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EXECUTIVE SUMMARY 

 

 Geotest Engineering, Inc. (Geotest) has completed a geotechnical investigation for the 

proposed improvements at Clearwell Condition Assessment and Replacement of Selected Valves 

and Actuators in the East Water Purification Plant (EWPP) in Houston, Texas.   

  

 The project consists of design of the overflow structure and sodium bisulphate pad/building at 

the East Water Purification Plant (EWPP).  The project also includes construction of box culvert, a 

large junction box, headwall and a detention pond.  The proposed improvements are detailed in 

Section 1.3 of this report.  

 

 This geotechnical investigation included drilling and sampling ten (10) soil borings (B-1 

through B-10) to depths ranging from 10 to 50 feet below the existing grade, installing one (1) 

piezometer, performing appropriate laboratory tests on samples recovered from the borings, 

performing engineering analyses and developing geotechnical recommendations for the design and 

construction of the proposed structures and preparation of a geotechnical report.   

 

 The principal findings developed from this investigation are summarized below: 
 

1. As shown on boring logs B-1 through B-10, the subsurface soils encountered below the 

existing grade consists of predominantly cohesive soils to the termination depths of 10 to 

50 feet.  The cohesive soils consist of soft to hard yellowish brown, reddish brown, and 

gray and brown Fat Clay, Fat Clay with sand, Sandy Fat Clay, Lean Clay, Lean Clay with 

sand, Silty Clay with Sand and Sandy Lean Clay.  Cohesionless soils consisting of loose 

to very dense brown and gray and reddish brown Silty Sand, Silt with sand and Silt were 

encountered in borings B-1, B-3, B-7, B-9 and B-10 between depths of 48.5 to 50 feet, 48 

to 50 feet, 15 to 18.5 feet, 4 to 6 feet and 10 to 12.5 feet, respectively.  Fill material 

consisting of medium stiff to hard, reddish brown and gray and brown and gray fat clay 

with sand and lean clay with sand and sandy lean clay with grass roots were encountered 
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to depths of 2 to 8 feet in all the borings with exception of boring B-5.  The detailed 

subsurface conditions are presented in Section 4.0 “General Subsurface Conditions”. 
 

2. Groundwater was encountered during drilling in borings B-1, B-3, B-4, B-5, B-7 and B-8 

at depths ranging from 10 to 20 feet and water levels measured 15 to 20 minutes after 

water first encountered ranged from 4.3 to 14.7 feet below the existing grade in these 

borings.  The water level was measured at a depth of 10 feet in piezometer B-1P on April 

28, 2015.   

 

3. All excavation operations should be in accordance with OSHA Standards.  Based on soil 

conditions revealed by soil borings, OSHA soil type “C” should be used for the 

determination of allowable maximum slope and/or the design of a shoring system. 
 

4. The geotechnical recommendations for the proposed overflow structure, sodium bi-

sulfate building, box culvert with large junction box, headwall and a detention pond  are 

presented in Section 5.0 of this report.  
 
5. The foundation excavation and groundwater control are provided under Construction 

Considerations in Section 6.0 of this report. 
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1.0  INTRODUCTION 

1.1  General 
 
 Geotest Engineering, Inc. (Geotest) has completed a geotechnical investigation for the 

proposed improvements at Clearwell Condition Assessment and Replacement of Selected Valves 

and Actuators in the East Water Purification Plant (EWPP) in Houston, Texas 

  

1.2  Authorization 

 

 This study was performed in accordance with Agreement between Engineer and 

Subconsultant dated February 27, 2015 and Task Order No. 1 on February 27, 2015 and Task Order 

No. 2 on November 4, 2015. 

 

1.3  Location and Description of Project  
 

 The project is located at 2300 Federal Road in Houston, Texas, within the Key Map Page 

and Grids 496 U and Y.  
 

 The project consists of design of the overflow structure and sodium bisulphate pad/building at 

the East Water Purification Plant (EWPP).  The proposed improvements are presented below.  
 

 The overflow structure will have a footprint of approximately 17 ft. x 30 ft.  The 

structure will be partially below grade and placed approximately 7 ft. below grade 

(EL 7.5 feet).  Weight of overflow structure: Dry weight: ~350,000 lbs. Wet weight: 

~480,000 lbs. 

 The proposed Sodium Bisulfite Building, footprint will be approximately 20 ft. x 10 

ft. 

 The proposed box culvert adjacent to the proposed overflow structure will be 3 ft. H 

x 10 ft. W, and placed at a depth of 7 feet deep, with one junction box to transition to 

the 4 ft. H x 9 ft. W box culvert. 
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 Large junction box will be approximately 15 ft. W x 15 ft. L x 8 ft. H and the north 

south box culvert will be 4 ft. H x 9 ft. W. 

 Headwall will be provided where box culvert daylights at the detention basin. 

 Detention pond is 435 ft. long by 217 ft. wide at top and about 5 ft. deep. 

   A vicinity map is shown on Figure 1.  
 

1.4  Purpose and Scope 
 

The purposes of this investigation were to explore the subsurface conditions at the proposed 

site and to develop geotechnical recommendations for the design and construction of the proposed 

overflow structure, sodium bisulfate structure, large junction box with box culvert and the proposed 

detention pond.  The scope of work is based on City of Houston Design Manual Geotechnical 

Requirements (July 2015) and consisted of the following tasks: 

 

1. Drilled and sampled a total of ten (10) soil borings to depths ranging from 10 to 50 feet 

to explore soil stratigraphy and groundwater conditions. 
 

 The borings B-1 and B-7 were drilled near the proposed overflow structure; boring B-8 

was drilled near the sodium bisulfate building, large junction box and box culvert and 

borings B-9 and B-10 were drilled near the proposed detention pond and headwall. 
 

2. Converted one (1) boring into piezometer to monitor long term ground water level. 
 

3. Performed laboratory tests to determine the physical and engineering properties of 

subsurface soils at the site. 
 

4. Performed engineering analyses to develop geotechnical recommendations for the 

proposed facilities. 
 

5. Incorporated all of the above into a geotechnical engineering report. 
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 2.0  FIELD EXPLORATION 

 

2.1  General 

 

 Subsurface conditions were explored by drilling and sampling ten (10) borings (B-1 through 

B-10) to depths ranging from 10 to 50 feet.  The borings B-1 through B-6 were drilled with a buggy 

mounted rig and borings B-7 through B-10 were drilled with a truck mounted drilling rig.  All the 

drilling and sampling were performed in accordance with appropriate ASTM procedures. The 

approximate locations of all these borings are shown on Figure 2, Plan of Borings.   

 

 It should be noted that the scope of the project was changed after the initial field work.  

Six (6) borings (B-1 through B-6) were completed in March 2015 and additional four (4) 

borings (B-7 through B-10) were drilled in November 2015 for the changed scope.   

 

2.2  Geotechnical Borings 
 

Subsurface conditions were explored by drilling a total of ten (10) soil borings designated as 

B-1 through B-10.  The borings B-1 and B-7 were drilled to a depth of 50 feet near the proposed 

overflow structure and boring B-8 was drilled to a depth of 50 feet near the proposed sodium 

bisulfate building, large junction box, box culvert and borings B-9 and B-10 were drilled to a depth 

of 15 feet near the proposed headwall and detention pond.  The borings were drilled with buggy 

mounted and truck mounted drilling rigs.  The approximate location of soil borings is shown on Plan 

of Borings, Figure 2.  The survey information (Northing and Easting coordinates and ground surface 

elevations) of the completed boreholes is provided to us by Carollo Engineers, Inc.  The summary of 

boring information is provided in Table 1. 
 

Samples were obtained continuously to a 20-foot depth and at 5-foot intervals thereafter.  

Samples of cohesive soils were obtained with a 3-inch diameter thin-walled tube sampler in general 

accordance with ASTM Method D 1587.  Samples of granular soils were obtained with a 2-inch 

diameter split-barrel sampler in general accordance with ASTM Method D 1586.  Each sample was 
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removed from the sampler in the field, carefully examined and logged by an experienced soils 

technician.  Suitable portions of each sample were sealed and packaged for transportation to 

Geotest's laboratory.  The shear strength of cohesive soil samples was estimated by use of a 

calibrated pocket penetrometer in the field.  Driving resistances for the split-barrel sampler were 

recorded as "blows per foot" on the boring logs.  Water level measurements were made in the open 

boreholes at the time of drilling.  All borings were backfilled with cement bentonite grout, except the 

boring converted to piezometer, after completion of the groundwater level measurements. 
 

Detailed descriptions of the soils encountered in the borings drilled for this study are given on 

the boring logs presented on Figures A-1 through A-10 in Appendix A.  A key to the symbols and 

terms used on the boring logs is given on Figure A-11 in Appendix A.   
 

2.3  Piezometer Installation 

 

During the field investigation, a piezometer was installed in the open borehole of boring B-1 

to a depth of 50 feet.  The location of the piezometer, designated as B-1P, is shown on Figure 2 (Plan 

of Borings).  The piezometer installation report showing the details of the construction of the 

piezometer and water level measurements at different dates is provided on Figure A-12 in Appendix 

A.  The piezometer installation report was submitted to Texas Department of Licensing and 

Regulations (TDLR). 

 

After taking the final water level measurements, the piezometer was abandoned in place.  The 

piezometer installation and abandonment report is presented in Appendix D.  
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3.0  LABORATORY TESTS 

 

The laboratory testing program was designed to evaluate the pertinent physical properties and 

shear strength characteristics of the subsurface soils.  Classification tests were performed on selected 

samples to aid in soil classification.  All geotechnical tests were performed in accordance with 

appropriate ASTM procedures. 

 

Undrained shear strengths of selected cohesive samples were measured by unconsolidated 

undrained (triaxial) (ASTM D2850) compression tests.  Results of the unconsolidated undrained 

(triaxial) compression tests are plotted as solid squares on the boring logs.  The shear strength of 

cohesive samples was measured in the field with a calibrated pocket penetrometer and also in the 

laboratory with a Torvane.  The shear strength values obtained from the penetrometer and Torvane 

are plotted on the boring logs as open circles and triangles, respectively. 

 

 Measurements of moisture content (ASTM D2216) and dry unit weight were taken for each 

unconsolidated undrained triaxial test sample.  Moisture content measurements were also made on 

other samples to define the moisture profile at each boring location.  Atterberg limits tests (ASTM 

D4318) and Percent Passing No. 200 Sieve (ASTM D1140) were performed on selected cohesive 

soil samples for physical classification.  Sieve analyses (ASTM D422) were performed on selected 

cohesionless soil samples to evaluate grain size distribution.  The results of most of the laboratory 

tests are plotted or summarized on the boring logs B-1 through B-10 presented on Figures A-1 

through A-10 in Appendix A.  The results of the laboratory tests are tabulated and are presented on 

Figures B-1 through B-10 in Appendix B.   Grain size distribution curves are presented on Figure B-

11 and B-12 in Appendix B. 

 

 California Bearing Ratio (CBR) tests (ASTM D 1883) were performed on a composite sample 

of the surficial soils (0' - 6') obtained from the borings.  The bearing ratios were measured at different 

compacted densities.  The CBR tests results are presented on Figures B-13a through B-13c and the 
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relation between CBR versus dry density is presented on Figure B-13d.   

One (1) one-dimensional swell test was performed.  The result of the one dimensional swell 

test is presented on Figure B-14. 

 

Due to the change in scope of the project, the included CBR and one dimensional swell tests 

are for information only. 

 

The laboratory Corrosivity tests including pH, Chloride, Sulphate and resistivity tests were 

performed on selected samples at locations where the Cast Iron pipe is proposed.  The test results are 

presented in Appendix C and also given below.  

 

Boring No. Depth (ft) pH Resistivity 

(ohm-c) 

Chloride 

(mg/kg) 

Sulphate 

(mg/kg) 

B-1 23-25 9.16 2060 <9.92 <11.3 

B-1  28-30 9.02 1320 10.1 12.1 

B-3 23-25 9.19 2630 <9.88 19.4 

B-4 18-20 8.87 2240 23.3 63.5 

 

Based on the corrosivity test results, the degree of corrosivity of the subsurface soils is 

negligible in terms of pH.  The degree of corrosivity is moderately to mildly corrosive in terms of 

resistivity, threshold in terms of chloride concentration and negligible in terms of sulfate 

concentration.  The results of the Aggressivity tests are presented in Appendix C.   
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 4.0  GENERAL SUBSURFACE CONDITIONS 

 

4.1  Geology 

 

 The project site lies in the Beaumont Formation.  The clays and sands of the Beaumont 

Formation are over-consolidated as a result of desiccation from frequent rising and lowering of the 

sea level and the groundwater table.  Consequently, clays of this formation have moderate to high 

shear strength and relatively low compressibility.  The sands of the Beaumont Formation are 

typically very fine and often silty.  Further, there is occasional evidence in the Houston area of the 

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

 

4.2  Existing Pavement   

 

The boring B-1 was drilled in the existing concrete pavement and encountered 7.25 inches of 

concrete.  

 

4.3  Soil Stratigraphy 

 

 Overflow Structure.  As revealed by the boring logs B-1 and B-7 and as shown on boring log 

profile presented on Figure 3.1, the subsurface soils at the proposed overflow structure consists of 

medium stiff to hard dark gray and brown and reddish brown and gray Fat Clay, Sandy Fat Clay, 

Lean Clay with sand and Sandy Lean Clay to a depth of 50 feet.  A stratum of loose brown Silt was 

encountered in boring B-7 between the depths of 15 to 18.5 feet and very dense reddish brown Silt 

was encountered between the depths of 48.5 to 50 feet in boring B-1.  Fill material consisting of 

medium stiff to very stiff dark gray and brown fat clay and sandy lean clay was encountered to 

depths of 6 to 8 feet in borings B-1 and B-7.  
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 The Fat Clay and Sandy Fat Clay are of high plasticity with liquid limits ranging from 52 to 

61 and plasticity indices ranging from 31 to 37.  The Sandy Lean Clay and Lean Clay with sand are 

of slight to medium plasticity with liquid limits ranging from 26 to 36 and plasticity indices ranging 

from 8 to 19.  The fines content (percent passing No. 200 sieve) of Fat Clay ranges from 88 to 97 

percent and the fines content Sandy Fat Clay and Sandy Lean Clay ranges from 60 to 63 percent.  

The fines content of Lean Clay with sand ranges from 80 to 81 percent.  The fines content of Silt 

with sand is about 77 percent and the percent fines of silt is about 86 percent.   
 

 Sodium Bisulfate Building and Large Junction Box.  As revealed by the boring log B-8 and 

as shown on boring log profile presented on Figure 3.2, the subsurface soils at the sodium bisulfate 

building and large junction box consists of medium stiff to hard reddish brown, gray and brown Fat 

Clay, Fat Clay with sand, Silty Clay with sand and Lean Clay to the explored depth of 50 feet.  Fill 

material consisting of stiff to very stiff gray and brown lean clay with sand was encountered to a 

depth of 8 feet below the existing grade.  

 
 The Fat Clay with sand and Fat Clay are of high plasticity with a liquid limit of about 51 and 

plasticity indices ranging from 29 to 30.  The Silty Clay with sand and Lean clay are of low to high 

plasticity with liquid limits ranging from 22 to 49 and plasticity indices ranging from 7 to 28.  The 

fines content of Fat Clay and Lean clay ranges from 87 to 98 percent.  The percent fines of Fat Clay 

with sand, Silty Clay with sand and Lean Clay with sand ranges from 77 to 83 percent.   

 

 Headwall and Detention Pond Area.  As revealed by the boring logs B-9 and B-10 and as 

shown on boring log profile presented on Figure 3.3, the subsurface soils at the detention pond 

consists of stiff to hard reddish brown, gray and brown Fat Clay, Lean Clay, Fat Clay with sand and 

Sandy Fat Clay to the explored depth of 15 feet.  A layer of loose to medium dense gray Sandy Silt 

and Silty Sand was encountered between the depths of 4 to 6 feet and 10 to 12.5 feet in these borings. 

Fill material consisting of stiff to very stiff gray fat clay with sand was encountered to depths of 4 to 

6 feet below the existing grade.  
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 The Fat Clay and Sandy Fat Clay are of high to very high plasticity with liquid limits ranging 

from 52 to 68 and plasticity indices ranging from 32 to 42.  The Lean Clay is of high plasticity with 

liquid limit of about 46 and plasticity index of about 25.  The fines content of Lean Clay is about 95 

percent.  The fines content of Fat Clay with sand ranges from 75 to 77 percent and the fines content 

of Sandy Fat Clay is about 66 percent.  The fines content of Silty Sand is about 30 percent and the 

fines content of Sandy Silt is about 50 percent.  
  

4.4  Range of Weak Soils Encountered in Borings 
 

 The range of loose cohesionless soils and/or soft cohesive soils as encountered in borings are 

given below: 
 

Boring No. 

Range of Weak Soils 

Encountered, ft Soil Type 

From To 

B-7 8 10 Soft Sandy Fat Clay 

15 18.5 Loose Silt with Sand 

B-9 4 6 Loose Sandy Silt 

 
 

4.5  Water Levels 
 

 Groundwater was encountered during drilling in borings B-1, B-3, B-4, B-5, B-7 and B-8. 

The groundwater level measured during drilling in each boring and after drilling in borings converted 

to piezometers is given below.  
 

 

Boring 

Ground Water Depth 

Encountered During Drilling 

Ground Water Depth 

Measured 24 Hours and 

More after Completion of 

Drilling 

B-1 (B-1P) 4.3 10 (4-28-15)* 

B-3 9.0 -- 
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Boring 

Ground Water Depth 

Encountered During Drilling 

Ground Water Depth 

Measured 24 Hours and 

More after Completion of 

Drilling 

B-4 12 -- 

B-5 10.8 -- 

B-7 14.2 -- 

B-8 14.7 -- 

* Water level readings in piezometer. 

 

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

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

water level in the nearby gully could substantially influence the groundwater levels. 

 

4.6  Environmental Concerns 

 

 No environmental concerns were noticed during drilling in the borings B-1 through B-10 

drilled for this study. 
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5.0 GEOTECHNICAL ENGINEERING RECOMMENDATIONS 

 

 The project consists of design of the overflow structure and sodium bisulphate pad/building at 

the East Water Purification Plant (EWPP).  The proposed improvements are presented below.  

 

 The overflow structure will have a footprint of approximately 17 ft. x 30 ft.  The 

structure will be partially below grade and placed approximately 7 ft. below grade 

(EL 7.5 feet).  Weight of overflow structure: Dry weight: ~350,000 lbs. Wet weight: 

~480,000 lbs. 

 The proposed Sodium Bisulfite Building, footprint will be approximately 20 ft. x 10 

ft. 

 The proposed box culvert adjacent to the proposed overflow structure will be 3 ft. H 

x 10 ft. W, and placed at a depth of 7 feet deep, with one junction box to transition to 

the 4 ft. H x 9 ft. W box culvert. 

 Large junction box will be approximately 15 ft. W x 15 ft. L x 8 ft. H and the north 

south box culvert will be 4 ft. H x 9 ft. W. 

 Headwall will be provided where box culvert daylights at the detention basin. 

 Detention pond is 435 ft. long by 217 ft. wide at top and about 5 ft. deep. 

 

5.1  Overflow Structure 

 

 The overflow structure will have a footprint of approximately 17 ft x 30 ft.  The structure 

will be partially below grade and placed approximately 7' below grade (EL 7.5 feet). Weight of 

overflow structure: Dry weight: ~350,000 lbs. Wet weight: ~480,000 lbs. 

 

 5.1.1  Foundation Type, Depth and Allowable Bearing Pressure.  Based on the subsurface 

conditions revealed by borings B-1 and B-7 drilled near the proposed overflow structure area, the 

foundation of the overflow structure can be supported on drilled and underreamed footings.  The 

drilled and underreamed footings should be placed at depths ranging from 13 to 18 feet below the 
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 Friction resistance should be discounted for the upper 5 feet, since this zone is affected by 

seasonal moisture changes. 

 

5.1.5  Foundation Settlement.  The settlement of a foundation for any structure depends on its 

size, shape, depth, and more particularly on the magnitude of the sustained load imposed at the base 

of the footing and on the compressibility of the foundation soils.  Based on a size of 17 ft x 30  ft and 

wet weight of 480,000 lbs, the contact pressure at the over flow structure bottom is about 1,000 psf.  

However, since the overflow structure is a below grade structure (about 7 below existing grade) and 

the estimated overburden pressure of the soils that will be removed in the overflow structure area is 

about 850 psf, therefore, the settlement induced from the net surcharge of the new overflow structure 

will be minimal.    
 

5.2  Sodium Bisulfate Building 

 

 5.2.1  Foundation Type, Depth and Allowable Bearing Pressure.  Based on the soil 

stratigraphy revealed from boring B-8, the foundation for Sodium Bisulfate building can be 

supported on a mat foundation placed at depth of 2 feet (into stiff lean clay fill) below existing grade 

and should be designed for an allowable (net) bearing pressure of 2,500 psf for total dead and live 

loads or 1,670 psf for dead and sustained live loads, whichever results in a larger foundation area.  

These net allowable bearing pressures contain safety factors of 2 for total load and 3 for sustained 

load conditions.   

 

 A modulus of subgrade reaction of 50 pci can be used for design of the mat foundation. 

 

 5.2.2  Site Preparation and Structural Fill Requirements.  The site should be cleared of all 

debris, grubbed and stripped of all organic material, soft soils and foreign material from the building 

and paved areas.  Stripped areas should be appropriately graded and shaped to prevent ponding of water 

on the site.  Existing fill was encountered in boring B-8.  If any soft soils are encountered during 

preparation of building pad, then soft soils should be over excavated and replaced with 

structural fill material. 
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 Should any structural fill required to raise the grade or backfill grub holes should consist of lean 

clay with a liquid limit less than 40 and a plasticity index between 8 and 20 in building footprint.  The 

structural fill should be compacted at moisture content within three percent above optimum to reduce 

swelling potential of the compacted fill.  The fill material should be placed in loose lifts not exceeding 

eight inches and should be compacted to a minimum of 98 percent of the maximum dry density as 

determined by ASTM D 698 in building area and 95 percent of the maximum dry density as determined 

by ASTM D 698 in other area.  The structural fill should extend at least five feet outside the building 

and paving area.  The onsite surficial high plasticity fat clay soils (onsite material from the detention 

pond area) are not suitable for structural fill material unless stabilized sufficient lime (a minimum of 

5% hydrated lime). 

 

5.3  Box Culvert, Large Junction Box and Headwall 

 

 The proposed box culvert, large junction box and headwall will be placed at a depth of 

approximately 7 feet into stiff to very stiff fat clay.  

 

 5.3.1  Trench Excavation.  The following subsections provide information for the design and 

construction of the proposed box culvert that will be by installed by open cut method of construction. 

 

5.3.2  Geotechnical Parameters.  Based on the soil conditions revealed by the borings B-8 and 

B-9, geotechnical parameters were developed for the design of open cut construction for proposed box 

culvert.  The design parameters are provided in Table 2.  For design, the groundwater level should be 

assumed to exist at the ground surface. 

 

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

supported by some other equivalent means used to provide safety for workers and adjacent structures, if 

any.  The excavating operations should be in accordance with OSHA Standards, OSHA 2207, Subpart 

P, latest revision and the City of Houston Standard Specification. 
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 Excavation Shallower Than 5 Feet - Excavations that are less than 5 feet deep (critical 

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

movement is anticipated. 

 

 Excavations Deeper Than 5 Feet - Excavations that are deeper than 5 feet (if any) should 

be sloped, shored, sheeted, braced or laid back to a stable slope or supported by some 

other equivalent means or protection such that workers are not exposed to moving 

ground or cave-ins.  The slopes and shoring should be in accordance with the trench 

safety requirements as per OSHA Standards.  The following items provide design 

criteria for excavation stability. 

 

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

and assumed groundwater level at surface, OSHA soil type “C” should be used for 

determination of allowable maximum slope and/or the design of shoring along the 

alignment for full proposed depth of open excavation.  For shoring deeper than 20 feet (if 

needed), an engineering evaluation is required and deeper soil borings will be needed. 

 

(ii) Excavation Support Earth Pressure.  Based on the subsurface conditions indicated by our 

field investigation and laboratory testing results, excavation support earth pressure 

diagrams were developed and are presented on Figures 5.1 and 5.2.  This pressure 

diagram can be used for the design of temporary trench bracing.  For a trench box, a 

lateral earth pressure resulting from an equivalent fluid with a unit weight of 94 pcf can 

be used.  The effects of any surcharge loads at the ground surface should be added to the 

computed lateral earth pressures.  A surcharge load, q, will typically result in a lateral 

load equal to 0.5 q.  The above value of equivalent fluid pressure is based on assumption 

that the groundwater level is near the ground surface, since these conditions may exist 

after a heavy rain or flooding.  
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(iii) Bottom Stability.  In braced cuts, if tight sheeting is terminated at the base of the cut, the 

bottom of the excavation can become unstable.  The parameters that govern the stability 

of the excavation base are the soil shear strength and the differential hydrostatic head 

between the groundwater level within the retained soils and the groundwater level at the 

interior of the trench excavation.  For cut in cohesive soils as predominantly encountered 

for the proposed excavation depths, the bottom stability can be evaluated as outlined on 

Figure 6.  However, due to presence of sandy silt at depths 4 feet to 6 feet in boring B-9, 

the excavation should be performed after dewatering to avoid bottom stability problems.  

 

 5.3.4  Groundwater Control.  Excavations for the overflow structure and box culvert may 

encounter groundwater seepage to varying degrees depending upon the groundwater conditions at the 

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

the borings, all the excavations will be in cohesive soils with interbedded cohesionless soils.  In general 

for cohesive soils the groundwater if encountered may be managed by collection in excavation bottom 

sumps for pumped disposal.  In cohesionless soils such as sandy silt as encountered between the depths 

of 4 to 6 feet in boring B-9 dewatering such as vacuum well points may be required to lower the ground 

water level at least 5 feet below the bottom of excavation.  Due to the presence of relatively thin layer 

(2-foot thick) sandy silt layer, the groundwater may be controlled by using eductor well system if it can 

be successfully lowered 5 feet below the excavation bottom; otherwise, alternatively installing 

continuous interlock (water tight) sheet piling with trench bottom sumps for pumped disposal. 

   

 It is recommended that the actual groundwater conditions should be verified by the contractor at 

the time of construction and that groundwater control should be performed in general accordance with 

the City of Houston Standard Specifications, Section 01578. 

 

 5.3.5  Bedding and Backfill for Box Culvert.  Excavations for the proposed structures should be 

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

and Backfill for Structures.” 
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 5.3.6  Allowable Bearing Pressure.  Based on the soil stratigraphy revealed from borings B-8 

and B-9, the box culvert, junction box and headwall placed at a depth of 7 feet below the existing 

grade into stiff to very stiff fat clay and may be designed for an allowable (net) bearing pressure of 

2,500 psf for total loads.  The net allowable bearing pressures contain safety factor of 2 for total 

loads.   

 

 5.3.7  Lateral Pressures.  The lateral pressure diagrams presented on Figures 7.1 and 7.2 are 

applicable for permanent wall.   

 

5.3.8  Hydrostatic Uplift Resistance.  Structures extending below the groundwater level should 

be designed to resist uplift pressure resulting from excess piezometric head.  Design uplift pressures 

should be computed based on the assumption that the water table is at ground surface.  To resist the 

hydrostatic uplift at the bottom of the structure, one of the following sources of resistance can be 

used in the design. 

 

a. Dead weight of structure, 

b. Weight of soil above base extensions plus weight of structure, or 

c. Soil-wall friction plus dead weight of structure. 
 

 The uplift force and resistance to uplift should be computed as detailed on Figure 8.  In 

determining the configuration and dimensions of the structure using one of the approaches presented 

on Figure 6, the following factors of safety are recommended. 

a. Dead weight of concrete structure, Sf1 = 1.10, 

b. Weight of soil (backfill) above base extension, Sf2 = 1.5, and 

c. Soil-wall friction, Sf3 = 3.0. 
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 Friction resistance should be discounted for the upper 5 feet, since this zone is affected by 

seasonal moisture changes. 

 

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

below grade structures will depend upon the potential of the aggressivity or corrosivity of soil and 

groundwater properties.  The aggressivity testing were conducted on borings B-1, B-3 and B-4 and 

the details were presented on Section 3.0 of this report.  Based on the test results, no special 

corrosion measures are required for the below grade structures. 

 

5.4  Detention Pond 

 

 The proposed detention pond is about 5 feet deep.  It is recommended that the side slopes of the 

proposed detention pond should be no steeper than 4(H):1(V). 

 

 5.4.1  Slope Protection and Erosion Control.  Attention should be given for the erosion 

protection of the detention pond to prevent over-bank runoff.  Excessive erosion can cause 

substantial ground loss and progressive movement of soil that may cause slope failure.  A properly 

installed and maintained grass cover can serve as a protection for the detention slope by reducing soil 

erosion.  Furthermore, routine maintenance of the slope surface including removal of undesirable 

vegetation growth on or around the cover, repair minor cracks or spalling, regrade and repair eroded 

areas should also be performed on a regular basis to enhance the integrity of the slope protective 

system. 
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6.0  CONSTRUCTION CONSIDERATIONS 

 

6.1  Foundation Excavation and Construction 
 

 Whenever practical, excavations should be performed during dry weather.  All excavated 

areas should be adequately protected from surface run-off water with appropriate measures to 

prevent ponding of water in and around the excavation.  Excavations should be properly sloped, 

shored, braced, or protected in accordance with OSHA’s excavation safety standard, 29CFR Part 

1926, Subpart P (Excavations and Trenches) Standards.  It is recommended that temporary sides of 

the excavation be trimmed to slopes no steeper than 1 vertical to 1.5 horizontal.  
 

 It is recommended that the footing excavation be inspected by a geotechnical engineer or 

experienced engineering technician or an architect's or owner's representative prior to placing steel 

and concrete.  The excavation should be checked to verify that (a) the footing has been constructed 

to the specified dimensions and is placed at the correct depth and into the appropriate stratum with 

adequate bearing capacity as recommended in this report, (b) the loose cuttings, and any soft-

compressible materials have been removed from the bottom of the excavation, and (c) placement of 

concrete should be accomplished as soon as possible to prevent changes in the state of stress and 

caving of the foundation soils.  A seal slab of lean concrete should be placed, if concrete placement 

is delayed for more than 6 hours after excavation or sooner if rain is forecasted.  No footing concrete 

should be placed without the prior approval of the Project's Engineer, Architect or Owner's 

Representative.  Due to presence of sandy silt material in boring B-7, a slurry displacement 

technique will be required during installation of drilled shafts. 

 

 Based on the available information, the excavation depth is about 7 feet for the Overflow 

structure, Large Junction box and box culvert.  It is recommended that any existing structures within 

the close proximity of the proposed excavations should be monitored during construction.  It is the 

contractor's responsibility to monitor any nearby structures during excavation. 
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6.2  Groundwater Control 

 

 Excavations for the overflow structure and box culvert may encounter groundwater seepage to 

varying degrees depending upon the groundwater conditions at the time of construction and the location 

and depth of the trench.  Based on the soil conditions identified in the borings, all the excavations will 

be in cohesive soils with interbedded cohesionless soils.  In general for cohesive soils the groundwater 

if encountered may be managed by collection in excavation bottom sumps for pumped disposal.  In 

cohesionless soils such as sandy silt encountered between the depths of 4 to 6 feet in boring B-9 

dewatering such as vacuum well points may be required to lower the ground water level at least 5 feet 

below the bottom of excavation. 

   

 It is recommended that the actual groundwater conditions should be verified by the contractor at 

the time of construction and that groundwater control should be performed in general accordance with 

the City of Houston Standard Specifications, Section 01578.  Due to the presence of relatively thin 

layer (2-foot thick) sandy silt layer, the groundwater may be controlled by using eductor well system if 

it can be successfully lowered 5 feet below the excavation bottom; otherwise, alternatively installing 

continuous interlock (water tight) sheet piling with trench bottom sumps for pumped disposal. 
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7.0  PROVISIONS 

 

The subsurface conditions and the design information contained in this report are based on 

the test borings made at the time of drilling at specific locations.  However, some variation in soil 

conditions may occur between the boring locations.  Should any subsurface conditions other than 

those described in our boring logs be encountered, Geotest should be immediately notified so that 

further investigation and supplemental recommendations can be provided.  The depth of the 

groundwater level can be expected to vary with environmental variations such as frequency and 

magnitude of rainfall. 

 

The analysis and recommendations submitted in this report are based upon the data obtained 

from subsurface explorations made at the time test borings were drilled at specific locations and the 

results of laboratory tests on selected soil samples from the test borings.  The stratification lines on 

the log of borings represent the approximate boundaries between soil types, however, the transition 

between soil types may be more gradual than depicted. 

 

This report has been prepared for the exclusive use of Carollo Engineers, Inc. or the City of 

Houston specifically for the design and construction of Clearwell Condition Assessment and 

Replacement of Selected Valves and Actuators at East Water Purification Plant in Houston, Texas.  

This report shall not be reproduced in whole or part without written permission of Geotest 

Engineering, Inc., Carollo Engineers, Inc. and the City of Houston. 

 






































































































































