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1 EXECUTIVE SUMMARY 

The project involves construction of a new water well for the Sims Bayou Water System.  This 
involves construction of foundation for the well pump, antenna pole, light pole, and installation of 
12-inch water line from the well pump site to the existing 30-inch well collection line located just 
north of Sims Bayou and pavement for driveways.  The purpose of our study was to perform a 
geotechnical investigation and provide design recommendations for the well pump foundation, 
water line installation, antenna pole, light pole, driveways and access roads. Based on the subsurface 
conditions obtained from the soil borings, the findings and recommendations of this report are 
summarized below: 

1. Firm to very stiff clays were predominantly encountered in the borings drilled for this study.  
Soft clay was encountered in boring B-2 between El. 56.5 and El. 52.5 and in boring B-4 
between El. 38.8 and El. 36.8.   Details of the subsurface stratigraphy encountered in the boring 
are shown on the boring log presented in Appendix A. 

 
2. A review of surface faults was made from geologic literature and available in-house records. 

Based on our review, the project site is located approximately 1-2 miles northwest of an 
unnamed fault and this fault is not anticipated to impact the project site. However, unmapped 
faults may exist near the project site. A detailed fault study is not within the scope of this study. 
 

3. We expect groundwater at El. 55 throughout the project area. We expect that dewatering may be 
required for excavations near Sims Bayou.  A conventional pump and sump arrangement may be 
adequate as water bearing cohesive soils were encountered. 

 
4. The soil boring, B-1 drilled at the location of well pump revealed the presence of firm to very 

stiff clay layer at the foundation depth. We recommend an allowable bearing capacity of 1,300 
psf for the well pump supported on a square footing founded at a depth of 2.5 feet below the 
existing grade. The foundation recommendations for the well pump are presented in Section 6 
of this report. 

 
5. The invert elevations of the proposed water line will range between El. 54 and El. 41.  At the 

time of writing the proposal, we were informed that the invert depth of the proposed water line 
will be about 5 feet in the open cut segment and 20 to 25 deep at the Sims Bayou crossing. 
However, based on the plan and profile drawings provided to us at the time of writing the 
report, we noticed that the invert depth of water line will be about 9 feet near borings B-2 and 
B-3. Per Chapter 11 of COH design manual, these borings do not meet the minimum required 
boring depths and we recommend deepening the borings additional 5 feet to satisfy COH 
guidelines. 

 
6. We provided recommendations for 6” Jointed Reinforced Concrete Pavement (JRCP) over 8” 

lime stabilized subgrade for the access road. The detailed design is discussed in Section 7 of this 
report.  

 
7. We recommend using casing for augering along the project alignment.  Recommendations for 

installation of water line using open-cut and trenchless techniques are presented in Sections 8 
and 9.  

 



8. We provided the foundation design and construction recommendations for light pole and 
antenna pole in Section 10 of the report. Straight sided drilled shafts can be installed as planned 
to support the light pole and antenna pole. Allowable total and skin friction capacity curves were 
developed based on boring B-1. 

 
Please note that this executive summary does not fully relate our findings and opinions.  Those 
findings and opinions are only presented through our full report. 
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2 INTRODUCTION 
 
2.1 Location and Description of Project  
HVJ Associates, Inc. was retained by AEI Engineering to provide geotechnical services for the new 
water well construction for the Sims Bayou Water System located in southwestern Harris County 
approximately 2.5 miles east of the intersection of Beltway 8 and US 90 (South Main Street).  The 
planned water well will be located on the west side of Blue Ridge Drive between West Orem Drive 
and Hillcroft Street as shown in the Site Vicinity map in Plate 1.  
 
The project involves construction of a well pump, antenna pole, light pole, access road and a 1,400 
linear feet water line from the proposed well location to just north of the Sims Bayou. The water line 
crosses the Blue Ridge Road from the well pump site and will be constructed underneath the 
northbound drainage ditch. The water line will be installed using open cut techniques except at Blue 
Ridge Road crossing, CMP culvert crossing, energy line crossing and Sims Bayou crossing where 
augering techniques will be used. The purpose of our study was to perform a geotechnical 
investigation and provide design recommendations for the well pump foundation, access road 
construction, and water line installation.  
 
2.2 Geotechnical Investigation Program 
The objective of this study was to gather information on subsurface conditions at the site and to 
provide design and construction recommendations for the proposed well pump, access road and 
water line construction. This investigation was performed in general accordance with the City of 
Houston Department of Public Works and Engineering Infrastructure Design Manual dated July, 
2015.  The objectives were accomplished by: 
 

 Drilling a total of five soil borings to determine soil stratigraphy and to obtain samples for 
laboratory testing, 

 Installing one piezometer to gain an understanding of the groundwater depth in the area, 

 Performing laboratory tests to determine physical and engineering characteristics of the 
soils, 

 Performing engineering analyses to develop design guidelines and construction 
recommendations for the proposed structures listed above. 

 
Subsequent sections of this report contain descriptions of the field exploration, laboratory-testing 
program, general subsurface conditions, design recommendations, and construction considerations. 
 
3 FIELD INVESTIGATION 
 
3.1 Geotechnical Borings 
The field exploration program undertaken at the project site was performed on June 24, 2015 and 
December 17, 2015.  Subsurface conditions were investigated by drilling a total of five soil borings 
to depths ranging between 10 and 30 feet below the existing grade to determine soil stratigraphy and 
to obtain samples for laboratory testing. Boring B-1 was drilled in the vicinity of well pump site 
where as borings B-2 thru B-5 were drilled along the Blue Ridge Road on the pavement. The 
pavement was cored at boring locations B-2 thru B-5 and pavement thickness information was 
obtained. Boring B-4 (PZ) was converted into a piezometer to measure 24-hour and 30-day 
groundwater levels. 
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All the borings with exception to boring B-4 (PZ) were backfilled with cement grout by tremie 
method in accordance with the City of Houston guidelines. Approximate boring locations are 
presented on Plate 2 of the report.   
 
3.2 Survey Data 
The survey data of the borings are summarized in Table 3-1 below and are presented on the boring 
logs in Appendix A. 
 

Table 3-1  Boring Details 

Boring 

No. 
Location 

Blue Ridge 

Centerline 

Station, Feet 

Offset, 

 Feet 

Coordinates  
Elevation, 

Feet Northing, 

feet 

Easting, 

feet 

B-1 
Well Pump 

Site 
2+65 58’ LT 13790443.21 3082516.31 60.8 

B-2 
Blue Ridge 

Road 
5+26 10’ RT 13790837.75 3082564.51 62.5 

B-3 
Blue Ridge 

Road 
9+86 13’ RT 13791296.96 3082545.44 62.1 

B-4 
Blue Ridge 

Road 
14+32 12’ RT 13791741.91 3082522.38 61.8 

B-5 
Blue Ridge 

Road 
17+03 13’ RT 13792013.36 3082509.83 61.0 

Coordinates shown are referenced to U.S. State Plane Texas South Central Zone, North American 
Datum 83.  Elevations are referenced to North American Vertical Datum (NAVD) 88. 
 
3.3 Sampling Methods 
Soil samples were obtained continuously to the termination depth of the boring.  Cohesive soil 
samples were obtained with a three-inch thin-walled (Shelby) tube sampler in general accordance 
with ASTM D-1587 standard.  Each sample was removed from the sampler in the field, carefully 
examined, and then classified.  The shear strength of the cohesive soils was estimated by a hand 
penetrometer in the field.  Cohesionless soils were sampled with the split spoon sampler in 
accordance with ASTM D 1586 standard.  Suitable portions of each sample were sealed and 
packaged for transportation to our laboratory.  
 
Detailed descriptions of the soils encountered in the borings are given on the boring logs presented 
in Appendix A.  A key to the soils classification and symbols used in the boring logs is also 
presented in Appendix A. 
 
3.4 Water Level Measurements 
Groundwater levels in the borings were observed during the drilling operations. The depth at which 
groundwater was first encountered was noted. Boring B-4 (PZ) was converted into a piezometer to 
obtain the 24-hour, and 30-day water level readings. Groundwater readings are presented in Section 
5.4 of the report. Piezometer installation records and groundwater level data are provided in 
Appendix D. The piezometer installation and plugging reports are also provided in Appendix D. 
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4 LABORATORY TESTING 
 
Selected soil samples were tested in the laboratory to determine applicable physical and engineering 
properties.  All tests were performed according to the relevant ASTM Standards.  These tests 
consisted of moisture content measurement, percent passing no. 200 sieve, Atterberg limits, 
unconsolidated undrained compression and unit dry weight tests.   
 
The Atterberg Limits and percent passing number 200 sieve tests were utilized to verify field 
classification by the Unified Soils Classification System, and the unconsolidated undrained 
compression tests were performed to obtain the undrained shear strength of the soil.  The type and 
number of tests performed for this investigation are summarized below: 
 

Table 4-1 Type and Number of Tests Performed 
Type of Test Number of Tests 

Moisture Content (ASTM D2216) 40 
Atterberg Limits (ASTM D4318) 16 

Percent Passing No. 200 Sieve (ASTM D1140) 10 
Unconsolidated Undrained Triaxial  (ASTM D2850) 13 

 
The laboratory test results are presented on the boring logs in Appendix A. The conversion between 
pocket penetrometer readings obtained in the field to the shear strength parameters presented in the 
boring log were obtained using a conversion factor of 1/3.  A summary of laboratory test results is 
provided in Appendix B. 
 
5 SITE CHARACTERIZATION 
 
5.1 General Geology 
There are two major surface geological formations that exist in the Houston area: the Beaumont 
formation and the Lissie formation.  The Beaumont formation is a relatively younger formation 
generally found to the southeast of the Lissie formation.  The Beaumont formation dips 
southeastward and extends beneath beach sand and waters of the Gulf of Mexico as far as the 
continental shelf.  The project site is located in the Beaumont formation. A geologic map is 
presented on Plate 3. 
 
The Beaumont formation was deposited on land near sea level in flat river deltas and in inter-delta 
regions.  Soil deposition occurred in fresh water streams and in flood plains (as backwater marsh and 
natural levees).  The courses of major streams and deltaic tributaries changed frequently during the 
period of deposition, generating within the Beaumont clay a complex stratification of sand, silt and 
clay deposits.  Frequently, stream courses were diverted significant distances from a given point in a 
backwater marsh, and the water overlying the soil would evaporate since it was cut off from a 
drainage path.  Such water, which would be highly alkaline, would precipitate large nodules of 
calcium carbonate (calcareous nodules) throughout the surface of evaporation.  With the coming of 
the Second Wisconsin Ice Age, the nearby sea withdrew, leaving the formation several hundred feet 
above sea level and permitting the soil to desiccate.  The process of desiccation compressed the 
clays in the formation such that they became significantly overconsolidated to a large depth.  In 
addition to preconsolidating the soil, the process of desiccation, together with the later rewetting, 
produced a network of fissures and slickensides that are now closed but which represent potential 
planes of weakness in the soil. 
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5.2 Geologic Faulting 
The tectonic history of the Texas Gulf Coast includes a relatively stable depositional cycle since the 
Cretaceous Period (about 65 million years).  During this period the area was subjected to deposition 
of clays, silts, and sands resulting in over 30 thousand feet of sedimentary rocks.  Underlying this 
clastic sequence are salt formations, which have migrated upwards to produce the typical salt dome 
features associated with the Texas Gulf Coast.  In conjunction with salt movement, dewatering and 
compaction of some of the deeper sediments in the basin have resulted in the development of 
growth faults.  
 
A review of surface faults was made from geologic literature and available in-house records. The 
primary objective of the review was to evaluate available information from these reports concerning 
the presence of active faults in the project area. Based on our review, the project site is located 
approximately 1-2 miles northwest of an unnamed fault. Fault locations are shown on Plate 4. 
Faulting is not anticipated to impact the project site. However, unmapped faults may exist near the 
project site. A detailed fault study is not within the scope of this study. 
 
5.3 Soil Stratigraphy 
Our interpretation of soil and groundwater conditions at the project site is based on information 
obtained at the boring locations only.  This information has been used as the basis for our 
conclusions and recommendations.  Significant variations at areas not explored by the project boring 
may require reevaluation of our findings and conclusions. Details of the subsurface stratigraphy 
encountered in the boring is shown on the boring log presented in Appendix A. Soil profile showing 
the proposed water line is presented in Appendix E. 
 

Table 5-1 Soil Profile 

Borings 
Approx. Depth,  Feet 

Material 
From To 

B-1, B-2, B-3 
Surface/Below 

Pavement 
10 Soft to very stiff Lean Clay (sandy/ with sand) 

B-1 10 20 Stiff to very stiff Lean Clay 

B-4 & B-5* Below Pavement 30 Soft to very stiff Lean Clay (sandy/ with sand) 

Note: *Firm to stiff Fat Clay with Sand was encountered at boring B-5 between 6 and 18 feet. 

 
5.4 Groundwater 
Groundwater levels in the borings were observed during the drilling operations. Boring B-4 (PZ) 
was converted into a piezometer and the groundwater was observed after 24-hour and 30-day of 
installation. Table 5-2 summarizes the groundwater level measurements taken at the borings.  
 

Table 5-2 – Groundwater Readings 

Boring 
Groundwater Elevation, Feet 

During Drilling After 24 Hours After 30 Days 

B-1 42.8 -- -- 

B-2 Dry -- -- 

B-3 Dry -- -- 

B-4 (PZ) 35.3 54.8 55.3 

B-5 39.0 -- -- 



5 
 

 
We expect groundwater at El. 55 throughout the project area.  It should be noted that the 
groundwater levels determined during drilling may not accurately reflect the true groundwater 
conditions, and therefore should only be considered as approximate.  Groundwater levels measured 
in open standpipe piezometers are, on the other hand more accurate; however, these readings will 
fluctuate seasonally and in response to rainfall.  Other factors that might impact piezometric 
groundwater levels include leakage from existing water lines, storm sewers and/or sanitary sewers 
 
6 WELL PUMP FOUNDATION RECOMMENDATIONS 
 
6.1 General 
This project will involve construction of a foundation for the well pump. Based on the information 
provided by AEI Engineering, a square footing placed approximately 2.5 foot below the existing 
grade will be used as the foundation system.  
 
6.2 Foundation Recommendations 
Foundations for the proposed structure must satisfy two basic design criteria.  First, the bearing 
pressure transmitted by the foundation should not exceed the allowable bearing capacity computed 
with an adequate factor of safety.  Second, foundation movement due to soil volume change must 
be within desirable limits.  
 
One of the major design factors for lightly loaded structures in the general project area is the 
shrinking and swelling potential of fine-grained soils. A Potential Vertical Rise (PVR) of 0.93 inches 
was estimated by the TEX 124-E method for the upper soils at the site.  The PVR represents the 
potential ability of a soil material at a specific density, moisture and loading condition to swell.  It 
indicates the potential movement of the soils that may be triggered if the soils are wetted up from a 
relatively dry condition.  
 
The soil borings drilled at the site revealed the presence of firm to very stiff lean clay with sand layer 
at the foundation depth. Based on the properties of this cohesive soil deposit, we recommend an 
allowable bearing capacity of 1,300 psf, which includes factor of safety of three.  This bearing 
capacity recommendation assumes that the subgrade is relatively dry and undisturbed.  The applied 
bearing pressure may be determined by the following criteria. 
 

1. Summing the load applied to the foundation, the weight of the foundation, and the 
weight of any soil backfill placed directly above the foundation; 

2. Subtracting the weight of soil excavated from above the foundation depth; and 
3. Dividing the total by the base area of the foundation. 

 
The subgrade reaction modulus (k) may be required for the structural design analysis. Based on the 
encountered subgrade material, a reaction modulus value of 100 pounds per cubic inch (Table 4-1, 
Technical Manual 5-809-12/AFM 88-3, Chapter 15, 1987, US Army) is recommended. 
 
6.3 Drainage  
Drainage around the structure perimeter is an important consideration in the performance of the 
structure.  If an area of poor drainage is allowed to exist around the structure, the soils beneath the 
slab in that area have greater access to water.  This may cause the soils in that area to exhibit higher 
shrink-swell movements compared to soils away from the area of poor drainage.  Over time, these 
cycles of shrinking and swelling may cause operating problems.  We recommend that 1-2% grade 
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sloping away from the structure be provided so as to discourage water logging in the foundation 
areas. 
 
6.4 Subgrade Preparation and Structural Fill   
The foundation area should be stripped of all vegetation, topsoil and all deleterious materials. 
Stripped areas should be appropriately graded and shaped to provide positive drainage.  The site 
should be proof-rolled with heavy equipment to identify any weak spots in the subgrade. Any weak 
spot, if encountered, should be excavated to firm soil and the excavated soil replaced with select fill.  
The exposed subgrade should be compacted to 95 percent of the maximum dry density as 
determined by ASTM D698.  In the event of existing grade to be raised, select fill required to raise 
the grade should consist of lean clay with a liquid limit less than 40 and a plasticity index between 8 
and 20.  Fill material should be placed in loose lifts not exceeding eight inches and should be 
compacted to 95 percent of the maximum dry density as determined by ASTM D698.  Relatively 
uniform compaction should be provided. 
 
6.5 Foundation Inspection 
We recommend that any fill placed beneath the structures be inspected by an accredited 
construction materials laboratory to determine compliance with the plasticity and compaction 
requirements discussed above.  HVJ Associates, Inc. would be pleased to provide this service. 
It is recommended that slab area be inspected by a person knowledgeable in pad foundation 
construction to verify that the bearing soils are competent and the bearing area is properly prepared 
prior to concrete placement. 
 
7 ACCESS ROAD PAVEMENT DESIGN RECOMMENDATIONS 
 
7.1 General 
Based on the information provided to us by AEI Engineering, we understand that reinforced 
concrete pavement is considered for the access road paving.  When concrete pavement is placed 
directly on subgrade, there is a propensity of the subgrade fines to pump through the concrete joints, 
creating voids under the concrete and with loading result in corner cracks that can progress and cause 
premature failure in the concrete pavement.  Stabilizing the subgrade with lime binds the fines and 
delay potential pumping.  Hence, Lime Stabilized Subgrade was considered for the subbase directly 
under concrete.  Pavement thickness design was completed using DARWin software based on the 
AASHTO Design Procedure. 
 
7.2 Traffic Data 
The actual traffic expected on the access road is not known to us at the time of writing this report.  
According to the International fire code, an access road should support a fire truck weighing 75,000 
pounds.  An Average Daily Traffic (ADT) of 50 was assumed for calculating the design traffic. The 
design 18 kip Equivalent Single Axle Loads (ESALs) in one direction was calculated based on an 
assumed 50% heavy trucks (FHWA Class 5 or greater) and an assumed average truck factor of 0.46 
for rigid pavement resulting in a 50-year design ESALs of 207,919. 
 
7.3 Design Criteria and Performance Constraints 
The design and performance constraints selected for design are summarized in the following 
paragraphs.   
 
Reliability Level and Overall Standard Deviation.  A reliability (R) of 80 percent was selected 
assuming access road as local roadway for pavement design performance.  A mean value of the 
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overall standard deviation (So) was selected to be 0.39 for Portland cement concrete pavement based 
on AASHTO Guide for Design of Pavement Structures and the case where the variance of 
projected future traffic is considered (Chapter 1, Section 4.3). 
 
Serviceability:  The serviceability of a pavement is defined as its ability to serve the type of traffic 
that uses the facility.  The condition of the pavement after the performance period is characterized 
by a Terminal Serviceability Index (Pt), which is a function of the pavement structure.  A Terminal 
Serviceability Index of 2.0 was selected for design.  The time at which a given pavement structure 
reaches its terminal serviceability depends on traffic volume and the original or initial serviceability 
(Po), which was selected as 4.5. The design serviceability loss, the difference between the initial and 
terminal serviceability indices, is 2.5. 
 
Drainage:  The treatment for the expected level of drainage for a rigid pavement is through the use 
of a drainage coefficient, Cd. Based on an average 104 days of rain per year in Houston, Texas, the 
pavement is exposed to moisture approaching saturation 28% of the time. As per AASHTO Table 
2.5 using excellent quality of drainage from curb and gutter and adequate storm drain system a Cd 
value of 1.2 was selected for design. According to the AASHTO design guide, this value would 
require excellent drainage (i.e. water removed from the roadway within 2 hours). We assume that the 
drainage design for the project will achieve this drainage criteria. If conditions for the project do not 
allow these drainage assumptions to be met, we must be notified to modify this pavement design 
input so the appropriate drainage coefficient may be used in design.   
 
Load Transfer: The load transfer coefficient, J, is a factor used in rigid pavement design to account 
for the ability of a concrete pavement structure to transfer load across discontinuities, such as joints.  
Based on the range of values developed by AASHTO, a mean value of the load transfer coefficient 
(J) of 2.9 was selected for the design of jointed tied PCC shoulders/ or curb and gutter and load 
transfer at transverse joints, as per AASHTO Guide. 
 
Loss of Support:  This factor, LS, is included in the design of rigid pavement to account for the 
potential loss of support arising from subbase erosion.  An LS value of 1.0 was selected for Lime 
stabilized subgrade as per guidance in the AASHTO Guide. 
 
7.4 Material Properties for Structural Design 
Based on the City of Houston Standard Specification 02751, a value of 630 psi for Mean Concrete 
Modulus of Rupture (S'c) is considered appropriate for the design.   A value of 3.60 x 106 psi was 
used for the modulus of elasticity of the concrete (Ec) using the following correlation recommended 
by the American Concrete Institute. 
 

Ec = 57,000(f’c)0.5 

 
where, 
Ec = elastic modulus of concrete in psi and, 
f’c = compressive strength of concrete in psi; a value of 4,000 psi is used. 
 

7.5 Subgrade Strength 
Based on field investigations, the subsurface soil consists of firm to very stiff lean clay with sand 
layer. Based on the PI of this cohesive soil, a subgrade resilient modulus of 3,700 psi was estimated 
and the composite K-value required for rigid pavement design was calculated to account for the 
underlying subbase and the potential loss of support arising from subbase erosion.  Based on the 
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underlying subbase, the effective modulus of subgrade reaction (k) was calculated to be 30 pci for 8” 
lime stabilized subgrade. 
 
7.6 Summary of Rigid Pavement Design Inputs 
The estimated and/or assumed values for the design parameters are summarized in Table 7-1. 
 

Table 7-1 Summary of Design Inputs 

Parameter  Value 

Subgrade Resilient Modulus, MR 3,700 psi 
Lime Stabilized Subgrade Elastic Modulus 20,000 psi 
Compressive Strength of Concrete f’c 4,000 psi 
Loss of Support Factor, LS  

Lime Stabilized Subgrade 2 
Effective Modulus of subgrade reaction (k)  

8” Lime Stabilized Subgrade 30 
Concrete Elastic Modulus, Ec 3.60 x 106 psi 
Mean Concrete Modulus of Rupture, S'c 630 psi 
Load Transfer Coefficient, J 2.9 
Drainage Coefficient, Cd 1.2 
Design Serviceability Loss  2.5 
Reliability, R                  80% 
Overall Standard Deviation, So 0.39 
Design Traffic ESALs 207,919 

 
7.7 Rigid Pavement Recommendations 
Based on the design inputs, the minimum section required for the access road to support trucks 
weighing about 75,000 lbs is 6 inches of reinforced concrete pavement over 8 inches of stabilized 
subgrade. The DARWin output is presented in Appendix C.  
 
The lime stabilized subgrade layer should extend 2 feet past the edge of concrete pavement on either 
side, as per City of Houston Standard Detail 02751-01. Jointed Reinforced Concrete Pavement 
(JRCP), Lime Stabilized Subgrade shall be in accordance to City of Houston standard specifications 
02751 and 02336, respectively.  
 
Reinforcing Steel Requirement: Longitudinal and transverse reinforcing steel is required to resist 
warping stresses in the pavement section and to hold pavement cracks that develop tightly closed.  
In addition, dowels for load transfer are required at pavement joints.  Minimum reinforcing steel 
strength shall be 60,000 psi. Steel reinforcement for concrete pavement including the bar size and 
spacing should be in accordance to City of Houston standard drawing 02751-01. 
  
7.8 Preparation of Subgrade 
The subgrade soils at the project site consist of cohesive soils. We recommend that at least eight 
inches of the subgrade be stabilized with lime. Stabilization of the subgrade should increase the 
modulus of subgrade reaction and provide subgrade stability for construction during inclement 
weather. In addition, subgrade stabilization should enhance long-term pavement performance by 
reducing the tendency of the soil to displace by pumping. We recommend the following procedures 
for subgrade preparation.  
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1. Clear the subgrade to the grade required for the proposed pavement section. 

2. In areas where soft, compressible or loose soils are encountered, additional excavation 
may be required.  Excavation should extend a minimum of two feet beyond the edge of 
the proposed pavement. 

3. Surfaces exposed after excavation should be proof-rolled in accordance with TxDOT 
Standard Specification Item 216 or equivalent City of Houston specification.  If rutting 
develops, tire pressures should be reduced.  The purpose of the proof-rolling operation 
is to identify any underlying zones or pockets of soft soils and to remove such weak 
materials.   
 

4. Before stabilizing the subgrade, scarify the upper 8 inches of exposed material 
throughout the width of pavement as required to provide loose material to facilitate 
distribution of lime. Due to the thickness of stabilization the lime stabilization may need 
to be placed in two lifts, unless contractor proposed equipment can demonstrate 
adequate mixing depth.  The amount of lime shall be determined for subgrade soils by 
conducting laboratory tests on the exposed subgrade material during construction. We 
recommend that eight inches of the subgrade be stabilized with 5% lime for estimation 
purposes and compacted to 95 percent of standard proctor maximum dry density 
(ASTM D698). If sandy subgrade (sand, clayey sand) is encountered it should be 
stabilized with lime-flyash. We recommend that at least 2% lime and 8% flyash be used 
for stabilizing sandy subgrade.  

 
Construction of lime-stabilized subgrade should be conform to City of Houston Section 02336 and 
lime-flyash stabilization should conform to City of Houston Section 02337. The actual amount of 
lime and flyash should be determined for subgrade soils by conducting laboratory tests on the 
exposed subgrade material during construction. 
 
8 WATER LINE DESIGN CRITERIA AND RECOMMENDATIONS FOR OPEN   
CUT AND AUGERING TECHNIQUES 
 
8.1 General 
The project involves the installation of 12-inch Polyvinyl-chloride (PVC) water pipe from the well 
pump site to the existing 30-inch well collection line located just north of Sims Bayou. The water 
line will be about 1,400 feet in length and will be installed using both open cut and augering 
techniques. The proposed water line alignment crosses the Blue Ridge Road near the well pump site, 
30-inch CMP culvert, energy line and Sims Bayou. We understand that the water line will be 
installed using augering technique at these four crossings. Our recommendations for the installation 
of water line using open cut and augering techniques are presented below. 
 
The invert elevations of the proposed water line will range between El. 54 and El. 41.  At the time 
of writing the proposal, we were informed that the invert depth of the proposed water line will be 
about 5 feet in the open cut segment and 20 to 25 deep at the Sims Bayou crossing. However, based 
on the plan and profile drawings provided to us at the time of writing the report, we noticed that the 
invert depth of water line will be about 9 feet near borings B-2 and B-3. Per Chapter 11 of COH 
design manual, these borings do not meet the minimum required boring depths and we recommend 
deepening the borings additional 5 feet to satisfy COH guidelines.  
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8.2 Geotechnical Parameters 
Geotechnical design parameters for soils that may be encountered in the pipe zone along the project 
alignment are presented in Table 6-1.  Design parameters given in the table are based on field and 
laboratory test data obtained at boring locations at the approximate invert depth.  It must be noted 
that because of the nature of the soil stratigraphy at this site, parameters at locations away from the 
borings may vary substantially from values reported in the table. 
 

Table 8-1  – Geotechnical Parameters for Pipe Design 

Boring 
No. 

Approximate 
Invert 

Elevation, 
Feet 

Soil 
Description at 
Invert Depth 

Total Unit 
Weight, 

pcf 

Undrained 
Shear 

Strength, psf 

Allowable 
Bearing Capacity, 

psf 

E'n, Long 
Term, 

psi 

B-1 54 Firm to very stiff clay 125 800 1,300 300 

B-2 53 Soft to firm clay 125 500 600 200 

B-3 53 Firm to stiff clay 125 1,400 2,300 600 

B-4 52 Firm to very stiff clay 125 1,000 1,700 300 

B-4 41 Soft to stiff clay 125 1,000 1,700 300 

B-5 53 Firm to stiff clay 125 1,600 2,700 600 

B-5 41 Stiff clay 125 1,400 2,300 600 

 
The values shown in the above table represent our interpretation of the soil properties based on the 
available laboratory and field test data.  Use of the soil properties shown above may or may not be 
appropriate for a particular analysis, since choice of design parameters often depends on whether 
total or effective stress analysis is used, rate of loading, duration of loading, geometry of loaded area, 
and other factors.  The total unit weight values shown above represent our interpretation of soil unit 
weight at natural moisture content.  The undrained shear strength and allowable bearing capacity 
values represent our interpretation of the shear strength in clay soils based primarily on the results of 
unconsolidated undrained compression tests and hand penetrometer tests.  The allowable bearing 
pressures include a factor of safety of three. 
 
The design of flexible pipes requires the modulus of soil reaction of the native soil (En’) in the 
trench wall as input.  The En’ values are based on empirical relationships to the soil consistency as 
defined by unconfined compression tests for cohesive soils.  En’ values for the native soils are 
presented in Table 8-1.  The En’ values for short-term conditions in cohesive soils may be assumed 
to be 1.5 times the long-term values.  These values are based on the soil data obtained at the boring 
locations only and may be used for the noted invert depth zone. 
 
8.3 Pipe Design 
The loads imposed on underground pipes depend principally upon the method of installation, the 
weight of overburden soils, roadway traffic load, and loads due to existing surface structures. 
 
For the design of PVC pipes, the traffic load design provisions described in the American Water 
Works Association (AWWA) Manual M23 (2002) PVC Pipe – Design and Installation, Chapter 4 
should be followed. Overburden pressure can be determined using prism load condition in which 
overburden pressure is the weight of the column of soil directly over the pipe for the full height of 
backfill i.e., depth to the spring line of pipe from ground surface times unit weight of soil.  The unit 
weight of soil may be taken as 125 pcf.   
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8.4 Thrust Force Design Recommendations 
Piping System Thrust Restraint.  Unbalanced thrust forces will be developed in water lines due to 
changes in direction, cross-sectional areas, or when the pipe is terminated.  These forces may cause 
joints to disengage if not adequately restrained.  There will be a slight loss of head due to turbulence 
in bends in the pipes.  This loss will cause a pressure change across the bend, but it is usually small 
enough to be neglected.  The thrust force diagram shown on Plate 5 illustrates the thrust force 
generated by flow in a bend in the pipe.  An example computation of a thrust force generated by 
flow at a bend in a pipe for a surge pressure of 150 psi and a bend angle of 90 degrees is also 
presented on Plate 5.  
 
The thrust force may require more reaction than is available just from the pipe bearing against the 
backfill.  In order to prevent intolerable movement and overstressing of the pipe, suitable 
buttressing should be provided.  In general, thrust blocks, concrete encasement, restrained joints and 
tie rods are common methods of providing reaction for the thrust restraint design.  Thrust restraint 
design provisions should be taken in accordance with the AWWA Manual M23 (2002) PVC Pipe – 
Design and Installation. 
 
Resistance offered by the soil against joint separation is generated by the passive resistance of the 
soil as the bend tries to move and also by the friction between the pipe and soil.  However, the 
passive restraint component can be neglected to be conservative since the degree of compaction 
achieved in haunch zone is unreliable and also due to the possible future excavation activities near 
the water line. 
 
Frictional Resistance.  The unbalanced force produced by grade and alignment changes can also be 
resisted by friction on the pipe.  The resisting frictional force, FS for a 12-inch diameter PVC pipe is 
computed by 
 

  FS = Ap(fcC) + (2We+Ww+Wp)tan f, lb/ft 
 
  Where: 
   Ap:  Surface area of pipe, 3.14 ft2 for 12-inch pipe and 1.57 ft2 at     
     horizontal bends 
   fc  Proportionality constant relating pipe wall-soil interface 
   C:  Cohesion of soil surrounding the pipe, lb/ft2 

   f:  Coefficient of friction between pipe and soil 
   2We: Vertical load on top and bottom surfaces of the pipe including traffic  

    load taken as prism load in lb/ft 
   Ww:  Weight of contained water in lb/ft 
   Wp:  Weight of pipe in lb/ft 
 
The friction value and proportionality constant depends on the material in contact with the pipe and 
the soil used in the backfill around the pipe.  If the material used for bedding is in compliance with 
City of Houston standards then the cohesion and proportionality constant values can be taken as 

zero.  The allowable coefficient of friction, f, of 0.25 can be used for PVC pipe. This value includes 
a factor of safety of 2.0.  The weight of soil above the pipe will depend on the soil unit weight, 
traffic load and the pipe depth.  For compacted soils used for backfill, a total unit weight of 125 pcf 
can be used.  In low cover situations, where depth of cover is less than 50% of pipe diameter, we 
should be contacted to evaluate the impact of shallow cover on thrust resistance. 
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8.5 Water Line Bedding and Backfill 
Pipe Bedding.  Pipe embedment (bedding, haunching, and initial backfill) material for water lines 
may consists of bank run sand, concrete sand, gem sand, pea gravel, or crushed limestone as 
specified in City of Houston Standard Specifications Sections 02317 and 02320.  Placing and 
compaction of embedment material should be in accordance with Section 02317, item 3.08 and 3.09.  
Water line installed using open-cut trenches should follow City of Houston Drawing No. 02317-04. 
This drawing specifies that the bottom should be dry before placement of pipe.  If encountered, we 
recommend groundwater control in accordance with Section 01578 of City of Houston Standard 
Specifications be implemented to achieve stable trench conditions and satisfactory foundation base. 
 
Trench Backfill.  For water lines with diameter less than 20-inches installed underneath the 
pavement, bank run sand or select backfill  with PI between 8 and 20 should be used as backfill 
material up to pavement base as per City of Houston Standard Specifications Section 02317 and 
02320.  Section 02320 also states that clayey soils with PI greater than 20 can be used as backfill 
material after treating with lime in accordance with Section 02951 to meet the plasticity criteria.   
Imported select fill should consist of lean sandy clay with a liquid limit less than 40 and a plasticity 
index between 8 and 20 or bank run sand.  Random backfill such as Class I, II, III and IV materials 
specified in City of Houston Standard Specifications Section 02320 that can achieve required density 
can be used in backfilling the excavations outside the paved areas as specified in Section 02317. This 
allows the reuse of excavated insitu material as a backfill material for trenches outside the paved 
areas.  
 
Fill material should be placed in loose lifts not exceeding eight inches, and should be compacted to 
95 percent of the standard Proctor maximum dry density as determined by ASTM D 698 as 
specified in City of Houston Standard Specifications, Section 02317, item 3.07.  However, the 
backfill up to 12 inches above the top of the pipe should be compacted carefully so as to prevent 
structural damage to the pipe. 
 
8.6 Utilities Installed by Augering Techniques 
Design of Pipe Installed by Auger Techniques:  We understand that auger construction methods will 
be used for installing water line underneath Blue Ridge Road, 30-inch CMP culvert, energy line and 
Sims Bayou.  Pipe insertion into the augered hole will generate stresses on the pipe.  The pipe 
should be selected considering the construction equipment to be used in addition to the pipe design 
requirements given above. 
 
Augering Construction Considerations:  Auger boring is a horizontal rotary earth-boring process.    
A cutting head rotates against the earth forming the hole, and augers behind the cutterhead 
transport excavated soil from the bore.  Water, or a water-bentonite slurry is often injected into the 
bore to lubricate the cutting head and aid in transporting material from the bore.  In augering, a 
launch pit is excavated and a horizontal boring rig is used to excavate an unsupported bore distance 
of up to 300 feet to a receive pit.  A power unit in a pit provides the driving force.  Most augering in 
the Houston area is done without casing, commonly referred to as free boring.  Bores are commonly 
drilled slightly oversized to aid in pipe installation. 
 
Once the bore is excavated, dragging a tool through the bore cleans it, and then the pipe is dragged 
through the bore. This technique is commonly used in the Houston area for installation of small 
diameter pipes at depths above the groundwater table.  Augering operations should generally be in 
accordance with City of Houston Standard Specification 02447. 
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Bore Stability:  In auger construction, where the bore must stand open unsupported for a period of 
several hours, the structure of the soil is very important.  Augering operations have encountered 
difficulties such as slowed production rates, ground surface settlement above the bore, and bore 
collapse in some soil conditions in the Houston area.  We do not recommend augering in sandy soils 
or in soils below the water table without providing casing to prevent a running ground condition.  
Firm to very stiff clay soils are generally suitable for augering.  Soft clay was encountered near the 
invert elevation of water line in borings B-2 (El. 56.5 to El. 52.5) and B-4 (El. 38.8 to El. 36.8).  
Groundwater, either due to rainfall or natural water table, can exacerbate this instability.  This will 
lead to an excessive number of cleaning passes to allow passage of the pipe, and it will result in 
formations of large voids around the pipe.  Collapse of these voids after pipe placement commonly 
results in noticeable settlement of the ground surface above the bore. 
 
Based on the soil and groundwater conditions encountered at the boring locations, submerged soft 
to very stiff cohesive soils will be encountered while augering.  We recommend casing for augering 
throughout the alignment.  
 
Loss of Ground:  Loss of ground refers to excess excavation during advancement of the bore, i.e. 
more ground is excavated at the face than the intended cylindrical volume of the bore itself. Some 
ground loss should be expected during any auger construction operation, and will cause settlement 
of the ground above the bore.  With good construction techniques, ground loss can be held to 
acceptable levels. A properly designed and controlled auger operation can eliminate or reduce 
immediate soil movement and subsidence to a tolerable level. Generally, bores constructed beneath 
pavement and buried utilities can be expected to create a loosened subgrade or bedding condition 
which may lead to subsequent deformations. 
 
Large ground loss can result from uncontrolled flowing ground.  The potential for such ground loss 
exists wherever water-bearing sands or silts are encountered.  We do not encounter such soils in our 
borings. If encountered while construction, careful dewatering of such layers will reduce the 
potential for development of flowing conditions, but local experience shows that complete 
dewatering is difficult to achieve.  First, it is difficult to fully dewater the base of a permeable layer 
immediately above an impermeable layer.  Second, due to the interbedded nature of the soils, all the 
water-bearing zones may not be intercepted even by closely spaced wells.  Either of these conditions 
can result in the presence of unstable water-bearing soils even though a dewatering system has been 
installed. 
 
9 WATER LINE CONSTRUCTION RECOMMENDATIONS 
 
9.1 General 
This section is intended to address issues that might arise during construction. Our 
recommendations are intended for use as guidelines in dealing with particular soil conditions.  The 
topics addressed in this section include trench excavation stability, groundwater control (if 
encountered), and open-cut construction considerations. 
 
The recommendations contained herein are not intended to dictate construction methods or 
sequences.  Instead they are provided solely to assist designers in identifying potential construction 
problems related to excavation, based upon findings derived from sampling.  Depending upon the 
final design chosen for the project, the recommendations may also be useful to personnel who 
observe construction activity. 
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Prospective contractors for the project must evaluate potential construction problems on the basis 
of their review of the contract documents, their own knowledge of and experience in the local area, 
and on the basis of similar projects in other localities, taking into account their own proposed 
methods and procedures. 
 
9.2 Open Cut Excavation Considerations  
Excavations should satisfy two requirements.  First, the soils above final grade must be removed 
without disturbing the soil below, which will support constructed facilities.  Second, the sides of the 
excavation must be stable to prevent damage to adjacent streets and facilities as a result of either 
vertical or lateral movements of the soil.  In addition, a satisfactory excavation procedure must 
include an adequate construction dewatering system to lower and maintain the water level, if 
encountered, at least a few feet below the lowest excavation grade.  
 
Excavation Stability.  Excavations shall be shored, laid back to a stable slope or some other 
equivalent means may be used to provide safety for workers and adjacent structures.  Earth 
pressures for braced excavations are presented on Plate 6.  Assessment of the need for excavation 
sloping, use of trench boxes, or other measures required to provide a stable excavation, and the use 
of appropriate construction practices and/or equipment is the contractor’s responsibility.  The 
following comments are intended to represent common solutions to stability problems encountered 
in similar soil conditions in the Houston area, and may not be construed as excavation system design 
recommendations.  The excavation operations shall be performed in accordance with 29 CFR Part 
1926 subpart P, as amended, including rules published in the Federal Register, Vol. 54, No. 209, 
dated October 31, 1989, as a minimum.  In addition, the provisions of legislation enacted by the 
Texas Legislature and City of Houston should be satisfied. 
 

Table 9-1  – OSHA Soil Classification 

Boring 
No. 

Blue Ridge 
Centerline 

Station, Feet 

OSHA Soil Type 

Depth of Trench, Feet 

0 – 5 5 – 10 10 – 15 15 – 20 

B-1 2+65 B B B B 

B-2 5+26 B C -- -- 

B-3 9+86 B B -- -- 

B-4 14+32 B B B B 

B-5 17+03 B B B B 

 
We recommend that a professional engineer should design temporary support for trenches deeper 
than 20 feet, and that the OSHA tables are not used below this depth. 
 
In general, it is our opinion that the pressure distribution (for braced walls) should be used for 
design of sheeting or trench boxes.  To reduce the potential for ground movement adjacent to the 
top of the excavation, the bracing should be preloaded in stages as the excavation is deepened.  The 
detailed earth pressure diagram is presented on Plate 6.  
 
The planned construction will be performed along alignments near existing utility installations 
(either crossing or paralleling the new alignments).  The contractors should be aware of potential 
excavation stability problems while working in the vicinity of old trenches and the excavation system 
should be designed to accommodate this weak material (trench backfill). 
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The vertical walls of excavations should be located a safe distance from existing utilities in order to 
prevent movement in the soil mass behind the excavation that may adversely affect the utilities.   We 
recommend that the horizontal distance of existing utilities should be greater than their vertical 
distance from the bottom of excavation. 
 
9.3 Pit Construction Recommendations 
It is our understanding that pits constructed for trenchless operations will vary in size depending on 
whether the pit is a drive or receive pit, size of machine, and length of pit.  Pit construction should 
be in accordance with City of Houston Standard Specification 02447.  Pit should be backfilled in 
accordance with City of Houston Standard Specification 02317.   

Pit Excavation Stability:  Pit excavations shall be shored or some other equivalent means may be 
used to provide safety for workers and adjacent structures.  Assessment of the need for excavation 
shoring or other measures required to provide a stable excavation, and the use of appropriate 
construction practices and/or equipment is the contractor's responsibility. 

The lateral earth pressures recommended for short-term design are generally lower than the long-
term pressures as the state of stress in the soil changes from "at rest" to "active" conditions 
immediately after excavation.  In calculating the "design" lateral earth pressures, a combination of 
lateral soil pressures; hydrostatic water pressures; and surcharge loads need to be considered.  We 
recommend that a trapezoidal pressure distribution be used for the lateral soil pressure, and that the 
hydrostatic water pressure be computed by assuming the groundwater table to coincide with the 
ground surface.  Calculation of these pressure components is explained on Plate 6. 

Pit Bottom Stability:  Bottom instability results from inadequate shear strength in clay soils to resist 
stress relief at the base of the excavation, or from piping of water bearing granular soils.  This mode 
of failure results in the loss of ground at the ground surface outside the pit and heave of the 
excavation base inside the pit.  Pits are typically excavated approximately 4 feet below pipe invert 
depth.  Dewatering may be required for pit construction at Sims Bayou location.   

Loss of Ground:  Installation of pits may experience some loss of ground around the outside of the 
excavation due to sloughing of material into the excavation.  If proper construction procedures are 
followed, little or no loss of ground should occur.  If loss of ground is excessive, it may cause 
damage to structures, pavement and services located near the excavation.  If loss of ground does 
occur, disturbed soils may develop beneath existing pavement and utilities located close to the 
excavation location. 

Corrective measures to address loss of ground problems often include improved dewatering and/or 
grouting around the pit from the ground surface or within the pit.  Repairs associated with loss of 
ground often include replacement of paving near the top of the pit, and making up for ground loss 
through placement of cement stabilized sand fill. 

Based on the piezometric readings and proposed invert depth at Sims Bayou crossing, pits are 
anticipated to be constructed in wet conditions.  Groundwater control is discussed in Section 9.5. 

9.4 Spoil Disposal 
Spoil from construction will be generated from trench excavations.  Soils that will be excavated from 
this project area will primarily consist of cohesive soils with plasticity index greater than 20.  The 
upper 8 feet of soils that will be excavated in the vicinity of boring B-4 will consist of cohesive soils 
with plasticity index less than 20.   The soils with plasticity index greater than 20 can be used in 
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backfilling the excavations made outside the paved areas if the required density can be achieved. 
Economically, possible uses of the cohesive spoil material may be limited to land reclamation, site 
grading, and final cover in sanitary landfill operations.  These soils may not be suitable for use in 
engineered fill. 
 
9.5 Groundwater Control 
Based on our water level measurements, groundwater seepage is expected during excavation near 
Sims Bayou crossing at the proposed invert depth of the water line. Assessment of the need for 
groundwater control and installation of appropriate dewatering equipment is the contractor's 
responsibility at the time of construction.  The following comments are intended to represent 
common solutions to groundwater control problems encountered in similar soil conditions in the 
Houston area, and may not be construed as dewatering system design recommendations.  
 
A conventional pump and sump arrangement may be adequate where water bearing cohesive soils 
are encountered during trench and auger pit excavations. If necessary, control of groundwater 
should be accomplished in a manner that will preserve the strength of the foundation soils, will not 
cause instability of the excavation, and will not result in damage to existing structures.  Where 
necessary, the water will be lowered in advance of excavation by pump and sump arrangement.  
Open pumping should not be permitted if it results in boils, loss of fines, softening of the subgrade, 
or excavation instability.  Discharge should be arranged to facilitate sampling by the owner's 
representative or engineer.  
 
10 ANTENNA POLE AND LIGHT POLE FOUNDATION RECOMMENDATIONS  

10.1 General 
We understand that the project includes construction of antenna pole and light pole near the water 
well. Based on the drawings provided by AEI Engineering, the light pole will be founded on a 30-
inch diameter straight sided drilled shaft whereas antenna pole will be founded on a 48-inch 
diameter straight sided drilled shaft. Boring B-1 drilled for the well pump was used to provide 
foundation recommendations for these poles. 
 
Straight Sided Shafts.  Allowable total capacity curves that include skin friction and tip resistance 
were developed for 30 and 48-inch diameter drilled shafts based on boring B-1 and are presented in 
Appendix F. These curves include a factor of safety of 3 and can be used to determine the depth of 
drilled shaft for a given axial load under compression. The skin friction capacity offered by the top 5 
feet from ground surface was neglected to accommodate the friction losses due to soil disturbance 
caused during installation, loss of cohesion due to weathering, and tension cracks, etc. For drilled 
shafts under tension, the skin friction charts provided in Appendix F can be used and the charts 
include a factor of safety of 3.  
 
10.2 Drilled Shaft Construction Recommendations 
Shaft construction and installation should follow City of Houston Standard Specification 02465 for 
drilled shaft foundation.  The boring B-1show clay for full depth with water table at 18 feet. A 
conventional pump and sump arrangement may be adequate if water bearing cohesive soils are 
encountered during construction. If substantial difficulties with groundwater seepage are 
encountered slurry drilling methods may be required. Assessment of the need for groundwater 
control and installation of appropriate dewatering equipment is the contractor's responsibility. It 
should be noted that groundwater levels change due to seasonal changes and rainfall. In any case, 
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the groundwater control system used must provide a relatively dry, stable bearing surface. Presented 
below are a few specific recommendations. 
 
1. Drilled shaft excavations should be inspected for verticality and side sloughing. Verticality is 

specified at one inch in ten feet of the shaft length, and should be checked to the full depth of 
dry augering prior to introducing drilling mud. 
 

2. Slurry should contain four to eight percent by weight of bentonite additive and should satisfy 
the slurry specification set forth ACI 336.1-01 Section 2.6. ACI slurry specifications are 
required to assure suspension of detritus from the drilling operations, and to assure adequate 
cleaning of the slurry prior to concreting.  Cleaning of the slurry is important to prevent 
deposition of detritus on reinforcement cages and ensure that inclusions of detritus will not be 
formed within the concrete mass. 

 
3. Before placing concrete, the shaft bottom should be cleaned out with a drilling bucket in order 

to remove any sediments that may not be displaced by the concrete. The shaft bottoms should 
be cleaned with a "clean-out" bucket until rotation on the bottom without crowd (i.e. 
penetration under force) produces little spoil.  Probing after clean-out is essential to verify the 
condition of the base of the shaft. 

 
4. A computation of the final concrete volume for each shaft should be made.  Shafts taking an 

unreasonably high or low volume of concrete should be cored to check their integrity. 
 
5. The casing should always remain at least five feet below the level of the concrete during 

placement.  Our analyses assume no casing will be left in place. We should be informed if 
casing will be left in place so revised shaft capacity calculations may be provide. 
 

6. Shaft excavations should not be made within two shaft diameters (edge to edge) of shafts that 
have been concreted within the last 24 hours or from open shaft excavation. 

 
10.3 Lateral Capacity 
Foundation elements often have to withstand significant lateral loads in addition to axial loads. Wind 
forces on structures are forms of lateral loading. Lateral loads or movements on a vertical shaft will 
be countered by the mobilization of resistance in the surrounding soils as the shaft deflects. The 
lateral load capacity of the shaft, therefore, will depend on the relative stiffness of the shaft and the 
strength of the surrounding soils. A rational analysis of a problem involving lateral loading on a shaft 
must consider the interaction of the soil and the structure. Equilibrium of forces and compatibility 
of displacements throughout the total system are the two fundamental conditions, which are to be 
satisfied in the analysis. Appendix G presents the input parameters that may be used for lateral load 
analysis using LPILE. These parameters were estimated based on the generalized profile in a 
conservative scenario.  
 
11 DESIGN REVIEW 
 
HVJ recommends that the final design plans and specifications should be reviewed by a qualified 
geotechnical consultant. We also recommend materials testing verification and observation by an 
accredited testing laboratory to verify that construction is performed in conformance with project 
specifications. HVJ routinely provides materials testing verification and observation services and 
would be pleased to do so for this project. 
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12 LIMITATIONS 
 
This investigation was performed for the exclusive use of AEI Engineering and City of Houston to 
provide geotechnical recommendations for the New Sims Bayou Water Well project in southwestern 
Harris County approximately 2.5 miles east of the intersection of Beltway 8 and US 90 (South Main 
Street) in Houston, Texas. HVJ has endeavored to comply with generally accepted geotechnical 
engineering practice common in the local area.  HVJ makes no warranty, express or implied.  The 
analyses and recommendations contained in this report are based on data obtained from subsurface 
exploration, laboratory testing, the project information provided to us and our experience with 
similar soils and area conditions.  The methods used indicate subsurface conditions only at the 
specific locations where samples were obtained, only at the time they were obtained, and only to the 
depths penetrated.  Samples cannot be relied on to accurately reflect the strata variations that usually 
exist between sampling locations.  Should any subsurface conditions other than those described in 
our boring logs be encountered, HVJ should be immediately notified so that further investigation 
and supplemental recommendations can be provided. 
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BORING LOGS AND KEY TO TERMS & SYMBOLS 
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Firm to very stiff, dark gray to gray,
LEAN CLAY WITH SAND (CL)

-w/ ferrous nodules 4'-10'

Stiff to very stiff, gray and brown, LEAN
CLAY (CL)

-w/ calcareous nodules 18'-20'

DEPTH TO WATER IN BORING:
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 20 FT

WET ROTARY:

OFFSET:
DATE: 6/24/2015

TR EE PLATE A-1

LOCATION:
PROJECT:

COMPLETION DEPTH: 20 FT

New Water Well in Sims Bayou Area
N: 13790443.21; E: 3082516.31 WBS NO.: S-000100-0024-4

TO FT

58' LT

FREE WATER DURING DRILLING: 18.0 FT

DESCRIPTION OF MATERIAL
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Pavement: 5" Asphaltic Concrete, 8"
brown Clayey Sand w/ gravel
Firm to stiff, dark gray and brown,
SANDY LEAN CLAY (CL)

Soft, gray and brown, LEAN CLAY
WITH SAND (CL)
-w/ calcareous nodules
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 10 FT

WET ROTARY:

OFFSET:
DATE: 12/17/2015

DB RS PLATE A-2

LOCATION:
PROJECT:

COMPLETION DEPTH: 10 FT

New Water Well in Sims Bayou Area
N: 13790837.75; E: 3082564.51 WBS NO.: S-000100-0024-4
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10' RT

FREE WATER DURING DRILLING: Dry FT
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STATION:

SURFACE ELEVATION: 62.5 FT

5+26

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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Pavement: 5" Asphaltic Concrete, 6"
brown Clayey Sand w/ gravel
Firm to stiff, dark gray and brown,
LEAN CLAY WITH SAND (CL)
-w/ calcareous nodules
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 10 FT

WET ROTARY:

OFFSET:
DATE: 12/17/2015

DB RS PLATE A-3

LOCATION:
PROJECT:

COMPLETION DEPTH: 10 FT

New Water Well in Sims Bayou Area
N: 13791296.96; E: 3082545.44 WBS NO.: S-000100-0024-4

N/A TO N/A FT

13' RT

FREE WATER DURING DRILLING: Dry FT

DESCRIPTION OF MATERIAL
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SURFACE ELEVATION: 62.1 FT
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Pavement: 5" Asphaltic Concrete, 7"
brown Clayey Sand w/ gravel
Firm to very stiff, dark gray and brown,
SANDY LEAN CLAY (CL)

-w/ calcareous nodules 6'-10'

Soft to very stiff, gray and reddish
brown, LEAN CLAY WITH SAND (CL)
-w/ ferrous stains and calcareous
nodules
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 30 FT

WET ROTARY:

OFFSET:
DATE: 12/17/2015

DB RS PLATE A-4

LOCATION:
PROJECT:

COMPLETION DEPTH: 30 FT

New Water Well in Sims Bayou Area
N: 13791741.91; E: 3082522.38 WBS NO.: S-000100-0024-4

N/A TO N/A FT

12' RT

FREE WATER DURING DRILLING: 26.5 FT
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PROJECT NO.: HG1216861.1

STATION:

SURFACE ELEVATION: 61.8 FT

14+32

WATER DEPTH 24 HOURS AFTER DRILLING: 7.0 FT
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Pavement: 5" Asphaltic Concrete, 10"
brown Clayey Sand w/ gravel
Firm to stiff, dark gray and brown,
LEAN CLAY WITH SAND (CL)
-w/ ferrous stains

Firm to stiff, gray, FAT CLAY WITH
SAND (CH)
-w/ ferrous stains and calcareous
nodules

Stiff to very stiff, reddish brown and
gray, LEAN CLAY (CL)
-w/ ferrous stains and calcareous
nodules

DEPTH TO WATER IN BORING:
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SAMPLER: Shelby Tube/Split Spoon

DRY AUGER: 0

Logged By:

TO 30 FT

WET ROTARY:

OFFSET:
DATE: 12/17/2015

DB RS PLATE A-5

LOCATION:
PROJECT:

COMPLETION DEPTH: 30 FT

New Water Well in Sims Bayou Area
N: 13792013.36; E: 3082509.83 WBS NO.: S-000100-0024-4

N/A TO N/A FT

13' RT

FREE WATER DURING DRILLING: 22.0 FT
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PROJECT NO.: HG1216861.1

STATION:

SURFACE ELEVATION: 61.0 FT

17+03

WATER DEPTH 24 HOURS AFTER DRILLING: ---
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APPENDIX B 
 

SUMMARY OF LABORATORY TEST RESULTS 
 
 



Project: New Water Well in Sims Bayou Area
Location: Houston, Texas
Number: HG1216861.1
WBS No.:  S-000100-0024-4

B-1 0 20 0.8
B-1 2 45 18 27 76.9 22 126 0.4 0.5
B-1 4 21 0.5
B-1 6 41 17 24 21 134 1 0.8
B-1 8 1.3
B-1 10 27 1.2
B-1 12 49 23 26 97.8 37 123 0.7 0.9
B-1 14 19 1.3
B-1 16 39 18 21 19 133 1 1.2
B-1 18 1
B-2 1.5 41 17 24 69.5 16 0.9
B-2 3 26 0.5
B-2 5 35 14 21 23 122 0.5 0.3
B-2 7 25 0.2
B-2 9 78.9 22 0.3
B-3 1.5 15 1
B-3 3 48 19 29 76 24 0.8
B-3 5 20 122 0.7 0.3
B-3 7 23 0.6
B-3 9 21 0.7

B-4 (PZ) 1.5 20 0.8
B-4 (PZ) 3 30 15 15 55.7 22 127 0.5 0.5
B-4 (PZ) 5 18 0.5
B-4 (PZ) 7 18 1.3
B-4 (PZ) 9 45 16 29 17 128 0.5 0.5
B-4 (PZ) 11 27 1.2

Moisture 
Content, %

Total Unit 
Weight, pcf

Shear Strength 
(UU), tsf

Shear Strength 
(Pocket Pen), tsfBorehole Depth, 

Feet
Liquid 
Limit

Plastic 
Limit

Plasticity 
Index

% Pass 
#200 Sieve

PLATE B-1



Project: New Water Well in Sims Bayou Area
Location: Houston, Texas
Number: HG1216861.1
WBS No.:  S-000100-0024-4

Moisture 
Content, %

Total Unit 
Weight, pcf

Shear Strength 
(UU), tsf

Shear Strength 
(Pocket Pen), tsfBorehole Depth, 

Feet
Liquid 
Limit

Plastic 
Limit

Plasticity 
Index

% Pass 
#200 Sieve

B-4 (PZ) 13 0.8
B-4 (PZ) 15 42 16 26 82.6 21 133 1 0.6
B-4 (PZ) 17 19 1.5
B-4 (PZ) 19 19 0.9
B-4 (PZ) 24 32 17 15 78.5 24 131 0.5 0.3
B-4 (PZ) 29 18 0.8

B-5 1.5 22 0.5
B-5 3 43 17 26 74.7 21 0.5
B-5 4
B-5 5 22 0.8
B-5 6
B-5 7 52 16 36 21 132 0.8 0.5
B-5 8
B-5 9 17 1
B-5 10
B-5 11 21 0.6
B-5 12
B-5 13 52 22 30 25 128 0.7 0.7
B-5 14
B-5 15 18 1
B-5 17 0.4
B-5 19 34 17 17 26 0.7
B-5 24 49 21 28 92.8 21 225 1.5 1.5
B-5 29 20 1.5

Total 16 16 16 10 40 13 13 44

PLATE B-2



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C 
 

DARWIN OUTPUT 
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1993 AASHTO Pavement Design
 

DARWin Pavement Design and Analysis System
 

A Proprietary AASHTOWare
Computer Software Product

 

Rigid Structural Design Module
 

New Water Well in Sims Bayou Area
HG1216861.1, WBS No. S-000100-0024-4

JRCP over Lime Stabilized Subgrade - 50 years
 

Rigid Structural Design

Pavement Type JRCP 
18-kip ESALs Over Initial Performance Period 207,919 
Initial Serviceability 4.5 
Terminal Serviceability 2 
28-day Mean PCC Modulus of Rupture 630 psi
28-day Mean Elastic Modulus of Slab 3,600,000 psi
Mean Effective k-value 30 psi/in
Reliability Level 80 %
Overall Standard Deviation 0.39 
Load Transfer Coefficient, J 2.9 
Overall Drainage Coefficient, Cd 1.2 

 
Calculated Design Thickness 4.65 in

 
Effective Modulus of Subgrade Reaction

 
 

Period

 
 
Description

Roadbed Soil
Resilient

Modulus (psi)

Base Elastic
Modulus

(psi)
1 - 3,700 20,000

 
Base Type Lime Stabilized Subgrade 
Base Thickness 8 in
Depth to Bedrock 100 ft
Projected Slab Thickness 6 in
Loss of Support Category 2 

 
Effective Modulus of Subgrade Reaction 30 psi/in

 
Simple ESAL Calculation

Performance Period (years) 50 
Two-Way Traffic (ADT) 50 
Number of Lanes in Design Direction 1 
Percent of All Trucks in Design Lane 100 %
Percent Trucks in Design Direction 50 %
Percent Heavy Trucks (of ADT) FHWA Class 5 or Greater 50 %
Average Initial Truck Factor (ESALs/truck) 0.46 
Annual Truck Factor Growth Rate 0 %
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Annual Truck Volume Growth Rate 4 %
Growth Simple 

 
Total Calculated Cumulative ESALs 207,919 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
 

PIEZOMETER INSTALLATION REPORT 



Piezometer Details

Water Level Readings

Date Depth (ft.) Elev. (ft.)

Flush Mount Cover
Bentonite Cement Grout

Bentonite Pellets

2" Dia. Sch. 40 PVC Blank

Sand

2" Dia. Slotted 0.010" Screen

Depth Description

DRAWING NO.:

6120 S. Dairy Ashford Road
Houston, Texas 77072-1010
281.933.7388 Ph
281.933.7293 Fax

PROJECT NO.:

 

NOTES: 
- Piezometer was installed on 12/17/15. 
- See Plate 2 for boring location; see 

Appendix A for boring log. 

PIEZOMETER INSTALLATION REPORT 
PIEZOMETER: B-4 
 S-000100-0024-4 

PLATE D-1 HG1216861.1 

 

12/17/15 26.5 35.3 

0 

20’ 

30’ 

18’ 

  2’ 

12/18/15  54.8 7.0 

1/16/16 6.3  55.5 



STATE OF TEXAS WELL REPORT for Tracking #414580

No DataOwner Well #:

65-21-7Grid #:

  29°  37'  32.4"  NLatitude:

095°  29'  34.54"  WLongitude:

No DataElevation:

HVJ Associates, Inc.Owner:

6120 S. Dairy Ashford
Houston, TX 77072

Address:

blue ridge dr
houston, TX 77085

Well Location:

HarrisWell County:

Type of Work: New Well Proposed Use: Monitor

20/40 at 18 ft.Packers:

No DataWater Level:

No DataType of Pump:

No Test Data SpecifiedWell Tests:

Top Depth (ft.) Bottom Depth (ft.) Description (number of sacks & material)

0 18 Bentonite 1.5 Bags/Sacks

Diameter (in.) Top Depth (ft.) Bottom Depth (ft.)

4 0 30

 Mud (Hydraulic) Rotary

 Screened

Drilling Method:

Borehole Completion:

Annular Seal Data:

Borehole:

Surface Sleeve InstalledSurface Completion: Surface Completion by Driller

PouredSeal Method:

DrillerSealed By:

No DataDistance to Property Line (ft.):

No Data
Distance to Septic Field or other 
concentrated contamination (ft.):

No DataMethod of Verification:

No DataDistance to Septic Tank (ft.):

12/17/2015Drilling Start Date: 12/17/2015Drilling End Date:

2/8/2016 5:20:28 PM Well Report Tracking Number 414580 Page 1 of 2



Chemical Analysis Made: No

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

Water Quality:

Strata Depth (ft.) Water Type

No Data No Data

Company Information: Soltek LLC

2338 Greenglade Ln
Spring, TX 77386

License Number: 59632Driller Name: Brian K Johnson

Comments: No Data

Lithology:
DESCRIPTION & COLOR OF FORMATION MATERIAL

Casing:
BLANK PIPE & WELL SCREEN 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 on your written request.

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

Austin, TX  78711
(512) 463-7880

Top (ft.) Bottom (ft.) Description

0 30 gray and reddish brown clay

DIa
(in.)

Type Material Sch./Gage Top (ft.)
Bottom

(ft.)

2 Riser
New Plastic 
(PVC)

40 0 20

2 Screen
New Plastic 
(PVC)

40 0.1 20 30

Certification Data: The driller certified that the driller drilled this well (or the well was drilled under the 
driller's direct supervision) and that each and all of the statements herein are true and 
correct.  The driller understood that failure to complete the required items will result in 
the report(s) being returned for completion and resubmittal.
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DIa (in.) Top (ft.) Bottom (ft.)

2 2 30

Top (ft.) Bottom (ft.) Description (number of sacks & material)

0 2 Concrete 1 Bags/Sacks

2 30 Bentonite 1 Bags/Sacks

STATE OF TEXAS PLUGGING REPORT for Tracking #155454

No DataOwner Well #:

65-21-7Grid #:

  29°  37'  32.4"  NLatitude:

095°  29'  34.54"  WLongitude:

No DataElevation:

HVJ Associates, Inc.Owner:

6120 S. Dairy Ashford
Houston, TX 77072

Address:

blue ridge dr
houston, TX 77085

Well Location:

HarrisWell County:

Well Type: Monitor

Borehole:

1/28/2016Date Plugged:

Pour in 3/8 bentonite chips when standing water in well is less than 100 feet depth, 
cement top 2 feet

Plug Method:

Plugger:

Plugging Information

Well Report Tracking #414580

12/17/2015Date Drilled:Soltek LLCCompany:

Brian K JohnsonDriller: 59632License Number:

Drilling Information

Company Information: Soltek LLC

2338 Greenglade Ln
Spring, TX 77386

License Number: 59632Driller Name:  Brian K Johnson

Comments: No Data

Plug(s) Placed in Well:Casing Left in Well:

Certification Data: The driller certified that the driller plugged this well (or the well was plugged under the 
driller's direct supervision) and that each and all of the statements herein are true and 
correct.  The driller understood that failure to complete the required items will result in 
the reports(s) being returned for completion and resubmittal.

Diameter (in.) Top Depth (ft.) Bottom Depth (ft.)

4 0 30
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APPENDIX E 
 

SOIL PROFILE 





 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX F 
 

DRILLED SHAFT CAPACITY CURVES 



  

6120 S. Dairy Ashford Road
Houston, Texas 77072-1010
281.933.7388 Ph
281.933.7293 Fax

DRAWING NO.:PROJECT NO.:

APPROVED BY: PREPARED BY:DATE: 02/08/2016 

ALLOWABLE TOTAL CAPACITY CURVES 
NEW WATER WELL IN SIMS BAYOU AREA 

             WBS No. S-000100-0024-4 
 
 PLATE F-1 HG1216861.1 

AR SV 

 Note: 
The curves includes a factor of safety of three. 



  

6120 S. Dairy Ashford Road
Houston, Texas 77072-1010
281.933.7388 Ph
281.933.7293 Fax

DRAWING NO.:PROJECT NO.:

APPROVED BY: PREPARED BY:DATE: 02/08/2016 

ALLOWABLE SKIN FRICTION CAPACITY CURVES 
NEW WATER WELL IN SIMS BAYOU AREA 

WBS No. S-000100-0024-4 
 

PLATE F-2 HG1216861.1 

AR SV 

 Note: 
The curves include a factor of safety of three and can be used 
to calculate the uplift capacity. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX G 
 

L-PILE PARAMETERS 



Project:
Location: Houston, Texas
Number: HG1216861.1

ε50

Static Cyclic

5-18 Stiff to very stiff clay 125.0 1400.0 500 pci 200 pci 0.007
18-20 Stiff Clay 62.5 2000.0 500 pci 200 pci 0.007

New Water Well in Sims Bayou Area

WBS Nos.: S-000100-0024-4

B-1 18.0

Depth, 
Feet

LPILE Parameters
Modulus of 
Subgrade φ 

(deg)
Cohesion, 
Su (psf)

Effectiv
e Unit 
Weight 

(pcf)

Soil TypeBoring Groundwater 
Depth, Feet

PLATE G-1
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