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1 EXECUTIVE SUMMARY 

The project involves construction of a new water well for the Forest Cove Water System.  This will 
involve construction of foundations for the well pump, and pavement for driveways and access 
roads.  The purpose of our study is to perform a geotechnical investigation and provide design 
recommendations for the well pump foundation and driveways and access roads pavement. Based 
on the subsurface conditions obtained by the soil borings, the findings and recommendations of this 
report are summarized below: 

1. Stiff to very stiff cohesive soils and medium dense to dense cohesionless soils were encountered 
in the boring drilled for this study. Cohesionless soils were encountered from 10 to 16 feet 
below the existing grade. Cohesive soils encountered at top 10 feet in this site are of low 
expansion potential. Details of the subsurface stratigraphy encountered in the borings are shown 
on the boring logs presented in Appendix A. 

 
2. Based on our desktop fault study, 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. 
 

3. Groundwater was not observed in the boring during drilling operations. The long term ground 
water study is not within the scope of this study. 

 
4. The soil borings drilled at the site revealed the presence of stiff to very stiff clay layer at the 

foundation depth. We recommend an allowable bearing capacity of 2,300 psf. The foundation 
recommendations for the well pump is presented in Section 6 of this report. 

 
5. We recommend using 7” Concrete Pavement over 6” Lime Stabilized Subgrade or 12” Crushed 

Stone Pavement over 6” Lime Stabilized Subgrade for the design of driveways and access roads. 
The detailed design is discussed in Section 7 of this report.  

 
  
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 Project Description  
HVJ Associates, Inc. was retained by AEI Engineering to provide geotechnical recommendations 
for the Forest Cove III Well Project located in northeastern Harris County approximately 2.5 miles 
northeast of the intersection of FM 1960 and US 59, in Houston, Texas. The project involves 
construction of a new water well for the Forest Cove Water System.  This will involve construction 
of foundations for the well pump, and pavement for driveways and access roads.  The purpose of 
our study is to perform a geotechnical investigation and provide design recommendations for the 
well pump foundation and driveways and access roads pavement.  

2.2 Geotechnical Investigation Program 
The major objectives of this study were to gather information on subsurface conditions at the site 
and to provide design and construction recommendations for the well pump foundation and 
driveways and access roads pavement.  This investigation was performed in general accordance with 
the City of Houston Department of Public Works and Engineering Infrastructure Design Manual 
dated July 2012 and Section 3.2 of Exhibit A of the City of Houston contract.  The objectives were 
accomplished by: 
 

• Drilling one (1) soil boring at the location of proposed water well to determine soil 
stratigraphy and to obtain samples for laboratory testing. 

• 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 well pump foundation and driveways and access roads 
pavement. 

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 Boring 
The field exploration program undertaken at the project site was performed on October 31, 2014.  
Subsurface conditions were investigated by drilling one (1) soil boring to a depth of 20 feet below 
the existing grade at the location of proposed water well to determine soil stratigraphy and to obtain 
samples for laboratory testing.  
 
Borehole was backfilled with cement grout by tremie method in accordance with the City of 
Houston Guidelines. Approximate boring location is presented on Plate 2 of the report.   
 
3.2 Survey Data 
The approximate GPS coordinates and elevation of the boring were provided to us by AEI 
Engineering and are presented in the boring log in Appendix A. 
 
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 
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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 boring are given on the boring log presented in 
Appendix A.  A key to the soils classification and symbols used in the boring log is also presented in 
Appendix A. 

3.4 Water Level Measurements 
Groundwater was measured at the boring location during drilling operations. Groundwater 
conditions are presented in Section 5.4 of this report. 

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 was 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 Test Performed 

Type of Test Number of Tests 
Moisture Content (ASTM D2216) 5 
Atterberg Limits (ASTM D4318) 4 
Percent Passing No. 200 Sieve (ASTM D1140) 4 
Unconsolidated Undrained Triaxial  (ASTM D2850) 4 

The laboratory test results are presented on the boring log in Appendix A. The conversion between 
pocket penetrometer readings obtained in the field to the shear strength parameters presented in the 
borings 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 Greater 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 
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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. 
 
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 literature review of surface faults near the project area was conducted based on the Bureau of 
Economic Geology, University of Texas at Austin, Geologic Atlas of Texas Houston Sheet, Paul 
Weaver Memorial Edition (revised in 1982).  The primary objective of this review was to evaluate 
available information from published and open file reports. Based on our review, project site is 
located, approximately 8 miles north east of Lee Fault and approximately 6 miles north east of an 
unnamed fault. It should be noted that the project site is located within the boundary of the Humble 
Salt Dome. Unmapped faults may exist within the salt dome boundary. 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 
HVJ’s interpretation of soil and groundwater conditions at the project site is based on information 
obtained at the boring location 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. 

Table 5-1 Generalized Soil Profile (Boring B-1) 
Stratum Approximate Elevation,  (feet) Material       From      To 

I            Surface 10 Stiff to Very Stiff Sandy Lean Clay (CL)  

II 10 16 Medium Dense to Dense Silty Sand  
(SM)  

III 16 20 Stiff to Very Stiff Fat Clay (CH) 
 
Details of the subsurface stratigraphy encountered in the boring are shown on the boring log 
presented in Appendix A.  
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The Casagrande’s Plasticity Chart presented in Figure 5-1 illustrates the range of plasticity of the 
cohesive soils found during our investigation. 
 

 
Figure 5-1 Casagrande’s Plasticity Chart 

 
5.4 Groundwater Conditions 
Groundwater was not observed in boring B-1 during drilling operations.  
 

6 WELL PUMP FOUNDATION RECOMMENDATIONS 
 
6.1 General 
This project will involve construction of foundations for the well pump. Based on the information 
provided by AEI Engineering, square footing placed approximately 1 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. The shrink/swell movements can be estimated 
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through the use of the Plasticity Index (PI).  Generally, the higher the PI of a material, the greater 
the potential for soil movements during moisture changes.  Based on the soil conditions 
encountered in the boring drilled for this this study, the cohesive soils at top 10 feet in this site are 
of low expansion potential.  
 
The soil borings drilled at the site revealed the presence of stiff to very stiff sandy lean clay layer at 
the foundation depth. Based on the properties of this cohesive soil deposit, we recommend an 
allowable bearing capacity of 2,300 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 125 pounds per cubic inch (Table 4-1, 
Technical Manual 5-809-12/AFM 88-3, Chapter 15, 1987, US Army) is recommended. 
 
6.3 Settlement  
With the indicated allowable bearing pressure and the use of a 2.5-foot thick pad prepared with 
properly compacted and moisture-conditioned structural fill or existing soil underneath the slab, 
settlement is expected to be less than one (1) inch.   
 
6.4 Drainage  
The owner must take care to maintain good drainage around the structure. 
 
6.5 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. 
 
6.6 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. 
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7 DRIVEWAYS AND ACCESS ROADS RECOMMENDATIONS 

7.1 General 
We understand that project will involve construction of pavement for driveways and access roads. 
We understand that existing site has a crushed stone roadway. Based on results of the field and 
laboratory investigation program for the boring drilled in the vicinity of the well pump (boring B-1) 
and our experience, the recommendations for rigid and crushed stone pavements are provided 
below.  
  
7.2 Crushed Stone Roadway Recommendations 
The crushed stone road is any paved roadway that is constructed of materials like gravel or crushed 
aggregate that does not create mud during rainfall.  We understand that a crushed stone roadway is 
considered for the project.   The following are discussed in relation to design of the driveways and 
access roads. 

Traffic Load.  The crushed stone road is required to support less than 10,000 vehicles during its life.  
The actual traffic expected on the roadway is not known at the time of writing this report.  
However, roadway is suitable for trucks weighing up to 72,000 pounds. 
 
Recommended Thickness of Crushed Stone Roadway. The required thickness of the crushed stone 
roadway can be determined using the following equation derived from Boussinesq theory: 

 

 

 

 

 

Where: 

 Z  = Thickness of crushed stone layer (inches) 

 L = Wheel load (lbs) 

 p = Average contact pressure from wheel load (psi) 

 C = Average shear strength of subgrade soil (psi) 

 I = Additional crushed stone thickness for intrusion into the subgrade layer (inches) 

The estimated and/or assumed values for the above parameters are summarized in the following 
table. 

 Parameter Value 
 Wheel Load, L        16,000 lbs 
 Average Contact Pressure, p   80 psi 
 Average Shear Strength of Subgrade, C  16 psi 
 Additional Aggregate Thickness for Intrusion, I      3 inches 

 
 
                             1/2 
                        L 
Z =  ∏p                       + I 
     1            _ 1 

        1- ∏C    2/3 
    p 
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Based on the above parameters, a minimum of 12 inches of crushed stone over 6 inches of lime 
stabilized subgrade is recommended that will support a 72,000 lbs truck. We recommend that an 
appropriate drainage system should be provided to drain the surface water as quickly as possible.  
Providing appropriate drainage system will reduce development of future pavement distress due to 
softened subgrade. The crushed stone material should meet the requirements of Section 02713 of 
City of Houston Standard Specifications and should be compacted to 95 percent of the maximum 
dry density as determined by ASTM D698. 

7.3 Rigid Pavement Recommendations 
We understand that concrete pavement is considered for the project. We understand that, roadway 
should be designed for trucks weighing up to 72,000 pounds. Based on the subgrade soils, expected 
traffic load and our experience, we recommend 7" Concrete Pavement over 6" Lime Stabilized 
Subgrade. 
    
Reinforcement Steel Requirement. Longitudinal and transverse reinforcement steel is required to 
resist warping stresses in the rigid pavement section and to hold pavement cracks that develop 
tightly closed.  In addition, reinforcement is required at pavement joints in order to prevent 
deflections across the joint. Recommendations for reinforcement at pavement joints are described in 
the AASHTO Pavement Design Manual.  The amount of longitudinal and transverse reinforcement 
required depends on the distance between pavement joints.   
 
7.4 Preparation of Subgrade 
Subgrade preparation for the proposed pavement sections should consist of clearing, stripping, 
proof-rolling and lime stabilization.  We recommend the following procedures for subgrade 
preparation: 
 

•     Clear the proposed pavement area.  Grubbing operations should be performed to 
remove root systems of any trees cleared within the limits of the proposed construction. 

•     Strip the surface soil to suitable depths. In areas where soft, compressible or loose clay 
soils are encountered, additional stripping may be required.  Stripping should extend a 
minimum of two feet beyond the edge of the proposed pavement. 

•     Surfaces exposed after stripping should be proof-rolled with heavy equipment, such as a 
loaded dump truck, to identify any underlying zones or pockets of soft soils and to 
remove such weak materials.  If backfill is required, the fill material should be prepared 
as described earlier in this report. 

Scarify the upper six inches of exposed surface as required, mix with 5% lime and compact it to 95 
percent of standard Proctor (ASTM D698).  These are preliminary estimates; actual percentage of 
lime should be confirmed by conducting lime series tests on the exposed subgrade material at the 
time of construction. 

8 DESIGN REVIEW 

HVJ should be retained to review the final design plans and specifications for this project to 
determine whether the geotechnical recommendations have been properly interpreted, and to 
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confirm that the assumptions made at the time this report was prepared are consistent with the 
project as finally design.  
 
9 LIMITATIONS 

This investigation was performed for the exclusive use of AEI Engineering to provide geotechnical 
recommendations for the Forest Cove III Well Project located in northeastern Harris County 
approximately 2.5 miles northeast of the intersection of FM 1960 and US 59, 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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APPENDIX B 
 

SUMMARY OF LABORATORY TEST RESULTS 



Project:  Forest Cove III Well
Location: Houston, Texas
Number:  HG1216881
WBS No. S-000100-0016-4
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