, GB-5 and GB-9 through
GB-15 to depths ranging from 16 to 25 feet during drilling. The groundwater level, measured 15 to
20 minutes after water was first encountered, ranged from 8.7 to 17.6 feet in these borings. No
groundwater was encountered in other borings GB-6, GB-7 and GB-8 drilled for this study. In
piezometer borings GB-1P and GB-9P, the water level measured ranged from 12.9 to 13.8 feet on

November 7, 2013. The water level was measured at 16 feet in piezometer boring GB-14P on July
22,2014,

12
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The water level encountered in borings is summarized below.

Report No. 1140197101
November 7, 2014

Groundwater Groundwater

Location/Street Depth During Depth 30 Days
Boring No. Name Drilling (ft) After Drilling (ft) |
GB-1 (GB-1P) Wirt Road 17.6 13.8 (11-7-13)
GB-2 Wirt Road 17.0 N/A
GB-3 Wirt Road 16.5 N/A
GB-4 Wirt Road 13.5 N/A
GB-5 Wirt Road 8.7 N/A
GB-6 Shoshone Road Dry N/A
GB-7 Shoshone Road Dry N/A
GB-8 Harwood Drive Dry N/A
GB-9 (GB-9P) Kilburn Road 18.0 12.9 (11-7-13)
GB-10 Wirt Road 15.5 -
GB-11 Wirt Road 15.2 -
GB-12B Wirt Road 14.2 -
GB-13B Wirt Road 16.8 -
GB-14B (GB-14BP) Wirt Road 16.6 16 (7-22-14)
GB-15 Long Point Road 16.2 -

However, it should be noted that various environmental and man-made factors such as

amount of precipitation, nearby subsurface construction activities, and change in area drainage can

substantially influence the groundwater level.

4.7 Environmental Concerns

In boring GB-5 below 15 feet, strong Hydrocarbon Odor was noticed during drilling and the

boring was terminated at 17 feet. The project design consultant was notified regarding the

hydrocarbon odor and project environmental consultant will be notified by the design consultant.
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5.0 ENGINEERING ANALYSES AND RECOMMENDATIONS

5.1 General

The project is comprised of approximately 5,400 linear feet (If) of 48-inch reinforced concrete
pipe (RCP) storm sewer, 12 to24-inch sanitary sewer, 12-inch water line and pavement rehabilitation
along Wirt Road between Long Point and Kempwood. The sanitary sewer turns east about 350 feet
Long Point Road to tie into the manhole. The project also includes approximately 2,980 If of 24-inch
and 30-inch RCP, 8 to 10-inch sanitary sewer and paving improvements in subdivision comprising of
Shoshone Road, Harwood Drive, Haldane Drive and Kilburn Road. The maximum depth of utilities is
about 6 to 30 feet along Wirt Road and about 14 feet along the other streets in the subdivision. The
proposed utilities will be installed by open cut method of construction except the sanitary sewer line
along Wirt Road at utility crossings. The sanitary sewer along Wirt Road will be installed by trenchless
method of construction at utility crossings. The existing pavement will be replaced with concrete

pavement with curb and gutter.

5.2 Trench Excavation

Based on the information provided by R.G. Miller Engineers, Inc., it is understood that the
storm sewer and water line will be installed by open cut method of construction except the sanitary
sewer along Wirt Road at utility crossings. The sanitary sewer along Wirt Road will be installed by
trenchless method of construction at utility crossings. The following subsections provide
information for the design and construction of the storm sewer, sanitary sewer and water line by

open cut method and access pits for trenchless method of construction.

3.2.1 Geotechnical Parameters. Based on the soil conditions revealed by the borings GB-1

through GB-15, geotechnical parameters were developed for the design of open cut method of
construction for storm sewer, sanitary sewer and water line installation and auger pits for sanitary
sewer trenchless method. The design parameters are provided in Table 2. For design, the

groundwater level should be assumed to exist at the ground surface.

14
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3.2.2 Excavation Stability. The open excavation may be shored or laid back to a stable slope

or supported by some other equivalent means used to provide safety for workers and adjacent

structures, if any. The excavating operations should be in accordance with OSHA Standards, OSHA

2207, Subpart P, latest revision and the City of Houston Standard Specification.

* Excavation Shallower Than 5 Feet - Excavations that are less than 5 feet deep (critical

height) should be effectively protected when an indication of dangerous ground movement is

anticipated.

 Excavations Deeper Than 5 Feet - Excavations that are deeper than 5 feet should be sloped,

shored, sheeted, braced or laid back to a stable slope or supported by some other equivalent

means or protection such that workers are not exposed to moving ground or cave-ins. The

slopes and shoring should be in accordance with the trench safety requirements as per OSHA

Standards. The following items provide design criteria for excavation stability.

(M)

(i)

OSHA Soil Type. Based on the soil conditions revealed by borings drilled for this

study and assumed groundwater level at surface, OSHA soil type “C” should be used
for determination of allowable maximum slope and/or the design of shoring along the
alignment for full proposed depth of open excavation. For shoring deeper than 20
feet (if needed), an engineering evaluation is required and deeper soil borings will be

needed.

Excavation Support Earth Pressure. Based on the subsurface conditions indicated by

our field investigation and laboratory testing results, excavation support earth
pressure diagrams were developed and are presented on Figures 5.1 through 5.3.
These pressure diagrams can be used for the design of temporary trench bracing. For
a trench box, a lateral earth pressure resulting from an equivalent fluid with a unit
weight of 94 pef can be used. The effects of any surcharge loads at the ground
surface should be added to the computed lateral earth pressures. A surcharge load, q,

will typically result in a lateral load equal to 0.5 q. The above value of equivalent
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fluid pressure is based on assumption that the groundwater level is near the ground

surface, since these conditions may exist after a heavy rain or flooding.

(iii) Bottom Stability. In braced cuts, if tight sheeting is terminated at the base of the cut,
the bottom of the excavation can become unstable. The parameters that govern the
stability of the excavation base are the soil shear strength and the differential
hydrostatic head between the groundwater level within the retained soils and the
groundwater level at the interior of the trench excavation. For cut in cohesive soils as
predominantly encountered for the proposed excavation depths in most of the
borings, the bottom stability can be evaluated as outlined on Figure 6. However, at -
locations near borings GB-11, GB-12B, GB-14B and GB-15 where cohesionless soils
were encountered below the depth of 8 feet, dewatering will be necessary to avoid

bottom stability problems.

5.2.3 Groundwater Control. Excavations for the storm sewer, sanitary sewer and water line

may encounter groundwater seepage to varying degrees depending upon the groundwater conditions
at the time of construction and the location and depth of the trench. Based on the soil conditions
identified in the borings for the proposed storm sewer, sanitary sewer and water line installation, all
the excavations will be in cohesive soils except at borings GB-11, GB-12B, GB-14B and GB-15

where the storm sewer and sanitary sewer will be in cohesive underlain by cohesionless soils.

In general for cohesive soils as predominantly encountered for most of the borings for the
excavation depths, the groundwater if encountered may be managed by collection in excavation
bottom sumps for pumped disposal. However, in borings GB-11, GB-12B, GB-14B and GB-15
where cohesionless soils were encountered near the invert of the excavation; dewatering will be
required. Dewatering such as vacuum well points up to 15 feet or deep wells with submersible
pumps for excavation greater than 15 feet may be required to lower the groundwater level to at least
5 feet below the bottom of the excavation. It is recommended that the actual groundwater conditions
should be verified by the contractor at the time of construction and that groundwater control should

be performed in general accordance with the City of Houston Standard Specifications, Section
01578.
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5.2.4 Bedding and Backfill for Storm Sewer, Sanitary Sewer and Water Line. In general,

excavation and backfill for utilities should be designed and constructed in accordance with the City of

Houston Standard Specification No. 02317, Subsections3.09 and 3.10 “Excavation and Backfill for
Utilities.”

The bedding and backfill for storm sewer, sanitary sewer, and water line should be in

accordance with City of Houston Standard Specification Section 02317 and Drawing Nos. 02317-02,
02317-03 and 02317-04.

5.2.5 Auger Pit Backfill. The excavated auger pits should be backfilled per the City of Houston
Standard Specification, Section 02447, "Augering Pipe and Conduit" Subsection 3.04.

5.3 Trenchless Installation

It is understood that the proposed sanitary sewer along Wirt Road will be installed using

trenchless method (pipe and casing augering) at the utility crossings.

5.3.1 Geotechnical Parameters for Pipe and Auger Casing. Based on the soil conditions

revealed by borings GB-1 through GB-5 and GB-10 through GB-15 and laboratory test data,

geotechnical design parameters were developed for cohesive soils and cohesionless soils for Pipe and
Auger Casing installation and are provided in Table 3. For design conditions, the groundwater levels

should be assumed to exist at the ground surface.

5.3.2 Earth Pressure on Auger Casing. The earth pressures on the auger casing should be

determined from Figure 7. Equations to calculate the tunnel liner loads are also shown in Figure 7.

For crossing under the major roads, the stress due to traffic loads should be considered.

5.3.3 Live Loads on Pipeline Due to Traffic. Loads on the pipe due to traffic should be

considered. A graph providing calculated vertical stress on pipe due to traffic loads is given on

Figure 8.
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2.3.4 Carrier Pipe Design Parameters. Carrier pipe must be sufficiently strong to withstand

anticipated long-term ground loads and must not be subject to deterioration by substance either in the
ground or in the auger casing. The carrier pipe design should include consideration of not only the
loads applied to the pipe but also factors other than soil loading. These factors could include
minimum structural code requirements, loading from pipe jacking operations and other construction
loads. The drained geotechnical design parameters given in Table 3 should be used in analyzing the

soil structure interaction of the carrier pipe.

3.3.5 Influence of Augering on Adjacent Structure. Surface and near-surface structures near

the tunnel alignment consist primarily of private properties, city streets and public and private utilities.

Ground movement, in terms of loss of ground or ground lost, is commonly associated with soft
ground augering. If such ground movement is excessive, it may cause damage to the structures, roads
and services located above the auger casing. While ground movement cannot be eliminated, it can be
controlled within certain limits by the use of proper construction techniques and good quality
workmanship. These include, but are not limited to, prevention of excessive ground loss during
augering with the use of grouting and filling the annular space between the pipe or casing and the

surrounding soil and prevention of undue loss of fines through dewatering.

The selection and execution of augering methods that are best suited to anticipated ground
conditions along the proposed auger casing are, in fact, the contractor's primary contribution to
successful completion of the proposed auger casing. On review of the boring logs, the ground
conditions for augering (excavation face) will be primarily through cohesive soils and interface of
cohesive and cohesionless soils. The cohesive soils are stiff to very stiff and the ground in this area
may be expected to behave as firm to raveling ground near the invert. Cohesionless soils consisting of
medium dense to dense silty sand and sandy silt was encountered near or within 3 feet of the proposed
invert depths of trenchless installation in borings GB-11, GB-12B, GB-14B and GB-15. The ground at
these locations may be expected to behave raveling to running ground near the invert depths. Hence,

extra precautions will be required at these locations during the trenchless installation to prevent any

18



Geotest Engineering, Inc. Report No. 1140197101
Wirt Road Drainage and Paving Sub-Project II Design November 7, 2014
WBS No. M-000287-0002-3; Houston, Texas

excessive ground loss due to the disturbance and removal of the cohesionless soils. Close monitoring

of ground movement should be carried out during the trenchless installation.

At locations near borings GB-11, GB-12B, GB-14B and GB-15, the ground conditions for
trenchless operation (excavation face) will be through cohesive soil interface with cohesionless soils.
In such conditions, dewatering will be required for trenchless operations. However due to spacing of

borings, soil conditions other than those encountered in borings could exist.

The proposed augering is parallel with or cross beneath utility lines. The largest potential

problems from utilities may result from:
¢ Leaking water pipes
* Gas pipe breakage leading to a potential explosion

¢ Breakage of storm or sanitary sewers

In general, it is the contractor's responsibility to investigate these and other possible third party
interactions along the proposed pipe and casing augering alignment and to accommodate all of these

interactions with the use of good construction methods.

5.3.6 Groundwater Control. The groundwater control should be performed in accordance with

Section mentioned in 5.2.3 of this report.

5.4 Structures

2.4.1 Description. The structure associated with this project will be new manholes. The new

manholes for storm sewer will be placed at depths ranging from 13 to 15 feet and the manholes for

sanitary sewer will be placed at depths ranging from 18 to 35 feet.

5.4.2 Foundation Conditions. Based on the soil conditions revealed by the borings GB-1

through GB-15, the manholes bottom will be in stiff to very stiff lean clay, sandy lean clay, fat clay,
sandy fat clay and silty sand.
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5.4.3 Foundation Design Recommendations. The following items provide recommendations

and design criteria for construction of the new manholes.

Allowable Bearing Pressures. The mat foundation for supporting the new manholes
placed at a depths ranging from 13 to 35 feet [into stiff to very stiff lean clay, sandy
lean clay, fat clay, sandy fat clay and silty sand] should be designed for an allowable
(net) bearing pressure of 2,500 psf (for manholes placed between 13 and 15 feet) and
3,000 psf (for manholes placed between 18 to 35 feet) for total loads. These
allowable bearing pressures include a safety factor of 2.0. The above
recommendations assume that the final bearing surfaces consist of undisturbed
-natural soils and that underlying semi-transmissive zones are properly pressure-

relieved and stable undisturbed bearing surfaces are attained.

Bottom Stability. In braced cut, if sheeting is terminated at the base of the cut, the

bottom of the excavation can become unstable under a certain condition. This
condition is governed by the shear strength of the soils and by the differential
hydrostatic head. For cuts in cohesive soils (sandy lean clay, lean clay w/sand, fat
clay, sandy fat clay and fat clay with sand), as predominantly encountered in the
excavation depths of 13 and 35 feet for most of the borings, the stability of the
bottom can be evaluated in accordance with the procedure outlined in Figure 6.
However, at location near boring GB-11, GB-12B, GB-14B and GB-15, where
cohesionless soils (such as silty sand and silty sand) were encountered below the
depth of 8 feet, dewatering will be necessary to avoid bottom stability problems if the

excavation is planned after or during a heavy rainfall season.

Lateral Earth Pressure. The pressure diagram presented on Figures 5.1 through 5.3

can be used for the design of braced excavation. The lateral earth pressure diagram

presented on Figures 9.1 though 9.3 is applicable for the design of the permanent

walls.

Hydrostatic Uplift Resistance. Structures extending below the groundwater level

should be designed to resist uplift pressure resulting from excess piezometric head.
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Design uplift pressures should be computed based on the assumption that the water
table is at ground surface. To resist the hydrostatic uplift at the bottom of the

structure, one of the following sources of resistance can be utilized in each of the

designs.
a. Dead weight of structure,
b. Weight of soil above base extensions plus weight of structure, or
c. Soil-wall friction plus dead weight of structure.

The uplift force and resistance to uplift should be computed as detailed on Figure 10.
In determining the configuration and dimensions of the structure using one of the

approaches presented on Figure 10, the following factors of safety are recommended.

a. Dead weight of concrete structure, Sg = 1.10,
b. Weight of soil (backfill) above base extension, Sp = 1.5, and
C. Soil-wall friction, Sg = 3.0.
Friction resistance should be discounted for the upper 5 feet, since this zone is affected

by seasonal moisture changes.

5.4.4 Protection of Below Grade Structures. The design of the proper means for protection

of below grade structures will depend upon the potential of the aggressivity or corrosivity of soil and
groundwater properties. The aggressivity testing was not within the scope of this study. The design

of the protection of below grade structures is beyond the scope of services for this study.

5.4.5 Groundwater Control During Construction. The groundwater control should be

followed in accordance with section 5.2.3 of this report.

5.4.6 Structure Backfill. Excavations for the proposed structures should be backfilled in

accordance with the City of Houston Standard Specifications, Section 02316, “Excavation and

Backfill for Structures.”
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5.5 Pavement Structure Design

It is understood that approximately 2,300 linear feet of existing pavement along Wirt Road
and 2,980 feet of existing pavement along other streets (Shoshone Road, Harwood Drive, Kilburn
Road and Haldane Road) will be reconstructed with a rigid pavement. The pavement design
presented below was developed in accordance with “AASHTO Guide for Design of Pavement

Structures,” 1993 Edition.

5.5.1 Design Parameters

Subgrade Soil Properties. Based on the laboratory test data obtained from the natural

subgrade soils (predominantly high plasticity fat clay and lean clay), the effective
roadbed soil resilient modulus (M) is estimated to be about 1,941 psi. Based on an
estimated resilient modulus of the 8-inch lime-stabilized subgrade along Wirt Road,
the effective modulus of subgrade reaction (k) is estimated to be about 49 pci. Based
on the estimated resilient modulus of the 6-inch lime stabilized subgrade along other

streets, the effective modulus of subgrade reaction (k) is estimated to be about 46 pci.

Traffic Data. Traffic data is provided to us for the Wirt Road. Based on Houston
Regional Traffic Counts Map, the traffic data is assumed for other streets in the

project area. The details were given below.

A traffic data of 11 x 10°— 18 kips ESAL (W 5) and 0.5 x 10° — 18 kips ESAL overa
20 year design period was utilized for the pavement design of Wirt Road (from
Kempwood to Long Point) and all other streets (Shoshone Road, Harwood Drive,
Kilburn Road and Haldane Road) respectively. This traffic volume is based on
provided average daily traffic (ADT) volume of 17,323 vehicles for Wirt Road
and assumed traffic volume of 1,500 vehicles for the remaining streets in the
project area. A distribution of 97% passenger cars, 2% light trucks and 1%
heavy trucks were assumed for the vehicle breakdown for Wirt Road and
distribution of 96% passenger cars, 3.5% light trucks and 0.5% heavy trucks
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were assumed for all other streets in the project area.

Other Design Parameters. Other design parameters used in the development of rigid

pavement thickness are given below:

Material Properties of Concrete:
Modulus of Elasticity of Concrete (E.): 3,372,166 psi
Mean value of Modulus of Rupture of Concrete after 28 days

(S’): 600 psi (based on compressive strength of 3,500 psi)
Load Transfer coefficient (J): 3.2

Drainage coefficient (Cy): 1.2
Overall Standard Deviation (S,): 0.35
Reliability Level (R): 85 to 95%
Serviceability Index
Initial (P,): 4.5
Terminal (Py): 2.0 to 2.25
Reinforcement Variables
Allowable Working Stress (f;): 45,000 psi (grade 60 steel)
Friction Factor (F): 1.8

5.5.2 Recommended Pavement Section

Based on the design parameters described above and the AASHTO design procedures, the

thickness of rigid pavement was determined. The recommended pavement section is given below:

Wirt Road

Course Thickness, inches
Reinforced Concrete 10
6% Lime-stabilized subgrade 8
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However, for cross streets, which are mainly residential and entire pavement width will be

replaced with new pavement, the recommended pavement section is given below:

Cross Streets

Course Thickness, inches
Reinforced Concrete 6
6% Lime-stabilized subgrade 6

Based on the reinforcement variables and recommended pavement section, the required

longitudinal and transverse reinforcing steel (No. 4, Grade 60 Steel) can be determined from the City

of Houston drawings.

5.5.3 Preparation of Pavement Subgrade

Based on the field and laboratory test data, the subgrade soils at the finished grade of the
project site consists of fat clay with sand, sandy fat clay, lean clay and sandy lean clay. These soils
have a medium to high volume change potential. Hence, lime stabilization of the clay subgrade will
be required to reduce the swell potential of clay subgrade due to volume changes and to accelerate
the construction and provide a stable subgrade on which to construct the pavement section. The
subgrade soils should be stabilized with approximately 6 percent lime to a depth of at least 8 inches
along Wirt Road and 6 inches along all the other streets. This corresponds to approximately 37
pounds and 28 pounds of hydrated lime per square yard based upon a soil dry unit weight of 103 pcf,

respectively. The actual percentage of lime must be confirmed by laboratory tests at the time of

construction.

Subgrade preparation for the proposed pavement after removing the existing pavement

should consist of stripping, proof-rolling, and stabilization. The following procedures for subgrade

preparation are recommended:

1. Strip the surficial soils to a suitable depth to remove all surficial vegetation and
achieve grade. In isolated areas where soft, compressible, or very loose soils are

encountered, additional stripping may be required. Stripping should extend to a
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minimum of 2 feet beyond the edge of the proposed pavement (where possible).

2. After stripping, the exposed surface should be proof-rolled with a minimum of 3
passes of a 30-ton pneumatic-tired roller or a partially loaded truck utilizing a tire
pressure of approximately 90 psi. If rutting develops, the tire pressure should be
reduced. The purpose of the proof-rolling operation is to identify any underlying

zones or pockets of soft soils so these weak materials can be removed and replaced.

3. Lime stabilization of cohesive subgrade (fat clay and lean clay) should be performed

in accordance with City of Houston Standard Specification No. 02336, “Lime-

Stabilized Subgrade.”
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6.0 CONSTRUCTION CONSIDERATIONS

6.1 Groundwater Control

Excavations for the storm sewer, sanitary sewer and water line may encounter groundwater
seepage to varying degrees depending upon the groundwater conditions at the time of construction
and the location and depth of the trench. Based on the soil conditions identified in the borings for
the proposed storm sewer, sanitary sewer and water line installation, all the excavations will be in
cohesive soils except at borings GB-11, GB-12B, GB-14B and GB-15 where the storm sewer and

sanitary sewer will be in cohesive underlain by cohesionless soils.

In general for cohesive soils as predominantly encountered for most of the borings for the
excavation depths, the groundwater if encountered may be managed by collection in excavation
bottom sumps for pumped disposal. However, in borings GB-11, GB-12B, GB-14B and GB-15
where cohesionless soils were encountered near the invert of the excavation; dewatering will be
required. Dewatering such as vacuum well points up to 15 feet or deep wells with submersible
pumps for excavation greater than 15 feet may be required to lower the groundwater level to at least
5 feet below the bottom of the excavation. It is recommended that the actual groundwater conditions
should be verified by the contractor at the time of construction and that groundwater control should

be performed in general accordance with the City of Houston Standard Specifications, Section
01578.
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7.0 LIMITATIONS

The description of subsurface conditions and the design information contained in this report are
based on the soil borings made at the time of drilling at specific locations. However, some variation in
soil conditions may occur between soil borings. Should any subsurface conditions other than those
described in our boring logs be encountered, Geotest should be immediately notified so that further
investigation and supplemental recommendations can be provided. The depth of the groundwater level
may vary with changes in environmental conditions such as frequency and magnitude of rainfall. The
stratification lines on the log of borings represent the approximate boundaries between soil types,

however, the transition between soil types may be more gradual than depicted.

This report has been prepared for the exclusive use of City of Houston, Texas, and R.G.
Miller Engineers, Inc. This report shall not be reproduced without the written permission of Geotest

Engineering, Inc., the City of Houston or R.G. Miller Engineers, Inc.
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SYMBOLS AND ABBREVIATIONS USED ON BORING LOG PROFILE

CLAY SILT
[0 Q Of
00
000
N -1 00
NEN 00000

Cloyey SILT  Saondy SILT GRAVEL

MUCK, PEAT ASPHALT
or LIGNITE or HMAC

*****: Q
s % sjc k|
x %ok
3 ***** SO
*** ** A S_L 3
SLAG LEAN CLAY Sandy LEAN

CLAY

LEGEND
NN N b
o™ \j\ L

LAY Clayey SAND  Silty SAND

[®]

Sandy CLAY  Silty

FiLL LIMESTONE
e R
e ’,{B”,’”
T e
e »y:;tv

BRICK SHELL BLACKBASE RUBBLE

or DEBRIS

AVAR b 4
Depth Ofwate': Depth of Water after
Encountered During Completion of Boring

(for details see

Drilling individual boring log)

ABBREVIATIONS USED FOR CONSISTENCY/DENSITY

COHESIVE SOILS

V/So : Very Soft

So . Soft

Fm . Firm

M/St : Medium Stiff
St . Stiff

V/St : Very Stiff
Hd : Hard

V/Hd : Very Hard

Geotest Engineering, Inc.

COHESIONLESS SOILS

V/Lo : Very Loose

Lo : Loose

S/Co : Slightly Compact
Co : Compact

M/De : Medium Dense
De : Dense

V/De : Very Dense

FIGURE 4
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q
I [ 11 4 4
7 I T =
H/4
P,
H COHESIVE Pa= HA2 + _ \ +
\

\
\

H/4 \
I N 1\
. _ -

TYPICAL SOIL PARAMETERS . - BRACED WALL

See Table 2 for typical For YHles4 . L
values of soil parameters Pi=03y H
Pv=ywH=624H
Py=05q
Where:

7' = Submerged unit weight of cohesive soil, pcf;
¥» = Unit weight of water, pcf,

q = Surcharge load at surface, psf;

P. = Lateral pressure, psf;

P: = Active earth pressure, psf;

P, = Horizontal pressure due to surcharge, psf;

P = Hydrostatic pressure due to groundwater, psf;
H = Depth of braced excavation, feet

¢ = Shear strength of cohesion soil, psf;

"TRENCH SUPPORT EARTH PRESSURE

SUBMERGED COHESIVE SOIL

Geotest Engineering, Inc. FIGURE 5.1
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q
H TR,
' H/4
d COHESIVE
I P
Pa= +
¥ H
COHESIONLESS
SEMJ-COH(:E‘SIONLESS
- — — Py \ :
e

TYPICAL SOIL PARAMETERS . . BRACED WALL
See Table 2 for typical
values of soil parameters .
. Pi=037wH
' 1 ' Pr=624H
, 'Y:: d+'}’s (H"d) Pq=0.5q

‘Where:

Yavg = =-m-mmmmcmcemmoe—en-
H

y¢' = Submerged unit weight of cohesive soil, pef; .

v = Submerged unit weight of cohesionless soil, pcf;
Y= = Average submerged unit weight of soils, pcf;

q = Surcharge load at surface, psf;

P. = Lateral pressure, psf; .

P: = Active earth pressure, psf;

P, =Horizontal pressure due to surcharge, psf;

P. =Hydrostatic pressure due to groundwater, psf

H = Depth of braced excavation, feet

TRENCH SUPPORT EARTH PRESSURE

SUBMERGED COHESIVE SOIL OVER
COHESIONLESS OR SEMI-COHESIONLESS SOIL

Geotest Engineering, Inc. -

FIGURE 5.2
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q

]’ l L Pl 2 T ¥

B/4
d COHESIVE
| I
e 1
COHESIONLESS
or

R SEMI-COHESIONLESS ;

Po= H/2 +
COHESIVE T
H/a

/S -~ .
p— P, —al b— Pg—
TYPICAL SOIL PARAMETERS BRACED WALL
See Table 2 for typical Py = 0.3 Y'5ug H
values of soil parameters Po =Y, H = 62.4 H
w \'4 *
Pqg = 0.54
" VYl 4+ Y (emd) +Y  (Bee)
avg M

Y, = 62.4 pef

Where:
v, = Submerged unit weight of cohesive soil, pcf ;
v,/ = Submerged unit weight of cohesionless or semi-cohesionless soil, pcf ;
Tw Unit weight of water, pcf;
Y ove Average submerged unit weight of soil, pcf ;

q Surcharge load at surface, psf;
P Lateral pressure, psf;

- P, = Active earth pressure, psf;
P
P

onono

Horizontal pressure due to surcharge, psf;
Hydrostatic pressure due to groundwater, psf;
Depth of braced excavation, feet

[/ ]

TRENCH SUPPORT EARTH PRESSURE

SUBMERGED COHESIVE SOIL
INTERBEDDED WITH COHESIONLESS OR
SEMI-COHESIONLESS SOIL

Geotest Engineering, Inc. FIGURE 5.3
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CUT IN COHESIVE SOIL,
DEPTH OF COHESIVE SOIL UNLIMITED (T>0.7 B, )
L = LENGTH OF CUT

FAILURE SURFACE -)

VTI77 77777877277 277277272727 7727777

If sheeting terminates at base of cut:

NC
Safety factor, Fg = ———
YyH+q
Nc = Bearing capacity factor, which depends on dlmensmns of the excavation :

B,,L and H (use N¢ from graph below)

C = Undrained shear strength of clay in failure zone beneath and surrounding
base of cut

Y = Wet unit weight of soil (see Table 2)

q = Surface surcharge (assume q = 500 psf)

If safety factor is less than 1.5, sheeting or soldier piles must be carried below the base of cut to
insure stability - (see note)
H) = Buried length =—9_ 5 5feet  NNote:If soldier piles are used, the
2 = center to center spacing ‘should
: . , not exceed 3 times the width or’
Force on buried length, Py: : dxameter of soldier plle

2 B,
IfH, >~ —, Py= 0.7 (v HB, - 1.4CH - 7CBy) in Ibs/ linear foot
3 V2
2 B, 14CH
IfH, <- —, Py=15H,(yH- - 7C) in Ibs/ linear foot
3 V2 B,
i mp—
8
o 7 4 /, / -
=z |
6
st STABILITY OF BOTTOM
H/Bs ‘ FOR
For trench excovations BRACED CUT

...... For square pit or circle shaft

Geotest Enagineéring, Inc. '
g g FIGURE 6
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o
i

J
{1

‘u W
w
Hou

Where: P;, Py, P3

[ +3) % v)+ g

1

D
[H+3 x (v -v) +DWXYW] + s, for D < H +

, for Dw?.H +

(H X )+ qq
[(H +D) X Y]+ Qs

Tunnel liner load, psf.

Tunnel outside diameter, ft.

Depth to top of tunnel; ft.

= Depth to ground water level; ft.
= Wet unit weight of soil, pcf (see Table 3)
= Unit weight of water, 62.4 pcf

= Surcharge load, psf.

EARTH PRESSURE
ON PIPE AND CASING AUGERING

D

2

o

Geotest Engineering, Inc.

FIGURE 7
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DEPTH 1O TOP OF PIPE, feet

VERTICAL STRESS, psf

0 80 120 180 240 300 360
0
_______________ e e
PO T
10 - -
20
30 "
; '
! !
' i
; i
! I
: !
40—
; i
! i
! i
! !
o
o
' I
50
60
Legend
..... - One passing truck
Two passing trucks
- — — Four passing trucks
Notes: 1. The vertical stress wos estimated using AASHTO H20 or HS20 truck axle
loadings on paved surfaces.
2. Impact factor was included in the verticol stress.
VERTICAL STRESS ON PIPES
DUE TO TRAFFIC LOADS
G ) L .
eotest Engineering, Inc FIGURE 8
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s—Pq-——

q
l l l l % ¥
COHESIVE
i
TYPICAL SOIL PARAMETERS
See Table 2 for typical Pi=K«y'H
values of soil parameters Pv=ywH=624H
Pq ={.5 q

‘Where:

Koe=1.0

y¢ = Submerged unit weight of cohesive soil, pef;

Ko = Coefficient of at-rest earth pressure in cohesive soil;
v» = Unit weight of water, pcf;

g = Surcharge load at surface, psf;

P. = Lateral pressure, psf;

P: = At-rest earth pressure, psf;

P, = Horizontal pressure due to surcharge, psf;

P» = Hydrostatic pressure due to groundwater, psf;

H = Depth of excavation, feet

LATERAL EARTH PRESSURE DIAGRAM
FOR PERMANENT WALL

SUBMERGED COHESIVE SOIL

Geotest Engineering, Inc.

FIGURE 9.1
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q
LI1TL, . o ¥
d COHESIVE d
——t wendene Ph Plc
H Po= + +
COHESIONLESS
SEMLCOHC;;SIONLESS
L \p —\ =
~— P —-l — Pa —
TYPICAL SOIL PARAMETERS ‘ PERMANANT WALL
See Table 2 for typical
values of soil parameters
Pi= 'Yc' d K«
_ . P}s = 'Yc' d K
K : 1.0 P.= ['Yc' d+ ‘Y;' (H-d)] Ko
Ko = 1-sings P.=ywH=624H
Py= q = Q.5 q

Where: : .
v = Submerged unit weight of cohesive soil, pcf;
s = Submerged unit weight of cohesionless or semi-cohesionless soil, pcf;
¢» = Internal friction angle of cohesionless or semi-cohesionless soil degree'
Ko = Coefficient of at-rest earth pressure in cohesive soil;
Ko = Coefficient of at-rest earth pressure in cohesionless or seml—cohesmnless soil;
v~ = Unit weight of water, pcf}
q = Surcharge load at surface, psf; -
= Lateral pressure, psf,
P;, P, Pu = At-rest earth pressure, psf;i=1,2;
P, = Horizontal pressure due to surcharge, psf;
P. = Hydrostatic pressure due to groundwater, psf;
H = Height of wall, feet

LATERAL EARTH PRESSURE DIAGRAM
FOR PERMANENT WALL

SUBMERGED COHESIVE SOIL OVER
COHESIONLESS OR SEMI- COHESIONLESS SOIL

G’eotest En, 'meemn , Ine.
9 9 FIGURE 9.2



Job No. 1140197101

l [ : ] vt —————-—l
o | conEsivE 4
e | Pic
e PlS
COHESIONLESS
H or
SEMI-COHESIONLESS Pa= + +
A
- -t Py
Pas \ ¢
COHESIVE \
EZS \ P3| .
kP, — - .Pq —
TYPICAL SOIL PARAMETERS PERMANENT WALL
Pre=7:d Ko
See Table 2 for typical _
values of soil parameters P =7 d K,
-Koc pu 1 0 PZS = P]S -PY,S (e—d) KOS
= [’ 4 -
Ko = 1 - sings Poe=[y'cd +/'s (e-d)] Ko
P = 'c 4 -d) + ' 1.,
7w=62.4p5f 3 [Y d""Ys(ed) 'Yc(I_Ie)]Koc
" Where: Pp.=y.,H=624H
Pg=05¢q
y., = Effective unit weight of cohesive soil, pcf;
v, = Effe_ctive unit weight of cohesionless or semi-cohesionless soil, pcf;
¢, = Internal friction angle of cohesionless or semi-cohesionless soil, degree;
K, = Coefficient of earth pressure at rest in cohesive soils;
Ko, = Coefficient of earth pressure at rest in cohesionless or semi-cohesionless soil;
Y. = Unit weight of water, pcf;
q = Surcharge load at surface, psi;
P, = Lateral pressure, psf;
P, P, P, = Earth pressure at rest, psf; i = 1, 2, 3;
P, = Horizontal pressure due to surcharge, psf;
P, = Hydrostatic pressure due to groundwater, psf;
H = Height of wall, feet

Geotest Engineering, Inec.

LATERAL EARTH PRESSURE DIAGRAM
FOR PERMANENT WALL

SUBMERGED COHESIVE SOIL
INTERBEDDED WITH COHESIONLESS
OR SEMI-COHESIONLESS SOIL

FIGURE 9.3



UPLIFT PRESSURE
AND RESISTANCE

Geotest Engineering, Inc.

FIGURE 10

8 (a) DEAD WEIGHT OF STRUCTURE (b) WEIGHT OF SOIL ABOVE BASE {c) SOIL-WALL FR!CI" TON PLUS
- EXTENSION PLUS DEAD WEIGHT DEAD WEIGHT OF STRUCTURE
E OF STRUCTURE
3 33 X .S 4
E : ,.: ' .:,. S
! SHI
G A eil W, | »:-: A SOIL LAYER "mn
r b ";, : F |5 i |F,
1 7.‘ ‘a 1 b‘."
: w[ 1 1_:2' : !:.q b \yl hot
: Y &3 a1
i : G >
4
i .
F, . F,
' P, = Hyy P, =Hy, P, = HYw
l Fu=Abpw Fu=Awa Fu':Abpw )
' W Wi+ W, W +F _
il = F Wit We LA WS Y JySHE o)
S, S, S, Fe St, S,
' Predominantly Cohesive Soils, F;= ¢ ¢y Am
See Table 2 for typical Predominantly Cohesionless Soils, F, = ppAnK tan 5n
l values of soil parameters .
Where: Ap = area of base, sq. ft.
A = cylindrical surface area of layer “m”, sq. ft.
Cm = undrained cohesion of soil layer “m”, psf.
Fu = hydrostatic uplift force, Ibs.
' F; = frictional resistance, Ibs.
H = height of buried structure, ft.
K = coefficient of lateral pressure = (.5.
l Pm = average overburden pressure for layer “m,” psf.
Pw = hydrostatic uplift pressure, psf.
St, , 5 = factor of safety.
l Wy o= dead weight of concrete structure, Ibs.
W, = weight of backfill above base extension, Ibs.
o = cohesion reduction factor = 0.5.
Sm = friction angle between soil layer “m” and concrete wall, degrees = 0.75 9.,
l o, = internal angle of friction of soil layer “m”, degrees.
Yor = . unit weight of water = 62.4 pcf.



Summary of Boring Information
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Geotechnical Design Parameter Summary — Open Cut Excavation..........ocoeeverenennanns

Geotechnical Design Parameter Summary — Trenchless Excavation.........ccoeeeiiiennas



SUMMARY OF BORING INFORMATION

TABLE 1

Boring No. | Depth Elevation
(feet) Street Northing Easting (feet)
GB’IIP()GB' 25 | Wirt Road 13860928 3083375 75.70
GB-2 25 | Wirt Road 13861437 3083391 75.76
GB-3 25 Wirt Road 13861911 3083320 76.19
GB-4 25 | Wirt Road 13862451 3083343 75.90
GB-5 17 | Wirt Road 13862909 3083257 74.77
20
GB-6 Shoshone 13862643 3083707 77.49
Road
20
GB-7 Shoshone 13862306 3084143 77.30
Road
20
GB-8 Harwood 13862332 3083675 77.51
Drive
GB-9 20 ;
Kilburn 13861863 3083916 77.32
(GB-9P) Road
GB-10 30 | Wirt Road 13860389 3083424 75.64
GB-11 30 | wirt Road 13859822 3083446 73.97
GB-12B 45 | Wirt Road 13859324 3083484 74.11
GB-13B 45 Wirt Road 13858828 3083503 70.31
GB-14B 45
Wirt Road 13858328 3083523 69.78
(GB-14BP)
53 -
GB-15 Longpoint 13857999 3083912 68.78
Road
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TABLE 2

GEOTECHNICAL DESIGN PARAMETER SUMMARY

OPEN-CUT EXCAVATION

Alignments | Boring Stratigraphic | Range Wet Submerged | Undrained Internal
Nos. Unit of Unit Unit Cohesion, Friction
Depths, | Weight, | Weight, y', psf Angle, ¢,
ft s pef degree
pef
48" RCP, GB-1 Cohesive 0-4 130 65 1,000 --
12"water 4-12 130 65 2,200 --
line & 21 to 12-18 130 65 2,500 -
24" Sanitary 15-25 125 63 1,500 -
Sewer along GB-2 Cohesive 0-4 130 65 1,000 --
Wirt Road 4-6 125 63 1,500 --
6-14 130 65 2,500 --
14-20 130 65 3,200 --
20-25 125 63 600 --
GB-3 Cohesive 0-4 130 65 1,500 -
4-12 132 66 3,000 --
12-16 128 64 1,800 -
16-23 130 65 3,500 --
23-25 125 63 2,000 -
GB-4 Fill 0-6 125 63 1,000 -
Cohesive 6-10 130 65 1,200 -
10-25 130 65 3,000 -
GB-5 Cohesive 0-4 125 63 1,000 --
4-6 125 63 2,000 --
6-13 130 65 3,500 --
13-15 130 65 1,200 --
Cohesionless 15-17 110 55 -- 30
GB-10 Fill 0-2 120 60 1,500 --
Cohesive 2-8 125 63 2,000 -
8-14 130 65 2,400 --
14-23 125 63 3,000 -
23-28 125 63 500 --
28-30 130 65 4,500 --
GB-11 Cohesive 0-8 125 63 500 -
Cohesionless 8-14 100 50 -- 30
Cohesive 14-18 120 60 500 -
Cohesionless 18-28 115 58 - 30
Cohesive 28-30 125 63 3,000 --
GB-12B Cohesive 0-8 130 65 2,200 -
8-16 130 65 2,400 --
16-18 125 63 900 --
Cohesionless 18-23.5 100 50 -- 30
23.5-36 115 58 -- 35
Cohesive 36-41.5 130 65 1,500 --
Cohesionless 41.5-45 112 62 - 35
GB-13B Cohesive 0-10 125 63 1,200 --
10-16 120 60 800 -
16-23 132 66 1,000 --
23-35 125 63 1,000 --
35-45 125 63 4,000 --




TABLE 2

GEOTECHNICAL DESIGN PARAMETER SUMMARY

OPEN-CUT EXCAVATION

Alignments | Boring Stratigraphic Range Wet Submerged | Undrained Internal
Nos. Unit of Unit Unit Cohesion, Friction
Depths, | Weight, Weight, v', psf Angle, ¢,
ft s pef ~ degree
pef
48" RCP, GB-14B Cohesive 0-12 125 63 1,500 --
12"water 12-22 132 66 2,500 -
line & 21 to Cohesionless 22-43 116 58 - 30
24" Sanitary Cohesive 43-45 125 63 3,500 --
Sewer along | GB-15 Cohesive 0-16 125 63 600 -
Wirt Road Cohesionless 16-18 105 53 - 30
Cohesive 18-23 125 63 2,400 -
23-25 120 60 500 -
Cohesionless 25-38.5 102 51 . - 30
Cohesive 38.5-48 125 63 3,000 -
Cohesionless 48-53 106 53 - 28
24"-30" GB-6 Cohesive 0-4 125 63 1,000 -
RCP Along thru 4-10 132 66 1,500 -
Shoshone GB-9 10-12 125 63 1,000 -
Road, 12-20 130 65 1,500 -
Harwood
Drive,
Haldane
Drive and
Kilburn
Road

Note: 1) Cohesive soils include Fat Clay, Fat Clay with sand, Sandy Fat Clay, Lean Clay, Lean Clay with sand and
Sandy Lean Clay.

2) Cohesionless soils include Silty Sand

3) Fill Soils include lean clay with sand




TABLE 3
GEOTECHNICAL DESIGN PARAMETER SUMMARY
TRENCHLESS INSTALLATION
(Borings GB-1 through GB-4 and GB-9 through GB-15)

PROPERTY COHESIVE COHESIONLESS SOILS @
SOILS @
Wet Unit Weight, v, pcf 0-2 ft 120 --
2-4 ft 120 -
4-8 ft 125 -
8-14 f 128 100 (GB-11 only)
14-16 fi 125 -
16-18 ft 125 100(GB-12B & GB-15 only)
18-22 ft 120 100 (GB-11 & GB-12B only)
22-25 ft 120 116 (GB-12B & GB-14B only)
25-28 ft 125 110 (GB-12B, GB-11, GB-14B & GB-15 only)
28-36 ft 128 116 (GB-12B, GB-14B & GB-15 only)
36-38.5 ft 130 110 (GB-14B & GB-15 only)
38.5-41.5 ft. 125 116 (GB-14B only)
41.5-43 fi 130 112 (GB-12B & GB-14B only)
43-45 f 130 112 (GB-12B only)
45-48 ft 130 -
48-53 fi - 106 (GB-15 only)
Submerged Unit Weight, v', pcf 02 ft 60 --
2-4 ft 60 --
4-8 ft 63 --
8-14 fi 64 50 (GB-11 only)
14-16 ft 63 --
16-18 fi 63 50(GB-12B & GB-15 only)
18-22 ft 60 50 (GB-11 & GB-12B only)
22-25 ft 60 58 (GB-12B & GB-14B only)
25-28 ft 63 55 (GB-12B, GB-11, GB-14B & GB-15 only)
28-36 fi. 64 58 (GB-12B, GB-14B & GB-15 only)
36-38.5 ft 65 55 (GB-14B & GB-15 only)
38.5-41.5 ft. 63 58 (GB-14B only)
41.5-43 ft 65 56 (GB-12B & GB-14B only)
43-45 ft 65 56 (GB-12B only)
45-48 ft 65 --
48-53 fi -- 53 (GB-15 only)
Moisture Content (%) 0-2 fi. 11 --
2-4 ft 15 -
4-8 ft 18 -
8-14 ft 25 12 (GB-11 only)
14-16 ft 24 -
16-18 fi 14 15(GB-12B & GB-15 only)
18-22 ft 13 18 (GB-11 & GB-12B only)
22-25 ft 16 16 (GB-12B & GB-14B only)
25-28 fi 22 22 (GB-12B, GB-11, GB-14B & GB-15 only)
28-36 ft 23 24 (GB-12B, GB-14B & GB-15 only)
36-38.5 1t 26 24 (GB-14B & GB-15 only)
38.5-41.5 ft. 22 22 (GB-14B only)
41.5-43 ft 21 23 (GB-12B & GB-14B only)
43-45 fi 22 24 (GB-12B only)
45-48 ft 22 --
48-53 ft -~ 24 (GB-15 only)
UNDRAINED PROPERTIES *
Undrained Cohesion, C,, psf 14-16 ft* 500 --
16-18 fi* 500 --
18-22 ft*, 1,000 -
22-25 ft* 1,000 -
25-28 fi* 1,000 -
28-36 fi*. 1,000 -
36-38.5 fi* 3,000 --
38.5-41.5 ft*. 3,000 -
41.5-43 fi* 3,000 -




TABLE 3 (cont'd)
GEOTECHNICAL DESIGN PARAMETER SUMMARY
TRENCHLESS INSTALLATION

PROPERTY COHESIVE COHESIONLESS SOILS @
soiLs @
Angle of Internal, ¢, degrees 14-16 ft* - -
16-18 fi* -- 30(GB-12B & GB-15 only)
18-22 ft*, - 30 (GB-11 & GB-12B only)
22-25 fi* - 30 (GB-12B & GB-14B only)
25-28 ft* -- 30 (GB-12B, GB-11, GB-14B & GB-15 only)
28-36 fi*. -- 30(GB-12B, GB-14B & GB-15 only)
36-38.5 ft* -- 30 (GB-11, GB-14B & GB-15 only)
38.5-41.5 ft*, -- 30 (GB-14B only)
41.5-43 fi* -- 30 (GB-12B & GB-14B only)
Elastic Modulus, E, psf 14-16 fi* 150,000 --
16-18 ft* 150,000 -350,000 (GB-12B & GB-15 only)
18-22 ft*, 300,000 350,000 (GB-11 & GB-12B only)
22-25 ft* 300,000 350,000 (GB-12B & GB-14B only)
25-28 ft* 300,000 304,000 (GB-12B, GB-11, GB-14B & GB-15 only)
28-36 ft*. 300,000 350,000 (GB- 12B GB-14B & GB-15 only)
36-38.5 ft* 900,000 560,000 (GB-11, GB-14B & GB-15 only)
38.5-41.5 ft*, 900,000 350,000 (GB-14B only)
41.5-43 fi* 900,000 560,000 (GB-12B & GB-14B only)
Coefficient of Lateral Earth
Pressure at Rest, K, 14-16 ft* 1.2 --
16-18 ft* 1.2 0.4
18-22 fi*. 1.2 04
22-25 fi* 1.2 0.4
25-28 ft* 1.2 04
28-36 ft*. 1.2 0.4
36-38.5 ft* 1.2 04
38.5-41.5 fi*, 1.2 0.4
41.5-43 ft* 1.2 0.4
Poisson’s Ratio 0.45 0.3
DRAINED PROPERTIES *
Drained Cohesion, C', psf 14-16 ft* 0 -
16-18 fi* 0 --
18-22 ft*. 0 --
22-25 fi* 0 --
25-28 fi* 0 --
28-36 ft*. 0 --
36-38.5 ft* 0 --
38.5-41.5 fi*, 0 --
41.5-43 ft* 0 -
Angle of Internal Friction, ¢, degrees
14-16 ft* 21 --
16-18 fi* 21 30(GB-12B & GB-15 only)
18-22 ft*. 21 30 (GB-11 & GB-12B only)
22-25 fi* 21 30 (GB-12B & GB-14B only)
25-28 fi* 21 30 (GB-12B, GB-11, GB-14B & GB-15 only)
28-36 fi*. 20 30(GB-12B, GB-14B & GB-15 only)
36-38.5 ft* 20 30 (GB-11, GB-14B & GB-15 only)
38.5-41.5 ft*, 20 30 (GB-14B only)
41.5-43 fi* 20 30 (GB-12B & GB-14B only)
Elastic Modulus, E, psf 14-16 ft* 90,000 --
16-18 fi* 90,000 350,000 (GB-12B & GB-15 only)
18-22 fi*. 180,000 350,000 (GB-11 & GB-12B only)
22-25 ft* 180,000 350,000 (GB-12B & GB-14B only)
25-28 ft* 180,000 304,000 (GB-12B, GB-11, GB-14B & GB-15 only)
28-36 ft*, 180,000 350,000 (GB-12B, GB-14B & GB-15 only)
36-38.5 fi* 540,000 560,000 (GB-11, GB-14B & GB-15 only)
38.5-41.5 ft*. 540,000 350,000 (GB-14B only)
41.5-43 ft* 540,000 560,000 (GB-12B & GB-14B only)

Notes: 1. Cohesive soils include Fat Clay, Fat Clay w/sand, Lean Clay Lean Clay w/sand and Sandy Lean Clay.
2. Cohesionless soils include Fine Sand w/silt, Silty Sand and Sandy Silt.
*  Within tunneling zone (one bore diameter, but not less than 6 feet, above and below tunnel bore).
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APPENDIX A
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Piezometer Installation Reports
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Figure

A-1thruA-15
A-16

A-17thru A-19
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LOG OF BORING NO. GB-1 (GB—1P)

PROJECT : Wirt Road Drainage and Paving Sub—Project I Design PROJECT NO. :
WBS No. M—000287-0002-3
Houston, Texas

1140197101

LOCATION : N 13860928, E 3083375 COMPLETION DEPTH : 25.0 FT.

Wirt Road; See Plan of Borings (Figure 2)

SURFACE ELEVATION : 75.70 FT. DATE : 10-03-13

[k

UNDRAIN

%

SAMPLER : Shelby Tube/Split Spoon
DRY AUGER : 0.0 TO 250 FT.
WET ROTARY : ~—--TO -— FT.

%

O HAND

SYMBOL
SAMPLES

UNCO
B 7Riax

ELEVATION, FEET
DEPTH, FEET
PERCENT PASSING
NO. 200 SIEVE
DRY UNIT WEIGHT,
PCF
CONTENT, %
LQUID LIMIT, %
PLASTIC LIMIT,

DESCRIPTION OF MATERIAL

NATURAL MOISTURE
PLASTICITY INDEX,

0.5

TEST, BLOWS PER FOOT

STANDARD PENETRATION

ED SHEAR STRENGTH,
TSF

PENETROMETER

@ UNCONFINED COMPRESSION
NSOLIDATED —UNDRAINED

AL COMPRESSION

A TORVANE

1.0 1.5 2.0 25

~=d
o
(&)
[T
]
(@]

ff:iiff}f 2.25" Asphalt |
SOl | 6" Concrete j 18 oA

Stiff gray SANDY LEAN CLAY

—very stiff yellowish brown

(CL) w/sand seams 5 : 20

L 5_ and_gray w/ferrous nodules
4'-8 65| 115| 16| 46| 16| 30

67.7 Y Y
Very stiff reddish brown
and gray FAT CLAY (CH)

25

| AD

5.7 10 w/sand and ferrous nodules -
N Stiff to very stiff

LEAN CLAY (CL) w/sand and
calcareous nodules
617 N —very stiff 12'=14' 77[ 18] 17| 41| 15| 26

yellowish brown and gray 15 O la

L 15 Very stiff reddish brown
and gray FAT CLAY (CH) 26
w/silt seams and
calcareous nodules

—very stiff to hard 18'-20'

23

—stiff to very stiff 16'-18' 96| 100| 24| 66| 25| 41 ] 0

AD

53.7 \

Stiff to very stiff reddish
brown and gray LEAN CLAY

(CL) w/sand
N\ 2 A

NOTE :
See Piezometer GB—1P for
water level measurements.

50.74

T

- 35

DEPTH TO WATER IN BORING :
2. FREE WATER 1st ENCOUNTERED AT 25.0 FT. DURING DRILLING; AFTER 20.0 MIN. AT 17.6 FT.
¥. WATER DEPTH AT 13.8 FT.,, HOLE OPEN TO 250 FT. ON 11-07-13.

Geotest Engineering, Inc.

FIGURE A-1




LOG OF BORING NO. GB-2

PROJECT

LOCATION :

SURFACE ELEVATION

Wirt Road Drainage ond Paving Sub—Project Il Design

WBS No. M-000287-0002-3
Houston, Texas
N 13861437, E 3083391

Wirt Road; See Plan of Borings (Figure 2)

75.76 FT.

PROJECT NO. :

1140197101

COMPLETION DEPTH : 25.0 FT.
DATE

10-03-13

ELEVATION, FEET

~sd

ovun
1]
T

DEPTH, FEET
SYMBOL

SAMPLER : Shelby Tube/Split Spoon
DRY AUGER : 0.0 TO 250 FT.
WET ROTARY : --T0 -— FT.

SAMPLES

DESCRIPTION OF MATERIAL

STANDARD PENETRATION
TEST, BLOWS PER FOOT)

PERCENT PASSING
NO. 200 SIEVE
DRY UNIT WEIGHT,
PCF

NATURAL MOISTURE
CONTENT, %

%

LIQUID LIMIT,

%

PLASTIC LIMIT,

PLASTICITY INDEX, %

UNDRAINED SHEAR STRENGTH,
TSF

O HAND PENETROMETER
@ UNCONFINED COMPRESSION

] UNCONSOLIDATED ~UNDRAINED|
TRIAXIAL COMPRESSION

A TORVANE
05 1.0 1.5 20 25

B

2" Asphalt

6" Concrete

.

Stiff gray SANDY LEAN CLAY
(CL) w/sand seams

-w/rock 2'-4'

—stiff to very stiff 4'-6'

—yellowish brown and gray
4I__8I

—~very stiff to hard 6'-8'

104

Very stiff reddish brown
and gray FAT CLAY (CH)
w/sand seams

—yellowish brown and gray

10'-12'

63.8

61.8

Very stiff reddish brown
ond gray LEAN CLAY (CL)
w/sand

55.84

20+

50.8+

25

30+

354

_1

Hard reddish brown and gray
FAT CLAY (CH)
—very stiff 16'-20'

—w/calcareous nodules
18'-20'

Reddish brown and gray LEAN
CLAY (CL) w/sand

~medium stiff to stiff
w/silt seams 23'—25'

70

82

92

114

30

28

22

25

23

23
24

42

45

65

20

25

22

26

40

A

DEPTH TO WATER IN BORING :

Z .

HOLE OPEN TO 25.0 FT. AT END OF DRILLING.

Geotest Engineering, Inc.

FREE WATER 1st ENCOUNTERED AT 25.0 FT. DURING DRILLING; AFTER 20.0 MIN. AT 17.0 FT.

FIGURE A-2




LOG OF BORING NO. GB-3
PROJECT : Wirt Road Drainage and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS No. M-000287-0002-3 s
o. M~ - -
Houston, Texas
LOCATION : N 13861911, £ 3083320 COMPLETION DEPTH : 25.0 FT.
See Plon of Borings (Figure 2)
SURFACE ELEVATION : 76.19 FT. DATE : 10-02-13
Zo . TRENGTH
_ SAMPLER : Shelby Tube/Split Spoon §§ o le |y wl UNDRAINED SEAR STRENGTH.
= o >
© | 5| _ vl DRYAUGER : 0.0 TO 250 FT. R R B I O HAND PENETROMETER
~ = G| o ELL oc| £ | 2| £ | @ UNCONFINED COMPRESSION
2 z : Iz WET ROTARY @ —=T0  —= FT. ~B|Z28 gg Bl D e g [ UNCONSOLIDATED-UNDRAINED
< B, gé 8517 |23 5 g 2 TRIAXIAL COMPRESSION
o e DESCRIPTION OF MATERIAL ze Wz & ;z—( g2 é A TORVANE
76,8 e 05 1.0 15 2.0 25
75:5: Dbb 2" Asphalt /_
SNl | 6" Concrete [ 17 N
Very stiff gray SANDY LEAN
CLAY (CL) w/sand seams, 17
calcareous aond ferrous Oa
B nodules
—stiff to very stiff 2'-4 14 AO
—yellowish brown and gray
4'—-12'
88| 121 15| 40| 17| 23 " X@)
L 15 @)
64.2 - - 18 O
Very stiff yellowish brown
and gray FAT CLAY (CH) .
w/calcareous nodules A
L s —stiff to very stiff 14'-16'
88| 102| 26| 68| 26| 42 A
22 20
20- 2 “e:
53.2 N : :
Very stiff reddish brown
\ and gray LEAN CLAY (CL)
51.2-1 25\\ w/sand R 21
30+
35+
DEPTH_TO WATER IN BORING :
¥: FREE WATER 1st ENCOUNTERED AT 25.0 FT. DURING DRILLING; AFTER 20.0 MIN. AT 16.5 FT.
HOLE OPEN TO 25.0 FT. AT END OF DRILLING.
‘ Geotest Engineering, Inc.
g g9
FIGURE A-3



LOG OF BORING NO. GB-4

PROJECT : Wirt Road Droinage and Paving Sub-Project Il Design

WBS No. M—-000287-0002-3
Houston, Texas

LOCATION : N 13862451, E 3083343

Wirt Road; See Plan of Borings (Figure 2)

PROJECT NO. : 1140197101

COMPLETION DEPTH : 25.0 FT.

SURFACE ELEVATION : 75.90 FT. DATE : 10-03-13
z5 ¢ | UNDRAINED SHEAR STRENGTH
~ SAMPLER : Shelby Tube/Split Spoon gg o |2 |y ol TSF '
7 ol ¢ x
H | £ | .o DORrAUGER : 0070 220 FT. 5582 (S | 2x| X | | § | O M PENETROMETER
~ Wog S, 0_2 = o S | £ | £ | @ UNCONFINED COMPRESSION
. C 3
o £ | 2 |3 WET ROTARY : 22.070 250 FT. ~z|=8|28 81 2 | @ | & | m UNCONSOLIDATED=UNDRAINED
T |5 |2pP B2|B5(2 | 28| g | B | o |™ TRuual Compression
(8]
g 18 DESCRIPTION OF MATERIAL e 62| & g 3|3 S | & Torwane
594 o i 05 1.0 1.5 20 25
75f2: X2 _\2" ASphOlt f
6" Concrete [ 18 oh
FILL: medium stiff to stiff
gray lean clay w/sand 2
—stiff 2'—6' @
5 —brown sand w/clay seams
l— ' 18
69.9 5’6 1 A
\ Very stiff yellowish brown
ond gray LEAN CLAY (CL) 77[115| 15| 47| 17| 30 O R
w/sand ond calcareous
nodules
—stiff to very stiff 8'-10"
65.9-+ 10 : y . "7 O
Very stiff gray and reddish
brown FAT CLAY (CH) )
w/calcareous nodules @
18 N
L 15
. 23
—very stiff to hard 16'-18' Gy
97| 107| 27| 64| 25| 39 A |m
. 23
~very stiff to hard 19'-20" G
1
23
—~hard 23'-25'
50.94 25\ 9 Q
= 30_‘
L 35
DEPTH_TO WATER IN BORING :
¥: FREE WATER 1st ENCOUNTERED AT 22.0 FT. DURING DRILLING; AFTER 20.0 MIN. AT 13.5 FT.
HOLE OPEN TO 25.0 FT. AT END OF DRILLING.
Geotest Engineering, Inec.
FIGURE A-4



LOG OF BORING NO. GB-5

PROJECT : Wirt Road Droinage and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS No. M—000287-0002-3
Houston, Texas

LOCATION : N 13862909, E 3083257 COMPLETION DEPTH : 17.0 FT.
Wirt Road; See Plan of Borings (Figure 2)
SURFACE ELEVATION : 74.77 FT. DATE : 10-02-13
. 30 se | UNDRAINED SHEAR STRENGTH,
_ SAMPLER : Shelby Tube/Split Spoon 58 o 1= | xe X TSF
= e >
B | 5| .l DRY AUGER : 00 TO 17.0 FT. ESga|2 || X | o | §|O o PenerRoueTeR
PR = Eole =.|25| 5| 3| Z | @ unconrned covPRession
Y S 1 P P R R T et e
< T zh| o, 28I 35 | vl E
9 |8 DESCRIPTION OF MATERIAL :%;,7) 52 & go g |3 2 | & rorvane
i 05 1.0 15 2.0 25
F 7487 OFEEENS Asphalt i
6" Concrete [ 23 oA
Medium stiff to stiff gray
FAT CLAY (CH) w/sand 29
—stiff 2'—4' a
- —-very stiff 4'-6'
| css & 84| 106| 20| s0| 21| 29 -
) \ Very stiff yellowish brown
and gray LEAN CLAY (CL) 1
w/sand and ferrous nodules > A
V2 —very stiff to hard 8'-12'
L o 74 13| 44| 19| 25 Alo
L 628 . 18 A1O
Stiff to hard gray SANDY
FAT CLAY (CH) w/ferrous ool 20l s2l 211 31
nodules and slickensided 66] 109 n A | O
59.8+ 15-AGX -
1ifad Medium dense gray SILTY
-1i4X|  SAND (SM) w/HYDROCARBON . ’s
- 57.8 FLLY 3 ODOR A
NOTE :
Boring was terminated due
L o0 to strong HYDROCARBON
ODOR.

- 35

DEPTH TO WATER IN BORING :
¥: FREE WATER 1st ENCOUNTERED AT 16.0 FT. DURING DRILLING; AFTER 20.0 MIN. AT 8.7 FT.
HOLE OPEN TO 17.0 FT. AT END' OF DRILLING.

Geotest Engineering, Inc.

FIGURE A-5

¥




LOG OF BORING NO. GB-6

1140197101

PROJECT : Wirt Road Drainage and Paving Sub—Project Il Design PROJECT NO. :
WBS No. M—000287-0002-3
Houston, Texas
LOCATION : N 13862643, £E 3083707 COMPLETION DEPTH : 20.0 FT.
Shoshone Rood; See Plan of Borings (Figure 2)
SURFACE ELEVATION : 77.49 FT. DATE : 10-01-13
Zl——
. RA .
_ SAMPLER : Shelby Tube/Split Spoon §§ e = |u N ;\‘ UNDRAINED S1I_4$E,__AR STRENGTH
= 3 >
B | 5|, 4 ORraAuGER : 00 T0 200 FT. ES|3a|3 |g%| X | | §|© no penerroueTer
- wola GolEo fu oc| 5 | 2| £ | @ UNCONFINED COMPRESSION
Pl E L TR T LeaaS ST n o | g | 5| m e
< a R Oy 2ol s | ol &
& |8 DESCRIPTION OF MATERIAL % B2|& |21 8| 2| 2| rorvane
. e, = “] o5 10 15 20 25
6" Asphalt over 7" Oyster
- 7644 Shell/Sand Mix 1 '3 A o
Very stiff to hard dark
gray LEAN CLAY (CL) w/sand
ond calcareous nodules 12 N O
—yellow and gray 2'-4'
-5 —w/ferrous stains 4'-8'
9 A | O
—hord 7'—8' 77| 123] 11| 46| 18| 28 AlO "
- 89.5 ;\\ " @
' Hard yellowish brown and
gray FAT CLAY (CH) w/sand ”
- 104 seams A
—very stiff to hard 12'=14' "2 a
—very stiff 14'=16' " A 1O
e —-yell?wish| brown and gray
14'-20 90| 97| 28| 69| 26| 43 B A0
—very stiff to hord 18'-20' 2 AO
RPN 2 A O
— 25_
- 30_
- 35_
DEPTH TO WATER IN BORING :
NO GROUNDWATER ENCOUNTERED DURING DRILLING.
HOLE OPEN TO 20.0 FT. AT END OF DRILLING.
Geotest Engineering, Inec.
FIGURE A-6




LOG OF BORING NO. GB-7

PROJECT :

LOCATION :

Wirt Road Drainage and Paving Sub—Project Il Design
WBS No. M-000287-0002-3

Houston, Texas

N 13862306, £ 3084143

Shoshone Road; See Plon of Borings (Figure 2)

PROJECT NO. : 1140197101

COMPLETION DEPTH : 20.0 FT.

SURFACE ELEVATION : 77.30 FT. DATE : 10-01-13
30 o | UNDRAINED SHEAR STRENGTH
- SAMPLER : Shelby Tube/Split Spoon gg o |2 |y el o TSF '
Zw o 3
B | o | Lkl oRvauceR : 00 T0 200 FT |EE[GE|Z |G| X | o | § | O o PenemouEre
= o I E,m a2 = g;‘ S | 2| £ | @ UNCONFINED COMPRESSION
. . - E
Q £ | £ [5 WET ROTARY : o FT. {32 I = B I m UNCONSOLIDATED-UNDRAINED
< E |29 Cq go, 2 |25 2|5 e TRIAXIAL COMPRESSION
(&)
§ |8 DESCRIPTION OF MATERIAL S 62 & g 13 § A TORVANE
=L
I e 05 1.0 1.5 2.0 25
6" Asphalt over 7" Oyster
- 76.29 Shell/Sand Mix N 2 | o
N /
Very stiff to hard dark
gray SANDY LEAN CLAY (CL)
w/sand seams 10 AN |O
—yellowish brown and gray
- w/ferrous nodules 2'-10'
701 123] 10} 32| 13} 19 Alom
13 AlO
L 57.3+ 108X . . s O
\ Very stiff yellowish brown
and gray LEAN CLAY (CL) s
w/sand and calcareous O A
nodules
—very stiff to hard 12'-20 25l 118] 16| 47! 18| 28 Yo
- 15
19 AO
21 ¥iy O
L 5731 20 AN "7 Q
- 25
- 30
— 35_
DEPTH TO WATER IN BORING :
NO GROUNDWATER ENCOUNTERED DURING DRILLING.
HOLE OPEN TO 20.0 FT. AT END OF DRILLING.
Geotest Engineering, Inc.
FIGURE A-7




LOG OF BORING NO. GB-8

PROJECT : Wirt Road Drainage and Paving Sub-—Project Il Design
WBS No. M—-000287-0002-3

Houston, Texas

LOCATION : N 13862332, £ 3083675

PROJECT NO. : 1140197101

COMPLETION DEPTH : 20.0 FT.

Harwood Drive; See Plan of Borings (Figure 2)
SURFACE ELEVATION : 77.51 FT. DATE : 10-01-13
ZI—
. T
_ SAMPLER : Shelby Tube/Split Spoon %5 M ERE: x e | UNDRAINED S‘IHSEFAR STRENGTH,
“uJ o ;
8 | 5|l ORYAUGER : 0.0 TO 200 FT. Exipo| S || X | o | §|O nan0 PENETROMETER
= e & f{‘g = | 25| 5| £ | Z | @ UNCONFINED COMPRESSION
. . - 3
e £ § % WET ROTARY : 0 FT. 23 50|28 _,§ Tl o | E | UNCONSOLIDATED- UNDRAINED
< E o §d : £3 el 5|8 TRIAXIAL COMPRESSION
g | o DESCRIPTION OF MATERIAL oo |kZ |5 g g |3 g A\ TORVANE
R e 0.5 1.0 1.5 2.0 25
~ 5" Asphalt over 7" Oyster
- 763 Shell/Sand Mix I o o
? Vi
Stiff gray LEAN CLAY (CL)
w/sand, calcareous and
ferrous nodules 16 OIN
—stiff to very stiff 4'-6'
F 5
—_very stiff 68 73| 120] 15| 39| 15| 24 0\
—yellowish brown and gray
6'-20' 16
—stiff to very stiff 8'—12" 4 O
—very stiff to hard 12'-18' [t R It B S B I AR
15 AlO
- 154
15 A O
. 17
—stiff to hard very sandy A ¢
clay w/sand seams 18'-20'
- 57.5+ 20+ 18 A 0]
- 25+
- 30
- 35
DEPTH TO WATER IN BORING :
NO GROUNDWATER ENCOUNTERED DURING DRILLING.
HOLE OPEN TO 20.0 FT. AT END OF DRILLING.
Geotest Engineering, Inc.
FIGURE A-8




LOG OF BORING NO. GB-9 (GB-9P)

"

aK]

PROJECT : Wirt Road Droinage and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS No. M—000287-0002-3
Houston, Texas
LOCATION : N 13861863, E 3083916 COMPLETION DEPTH : 20.0 FT.
Kilburn Road; See Plan of Borings (Figure 2)
SURFACE ELEVATION : 77.32 FT. DATE : 10-01-13
25 e TRENGTH,
_ SAMPLER : Shelby Tube/Split Spoon 25 o.lE 1 » ‘\_ UNDRAINED S'PSEI—AR STRENGTH
= o >
Bl o | Ll orvauseR: 00 To 200 FT |BE|B2|3 5% N | g | §|O o PeneROMTER
2 w9 &, n.g fu o5 S | 2| £ | @ UNCONFINED COMPRESSION
SolplpE MR T T IeS(ER(E gE o | £ | o | m RS
< o RO - 0| 5 0 e
8 |5 DESCRIPTION OF MATERIAL %’ G212 [2°] 2| 2| 2|n e
7734 e = &1 05 1.0 1.5 20 25
3" Asphalt over 14" Qyster
75 91 Shell/Sand Gravel Mix A 5 Ao
Very stiff dark gray SANDY
LEAN CLAY (CL% w/ferrous
nodules and ferrous stains 20 AO
—stiff 2'-4'
- —w/vertical sand seams
2'—-12 16 AC)
—yellowish brown and gray
2'-14' J-
51)121| 14| 38| 18] 22 0
. . 22
—very stiff to hard 10'-12
~hard 12'-14' 12 AQ
| Stiff to hard reddish brown
15\ and gray FAT CLAY (CH) 21l sel 230 36
61.3 w/sand, slickensided A 80| 108} 21| 59 L AO
N Very stiff to hard reddish
brown and gray LEAN CLAY 19 AD
(CL) w/sand
—very stiff 18'-20"
57.3+ 20PN " O
NOTE :
See Piezometer GB—19P for
water level readings.
25
304
35
DEPTH TO WATER IN BORING :
2. FREE WATER ENCOUNTERED AT 18.0 FT. DURING DRILLING.
¥. WATER DEPTH AT 12.9 FT., HOLE OPEN TO 20.0 FT. ON 11-07-13.
Geotest Engineering, Inc.
FIGURE A-9




LOG OF BORING NO. GB-10

PROJECT : Wirt Road Drainage and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS No. M—000287-0002-3
Houston, Texas

LOCATION : N 13860389, E 3083424 COMPLETION DEPTH : 30.0 FT.
Wirt Road; See Plan of Borings (Figure 2)
SURFACE ELEVATION : 75.64 FT. DATE : 05-23-14
_ Zo se | UNDRAINED SHEAR STRENGTH,
SAMPLER : Shelby Tube/Split Spoon .:_(8 o 1= |y x X TSF
0 2o | & S| M x T
© | o |_l orvawceR: 0070 250 FT [BE(82|3 |gx| % | o | §|O e renemouER
. i e Eo|E712, 1S5 5 | 2| Z | @ UNCONFINED COMPRESSION
zZ . = 2
8 s : Iz WET ROTARY : 25.0 T0 30.0 FT. iz =8 12)8 i‘»‘é 2l % I UJCONSOLIBATED-UNDRAINED
< & . o Q = 124
> & <0|Pcsiy |23 3| 21 5
8 |8 DESCRIPTION OF MATERIAL S Wz | & g gl § A TORVANE
= 05 1.0 1.5 2.0 25
- 75.6+ O LE
- 75.04 "=*M 8" Concrete -
FILL: stiff to hard gray 21 A e)
- /38 and dark brown lean clay
w/asphalt and sand
16 A ®

Very stiff to haord gray,

yellow, and brown SANDY
FAT CLAY (CH) w/ferrous 611115 171 sol 20! 30
stains and sand pockets
—very stiff 4'-6'

—stiff to very stiff 6'-8' 25 A

- 67.6
\ Very stiff to hard reddish
brown and gray LEAN CLAY i
- 104 (CL) w/sand and calcareous AL D
nodules
—hard 10'-12
—very stiff 12'—=14’ b AO
112 21 A (F
Very stiff to hard reddish
v brown and groy FAT CLAY .
; (CH) w/calcareous nodules A O
—hard 16'-18'
23 AO
L ool 94| 108| 21| 56| 22| 34 ﬁ e

Medium stiff to stiff
reddish brown and gray

LEAN CLAY (CL) w/sand, 73 20( 26§ 18] BIA | ()
ferrous nodules, and
ferrous stains

(770

- 47.6

Hard gray and reddish brown
FAT CLAY (CH) w/sand seams

28

- 45.6-+ 304

- 35+

DEPTH TO WATER IN BORING :
2. FREE WATER 1st ENCOUNTERED AT 23.0 FT. DURING DRILLING; AFTER 20.0 MIN. AT 15.5 FT.
HOLE OPEN TO 30.0 FT. AT END OF DRILLING.

Geotest Engineering, Inc.

FIGURE A-10

I L 616 N
L 15




LOG OF BORING NO. GB—-11

PROJECT :

LOCATION :

Wirt Road Drainage and Paving Sub—Project Il Design

WBS No. M—000287-0002-3
Houston, Texas
N 13859822, £ 3083446

Wirt Road; See Plan of Borings (Figure 2)

PROJECT NO. : 1140197101

COMPLETION DEPTH : 30.0 FT.

SURFACE ELEVATION : 73.97 FT. DATE : 05-23-14
. g5 se | UNDRAINED SHEAR STRENGTH,
_ SAMPLER : Shelby Tube/Split Spoon 58 2.ls | x N TSF
= o >
B | 5| .l DRYAUGER : 00 TO 200 FT. EE(8218 |a%| S| 8 O HAND PENETROMETER
- w9 Eo1821% o) 5 | 2| £ | @ UNCONFINED COMPRESSION
& | ;| = |5 WETROTARY : 20070 300 fT. L R I I I = @ UNCONSOLIDATED—UNDRAINED
»<>—( g0 [ gs 491> |28 S5 Q TRIAXIAL COMPRESSION
(@] 8]
& 18 DESCRIPTION OF MATERIAL o 21 127912 | 2| 2|A rorvane
e, = “| 05 10 1.5 20 25
740+ Ofps
73.3 - Jl 8.5" Concrete
Medium stiff dark gray FAT 28 o
CLAY (CH) w/sand and
calcareous nodules
20.0 NN\l —medium stiff to stiff 2'-4 72| 102 27} 60| 2¢| 36| Ch
-y Medium stiff to stiff gray
and brown LEAN CLAY (CL) 21 OA
w/sand seams
66.0 2 Oa
Brown FINE SAND (SP—SM)
w/silt .
- —loose 8.5'-10'
9| 10 11
11
60.0 . .
Stiff reddish brown and
- gray SANDY LEAN CLAY (CL) el iial 18l el 19| 12
X —soft to medium stiff on
N 16'—18'
S 2
56.0 h: - 1 o
: Medium dense brown SILTY
SAND (SM)
19| 43 19
—dense w/sand stones 23'-25'
42 18
46.0 -
Very stiff to hard red and
brown FAT CLAY (CH) w/sand .8
2.0+ 304 !
354
DEPTH TO WATER IN BORING :
2: FREFE WATER 1st ENCOUNTERED AT 18.0 FT. DURING DRILLING; AFTER 20.0 MIN. AT 15.2 FT.
HOLE OPEN TO 30.0 FT. AT END OF DRILLING.
Geotest Engineering, Inc.
FIGURE A-11




LOG OF BORING NO. GB-12

PROJECT : Wirt Road Droinage and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS No. M—-000287-0002-3
Houston, Texas

LOCATION : Wirt Road; See Plan of Borings (Figure 2) COMPLETION DEPTH : 10.0 FT.
SURFACE ELEVATION : Existing Grade DATE : 05-23-14
Z
o | UNDRAINED SHEAR STRENGTH,
_ SAMPLER : Shelby Tube/Split Spoon g§ cznu E b X 5\_ UND 0 sTS’L;-' STRE
2 |5 |. el ORYAUGER : 00 TO 100 FT. E5|92]2 |2%| % | o | § | O o PENEROMETER
- |28k Sol87 =, o5 5| 2| Z | @ UNCONFINED COMPRESSION
° |z R WET ROTARY : --T0O  —= FT. cz|58|58 B2 e B @ UNCONSOLIDATED—UNDRAINED
< E zz Iéd i §8 2l 5|8 TRIAXIAL COMPRESSION
4 | 8 DESCRIPTION OF MATERIAL S:|8% | & E | 8] 2| 2|A rorvane
1 e, = “1 05 1.0 1.5 20 25
8" Concrete A
Very stiff brown and gray 0O
SANDY LEAN CLAY (CL)
—medium stiff 2'—4'
-w/sand seams 2'-10' O
—soft 4'-6’
—stiff 6'—8' O
X —medium stiff 8'—10" O
- 10_'" O
NOTE
Hord Obstruction was
encountered at 10 feet,
boring was offset to
GB—12A.
L 15
- 204
- 25_
L 304
- 35

DEPTH TO WATER IN BORING :
NO GROUNDWATER ENCOUNTERED DURING DRILLING.
HOLE OPEN TO 10.0 FT. AT END OF DRILLING.

Geotest Engineering, Inc.
FIGURE A—-12




LOG OF BORING NO. GB-12A

PROJECT : Wirt Road Drainage and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS No. M—000287-0002-3
Houston, Texas

-\ - -

LOCATION : Wirt Road; See Plan of Borings (Figure 2) COMPLETION DEPTH : 20.0 FT.
SURFACE ELEVATION : Existing Grade DATE : 05-30-14
) z5 se | UNDRAINED SHEAR STRENGTH,
- SAMPLER : Shelby Tube/Split Spoon ES gm 2oy X N TSF
= ° >
B | 5|, ld ORYAUGER : 00 TO 160 FT. E2192|8 |2%| | | & |© rwo PENETROMETER
- d4 g |3 5""; n.g = o S | 2| £ | @ UNCONFINED COMPRESSION
& | x| [z WETROMRY: 16070 200 FT 55| 2R (22| 2E| 2 | o | E | m UNCONSOLIDATED-UNDRANED
< I 3 §d )Z_’ §8 2|5 e TRIAXIAL COMPRESSION
[}
o | ° DESCRIPTION OF MATERIAL 2| 8% | & g s |3 5 A\ TORVANE
e 0.5 1.0 1.5 2.0 25
- O N "
< 7.5" Concrete N
Very stiff gray SANDY LEAN 0)
CLAY (CL)
—w/calcareous nodules
7.5"—8' O
—stiff 2'-10'
O
@
L ®
Very loose brown SANDY SILT
(ML)
2
—dense 14.5'-16'
33
—-medium dense 16.5'-18'
29
—very dense 18.5'-20'
L 2o 55
NOTE :
Due to loss of
circulation at 18 feet,
the boring was terminated
at 20 feet and offset to
L o5 boring GB—12B.
L 30
- 35_
DEPTH TO WATER IN BORING :
¥: FREE WATER 1st ENCOUNTERED AT 16.0 FT. DURING DRILLING; AFTER 15.0 MIN. AT 12.5 FT.
HOLE OPEN TO 20.0 FT. AT END OF DRILLING.
Geotest Engineering, Inc.
FIGURE A—-12A




LOG OF BORING NO. GB-12B
PROJECT : Wirt Road Drainage and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS. No. M—000287-0002-3
l Houston, Texas
LOCATION : N 13859324, E 3083484 COMPLETION DEPTH : 45.0 FT.
Wirt Road; See Plan of Borings (Figure 2)
SURFACE ELEVATION : 74.11 FT. DATE : 06—-02-14
‘ —
. - SAMPLER : Shelby Tube/Split Spoon §§ e e |y el X UNDRAINED STEAR STRENGTH,
= 3 >
B | 5| |4 DRYAUGER : 0.0 TO 22.0 FT. E5192|8 (8% 5|8 O HAND PENETROMETER
- wo| g g Eo|T01Z. [ 95| | | 2 | @ UNCONFINED COMPRESSION
S |z |z 2 WET ROTARY : 22070  45.0 FT. 22128 (22| 8] 2 | o | E | m UNCONSOLIDATED-UNDRAINED
< £ < 288512 g8l2 |52 TRIAXIAL COMPRESSION
(8]
5 18 DESCRIPTION OF MATERIAL S 2|1 |2°1 3| 2] 2| rorvane
Sl = “ 1 05 10 1.5 20 25
- 7414 Ops
- 73.54 7.25" Concrete I
21
\ Very stiff dark gray LEAN Pa
CLAY (CL) w/sand and 19 n
- 701 ferrous nodules
| —'ye”OWiSh brown and gray 70| 1141 17| 52| 21 31 .@
2'-4
' L 6.1 Very stiff gray and brown 20 OFA
SANDY FAT CLAY (CH)
L 1o w/calcareous and ferrous 7
nodules
18
Very stiff gray and Oa
yellowish brown LEAN CLAY 19
¥ (CL) w/sand, ferrous
- 157 nodules, and ferrous 114] 19 B A0
l \ stains
—w/calcareous nodules
- 56—} {52 " 40
8 Z;IX —medium stiff to stiff 23| 54 22
' - 201HY 16'-18"
Medium dense gray and brown
SANDY SILT (ML) w/clay and
- 50.61 -EReM sond seams I
52| 24 19
I - 25411 Very dense brown SILTY SAND
HH | (sm)
l _ 78 21
I 11tk —w/gravel and sand stones
T X 33.5'-35' 100 23
- 35+ 50
- 38.1 - ;
Stiff to hard reddish brown
FAT CLAY (CH) 100|104} 26] 56| 22f 34 n 2D
—very stiff 38'-40'
- 40.% 23 @A
- 32.6
[X| Very dense red SANDY SILT 59| 1 24
(ML)
—dense 43.5'—-45'
l L 20.14 45 8 23
' - 50
l DEPTH TO WATER IN BORING :
¥: FREE WATER tst ENCOUNTERED AT 22.0 FT. DURING DRILLING; AFTER 15.0 MIN. AT 14.2 FT.
HOLE OPEN TO 45.0 FT. AT END OF DRILLING.
Geotest Engineering, Inc.
I FIGURE A-—-12B




LOG OF BORING NO. GB-13
PROJECT : Wirt Road Droinage and Paving Sub—Project I Design PROJECT NO. : 1140197101
WBS No. M—-000287-0002-3
I Houston, Texas
LOCATION : Wirt Road; See Pian of Borings (Figure 2) COMPLETION DEPTH : 6.0 FT.
_ SURFACE ELEVATION : Existing Grade DATE : 05-23-14
zl—-
I - SAMPLER : Shelby Tube/Split Spoon §§ e e |y el UNDRAINED STEAR STRENGTH.
= o x
© | 5|, ol DRYAUGER : 0.0 T0 6.0 FT. B5122(2 (% S| 8 O HAND PENETROMETER
‘ 2 oo | 53 &2 = = S | £ | £ | @ UNCONFINED COMPRESSION
& | ¢ |z [z WETROMRY: --T0  --FT SE|2Q1E2| 8| 2 | | E | m UNCONSOLIDATED-UNDRANED
< Ele P 2 go, LR AR TRIAXIAL COMPRESSION
[ (&)
a3 | o DESCRIPTION OF MATERIAL S G21% (271 2| 2| 2| torvae
A = “1 05 10 1.5 20 25
i T OpEs .
l s 8.5" Concrete A
Stiff reddish brown FAT 0)
CLAY (CH) w/sand and
I pockets of Asphalt
O
_ -5
I N O
NOTE :
Hard obstruction was
' encountered at 6 feet and
boring was offset to
- 107 GB~-13A.
| e
l - 204
l - 259
~ 30_.
l - 35
l DEPTH TO WATER IN BORING :
NO GROUNDWATER ENCOUNTERED DURING DRILLING.
HOLE OPEN TO 6.0 FT. AT END OF DRILLING.
Geotest Engineering, Inc.
' FIGURE A-13




LOG OF BORING NO. GB—-13A

PROJECT : Wirt Road Drainage and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS No. M—000287-0002-3
Houston, Texas
LOCATION : Wirt Road; See Plan of Borings (Figure 2 COMPLETION DEPTH : 2.0 FT.
g 9
SURFACE ELEVATION : Existing Grade DATE : 05-23-14
ZP—
~ SAMPLER : Shelby Tube/Split Spoon §§ o e |y wl S UNDRAINED SLEAR STRENGTH.
=Lt ° ><‘
B | 5| lol DRYAUGER: 00 TO 20 FT. E518212 g% Nl B O HAND PENETROMETER
~ 59 7 5; a‘g = o= £ | 2| Z | @ UNCONFINED COMPRESSION
2 |z I3 WET ROTARY = ==T0  —= FT. ~El2R|ES|El 2| e & | UNCONSOLIDATED~UNDRAINED
< E zg §d i §8 % 518 TRIAXIAL COMPRESSION
g | 9 DESCRIPTION OF MATERIAL 2|82 15 g g3 § &\ TORVANE
1 o 05 10 15 20 25
7.25" Concrete R
Dark gray SANDY CLAY (CL)
NOTE :
Hard obstruction was
. encountered at 2 feet and
boring was offset to
GB—-13B.
- 101
L 154
- 20+
I 25_
- 30
- 35_

DEPTH TO WATER IN BORING :

NO GROUNDWATER ENCOUNTERED DURING DRILLING.

HOLE OPEN TO

2.0 FT. AT END OF DRILLING.

Geotest Engineering, Inc.

FIGURE A-13A




,|K}

LOG OF BORING NO. GB-13B

PROJECT : Wirt Road Drainage and Paving Sub—Project 1l Design

WBS No. M—000287-0002-3

Houston, Texas
LOCATION : N 13858828, £ 3083503

Wirt Road; See Plan of Borings (Figure 2)
SURFACE ELEVATION : 70.31 FT.

PROJECT NO. : 1140197101

COMPLETION DEPTH : 45.0 FT.
DATE : 06-18~14

z k=
o | UNDRAINED SHEAR STRENGTH,
SAMPLER : Shelby Tube/Split Spoon gﬁ o | |y el UNDRAINED STERR S
= 54 o] B 3
W | 5| Lo ORYAUGER : 0.0 TO 240 FT. EG|BG |3 x| | o | | O rawp PENETROMETER
Z. “l 2R G0 f& Oz | 5 | 2| £ | @ UNCONFINED COMPRESSION
. i 3
e | x|z 2 WET ROTARY : 24010 450 fT. 3122128 2| 2 | o | & | m UNCONSOLIDATED-UNDRAINED
g g Ba|B|2 |88| 9| 5| 2 |™ TRMxi coupRession
(")
g | o DESCRIPTION OF MATERIAL S:lE% |8 g g2 5 A\ TORVANE
i 0.5 1.0 15 20 25
70.31+ Osxs L
687 27" Concrete I
19
Stiff to very stiff brown AP
and gray LEAN CLAY (CL) 19 A ()
w/sand, calcareous and
-5 ferrous nodules, and 261 1001 19l 471 20| 27 =
ferrous stains
—stiff gray and brown 6'-10 22 e}
60.3-F 10- _ , , 28 A\
Medium stiff to stiff
reddish brown and gray FAT 94| 88| 36| 76| 28| 48| @ ON
CLAY (CH) w/calcareous
nodules 30 AO
L 15 —slickensided 10'—12'
sesl NN —very stiff 12'~16' 28 AD
—gray and brown 14'-16' f
17
Medium stiff to stiff brown 4
N 3’}203';0)’ LEAN CLAY (CL) 79| 121| 14| 28] 14| 14| mA
—stiff gray 18'-20"
47.3 &
Very stiff reddish brown
L 25 ] and gray FAT CLAY (CH) 27 A0
w/ferrous stains
—w/sand seams 23'-25'
—slickensided 27'—45
—stiff 28'-30"
L 5ol 32
—~medium stiff to hard
| <e 33'=35 99| 97| 28 71| 26| 45{ @ A O
~hard 38'-45'
L 404 286 NO
25.3-F 45 N 32
- 50+
DEPTH TO WATER IN BORING :
2. FREE WATER 1st ENCOUNTERED AT 24.0 FT. DURING DRILLING; AFTER 15.0 MIN. AT 16.8 FT.
HOLE OPEN TO 45.0 FT. AT END OF DRILLING.
Geotest Engineering, Inc.
FIGURE A—-13B



LOG OF BORING NO. GB-14

PROJECT : Wirt Road Drcinage and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS No. M—000287-0002-3
Houston, Texas

DEPTH TO WATER IN BORING :
NO GROUNDWATER ENCOUNTERED DURING DRILLING.
HOLE OPEN TO 6.0 FT. AT END OF DRILLING.

Geotest Engineering, Inc.

FIGURE A-14

l LOCATION : Wirt Road; See Plan of Borings (Figure 2) COMPLETION DEPTH : 6.0 FT.
SURFACE ELEVATION : Existing Grade DATE : 05-23-14
Z b
o | UNDRAINED SHEAR STRENGTH,
l _ SAMPLER : Shelby Tube/Split Spoon §§ o e |y el O SR S
= 9 >
B || Lld ORvAuGER : 000 60 FT | EE[BE|S |gx| N | o | § O naw penerroucER
- i §w &7 fl 951 5 | 2| £ | @ UNCONFINED COMPRESSION
& | |33 WETROTARY: -=10  —=FT 52|28 2| 2 | o | E | g UNCONSOLIDATED-UNDRAINED
< g 2218512 188|252 TRIAXIAL COMPRESSION
o O
8 | 8 DESCRIPTION OF MATERIAL S G2 | & »32(3 g | S | & rorane
i 1 5 hi 05 1.0 15 20 25
' CEEN 6.5" Concrete I
Dark gray SAND (SM) w/clay [ 0
Very stiff brown and gray
l SANDY LEAN CLAY (CL) 5
—stiff 2'~4' q
L —brown and gray silty clay
l w/calcareous nodules 4'—6' O
NOTE : )
Hard obstruction was
' encountered at 6 feet and
boring was offset to
m 107 GB—14A.
l - 154
l - 20+
l - 25+
- 30+
' - 35_



LOG OF BORING NO. GB—-14A

PROJECT : Wirt Road Drainage and Paving Sub—Project Il Design PROJECT NO. : 1140197101

WBS No. M—000287-0002-3
Houston, Texas

LOCATION : Wirt Road; See Plan of Borings (Figure 2) COMPLETION DEPTH : 6.0 FT.
SURFACE ELEVATION : Existing Grade DATE : 05-23-14
Z5 s¢ | UNDRAINED SHEAR STRENGTH,
P_ SAMPLER : Shelby Tube/Split Spoon EE o lg |y X N TSF
= o >
© | 5 |_ o DRYAUGER: 00 TO 6.0 FT. Ex|98]3 | 2% X | o | § |O o PENETROMETER
2 28I g n.g = o S | 2 | Z | @ UNCONFINED COMPRESSION
o) = 3| WET ROTARY : --T0 -- FT. AT 3| EQ| CWl I r OLIDATED—UNDR
z | E o B 83 éz 5% 22 o £ g B RO ConPResSION 0
(8]
8 | 8 DESCRIPTION OF MATERIAL S b2 | & g g3 § D TORVANE
1 It 05 1.0 15 20 25
12" Concrete
6" Stabilized Sandy Clay Iy
Gray SANDY LEAN CLAY (CL)
w/shell
-brown and gray 2'-4
3 —w/calcareous nodules 2'-6'
—yellow and graoy 4'-6'
NOTE :
Hard obstruction was
encountered at 6 feet and
boring was offset to
r 107 GB—-14B.
- 157
- 204
- 25_
- 304
- 35

DEPTH TO WATER IN BORING :
NO GROUNDWATER ENCOUNTERED DURING DRILLING.
HOLE OPEN TO 6.0 FT. AT END OF DRILLING.

Geotest Engineering, Inc.

FIGURE A—-14A
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LOG OF BORING NO. GB-14B (GB-14BP)

PROJECT :

LOCATION :
SURFACE ELEVATION :

Wirt Road Droinage ond Paving Sub—Project Il Design

WBS No. M—000287-0002-3
Houston, Texas
N 13858328, E 3083523

Wirt Road; See Plon of Borings (Figure 2)

69.78 FT.

PROJECT NO. :

COMPLETION DEPTH :

DATE

1140197101

45.0 FT.

: 06-02-14

ELEVATION, FEET

[s0)]0)]
00
e

DEPTH, FEET

SYMBOL

SAMPLER :
DRY AUGER :

WET ROTARY : 26.0 TO

SAMPLES

Shelby Tube/Split Spoon
0.0 TO 26.0 FT.
45.0 FT.

DESCRIPTION OF MATERIAL

STANDARD PENETRATION

TEST, BLOWS PER FOOT

PERCENT PASSING
NO. 200 SIEVE
ORY UNIT WEIGHT,
PCF

%

NATURAL MOISTURE

CONTENT,

%

LIQUID LIMIT,

%

PLASTIC LIMIT,

PLASTICITY INDEX, %

UNDRAINED S_PSEFAR STRENGTH,

O HAND PENETROMETER
@ UNCONFINED COMPRESSION

] UNCONSOLIDATED —UNDRAINED
TRIAXIAL COMPRESSION

A TORVANE
05 10 1.6 2.0 25

5L

7.25" Concrete

6" Lime Stabilized Sandy
Clay

N

Dark gray LEAN CLAY (CL)
w/sand and calcareous
nodules
—stiff to very stiff 2'-4'

—medium stiff to stiff
yellowish brown and gray
4!_6l

—stiff to very stiff 6'-8'

47.8

Stiff to very stiff gray

and brown FAT CLAY (CH)
w/calcareous nodules and
sand seams

—stiff 10'=12"

Very stiff brown and gray
LEAN CLAY (CL) w/sand
—very stiff to hard 14'-18'
.~gray and brown 16'-22'

41.34

seams

X Medium dense brown and gray
X SANDY SILT (ML) w/clay

304

35+

26.8

Dense gray and brown SILTY
SAND (SM) w/clay seams

24.8+

Very stiff to hard reddish
brown and gray FAT CLAY

50+

(CH) w/calcareous and
ferrous nodules

22

20

36

31

40

77

86

72

43

107

94

120

13

22

20

28

49

81

34

20

29

29

52

OA

(OFAN

AD

DEPTH TO WATER IN BORING :

2.

FREE WATER 1st ENCOUNTERED AT 25.0 FT. DURING DRILLING; AFTER
: WATER DEPTH AT 16.0 FT., HOLE OPEN TO 45.0 FT. ON 07-22-14.

Geotest Engineering, Inc.

15.0 MIN. AT 16.6 FT.

FIGURE A-14B




LOG OF BORING NO. GB-15

PROJECT : Wirt Road Draincge and Paving Sub—Project Il Design PROJECT NO. : 1140197101
WBS No. M—-000287-0002-3
Houston, Texas

LOCATION : N 13857999, E 3083912 COMPLETION DEPTH : 53.0 FT.
Long Point Road; See Plan of Borings (Figure 2)
SURFACE ELEVATION : 68.78 FT. DATE : 05-29-14
, Zo s¢ | UNDRAINED SHEAR STRENGTH,
- SAMPLER : Shelby Tube/Split Spoon 58 e ls |y 5 X TSF
= e >
£ lglgly ovwem: oot aeo . SEEEIG g L) 5| B|JROAERER
z “ e (g Yolto|onlS2| 2| S| 0
WET ROTARY : 26.0 TO 53.0 FT. a S 5
2 £GP 28155157 25 o | £| 5 |mmKRELRIREIR
> o, o ; o 3 =
& 18 DESCRIPTION OF MATERIAL é'&, 21z 27 g 21 2| A rorume
| cssl o s = “| o5 10 15 20 25
L 67.9- SECM 10.5" Concrete - v
Stiff gray and brown LEAN
CLAY (CL) w/sand and 20 n
calcareous nodules
-7 —brown and gray 2'-4' 78| 103| 22| 48| 18| 30 =Y. N0
—stiff to very stiff 4'—6
24 he)
. . 23
- 10 —medium stiff 10'-12"
. 78| 98| 24| 35| 15| 20
—very stiff to hard 12'-14' /.
~very stiff 14'—16' 1 I o
L 15
2| 52.8 \ 7 Viy O
- Dense gray SILT (ML) w/sand
| 508 and clayey seams A 72 16
Very stiff reddish brown 31 O

and gray FAT CLAY (CH)
w/sand seams

- 45.8 \
\ Soft gray LEAN CLAY (CL)
L 438L 2s DN w/sand layers A 85 95| 25| 30\ 18| 12/9
Dense brown FINE SAND 34 21
(SP=SM) w/silt
—medium dense 28.5'-30'
B 23 23
i 44| 6 21
L 30.31 -
\ Hard reddish brown FAT CLAY 41 30
- 407 (CH)
—very stiff to hard 40'-42' 99| 94 30) 74| 27| 47 B A
—very stiff 43'-45'
L 45 29 O

- 20.8 'R

JU Reddish brown SANDY SILT
L 18.8+ sorFEFE (ML) 242320
—-w/clay seams 48'-50'

DEPTH TO WATER IN BORING :
¥: FREE WATER 1st ENCOUNTERED AT 25.0 FT. DURING DRILLING; AFTER 15.0 MIN. AT 16.2 FT.
HOLE OPEN TO 53.0 FT. AT END OF DRILLING.

Geotest Engineering, Inc.

Continued on Figure A—15a

FIGURE A-15

l - 20




LOG OF BORING NO. GB—-135 Cont'd

PROJECT : Wirt Road Droinage and Paving Sub—Project If Design PROJECT NO. : 1140197101
WBS No. M—-000287-0002-3
Houston, Texas
LOCATION : N 13857999, £ 3083912 COMPLETION DEPTH : 53.0 FT.
Long Point Road; See Plan of Borings (Figure 2)
SURFACE ELEVATION : 68.78 FT. DATE : 05-29-14
35 o | UNDRAINED SHEAR STRENGTH,
_ SAMPLER : Shelby Tube/Split Spoon ':7:8 g 1= |y xe E\_ TSF
= o >
B 1| L lel ORY AUGER : 00 TO 260 FT. EE(82 |8 || | | B O penermouerer
Z R = TARY - . - ;m a2 E%S o5| 5 | 2| £ | @ UNCONFINED COMPRESSION
e £ | £ |3 WET ROTARY : 26.070 53.0 FT. 5|28 |22 | 7 | o | E | UNCONSOLIDATED-UNDRAINED
s o B 2z §d 2 812 |5 2 TRIAXIAL COMPRESSION
i
g | 8 DESCRIPTION OF MATERIAL 5|87 | & 2712 2| 2|A rorvane
18.84 50 i = “| 05 10 15 20 25
' Reddish brown SANDY SILT
(ML)
15.8 ~medium dense 51.5'-53 27 26
- 55_
- 60_
- 65
- 704
t 75_
. 80_
- 85
- 90+
- 95_
1004

DEPTH TO WATER IN BORING :
2: FREE WATER 1st ENCOUNTERED AT 25.0 FT. DURING DRILLING; AFTER
HOLE OPEN TO 53.0 FT. AT END OF DRILLING.

Geotest Engineering, Inc.

15.0 MIN. AT 16.2 FT.

FIGURE A-15a



Job No. 1140197101

- SYMBOLS AND TERMS USED ON BORING LOGS

SOIL TYPES SAMPLER TYPES
(SHOWN IN SYMBOL COLUMN) . (SHOWN IN SAMPLES COLUMN)
O 0 Qg Y N
b0 0 Q N \ -
NN R |
. 00¢ NN : |
Asphaltic Fill Gravel Sand SILT. CLAY LEAN  Sandy Pitcher Nx Shelby  Piston Split No Auger
,Concrete» CLAY LEAN Barel Core .  Tube Spoon  Recovery
Predominant type shown heavy CLAY

TERMS DESCRIBING CONSISTENCY OR CONDITION

Standard Penetration _Unconfined Compressive

Basic Soil Type . Density or
' Consistency Resistance, " _Strength (q.), ®
N Blowsl/ft. Tons/sq. ft.
Cohesionless Very loose Less than 4 Not applicable
Loose 4 to <10 Not applicable
Medium dense 10 to <30 Not applicable
Dense 30 to <50 Not applicable
Very dense 50 or greater Not applicable
Cohesive Very soft Less than 2 Less than 0.25
S Soft 2 to <4 0.25to0 <0.5
Firm/Medium stiff 4 to <8 0.5t0 <1.0
Stiff 8to <15 1.0t0 <2.0
Very stiff 15 to <30 2.0to <4.0
Hard 30 or greater 4 or greater

(1) Number of blows from 140-lb. weight falling 30-in. to drive 2-in. OD, 1-3/8-in. ID, split barrel

sampler (ASTM D1586)

(2) q, may also be approximated using a pocket penetrometer

Paﬁing: -paper thin in size

Slickensided
Fissured
Laminated
Interbedded
Calcareous
Well graded
Poorly graded

Flocculated

TERMS CHARACTERIZING SOIL STRUCTURE

Seam: -1/8” to 3” thick Layer: -greater than 3"

- having inclined planes of weakness that are slick and glossy in
appearance.

- containing shrinkage cracks, frequently filled with fine sand or silt;
usually more or less vertical.

- composed of thin layers of varying color and texture.

- composed of alternate layers of different soll types.

- containing appreciable quantities of calcium carbonate.

- having wide range in grain sizes and substantial amounts of all
intermediate particle sizes.

- predominantly of one grain size, or having a range of sizes with some
intermediate size missing.

- pertaining to cohesive soils that exhibit a loose knit or flakey structure.

Geotest Engineering, Inc.

FIGURE A-16




1140197101

Job No.

PIEZOMETER INSTALLATION REPORT

PROJECT NAME:

WIRT ROAD DRAINAGE AND PAVING SUB-PROJECT Il DESIGN
WBS NO. M--000287-0002-3

PIEZOMETER NUMBER: GB-1P

GEOTECHNICAL CONSULTANT
GEOTEST. ENGINEERING, INC.

DESIGN CONSULTANT
R.G.MILLER ENGINEERS, INC.

HOUSTON, TEXAS

COMPLETION DATE 10-03-13

_ " DEPTH ELEV.
DRY AUGERED_ 0 70 FT | () (FT)
WASH BORED — =~ TO _—— ___FT —
DRILLING FLUID: WATER
0 7570 —
10-03-13 1V
DEVELOPMENT DATE: /| || <€——e oF sackawL
METHOD OF DEVELOPMENT: / / CEMENT—BENTONITE
BAILING [ RISER
30 / / TYPE _PVC_CASING
/ / 1.D. 2"
WATER LEVEL READINGS: [ 16— T oF coupue
DATE EPTH (TOG) ELEVATION ZR% THREADED
30 127
X
10-04-13 148 :
0y L2 ‘ <o
1-7-13 138 61.9 g e —
15 607 o
TYPE OF FILTER
FILTER _SAND
SCREEN
10 FT TYPE SLOT
25 50.7 1.D. 2
’ stot size _0.01 "
L S0.7 0F i TYPE OF BOTTOM CAP
25 50.7 0F RIS THREADED PVC
—> 5.0" |<—
(NOT TO SCALE)
REMARKS:
NOTES: DRILLED BY: STARTED: NORTHING: 13860928
1. DIMENSIONS NOMINAL UNLESS MG 10-03-13 EASTING: 3083375
OTHERWISE NOTED LOGGED BY: | COMPLETED:
2. TOG = TOP OF GROUND ™ 10-03-13 GROUND LEVEL (MSL): 7570 FT
CHECKED BY: |APPROVED BY:
NK MB SHEET _1_ OF _1

C:\CADFILES\1140197101\GB—1P

GEOTEST ENGINEERING, INC.

FIGURE A-17




1140197101

Job No.

PIEZOMETER INSTALLATION REPORT

_ WIRT ROAD DRAINAGE AND PAVING SUB—PROJECT Il DESIGN ] .
PROJECT NAME: o \0 M-000287—0002—3 PIEZOMETER NUMBER: GB—9P
GEOTECHNICAL CONSULTANT DESIGN CONSULTANT
GEOTEST ENGINEERING, INC. R.G.MILLER ENGINEERS, INC. HOUSTON, TEXAS
10-01-13
COMPLETION DATE - DEPTH  ELEV.
DRY AUGERED__® __ TO T () (FT)
WASH BORED —~=___ TO = FT —
DRILLING FLUID: WATER
0 711.% —
10-01-13 /| /
DEVELOPMENT DATE: / / <«——TYPE OF BACKFILL
METHOD OF DEVELOPMENT: / / CEMENT—BENTONITE
BAILING / f RISER
6.5 FT / / TYPE _PVC CASING
/ / 1.D. 2"
WATER LEVEL READINGS: [ £ — & TvPe oF coveu
DATE  DEPTH (T0G) ELEVATION 1 |/ THREADED
B 65 7082 B —
10-02-13 13.3 64.0 X 2 FT <«—TYPE OF SEAL
80 6982
1-7-13 129 64.4 BENTONITE
15 FT
10 6.3
TYPE OF FILTER
FILTER _SAND
10 FT _ﬁEEN SLOT
20 57.32 1.D. 2"
2 o sior size _0.01 °
57.32 TYPE OF BOTTOM CAP
20 51.32 0FT THREADED PVC
—> 5.0" |[€—
(NOT TO SCALE)
REMARKS:
NOTES: DRILLED BY: STARTED: NORTHING: 13861863
1. DIMENSIONS NOMINAL UNLESS MG 10-01-13 EASTING: 3083916
OTHERWISE NOTED LOGGED BY: |COMPLETED:
2. T0G = TOP OF GROUND ™ 10-01-13 GROUND LEVEL (MSL): 77.32 FT
CHECKED BY: |APPROVED BY:
NK MB SHEET _1_ OF _1

C:\CADFILES\ 1140197101\GB~9P

GEOTEST ENGINEERING, INC.

FIGURE A-18




1140197101

Job No.

PIEZOMETER INSTALLATION REPORT

_ WIRT ROAD DRAINAGE AND PAVING SUB—PROJECT Il DESIGN ) B
PROJECT NAME: oc o™ 100028700023 PIEZOMETER NUMBER: GB—14BP
GEOTECHNICAL CONSULTANT DESIGN CONSULTANT
GEOTEST ENGINEERING, INC. R.G.MILLER ENGINEERS, INC. HOUSTON, TEXAS
06-02-14
COMPLETION DAT(F): - DEPTH ELEV.
DRY AUGERED TO FTL () (FT)
WASH BORED — 28 T0 _ % fT —
DRILLING FLUID: WATER
0 6.8 —
06-02-14 /] V)
DEVELOPMENT DATE: /| |/]€——e oF maox
METHOD OF DEVELOPMENT: / / CEMENT—BENTONITE
BAILING RS RISER
2f / / TYPE _PVC_CASING
/ / 1.D. 2"
WATER LEVEL READINGS: /{ /m—— TYPE OF COUPLING
DATE  DEPTH (10G) ELEVATION ZRY% THREADED
2 6178
XK
06-3-14 158 54.0 <—
10 99.78 8n " ;:ZNS'I'E(;:IITE
7-22-14 16.0 538 ___ BENTONITE _
10 FT
20 49.78 %(
TYPE OF FILTER
FILTER SAND
10 FT S#PREEN SLOT
30 3978 1.D. 2"
sior size _0.01 ~
5 4.8 15 H 4 TYPE OF BOTTOM CAP
45 2478 0F THREADED PVC
—>| 5.0" l(——
(NOT TO SCALE)
REMARKS:
NOTES: DRILLED BY: STARTED: NORTHING: 13858328
1. DIMENSIONS NOMINAL UNLESS MG 06-02-14 EASTING: 3083523
OTHERWISE NOTED LOGGED BY: COMPLETED:
2. T0G = TOP OF GROUND ™ 06-02-14 GROUND LEVEL (MSL): 69.78 fT
CHECKED BY: |APPROVED BY:
NK MB SHEET _1_ OF _1

C:\CADFILES\ 1140197101\GB~14BP

GEOTEST ENGINEERING, INC.

FIGURE A-19




Summary of Laboratory Test Results

Grain Size Distribution Curves.........

APPENDIX B

Figure
B-1thruB-15
B-16 andB-17



IdAYS 13ddvE 3188N0G-XN = XN
xapuy Ayonsold = Id F1dWVS 1388v8 M3HOLId = 8d
Hwil asold = 1d SONILIND ¥39NY = 9Y —
pwi pmbn = M JIdNVS NOOdS LdS = SS [
183] UONDJIBURG PIOPUDIS = |dS Q1313 NI G3ANALX3 ‘ITdAWVS GIBUNISIONN = dn :gN393T | @
L
x
2
&
L
Aojp uoa szl £9°0 4 an | osz ocz €l
£o|p 304 002 St 94 an | ooz 08l Ll
Loy 304 8g'L StL o5t 6L°0 96 v | sz |99 001 ¥ an | o8l 09l ot
£o13 104 0s'L 051 9z an | o9l oyt 6
Ao1p uoa 002 SLL 10°L 0s'L LL 9z | sL iy gLl Ly an | ol 0zl 8
£o|y uoa S0 L'l St an | ozl 00l L
Lo|3 104 ciL oSt {74 an | oot oe 9
£oip uoaq Apuog SLL 0S'L Z1 an | os 09 S
fojg uoaq Apuos 0S°'L acL 2] AN} S9 os | 9t | 9ov SLl 9t an | o9 o'v ¥
Ao uoa Apuog 88'0 S9'0 Sl an | ov¥ 0¢ Iy
Aojy uoaq Apuog 050 SL0 8l an | o¢ L0 2z [(ar-89) 1-a0
WIHILVA 30 3dAL (1s1) s}) 63)) A%c Awm: (%) (329) (%) ("u/smoiq) |adAj | wonog doy |'oN "ON
yibuang yibuailg | "ssald | yibuaag YjouaJlg 3A3IS Id d T |ALISN3G | INJINOQD 1dS ONIRJOg
Joays iosys Juo] | JodYS iosysg 00Z "ON ANG NEINZ u)
ONISSYd yidag
¥ILINOAUL (n-n) 1s3L 1831
ZINId | INVAYOL | NOISSINANOD | NOISSIAJNOD omwm_h_‘m_?«. 1dnvs
13%00d IVIXVINL QANIINOINN
10LZ6107 L1 ¥{IBGANN 123rodd . ‘
SOX8] ‘UoISNON ONI ‘ONIdAINIONT LSFLOTI
¢—2000—/82000—N 'ON Sam
ubisaq || 4o8load—qns Buiapd pup 8bpulpig PROY MM IWVYN 103rodd SIINSAY 1SAL ANOLVHOEVT 40 AAVARNS




FldWvS 138dvE 3788N0G~XN = XN
xapuj Aponsold = Id JIIAVYS 13¥8vE H¥3HOUD = 8d
pwr] onsold = 1d SONILIND ¥39NY = 9V o~
yw pinby = 7 JIdNYS NOOdS LNdS = SS !
IS3] UONDJIBUSH PIOPUDIS = 1dS Q1314 NI 330NYLX3 ‘TdAVS JIGYUNLSIANN = 0N :ON3IDIT | @
L
(44
2
Q
[
Koy uoaq +Z an 0°ce o've ¢l
£o|p o3 SL°0 sZ°0 € an | o0'vZ 0¢T 4!
Ao1y 104 SLL €9t Z6 ov | sz | g9 €T an | 002 08t 1
£o|y 104 SLL €91 114 an | 081 091 oL
Ao1p 103 00'Z 002 zz an | 09t o'rt 6
Aoy uoan 8¢ L 051 10t z9'L Z8 9z | 61 | S¥ FAN! 8l an | odt 0zl 8
£o1 jo4 erall sZ'L ez an | ozt oot L
£o) 3104 Al sZ'L o¢ an | oot 08 9
Koy uoa Apuog T A4 SLL St on | og 09 S
Aoiy uoa Apuosg 88°0 0oL £¥'0 £6'0 oL 2t | 0Ty AN gl an 0'9 oY 14
Aoip uoa7 Apuog 050 0,0 L an | Ov 0'¢ [y
Ao) uoa Apuog SL°0 SL°0 Ll an | 0 L0 z -89
IVINILYA 40 AdAL (1s3) s}) (ss1) A%a A%c (%) (40d) (%) ("u/smojq) |adA] | wopog do] [-oN ‘ON
wbuaslg | wbuang -ssalg | yibuasg| yibuang IAdis Id | Id | T |ALISN3Q | IN3INOD 1dS ININOS
10945 10845 Juo) | Jodys Joaysg 00Z ‘ON AQ YALVM (w)
ONISSVd yidsg
¥313IN0UL (n—n) 1S31 1S31
~3INId | INVA¥OL | NOISSINAWOD  |NOISSINAW0D .. Tdvs
13%20d IVIXVIAL Q3NIINOINN
L0LZ610%L1L *¥IGANN LO3royd . .
SOX8]  ‘UOJShOH ONI ‘ONIYFINIONT LSILOTI
¢—2000—-2.92000—N "ON Sam
ubBiseq || 4o8load—qns Bulapd pup abouipag pPooy HIM INYN 103r0dd SLINSIA ISAL AYOLVHOEVT 40 AAVANAS




INdNYS T3NNVE 318ENOA—XN = XN
xapu Aonsold =  Id F1dWVS 138UVE ¥IHOLd = 8d
Hw o3sold = 1d SONILIND HI9NY = 9V M
ywr pinb = I1dAVS NOOdS LNdS = SS I
153 UONDJ}BUd4 PJIOPUDIS = |dS Q1314 NI 030NALX3 ‘TS GISANISIONN = gn N3O | O
Lt
[0
o
[©)]
@
Loy uoan Lt 00°t 1z an | osz 0ce Zi
£o1y 104 881 StL €z an | ooz 08l 1
£o1y 104 Sl €91 44 an | 08l 091l ot
Ao1y 104 oAl oAl SL'L z60 88 Zv | 92 | 89 621 9z an{ o9l orL 6
£o1d 104 srad} Gzt ¥4 an ovl 0zt 8
Aojy uoa Apuog SL°t oL 9l an 0zL 00t L
£ojg uoa Apuog St 0s'1 St an | ool 0’8 9
Ao|p uoaq Apuog SL°1 051 850 2 89 €z | Lv | OF A Sl an | os 0'9 S
Aol uoaq Apuog gL ([} ¥l an { 09 ot ¥
Aoy uoe] Apuog 5.0 00°L Ll an | 0% 0'¢ 1y
Ao)Q uoa Apuos 00t 00t L an | 02 L0 z €~89
WINALYA 40 IdAL (Js1) mmv (ss1) A%; A%c (%) (12d) (%) ('u/smoiq) |adA] | wonog doy |‘oN "ON
yibuaslgs | ybusng| -ssald | uibusng| uibuang 3A3IS id | Id | T {ALISN3Q | INIINOD 1dS ONIN08
Jo3yg 108Yg Juo) | 4oaysg J03yg 00Z "ON AdQ HILYM ()
ONISSYd yigag
Y31INOYL (h=n) 1531 1831
“3N3d | INVAYOL | NOISSINANOD  |NOISSIIAWOD ouaa ]y ERCIAS
13¥20d IVIXVINL Q3INIINOINN
LOLZ6LOYLL ¥3IGNNN 123royd . ‘
Sox8]  ‘Loysnop IONI “ONIYFINIONT LSHLOTI
¢—2000—-/L82000-N "ON Sam
ubBiseq || joeloid—qng Buiapg pup ebouipig ppoy MM INVYN 103r0dd SLINSAY ISHL XHOLVHOEVT 4O AYVANNS




F1dNYS 13xuvE 3799N00~XN = XN
x3pu] Ayonsold = |id TIINVS 134dvE ¥3IHIUL = 8d
pwry dsold = 1d SONILLND ¥3I9NY = oV <
P pnb = J1dWYS NOOJS 1NdS = SS I
1591 UOIDABUBY PIDPUDIS = |dS 1314 NI 030N¥1X3 ‘IIdAVS d3FENISIONA = QN ON39F | @
Lt
(a4
pun
(@)
i
o1 304 61 an | osz osz | v
fo1y 304 €z an 02 ozz €l
Loy 04 | ¢Z'Z szl gL an | ooz 06l zZt
Ao; 104 | 8¢y 0S't 4 an | o6l 08l Ll
Aoy o4 | 8¢y 851 oL | vi'z L6 6 | sz | 9 L0l ¥4 an | ost 091 ot
Ao13 104 | g¢L 05°1 _ £z an | o9t vl 6
Ao;y o4 | 0%t 051 8l an | ot ozl 8
fo13 04 | og1 0s'L 1z an | ozt ool L
4019 uoa1 | ¢g90 00°4 Ll an | ool 08 9
Aoig woay | ¢y 850 | L¥'L n os | v | ¢¥ Gt Sl an | os 09 S
mi | €90 090 =1 an | o9 0% ¥
md | oso 050 0z an| o+ 0C o
my | sco 0S50 8l an | oz L0 z -89
IVINIAIVA 40 AdAL (451) mmc (3s1) ﬁma A%a (%) (19d) (%) ('u/smoiq) |adhL | wonog do) |'oN "ON
wbusss | wibuang| ‘ssaig | yibuang| yibudng 3A3IS id | d | T |ALSNIQ | INFLNOD 1dS ININO8
103ys 103ys ‘juo) | uoayg ioayg 00Z ‘ON A¥Q HILVM Qo
INISSVd 1dsg
YILINOUL (n—n) 1S3 1831
“3N3d | INVAYOL | NOISSINAWOD  |NOISSINAN0D oraea Ly 31dnvS
13%20d WIXVINL Q3NIINOINN
10LZ6L07LE *¥IGANN  103r0dd . ¢
soxa] uojsno ONI “ONINAINIONT LSHLOTD
¢—2000—/82C000—-N "ON Sam
uBisaq || $ooload—qns Buiapd pup abouibig pPOY HIM IANVYN 103r0dd SIINSAY ISAL AYOLVHOCEVT 40 AYVAWNS




TIdAYS TINNVE 188N00—XN = XN
xapuj Aponsold = |d FdNVS 1348vE ¥3HOLd = 8d
ywn onsold = d SONILLND ¥39NV = 9V 0
ywn pnbn = 7 I1dWVYS NOOdS LITdS = SS 1
}$3 uO|DJIBUDY PJOPUDIS = LdS Q1314 NI Q30NAIX3 ‘TIdWYS QISNNLSIONN = AN :ON3931 | @
L
o
=
o
[
puog Ayis [44 4 ss | o1 Sl ol
Aol o4 Apuos | GZ'Z €9t ot | s90 99 te| 12| zs 601 074 an | ovl czZL |8
Koig wos7 | 6Z'Z SLL 91 an | ozL oot L
Loy uoel | 6z SLL L Sz | 6L | v¥ €l an | ool 08 9
Ao;g uoal | GL'L SL'L St an | os 09 S
fo1y o4 | 00t 00'L $P'0 | 901 ¥8 6z | 1z | 0S 901 0z an | o9 ot v
Aoy 04 | 050 090 (A4 an | oy 0c £
Aoy w4 | 880 $9°'0 €T an | oe Lo |z -89
IVRIZLVA 40 3dAL (ss1) mma (s1) A%a Amma (%) {s2d) (%) (u/smoq) |adAy | wonog doy |oN "ON
wbuans | ybuang| ssald | yibusng| uibuang AAIIS id | 1d | T [ALISN3Q | IN3LNOD 1dS ONIIOg
J03ys 1o8ysg uod | Josyg 108ys 00Z "ON AdQ NER) )
ONISSVd yidaq
HIALINOUL {n~n) 1s3L 1S3L
“3N3d | INVANOL | NOISSINAWOD | NOISSTAANOD oy F1dNVS
13X30d WVIXVIEL Q3INIINOINN
LOoL/Z610v 1L “M38ANN L1D3r0dd . ‘
SoXAL  ‘UoIShOl ONI ‘ONIHAINIONT LSHALOFI
¢—2000—/L87000—N "ON S8M
ubisag || 4oeload—qng Buiabd pup sboulpbig PPOY HIM IWVN LJ3rodd SIINSIY ISIL AUOLVHOHVT JO AUVAWAS




F1dNYS TI¥avE 3198N00-XN = XN
xapu| Aonsold = Id F1dWYS 1348v8 ¥3HOLd = 8d
Hw ousold =  d SONILIND ¥39NY = 9V ©
pwi pinbr} = T F1dAYS NOOdS 1NdS = SS 1
1S9] UOI1DJ}3URd PJOPUDIS = ]dS Q7314 NI Q30NYULIX3 “IdAVS JISUNISINN = dN :gN3931 | o
[}
fad
=
]
o
£o1D 304 szZ'z St sz an | ooz o8l el
fojy 104 sz 00'C ¥Z an | ol 09l zL
Aoy 104 SLL oSt Si'L 98'0 06 ¢v | 9z | 69 L6 8z an | o9l 0¥l Lt
£o|9 304 L TArA 0s't Gl an | otL oCL ot
fory 104 orard sz'e 4! an | ozl 0oL 6
Loy 104 sze sz'z Pl an | oot 08 8
£ojy uoa s’z sz'z 1 ‘ an | ose oL L
£o|p upe T4 SLL 050 1z’ L ez | 81 | ov £zl L an | o¢ 0’8 9
Ao1y uoa sz'T £9°'L 6 an | og 0's S
Ao|p uoa (A4 oSt zi an | o¥ 0z ¢
Ao|y upan Lorara gL'l €1 an | oc Lt z 9-89
IVIMALYAN 40 3dAL (451) mms (sy) A%a Awma (%) (32d) (%) (‘u/smorq) |adk] | woypog do| |°OoN "ON
wibuang | uyibuang| ‘sseid | uibudns| uwibussng 3A3IS id | 1d{ T |ALSN3Q |INILNOD 1dS ONINOS
JLENS BLEINS Juo) | Josys Jioayg 00Z "ON A¥Q NEIZ) &)
ONISSVd uidag
Y3LINQYL (n—n) 1S3L 1831
“3N3d | INVANOL | NOISSIHANOD  |NOISSIAJNOD omwmu‘m__ﬁ,\ F1dAvS
13%90d IVIXVINL Q3ANIANOINN
10126107 L1 “¥IGANN 123r0dd . ‘
SOXE] ‘UOISPO}] ONI ‘ONIYAINIONT ISTLOTI
¢£—2000—/82000—N 'ON S8M
uBisaq || 408lo4d—qns BuiADd PuD 9bDUIDIQ POOY HIM IAVN 103r0¥d SLINSIA ISAL AUOLVHOEVT JO AAVANAS




I1dAVS 13¥dvE 3188N00-XN = XN
xapu] Aonsold = Id TNdNYS 1388V ¥3IHOLd = 8d
ywi onsold = 1d SONILIND ¥3DNV = OV ~
ywi pinbry = T3 F1dAVS NOOdS LildS = SS |
1S9 UONDJIBUI PIOPUDIS = |dS @134 NI G30NYLX3 ‘FNdNVS QIGYNLSIANN = an :ON3o31 |
Ll
o
-
O
w
Loip uoa A4 cLL Ly an | 00z 08l 1t
£o1p uoa STz 0s°L ¥4 an | o8l o9l oL
£o|p uoaq sze SLL 61 an | o9 oyl 6
£ojp uoa [T ArA SLL 1oL [ St 62 | 8L | v gLl g1l an | ol 0zl g
Aoy uoa 0s°L 88l - St an | ozi oot L
Ko1g upa Apuog sze 051 St an { oot o8 9
Aoy upsq Apuosg sZ'T 89t cl an | os 09 S
Ao1p uoaq Apuos sz'e stL V0 9¢'z oL 6L | L | ze €Tl oL an | o9 ov ¥
fog uoa Apuosg (ST AFA 05t ol an | ov 0z ¢
£o13 uoaq Apuog sz'Z 00l zl an | o¢ (A1 z £-89
WINILYN 40 3dAL (s1) wﬁv (s1) A%u @m; (%) (19d) (%) ("w/smojq) |adA| | wonog doy | 'oN "ON
yibuails | ybusng| ‘ssaig | yibudng| uibuang 3A3IS id | Wd | T1 |ALISN3Q | IN3INOD 1dS ININOS
J08yg J03ys ‘Juoy | J0ayg 108yg 00Z 'ON AMQ HEINT )
ONISSYd yydaqg
Y3ILINOYL (h—n) 1s3L 1831
~3N3d | INVANOL | NOISSIMAWNOD | NOISSIUAWOD omwmm%b\ F1dAYS
134204 IVIXVINL G3NIINOINN
1OLZ610V L “¥IAGANN 123r0dd . ‘
SDX8] ‘UOJSNOH INI IONIGHINIONA LSHLOHTD
¢£—2000—/.82000-N 'ON S8M
ubisaq || tosloud—qng Buiapg pup 8bpulpbug pooY HIM IAVN LI3rodd SLINSA LSIL AAOLVIOEVT 40 AAVANNS




J1dWYS 13ddvE 3198N0A—*N = XN
xapuj Aponsold =  |d NdWVYS 13NMVYE ¥IHOUd = 8d
pwi dsold = d SONILLAD ¥3IONY = 9V ©
B pinbry = J1dWVS NOOdS LdS = SS I
1831 uonDJIBUBY PIOPUOIS = idS 1313 NI Q3AN¥LX3 ‘IdAVS Q3ENNISIONA = Gn aN3931 | @
[¥3)
(14
2
o
[
fo;y uoe | 002 £9°0 81 an | ooz 08l it
Aoig uoa1 | 00°Z ST\ L an | o8t 091 ot
Aoy woa | €12 T St an | o9l oL 6
Aoy woa1 | ¢z'Z St Sl an | ol 0zL 8
Aoy wos1 | 0G0 sZ'1 98'0 | zL'L 7 LZ] s |er Lt Gl an | ozt 00t L
Aoy uoa1 | G£0 ecl gl an | ool 08 9
Aoy uoa | ggL 0S'1 9t an | osg 09 S
Aoy uoa] | 880 00'L £v0 | €20 € ¥z | s1 | ¢ ozl Sl an | 09 o' ¥
Aoy uoal | QS0 SL°0 gl an | o 0z Iy
Aoy uoa1 | g/'0 0S50 Ll an | oz 0t z 8-89
IVHILVN 40 IdAL (3s1) mma ) A%a Awmc (%) (40d) (%) ('u/smolq) |adk) | wonog doyp |-oN "ON
ybuang | yibuang| 'ssalg | yibusng| uibudng IAIIS d | d ] 71 [AUSN3a | INIINOD 1dS INI¥Og
J03ys i03yg Juoy | soays io3ys 00Z "ON A4Q YILYM 3%
ONISSVd yidaq
¥3LINOYL (n—n) 1s31L 1831
Z3N3d | INVAMOL | NOISSINAWOD | NOISSINAWOD oLy F1dNVS
13%00d IVIXVIAL Q3NIINOINN
1014610711 *¥3IGAWNN 103rodd . ‘
IAARSNIASIN: ONI ‘ONIYFANIONT LS3L0TI
¢—2000—£282000—N "ON S8M
ubisaq | joeloud—qns Buiapd pup @bouipsg PPOY HIM IAVN LOIr0¥d SI1ASAY LSAL AJOLVHOSVT JO AUVANNS




F1dWYS 130aVA 3798N00-XN = XN
xspuy Ayonsold = |Id F1dAVS 1348V ¥3HOLId = 8d
ywi onsogd = 1d SONILLND ¥39nV = 9v o
ywn pinbry = T J1dAVYS NOOdS 1NdS = SS |
131 UONDJBUBY PLOPUDIS = 1dS Q01314 NI Q30NY1X3 ‘I1INVS Q38UNISIONN = g ‘ON3931 |
W
(54
]
©
[T
Ao uoa7 88'L 051 L an | 00z 08l zi
Ao wos 00¢C SLL 6l an 08l 09l Ll
Lo 104 522 002 Si'l 20 08 o | €z | 65 901 1z an | o9t ovi oL
Ao|g uoa7 Apuog sz'2 00 Sl an | oL 0zl 6
Ao uoa Apuosg 002 St St an | ozt 0oL g
£o|p upay Apuog et 00t 44 an 001 08 L
Aojy uoa Apuog €91 0S'tL 860 Ll s 2z 9L |8 ¥4 ¥l an{ os 09 9
Ao uoa] Apuog 8¢t cL gt an | 09 o'y S
£o|3 upay Apuog SL'0 050 0z an { ov 0¢C ¥
Koy uos Apuog Gzl 00°L Si an 0z v ¢ |(«6-89) 6-89
IVIYILYA 40 3dAL (1s1) s}) (€3))] A%s A%s (%) (30d) (%) ("u/smolq) |adA] | woyeg doy |'oN ‘ON
yibuasls | uybuang| ssaid | yibusng| uibusng IAJIS Id | 1d | T |ALSN3A | INIINOD 1ds ONIYOE
Jpaysg J08Yyg Juol | 1osys 108yg 00Z "ON Ada YALYM (1)
ONISSVd yidsq
H3LIN0AL (h=n) 1S3L 1S3L
—3N3d | INVAYOL | NOISSINAWOD  |NOISSTAANOD ommmﬁ‘m__ﬁ,x FdnvS
13900d WIXVINL Q3NISNOINN
1016107 L L “MIFGANN 123ro¥d . .
SOXB]  ‘UOJSNO}] ONI ‘ONIYAINIONA LSHLOFTI
¢—2000—/82000— "ON SgMm
ubBisaq || toeloid—qng Buiapd pup abpbuipug PLOY LM INVYN 123r0dd SIINSAY ISAL AHOLVHOEVT 40 AUVANNS




F1dWyS 13¥dvE 3188N00—XN = XN
xspuj Ayonsold = Id I1dNVS 13M38vE ¥3IHOLA = 8d
Hwiy onsold = 1d SONILLND ¥39NV = 9V
ywi pinbi = 7 J1dWVS NOOdS L1dS = SS
}83] uoNDNAUS PIOPUDIS = [dS Q1314 NI Q30NYLX3 ‘INJAYS CIGUNISIONN = AN :ON323T
Ao1n 3104 2T 1z 8z an | oo¢ 08 cl
Ap1p uoa SL°0 0Z'0 cL 2 | 8lL|9z 0z an | o6z 0'¢€e 4}
£o|3 104 YA 4 4 iz 51 6 ¥E | 22 | 95 901 ¥4 an | ooe 0'8tL Lt
£o1) 104 sz'e 00z 4 an | 08l 091 ot
Ao) 104 s2T 88°L 1z an | 091 0¥l 6
fo1n y04 0g'L Lt 10°L Sl 4N} 12 an | ovi 0z 8
£o1D 104 22 002 gl an | ozt 0oL L
£oiy o4 002 Al 18 €| 1228 gl an| oot | o¢ 9
Aojy 104 Apuog el GL'0 14 an 0'8 09 S
£o1g o4 Apuog Lt 00°1 €v'0 G9'L 18 oc | oz |os Sil Ll an | 09 ov ¥
Ap1g 04 Apuog 002 L'l 9l an | o 0z Y
E} T A4 640 (¥4 an | o0z L0 r4 01-89
TYRIALYA 40 IAdAL (151) wm: (ss1) Awm: Awma (%) (39d) (%) (/smoiq) |adhL | woyog doy | -oN "ON
yibuasls | uibuang| 'ssaid | yibudng| wibudng 3A3IS id | 1d | T |ALSN3Q |IN3LNOD 1dS ONI¥O8
Joays J08yg Juod | Jodys J03yg 00Z "ON A¥Q UILVM 3%
INISSVd yidag
Y3LINOAL (h—n) 1S3L 1831
“3N3d | INVANOL | NOISSINANOD  |NOISSIAANOD ousa iy JdNvS
13%20d VIXVINL Q3NISNODNN

£-Z000~/8Z000—N
ubisaq || foeloid—qns Buiapd pup ebpuipbig PPOY MIM INVN 1D3rodd

101610711
SBX®) ‘UuoysnoH

‘ON SaMm

*YIGANN LI3rodd

"ONI ONIJFANIONT LSTLOTI
SI'INSHY 1LSAL AYOLVIOIVT 40 AYVANNS

FIGURE B-10
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APPENDIX C

Piezometer Abandonment Reports



Well Report: Tracking #:349211

Page 1 of 2

STATE OF TEXAS WELL REPORT for Tracking #349211

Owner: Geotest Engineering, Inc. Owner Well #: GB-1-PZ

Address: 5600 Bintliff Dr. Grid #: 65-13-4
Houston , TX 77036

Well Location:  Wirt & Hammerly Latitude: 29°48'39" N
Houston , TX 77055

Well County: Harris Longitude: 095° 29' 59" W

Elevation: No Data GPS Brand Used: Lowrance XOG

Type of Work:  New Well Proposed Use: Monitor

Drilling Date: Started: 10/3/2013

Diameter of Hole:
Drilling Method:
Borehole Completion:

Annular Seal Data:

Surface Completion:

Completed: 10/3/2013

Diameter: § in From Surface To 25 ft
Other: Auger

Straight Wall

1st Interval: From 0 ft to 2 ft with 1 Portland (#sacks and material)
2nd Interval: From 2 ft to 5 ft with 1 Bentonite (#sacks and material)
3rd Interval: No Data

Method Used: Poured

Cemented By: Dempsey Gearen Jr.

Distance to Septic Field or other Concentrated Contamination: na ft
Distance to Property Line: na ft

Method of Verification: No Data

Approved by Variance: No Data

Alternative Procedure Used

Water Level: Static level: 17.5 ft. below land surface on 10/3/2013
Artesian flow: No Data
Packers: Homemade 5'
Plugging Info: Casing or Cement/Bentonite left in well: No Data
Type Of Pump: Other: none
Depth to pump bow!; (No Data) ft
Well Tests: . Bailer

Yield: .25 GPM with (No Data) ft drawdown after (No Data) hours

Water Quality: Type of Water: good

Depth of Strata: 1 ft.

Chemical Analysis Made: No

Did the driller knowingly penetrate any strata which contained undesirable

constituents: No

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 true and correct. The driller understood that failure to complete
the required items will result in the log(s) being returned for completion and

resubmittal.

Gearen Drilling
32126 Rochen Rd.
Waller, TX 77484

Company Information:

http://texaswellreports.twdb.state.tx.us/drillers-new/insertwellreportprint.asp?track=349211  7/25/2014



Well Report: Tracking #:349211 Page 2 of 2

Drifler License Number: 2836

Licensed Well Driller Signature: Dempsey Gearen Jr.
Registered Driller Apprentice Signature: No Data

Apprentice Registration Number: No Data

Comments: ' Piezometer

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 contents
of the well log confidential and not a matter 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 #349211) on your written request.

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

DESC. & COLOR OF FORMATION MATERIAL CASING, BLANK PIPE & WELL SCREEN DATA
From (ft) To (ft) Description Dia. New/Used Type Setting From/To
0 - 2.5" Asphalt 2 New PVC Blank 0 - 15 Sch. 40

2.5" - 8.5" Concrete 2 New PVC Slotted 15 - 25 .010

8.5" - 8’ G Sandy Clay
8-12Red & G Clay

12 - 14 Yellow & G Si Clay
14-22R & G Clay

22 - 23 R Clay Sand

32 .25 R Si Clay & Clay Si
Piezometer

http://texaswellreports.twdb.state.tx.us/drillers-new/insertwellreportprint.asp?track=349211  7/25/2014



Plugging Report: Tracking #:93504 Page 1of2

STATE OF TEXAS PLUGGING REPORT for Tracking #93504

Owner: Geotest Engineering, Inc. Owner Well #: GB-1-PZ

Address: 5600 Bintliff Dr. Grid #: 65-13-4
Houston , TX 77036

Well Location:  Wirt & Hammerly Latitude: 29°48'39" N
Houston , TX 77055

Weli County: Harris Longitude: 095° 29" 59" W

GPS Brand Used: Lowrance XOG

Well Type: Monitor

_ HISTORICAL DATA ON WELL TO BE PLUGGED
Original Well Drilfer: Dempsey Gearen Jr.

Driller's License Number 2836
of Original Well Driller:

Date Well Drilled: 10/3/2013
Well Report Tracking 349211
Number:

Diameter of Borehole: 5 inches

Total Depth of Borehole:  25' feet

Date Well Plugged: 3/6/2014

Person Actually Dempsey Gearen Jr.

Performing Plugging

Operation;

License Number of 2836

Piugging Operator:

Plugging Method: Tremmie pipe cement from bottom to top.

Plugging Variance #: No Data

Casing Left Data: 1st Interval: 0 inches diameter, From 0 ft to (No Data) ft

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

Cement/Bentonite Plugs  1st Interval: From 0 ft to 25 ft; Sack(s)/type of cement used: 2 1/2 Portland
Placed in Well: 2nd Interval: No Data

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 of the statements herein
are true and correct. The plug installer understood that failure to complete the required items
will result in the log(s) being returned for completion and resubmittal.

Company Information: Gearen Drilling
32126 Rochen Rd.
Waller , TX 77484

Plug Installer License 2836
Number:

http://texaswellreports.twdb.state.tx.us/drillers-new/pluggingreportprint.asp?track=93504 7/25/2014




Plugging Report: Tracking #:93504 , Page 2 of 2

Licensed Plug Installer Dempsey Gearen Jr.
Signature:

Registered Plug Installer No Data
Apprentice Signature:

Apprentice Registration  No Data
Number:

Plugging Method No Data
Comments:

Please include the plugging report's tracking number (Tracking #93504) on your written request.

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

http://texaswellreports.twdb.state.tx.us/drillers-new/pluggingreportprint.asp?track=93504 7/25/2014



Page 1 of 2

Well Report: Tracking #:349199

STATE OF TEXAS WELL REPORT for Tracking #349199

Owner: Geotest Engineering, Inc. Owner Weli #: GB -9 -PZ
Address: 5600 Bintliff Dr. Grid # 65-13-4
Houston , TX 77036
Well Location:  Kiburn Latitude: 29° 48'48" N
Houston, TX 77055
Well County: Harris Longitude: 095° 29' 00" W
Elevation: No Data GPS Brand Used: Lowrance XOG
Type of Work:  New Well Proposed Use: Monitor
Drilling Date: Started: 10/1/2013
Completed: 10/1/2013
Diameter of Hole: Diameter: 5 in From Surface To 20 ft
Drilling Method: Other: Auger
Borehole Completion: Straight Wall
Annular Seal Data: 1st Interval: From 0 ft to 8.5 ft with 2 Portland & Be (#sacks and
material)

2nd Interval: No Data

3rd Interval: No Data

Method Used: Poured

Cemented By: Dempsey Gearen Jr.

Distance to Septic Field or other Concentrated Contamination: na ft
Distance to Property Line: na ft

Method of Verification: No Data

Approved by Variance: No Data

Surface Completion: Alternative Procedure Used

Water Level: Static level: 18 ft. below land surface on 10/1/2013
Artesian flow: No Data
Packers: Homemade 8.5’
Plugging Info: Casing or Cement/Bentonite left in well: No Data
Type Of Pump; Other: none
Depth to pump bowi: (No Data) ft
Well Tests: Bailer

Yield: .25 GPM with (No Data) ft drawdown after (No Data) hours

Type of Water: good

Depth of Strata: 1 ft.

Chemical Analysis Made: No

Did the driller knowingly penetrate any strata which contained undesirable
constituents: No

Water Quality:

The driller certified that the driller drilled this well (or the well was drilled
under the driller's direct supervision) and that each and ali 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 returned for completion and
resubmittal.

Certification Data:

Company Information:

http://texaswellreports.twdb.state.tx.us/drillers-new/ insertwellreportprint.asp?track=349199  7/25/2014




Well Report: Tracking #:349199 Page 2 of 2

Gearen Drilling
32126 Rochen Rd.
Waller , TX 77484

Driller License Number: 2836

Licensed Well Driller Signature: Dempsey Gearen Jr.
Registered Driller Apprentice Signature: No Data

Apprentice Registration Number: No Data

Comments: Piezometer

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 contents
of the well log confidential and not a matter 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 #349199) on your written request.

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

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

0 - 3" Asphalt 2 New PVC Blank 0 - 10 Sch. 40
3"-17" Base o 2 New PVC Slotted 10 - 20 .010
17" -14'Dk G Sa Cl

14' -16' Rd G Cl

16-20 Rd G Sa Cl

Piezometer

I From (ft) To (ft} Description Dia. New/Used Type Setting From/To

http://texaswellreports.twdb.state.tx.us/drillers-new/insertwellreportprint.asp?track=349199  7/25/2014



Plugging Report: Tracking #:93506

Page 1 of 2

STATE OF TEXAS PLUGGING REPORT for Tracking #93506
Owner; Geotest Engineering, Inc. Owner Well #: GB-9-PZ
Address: 5600 Bintliff Dr. Grid #: 65-13-4
Houston , TX 77036
Well Location:  Kilburn Latitude: 29°48' 48" N
Houston , TX 77055
Well County: Harris Longitude: 095° 29" 00" W
GPS Brand Used: Lowrance XOG
Well Type: Monitor

HISTORICAL DATA ON WELL TO BE PLUGGED
Original Well Driller: Dempsey Gearen Jr.

Driller's License Number 2836
of Original Well Driller:

Date Well Drilled: 12/1/2013
Well Report Tracking 349199
Number:

Diameter of Borehole: 5" inches

Total Depth of Borehole: 20" feet

Date Well Plugged: 3/6/2014

Person Actually Dempsey Gearen Jr.
Performing Plugging

Operation:

License Number of 2836
Plugging Operator:
Plugging Method: Tremmie pipe cement from bottom to top.
Plugging Variance #: No Data

1st Interval: 0 inches diameter, From 0 ft to (No Data) ft
2nd Interval: No Data
3rd Interval: No Data

Casing Left Data:

Cement/Bentonite Plugs  1st Interval: From 0 ft to 20 ft; Sack(s)/type of cement used: 2 Portland
Placed in Well: 2nd Interval: No Data

3rd Interval: No Data

4th Interval: No Data

5th Interval: No 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 true and correct. The plug installer understood that failure to complete the required items
will result in the log(s) being returned for completion and resubmittal.

Certification Data:

Company Information: Gearen Drilling
32126 Rochen Rd.
Waller, TX 77484

Plug Installer License 2836
Number:

http://texaswellreports.twdb.state.tx.us/drillers-new/pluggingreportprint.asp?track=93506 7/25/2014




Plugging Report: Tracking #:93506

Licensed Plug-Installer Dempsey Gearen Jr.
Signature:

Registered Plug Installer No Data
Apprentice Signature:

Apprentice Registration ~ No Data
Number:

Plugging Method No Data
Comments:

‘Page 20f2

Please include the plugging report's tracking number (Tracking #93506) on your written request.

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

http://texaswellreports.twdb.state.tx.us/drillers-new/pluggingreportprint.asp?track=93506

7/25/2014



11/19/2014

Well Report: Tracking #:381676

STATE OF TEXAS WELL REPORT for Tracking #381676

Owner: Geotest Engineering Owner Well #: GB 14 B-1971

Address: 5600 Bintliff Road Grid #: 65-134
Houston, TX 77036

Well Location: 7846 Wirt Road Latitude: 29°48'13"N
Houston , TX

Well County:  Harris Longitude: 095°29' 06" W

Elevation: No Data GPS Brand Used: No Data

Type of Work:  New Well Proposed Use: Monitor

Drilling Date: Started: 6/2/2014

Diameter of Hole:

Drilling Method:

Borehole Completion:

Annular Seal Data:

Surface Completion:

Completed: 6/2/2014

Diameter: 8.25 in From Surface To 45 ft
Hollow Stem Auger

Open Hole

1st Interval: No Data
2nd Interval: No Data
3rd Interval: No Data

No Data

Water Level: Static level: 25 ft. below land surface on (No Data)
Artesian flow: No Data

Packers: No Data

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

Certification Data:

Company Information;

Driller License Number:

Depth of Strata: No Data

Chemical Analysis Made: No Data

Did the driller knowingly penetrate any strata which contained undesirable
constituents: No Data

The driller certified that the driller drilled this well (or the well was drilled
under the driller's direct supenision) 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 returned for
completion and resubmittal.

Envirotech Drilling Services
2718 S. Brompton Drive
Pearland, TX 77584

58171

rlhavacunliranarte tarh tavac Amddrillare_naufincarhunllranartaring ancnDheanl— 204070




11/19/2014 Weli Report: Tracking #:381676
Licensed Well Driller Signature: Jaime Vasquez

Registered Driller Apprentice Signature:  No Data
Apprentice Registration Number:; No Data

Comments: No Data

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
contents of the well log confidential and not a matter 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 #381676) on your written request.

Texas Department of Licensing & Regulation
P.0. Box 12157
Austin, TX 78711
(512) 463-7880

DESC. & COLOR OF FORMATION MATERIAL CASING, BLANK PIPE & WELL SCREEN DATA
From (ft) To (ft) Description Dia. New/Used Type Setting From/To
0 to 8- Gray, sandy clay. 2 in New PVC Casing 0 to 20

8 to 12- Clay. 2 in New PVC Screen 20 to 45

12 to 22- Gray, sandy clay.

22 to 28.5- Gray clay.

28.5 to 41- Gray sand.

41 to 45- Red clay.

l"v\'/ltmae\mllrnnnrh harh tavae anvidrillare-nowdineortanllranartnrint senPiranl—=2Q41272



1119/2014 Plugging Report: Tracking #98090

STATE OF TEXAS PLUGGING REPORT for Tracking #98090

Driller's License 58171
Number of

Criginal Well

Driller:

Date Well Drilled: 6/2/2014

Well Report 381676
Tracking Number:

Diameter of 8.25 ininches
Borehole:

Total Depth of 45 ft feet
Borehole:

Owner: Geotest Engineering Owner Well #: GB-14

Address: 5600 Bintliff Road Grid #: 65-13-4
Houston, TX 77036

Well Location: 7846 Wirt Road Latitude: 29°48'13"N
Houston , TX

Well County.  Harris Longitude: 095° 29' 06" W

GPS Brand Used: No Data
Well Type: Monitor
HISTORICAL DATA ON WELL TO BE PLUGGED
Original Well Jaim Vasquez
Driller;

Date Well 7/23/2014
Plugged:

Person Actually  Jaime Vasquez
Performing

Plugging

Operation:

License Number 58171

of Plugging
Operator:

top 2 feet.
Plugging No Data

Variance #:

Casing Left Data: 1stInterval: No Data
2nd Interval: No Data
3rd Interval: No Data

Cement/Bentonite 1stInterval: No Data

Iﬂn:lltenewelIrpmts_mdh,m)m aodrillars-nawinliinainn ranarineint aen?track=0n0n

Plugging Method: Pour in 3/8 bentonite chips when standing water in well is less than 100 feet in depth, cement

PR



11/19/2014 Plugging Report: Tracking #:98090

Plugs Placed in  2nd Interval: No Data

Well: 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 supenision) and that each and all of the statements herein are true and
correct. The plug installer understood that failure to complete the required items will resultin the
log(s) being returned for completion and resubmittal.

Company Envirotech Drilling Services

Information: 2718 S. Brompton Drive
Pearland, TX 77584

Plug Installer 58171

License Number:

Licensed Plug Jaime Vasquez

Installer

Signature:

Registered Plug  No Data

Installer

Apprentice

Signature:

Apprentice No Data

Registration

Number:

Plugging Method No Data
Comments:

Please include the plugging report's fracking number (Tracking #98090) on your written request.

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