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GEOTECHNICAL ASSESSMENT 

GENERAL 

The Westside Creeks (WSC) study focuses on Alazán, Apache, Martinez and San Pedro Creeks 
totaling approximately 14 miles of creek channel. WSC is part of the San Antonio Channel 
Improvement Project (SACIP) originally designed and constructed in the 1950’s and 1960’s. 

 Alazán Creek from Woodlawn Lake to its confluence with Apache and San Pedro Creek.  
Significant area would be the Martinez Creek confluence. 

 Apache Creek from Lake Elmendorf Lake to its confluence with San Pedro Creek.  Significant 
areas include a sharp bend just upstream of S Zarzamora Street, and another significant bend 
and old channel remnant around S Brazos Street. 

 Martinez Creek from W Hildebrand Avenue to its confluence with Alazán Creek.  Significant 
areas would include the reaches along Interstate 10, series of bends between Fredericksburg 
Road and N. Sabinas Street, and close proximity to I-10 around Culebra Road. 

 San Pedro Creek from the outlet of the San Pedro Tunnel to its confluence with the San 
Antonio River. Significant areas include U-lined channel through part of the downtown, 
underpasses and close alignment to I-35, and underpass to I-10. 

GENERAL GEOLOGY AND PHYSIOGRAPHY 

PHYSIOGRAPHY 

 Bexar County is located within the Interior Coastal Plain, Edwards Plateau and Black Prairie. 
The topography of the county is nearly level or undulating in the southern two-thirds of the 
county, where the area rises from 500-ft elevation NGVD to 1000-ft elevation from the southeast 
to the northwest.  This region of the county is underlain by beds of old alluvium, chalk and marl 
dipping to the southeast at a greater rate than in the Edwards Plateau. In the northern third of the 
county covering the Edwards Plateau, the topography is strongly sloping to steep, rising from 
1000-ft to 1900-ft in elevation and is underlain by limestone beds which dip very slightly toward 
the southeast. 

The Balcones fault zone is a dominant geologic feature of Bexar County. It is characterized by 
numerous parallel and en echelon faults, usually downthrown to the southeast. To some extent, 
faulting has controlled soil formation and stream courses. The Balcones Escarpment forms a 
sharp boundary between the Interior Coastal Plains and Black Prairie. The project area lies 
approximately 5 to 10 miles south of the Edwards Aquifer recharge zone in south-central Texas, 
and completely within the Edwards Aquifer artesian zone. The San Pedro Springs are less than a 
mile from Martinez Creek, along the fault that transverses the confluence of Alazán and Martinez 
Creek. The springs may act as a direct link to the Edwards Aquifer. 

SITE CONDITIONS 

Overburden materials within the Westside Creeks project area contain moderately deep to deep 
clayey and calcareous soils over chalk and marl and in old alluvium. The soils within the study 
area range from well drained to practically impervious. Depth to seasonal high water table varies 
across the site from very deep to shallow and would need to be investigated prior to construction 
considerations. 
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Northeast-trending faults of the Balcones fault zone cross the project area. These faults are en 
echelon to the Balcones fault zone, high angle, normal, and downthrown to the southeast. 
Geomorphic expression of this fault may consist of expressions of clay-shale beds between hard, 
erosion- resistant limestone. This fault zone is highly complicated and contains numerous small 
and irregularly shaped fault blocks. Construction considerations in this area should take into 
account the potential limitations to structures and excavation due to faulting. 

PRIMARY FORMATIONS 

Geologic primary formations underlying the Westside Creeks study area consist of faulted 
stratigraphic units downthrown to the south and east. Geologic formations outcropping in the 
project study area are Cretaceous and Paleocene in age. In order of deposition (oldest to 
youngest), the Cretaceous age formations include the Austin Chalk (KA), Anacacho Limestone 
(KAN), Taylor Marl (KTA), and Navarro Group (KN). The Wills Point (TWP) formation of the 
Midway Group is Paleocene in age and outcrops at the southernmost extent of the project area. 

The northern reaches of Martinez and Alazán Creek overlie the Taylor Marl, characterized by 
gray to brown marl and calcareous clay. This unit has a maximum thickness of 535 ft, and has 
very low porosity and permeability. This unit is not known to be water-bearing, but likely does 
transmit water through fractures especially in the Edwards Aquifer recharge zones. This unit does 
not tend to develop cave formations. The Taylor Marl forms a sharp contact with the Anacacho 
Limestone at a northeast to southwest trending fault plane. 

The remaining extents of Martinez and Alazán Creek before the confluence overlie the Anacacho 
Limestone formation, which is characterized by brittle light yellow, yellow and light gray marly 
chalk. This unit thickens downdip and to the east to a maximum thickness of 355 ft and is not 
water-bearing, but may transmit water through fractures. The Anacacho Limestone may contain 
weathered bentonite beds and is fossiliferous. Within the project area, this unit forms a sharp 
contact with the Austin Chalk formation at a northeast to southwest trending fault plane. To the 
south, the Anacacho Limestone forms a sharp contact with a second outcropping fault block of 
the Taylor Marl formation at an east-northeast to west-southwest trending fault plane. 

The Austin Chalk formation does not directly underlie any of the creeks within the scope of the 
project. The Austin Chalk is characterized by grayish white to white limestone and argillaceous 
chalky limestone, and contains local bentonite seams. This unit is nearly uniformly thick down 
dip with a 210-ft maximum thickness. The Austin chalk is fossiliferous and weathers to yellow. 
This unit is generally confining but is known to transmit water through fractures, and yields small 
to large supplies of water of good to poor quality. This unit has a low potential to develop cave 
formations. Like the Anacacho Limestone, the Austin Chalk within the project area forms a sharp 
contact with an outcropping fault block of the Taylor Marl at an east-northeast to west-southwest 
trending fault plane.  

San Pedro Creek to the confluence with the San Antonio River overlies the Navarro Group, 
characterized by gray to brown clay and marl. This unit thickens downdip and toward the west to 
a maximum thickness of 535 ft. This unit may contain near-surface layers of well-indurated 
limestone. This unit is not known to be water-bearing, but water may transmit through fractures 
in the formation. The Navarro Group forms a sharp contact with the Wills Point formation at a 
northeast to southwest trending fault plane. 

The Wills Point formation of the Midway Group outcrops to the south of the confluence of San 
Pedro Creek and the San Antonio River. This unit is characterized by greenish-gray to yellow-
brown arenaceous clay containing numerous arenaceous and calcareous concretions. The Wills 
Point formation is moderately water-bearing and has a maximum thickness of 490-ft.  
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OVERBURDEN MATERIALS 

Within the Westside Creeks project area, overburden materials are comprised of the Austin-
Tarrant association, Lewisville-Houston Black terrace association and Venus-Frio-Trinity 
association. These overburden units can be divided by location, from the northern extent of the 
project area to the southern extent.  Please refer to Figure 1: Overburden Soils for WSC Study 
Area for detailed soil locations. 

Along Martinez Creek, overburden materials are anticipated to consist of Austin silty clay (AuC) 
(typically forming on 3 to 5 percent slopes) along the western embankment and Houston Black 
clay (HsB) along the eastern embankment. 

Austin silty clay is a pale to dark, gray-brown silty clay with good to fair drainage. This soil 
forms from chalk, chalky marl and contains many small shale fragments. Austin silty clay is very 
hard when dry and crumbly when moist, has moderate runoff, high permeability and a moderate 
to severe hazard for water erosion. The pH of this soil typically ranges from 7.9 to 8.4 and the 
plasticity index ranges from 20 to 31 Construction considerations in this area should take into 
account the potentially severe impacts of the high shrink-swell potential, low soil strength when 
moist and potential corrosion to uncoated steel of these overburden soils. 

The Houston Black clay is a deep, gray to black clay with poor to practically impervious 
drainage. This soil forms from old alluvium containing calcareous clay. The Houston Black clay 
is very firm when moist and cracks when desiccated, has slow runoff when dry to rapid runoff 
when saturated, very slow permeability and a moderate to severe hazard for water erosion, 
particularly on slopes without vegetation. In gravel lenses, the permeability is very high. The pH 
of this soil typically ranges from 7.5 to 8.4 and the plasticity index ranges from 56 to 77+. 
Construction considerations in this area should take into account the potentially severe impacts of 
the high shrink-swell potential, discontinuous gravel layers, potential corrosion to uncoated steel, 
and low shear strength when saturated.  

Near the confluence with Alazán Creek, overburden materials along Martinez  Creek are 
anticipated to consist of Houston Black clay along the western embankment and both Houston 
Black Clay and Lewisville silty clay along the eastern embankment.  

Lewisville silty clay is a moderately deep, dark brown to grayish brown calcareous silty clay to 
clay with moderate to good drainage. This unit forms from old alluvium consisting of silty clay to 
gravelly loam with varying amounts of lime. Lewisville silty clay is very firm when dry and 
crumbly when moist, has slow to medium runoff, medium to high permeability and a moderate to 
severe hazard for water erosion, particularly on slopes without vegetation. The pH of this soil 
typically ranges from 7.9 to 8.4 and the plasticity index ranges from 20 to 44. Construction 
considerations in this area should take into account the potentially severe impacts of the high 
shrink-swell potential, discontinuous gravel layers, potential corrosion to uncoated steel, and low 
shear strength when saturated.  

Along Alazán Creek upstream of the confluence with Martinez Creek, overburden materials are 
comprised of Houston Black clay along the eastern embankment and Houston Black gravelly clay 
along the western embankment.  

Houston Black gravelly clay is deep, calcareous, black gravelly clay and has poor to impervious 
drainage. This soil forms from old alluvium containing calcareous clay. Generic properties and 
considerations are the same as for the Houston Black clay detailed above in the Martinez Creek 
discussion. 
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Figure 1: Overburden Soils for WSC Study Area 
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Along Alazán Creek downstream of the confluence with Martinez Creek, overburden materials 
are comprised of Lewisville silty clay and Houston Black clay on the eastern embankment and 
Lewisville silty clay on the western embankment. There are small sections of Houston Black clay 
and gravelly clay that extend into this extent from before the confluence.  

Along the upstream third of Apache Creek, overburden materials consist of Houston Black clay 
along the both embankments. Along the remaining extent of Apache Creek, overburden materials 
are comprised of Lewisville silty clay. 

Along San Pedro Creek before the confluence with Alazán Creek, overburden materials are 
mostly comprised of Houston Black clay. South of the confluence, overburden materials consist 
of Lewisville silty clay. 

The stream channels and floodplains within the project area are generally composed of Trinity 
and Frio soils. This soil series is comprised of deep, brownish gray clay, silty clay and gravelly 
clay. This material forms from alluvium washed from clayey, upland soils and is subject to 
deposition and scouring. Channels that form in this material are generally poorly defined and of 
small capacity.  

AVAILABLE GEOTECHNICAL DATA 

For WSC Study, it was determined that a significant amount of available project and local 
geotechnical data was available. 

ORIGINAL SACIP DATA 

 A potential source for existing geotechnical data is from the original SACIP plans and 
construction. Borings for the study area have been located by geo-referencing the available as-
built information. The investigation, testing, and evaluations within the study area were 
performed prior to 1956. However, after review of the data within the study area, the average 
applicability of the data is fairly low due to predominantly shallow borings and the differences in 
state of the practice for investigation and design.  The San Pedro and San Antonio tunnel projects 
are the exception.  Significant drilling and testing was conducted during design and construction. 

MISSION REACH RESTORATION 

The most recent and ample source for geotechnical information would be the Mission Reach 
project. The 8-miles of project along the San Antonio River had multiple rounds of geotechnical 
investigation, laboratory testing, back analyses of a large slope slide, and rigorous slope stability 
evaluations. In addition to technical data, there were some geotechnical lessons learned, as 
discussed below, that have been adapted into the WSC Study. 

SLOPE STABILITY 

Stability of the channel slopes became a major issue for MRR. Through feasibility into PED, the 
lack of stability issues on the project was used as justification that the existing slope configuration 
was stable; and was a major factor in the assumptions used to shape the project design. These 
assumptions were challenged late in the project design, and resulted in expensive remediation 
measures.	
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An initial assumption for WSC was that the overbank slopes of the channels are over-steepened. 
This in conjunction with restricted right of way meant that our channel modifications had to avoid 
impact to the channel over-bank slopes. 

As the project was in an urban area, the width of right of way was often kept to a minimum, 
meaning that increased capacity most often came from increased channel depth.  Consequently, 
as flows accumulate moving downstream, especially after confluences, the height of the channel 
banks generally tends to increase.  This trend is apparent in the existing WSC study area, where 
the heights of the channel banks are consistently higher at the south end versus the north end of 
the study area.  The channel banks of Martinez Creek are generally around 15 to 25 feet in height 
with the general trend of increasing height moving downstream.  The channel banks of Alazán 
Creek are generally the same although increasing to heights of 30 to 35 feet at downstream of the 
Martinez confluence.  The channel banks of Apache Creek have a little more variance as the 
channel width tends to vary more than the other creeks.  The channel banks where the pilot 
channel alternative is being considered are generally 15 to 35 feet in height.  The channel banks 
of San Pedro Creek are generally 20 to 35 feet in height, and have a very large cross section at the 
downstream edge of the study area.  

A metric used to screen relative slope stability from the remediation design in MRR Phase 1 has 
been adapted for an initial screening of slope stability of existing and modified slopes for WSC 
Study. The crux of the metric is that rather than a static target slope, the stable configuration of a 
slope is based upon its height. Deepening and widening the pilot channel alters the overall 
channel slope configuration, and its impacts need to be evaluated. Utilizing this metric is 
applicable as the slope materials and underlying primary formations for the upper portion of 
MRR are the similar to those encountered in the WSC Study Area; especially in the southern 
portion of the study area.	

FAULTING 

	Investigations were conducted to better locate a fault in MRR Phase 1. The impact to design was 
relatively minor, and the construction impact was to fill a few void spaces that were encountered. 
The WSC Study has many more faults crossing it than MRR. The WSC Study Area is within the 
Edward’s Aquifer Artesian zone, so while the study area generally does not have outcrops of the 
Edwards Aquifer unit at the ground surface, the aquifer unit underlies the surface formations. The 
primary formations of the study area are generally confining, but can transmit water through 
fractures. The San Pedro Spring system lies approximately 1 mile east of Martinez Creek, which 
may provide a link from the surface to the aquifer unit.  Historically, there is no forthcoming 
documentation regarding faults impacting private construction or the original SACIP phases in 
the WSC study area. There were issues encountered in the tunneling operations for underground 
diversions of the San Antonio River and San Pedro Creek. 

WESTSIDE CREEK DRAINAGE – DESKTOP STUDY 

Following discussions on available data, SARA requested a geotechnical desktop study to an 
engineering firm they had under contract. On 23 February 2012, Raba Kistner Consultants, Inc. 
provided the Westside Creek Drainage – Desktop Study attached as Attachment 1 to this 
appendix. The report provided additional historic data that the consulting firm has available in 
areas pertinent to the study.  Of particular notice were notes of bentonite seams at sites along 
Alazán and Apache creeks, with coinciding liquid limits up to 121 and 150.  Although this would 
not impact the limited excavation for these reaches. 
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MILITARY BASE DATA 

The study area is also located near multiple US Military bases. Data has not yet been accumulated 
and tabulated for use on this project, but additional laboratory data for the overburden and 
primary materials could be available based upon similar materials in the surrounding bases. 

STABILITY SCREENING 

The biggest challenge to this study from a geotechnical standpoint was assessing slope stability 
concerns and impacts from alternatives. The study area includes 28 miles of slopes, varying 
overburden materials, varying primary formations, hard armoring and slope reinforcement, and 
limited available geotechnical data. The solution implemented was to use the developed existing 
and proposed alternative hydraulic cross sections to come up with slope height and effective 
slope, and evaluate them against the metric used in MRR near the San Pedro confluence. The 
point data for 459 hydraulic cross-sections were sorted and run through a series of calculations 
that computed the critical average slope angle and height for both channel slopes for both existing 
and proposed alternatives. See Figure 2: Graphical output of slope screening for San Pedro Creek 
for a graphical output conveying the stability evaluations for San Pedro Creek.	

 

Figure 2: Graphical output of slope screening for San Pedro Creek 

This output represents the qualitative chance of slope instability, and should err on the 
conservative side. There are also many locations with hard armoring or the cross sections were 
not tangential to the slope that needed the output to be altered or removed. Consequences also 
needed to be assessed for areas of concern so that the resulting information is risk-based per the 
pilot paradigm. Figures 2 to 5 depict the qualitative chance of slope instability. 
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Figure 3: Graphical output of slope screening for Alazán Creek 

 

Figure 4: Graphical output of slope screening for Martinez Creek 
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Figure 5: Graphical output of slope screening for Apache Creek 

DISCUSSION AND RECOMMENDATIONS 

Most of the key design considerations from a geotechnical standpoint for the existing and 
proposed project features were identified at the kickoff meeting, and have shaped the 
development of project alternatives. The major items have been tracked on the Geotechnical Risk 
Register, and minor items would have been covered in team discussion and correspondence. 

REGIONAL FAULTING 

At least 21 faults have been identified that cross the study area and existing creek channels.  
Fractured or brecciated zones at the faults could affect the overall stability of the channel slopes.  
The faults have apparently had little impact on the existing channel configuration based upon the 
good general performance of the channel slopes and lack of observed surficial features indicative 
of faulting.  Although, a history of good performance does not mean that the faults could not be a 
problem.  This was a primary consideration in an initial constraint that the feasibility study would 
not modify the overbank slopes to reduce the risk of triggering slope instability.  One of these 
faults also crossed the northern section of the Mission Reach project. 

Implementing the pilot paradigm for this project, the data acquisition costs for fault investigation 
would not be justified compared to the limited amount of risk reduction that could be obtained for 
the study at this time. The faults pre-date the original Westside Creek project and private 
construction activities in the region; with very minor impacts to construction at the surface level. 
Additional investigation of the faults would be pertinent and appropriate during the design phase 
where the faulting may coincide with critical structures, extensive excavation, or channel 
instability. 
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GLOBAL STABILITY 

Concern and considerations for global stability were lessons learned on the Mission Reach project 
that definitely need to be applied to the WSC project.  The desire to limit ROW acquisition and 
achieve flood damage reduction for the area coupled with the then state of the practice resulted in 
very steep slopes with respect to the current state of the geotechnical practice.  This was also a 
primary consideration behind the initial constraint that the feasibility study would not modify the 
overbank slopes to reduce the risk of triggering slope instability. 

The slope stability screening method discussed above was used to evaluate the existing and 
proposed alternatives with modification of the pilot channel.  This preliminary screening was 
used to evaluate the potential design and construction costs where global instability may be a 
concern and which stations or reaches of the creeks may be at the highest risk.  These results 
should be used to help shape the subsurface investigation and prioritize stability evaluation in 
design. 

Some proposed and existing features could affect global stability.  Permanent excavations or 
erosion within the creek channel could affect passive wedges for stability.  The potential impact 
from the currently proposed alternatives would be very low, but should be evaluated when they 
coincide with areas identified as high risk for slope instability.  Mass wasting is another potential 
concern in a natural channel system.  However; the in stream structures are designed to balance 
sediment transport which should deter mass wasting of native soils.  Some alternatives include 
the demolition of concrete structures which serve as scour protection.  As discussed in the Civil 
Engineering Appendix, Turf Reinforcing Mats (TRM) will be used to account for shear stresses 
where concrete is removed.  In general, this should be sufficient to prevent scour in areas that will 
not be inundated continuously, and suitability of TRMs should be evaluated in design.  Existing 
concrete features that provide support to slopes or structures were not considered for demolition.
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Project No. ASA12‐017‐00 
February 23, 2012 
 
 
 
Russell A. Persyn, P.E., PhD, CFM 
San Antonio River Authority 
100 East Guenther 
San Antonio, Texas 78204 
 
RE:  Westside Creek Drainage – Desktop Study 
  San Antonio River Authority 
  Bexar County, Texas 
 
Dear Dr. Persyn: 
 
Raba  Kistner  Consultants  Inc.  (RKCI)  has  completed  the  authorized  desktop  study  for  the Westside 
Creek  Drainage  area  located  in  Bexar  County,  Texas.    The  purpose  of  this  study  was  to  provide 
subsurface information from geotechnical engineering reports previously prepared by RKCI at locations 
selected by the San Antonio River Authority (SARA).   
 
Background 
 
RKCI  has  performed  over  10,000  geotechnical  engineering  studies  in  the Bexar County  area  and has 
developed a  library of previous geotechnical engineering studies.   The  locations of a majority of these 
studies have been cross‐referenced onto maps to show the original study location.   
 
At the request of SARA, RKCI provided a map of the Westside Creek Drainage area indicating the location 
of previous geotechnical engineering studies.  As a result of a review of these maps and our discussions, 
thirteen  studies were  selected.   A map  showing  the  approximate  location of  the previous projects  is 
presented on Figure 1.   Additionally, due  to  the variable geologic conditions across Bexar County,  the 
project sites have been shown on a USGS map which reflects the surface geology across the area, which 
is  presented  on  Figure  2.    The  boring  location map,  boring  logs,  and  other  collected  data  for  the 
individual projects are separated by tabs labeled 1 through 13. 
 
Surface Geology 
 
As referenced above, as a result of our proximity to the Balcones fault and the alluvial nature of Bexar 
County,  surface  geologic  formations  vary  highly  across  the  region.    Consequently, when  comparing 
previous geotechnical engineering studies, it is important to cross reference surface geology to verify if 
the previous borings are drilled  in the same geologic formation.   In order to assist SARA  in this regard, 
the surface geologic formations for each of the site is presented below.   
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Boring Location  Project Number  Surface Geology 

1  ASA87‐074‐00  Fluviatile Terrace Deposits 

2  ASA08‐174‐00  Fluviatile Terrace Deposits 

3  ASA69‐086‐00  Fluviatile Terrace Deposits 

4  ASA97‐014‐00  Fluviatile Terrace Deposits 

5  ASA84‐004‐00  Fluviatile Terrace Deposits 

6  ASA85‐065‐00  Fluviatile Terrace Deposits 

7  ASA09‐051‐00  Fluviatile Terrace Deposits 

8  ASA88‐052‐00  Fluviatile Terrace Deposits 

9  ASA71‐113‐00  Navarro Group and Marlbrook Marls 

10  ASA78‐059‐00  Navarro Group and Marlbrook Marls 

11  ASA80‐057‐00  Navarro Group and Marlbrook Marls 

12  ASA92‐007‐00  Navarro Group and Marlbrook Marls 

13  ASA95‐005‐00  Pecan Gap Chalk 

 
Geology 
 
The geology  listed above  is the surface geology at the specific sites and does not indicate any depth at 
which  this  geology  may  transition  to  another  geologic  formation.    Presented  below  are  general 
descriptions of  the  surface geologic  formations, as well as  the Uvalde Gravel which may underlie  the 
Fluviatile Terrace Deposits  in some of the more southern and eastern projects.   The boring logs should 
be consulted for more specific stratigraphic information. 
 
All of the geologic formations were identified by reviewing the San Antonio Sheet in the Geologic Atlas 
of Texas. 
 
  Fluviatile  Terrace  Deposits      Fluviatile  terrace  deposits  are  stream  bed  deposits  typically 
consisting of clays, sands, silts, and gravels.  Such deposits can contain point bars, cutbanks, oxbows, and 
abandoned channel segments associated with variations in stream bed activity.  As a result, soil profiles 
in terrace deposit areas may vary greatly over relatively short distances.   Key geotechnical engineering 
concerns  for  development  supported  on  this  formation  are  the  expansive  nature  of  the  clays,  the 
consistency  or  relative  density  of  the  deposits,  and  the  absence/presence  as  well  as  thickness  of 
potentially water‐bearing gravels.  Due to the alluvial nature of these deposits, significant variations can 
occur over short distances.    
 

Navarro Group and Marlbrook Marls   Navarro Group and Marlbrook Marls typically consist of 
clays and marly clays and can contain hard  layers of marl, sandstone, and siltstone.     The clays of this 
formation are typically highly expansive, montmorillonitic clays.   These clays typically grade to harder, 
intermediate materials such as marl or chalk at depths typically ranging from 15 to 50 ft below existing 
grades.   Key geotechnical engineering considerations  for development  supported on  this  formation  is 
the expansive nature of  the clays, and  the depth  to  the harder, more competent material.   Although 
near  surface  permanent  ground  water  is  not  typically  encountered  in  this  formation,  transient 
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groundwater  is  commonly encountered at  the  clay/marl or  clay/chalk  interface, particularly  following 
periods of heavy precipitation.     
 

Pecan Gap Chalk     The Pecan Gap Chalk weathers  to  form moderately deep soil and  typically 
consists  of  clays, marly  clays,  and marl  grading  to  chalk  at  depth.    Thin  seams  of  bentonite  and/or 
bentonitic clays are also often encountered in this formation.  Because such seams are typically thin and 
random, they are often difficult to locate and identify with standard geotechnical sampling methods and 
sampling  intervals.    Similar  to  the  Navarro  Group,  key  geotechnical  engineering  considerations  for 
development  supported on  this  formation  is  the expansive nature of  the  clays, and  the depth  to  the 
harder, more  competent material.    Although  near  surface  permanent  ground water  is  not  typically 
encountered  in  this  formation,  transient  groundwater  is  commonly  encountered  at  the  clay/chalk 
interface, particularly following periods of heavy precipitation.    
 

Uvalde Gravel     Uvalde Gravel  can  consist of clays,  silts, and gravels  including cobbles, chert, 
boulders, and  caliche‐cemented gravel.   The Uvalde Gravels  can be highly variable and  can  therefore 
result  in  highly  variable  conditions  over  relatively  short  distances.    Key  geotechnical  engineering 
concerns for development supported on the Uvalde Gravels are the expansive nature of the clays, the 
consistency  and/or  relative  density  of  the  deposits,  the  absence/presence  as  well  as  thickness  of 
potentially  water‐bearing  gravels,  and  the  absence/presence  of  cobbles,  boulders  and/or  cemented 
materials. 

 
Limitations 
 
The  subsurface  information  presented  in  this  report  is  specific  to  the  site  identified.    Horizontal 
translations of subsurface profiles may not reflect actual subsurface conditions beneath adjacent sites, 
particularly  for  those  sites  located along creeks and streams.     This  information should be utilized  for 
preliminary planning purposes only, and should not be utilized for final design.   
 
We  appreciate  the  opportunity  to  be  of  continued  service  to  you  on  this  project.    If  you  have  any 
questions or need additional assistance, please call. 
 
Very truly yours, 
RABA KISTNER CONSULTANTS, INC. 
 
 
 
 
Matthew J. Robbins, E.I.T.          Chris L. Schultz, P.E., PMP 
Graduate Engineer            Senior Vice President 
 
MJR/CLS/mem 
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