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Introductory Summary
Presented here are the findings of our geotechnical study for the Woodlands Wastewater

Treatment Plant No. 2 located southeast of Cochran’s Crossing in Woodlands, Texas. You authorized
our work with the executed Subconsultant Agreement and Purchase Order No. 4504, We performed
our study in general accordance with our proposal, MRA Proposal No. 94-P731, dated November 3,

1993, and changes to the field program which you outlined prior to notification to proceed.

The principal finding of our study is that the stratigraphy encountered within the project borings
located in the Phase One Development area consists primarily of clayey sands, silty fine sands, and
sandy silts to the 5-ft to 20-ft depths explored. In Boring CB-17, located at the lift station site,
alternating strata of cohesionless to semi-cohesive soils and cohesive soils were encountered to the 60-
ft depth explored. Except for Boring CB-21, the soils encountered to 2 ft to 5-ft depths at each boring
location were interpreted to be fill soils. In Boring CB-21, which was located in a higher area of the

site, the fill thickness was interpreted to be about 20 f1.

The ground surface elevation of the Phase Two Development area appears to be about 8 ft to
10 ft higher than the Phase One area. On the basis of the soil conditions observed in Borings CB-27
through CB-31, the soils within the upper 8-ft to 17-ft depth were interpreted to be fill soils and were
underlain by cohesionless soils to the 30-ft depth explored. The fill soils consist primarily of clayey

sands, silty fine sands, and sandy silts; however, in Boring CB-30 about 11 ft of the 17-ft fill thicknass

131056 Northwest Freeway, Suite 200 = Houston, Texas 77040 < (713) 329-4800 - Fax (713) 329-4966




-2

was visually classified as ash. The ash was damp during drilling and collapsed during sampling. The

fill soils contained wood fragments, nails, and other debris.

The grades of the pavement were not known at the time of our study. The potential exists that
both sandy clay and silty fine sands to clayey sands may be encountered at the pavement subgrade.
Because of the mixed soil conditions, we recommend that a hydrated lime-fly ash stabilizer be
considered to stabilize the pavement subgrade soils to 6-in. depth. The use of a hydrated lime-fly ash
stabilizer will eliminate the need to identify and differently treat the more sandy areas from more clayey
areas. Lime-fly ash stabilization should be in general accordance with the TxDOT Specifications, ltem
265, and should be compacted to at least 95% of the maximum dry density within three percentage
points of the optimum moisture content (ASTM D 698). For planning purposes, 4% hydrated lime and
8% fly ash, by dry weight, may be used for the subgrade soils. Actual stabilizer requirements shouid
be verified after grading operations have been completed. Rigid pavement thicknesses for areas with
passenger car and fight pick-up truck traffic could be 5 in. For heavier trucks, such as small delivery
trucks and driveway areas, 6-in. thick pavement should be considered. A 7-in. thick pavement should

be used for heavy trucks such as 18-wheelers and dumpster unioading type vehicles.

The lift station depth may approach 50 ft. The stratigraphic conditions observed in Boring CB-
17, located at the proposed lift station site, consist of alternating strata of cohesive and cohesionless
soils to the 60-ft depth explored. Sandy clay soils were encountered from ground surface to about 15b-
ft depth and were underlain to about 20-ft depth by siity fine sands. These sands were underlain by
sandy clays to about 28-ft depth, fine sands to about 38-ft depth, and sandy clays and clays to about
56-ft depth. A deeper fine sand stratum was encountered below 56-ft depth to the 60-ft boring depth,
Excavations for the lift station bearing at about 50-ft depth are expected to penetrate both cohesive
and waterbearing cohesionless soils and terminate witHin cohesive soils. We recommend that the lift
station base not extend below 54-ft depth to assure bearing within clay soils. The recommended
design gross bearing pressure for the lift station base located at approximately 50-ft depth would be
3500 psf. This bearing pressure assumes that the lift station base is bearing in competent, sandy clays

to clays.

Below-grade units will be constructed throughout the Phase One area with unit bases located
at 4-ft to 12-ft depths. Excavations for the below-grade units are expected to terminate in both
cohesionless and cohesive soils. The thickener, constructed in the vicinity of Boring CB-186, is expected
to penetrate the surficial clayey sand fill and terminate within the silty fine sands. The aeration/digester

basin excavations are expected to terminate within clayey sand fill soils. The clarifier and return sludge
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pump station excavations are expected to terminate within clayey sands and silty fine sands. Free water
was not encountered within the depths to be excavated for the below-grade structures; however, the
borings contained water when water-level measurements were made 24 to 48 hours after completion
of drilling. During periods of inclement weather, water may become trapped within the upper surface
soils; such water can likely be handled with sumps and pumps. While we do not expect excavations
within the upper 12-ft depth to encounter waterbearing soils, the Contractor should understand that
these soils may be waterbearing during construction. Slab foundations constructed on undisturbed,
clayey sands to silty fine sands may be designed using an allowable gross bearing pressure of 3000

psf. If footings are used, an allowable gross bearing pressure of 3500 psf could be used.

Principal structural loads for the at-grade structures within the Phase One Development areas
may be supported on either drilled pier-grade beam foundation systems or slab-on-grade foundation
systems. If a drilled pier system is used, drilled straight-sided shafts may bear 8 ft below the grade
existing at the time of this study. The B-ft bearing depth does not account for any fill which may be
placed to achieve the desired floor slab elevations. The footing shaft should be extended to account
for the fill thickness at any given footing location. Footings may be sized for an allowable total gravity
load net bearing pressure {live load and dead load) of 4000 psf, with a maximum allowable dead load
pressure of 2700 psf. The recommended pressures may be increased by 33% for transient loading
conditions, such as wind. Our recommendations include a factor of safety of 2 for total load, and a

factor of safety of 3 for dead load.

Rigid slab design standards are provided in the Criteria for Selection and Design of Residential
Slab-on-Ground, PB-261-666, developed by the Building Research Advisory Board {(BRAB) for the
Federal Houston Administration. A soil support index of 0.95 could be used in the design.
Recommended PTI parameters are based on the predominant soil type, estimated percentage of clay
mineral, and type of clay mineral composing the soil. The clay content was taken as 30%, the
minimum clay content for which the procedure is applicable. Considering an edge moisture variation
distance of 4.0 ft for center lift and 5.0 ft for edge lift, differential soil movements of 0.28 in. for center

lift and 0.23 in. for edge [(ift could be used in the design.

Project Description

Woodlands Wastewater Treatment Plant No. 2 will be located off Research Forest Drive,
southeast of Cochran’s Crossing in Woodlands, Texas {Key Map 217T). Fill soils have been placed at
the site; however, the lateral and vertical extent of the fill and the fill quality are not known. A lift

station and ground storage tank are currently located at the site. MRA previously performed a
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geotechnical study at the site (MRA Project No. 82-0522, dated January 5, 1983). The site layout is

included on Figure 1.

The wastewater treatment plant will include a lift station, bar screen and grit chamber, aeration
basins with flow splitting structure, final clarifier, low head filters and chlorine contact basins, chlorine
and dechlorination buildings, blower station, return studge pump station, digester basin, thickener, belt
press building, operations building, stand-by generator buitding, Parshali flume, and concrete pavement.
The lift station may be as deep as 50 ft. The bar screen and grit chamber will be an at-grade structure
with above-grade units. The aeration/digester basins will be about 5-ft deep. The clarifier will be about
12-ft deep. The thickener will be located 5 ft below grade. The chiorine and dechlorination buildings,
Parshall flume, belt press building, operations building, and stand-by generator will be at-grade
structures. The chiorine basin and low head filters wili be based at 8-ft depth, and the return sludge

pump station will be based at 12-ft depth.

Scope_of Study
The objectives of this study were to explore soil and groundwater conditions and to deveiop

foundation design recommendations and construction guidelines for individual treatment units and to
provide subgrade preparation recommendations for the at-grade paving areas. To accomplish our
objectives, our study included a field exploration, laboratory testing, and evaluation of the field and
laboratory data to develop our design recommendations. Details of each phase, our findings, and our

recommendations are addressed in subsequent sections of this report.

Field Exploration
The field exploration consisted of drilling 16 soil borings, Borings CB-1 7 through CB-31, to b-ft

to 60-ft depths. The approximate locations of the borings are shown on Figure 1. The boring locations
were staked in the field via survey by your subcontractor prior to mobilization of drilling equipment.
The borings were drilled on November 3 and 4, 1984, using buggy-mounted drilling equipment. Our
field operations were in general accordance with ASTM D 1452. Soils typically were sampled at

continual 2-ft intervals to 10-ft depth and at a 5-ft interval thereafter.

Soil Sampting. Cohesive soils typically were obtained by hydraulicaily pushing a 3-in. diameter,
thin-walled tube a distance of about 24 in. Our field sampling procedure was conducted in general
accordance with the Standard Practice for Thin-Walled Tube Sampiling of Soifs (ASTM D 1587). Our
field technician extruded the soil samples in the field, visually classified the recovered soils, and

obtained a penetration resistance measurement of the recovered soils using a calibrated pocket

McBride-Rateliff and Associates, Inc.
MAA Project No, 94-03712



-5-

penetrometer. Representative portions of each recovered soil sample were placed into secure con-

tainers and transported to our laboratory.

Cohesionless and semi-cohesive soils were sampled by driving a 2-in. diameter, split-barrel
sampler. The sampler was driven about 18 in. by blows from a 140-Ib hammer falling 30 in. Our
sampling procedure was in general accordance with the Standard Method for Penetration Test and Split-
Barrel Sampling of Soils (ASTM D 1686). Our field technician recorded the number of blows required
to drive the sampler through each 6-in. interval. These blow counts are shown on the boring logs. The
sum of blows required to penetrate the final 12 in. is the Standard Penetration Test (SPT} "N” value.
Our technician visually classified the recovered sail in the split-barrel sampler and placed representative

portions in glass jars with screw top caps.

Piezometer Installation. One piezometer was instalied within Boring CB-17, located at the

proposed lift station site, to evaluate long-term water-level conditions. The approximate piezometer

location is shown on Figure 1.

The piezometer was constructed with 1.25-in. diameter PVC riser and a 10-ft slotted PVC
screen. The screen annulus was backfilled with a uniform fine sand. A bentonite seal was placed
above the filter sand to ground surface to reduce the piezometric influences from overlying soil strata.
The top of the piezometer extended about 3 ft above ground surface and was vented to permit
equilibrium with atmospheric pressures. Details of the piezometer construction are recorded on the

piezometer installation report included in Attachment B.

After installation, the piezometer was developed to remove excess drilling fluids and sediments.
The piezometer was developed using bailer techniques until the discharge water was visually clear of
sediments. The dates of piezometer completion and development are shown on the piezometer log.

The recorded water-level readings are shown on the individual piezometer log.

Water-Level Measurements. The soil borings were dry augered until free water was

encountered or to the total depth of boring to evaluate the presence of perched or free-water
conditions. The observed depth to water in the open boreholes during drilling and the observed depth
to water about 24 to 48 hours after completion of drilling are recorded on the boring logs. Long-term
water-level measurements were made after the installation and development of the piezometer, The
static water-tevel measurements are referenced from ground surface and are recorded on the piezometer

report included in Attachment B.
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Laboratory Testing
We performed soil mechanics laboratory tests on selected samples to evaluate the physical and

engineering properties of the recovered samples. The type, ASTM designation, and number of tests

which we performed are tabulated as follows:

Type of Test Number of Tests
Natural Water Content (ASTM D 2216) 69
Atterberg Limits (ASTM D 4318) 21
Unconfined Compression (ASTM D 2166) 4
Unconsolidated Undrained Triaxial Compression {ASTM D 2850) 1
Dry Unit Weight 7
Percent Finer than No. 200 Sieve (ASTM D 1140) 18

Boring and Piezometer Logs
Our interpretations of general soil and water-level conditions at the boring locations are inciuded

on the boring and piezometer logs. Our interpretation is based on both the visual descriptions and field
penetration characteristics of the recovered soils and the results of laboratory testing. The boring logs
and a key to the terms and symbols used on the logs are presented in Attachment A. The piezometer

log is located within Attachment B,

Subsurface Conditions

The borings indicate subsurface conditions only at the specific locations and time, and only to
the depths penetrated. The borings do not necessarily reflect strata variations that may exist between
boring {ocations. In addition to the 16 borings drilled during this study, the stratigraphy at the site was
evaluated using the stratigraphic conditions observed in the 15 borings drilled previously at the site
(MRA Project No. 82-0522, dated January 5, 1983). The validity of the recommendations is based in
part on assumptions about the stratigraphy made by the Geotechnical Engineer. Such assumptions may
be confirmed only during earthwork construction. If subsurface conditions different from those

described are noted during construction, recommendations in this report must be reevaluated.

Soil_Stratigraphy - Phase One Development. The soil stratigraphy encountered within the
project borings located in the Phase One Development area consist primarily of clayey sands, silty fine
sands, and sandy silts to the 5-ft to 20-ft depths explored. In Boring CB-17, located at the lift station
site, alternating strata of cohesionless to semi-cohesive soils and cohesive soils were encountered to
the 60-ft depth explored. Except for Boring CB-21, the soils encountered to 2-ft to 5-ft depths

{elevations 142 ft to 139 ft) at each boring location were interpreted to be fill soils. in Bering CB-21,
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which was located in a higher area of the site, the fill thickness was interpreted to be about 20 ft
(elevations 156 ft to 136 ft). The classification of soils as fill is based on considerable judgment and
the presence of substructure such as roots, organics, debris, or materials within the soil matrix. The
actual fill depth, if any, may vary from that interpreted at a given bo_rghole location. Debris, including
plastic and fiberglass was encountered in Boring CB-24; this boring was terminated at 4.5-ft depth as
a result of refusal. Details of the stratigraphic conditions at each boring location are inciuded on the

boring log. A profile of the observed stratigraphy is included on Figure 2.

Soil Stratigraphy - Phase Two Development. The ground surface elevation of the Phase Two

Development area appears to be about 8 ft to 10 ft higher than the Phase One area. The elevation data
was obtained from the topographic information included on the plan of borings which you supplied.
On the basis of the soil conditions observed in Borings CB-27 through CB-31, the soils within the upper
8-ft to 17-ft depth {elevations 138 ft to 132 ft) were interpreted to be fill soils and were underlain by
cohesionless soils to the 30-ft depth explored. The fill soils consist primarily of clayey sands, silty fine
sands, and sandy silts; however, in Boring CB-30 about 11 ft of the 17-ft fill thickness (elevations 147
ft to 136 ft) was visually classified as ash. The ash was damp during drilling and collapsed during
sampling. The fill soils contained wood fragments, nails, and other debris. Details of the stratigraphic
conditions at each boring location are included on the boring log. A profile of the observed stratigraphy

is included on Figure 2.

Soil Properties. Plasticity indices of the fill soils ranged from 3 to 23, with most less than 10.
The fill soils are not expected to exhibit shrink/swell related movements with moisture content
variations. However, these soils are sensitive to moisture and will lose strength when saturated.
Chemical stabilization is often required to dry the soils during periods of inclement weather. SPT "N"
values within the fill and natural soils ranged from 7 blows per ft to 72 blows per ft, with most between
12 and 27 blows per ft. The higher blow counts may indicate the presence of cemented sands or
gravel substructure. Fines contents of 4% were measured for the sand fill recovered surficially in
Boring CB-25 and 24% to 44 % within the more silty fine sand fill encountered in the other borings.
A fines content of 56% was measured in the sandy silt fill soils recovered between 4-ft and 6-ft depth
in Boring CB-31.

The fill soils encountered surficially in Boring CB-29, were classified as sandy clay soils. An
undrained shear strength of 4420 psf was determined for these soils. The undrained shear strength

was determined through unconfined compressive strength testing.
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In Boring CB-17, an undrained shear strength of 1010 psf, determined through unconsoclidated
undrained triaxial compression tests, was measured for the cohesive soils recovered between 43-ft and

45-ft depth. This strength corresponds to stiff consistency soils.

A fines content of 10% was determined for the deeper sand soils recovered between 58-ft and

60-ft depth in Boring CB-17. A SPT "N" value of 17 blows per ft was measured within these soils.

Groundwater Conditions. Free water was not encountered during drilling in the Phase One

Development area. Water was measured within the open boreholes at 0.6-ft to 19.8-ft depths about
74 to 48 hours after completion of drilling. The shallow water levels are believed to represent water
infiltration into the open borehole from the surface. The silty fine sands, clayey sands, and sandy silts

are sensitive to moisture and can develop perched water levels as a result of inclement weather.

The project piezometer indicates a 14.5-ft deep water level. This level is located within the
natural sand soils and suggests that these soils do not exhibit excess piezometric head. However, the
piezometer installation did not isolate the waterbearing layers since the bentonite seal was not located
just above the deepest waterbearing zone. We believe the 14.5-ft depth is indicative of the water level

within the upper sand layer.

In the Phase Two area, wet sands and caving borehole conditions were encountered in three
of the five borings drilled. In Borings CB-27, CB-30, and CB-31, wet, caving soils were encountered
at depths of 11.5 ft to 18 ft. Water was observed within the open boreholes at depths ranging from
7.9 ft to 16.9 ft when measured about 24 to 48 hours after completion of drilling.

Site Preparation

Site preparation activities should include stripping, proofrolling, grade adjustments, site
drainage, and pavement subgrade preparation. Each of these topics is addressed in the following

paragraphs.

Site Stripping. We recommend that areas within building and pavement construction lines
should be stripped of roots, debris, and other deleterious matter to a depth of atieast 4 in. Unless the
stripped soils are cleaned of deleterious material, including roots, we do not recommend that the

strippings be used as building or pavement fiil.
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Proofrolling. After stripping and cuts to the subgrade are completed and before placement of
fill for grade adjustments, the exposed subgrade should be proofrolied to detect soft, weak, wet, or
poorly compacted areas. Proofrolling will be particularly important because of the presence of fill soils
at the site. Proofrolling of the subgrade should be performed with a heavy rubber-tired vehicle, such
as a pneumatic-tired roller or a loaded dump truck. All soft, weak, wet, poorly compacted, or pumping
areas of the subgrade should be removed and replaced with material of similar classification and density
as the adjacent, competent in situ soils. Proofrolling is generally effective to an approximate depth of
12 to 18 in. Deeper, weak strata could be expected to go undetected. Because of the importance of
constructing the treatment units and pavement on a competent subgrade, we recommend that the

Geotechnical Engineer or his representative monitor the stripping and proofrolling operations.

Grade Adjustments. Fill for grade adjustments and/or trench backfill should be select fill or soils
sirnilar to the sandy soils encountered at the site. Select fill should be homogeneous, cohesive soils
free of roots, organic matter, and deleterious material. The plasticity index {P1) of select fill should be
between 7 and 20, and the liquid limit should be between 15 and 46. Higher Pl soils should not be

blended with sands to create select fill.

Regardiess of fill type, fill should be placed on properly stripped and proofrolled surfaces in
maximum 8-in. thick loose lifts. Each lift should be compacted to at least 959% of the standard Proctor
maximum dry density (ASTM D 698). The moisture content for select fill during placement and
compaction should be within two percentage points dry to four percentage points wet of the optimum
moisture content. The moisture content for more sandy fill during placement and compaction should
be within two percentage points of the optimum moisture content. The Contractor should be aware
that compaction and moisture control of the sandy soils can be difficult. Water should be added
judiciously to sandy soils since these soils can pump at moisture contents just above the optimum
moisture content. Any fill placement thicker than one 8-in. loose measure lift should be tested and

documented by the Geotechnical Engineer.

Site Drainage. The ground surface should be graded at all times to provide positive surface
drainage away from construction areas. Water must not be allowed to pond on the surface during
construction. Drainage should be maintained throughout the life of the structure to prevent water from
collecting adjacent to the unit slabs. Landscaping and irrigation systems should be planned with the
understanding that landscaping absorbs moisture from expansive soils making them prone to shrinkage,
and irrigation provides moisture making expansive soils prone to swelling. Irrigation also provides a

moisture source for the on-site sands which are sensitive to moisture; when these soils become
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saturated they lose strength. Construction should not proceed if the sandy site soils are saturated.

The balance between landscaping and irrigation is delicate and changes as landscaping matures.

Pavement Subgrade Stabilization. The topstratum soils within the proposed paved areas consist
of silty fine sands, clayey sands, and some sandy clays. The surficial sands do not exhibit shrink/swell
characteristics: however, these soils are moisture sensitive. When the soils become saturated, they
lose strength and are unable to support construction equipment. The surficial sandy clays are inferred
to have a low shrink/swell potential with variations in moisture. Variations in moisture content in soils
below pavement structures typically occur because water infiltrates through joints and cracks within
the pavement. Stabilizing the soils immediately below the pavement is an effective means of cutting

off the moisture flow,

The decision to stabilize the subgrade should be based upon not only the sail conditions at the
site and the anticipated traffic conditions but also upon the life-cycle costs of the pavement system
which includes both the subgrade and concrete paving. Our experience suggests that stabilization of

the paving subgrade reduces life-cycle costs despite the initially higher investment.

Stabilization plays three important roles in the performance of a pavement system. [n areas
where sandy subgrade is present, infiltration of water through unsealed joints results in wet conditions
along the joints. If the sandy soils are not stabilized, the water accumulates within the sandy sails.
The soils become saturated and lose strength. As traffic passes across the joint, the wet sands and
water are hydraulically pumped upwards through the joints to the surface. A void results beneath the
pavement leaving the pavement partially unsupported. As the condition continues, the area of strength
loss and loss of pavement support grows until the pavement cracks under load. Cracks then serve as
new sources for water migration into the subgrade and the process spreads. Only a pavement that is
completely sealed against water infiltration throughout its life will avoid this condition. Unfortunately,

most joint sealing is not 100% effective.

With a more clayey subgrade, water penetration through the unsealed joints again resuits in wet
conditions along the joints and swelling of the expansive clays in the supporting soils. Swelling results
in cracking of the pavement and, again, additional sources for water migration into the subgrade. Thus,
the swelling and cracking spread. Stabilization of clayey soils reduces the tendency of those soils to

swell and creates a moisture barrier between the pavement and the underlying expansive clays.
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In at:jdition to creating a moisture barrier, the third benefit of stabilization is that the modulus
of subgrade reaction {strength) of the in situ soils is increased by factors ranging from 4 to 8. With the
increased modulus, the performance of the system is improved either through longer life or increased
allowable capacity. For a given allowabie capacity, stabilized subgrade soils allow the use of thinner
pavement sections because of the increase in subgrade strength. The thickness of the pavement on

stabilized subgrade is reduced by 5% to 15% compared to thickness on unstabilized subgrade.

The grades of the pavement were not known at the time of our study. The potential exists that
both sandy clay and silty fine sands to clayey sands may be encountered at the pavement subgrade.
Because of the mixed soil conditions, we recommend that a hydrated lime-fly ash stabilizer be
considered to stabilize the pavement subgrade soils to 6-in. depth. The use of a hydrated lime-fly ash
stabilizer will eliminate the need to identify and differently treat the more sandy areas from more clayey

areas.

Lime-fly ash stabilization should be in general accordance with the TxDOT Specifications, ltem
265, and should be compacted to at least 95% of the maximum dry density within three percentage
points of the optimum moisture content (ASTM D 698). For planning purposes, 4% hydrated lime and
8% fly ash, by dry weight, may be used for the subgrade soils. Actual stabilizer requirements should

be verified after grading operations have been completed.

Remediation of Previously Worked Areas. The Contractor should be aware that satisfactory
proofrolling, in-place density tests, or stabilization during the early stages of construction does notimply
ultimate acceptance of the work. If the worked areas are used as haul roads, inciement weather
occurs, of the areas are permitted to remain open prior to paving, additional proofrolling, in-place
density testing, and/or stabilization may be required. Additionally, it is the Contractor’s responsibility
to maintain the moisture of the subgrade soils within the unit footprints and paved areas until the
concrete is placed. The Contractor should be aware that moisture should be introduced into the clayey
sands to very sandy clays in a judicious manner. The introduction of water, either intentionaily or
through inclement weather, may resutt in pumping areas which had not previously pumped. Such areas

will require remediation before construction proceeds.

Pavement Design Thickness

Usage classifications for pavement selection on properly compacted and prepared subgrade soils

are as follows:
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Gross Vehicle Load
Classification {Ib} Description
Light 6,000 Cars, Light Trucks & Parking
Lots
Medium 10,000 Medium Trucks & Driveways
Heavy 20,000 Heavy Trucks & Roadways

Rigid pavement thicknesses for the various usage classifications are 5 in., G in., and 7 in., respectively.

It is essential to maintain the pavement to prevent infiltration of water into the subgrade soils.
Allowing water in the subgrade may result in pavement failure and high maintenance costs.
Construction joints should be placed such that runoff is not directed parallel to their length; paraliel
runoff permits water to penetrate the joint and enter the subgrade. Block outs for storm sewer drains
should be a minimum of 10 ft x 10 ft or preferably should be constructed as an integral part of the
pavement system without construction joints. A plan of construction joints should be prepared and
reviewed prior to pavement construction. Periodic maintenance should be performed on the pavement
sections to seal any surface cracks and to prevent infiltration of water into the subgrade. Maintenance

of cracks will be more frequent and costly if stabilization is not performed.

Lift Station Desian and Construction Requirements

The lift station depth may approach 50 ft. The stratigraphic conditions observed in Boring CB-
17, located at the proposed lift station site, consist of alternating strata of cohesive and cohesionless
soils to the 60-ft depth explored. Sandy clay soils were encountered from ground surface to about 15-
ft depth and were underlain to about 20-ft depth by silty fine sands. These sands were undertain by
sandy clays to about 28-ft depth, fine sands to about 38-ft depth, and sandy clays and clays to about
56-ft depth. A deeper fine sand stratum was encountered below 56-ft depth to the 60-ft boring depth.
Excavations for the lift station bearing at about 50 ft are expected to penetrate both cohesive and
waterbearing cohesionless soils and terminate within cohesive soils. We recommend that the lift station
base not extend below 54-ft depth to assure bearing within clay soils. Because of the presence of
several sand layers, expected to be waterbearing, dewatering will be required to complete the lift
station construction. The following sections address sidewall stability, lateral earth pressures, uplift,

ground heave, bearing capacity, and dewatering considerations.
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Sidewall/Bottom Stability. Caisson excavations for the lift station are expected to penetrate
both cohesive and waterbearing cohesionless soils and terminate within cohesive soils. We recommend
that the lift station base not extend below 54-ft depth to assure bearing within clay soils. Caisson
installations often experience some sloughing and loss of ground near ground surface. Conventional

earthwork techniques are required to correct such areas,

Lateral Farth Pressure. Lateral earth pressure is based on the existing natural soil conditions

encountered during excavation. During installation, when the structure shell is at design depth but the
base is not constructed, equivalent fluid density values above the groundwater depth may be used.
This recommendation assumes that transmissive zones are dewatered or that active drainage is

occurring along the interface of the moving walls and soil.

The lateral earth pressures can be calculated by multiplying the equivalent fluid density for the
natural soil type by the depth below the ground surface. All wall pressures below the design water
level must include the effect of groundwater. We recommend using a design water level of about 10 ft
for the lift station to provide for some variation in the areal groundwater levei. A more conservative
design approach would be to place the areal groundwater level at ground surface. The equivalent fluid

densities for various soil types are presented in the following table.

Bank Sand 88 to 92 55 88
(Fines Content < 25%) 93 to 98 75 96
Select Cohesive 88 10 92 65 9b
{7 = Pl = 20) 93 to 98 85 103
Non-select Cohesive 88 to 92 75 105
{P1 > 20) 93 to 98 100 113

* These values include a groundwater pressure component.

Lateral pressures due to surcharge loading, if present, should be added to the above

recommended pressures. A uniformly distributed lateral pressure equal to 0.4 to 0.5 times the

MecBride-Ratcliff and Associates, Inc.
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surcharge is recommended for design. The upperbound compactive effort should be used if surcharge

ipads are present.

Uplift. Uplift resistance against the hydrostatic pressures for units placed below the

groundwater level may be developed using the following approaches:

e Increasing the dead load of the unit,
® Using tension piers or piles as anchors, or
e Using adhesion between the soil and structure wali or frictional resistance of the soil.

Concrete mass provides dead load to counterbalance uplift pressures. This approach provides
a conceptually simple design solution for units that extend to moderate depths below the static-water
level. The use of tension piers as anchors is appropriate for deep units that are constructed using
caisson techniques. Anchors acting in tension may consist of drilled straight shafts installed from
existing ground surface. Drilled shafts would be concreted up to final design grade, with steel in place,
and tied into the unit slab during construction. Construction of drilled shafts below the groundwater
depth will require the use of drilling slurry or casing to maintain sidewall stability through silt and sand
layers. The piers are connected to the unit foundation and act as anchors in tension using skin friction

to resist uplift pressures.

The depths required for anchor piers are estimated from axial tensile capacity curves developed
for the soil conditions encountered in the barings. These curves would be deveioped using methods
discussed in Drifled Shaft: Construction Procedures and Design Methods, U.S. Department of
Transportation, 1988, by L.C. Reese and M.W. O’Neil and using our area experience. Additional
borings will be required to obtain deeper subsurface information to develop design axial uplift capacity

curves.

Adhesion or frictional resistance is not commonly included as a factor in uplift resistance for
caisson installations because of (1) the potential for developing voids along the soil-wall interface during
caisson excavation, (2) misalignment of the structure as it moves downward, and (3) loss of ground
or sloughing that may occur during excavation. We expect a long-term frictional resistance along the

sides of the caisson of about 300 psf, provided the caisson is grouted in place.

Ground Heave at Excavation Bottom. We do not believe that heave is a major design

consideration. If heave occurs, short-term effects would be less than 1 in.

McBride-Ratcliff and Associates, Inc.,
MRA Project No. 94-0312
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Bearing Capacity. The bottom of the excavation must be maintained in a dry and stable
condition if reasonable bearing capacities are to be realized. The recommended design gross bearing
pressure for the lift station base located at approximately 50-ft depth would be 3500 psf. This bearing
pressure assumes that the lift station base is bearing in competent s_a_ndy clays to clays. Disturbance

of the bearing surface during construction must be kept to a minimum.

Dewatering Considerations. Dewatering options for the waterbearing sands encountered
between about 15-ft and 20-ft depth and 28-ft and 38-ft depth include closely-spaced well points or
eductors. Vacuum wellpoint dewatering generally is applicable for dewatering sands and silts within
the upper 15 ft of an excavation. Excavations deeper than 15 ft can be dewatered by installing the
wellpoint system on a bench inside the excavation. The eductor system is simiiar to wellpoints in that
it consists of common manifolds connected to individual wellpoint units installed from ground surface,
but requires an additional water supply line. The spacing of the points can be reduced as needed to
minimize residual piezometric head between the units. Eductor systems are generally more effective
than vacuum type wellpoint systems in dewatering excavations greater than 15-ft depth. We
recommend that the dewatering system be activated and remain active throughout the below-grade
excavation. We recommend that the silty fine sands encountered below 56-ft depth be relieved of

excess pressure to at least 56-ft depth to assure a stable excavation base.

Below-Grade Unit Design and Construction Considerations

Below-grade units will be constructed throughout the Phase One area with unit bases located
at 4-ft to 12-ft depths. Excavations for the below-grade units are expected to terminate in both
cohesionless and cohesive soils. The thickener, constructed in the vicinity of Boring CB-16, is expected
to penetrate the surficial clayey sand fill and terminate within the silty fine sands. The aeration/digester
basin excavations are expected to terminate within clayey sand fill soils. We recommend that the
excavation for the aeration basin extend to the natural clayey sand at about 6-ft depth. If the unit
cannot be founded at 6-ft depth, cement-stabilized sand or select fill should be placed to the desired
bearing surface. The clarifier and return sludge pump station excavations are expected to terminate
within clayey sands and silty fine sands. Free water was not encountered within the depths to be
excavated for the below grade structures; however, the borings contained water when water-level
measurements were made 24 to 48 hours after completion of drilling. During periods of inclement
weather, water may become trapped within the upper surface soils; such water can likely be handled
with sumps and pumps. While we do not expect excavations within the upper 12-ft depth to encounter
waterbearing soils, the Contractor should understand that these soils may be waterbearing during

construction.

McBride-Ratceliff and Assoociates, Inc.
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Bearing capacity, bottom stability, lateral earth pressure, and uplift are elements considered in
below-grade structure design. Construction methods and groundwater control are the Contractor’s
responsibility. We provide an overview of the available construction methods and groundwater control
for informational purposes. Design and construction considerations are addressed in the following

paragraphs.

Bearing Capacity. On the basis of the soils encountered, excavations within the upper 4 to 12-
ft depth are expected to terminate primarily within dry clayey sands to silty fine sands and sandy clays.
Slab foundations constructed on undisturbed, clayey sands to silty fine sands and sandy clays may be
designed using an allowable gross bearing pressure of 3000 psf. |f footings are used, an ailowable

gross bearing pressure of 3500 psf could be used.

Bottom Stability. Free water was not encountered in the boreholes in the Phase One
development area. However, water was observed at 0.6-ft to 12.8-ft depths in the open boreholes
when measured about 24 to 48 hours after completion of drilling. The near surface water levels appear
to reflect the infiltration of surface water into the open boreholes or may reflect a perched water
condition. Bottom stability is not expected to be a concern for the below-grade structures extending
to 4-ft to 12-ft depths. However, we recommend that the water levels be verified just before

construction,

Uplift. Since free water was not encountered during drilling for the below-grade units located

within the Phase One Development area, we do not believe that uplift will be a design issue.

Lateral Earth Pressures. For open-cut or retained techniques, the walls of the treatment units

will be subject to lateral earth pressure developed from placed backfill. The magnitude of the lateral
earth pressures is primarily dependent on the type of backfill, relative density of the backfill,

construction method, and wall rigidity.

Cohesionless soils, such as sands with little or no fines, are preferred as backfill materials.
Granular backfill should have less than 25% of material smalier than a No. 200 sieve size. Clay soils
are typically less desirable materials because they are difficult to keep drained, produce larger earth
pressures than granular soils, and can develop high swell pressures from expansion. If cohesive soils
are used, we suggest homogeneous select fill soils having a Pl ranging from 7 to 20 be used. Cohesive
soils with Pl's greater than 20 are not as desirable and may result in higher wall pressures because of

swell potential.

McBride-Rateliff and Associates, Inc.
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Granular backfill should be placed in maximum 12-in, lifts and compacted by vibratory or
pneumatic equipment to 88% to 92% of the standard Proctor maximum dry density as determined by
ASTM D 698. We suggest that a 3 ft cohesive cap be compacted on top of the granular backfill to

reduce surface runoff infiltration,

Cohesive fill shouid be placed in maximum 8-in. lifts and compacted by sheepsfoot or tamping
foot equipment to 88% to 92% relative compaction as determined by ASTM D 698. Select cohesive
fill should be placed at a water content within two percentage points dry to four percentage points wet
of the optimum moisture content. If used, high plasticity cohesive soils should be moisture-adjusted
to the optimum moisture content or within four percentage points wet of the optimum moisture content
to reduce swell potential. We recommend that the site be graded to prevent ponding of water adjacent

to below grade structures and to prevent buildup of water pressures resulting from potential infiltration.

To reduce lateral earth pressures, over-compaction of the backfill materials should be avoided.
A higher compactive effort to achieve 93% to 98% of ASTM D 698 would be required in cases where

backfill will support a surcharge.

The lateral earth pressures can be calculated by multiplying the equivalent fluid density for the
backfill type by the depth below the ground surface. The equivalent fluid densities for various backfill
materials and compactive efforts were outlined in the Lift Station Design and Construction Requirements

section of this report.

Any surcharge loads on areas adjacent to subsurface walls should also be considered. Local
surc[’iarge loads adjacent to the wail, if present, should be incorporated into the pressure diagrams. A
surcharge load, q, will typically result in a lateral load equal to 0.4q to 0.5q. As a factor of safety for

{ateral design, the surcharge loads should be multiplied by a factor of 1.5.

Construction Methods. Two construction methods can be considered to install the below-grade
treatment units. These methods include open-cut installation and retained excavations. The open-cut
option is the most basic instailation technique for below-grade facilities. The approach provides the
best access for construction and has the least effect on the design of the structure. However, the
demands on space and earthwork are upperbound, and dewatering of transmissive strata, if present,
must be sufficient to avoid slope instabilities and maintain a stable bearing surface. Temporary
sidesiopes of 1(V):1{H) to 1{V}:3{H) can be used in the cohesioniess soils encountered. If more clayey

soils are encountered, temporary sideslopes of 1(V}:1{H) may be used..

McBride-Ratcliff and Associates, |nc.
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Retained excavations generally require less ground surface area than the open-cut approach as
well as less groundwater control support for transmissive zones penetrated by the excavation and
retention system. A retained excavation detail can begin from ground surface or from an initial open-
cut down to a level above the measured static-water elevation. The retention system can consist of
driven sheetpile, soldier pile/lagging, or drilled shafts. Design parameters for temporary trench walls

are included in Figure 3.

Groundwater Controt. We believe that shallow excavations within the Phase One Development
area to depths of 4 ft to 12 may be completed in dry soils since the soils within the Phase One area
borings were dry during drilling and before demobilization at the end of the day. The Contractor should
be prepared for sloughing of the soils in the deeper excavations. We do not recommend that below-
grade excavations be allowed to remain open for more than about 2 hours. If excavations must remain

open, a seal slab should be placed in the excavation base.

Trenching and Shoring. The current Occupational Safety and Health Administration (OSHA)

standards (in 29 CFR, part 1926, Subpart P} include provisions for the design of sloping and benched
trench excavations in single or multiple-layer soil stratigraphies less than 20-ft deep, in lieu of bracing
and shoring. The regulations specify maximum slope declivities contingent on soil type: Type A, Type
B, or Type C. The encountered cohesionless fill soils and natural soils are classified as Type C. The
trench shield (box), if used, should be designed by the Contractor to withstand lateral loads imposed

by specific site soil conditions.

The soil stratigraphy and groundwater conditions encountered during excavations may vary
from those observed in the project borings or characterized herein. The Contractor should collect
additional subsurface information as he deems necessary to determine if the conditions reported are
representative on a station-by-station basis. All excavations and retaining structures should be
monitored on a continuous basis by experienced personnel who can make evaluations as to the

appropriateness of the retention system used,

At-Grade Structures

Principal structural loads for the at-grade structures within the Phase One Development areas
may be supported on either drilled pier-grade beam foundation systems or slab-on-grade foundation
systems. Design parameters for each of the foundation types are presented in the following

paragraphs.

MeBride-Ratcliff and Assocciates, inc.
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Drilled Pier - Grade Beam System. Principal loads for the proposed at-grade structures may be
supported on drilled straight-sided, cast-in-place concrete footings bearing 8 ft below the grade existing
at the time of this study. The 8-ft bearing depth does not account for any fill which may be placed to
achieve the desired floor slab elevations. The footing shaft should be extended to account for the fili
thickness at any given footing location. Footings may be sized for ar; allowable total gravity load net
bearing pressure (live load and dead load) of 4000 psf, with a maximum allowable dead load pressure
of 2700 psf. The recommended pressures may be increased by 33% for transient ioading conditions,
such as wind. Our recommendations include a factor of safety of 2 for total load, and a factor of safety

of 3 for dead load.

Concrete should be piaced in footings following drilling and observation of the cleaned footing.
Excavated footings should not be allowed to remain open for more than 2 hours before placing
concrete. Seepage of water from the sandy substructure may enter the footing excavation; however,
the water likely can be handled by sumps and pumps. Water in excess of 1 in. should be removed from
the excavations before concrete is placed. The Geotechnical Engineer or experienced Soils Technician
should be present during footing installation to verify the condition of the bearing surface and the

bearing depth.

Total post construction settlements of less than 0.5 in. are anticipated for drilled footings
installed using proper construction techniques. Differential movements between adjacent column units
are not expected to exceed 75% of the expected total settlement. The performance of the foundation

units will be more sensitive to construction quality than soil-structure interaction.

Given the presence of the clayey sand to silty fine sand surface soils, the floor slab may be
constructed at-grade. Floor slab subgrade preparations should meet the guidelines outlined in the Site
Preparation section of this study. Grade beams should be placed beneath all exterior and interior load-

bearing walls. Grade beams should be designed to support the imposed loads.

Slab-on-Grade Foundations. Rigid slab design standards are provided in the Criteria for
Selection and Design of Residential Slab-on-Ground, PB-261-556, developed by the Building Research
Advisory Board (BRAB) for the Federal Houston Administration. Recommended BRAB design
parameters are based on the plasticity indices of the soil samples recovered from the project borings.

The BRARB slab design parameters are as follows:

MecBride-Ratcliff and Associates, inc.
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Design Plasticity Index (Pl} 23
Climatic Rating (C,,} 25
Soil Support index {C) 0.956
Unconfined Compressive Strength {q,) 1.0 tsf

As an alternative to a rigid slab-on-grade, a post-tensioned foundation system could be used.
Recommended PT| parameters are based on the predominant soil type, estimated percentage of clay
mineral, and type of clay mineral composing the soil. The clay content was taken as 30%, the
minimum clay content for which the procedure is applicable. Using the Design and Construction of
Post-Tensioned Slabs-on-Ground, by the Post-Tensioning Institute (PTI), our judgment in selecting
design parameters, and the grain size data for the near-surface sandy clays, post-tensioned slab design

parameters are:

Predominant Soil Type Clayey Sand {SC}/Sandy Clay (CL)
Clay Mineral {assumed} Montmorillonite (30%)
Thornthwaite Moisture Index (1) +18
Depth to Constant Soil Suction 7 ft
(assumed)
Constant Soil Suction 3.3 pF
Moisture Velocity (assumed) 0.7 in./month
Allowable Bearing Pressure 2000 psf
Edge Moisture Variation Distance {e_)
Center Lift 4.0 ft
Edge Lift 5.0 ft
Differential Soil Movement (v}
Center Lift 0.28 in.
Edge Lift 0.23 in.

The PTI parameters are based on our interpretation of the on-site soils and empirical data
published in the PTI design manual. These estimates are considered approximate and may be
supplemented with laboratory swell tests for more accurate determinations. Currently, there are no

reliable techniques for making independent estimates of the PTI design parameters.

The PTI differential soil movement estimates do not account for site preparation and vegetative
influences, such as drainage, prior trees, and landscaping, which can greatly influence foundation
performance. The actual performance of slab-on-grade foundations will largely depend on actual soil
moisture conditions, construction techniques, site preparation, and landscaping. Slab-on-grade

foundations should not be constructed on saturated sands and silts.

MecBride-Ratcliff and Associates, Inc.
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Phase Two Development Considerations
The Phase Two Development area consists of an 8-ft to 18-ft thick, undocumented fill body.

The fill soils consist of silty fine sands, clayey sands, sandy silts, and some sandy clay and silty clay
soils. In Boring CB-30, about 11 ft of the interpreted 17-ft thick fill body was visually described as
black ash. Debris consisting of nails, wood fragments, and gravel pieces were encountered within the
fill body. The “ash" soils are not considered suitable for support of future treatment units. Before
construction proceeds in the Phase Two Development area, additional exploration including test pits
and soil borings should be performed to evaluate soil conditions at the individual treatment units.
Although four of the five soil borings indicate silty fine sand, clayey sand, and some ciay-type fill sails,
the stratifications in the five borings are not consistent. It appears that deieterious fill is present at the
site and the five borings are insufficient to identify the lateral and vertical limits of the fill. The latera!
limits of the fill may best be determined through test pit excavations. However, given the depth of the

fill, additional borings will be required to delineate fill depth.

Design Review
Review of the design and construction plans as well as the specifications should be performed

by MRA before release. The review is aimed at determining if the geotechnical design recommendations
and construction criteria presented in this report have been properly interpreted. Design review is not
within the scope of work authorized in this study. Should you elect to retain MRA to perform a design

review, additional fees would be applicable.

Limitations

This report has been prepared for the exclusive use of Turner Collie & Braden, Inc., for specific
application to the construction of Wastewater Treatment Plant No. 2 within Woodlands, Texas. Our
report has been prepared in accordance with generally accepted geotechnical engineering practice

common to the local area. No other warranty, express or implied, is made.

The analyses and recommendations contained in this report are based on the data obtained from
the referenced subsurface exploration. The borings indicated subsurface conditions only at the specific
locations and time, and only to the depths penetrated. The borings do not necessarily reflect strata
variations that may exist between boring locations. The validity of the recommendations is based in
part on assumptions about the stratigraphy made by the Geotechnical Engineer. Such assumptions may
be confirmed only during earthwork and foundation construction. |f subsurface conditions different
from those described are noted during construction, recommendations in this report must be

reevaluated.

MceBride-Ratcliff and Associates, Inc.
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If any changes in the nature, design, or location of the facilities are planned, the conclusions
and recommendations contained in this report should not be considered valid unless the changes are
reviewed and conclusions of this report are modified or verified in writing by MRA. MRA is not
responsible for any claims, damages, or liability associated with interpretation of subsurface data or

reuse of the subsurface data or engineering analyses without the express written authorization of MBA.

Closing Remarks
We appreciate the opportunity to serve you on this project. Should you wish, we can provide

construction materials quality control during construction to ensure that the recommendations outlined
in our report are implemented in the field. If we may be of further assistance to you or if you have any

questions about our recommendations, please call.

Sincerely, R,
McBRIDE-RATCLIFF AW‘ASS C!AT' : INC.

ﬂcs s* wafj )
NP )

HARIE }'..mi)uﬂ .mnii,! . {aﬁ

Marie Johnson Starilth R, RN
‘i ﬁ m TR
Reviewed by: “&,\\i&i{%ﬁa ;}5?’
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Attachment A

SOIL BORING LOGS
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Client

Project

No . 2,

LOG OF BORING

-Woodlands Wastewater Treatment Plant
Woodlands, Texas

- Turner Collie & Braden, Inc.

Houston,
Ory Augered O
Wash Bored

Texas
to 15 ft. Water at ft;
to ft. Water at 412.8 ft.

Boring No.:

File No.:

Eilevation
Caving at

CB-16
94-0312
Date : 11-3-94

after 24 hrs.

ft.

ft.

Y

AT

Bottom @ 15°
Borehole collapsed at 13.3-ft depth before 24-hr water—-level reading.

-medium dense below 2.5°

11

Loose gray & tan SILTY FINE SAND
(SM)

—~dense below B.5'

Medium dense gray & tan CLAYEY SAND

(sc}

13

ELEY SDIIEE EYMBAIILS Description We |Dens. |BU or UU|Str
i i
DEPTH SAMSPAMPRLES YNDE{OLS 1P (%) | (pctf) | (tsf) (%)
— 0
fa Brown LLAYEY SAND "FILL" 5
L -7
7 A

McBride—-Ratcliff and Assoclates,

Inc.




LLOG OF BORING

Project : Woodlands Wastewater Treatment Plant
No. 2, Woodlands, Texas

Client : Turner Collie & Braden, Inc.
Houston, Texas

Boring No.:
No.: 94-0312
11-4-94

File
Date

Elevation

cB-17

Dry Augered 0O to 16 ft. Water at L, Caving at
Wash Bored 16 to B0 ft. Water at #x ft. after
=LEY SOIL SYMBOLS . . We |Dens.l@U or UU|Str
= SAﬁkﬁifﬁﬁqj Description @ |Loen | (st )
0 Very stiff-nard tan & gray SANDY 9
- CLAY "FILL"
i Very stiff brown & tan SANDY CLAY
- (cL) 3
B w/sand pockets
| -stiff below 4.5
3 13| 125
- 14
— {0
i 15
15 T 1 Medium dense dray & tan SILTY FINE
- ol SAND  (SM}
B g —damp, caving B 1&6'
20 Firm gray & tan SANDY CLAY (CL)
- very sandy
5 13
- 25
i Very dense tan FINE SANG (SP)
- w/gravel pieces
- 30 F
8oring
Continues
Bottam € 60'
Piezaometer installed in this baoring.
McBride—-Ratcliff and Asscociates, Inc.




Project : Woodlands Wastewater Treatment Plant Boring No.: CB-17
No. 2, Woocdlands, Texas File No.: 84-0312
Client : Turner Collie & Braden, Inc. Date 1 11-4-94
Houston, Texas Elevatiaon . - ft.
Dry Augered O to 16 ft. Water at ft: Caving at ft.
Wash Bored 16 to B0 ft. Water at ¥ ft. after
FLEY SOJL. SYMBOLS . . We [Dens. [QU or ULH|Stp [LL [PI:#200

e SAﬁkglgﬁgpLs Description w et | s ) ®)

A0 S 4

..... Very dense tan FINE SAND (SP)

- AR w/gravel pieces

i S —dense below 33°

[ ﬂé?éﬁ . 10

B 1| B

[~ 35 S

I Stiff gray & tan SANDY CLAY (CL)

- w/sand pockets 24

- 40

[~ i8 111 i.01 =]

N (22)

— 45

— 50

i §tiff tan & gray CLAY (CH) a1

— 55

i Medium dense tan & gray FINE SANO

- (SP-SM) _

B 10

— 60

Bottom € 60
Piezameter installed in this boring.
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Project : Woocdlands Wastewater Treatment Plant Boring No.: CB-4iB8
No. 2, Woodlands, Texas File No.: 84-0312
Client : Turner Collie & Braden, Inc. Date : 11—-4-94
Houston, Texas Elevation : - ft.
Dry Augered O to 15 ft. Water at _ ft, Caving at ft.
Wash Bored to ft. Water at 0.6  ft. after 48 hrs.
ELEY SOIL SYMAOLS Descriotion We |Dens. (@Y op UU|Str |LL |PI|#200
DEPTH SAMSPA_'\‘EPRLESYNMDBPLS riptz %) | {pct) {tsf) (%} {%)
— 0 S 4.50 B T gl
|- a = rown & gray CLAYEY SAND "FILL g
| Y ora
N <r4:
B > VA g;g -medium dense w/wood chips below B
43 ANAYE 2.5’
(- T A A
s ‘<> %;g -loose belaow 4.5° 14 19| 8
a/6
] Medium dense brown & gray CLAYEY
. SAND  (SC) "
10 i85 3

Bottom @ 15'
Borehole collapsed at 3.8-ft depth before 48-hr water—level reading.

McBride-Ratcliff and Associates, Inc.




Project :; Woodlands Wastewater Treatment Plant Boring No.:. (CB-19
No. 2, Woodlands, Texas File No.: 94-0312
Client : Turner Collie & Braden, Inc. Date : 11-4-94
Houston, Texas Elevaticn : = ft.
Dry Augered O to 20 ft. Water at ft, Caving at ft.
Wash Bored to ft. Water at 3.8 ft. after 48 hrs.
ELEY SDILE SYMBAL.S Descrintio We |Dens. QU or UU|Str |LL |PI|#200
DEPTH SAMSPALMPHLESYJ‘DB.GLS criprion ® | pcf) | itsf) % (%)
0 e Brown CLAYEY SAND "FILL" 7
3 L 2va
R <o
i I Medium dense tan & gray CLAYEY SAND
B L2 ::ﬂ%@ﬁ WETLL 11 57 4
I = ED AN
I v 7 hFS/E
(-_;ﬂ%f% Medium dense tan & gray CLAYEY SAND
1 WY (30)
- 978 1
----- 15/86
- I
1F e Medium dense gray & tan SILTY FINE
s : ::ﬂyg SAND  (SM)

—-damp below 13°

/8 43
g
G
! 2 .
13/6

— 20

Bottom @ 20'
Borehole collapsed at 8.2-ft depth before 48-hr water—-level reading.

McBride—-Ratcliff and Associates, Inc.




LOG OF BORING

Project : Woodlands Wastewater Treatment Plant Baring No.: CB-20
No. 2, Woodlands, Texas File No.: 94-0312
Client = Turner Collie & Braden, Inc. Date : 11-4-94
Houston, Texas Elevation : - ft.
Ory Augered O to 15 ft. Water at ft, Caving at ft.
Wash Bored to ft. Water at 7.8 ft. after 48 hrs.
CLEV SOIl. SYMBOLS D Iy Wwe |Dens. |GU op UUiStr
ey SAMSPhEPHLESYNM{?ﬂLS escription o |oen | (tsh) |0
¢ <v ,j4.50 Hard tan & gray SANDY CLAY "FILLT 131 123 4.42 5
5y A
I N
3 > <V —-stiff below 2°
! <V afpere :
A v3{Ala/6
i 1T hers [Dose brown & gray SILTY FINE SAND
5 - ::ﬂﬁ/ﬁ (SM} 7
o]y ig4/B
3 ok -medium dense below 6°
1l ress 6
i N ﬂ‘i‘é%
B AL
ok MASER
| )e
— 10 et
i -very dense belaow 413’
36/6
- 24/5
%8/6

— 15

Bottom @ 15
Burehole collapsed at 8.2-ft depth befare 48-hr water—level reading.

McBride—Ratcliff and Associates, Inc.



Project : Woodlands Wastewater Treatment Plant Boring No.: CB-21
No. 2, Weoodlands, Texas File No.: 94-0312
Client : Turner Collie & Braden, Inc. Date : 11-4-94
Houston, Texas Elevation @ - ft.
Dry Augered C to 25 ft. Water at fi, Caving at ft.
Wash Bored to ft. Water at 19.8 ft. after 48 hrs.
ELEY S0l SYMBOLS R . We |Dens. |GU or UU(Stp |LL |PL[#200
m— SAMSPAITJIEPRLESYNMDB'OLS Description @ et | (s ) )
¢ > v 450 Very stiff-hard tan & gray SANDY g
- PV CLAY "FILL"
oot
i vy Tese Loose tan & gray SILTY FINE SAND
B Lv v rﬂ4/6 “FILL" =] 24
] A L7 4/8 w/clay pockets & organics
. B Y -medium dense below 4’ 0
— . 776
v al\l1a/6
[ > 7 A 5/6 Stiff ftan & gray SANDY CLAY "FTLL"
- :i‘ﬂg% w/calcareous ncodules 2
s s a
i <A Ak 4/B
A Aﬁg{/g
- 10 Vo
k& Vv 4
B L v r 9
- A Medium dense tan, & gray CLAYEY SAND
- ka3 "FILL_"
v oLV .
i . 852 w/organics 11 15| 3
3 aN1ae
- 15 LS
- P
Fv7 9
B . v ‘_.\
—danse w/decayed wood fragments
below 18° 1 1512
Loose gray & tan CLAYEY SAND (S0)

Bottam @ 25°
Barehole collapsed at 20.3-ft depth before 48-hr water—level reading.

McBride—-Ratcliff and Associates, Inc.




LOG OF BORING

Project : Woodlands Wastewater Treatment Plant Boring No.:. CB-22
No. 2, Woodlands, Texas File No.: 94-034i2
Client : Turner Collie & Braden, Inc. Date 11-4-94
Houstaon, Texas Eievation - ft.
Dry Audered O to 6 ft. Water at R i Caving at ft.
Wash Bored to ft. Water at T ft. after
EiEY SOTL SYMBOLS K X we [Dens. [BU or UU|Str |[LL [PI|#200
v smgkﬁiéigpLs Description @ |@eer | s o %
0 Very Stiff-hard red & gray SANDY 13 38 |23
3 CLAY "FILL"
i Loose brown & gray GLAYEY SAND (SC)
—2.5
i -medium dense below 4.5
— 5
Bottcm @ B°
McBride-Ratcliff and Associates, Inc.




Project : Woodlands Wastewater Treatment Plant Boring No.: CB-23
No. 2, Woodlands, Texas File No.: 894-0312
Client : Turner Collie & Braden, Inc. Date @ 11-4-94
Houston, Texas Elevation : - ft.
Cry Augered O to B ft. Water at ft; Caving at ft.
Wasn Bored to ft. Water at Ory ft. after 48 hrs.
FLEY SOTL, SYMBDLS D ot ; We [Dens. [QU or UU|SEr [LL [PL|#200
— SAMSPALMEPHLESYNMDB'ULS escription w0 et | kst | @ )
¢ 4.00 Very Stiff tan & gray SANDY CLAY 6
H "FILL"
5 w/o0rganics

10 30 [ 16

Very dense gray & tan SILTY FINE
SAND (SM) 8

Bottom @ 6°7
Boreshonle collapsed at 4.9-ft depth before 48-hr water—level reading.

McBride—-Ratcliff and Associates, Inc.




Project :Woodlands Wastewater Treatment Plant Boring No.: CB-24
Na. 2, Woodlands, Texas File No.: 94-0312
Client  Turner Collie & Braden, Inc. Date : 11-4-94
Houston, Texas Elevation : - ft.
Cry Augered O tc 4.5 ft. Water at ft,; Caving at ft.
Wash Bored to ft. Water at 0.8 ft. after 48 hrs.
ELEY SOIL SYMBOLS R . Wc |Dens. |GU or UU|Str |LL [PI|#200
—— SAMSPIthPRL ESYNMGB‘OLS Description #) | lpcf) [ (tsf) (%) (%)
0 Tan & gray CLAYEY SAND "FILLT B8
— 2.5 —-medium dense below 2.5° 10 18| 4

-plastic, fiberglass B 4°
-refusal @ 4.5°7

Bottom B 4.5°
Borehaole collapsed at 2.2-ft depth before 48-hr water—-level reading.

McBPide—HatclifF and Associates, Inc.




LOG OF BORING

Project :Woodlands Wastewater Treatment Plant Boring No.: CB-25

No. 2, Woodlands, Texas: File No.: 94-03i2
Client  Turner Collie & Braden, Inc. Date : 11-4-84

Houston, Texas Elevation @ - ft.
Dry Augered 0O to 6 ft. Water at ft, Caving at ft.
Wash Baored to ft. Water at 0.6 ft. after 48 hrs.

FLEv v SASMZPiIgii ;:SMY:MED)I%TDELS Description y:;] {:;2:)' Gu(tz;] W EE;; s 'i:;m

Gray & tan FINE SAND "FILLT 10 4
w/organics

Medium dense tan & gray CLAYEY SAND
TETLL" B

-w/shell & organics below 4.5° 8

Bottam @ B°'
Barehole collapsed at 2.5-ft depth before 48-hr water~level reading.

McBride—-Ratcliff and Associates, Inc.




Project : Woodlands Wastewater Treatment Plant Boring No.: CB-26
No . 2, Woodlands, Texas File No.: 94-0312
Client : Turner Collie & Braden, Inc. Date : 11-4-84
Houston, Texas Elevaticon : - ft.
ODry Augered O to B ft. Water at -ty Caving at ft.
Wash Bored to ft . Water at 3.0 ft. after 48 hrs.
=LEY SOIL SYMBOLS . , we |Dens. |QU or UU|Str [LL |PI|#200
o SA%%EiéﬁgFLS Description @ oot | kst) | 5 %)
¢ FZas Gray & tan SILTY FINE SAND "EILL" 14 26
B koS
5 F+y v a
i r-\ A
ke 2 ¥
i ——— Medium dense tan. & gray CLAYEY SAND
~25 [V c° "FILL"
I 14?5 11 21 |10
3 A4 Al 11/B
5 > Yy
4 \-A
i T Msdium dense tan & gray SILTY FINE
- I f19/6 SAND (SM) 7
1 AiE7E
-5 1 %14/5

Bottom @ B°
Borehole collapsed at 3.2-ft depth hefore 4B-hr water—level reading.

McBride—~Ratcliff and Associates, Inc.




Froject

Client

LOG OF BORING

No. 2, Woodlands, Texas

Houston,

Dry Augered O
Wash Bored 11.9

s Turner Collie & Braden, Inc.

-Woodlands Wastewater Treatment Plant

Texas
to 11.5 ft. Water at 11.5 ft
to 30 ft. Water at 42.0 ft.

Bering No.:
File No.:

Date
Elevatian

Caving at
after 24 hrs.

cB-27

94-0312

11-3-94

- ft.
ft.

ELEY

DEPTH

SOIL SYMBOLS
SAMPLER SYMBOLS
SAMPLE NO.

Description

We
(%)

Qens.
{pcf)

au ar L
[tsf)

ste
(%)

— 30

Bottom B 30'
Borehole coilapsed at 22.8-ft depth before 24-hr water—-level reading.

-dense below 2.9°

—-loose helow 4.5°

Tan & gray CLAYEY SAND "FILL'

11

iz

Firm tan & gray SANDY CLAY

"FILL"

12

(sC)

—-caving @ 11.5°

Medium dense gray & tan CLAYEY SAND

iz

15

Dense gray & tan FINE SAND
w/gravel & fragments

—-very dense belaow 237

{(SP—SM)

.84

McBride—-Ratcliff and Assccilates

Inc.




L OG OF BORING

Project : Woodlands Wastewater Treatment Plant Boring No.: CB-28
No. 2, Woodlands, Texas File No.: 94-0312
Client : Jurner Collie & Braden, Inc. Date : 11-3-94
Houston, Texas Elevation - ft.
Dy Augered O to 16.5 ft. Water at ft; Caving at ft.
Wash Bored i6.5 to 30 ft. Water at 11.68 ft. after 24 hrs.
ELEV SOIL SYMBOLS , s We [Dens. [GU or UU|Str |[LL {PL{#200
e SMEﬁﬁfﬁﬁmj Descripticn w | et | (tse) 0 )
[ - Gray & tan SILTY FINE SAND "FILLT 10
- a7z w/roots
i F o Y Loose gray & tan CLAYEY SAND "FILL”
s *7’ﬁ4m w/clay pockets 1 9] 8
L4 < dA4/6
- La < 4
5 e Amggg 13
L a < 4ME/B
i R 6/6 Medium dense tan & gray SILTY FINE
2 v v:ﬂg/a SAND "FILL." 44
i ra SN w/organics
7T A
| <77ﬂ7m —laose below 8.5° 10
376
A7 4/6
— 10 7 v 9
s 2 A
| JONN
b v v
s 77 4
i ;:Vﬂiyg —dense below 13.5 10
N 2278
— 15 > vV 4
k ¢ v
3 ::: -caving @ 16.5°
v va
i TT b e Very dense tan & gray SILTY FINE
s : ::Eze/s SAND  (SM) - 27
1oL N Eave
— 20
1 IS -medium dense w/gravel fragments
i ; ::KH% below 23°
SRR '
— 25
i —dense below 28'
12/6
- 22/6
776
—13p

Battom B 30'
Barehale colliapsed at 18.0-ft depth before 24-hr water—level reading.

McBride-Ratcliff and Associlates, IncC.




Project : Woodlands Wastewater Treatment Plant Boring No.: CB-29
Na. 2, Woodlands, Texas File No.: 94-03412
Client - Turner Collie & Braden, Inc. Date : 11-3-94
Houston, Texas ' Elevation : - ft.
Dry Augered O to 16 ft. Water at ft; Caving at ft.
Wash Bored 46 to 30 ft. Water at 16.9 ft. after 24 hrs.

ELEY SOIL SYMBOLS R , We [Dens. [QU or UL|Str |LL [PI|#200
vy smgﬁagmgpw Description @ per) | tesh) (0 &)
e 175 Gray & tan CLAYEY SAND "FILLT 15 18|86

- : w/wood fragments & roaots
- f 150 16
i a/6 Medium dense gray & tan SILTY FINE
5 are SAND “FIel” 26
B “Bm w/clay pockets
i, 12
i PR
N 7
i A YF13/8 41
i
10 - Vv
i AN VIV —-dense below 10.5’ 11
s v vy 19/B
i T Medium dense gray & tan SILTY FINE
- e SAND  (SM)
- : ::ﬂ%?s 24
A ENEY:
— 156 ok
i E —caving @ 16’
- pz: |
Dense gray & tan CLAYEY SAND (SC)
- w/gravel fragments
— 20
- 18 19| 6
— 25
432: g9/8
/ 3478
. A

Bottem @ 30°
Borehole collapsed at 22.7-ft deptnh before 24-hr water—-level reading.

McBride—-Ratcliff and Associates, Inc.




Project : Woodlands Wastewater Treatment Plant Boring No.: CB-30
No. 2, Woodlands, Texas File No.: 94-0312
Client - Turner Collie & Braden, Inc. Date @ 11-4-94
Houstaon, Texas Elevation : - ft.
Ory Augered C to 12 ft. Water at 20.0 ft, Caving at ft.
Wash Bored 12 tao 20 ft. Wwater at 141.5 ft. after 48 hrs.
ELEY SOIL SYMBOLS X A We |Dens. [OU or YU|Str |LL |[PI|#200
| sapLER STHBOLS Description @ pcf) | ksn) L) ®)
0 Gray & tan CLAYEY SAND "FILL" 17
5 w/organics
B 12 20| B
3 Very stiff gray & tan SANDY CLAY 14| 143 23144
-5 “FILL”
| \ w/organics
Firm black "FILLT 13
i wet ash w/wood fragments, naills,
- & debris

15

-caving @ 12°

B A a 418/8 21
2 r-"ﬂ?;g

— 15 4V oy
A LV

B k2 A A

3 <
ji Medium dense gray & tan SANDY STILT

- {1 {ML)

i 1 ﬂ?ﬁ 53
g 1276

20 =g}

Medium dense gray & tan SILTY FINE

- ol SAND (SM)

: N?Q?E
12/8

— 25

i é%% —-dense w/gravel fragments belaw
25/6 28.5°

30

Bottom @ 30
Borehole collapsed at 15.7-ft depth before 4B—hr water—-level reading.

McBride-Ratcliff and Associates, Inc.




LOG OF BORING

Project : Woodlands Wastewater Treatment Plant Boring No.: CB-31

No . 2, Woodlands, Texas File No.: 94-031i2
Client : Turner Cocllie & Braden, Inc. Date : 141-3-94

Houston, Texas Elevation @ - ft.
Cry Augered O to 7.5 ft. Water at 9.2 ft,; Caving at ft.
Wash Bored 7.5 to 30 ft. Water at 7.9 ft. after 24 hrs.

ELEY SOIL SYMBOLS R . wWe |Dens. |GU or UUJ|Str LI {PI{#200

T | FAMEGED STimoLs Description @ |pen) { (tsn) | (0 )

Gray & tan CLAYEY SAND "FILL" g 201 B

-w/wood fragments & organics below
o

Gray & tan SANDY SILT "FILLT 15§ 112 0.93 3 56

Loose gray & tan CLAYEY SAND "FILL"

w/0organics 18

16| 119 1.02 <]

i Medium dense gray & tan SILTY FINE
- SAND  (SM)
B —-dense, wet, caved to 9.2°7 46
— 15
a/6
i A E
20 EEEE Medium dense tan & gray FINE SANO
3 SR {SP—-SM)
B N ﬂ?{% &
oo INB/E
25 | ...
e
R
I

Bottom @ 30'
Borehole collapsed at 14.2-ft depth befare 24-hr water—lievel reading.

McBride—-Ratcliff and Associates, Inc.




LOG OF BORING

PROJECT: Wast
The Woodlands, Texas BORING NO. _CB-1
FILENO. ___82-522
CLIENT: The Woodlands Development Corp. DATE 19-91-89
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0710 15 FEET
ATTERBERG WASH BORED 15 T0 20 FEET ‘
i 2 - LIMITS
8 @ = §= - FREE WATER ENCOUNTERED YES NO
slzolal s6ls |28 |° 3
>la el = he | | ew | 5122 AT  14.0 FT.DEPTH,
LI NTTR=g = o O - 20 © g w z
Jla~le| &5 efp 2 | T (a5 & |z
2 ST |2 19 ¢ H i WATER AT 3.0 FT.AFTER 3 hours
3 > = o
s 12|58 |&
LL| PL | PI DESCRIPTION OF STRATUM
1.50 Firm gray CLAYEY SAND (SC)
w/ferrous nodules @ 2'
2.00
dense, gray & tan @ 4'
2.50113(118|1.87} 3
w/sand pockets below 6'
3.00
gray @ 13'
16
Very dense gray SILTY SAND (SM)
20 w/gravel @ 18%'
S]y"
Bottom hole @ 20'
PENETRATION RESISTANCE
*  SLICKENSIDED FAILURE {N)- STANDARD PENETRATION RESISTANCE (SFT)
{} CONFINING PRESSURE, PSI TSF - POCKET PENETROMETER OR TORVANE
G.S. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE

STRENGTH, TONS PER SQ. FOOT
McBride -Ratcliff and Associates, Inc.




LOG OF BORING

PROJECT: Waste Water Plant No.2
The Woodlands, Texas BORING NO. CB-2 :
FILE NO. ___82-522
CLiENT: The Woodlands Development Corp. DATE 12-21-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 1O 6 FEET
avrenpeng | WASH BORED 6 10 20 FEET :
iy 8 c LIMETS i
O wi g E FREE WATER ENCOUNTERED YES NG
a ] B = S " x
= E_‘E‘:; Zl o i 2 E B é‘
SIS EIZl S5 18 | 2] 2| 5|58 AT FT. DEPTH.
MENEI R R AR A AR
3 E= 12 o) oz : g WATER AT *%* FT. AFTER
c la | E = &
iy ] a 4] i
LL} PL | PI DESCRIPTION OF STRATUM l
L
}:\g 1.50|15(112|1.02] 5 Firm gray CLAYEY SAND (SC) E
o.'
N=9
N
L)
g B 54 N=23
-.=' ; d 1t
._ N=31 -200<59.|2% ense @ 6%
SN -9 firm w/18" sandy clay layer @ 8%'
Dense gray SILTY SAND (SM)
w/small gravel below 13%'
N=34 /small g 2
N=42
Bottom hole @ 20'
%% Surface water flowing into borehole
PENETRATION RESISTANCE
*  SLICKENSIDED FAILURE IN}- STANDARD PENETRATION RESISTANCE {SPT)
{} CONFINING PRESSURE, PSI TSF . POCKET PENETROMETER OR TORVANE
G.S. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE

STRENGTH, TONS PER 5Q, FOOT
McBride-Ratcliff and Associates, Inc.




LOG OF BORING

S e ————
PROJECT: Waste Water Plant No.2
The Woodlands, Texas BORING NO. CB-3 .
’ FILENO, __82-522 §
CLIENT: The Woodlands Development Corp. DATE 12-20-82 |
The Woodlands, Texas
FIELD DATA LABORATORY DATA ODRY AUGERED 0 TO 10 FEET
10 20
irrempengl | WASH BORED TO FEET
» b c LIMITS -
Q A B @ FREE WATER ENCOUNTERED YES NO
m w L w & o ¥
sizolE] g6 |8 | 21 3 = 2
= = é'... - a 73 c 0 c
Sle izl sn (5 | 5| e |58 |5 AT B0 FT.OEPTH
2laT1a] &5 e 2| 37 | @ Sl &3
3 Sl a s |5 | waTerav ok FT. AFTER
c 3 - = o
& |2 | a8 |&
LL| PLPI DESCRIPTION OF STRATUM
Loose gray SILTY SAND (sM)
=5

3.50116|114|1.95! 7{26|14 |12| Stiff gray & tan VERY SANDY CLAY (CL)
w/sand pockets & ferrous nodules

1.50115]1211{0.51| 5 Firm tan & light gray CLAYEY SAND (SC)
(5) w/sand pockets

N=78 s00421 k% Firm tan & light gray SILTY SAND (SM)

dense, w/gravel @ 16%'

X N=61 very dense @ 18%'

Bottom hole @ 20°

%% Borehole collapsed @ 7'-8"

PENETRATION RESISTANCE

® SLICKENSIDED FAILURE {N}- STANDARD PENETRATION RESISTANCE {SPT)
(} CONFINING PRESSURE, PS8! TSF - POCKET PENETROMETER OR TORVANE
G.S. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE

STRENGTH, TONS PER 5Q. FOOT

- wmmmmn N\ |CBride-Ratcliff and Associates, Inc.




LOG OF BORING

PROJECT: Waste Wa
The Woodlands, Texas BORING NO. CB-4 -
FILE NO, ___82-522
cLieNT: The Woodlands Development Corp. DATE 12-20-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 TO 15 FEET
WASH BORED 15 10 40 FEET
ATTERBERG
| @ . LIMITS
3 alb g 5 - FREE WATER ENCOUNTERED  _YES NO
s|lz=lazf s6 (8 | 2] & (° g
>l gz =T |5 | 2| ex {5122 |2| AT 12.0 FT.DEPTH.
208 TR Y = o i B ° g, @ prd
“joT|o] S5 el 2| 8 a3 |2 |8
2 AN EN - 41 WATERAT 3.4 FT.AFTER 4 hours
s l2ia]8 | >
/ LL| PL]| P DESCRIPTION OF STRATUM
el Fi ILTY SAND (SM
g .l: 13 | 200=19. 7% irm gray VERY STILTY SAND (SM)
ol w/roots
N=10 Firm gray CLAYEY SAND (SC)
?\% w/ferrous nodules
\j 3.00[16{116{0.78| 5 w/sand layers & clay pockets @ 4'
\: (3) dense tan & gray @ 6'
XY 3.50
R 3.50|15[115|1.62| 3
(5)
Firm gray SILTY SAND (SM)
-6 w/very sandy clay layers @ 13%'
50 very dense w/gravel @ 18%'
&
50
AL
P F =7 Stiff tan GRAVELLY CLAY
A 301
Stiff red CLAY (CH)
a 2.500 39] 81 1.41 3
~ 3
4
A 3.00 18 110 Very stiff gray & tan SANDY CLAY (CL)
b PENETRATION RESISTANCE Bottom hole @ 407
*  SLICKENSIDED FAILURE {N}- STANDARD PENETRATION RESISTANCE {SPT)
{} CONFINING PRESSURE, PSI TSF- POCKET PENETROMETER OR TORVANE
G.S. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE

STRENGTH, TONS PER 50, FOOT
McBride -Ratchiff and Associates, Inc.




LOG OF BORING

e aste Water Plant No.2 5
The Woodlands, Texas BORING NO. _CB-=5
FILENO. ___82-522
CLIENT: The Woodlands Development Corp. DATE 12=-17-87
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED TO FEET &
ATTERBEAG WASH BORED T0 FEET
> 8 < LIMITS
O i 3 §= FREE WATER ENCOUNTERED YES NO
a T - Ly c (_u') o 4 3
HAEH R RS RN
n & Rl = 55 8 é— g(‘:'? ® g E % AT FT.DEPTH.
JfaT ol 25 e 2| 3 | &) 3| d |8
2 E- (2] o) g |3 3 WATER AT FT. AFTER
g 2 > E z a
& 2 a] Q W
LL| PL [P DESCRIPTION OF STRATUM
Firm gray SILTY SAND (SM)
1.50|131116 16|14 | 2] Pirm gray CLAYEY SAND (SC)
w/sand pockets
N=18 gray & tan @ 4
N=18
2.50]14|119(1.45| 9 Stiff tan & light gray SANDY CLAY (CL)
w/sand pockets
Firm tan & light gray CLAYEY SAND (SC)
N=14
Bottom hole @ 15'
- —
PENETRATION RESISTANCE
= SLICKENSIDED FAILURE {N). STANDARD PENETRATION RESISTANCE (SPT)
() CONFINING PRESSURE, PS! TSF - POCKET PENETROMETER OR TORVANE
' G.S. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE
E STRENGTH, TONS PER $Q. FOOT

McRride-Ratcliff and Associates, Inc.




LOG OF BORING

PROJECT:. Waste Water Plant No.2 .
The Woodlands, Texas BORING NO. CB-6 :
FILE NO. __B827022
CLIENT: The Woodlands Development Corp. DATE 17-21-82
The Woodlands, Texas
FIELD DATA { ABORATORY DATA DRY AUGERED 0 TO 15 FEET
ATTERBERG WASH BORED 10 FEET g
gy g . LIMITS
o) @l & 5 FREE WATER ENCOUNTERED  YES NO
| T - LTS z t [ 2 H
sleglel 22| o | o, | c|o 2
oy ko B RERBEEEAE RN AT FT.DEPTH,
“ja" v .gz P e als n_“j x
g S @ o I =
2 ; § o g 5 ag_, WATER AT 8.5 FT.AFTER 4 hours
e |= a | 3§ e
’ LL[ PL| P! DESCRIPTION OF STRATUM
/ Loose gray SILTY SAND (SM)
tan @ 2! I
| N=8
5—|>< N=15 Stiff tan & light gray SANDY CLAY (CL)
R w/sand & clay pockets
4.5+119110913.56| 8 very stiff @ 6'
i 4.5+
oN- 10
..;\_
" Very dense gray CLAYEY SAND (SC)
e d N=91{12
— 15
Bottom hole @ 15'
E
PENETRATION RESISTANCE
*  SLICKENSIDED FAILURE {N)- STANDARD PENETRATION RESISTANCE (SPT)
{) CONFINING PRESSURE, PSI TSF - POCKET PENETROMETER OR TORVANE
G.S. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE
STRENGTH, TONS PER 50. FOOT

McBride -Ratcliff and Associates, Inc.



LOG OF BORING

R e B S oD
PROJECT: Waste Water Plant No.2
The Woodlands, Texas BORING NO. CB=7 ;
FILENO. ___82-522
CLIENT: The Woodlands Development Corp. DATE 12-17-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 TO 15 FEET
ATTERBERG WASH BORED TO FEET
3 8 B LIMITS .
O 4 g §= FREE WATER ENCOUNTERED YES NO
Six_|32] i5 15 | o | & # 3
= @ - o b |
AL EH R e | 5138 |5l AT FT. DEPTH,
=8 20 K - S B A A O I
2 E= 12 1ol e : 2 WATER AT *%  FT, AFTER
g 3 > £ = a
g ] ] Q w
’ LL| PL P DESCRIPTION OF STRATUM g
83
\s: =5 Loose gray CLAYEY SAND (SC)
A fi 241
o N=13|14 1412 | 2| Firm @ 2%
J
L] v
tan & light gra 4"
’%:'5‘ N=11 ght gray @ 4%
°.
N
N M| n=13
ho$
NK 13 Firm gray SILTY SAND (SM)
L1 10
L]
o
Ay
m_ 15 N=5 Medium gray VERY SANDY CLAY (CL)
Bottom hole @ 15°
%% Water @ 2' in borehole after 3 hours
(possible surface water)
PENETRATION RESISTANCE
*  SLICKENSIDED FAILURE {N) - STANDARD PENETRATION RESISTANCE (SPT)
{} CONFINING PRESSURE, P§I TSF - POCKET PENETROMETER OR TORVANE
G.S. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE
STRENGTH, TONS PER SQ. FOOT

McBride -Ratcliff and Associates, Inc.



.OG OF BORING

- e e
PROJECT: Waste Water Plant No.2
The Woodlands, Texas BORING NO. CB-8
FILE NO, 8270522
CLIENT: The Woodlands Development Corp. DATE 12-20-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 TO 12 fFeeT
12 25
ATTERBERG WASH BORED TO FEET
N 8 - LIMITS
O 5 3 2 FREE WATER ENCOUNTERED YES NG
@ el PV - w H = 5 =
slE<|z) g2 )¢ e : g
2 I R 51 2| 25 51318 AT 11.0 FT.DEPTH,
MENCE R AR I
2 7|2 o | @ 5 8 WATER AT FT.AFTER
s (e |z 5 |3 a
a = [a} [&] W
LL| PL | PI DESCRIPTION OF STRATUM
"
o 1.50115(1130.70} 3 Firm gray CLAYEY SAND (SC)
[ )
NG N=8
e w/ferrous nodules @ &'
e 5t N=18{15 1914 | 5
(]
® ] N=19 i
! X -9 w/sandy clay layers below 8%'
X} 104
R
(J
N
X =5 |21 3417 |17
& ol 15_'
d
..
20029, 2% Very dense gray SILTY SAND (SM)
w/small gravel
Bottom hole @ 25'
PENETRATION RESISTANCE
*  SLICKENSIDED FAILURE {N)- STANDARD PENETRATION RESISTANCE (SPT)
{} CONFINING PRESSURE, PS! TSF - POCKET PENETROMETER OR TORVANE
G.5. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE

STREMNGTH, TONS PER SQ. FOOT
MicBride-Ratchiff and Assodiates, Inc.




LOG OF BORING

PROJECT: Waste Water Plant No.2
The Woodlands, Texas BORING NO. CB=9
FILENO., ___82~-522
CLIENT: The Woodlands Development Corp. DATE 19-17-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 TO 15 FEET
arrenmen  WASH BORED TO FEET
N 3 c LIMITS
Q a1 = i FREE WATER ENCOUNTERED  YES NO
a - _ 2y e ] o £ b
- EE B AR i | & 2 '
Sl 313l S5 18 | 2| g5 ‘g 215 AT FT. DEPTH.
SN =R 2 -T2 e I I A I =T O
& 7|2 o g £ 3 WATER AT 7.3 FT.AFTER 2 hours
c ‘G = o
& |2 a8 |&
/ LL| PL| P DESCRIPTION OF STRATUM
la.‘
g 15 Loose gray SILTY SAND (SM)
3 =6 Firm gray CLAYEY SAND (SC)
\ w/sand layers & pockets
-~ 5"" N=18
{J
S N=13| 15 13(121 1
d
»
N X N=18
- 10_..
,-..
1N Firm gray SILTY SAND (SM)
"o N=19 w/clay layers
. - 15
Bottom hole @ 15'
PENETRATICN RESISTANCE i
" SLICKENSIDED FAILURE (N} - STANDARD PENETRATION RESISTANCE (SPT}
()] CONFINING PRESSURE, PSI TSF - POCKET PENETROMETER OR TORVANE
G.S. GRAIN SI1ZE ESTIMATED UNCONFINED COMPRESSIVE
STRENGTH, TONS PER SQ. FOOT

McBride-Ratcliff and Associates, Inc.



LOG OF BORING

PROJECT: Waste Water Plant No.2 :
The Woodlands, Texas BORING NO. CB-10
FILENO. ___82-522
CLEIENT: The Woodlands Development Corp. DATE 12-20-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 TO 11 FEET
arrenseme  WASH BORED 11 TO 25 FEET
N o c LIMITS
o v I z FREE WATER ENCOUNTERED  _YES NO
o T - ay | e 5 o ES 3 -
E —oia] gv @ & & e by E
ala 812 S5 08 | 2] es 53|82 AT 11.0 FT. DEPTH.
Sla=|S] e2qe| 5 | 57 | 6|52 |8
° = @ - I
2 - I : 3 WATER AT 2.5FT.AFTER 3 hours
c o > = a
g 2lts| S (&
LL{PLYPI DESCRIPTION OF STRATUM
Loose gray SILTY SAND (SM)
f- 1.1
N=10 |14 trm @ 2%
N=13[15 18|14 | 4} Firm gray CLAYEY SAND (8C)
w/ferrous nodules
N=12
N=13
Dense gray fine SAND (SP)
w/gravel
X N=33 2008 9
— 1577
S X N=34
i 207
X N=34
- 25
Bottom hole @ 25'
PENETRATION RESISTANCE
*  SLICKENSIDED FAILURE (N)-  STANDARD PENETRATION RESISTANCE (SPT)
, {) CONFINING PRESSURE, PSI TSF. POCKET PENETROMETER OR TORVANE
G.5. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE
i STRENGTH, TONS PER 5Q. FOOT
McBride -Ratcliff and Associates, Inc.




LOG OF BORING

PROJECT: Waste Water Plant No.2 .
The Woodlands, Texas BORING NO. CB-11
FILENO. __82-322
CLIENT: The Woodlands Development Corp. DATE 12=-17-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 TO 15 FEET
ATTERBERG WASH BORED TO FEET
o o c LIMITS -
8 “w 3 B - FREE WATER ENCOUNTERED YES NO
n hod L a
= et Il I O I -
alu 8|2t S5 15 | 51 258 RN AT FY. DEPTH.
Jio vl 2- £ @ in sl El 8|5
= 5z 2 g g o2 |
2 T j2 | a| & S 2 WATER AT *%  FT.AFTER
e e |z § |3 &
o = a 8] w
Li | PL P DESCRIPTION OF STRATUM
11 Firm tan SILTY SAND (SM)
N=12
. : ; i1
N=16| 200434 .77 tan & light gray, very silty @ &%
N=80 Very dense tan & light gray CLAYEY SAND(SCH
N=36{ 15
w/clay layers below 10'
Very dense fine SAND (SP)
50
6_1/2"
Bottom hole @ 15'
%% Borehole collapsed @ 3.5'
a — —
PENETRATION RESISTANCE
*  SLICKENSIDED FAILURE (N)-  STANDARD PENETRATION RESISTANCE (SPT)
{) CONFINING PRESSURE, PSI TSF - POCKET PENETROMETER OR TORVANE
G.S. GRAIN S1ZE ESTIMATED UNCONFINED COMPRESSIVE

STRENGTH, TONS PER SQ. FOOT
MicBride -Ratcliff and Associates, INnc.




LOG OF BORING

PROJECT: Waste'Wéter Planf No.z

The Woodlands, Texas BORING NO. CB-12
FILENO. 827522
CLIENT: The Woodlands Development Corp. DATE 12-17-82
he Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 7O 20 FEeT
ATTERBEAG WASH BORED TO FEET
. 8 - LIMITS
o ¥ z FREE WATER ENCOUNTERED  YES NO
Qi b2 2w |¢ o g ¥ &
Slezlgl el | = | a, | ¢z E
S S| Ss s | | el et 213 AT FT.DEPTH.
S|EE[B) 82 |3 2| 87 | a2 E |8
3 2o |8 5| WATERAT 8.0 FT.AFTER 2 hours
A ™ =
s 2|88 |& =
LLEPL P DESCRIPTION OF STRATUM
Firm tan & gray SILTY SAND (SM) [
* 1.1
N=23 20035 9% tan & light gray, very silty @ 2%
=7 Firm tan & gray CLAYEY SAND (8C)
N=32 w/sandy clay layers @ 6%'
N=17{ 14 26121 5
Very dense gray SILTY SAND (SM)
N=60
1.1
N=43 dense @ 18
Bottom hole @ 20'
PENETRATION RES)STANCE
*  SLICKENSIDED FAILURE {N}- STANDARD PENETRATION RESISTANCE {SPT)
[} CONFINING PRESSURE, PSI TSF - POCKET PENETROMETER OR TORVANE
G.5. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE

STRENGTH, TONS PER 50, FOOT
McBride-Ratcliff and Associates, Inc.




LOG OF BORING

PROJECT: Waste Water Plant No.2
The Woodlands, Texas BORING NO. CB-13
FILENO, 822522
CLIENT: The Woodlands Development Corp. DATE 12-17-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 TO 15 FEET |
ATTERBERG WASH BORED TO FEET
i 3 o = LIMITS
i Q a a ‘é* FREE WATER ENCOUNTERED YES NO
! fa ] | LT c u @ ES ;‘5
ElE<|E) o e | 8| & : z
als3|3 5508 5] el st3] %3] AT FT. DEPTH.
aloTlel 8 |ex| 2| B |G| E |8
? ol A - - §| wATERAT  #* FT. AFTER
c A > = o
g g ]s|8 | &
’ LL]PL P DESCRIPTION OF STRATUM
o[ 13 Firm tan SILTY SAND (SM)
: X
i : X N=14 Firm tan & light gray CLAYEY SAND (SC)
’ %
A
, }.\- 5 M 4.5+[13[118[1.114 5 Stiff tan & gray SANDY CLAY (CL)
% N w/sand pockets & layers, ferrous nodules
K 3 1.50414(119[1,04} 6
N )
N\ ) m=37)12 Dense tan & gray CLAYEY SAND (SC)
~ 101 )
N Stiff tam & gray VERY SANDY CLAY (CL)
.-.‘
.'t N=82 —200<15.0% Very dense gray SILTY SAND (SM)
'+ 15
Bottom hole @ 15"
= %% Borehole collapsed @ 12.5'
|
|
, PENETRATION RESISTANCE
*  SLICKENSIDED FAILURE {N)-  STANDARD PENETRATION RESISTANCE (SPT}
{) CONFINING PRESSURE, PSI TSF- POCKET PENETROMETER OR TORVANE
G.5. GRAIN SIZE ESTIMATED UNCONFINED COMPRESSIVE

STRENGTH, TONS PER 5Q. FOOT
McBride-Ratcliff and Associates, Inc.




LOG OF BORING

PROJECT: Waste Water Plant No.2
The Woodlands, Texas BORING NO. CB-14
FILENO, __82-522
CLIENT: The Woodlands Development Corp. DATE 12-17-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 TO 15 FEET
ATTERBERG WASH BORED TO FEET
. v - LIMITS
o) Q1 ) FREE WATER ENCOUNTERED YES NO
Dt |2 i+ 015 | 6| ¢ ® p
= lew -2 Eﬂ ) o & . 2
|5 E|Z] 5508 | 2| o 131515 AT FT. DEPTH.
e R B P - A AR - I
3 g a]e |8 5|  WATERAT 7.5 FT.AFTER I hour
S o = a
s 12l a8 |&
LL|PL|PH DESCRIPTION OF STRATUM
Firm tan SILTY SAND (SM)
N=13 Firm gray CLAYEY SAKND (8C)
N=19
N=21|12 Firm tan SILTY SAND (SM) I
N=16
light gra 13%"
N=28 ght gray € 133
Bottom hole @ 15'
]
PENETRATION RESISTANGE
*  SLICKENSIDED FAILURE {N) - STANDARD PENETRATION RESISTANCE (SPT)
{} CONFINING PRESSURE, PSI TSF - POCKET PENETROMETER OR TORVANE
G.S. GRAIN StZE ESTIMATED UNCONFINED COMPRESSIVE

STREMNGTH, TONS PER SQ. FOOT
McBride-Ratchiff and Associates, Inc.




LOG OF BORING

PROJECT: Waste Water Plant No.2
The Woodlands, Texas BORING NO. CB-15
FILENO. ___82-522
CLIENT: The Woodlands Development Corp. DATE 12-21-82
The Woodlands, Texas
FIELD DATA LABORATORY DATA DRY AUGERED 0 T0 15 FEET
ATTERBERG WASH BORED TO FEET
N a c LIMITS -
o v B @ FREE WATER ENCOUNTERED YES NO
o 4] Zu |t by o & pd
SlEz|a] de 2 | 8|5 | cla]els
sl S| S5 08 | 2 el e 2|Elz] AT FT. DEPTH,
8 =0 R =P Rl 2 O A B B [
8 552 2 E ‘g 5 WATER AT kX FT. AFTER
5 > =
g2 5]8 |& -
’ LLiPLP DESCRIPTION OF STRATUM i
% Firm gray CLAYEY SAND (SC)
e w/ferrous nodules @ 2'
.3 M =11)12
.\;\.;L tan & light gray w/clay layers & sand
% 5 3.50{15)117(1.33} 3 pockets @ 4'
X X N=21 13
- 10_
L)
\ =9 w/clay pockets @ 13%'
~ - 15
Bottom hole @ 15'
%% Boring drilled in standing water
— —
PENETRATION RESISTANCE
*  SLICKENSIDED FAILURE {N)- STANDARD PENETRATION RESISTANCE (SPT)
()] CONFINING PRESSURE, PSI TSF - POCKET PENETROMETER OR TORVANE

G.S. GRAIN SHZE

ESTIMATED UNCONFINED COMPRESSIVE
STRENGTH, TONS PER 8Q. FOOT

McBride -Ratcliff and Associates, INc.
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SYMBOLS AND TERMS USED ON BORING LOGS

Unified Soii Classification

System Svmiols Sampler Symbols
OwW Well-graded Gravel
GP Poorly-graded Gravel
GM Silty Gravel
GC Clayey Gravel
SW Well-graded Sand Fi
SP Pooriy-graded Sand
SM Silty Sand
sC Clayey Sand
BZ :]j ML Sandy Silt
. La
m ML Clayey Siit
ik : oL Organic Silt
| MH Inorganic Silt
Z. CH Clay
CL Sandy Clay
H’/ cL Silty Clay
m OH Organic Clay
E PT Peat
e _' FILL Fill

Tgst D
2.50 Pocket penetrometer reading in tons per
square foot
8/6 Blow count per 6-in. intervai of the Standard
Penetration Test
& Observed free-water icvel during driiling
= Observed static-water level
Test Da
W, (%) Moisture content in percent
Dens (psf) Dry unit weight in pounds per square foot
Q, (sf) g;mnﬁncd compressive strength in tons per square
Ut (tsf) Compressive strength under confining pressure in
tons per square foot
Str (%) Strain at failure in percent
LL Liquid limit in percent
PI Plasticity index
#200 (%) Percent passing the no. 200 mesh sieve
(1} Confining pressure in pounds per square inch
. Slickensided failure
o Did not fail

Meaning
Depth ol thin-walled tube sample

Depth of Standard Penctration Test (SPT)

Depth of auger sample

(SN =y

Dcpth of sampling attempt with no recovery

RELATIVE DENSITY OF
COHESIONLESS & SEMI-COHESIVE SOILS

CONSISTENCY OF COHESIVE SOILS

The following descriptive terms far refative density apply to cohesionless
soils such as gravels, silty fine sands, and fine sands as well as semi-
cohesive soils such as sandy silts, clayey silts, and clayey sands.

Typical

SPT "N"

Relative Vﬂhlf_

Deasity Range
Very Loose 0-4
Loose 5-10
Medium Dense 11-30
Desnse 3t-50

Very Dense Over 50

"N" is the number of blows from a 140-lb weight having a free fall
of 30 in. required to penetrate the final 12 in. of an 18-in. sample
interval. The density designations correspond to a SPT "N” value
range based on an effective overburden pressure of 1 tsf. Density
deseriptors may be modified because of variations in the effective
overburden pressure.

The following descriptive terms for consistency appiy to cohesive soils such
as clays, sandy clays, and silty clays.

Typical

Unconfined Typical
Compressive SPT "N*
Strength Value
{1s) Consistency Range

q, <025 Very Soft =2

025 < q, < 030 Soft 34

0.50 < q, < 1.00 Firm 58

100 < q, < 200 Stiff 9-15
200 < g, < 400 Very Stift 16-30

q, 2 4.00 Very Stiff-Hard 231

An “N" value of 31 or greater corresponds Lo a hard consistency. The
correlation of consistency with a typical SPT "N° value range is
approximate.

McBride-Ratcliff and Assaciates, Inc. ——/




Attachment B

PIEZOMETER LOG

MecBride-Ratcliff and Associates, Inc.
MRA Project No, 84-0312



PIEZOMETER INSTALLATION REPORT

%;PROJECT:WOOdlandS Wastewater Treatment Plant No. 2

f CLIENTTurner Collie & Braden, INC.

LocATiON: Boring CB-17

wELL NO:P-1

PROJECT NO: 94-0312

PIEZOMETER COMPLETION

| oare: L1-4-94
i oy aveurep _ O 7o 15 ey
; WASH BORED 19 TO 60 gy

| DRILLING FLuiD: _Water

DEPTH
(FT)

ELEV.
{FT)

PIEZOMETER DEVELOPMENT

L oare: 11~7-94

f METHOD: _ Bailer

WATER LEVEL READINGS

. FREE WATER AT ___ _ FT

%
DEPTH ELEVATION

11-7-94 14.6
11-10-94 14.5
11-12-94 14.4

| DATE

w
o]

VENTED CAP

TERR = (T =S T == =0

.

TYPE BACKFILL

RISER
TypE:PVC Sch 40
1o, 1.25"

TYPE OF COUPLING

SROMNNSENNNRNRRRNNRN

10

50

Slip

7

TYPE OF SEAL

Bentonite

.

34— TYPE OF FILTER

60

61

] Golorado Silica Sand §
1 20/40 '

SCREEN

TYPE: PVC SCh-40
tp, _1.25"

sLoT size: 0.010" :

| REMARKS:

*Measured From Ground Surface

T s MCBnde_Ratcliﬂ: and ASSOC]ates, inc




