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INTRODUCTION

The results of a Geotechnical Engineering Study for the proposed SAWS Cibolo Elevated
Storage Tank Project in San Antonio, Texas are presented in this report. This project was
authorized on October 7, 2011, by Mr. Jim Pedraza, P.E. of SAWS by means of the 2008
Geotechnical Engineering Design Services Contract (Production, Recycle and Treatment
Engineering) between SAWS and Arias & Associates, Inc. (Arias). Our scope of work was
performed in general accordance with the services outlined in Arias Proposal No. 2011-585,
dated Sepember 27, 2011 and revised Octover 5, 2011.

SCOPE OF SERVICES
The purpose of this geotechnical engineering study was to conduct a s@&m exploration

and perform laboratory testing to establish geotechnical engipeg operties of the
subsurface soil and groundwater conditions present at the site. r ation was used to

develop geotechnical engineering criteria for use by design eMifCers in preparing the
foundation designs for the proposed elevated storage tanf. galhe criteria provided in this
report can also be used to assist in the design proposed site pavements.

Environmental studies or analyses of slopes and/o ihg structures were beyond our
authorized scope of services for this project.

PROJECT DESCRIPTIQ
The planned project will consist of the@ of a new 2.5 million gallon (MG) elevated

ITE DESCRIPTION

water tank northeast of TPC P Bulverde Green in San Antonio Texas. We
understand that the new elev water tank will be a composite structure with an
approximate 120-foot diameteg steeWwater tank atop a 60-foot diameter reinforced concrete
pedestal. The planned devnt will also include the construction of a new access road

@ The 24-inch water main will extend from the new tank

and 2,050 linear footy wgller\gad
structure to the exiﬁ' ter system along TPC Parkway. It is anticipated that the new

water main wil ed with about 5 to 7 feet of cover. The access road will be

constructedeco ntly with the adjacent residential development. Preliminary pavement
section ed in the report based on the assumption that fill will be placed beneath
the plan dway. A Vicinity Map depicting the approximate site locations is included as

Figure 1 in Appendix A of this report.

Based on our correspondence with the project design team, we understand that the
proposed tank structure will be supported on either: (1) a shallow concrete ringwall
foundation with non-structural slab-on-grade (constructed at the ground surface above the
ringwall foundation), or (2) a deep drilled pier foundation system. It should be noted that final
grading plans were not available for our review in preparation of our recommendations.
Once final grading plans become available, we should be notified in writing to determine if
changes to our recommendations are needed.
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Geographically, the project area is situated in the Long Creek watershed in an area typified
by low well-rounded ridges. Locally, the existing ground surface within the project area has a
gentle eastward descending slope. At the time of our field exploration conducted on October
13, 2011 and October 14, 2011, the project site was observed in an undeveloped condition
and may have been used in the past for agricultural purposes. The existing vegetation
consisted of a dense cover of juniper and oak trees, wild grass and weeds. Onsite utilities
are present. Site photographs are included in Appendix A of this report.

SOIL BORINGS AND LABORATORY TESTING

Six (6) soil borings were drilled at the approximate locations shown on the BYring Location
Plan included as Figure 2 in Appendix A. A description of the bo ations and
corresponding structures, boring depths and coordinates are summa@ Table 1. The
boring depths are referenced below the existing ground surface % end October 13, 2011
and October 14, 2011. Drilling was performed in general acc&gange with ASTM D1586
procedures for Split Spoon sampling techniques as descpgied in Appendix C. A truck-
mounted drill rig using continuous flight augers together sampling tools noted were
used to secure the subsurface soil samples. After co igh of drilling, the boreholes were
grouted with non-shrink grout. %

Table 1: Approximate Boring .‘ WS, Depths and Coordinates

Northing Easting

13793478.0683 2154460.4632

13793436.5759 2154438.1391

13793438.6024 2154485.7576

13792686.1690 2154664.5680

13791796.2056 2155053.3379

Note 3

1. Depth is measured from existing ground surface at the time of the geotechnical study (October
2011).

2. Topographic survey data provided by SAWS (Pape-Dawson Engineers, Inc., Design Staking
Sheet, dated November 4, 2011).

3. Topographic survey data was not provided for Boring B-6.

Samples of encountered materials were obtained using a split-barrel sampler while
performing the Standard Penetration Test (ASTM D 1586), or by taking material from the
auger as it was advanced (ASTM D 1452). The sample depth interval and type of sampler
used is included on the soil boring log. Arias’ field representative visually logged each
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recovered sample and placed a portion of the recovered sampled into a plastic bag with
zipper seal. The samples were then placed into wax-coated cardboard sample boxes
designed for transporting soil specimens to the laboratory.

Soil classifications and borehole logging were conducted during the exploration by one of our
Professional Geologists working under the supervision of the project Geotechnical Engineer.
Final soil classifications, as seen on the attached boring logs, were determined in the
laboratory based on laboratory and field test results and applicable ASTM procedures.

As a supplement to the field exploration, laboratory testing to determine soil yater content,
Atterberg Limits, and percent passing the US Standard No. 200 sieve ucted. The
laboratory results are reported in the boring logs included in Appendix ey Yo the terms
and symbols used on the logs is also included in Appendix B. Thgs&QRabdatory testing for
this project was done in accordance applicable ASTM procedure"ve specifications and
definitions for these tests listed in Appendix C.

Remaining soil samples recovered from this eproration@%outinely discarded following

submittal of this report.
SUBSURFACE %NS

Geology, generalized stratigraphy, and ater conditions at the project site are
discussed in the following sections. TRe€\gubSyrface conditions presented are based on
conditions encountered at the bori s to the depths explored.

Geology
The earth materials underlyi e project site have been regionally mapped as the Edwards
Limestone Group of the | aceous Period of the Geological Time Scale. Locally, the
materials encountergd '@)ormgs consist of approximately 1 to 3 feet of natural surface
\edrock; however, at Boring B-3 the limestone was encountered at
S y 7 feet and at the ground surface at Boring B-5. The surface soils
consisted own clay (CH) or clayey gravel (GC) in a stiff to very hard and medium
dense ane condition. The limestone was found to contain some red clay filled
fractures.

Generalized Site Stratigraphy and Engineering Properties

The general stratigraphic conditions at the boring locations are provided in Table 2 below.
The presence and thickness of the various subsurface materials can be expected to vary
away from and between the exploration locations. The descriptions conform to the Unified
Soils Classification System.

Arias & Associates, Inc. 7 Arias Job No. 2011-585



Table 2: Generalized Soil Conditions

Depth, ft Material Type

FAT CLAY (CH) and Clayey GRAVEL

(GC) with limestone fragments, dark 10-5011"

brown, stiff to very hard and medium
dense to very dense

Clayey GRAVEL (GC) with sand
limestone fragments, tan and reddish
brown, very dense

LIMESTONE, cemented, light tan, very
hard

PI _Plasticity Index, % [ /

No. 200 -Percent passing #200 sieve, %
N -Standard Penetration Test (SPT) value, blow ot

Depth to Limestone

Based on the results of our field e Q: formational Limestone bedrock was
encountered at relatively shallow depths.& [Pmestone bedrock stratum was observed at
the existing ground surface to a Qout 7 feet below the existing ground surface at
the time of the field exploration ( per 2011). A detailed evaluation of the excavatibility of
the Limestone bedrock was b bur authorized scope of services. However, based on
our experience in this ar Anticipate that drilling/excavating in these areas will likely
encounter condition® heavy-duty rock excavating equipment.  Heavy-duty
excavation equipmegii ined as equipment capable of cutting/excavating very hard clay,
clay marl, marls& ystone and limestone. The contractor should be prepared for such

’ 10)

conditions. ¢

With re the formational material, it is important to note that solution cavities or voids,
and clay s€@dms may exist in the limestone formational material in this area. While voids
were not observed within the borings, their potential presence is an important consideration
with regard to the foundation type chosen for the proposed project.

Groundwater

A dry soil sampling method was used to obtain the soil samples. Groundwater was not
observed within the borings during or after sampling activities between October 13, 2011 and
October 14, 2011. It should be noted that water levels in open boreholes may require
several hours to several days to stabilize depending on the permeability of the soils.
Groundwater levels at this site may be subject to seasonal conditions, recent rainfall, drought
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or temperature affects. Groundwater conditions may vary during construction from the
conditions encountered in our soil borings.

Groundwater levels will often change significantly over time due to seasonal conditions,
rainfall, drought, or temperature effects and should be verified immediately prior to
construction. Pockets or seams of calcareous deposits, gravel, sand, silt or open fractures
and joints can store and transmit “perched” groundwater flow or seepage. “Perched”
groundwater flow or seepage may also occur at strata interfaces, particularly at clay/gravel or
soil/rock interfaces.

The means and methods for dewatering the site are solely the r ibility of the
contractor. We should note that subsurface soil and groundwater con&ca vary away

from the boring locations.
IBC Site Classification and Seismic Design Coefficients O

Section 1613 of the International Building Code (2009) rg8uires that every structure be
designed and constructed to resist the effects of earthqu ns, with the seismic design
category to be determined in accordance with Secti or ASCE 7. Site classification
according to the International Building Code (2009 %sed on the soil profile encountered
to 100-foot depth. The stratigraphy at the site In was explored to a maximum 27-foot
depth.

Subsurface materials having similar co%&y were extrapolated to be present between 27
and 100-foot depths. On the b f site class definitions included in Table 1613.5.2
and 1613.5.5 of the 2009 Cod§ and the encountered generalized stratigraphy, we
characterize the sites as SitegMgss C.

Seismic design coefficiegts determined using the on-line software, Seismic Hazard
Curves and Unifor se Spectra, version 5.1.0, dated February 10, 2011 accessed at
(http://earthquak&u8gsov/hazards/designmaps/javacalc.php). Analyses were performed
considering ¢ @\ ® International Building Code. Input included zip code 78261 and Site
Class C, '

¢ design parameters for the site are summarized in the following table.

Table 3: Seismic Design Parameters

Site Classification

C
Where:
Fa = Site coefficient
Fv = Site coefficient
Ss = Mapped spectral response acceleration for short periods
S1 = Mapped spectral response acceleration for a 1-second period
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ENGINEERING EVALUATION FOR SITE IMPROVEMENTS

The foundation systems being considered for the proposed tank structure should be
designed with an appropriate factor of safety to reduce the possibility of soil failure when
subjected to axial and lateral load conditions. The data obtained from the soil borings
suggests that the subsurface materials are generally competent to support the proposed
construction. The potential for foundation and pavement movements from soil
heaving/shrinking will need to be considered in the foundation and pavement designs.
Furthermore, site subgrade modifications and preventative design measures should be
implemented to aid in reducing the impacts of potential expansive soil-related movement to
within the allowable and operational limits of the proposed improvements\

Expansive Soil Considerations Q

Structural damage can be caused by volume changes in clay s can shrink when
they lose water and swell (grow in volume) when they gain water? otential of expansive
clays to shrink and swell is typically related to the Plasticity Igeex (Pl). Clays with a higher Pl
generally have a greater potential for soil volume change moisture content variations.
The soils found at this site are capable of swelling nking in volume dependent on
potentially changing soil water content conditions or after construction. The term
swelling soils implies not only the tendency to ise in volume when water is available,
but also to decrease in volume or shrink if w. emoved.

Several methods exist to evaluate swell p ial'vf expansive clay soils. We have estimated
potential heave for this site utilj t DOT method (Tex 124-E). Using the TXDOT
method, we estimate that the P is about 1-inch considering the existing soil moisture
conditions at the time of the ling activities. This is a soil heave magnitude considering a
change from a dry to w oisture condition within the active zone due to climate
variations. Howeve o@e nts in the field depend on the initial moisture contents and
the actual changes Nl e. Thus, the PVR could be more than the TXDOT estimated
value due to e roughts, flooding, “perched” groundwater infiltration, poor surface
ce of trees or other large vegetation, and/or leaking irrigation lines or

Both shallow and deep foundation types are utilized in this area. Deep drilled piers are
suited to structures with moderate to heavy loading conditions, or for more movement—
sensitive structures. The piers, when properly designed, can reduce foundation movement
of the superstructure. Grade beams or pier/pile caps, isolated from the soil, typically span
between the piers to allow for shrink/swell movements of the subgrade soils to occur without
applying load to the pier/pile cap and structure. The deep foundation option is used when
excellent operational and aesthetic performance is expected from the structure in terms of
reducing the chances for differential movement in the foundation and structure. Each
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approach has its advantages and disadvantages in terms of cost and overall performance.
Structures founded on expansive soils can be expected to experience some distress.

Recommended Foundation Types

Based on our discussions with SAWS, we understand that both shallow and deep foundation
systems are currently being considered for the proposed Cibolo Composite Elevated Tank.
Based on both the proposed structure and on the soil conditions encountered at this site, the
proposed ringwall foundation will need to be designed to provide adequate resistance
against potential expansive soil heave or potential vertical rise (PVR), potential settlement,
and overturning moments. The proposed elevated water tank can be supporfed on either a
ringwall foundation or a pile cap and drilled pier foundation provided th tructure and
foundation can be designed for the estimated soil movements presen report, and
provided that the recommendations included herein are followed. O

Option | for Tank Structure — Ringwall Foundation

The proposed tank can be supported on a ringwall fou%n provided it is designed
specifically for the soil conditions encountered at this sit ngwall foundation should be
founded at least 5 feet below existing grade within co Ilmestone bedrock (i.e., neglect
seams of clay or shattered limestone). We shou at the bearing depth may need to
be deeper to resist uplift and overturnlng mo uced by wind loading. The allowable
bearing pressure for the tank is 10, OOO on total load conditions, and includes a
factor of safety of 3.0 against bearlng is bearing value assumes that the ringwall
footing bears uniformly on compe | ne bedrock.

Lateral loads may be resisted bWthe friction between the foundation bottom and the
supporting subgrade. An affoWgble friction coefficient of 0.5 between the foundation and
supporting subgrade ma e

Overturning m upllft loading can be resisted by the weight of the foundation,
weight of thg nd any soil overlying the ringwall. A soil unit weight of 125 pounds
per cubi ay be assumed for on-site soils or select fill that are placed above the
ringwal pacted as recommended in this report. We recommend that backfill within

the annul pace of the ringwall be conducted using select fill as recommended in the
following “Non-structural Slab-on-Grade” section. Backfill above the footing on the outside of
the footing’s stem wall should consist of the excavation Strata | or Il soils. The onsite soil
backfill should be placed in 8-inch maximum loose lifts that are moisture conditioned to
between -1 and +3 percentage points of optimum moisture content and compacted to at least
95 percent of ASTM D698.

Total settlement of the tank foundation is anticipated to be about 1-inch. Differential

settlement from one side of the tank to the other is anticipated to be about 2 to %-inch.
Based on the recommended minimum ringwall bearing depth, the potential expansive soil-
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related movements or PVR associated with seasonal moisture change should be negligible
when the tank is at capacity. However, the PVR could be about 1 inch for an empty tank
condition. If the PVR values are considered excessive, we can provide recommendations for
over-excavating a portion of the expansive clay soils from beneath the ringwall and replacing
these soils with select fill material.

The ringwall footing excavation should have a firm bottom and be free from excessive slough
prior to concrete or reinforcing steel placement. Based on the results of the field exploration
and the recommended minimum ringwall bearing depth, it appears the ringwall footing will
bear on limestone bedrock. Under no circumstances should water be allowey{ to adversely
affect the quality of the bearing surface. If bearing soils are exposed Wy or wetting
cycles that result in either desiccated or softened soils, the unsuit? il #hust be re-
conditioned or removed as appropriate and replaced with cgfpaz select fill before
concrete is placed. The foundation bearing soils should be ob by the geotechnical
engineer or his representative prior concreting.

Where utility trenches are to be located adjacent to the r@ll foundation, the bottom of the

footing should be located below an imaginary 1:1 (hdg@®§tal:vertical) plane projected upward
from the nearest bottom edge of the utility tr he footing excavations should be
observed by a representative of Arias prior ent of reinforcing steel or concrete to

evaluate the exposed soil conditions. K

Pilot Holes Specifications for Qundation

As previously noted, there is theN0otential for the existence of solution cavities within the
limestone formation at this sj This creates a concern with regard to the potential that the
ringwall foundation could d immediately above a void without detection of the void.
For the ringwall foQtthgNgo voids under the footing can be compensated for during
construction throug k& ole program where holes are drilled to evaluate the presence of

voids within foo ion to a level beneath the bearing surface.

.
The pil gram should be performed at increments of 20 linear feet minimum along
the footin depth of 10 feet beneath the footing bearing surface. If a void is encountered

during pilot hole drilling, we recommend that the pilot be advanced at least 15 feet into
competent rock beyond the void. Pilot holes should be grouted using a 3,000 psi lean
concrete. The pilot hole program should be monitored by a representative of Arias. Proper
placement of pier reinforcing steel, and concrete observations and tests should also be
conducted
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Non-Structural Slab-on-Grade

Non-structural slab-on-grade for the project should be a minimum thickness of 5 inches.
Slab thickness and reinforcing should be determined by the project structural engineer. A
Subgrade Modulus of 125 psi/in may be used for the design. Special care should be taken to
insure that reinforcement is placed at the slab mid-height. The floor slab should be
separated from the footings, structural walls, and utilities, and provisions made to allow for
settlement or swelling movements at these interfaces. If this is not possible from a structural
design standpoint, it is recommended that the slab connection to footings be reinforced such
there will be resistance to potential differential movement.

Backfill within the annular space of the ringwall foundation below the n \%val slab-on-
grade should consist of select fill meeting the following criteria: of organic and

deleterious material, (2) have a plasticity index (PIl) between 7 #, and (3) not contain
particles exceeding 3 inches in maximum dimension. The s;lect M should be placed in 8-

inch maximum loose lifts that are moisture conditioned to een -2 and +3 percentage
points of optimum moisture content and compacted to at percent of ASTM D698.

Consideration can be given to using a TXDOT, 47, Type A, Grade 1or 2 crushed
limestone flexible base material immediately, the proposed slab-on-grade to help
create a more “all-weather” working surfac

Measures to Reduce Soil Moist Qe

The following design measures ecommended to help reduce potential soil shrink/swell
foundation movements.

o The ground surfacgfa %to the ringwall foundation perimeter should be graded and
maintained at m of 5 percent downward slope away from the foundation for a
horizontal §is of at least 10 feet to cause positive surface flow or drainage away
from the %re perimeter.

. Hgé - sprinkler heads, overflow weirs, and other external water connections
s‘Q- preferably eliminated if possible, or alternatively, placed well away from the
foundation perimeter such that surface leakage cannot readily infiltrate into the
subsurface or compacted fills placed under the proposed foundations and slabs.

o Trees should not be planted closer to structures than a distance approximately equal to
their estimated mature height. Shrubs or other plants, which require large quantities of
water, should not be planted close to structures.

) Utility bedding should not include gravel within 4 feet of the perimeter of the foundation.
Compacted clay or flowable fill trench backfill should be used in lieu of permeable
bedding materials between 2 feet inside the building to a distance of 4 feet beyond the
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exterior of the building edge to reduce the potential for water to infiltrate within utility
bedding and backfill material.

) If possible, use paved areas around the structure. These areas help to reduce
variations in soil water content.

) Flower bed curbing and planter boxes should be drained or water tight to prevent
trapped water near the building perimeter.

) Site work excavations should be protected and backfilled without delay in order to
minimize changes in the natural moisture regime.

Option Il for Tank Structure — Drilled Pier Foundation x

Based upon the subsurface conditions observed at Borings B-1 to B-@ sults of the
laboratory testing performed on the soil samples, straight-shaf %w ier foundations be
used to support the proposed tank structure. Applicable geott al foundation design
parameters are discussed below for this foundation s m. Recommendations for
evaluation of axial capacity and lateral capacity are pres %ow. Pier capacities for axial
loading were evaluated based on design methodo ncluded in FHWA-IF-99-025 -
Drilled Shafts: Construction Procedures and Desi hods. Both end bearing and side
friction resistance may be used in evaluating él owable bearing capacity of the pier

shafts. g
The piers can be sized using a net aII@Oe ing pressure of 60 ksf based on total load

conditions. The recommended sures includes a factor of safety of 3.0. The pier
diameter should be 18 inches or Wfger. Each pier should be embedded a minimum of 20
feet into sound formational r@ﬁl‘s i.e., competent limestone, not shattered limestone). In

addition to end bearing, le skin friction value of 4 ksf can be used for that portion
of the pier in contact WjtNso estone (FS=2.0). Actual pier lengths will vary depending

on the design pier | the location of sound bedrock at the actual pier location.
Zones of high athered rock, voids, and shattered limestone layers should not be
considegfiYa of the pier embedment length. For example, once the limestone

Qﬁ countered and a two-foot thick shattered zone is then encountered within the
limestone fOfmation during drilling, the pier should be extended an additional 2 feet into the
underlying sound limestone bedrock formation.

To assess the general condition of the limestone, we recommend that prior to pier installation
that a pilot hole program be performed at all of the pier locations to a 10 foot depth beyond
the bearing depth. The pilot hole specifications for this site are discussed in the subsequent
section below.
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Uplift Force due to Expansive Soils and Resistance
The potential soil uplift force, in kips, along the shaft of the pier can be estimated as being
negligible when the piers are completely founded in the limestone bedrock.

Estimated Settlement

Post construction settlements of properly constructed drilled piers should be approximately V2
inch or less, assuming proper construction practice. The settlement response of the piers
will be more dependent upon the quality of construction than upon the response of the
limestone bedrock formation to foundation loads.

Installation Monitoring

Arias should continuously monitor pier installation activity and verify tha igy is installed
at the proper depth and that the bottom of the piers are free an@ f fToose and/or soft
material.

Lateral Pile Analyses %

Lateral pile analyses including capacity, maximum shear@ ximum bending moment will
be evaluated by the project structural engineer usj E or similar software. In the
following table, Arias presents geotechnical input rs for the encountered soils.

Table 4: Drilled Pier Geotechnical Inp @ ameters for LPILE Analyses for Tank
(Boring R B-3 only)

K (cyclic

Depth (ft) Material loading)

FILL: F (CH),

Oto5 Slayey Lor Neglect Contribution
STONE

yey GRAVEL 225
5 to¥7,

LIMESTONE 800

71027 LIMESTONE 800

Where:
ve = effective soil unit weight, pcf
¢, = undrained soil shear strength, psf
¢ = undrained angle of internal friction, degrees
K = modulus of subgrade reaction, pci
eso = 50% strain value
Design depth to groundwater is below 27 feet based on boring data
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Pilot Holes Specifications for Drilled Pier Foundations

As previously noted, there is the potential for the existence of solution cavities within the
limestone formation at this site. This creates a concern with regard to the potential that a
drilled pier type foundation could be installed immediately above a void without detection of
the void. For the drilled piers designed using an end bearing component, potential voids
under piers can be compensated for during construction through a pilot hole program where
holes are drilled to evaluate the presence of voids at each pier location to a level beneath the
bearing surface. Alternatively, pilot holes can be eliminated if the drilled piers are designed
as frictional units using skin friction only without end bearing. If desired, we can provide
recommendations for piers designed for skin friction only.

The pilothole program should incorporate small diameter holes that a %ed at each
pier location to a depth of 10 feet beneath the bearing surface 98oid is encountered
during pilot hole drilling, we recommend that the pilot be adv.at least 15 feet into
competent rock beyond the void. Pilot holes should be%te Using a 3,000 psi lean

concrete. The pilot hole program should be monitored by esentative of Arias. Proper
placement of pier reinforcing steel, and concrete obs@ s and tests should also be

conducted 6

PAVEMENT RE DATIONS

The proposed site development will in théconstruction of a new access drive. The
access road will be constructe rghtly with the adjacent residential development.
Pavement sections are provide the report based on the assumption that compacted
onsite fill (i.e., CLAY (CL-CHX will'®e placed beneath the planned roadway. No specific
design traffic information wa @. ived for this project. Therefore, the design parameters and
assumptions included §€ 5 were used in our analysis. The pavement
recommendations pared in accordance with the 1993 AASHTO Guide for the
Design of Pave@ ctures for asphalt and the ACI Design Guide 330R for Design and

Constructiom of rete Parking Lots for concrete.

Q)\
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Table 5: Pavement Design Assumptions

Traffic Load for Light Duty Pavement 15,000 equivalent single axle loads (ESALs)

Traffic Load for Medium Duty Pavement 50,000 equivalent single axle loads (ESALSs)

Average Daily Truck Traffic vehicle with at
least 6 Wheels

Concrete Compressive Strength 4,000 psi

One (1)

Raw Subgrade California Bearing Ratio 2 for moderate to high plasticity compacted clay
(CBR) (CL-CH) FILL

Raw Subgrade Modulus of Subgrade 75 for moderate to high plaicl mpacted
Reaction, k in pci clay (CL &

Accumulation of water beneath the asphaltic surface course can rogressive and rapid
deterioration of the pavement section. Similarly, pavement gerfaces should be well drained
to eliminate ponding with a two-percent minimum slope, z@le.

S

Options for section thickness for flexible and rigid p are provided in Table 6. Note
that the truck lane traffic sections correspond to heavy-duty truck per day. If more
heavy-duty truck traffic is anticipated, we be contacted to provide additional
recommendations. A truck traffic secti commended for use at loading docks,
entrances, driveways, dumpsters pads a %an eled traffic areas. Areas subjected to truck
traffic stopping, starting, loading gy or turning should not utilize asphalt pavement.
For these areas, we recommend concrete pavements.
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Table 6: Recommended Pavement Sections

Flexible Asphaltic Concrete Rigid Concrete
Layer Material
Light Duty Medium Duty Light Duty Medium Duty
Surface HMAC/PCC ” ” 2% 2%
Base Flexible Base
Lime
Treatment
Subgrade
Moisture
Conditioned
Notes: %
1. Recommended pavement sections are based on the a i1on that the subgrade will consist
of moderate to high plasticity clay (CL-CH) fill. T chnlcal Engineer’s representative

grading is complete.

2. Light duty areas include parking and dnve@
only.

3. Medium duty areas include entranc a and drives into the site, single access route drive
lanes to parking areas, and ar vmg will be subjected to truck traffic.

should verify the final subgrade conditions at tE: f construction once the adjacent site

t are subjected to passenger vehicle traffic

4. Heavy duty areas include are ubjected to “truck traffic” including 18-wheel tractor trailers,
trash collection vehicles, umps®r pads including loading and unloading areas, and areas
where truck turning and vering may occur. Seven (7)-inch thick concrete pavement is

reas.

Dowel Total Dowel Maximum Control
Diameter Length Joint Spacing

5/8-inch 12 inches 12.5 feet

5%z-inch %-inch 14 inches 12.5 feet
6-inch %-inch 14 inches 15 feet

7-inch 7/8-inch 14 inches 15 feet

The concrete pavement should include as a minimum the following:

1.  Reinforcing Steel - #4 @ 16-inch each way placed D/3 from top of slab
2. Construction Joint Dowels — Spaced at 12-inch O.C. lubricated both sides @ mid depth
3.  Control Joint Depth — D/3 from top
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4.  Min. 28 day compressive strength — 4,000 psi
5. Maximum Slump of 5-inches
6.  Proper curing practices of concrete in accordance with ACl and PCA recommendations

Traffic can be allowed on the new concrete once required compressive strength is obtained
but not sooner than seven (7) days from the time of placement. Mixture design using high
early strength concrete is allowed. In general concrete, should be designed and placed in
accordance with ACI 330R-92. Hot weather concreting should be performed in accordance
with ACI 305R-91 and Cold Weather Concreting should be performed in accordance with
ACI 306R-88.

Rigid Concrete Pavement Joints
Placement of expansion joints in concrete paving on potentially g ivésubgrade or on
granular subgrade subject to piping often results in horizontal a @ I movement at the
joint. Many times, concrete spalls adjacent to the joint and eventtwd#a failed concrete area
results. This problem is primarily related to water infiltration t@h the joint.

One method to mitigate the problem of water infiltratjg @Jgh the joints is to eliminate all

expansion joints that are not absolutely necessay is our opinion that expansion or

isolation joints are needed only adjacent to w @ he pavement abuts intersecting drive

lanes and other structures. Elimination of : pansion joints within the main body of the

pavement area would significantly reduc ceg of moisture into the subgrade. Regardless
uge§

of the type of expansion joint sealap NeVentually openings in the sealant occur resulting

)

The use of sawed and sealegdgints should be designed in accordance with current Portland

Cement Association (P% rican Concrete Institute (ACI) guidelines. Research has
d

in water infiltration into the subgr:

proven that joint desi can have a significant effect on the overall performance of
concrete pavementb

Recommendati esented herein are based on the use of reinforced concrete pavement.
as shown that the use of distributed steel placed at a distance of 1/3 slab

thickness 46 the top is of benefit in crack control for concrete pavements. Improved crack
control alsofeduces the potential for water infiltration.

Pavement Performance

Successful long-term performance will depend in part on the implementation of good
drainage, proper subgrade preparation, and good construction practices. Accumulation of
water can cause: (1) weakening of the subgrade, (2) induce soil subgrade heave, and (3)
weakening of the bonds within the pavement section materials. These conditions can each
lead to progressive and rapid deterioration of the pavement section. Similarly, pavement
surfaces should be well drained to eliminate ponding with a two-percent minimum slope, as
possible.
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PAVEMENT CONSTRUCTION

Site Preparation for Pavement Construction

Stripping should be performed as needed to remove existing organic materials, loose soils,
vegetation, roots, and stumps. Additional excavation may be required due to encountering
deleterious materials such as concrete, organics, debris, soft materials, loose fill, etc.

Lime Stabilized Subgrade

The upper 6 inches of high plasticity clay subgrade may be stabilized with lime by dry weight
in accordance with City of San Antonio Standard Specifications for Construction, Item 108,
“Lime Treated Subgrade”. The quantity of lime required should be determg er the site is
stripped of the loose soil and the subgrade soils are exposed. n ipate that
approximately 5 to 8 percent lime will be required depenglig p®n the material
encountered. However, the quantity of lime should be suffi 0: (1) result in a pH
of at least 12.4 when tested in accordance with ASTM C9 Appendix Xl; and (2)

reduce the Pl of the clay subgrade to 20 or less. The lime content and optimum
moisture content should be determined in accordance T test procedure TEX-120-
E.

For the purposes of lime stabilization, the dry w@of the high plasticity clay soils may be
taken as 105 pounds per cubic foot (pcf). anount of lime required may vary over the

site. The limed soil should be compacte %\ Gast 95 percent of the maximum dry density
as evaluated by TEX-114-E at mgistege tents ranging from optimum to plus four (+4)

percentage points of optimum m cOntent. As a guideline, at least one in-place density
test should be performed for every QO linear feet of each lift, with a minimum of 3 tests per
lift. Any areas not meeting equired compaction should be recompacted and retested

Fill Requirements

The general fill increase sections of the roadway grade should consist of onsite
materials m&qi exceeding the existing subgrade CBR at each particular location. The
genera Xﬂ be placed in accordance with City of San Antonio Standard Specifications
for Cons n, ltem 108, “Embankment”. The compaction should be performed in
accordance with the “Density Control” method. Onsite material may be used provided it is
placed in maximum 8” loose lifts and compacted to at least 95 percent of the maximum dry
density as evaluated by TEX-114-E to within optimum to plus four (+4) percent of optimum
moisture. This fill should not have any organics or deleterious materials. When fill material
includes rock, the maximum rock size acceptable shall be 4-inches. No large rocks (>4
inches) shall be allowed to nest, and all voids must be carefully filled with small stones and
fine-grained soils, and be properly compacted.

until compliance is mgt. Q
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The CBR of all fill materials used should be equal to or exceed the existing subgrade CBR at
each particular location. The suitability of all fill materials should be approved by the
Geotechnical Engineer. Conformance testing during construction to assure quality will be
necessary for this process. If fill is required to raise paving grades, the above compaction
criteria should be utilized with the fill placed in maximum 8” thick loose lifts. It should be
noted that if fill materials with lower CBR values are placed, then a higher Structural Number
and a thicker pavement section would be necessary.

Flexible Base Course

The base material should comply with City of San Antonio Standard Spgcifications for
Construction, Item 200, “Flexible Base”, Type A, Grade 1 or 2. The co@w should be
performed in accordance with the “Density Control” method. The fle should be
compacted in maximum 8-inch loose lifts to at least 95 percent ximum dry density
as evaluated by TEX-113-E within plus or minus 3 percent of op@'ﬂoisture content. As
a guideline, at least one in-place density test should be performed T0Fevery 100 linear feet of
each lift, with a minimum of 3 tests per lift. Any areas not ng the required compaction
should be recompacted and retested until compliance is g

Asphaltic Base Course 6
The asphalt should comply with City of San A andard Specifications for Construction,

Item 205, “Hot Mix Asphaltic Concrete Pav, , Type B, Base Course. As a guideline, at
least one in-place density test should b orfégd for every 100 linear feet of each lift, with
a minimum of 3 tests per lift. 6

Asphaltic Concrete Surface ourZ

The asphalt should comply ity of San Antonio Standard Specifications for Construction,

Item 205, “Hot Mix Ago ete Pavement”, Type C or D, Surface Course. Our design
thickness may red¥ surface course to be placed in multiple compacted lifts.

Compaction te -'@ be performed during construction in accordance with the project
documents. 4 %aily basis, the asphaltic concrete should be tested for oil content,
gradatio r\ ility to verify compliance with the job mix formula, which should be
submitt%e manufacturer for approval.

Curb and Gutters

It has been our experience that pavements typically perform at a higher level when designed
with adequate drainage including the implementation of curb and gutter systems.
Accordingly, we recommend that properly designed and constructed curb and gutters be
used for this project. Furthermore, to aid in reducing the chances for water to infiltrate into
the pavement base course and pond on top of the pavement subgrade, we highly
recommend that pavement curbs be designed to extend through the pavement base course
penetrating at least 3 inches into the onsite subgrade. If water is allowed to infiltrate beneath
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the site pavements, frequent and premature pavement distress can occur.

Construction Site Drainage

We recommend that areas along the roadways be properly maintained to allow for positive
drainage as construction proceeds and to keep water from ponding adjacent to the site
pavements as the roadways are being installed. This consideration should be included in the
project specifications.

Maintenance Considerations

The pavements will be subject to expansive soil-related movements on thg order of the
estimated site PVR previously noted. These movements could lead t a%ent distress
and some cracking should be expected. It has been our experience th nt cracking
will provide a path for surface runoff to infiltrate through thgs T ents and into the
subgrade. Once, moisture is allowed into the subgrade the poor pavement failures
and potholes will increase. We recommend the owners implemelft a routine maintenance
program with regular site inspections to monitor the perf%wce of the site pavements.
Cracking that may occur on the asphalt surface due t iNk/swell movements should be
sealed immediately using a modified polymer hot-ap halt based sealant.

Additional crack sealing will likely be required g Q design life of the pavements. Crack
sealing is a proven, routine, maintenance @ successfully used by the Bexar County,
City of San Antonio, TxDOT, and other Nrignt agencies to aid in prolonging pavement
life by reducing accelerated wear %oration. Failure to provide routine crack-sealing

will increase the potential for pa t failures and potholes to develop.

%UCTURES BELOW GRADE
.

Trench Shoring
r design of trench shoring can utilize the following soil design
able 8 for short term conditions:

Lateral Earth Pres¢
Lateral earth S
parameters gh(?@
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Table 8: Trench Shoring Parameters for Short Term Conditions

Description

Dark Brown, FAT CLAY (CH)

Dark Brown Clayey GRAVEL
(GC)

Reddish Brown and Tan, Clayey
GRAVEL (GC)

Light Tan, LIMESTONE

where: Y. = effective soil unit weight, pcf ‘
C = undrained soil shear strength, psf %

@ = angle of internal friction, deg.

k, = coefficient of active earth pressur @
Lateral earth pressures on the trench shoring car@ ulated considering a rectangular
pressure diagram having a magnitude of:

&)( )

where y and k, are provided abo nd H is the depth of excavation in feet. Any surcharge
loads including equipment lo soil Stockpiles and hydrostatic pressures should be added to

this value as required.
™
O

Excavations

The contractor g e aware that slope height, slope inclination, or excavation depths
(including ufhj @ h excavations) should in no case exceed those specified in local, state,
or fedegdl et regulations, e.g., OSHA Health and Safety Standards for Excavations, 29
CFR Pa 4@. dated October 31, 1989. Such regulations are strictly enforced and, if not
followed, the Owner, Contractor, and/or earthwork and utility subcontractors could be liable
for substantial penalties. The soils encountered at this site were classified as to type in
accordance with this publication and are shown in the table below.
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Table 9: OSHA Soil Classifications

Stratum Description OSHA Classification
Dark Brown, FAT CLAY (CH) C

Dark Brown Clayey GRAVEL (GC)

C
Reddish Brown and Tan, Clayey GRAVEL (GC) C
Light Tan, LIMESTONE A

**It must be noted that layered slopes cannot be steeper at the top t underlying
slope and that all materials below the water table must be classifie “C” soils.
The OSHA publication should be referenced for layered soil i s, benching, etc.

For excavations less than 20 feet deep, the maximum allowable e for Type “C” soils is

1.5H:1V (34°), for Type “B” soils is 1H:1V (45°) and for T ” soils is ¥%4H:1V (53°). It
should be noted that the table and allowable slope are for temporary slopes.
Permanent slopes at this site should be sloped no st an 4H:1V and flatter slopes may
be required in gravelly/sandy areas. Flatter ay also be desired for mowing

purposes.

Appropriate trench excavation methods &de?end on the various soil and groundwater
conditions encountered. We em ' t undisclosed soil conditions may be present at

locations and depths other than se encountered in our borings. Consequently, flatter
slopes and dewatering technigagles may be required in these areas.

The soils to be penetr e xcavations may vary significantly across the site. Our
preliminary soil clas is based solely on the materials encountered in widely spaced
exploratory test Byyi The contractor should verify that similar conditions exist throughout the

proposed area @ avation. If different subsurface conditions are encountered at the time of

constru & N ecommend that Arias be contacted immediately to evaluate the conditions
encounté @

Trenches less than 5 feet deep are generally not required to be sloped back or braced following
federal OSHA requirements for excavations. Sides of temporarily vertical excavations less than
5 feet deep may stay open for short periods of time, however, the soils that will be encountered
in trench excavations are subject to random caving and sloughing. If side slopes begin to
slough, the sides should be either braced or be sloped back to at least 1V: 1H.
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If any excavation, including a utility trench, is extended to a depth of more than twenty (20) feet,
it will be necessary to have the side slopes designed by a professional engineer
registered/licensed in Texas. As a safety measure, it is recommended that all vehicles and soil
piles be kept a minimum lateral distance from the crest of the slope equal to no less than the
slope height.

Specific surcharge loads such as traffic, heavy cranes, earth stockpiles, pipe stacks, etc., should
be considered by the Trench Safety Engineer. It is also important to consider any vibratory
loads such as heavy truck traffic.

It is required by OSHA that the excavations be carefully monitored by %tent person
making daily construction inspections. These inspections are requ@ vefify that the
excavations are constructed in accordance with the intent of OSHAfreg®a%ns and the Trench
Safety Design. If deeper excavations are necessary or if actual 8il cghditions vary from the
borings, the trench safety design may have to be revised. is especially important for the
inspector to observe the effects of changed weather conditi urcharge loadings, and cuts

into adjacent backfills of existing utilities. The flow of rginto the base and sides of the
excavation and the presence of any surface slope cra ould also be carefully monitored by

the Trench Safety Engineer. O

The bottoms of trench excavations should&Q strong competent soils, and should be dry
and free of loose, soft, or disturbed s% ill Soils are encountered at the base of trench
excavations, their competency s b rified through probing and density testing. Soft,
wet, weak, or deleterious materi should be overexcavated to expose strong competent

soils. %
‘\Q ONSTRUCTION CRITERIA
Site Preparatio. éading

Site strippiftg % be performed as needed to remove existing asphalt, concrete,
abando ed utilities, foundations, vegetation, and deleterious debris. Exposed
excavations or grading operations within tank, building and pavement areas
should be prepared as previously discussed in this report. A loaded dump truck weighing at
least 20 tons should be utilized to proofroll over the given subgrade areas and a
representative of the Geotechnical Engineer should be present to observe proofrolling
operations. Areas of deflection should be removed, recompacted and/or replaced as per the
representative of the Geotechnical Engineer. We recommend that one of our
representatives be scheduled to observe that the site preparation operations are performed
in accordance with our recommendations. If existing structures or deleterious materials are
discovered during excavation, we should be informed immediately to determine the impact of
those structures on our recommendations.
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Fill materials required for general mass grading in pavement and general/common areas
should consist of clean onsite materials or import materials meeting the requirements of
general fill as defined herein. Import general fill should be a relatively uniform material: (1)
free of roots, debris, or other deleterious materials, (2) have a maximum Plasticity Index (PI)
of 25, and (3) not contain stones, clay clods, or particles exceeding 4 inches in maximum
dimension. General fill should be placed in loose lifts with a maximum 8-inch thickness.
Each lift should be compacted should be compacted to at least 95 percent of the maximum
dry density determined by ASTM D 698 (standard effort). The moisture content during
placement and compaction for each lift should be between optimum moisture content and

plus four (+4) percentage points of the optimum moisture content (ASTM D %}
le 6.

Recommendations for select fill to be used in structural areas are prese

Drilled Piers Construction Considerations Q
The contractor should verify groundwater conditions before tion pier installation

begins. Comments pertaining to high-torque drilling equi@t, groundwater, slurry, and
temporary casing are based on generalized Condit® countered at the explored
locations. Conditions at individual pier locations m from those presented and may
require that these issues be implemented to %sfully install piers. Construction
considerations for drilled pier foundations are |n the following table.
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Table 10: Drilled Pier Installation Considerations

USACE refers to FHWA
(FHWA-NHI-10-016, May 2010)
Yes; high torque, high powered drilling equipment

High-torque drilling equipment anticipated will be required to penetrate the very dense
Clayey GRAVEL (GC) and very hard Limestone

Recommended installation procedure

Groundwater anticipated Not Anticipated

Temporary casing anticipated Not Anticipated

Slurry installation anticipated

Same day as drilling. If exCgvation cannot
be drilled and filled wigh cOgcPet& on the same
day, temporary cgfing\ rry may be needed to
mainta ﬁ pen excavation

~—

Maximum water accumulation in excavation a. 2 inches

Concrete placement

Concrete installation method needed if water @
accumulates

ie or pump to displace water

e ical engineer’s representative should be
@ ent during drilling of all piers, should observe
ng and verify the installed depth, should verify
material type at the base of excavation and
leanliness of base, should observe placement of
reinforcing steel

Quality assurance monitoring

The following installation technjquesWvill aid in successful construction of the shafts:

e The clear spacin rebar or behind the rebar cage should be at least 3 times

f coarse aggregate.

the maximu %
e Centrali bthe rebar cage should be installed to keep the cage properly
posit?

) %racing of a reinforcing cage may be used when fabricating, transporting,
and/Or lifting. However, experience has shown that cross-bracing can contribute to
the development of voids in a concrete shaft. Therefore, we recommend the removal

of the cross-bracing prior to lowering the cage in the open shaft.

e The use of a tremie should be employed so that concrete is directed in a controlled
manner down the center of the shaft to the shaft bottom. The concrete should not be
allowed to ricochet off the pier reinforcing steel nor off the pier side walls.
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e The pier concrete should be designed to achieve the desired design strength when
placed at a 7-inch slump, plus or minus 1-inch tolerance. Adding water to a mix
designed for a lower slump does not meet these recommendations.

Arias should be given the opportunity to review the proposed specifications prior to
construction.

Earthwork and Foundation Acceptance

Exposure to the environment may weaken the soils at the foundation bearing level if the
excavation remains open for long periods of time. Therefore, it is recommgnded that all
foundation excavations be extended to final grade and constructed as G%possible in
order to help reduce potential damage to the bearing soils. If bearin x exposed to
severe drying or wetting, the unsuitable soil must be re or removed as
appropriate and replaced with compacted fill, prior to concretv@ foundation bearing
level should be free of loose soil, ponded water or debris and shd®ld be observed prior to
concreting by the geotechnical engineer or his representatlv

Foundation concrete should not be placed on soils pralSaave been disturbed by rainfall or
seepage. If the bearing soils are softened by surfage yater intrusion during exposure or by
desiccation, the unsuitable soils must be rep&egd from the foundation excavation and
replaced with compacted select fill prior to g4 % pnt of concrete.

Subgrade preparation and fill plac E@ ations should be observed by the geotechnical
engineer or his/her representati aguideline, at least one in-place density test should
be performed for each 5,000 squar&feet of compacted surface per lift or a minimum of three
tests per lift. Any areas no ting the required compaction should be recompacted and
retested until compliance i

Excavations é
Excavatlons sh ply with OSHA Standard 29CFR, Part 1926, Subpart P and all State

of Texas requwements Trenches 20 feet deep or greater require that the
protecti be designed by a registered professional engineer. A trench is defined as
a narrow ation in relation to its depth. In general, the depth is greater than the width,

but the bottom width of the trench is not greater than 15 feet. Trenches greater than 5 feet in
depth require a protective system such as trench shields, trench shoring, or sloping back the
excavation side slopes.

The Contractor's “Competent Person” shall perform daily inspections of the trench to verify
that the trench is properly constructed and that surcharge and vibratory loads are not
excessive, that excavation spoils are sufficiently away from the edge of the trench, proper
ingress and egress into the trench is provided and all other items are performed as outlined
in these OSHA regulations. It is especially important for the inspector to observe the effects of
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changed weather conditions, surcharge loadings, and cuts into adjacent backfills of existing
utilities. The flow of water into the base and sides of the excavation and the presence of any
surface slope cracks should also be carefully monitored by the Trench Safety Engineer. The
Geotechnical Engineer should be made aware of any surface slope cracks that develop.

Although the geotechnical report provides an indication of soil types to be anticipated, actual
soil and groundwater conditions will vary along the trench route. The “Competent Person”
must evaluate the soils and groundwater in the trench excavation at the time of construction
to verify that proper sloping or shoring measures are performed.

Appendix B to the regulations has sloping and benching requirements fxu term trench
exposure for various soil types up to the maximum allowable 20-foot d ment.

GENERAL COMMENTS O

This report was prepared as an instrument of service for this gwoject exclusively for the use of

SAWS, SAWS, and the project design team. If the de nt plans change relative to
layout, anticipated structural/traffic loads, or if digfejit subsurface conditions are
encountered during construction, we should be infor| nd retained to ascertain the impact

of these changes on our recommendations. nnot be responsible for the potential
impact of these changes if we are not %
geotechnical report is provided in the ASF@ gCation included in Appendix D.

Review

Arias should be given the opportu to review the design and construction documents. The
purpose of this review is to ¢ to See if our recommendations are properly interpreted into
the project plans and specifi

Quality Assuranc \1
The long-term s of the project will be affected by the quality of materials used for

construction® adherence of the construction to the project plans and specifications.
As Ge &Engmeer of Record, we should be engaged by the Owner to provide quality
assuranc ing. Our services, as a minimum, will be to observe and confirm that the
encountered materials during earthwork for site subgrade improvement, foundation
construction and pavement installation are consistent with those encountered during this
study. With regard to drilled pier construction, we should be engaged to observe and
evaluate the foundation installation to determine that the actual bearing materials are
consistent with those encountered during the field exploration and to observe and document
the pier installation process. We also should verify that the materials used as part of
subgrade improvement, foundation construction, pavement installation, and other pertinent
elements conform to the project specifications and that placement of these materials is in
conformance with the specifications. In the event that Arias is not retained to provide quality
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assurance testing, we should be immediately contacted if differing subsurface conditions are
encountered during construction. Differing materials may require modification to the
recommendations that we provided herein.

Subsurface Variations

Soil and groundwater conditions may vary away from the sample boring locations. Transition
boundaries or contacts, noted on the boring logs to separate soil types, are approximate.
Actual contacts may be gradual and vary at different locations. The contractor should verify
that similar conditions exist throughout the proposed area of excavation. If different
subsurface conditions or highly variable subsurface conditions are encofptered during
construction, we should be contacted to evaluate the significance of the conditions

relative to our recommendations. Q

Standard of Care

This report has been prepared in accordance with general ccepted geotechnical
engineering practice with a degree of care and skill o is®§ily exercised by reputable
geotechnical engineers practicing in this area and the ar e site.

&)
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APPENDIX A: FIGU&QD SITE PHOTOGRAPHS
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APPENDIX B: SOIL B@QOGS AND KEY TO TERMS
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Boring Log No. B-1

@ Project: SAWS Cibolo Composite Elevated Storage Tank

TPC Parkway and Bulverde Green
San Antonio, Texas

Coordinates:

N: 13793478.0683 E: 2154460.44

Sampling Date: 10/14/11

32

Location: See Boring Location Plan Backfill: Cement-bentonite grout
Soil Description D%‘:’;h SN |WC|PL|LL|PI| N |-200
FAT CLAY (CH) with gravel, very hard, dark brown W[ SS | 25 501" [ 75
Clayey GRAVEL (GC) with fractured limestone fragments, very %9
dense, tan varXk CEans
o/,
_________ M| SS | 4 |23 |31 | 8 | 10/0" | 18
LIMESTONE, very hard, light tan, cemented ::,:,:
] 5 [ SS |0 10/0”
E:E:E: ......... | o oo
= N 17 | 20| 3 | 100"
T 10
rare GB | 1
......... s | 5 oo
& T 15
i | ss | 2 10/0"
Q T 20
‘\Q T
. 6: ol — ss | 2 10/0"
oo 25

Borehole terminate

et

2011-585.GPJ 11/10/11 (BORING LOG SA11-01,ARIASSA10-01.GDT,LIBRARY2010.GLB)

Groundwater Data:
During drilling: Not encountered

Field Drilling Data:

Logged By: R. Arizola

Driller: Eagle Drilling, Inc.
Equipment: Truck-mounted drill rig
Coordinates: Survey

Nomenclature Used on Boring Log
[l spiit Spoon (SS) X Grab Sample (GB)

WC = Water Content (%)
PL = Plastic Limit
LL = Liquid Limit
PI = Plasticity Index
N = SPT Blow Count

-200 = % Passing #200 Sieve

Arias & Associates, Inc.

Job No.: 2011-585



Boring Loqg No. B-2

@ Project: SAWS Cibolo Composite Elevated Storage Tank

TPC Parkway and Bulverde Green
San Antonio, Texas

Sampling Date: 10/14/11

91

Coordinates:  N: 13793436.5759 E: 2154438.13
Location: See Boring Location Plan Backfill: Cuttings
Soil Description D%‘:’;h SN |WC|PL|LL|PI| N |-200
Clayey GRAVEL (GC) with fractured limestone fragments, very 4% l ss 2212655/ 20 | 326" | 22
ndense, dark brown f.. LA
LIMESTONE, very hard, light tan, cemented s N
T — Ss | 1 10/0"
5 [ SS | 2 10/0"
s — ss 1724 | 7 | 100"
:E:E:E ......... oo
e 10
e ™ GB | 5
......... | ss | oo
& |'|'|I 15
s — ss | 3 10/0"
Q e P
. \Q Sl
6 s RN )
Borehole terminated at 2 SSA 2 10/0

Groundwater Data:
During drilling: Not encountered

Field Drilling Data:

Logged By: R. Arizola

Driller: Eagle Drilling, Inc.
Equipment: Truck-mounted drill rig
Coordinates: Survey

2011-585.GPJ 11/10/11 (BORING LOG SA11-01,ARIASSA10-01.GDT,LIBRARY2010.GLB)

Nomenclature Used on Boring Log
[l spiit Spoon (SS) X Grab Sample (GB)

WC = Water Content (%)
PL = Plastic Limit
LL = Liquid Limit
PI = Plasticity Index
N = SPT Blow Count

-200 = % Passing #200 Sieve

Arias & Associates, Inc.

Job No.: 2011-585



Boring Log No. B-3

TPC Parkway and Bulverde Green
San Antonio, Texas

@ Project: SAWS Cibolo Composite Elevated Storage Tank

Sampling Date: 10/14/11

76

Coordinates:  N: 13793438.6024 E: 2154485.75
Location: See Boring Location Plan Backfill: Cuttings
Soil Description D%‘:’;h SN |WC|PL|LL|PI| N |-200
FAT CLAY (CH), stiff, dark brown ss | 37 11 71
Clayey GRAVEL (GC) with sand and limestone fragments, very %
dense, reddish brown y
72
10 | 50/6"
50/6"
LIMESTONE, very hard, light tan, cemented
15 | 10/0"
10/0"
10/0"
O\Q b
* 6 10/0"

Borehole terminated at 27 feet

2011-585.GPJ 11/10/11 (BORING LOG SA11-01,ARIASSA10-01.GDT,LIBRARY2010.GLB)

Groundwater Data:
During drilling: Not encountered

Nomenclature Used
[l spiit Spoon (SS)

Field Drilling Data:

Logged By: R. Arizola

Driller: Eagle Drilling, Inc.
Equipment: Truck-mounted drill rig
Coordinates: Survey

WC = Water Content (%)
PL = Plastic Limit
LL = Liquid Limit
PI = Plasticity Index
N = SPT Blow Count

on Boring Log
X Grab Sample (GB)

-200 = % Passing #200 Sieve

Arias & Associates, Inc.

Job No.: 2011-585



Boring Log No. B4

@ Project:

SAWS Cibolo Composite Elevated Storage Tank

TPC Parkway and Bulverde Green
San Antonio, Texas

Sampling Date: 10/14/11

80

Coordinates:  N: 13792686.1690 E: 2154664.56
Location: See Boring Location Plan Backfill: Cuttings
T
Soil Description D%‘:’;h SN |WC|PL|LL|PI| N |-200
Clayey GRAVEL (GC) with limestone fragments, medium dense,
dark broon A SS |38 (33|76 |43 | 10 48
LIMESTONE, very hard, light tan, cemented :::::: """""" L | ss | 2 10/0"
ool | ss 19920 | 1 | 100"
:::::: ......... oo
el 1g
T GB | 6
......... ss | 3 o

[Borehole terminated at 13.6 feet

Groundwater Data:

During drilling: Not encountered

Field Drilling Data:
Logged By: R. Arizola

Driller: Eagle Drilling, Inc.
Equipment: Truck-mounted drill rig

Coordinates: Survey

2011-585.GPJ 11/10/11 (BORING LOG SA11-01,ARIASSA10-01.GDT,LIBRARY2010.GLB)

[l spiit Spoon (SS)

WC = Water Content (%)
PL = Plastic Limit
LL = Liquid Limit
PI = Plasticity Index
N = SPT Blow Count

Nomenclature Used on Boring Log

X Grab Sample (GB)

-200 = % Passing #200 Sieve

Arias & Associates, Inc.

Job No.: 2011-585



Boring Log No. B-5

@ Project: SAWS Cibolo Composite Elevated Storage Tank

TPC Parkway and Bulverde Green
San Antonio, Texas

Coordinates:

Sampling Date: 10/14/11

N: 13791796.2056 E: 2155053.33

Location: See Boring Location Plan Backfill: Cuttings
™

Soil Description DoA™ | sN \we|PL|LL|PI| N
LIMESTONE, very hard, light tan, cemented - SS | 2 50/0"
i — SS | 1 |20 |18 |NP| 501"
:::::: 5 1 SS | 2 10/0"
:::: o oo
Tr 2 10/0"

~~~~~~ GB | 4

O === s | 4

o 15

Borehole terminated at 15 feet

2011-585.GPJ 11/10/11 (BORING LOG SA11-01,ARIASSA10-01.GDT,LIBRARY2010.GLB)

Groundwater Data:
During drilling: Not encountered

Field Drilling Data:

Logged By: R. Arizola

Driller: Eagle Drilling, Inc.
Equipment: Truck-mounted drill rig
Coordinates: Survey

Nomenclature Used on Boring Log
[l spiit Spoon (SS) X Grab Sample (GB)

WC = Water Content (%) N = SPT Blow Count
PL = Plastic Limit
LL = Liquid Limit
PI = Plasticity Index
NP = Non-plastic

Arias & Associates, Inc.

Job No.: 2011-585




Boring Log No. B-6

TPC Parkway and Bulverde Green
San Antonio, Texas

@ Project: SAWS Cibolo Composite Elevated Storage Tank

Sampling Date

Coordinates:

1 10/14/11

N29°40'4.4" \W98°24'56.3"

Location: See Boring Location Plan Backfill: Cuttings
Soil Description D%‘:’;h SN |WC|PL|LL|PI| N |-200
Clayey GRAVEL (GC), medium dense, dark brown %% ss 1712352 | 209 | 509/7" | 18
LIMESTONE, very hard, light tan, cemented = e s = U
o — sS | 6 10/0"
i [ ss | s oo

Borehole terminated at 4.5 feet

2011-585.GPJ 11/10/11 (BORING LOG SA11-01,ARIASSA10-01.GDT,LIBRARY2010.GLB)

Groundwater Data:

During drilling: Not encountered [I] Split Spoon (SS)

WC = Water Content (%)
PL = Plastic Limit
LL = Liquid Limit
PI = Plasticity Index
N = SPT Blow Count

Field Drilling Data:

Logged By: R. Arizola

Driller: Eagle Drilling, Inc.
Equipment: Truck-mounted drill rig
Coordinates: Hand-held GPS Unit

Nomenclature Used on Boring Log

-200 = % Passing #200 Sieve

Arias & Associates, Inc.

Job No.: 2011-585




KEY TO CLASSIFICATION SYMBOLS USED ON BORING LOGS

MAJOR DIVISIONS SoROOrS DESCRIPTIONS
co ® g Well-Graded Gravels, Gravel-Sand Mixtures, Little
25 i or no Fines
Se o2
2 =]
§ 0N ﬁﬁ E:_E Poorly-Graded Gravels, Gravel-Sand Mixtures,
e d 85 ©F Little or no Fines
] 0= ~
@ E 5
/2] =4 =c ® I~
= 5 o (Iz » i 8¢ Silty Gravels, Gravel-Sand-Silt Mixtures
3
s 14 202
Q ¢ §3 e85
'% 4 =g & <g Clayey Gravels, Gravel-Sand-Clay Mixtures
3t — \
i
< —_
O = Co w8 Well-Graded SandsN&r: Sands,
! = oN - .£ h
L @ =0 cic Little of S
- [5] [32)
g Z 25 28
gL B L0 g5 .
o = o §: 52 Poorly-Grfd ) nO,FCiSr::;eIIy Sands,
o T o oz =
Z 5 . -
s 2y E o 8 %ands, Sand-Silt Mixtures
= gl eI
] €No>
= E $§ 6 ayey Sands, Sand-Clay Mixtures
@rganic Silts & Very Fine Sands, Rock Flour,
7)) & o3 ¢ Ze ML Silty or Clayey Fine Sands or Clayey Silts
= 29 n > 58 with Slight Plasticity
O T3 =< 3,8
» Lo = d EX4 Inorganic Clays of Low to Medium Plasticity,
o =8 ”n = C Gravelly Clays, Sandy Clays, Silty Clays,
w s Lean Clays
s == 1T
é £ o8 _c M il 10 {1 Inorganic Silts, Micaceous or Diatomaceous Fine
0 £ % = Sand or Silty Soils, Elastic Silts
wo gy N % St i {0 {1 I
z 23 0 ey 7
L. > »n© * Inorganic Clays of High Plasticity, Fat Clays

Massive Sandstones, Sandstones
with Gravel Clasts

Indurated Argillaceous Limestones

<
@\AARLSTONE

—I T T T T T
< (/)] T : T : T : T : T
(ZD 3:' LIMESTONE T Massive or Weakly Bedded Limestones
=+ T
<
E <Et CLAYSTONE Mudstone or Massive Claystones
2
CHALK Massive or Poorly Bedded Chalk Deposits
MARINE CLAYS Cretaceous Clay Deposits
\ 4 Indicates Final Observed Groundwater Level
GROUNDWATER
v Indicates Initial Observed Groundwater Location

Arias & Associates, Inc.
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APPENDIX C: FIELD A@%ORATORY EXPLORATION

Arias & Associates, Inc. C-1 Arias Job No. 2011-585



FIELD AND LABORATORY EXPLORATION

The field exploration program included drilling at selected locations within the site and
intermittently sampling the encountered materials. The boreholes were drilled using single
flight auger (ASTM D 1452). Samples of encountered materials were obtained using a split-
barrel sampler while performing the Standard Penetration Test (ASTM D 1586), using a thin-
walled tube sampler (ASTM D 1587), or by taking material from the auger as it was
advanced (ASTM D 1452). The sample depth interval and type of sampler used is included
on the soil boring log. Arias’ field representative visually logged each re sample and
placed a portion of the recovered sampled into a plastic bag for transpor&r oratory.

SPT N-values and blow counts for those intervals where the sa ﬂ‘ not be advanced
for the required 18-inch penetration are shown on the soil b&jngglog. If the test was
terminated during the 6-inch seating interval or after 10 h er blows were applied used
and no advancement of the sampler was noted, the log his condition as blow count

during seating penetration. Penetrometer readings re r thin-walled tube samples that
remained intact also are shown on the soil boring lo %

Arias performed soil mechanics laborator
classification and to determine engineerin&

exploration, the method used to perfo%
log where data are reported are @ a

on selected samples to aid in soil
ies. Tests commonly used in geotechnical
st; and the column designation on the boring
as follows:

Test Method Log Designation
ASTM D 2216 wcC

ASTM D 4318 LL, PL, PI
Amount of mater' sSiner than the No. 200 sieve ASTM D 1140 -200

U
The Iab@sults are reported on the soil boring log.

Arias & Associates, Inc. C-2 Arias Job No. 2011-585
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APPENDIX D: ASFE INFO&QN — GEOTECHNICAL REPORT

Arias & Associates, Inc. D-1 Arias Job No. 2011-585



hieotechnical Engineering Report

Geotechnical Services Are Performed for
Specific Purposes, Persons, and Projects
Geotechnical engineers structure their services to meet the specific needs of
their clients. A geotechnical engineering study conducted for a civil engi-
neer may not fulfill the needs of a construction contractor or even another
civil engineer. Because each geotechnical engineering study is unique, each
geotechnical engineering report is unique, preparad solefy for the client. No
one except you should rely on your gectechnical engineering report without
first conferring with the geotechnical engineer who prepared it. Arid rio one
— not even you — should apply the report for any purpose or project

except the one originally conternplated. K
)

Read the Full Report
ummary.

Serious problems have occurred because those relying on 3 @
engineering report did not read it all. Do not rely on an exeCiu
Do not read selected elements only.

A Geotechnical Engineering Rep %ﬂd on

A Uninue Set of Project-Speaifi

Geotechnical engineers consider a numBB§0NNIMNe, project-specific fac-
tors when esiablishing the scope b pifal factors include: the
client's goals, objectives, and risk pmg™asflt preferences; the general
naiure af the structure involved s Mid configuration; the location of
the structure on the site N ed or existing site impravements,
such as access roads, , and underground utilities. Unless the
geotechnical enginegr wh ucted the study specifically indicates oth-
erwise, do not rely on a geotechnical engingering report that was:

not prepared for you,

nol prepared for your project,

not prepared for the specific site explored, or

completed before important project changes were made.

Typical changes that can erode the reliability of an existing gectechnical

engineering report include those that affect:

e the function of the proposed structure, as when it's changed from a
parking garage lo an office building, or from a light industrial plant
to a refrigerated warehause,

.

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and. disputes.

Wihile'you cannot eliminate all such risks, you can manage. them. The following information is provided to hielp.

&%

Nientation, or weight of the
or

elevation, configuratio
proposed structure,
e composition of the desi .

project owners

surface Gonditions Gan Change
A geotechnical engineering report is based on conditions that existed at
the time the siudy was performed. Do nof rely on a geolechnical enginesr-
ing report whose adequacy may have been affected by: the passage of
time; by man-made events, such as construction on or adjacent ta the site;
or by natural events, such as floods, earthquakes, or groundwater fluctua-
tions. Afways coniact the geotechnical engineer before applying the report
to delermine if it is still reliable. A minor amount of additional testing or
analysis could prevent major problems.

Most Geotechnical Findings Are Professional
Opinions

Site exploration identifies subsurface conditions only at those points where
subsuriace tests are conducted or samples are taken. Geotechnical engi-
neers review field and laboratory data and then apply their professional
judgment to render an opinion about subsurface conditions throughout the
site. Aciual subsurface conditions may diifer—sometimes significantly—
from those indicated in your report. Retaining the geotechnical engineer
who developed your report to provide construction observation is the

most effective method of managing the risks associated with unanticipated
conditions.

A Report's Recommendations Are Nof Final

Do not overrely on the construction recommendations included in your
report. Those recommendations are nof final, because geotechnical engi-
neers develop them principally from judgment and opinian. Geotechnical
engineers can finalize their recommendations only by observing actual

J
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subsurface conditions revealed during construction. 7he geotechnical
engineer who developed your report cannot assume responsibility or
fiability for the report's recommendations if ihat enginesr does not perform
consiruction observation.

A Geotechnical Engineering Report s Subject to
Misinterpretation

Other design tsam members' misinterpretation of geotechnical engineering
reports has resulied in costly problems. Lower that risk by having your geo-
technical engineer confer with appropriate members of the design team after
submitting the report. Also retain your geolechnical engineer o review perti-
nent elements of the design team's plans and specifications. Contractors can
also misinterpret a geotechnical engineering report. Reduce that risk by
having your geolechnical engineer participale in prebid and preconstruction
conferences, and by praviding construction observation.

Do Not Redraw the Engineer's Logs

(Geotechnical engineers prepare final boring and festing logs based upon
their interpretation of field logs and laboratory data. To prevent arrors or
omissions, the logs included in a geotechnical engineering report should
never be redrawn for inclusion in architectural or other design drawings.
Only photographic or electronic reproduction is acceptable, but recognize
that separating logs from the report can elevae risk.

Give Contractors a Gomplete Report and
Guidance

Some owners and design professionals mistakenly helieve they can make
contractors liable for unanticipated subsurface conditions by limiting what

report was not prepared for purposes of bid development a
repori's accuracy is limited; encourage them to confer with tf
engineer who prepared the report (a modest fee may be raquired
conduct additional study fo obtain the specific types ation they
need or prefer. A prebid conigrence can also bs v Ie conifrac-
fors have sufficient time to perform additiorel ; might you
be in a position to give contractors the bEss yon available to you,

while requiring them to at least sh 5 inancial respansibilities

stemming from unanticipated condj
ons Glosely

*
Some clients, design p s, and contractors do noi recognize that
geotechnical engineering INggAEss exact than other engineering disci-
plines. This lack of understanding has created unrealistic expectations that

A\

=

Read Responsih #

have led to disappointments, claims, and disputes. Ta help reduce the risk
of such outcomes, geotechnical engineers commonly include a variely of
explanatory provisions in their reports. Sometimes [abeled "limitations”
many of these provisions indicate where geotechnical engineers' responsi-
bilities begin and end, to help others recognize their own responsibilities
and risks. Aead these provisions closely. Ask questions. Your geoiechnical
engineer should respond fully and frankly.

Geoenvironmental Concerns Are Not Covered

The equipment, techniques, and personnel used to perform a geoenviron-
mental study differ significantly from those used to perform a geotechnical
study. For that reason, a geotechnical engineering report does not usually
relate any geoenvironmenial findings, conclusions, or recommendations;
e.g., about the likelihood of encountering underground storage tanks or
requlated contaminants. Unanticipated envirosgrenial problems have led
fo numerous project faitures. If you ha btained your own geoen-
vironmental information, ask your ge M sultant for risk man-
agement guidance. Do riof rely on 4 enf& ertal report prepared for
someone elsé.

Obtain Prulessinn@stance To Deal with Mold
Diverse strateqgies ¢ pplied during building design, construction,
operation, and mgi % io prevent significant amounts of mold from
growing on in% aces. To be effective, all such strategies should be

G s purpose of mold prevention, integrated into a com-
and executed with diligent oversight by a professional

an lead to the development of severe mald infestations, a num-

VN{e groundwater, water infiltration, and similar issues may have been
addressed as part of the geotechnical engineering study whose findings
are conveyed in this report, the geotechnical engineer in charge of this
project is not a mold prevention consultant; mone of the services per-
farmed in connection with the geotechnical engineer’s study
were designed or conducted for the purpose of mold preven-
tion. Proper implementiation of the recommendations conveyed
in this report will not of itself be sufficient o prevent mold from
growing in or on the structure involved.

Rely, on Your ASFE-Member Geotechncial
Engineer for Additional Assistance

Membership in ASFE/THE BesT PEoPLE ON EARTH exposes geotechnical
engineers to a wide array of risk management techniques that can be of
genuine benefit for everyone involved with a construction project. Confer
with your ASFE-member geatechnical engineer for more information.

>,

they provide for bid preparation. To help prevent costly problems, give conK @9 mold prevention sirategies focus on keeping building surfaces dry.

tractors the complete geotechnical engineering report, buf preface it wit
clearly written letter of transmitial. In that letter, advise contractorg that the

ASFE

THE BEST PEOPLE ON EARTH

8811 Colesville Road/Suite G106, Silver Spring, MD 20910
Telephone; 301/565-2733  Facsimile: 301/589-2017
e-mail: info@asfe.org  www.asfe.org

Copyright 2004 by ASFE, Inc. Duplication, reproduction, or copying of this document, in whole or in part, by any means whatsoever, is strictly prohibited, except with ASFE's
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