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EXECUTIVE SUMMARY

This report presents the results of a geotechnical investigation performed by Aviles Engineering Corporation
(AEC) for the water line replacement in Commerce Area in Houston, Texas. The project includes design and
construction of 8- and 12-inch diameter water line in Commerce Area and Holmes Road, between Almeda and
SH288 (designated as Area 1 and 2 in this report, respectively). A vicinity map is presented on Plate A-1, in
Appendix A. AEC understands that the underground utilities will be installed by trenchless method.

Our findings and recommendations are summarized below.

7.

Based on Borings B-1 through B-28, the subsurface conditions along the alignment in Area 1
generally consist of approximately 2 to 10 feet fill (encountered below existing pavements in Borings
B-1, B-2, B-6, B-9, B-12 through B-16, B-18, B-19, B-25, B-26, and B-28) of firm to hard lean
clay/fat clay (CL/CH), underlain by soft to hard fat clay/lean clay/silty clay (CH/CL/CL-ML) to the
termination depths of 13 to 25 feet below existing grade. Approximately 2 to 12 feet of loose to
medium dense clayey sand/silty sand/silty clayey sand (SC/SM/SC-SM) were generally encountered
in Borings B-1, B-2, B-3, B-5, and B-9 through B-12 (in the vicinity of Engelke Street, Navigation
Boulevard, and Canal Street) at a depth ranging from 8 to 18 feet below existing grade.

Based on Borings B-29 through B-37, the subsurface conditions along the alignment in Area 2
generally consist of 6 to 8 feet fill [soft to very stiff fat clay/lean clay (CH/CL) or lime-stabilized
clayey sand], underlain by approximately 5 to 9 feet firm to very stiff fat clay/lean clay (CH/CL) to the
termination depths of 14 to 15 feet below grade.

In Borings B-1, B-4, B-5, and B-9 through B-12, groundwater was initially encountered during drilling
at depths of about 14 to 18 feet, and subsequently rose to depths of about 9.8 to 16 feet approximately
15 minutes after the initial encounter, indicating that the groundwater along the alignment may be
pressurized. Groundwater was not encountered in the remaining borings in Area 1.

In Borings B-34 and B-35, groundwater was initially encountered during drilling at a depth of about
13 feet below existing grade, and was measured to depths of about 11.3 to 12.6 feet approximately 15
minutes after the initial encounter. Groundwater was not encountered in the remaining borings in Area
2.

Gasoline/chemical odors were detected in the soil samples recovered from depths of 4 to 6 feet in
Borings B-30 and B-31, 6 to 8§ feet in Borings B-33, and 6 to 10 feet in Boring B-34.

Recommendations for design and installation of water lines by trenchless method are presented in
Section 5.2 of this report.

Dewatering guidelines for excavation pits are presented in Section 6.2 of this report.

This Executive Summary only provides an overview of the geotechnical investigation and should not be used
without the full text of this report.
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GEOTECHNICAL INVESTIGATION
WATER LINE REPLACEMENT IN COMMERCE AREA
WBS NO. S-000035-0153-4
HOUSTON, TEXAS

1.0 INTRODUCTION

1.1 General

This report presents the results of a geotechnical investigation performed by Aviles Engineering Corporation
(AEC) for the water line replacement in Commerce Area in Houston, Texas (Houston Key Maps: 493R, 494J,
and N, and 533 S and T). The project includes design and construction of 8- and 12-inch diameter water line in
Commerce Area and Holmes Road, between Almeda and SH288 (designated as Area 1 and 2 in this report,
respectively). A vicinity map is presented on Plate A-1, in Appendix A. AEC understands that the

underground utilities will be installed by trenchless method.
1.2 Purpose and Scope
The purpose of this geotechnical investigation is to evaluate the subsurface soil and groundwater conditions

along the alignments and develop geotechnical engineering recommendations for design and construction of

water lines by trenchless method. The scope of this geotechnical investigation is summarized below:

—

. Drilling and sampling 37 geotechnical borings ranging from 13 to 25 feet below existing grade;

2. Soil laboratory testing on selected soil samples;

3. Engineering analyses and recommendations for the installation of underground utilities by trenchless
method, including loadings on pipes, auger face stability, entry and receiving pit excavations, shoring,
lateral earth pressure parameters, and backfill requirements;

4. Construction recommendations for installation of underground utilities.

2.0 SUBSURFACE EXPLORATION

The subsurface exploration consisted of drilling and sampling a total of 37 soil borings ranging from 13 to 25
feet below existing grade. Borings B-1 through B-28 were drilled for the alignments in Area 1 while Borings
B-29 through B-37 were drilled for the alignment in Area 2. The boring locations are shown on the Boring

Location Plan on Plates A-2a through A-2e, in Appendix A. Additional 2 to 6 feet was drilled below the

1
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termination depth in Borings B-1, B-2, B-3, B-5, B-9, B-10, and B-12 due to granular soils were encountered
in the last planned sample in accordance with Chapter 11 of the latest edition of the COH Engineering Design
Manual. The total drilling footage is 632 feet. Borings were surveyed after completion of drilling and the
boring survey data are presented in the representative boring logs. The boring designations and depths and

proposed waterline invert depths are presented in Table 1 below.

Table 1. Boring Number, Location, Approximate Invert Depths, and Boring Depths

Final Boring
Boring No. Street Name Station Elev. Easting Northing Invert Depth
(ft) Depth @)
(ft)(l) (ft)
B-1 ST. CHARLES ST | 21+34.63 | 33.5 | 3128719.95 | 13843060.95 9 18
B-2 ENGELKE ST 5+93.41 | 36.2 |3129115.42 | 13842776.16 | 12 22
B-3 PALMER ST 24+59.11 | 37.6 | 3130192.61 | 13841917.40 | 12 249
B-4 (PZ-1) | ST.CHARLES ST | 17+02.69 | 36.7 | 3128477.41 | 13842703.40 | 19 25
B-5 N. ENNIS ST 5+19.71 | 33.6 | 3129812.22 | 13841859.93 9 234
B-6 CANAL ST. 2+85.88 | 43.3 | 3127596.50 | 13842809.50 | 15© 19
B-7 CANAL ST. 7+79.70 | 42.4 | 3128029.64 | 13842569.47 | 15 16
B-8 ST. CHARLES ST | 11+45.98 | 40.5 | 3128180.42 | 1384223249 | 13 19
B-9 N.LIVEOAK | 745325 | 375 |3128571.37 | 1384226026 | 8 199
B-10 CANAL ST. 18+99.83 | 35.1 |3128957.07 | 1384194127 | 11 25¢
B-11 CANAL ST. 25+31.20 | 35.8 | 3129483.54 | 13841592.72 8 16
B-12 PALMER ST 18+49.55 | 36.4 | 3129865.22 | 13841403.21 12 25
B-13 COMMERCE AVE | 3+23.11 | 442 |3127124.54 | 13842440.10 | 13 18
B-14 COMMERCE AVE | 8+87.45 | 43.0 |3127596.29 | 13842129.48 9 15
B-15 ST. CHARLES ST | 6+76.70 | 43.2 |3127919.83 | 1384184233 | 11 17
B-16 N.NAGLE ST. | 18+86.64 | 39.8 | 3128387.09 | 13841511.20 9 16
B-17 PAIGE ST 10+36.81 | 41.7 |3128822.87 | 13841254.88 | 11 17
B-18 COMMERCE AVE | 27+80.59 | 41.7 | 3129183.75 | 13841098.70 7 13
B-19 PALMER ST 12+71.50 | 41.8 | 3129550.65 | 13840918.25 | 11 16
B-20 SHERMAN ST | 549734 | 413 |3129091.84 | 1384074124 | 117 13
B-21 ST. CHARLES ST | 1+72.22 | 41.6 | 3127623.73 | 13841433.87 9 17
B-22 GARROW AVE 6+56.28 | 429 | 3128018.06 | 13841024.92 11 16
B-23 GARROW AVE | 11+76.40 | 41.8 | 3128453.26 | 13840740.08 | 12 18
B-24 MIDDLETON ST | 3+93.38 | 42.5 |3128626.65 | 13840460.24 9 15
B-25 S. ENNIS ST 4+68.83 | 41.3 |3128901.87 | 13840383.60 | 10 18
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Table 1. (Cont.)

Final Boring

Boring No. Street Name Station Elev. Easting Northing Invert Depth

(ft) Depth @
(ft)(l) (ft)
B-26 PALMER ST 5+47.03 40.5 | 3129185.80 | 13840291.56 11 17
B-27 PRESTON AVE 1+66.64 | 41.8 | 3128374.38 | 13840420.82 8 18
B-28 PALMER ST 1+42.24 | 41.5 | 3128941.73 | 13839967.23 8 15
B-29 HOLMES RD 1+14.40 50.3 | 3113131.73 | 13810656.59 10 15
B-30 HOLMES RD 5+93.59 | 48.6 | 3113585.71 | 13810813.76 8 14
B-31 HOLMES RD 10+87.59 | 47.8 | 3114046.31 | 13810992.36 7 14
B-32 HOLMES RD 15+65.07 | 47.8 | 3114494.22 | 13811157.82 8 13
B-33 HOLMES RD 20+66.00 | 47.8 | 3114961.18 | 13811339.20 9 15
B-34 HOLMES RD 25+88.29 | 47.7 | 3115450.46 | 13811521.96 7 14
B-35 HOLMES RD 30+91.26 | 47.5 | 3115920.71 | 13811700.41 7 13
B-36 HOLMES RD 36+10.72 | 47.7 | 3116406.52 | 13811884.31 8 13
B-37 HOLMES RD 41+33.75 | 46.8 | 3116899.89 | 13812056.06 8 14

Note: (1) Final invert depths were measured based on the most updated drawings provided on February 13, 2014;
(2) Boring depths were selected based on 70 Percent Submittal Drawings, dated June 5, 2013;
(3) Boring depths in B-6, B-7, and B-19 may not sufficient to cover the required information (a minimum of 5 feet deeper than
the proposed invert depths is required based on the COH Engineering Design Manual);
(4) Borings were drilled deeper than the proposed depths due to granular soils were encountered in the last planned sample in
accordance with Chapter 11 of the latest edition of the COH Engineering Design Manual.

Existing concrete pavement at some boring locations was cored prior to drilling in order to facilitate the
drilling. The field drilling was performed with a truck-mounted drilling rig and was generally advanced using
dry auger method; wet rotary method was subsequently used to complete the borings when the borehole caved
in or water-bearing granular soils were encountered. Undisturbed samples of cohesive soils were obtained
from the borings by pushing 3-inch diameter thin-wall, seamless steel Shelby tube samplers in general
accordance with ASTM D 1587. Granular soils were sampled with a 2-inch split-barrel sampler in accordance
with ASTM D 1586. Standard Penetration Test resistance (N) values were recorded for the granular soils as
“Blows per Foot” and are shown on the boring logs. The strength of the cohesive soils was estimated in the
field using a hand penetrometer. The undisturbed samples of cohesive soils were extruded mechanically from
the core barrels in the field and wrapped in aluminum foil; all samples were sealed in plastic bags to reduce
moisture loss and disturbance. The samples were then placed in core boxes and transported to the AEC
laboratory for testing and further study. The boreholes were grouted with cement-bentonite grout except for

Boring B-4 which was converted to piezometers for 24-hour and 30-day water readings. The pavement was

patched with lean concrete or asphalt on completion of drilling based on the original pavement type.
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3.0 LABORATORY TESTING

Soil laboratory testing was performed by AEC personnel. Samples from the borings were examined and
classified in the laboratory under the supervision of a geotechnical engineer. Laboratory tests were performed
on representative soil samples in order to evaluate the engineering properties of the subsurface soils in
accordance with applicable ASTM Standards. Atterberg limits, moisture contents, percent passing a No. 200
sieve, sieve analysis, and dry unit weight tests were performed on selected samples to establish the index
properties and confirm field classification of the subsurface soils. Strength properties of undisturbed cohesive
soils were evaluated by means of unconfined compression tests (UC), unconsolidated undrained (UU) triaxial
and torvane shear tests. The test results are presented on the boring logs. Soil classifications along with the
laboratory test results are presented on Plates A-3 through A-39, in Appendix A. A key to the boring logs,
classification of soils for engineering purposes, terms used on boring logs, and reference ASTM Standards for
laboratory testing are presented on Plates A-40 through A-43, in Appendix A. Sieve analyses results are
presented on Plate A-44, in Appendix A. A summary of laboratory test results are presented on Plates A-45
through A-53, in Appendix A

As requested by COH, AEC included borings that were previously performed by Geotest Engineering, Inc.,
and HVJ Associates, Inc. in Appendix F of this report. AEC will not liable for the boring logs performed by

others.

4.0 SITE CONDITIONS

4.1  Existing Pavements

A summary of existing pavement encountered at the boring locations is presented in Table 2.

Table 2. Existing Pavement at Boring Locations

B(l)\lr(l)ng Street Name Pavement Section Base
B-1 ST. CHARLES ST 2.5" Asphalt 5" sand and crushed limestone
B-2 ENGELKE ST 8" Asphalt 10" sand and crushed limestone
B-3 PALMER ST 4" Asphalt 13.5" sand and gravel
B-4 (PZ-1) | ST.CHARLESST | | Asphalt+7 -
Concrete

4
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Table 2. (Cont.)

B%r(l)ng Street Name Pavement Section Base
B-5 N. ENNIS ST 2" Asphalt +8 ;
Concrete
B-6 CANAL ST. 4" Asphalt + 7.5 )
Concrete
B-7 CANAL ST. 3.5" Asphalt + 7 )
Concrete
B-8 ST. CHARLES ST | 2 Asphalt+6 ;
Concrete
B-9 N. LIVE OAK 4" Asphalt 11" sand, gravel, and crushed
limestone
B-10 CANAL ST. 3.5" Asphalt + 6.5 )
Concrete
B-11 CANAL ST. 3" Asphalt + 5.5 )
Concrete
B-12 PALMER ST 5.5" Asphalt 5.5" stabilized sand with shell
and gravel
B-13 COMMERCE AVE 7" Asphalt -
B-14 COMMERCE AVE | 3" /Asphalt+3 6" sand
Concrete
B-15 ST. CHARLES ST | > Asphalt+6 .
Concrete
B-17 PAIGE ST 7" Asphalt 4" stabilized sand and gravel
B-18 COMMERCE AVE 2" Asphalt +38 2" shell, sand, and gravel
Concrete
B-19 PALMER ST 7.5" Asphalt 9.5" stabilized sand with gravel
and shell
B-20 SHERMAN ST 4.5" Asphalt 6.5" stabilized sand and gravel
B-21 ST. CHARLES ST | > Asphalt+6 ;
Concrete
B-22 GARROW AVE 9" Asphalt 3" stabilized sand and gravel
B-23 GARROW AVE 4" Asphalt 5" stabilized crushed limestone
B-24 MIDDLETON ST 6" Asphalt 6" stabilized sand and gravel
B-25 S. ENNIS ST 5" Asphalt 6" stabilized sand and gravel
B-26 PALMER ST 6" Asphalt 10" stabilized sand with gravel
B-27 PRESTON AVE 5" Asphalt 7" stabilized sand and gravel
B-28 PALMER ST 4" Asphalt 6" stabilized sand and gravel
B-29 HOLMES RD 9" Concrete -
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Table 2. (Cont.)

Bijr(lfg Street Name Pavement Section Base
B-30 HOLMES RD 3" Asphalt 8" stabilized sapd, gravel, and
crushed limestone

B-31 HOLMES RD - -

B-32 HOLMES RD - -

B-33 HOLMES RD - -

B-34 HOLMES RD - 8" clay with sand and gravel
B-35 HOLMES RD - 11" clay with shell and gravel
B-36 HOLMES RD - -

B-37 HOLMES RD - -

4.2 Subsurface Conditions

Generalized subsurface profiles along the project alignment are presented on Plates B-1 through B-7, in

Appendix B.

Area 1: Based on Borings B-1 through B-34, the subsurface conditions along the alignment generally consist
of approximately 2 to 10 feet fill (encountered below existing pavements in Borings B-1, B-2, B-6, B-9, B-12
through B-16, B-18, B-19, B-25, B-26, and B-38) of firm to hard lean clay/fat clay (CL/CH), underlain by soft
to hard fat clay/lean clay/silty clay (CH/CL/CL-ML) to the termination depths of 13 to 25 feet below existing
grade. Approximately 2 to 12 feet of loose to medium dense clayey sand/silty sand/silty clayey sand
(SC/SM/SC-SM) were generally encountered in Borings B-1, B-2, B-3, B-5, and B-9 through B-12 (in the
vicinity of Engelke Street, Navigation Boulevard, and Canal Street) at a depth ranging from 8 to 18 feet below

existing grade.

In Area 1, the clayey soils have low- to very high-plasticity, with liquid limits (LL) ranging from 23 to 76 and
plasticity indices (PI) ranging from 7 to 54. The cohesive soils encountered are classified as “CL”, “CL-ML”,
and “CH” type soils and the granular soils are classified as “SC”, “SM”, and “SC-SM” in accordance with

ASTM D 2487.

Area 2: Based on Borings B-29 through B-37, the subsurface conditions along the alignment generally consist
of 6 to 8 feet fill [soft to very stiff fat clay/lean clay (CH/CL) or lime-stabilized clayey sand], underlain by
approximately 5 to 9 feet firm to very stiff fat clay/lean clay (CH/CL) to the termination depths of 14 to 15 feet

below grade.
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In Area 2, the clayey soils have high to very high-plasticity, with liquid limits (LL) ranging from 43 to 74 and
plasticity indices (PI) ranging from 28 to 57. The cohesive soils encountered are classified as “CL” and “CH”

type soils and the granular soils are classified as “SC” in accordance with ASTM D 2487.

Based on our soil borings, soft clays and/or granular soils that we encountered in Areas 1 and 2 are

summarized in Table 3.

Table 3. Borings and Depths of Encountered Granular Soils and Soft Clays

Area | Boring Location I?fi}gg] Soil Type*

B-1 St. Charles Street 10-18 Medium dense SC
B-2 Engelke Street 12-22 | Loose to medium dense SC
B-3 Palmer Street 8-18 Medium dense SC
B-4 St. Charles Street 18-20 Soft CL

. B-5 N. Ennis Street 8-20 Medium dense SC/SM
B-9 N. Live Oak 14-16 Medium dense SM
B-10 Canal Street 18-20 Dense SM
B-11 Canal Street 12-16 Medium dense SC
B-12 Palmer Street 12-16 SC-SM
B-12 Palmer Street 16-22 Medium dense SM

5 B-33 Holmes Road 6-8 Fill: soft CH
B-36 Holmes Road 0-4 Fill: SC

*Note: SC= Clayey Sand, CL= Lean Clay, SM= Silty Sand, SC-SM=Silty Clayey Sand, and CH=Fat Clay

“CH?” soils undergo significant volume changes due to seasonal changes in soil moisture contents. “CL” type
soils with lower LL (less than 40) and PI (less than 20) generally do not undergo significant volume changes
with changes in moisture content. However, “CL” soils with LL approaching 50 and PI greater than 20
essentially behave as “CH” soils and could undergo significant volume changes. Slickensides were

encountered in the clay soils.

4.3 Groundwater Conditions

Area 1: In Borings B-1, B-4, B-5, and B-9 through B-12, groundwater was initially encountered during drilling
at depths of about 12 to 18 feet, and subsequently rose to depths of about 9.8 to 16 feet approximately 15

minutes after the initial encounter, indicating that the groundwater along the alignment may be pressurized.

7
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Area 2: In Borings B-34 and B-35, groundwater was initially encountered during drilling at a depth of about
13 feet below existing grade, and was measured to depths of about 11.3 to 12.6 feet approximately 15 minutes

after the initial encounter.

Detailed groundwater level measurements are summarized in Table 4. Piezometer installation and plugging

reports are presented in Appendix E.

Table 4. Groundwater Depths below Existing Ground Surface

. Boring/ Groundwater Groundvyater Groundwater
Boring Date Pi h d Depth 15 min. after hi
No. Drilled iezometer DepF Enc_oqntere Initial Encounter _ Depth in
Depth (ft) | during Drilling (ft) (Ft) Piezometer (ft)
B-1 10/1/2013 18 16.0 15.3 (cave in) N/A
B-2 10/1/2013 22 16.0 16.0 (cave in) N/A
B-3 10/1/2013 24 12 12.2 (cave in) N/A
14.2 13.3 (10/4/13)
B-4 | 103720131 2520 18 16.8 (cavein) | 12.7 (11/11/13)
B-5 | 10/3/2013 23 14 9.8 N/A
B-6 10/3/2013 19 17.8 (cave in) N/A N/A
B-7 | 10/3/2013 15 15.0 (cave in) N/A N/A
B-8 10/4/2013 19 N/A N/A N/A
11.5
B-9 10/1/2013 19 14.0 13.2 (cave in) N/A
B-10 | 10/3/2013 25 18.0 12.5 N/A
’ 14.8 (cave in)
B-11 | 10/3/2013 16 14.0 10.7 N/A
) 13.0 (cave in)
10.2
B-12 | 9/27/2013 25 14.0 . N/A
11.6 (cave in)
B-13 | 10/4/2013 18 N/A N/A N/A
B-14 | 10/7/2013 15 N/A N/A N/A
B-15 | 10/4/2013 17 N/A N/A N/A
B-16 | 10/2/2013 16 N/A N/A N/A
B-17 | 10/2/2013 17 N/A N/A N/A
B-18 | 10/4/2013 13 N/A N/A N/A
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Table 4 Cont...

. Boring/ Groundwater Groundvyater Groundwater

Boring Date . Depth 15 min. after .
No. Drilled Piezometer Deth Encpu_ntered Initial Encounter . Depth in

Depth (ft) | during Drilling (ft) (Ft) Piezometer (ft)
B-19 | 9/27/2013 16 N/A N/A N/A
B-20 | 9/27/2013 13 N/A N/A N/A
B-21 | 10/4/2013 17 N/A N/A N/A
B-22 | 10/2/2013 16 N/A N/A N/A
B-27 | 10/2/2013 18 N/A N/A N/A
B-28 | 10/2/2013 15 N/A N/A N/A
B-29 | 10/4/2013 15 N/A N/A N/A
B-30 | 9/30/2013 14 N/A N/A N/A
B-31 | 9/30/2013 14 N/A N/A N/A
B-32 | 9/30/2013 13 N/A N/A N/A
B-33 | 9/30/2013 15 N/A N/A N/A
B-34 | 9/30/2013 14 13.0 11.3 N/A
B-35 | 9/30/2013 13 13.0 12.6 N/A
B-36 | 9/30/2013 13 N/A N/A N/A
B-37 | 9/30/2013 14 N/A N/A N/A

The information in this report summarizes conditions found on the dates the borings were drilled. It should be
noted that our groundwater observations are short-term; groundwater depths and subsurface soil moisture
contents will vary with environmental variations such as frequency and magnitude of rainfall and the time of

year when construction is in progress.

4.4 Geologic Hazards

AEC performed a preliminary fault investigation for each of Area 1 (Commerce Street area) and Area 2
(Holmes Road area), which included a review of available literature, aerial photographs, public maps and

limited field observations.

Area 1 (Commerce Street Area): According to the published maps “Principal Active Faults of the Houston
Area (after O’Neill and Van Siclen, May 1984)”, and “Principal Surface Faults in the Central Houston
Metropolitan Area (after O’ Neill, Van Siclen, with additions by C. Norman, May 13, 2004)”", no known faults
occur in Area 1. The closest surface fault to this area is the Pecore Fault located approximately 2.7 miles to

the northwest. Limited field observations were conducted by AEC on October 7, 2013 to determine if
9
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evidences of surface faulting could be observed in the project alignment of Area 1. No indication of surface

faults or features associated with surface faults, were observed.

Area 2 (Holmes Road Area): According to the published maps “Principal Active Faults of the Houston Area
(after O’Neill and Van Siclen, May 1984)”, and “Principal Surface Faults in the Central Houston
Metropolitan Area (after O’ Neill, Van Siclen, with additions by C. Norman, May 13, 2004)’, an unnamed
surface fault associated with the Pierce Junction Salt Dome extends east-northeast to south-southwest along
Almeda Road from just north of Interstate Highway 610 to Holmes Road and could impact the western end of
the project alignment (damage from surface faulting can extend up to approximately 70 meters from the fault-
Verbeek, Earl R., Ratzlaff, Karl W., and Clanton, Uel S., Faults in Parts of North-Central and Western
Houston Metropolitan Area, Texas, 1979, USGS Miscellaneous Field Studies Map 1136). The downthrown
side of the fault is to the west-northwest. A second surface fault, with downward side of the fault to the east-
northeast, crosses Almeda Road approximately 1.3 miles south of the intersection of Holmes and Almeda
Roads, but this second fault is too far away to be of concern to the project alignment. Rates of movement along
either of these surface faults are unknown. Limited field observations were conducted by AEC on October 7,
2013 to determine if evidences of surface faulting could be observed in the project alignment. No indication of
surface faults or features associated with these faults, were noted crossing or adjoining the project alignment.
Fractured bricks were observed on the side of the Allchem Services Inc. building on Broiler Road
approximately 0.25 miles northeast of the Almeda Road and Holmes Road intersection and a rupture was
observed in the foundation of a warehouse on Magnet approximately 0.5 miles northeast of the Almeda Road
and Holmes Road intersection. Whether these structural damages were related to surface faulting or expansive
soils could not be ascertained from the observations as the damage was confined to the buildings and the

damage could not be correlated between locations.

Limitations: The preliminary fault investigation provided in this report is limited to a review of literature,
aerial photographs, maps and our limited field observations; distances are scaled from maps. Surface faults
may exist in the project alignment or surrounding areas but which were not discovered during this project due
to the following reasons: not observed during the reconnaissance due to limitations of the scope of work and
cost; the presence of obscuring vegetation and environmental features; modification of the land surface by
human activities; and lack of documentation in the literature. Faults may also be present below ground which
may not currently have surface expressions. Identification of these faults is beyond the scope of work for this
project. The observations made during the fault reconnaissance represent conditions at the time of the

reconnaissance. Fault movement is often episodic with the result that future movement or faster movement

10
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could occur along faults and could result in features associated with surface faulting and fault damage which

are not currently present. In addition, surface faults might appear in areas where none currently exist.
4.5 Hazardous Materials

Gasoline/chemical odors were detected in the soil samples recovered from depths of 4 to 6 feet in Borings B-
30 and B-31, 6 to 8 feet in Boring B-33, and 6 to 10 feet in Boring B-34. AEC informed SEC about

encountering gasoline odor via an email notification on October 22, 2013.

4.6 Subsurface Variations

It should be emphasized that: (i) at any given time, groundwater depths can vary from location to location, and
(ii) at any given location, groundwater depths can change with time. Groundwater depths will vary with
seasonal rainfall and other climatic/environmental events. Subsurface conditions may vary between and away

from the boring locations.

Clay soils in the Houston area typically have secondary features such as slickensides and contain sand/silt
seams/lenses/layers/pockets. It should be noted that the information in the boring logs are based on 3-inch
diameter soil samples which were generally obtained at intervals of 2 feet in the top 20 feet of the borings and
at intervals of 5 feet thereafter to the boring termination depths. A detailed description of the soil secondary
features may not have been obtained due to the small sample size and sampling interval between the samples.
Therefore, while a boring log shows some soil secondary features, it should not be assumed that the features

are absent where not indicated on the boring logs.

5.0 GEOTECHNICAL ENGINEERING RECOMMENDATIONS

The project includes design and construction of 8- and 12-inch diameter water line using trenchless

construction

5.1 Geotechnical Parameters for Underground Utilities

Recommended geotechnical parameters for the subsurface soils along the alignment to be used for the design

of underground utilities are presented on Plates C-1a through C-1d, in Appendix C. The design values are

11
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based on the results of field and laboratory test data on individual boring logs as well as our experience. It
should be noted that because of the variable nature of soil stratigraphy, soil types and properties along the

alignments or at locations away from a particular boring may vary substantially.
5.2 Utility Lines Installed by Trenchless Method

The Contractor is responsible for selecting, designing, installing, maintaining and monitoring safe systems and
retaining professionals who are qualified and experienced to perform the tasks and who are capable of
modifying the system, as required. The following discussion provides general guidelines to the Contractor for
trenchless methods. The information in this report should be reviewed so that appropriate equipment and

techniques can be planned and factored into the construction plan and cost estimate.

5.2.1 Loadings on Pipes

Underground conduits support the weight of the soil and water above the crown, as well as roadway traffic and

any structures that exist above the conduits.

Earth [oads: The vertical soil load, W, can be calculated as the larger of the two values from Equations (1)
and (3):

W, = CqyB& Equation (1)
Cq = [l-e™EBIYYORyY Equation (2)
v = yBH . Equation (3)
where: W, = vertical soil load over the conduit, in pounds per linear foot (1b/ft);
Cs = load coefficient, see Plate C-2, in Appendix C;
vy = effective unit weight of soil over the conduit, in pounds per cubic foot (pcf);
By = Pit width at top of the conduit < 1.5 B, (ft);
B. = outside diameter of the conduit (ft);

H = variable height of fill (ft);
when the height of fill above the top of the conduit H, >2 By, H = H;, (height of fill above
the middle of the conduit). When H, <2 By, H varies over the height of the conduit; and
Ky’ = 0.1650 maximum for sand and gravel,
0.1500 maximum for saturated top soil,
0.1300 maximum for ordinary clay,
0.1100 maximum for saturated clay.

12
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When underground conduits are located below ground water, the total vertical dead loads should include the

weight of the projected volume of water above the conduits.

Vehical/Railroad Traffic Loads: The vertical stress on top of an underground conduit, pp. (psf), resulting from

vehicle traffic loads (from a H-20 or HS-20 truck) can be obtained from Plate C-3 and railroad traffic load can
be obtained from Plate C-4, in Appendix C. The live load on top of the underground conduit can be calculated
from Equation (4):

W= pB L Equation (4)

where: W = live load on the top of the conduit (1b/ft);
pL = vertical stress (on the top of the conduit) resulting from vehicle/railroad traffic loads, see Plates
C-3 and C-4, in Appendix C (psf);
B. = outside diameter of the conduit, (ft).

Lateral Loads: The lateral soil pressure p; can be calculated from Equation (5); hydrostatic pressure should be

added, if applicable.

p = 05@Hs+py) Equation (5)
where: H; = height of soil/fill above the center of the conduit (ft);

y = effective unit weight of soil over the conduit (pcf);

ps =  vertical pressure on conduit resulting from traffic and/or construction equipment (psf).

5.2.2 Deflection of Flexible Pipes

Deflection is one of the controlling factors in the design of buried flexible or semi-rigid pipes, such as PVC
and ductile iron pipes. These pipes deflect under soil and surcharge loads; the amount of deflection is a

function of the service load on the pipe, the stiffness of the pipe, and the surrounding soil.

The deflection can be calculated using the Modified lowa Formula, expressed as Equation (6), and the
effective stiffness, E’ of the surrounding soil. The E’ is a combination of the stiffness of the pipe bedding
material, E’g and the stiffness of the native soil, E’y. Long-term deflection values are typically used for
flexible/semi-rigid pipe design; these values may be obtained by applying an appropriate deflection lag factor,

Dy, to the short-term deflection values used in the Modified lowa Formula.

13
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AX =
where: AX =
DL =

=R

o =

-

EI— ............

D, KW
L Equation (6)

?+0.061E'

pipe deflection (in);

deflection lag factor;

(a) use minimum 1.0 for granular backfill and the full prism load is assumed to act on the
pipe, (b) use minimum 1.5 for granular backfill and assumed trench loadings, (c) use
minimum 2.5 for sandy lean clay (CL) where the backfill can become saturated;

bedding constant, typically 0.11;

[W. (from Eq. 3) + W (from Eq. 4) +W], total service load on the crown of the pipe,
(Ib/in); W,, = weight of water prism (if any) above the crown of the pipe ;

initial modulus (Young’s modulus) of the pipe material (psi);

pipe wall moment of inertia (in.*/in);

mean pipe radius (in);

effective modulus of soil reaction (psi).

The effective modulus of soil reaction, E’, may be obtained from the equations presented below:

E 9

zeta
where: f
and: B4

B.

zeta*Es Equation (7)
1.44 .
............. Equation (8)
f+(144-F)*Ez'/Ey’
B, /B, -1

............ Equation (9)
1.154+0.444(B, /B, - 1)

trench width at the top of the pipe (ft);
outside diameter of the pipe (ft).

For the stiffness of the pipe bedding material E’g, 2,000 psi can be used for granular materials such as clayey

sand, silty sand, silty gravel or clayey gravel (containing less than 12 percent fines) with a minimum 95

percent ASTM D-698 (Standard Proctor) compaction. Effective modulus of soil reaction for natural soil, E’y

is presented on Plates C-1a through C-1d, in Appendix C.

5.2.3 Pipe Entry and Receiving Pits

Pits are required for starting and ending pipes. They should be constructed in accordance with Section 02447,

Subsection 3.04 of the latest edition of the COHSCS.

14
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Reaction Walls: For the braced pit walls to be used to provide passive reaction for pipe jacking, passive earth
pressure can be calculated using Equation (10); we recommend that a factor of safety of 2.0 be used for
passive earth pressure. The design soil parameters for reaction wall design are presented on Plates C-la

through C-1d, in Appendix C.

pp = vzK, + 2c(Kp)'/1 ............ Equation (10)

where, p, = passive earth pressure (psf);

wet unit weight of soil (pcf);

depth below ground surface for the point under consideration (ft);
coefficient of passive earth pressure;

= cohesion of clayey soils (psf).

(¢] N <
7
I

5.2.4 Pit Excavation Stability

Cohesive soils in the Houston area contain many secondary features which affect pit excavation stability,
including sand seams and slickensides. Slickensides are shiny weak failure planes which are commonly
present in fat clays; such clays often fail along these weak planes when they are not laterally supported, such
as in an unbraced excavation. The Contractor should not assume that slickensides and sand

seams/layers/pockets are absent where not indicated on the logs.

The Contractor should be responsible for designing, constructing and maintaining safe excavations. The

excavations should not cause any distress to existing structures.

Pit 20 feet and Deeper: OSHA requires that shoring or bracing for pits 20 feet and deeper be specifically

designed by a licensed professional engineer.

Pit Less than 20 Feet Deep: Pit excavations that are less than 20 feet deep may be shored, sheeted and braced,

or laid back to a stable slope for the safety of workers, the general public, and adjacent structures, except for
excavations which are less than 5 feet deep and verified by a competent person to have no cave-in potential.
The excavation should be in accordance with Occupational Safety and Health Administration (OSHA), Safety
and Health Regulations, 29 CFR, Part 1926. Recommended OSHA Soil Types for pit design for existing soils
are presented on Plates C-1a through C-1d, in Appendix C. Granular soils and fill soils should be considered

15
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OSHA Class “C” soils. Submerged cohesive soils should also be considered OSHA Class “C” soils, unless

dewatering is conducted to lower the groundwater level below the excavation.

Critical Height is defined as the height a slope will stand unsupported for a short time; in cohesive soils, it is
used to estimate the maximum depth of open-cuts at given side slopes. Critical Height may be calculated
based on the soil cohesion. Values for various slopes and cohesion are shown on Plate D-1, in Appendix D.

Cautions listed below should be exercised in use of Critical Height applications:

1. No more than 50 percent of the Critical Height computed should be used for vertical slopes.
Unsupported vertical slopes are not recommended where granular soils or soils that will slough when
not laterally supported are encountered within the excavation depth.

2. If the soil at the surface is dry to the point where tension cracks occur, any water in the crack will
increase the lateral pressure considerably. In addition, if tension cracks occur, no cohesion should be
assumed for the soils within the depth of the crack. The depth of the first waler should not exceed the
depth of the potential tension crack. Struts should be installed before lateral displacement occurs.

3. Shoring should be provided for excavations where limited space precludes adequate side slopes, e.g.,
where granular soils will not stand on stable slopes and/or for deep open-cuts.

4. All excavation, trenching and shoring should be designed and constructed by qualified professionals in
accordance with OSHA requirements.

Plate D-2, in Appendix D, presents the maximum (steepest) allowable slopes for OSHA Soil Types for
excavations less than 20 feet. If limited space is available for the required open pit/trench side slopes, the space
required for the slope can be reduced by using a combination of bracing and open-cut as illustrated on Plate D-

3, in Appendix D. Guidelines for bracing and calculating bracing stress are presented below.

Computation of Bracing Pressures: The following method can be used for calculating earth pressure against

bracing for open-cuts. Lateral pressure resulting from construction equipment, traffic loads, or other surcharge
should be taken into account by adding the equivalent uniformly distributed surcharge to the design lateral
pressure. Hydrostatic pressure, if any, should also be considered. The active earth pressure at depth z can be
determined by Equation (11). The design soil parameters for pit/trench bracing design are presented on Plates

C-1a through C-1d, in Appendix C.

P, = (g, + M, +7'hz)Ka—2C\/Ka +rshy Equation (11)
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where: p, = active earth pressure (psf);
gs = uniform surcharge pressure (psf);
Y,y =  wetunit weight and buoyant unit weight of soil (pcf);
h; = depth from ground surface to groundwater table (ft);
h, = z-h;, depth from groundwater table to the point under consideration (ft);
z = depth below ground surface for the point under consideration (ft);
K, = coefficient of active earth pressure;
¢ = cohesion of clayey soils (psf); ¢ can be omitted conservatively;
Yw =  unit weight of water, 62.4 pcf.

Pressure distribution for the practical design of struts in open-cuts for clays and sands are illustrated on Plates

D-4 through D-6, in Appendix D.

Bottom Stability: In open-cuts, it is necessary to consider the possibility of the bottom failing by heaving, due

to the removal of the weight of excavated soil. Heaving typically occurs in soft plastic clays when the
excavation depth is sufficiently deep enough to cause the surrounding soil to displace vertically due to bearing
capacity failure of the soil beneath the excavation bottom, with a corresponding upward movement of the soils
in the bottom of the excavation. In fat and lean clays, heave normally does not occur unless the ratio of
Critical Height to Depth of Cut approaches one. In very sandy and silty lean clays and granular soils, heave
can occur if an artificially large head of water is created due to installation of impervious sheeting while
bracing the cut. This can be mitigated if groundwater is lowered below the excavation by dewatering the area.
Guidelines for evaluating bottom stability in clay soils are presented on Plate D-7, in Appendix D. Based on
our soil borings, soft clays and granular soil that we encountered in Areas 1 and 2 are summarized in Table 3

in Section 4.2 of this report.

Based on the invert depths in Table 1 of Section 2.1 and water level reading in Table 4 of Section 4.3, open cut
excavations in the vicinity of Engelke Street, Navigation Boulevard, and Canal Street in Area 1, and Holmes
Road in Area 2 will likely encounter ground water or granular soils. If the excavation extends below
groundwater and the soils at or near the bottom of the excavation are mainly sands or silts, the bottom can fail
by blow-out (boiling) when a sufficient hydraulic head exists. The potential for boiling or in-flow of granular
soils increases where the groundwater is pressurized. To reduce the potential for boiling of excavations
terminating in granular soils below pressurized groundwater, the groundwater table should be lowered at least
3 feet below the excavation, in accordance with Section 01578 of the latest edition of the City of Houston

Standard General Requirements (COHSGR).
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Calcareous nodules, silt/sand seams, and fat clays with slickensides were encountered in some of the borings.
These secondary structures may become sources of localized instability when they are exposed during
excavation, especially when they become saturated. Such soils have a tendency to slough or cave in when not
laterally confined, such as in trench excavations. The Contractor should be aware of the potential for cave-in
of the soils. Low plasticity soils (silts and clayey silts) will lose strength and may behave like granular soils

when saturated.

5.2.5 Thrust Force Design Recommendations

Thrust forces are generated in pressurized pipes such as water lines or force mains, typically as a result of
changes in pipe diameter, pipe direction or at the termination point of the pipes. The pipes could disengage at
the joints if the forces are not balanced and if the pipe restraint is not adequate. Various methods of thrust

restraint are used including thrust blocks, restrained joints, encasement, and tie-rods.

Thrust restraint design procedure based on the 2008 American Water Works Association (AWWA) Manual
“Concrete Pressure Pipe (M9)” is discussed below. Plate D-8, in Appendix D, shows the force diagram
generated by flow in a bend in a pipe and also gives the equation for computing the thrust force. An example
computation of a thrust force for a given surge pressure and a bend angle is presented on Plate D-9, in

Appendix D.

Frictional Resistance: The unbalanced force due to changes in grade and alignment can be resisted by

frictional force Fg, between the pipe and the surrounding soil. The resisting frictional force per linear foot of

pipe against soil can be calculated from Equation (12):

Fr = f2W.+ W, +W,)) Equation (12)
where: f = Coefficient of friction between pipe and soil;
W. = Weight of soil over pipe (Ib/ft);
W, =  Weight of water inside the pipe (1b/ft);
W, =  Weight of pipe (Ib/ft).

The value of the frictional resistance depends on the material in contact with the backfill and the soil used in

the backfill. For a ductile iron pipe or PVC pipe with crushed stone or compacted sand backfill, an allowable
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coefficient of friction of 0.3 can be used. To account for submerged conditions, a soil unit weight of 60 pcf

should be used to compute the weight of compacted backfill on the pipe.

Thrust Blocks: Thrust blocks utilize passive earth pressures to resist forces generated by changes in direction
or diameter of pressurized pipes. Passive earth pressure can be calculated using Equation (10); we recommend
that a factor safety of 2.0 be used when using passive earth pressure for design of thrust blocks. The design
soil parameters for thrust block design are presented on Plates C-1a through C-1d, in Appendix C. Design
guidelines for bearing thrust blocks are presented on Plate D-10, in Appendix D.

5.2.6  Face Stability During Construction

If auger method is to be used, a Stability Factor, N; = (P, - P,)/C, may be used to evaluate the stability of an
unsupported bore face in cohesive soils (N; is not applicable to granular soils), where P, is the overburden
pressure to the bore centerline; P, is the equivalent uniform interior pressure applied to the face; and C, is the
soil undrained shear strength. For augering operations, no interior pressure is applied. Generally, N, values of
4 or less are desirable as it represents a practical limit below which augering may be accomplished without
significant difficulty. Higher N; values usually lead to large deformations of the soil around the bore and
problems associated with increased subsidence. It should be noted that the exposure time of the face is most
important; with time, creep of the soil will occur, resulting in a reduction of shear strength. The N, values will

therefore increase when construction is slow.

An N; value of about 3.1 or less was estimated for the cohesive soils encountered in our soil borings within the
invert depths of about 8 to 20 feet below existing grade, except for Boring B-8, where a N; was estimated to be
5.2, based on an invert depth of 20 feet below existing grade. Note that the cohesive soils have secondary
structures such as fissures, sand seams, and sand lenses which can cause the bore face to become unstable.
Since loose to dense granular or soft cohesive soils were encountered in Borings B-1, B-2, B-3, B-4, B-5,
B-9 through B-12, B-33, and B-36 (see Table 3 also), the Contractor should make necessary provisions
such as casing to stabilize the auger holes. The Contractor should not base their bid on the above
information alone, since granular soils may be encountered between boring locations; the Contractor should

verify the subsurface conditions between boring locations or add a contingency.
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5.2.7 Backfill for the Entry and Receiving Pits

Backfill for auger pits should be in accordance with Section 02317 of the latest edition of the COHSCS.
Embedment material and backfill should be placed in loose lifts not exceeding 8 inches and compacted in

accordance with Section 02317 of the latest edition of the COHSCS.

5.2.8 Influence of Augering on Adjacent Structures

Ground Subsidence: Augering in soft ground often induces some degree of settlement (ground subsidence) of

the overlying ground surface. If such settlement is excessive, it may cause damage to existing structures and

services located above and/or near the auger zone.
Predicting the amount of loss of ground (or ground subsidence) due to augering is very difficult, primarily
because of the uncertainty involved in the analysis: such as heterogeneous soil properties, subsurface

variability, or lack of information about proposed construction equipment and techniques.

Loss of Soil Support for Adjoining Structures: Augering operations, when located close to existing structures,

will relieve the vertical and lateral soil support that these structures rely upon for their foundation bearing
capacity and lateral soil support. This can result in distress to the existing structures if appropriate precautions

are not taken.

Measures to Reduce Distress from Augering: Impact to existing foundations and structures can be mitigated by

following proper augering procedures. Some methods to mitigate movement and/or distress to existing

structures include:

. Supporting the augering excavation with steel or rigid concrete casing or the pipe material itself, as
soon as the excavation is advanced and at short intervals; and
. proper grouting of the annular spaces; the type of equipment and method chosen will require the

services of a specialty contractor.

To reduce the potential for the augering to influence the existing foundations or structures, we recommend that
the outer edge of the influence zone of the auger tunnel be a minimum of 5 feet from the outer edge of the
bearing (stress) zone of existing foundations. The bearing (stress) zone is defined by a line drawn downward

from the outer edge of an existing foundation and inclined at an angle of 45 degrees to the vertical.
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The auger influence zone is assumed to extend a distance of about 2.5i from the center of the auger tunnel, as
shown on Plate D-11, in Appendix D. We emphasize that the size of the influence zone of an auger tunnel is
difficult to determine because several factors influence the response of the soil to augering operations
including type of soil, ground water level, type of augering equipment, method of augering, experience of

operator and other construction in the vicinity.

We recommend that the following situations be evaluated on a case by case basis, where:

. augering cannot be located farther than the minimum distance recommended above;

. augering cannot be located outside the stress zone of the foundations for existing structures;

. unstable soils are encountered near existing structures;

. heavily loaded or critical structures are located close to the influence zone of the auger tunnels;

As an option, existing structure foundations should be protected by adequate shoring or strengthened by
underpinning or other techniques, provided that augering cannot be located outside the stress zone of the

existing foundations.

Disturbance and loss of ground from the augering operation may create surface soil disturbance and
subsidence which in turn may cause distress to existing structures (including pavements) located in the zone of

soil disturbance. Any open-cut excavation in the proposed augering areas should be adequately shored.

5.3 Select Fill

Select fill should consist of uniform, non-active inorganic lean clays with a PI between 10 and 20 percent, and
more than 50 percent passing a No. 200 sieve. Excavated material delivered to the site for use as select fill
shall not have clay clods with PI greater than 20, clay clods greater than 2 inches in diameter, or contain
sands/silts with PI less than 10. Prior to construction, the Contractor should determine if he or she can obtain

qualified select fill meeting the above select fill criteria.

As an alternative to imported fill, on-site soils excavated during construction can be stabilized with hydrated
lime. Excavated clay soils should be stabilized with at least 7 percent hydrated lime by dry soil weight. Lime
stabilization shall be performed in accordance with Section 02336 of the latest edition of the COHSCS. The
percentage of lime required for stabilization is a preliminary estimate for planning purposes only; laboratory

testing should be performed to determine optimum contents for stabilization prior to construction. AEC
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prefers using stabilized on-site clay as select fill since compacted lime-stabilized clay generally has high shear
strength, low compressibility, and relatively low permeability. Blended or mixed soils (sand and clay) should

not be used as select fill.

All material intended for use as select fill should be tested prior to use to confirm that it meets select fill
criteria. The fill should be placed in loose lifts not exceeding 8 inches in thickness. Backfill within 3 feet of
walls or columns should be placed in loose lifts no more than 4-inches thick and compacted using hand
tampers, or small self-propelled compactors. The lime-stabilized onsite soils or select fill should be
compacted to a minimum of 95 percent of the ASTM D 698 (Standard Proctor) maximum dry unit weight at a

moisture content ranging between optimum and 3 percent above optimum.

6.0 CONSTRUCTION CONSIDERATIONS

6.1 Site Preparation

To mitigate site problems that may develop following prolonged periods of rainfall, it is essential to have
adequate drainage to maintain a relatively dry and firm surface prior to starting any work at the site. Adequate
drainage should be maintained throughout the construction period. Methods for controlling surface runoff and
ponding include proper site grading, berm construction around exposed areas, and installation of sump pits

with pumps.

6.2 Groundwater Control

The need for groundwater control will depend on the depth of excavation relative to the groundwater depth at
the time of construction. In the event that there is heavy rain prior to or during construction, the groundwater
table may be higher than indicated in this report; higher seepage is also likely and may require a more
extensive groundwater control program. In addition, groundwater may be pressurized in certain areas of the
alignment, requiring further evaluation and consideration of the excess hydrostatic pressures. Groundwater

control should be in general accordance with Section 01578 of the latest edition of the COHSGR.

The Contractor should be responsible for selecting, designing, constructing, maintaining, and monitoring a
groundwater control system and adapt his trenching operations to ensure the stability of the excavations.

Groundwater information presented in Section 4.3 and elsewhere in this report, along with consideration for
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potential environmental and site variation between the time of our field exploration and construction, should

be incorporated in evaluating ground water depths.

As discussed in Section 4.3 of this report, the depth to groundwater varies with changes in the environment
such as frequency and magnitude of rainfall and the time of year when construction is in progress. Therefore,
we recommend that the Contractor verify the groundwater depths and seepage rates prior to and during
construction and retain the services of a dewatering expert (as necessary) to assist him in identifying the most
suitable and cost-effective method of controlling groundwater. The Contractor should take necessary

precautions to avoid distressing existing structures as a result of dewatering.

The following recommendations are intended to guide the Contractor during design and construction of the
dewatering system. For saturated silty sand or sand, groundwater can be controlled by the installation of
wellpoints. The practical maximum dewatering depth for well points is about 15 feet. When groundwater
control is required below 15 feet, multiple staged well points or deep wells with submersible pumps have
generally proved successful. In cohesive soils seepage rates are lower than in granular soils and groundwater
is usually collected in sumps and channeled by gravity flow to storm sewers. If cohesive soils contain
significant secondary features, seepage rates will be higher. This may require larger sumps and drainage
channels, or if significant granular layers are interbedded within the cohesive soils, methods used for granular

soils may be required. Where it is present, pressurized groundwater will also yield higher seepage rates.

Extended and/or excessive dewatering can result in settlement of existing structures in the vicinity; the
Contractor should take the necessary precautions to minimize the effect on existing structures in the vicinity of
the dewatering operation. We recommend that the Contractor verify the groundwater depths and seepage rates
prior to and during construction and retain the services of a dewatering expert (if necessary) to assist them in
identifying, implementing, and monitoring the most suitable and cost-effective method of controlling

groundwater.
6.3 Monitoring of Existing Structures

Existing structures in the vicinity of the proposed alignment should be closely monitored prior to, during, and
for a period after excavation or augering operations. Several factors (including soil type and stratification,
construction methods, weather conditions, other construction in the vicinity, construction personnel experience

and supervision) may impact ground movement in the vicinity of the alignment. We therefore recommend that
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the Contractor be required to survey and adequately document condition of existing structures in the vicinity of

the proposed alignment.
6.4 Construction Monitoring

Site preparation, trenching, bedding, and backfilling should be monitored by qualified geotechnical
professionals to check for compliance with project documents and changed conditions, if encountered. AEC
should be allowed to review the design and construction plans and specifications prior to release to check that

the geotechnical recommendations and design criteria presented herein are properly interpreted.

7.0 LIMITATIONS

The information contained in this report summarizes conditions found on the dates the borings were drilled.
The attached boring logs are true representations of the soils encountered at the specific boring locations on
the dates of drilling. Reasonable variations from the subsurface information presented in this report should be
anticipated. If conditions encountered during construction are significantly different from those presented in

this report; AEC should be notified immediately.

This investigation was performed using the standard level of care and diligence normally practiced by
recognized geotechnical engineering firms in this area, presently performing similar services under similar
circumstances. This report is intended to be used in its entirety. The report has been prepared exclusively for
the project and location described in this report. If pertinent project details change or otherwise differ from
those described herein, AEC should be notified immediately and retained to evaluate the effect of the changes
on the recommendations presented in this report, and revise the recommendations if necessary. The
recommendations presented in this report should not be used for other structures located along these

alignments or similar structures located elsewhere, without additional evaluation and/or investigation.
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TEMPORARY BENCHMARKS:

T.B.M. #1: SET SQUARE CUT ON INLET LOCATED AT
THE SOUTHEAST CORNER OF HOLMES ROAD AND EAST
ALMEDA.

STA. 0+31.33, 44.56' RT.

ELEV.=49.74"

T.B.M. #2: SET RAILROAD SPIKE IN POWER POLE
ALONG THE SOUTH RIGHT-OF-WAY OF HOLMES ROAD.

STA. 10+24.38, 72.97" RT.

T.B.M. #3: SET RAILROAD SPIKE IN POWER POLE

o ;
o ELEV.=48.34
¥
-
—

PROP. 12" W/L

—~ ALONG 'THE SOUTH RIGHT-OF=WAY OF HOLMES ROAD. ]

- STA. 19+10.87, 72.50° RT. E
.('LIJ ELEV.=48.39" 4
= TB.M, #4: SET RAILROAD SPIKE IN POWER POLE E

Ci_—_-_'-'j:":._\?: ------ e
— e o \

)

B-31 (14’) ) ELEV.=48.95"

$= Zv)
- FTET - Wfl:. _IE STA. 38+77.28, 76.28' RT.

rn L ALONG THE SOUTH RIGHT-OF=WAY OF HOLMES ROAD.
STA. 27+95.30, 74.02' RT.

T.B.M. #5: SET RAILROAD SPIKE IN POWER POLE
ALONG THE SOUTH RIGHT-OF=WAY OF HOLMES ROAD.

— T

ELEV.=47.80°

+ 1-6" WET CONNECTION
1-6" CUT, PLUG & ABANDON

P SHEET 83 e

REMAIN_IN
SERVICE

SHEET 84

1-WET CONNECTION
]S-CUT LUG & ABANDON

o

IZE O BE DETERMINED IN THE FIELD

| HOLMES ROAD |

Ll
OLu T.B.M. #6: SET SQUARE CUT ON TOP OF A "BB" INLET

 ——— E ELEV.=44.54'

= ALONG THE NORTH CURB LINE OF HOLMES ROAD.
<0 STA. 47+12.65, 37.48' LT.

SHEET 85

3

LEGEND

PROPOSED WATER LINE
PROPOSED DUCTLE IRON PIPE
° PROPOSED FIRE HYDRANT

L} PROPOSED GATE VALVE

R/S REMOVE AND SALVAGE
EXIST. FIRE HYDRANT

+ EXIST. FIRE HYDRANT

CENTERPOINT ENERGY NOTE:

OVERHEAD LINES MAY EXIST ON THE PROPERTY.WE HAVE NOT
ATTEMPTED TO MARK THOSE LINES SINCE THEY ARE CLEARLY
VISIBLE, BUT THE CONTRACTOR SHOULD LOCATE THEM PRIOR
TO BEGINNING ANY CONSTRUCTION. TEXAS LAW, SECTION 752,
HEALTH & SAFETY CODE, FORBIDS ALL ACTIVITIES IN WHICH
PERSONS OR THINGS MAY COME WITHIN SIX (6) FEET OF LIVE
OVERHEAD HIGH VOLTAGE LINES. CONTRACTOR IS LEGALLY
RESPONSIBLE FOR SAFETY OF CONSTRUCTION WORKERS UNDER
THIS LAW. THIS LAW CARRIES BOTH CRIMINAL AND CIVIL LIABILIT

50 100

TO ARRANGE FOR LINES TO BE TURNED OFF OR MOVED, CALL
CENTERPOINT ENERGY AT 713-207-2222.

NOTICE:

N AT LEAST 48 HOURS BEFORE EXCAVATING IN STREET R.O.W.OR
EASEMENTS CALL THE LONE STAR NOTIFICATION 713-223-4567.

PRIVATE UTILITY LINES SHOWN

ATMT TEXAS/SBC UTILITY LINES SHOWN

1-8" T.S.V. & B.
1-8" CUT, PLUG & ABANDON

‘Approved for ATET TEXAS/SBC underground condu faciities only.
Signature volid for one yeor,

Date:

CenterPoint Enarqy/Electric Focilties
(Approved only for crossing underground ductiines, unless otherwise noted.)
Valid at Time of Raviaw Only.

Date:

/PROP. 12" W/L

i Faciities
(Gos service lines are not shown.)

SANDER ENGINEERING | THIS DOCUMEENT ISA{ISR

INTERIM REVIEW
CORPORATION NOT INTENDED FOR

[ _'_~___,____~-____,_____.__1______,. e /

W.SAM HOUSTON PARKWAY S
i SUIE 400 CONSTRUCTION,

HOLMES ROAD
e s Py e

I | ettt TR EXIST BT W/l

B-32(13) ___

L)

BIDDING OR
HOUSTON TEXAS, 77042
TN TR Y PERMIT PURPOSES.

HOLMES ROAD
Y

e F)

TEXAS BOARD OF
: DENNIS W. SANDER
amelon P.E. 30647
SURVEYED BY:

4 EXIST, & WL Pl
r 4

WESTERN_GROUP
CONSULTANTS 12/3/2012

DATE:

(SEE THIS SHEET)

MATCH LINE STA. 11+00

-~

i TR

e

FB_NO.: P5675
CITY OF HOUSTON

DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

\ EXIST. 8" W/L __d__“_"__'_\\___;%__,‘—;

MATCH LINE STA. 23+00

WATER LINE REPLACEMENT

LEGEND

B-#(#)  BORING NO. AND (DEPTH IN FEET)
€ BORING LOCATION- APPROX.

|

1-4" WET CONNECTION
1-4" CUT, PLUG & ABANDON

| HOLMES ROAD |

'{‘. ad = i
E

WA 1-8" X 8" T.S.V. & BOX
1-8" CUT, PLUG & ABANDON

IN
COMMERCE AREA

AREA 2

AVILES ENGINEERING CORPORATION

BORING LOCATION PLAN
WATER LINE REPLACEMENT IN COMMERCE AREA
AND ALONG HOLMES ROAD, COH WBS NO. S-000035-0153-4
HOUSTON, TEXAS

G159-13 . 02-25-14 SANDER ENG. CORP.

17 =100’ BpJ PLATE A-2d
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- SHEET 88 ol SHEET 89 - SHEET 90
1-12" WET CONNECTION
1-8" CUT, PLUG & ABANDON
/PROP. 12" W/L i | | __— i PROP. 12" W/L\ |
ﬂ%_ﬁz ..... — — é [ e —
d ,7£ N i " %___jv_,,/’{/ t SEMORE"

B.36 (13)

Exi 38400
/ EXIST. 48" W/L
= &__ = e =
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lt——EXIST. 4" W/L
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MATCH LINE STA. 35+00
(SEE THIS SHEET)

14" WET CONNECTION
1-4" CUT, PLUG & ABANDON

LEGEND |

B-# ()

&

BORING NO. AND (DEPTH IN FEET)
BORING LOCATION - APPROX.

HOLMES ROAD |

o
A== S——

1-6" WET CONNECTION

1-6" CUT, PLUG & ABANDON

BENCHMARK:

APP.|
S—

CITY OF HOUSTON SURVEY MARKER 5353-1218
LOCATED ALONG THE EASTSIDE OF HOLMES ROAD AT
STATE HIGHWAY 288 FRONTAGE ROAD.

ELEV. = 45.48" (NAVD 1988, 2001 ADJUSTMENT)

TEMPORARY BENCHMARKS:

T.BM. #1: SET SQUARE CUT ON INLET LOCATED AT
THE SOUTHEAST CORNER OF HOLMES ROAD AND
EAST ALMEDA.

STA. 0+31.33, 44.56" RT.

ELEV.=49.74"

REV

T.BM. #2: SET RAILROAD SPIKE IN POWER POLE
ALONG THE SOUTH RIGHT—-OF—WAY OF HOLMES ROAD.
STA. 10+24.38, 72.97' RT.

ELEV.=48.34"

T.BM. #3: SET RAILROAD SPIKE IN POWER POLE
ALONG THE SOUTH RIGHT-OF=WAY OF HOLMES ROAD.
STA. 19+10.87, 72.50" RT.

ELEV.=48.39"

R

T.BM. #4: SET RAILROAD SPIKE IN POWER POLE
ALONG THE SOUTH RIGHT-OF=WAY OF HOLMES ROAD.

STA. 27+95.30, 74.02° RT.
ELEV.=48.95'

T.BM. #5: SET RAILROAD SPIKE IN POWER POLE
ALONG THE SOUTH RIGHT—-OF=WAY OF HOLMES ROAD.
STA. 3B+77.28, 76.28' RT.

ELEV.=47.80"

T.B.M. #6: SET SQUARE CUT ON TOP OF A "BB"
INLET ALONG THE NORTH CURB LINE OF HOLMES
ROAD.

STA. 47+12.65, 37.48' LT.

ELEV.=44.54'

LEGEND

PROPOSED WATER LINE
PROPOSED DUCTLE IRON PIPE

. PROPOSED FIRE HYDRANT
° PROPOSED GATE VALVE
s FRETVERE HVORANT -
+ EXIST. FIRE HYDRANT

CENTERPOINT ENERGY NOTE:

OVERHEAD LINES MAY EXIST ON THE PROPERTY. WE HAVE NOT
ATTEMPTED TO MARK THOSE LINES SINCE THEY ARE CLEARLY
VISIBLE, BUT THE CONTRACTOR SHOULD LOCATE THEM PRIOR
TO BEGINNING ANY CONSTRUCTION. TEXAS LAW, SECTION 752,
HEALTH & SAFETY CODE, FORBIDS ALL ACTIVITIES IN WHICH
PERSONS OR THINGS MAY COME WITHIN SIX (6) FEET OF LIVE
'OVERHEAD HIGH VOLTAGE LINES. CONTRACTOR IS LEGALLY
RESPONSIBLE FOR SAFETY OF CONSTRUCTION WORKERS UNDER

THIS LAW. THIS LAW CARRIES BOTH CRIMINAL AND CIVIL LIABILITY]
TO ARRANGE FOR LINES TO BE TURNED OFF OR MOVED, CALL
CENTERPOINT ENERGY AT 713-207-2222.

NOTICE:

AT LEAST 4B HOURS BEFORE EXCAVATING IN STREET R.O.W. OR
EASEMENTS CALL THE LONE STAR NOTIFICATION 713-223-4567.

PRIVATE UTILITY LINES SHOWN

AT&T TEXAS/SBC UTILITY LINES SHOWN

Dote:
‘Approved for AT&T TEXAS/SBC underground condut faciities only.
Signoture volid for one yeor,

Dote:

CenterPamt Enargy/Elsciric Faciilis
(Approved only for crossing underground ductiines, unless otherwise noted.)
Valid ot Time of Review Only.

Date:

CanterPoint Energy/Gos Focilties
(Gas sarvice fines are not ahown.)

SANDER ENGINEERING
CORPORATION
e50 YW.SAM HOUSTON PARKWAY S
SUITE 400

HOUSTON TEXAS, 77042
(713 784-4830

TEXAS BOARD OF

ERM_NO. F-317

SURVEYED BY:

WESTERN_GROUP
CONSULTANTS

FB NO.: P5675
CITY OF HOUSTON

DEPARTMENT OF PUBLIC WORKS AND ENGINEERING

WATER LINE IIRI\IIEPLACEMENT
COMMERCE AREA

AREA 2

THIS DOCUMENT IS FOR
INTERIM REVIEW AND
NOT INTENDED FOR

CONSTRUCTION,
BIDDING  OR
PERMIT PURPOSES.
DENNIS W. SANDER
P.E. 30647

12/3/2012
DATE:

AVILES ENGINEERING CORPORATION

BORING LOCATION PLAN

WATER LINE REPLACEMENT IN COMMERCE AREA
AND ALONG HOLMES ROAD, COH WBS NO. S-000035-0153-4

HOUSTON, TEXAS

G159-13 02-25-14 SANDER ENG. CORP.
17 = 100’ BpJ PLATE A-2e




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/1/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-1

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas State Plane Coordinates (feet): o
E E o " § i A Confined Compression = 2
= = Eastl.ng. 3128719.95 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13843060.62 m | 2| @ | O PocketPenetrometer ulalg]|8
5 | 2 [§| Elevation: 3352 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 2.5" Asphalt
Base: 5" sand and crushed limestone 18
Fill: stiff to very stiff, gray and tan Sandy 5
Lean Clay (CL), with ferrous nodules 66 | 43113130
-with gravel 1'-2' 16
-with fat clay pockets 2'-6' and siltstone
4 fragments 2'-4' 1
-with shell 4'-6 19 | 109 Y_T
-tan and light gray 6'-10' 66 |37 12|25
16 ;
8
14 S
Medium dense, light gray Clayey Sand (SC)
13
- 12
15 | 18
40 |26 |15]11
- 17 | 117 AN @
-borehole cave-in at 15.3' I
[ 16 3
11 | 21
Termination depth = 18 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO 18  FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 16 FEET WHILE DRILLING =£
WATER LEVEL AT 15.3 FEET AFTER 1/4 HR =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-3




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/1/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-2

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

N SHEAR STRENGTH, TSF
DESCRIPTION =
2 Texas State Plane Coordinates (feet AR n
. L.
E E exas : a.e ane Coordinates (feet): = § i A Confined Compression - 2
= = Eastl.ng. 3120115.42 2 W % | ® Unconfined Compression T E = z
z | g |y Northing: 13842776.16 a | 2| & | O PocketPenetrometer d1a]¢ele
E s 5| Elevation: 36.18 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 8" Asphalt
Base: 10" sand and crushed limestone
Fill: stiff to hard, light gray Sandy Lean Clay 16
(CL)
-with sand seams 2'-6' and gravel 2'-4' 7 San
4 -light gray and tan
12
Very stiff to hard, gray and light gray Lean 81 | a5 1332
Clay w/Sand (CL), with sand pockets and 15 | 114
g ferrous nodules
-with sand seams 6'-8'
-gray and tan 8'-12' 16
-with sand seams and siltstone fragments
1012 17 | 115
[ Loose to medium dense, light gray Clayey
Sand (SC) 10
42
14 | 15
- 16 % Y
-wet at 16, borehole caved in at 16.6', with
clay seams 16'-22' 10 | 20
43
14 | 19
L 20
14 | 19
Termination depth = 22 feet.
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 16 FEET WHILE DRILLING =£
WATER LEVEL AT 16 FEET AFTER 1/4 HR =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM
PROJECT NO. G159-13 PLATE A-4




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-3

DATE 10/1/13 TYPE 4" Dry Auger/Wet Rotary

LOCATION See Boring Location Plan

N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): E|E § n
E & o ' » § -~ | A Confined Compression = 2
= = Eastl.ng. 3130192.61 2 W % | ® Unconfined Compression T E = z
T | g |y Northing: 13841917.40 a | 2| & | O PocketPenetrometer d1a]¢ele
E 2 5| Elevation: 37.56 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 o J|la|a
0 Pavement: 4" Asphalt
Base: 13.5" sand and gravel
Very stiff to hard, gray and tan Sandy Fat 20 e
Clay (CH), with ferrous nodules 69 | 511536
-with siltstone fragments and calcareous 21 1
nodules
4 |
17 | 118 o
-with sand pockets 6'-8'
15
Medium dense, light gray Clayey Sand (SC) 36
-with silty sand seams 8'-14 23 | 12
-tan and light gray 10'-12'
20 | 18
-borehole cave-in at 12.2' i 31
18 | 21
-tan and red 14'-16'
23
22 | 19
:I:/:'— Very stiff to hard, tan Silty Clay (CL-ML) 89 123118]5
::::::: 40 | 19
- 20 1:/:/*
Wl | -with silt seams 20'-22'
/:/, 23
A
'1::¢::7 -tan and red, with calcareous nodules and
)| siltstone fragments 22'-24' 23 | 24
L 2
‘ Termination depth = 24 feet.
28 -
ORING DRILLED TO 18  FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 12 FEET WHILE DRILLING =£
WATER LEVEL AT 12.2 FEET AFTER 1/4 HR =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM
PROJECT NO. G159-13 PLATE A-5




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/3/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-4

TYPE 4" Dry Auger/Wet Rotary

LOCATION See Boring Location Plan

N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): n E § n
E & o » 3 -~ | A Confined Compression = 2
= = Eastl.ng. 3128477.41 2 u '§ @® Unconfined Compression z s12z
= ol = Northing: 13842703.40 = 2| B | O Pocket Penetrometer u|a % %
& [ 2 |3| Elevation: 36.68 o | 8] x| O Torvane gla|3]3
a n | (%) = [a) 0.5 1 15 2 o J|la|a
0 Pavement:; 1.5" Asphalt + 7" Concrete
Stiff to hard, tan, red, and light gray Lean 16 I
Clay w/Sand (CL), with ferrous nodules T
-tan and light gray 2'-10', with calcareous
nodules 2'-4' and siltstone fragments 2'-8' 15 1
4 -
80 | 411328
14 T
-with abundant calcareous nodules and fat
clay seams 6'-8' 21 L
& -with silt partings 8'-10'
21 | 104 ¢
7 Very stiff to hard, red, brown, and light gray
Fat Clay (CH), with slickensides 27 e
[ L, -with calcareous nodules, siltstone
fragments, and silty clay seams 10'-12' 99 | 62| 21|41
v 24 iC
-with siltstone fragments and calcareous
nodules 14'-18' 24 ~
| 16 .
-borehole cave-in at 16.8' 22 | 107 O
Soft to hard, red, light gray, and tan Sandy 611261171 9
Lean Clay (CL), wet 23 ]
[ Lo | -with siltstone fragments and calcareous
nodules 18'-20'
-light gray and tan, with ferrous nodules
- 24 17 Oun
Termination depth = 25 feet.
| 28 .
ORING DRILLED TO 20 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 18 FEET WHILE DRILLING =£
WATER LEVEL AT 13.3 FEET AFTER 24 HRS =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-6




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4 ENGINEERING CORP. BORING B-5
DATE 10/3/13 TYPE 4" Dry Auger/Wet Rotary LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): E|E § n
E i - ' 7 § > | & Confined Compression |2
= = Eastl.ng. 312081222 2 W % | ® Unconfined Compression T E = z
= § IEJ Northing: 13841859.93 5' > é O Pocket Penetrometer g 5 8 8
5 | 2 |3| Elevation: 33.56 = | 3| z| O Torvane s[3]2]2
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement:; 2" Asphalt + 8" Concrete
Stiff to hard, tan and gray Sandy Lean Clay 18
(CL)
-with ferrous nodules 1'-6' 53 135]13
14
4 -with silt partings 4'-6' and sand seams 4'-8'
13 | 115
16 9
8 T
7 Medium dense, light gray and tan Clayey
Sand (SC), with silt pockets 13 | 17 31 (3312
¥
Stiff to very stiff, tan and light gray Sandy
Silty Clay (CL-ML), with silt pockets 15 | 121 A
| 12 .
56 | 23| 16
17 ya8in
Medium dense to dense, light gray Silty Sand|
(SM), with clay pockets 28 | 18
L 16
31 |21]19
31| 19
14 | 24
L 20
Very stiff to hard, light gray and tan Fat Clay
(CH) 18 | 113
-with sand partings 20'-22'
20 @
Termination depth = 23 feet.
| 24 .
| 28 .
ORING DRILLED TO 16  FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT 14 FEET WHILE DRILLING =£
WATER LEVEL AT 9.8 FEET AFTER 1/4 HR =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM

PROJECT NO. G159-13 PLATE A-7



PROJECT: WL Rpmtin Commerce Area S-000035-0153-4 ENGINEERING CORP. BORING B-6

DATE 10/3/13 TYPE 4" Dry Auger LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION =
< Texas State Plane Coordinates (feet) Ll E o n
: L
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3127596.50 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13842809.50 E' 2| B | O Pocket Penetrometer u|a % %
o S [3| FElevation: 43.32 © | o] # | O Torvane g E/ 313
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement:; 4" Asphalt + 7.5" Concrete
Fill: stiff, dark gray Fat Clay (CH), with wood 20 @
7 and glass pieces, and gravel
Very stiff, dark gray and tan Fat Clay (CH) 18
-with ferrous nodules 2'-10'
4 -gray and tan 4'-6'
24
-tan and light gray 6'-8', with siltstone
fragments and calcareous nodules 6'-16' 23 | 113 &
8 -red, brown, and light gray 8'-16' 91 | 55| 18
23
-with silty clay pockets 10'-12'
19
[ 2] -with silt pockets 12'-14'
24
26
- 16 - . .
Stiff to very stiff, tan and light gray Lean Clay 83 | 2914
w/Sand (CL), with ferrous nodules 16
Nz
-borehole cave-in at 17.8' T ]
16 | 118 INER®
Termination depth = 19 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT  17.8  FEET WHILE DRILLING =£
WATER LEVELAT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM

PROJECT NO. G159-13 PLATE A-8



PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/4/13

TYPE 4" Dry Auger

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-7

LOCATION See Boring Location Plan

N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): n E § n
E & o » 3 -~ | A Confined Compression = 2
= = Eastl.ng. 3128029.64 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13842569.47 = 2| B | O Pocket Penetrometer u|a % %
& [ 2 |3| Elevation: 42.38 o | 8] x| O Torvane gla|3]3
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement:; 3.5" Asphalt + 7" Concrete
Stiff to very stiff, dark gray Fat Clay (CH), 22 C
with slickensides
-tan and gray 2'-6', with calcareous nodules
and siltstone fragments 2'-12' 22 | 107 e
4
21
-red, brown, and light gray, with ferrous 96 | 60|17 |23
nodules 6'-12' 23
8
22
-with sand partings 10'-12'
23 | 107
| 2 .
! Very stiff to hard, light gray and tan Sandy L
Lean Clay (CL) 16 @
-with silt partings 12'-14'
-with ferrous nodules 14'-16'
-borehole cave-in at 15 feet. ¥ 15
Rl Termination depth = 16 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 15 FEET WHILE DRILLING =£
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM

PROJECT NO. G159-13

PLATE A-9




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/4/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-8

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): n E § n
E & o » 3 -~ | A Confined Compression = 2
= = Eastl.ng. 3128180.42 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13842232.49 m | 2| @ | O PocketPenetrometer ulalg]|8
5 | 2 [5| Elevation: 40.49 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement; 2" Asphalt + 6" Concrete
Stiff to hard, dark gray and tan Fat Clay (CH), 24 =
with ferrous nodules T
-tan 2'-4'
24 | 102 C
4] -brown, light gray, and tan 4'-6', with
calcareous nodules and siltstone fragments 23
4I_8I
-red, brown, and light gray 6'-8' 91 | 55| 16 | 39
20 San
® ] Firm to hard, light gray and tan Lean Clay w/
Sand (CL), with ferrous nodules 19 | 111 )
-with silt seams 8'-10'
83 132|13]19
15
[ 2] -with calcareous nodules and siltstone
fragments 12'-16' 18
-red and light gray 14'-16'
21 | 106 ons
| 6 .
! Very stiff to hard, red, brown, and light gray o5 | 76 | 28 | 48
Fat Clay (CH), with calcareous nodules and 28 @
siltstone fragments
-with ferrous nodules 16'-18' 28 I
-with sandy clay pockets 18'-19'
Termination depth = 19 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-10




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/1/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger/Wet Rotary

LOCATION See Boring Location Plan

B-9

N SHEAR STRENGTH, TSF
DESCRIPTION =
2 Texas State Plane Coordinates (feet AR n
. Lo
E E exas : a.e ane Coordinates (feet): = § i A Confined Compression - 2
= = Eastl.ng. 3128571.37 2 W % | ® Unconfined Compression T E = z
z | g |y Northing: 13842260.26 a | 2| & | O PocketPenetrometer d1a]¢ele
E 2 [5| Elevation: 37.47 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 4" Asphalt
Base: 11" sand, gravel, and crushed
limestone 23 ®
Fill: very stiff, dark gray Fat Clay (CH)
-with sand and shell pockets 2'-4' 22 ®
¢ Firm to very stiff, dark gray, light gray, and
tan Fat Clay (CH) 25 | 99 C
-light gray and tan 6'-14', with siltstone
fragments 6'-12' and calcareous nodules 6'-8' 24
8
88 | 58 | 16 |42
24 9
-with sand partings 10'-14"
21
h 4
[ 2] -with silt partings 12'-14'
. 18 | 111 X
-borehole cave-in at 13.2'
Medium dense, light gray Silty Sand (SM)
7
13 | 19 3
(1 Stiff to very stiff, light gray and tan Lean Clay
(CL) 18
-with sand partings 16'-18'
-with silt partings and fat clay pockets 18'- 19' 20 91 (261511
Termination depth = 19 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO 14  FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 14 FEET WHILE DRILLING =£
WATER LEVEL AT 11.5 FEETAFTER 1/4 HR =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM
PROJECT NO. G159-13 PLATE A-11




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/3/13

ENGINEERING CORP. BORING

TYPE 4" Dry Auger/Wet Rotary

LOCATION See Boring Location Plan

GEOTECHNICAL ENGINEERS

B-10

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas State Plane Coordinates (feet): o
E E o » § i A Confined Compression = 2
= z Eastl.ng. 3128957.07 % W % | ® Unconfined Compression T E 2 z
2| g orthing: 1384104127 3| 3| & | O Pocket Penetrometer dlg|ele
E 2 5| Elevation: 35.06 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 o Jla)|a
0 Pavement: 3.5" Asphalt + 6.5" Concrete
Very stiff to hard, dark gray Lean Clay w/ 21 e
Sand (CL), with ferrous nodules
-with fat clay seams 1'-4'
21 @
.
4 -light gray and tan 4'-12' &
15 | 120 N
16 O
8
71 (281612
15
-with silt pockets 10'-12'
21
el Stiff to very stiff, light gray and tan Fat Clay »
(CH), with silt partings and seams 22 | 105
-borehole cave-in at 14.8' 24
[ 1] -red, brown, and light gray 16'-18' o1 | 501 16 | 34
40 L X
Dense, tan Silty Sand (SM), wet )
32| 22
[ % Hard, light gray and tan Sandy Lean Clay
(CL), with ferrous nodules
24 16 | 120 TN
Termination depth = 25 feet.
| 28 .
ORING DRILLED TO 18  FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 18 FEET WHILE DRILLING =£
WATER LEVEL AT 125 FEET AFTER 1/4 HR =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-12




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/3/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

B-11

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas State Plane Coordinates (feet): o
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3120483.54 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13841592.72 E' 2| B | O Pocket Penetrometer u|a % %
o S [3| Elevation: 35.83 o | o| &z | U Torvane g 3| 3|3
[a) 0 |U) N = [a) 0.5 1 1.5 2 h 3 ol a
0 Pavement:; 3" Asphalt + 5.5" Concrete
Stiff to very stiff, gray and tan Sandy Lean 20 =
Clay (CL), with ferrous nodules ]
-with roots 1'-2'
18 | 111 L o
4 -with abundant calcareous nodules and 64 | 29| 17 [ 32
siltstone fragments 4'-8' 18
18
8 .
14 | 117 i
¥y
T 19
- 12
! Medium dense, gray and tan Clayey Sand 44 | 21111110
(SC) ' 17 :
-borehole cave-in at 13 €
_____ 19 | 17 | 118 ®
(1 Termination depth = 16 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 14 FEET WHILE DRILLING =£
WATER LEVEL AT 10.7 FEET AFTER 1/4 HR =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-13




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/27/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger/Wet Rotary

LOCATION See Boring Location Plan

B-12

N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): n UEJ § n
E & o » 3 -~ | A Confined Compression = 2
= = Eastl.ng. 3120865.22 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13841403.21 E' 2| B | O Pocket Penetrometer u|a é %
o S [3| Elevation: 36.39 o | o| &z | U Torvane g 3| 3|3
[a) 0 |U) N = [a) 0.5 1 1.5 2 h 3 ol a
0 Pavement: 5.5" Asphalt L
Base: 5.5" stabilized sand with shell and 69 | 5815143
gravel 26
Fill: gray and tan Sandy Fat Clay (CH)
-sand and gravel layer, and wood pieces 21 | 105 GA
i 0.9-1.3'
Stiff to very stiff, gray Lean Clay w/Sand (CL) 72 a7 13|34
-with sand pockets and partings 2'-4' 17 @
-greenish gray, with calcareous and ferrous
nodules 4'-6'
Very stiff to hard, gray Sandy Lean Clay 15 -
(CL), with ferrous stains
8 .
56 | 321319
16 | 115
-with sand pockets and partings 10'-12' ¥
-borehole caved in at 11.5' 17 be
- 12 9554
! ”??f;):: Light gray and tan Silty Clayey Sand (SC-
rakes SM), moist 18 | 114 (LA
/; Ava
i -wet at 14 T 35(24(18] 6
i;x* 5 21 C
| 6 i5d
! Medium dense, light gray Silty Sand (SM),
with clayey sand seams, wet 13 | 20
-gray and tan, with gravel 18'-20'
24
17 | 23
- 20
Very stiff, gray and light tan Fat Clay (CH)
- 24 15 | 119 9
Termination depth = 25 feet.
| 28 .
ORING DRILLED TO 16  FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 14 FEET WHILE DRILLING =£
WATER LEVEL AT 10.2 FEET AFTER 1/4 HR =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-14




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/4/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-13

N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): E|E § n
E & o ' » § -~ | A Confined Compression = 2
= z Eastl.ng. 3127124.54 % W % | ® Unconfined Compression T E 2 z
T | g |y Northing: 13842440.10 a | 2| & | O PocketPenetrometer d1a]¢ele
E 2 [5| Elevation: 44.19 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 7" Asphalt
Fill: dark gray and tan gravel, sand, 12
limestone fragments, and clay pockets
7 Very stiff, dark gray Fat Clay (CH), with
ferrous nodules 25
4
24 | 104
-tan and gray, with calcareous nodules 6'-12' 91 | 67| 19 | 28
27
8 -with siltstone fragments 8'-12' ||
24 C
-red and brown 10'-12'
23
| 2 .
! Very stiff to hard, red, brown, and light gray 99 | 47| 18| 29
Lean Clay (CL) 19 | 109
-with sand and silt partings, siltstone
fragments, and calcareous nodules 12'-14'
23 o
[ 16 ] -with silt partings 16'-18'
16
Termination depth = 18 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM

PROJECT NO. G159-13

PLATE A-15




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/7/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

B-14

N SHEAR STRENGTH, TSF
DESCRIPTION =
< Texas State Plane Coordinates (feet) n E o n
: L
E E o » § i A Confined Compression = 2
= g Easting: 3127596.29 % W 5 ® Unconfined Compression T E 2 z
2| g orthing: 13842120.48 3| 3| & | O Pocket Penetrometer dlg|ele
E 2 [5| Elevation: 42.99 o o | z | O Torvane g 3 % %
[a) 0 |U) N = [a) 0.5 1 1.5 2 h 3 ol a
0 Pavement:; 3.5" Asphalt + 5" Concrete
Base: 6" sand
Fill: firm to very stiff, dark gray and tan Lean 19 0411328
Clay w/Sand (CL), with sand seams
-dark gray 2'-4' 27 <
4
25 | 94 S
7 Stiff to hard, gray and tan Fat Clay (CH), with L
slickensides 26 @
g -with calcareous nodules and siltstone
framgents 6'-14', and ferrous nodules 6'-10'
-red and gray 8'-10' 23 | 104
-red, brown, and light gray 10'-14' 93 | 58| 16 | 42
23 O
[ 2] -with sand partings 12'-15'
21 O
-with ferrous nodules 14'-15' 16 o
Termination depth = 15 feet.
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-16




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4 ENGINEERING CORP. BORING B-15

DATE 10/4/13 TYPE 4" Dry Auger LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): E|E § n
E i - ' 7 § > | & Confined Compression |2
= = Eastl.ng. 8127919.83 2 W % | ® Unconfined Compression T E = z
= § IEJ Northing: 13841842.33 5' > é O Pocket Penetrometer g 5 8 E
E 2 |3| Elevation: 43.15 = | 3| z| O Torvane s13|%2|%
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement:; 3.5" Asphalt + 6" Concrete
Fill: very stiff, dark gray Fat Clay (CH), with 20 A
: ferrous nodules, and sand and gravel seams B
/B Very stiff, tan and gray Fat clay (CH), with 88 | 54| 15
ferrous and calcareous nodules 19
4 |
20 | 111 1€
-red, brown, and light gray, with siltstone
fragments 6'-8' 24 ;;
8 . .
Stiff to hard, red, brown, and light gray Lean
Clay w/Sand (CL), with ferrous nodules 24
-with silt partings, abundant calcareous
nodules, and siltstone fragment 8'-12"
23
[ 2] -tan and light gray, with sand partings 12'-17' 80 30|13
and silt partings 12'-14' 17 | 118 ALY
15
| 16 .
19 @
Termination depth = 17 feet.
| 20 .
| 24 .
28
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT  N/A  FEET WHILE DRILLING =£
WATER LEVELAT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM

PROJECT NO. G159-13 PLATE A-17



PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/2/13

ENGINEERING CORP. BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

GEOTECHNICAL ENGINEERS

B-16

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas State Plane Coordinates (feet): o
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3128387.09 2 W % | ® Unconfined Compression T E = z
T | g |y Northing: 13841511.20 a | 2| & | O PocketPenetrometer d1a]¢ele
E 2 [5| Elevation: 39.77 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 4.5" Asphalt
Base: 4.5" stabilized sand and gravel 27
Fill: stiff to very stiff, dark gray Fat Clay (CH),
7 with shell and gravel
Very stiff, dark gray Fat Clay (CH) 20
4 -dark gray and tan 4'-6', with calcareous
nodules and siltstone fragments 4'-8' 19 | 111 N
92 | 58|16 |38
23 C
8
Very stiff to hard, light gray and tan Fat Clay
w/Sand (CH), with ferrous nodules 16
-with calcareous nodules 8'-10'
15 ons
[ 2] -red, light gray, and tan 12'-16' g0 | 5116135
18 | 115 N
22 O
- 16 —
Termination depth = 16 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM

PROJECT NO. G159-13

PLATE A-18




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/2/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

B-17

N SHEAR STRENGTH, TSF
DESCRIPTION E
< Texas State Plane Coordinates (feet) il = o n
: L
E E o » § i A Confined Compression = 2
= Z Eastl.ng. 3128822.87 g W % | ® Unconfined Compression T E 2 -
= | o8 Northing: 13841254.88 a | 2| & | O PocketPenetrometer g 2|28
E S [3| Elevation: 41.72 E 2 > | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 7" Asphalt
/, Base: 4" stabilized sand and gravel
Very stiff to hard, olive gray Fat Clay (CH), 21 S
with slickensides and calcareous nodules
19
4 -with ferrous nodules 4'-8'
22 | 105 —1C
-red and tan 6'-10' 96 | 57|19 |38
23
8
21 XQW
-gray and tan, with silty sand pockets 10'-12'
17 | 113 N1C
el Very stiff, gray and tan Lean Clay w/Sand 83 331122
(CL), with silty sand partings 14 ;Z
-gray 14'-16'
20
[ 6] -gray, red, and brown, with vertical silty sand 23
seams 16'-17"
Termination depth = 17 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-19



PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/4/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-18

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas oState Plane Coordinates (reet): L
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3120183.75 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13841098.70 m | 2| @ | O PocketPenetrometer ulalg]|8
5 | 2 [§| Elevation: 41.68 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement:; 2" Asphalt + 8" Concrete
Base: 2" shell, sand, and gravel 99
Fill: stiff to very stiff, dark gray Fat Clay w/
Sand (CH) 79 | 541539
-with sand pockets and shell 1'-2' 21 N
¢ Very stiff, tan and gray Fat Clay (CH), with
slickensides, calcareous and ferrous 21
nodules, and siltstone fragments
-red and light gray 6'-10'
24 | 102 @
.
8
26
Very stiff to hard, light gray and tan Lean 80 | 38|14 |24
Clay w/Sand (CL) 17
| 12 .
18 @
Termination depth = 13 feet.
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM

PROJECT NO. G159-13

PLATE A-20




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/27/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-19

N SHEAR STRENGTH, TSF
DESCRIPTION =
< Texas State Plane Coordinates (feet) n E o n
: L
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3129550.65 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13840918.25 E' 2| B | O Pocket Penetrometer u|a % %
o S [3| Elevation: 41.81 © | o] # | O Torvane g E/ 313
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 7.5" Asphalt
Base: 9.5" stabilized sand with gravel and 1
shell 3
/W \Fill: shell with sand
Very stiff, gray Fat Clay (CH) 21 f
4 -with ferrous nodules 2'-4'
-olive gray 4'-6', with calcareous nodules 4'-
10 20 | 107 A
“tan 68 93 |57 | 15|42
19
8 -tan and gray 8'-10'
17 | 112 yk
-greenish gray, with sand pockets 10'-12'
16
| 2 .
! Very stiff to hard, gray and tan Sandy Fat
Clay (CH), with sand seams and ferrous 18
nodules 12'-14'
67 | 50| 15|35
16 | 110
- 16 - —
Termination depth = 16 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO 16  FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM

PROJECT NO. G159-13

PLATE A-21




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/27/13

ENGINEERING CORP. BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

GEOTECHNICAL ENGINEERS

B-20

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas State Plane Coordinates (feet): o
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3129091.84 2 u '§ @® Unconfined Compression z s12z
= ol = Northing: 13840741.24 E' 2| B | O Pocket Penetrometer u|a % %
o S [3| Elevation: 41.29 © | o] # | O Torvane g E/ 313
a n | (%) = [a) 0.5 1 15 2 o J|la|a
0 Pavement: 4.5" Asphalt 5
/, Base: 6.5" stabilized sand and gravel ]
Hard, dark brown Fat Clay (CH), with 15 Tl
slickensides and ferrous stains 5| 88 | 54| 13|41
17 | 114 AS e
4 -dark gray 4'-6', with calcareous nodules 4'-
12 16 ol
-reddish brown and tan 6'-12' L
19 | 111 As e
8
90 | 59 | 15| 44
18 RN
19 RN
[ 12 -with silty sand partings 12'-13' s | 125 R-B
Termination depth = 13 feet.
L 16
L 20
L 24
L 28
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM

PROJECT NO. G159-13

PLATE A-22




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4 ENGINEERING CORP. BORING B-21
DATE 10/4/13 TYPE 4" Dry Auger LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION =
< Texas State Plane Coordinates (feet) n E o n
: L
E E o » § i A Confined Compression = 2
= z Eastl.ng. 3127623.73 % W % | ® Unconfined Compression T E 2 z
z | g |y Northing: 13841433.87 a | 2| & | O PocketPenetrometer d1a]¢ele
5 | 2 |3| Elevation: 41.59 = | 3| z| O Torvane s[3]2]2
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement:; 3.5" Asphalt + 6" Concrete
Firm to very stiff, dark gray Fat Clay (CH), 22 5
with slickensides
-with ferrous nodules 1'-2'
-tan, with sand pockets 2'-4' 20
4 -tan and light gray 4'-6'
30 | 92 9
-red and light gray, With calcareous and 94 | 63|17 | 26
ferrous nodules, and siltstone fragments 6' 8' 25
8 . -
Very stiff to hard, tan and light gray Lean
Clay (CL), with ferrous nodules and sand 24
partings
-with siltstone fragments 8'-12"
-red, tan, and light gray 10™-17 25
| 12 .
;; 87 |41 14|27
17 | 114
18 Spn
| 16 .
15 d
Termination depth = 17 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID

WATER ENCOUNTERED AT  N/A  FEET WHILE DRILLING =£
WATER LEVELAT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM

PROJECT NO. G159-13 PLATE A-23




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/2/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

B-22

N SHEAR STRENGTH, TSF
DESCRIPTION =
2 Texas State Plane Coordinates (feet AR n
. Lo
o E exas . a.e ane Coordinates (feet): 5 § > | A confined Compression |2
= = Eastl.ng. 3128018.06 2 W % | ® Unconfined Compression T E = z
2| g orthing: 13841024.92 3| 3| & | O Pocket Penetrometer dlg|ele
E 2 [5| Elevation: 42.87 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 o J|la|a
0 Pavement; 9" Asphalt
7 Base: 3" stabilized sand and gravel - d
Stiff to hard, dark brown Fat Clay (CH), with
slickensides
-dark gray 2'-4' 21 1
4 . .
-olive brown 4'-6', with calcareous nodules 4'-
' 90 | 64 | 16 | 48
12' and ferrous nodules 4'-8' 18 N L
-red and tan 6'-10'
23 | 104
8
22 ORN
-tan and gray 10'-12'
19 Onn
[ 2] Very stiff to hard, gray and tan Lean Clay w/ 77 135 14 | 21
Sand (CL), with ferrous nodules 14 | 117 AN
14 HH
- 16 - —
Termination depth = 16 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM
PROJECT NO. G159-13 PLATE A-24




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/21/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-23

N SHEAR STRENGTH, TSF
DESCRIPTION =
< Texas State Plane Coordinates (feet) n E o n
: L
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3128453.26 2 W % | ® Unconfined Compression T E = z
2| g [ orthing: 1384074008 3| 3| & | O Pocket Penetrometer dlg|ele
E s [5| Elevation: 4175 o o | z | O Torvane g 3 % %
[a) 0 |U) N = [a) 0.5 1 1.5 2 h 3 ol a
0 Pavement: 4" Asphalt 1
Base: 5" stabilized crushed limestone 19 d
Very stiff to hard, dark gray Fat Clay (CH),
with slickensides 86 | 5411440
-with ferrous nodules 2'-6' 19
4 -dark gray and tan 4'-6', with calcareous
nodules 4'-12' 21 | 109 A
-gray, tan, and brown 6'-10'
23 Onn
8
94 | 60|18 )42
21
18 | 110 ons
-with sand partings 11'-12' ] ™~
el Very stiff to hard, tan and light gray Lean
Clay w/Sand (CL) 18
-with sand partings and calcareous nodules 83 | 23| 12|31
14'-16' 16 | 119 \H
[ 1] -reddish brown and light gray 16'-18'
25
Termination depth = 18 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-25




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/2/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

B-24

N SHEAR STRENGTH, TSF
DESCRIPTION =
2 Texas State Plane Coordinates (feet AR n
. Lo
E E exas : a.e ane Coordinates (feet): = § i A Confined Compression - 2
= = Eastl.ng. 3128626.65 2 W % | ® Unconfined Compression T E = z
2| g orhing: 13840460.24 3| 3| & | O Pocket Penetrometer dlg|ele
E S |3| Elevation: 4247 = | 3| z| O Torvane 2|3 22
a n | (%) = [a) 0.5 1 15 2 o J|la|a
0 Pavement: 6" Asphalt
7 Base: 6" stabilized sand and gravel
Stiff to very stiff, dark brown Fat Clay (CH), 21 S
with slickensides
-dark gray 2'-6' 22 | 104 NC
4
91 | 56|17 |39
21
-tan and gray, with ferrous nodules 6'-10'
23 D
8 -with calcareous nodules 8'-12'
28 | 96 )
-red, brown, and gray 10'-12'
24
[ 2] Firm to very stiff, light tan Lean Clay w/Sand 73 | 46| 17 | 29
(CL) 19 o
-with silty sand and fat clay seams 12'-14'
-tan and gray, with ferrous nodules 14'-15' 15 S
Termination depth = 15 feet.
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-26




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/2/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-25

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas oState Plane Coordinates (reet): L
E E o » § i A Confined Compression = 2
= = Eastl.ng. 312890187 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13840383.60 m | 2| @ | O PocketPenetrometer ulalg]|8
5 | 2 [§| Elevation: 41.27 o o | z | O Torvane g 3 % %
[a) 0 |U) n = [a) 0.5 1 1.5 2 h 3 ol a
0 Pavement: 5" Asphalt
Base: 6" stabilized sand and gravel
Fill: very stiff, dark gray Fat Clay (CH) 23
-with shell and sand seams, and ferrous
nodules 2'-4' 25 7
¢ Stiff to very stiff, gray and tan Fat Clay (CH), i 90 | 65| 18| 47
with ferrous nodules 24 @
-with siltstone fragments 6'-8'
28 | 97 —C
8 -red and gray 8'-12', with silt pockets 8'-10'
24
-with calcareous nodules 10'-12'
22 ?
- 12 .
Very stiff, brown and gray Lean Clay (CL) 90 | 49| 17132
-with silt pocket, calcareous nodules, and 21
siltstone fragments 12'-14'
-light gray and tan 14'-16', with sand partings L
14'-18' 15 | 116 N
[ 16 -with calcareous nodules, siltstone
fragments, and sand pockets 16'-18" 19
Termination depth = 18 feet.
- 20
- 24
- 28
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-27




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/27/13

ENGINEERING CORP. BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

GEOTECHNICAL ENGINEERS

B-26

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas oState Plane Coordinates (reet): L
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3129185.80 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13840291.56 E' 2| B | O Pocket Penetrometer u|a % %
o S [3| Elevation: 40.50 © | o] # | O Torvane g E/ 313
a n | (%) = [a) 0.5 1 15 2 o J|la|a
0 Pavement: 6" Asphalt
Base: 10" stabilized sand with gravel S
Fill: very stiff, gray and tan Fat Clay (CH), 18 X
7 with ferrous nodules
Hard, tan and gray Fat Clay (CH), with 16 T
4 | slickensides and calcareous nodules
-with ferrous nodules 2'-8' b 7
-tan and light gray 4'-6' 19 | 113 7
-reddish brown and light gray 6'-12' 91 | 72| 18 | 54
22 O
8 .
22 O
-with siltstone fragments and sandy clay
pockets 10'-12' 20 | 112 nad
| 2 .
! Very stiff to hard, light gray and tan Lean 76 | 34| 12|22
Clay w/Sand (CL), with ferrous stains 14 1
-with calcareous nodules 12'-14'
-with sand partings 14'-16', and sand pockets
14-17 17 | 114 @
| 16 .
15 })
Termination depth = 17 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM

PROJECT NO. G159-13

PLATE A-28




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/2/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

B-27

N SHEAR STRENGTH, TSF
DESCRIPTION =
2 Texas State Plane Coordinates (feet AR n
. Lo
E E exas : a.e ane Coordinates (feet): = § i A Confined Compression - 2
= z Eastl.ng. 3128374.38 % W % | ® Unconfined Compression T E 2 z
z | g |y Northing: 13840420.82 a | 2| & | O PocketPenetrometer d1a]¢ele
E 2 [5| Elevation: 41.81 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 5" Asphalt
7 Base: 7" stabilized sand and gravel ]
Stiff to very stiff, dark gray Fat Clay (CH), 18 N
with slickensides
20 o
4 -dark gray and tan 4'-6'
19 | 111 ;-[
-tan and gray 6'-8', with calcareous nodules 91 | 66 | 19 | 47
and siltstone fragments 6'-12' 24
8 ] -red, tan, and gray, with ferrous nodules 8'-
10' 28 C
-red, brown, and gray, with silt seams 10'-12'
26 | 103
el Very stiff to hard, red, brown, and gray Lean
Clay w/Sand (CL) 17
-with silt seams, siltstone fragments, and
calcareous nodules 12'-14'
-tan and gray, with ferrous nodules 14'-18' 14 | 120 _73__ 538131
| 16 .
18
Termination depth = 18 feet.
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM
PROJECT NO. G159-13 PLATE A-29




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 10/2/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

B-28

N SHEAR STRENGTH, TSF
DESCRIPTION =
2 Texas State Plane Coordinates (feet AR n
. L.
E E exas : a.e ane Coordinates (feet): = § i A Confined Compression - 2
= = Eastl.ng. 3128941.73 2 W % | ® Unconfined Compression T E = z
2 | g orthing: 13839967.23 3| 3| & | O Pocket Penetrometer dlg|ele
E 2 [5| Elevation: 4152 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 4" Asphalt
Base: 6" stabilized sand and gravel 19 &
Fill: very stiff, dark gray Fat Clay (CH), with
/, sand and shell seams
Stiff to very stiff, dark gray Fat Clay (CH) 19 ?Y
4 -gray and tan 4'-8' & 88 | 54| 15 | 39
20
28 | 97 N 1C
8 -red, brown, and gray 8'-12'
26 @
r
-with calcareous and ferrous nodules, and 98 | 62 19 | 43
siltstone fragments 10'-15' 20
[ 2] -tan and light gray, with sand partings 12'- 15
15 | 119
16 C
Termination depth = 15 feet.
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM
PROJECT NO. G159-13 PLATE A-30




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4 ENGINEERING CORP. BORING B-29
DATE 10/4/13 TYPE 4" Dry Auger LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION =
< Texas State Plane Coordinates (feet) n E o n
: L
E E o » § i A Confined Compression = 2
= = Eastl.ng. 311313173 2 W § ® Unconfined Compression z E = z
z | g |y Northing: 13810656.59 m | 2| @ | O PocketPenetrometer ulz|2|e
5 | 2 |3| Elevation: 50.31 = | 3| z| O Torvane s[3]2]2
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 9" Concrete
Fill: stiff to very stiff, dark gray Fat Clay (CH) 2
-lime stabilized 1'-2'
-with ferrous nodules 2'-4'
30 ® ]
4 -with sand pockets 4'-6'
30 | 92 N
7 Stiff to very stiff, gray Fat Clay (CH), with 90 | 73| 21
slickensides 29 O
. -with ferrous nodules 6'-14"'
-gray and tan 8'-10' 4
28 1
-red, light gray, and tan 10'-15', with
calcareous nodules and siltstone fragments 25 | 100 \C
10-14'
| 12 .
25
28 C

- 16

Termination depth = 15 feet.

- 20

L 24

- 28

ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT  N/A  FEET WHILE DRILLING =£
WATER LEVELAT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM

PROJECT NO. G159-13 PLATE A-31



. i ENGINEERING CORP. -
PROJECT: WL Rpmtin Commerce Area S-000035-0153-4 SRR micorman BORING B-30
DATE 9/30/13 TYPE 4" Dry Auger LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION =
< Texas State Plane Coordinates (feet) n E o n
: L
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3113585.71 2 W § ® Unconfined Compression z E = z
z | g |y Northing: 13810813.76 m | 2| @ | O PocketPenetrometer ulz|2|e
5 | 2 |3| Elevation: 48.63 = | 3| z| O Torvane s[3]2]2
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Pavement: 3" Asphalt
Base: 8" stabilized sand, gravel and crushed ]
shell 26 -
Fill: firm to very stiff, dark gray and tan Fat
Clay (CH), with ferrous stains 32| 92 ,(%]
4 1 [
-[hydrocarbon odor 4'-6'] i s | 72| 18
30
7 Firm to very stiff, gray and tan Fat Clay (CH),
with ferrous stains 29 @
8 -with calcareous nodules 8'-12'
33 | 92 A
-reddish brown, light gray and tan, with
abundant calcareous nodules 10'-12' 35 9
[ 2] -brown and light gray, with silt partings and
seams 12'-14' 23

Termination depth = 14 feet.

- 16

- 20

L 24

- 28

ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT  N/A  FEET WHILE DRILLING =£
WATER LEVELAT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM

PROJECT NO. G159-13 PLATE A-32



PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/30/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-31

N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): E|E § n
E & o ' » § -~ | A Confined Compression = 2
= z Eastl.ng. 3114046.31 % W % | ® Uunconfined Compression T E 2 z
2| g orthing: 1381009236 3| 3| & | O Pocket Penetrometer dlg|ele
E 2 [5| Elevation: 47.84 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Fill: 8.5" gravel and sand
Fill: firm to very stiff, dark gray and tan Fat N
Clay w/Sand (CH), with ferrous stains 25 1
-with sand pockets and gravel 2'-4'
26
4 -dark gray and gray, with shell 4'-6'
-[hydrocarbon odor 4'-6'] 30 | 91 }__,{
-dark gray 6'-8' & 84 |74 |17 |57
27
8 Stiff to very stiff, tan, brown, and light gray
Fat Clay (CH), with slickensides 26
-with abundant calcareous nodules 8'-10'
-reddish brown and light gray 10'-14'
26 | 99 ?
| 12 .
26
Termination depth = 14 feet.
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO 14  FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM

PROJECT NO. G159-13

PLATE A-33




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/30/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-32

N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): n E § n
E & o » 3 -~ | A Confined Compression = 2
= = Eastl.ng. 3114494.22 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13811157.82 m | 2| @ | O PocketPenetrometer ulalg]|8
& | 2 [§| Elevation: 47.79 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Fill: 6" sand and gravel
Fill: firm to stiff, dark gray Fat Clay w/Sand 17
(CH), with gravel and ferrous stains
-with shell and calcareous nodules 2'-4'
29 o
4
29 | 92 ”K
-with sandy clay seams 6'-8' 78 |57 | 16 | 41
29 S
8
Stiff to very stiff, tan and light gray Fat Clay
(CH), with slickensides and calcareous 27 @
nodules
-red, brown, and light gray 10'-13', with
ferrous nodules 10'-12' 26 | 100 NHH
| 12 .
30 }
Termination depth = 13 feet.
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM

PROJECT NO. G159-13

PLATE A-34




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

GEOTECHNICAL ENGINEERS

DATE 9/30/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP. BORING B-33

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas oState Plane Coordinates (reet): L
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3114961.18 2 W % | ® Unconfined Compression T E = z
2 g otning: 13811330.20 3| 3| & | O Pocket Penetrometer dlg|ele
E 2 [5| Elevation: 47.82 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Fill: 7" sand and gravel
Fill: soft to very stiff, dark gray Fat Clay (CH), 23
with ferrous stains
-dark gray and tan 2'-4'
27
4
86 | 63|18 )45
28 (
-with gasoline odor 6'-8'
35 | 84 HAAHC
8 Stiff to very stiff, light gray and tan Fat Clay
(CH), with slickensides and calcareous 27
nodules
-with ferrous nodules 8'-14' and siltstone 89 | 59|18 |41
fragments 8'-12' 26 ®
[ 2] -red and light gray 12'-14'
25 | 102 SHT
-red, brown, and light gray 14'-15' 2 o
Termination depth = 15 feet.
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM
PROJECT NO. G159-13 PLATE A-35




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/30/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-34

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas State Plane Coordinates (feet): o
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3115450.79 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13811521.96 m | 2| @ | O PocketPenetrometer ulalg]|8
5 | 2 [§| Elevation: 47.72 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Base: 8" clay with sand and gravel
Fill: firm to very stiff, dark gray Fat Clay w/ 29 S
Sand (CH)
-with ferrous nodules and shell 1'-8' and
calcareous nodules 1'-2' 24
4 -with gasoline odor 6'-10'
25 | 96 A
77 |57 16|41
29
8
Stiff to very stiff, dark gray and tan Fat Clay
(CH) 24 | 111 Nl
-with calcareous nodules 8'-10'
-red, brown, and light gray 10'-14'
L2 24 e
| 12 .
3 29
Termination depth = 14 feet.
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 13 FEET WHILE DRILLING =£
WATER LEVEL AT 11.3 FEET AFTER 1/4 HRS =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM

PROJECT NO. G159-13

PLATE A-36




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/30/13

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

B-35

N SHEAR STRENGTH, TSF
DESCRIPTION =
I Texas State Plane Coordinates (feet) 1B n
exas State Plane Coordinates (feet): o
E E o » § i A Confined Compression = 2
= = Eastl.ng. 3115920.71 2 W § ® Unconfined Compression z E = z
= ol = Northing: 13811700.41 m | 2| @ | O PocketPenetrometer ulalg]|8
5 | 2 [§| Elevation: 47.52 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Base: 11" clay with shell and gravel
Fill: firm to stiff, dark gray and tan Fat Clay w. 30 C
Sand (CH), with gravel, shell, and ferrous
nodules || 76 | 561838
-with calcareous nodules 1'-2' 27 .
4
30 | 106
7 Firm to very stiff, gray and tan Fat Clay (CH)
-with calcareous nodules and siltstone 25
g fragments 6'-12' and ferrous nodules 6'-8'
28 \
-red, brown, and light gray 10'-13'
25 | 105 ]
| 12 .
A 4 20 I
Termination depth = 13 feet. )
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 13 FEET WHILE DRILLING =£
WATER LEVEL AT 12.6 FEET AFTER 1/4 HRS =
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM
PROJECT NO. G159-13 PLATE A-37




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4

DATE 9/30/13

TYPE 4" Dry Auger

LOCATION See Boring Location Plan

ENGINEERING CORP.
GEOTECHNICAL ENGINEERS BORING

B-36

N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): n E § n
E & o » 3 -~ | A Confined Compression = 2
= = Eastl.ng. 3116406.52 2 u '§ @® Unconfined Compression z s12z
= ol = Northing: 13811884.31 m | 2| @ | O PocketPenetrometer ulalg]|8
5 | 2 [5| Elevation: 47.66 o o | z | O Torvane s |3 % %
a n | (%) = [a) 0.5 1 15 2 N Jla)|a
0 Fill: lime-stabilized clayey sand (SC), with
crush shell and gravel
22
7
¢ Fill: firm to stiff, dark gray Sandy Lean Clay 57 | 45|17 |28
(CL), with shell, gravel, and ferrous nodules 24 | 105 Ay
-with sand seams and calcareous nodules 4'-
® L
24
8
Firm to very stiff, light gray and tan Lean Clayj 84 | 43| 15|28
w/Sand (CL), with calcareous nodules 23 Sonl
-with siltstone fragments and ferrous nodules
8'-10'
34 | 101 N C
[ 2] -red, brown, and light gray 12'-13' -
Termination depth = 13 feet.
| 16 .
| 20 .
| 24 .
| 28 .
ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT N/A  FEET WHILE DRILLING =%
WATER LEVEL AT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RIM

PROJECT NO. G159-13

PLATE A-38




PROJECT: WL Rpmtin Commerce Area S-000035-0153-4 ENGINEERING CORP. BORING B-37
DATE 9/30/13 TYPE 4" Dry Auger LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION =
§I Texas State Plane Coordinates (feet): E|E § n
E i - ' 7 § > | & Confined Compression |2
= = Eastl.ng. 3116899.89 2 W % | ® Unconfined Compression T E = z
z | g |y Northing: 13812056.06 a | 2| & | O PocketPenetrometer d1a]¢ele
E 2 |3| Elevation: 46.84 = | 3| z| O Torvane s13|%2|%
a n | (%) = [a) 0.5 1 15 2 o J|la|a
0 Fill: 10" sand and gravel
Fill: firm to very stiff, dark gray Fat Clay w/ 22
Sand (CH), with shell, gravel, and ferrous
nodules
-dark gray and light gray 2'-4' 21 C
4
21 | 101 N
80 | 55118
34 <
8 . . -
Stiff to very stiff, tan and light gray Fat Clay
(CH), with calcareous nodules 28
-with siltstone fragments 10'-12'
25
| 12 .
24

Termination depth = 14 feet.

- 16

- 20

L 24

- 28

ORING DRILLED TO N/A FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT  N/A  FEET WHILE DRILLING =£
WATER LEVELAT N/A FEET AFTER COMPLETE ¥
DRILLED BY V&S CHECKED BY CHL LOGGED BY RJIJM

PROJECT NO. G159-13 PLATE A-39



KEY TO SYMBOLS

Symbol Description

Strata symbols

. Paving

Fill
Clayey sand
Low plasticity
clay
/ High plasticity
/ clay
’f/ﬂ Silty low plasticity
A A clay
Silty sand
BEsEs Poorly graded clayey
fi5hs silty sand

Misc. Symbols

< Water table depth
during drilling

= Subsequent water
table depth
] Torvane
O Pocket Penetrometer
A Confined Compression
o Unconfined Compression

Symbol Description

Soil Samplers

[I Auger

. Undisturbed thin wall
Shelby tube

Eﬂ Standard penetration test

DD Rock core

PLATE A-40




—I CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES

ENGINEERING CORP. ASTM Designation D-2487

GROUP
MAJOR DIVISIONS SYMBOL TYPICAL NAMES

Well-graded gravel,

)
g 3 CLEAN GRAVELS Gw well-graded gravel with sand
sS4 (Less than 5% passes
. 05 G No. 200 sieve) GP Poorly-graded gravel,
o g 2 % poorly-graded gravel with sand
2 Qo
9 g é LE @ Limits plot below "A" line & GM Silty gravel,
o8 02 g GRAVELS WITH FINES hatched zone on plasticity chart silty gravel with sand
D 5 w5 (More than 12% passes
8 % § 3 No. 200 sieve) Limits plot above "A" line & Ge Clayey gravel,
<Z( o = g hatched zone on plasticity chart clayey gravel with sand
[
% g ’Fg‘ Sw Well-graded sand,
|C.|0'J é % o CLEAN SANDS well-graded sand with gravel
g:: < E, : (Less than 5% passes No. 200 sieve) P Poorly-graded sand,
8 ﬁ é ; % poorly-graded sand with gravel
1%} cQ
g 5 = Limits plot below "A" line & SM Silty sand,
= 58 SANDS WITH FINES hatched zone on plasticity chart silty sand with gravel
X5 (More than 12% passes
Q= No. 200 sieve) Limits plot above "A" line & e Clayey sand,
= g hatched zone on plasticity chart clayey sand with gravel
ML Silt, silt with sand, silt with gravel, sandy silt,
§ gravelly silt
3 SILTS AND CLAYS oL Lean clay, lean clay with sand, lean clay with
3 § (Liquid Limit Less Than 50%) gravel, sandy lean clay, gravelly lean clay
O .
g Z° oL Organic clay, organic clay with sand, sandy
% 4 organic clay, organic silt, sandy organic silt
[0}
é é MH Elast_ic s_ilt, elastic silt wit_h s_and, sandy
0o elastic silt, gravelly elastic silt
w o
% E SILTS AND CLAYS CH Fat clay, fat clay with sand, fat clay with
g (Liquid Limit 50% or More) gravel, sandy fat clay, gravelly fat clay
E OH Organic clay, organic clay with sand, sandy

organic clay, organic silt, sandy organic silt

NOTE: Coarse soils between 5% and 12% passing the No. 200 sieve and fine-grained soils with limits plotting in the hatched zone
of the plasticity chart are to have dual symbols.

PLASTICITY CHART DEGREE OF PLASTICITY OF COHESIVE SOILS

2 : Degree of Plasticity Plasticity Index
=~ o o / ,'\QQ' ,\;\Qe/ NONE ..o 0-4
L © S \5( X ¥ V1 2 ST 5-10
N o S O MEiUM .o, 11-20
A < 0‘ .
Z 0% High ... :
i = Very High........cooooii >40
O o |fCL-ML Ko | woron
'_
o \ o SOIL SYMBOLS
<
- o
n_ -

A > ML olr oL & Fill
=] A
0 10 20 30 40 50 60 70 80 90 100 110 -1 sand

LIQUID LIMIT (LL) ’ Clay (CH)
/!

Equation of A-Line: Horizontal at Pl=4 to LL=25.5, then PI=0.73(LL-20)
Equation of U-Line: Vertical at LL=16 to PI=7, then PI=0.9(LL-8) Clay (CL)

Silt
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A—qis TERMS USED ON BORING LOGS
1 ]

ENGINEERING CORP.
SOIL GRAIN SIZE
U.S. STANDARD SIEVE
6" 3" 3/4" #4 #10 #40 #200
GRAVEL SAND
BOULDERS | COBBLES SILT CLAY
COARSE FINE COARSE MEDIUM FINE
152 76.2 19.1 4.76 2.00 0.420 0.074 0.002

SOIL GRAIN SIZE IN MILLIMETERS

STRENGTH OF COHESIVE SOILS RELATIVE DENSITY OF COHESIONLESS

Undrained SOILS FROM STANDARD PENETRATION TEST

Consistency Shear Strength,

Kips per Sq. ft.
Very Soft ....ooooiviiiiii less than 0.25 Very L
ST S 0.25 to 0.50 Lsxe 00se
Firm oo (1)(5)3 :g ;gg Medium Dense ... 11-30 bpf

2'00 to 4'00 DENSE ..o 31-50 bpf

Hard ..o greater than 4.00 e >50 bpf

SPLIT-BARREL SAMPLER DRIVING RECORD
Blows per Foot Description
25 blows driving sampler 12 inches, after initial 6 inches of seating.

50 blows driving sampler 7 inches, after initial 6 inches of seating.
50 blows driving sampler 3 inches, during initial 6-inches seating interval.

NOTE: To avoid change to sampling tools, driving is limited to 50 blows during or after seating interval.

DRY STRENGTH  ASTM D2488 MOISTURE CONDITION  ASTM D2488
None Dry specimen crumbles into powder with mere pressure of handling Dry  Absence of moisture, dusty, dry to the touch
Low Dry specimen crumbles into powder with some finger pressure Moist Damp but no visible water
Medium Dry specimen breaks into pieces or crumbles with considerable pressure Wet Visible free water
High Dry specimen cannot be broken with finger pressure, it can be

broken between thumb and hard surface
Very High Dry specimen cannot be broken between thumb and hard surface

SOIL STRUCTURE

Slickensided Having planes of weakness that appear slick and glossy. The degree of slickensidedness depends upon
the spacing of slickensides and the easiness of breaking along these planes.

Fissured Containing shrinkage or relief cracks, often filled with fine sand or silt; usually more or less vertical.
Pocket Inclusion of material of different texture that is smaller than the diameter of the sample.

Parting Inclusion less than 1/8 inch thick extending through the sample.

Seam Inclusion 1/8 inch to 3 inches thick extending through the sample.

Layer Inclusion greater than 3 inches thick extending through the sample.

Laminated Soil sample composed of alternating partings or seams of different soil types.

Interlayered Soil sample composed of alternating layers of different soil types.

Intermixed Soil sample composed of pockets of different soil types and layered or laminated structure is not evident.
Calcareous Having appreciable quantities of calcium material.
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ENGINEERING CORP.
ASTM & TXDOT DESIGNATION FOR SOIL LABORATORY TESTS
NAME OF TEST ASTM TEST TXDOT TEST
DESIGNATION DESIGNATION
Moisture Content D 2216 Tex-103-E
Specific Gravity D 854 Tex-108-E
Sieve Analysis D 421 Tex-110-E
D 422 (Part 1)
Hydrometer Analysis D 422 Tex-110-E
(Part 2)
Minus No. 200 Sieve D 1140 Tex-111-E
Liquid Limit D 4318 Tex-104-E
Plastic Limit D 4318 Tex-105-E
Shrinkage Limit D 427 Tex-107-E
Standard Proctor Compaction D 698 Tex-114-E
Modified Proctor Compaction D 1557 Tex-113-E
Permeability (constant head) D 2434 -
Consolidation D 2435 -
Direct Shear D 3080 -
Unconfined Compression D 2166 -
Unconsolidated-Undrained D 2850 Tex-118-E
Triaxial
Consolidated-Undrained Triaxial D 4767 Tex-131-E
Pinhole Test D 4647 -
California Bearing Ratio D 1883 -
Unified Soil Classification System D 2487 Tex-142-E
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AVILES ENGINEERING CORPORATION

Consulting Engineers - Geotechnical, Construction Materials Testing, Environmental

GRAIN SIZE ANALYSIS - SIEVE

Project : WL Replacement in Commerce Area Job No.:  G159-13
Location of Project: Houston, Texas Date of Testing:  10/3/2013
Sand
Gravel Coarse Fine Silt Clay
to Medium
Grain Size Analysis
3" 3/4" #4 #40 #200
100 — |
e
90
*‘n*. \
80 »
70
S
o 60
£
4 \
S 50
(3]
g \\;
E 40 i
5]
3]
& 30 &
20
10
0
100 10 1 0.1 0.01 0.001 0.0001
Diameter (mm)
‘ Curve 1 e CUIVE 2 e CUIVE 3
Curve Boring Depth (ft) Soil Description Cu Cc
1 B-2 14-16 Clayey Sand (SC) N/A N/A
2 B-3 8-10 Clayey Sand (SC) N/A N/A
3 B-12 18-20 Silty Sand (SM) N/A N/A
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HOUSTON, TEXAS

WBS NO. S-000035-0153-4

SUMMARY OF LABORATORY TEST RESULTS
CITY OF HOUSTON WATER LINE REPLACEMENT IN COMMERCE

DES:\TI\|A_|P(I;II§ WATER SRy ATTERBERG LIMIT PERCENT SHEAR SESI?&(;;H (tst)OCKET
BORING SPT CONTEN PASSING UNCONFINED -
NO. NO. TYPE | (blows/f) T DENSITY LL PL Pl SIEVE NO. 200 | COMPRESSION (conflnln_g PENETRO- USCS GROUP NAME
TOP | BOTTOM (%) (pcf) (%) (%) (%) (%) TEST pressurein | METER
psi) (TORVANE)
1 0 7.5-in AG 2.5-in Pavement (AC) +5-in Base
2 | 7.5-in 2 UD 18 1.38 Fill: Sandy Lean Clay
3 2 4 (§]5) 16 43 13 30 66 1.13 Fill: Sandy Lean Clay
4 4 6 UD 19 109 0.99 (3) 1.25 Fill: Sandy Lean Clay
B-1 5 6 8 uD 16 37 12 25 66 1.13 (1.08) Fill: Sandy Lean Clay
6 8 10 UD 14 0.63 Fill: Sandy Lean Clay
7 10 12 uD 13 0.50 Clayey Sand
8 12.5 14 SS 15 18 Clayey Sand
9 14 16 uD 17 117 26 15 11 40 0.75 (6) 1.75 (0.77) Clayey Sand
10 16.5 18 SS 11 21 Clayey Sand
1 0 18-in AG 8-in Pavement(AC)+10-in Base
2 18-in 2 AG 16 Fill: Sandy Lean Clay
3 2 4 uD 7 2.25 Fill: Sandy Lean Clay
4 4 6 UD 12 1.00 Fill: Sandy Lean Clay
5 6 8 uD 15 114 45 13 32 81 1.12 (3) 1.50 Lean Clay w/Sand
B-2 6 8 10 UD 16 1.88 Lean Clay w/Sand
7 10 12 uD 17 115 1.32(7) 2.13 Lean Clay w/Sand
8 12 14 UD 10 Clayey Sand
9 14.5 16 SS 14 15 42 Clayey Sand
10 | 16.5 18 SS 10 20 Clayey Sand
11 | 185 20 SS 14 19 43 Clayey Sand
12 | 205 22 SS 14 19 Clayey Sand
1 0 17.5-in AG 4-in Pavement (AC) +13.5-in Base
2 [17.5-in 2 UD 20 1.75 Sandy Fat Clay
3 2 4 uD 21 51 15 36 69 2.25 Sandy Fat Clay
4 4 6 ubD 17 118 1.38 (3) 1.75 Sandy Fat Clay
5 6 8 9]5) 15 1.50 Sandy Fat Clay
6 8.5 10 SS 23 12 36 Clayey Sand
B-3 7 10.5 12 SS 20 18 Clayey Sand
8 12.5 14 SS 18 21 31 Clayey Sand
9 14 16 9]5) 23 Clayey Sand
10 | 165 18 SS 22 19 Clayey Sand
11 | 185 20 SS 40 19 23 18 5 89 Silty Clay
12 | 205 22 SS 23 Silty Clay
13 | 225 24 SS 23 24 Silty Clay
1 0 0.708 RC Pavement (1.5-in AC+7-in PCC)
2 | 0.708 2 8]5) 16 2.25 Lean Clay w/Sand
3 2 4 UD 15 2.25 Lean Clay w/Sand
4 4 6 uD 14 41 13 28 80 2.25 Lean Clay w/Sand
5 6 8 UD 21 2.25 Lean Clay w/Sand
B-4 6 8 10 uD 21 104 0.64 (6) 1.00 Lean Clay w/Sand
7 10 12 ubD 27 1.25 Fat Clay
8 12 14 uD 24 62 21 41 99 1.88 Fat Clay
9 14 16 ubD 24 2.25 Fat Clay
10 16 18 uD 22 107 1.30 (11) 2.25 Fat Clay
11 18 20 ubD 23 26 17 9 61 (0.27) Sandy Lean Clay
12 23 25 uD 17 2.25 Sandy Lean Clay

(Continue on Next Page)
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SUMMARY OF LABORATORY TEST RESULTS
CITY OF HOUSTON WATER LINE REPLACEMENT IN COMMERCE
HOUSTON, TEXAS
WBS NO. S-000035-0153-4

DES,PATI\:LP(I;E WATER SRy ATTERBERG LIMIT PERCENT SHEAR Saslgrl\é(giH (t?:'f)OCKET
BORING SPT CONTEN PASSING UNCONFINED -
NO. NO TYPE | (blows/ft) T DENSITY LL PL Pl SIEVE NO. 200 | COMPRESSION (conflnm_g PENETRO- USCS GROUP NAME
TOP | BOTTOM (%) (pcf) (%) (%) (%) (%) TEST pressure in METER
psi) (TORVANE)
1 0 0.833 RC Pavement (2-in AC + 8-in PCC)
2 ] 0.833 2 9]5) 18 1.50 Sandy Lean Clay
3 2 4 UD 14 35 13 22 53 2.00 Sandy Lean Clay
4 4 6 uD 13 115 0.60 (3) 1.00 Sandy Lean Clay
5 6 8 UD 16 1.13 Sandy Lean Clay
6 8.5 10 SS 13 17 33 12 21 31 Clayey Sand
B-5 7 10 12 ubD 15 121 1.06 (5) 1.50 Sandy Silty Clay
8 12 14 ub 17 23 16 7 56 0.88 Sandy Silty Clay
9 14.5 16 SS 28 18 Silty Sand
10 | 16.5 18 SS 31 19 21 19 2 31 Silty Sand
11 | 185 20 SS 14 24 Silty Sand
12 20 22 ub 18 113 1.53 (9) 2.13 Fat Clay
13 22 23 ub 20 1.25 Fat Clay
1 0 0.958 RC Pavement (4-in AC + 7.5-in PCC)
2 | 0.958 2 ub 20 0.75 Fill: Fat Clay
3 2 4 ub 18 1.38 Fat Clay
4 4 6 ub 24 1.13 Fat Clay
5 6 8 ub 23 113 1.39 (5) 1.38 Fat Clay
B-6 6 8 10 ubD 23 55 18 37 91 1.50 Fat Clay
7 10 12 ub 19 1.50 Fat Clay
8 12 14 ubD 24 1.88 Fat Clay
9 14 16 ub 26 1.88 Fat Clay
10 16 18 UD 16 29 14 15 83 1.50 Lean Clay w/Sand
11 18 19 ub 16 118 0.91 (12) 1.25 Lean Clay w/Sand
1 0 0.875 RC Pavement (3.5-in AC+ 7-in PCC)
2 | 0.875 2 ub 22 0.88 Fat Clay
3 2 4 ub 22 107 1.04 (2) 1.25 Fat Clay
4 4 6 ub 21 1.63 Fat Clay
B-7 5 6 8 ubD 23 60 17 43 96 1.50 Fat Clay
6 8 10 ub 22 1.88 Fat Clay
7 10 12 ub 23 107 1.02 (7) 1.63 Fat Clay
8 12 14 §]5) 16 1.75 Sandy Lean Clay
9 14 16 UD 15 2.00 Sandy Lean Clay
1 0 0.667 RC Pavement (2-in AC+6-in PCC)
2 | 0.667 2 ub 24 1.25 Fat Clay
3 2 4 ub 24 102 0.98 (2) 1.38 Fat Clay
4 4 6 ub 23 1.50 Fat Clay
5 6 8 ub 20 55 16 39 91 2.25 Fat Clay
B-8 6 8 10 ub 19 111 0.48 (6) 1.13 Lean Clay w/Sand
7 10 12 ub 15 32 13 19 83 2.00 Lean Clay w/Sand
8 12 14 §]5) 18 2.00 Lean Clay w/Sand
9 14 16 ub 21 106 1.33 (10) 2.25 Lean Clay w/Sand
10 16 18 ub 28 76 28 48 95 1.75 Fat Clay
11 18 19 ub 28 2.00 Fat Clay

(Continue on Next Page)
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SUMMARY OF LABORATORY TEST RESULTS

CITY OF HOUSTON WATER LINE REPLACEMENT IN COMMERCE
HOUSTON, TEXAS

WBS NO. S-000035-0153-4

BORING D;:TT*P(;T SPT (\)A(/)AI\ITTI?ET\I DRY ST PpiRsCsﬁln\‘(: UNCON;':\JEE/;R SZEET,\E?H (tspf)OCKET
NO. [NO. TYPE |(lowsify | T [PENSITY[ LL PL Pl |'sieve NO. 200 |compREssion| (©onfining | PENETRO- USCS GROUP NAME
TOP | BOTTOM (%) (pcf) (%) (%) (%) (%) TEST pressu_re in METER
psi) (TORVANE)

1 0 1.25 AG 4-in Pavement (AC) + 11-in Base

2 1.25 2 uD 23 1.25 Fill: Fat Clay

3 2 4 UD 22 1.25 Fill: Fat Clay

4 4 6 uD 25 99 0.80 (3) 0.88 Fat Clay

5 6 8 UD 24 1.00 Fat Clay
B-9 6 8 10 uD 24 58 16 42 88 1.13 Fat Clay

7 10 12 ubD 21 1.50 Fat Clay

8 12 14 uD 18 111 0.41(9) 0.50 Fat Clay

9 14.5 16 SS 13 19 37 Silty Sand

10 16 18 uD 18 0.88 Lean Clay

11 18 19 ubD 20 26 15 11 91 1.00 Lean Clay

1 0 0.833 RC Pavement (3.5-in AC+6.5-in PCC)

2 | 0.833 2 UD 21 1.75 Lean Clay w/Sand

3 2 4 §]5) 21 1.25 Lean Clay w/Sand

4 4 6 ubD 15 120 1.55(3) 1.38 Lean Clay w/Sand

5 6 8 9]5) 16 2.25 Lean Clay w/Sand
B-10 6 8 10 ubD 15 28 16 12 71 1.50 Lean Clay w/Sand

7 10 12 §]5) 21 1.13 Lean Clay w/Sand

8 12 14 ubD 22 105 0.58 (8) 1.13 Fat Clay

9 14 16 uD 24 0.88 Fat Clay

10 16 18.5 ubD 40 50 16 34 91 1.13 (1.01) Fat Clay

11 | 185 23 SS 32 22 Silty Sand

12 23 25 ubD 16 120 2.22 (11) 2.00 Sandy Lean Clay

1 0 0.708 RC Pavement (3-in AC+5.5-in PCC)

2 | 0.708 2 UD 20 1.25 Sandy Lean Clay

3 2 4 §]5) 18 111 0.90 1.75 Sandy Lean Clay

4 4 6 UD 18 49 17 32 64 1.50 Sandy Lean Clay
B-11 5 6 8 uD 18 1.88 Sandy Lean Clay

6 8 10 UD 14 117 0.77 1.63 Sandy Lean Clay

7 10 12 §]5) 19 1.13 Sandy Lean Clay

8 12 14 ubD 17 21 11 10 44 1.50 (0.76) Clayey Sand

9 14.5 16 SS 19 17 118 1.92 1.50 Clayey Sand

1 0 0.917 AG 1 5.5-in Pavement (AC)+5.5-in Base

2 | 0917 2 AG 26 58 15 43 69 Fill: Sandy Fat Clay

3 2 4 ubD 21 105 0.93(2) 0.88 Lean Clay w/Sand

4 4 6 uD 17 47 13 34 72 1.75 Lean Clay w/Sand

5 6 8 UD 15 2.25 Sandy Lean Clay

6 8 10 uD 16 115 32 13 19 56 0.84 (6) 1.50 Sandy Lean Clay
B2 71 10 0 UD 7 2.00 Sandy Lean Clay

8 12 14 uD 18 114 0.35(8) 0.38 (0.20) Silty Clayey Sand

9 14 16 uD 21 24 18 6 35 0.38 (0.34) Silty Clayey Sand

10 | 16.5 18 SS 13 20 Silty Sand

11 | 185 23 SS 17 23 24 Silty Sand

12 23 25 ubD 15 119 1.78 1.63 Fat Clay

(Continue on Next Page)
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SUMMARY OF LABORATORY TEST RESULTS

CITY OF HOUSTON WATER LINE REPLACEMENT IN COMMERCE
HOUSTON, TEXAS

WBS NO. S-000035-0153-4

DES:\TI\:I—lP(I;s WATER SRy ATTERBERG LIMIT PERCENT SHEAR SSEI%I_I\IJE(EIH (t?)f)OCKET
BORING SPT CONTEN PASSING UNCONFINED -
NO. | NO. TYPE | blows/fty | T DE(NSf')TY (E/L) (E;L) (;') SIEVE NO. 200 | COMPRESSION (izgsfl:?;”i PfANEETTERRO' USCS GROUP NAME
TOP | BOTTOM (%) p 0 0 0 (%) TEST pressu
psi) (TORVANE)
1 0 0.583 AG 7-in Pavement (AC)
2 | 0.583 2 AG 12 Fill: gravel/sand
3 2 4 ub 25 1.38 Fat Clay
4 4 6 ub 24 104 1.03 (3) 1.13 Fat Clay
B-13 5 6 8 ub 27 67 19 48 91 1.13 Fat Clay
6 8 10 UD 24 1.25 Fat Clay
7 10 12 ub 23 2.00 Fat Clay
8 12 14 ub 19 109 47 18 29 99 1.14 (9) 2.00 Lean Clay
9 14 16 ub 23 2.25 Lean Clay
10 16 18 UD 16 1.13 Lean Clay
Pavement(3.5-in AC+5-in PCC)
1 0 1.208 RC +6-in Base
2 ] 1.208 2 AG 19 41 13 28 70 Fill: Lean Clay w/Sand
3 2 4 ubD 27 0.50 (0.44) Fill: Lean Clay w/Sand
B-14 4 4 6 §]5) 25 94 0.82 (3) 1.13 Fill: Lean Clay w/Sand
5 6 8 ub 26 1.25 Fat Clay
6 8 10 ub 23 104 0.98 (6) 1.50 Fat Clay
7 10 12 ub 23 58 16 42 93 2.25 Fat Clay
8 12 14 ub 21 2.25 Fat Clay
9 14 15 ub 16 2.25 Fat Clay
1 0 0.792 RC Pavement (3.5-in AC+6-in PCC)
2 |0.792 2 ub 20 1.25 Fill: Fat Clay
3 2 4 ub 19 54 15 39 88 1.50 Fat Clay
4 4 6 ub 20 111 1.36 (3) 1.50 Fat Clay
B-15 5 6 8 ub 24 1.75 Fat Clay
6 8 10 UD 24 1.50 Lean Clay w/Sand
7 10 12 9]5) 23 2.00 Lean Clay w/Sand
8 12 14 ub 17 118 30 13 17 80 0.85(9) 1.13 Lean Clay w/Sand
9 14 16 §]5) 15 1.63 Lean Clay w/Sand
10 16 17 UD 19 2.25 Lean Clay w/Sand
1 0 0.75 AG 4.5-in Pavement+4.5-in Base
2 0.75 2 ub 22 1.00 Fill: Fat Clay
3 2 4 ub 20 1.38 Fat Clay
4 4 6 ub 19 111 1.15 (3) 1.50 Fat Clay
B-16 5 6 8 uD 23 58 16 38 92 1.38 Fat Clay
6 8 10 ub 16 2.00 Fat Clay w/Sand
7 10 12 uD 15 2.25 Fat Clay w/Sand
8 12 14 ub 18 115 51 16 35 80 1.93 (9) 2.25 Fat Clay w/Sand
9 14 16 §]5) 22 2.25 Fat Clay w/Sand

(Continue on Next Page)
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SUMMARY OF LABORATORY TEST RESULTS

CITY OF HOUSTON WATER LINE REPLACEMENT IN COMMERCE
HOUSTON, TEXAS

WBS NO. S-000035-0153-4

SAMPLE ATTERBERG LIMIT SHEAR STRENGTH (tsf)
WATER DRY PERCENT
BORING DEPTH (f9 SPT | “ONTEN I pensiTy PASSING UUTEST | POCKET USCS GROUP NAME
NO. (blows/ft) T SIEVE NO. 200 | UNCONFINED =
NO (%) (pcf) LL PL Pl %) COMPRESSION (confining | PENETRO-
"I ToP | BOTTOM (%) (%) (%) TEST pressure in METER
psi) (TORVANE)
1 0 0.917 AG 7-in Pavement(AC)+4-in Base
2 | 0.917 2 ub 21 1.38 Fat Clay
3 2 4 UD 19 1.38 Fat Clay
4 4 6 ub 22 105 1.17 (3) 1.38 Fat Clay
B-17 5 6 8 ub 23 57 19 38 96 2.13 Fat Clay
6 8 10 ub 21 2.25 Fat Clay
7 10 12 ub 17 113 1.22 (7) 1.50 Fat Clay
8 12 14 ub 14 33 11 22 83 1.75 Lean Clay w/Sand
9 14 16 UD 20 1.63 Lean Clay w/Sand
10 16 17 uD 23 Lean Clay w/Sand
1 0 1 RC 2-in Pavement(AC)+2-in Base
2 1 2 AG 22 Fill: Fat Clay w/Sand
3 2 4 ub 21 54 15 39 79 1.00 (1.02) Fill: Fat Clay w/Sand
B-18 4 4 6 ub 21 1.38 Fat Clay
5 6 8 ub 24 102 1.11 (5) 1.75 Fat Clay
6 8 10 ub 26 1.88 Fat Clay
7 10 12 ub 17 38 14 24 80 1.38 Lean Clay w/Sand
8 12 13 uD 18 2.25 Lean Clay w/Sand
1 0 1.417 AG 1 7.5-in Pavement(AC)+9.5-in Base
2 | 1417 2 AG 3 Fill: shell/sand
3 2 4 ub 21 1.75 Fat Clay
4 4 6 ub 20 107 1.78 (3) 1.63 Fat Clay
B-19 5 6 8 ubD 19 57 15 42 93 1.63 Fat Clay
6 8 10 ub 17 112 1.69 (6) 1.88 Fat Clay
7 10 12 ub 16 1.50 Fat Clay
8 12 14 §]5) 18 2.13 Sandy Fat Clay
9 14 16 ub 16 110 50 15 35 67 1.60 (10) 2.13 Sandy Fat Clay
1 0 0.916 AG 5 4.5-in Pavement(AC)+6.5-in Base
2 | 0.916 2 ub 15 2.25 Fat Clay
3 2 4 ub 17 114 54 13 41 88 3.90 (2 2.25 Fat Clay
B-20 4 4 6 ub 16 2.25 Fat Clay
5 6 8 ub 19 111 4.00 (5) 2.25 Fat Clay
6 8 10 ub 18 59 15 44 90 2.25 Fat Clay
7 10 12 ub 19 2.25 Fat Clay
8 12 13 ub 8 125 5.60 (8) 2.25 Fat Clay
1 0 0.792 RC Pavement (3.5-in AC +6-in PCC)
2 |0.792 2 ub 22 1.50 Fat Clay
3 2 4 ub 20 1.00 Fat Clay
4 4 6 ub 30 92 0473 1.13 Fat Clay
B-21 5 6 8 ub 25 63 17 46 94 0.88 Fat Clay
6 8 10 UD 24 1.50 Lean Clay
7 10 12 ub 25 1.88 Lean Clay
8 12 14 ub 17 114 41 14 27 87 1.81 (9) 1.75 Lean Clay
9 14 16 ub 18 2.25 Lean Clay
10 16 17 UD 15 2.00 Lean Clay

(Continue on Next Page)
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SUMMARY OF LABORATORY TEST RESULTS

CITY OF HOUSTON WATER LINE REPLACEMENT IN COMMERCE
HOUSTON, TEXAS

WBS NO. S-000035-0153-4

SAMPLE ATTERBERG LIMIT SHEAR STRENGTH (ts
DEPTH (ft) WATER | pry PERCENT UU TEST ( FT)OCKET
BORING SPT CONTEN PASSING UNCONFINED -
NO. NO. TYPE | (blows/ft) T DENSITY LL PL Pl SIEVE NO. 200 | COMPRESSION (conflnln_g PENETRO- USCS GROUP NAME
TOP | BOTTOM (%) (pcf) (%) (%) (%) (%) TEST pressure in METER
psi) (TORVANE)
1 0 1 AG 9-in Pavement(AC)+3-in Base
2 1 2 uD 28 1.38 Fat Clay
3 2 4 UD 21 2.25 Fat Clay
4 4 6 uD 18 64 16 48 90 2.25 Fat Clay
B-22 5 6 8 ubD 23 104 0.92 (6) 1.38 Fat Clay
6 8 10 uD 22 2.25 Fat Clay
7 10 12 ubD 19 2.25 Fat Clay
8 12 14 uD 14 117 35 14 21 77 1.55(9) 1.75 Lean Clay w/Sand
9 14 16 UD 14 2.25 Lean Clay w/Sand
1 0 0.75 AG 1 4-in Pavement(AC)+ 5-in Base
2 0.75 2 ubD 19 1.88 Fat Clay
3 2 4 uD 19 54 14 40 86 1.88 Fat Clay
4 4 6 ubD 21 109 1.32(3) 1.63 Fat Clay
B-23 5 6 8 uD 23 2.25 Fat Clay
6 8 10 ubD 21 60 18 42 94 2.00 Fat Clay
7 10 12 uD 18 110 1.25(7) 2.25 Fat Clay
8 12 14 UD 18 1.88 Lean Clay w/Sand
9 14 16 uD 16 119 43 12 31 83 1.91 (10) 2.13 Lean Clay w/Sand
10 16 18 UD 25 2.13 Lean Clay w/Sand
1 0 1 AG 6-in Pavement(AC)+6-in Base
2 1 2 ubD 21 1.63 Fat Clay
3 2 4 uD 22 104 1.25(2) 1.38 Fat Clay
4 4 6 ubD 21 56 17 39 91 1.63 Fat Clay
B-24 5 6 8 uD 23 1.13 Fat Clay
6 8 10 ubD 28 96 0.57 (6) 1.00 Fat Clay
7 10 12 uD 24 1.38 Fat Clay
8 12 14 ubD 19 46 17 29 73 1.13 (0.48) Lean Clay w/Sand
9 14 15 9]5) 15 1.13 Lean Clay w/Sand
1 0 0.916 AG 5-in Pavement(AC)+6-in Base
2 | 0.916 2 AG 23 Fill: Fat Clay
3 2 4 ubD 25 1.38 Fill: Fat Clay
4 4 6 uD 24 65 18 47 90 1.25 Fat Clay
B-25 5 6 8 ubD 28 97 0.67 (5) 0.88 Fat Clay
6 8 10 ubD 24 1.50 Fat Clay
7 10 12 ubD 22 1.75 Fat Clay
8 12 14 uD 21 49 17 32 90 1.63 Lean Clay
9 14 16 ubD 15 116 1.54 (10) 1.75 Lean Clay
10 16 18 uD 19 1.50 Lean Clay
1 0 1.333 AG 5 6-in Pavement(AC)+10-in Base
2 | 1.333 2 uD 18 1.38 Fill: Fat Clay
3 2 4 ubD 16 2.25 Fat Clay
4 4 6 ubD 19 113 2.70 (3) 2.25 Fat Clay
B-26 5 6 8 uD 22 72 18 54 94 2.25 Fat Clay
6 8 10 ubD 22 2.25 Fat Clay
7 10 12 uD 20 112 3.70 (7) 2.25 Fat Clay
8 12 14 UD 14 34 12 22 76 2.25 Lean Clay w/Sand
9 14 16 uD 17 114 2.19 (10) 1.75 Lean Clay w/Sand
10 16 17 UD 15 2.00 Lean Clay w/Sand

(Continue on Next Page)
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SUMMARY OF LABORATORY TEST RESULTS
CITY OF HOUSTON WATER LINE REPLACEMENT IN COMMERCE
HOUSTON, TEXAS
WBS NO. S-000035-0153-4

SAMPLE WATER ATTERBERG LIMIT PERCENT SHEAR STRENGTH (tsf)
BORING DEPTH (fr) spT | conTen | PRY PASSING | UNCONFINED | UV TEST | POCKET
NO. |NO. TYPE | blows/fty | T DE(gff')TY (t/t) (f:/t) (;(')) SIEVE NO. 200 | COMPRESSION é:gg&?;”lgn PfANEETTERRO' USCS GROUP NAME
TOP | BOTTOM (%) (%) TEST osi) (TORVANE)
1 0 1 AG 5-in Pavement(AC)+7-in Base
2 1 2 UbD 18 1.75 Fat Clay
3 2 4 9]5] 20 1.75 Fat Clay
4 4 6 UD 19 111 1.68 (3) 1.50 Fat Clay
B-27 5 6 8 9]5] 24 66 19 47 91 1.50 Fat Clay
6 8 10 ub 28 1.38 Fat Clay
7 10 12 9]5] 26 103 0.90 (7) 1.50 Fat Clay
8 12 14 UD 17 1.13 Lean Clay w/Sand
9 14 16 9]5] 14 120 38 13 25 75 2.07 (10) 2.25 Lean Clay w/Sand
10 16 18 UD 18 2.13 Lean Clay w/Sand
1 0 0.833 AG 4-in Pavement(AC)+6-in Base
2 |0.833 2 ub 19 1.88 Fill: Fat Clay
3 2 4 9]5] 19 1.25 Fat Clay
4 4 6 ub 20 54 15 39 88 1.38 Fat Clay
B-28 5 6 8 uD 28 97 0.70 (5) 1.00 Fat Clay
6 8 10 ub 26 1.75 Fat Clay
7 10 12 9]5] 20 62 19 43 98 1.63 Fat Clay
8 12 14 ub 15 119 1.29 (9) 2.00 Fat Clay
9 14 15 9]5] 16 1.38 Fat Clay
1 0 0.75 RC 9-in Pavement (PCC)
2 0.75 2 9]5] 26 1.00 Fill: Fat Clay
3 2 4 ub 30 0.75 (1.17) Fill: Fat Clay
4 4 6 9]5] 30 92 0.76 (3) 0.75 Fill: Fat Clay
B-29 5 6 8 ubD 29 73 21 52 90 1.13 Fat Clay
6 8 10 uD 28 1.00 (1.19) Fat Clay
7 10 12 ub 25 100 091 (7) 1.00 Fat Clay
8 12 14 9]5] 25 1.00 Fat Clay
9 14 15 9]] 28 1.88 Fat Clay
1 0 0.917 AG 3-in Pavement(AC)+8in Base
2 | 0.917 2 ub 26 1.25 Fill: Fat Clay
3 2 4 uD 32 92 0.35(2) | 0.50(0.59) Fill: Fat Clay
B-30 4 4 6 ub 30 72 18 54 88 0.63 Fill: Fat Clay
5 6 8 9]5] 29 1.25 Fat Clay
6 8 10 ub 33 92 0.42 (6) 0.50 Fat Clay
7 10 12 9]5] 35 0.63 Fat Clay
8 12 14 ub 23 1.00 Fat Clay
1 0 0.7083 AG Fill: sand/gravel
2 |0.7083 1 AG Fill: Fat Clay w/Sand
3 1 2 uD 25 1.25 Fill: Fat Clay w/Sand
4 2 4 ub 26 1.00 Fill: Fat Clay w/Sand
B-31 5 4 6 ub 30 91 042 (3 0.75 Fill: Fat Clay w/Sand
6 6 8 ub 27 74 17 57 84 0.88 Fill: Fat Clay w/Sand
7 8 10 9]5] 26 1.50 Fat Clay
8 10 12 ub 26 99 0.78 (7) 1.75 Fat Clay
9 12 14 9]5] 26 1.88 Fat Clay

(Continue on Next Page)
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SUMMARY OF LABORATORY TEST RESULTS
CITY OF HOUSTON WATER LINE REPLACEMENT IN COMMERCE
HOUSTON, TEXAS
WBS NO. S-000035-0153-4

BORING DES?T’\:I"P(I;E SPT (\Z%AI\ITTI?;\I DRY ST PpiRsCsﬁln\‘(: UNCONFS::\JEE/;R SZSET,\E?H (tspf)OCKET
NO. [NO TYPE |(lowsify | T [PENSITY[ LL PL Pl |'sieve NO. 200 |compREssion| (©Onfining | PENETRO- USCS GROUP NAME
TOP | BOTTOM (%) (pcf) (%) (%) (%) (%) TEST pressurein | METER
psi) (TORVANE)

1 0 0.5 AG Fill: sand/gravel

2 0.5 2 (§]5) 17 Fill: Fat Clay w/Sand

3 2 4 UD 29 0.75 Fill: Fat Clay w/Sand
B-32 4 4 6 uD 29 92 0.48 (3) 0.50 (0.9) Fill: Fat Clay w/Sand

5 6 8 UD 29 57 16 41 78 0.63 Fill: Fat Clay w/Sand

6 8 10 uD 27 1.25 Fat Clay

7 10 12 ubD 26 100 0.92 (7) 1.25 Fat Clay

8 12 13 uD 30 1.50 Fat Clay

1 0 0.583 AG Fill: sand/gravel

2 | 0.583 2 uD 23 1.50 Fill: Fat Clay

3 2 4 ubD 27 1.00 Fill: Fat Clay

4 4 6 uD 28 63 18 45 86 0.88 Fill: Fat Clay
B-33 5 6 8 ubD 35 84 0.17 (5) 0.38 Fill: Fat Clay

6 8 10 uD 27 1.00 Fat Clay

7 10 12 ubD 26 59 18 41 89 1.25 Fat Clay

8 12 14 uD 25 102 1.03 (9) 1.25 Fat Clay

9 14 15 ubD 26 1.13 Fat Clay

1 0 0.667 AG Base: clay/sand/gravel

2 | 0.667 2 ubD 22 1.13 Fill: Fat Clay w/Sand

3 2 4 uD 24 0.88 Fill: Fat Clay w/Sand
B-34 4 4 6 ubD 25 96 0.52 (3) 0.50 Fill: Fat Clay w/Sand

5 6 8 uD 29 57 16 41 77 0.50 Fill: Fat Clay w/Sand

6 8 10 ubD 24 111 0.64 (6) 1.00 Fat Clay

7 10 12 uD 24 1.75 Fat Clay

8 12 14 ubD 29 1.50 Fat Clay

1 0 0.917 AG Fill: shell/gravel

2 [ 0917 2 ubD 30 0.88 Fill:: Fat Clay w/Sand

3 2 4 uD 27 56 18 38 76 0.38 (0.85) Fill:: Fat Clay w/Sand
B-35 4 4 6 ubD 30 106 0.36 (3) 0.38 Fill:: Fat Clay w/Sand

5 6 8 uD 25 0.63 Fat Clay

6 8 10 ubD 28 0.75 Fat Clay

7 10 12 uD 25 105 0.47 (7) 0.75 Fat Clay

8 12 13 ubD 20 1.38 Fat Clay

1 0 1.5 AG Fill: Clayey Sand

2 15 2 ubD 22 Fill: Clayey Sand

3 2 4 8]5) 7 Fill: Clayey Sand
B-36 4 4 6 ubD 24 105 45 17 28 57 0.50 (3) 0.63 Fill: Sandy Lean Clay

5 6 8 uD 24 0.75 Fill: Sandy Lean Clay

6 8 10 ubD 23 43 15 28 84 0.75 (1.05) Lean Clay w/Sand

7 10 12 uD 34 101 0.35(7) 0.50 Lean Clay w/Sand

8 12 13 UD 29 1.00 Lean Clay w/Sand

(Continue on Next Page)
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SUMMARY OF LABORATORY TEST RESULTS

CITY OF HOUSTON WATER LINE REPLACEMENT IN COMMERCE
HOUSTON, TEXAS

WBS NO. S-000035-0153-4

DESSTI\:LP(I;E WATER SRy ATTERBERG LIMIT PERCENT SHEAR Sasﬁ_l\é(giH (tTDf)OCKET
BORING SPT CONTEN PASSING UNCONFINED .
NO. | NO. TYPE |lowsifty| T |PENSITY[ LL PL Pl | SIEVE NO. 200 [comPREssion| (confining | PENETRO- USCS GROUP NAME
TOP | BOTTOM (%) (pcf) (%) (%) (%) (%) TEST pressure in METER
psi) (TORVANE)
1 0 0.833 AG Fill: sand/gravel
2 | 0.833 2 UD 22 Fill: Fat Clay w/Sand
3 2 4 9]5) 21 1.25 Fill: Fat Clay w/Sand
B-37 4 4 6 UD 21 101 0.65 (3) 0.75 Fill: Fat Clay w/Sand
5 6 8 9]5) 34 55 18 37 80 0.50 (0.44) Fill: Fat Clay w/Sand
6 8 10 ub 28 1.13 Fat Clay
7 10 12 uD 25 0.88 Fat Clay
8 12 14 ub 24 1.38 Fat Clay
Notes: (1) UD = Undisturbed Sample (Shelby Tube); SS = Split Spoon Sample; AG = Auger Cuttings;

(2) LL = Liquid Limit; PL = Plastic Limit; Pl = Plasticity Index; UU = Unconsolidated-Undrained Test
(3) AC = Asphalt Concrete; and PCC = Portland Cement Concrete
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APPENDIX B

Plates B-1 to B-7 Generalized Subsurface Profile
Plate B-8 Piezometer Installation Details



INFEET

ELEVATION

GENERALIZED SUBSURFACE SOIL PROFILE
ALONG NAVIGATION

HORIZONTAL DISTANCE IN FEET
20+00

EAST

6+00 3+00 10+00 12+00 14+00 16+00 18+00 22400 24400 ~6+00 28400 30400 32400 34+00
B I e e e A R m S e e I —t——+—t—+—+—+—t—+—+—+—t+—+—+—t+—+—+—+—+—++ 40—
B—-9 B-5
B—4 (PZ—1) __ Pavement 4" Asphalt Pavement:“4" Asphalt
Pavement; 1.5" Asphalt + 7" Base: 11" sand, gravel, BE-2 Base: 13.5" sand and gravel
Concrete/’ ;lr;d CrUSht?f? I(ljmistone Pavement: 8" Asphalt Very stiff to hard, gray and tan 67
Stiff to hard, tan, red, and light / fl-very SFIatY C;’y (géaHV) Base: 10" sand and crushed / Sandy Fat Clay (CH), with
gray Lean .ﬁﬁy wh SandéCIL), -with sand and shell limestone % fer_qcr)]us_lpcgdule%s s and
with ferrous nodules " il sti i - -with siltstone fragments an
-tan and light gray 2'-10', with pockets 2-4 Egg:tg;; PSS ght gray Sandy 50 / calcareous nodules
calcargous nodules 2'-4' and Firm to very stiff, dark -with sand seams 2'-6' and gravel Pavement: 2" Asphalt + 8" /
siltstone fragments 2'-8' gray, light gray, and / 2.4 Concrete /
tan Fat Clay (CH) / -light gray and tan 22‘:(:; EZ;‘:{ gz;’?glgray % 32 —
-light gray and tan 6'-14', with % -with ferrous nodules 1-6' / -with sand pockets 68
. siltstone fragments 6'-12' and /
-with abundant calcareous calcareous nodules 6-8' / /
nodules and fat clay seams 6'-8' / / Very stiff to hard, gray and light '/
/ / gray Lean Clay w/Sand (CL), -with'silt partings 4'-6' and Medium dense, light gray Clayey
o . / with sand pockets and ferrous sand seams 4'-8' Sand (SC)
-with silt partings 8'-10' / nodules with silty sand seams 8-14' .
/ -with sand seams 6'-8' / 28 — m
-with sand partings 10'-14' % -gray|and tan 8'-12' % o and et aray 10-12 0
-tan and light gray 10'-12' >
Very stiff to hard, red, brown, and / / g
i i ¥ -with|sand seams and siltstone
light gray Fat Clay (CH), with / / = ams / z
slickensides / -with silt partings 12'-14' / fragmients 10- 12 Medium dense, light gray ¥ _borehole cave-in at 12.2' =
-with calcareous nodules, / / / and tan Clayey Sand (SC), -
siltstone fragments, and silty clay / . , / with silt pockets o
seams 10'-12' /% -borehole cave-in at 13.2 /1 Loose to medium dense; light R 4 P 24 o
%? Medium dense, light = % gray Clayey Sand (SC) ) Stiff to very stiff, tan and / -tan and red 14'-16'
-with siltstone fragments and /% gray Silty Sand (SM) / ,4/ hgttl\%lli_ay SletladyltSlltkaItay /
calcareous nodules 14'-18' / ':/ (CL-ML), with st pockets %
"
% Stiff to very stiff, light gray / /:, /
/ and tan Lean Clay (CL) % i /
- 65 / with sand partings 16'-18' A 4 % fi! -0
-borehole cave-in at 16.8' , ) hvil
/ -with silt partings and fat -wetlat 16 , borehole caver ”] at = Medium dense to dense, Very stiff to hard, tan Silty Clay
T T - biiva clay pockets 18- 19' 16.6', with clay seams 16-22 light gray Silty Sand (SM), (CL-ML)
Oft 1o hard, red, light gray, an " Termination depth = 19 feet. with clay pockets
tan Sandy Lean Clay (CL), wet efminafion dep ee ye
-with siltstone fragments and
calcareous nodules 18'-20' / -with silt seams 20-22'
% 16
/ -tan and red, with calcareous
nodules and siltstone fragments
) ) Termination depth = 22 feet. 22-24'
-light gray and tan, with ferrous Very stiff to hard, light gray Termination depth = 24 feet.
nodules
/ and tan Fat Clay (CH)
% -with sand partings 20'-22' 1
Termination depth = 25 feet. /
/
Termination depth = 23 feet.
AVILES ENGINEERING CORPORATION
LEGEND:
V4 High olasticit Depth of ground— Depth of groundwater GENERALIZED SOIL PROFILE
. Paving '/ Ig P y XZ water encountered ¥ gpprox 15 min. after WATER LINE REPLACEMENT IN COMMERCE AREA
clay during drilling initial encounter WBS NO. S-000035-0153-4
147yt T T )
. ;ﬂ,.f'#, Poorly graded % w7 Depth of groundwater on NOTE: HOUSTON. TEXAS
Fil !g;ggg cloyey Sl|ty sand // Clayey sand = 10/04/13 (piezometer) . PROJECT NO. , SOURGE DRAWING PROVIDED BY:
. ' SOIL STRATIGRAPHY AND SECONDARY SOIL STRUCTURE (SUCH AS SEAMS, LAYERS, OR e 5159-13 " 00-25-14 AVILES ENGINEERING CORP
Low plasticity Silty sand I Sty low ¥ Depth of ?rgundwqter on POCKETS OF SANDS, SILTS, SLICKENSIDES, AND FISSURES) THAT ARE DIFFERENT FROM TETEETIR L S — :
clay fllAl plasticity clay = 11/11/13 (piezometer) WHAT WERE IDENTIFIED IN THE ACTUAL BORINGS MAY EXIST AWAY FROM THESE BORINGS. oot sone: 1" = 200" BpJ PLATE B-1
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— 44

40

GENERALIZED SUBSURFACE SOIL PROFILE

ALONG CANAL

HORIZONTAL DISTANCE IN FEET

0+00 5+00 6+00 9+00 12+00 15+00 18+00 21+00 24+00 27+00 50400 35+00
-ttt}
44 —
B-6
Pavement; 4" Asphalt + 7.5" —
Concrete
Fill: stiff, dark gray Fat Clay (CH), Pavement: 3.5" Asphalt -
with wood and glass pieces, and + 7" Concrete
/ gravel / Stiff to very stiff, dark B —8 h
i gray Fat Clay (CH), -
/ \(/;lear))l/ ?gf:l,)dark gray and tan Fat % with slickensides -tan Pa\iement: 2" Asphalt 40 —
/ -with ferrous nodules 2'-10' / and gray 26, with + & Concrete
/ -gray and tan 4'-6' / calcareous nodules / Stiff to hard, dark ]
/ / and siltstone / gray and tan Fat
/ / fragments 2-12' / Clay (CH), with 5 _g —
/ / / ferrous nodules
/ -tan and light gray 68, with / / -tan 2-4' Pavement: 4" Asphalt 510 _
/ siltstone fragments and / . / , Base: 11" sand, gravel, and B_11 _
/ calcareous nodules 6'-16' / -red, brown, and light / -brg\:/n, !ggt grgt}t/], crushed limestone - Pavement; 5.5" Asphalt 36 —
% . g / gray, with ferrous / 22Icairigou:c, W Fill: very sfiff, dark gray Fat B —10 Pavement: 3" Asphalt + Base: 5.5" stabilized sand with
/ -red, brown, and light gray 8'-16 / nodules 6'-12 % e s and st Clay (CH) T — P 55" Concrete \sheII and gravel -
/ / / stone fragments -with sand and shell pockets Conerete P ) Stiff to very stiff, gray and Fill: gray and tan Sandy Fat Clay
/ 4'-8'-tan 2'-4' 24 - tan Sandy Lean Clay (CL), (CH) -
red b d Very stiff to hard, dark gray Lean )
/ o Ted, brown, an - - ) with ferrous nodules -sand and gravel layer, and wood
-with silty clay pockets 1042 light gray 6-8' Firm to very stiff, dark gray, Clay w/Sand (CL), with ferrous L e i 1 |
. with roots 1'-2 pieces 0.9-1.3
/ / / light gray, and tan Fat Clay nodules Siff & i Toan Cl
/ / -with sand partings Firm to hard, light / (CH) -with fat clay seams 1'-4' /IS odve(r;yL stilt, gray Lean Clay g
/ / 10-12' gray and tan Lean / ] Lo -with abundant calcareous w _ﬂ?n (d ) kets and part o
/ -with silt pockets 12'-14' / Clay wiSand (CL), / -light gray and tan 6'-14', with , . nodules and siltstone -with sand pockets and partings =
/ /) with ferrous rod. / siltstone fragments 612" and -light gray and tan 412 fragments 4-8 24 . 3
Verv siif o hard. Tiaht / calcareous nodules 6'-8' -greenish gray, with calcareous =
ry s 19 with silt seams / \and ferrous nodules 4-6' -
/ gray and tan andly 4y Very stiff to hard, gray Sandy -
% tﬁa;ai:% S((13I£) ;\Z[th 8-10 / Lean Clay (CL), with ferrous 1A
1 ; ; m
/ ~with ferrous nodules -with calcareous / stains o | -
A - 14-16" nodules and silt- / . :
St to very stf, @an and light = ;%ofrehtole cave-in at jtzc?f\%fragments % -with sand partings 10'-14 |
gray Lean Clay w/Sand (CL), et ) ' / ) ,
with ferrous nodules Termination depth red and light » s 4 -with sand pockets and partings _
v/ = 16 feet gray 14-16° = 10-12
=] -borehole cave-in at 17.8' ' / -with silt partings 12'-14' A 4 -borehole caved in at 11.5'
/ Lwith sitt pockets 10-12 = .
Termination depth = 19 feet. Very stiff to hard, % -borehole cave-in at 13.2' Light gray and tan Silty Clayey o4 |
/ red, prown, = /] : , Medium dense, gray and Sand (SC-SM), moist
/ and light gray ~ Mledlum dense, light gray . — tan Clayey Sand (SC) _
Fat Clay (CH), Silty Sand (SM) ¥ Stiff to very stiff, light gray and -borehole cave-in at 13'
/ with calcareous - / tan Fat Clay (CH), with silt ﬂ -wet at 14' ]
A nodules and silt- / partings and seams = /
stone fragments Stiff to very stiff, light gray / % _
1Véltq éer\r,altﬁ nod. anq tan Lean Qlay (CL) % /
sandy clay -with sand partings 16'-18' / -borehole cave-in at 14.8' % Medium dense, light gray Silty 20 —|
19" inati = M), with ¢l
pockets 18'-19 -with silt partings and fat clay / Termination depth = 16 feet. 3:;; S(Swe){ with clayey sand
Termination pockets 18- 19' / -red, brown, and light gray 16'-18' ' n
depth = 19 feet. Termination depth = 19 feet. % -gray and tan, with gravel 18'-20' -
hvi v —
= Dense, tan Silty Sand (SM), wet
16 —
Hard, light gray and tan Sandy ]
Lean Clay (CL), with ferrous Very stiff, gray and light tan Fat -
nodules % Clay (CH)
Z AVILES ENGINEERING CORPORATION
LEGEND: V.
V4 High plasticity Depth of ground— Depth of groundwater Termination depth = 25 feet GENERALIZED SOIL PROFILE
. Paving / =< water encountered = approx 15 min. after WATER LINE REPLACEMENT IN COMMERCE AREA
clay during drilling initial encounter Termination depth = 25 feet. WBS NO. S-000035-01534
[,!v .r 7T 7 .
R ooy Sty sens [ lovey sans B ey MOIE HOUSTON, TEXAS
¥ L AEC PROJECT NO. : DATE: SOURGCE DRAWING PROVIDED BY:
. . SOIL STRATIGRAPHY AND SECONDARY SOIL STRUCTURE (SUCH AS SEAMS, LAYERS, OR G159-13 02-25-14 AVILES ENGINEERING CORP
Low plasticity Silty sand I Sty low ¥ Depth of ?rgundwqter on POCKETS OF SANDS, SILTS, SLICKENSIDES, AND FISSURES) THAT ARE DIFFERENT FROM TETEETIR L S Eye— :
clay fllAl plasticity clay = 11/11/13 (piezometer) WHAT WERE IDENTIFIED IN THE ACTUAL BORINGS MAY EXIST AWAY FROM THESE BORINGS. oo sone: 1" = 300" BpJ PLATE B-2
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INFEET

ELEVATION

Wesr

GENERALIZED SUBSURFACE SOIL PROFILE
ALONG COMMERCE

HORIZONTAL DISTANCE IN FEET

EAST

0+00 3+00 6+00 9+00 12400 154+00 18+00 21+00 24+00 27+00 30400 33+00 36+00
— 48 | — —tt 1+ 4+ 48 —
B B—13 ]
— 44 Pavement: 7" Asphalt B_15 44—
| Fill: dark gray and tan gravel, .
sand, limestone fragments, and Pavement: 3.5" Asphalt + Pavement: 3.5" Asphalt + 6"
L clay pockets 5" Concrete Concrete B_18 B-19 |
Very stiff, dark gray Fat Clay S\ Base: 6" sand Fill: very stiff, dark gray Fat Clay — — 7 g
| / (CH), with ferrous nodules Fil: frm o verv 51 dark (CH), with ferrous nodules, and Pavement: 7" Asphalt Pavement: 2" Asphalt + Pavement: 7.5 .,ll\sphalt . 1
/ ra. and tan I?t/aan éla \sand and gravel seams Base; 4" stabilized sand 8" Concrete Base: 9.5" stabilized sand with
L 40 / \?V/Syand (CL), with sang / Very stiff, tan and gray Fat clay B-16 / and gravel L Base: 2" shell, sand, \gravel and shell 40 —
/ e -dark’gray b / (CH), with ferrous and P 25" Asonall / Very stiff to hard, olive [ \and gravel Fill: shell with sand
/ / calcareous nodules avement: 2.0 Aspha gray Fat Clay (CH), with [ Fill: stiff to very stiff, dark Very stiff, gray Fat Clay (CH)
— Base: 45" stabilized sand and ickensi R : 7
ase: 4.v" siabilized sand an slickensides and X gray Fat Clay w/Sand -with ferrous nodules 2'-4'
/ / gravel calcareous nodules K (CH) -with sand pockets /
B / “tan and gray, with calcareous / Fill: stiff to very stiff, dark gray 383 -and shell 1-2 / - ; 7
112 : o -with ferrous nodules Nt 1 1 i -olive gray 4'-6', with calcareous
nodules 6-12 Fat Clay (CH), with shell and Very St tan and gra 0
B / Siiff to hard, gray and tan / -red, brown, and light gray, with / ravel / e / Fatné)la ’(CH) witf? ’ / nodules 410 ]
/ ! , gray / siltstone fragments 6'-8' / Very stiff. dark aray Fat Cla / ; Y ’ /
I / with siltstone fragments 8-12' / Fat Clay (CH), with / / ry sui, gray y / slickensides, calcareous / 36 —
slickensides -with (CH) . / . o’ and ferrous nodules;and -tan 6-8' -
Lar red-and-tan 6'-10 m
L / / calcareous nodules and silt- |54 TR X i / -dark gray and tan 4-6', with / siltstone fragments / S
/ / ?tone framgents 614 and gr;y I(_)eair (‘:IZ; w /srm’ (?;T_) 9 / ;:;Igc;r:r?tl;s 4?_%?”'35 and sillstone % / -red and light gray 6'-10! / -
L (/) -red and brown 10-12 / £ rous nadules 619 +ed with ferrous nodulA\ | / / / / o 12
% % o -with silt partings, abundant % / / % wtan and gray §-10 =
B / -red, brown, and light gray calcareous nodules, and siltstone / / % / 1+
. /] / 10-14' fragment 8'-12' / / m
— 32 Very stiff to hard, red, brown, and / 74 4 , - / L 4 / -greenish gray, with sand e
light gray Lean Clay (CL) / . . Very stiff to hard, light gray and / -gray and tan, with silty Very stiff to hard, light / gockets ’ g 1}2",
— -with sand and silt partings, / -with sand partings 1215 -tanland light gray, W|.th sanq / tan Fat Clay w/Sand (CH), with / sand pockets 10-12 gray and tan Lean Clay / p —
siltstone fragments, and / partings 12'-17"' and silt partings / ferrous nodules / w/Sand (CL)
- calcareous nodules 12-14' / 12'-14' / -with calcareous nodules 8-10' A v 4 - 7
/ / Very stiff, gray and tan / Very stiff to hard, gray and tan
= / with ferrous nodules 14'-15' / Lean Clay w/Sand (CL), / Sandy Fat Clay (CH), with sand —
o /) / with silty sand partings ~ Termination depth = 13 feet. / seams and ferrous nodules 12"
— 28 -with silt partings 16-18' — / / 14' 28 —
Termination depth = 15 feet. % -red, light gray, and tan 12-16' -gray 14-16' %
= Termination depth = 18 feet. Termination depth = 17 feet. / . A — N
-gray, red, and brown, with Termination depth = 16 feet.
- / vertical silty sand seams 16'-17' —
/ Termination depth = 17 feet.
—F g 24 —
Termination depth = 16 feet.
— 20 20 —
— 16 AVILES ENGINEERING CORPORATION
LEGEND:
V4 High olasticit Depth of ground— Depth of groundwater GENERALIZED SOIL PROFILE
- . Paving ) ciay © y 2  water encountered = approx 15 min. after WATER LINE REPLACEMENT IN COMMERCE AREA
clay during drilling initial encounter WBS NO. S-000035-0153-4
- PPl T )
L F}:EH Poorly graded % w7 Depth of groundwater on X
- Fil 'gﬁggé clayey silty sand // Clayey sand = 10/04/13 (piezometer) NOTE. HOUSTON, TEXAS
— SOURCE DRAWING PROVIDED BY:
. ' SOIL STRATIGRAPHY AND SECONDARY SOIL STRUCTURE (SUCH AS SEAMS, LAYERS, OR e 8 159-13 M 02-25-14 AVILES ENGINEERING CORP
i Low plasticity Siity sand T sty low S Depth of ?rgundwqter on POCKETS OF SANDS, SILTS, SLICKENSIDES, AND FISSURES) THAT ARE DIFFERENT FROM T | (R N 2 —— -
clay fllAl plasticity clay = 11/11/13 (piezometer) WHAT WERE IDENTIFIED IN THE ACTUAL BORINGS MAY EXIST AWAY FROM THESE BORINGS. oo sone: 1" = 300" BpJ PLATE B-3




INFEET

ELEVATION

Wesr

— 44

GENERALIZED SUBSURFACE SOIL PROFILE
ALONG GARROW

HORIZONTAL DISTANCE IN FEET

2+00 4400 6400 8400 10+00 12400 14400 16400 18400 20400 22400
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| T T | T T T | T T T T | T T T T | T T | T T | T T T | T T T | T T T | T T T |
—-22
B—-24
Pavement: 9" Asphalt _
B—21 — B-25 Pavement: 6" Asphalt ,
Base: 3" stabilized sand and 25

Pavement: 3.5" Asphalt + 6"
Concrete

Firm to very stiff, dark gray Fat
Clay (CH), with slickensides
-with ferrous nodules 1-2'
-tan, with sand pockets 2'-4'

N _

-tan and light gray 4'-6'

-red and light gray, with
calcareous and ferrous nodules;
and siltstone-fragments 6! 8'

AT

Very stiff-to-hard, tan and light
gray Lean Clay (CL), with ferrous
nodules and sand partings

-with siltstone fragments 8'-12'
-red, tan, and light gray 10-17'

Termination depth = 17 feet.

gravel

Stiff to hard, dark brown Fat Clay
(CH), with slickensides
-dark gray 2'-4'

-olive brown 4'-6', with
calcareous nodules 4'-12' and
ferrous nodules 4'-8'

-red and tan 6'-10'

-tan and gray 10-12'

ANEHRREIEIRNNNNNN

Very stiff to hard, gray and tan
Lean Clay w/Sand (CL), with
ferrous nodules

Termination depth = 16 feet.

LEGEND:
. s s Depth of ground— Depth of groundwater
. Paving // H||gh plasticity % water encountered % approx 15 min. after
clay during drilling initial encounter
eyt >
. P Poorly graded % w7 Depth of groundwater on
Fill 135555 clayey silty sand // Clayey sand = 10/04/13 (piezometer)
Low plasticity . M\l Silty low xr Depth of groundwater on
clay Silty sand MU plasticity clay T 111/13 (plezometer)

NOTE:

SOIL STRATIGRAPHY AND SECONDARY SOIL STRUCTURE (SUCH AS SEAMS, LAYERS, OR
POCKETS OF SANDS, SILTS, SLICKENSIDES, AND FISSURES) THAT ARE DIFFERENT FROM
WHAT WERE IDENTIFIED IN THE ACTUAL BORINGS MAY EXIST AWAY FROM THESE BORINGS.

ARl H=

Pavement: 4" Asphalt

Base: 5" stabilized crushed
limestone

Very stiff to hard, dark gray
Fat Clay (CH), with
slickensides

-with ferrous nodules 2'-6'

-dark gray and tan 4'-6', with
calcareous nodules 4'-12'

-gray, tan, and brown 6-10'

-with sand partings 11'-12'

Very stiff to hard, tan and light
gray Lean Clay w/Sand (CL)

-with sand partings and
calcareous nodules 14'-16'

-reddish brown and light gray
16'-18'

Termination depth = 18 feet.

Base: 6" stabilized sand
and gravel
Stiff to very stiff, dark

slickensides
-dark gray 2'-6'

nodules 6-10'

-with calcareous nodules
8-12'

-red, brown, and gray
1012’

amiiitNNNNSSSIy)E

Firm to very stiff, light tan
Lean Clay w/Sand (CL)
-with silty sand and fat
clay seams 12-14'

nodules 14-15'
Termination depth = 15 feet.

brown Fat Clay (CH), with

Pavement: 5" Asphalt
Base: 6" stabilized sand
and gravel

Fill: very stiff, dark gray Fat
Clay (CH)

-with shell and sand seams,
and ferrous nodules 2'-4'

-tan and gray, with ferrous

AAANNNNNEENNNNN

Stiff to very stiff, gray and
tan Fat Clay (CH), with
ferrous nodules

-with siltstone fragments 6'-8'

-red and gray 8'-12', with silt
pockets 8'-10'

-with calcareous nodules
10-12'

4 -tan and gray, with ferrous

Very stiff, brown and gray
Lean Clay (CL)

-with silt pocket, calcareous
nodules, and siltstone
fragments 12'-14'

-light gray and tan 14'-16',
with sand partings 14-18'

-with calcareous nodules,
siltstone fragments, and
sand pockets 16'-18'

Termination depth = 18 feet.

B-26

Pavement: 6" Asphalt

\

Base: 10" stabilized sand with
gravel

TR R

Fill: very stiff, gray and tan Fat

\Clay {CH), with ferrous nodules

Hard, tan and gray Fat Clay
(CH), with slickensides and
calcareous nodules

-with ferrous nodules 2'-8'
-tan and light gray 4'-6'

-reddish brown and light gray 6'-
12'

-with siltstone fragments and
sandy clay pockets 10-12'

Very stiff to hard, light gray and

tan Lean Clay w/Sand (CL), with

ferrous stains

-with calcareous nodules 12'-14'
-with sand partings 14'-16', and
sand pockets 14'-17'

Termination depth = 17 feet.

44
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INFEET

ELEVATION

SOUTH

— 44

GENERALIZED SUBSURFACE SOIL PROFILE

ALONG ST. CHARLES NormH
HORIZONTAL DISTANCE IN FEET
0+00 2+00 4+00 6+00 8+00 10+00 14+00 16+00 18+00 20+00 22400 24400
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| T T T | T T T | T T T | T 515 T | T T T | T T T | T | T T | T T | T T | T T T | 44 —]
Pavement; 3.5" Asphalt + 6" n
B_21 Concrete |
_ Fill: very stiff, dark gray Fat Clay
Pavement: 3.5" Asphalt + 6" (CH), with ferrous nodules, and 5_g |
Concrete sand and gravel seams —
/ Firm to very stiff, dark gray Fat / Very stiff, tan and gray Fat clay Pavement: 2" Asphalt + 6" 40 —
/ Clay (CH), with slickensides / (CH), with ferrous and Concrete
/ -with ferrous nodules 1'-2' % calcareous nodules / Stiff to hard, dark gray and tan .
(/)] -an, vith sand pockets 2-4 7 (/) FatCiay (CH), withfrrous
/ / / nodules —
% -tan and light gray 4'-6' / / -an 24 B—4 (PZ-1)
/ / -red, brown-and light gray, with / - —
/ / siltstone.fragments 6'-8' / -brown, light gray, and tan 46", Pavement: 1.5" Asphalt + 7"
/ . . / / with calcareous nodules and Congrete 26
/ -red and light gray, with / / siltstone fragments 48 / Stiff to hard, tan, red, and light
/ calcareous and ferrous nodules, Stiff to hard, red, brown, and light / gray Lean Clay w/Sand (CL), 7]
/ and siltstone fragments 6' 8' gray Lean Clay w/Sand (CL), / -red, brown, and light gray 6'-8' with ferrous nodules B
A with ferrous nodules / -tan and light gray 2'-10', with - N
Verystiff to hard, tan and light -with silt partings, abundant / calcareous nodules 2'-4' and Pavement: 2.5" Asphalt n
/ gray Lean Clay (CL), with ferrous calcareous nodules, and siltstone A siltstone fragments 2'-8' Base: 5" sand and crushed
nodules and sand partings fragment 8'-12" Firm to hard, light gray and tan \Iimestone 35 | m
-with siltstone fragments 8"-12: Lean Clay w/Sand (CL), with Fill: stiff to very stiff, gray and tan E
-red, tan, and light gray 10'-17 -tan and light gray, with sand fer_rous_ nodules o Sandy Lean Clay (CL), with — 5
partings 12-17" and silt partings -with silt seams 8-10 -with abundant calcareous ferrous nodules 5
12-14' nodules and fat clay seams 6'-8' -with gravel 1-2' ==
-with fat clay pockets 2'-6' and =
siltstone fragments 2'-4' - ;
e : =T -with shell 4-6'
-with caleareols nodules and with silt partings 8-10 28 —I E
siltstone fragments 12'-16'
-tan and light gray 6'-10' ]
-red and light gray 14'-16' Very stiff to hard, red, brown, and
Termination depth = 17 feet. / light gray Fat Clay (CH), with n
/ slickensides
/ -with calcareous nodules, 7]
Termination depth = 17 feet. Very stiff o hard, red, brown, and Y / siltstone fragments, and silty clay oy |
/ light gray Fat Clay (CH), with ;% seams 10-12
/ calcareous nodules and siltstone = / Medium dense, light gray Clayey _
% fra%:nfents Sules 1618 8 4 / -with siltstone fragments and % Sand (SC)
-with ferrous nodules 16'- TS -
A “with sandy clay pockets 18-19' % calcareous nodules 14'-18 %
Termination depth = 19 feet. % / .
% -borehole cavetin at 16.8' / 20
7 / / n
= Soft to-hard,-red, light gray, and %% i .
tan Sandy Lean Clay (CL), wet ﬁ -borehole cave-in at 15.3 —
-with siltstone fragments and =]
calcareous nodules 18'-20' 7]
16 —
Termination depth = 18 feet. |
-ight gray and tan, with ferrous
nodules
AVILES ENGINEERING CORPORATION
LEGEND: Termination depth = 25 feet.
V4 High plasticity o Depth of ground— - Depth of groundwater GENERALIZED SOIL PROFILE
. Paving A dla == water encountered = dpprox 15 min. after WATER LINE REPLACEMENT IN COMMERCE AREA
y during drilling initial encounter
VT 7, WBS NO. S-000035-0153-4
. ' 3, Poorly graded 2/ w7 Depth of groundwater on HOUSTON. TEXAS
Fil AE oy Soysna ) Clovey sans = 10/04/13 (piezometer) ’
SOIL STRATIGRAPHY AND SECONDARY SOIL STRUCTURE (SUCH AS SEAMS, LAYERS, OR e 5159-13 T 09-95-14 AVILES ENGINEERING CORP
Low plasticity Silty sand HIH ity low X Depth of ?rgundwqter on POCKETS OF SANDS, SILTS, SLICKENSIDES, AND FISSURES) THAT ARE DIFFERENT FROM — LW e — Y :
clay fllAl plasticity clay = 11/11/13 (piezometer) WHAT WERE IDENTIFIED IN THE ACTUAL BORINGS MAY EXIST AWAY FROM THESE BORINGS. oot sone: 1" = 200" BpJ PLATE B-5




GENERALIZED SUBSURFACE SOIL PROFILE

INFEET

ELEVATION

Soum ALONG PALMER NorH
HORIZONTAL DISTANCE IN FEET
0+00 2400 4400 6+00 8+00 10+00 12+00 14+00 16+00 18+00 20+00 22+00 24+00 26+00 28+00
- =4t e e e
—19
B-28 S -
Pavement. 4" Asphalt Pavement: 7.5" Asphalt
Base: 6" s.tabilized sand and 6 Base: 9.5" stabilized sand with n
40 gravel Pavement: 6" Asphalt \glralvel and §hell o
Fill: very stiff, dark gray Fat Clay Base: 10" stabilized sand with Fill She." with sand
\(CH), with sand and shell seams \gravel / Very stiff, gray Fat Cla¥ (9H) -
% Stiff to very stiff, dark gray Fat Fill: very stiff, gray and tan Fat / -with ferrous nodules 2-4
/ Clay (CH) \Clay {CH), with ferrous nodules / B-3 —
-olive gray 4'-6', with calcareous
_aray and tan 4'-8' / Hard, tan and gray Fat Clay / 0 SR —
% gray / (CH), with slickensides and / nodules 4'-10 gave-r:e3m5."4 Azphag I -
/ / calcareous nodules / 5 5 Al ase: 19.57sanc and grave
36 / / -with ferrous nodules 2'-8' / avement: 5.5" Aspha - 36 —
/ / -tan and light gray 4'-6' / -tan 6-8' Base: 5.5" stabilized sand with \S/:%stgfattocr;:rd(,g:;yvzrt\ﬁ tan
/ / \sheII and gravel / Y YL, —
/ / = / ferrous nodules
/ / -reddish brown and light gray 6'- / Fill: gray and tan Sandy Fat Clay / -with siltstone fragments and
/ / 12' t d 810" (CH) / calcareous nodules 7
- 112" -sand and gravel layer, and woo
/ red, brown, and gray-8-12 / / ~amqna gray & d and Il d wood /
/ / / pieces 0.9-1.3' / -
~ / / / Stiff to very stiff, gray Lean Clay / o
b % / / -greenishgray, with'sand wiSand (CL) / B
/ -with calcareous and ferrous / / gt])ckets y 3._12’. -with-sand pockets-and-partings / -with-sand pockets 6'-8' Fj
/ nodules, and siltstone fragments / / P 2'-4' . ) / n 5
/ 10-15' / -with siltstone fragments and g \-greenlsh gray, with calcareous / )
/ / sandy clay pockets 10-12" . - and ferrous nodules 4'-6' g 1=
/ -tan and light gray, with sand / / Very stiff to hard, gray and tan Very stiff to hard, gray Sandy Medium dense, light gray Clayey =
/ partings 12- 15' '/ % Sandy Faij ?Iay (CH), ;V'fh s?;d Lean Clay (CL), with ferrous / Sand (SC) e
o8 / Very stiff to hard, light gray and / ?‘e‘?ms and errous nodules 12~ stains -with silty sand seams 8'-14' o5 | ™
- % tan Lean Clay w/Sand (CL), with / -
ferrous stains / ! . .
/] -with calcareous nodules 12'-14' / -tan and light gray 1012
Termination depth = 15 feet. -with sand partings 14'-16', and A s 4 -with sand pockets and partings / _
sand pockets 1417 Termination depth = 16 feet. 10-12 , i/ ,
-borehole caved in at 11.5' = / -borehole cave-in at 12.2' .
24 Light gray and tan Silty Clayey / 24 —
Sand (SC-SM), moist o
Termination depth = 17 fest. ( ) -an and red 1416 |
-wet at 14' / _|
20 Medium dense, light gray Silty % 20 —
Sand (SM), with cl d - -
s:anmsf we)t Vi ciayey san Very stiff to hard, tan Silty Clay |
' (CL-ML)
-gray and tan, with gravel 18'-20' _
-with silt seams 20'-22' 7]
16 16 —
-tan and red, with calcareous 7]
Very stiff, gray and light tan Fat 22d;|4es and sitistone fragments —
Clay (CH
Z y (CH) Termination depth = 24 feet. B
12 é AVILES ENGINEERING CORPORATION
LEGEND: P -
Termination depth = 25 feet.
V4 High olasticit Depth of ground— Depth of groundwater GENERALIZED SOIL PROFILE
. Paving ) ey T <2 water encountered X approx 15 min. after WATER LINE REPLACEMENT IN COMMERCE AREA
— clay . during drilling initial encounter WBS NO. S-000035-0153-4
. ' 3, Poorly graded 2/ w7 Depth of groundwater on HOUSTON. TEXAS
: " G ey Sy ans ) Corer sons = 10/04/13 (piezometer) ’ S
AEC PROJECT NO. © DATE: URCE DRAWING PROVIDED BY:
. . SOIL STRATIGRAPHY AND SECONDARY SOIL STRUCTURE (SUCH AS SEAMS, LAYERS, OR G159-13 02-25-14 AVILES ENGINEERING CORP
Low plasticity Silty sand I " Silty ‘Ic?w v 4 Depth of ?rqundwqter on POCKETS OF SANDS, SILTS, SLICKENSIDES, AND FISSURES) THAT ARE DIFFERENT FROM y——— T =4 |owreosn. Eyew. :
clay fllAl plasticity clay = 11/11/13 (piezometer) WHAT WERE IDENTIFIED IN THE ACTUAL BORINGS MAY EXIST AWAY FROM THESE BORINGS. oot sone: 1" = 200" BpJ PLATE B-6




ELEVATION [N FEET

GENERALIZED SUBSURFACE SOIL PROFILE

EAST

ALONG HOLMES MATCH LINE
ORIZONTAL DISTANCE IN FEET STATION
0+00 2400 4+00 6+00 8400 10+00 12400 14400 16400 18400 22+00 24+00
] 1 ————1— ————t—t------ 52 —
B—-29 n
Pavement: 9" Concrete -
Fill: stiff to very stiff, dark gray B-30 ]
Fat Clay (CH)
-lime stabilized 1-2' %‘\Pavement: 3" Asphal B-31 B-32 B-33 e
-with ferrous nodules 2-4 S:gin?sl:;b!l;z;ld sand, gravel % Fill: 8.5" gravel and sand Fill: 6" sand and gravel Fill: 7" sand and gravel
N . . 0 0. " .
Fill:firm to very stiff, dark gray Fill: firm to very stiff, dark gray Fill: firm to stiff, dark gray Fat :E:Z: Fill: soft to very sltlff, dark gray. 7]
-with sand pockets 4-6' and tan Fat Clay (CH), with and tan Fat Clay w/Sand (CH), Clzzyfw/Sand t(QH)’ with gravel Z:Z:Z Fat Clay (CH), with ferrous stains i
ferrous stains with ferrous stains ot 2ol angcal KK -dark gray and tan 2-4'
-with sand pockets and gravel 2'- -with shell and calcareous XXX
R 4 nodules 2'-4' K2 -
Dedede! 93908
% -[hydrocarbon odor 461 R
v, Stiff to very stiff, gray Fat Clay ) ‘ ::::: 44 —
/ (CH), with slickensides -dark gray and gray, with shell 4- 53
wi A 6' 3RS ]
with ferrous nodules 6'-14 hvdrocarbon odor 46 R
% -gray and tan 810’ Y /| Firm to very stiff, gray and tan -lhydrocarbon odor 4-6] E:E:E
. . X2 -
/ % Fat Clay (CH), with ferrous-stains -dark gray 68’ -with sandy clay seams 6'-8' E:E:E -with gasoline odor 6'-8'
X2
Z, 7 i .
/ i . / -with calcareous nodules 8'-12' RS
/ -red, light gray, and tan 10-15', / XXX 40 —
/ with calcareous nodules and / /| stiff to very stiff, tan, brown, and ¢/ —Stiff-to-very-stiff-tan and light (/) stiffto very stiff, light gray and m
/ siltstone fragments 10'-14' / / light gray Fat Clay (CH), with / gray Fat Clay (CH), with / tan Fat Clay (CH), with 45
/ / -reddish brown, light gray and / slickensides / slickensides and calcareous / slickensides and calcareous S
/ / tan, with abundant calcareous / -with abundant calcareous / nodules / nodules e
% / nodules 10-12' / nodules 8'-10' i / -red, brown, and light gray 10™ / -with ferrous nodules 8'-14' and =
% 7 /] tetishtrown and gt gy 10- /) 13, it ferous nodules 10-12 (/) sitsone fragments 8-12 1
/ % -brown and light gray, with silt % 14 % % m
. g 36 —
/ / partings and seams 12-14 / / / -red and light gray 12'-14' -
Termination depth = 15 feet. / % / % -
Termination depth = 14 feet. g Termination depth = 13 feet. / ]
Termination depth = 14 feet. / -red, brown, and light gray 14'-15'
/ —
Termination depth = 15 feet.
32 —
28 —
24 —
AVILES ENGINEERING CORPORATION
LEGEND:
REVISION:
4 High plasticity Depth of ground— Depth of groundwater GENERALIZED SOIL PROFILE
. Paving ‘A dlay < vdvut‘er eﬁ?untered = approx 15 mi?. after PROPOSED WATER LINE PROFILE UPDATED AS PER S.E.C. DRAWING DATED 3/24/2014. WATER LINE REPLACEMENT IN COMMERCE AREA
- / . uring arilling Initial encounter WBS NO S-000035-0153-4
. ;ﬁ,.j td Poorly graded s w7 Depth of groundwater on NOTE: HOUSTON. TEXAS
Fill I!;fqﬁa clayey silty sand /j% Clayey sand = 10/04/13 (piezometer) o : -
SOIL STRATIGRAPHY AND SECONDARY SOIL STRUCTURE (SUCH AS SEAMS, LAYERS, OR e 5159-13 " 04-02-14 AVILES ENGINEERING CORP
Low plasticity Sity sand I sitty tow S Depth of %rqundwuter on POCKETS OF SANDS, SILTS, SLICKENSIDES, AND FISSURES) THAT ARE DIFFERENT FROM T L E T — :
clay MIA plasticity clay = 11/11/13 plezometer) WHAT WERE IDENTIFIED IN THE ACTUAL BORINGS MAY EXIST AWAY FROM THESE BORINGS. HORIZONTALSCALE: 1" =_200. BpJ PLATE B-7a




West

GENERALIZED SUBSURFACE SOIL PROFILE

EAST

MATCH LINE CONTINUED ALONG HOLMES
STATION ORIZONTAL DISTANCE IN FEET
24400 26+00 28+00 30+00 32+00 34400 36+00 38+00 40400 42+00 44+00
______ | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
— 5o B-35 B-36 48 —
i o \S;SVZ 8" clay with sand and % Base: 11" clay with shell and Pt me statdized cayey sand, B-37 -
ravel with crush shell and grave —
Fill firm to very stiff, dark gray lg=iII' firm to stiff, dark gray and tan P 10"sand and graval
B Fat Clay w/Sand (CH) Fa£ Clay w/Sar;d (CH), with Fill: firm to very stiff, dark gray ]
| with ferrous nodules and shell gravel, shell, and ferrous nodules Fat Clay w/Sand (CH), with shell, -
1-8"and calcareous nodules 1'-2 _with calcareous nodules 1'-2" gravel, and ferrous nodules
| 4 -dark gray and light gray 2'-4' 44 —
-with gasoline odor 6-10 Fill: firm to stiff, dark gray Sandy
D Lean Clay (CL), with shell 3 -
gravel, and ferrous nodules &
B -with sand seams and calcareous R 7]
/| Fi i dules 46 K
B irm to very stiff, gray and tan noaules KK |
/ Fat Clay (CH) oo
Ny -with calcareous nodules and XXX 40 —
40 . s RS 40
74 Stiff to very i / siltstone fragments 6'-12" and - — KRS
ry stiff, dark gray and / ferrous nodules 6-8' Firm to very_stiff, light gray.and R
B Clay (CH) tan Lean Clay w/Sand+(CL), with et 7
- tan Fat Clay an Lean ClayrdandCL). Siffto very stif,tan and ight m
L / -with calcareous nodules 8'-10' / calcareous nodules fiTto very stll, tan and lig [
1 / d. b d light 10-14' / -with siltstone fragments and gray Fat Clay (CH), with T ?
= % -Ted, brown, and light gray 19 / -red, brown, and light gray 10'-13' ferrous nodules 8'-10' calcareous nodules ] ;
5 R 4 / % -with siltstone fragments 10-12' ©
= |- 36 - / / 36— =
> / -red, brown, and light gray 12'-13' -
o / —Hm
o 4 / zéz — 0
| /) = Termination depth = 13 feet. Termination depth = 13 feet. _
Termination depth = 14 feet.
Termination depth = 14 feet.
— 52 52 —
— 28 28 —
— 24 24 —
— 20 20 —
AVILES ENGINEERING CORPORATION
B LEGEND:
REVISION:
| e High plasticity Depth of ground— Depth of groundwater GENERALIZED SOIL PROFILE
. Paving ‘A dlay < vdvut‘er eﬁ?untered = approx 15 mi?. after PROPOSED WATER LINE PROFILE UPDATED AS PER S.E.C. DRAWING DATED 3/24/2014. WATER LINE REPLACEMENT IN COMMERCE AREA
L 15 - y uring arilling Initial encounter WBS No S-000035-0153-4
. FHEH Poorly graded LK w7 Depth of groundwater on :
Fill ZHe . 777] Clayey sand 2L h NOTE: HOUSTON, TEXAS
- A4 Fere =
it cloyey sity sond % 10/04/13 piezemeten SOIL STRATIGRAPHY AND SECONDARY SOIL STRUCTURE (SUCH AS SEAMS, LAYERS, OR A AT Ul E ENONEERING
‘s ’ 4 4 G159-13 04-02-14 AVILES ENGINEERING CORP.
- Low plasticity Silty sand flil] Sity low ¥ Depth of %“?undWGter on POCKETS OF SANDS, SILTS, SLICKENSIDES, AND FISSURES) THAT ARE DIFFERENT FROM TSI Ly [ Fy—
clay MIA plasticity clay = 11/11/13 plezometer) WHAT WERE IDENTIFIED IN THE ACTUAL BORINGS MAY EXIST AWAY FROM THESE BORINGS. HORIZONTALSCALE: 1" =_200. BpJ PLATE B-7b
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2" 0.D. SCHEDULE 40 PVC CASING

=t— BENTONITE CHIPS

= 4"DIA. BOREHOLE

| Jea——— FILTER SAND

0.010" SLOT SCREEN
2" O.D. SCHEDULE 40 PVC CASING

THREADED PVC CAP
CEMENT-BENTONITE GROUT

AVILES ENGINEERING CORPORATION

GROUNDWATER DATE
DEPTH FROM SURFACE: MEASURED:
13.3 ft. 10/4/13
12.7 ft. 11/11/13

PIEZOMETER INSTALLATION DETAILS

WATER LINE REPLACEMENT IN COMMERCE AREA

BORING B-4 (PZ-1

WBS NO. S-000035-0153-4
HOUSTON, TEXAS

)

AEC PROJECT NO. :

G159-13

DATE:

02-25-14

SOURCE DWG. BY:

AVILES ENGINEERING CORP.

N.T.S.

DRAWN BY:
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PLATE NO.:
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APPENDIX C

Plates C-1a to C-1d Recommended Geotechnical Design Parameters
Plate C-2 Load Coefficients for Pipe Loading

Plate C-3 Live Loads on Pipe Crossing Under Roadway
Plate C-4 Live Load on Pipe Crossing Under Railroad Track



G159-13 WATERLINE REPLACEMENTS IN COMMERCE AREA, HOUSTON, TEXAS
SOIL PARAMETERS FOR UNDERGROUND UTILITIES

Short-Term Long-Term
. . 04 v OSHA
Boring |Depth (ft) Soil Type E'n C 0} C' o'
(pcf) | (pef) Type K, K K K, K K
(psf) | (deg) |7 | (osD | (deg) T
0-8 Fill: stiff to very stiff CL 130 | 68 | 600 C 2000 0 1.00 [ 1.00 [ 1.00 [ 200 18 1 0.53 | 0.69 | 1.89
B-1 8-10 Fill: stiff CL 130 | 68 | 600 C 1200 0 1.00 [ 1.00 [ 1.00 [ 100 18 1 0.53 ] 0.69 | 1.89
10-18 Medium dense SC 137 | 75 600 C 0 28 | 0.36 | 0.53 | 2.77 0 28 1 0.36 | 0.53 | 2.77
0-6 Fill: stiff to hard CL 120 | 58 | 600 C 2000 0 1.00 [ 1.00 [ 1.00 [ 200 18 1 0.53 ] 0.69 | 1.89
B2 6-12 Very stiff to hard CL 135 | 73 | 1000 B 2200 0 1.00 [ 1.00 [ 1.00 [ 200 18 | 0.53 | 0.69 | 1.89
12-22 Loose to medium dense SC 120 | 58 | 600 (12(_:20) 0 26 1039 ] 056 | 2.56 0 26 | 039 | 0.56 | 2.56
0-8 Very stiff CH 138 | 76 | 1000 B 2800 0 1.00 | 1.00 | 1.00 [ 275 16 | 0.57 ] 0.72 | 1.76
B3 8-18 Medium dense SC 120 | 58 | 1000 C 0 30 | 0.33 ] 0.50 | 3.00 0 30 | 0.33 ] 0.50 | 3.00
18-24 Very stiff to hard CL-ML 125 [ 63 | 1000 (18(-:20) 0 30 [ 033 ] 0.50 | 3.00 0 30 | 0.33 | 0.50 | 3.00
0-8 Hard CL 126 | 64 | 1000 B 2500 0 1.00 | 1.00 | 1.00 [ 250 18 1 0.53 ] 0.69 | 1.89
8-10 Stiff to very stiff CL 126 | 64 | 600 B 1200 0 1.00 [ 1.00 [ 1.00 [ 100 18 1 0.53 | 0.69 | 1.89
B-4 10-18 Very stiff to hard CH 131 | 69 | 1000 C* 2400 0 1.00 | 1.00 | 1.00 [ 250 16 | 0.57 ] 0.72 | 1.76
18-25 Soft to hard CL 120 | 58 | 200 (18(—:20) 500 0 1.00 [ 1.00 | 1.00 50 18 | 0.53 | 0.69 | 1.89
0-4 Very stiff to hard CL 120 | 58 | 1000 B 2500 0 1.00 [ 1.00 [ 1.00 [ 250 18 | 0.53 | 0.69 | 1.89
4-8 Stiff CL 130 [ 68 | 600 B 1200 0 1.00 [ 1.00 [ 1.00 [ 100 18 1 0.53 ] 0.69 | 1.89
8-10 Medium dense SC 120 | 58 | 600 C 0 28 | 0.36 | 0.53 | 2.77 0 28 1 0.36 | 0.53 | 2.77
B-5 10-14 Stiff to very stiff CL-ML 139 | 77 | 600 C* 1800 0 1.00 [ 1.00 [ 1.00 | 175 18 1 0.53 ] 0.69 | 1.89
14-18 Medium dense SM 125 | 63 | 1000 C 0 32 1031|047 | 3.25 0 32 1 031 | 047 | 3.25
18-20 Medium dense SM 120 | 58 | 600 C 0 28 1036 | 053 | 2.77 0 28 | 036 | 0.53 | 2.77
20-23 Very stiff to hard CH 133 | 71 [ 1000 [ N/A | 3000 0 1.00 [ 1.00 [ 1.00 [ 300 16 | 0.57 | 0.72 | 1.76
0-2 Fill: stiff CH 120 | 58 | 600 C 1500 0 1.00 | 1.00 | 1.00 [ 150 16 | 0.57 ] 0.72 | 1.76
B-6 2-16 Very stiff CH 139 | 77 | 1000 B 2500 0 1.00 [ 1.00 [ 1.00 [ 250 16 | 0.57 | 0.72 | 1.76
16-19 Stiff to very stiff CL 137 | 75 600 C* 1800 0 1.00 [ 1.00 [ 1.00 [ 150 18 1 0.53 ] 0.69 | 1.89

(Continue on Next Page)
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G159-13 WATERLINE REPLACEMENTS IN COMMERCE AREA, HOUSTON, TEXAS
SOIL PARAMETERS FOR UNDERGROUND UTILITIES

v . OSHA Short-Term Long-Term
Boring |Depth (ft) Soil Type E'n C 0] C' o'

(Peh | <D PP s ey | | | e e | | |
B-7 0-16 Stiff to very stiff CH/CL 132 | 70 | 600 B 2000 0 1.00 [ 1.00 [ 1.00 [ 200 16 | 0.57 ] 0.72 | 1.76
0-8 Stiff to hard CH 126 | 64 | 600 B 2000 0 1.00 | 1.00 | 1.00 | 200 16 [ 057 ] 0.72 | 1.76
B-8 8-11 Firm to very stiff CL 132 1 70 | 300 B 1000 0 1.00 [ 1.00 [ 1.00 [ 100 18 [ 0.53 ] 0.69 | 1.89
11-19 Very stiff to hard CL/CH 128 | 66 | 1000 B 2600 0 1.00 | 1.00 | 1.00 | 250 18 [ 0.53 ] 0.69 | 1.89
0-4 Fill: very stiff CH 120 | 58 | 600 C 1800 0 1.00 [ 1.00 [ 1.00 | 175 16 [ 057 ] 0.72 | 1.76
4-12 Stiff to very stiff CH 124 | 62 | 600 B 1600 0 1.00 | 1.00 | 1.00 | 150 16 [ 057 ] 0.72 | 1.76
B-9 12-14 Firm CH 131 | 69 | 300 C* 800 0 1.00 [ 1.00 [ 1.00 75 16 | 0.57 ] 0.72 | 1.76
14-16 Medium dense SM 120 | 58 | 600 C 0 28 1036 | 053 | 2.77 0 28 [ 036 | 0.53 | 2.77
16-19 Stiff to very stiff CL 120 | 58 | 600 C* 1800 0 1.00 [ 1.00 [ 1.00 | 175 18 [ 0.53 ] 0.69 | 1.89
0-10 Very stiff to hard CL 138 | 76 | 1000 B 2500 0 1.00 | 1.00 | 1.00 | 250 18 [ 0.53 ] 0.69 | 1.89
B-10 10-18 Stiff to very stiff CL/CH 128 | 66 | 600 C* 1200 0 1.00 [ 1.00 [ 1.00 [ 100 16 | 0.57 ] 0.72 | 1.76
18-20 Dense SM 125 | 63 | 2000 C 0 32 1031|047 | 3.25 0 32 [ 031 ] 047 | 3.25
20-25 Hard CL 139 | 77 | 1000 | N/A | 3000 0 1.00 | 1.00 [ 1.00 [ 300 18 [ 0.53 ] 0.69 | 1.89
0-8 Stiff to very stiff CL 131 | 69 | 600 B 1800 0 1.00 | 1.00 | 1.00 [ 175 18 [ 0.53 ] 0.69 | 1.89
B-11 8-12 Stiff to very stiff CL 133 | 71 600 C* 1500 0 1.00 [ 1.00 [ 1.00 [ 150 18 [ 0.53 ] 0.69 | 1.89
12-16 Medium SC 138 | 76 | 1000 C 0 30 | 033 ] 0.50 | 3.00 0 30 [ 0.33 ] 0.50 | 3.00
0-2 Fill: CH 120 | 58 | 200 C 500 0 1.00 [ 1.00 [ 1.00 50 16 [ 057 ] 0.72 | 1.76
2-10 Stiff to hard CL 133 | 71 600 B 1800 0 1.00 | 1.00 | 1.00 [ 175 18 [ 0.53 ] 0.69 | 1.89
B-12 10-22 Medium dense SM/SC-SM 120 | 58 | 600 (12(_:20) 0 28 1036 | 053 | 2.77 0 28 1 036 | 053 | 2.77
22-25 Very stiff CH 137 | 75 | 1000 [ N/A | 3000 0 1.00 [ 1.00 [ 1.00 [ 300 16 [ 057 ] 0.72 | 1.76
B-13 0-2 Fill: sand, gravel, and clay 120 | 58 | 300 C 0 26 | 0.39 | 0.56 | 2.56 0 26 | 0.39 | 0.56 | 2.56
2-18 Very stiff to hard CH/CL 130 | 68 | 600 B 2000 0 1.00 [ 1.00 [ 1.00 [ 200 16 [ 057 ] 0.72 | 1.76
0-4 Fill: firm CL 120 | 58 | 300 C 800 0 1.00 | 1.00 | 1.00 75 18 [ 0.53 ] 0.69 | 1.89
B-14 4-6 Fill: stiff to very stiff CL 118 | 56 | 600 C 1600 0 1.00 [ 1.00 [ 1.00 [ 150 18 [ 0.53 ] 0.69 | 1.89
6-15 Stiff to hard CH 128 | 66 | 600 B 2000 0 1.00 | 1.00 | 1.00 | 200 16 [ 057 ] 0.72 | 1.76
0-2 Fill: very stiff CH 120 | 58 | 600 C 2000 0 1.00 [ 1.00 [ 1.00 [ 200 16 [ 057 ] 0.72 | 1.76
B-15 2-8 Very stiff CH 133 | 71 | 1000 B 2700 0 1.00 | 1.00 | 1.00 | 250 16 [ 057 ] 0.72 | 1.76
8-17 Stiff to hard CL 138 | 76 | 600 B 1700 0 1.00 [ 1.00 [ 1.00 [ 150 18 [ 0.53 ] 0.69 | 1.89

(Continue on Next Page)
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G159-13 WATERLINE REPLACEMENTS IN COMMERCE AREA, HOUSTON, TEXAS
SOIL PARAMETERS FOR UNDERGROUND UTILITIES

. . OSHA Short-Term Long-Term
Boring |Depth (ft) Soil Type E'n C 0] C' o'

(Peh | <D PP s [@em | K | | R | sty [aegy | S0 | M0 |
0-2 Fill: stiff to very stiff CH 120 [ 58 | 600 C 2000 0 1.00 [ 1.00 [ 1.00 [ 200 16 | 0.57 ] 0.72 | 1.76
B-16 2-8 Very stiff CH 132 | 70 | 1000 B 2200 0 1.00 [ 1.00 [ 1.00 [ 200 16 | 0.57 | 0.72 | 1.76
8-16 Very stiff to hard CH 136 | 74 | 1000 B 3000 0 1.00 [ 1.00 [ 1.00 [ 300 16 | 0.57 ] 0.72 | 1.76
B-17 0-17 Very stiff to hard CH/CL 132 | 70 | 1000 B 2400 0 1.00 [ 1.00 [ 1.00 | 225 16 | 0.57 | 0.72 | 1.76
B-18 0-4 Fill: stiff to very stiff CH 120 [ 58 | 600 C 2000 0 1.00 [ 1.00 [ 1.00 [ 200 16 | 0.57 ] 0.72 | 1.76
4-13 Very stiff to hard CH/CL 126 | 64 | 1000 B 2200 0 1.00 [ 1.00 [ 1.00 [ 200 16 | 0.57 | 0.72 | 1.76
B-19 0-16 Very stiff to hard CH 131 [ 69 | 1000 B 3000 0 1.00 [ 1.00 [ 1.00 [ 300 16 | 0.57 ] 0.72 | 1.76
B-20 0-13 Hard CH 135 | 73 | 1000 B 3000 0 1.00 [ 1.00 [ 1.00 [ 300 16 | 0.57 | 0.72 | 1.76
B21 0-8 Firm to very stiff CH 120 [ 58 | 300 B 900 0 1.00 [ 1.00 [ 1.00 75 16 | 0.57 ] 0.72 | 1.76
8-17 Very stiff to hard CL 133 | 71 | 1000 B 2800 0 1.00 [ 1.00 [ 1.00 | 275 18 ] 0.53 | 0.69 | 1.89
B.22 0-12 Stiff to hard CH 128 [ 66 | 600 B 1800 0 1.00 [ 1.00 [ 1.00 | 175 16 | 0.57 ] 0.72 | 1.76
12-16 Very stiff to hard CL 133 | 71 | 1000 B 3000 0 1.00 [ 1.00 [ 1.00 [ 300 18 | 0.53 | 0.69 | 1.89
B-23 0-12 Very stiff to hard CH 132 | 70 | 1000 B 2600 0 1.00 [ 1.00 [ 1.00 [ 250 16 | 0.57 ] 0.72 | 1.76
12-18 Very stiff to hard CL 138 | 76 | 1000 B 3000 0 1.00 | 1.00 [ 1.00 [ 300 18 | 0.53 | 0.69 | 1.89
B-24 0-6 Stiff to very stiff CH 127 | 65 | 1000 B 2500 0 1.00 [ 1.00 [ 1.00 [ 250 16 | 0.57 ] 0.72 | 1.76
6-15 Firm to very stiff CH/CL 123 | 61 300 B 1000 0 1.00 [ 1.00 [ 1.00 [ 100 16 | 0.57 |1 0.72 | 1.76
0-4 Fill: very stiff CH 120 [ 58 | 1000 C 2000 0 1.00 [ 1.00 [ 1.00 [ 200 16 | 0.57 ] 0.72 | 1.76
B-25 4-8 Stiff to very stiff CH 124 | 62 | 600 B 1400 0 1.00 [ 1.00 [ 1.00 | 125 16 | 0.57 | 0.72 | 1.76
8-18 Very stiff CH/CL 133 | 71 | 1000 B 3000 0 1.00 [ 1.00 [ 1.00 [ 300 16 | 0.57 ] 0.72 | 1.76
B-26 0-2 Fill: very stiff CH 120 | 58 | 1000 C 2000 0 1.00 | 1.00 [ 1.00 [ 200 16 | 0.57 | 0.72 | 1.76
2-17 Very stiff to hard CH/CL 134 | 72 | 1000 B 3000 0 1.00 [ 1.00 [ 1.00 [ 300 16 | 0.57 ] 0.72 | 1.76
0-6 Very stiff CH 132 | 70 | 1000 B 3000 0 1.00 [ 1.00 [ 1.00 [ 300 16 | 0.57 | 0.72 | 1.76
B-27 6-12 Stiff to very stiff CH 130 | 68 | 600 B 1800 0 1.00 [ 1.00 [ 1.00 | 175 16 | 0.57 ] 0.72 | 1.76
12-18 Very stiff to hard CL 137 | 75 | 1000 B 2000 0 1.00 [ 1.00 [ 1.00 [ 200 18 1 0.53 | 0.69 | 1.89
0-2 Fill: very stiff CH 120 | 58 | 1000 C 2000 0 1.00 [ 1.00 [ 1.00 [ 200 16 | 0.57 ] 0.72 | 1.76
B-28 2-10 Stiff to very stiff CH 124 | 62 | 600 B 1400 0 1.00 [ 1.00 [ 1.00 | 125 16 | 0.57 | 0.72 | 1.76
10-15 Very stiff CH 137 | 75 | 1000 B 2600 0 1.00 [ 1.00 [ 1.00 [ 250 16 | 0.57 ] 0.72 | 1.76
B-29 0-6 Fill: stiff to very stiff CH 120 | 58 | 600 C 1500 0 1.00 [ 1.00 [ 1.00 [ 150 16 | 0.57 | 0.72 | 1.76
6-15 Stiff to very stiff CH 125 | 63 | 600 B 1800 0 1.00 [ 1.00 [ 1.00 | 175 16 | 0.57 ] 0.72 | 1.76
B-30 0-6 Fill: firm to very stiff CH 121 | 59 | 300 C 700 0 1.00 [ 1.00 [ 1.00 50 16 | 0.57 |1 0.72 | 1.76
6-14 Firm to very stiff CH 122 | 60 | 300 B 800 0 1.00 [ 1.00 [ 1.00 75 16 | 0.57 ] 0.72 | 1.76

(Continue on Next Page)
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G159-13 WATERLINE REPLACEMENTS IN COMMERCE AREA, HOUSTON, TEXAS
SOIL PARAMETERS FOR UNDERGROUND UTILITIES

Bori Depth (1 Sl T v . . OSHA . Short-Term . Long-Term
oring (Dep oil Type 'n (0] ! o'

®eh) | eh TP | st e | M | K| K ot e | Mo | M0 |
B-31 0-8 Fill: firm to very stiff CH 118 | 56 | 300 C 800 0 1.00 | 1.00 | 1.00 75 16 | 057 ] 0.72 | 1.76
B-32 0-8 Fill: firm to stiff CH 119 | 57 | 300 C 1000 0 1.00 | 1.00 | 1.00 | 100 16 [ 057 ] 0.72 | 1.76
0-5 Fill: stiff to very stiff CH 113 | 51 600 C 1800 0 1.00 | 1.00 | 1.00 [ 175 16 | 057 ] 0.72 | 1.76
B-33 5-8 Fill: soft CH 113 | 51 | 200 C 300 0 1.00 | 1.00 | 1.00 [ 25 16 [ 0.57 ] 0.72 | 1.76
8-15 Stiff to very stiff CH 128 | 66 | 600 B 2000 0 1.00 | 1.00 | 1.00 | 200 16 [ 057 ] 0.72 | 1.76
B-34 0-8 Fill: firm to stiff CH 120 | 58 | 300 C 1000 0 1.00 | 1.00 | 1.00 | 100 16 [ 057 ] 0.72 | 1.76
8-14 Stiff to very stiff CH 138 | 76 | 600 B 1300 0 1.00 | 1.00 | 1.00 [ 125 16 [ 057 ] 0.72 | 1.76
B35 0-6 Fill: firm to stiff CH 138 | 76 | 300 C 700 0 1.00 | 1.00 | 1.00 50 16 [ 057 ] 0.72 | 1.76
6-13 Firm to very stiff CH 131 | 69 | 300 B 900 0 1.00 | 1.00 | 1.00 75 16 [ 057 ] 0.72 | 1.76
B-36 0-8 Fill: firm to stiff CL 130 | 68 | 300 C 1000 0 1.00 | 1.00 | 1.00 | 100 18 [ 0.53 ] 0.69 | 1.89
8-13 Firm to very stiff CL 135 | 73 | 300 B 700 0 1.00 | 1.00 | 1.00 50 18 [ 0.53 ] 0.69 | 1.89
B-37 0-8 Fill: firm to very stiff CH 122 | 60 | 300 C 1000 0 1.00 | 1.00 | 1.00 | 100 16 [ 0.57 ] 0.72 | 1.76
8-14 Stiff to very stiff CH 120 | 58 | 600 B 1800 0 1.00 | 1.00 | 1.00 [ 175 18 [ 0.53 ] 0.69 | 1.89

(1) y = Unit weight for soil above water level, y’ = Buoyant unit weight for soil below water level. E'n = Soil modulus for native soils;
(2) C = Soil ultimate cohesion for short term (upper limit of 3,000 psf for design purposes), ¢ = Soil friction angle for short term;

(3) C' = Soil ultimate cohesion for long term (upper limit of 300 psf for design purposes), ¢' = Soil friction angle for long term;

(4) K, = Coefficient of active earth pressure, K, = Coefficient of at-rest earth pressure, K, = Coefficient of passive earth pressure;

(5) CL = Lean Clay, CH = Fat Clay, CL-ML = Silty Clay, SC = Clayey Sand, SM = Silty Sand, SC-SM = Silty Clayey Sand;

(6) OSHA Soil Types for soils in the top 20 feet below grade:

A: cohesive soils with qu = 1.5 tsf or greater (qu = Unconfined Compressive Strength of the Soil)

B: cohesive soils with qu = 0.5 tsf or greater

C: cohesive soils with qu = less than 0.5 tsf, fill materials, or granular soil

C*: submerged cohesive soils; dewatered cohesive soils can be considered OSHA Type C.

PLATE C-1d
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Reference: US Army Corps of Engineers Engineering Manual, EM 1110-2-2909, Oct. 31, 1997, Figure 2-5.
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VERTICAL STRESS, psf
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LIVE LOADS ON PIPE CROSSING UNDER ROADWAY

Note: 1. The vertical stress was estimated using AASHTO HS20 truck axle loadings on

paved surfaces (Reference: ASCE 15-98, "Standard Practice for Direct Design of Buried

Precast Concrete Pipe Using Standandard Installations").
2. Single truck passing.
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APPENDIX D

Critical Heights of Cuts in Nonfissured Clays

Maximum Allowable Slopes

A Combination of Bracing and Open Cut

Lateral Pressure Diagrams - For Open Cuts in Cohesive Soils - Long Term
Conditions

Lateral Pressure Diagrams - For Open Cuts in Cohesive Soils - Short Term
Conditions

Lateral Pressure Diagrams - For Open Cuts in Sand

Bottom Stability for Braced Excavation

Thrust Force Calculation

Thrust Force Example Calculation

Design Parameters for Bearing Thrust Block

Relation between the Width of Surface Depression and Depth of Cavity for
Tunnels



ENGINEERING CORP.
Critical Heights of Cut Slopes in Nonfissured Clays
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MAXIMUM ALLOWABLE SLOPES

g I\
f

S , &
> A 12" MAX "
= e} .
-/

N/A

TYPE B
SOILS

20" MAX.
O un
m =
e S N/A 20" MAX.
E 7% é} C
SHORT TERM LONG TERM

NOTES:

(1) For Type A soils, a short term maximum allowable slope of 0.5 (H) : 1 (V) is allowed
in excavations that are 12 feet or less in depth; short term (24 hours or less) maximum
allowable slopes for excavations greater than 12 feet in depth shall be 0.75 (H) : 1 (V).

(2) Maximum depth for above slopes is 20 feet. For slopes deeper than 20 feet, trench
protection should be designed by the Contractor's professional engineet.

Reference: OSHA, Safety and Health Regulations for Construction, 1926 Subpart P. PLATE D-2
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A COMBINATION OF BRACING AND OPEN CUTS

TYPE "B” SOIL

SUPPORT OR A 1
SHIELD SYSTEM ‘ 3
20° MAX. :| A 18" MIN.

f

TOTAL HEIGHT OF VERTICAL SIDE

TYPE "C” SOIL

SUPPORT OR

SHIELD SYSTEM
20" MAX. :| S I

18" MIN.

f

TOTAL HEIGHT OF VERTICAL SIDE

11/2

Reference: OSHA, Safety and Health Regulations for Construction, 1926 Subpart P. PLATE D-3
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LATERAL PRESSURE DIAGRAMS
FOR OPEN CUTS IN COHESIVE SOIL - LONG TERM CONDITIONS

q

i
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(a) Soft to Medium (b) Stiff Clay (c) Water Pressure (d) Surcharge
Clay Pressure

Empirical Pressure Distributions

Where:

H = Total excavation depth, feet

D =Depth to water table, feet

P1 = Lateral earth pressure = yH-4C, psf

P2 = Lateral earth pressure = 0.4yH, psf

P3 = Water pressure = yu (H-D), psf

P4 = Lateral earth pressure caused by surcharge = gKa, psf
Y = Effective unit weight of soil, pcf

Y« =Unit weight of water, pcf

C =Drained shear strength or cohesion, psf
Ka = Coefficient of active earth pressure

Notes:

1. All pressures are additive.

2. No safety factors are included.

3. For use only during long term construction.

4. |f yH/C < 4, use section (b),
If 4 <yH/C < 6, use larger of section (a) or (b),
If yH/C > 6, use section (a).

Reference: Peck, R.B. (1969), "Deep Excavation and Tunneling in soft
Ground", 7th ICSMFE, State of art volume, pp. 225-290.
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LATERAL PRESSURE DIAGRAMS
FOR OPEN CUTS IN COHESIVE SOIL - SHORT TERM CONDITIONS
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(a) Soft to Medium (b) Stiff Clay (c) Water Pressure (d) Surcharge
Clay Pressure

Empirical Pressure Distributions

Where:

H = Total excavation depth, feet

D =Depth to water table, feet

P1 = Lateral earth pressure = yH-4S,, psf
P2 = Lateral earth pressure = 0.2yH, psf
P3 = Water pressure = yu (H-D), psf

P4 = Lateral earth pressure caused by surcharge = gK., psf
v = Effective unit weight of soil, pcf

Yw = Unit weight of water, pcf

Su = Undrained shear strength = qu/2, psf
Qu = Unconfined compressive strength, psf
Ka = Coefficient of active earth pressure

Notes:

1. All pressures are additive.

2. No safety factors are included.

3. For use only during short term construction.

4. If yH/S. < 4, use section (b),
If 4 < yH/S. < 6, use larger of section (a) or (b),
If yH/S. > 6, use section (a).

Reference: Peck, R.B. (1969), "Deep Excavation and Tunneling in soft
Ground", 7th ICSMFE, State of art volume, pp. 225-290.
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LATERAL PRESSURE DIAGRAMS
FOR OPEN CUTS IN SAND
q
T T T =1 =111 L
— ! -
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£y
D | - H HL1— VA -
P p—
2
5| | - -
Lo
|—— P1 | | P2 |—— P3
(a) sand (b) Water Pressure (¢) Surcharge
Pressure

Empirical Pressure Distributions

Where:

H = Total excavation depth, feet

D =Depth to water table, feet

P1=Lateral earth pressure = 0.65*yHK., psf

P2 = Water pressure = -y« (H-D), psf

P3 = Lateral earth pressure caused by surcharge = gKa, psf
v = Effective unit weight of soil, pcf

yw = Unit weight of water, pcf

K. = Coefficient of active earth pressure = (1-sin@)/(1+sing)
¢ =Drained friction angle

Notes:
1. All pressures are additive.
2. No safety factors are included.

Reference: Peck, R.B. (1969), "Deep Excavation and Tunneling in soft
Ground", 7th ICSMFE, State of art volume, pp. 225-290.
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BOTTOM STABILITY FOR BRACED EXCAVATION IN CLAY

e e gl
N e a b ————¢ d
. — Y —
D e—————— g Y —— ¢ D
e S a 45\0<b;—(—]—6 d
b P - p \ ]*3
f |
e
|
7

Factor of Safety against bottom of heave,

NcC

F.S=
(vD+q)

where, N¢ = Coefficient depending on the dimension of the excavation (see Figure at the bottom)
C = Undrained shear strength of soil in zone immediately around the bottom of the excavation,
v = Unit weight of soil,
D = Depth of excavation,
q = Surface surcharge.

If F.S < 1.5, sheeting should be extended further down to achieve stability

1.5(yD+q)-NeC

Depth of Buried Length, (D ;) = ( C/B ) 05
-0.5y

Pressure on buried length, P .

For D, < 0.47B ; P, = 1.5 D(yD - 1.4 CD/B - 3.14C)
For D, > 0.47B ; P, = 0.7 (yDB - 1.4 CD - 3.14CB)

where; B = width of excavation

N.
9 Circular or squarc B/IL=1.0
[
8 g
7
r infinitcly long B/L=0

6

5

4

D/B
0 1 2 3 4 5 6

Ne rectangular = (0.84 + 0.16B/L)N. square

Reference: Bjerrum, L. and Eide, O., Stability of Strutted Excavations in Clay, Geotechnique, 6, 32-47 (1956). PLATE D-7




ENGINEERING CORP.

THRUST FORCE CALCULATION

P*A

T = 2*P*A*SIN(0/2) T, T
T« = P*A*(1-COS0)

Ty= P*A*SINO

A = (90-6/2)

Where: T = resultant thrust force
Tx= thrust force component along the X axis
Ty= thrust force component along the Y axis
P = maximum sustained pressure

A = cross-sectional area of pipe = (Tr/4)*(D)2

D = inside diameter conduit
O = angle of bend
A = angle between X axisand T

V = fluid velocity

Reference: American Water Works Association, Manual MA, "Concrete Pressure Pipe". PLATE D-8
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ENGINEERING CORP.

THRUST FORCE EXAMPLE CALCULATION

Trust Force Example Calculation

T =2*"P*A*SIN(O/2)
T.=P*A*SIN(1-COS O)
T,=P*A*SIN O
Where: T = resultant thrust force
Tx= thrust force component along the X axis

Ty= thrust force component along the Y axis

P = maximum sustained pressure

A = cross-section area of pipe = (w/4)*(D)?
D = inside diameter of conduit
U= angle of bend

Given: D =24", P =200 psi, ©=060°

Find: T, Txand Ty

A = (w/4)*(24)? = 452.39 in?
T = 2*200*452.39*SIN(60/2) = 90,478 Ib
T« = 200%452.39*(1-COS60) = 45,239 Ib

Ty=200%452.39*SIN6GO =78,356 Ib

PLATE D-9
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DESIGN PARAMETERS FOR BEARING THRUST BLOCK

undisturbed soil

SECTION
A-A’

Hr

Required Bearing Area:

Fs 2PA Sin §

A, =hb= G

Required Block Width:

2F; PA Sin 3
—

Where:
Pp = YHcK, + 2C VK,

K, = Tan? (45° +2)

Where:

T = resultant thrust force on the bend

F, = resistance force developed by passive soil pressure
A, = minimum bearing area of block base
h = height of thrust block

b = width of thrust block

A = pipe cross-sectional area

6 = bend deflection angle

Pp = passive soil pressure

H; = depth to bottom of block

Y = soil unit weight

K, = coefficient of passive earth pressure
@ = soil internal friction angle

C = soil cohesion

Fs = factor of safety (usually 1.5)

Hc = mean depth from ground surface to the plane of
resistance (center of bearing area of a thrust block)

p = maximum sustained pressure

Fx = conduit frictional resistance per unit length

PLATE D-10
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[ —
]
ENGINEERING CORP.
Relation between the Width of the Surface Depression
(i/a) and the Depth of the Cavity (z/a) for Tunnels
Ground surface
-2.51 -2i -1 J i 21 2.51
| . i
° \ B | V3 /
é \ . /
L inflection & Maximum 5
5 \ point curvature / g
n fO.él & max.) 1 = point E
N - (022 5 mhx) Jg
\ / =
\ / :
Approximate
width of \ /
settlement \ /
trough \ /
!
‘ 2a
= o
Volume of depression = 2.51 8 max.
(a)
12
11
10
/
/
Rocks, hard clays /
3 8 and sands
N above the W.T. /
. | /
3 / / .
g © /
N / Softto
: // s firm clays 4
4 13 / e
15 .|/ 12 ~
. i 17 c S
/ / 6 .~ |Sands below
5 Ly - the W.T.
14+ S 2
//7 o -
| ALl <3
16 10
0 1 2 3 4
i/a or i/a
(b)

Reference: Peck, R. B. (1969) "Deep Excavations and Tunneling in Soft Ground," Proceedings, Seventh International
Conference on Soil Mechanics and Foundation Engineering, Mexico City, State of the Art Volume, pp. 225-290. PLATE D-11




APPENDIX E

Piezometer Installation and Plugging Reports



STATE OF TEXAS WELL REPORT for Tracking #348070

Owner: City of Houston Geotechnical Dept Owner Well #: PZ-1

Address: 611 Walker Floor 14 Grid #: 65-14-7
Houston, TX 77002

Well Location: St Charles Latitude: 29°45'20" N
Houston, TX 77003

Well County: Harris Longitude: 095° 20' 46" W

Elevation: No Data GPS Brand Used: No Data

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:

Water Level:

Packers:

Plugging Info:

Type Of Pump:

Well Tests:

Water Quality:

Certification Data:

Completed: 10/3/2013

Diameter: 4 in From Surface To 20 ft
Mud Rotary

Other: 20/40 sand and bentonite

1st Interval: From 0 ft to 6 ft with .5 cement (#sacks and material)
2nd Interval: From 6 ft to 8 ft with .5 bentonite (#sacks and material)
3rd Interval: No Data

Method Used: tremmie

Cemented By: tremmie

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

Method of Verification: na

Approved by Variance: na

Surface Sleeve Installed

Static level: 18" ft. below land surface on 10/3/2013
Artesian flow: No Data

20/40 sand 8'-20'

Casing leftin well: Cement/Bentonite leftin well:
From (ft) To (ft) From (ft) To (ft) Cem/Bent Sacks Used
na

No Data
No Data

Type of Water: No Data

Depth of Strata: No Data

Chemical Analysis Made: No

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

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




Company Information:

Driller License Number:

Licensed Well Driller Signature:
Registered Driller Apprentice Signature:
Apprentice Registration Number:

Comments:

statements herein are true and correct. The driller understood that failure
to complete the required items will resultin the log(s) being returned for
completion and resubmittal.

Van and Sons Drilling Service
319 John Alber
Houston , TX 77076

3286

Mark Thornton
No Data

No Data

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 #348070) 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
no data

Dia. New/Used Type Setting From/To
2 nSch40 PVCRiser 0'-10'
2 nSch 40 PVC Screen 10'-20'



STATE OF TEXAS PLUGGING REPORT for Tracking #91286

Owner: City of Houston Geotech Dept Owner Well #: pz-1

Address: 611 Walker, Floor 14 Grid #: 65-14-7
Houston, TX 77002

Well Location: St Charles Latitude: 29°45'20" N
Houston, TX 77003

Well County: Harris Longitude: 095° 20' 46" W

GPS Brand Used: No Data
Well Type: Monitor
HISTORICAL DATA ON WELL TO BE PLUGGED
Original Well Mark Thornton
Driller:

Driller's License
Number of
Original Well
Driller:

3286M

Date Well Drilled: 10/3/2013

Well Report

348070

Tracking Number:

Diameter of
Borehole:

Total Depth of
Borehole:

Date Well
Plugged:

Person Actually
Performing
Plugging
Operation:

4 inches

20 feet

11/18/2013

Mark Thornton

License Number 3286

of Plugging
Operator:

Plugging Method: Tremmie pipe cement from bottom to top.

Plugging
Variance #:

No Data

Casing LeftData: 1stlInterval: 2 inches diameter, From 0 ft to 20 ft

Cement/Bentonite

Plugs Placed in

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

2nd Interval: No Data

1st Interval: From 0 ft to 20 ft; Sack(s)/type of cement used: 1.5 cement




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 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 resultin the
log(s) being returned for completion and resubmittal.

Company Van and Sons Drilling Service
Information: 319 John Alber
Houston, TX 77076

Plug Installer 3286
License Number:

Licensed Plug Mark Thornton
Installer
Signature:

Registered Plug  Elliot Van Antwerp
Installer

Apprentice

Signature:

Apprentice No Data
Registration
Number:

Plugging Method No Data
Comments:

Please include the plugging report's tracking number (Tracking #91286) on your written request.

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



APPENDIX F

Previous Geotechnical Borings Performed by Geotest Engineering, Inc., and HVJ Associates, Inc.
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LOG OF BORING NO. B=-2

PROJECT NO. : 1140133901

PROJECT : Runnels Lift Station Replacement
ggH GFS No. R-—FC_I267-21;25?5 09
H Wastewater File No. -
LOCATION : gous}on,oge:(as Offset 0.0 ¢ y COMPLETION DEPTH : 15.0 FT.
ta 13+ approx.}, set 0.0 (opprox.
SURFACE ELEVATION : 41,0 FT. eAppmxtmote) DATE : 11-14-02
z5 [ [unoraneD sHEAR STRENGTH,
SAMPLER : Shelby Tube/Split Spoon c2le |2 |w " N TSF
g Se|29 |8 [Baef ® | .| B | O 1anD PENETROMETER
i v  DRY AUGER : 0.0 TO 150 FT. ohl9%lg |25 215 ¢
- & & : § el |%u|2%| 5 3 | £ | @ UNCONFINED COMPRESSION
S | £ |2 WET ROTARY :  -=T0  -- FT. TE181ER| D81 2 | | § | m WKoNSouDaTD uNoRANED)
R %8| 9 35| 9| g | 2|, MU courmmson
o e DESCRIPTION OF MATERIAL 3; &.S E ";‘ g 2 2 | A Torvane
5 iy 1 05 10 15 20 2%
i 38?: i 2.5" Asphaltic Concrete I
[ 6.75" Portland Cement
- 390 Concrete
8" lime stablized siity n
- 37.0 sand, w/shell & grovel 02| 22| %5) 22 O
| 5_:\ base
N Wl| very stiff brown & gray 101 20f 35| 17} 18 i
W CLAY (CH)
-.:N Stiff to very stiff gray & 24 AQ
N brown SILTY CLAY (CL),
N w/calcoreous nodules
i 10_\\ —very stiff to hard 6'-8' 20 A
\""
™
N
™\
N :
\\ —very stiff clay loyer,
\\ w/ferrous stains 13'—-15'
| oeod 18 15| 21} s0{ 21| 29
L 204
L 25
- 304
- 35+
DEPTH TO WATER IN BORING :
NO GROUNDWATER ENCOUNTERED DURING DRILLING.
Geotest Engineering, Inc.
FIGURE B-2




LOG OF BORING NO. B-2A

FROJECT : Runnels Lift Stotion Replacement PROJECT NO. : 1140133901
COH GFS No. R-0257-214—23%’5 09
COH Wastewater File No. -

LOCATION : Houston, Tex(as COMPLETION DEPTH : 30.0 FT.
Sta 13400 (opprox.

SURFACE ELEVATION : 41.0 FT. EApproximate) DATE : 6-23-03

UNDRAINED sn'-&m STRENGTH,
O HAND PENETROMETER
@ UNCONFINED COMPRESSION

1 UNCONSOLIDATED-U
TRUXIAL COMPRESSION

£\ TORVANE
0% 1.0 1.5 2.0 2.5

SAMPLER : Shelby Tube/Split Spoon
DRY AUGER : 0.0 TC 30.0 FT.
WET ROTARY : --T0 -= FT.

SAMPLES

SYMBOL

DEPTH, FEET
. 'BLOWS PER FOOT
PERCENT PASSING
NO. 200 SIEVE
DRY UNIT_WEIGHT,
BCF
NATURAL MOISTURE
CONTENT, %
LIQUID LIMIT, %
BLASTIC LINIT, %
PLASTICATY INDEX, %

DESCRIPTION OF MATERIAL

STANDARD PENETRATION

TEST

#  ELEVATION, FEET
o

See Figure B-2 for 0-10¢

31.01

Stiff to very (stif;' gray
SILTY CLAY (CL),
w/calcareous & ferrous 13| 17| 27{ 14} 13 ARD
nodules

—w/hydrocarbon odor 10'-12'

Fx g g gy

VA A A A

26.0+ 15 -
Very stiff groy & yellow

CLAY (CH), w/clocoreocus
nodules

—w/silt & sand seams &
ferrous nodules 15'—18'

—w/ferrous stains 18'~-23'

e —reddish brown & groy, 98| 26| 69| 26 4:._7 A
slickensided 18'—-30'

—w/sand seoms 23'-28'

26 A0

-very stiff to hord,
w/ferrous noduies 28'-30'

103 22 a

11.04 30

L 35

DEPTH TO WATER IN BORING :
NO GROUNDWATER ENCOUNTERED DURING DRILLING.
NO GROUNDWATER ENCOUNTERED, HOLE OPEN TO 30.0 FT. AT END OF DRILLING.

GCeotest Engineering, Inc.
FIGURE B-2A




LOG OF BORING NO. B-=3
PROJECT :  Runnels Lift Station Replacement PROJECT NO. : 1140133901
ggil:‘i GFS No. R—F0l257—21;2.375 08
Wostewater File No. -
LOCATION : gouston.GTes;:os oft 160 RT ( ) COMPLETION DEPTH : 15.0 FT,
ta 20405 (opprox.), set 16, approx.
SURFACE ELEVATION : 3B.5 FT. eApproximote) DATE : 11-14-02
Zo s | UNDRAINED SHEAR STRENGTH,
SAMPLER : Shelby Tube/Split Spoon EE e 1= |¢ x| 2 lg TSF
5 Fr w| |5 AND PENETROMETER
£ 1y DRY AUGER : 00 T0 150 FT. | &E e g 1a%l -]5)¢8 .Hmmmm
. w Z5 o w82l 5|31 2 PRESSION
é c 13 WET ROTARY : -—--TO == FT. §§ 58 'g&’ ;g z ; E 1§ NCONSOLIBATED - UNORANED
% £ Eg218 . slglal e
g |8 DESCRIPTION OF MATERIAL 8|62 |& 21213 | 3|& vorwe
S = &1 o5 10 15 20 25
- 385+ O - -
N Stiff to very stiff gray &
brown SILTY CLAY (CL). 8 o
w/sand seams & ferrous 4
N stains
\ -w/grass roots o'-2 03| 18] &3] 13| 30
—\ —very stiff, gray 2'—8'
L 5 -w/ferrous nodules 2'-15'
\ 18 AOD
\
N . '8
N —very stiff to hord, gray & C#’
\ yellowish brown 8'=13' ]
L 10N 108| 16| 44| 6| 28 +
\
N
— N
N
| 235t 15 _— - N 16 _ )
- 204
+ 259
- 304
- 35
|
DEPTH TO WATER IN BORING :
NO GCROUNDWATER ENCOUNTERED DURING DRILLING.

Ceotest Engineering, Inc.
FIGURE B-3




LOG OF BORING NO. B-3A

PROJECT : Runnels Lift Stotion Replacement PROJECT
COH GFS No. R—0267-21-3
COH Wastewater File No. 4275-09

NO. @ 1140133901

LOCATION : Houston,c'lf;ex(us COMPLETION DEPTH : 30.0 FT.
Sta 20+ Approx.
SURFACE ELEVATION : 385 FT. aﬂ\pproximote) DATE : 6—~26-03
Z5 ‘ v | UNDRAINED SHEAR STRENGTH,
SAMPLER : Sheiby Tube/Split Spoon =2le =l ® N TSF
G . AR ESI R S Z | O mano PenETROMETER
£ E 3 [ DRY AUGER : 0.0 TO 1B.O FT. ey %‘E' < | 5| 2@ uconrmen cowrnession
1 L= WET ROTARY : 18070 30.0 FT. 2218|5825 3 | O | & | m UNCONSOLDATED-UNDRANED
g | g z 3 Eggﬂ_: 2Ble|z| 2 B TRIXIAL COMPRESSION
L = (&)
g |3 DESCRIPTION OF MATERIAL S [B2E 27|38 2| 3| vorme
- 3 = | 05 10 15 20 25
B85+ 0
See Figure B—3 for 010
-
285+ 104 - -
\.\ Stitf to very stiff gray & @)
\ yellow SILTY CLAY (CL) vl 1zl e ref 22 Ab®m
N
\: -w/sand pockets 13'=15'
\\ -w/silt seams 13'-18'
\ 103| 20| 38| 14| 25
- 15-..\ —-groy & brown, w/sand seams —
N 15'-18'
N
"‘-.: —-w/calcareous nodules
20.5 NN 17175 _r
1Hi44X| Medium dense brown & gray
ssl soHiEH] SLIY FINE SAND (SM) 7] % B
' '\\ Very stiff to hord groy &
\ yellow SILTY CLAY (CL) ' Al b
™
N
N -
\
N 6| ¢6| 20| 26 (}L
- 25—..\ —reddish brown & gray, Nt A
NN w/calcareous & ferrous
\'\ nodules 25'-30'
AN
'N
N
85t 3 #
NOTE :
Hole open to 30.0 ft ot
end of drilling
L 35
DEPTH_TO WATER IN BORING :
¥: FREE WATER Tst ENCOUNTERED AT 18.0 FT. DURING DRILLING; AFTER 15.0 MIN. AT 14.3 FT.
Geotest Engineering, Inc.
FIGURE B-3A




LOG OF BORING NO. B-4-

PROJECT NO. : 1140133901

PROJECT : Runnels Lift Station Replocement
COH GFS No. R—g267—2‘|;2375 09
COH Waostewater File No. - )
LOCATION : Houston, Texes COMPLETION DEPTH : 20.0 FT.
Sto 26+17 (cpprox.e. Offset 5.0 LT (approx.) ) 14-02
SURFACE ELEVATION : 38.5 FT. {(Approximate) DATE : 11-14-
Zo s | UNDRAINED SHEAR STRENGTH,
SAMPLER @ Shelby Tube/Split Spoon E:E e s |¥ ® i TSF
b EolZ8(3 | Buf | S| B[O Han0 PENETROMETER
Yoo gl ORF AUGER : 0.0 TO 16.0 FT. SRl 95 8 |2, . 5 | 21 g unconmen coupression
. w = e =
Z | S |38 werroTaRy : 16070 200 FT. 'i% §§ EE ;E 3 o E | gy UncousouoaTEo-unomned
< w ¥ o : 2| 5 @ =
= o1 = [&]
4 é DESCRIPTION OF MATERIAL %E- 52| & -g gl2 g A TORVANE
i 05 1.0 15 20 25
385+ © - -
N Stiff to very stiff gray
SILTY CLAY (CH) - oA
-w/roots 0'-2'
N —yellowish brown & gray,
w/ferrous nodules & 24

34.5

ferrous stains 2'-6'

Firm to stiff yellowish
brown & gray SANDY CLAY
(cL)

~w/ferrous nodules 68

~stiff to very stiff,

reddish brown & gray,
w/ferrrous stains 8'-13'

18.5+

RS A A

¥y Tg ' T ta e ta ey

Medium dense gray & brown
SILTY FINE SAND (SM),
w/clay seams

—yellowish brown & gray
18.5'-20

20
NOTE
Hole open to 20" at end
of drilling.
25

30

351

16

41

25

102

1¢

16

16

25

30

16

tPO

ﬁPD

DEPTH TQ WATER IN BORING :

: FREE WATER 1st ENCOU

Geotest Emngineering, Inc.

NTERED AT 16.0 FT. DURING DRILLING; AFTER 20.0 MIN. AT 13.5 FT.

FIGURE B—4




LOG OF BORING NO. B=35

PROJECT : Runnels Lift Stotion Replacement PROJECT NO. @ 11401333901
COH GFS No. R-0267-21-3
COH Wostewater File No. 4275-09

.|}q

LOCATION : Houston, Texas COMPLETION DEPTH : 25.0 FT.
Sta 30+26 (appro:.z, Offset 10.0 RT (opprox.)
SURFACE ELEVATION : 36.0 FT. (Approximate) DATE : 11-14-02
35 ¢ | UNDRAINED SHEAR STRENGTH,
SAMPLER : Shelby Tube/Split Spoan e2le | |w N TSF
&G gzg:gu“*(}wmm
g |5 DRY AUGER : 0.0 TO 150 FT. ExiBa |8 18% 2| =8
- E 2 E ZrE9 = legl 51 2 Z | @ UNCONFINED COMPRESSION
Z .| 2 WET ROTARY : 15070 250 FT. 2|8 |sg| =8 3 = | . UNCONSOUBATED~UNDRAINED
T §w§ g;é“gggggélmmuw
> o ; 2 |
2 1° DESCRIPTION OF MATERIAL 5162 |k 29181 3| §|a rorvane
o =8 < | 05 1.0 15 20 25
- 38:85 3" Asphailtic Concrete | ’
3484 Q 15" lime stobilized sond, 16
q w/shell & gravel base
Very stiff to hord groy 7 al 23
SILTY CLAY (CL), w/ferrous 15| 17 4 -«
L 5N nodules & ferrous stains
q -y:il_o;ish brown & gray 16 A D
N
28. 17 A O
Firm to stiff yellowish
I brown & gray SANDY CLAY vio| 17| 29| 18] 13|
—w/ferrous stains 8'=13'
—very stiff, gray, w/sand
seoms 13'-15%
21.04 18 maA
' Medium dense gray & brown
SILTY SAND (SM)
i 22 2
::E:] —dense 23.5'-25'
hass
11,04 250l 2 2
NOTE :
Hole open to 25' at end
of drilling. :
- 304
- 35

DEPTH TO WATER IN BCRING :
2. FREE WATER 1st ENCOUNTERED AT 15.0 FT. DURING DRILLING; AFTER 20.0 MIN. AT 10.8 FT.

Ceotest Engineering, Inc.
FIGURE B-5




LOG OF BORING NO. B-BA

PROJECT : Runnels Lift Stotion Replacement PROJECT NO. : 1140133801

COH GFS No. R-0267-21-3
COH Wastewater File No. 4275-09
LOCATION : Houston, Texas
Sta 31+B5 (upprcx.e. Offset 13.0 RT (opprox.)

COMPLETION DEPTH : 25.0 fi..

.1|q

SURFACE ELEVATION : 36.0 FT. (Approximate) DATE : 11-14-02
z5 I | UNDRAINED SHEAR STRENGT,
SAMPLER : Shelby Tube/Split Spoon %&‘ o 1 |w el 3
— =l »*®
S | o | W ORYAUGER : 00 TO 180 FT. Ezlgc|g |8 ® | | B | O naND PENETROMETER
= g8 Sl fu_ 2'5'5 3 | | @ UNCONFINED COMPRESSION
& 3z WET ROTARY : 18.070 250 FT. &3 8158 26151 5 | B | m unconsouoxtep-unorane
g E 3 gﬁ' uo_ > §° g a 'g TRIAXIAL COMPRESSION
4 198 DESCRIPTION OF MATERIAL e Ez E 12712 |3 2|0 rorane
=i = ©| 05 1.0 1.5 20 25
38 4.5" Asphaltic Concrete h
34.5+ 13.5" sond, w/shell & 15
gravel base J—
20 V?CryL)stiff brown SANDY CLAY 12| 1s| 38| 16 20 A ®
L s -yeElowEsh brown & gray j
2'-4 13| 15| 28] 7| 9f @
{ Stiff to very stiff
yellowish brown & gray A
28.0 NI SILTY CLAY (CL) A 5 )
NoJ Firm to stiff yellowish : '
t(:nro;m & groy SANDY CLAY 109 14| 251 14| 11 MO
i CL
—gray, w/clay seams 13'—18'
i 52 20| 30| 14| 16 A
18.0 -
(1144 Medium dense brown & groy
L SILTY FINE SAND (SM)
L 20-{4"F 18| 27 21
13.0 328 -
"\ Very stiff brown & gray
N SILTY CLAY (CL), w/ferrous
. 1140 14| 32| 12| 20
1.0+ 25 - nodules & ferrous stains I
NOTE :
Hole open to 25 ft ot end
of drilling.
- 30"
- 354

DEPTH TO WATER IN BORING :
?- FREE WATER 1st ENCOUNTERED AT 18.0 FT. DURING DRILLING; AFTER 15.0 MIN, AT 13.4 FT.

Geotest Engineering, Inc.
' FIGURE B-6A
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E LOG OF SOIL BORING f

GHWP Project No. 4458-NS2-1 - Engelke Project No. 94-200G-09 |
. Boring No.: B-8 Date: 01-26-96 Elevation: 41.6 feet
Groundwater during drilling: 13.5 feet Northing: 716962 Station: 9+99
Easting: 3131859 Offset: 2.9' RT
. 5>
ELEV. SOIL SYMBOLS 2% = SHEAR STRENGTH, TSF
DEPTH. SAMPLER SYMBOLS SOIL DESCRIPTION ég gg e —
FEET ANO FIELD TEST DATA - slz 95 1 18 ___2
' 815 MOISTURE O CONTENT, %
PLASTIC LIMIT ——— LIQUIO LIMIT !
—a e Ty U 10 20 36 40 S0 60 70 80 30 !
i -1 6__.a_s_ph.alt.*.@..c.onqr.e,t.e ....................................
40 — —1- 8.5" base .
I Fill: gray clay w/ shell fragments A
- ' 8
1 107 i& ;
Tes \ '.":
3o | Stiff light gray and brownish yeliow GLAY
B w/ calcareous nodules 4
1 103 i
} .
1o -
T ®
30— s
I w/ sand inclusions below 12’ ;
- ]
{ "1 Stiff gray and brownish yellow SANDY CLAY -
i 2 113 3
25 -
i "] Medium dense brownish yeliow and light gray
" CLAYEY SAND
_—20
20 —:
1 43
{ "] Light gray SANDY CLAY w/ sand seams
— 25
-1_
15 —_
I | Stiff to very stiff light gray and brownish
5 yellow CLAY 84 d A
-“"10 .
1 [ ]
10— :_
I red and light gray below 34’ . '
=35 . -
,Shear Types e =Hand Penet. m=Torvane a =Unconf. Comp. * =UU Triaxial
See Appendix A for boring location. : Plate B-12A
HVJ ASSOCIATES, INC.




LOG OF SOIL BORING |
_ |- GHWP Project No. 4458-NS2-1 - Engelke Project No. 94-200G.-09
Boring No.: B-8 Date: 01-26-96 _ Elevation: 41.6 feet
Groundwater during driifing: 13.5 feet Northing: 716962 Station: 9+99
Easting: 3161859 Offset: 2.9' RT i
ELEV, SOIL SYMBOLS UE =
2L |5 SHEAR STRENGTH, TSF
DEPTH, SAMPLER SYMBOLS SOIL DESCRIPTION a9 | &5 —— A
: g8 | o 0.5 1 1.5 2
FEET AND FIELD TEST DATA : 5| &
AR MOISTURE O CONTENT, %
PLASTIC LIMIT ———_ LIQUID UMIT
. . . 10 20 30 40 ,50 60 70 BO 90
t f | ol
E -1 ¥
1 I I
«_‘ i ;
a0 !
o
i
— 45 d
{ ;
.-5 —'.-
=10 -- 'I'
{ |
— 55
s
—E0Q
-29 —1:
1
Toes f
'_ I
-25 - !
I |
1o L .
hear Types: e =Hand Penet. = =Torvane a=Unconf. Comp. # =UU Triaxial :
See Appendix A for boring location. Plate B-128 |
!
HVJ ASSOCIATES, INC. |




' GHWP Project No. 458-NS2-1 - Engelke Project No. 94-200G-09
: Boring No.: B-13 Date: 04-08-96 Elevation: 35.5 feet~ |
d Groundwater during drilling: 8.1 feet Northing: Station: 17+00 = :
i Easting: Offset: i
2] > |
ELEV. SOIL SYMBOLS 23| = SHEAR STRENGTH, Ts7
DEPTH. SAMPLER SYMBOLS SOIL DESCRIPTION ‘;ﬁg §§ 05—0—:-—-:-5—,_2
FEET AND FIELD TEST DATA - 2o | %
2|8 MOISTURE O CONTENT, %
PLASTIC LIMIT —— Liquin Limir
.—-o B T 10 20 30 40 50 60 ?0 30 go
35 EEEE -9 asphaltic concrete
I a7 Nz .ﬂ._a" base
T e Firm to stiff grav SANDY CLAY wl sand
B ‘e inclusions and lenses T 1
1, ;
30 — ;
3 / light gray w/ soft silt inclusions at §'- 8" i L
L A . o i
- s : 101 ' : l :
. =7/ | |
s ° | Brownish ve!!d wSILTY sanp T ‘
I 17-20-20 light gray below 12*
I il =20
15 AL 45
20 i : .
T S 1420432
I iy 16.22.35
I i
2o ko e . i
15 = /M Stiff to very stiff light gray CLAY : ’;
I / brownish yellow and light gray w/ sand '
L partings 22°-30" .
s
10 —
1 . « :
) 113 Al
t u
s ° reddish brown and light gray w/ silt stones .
- and caicareous inclusions 30'-40Q’ . » |
1 L &
4 &
—1s - . i
‘ Shear Types: e =Hand Penet. w=Torvane a =Unconf. Comp. + =UU Triaxial :
See Appendix A for boring location. Plate B-16A :
HVJ ASSQCIATES, INC. '




LOG OF SOIL BORING

GHWP Project No. 458-NS2-1 - Engelke

Project No. 94-200G-09

. Shear Types:

Boring No.: B-13 Date: 04-08-96 Elevation: 35.5 fget =
Groundwater during drilling; 8.1 feet Northing: Station: 17+00 >
Easting: Qffset:
' ez |k
ELEV. SOIL SYMBOLS 2415 SHEAR STRENGTH, TSF
DEPTH, SAMPLER SYMBOLS SOIL DESCRIPTION 53 §§ 0**-——-.——&»—«.-_5 g
~ . 1 . 2
FEET AND FIELD TEST DATA 2|z
gla MOISTURE O CONTENT, %
. PLASTIC UIMIT ——— LiQuID LiMIT
10 20 30 40 50 80 70 80 30
Q
¢ ]
40
-5 -3
— 45
=10
+
— 50
15 =
1
55
20 =
1'—
—6a
25 -1
-I»
-—6!
_30 —
oo

e =Hand Penet.

See Appendix A for boring location.

a =Torvane

HVJ ASSOCIATES, INC.

a =Unconf. Comp,

» =UU Triaxial

Plate B-168




! LOG OF SOIL BORING
GHWP Project No. 4458-NS2-1 - Engelke Project No. 94-200G-09
Boring No.: B-14 Date: 04-08-96 Elevation: 36.0 feet
Groundwater during drilling: 13.2 feet Northing: Station: 22400«
Easting: Offset:
c >z
ELEV. SCIL SYMBOLS : g%,: & SHEAR STRENGTH, TSF |
DEPTH, SAMPLER SYMBOLS SOIL DESCRIPTION 43 ;é e '
FEET | AND FIELD TEST DATA 2olz 22t 18 _ 2
215 MOISTURE O CONTENT. %
PLASTIC LIMIT —— LIQuiD LMIT
_—o . T 10 20 30 m 50 eu ?o so 90
— Ella_s_phaltrc concrete. ' '
| —{ 12" Portland cement concrete
T Fill: gray shell intermixed w/ ciav and gravel
+ 53 *
- ‘|‘ I
[} !
s S :
Very stiff fight gray SANDY CLAY I o
T !
|
. ' '
TN e L L T T U - :
Gray CLAYEY SAND ;
5 + !
Dense gray and brownish yellow SAND ,
T 4 "] Stiff light gray SANDY CLAY T g
15 / -
T 1 [ w10 Dense brownish yellow SILTY SAND ;‘
T i ?
4L Wl - :
TR 81513 Medium dense to dense brawnish yellnw and i
- " light brown SAND
T “| stitf to very stiff light gray CLAY i
15 — i
i
+ T .
T . S
10 = , Iu
+ s
) Very stiff light gray and reddish brown SANDY \ !
T _ CLAY 1 :
T 7= | Light brown and reddish brown CLAYEY SAND ;
5 — 7 113] 4 S i
o, ; i
i i ] Medium dense light brown SILTY SAND
L Jit I 23 i !
‘LX 1313 Reddish brown and light gray CLAY ‘ |
=135 :
.Shear Types: e =Hand Penet. a=Torvane a =Unconf. Comp. * =UU Triaxial |
See Appendix A for boring location. Plate B-17A
HVJ ASSOCIATES,.INC. |




R LOG OF SOIL BORING
GHWP Project No. 4458-NS2-1 - Engelke Project No. 94-200G-09
. ‘ Boring No.: B-14 Date: 04-08-96 Elevation: 36.0 feet =~ ii
. Groundwater during drilling: 13.2 feet Northing: Station: 22+00= i;
I Easting: Offset: i
' g3 |z {
ELEV, SOIL SYMBOLS k|3 SHEAR STRENGTH, TSF
OEPTH, SAMPLER SYMBOLS SOIL DESCRIPTION Eg' §E —,——
== 0.5 1 15 2
FEET AND FIELD TEST DATA 25 % -
. S MOISTURE O CONTENT. %
. PLASTIC LIMIT ——— LIQUID LIMIT
ﬁ\ 10 20 30 40 50 50 70 80 90
0 - /D s
-4 .."1
+ | e,
L | .
40 '
-G =t
A |
L
=10 —+~ I
+=50 :
15 - 1'
—5% H
-0 ~T
—%0 .
15 —+ :
1 i
—65
-30 —+
70 - -
. Shear Types: e =Hand Penet. s =Torvane a=Unconf. Camp. «=UU Triaxial
|
i
See Appendix A for baring location. Plate B-178B i
' H
i
HVJ ASSOCIATES, INC. 3
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