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1 INTRODUCTION AND PROJECT DESCRIPTION 

1.1 Introduction 

This report presents the results of our geotechnical engineering study performed for the proposed 
municipal solid waste landfill vertical and lateral expansion in Kingsville, Texas.  Our 
geotechnical engineering study was conducted in accordance with TWE Proposal No. P15-
C105R1 dated December 31, 2015.  The study was authorized by Grant Jackson, P.E. of 
Naismith/Hanson (NEI). 

1.2 Project Description 

The City of Kingsville is planning a vertical and lateral expansion of the existing municipal solid 
waste (MSW) landfill (Permit No. MSW 235-B) located at the northeast corner of the 
intersection of County Road E 2130 and Farm to Market Road 2619 near Kingsville (Kleberg 
County), Texas.  The current landfill permit boundary covers an area of about 120 acres and is 
located immediately adjacent to a closed Pre-Subtitle D MSW landfill (Permit No. MSW 235).  
The closed landfill includes about 40 acres and is located southwest of Permit No. MSW 235-B. 

The landfill expansion will include placement of MSW refuse over areas of the previously filled, 
closed Permit MSW 235 landfill.  Like the remainder of the landfill, the top of the closed Permit 
No. MSW 235 landfill will receive a liner and leachate collection system prior to receiving new 
MSW.  Permit No. MSW 235 has not received new MSW since 1992 and first began receiving 
MSW sometime around mid 1970’s.  Since it is planned so that the Permit No. MSW 235 area 
will contain the last sectors to receive waste, it will be about 70+ years before any new waste is 
placed over Permit No. MSW 235 area.  The final landfill top elevation will be about 200-ft, 
with a maximum thickness of new MSW refuse above the existing MSW refuse of about 115- ft.  
The final landfill side slopes will be at a maximum of 4(H):1(V). 
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2 PURPOSE AND SCOPE OF SERVICES 

The purposes of our geotechnical engineering study were to investigate the soil and groundwater 
conditions within the project site and to provide geotechnical design and construction 
recommendations for the proposed facility. 

Our scope of services performed for the project consisted of:  

1. Drilling 12 soil borings to depths of 33.5-ft to  86-ft within the project site to 
evaluate subsurface stratigraphy and groundwater conditions; 

2. Performing geotechnical laboratory tests on recovered soil samples to evaluate the 
physical and engineering properties of the strata encountered; 

3. Providing estimated compression of the waste within the existing landfill due to 
construction of the new vertical expansion; 

4. Providing geosynthetic reinforcement requirements to be incorporated into the cover 
design at the base of the vertical landfill construction; and, 

5. Performing waste mass stability analyses of the new landfill construction. 

Our scope of services did not include any environmental assessments for the presence or absence 
of wetlands or of hazardous or toxic materials within or on the soil, air or water within this 
project site.  Any statements in this report or on the boring logs regarding odors, colors or 
unusual or suspicious items or conditions are strictly for the information of the Client.  A 
geological fault study was also beyond the scope of our services associated with this 
geotechnical engineering study. 
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3 FIELD PROGRAM  

3.1 Soil Borings 

TWE conducted an exploration of subsurface soil and groundwater conditions at the project site 
during June, July, and August 2016 by drilling and sampling 12 soil borings to depths of 33.5-ft 
to 86-ft below grade.  The soil boring locations are presented on TWE Drawing No. 16.53.042-1 
in Appendix A of this report.  Drilling and sampling of the soil borings were performed using 
conventional truck-mounted drilling equipment.  Our field personnel coordinated the field 
activities and logged the boreholes.  The boring locations were staked at the site by professional 
public land surveyor.  The latitude and longitude for each boring location were determined by 
the surveyor and are presented on the boring logs.  The borings were pressure grouted from the 
bottom with a cementitious bentonite mixture. 

Twenty three (23) exploratory borings were previously drilled at the site for development of the 
existing landfill.  The previously drilled exploratory boring locations are presented on TWE 
Drawing No. 16.53.042.1 in Appendix A. 

3.2 Drilling Methods 

Field operations were performed in general accordance with the Standard Practice for Soil 
Investigation and Sampling by Auger Borings [American Society for Testing and Materials 
(ASTM) D 1452].  The soil borings were drilled using a truck-mounted drilling rig.  Typically, 
borings are dry-augered using a flight auger to advance the boreholes until groundwater is 
encountered or until the boreholes become unstable and/or collapse.  At that point, soil borings 
are completed using wash-rotary drilling techniques.  Samples were obtained at intervals of 5-ft 
from existing ground surface to the completion depths of borings B-30, B-32, B-33, B-35, B-36, 
B-37, and B-41.  A 2-ft sampling interval was used to the completion depths of borings B-31, B-
34, B-38, B-39, and B-40.  The completion depths of the borings were 33.5-ft to 86-ft below the 
ground surface at the time of the field exploration. 

3.3 Soil Sampling 

Fine-grained, cohesive soil samples were recovered from the soil borings by hydraulically 
pushing 3-in diameter, thin-walled Shelby tubes a distance of about 24-in.  The field sampling 
procedures were conducted in general accordance with the Standard Practice for Thin-Walled 
Tube Sampling of Soils (ASTM D 1587).  Our geotechnician visually classified the recovered soils 
and obtained field strength measurements using a pocket penetrometer.  A factor of 0.67 is 
typically applied to the penetrometer measurement to estimate the undrained shear strength of the 
Gulf Coast cohesive soils.  The samples were extruded in the field, wrapped in foil, placed in 
moisture sealed containers and protected from disturbance prior to transport to the laboratory. 
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Cohesionless, semi-cohesionless, and dry, brittle cohesive samples were collected with the 
standard penetration test (SPT) sampler driven 18-in by blows from a 140-lb hammer falling 30-
in in accordance with the Standard Test Method for Standard Penetration Test (SPT) and Spilt-
Barrel Sampling of Soils (ASTM D 1586).  The number of blows required to advance the sampler 
three (3) consecutive 6-in depths are recorded for each corresponding sample on the boring logs.  
The N-value, in blows per foot, is obtained from SPTs by adding the last two (2) blow count 
numbers.  The compactness of cohesionless and semi-cohesionless samples are inferred from the 
N-value.  The samples obtained from the split-barrel sampler were visually classified, placed in 
moisture sealed containers and transported to our laboratory. 

The recovered soil sample depths with corresponding pocket penetrometer measurements and 
SPT blowcounts are presented on the boring logs in Appendix B.   

3.4 Boring Logs 

Our interpretations of general subsurface soil and groundwater conditions at the soil boring 
locations are included on the boring logs.  Our interpretations of the soil types throughout the 
boring depths and the locations of strata changes were based on visual classifications during field 
sampling and laboratory testing in accordance with Standard Practice for Classification of Soils 
for Engineering Purposes (Unified Soil Classification System) (ASTM D 2487) and Standard 
Practice for Description and Identification of Soils (Visual-Manual Procedure) (ASTM D 2488). 

The boring logs include the type and interval depth for each sample along with its corresponding 
pocket penetrometer measurements and SPT blow counts.  The boring logs and a key to terms 
and symbols used on boring logs are presented in Appendix B. 

3.5 Groundwater Measurements 

Groundwater level measurements were attempted in the open boreholes during dry-auger 
drilling.  Water level readings were attempted in the open boreholes when groundwater was first 
encountered and after a ten (10) to fifteen (15) minute time period.  The groundwater 
observations are summarized in Section 5.5 of this report entitled “Groundwater Observations.” 
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4 LABORATORY SERVICES 

A laboratory testing program was conducted on selected samples to assist in classification and 
evaluation of the physical and engineering properties of the soils encountered in the project borings. 
Laboratory tests were performed in general accordance with ASTM International standards to 
measure physical and engineering properties of the recovered samples.  The types and brief 
descriptions of the laboratory tests performed are presented in Table 4-1 below. 

Table 4-1: Laboratory Testing Program 

Test Description Test Method 

Amount of Material in Soils Finer than No. 200 Sieve ASTM D 1140 

Unconfined Compressive Strength of Cohesive Soil (UC) ASTM D 2166 

Water (Moisture) Content of Soil ASTM D 2216 

Liquid Limit, Plastic Limit and Plasticity Index of Soils ASTM D 4318 

Density (Unit Weight) of Soil Specimens ASTM D 2937 

One-Dimensional, Incremental Loading Consolidation ASTM D 2435 

Consolidated-Undrained Triaxial Compression w/ Pore Water Pressure ASTM D 4767 

Standard geotechnical laboratory test results and soil properties encountered in the project 
borings are presented on the logs of borings in Appendix B of this report.  Results of completed 
one-dimensional consolidation and consolidated-undrained triaixial compression tests performed 
on the selected cohesive soil samples obtained for this study are included in Appendix C. 
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5 SITE AND SUBSURFACE CONDITIONS 

5.1 General 

Our interpretations of soil and groundwater conditions within the project site are based on 
information obtained at the soil boring locations only.  This information has been used as the 
basis for our conclusions and recommendations included in this report.  Subsurface conditions 
may vary at areas not explored by the soil borings.  Significant variations at areas not explored 
by the soil borings will require reassessment of our recommendations. 

5.2 Site Description and Surface Conditions 

The present MSW landfill (project site) is located at the northeast corner of the intersection of 
County Road E 2130 and Farm to Market Road 2619 near Kingsville (Kleberg County), Texas.  
The landfill covers an area of about 120 acres.  Several active disposal areas are excavated and at 
various stages of use. 
 
5.3 Subsurface Conditions  

The soil profile encountered in the project borings consisted of alternating strata of cohesive clay 
soils (fat clays, sandy lean clays, and sandy lean silty clays) and semi-cohesionless clayey sands 
and silty sands, and cohesionless poorly graded sands with clay.  The consistency of the cohesive 
clay soils was typically very stiff to hard, but occasionally stiff.  The relative density of the semi-
cohesionless silty sands/clayey sands and cohesionless poorly graded sands was typically 
medium dense to very dense, but occasionally loose.  The borings were terminated at depths 
ranging from 33.5-ft to 86-ft.  Detailed descriptions of the soils encountered at the boring 
locations are presented on the boring logs in Appendix B. 

5.4 Subsurface Soil Properties 

In-situ moisture contents of selected cohesive clay samples ranged from 18% to 34%.  Results of 
Atterberg Limits tests on selected clay samples indicated liquid limits (LL) ranging from 31 to 
81 with plasticity indices (PI) ranging from 18 to 58.  The amount of materials finer than the No. 
200 sieve on the selected samples ranged from 55% to 100%.  In-situ moisture contents of 
selected silty sand samples ranged from 23% to 24%.  The amount of materials finer than the No. 
200 sieve on the selected samples tested for grain size distribution ranged from 14% to 38%. 

Undrained shear strengths derived from field pocket penetrometer readings ranged from 0.25-tsf 
to 4.50-tsf.  Undrained shear strengths derived from laboratory unconfined compressive (UC) 
strength testing ranged from 0.16-tsf to 3.41-tsf with corresponding total unit weights of 86-pcf 
to 105-pcf.  Shear strength of cohesive soils inferred from SPT blow counts generally were 
similar.  Based on this undrained shear strength data, the consistency of the cohesive soils 
encountered in the project borings is considered to be very soft to very stiff. 

Tabulated laboratory test results at the recovered sample depths are presented on the boring logs 
in Appendix B. 
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5.5 Groundwater Observations 

Groundwater measurements were attempted in the project borings during dry-auger drilling.  
Groundwater level measurements are shown in Table 5-1 below. 

Table 5-1: Groundwater Level Measurements 

Boring 
No. 

Boring 
Depth 

(feet) 

Groundwater Level Depth 

Encountered 
During Drilling 

(feet) 

Observed in the Open Borehole after a 10 to 15 
minute waiting period (feet) 

B-30 82.5 21 10.5 

B-31 68.0 23 21.5 

B-32 82.5 18 14.6 

B-33 86 32.5 28.1 

B-34 43 31 28.3 

B-35 72.5 34 30.8 

B-36 68 23 18.3 

B-37 48 15 9.3 

B-38 58 11 5.4 

B-39 68 27 26.5 

B-40 33.5 21 19 

B-41 62.5 19.5 19.2 

 
Groundwater levels may fluctuate with climatic and seasonal variations and should be verified 
before construction.  Accurate determination of the static groundwater level is typically made with a 
standpipe piezometer.  Installation of a piezometer to evaluate the long-term groundwater condition 
was not included within the current scope of services. 
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6 VERTICAL AND LATERAL LANDFILL EXPANSION 

6.1 General 

The results of engineering analyses performed are presented in the sections below.  Project 
information provided to us was utilized in the analyses and represents our understanding of the 
proposed construction.  It is imperative that we are contacted if any changes from the described 
information are made so that we can evaluate whether modifications to our findings will need to 
be made. 

6.2 Permit No. MSW 235 Existing Waste Settlement 

Classic consolidation theory describes compression settlement of municipal solid waste (MSW) 
when loaded by the weight of additional waste from vertical expansion as the total of primary 
settlement and secondary settlement.  Specific testing to evaluate compression characteristics of 
municipal solid waste was not performed for this study.  We, therefore, assumed the following 
parameters, which are based on published information (1) (2), for our analyses. 

 Unit weight of new waste = 65 pounds per cubic foot (pcf) 

 Unit weight of existing waste = 65 pcf 

 Modified primary compression index, Cc’, of existing waste = 0.17 to 0.36 

 Modified secondary compression index, Cα’, of existing waste = 0.03 to 0.10 

 Age of existing waste = 33 years 

 Ending time of secondary settlement = 90 years 

For our calculations, we used procedures presented in the publications presented above and 
geometry from cross-sections presented on the following NEI drawing: 

 Appendix C, Cross Section J & O, City of Kingsville, Fig No. 2, dated 08/26/2018 

The cross section is presented in Appendix C. Settlement estimates resulting from compression 
of the existing solid waste due to the weight of the new, overlying waste are presented in Table 
6.1 below for various primary and secondary compression indices. 

One-dimensional consolidation tests were performed using select samples from the soil borings 
completed for this study to evaluate the compressibility characteristics of the foundation soils.  
The results of the consolidation tests are presented in Appendix D.  The calculated settlements 
resulting from consolidation of the foundation soils due to the weight of the overlying landfill 
material are on the order of magnitude of 1 foot.  This consolidation settlement should be added 
to existing waste total settlement presented in Table 6.1 below to obtain total settlement of the 
solid waste and the foundation soils. 
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Table 6.1 - Marker-J-Section  

S
ec

ti
on

 

Existing 
Waste 

Thickness 
(feet) 

New 
MSW 

Thickness 
(feet) 

Estimated Settlement (feet) of Existing Waste 

Cc’ = 0.17, Cα’ = 0.03 Cc’ = 0.36, Cα’ = 0.10 

Primary 
Settlement 

Secondary 
Settlement 

Total 
Settlement 

Primary 
Settlement 

Secondary 
Settlement 

Total 
Settlement 

C 20 15 1.4 0.2 1.6 2.9 0.5 3.4 

E 26 60 3.3 0.2 3.5 7.0 0.7 7.7 

G 31 100 4.6 0.2 4.8 9.7 0.8 10.5 

I 34 95 4.7 0.3 5.0 10.0 0.9 10.9 

K 35 105 5.0 0.3 5.3 10.6 0.9 11.5 

L 35 108 5.1 0.3 5.4 10.8 0.9 11.7 

M 30 115 4.8 0.2 5.0 10.1 0.8 10.9 

 

As biological decomposition of waste occurs, waste volume is reduced as the density increases, 
resulting in settlements of the overall landfill mass.  This, in effect, will pre-compress the 
existing waste, reducing settlement due to placement of future waste.  The magnitude of the 
settlement could be rather significant since it is planned that new waste will not be placed over 
the existing waste for another 70+ years.   Site preparation will result in placement of soils in the 
Permit No. MSW 235 area.  The additional weight of soils will surcharge the waste in this area, 
resulting in further pre-compression of the waste. 

6.3 Reinforcement Design 

The anticipated liner section to be constructed over the top of the existing waste will consist of 
(from bottom upwards) 24 inches of lightly compacted soil “foundation soil”, a 6-inch thickness 
of compacted soil “interim cover soil”, a geogrid stabilization layer, a geosynthetic clay liner 
(GCL), a 60 mil HDPE geomembrane, and a layer of drainage geocomposite.  If the planned 
liner profile will be different from the assumed, TWE should be contacted so further evaluation 
can be made if necessary. 

The geosynthetic reinforcement design uses the procedure provided in Qian, X. et.al., (2002) 
publication, and is based on the possible development of a void that is located immediately 
below the liner.  The liner is assumed to bridge over the void, carrying the load from the 
proposed overlying waste.  As commonly accepted scenario, the case of the “rusted refrigerator” 
is used, with the design depression having a radius of 3 feet.  Other assumptions used in the 
design are listed below and in Tables 6.2 and 6.3. 

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 2, pg-13 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



 

  TWE 
  Project No. 16.53.042 
  Report No. 12788R1 
  

6-3

 Design life of 50 years 

 Maximum elevation of MSW on the lining system is 115 feet 

Table 6.2 – Assumed Material Properties 

Material Unit Weight (pcf) Friction Angle (deg.) Cohesion (psf) 

MSW 60 23 0 

Interim Cover Soil 120 30 0 

 

Table 6.3 – Assumed Geosynthetic Properties 

Material Yield Strain (%) 

HDPE 10 

GCL 8 

 

Based on the results of the analyses, we recommend that geosynthetic reinforcement consisting 
of two layers of chemically resistant uniaxial geogrid placed perpendicular to each other be used.  
The geogrid should have a minimum design tensile strength of 2500 pounds per foot at an 
allowable stress of 5% or less over the 50 year design life.  The geogrid should be placed on top 
of a minimum 6 inch thick layer of compacted soil “interim cover soil” placed between the 
foundation layer and the new GCL.  It should be noted that the inclusion of geogrid 
reinforcement is intended to reduce, but not eliminate, the likelihood of failure. 
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7 WASTE MASS STABILITY 

7.1 Background Information 

We understand that the liner system for the new expansion will consist of a 6-in thick layer of 
compacted native soil covered by a geosynthetic clay liner (GCL).  A 60 mil HDPE 
geomembrane will be placed on the GCL, and will be anchored within trenches at the top of 
slope.  The geomembrane will be textured on both sides and covered by a geocomposite drainage 
layer. 

Deep-seated stability of the waste mass was evaluated by performing two dimensional, effective 
stress slope stability analyses for the final, closed geometry, using the computer program SLIDE.  
The program performs vertical slice limit equilibrium analysis for potential mass movement 
along assumed failure surfaces randomly generated by the program.  We assumed potential deep-
seated failure of the waste material within the waste or along the top of the HDPE liner, since 
failure would not be expected to occur in the foundation soils due to relatively high shear 
strength of this material. 

For analyses purposes, we used geometry from the cross-sections presented on the following 
NEI drawings: 

 Appendix C, Cross Section Plan, City of Kingsville Landfill, Fig. No. 1, dated 
08/26/2018  

 Appendix C, Cross Section J & O, City of Kingsville Landfill, Fig. No. 2, dated 
08/26/2018 

 Appendix C, Cross Section 12 & 18, City of Kingsville Landfill, dated 08/26/2018 

Copies of these sections are presented in Appendix C. 

7.2 Design Parameters 

Consolidated-undrained (C-U) triaxial shear tests were performed using select samples from the 
soil borings to evaluate long-term effective stress shear strength of the foundation soils.  The 
results of the C-U triaxial tests are presented in Appendix E. 

Laboratory tests for liner material properties were not performed as part of the current scope of 
services.  The stability analyses are based on laboratory tests results for the foundation soils and 
on assumed or published strength and interface friction values for the geocomposite drainage 
layer and the textured HDPE membrane.  It is essential that the assumed parameters be verified 
by specific testing prior to construction. 

Due to heterogeneous nature of municipal waste, traditional in-situ testing or laboratory testing 
to evaluate engineering properties of the waste is not feasible.  As a result, we used published 
and assumed estimated effective stress values of shear strength, cohesion, and unit weight for 
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municipal solid waste for our analyses(2) (3).  The engineering properties used in the analyses 
are presented in Table 7.1 below. 

Table 7.1 – Assumed Engineering Properties 

 

Material 

Effective 
Friction 
Angle, 
peak ϕ’ 
(deg) 

Effective 
Friction 

Angle, LD1 
ϕ’ (deg) 

 

Unit 
Weight γ 

(pcf) 

Effective 
Cohesion, 

peak,        
c’ (psf) 

Effective 
Cohesion, 

LD1 ,        
c’ (psf) 

MSW Refuse 23 22 60 250 0 

Geocomposite/Texture
d HDPE 

28 23 N/A 0 0 

7.3 Analysis and Results 

We analyzed both potential circular failure surfaces and potential block or sliding failure 
surfaces.  The following assumptions were used during the analyses: 

  Less than one foot of head will develop above the geocomposite drainage layer, and 

   Excess pore pressure will not develop within the waste either through hydrostatic or 
waste gas pressure.  The development of excess pore pressure could substantially reduce 
the factor of safety for stability. 

The results of our stability analyses for peak strength parameters are presented in Table 7.2 
below. 

Table 7.2 – Results of Waste Mass Stability Analysis – Peak Parameters 

                           
Cross Section 

Factor of Safety – Circular 
Failure 

Factor of Safety – Block 
Failure 

12 2.18 1.71 

18 2.27 1.68 

J 3.65 2.71 

O 2.27 1.72 
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To evaluate the potential for progressive failure, we also performed stability analyses using 
assumed large displacement interface shear strengths.  The results of these analyses are presented 
in Table 7.3 below. 

Table 7.3 – Results of Waste Mass Stability Analysis – Large Displacement Parameters 

                           
Cross Section 

Factor of Safety – Circular 
Failure 

Factor of Safety – Block 
Failure 

12 1.65 1.50 

18 1.81 1.52 

J 3.51 2.49 

O 1.93 1.54 

 

The results of the mass stability analyses are presented graphically in Appendix F. 

7.4 Conclusions 

 The calculated factor of safety for peak shear strength conditions exceeded 1.5 for our assumed 
strength and unit weight parameters, the analyzed cross sections, and assumed failure geometry.  
In addition, the calculated factor of safety for large displacement condition exceeds 1.5, which in 
our judgment, and based on published information, is acceptable. 

Based on our results, in our opinion, we anticipate that the planned landfill configuration should 
be stable, provided excess pore pressures are not generated within the waste mass or that there is 
no increase in piezometric head above 1 foot within the underlying liner cover material or 
leachate collection system.  The generation of pore pressures and increase in piezometric head 
within the materials could substantially reduce the factor of safety and increase the risk for 
stability problems. 

Laboratory testing using the specific HDPE liner material chosen for the project should be 
performed to confirm our assumed interface friction values used in our analyses.  Noticeable 
differences between the assumed parameters and parameters determined by testing could require 
that additional stability analyses be performed. 
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8 LIMITATIONS AND DESIGN REVIEW 

8.1 Limitations 

This report has been prepared for the exclusive use of Naismith/Hanson Engineering and the 
project team for specific application to the design of the proposed City of Kingsville Municipal 
Solid Waste Landfill Aerial Expansion in Kleberg County, Texas.  Our report has been prepared in 
accordance with the generally accepted geotechnical engineering practice common to the local 
area.  No other warranty, express or implied, is made. 

The analyses and recommendations contained in this report are based on the data obtained from 
the referenced subsurface explorations within the project site.  The soil boring indicates 
subsurface conditions only at the specific location, time and depth penetrated.  The soil borings 
do not necessarily reflect strata variations that could exist at other locations within the project 
site.  The validity of our recommendations is based in part on assumptions about the stratigraphy 
made by the Geotechnical Engineer. Such assumptions may be confirmed only during 
construction of the project.  Our recommendations presented in this report must be reevaluated if 
subsurface conditions during the construction phase are different from those described in this 
report. 

If any changes in the nature, design or location of the project are planned, the conclusions and 
recommendations contained in this report should not be considered valid unless the changes are 
reviewed and the conclusions modified or verified in writing by TWE.  TWE is not responsible 
for any claims, damages or liability associated with interpretation or reuse of the subsurface data 
or engineering analyses without the expressed written authorization of TWE. 

8.2 Design Review 

Review of the design and construction drawings as well as the specifications should be 
performed by TWE before release.  The review is aimed at determining if the geotechnical 
design and construction recommendations contained in this report have been properly 
interpreted.  Design review is not within the authorized scope of work for this study. 

8.3 Construction Monitoring 

Construction surveillance is recommended and has been assumed in preparing our 
recommendations.  These field services are required to check for changes in conditions that may 
result in modifications to our recommendations.  The quality of the construction practices will 
affect performance and should be monitored. TWE would be pleased to provide construction 
monitoring, testing and inspection services for the project. 

8.4 Closing Remarks 

We appreciate the opportunity to be of service during this phase of the project and we look 
forward to continuing our services during the construction phase and on future projects.
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APPENDIX A 
 

SOIL BORING LOCATION PLAN 
TWE DRAWING NO. 16.53.042-1 
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APPENDIX B 
 

LOGS OF PROJECT BORINGS AND A KEY TO 
TERMS AND SYMBOLS USED ON BORING LOGS 
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-30
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 21' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 10'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/22/2016
DATE BORING COMPLETED: 07/23/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-30
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 21' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 10'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/22/2016
DATE BORING COMPLETED: 07/23/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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SURFACE ELEVATION:
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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Very stiff to hard tan and reddish brown FAT CLAY
(CH) with calcareous nodules

Very dense tan CLAYEY SAND (SC) with calcareous
nodules

Very stiff to hard tan and gray FAT CLAY (CH) with
ferrous staining

-becomes slickensided with ferrous staining

Bottom @ 82.5'

(P) 4.50+

16/6"
43/6"
50/5"

10/6"
11/6"
17/6"

 17  17

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-30
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 21' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 10'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/22/2016
DATE BORING COMPLETED: 07/23/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 44.0"
W  97° 49' 23.1"

SURFACE ELEVATION:
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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Medium dense to very dense gray CLAYEY SAND (SC)

-with calcareous nodules and sand pockets

-with cemented sand layers

-color changes to tan

Very dense tan POORLY GRADED SAND with CLAY
(SP-SC) and sand partings

Hard reddish tan and light gray SANDY LEAN SILTY
CLAY (CL-ML) with sand partings

-color changes to reddish tan and tan with ferrous
stains

4/6"
5/6"
7/6"

10/6"
22/6"
18/6"

4/6"
5/6"
6/6"

5/6"
6/6"
8/6"

6/6"
8/6"
12/6"

8/6"
27/6"
29/6"

18/6"
32/6"
39/6"

36/6"
50/5"
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50/5"

45/6"
50/5"

35/6"
50/4"

17/6"
26/6"
50/5"
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12/6"
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32/6"
50/5"
7/6"
36/6"
39/6"
10/6"
21/6"
36/6"
10/6"
18/6"
35/6"
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-31
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 23' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 21'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/20/2016
DATE BORING COMPLETED: 07/21/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.1"
W  97° 49' 24.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 68-ft.
Wash Bored: -- to --
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Hard reddish tan and tan SANDY LEAN CLAY (CL) with
ferrous stains and laminated sands

Very stiff to hard reddish tan and tan FAT CLAY with
SAND (CH) and ferrous stains

-with trace gypsum crystals and ferrous stains

-with calcareous nodules and ferrous stains

-with trace gypsum crystals and ferrous stains

Bottom @ 68'

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+
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35/6"
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-31
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 23' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 21'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/20/2016
DATE BORING COMPLETED: 07/21/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.1"
W  97° 49' 24.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 68-ft.
Wash Bored: -- to --
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Stiff to hard tan and gray SANDY LEAN CLAY (CL) with
gypsum crystals and trace organics

Medium dense to dense reddish tan and gray CLAYEY
SAND (SC) with gypsum crystals

-color changes to tan and gray with sand partings

-with ferrous stains

-color changes to reddish tan

-color changes to reddish brown and tan

3/6"
5/6"
6/6"

6/6"
21/6"
23/6"

11/6"
26/6"
50/3"

17/6"
50/6"
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-32
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 18' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 14'-7". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/27/2016
DATE BORING COMPLETED: 07/28/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 49.7"
W  97° 49' 17.0"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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35
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Medium dense to dense reddish tan and gray CLAYEY
SAND (SC) with gypsum crystals
Very stiff to hard tan FAT CLAY with SAND (CH),
slickensided, with calcareous nodules

-color changes to tan and reddish brown with gypsum
crystals and ferrous stains

-color changes to tan, gray, and reddish brown

-color changes to tan and reddish brown

-color changes to tan and gray

-color changes to tan, red, and brown

-color changes to tan and gray

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.00

(P) 4.50+

8/6"
12/6"
15/6"

4/6"
9/6"
10/6"

 29
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 26

 89

 94

73 51

  0.61  2

 79

 82

 81

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-32
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 18' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 14'-7". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/27/2016
DATE BORING COMPLETED: 07/28/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 49.7"
W  97° 49' 17.0"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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Very stiff to hard tan and gray FAT CLAY with SAND
(CH), slickensided with gypsum crystals and calcareous
nodules

Medium dense to dense tan CLAYEY SAND (SC) with
calcareous nodules

-with gypsum crystals and ferrous stains

Bottom @ 82.5'

(P) 0.75

5/6"
10/6"
13/6"

13/6"
20/6"
20/6"

 21 24 8  24

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-32
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 18' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 14'-7". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/27/2016
DATE BORING COMPLETED: 07/28/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 49.7"
W  97° 49' 17.0"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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Medium dense to very dense tan CLAYEY SAND (SC)
with gypsum crystals

-color changes to dark gray and gray with trace gravel

-color changes to tan and light gray sand partings

-color changes to tan and white with trace caliche

Dense to very dense tan and white POORLY GRADED
SAND with SILT (SP-SM), and trace caliche

-color changes to light gray and tan with gypsum
crystals and ferrous stains

Medium dense to dense gray and white CLAYEY SAND
(SC) with gypsum crystals

-color changes to tan

2/6"
7/6"
9/6"

7/6"
11/6"
9/6"

27/6"
50/6"

50/5"

17/6"
48/6"
50/3"

17/6"
21/6"
27/6"

15/6"
17/6"
32/6"

14/6"
22/6"
26/6"

13/6"
21/6"
22/6"

 16

 11

 42

35 8

 47

 12

 20

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-33
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 86 ft REMARKS: Free water was encounterd at an approximate depth of 32'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-2". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 08/05/2016
DATE BORING COMPLETED: 08/05/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 55.9"
W  97° 49' 11.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 86-ft.
Wash Bored: -- to --
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35

40

45

50

55

60

65

70

Medium dense to dense reddish tan CLAYEY SAND
(SC) with gypsum crystals and ferrous stains

-color changes to tan and reddish tan

Stiff to very stiff reddish tan LEAN CLAY with SAND
(CL), slickensided, with ferrous stains

-color changes to reddish tan and tan with gypsum
crystals

Stiff to very stiff LEAN CLAY (CL), slickensided, with
ferrous stains

-color changes to reddish brown and tan with gypsum
crystals

Very stiff to hard tan FAT CLAY (CH), slickensided, with
gypsum crystals and ferrous stains

-color changes to tan and reddish brown

(P) 2.00

(P) 3.50

(P) 4.00

(P) 4.50+

6/6"
9/6"
12/6"

8/6"
16/6"
18/6"

9/6"
12/6"
18/6"

5/6"
6/6"
9/6"

7/6"
12/6"
14/6"

 29

 40

 34

 32

 79

 87

 42

43

64

24

33

  1.06

  2.57

 3

 2

 79

 96

 95

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-33
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 86 ft REMARKS: Free water was encounterd at an approximate depth of 32'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-2". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 08/05/2016
DATE BORING COMPLETED: 08/05/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 55.9"
W  97° 49' 11.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 86-ft.
Wash Bored: -- to --

(P
) 

P
O

C
K

E
T

 P
E

N
 (

ts
f)

(T
) 

T
O

R
V

A
N

E
 (

p
s
f)

S
T

D
. 
P

E
N

E
T

R
A

T
IO

N
T

E
S

T
 (

b
lo

w
s
/f
t)

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

D
R

Y
 U

N
IT

 W
E

IG
H

T
(p

c
f)

L
IQ

U
ID

 L
IM

IT
(%

)

P
L
A

S
T

IC
IT

Y
IN

D
E

X
 (

%
)

C
O

M
P

R
E

S
S

IV
E

S
T

R
E

N
G

T
H

 (
ts

f)

F
A

IL
U

R
E

 S
T

R
A

IN
 (

%
)

C
O

N
F

IN
IN

G
P

R
E

S
S

U
R

E
 (

p
s
i)

P
A

S
S

IN
G

 #
2
0
0

S
IE

V
E

 (
%

)

O
T

H
E

R
 T

E
S

T
S

P
E

R
F

O
R

M
E

D

3

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 2, pg-32 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



70

75

80

85

90

95

100

105

Very stiff to hard tan and reddish brown FAT CLAY
(CH), slickensided, with gypsum crystals and ferrous
stains

-color changes to tan and light gray

-with layers of calcareous nodules

Very stiff to hard tan FAT CLAY with SAND (CH) with
gypsum crystals and ferrous stains

-color changes to tan and white

Bottom @ 86'

(P) 4.50+

(P) 4.50+

(P) 4.50+

9/6"
10/6"
21/6"

 18 106   3.57  3  77

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-33
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 86 ft REMARKS: Free water was encounterd at an approximate depth of 32'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-2". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 08/05/2016
DATE BORING COMPLETED: 08/05/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 55.9"
W  97° 49' 11.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 86-ft.
Wash Bored: -- to --
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0

5

10

15

20

25

30

35

Medium dense dark gray, gray, and light gray CLAYEY
SAND (SC) with trace of organics

Very stiff to hard gray and light gray SANDY LEAN
SILTY CLAY (CL-ML) with calcareous nodules

-color changes to light gray

-color changes to light gray and tan

-color changes to white and light gray

-becomes stiff

Medium dense to dense white and light gray SILTY
SAND (SM) with calcareous nodules

-color changes to light gray and tan with ferrous stains

-color changes to light gray

-becomes medium dense

-color changes to tan and marine green

(P) 4.50+

(P) 4.50+

(P) 4.50+

2/6"
5/6"
6/6"

4/6"
12/6"
16/6"

11/6"
18/6"
16/6"

5/6"
6/6"
8/6"

4/6"
6/6"
8/6"

4/6"
10/6"
19/6"

23/6"
50/5"

23/6"
50/4"

27/6"
35/6"
50/4"

5/6"
37/6"
45/6"

20/6"
39/6"
37/6"

8/6"
12/6"
9/6"

4/6"
12/6"
10/6"

5/6"
6/6"
10/6"

3/6"

 15

 15

 14

 17

 22

 26

 33

112

115

114

21

38

39

7

7

2

  2.53

  6.13

 6

 4

 42

 59

 62

 31

 25

 28

 39

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-34
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 43 ft REMARKS: Free water was encounterd at an approximate depth of 31' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-4". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/22/2016
DATE BORING COMPLETED: 06/22/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 26' 43.4"
W 97° 49' 11.4"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 30 ft.
Wash Bored: 30 ft. to 43 ft.
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35

40

45

50

55

60

65

70

Medium dense tan and marine green SILTY SAND
(SM) with sand lenses and trace organics
Hard tan and light gray LEAN CLAY (CL)

Bottom @ 43'

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

8/6"
13/6"

 30  91 40 17   0.93  1  91

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-34
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 43 ft REMARKS: Free water was encounterd at an approximate depth of 31' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-4". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/22/2016
DATE BORING COMPLETED: 06/22/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 26' 43.4"
W 97° 49' 11.4"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 30 ft.
Wash Bored: 30 ft. to 43 ft.
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0

5

10

15

20

25

30

35

Medium dense tan and brown CLAYEY SAND (SC)
with trace caliche

-color changes to reddish brown with ferrous stains

Very stiff to hard reddish tan SANDY LEAN CLAY (CL)
with gypsum crystals

-color changes to reddish tan and tan with ferrous
stains

-color changes to reddish tan

-color changes to reddish tan and tan

Medium dense to dense reddish tan and tan CLAYEY
SAND (SC) with gypsum crystals and ferrous stains

-color changes to reddish tan

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

5/6"
8/6"
7/6"

5/6"
8/6"
5/6"

5/6"
10/6"
12/6"

4/6"
7/6"
9/6"

8/6"
13/6"
20/6"

 12

 14

 17

 17

117

109

104

31

42

17

25

  2.22

  1.29

 3

 3

 38

 52

 40

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-35
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 72.5 ft REMARKS: Free water was encounterd at an approximate depth of 34' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 30'-9". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/29/2016
DATE BORING COMPLETED: 07/29/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.5"
W  97° 48' 57.2"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 72.5-ft.
Wash Bored: -- to --
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35

40

45

50
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65

70

Medium dense to dense reddish tan and tan CLAYEY
SAND (SC) with gypsum crystals and ferrous stains
Hard tan and light gray FAT CLAY with SAND (CH),
gypsum crystals, and ferrous stains

-color changes to tan and reddish brown

-with sand partings

Stiff to hard reddish brown and tan FAT CLAY (CH) with
gypsum crystals and ferrous stains

-becomes slickensided with sand layers

-color changes to tan

-color changes to tan and reddish brown

(P) 2.00

(P) 3.75

(P) 4.25

(P) 4.50+

17/6"
26/6"
30/6"

8/6"
15/6"
24/6"

10/6"
16/6"
16/6"

4/6"
7/6"
10/6"

4/6"
7/6"
10/6"

 25

 34

 33  89

109

90

72

67   3.88  4

 77

 96

 89

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-35
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 72.5 ft REMARKS: Free water was encounterd at an approximate depth of 34' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 30'-9". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/29/2016
DATE BORING COMPLETED: 07/29/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.5"
W  97° 48' 57.2"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 72.5-ft.
Wash Bored: -- to --
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Very stiff to hard reddish brown and tan FAT CLAY
(CH), slickensided, with gypsum crystals and ferrous
stains

Bottom @ 72.5'

(P) 4.50+  32  89   2.68  1  95

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-35
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 72.5 ft REMARKS: Free water was encounterd at an approximate depth of 34' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 30'-9". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/29/2016
DATE BORING COMPLETED: 07/29/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.5"
W  97° 48' 57.2"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 72.5-ft.
Wash Bored: -- to --
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Loose to medium dense dark gray and gray CLAYEY
SAND (SC)

-with calcareous nodules

-color changes to light gray and tan

-color changes to tan

-color changes to light gray with ferrous stains

-becomes very dense and color changes to light gray
and tan

-becomes dense
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-36
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 23' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 18'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/24/2016
DATE BORING COMPLETED: 06/24/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 56.8"
W  97° 49' 04.9"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 22-ft.
Wash Bored: 22-ft. to 68-ft.
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Medium dense light gray and tan CLAYEY SAND (SC)

-with sand seams, calcareous nodules, and ferrous
staining

-color changes to reddish brown and light gray

Stiff to very stiff reddish brown and light gray FAT CLAY
(CH), slickensided, with ferrous staining

-with sand seams and calcareous nodules

-color changes to light gray with sand layers

-becomes hard

-color changes to brown yellow, reddish brown, and
light gray

Bottom @ 68'

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-36
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 23' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 18'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/24/2016
DATE BORING COMPLETED: 06/24/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 56.8"
W  97° 49' 04.9"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 22-ft.
Wash Bored: 22-ft. to 68-ft.
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Very dense light gray and tan SILTY SAND (SM)

-with ferrous staining

-with calcareous nodules

Very stiff to hard tan and light tan SANDY LEAN SILTY
CLAY (CL-ML)

-color changes to tan and light gray with ferrous staining

Stiff to very stiff reddish brown and light gray FAT CLAY
(CH) with calcareous nodules and ferrous staining

-color changes to light gray with sand layers
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-37
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 48 ft REMARKS: Free water was encounterd at an approximate depth of 15' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 9'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/24/2016
DATE BORING COMPLETED: 06/25/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 57.1"
W  97° 49' 17.6"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 12-ft.
Wash Bored: 12-ft. to 48-ft.
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Stiff to very stiff light gray and brownish tan FAT CLAY
(CH) with sand seams, calcareous nodules, and ferrous
staining

-color changes to light gray and reddish brown

-color changes to light gray

Bottom @ 48'
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 35 80 51  86

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-37
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 48 ft REMARKS: Free water was encounterd at an approximate depth of 15' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 9'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/24/2016
DATE BORING COMPLETED: 06/25/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 57.1"
W  97° 49' 17.6"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 12-ft.
Wash Bored: 12-ft. to 48-ft.
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Very stiff to hard light gray SANDY FAT CLAY (CH)
with ferrous stains and trace calcareous nodules

-color changes to light gray and tan

-becomes stiff

-color changes to brown and light gray and becomes
stiff with sand layers
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-38
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 58 ft REMARKS: Free water was encounterd at an approximate depth of 11' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 5'-5". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/23/2016
DATE BORING COMPLETED: 06/23/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 03.76"
W 97° 49' 12.19"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 10 ft.
Wash Bored: 10 ft. to 58 ft.
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Very stiff to hard reddish brown and light gray SANDY
FAT CLAY (CH) with sand seams and layers

Stiff to hard light gray FAT CLAY (CH), slickensided,
with calcareous nodules and ferrous stains

-color changes to reddish brown and light gray

-color changes to tannish brown and light gray with
trace organics

-color changes to light gray

-color changes to tannish brown and light gray

-color changes to light gray

Bottom @ 58'
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-38
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 58 ft REMARKS: Free water was encounterd at an approximate depth of 11' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 5'-5". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/23/2016
DATE BORING COMPLETED: 06/23/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 03.76"
W 97° 49' 12.19"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 10 ft.
Wash Bored: 10 ft. to 58 ft.
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Medium dense to dense tan and light gray CLAYEY
SAND FILL with trace gravel

-color changes to brown

Medium dense to dense brown and reddish brown
CLAYEY SAND (SC)

-color changes to tan and gray with calcareous nodules

-color changes to tan and light gray

-color changes to light gray

-color changes to light gray and tan with ferrous  stains

-color changes to light gray

Stiff to hard light gray SANDY LEAN CLAY (CL) with
calcareous nodules and ferrous stains

-color changes to light tan and light gray

-color changes to light gray

-color changes to light gray and tan

(P) 4.50+

(P) 4.00

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-39
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 27' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 26'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/20/2016
DATE BORING COMPLETED: 06/24/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 01.3"
W 97° 48' 57.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 26 ft.
Wash Bored: 26 ft. to 68 ft.
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Stiff to hard light gray and tan SANDY LEAN CLAY (CL)
with ferrous stains
Medium dense to dense light gray CLAYEY SAND (SC)
with ferrous stains

Dense light gray POORLY GRADED SAND with CLAY
(SP- SC)

Hard reddish brown and light gray FAT CLAY with
SAND (CH)

-becomes slickensided with calcareous nodules

-with ferrous stains

-becomes stiff

Medium dense light gray CLAYEY SAND (SC) with
calcareous nodules and ferrous stains

Bottom @ 68'

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-39
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 27' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 26'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/20/2016
DATE BORING COMPLETED: 06/24/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 01.3"
W 97° 48' 57.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 26 ft.
Wash Bored: 26 ft. to 68 ft.
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Loose to very dense light gray and gray SILTY SAND
(SM) with trace caliche

-color changes to light gray and tan with ferrous stains

-color changes to light gray with calcareous nodules

-color changes to light gray and white

-color changes to white

-color changes to light gray and white

Hard light gray FAT CLAY with SAND (CH), calcareous
nodules, and ferrous stains

Hard light gray SANDY FAT CLAY (CH) with
calcareous nodules and ferrous stains

Dense to very dense light gray CLAYEY SAND (SC)
with calcareous nodules

Bottom @ 33.5'
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17/6"
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-40
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 33.5 ft REMARKS: Free water was encounterd at an approximate depth of 21' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 19'. At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/21/2016
DATE BORING COMPLETED: 06/22/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 09.97"
W 97° 49' 11.18"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 22 ft.
Wash Bored: 22 ft. to 33.75 ft.
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Loose to medium dense gray CLAYEY SAND (SC) with
calcareous nodules

-color changes to light gray

Stiff to very stiff gray SANDY FAT CLAY (CH)

-becomes hard and color changes to brown with
interbedded sand seams

-color changes to brown and tan

-color changes to tan with sand layers

-color changes to brown with sand partings

-color changes to brown and tan
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-41
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 62.5 ft REMARKS: Free water was encounterd at an approximate depth of 19'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 19'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/20/2016
DATE BORING COMPLETED: 07/20/2016
LOGGER: M. Anderson
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 27' 09.8"
W  97° 49' 17.4"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 62.5-ft.
Wash Bored: -- to --
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Stiff to very stiff gray SANDY FAT CLAY (CH)

Very stiff brown FAT CLAY with SAND (CH)

-color changes to brown and tan

-color changes to brown and gray

-color changes to gray

Bottom @ 62.5'

(P) 3.25

(P) 4.50+

(P) 3.50

6/6"
13/6"
11/6"

4/6"
9/6"
14/6"

6/6"
8/6"
9/6"

7/6"
9/6"
12/6"

 27

 35
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97 75
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-41
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 62.5 ft REMARKS: Free water was encounterd at an approximate depth of 19'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 19'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/20/2016
DATE BORING COMPLETED: 07/20/2016
LOGGER: M. Anderson
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 27' 09.8"
W  97° 49' 17.4"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 62.5-ft.
Wash Bored: -- to --
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  Project No. 16.53.042 
  Report No. 12788R1 

 

APPENDIX C 
 

CROSS SECTION PLAN, CROSS SECTION J & O, 
CROSS SECTION 12 & 18 
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Hanson Professional Services Inc.

Corpus Chrisiti, Texas 78411

4501 Gollihar Rd.

Phone: (361) 814-9900

Offices Nationwide

www.hanson-inc.com

             (800) 677-2831
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CROSS SECTION PLAN
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-30 Depth: 52'-54'

Proj. No.: 16.53.042 Date Sampled: 8/25/16

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and tan FAT CLAY with

little calcareous nodules

Assumed Specific Gravity= 2.70

Remarks:

Test method: ASTM D 4767

Failure type: Slickensided

 Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf

σσσσ1   Failure, tsf

σσσσ3   Failure, tsf

In
it
ia

l
A

t 
T

e
s
t

1

28.3
88.5
84.6

0.9043
2.06
4.17

26.8
97.7

100.0
0.7246

1.96
4.17

0.01

3.5

10.00

1.38

0.28

1.38

0.28

3.5

0.44

1.82

2

28.3
88.5
84.6

0.9043
2.06
4.17

26.8
97.7

100.0
0.7246

1.99
4.05

0.01

1.9

20.00

2.24

0.61

2.42

0.50

3.5

0.83

3.07

3

28.3
88.5
84.6

0.9043
2.06
4.17

26.8
97.7

100.0
0.7246

2.02
3.94

0.01

1.3

40.00

3.38

1.26

3.45

1.21

2.6

1.62
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Total Normal Stress, tsf  

Effective Normal Stress, tsf  

0 1.1 2.2 3.3 4.4 5.5 6.6

 C, tsf

 φ, deg

 Tan(φ)

Total Effective

0.292

18.2

0.33

0.221

27.1

0.51
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-30 Depth: 52'-54'

Project No.: 16.53.042  Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-32 Depth: 45'-47'

Proj. No.: 16.53.042 Date Sampled: 8/26/16

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and reddish-brown FAT

CLAY with few calcareous nodules

Assumed Specific Gravity= 2.70

Remarks:

Test method: ASTM D 4767

Failure type: Slickensided

Figure Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf

σσσσ1   Failure, tsf

σσσσ3   Failure, tsf

In
it
ia

l
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t 
T

e
s
t

1

31.2
86.6
89.0

0.9473
2.87
5.59

33.8
88.1

100.0
0.9136

2.85
5.58

0.01

2.7

10.00

0.98

0.36

1.03

0.33

3.5

0.36

1.34

2

31.2
86.6
89.0

0.9473
2.87
5.59

33.8
88.1

100.0
0.9136

2.90
5.40

0.01

1.8

19.90

1.73

0.63

1.82

0.57

3.7

0.80

2.53

3

31.2
86.6
89.0

0.9473
2.87
5.59

33.8
88.1

100.0
0.9136

2.94
5.23

0.01

2.2

40.00

2.81

1.31

3.19

0.87

15.2

1.57

4.38
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-32 Depth: 45'-47'

Project No.: 16.53.042 Figure Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-35 Depth: 8'-10'

Proj. No.: 16.53.042 Date Sampled: 8/25/16

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and tan SANDY LEAN

CLAY

LL= 36 PI= 20PL= 16

Assumed Specific Gravity= 2.70

Remarks:

Test method: ASTM D 4767

Failure type: Bulge

 Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf

σσσσ1   Failure, tsf

σσσσ3   Failure, tsf

In
it
ia

l
A

t 
T

e
s
t

1

13.6
114.1

76.8
0.4771

2.87
5.56

15.2
119.5
100.0

0.4100
2.81
5.55

0.01

2.5

10.00

1.77

0.10

2.09

-0.02

3.6

0.62

2.39

2

13.6
114.1

76.8
0.4771

2.87
5.56

15.2
119.5
100.0

0.4100
2.87
5.32

0.01

3.6

20.00

3.23

0.16

3.23

0.16

3.6

1.28

4.50

3

13.6
114.1

76.8
0.4771

2.87
5.56

15.2
119.5
100.0

0.4100
2.92
5.12

0.01

3.7

39.90

4.93

0.72

6.04

0.04

15.1

2.15

7.08
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Effective Normal Stress, tsf  
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 C, tsf

 φ, deg

 Tan(φ)

Total Effective

0.286

24.8

0.46

0.151

30.5

0.59
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-35 Depth: 8'-10'

Project No.: 16.53.042  Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-39 Depth: 24'-26'

Proj. No.: 16.53.042 Date Sampled: 8/25/16

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and tan SANDY FAT

CLAY

LL= 52 PI= 33PL= 19

Assumed Specific Gravity= 2.70

Remarks:

Test method: ASTM D 4767

Failure type: Bulge

 Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf

σσσσ1   Failure, tsf

σσσσ3   Failure, tsf

In
it
ia

l
A

t 
T

e
s
t

1

20.7
103.5

89.1
0.6282

2.82
5.58

20.4
108.6
100.0

0.5518
2.77
5.50

0.01

3.2

10.00

1.78

0.29

1.89

0.26

3.5

0.43

2.21

2

20.7
103.5

89.1
0.6282

2.82
5.58

20.4
108.6
100.0

0.5518
2.81
5.37

0.01

2.5

20.00

3.18

0.53

3.55

0.40

3.5

0.91

4.10

3

20.7
103.5

89.1
0.6282

2.82
5.58

20.4
108.6
100.0

0.5518
2.84
5.25

0.01

7.5

40.00

5.95

0.62
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8.20
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Total Effective
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-39 Depth: 24'-26'

Project No.: 16.53.042  Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-41A Depth: 60.5'-62.5'

Proj. No.: 16.53.042 Date Sampled: 

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and tan FAT CLAY with

SAND and some calcareous nodules

LL= 77 PI= 53PL= 24

Assumed Specific Gravity= 2.75

Remarks:

Test method: ASTM D 4767

Failure type: Slickensided

Figure Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf
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σσσσ3   Failure, tsf
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-41A Depth: 60.5'-62.5'

Project No.: 16.53.042 Figure Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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  TWE 
  Project No. 16.53.042 
  Report No. 12788R1 

APPENDIX F 
 

GRAPHICAL PRESENTATION OF MASS STABILITY ANALYSES RESULTS 
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2.1802.180

W

2.1802.180

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description Marker 12 Section - Final Waste Slope (Long-Term Analysis) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2182Drawn By

File Name Marker 12 Section.slimDate 12/2/2016, 2:04:42 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017
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1.7131.713

W

1.7131.713

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
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Analysis Description Marker 12 Section - Final Waste Slope (Long-Term Analysis) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2164Drawn By

File Name Marker 12 Section.slimDate 12/2/2016, 2:04:42 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 2, pg-72 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



2.2702.270

W

2.2702.270

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
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3.500
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Analysis Description Marker 18 Section - Final Waste Slope (Long-Term Analysis) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2378Drawn By

File Name Marker 18 Section - Circular Arc.slimDate 12/2/2016, 2:39:49 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017
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1.6781.678

W

1.6781.678
Material Name Color Unit Weight

(lbs/ 3) Strength Type Cohesion
(psf)

Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
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Analysis Description Marker 18 Section - Final Waste Slope (Long-Term Analysis) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2326Drawn By

File Name Marker 18 Section - Sliding Block.slimDate 12/2/2016, 2:39:49 PM

Project

Kingsville MSW Landfill Project
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3.6493.649

W W

3.6493.649

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
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Analysis Description Marker J Section - Final Waste Slope (Long-Term Analysis) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:1754Drawn By

File Name Marker J Section.slimDate 11/28/2016, 5:45:35 PM

Project

Kingsville Municipal Solid Waste Landfill
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2.7112.711

W W

2.7112.711

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
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1.500
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2.000
2.250
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Analysis Description Marker J Section - Final Waste Slope (Long-Term Analysis) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2055Drawn By

File Name Marker J Section - Sliding Block.slimDate 11/28/2016, 5:45:35 PM

Project

Kingsville Municipal Solid Waste Landfill
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2.2722.272

W

2.2722.272

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
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2.750
3.000
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Analysis Description Marker O Section - Final Waste Slope (Long-Term Analysis) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2148Drawn By

File Name Marker O Section - Circular Arc.slimDate 12/2/2016, 10:23:00 AM

Project

Kingsville MSW Landfill Project
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1.7201.720

W

1.7201.720Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
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2.000
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Analysis Description Marker O Section - Final Waste Slope (Long-Term Analysis) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2115Drawn By

File Name Marker O Section - Sliding Block.slimDate 12/2/2016, 10:23:00 AM

Project

Kingsville MSW Landfill Project
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1.6551.655

W

1.6551.655

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
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0.750
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Analysis Description Marker 12 Section - Final Waste Slope (Long-Term Analysis - Large Displacement) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2569Drawn By

File Name Marker 12 Section - Circular Arc.slimDate 12/2/2016, 2:04:42 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017
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1.5001.500

W

1.5001.500
Material Name Color Unit Weight

(lbs/ 3) Strength Type Cohesion
(psf)

Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
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Analysis Description Marker 12 Section - Final Waste Slope (Long-Term Analysis - Large Displacement) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2164Drawn By

File Name Marker 12 Section - Sliding Block.slimDate 12/2/2016, 2:04:42 PM

Project

Kingsville MSW Landfill Project
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1.8101.810

W

1.8101.810

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
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Analysis Description Marker 18 Section - Final Waste Slope (Long-Term Analysis - Large Displacement) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2360Drawn By

File Name Marker 18 Section - Circular Arc.slimDate 12/2/2016, 2:39:49 PM

Project

Kingsville MSW Landfill Project
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1.5211.521
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1.5211.521 Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
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Analysis Description Marker 18 Section - Final Waste Slope (Long-Term Analysis - Large Displacement) -Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2326Drawn By

File Name Marker 18 Section - Sliding Block.slimDate 12/2/2016, 2:39:49 PM

Project

Kingsville MSW Landfill Project
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3.5133.513
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3.5133.513

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Safety Factor
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Analysis Description Marker J Section - Final Waste Slope (Long-Term Analysis - Large Displacement) -Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:3287Drawn By

File Name Marker J Section - Circular.slimDate 11/28/2016, 5:45:35 PM
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1.  Introduction 
 

On behalf of the City of Kingsville, Hanson Professional Services, Inc. is preparing a permit amendment 
application for the City of Kingsville Landfill. This amendment includes both a horizontal and vertical 
expansion of the current Municipal Solid Waste (MSW) Landfill located in Kleberg County, Texas. The 
City of Kingsville Landfill is located approximately 5 miles southeast of the City of Kingsville at the 
northeast corner of the intersection of Farm to Market Road 2619 and East County Road 2130 as 
shown on Exhibit I.  

 

2.  Geotechnical Exploration 
 
In order to identify the engineering characteristics of the subsurface materials in accordance with 30 
TAC 330.63 (e)(4), a geotechnical exploration was conducted at the City of Kingsville Landfill. This 
exploration was completed by Tolunay-Wong Engineers, Inc. during June, July, and August of 2016.  
 
Twelve soil borings were installed using a truck-mounted drill rig, utilizing hollow-stem auger and wash 
rotary drilling techniques. Boring depths ranged from 33.5 feet to 86 feet below grade. Twenty three 
(23) exploratory borings were previously drilled at the site for development of the existing landfill and 
the locations of these can be seen in Exhibit III. Surveyed locations and surface elevations for the 
twelve new soil borings can also be seen in Exhibit III. Upon completion of drilling, the new borings 
were pressure grouted from the bottom with a cement-bentonite mixture. 
 
During the sampling procedure, standard penetration tests (SPT) were performed at pre-determined 
intervals to obtain the standard penetration resistance value of the soil. The standard value or “N-value” 
was recorded and can be found on the boring logs located in Appendix B of Exhibit II. Standard 
penetration tests utilized a 140-lb hammer falling 30 inches in accordance with the Standard Test 
Method for Standard Penetration Test (SPT) and Split Barrel Sampling of Soils (ASTM D 1586). 
 
Fine grained cohesive soil samples were obtained using thin walled sampling (ASTM D1587) 
procedures. A geotechnician visually classified recovered soils and obtained field strength 
measurements using a pocket penetrometer for samples collected via thin walled sampling. These 
samples were extruded in the field, wrapped in foil, placed in moisture sealed containers, and protected 
from disturbance prior to transport to the laboratory.  
 
Cohesionless, semi-cohesionless, and dry, brittle cohesive soil samples were obtained using split-
barrel sampling (ASTM D1586) procedures. The compactness of cohesionless and semi-cohesionless 
samples are inferred from the N-value. The samples obtained from the split-barrel sampler were 
visually classified, placed in moisture sealed containers, and transported to the laboratory.  
 
The recovered soil sample depths with corresponding pocket penetrometer measurements and SPT 
blowcounts can be found on the boring logs provided in Appendix B of Exhibit II. Interpretations of soil 
types throughout the boring depths and the locations of strata changes were based on visual 
classifications during field sampling and laboratory testing in accordance with Standard Practice for 
Classification of Soils for Engineering Purposes (Unified Soil Classification System) (ASTM D 2487) 
and Standard Practice for Description and Identification of Soils (Visual-Manual Procedure) (ASTM D 
2488).  
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3.  Subsurface Conditions 
 

3.1  Typical Profile 
 
Typical soil profiles encountered in the soil borings consisted of alternating strata of cohesive clay soils 
(fat clays, sandy lean clays, and sandy lean silty clays) and semi-cohesionless clayey sands and silty 
sands, and cohesionless poorly graded sands with clay. The consistency of the cohesive clay soils was 
typically very stiff to hard, but occasionally stiff. The relative density of the semi-cohesionless silty 
sands/clayey sands and cohesionless poorly graded sands was typically medium dense to very dense, 
but occasionally loose. Depths of boring termination ranged from 33.5 ft to 86 ft. Detailed descriptions 
of the soils encountered at each boring location are presented on the boring logs that have been 
included in Appendix B of Exhibit II.  
 

3.2  Groundwater 
 
Typically borings were dry-augered using hollow stem augers to advance the boreholes until 
groundwater was encountered. Wash rotary drilling techniques were then used as necessary in order to 
continue advancing the borings. Groundwater measurements were recorded at depths ranging from 
approximately 11 ft to 34 ft BGS in the open boreholes when groundwater was first encountered. 
Groundwater measurements were recorded again after a 10 to 15 minute time period and those depths 
ranged from 5.4 ft to 30.8 ft. Depths to which groundwater was observed during drilling and after the 10 
to 15 minute waiting period can be seen on the Groundwater Level Measurements Table below. 
 

Groundwater Level Measurements 

Boring 
No. 

Boring 
Depth 
(feet) 

Groundwater Level Depth 

Encountered During 
Drilling (feet) 

 Observed in Open 
Borehole After 10 to 15 
Minute Waiting Period 

(feet) 

B-30 82.5 12 10.5 

B-31 68 23 21.5 

B-32 82.5 18 14.6 

B-33 86 32.5 28.1 

B-34 43 31 28.3 

B-35 72.5 34 30.8 

B-36 68 23 18.3 

B-37 48 15 9.3 

B-38 58 11 5.4 

B-39 68 27 26.5 

B-40 33.5 21 19 

B-41 62.5 19.5 19.2 
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These groundwater observations were made during the installation of the soil borings. Groundwater 
conditions may be different at the time of construction due to seasonal variations in rainfall, runoff, 
irrigation, or other conditions not apparent at the time of drilling. 

4.  Laboratory Testing 

In order to further classify and evaluate the physical and engineering properties of the soils 

encountered in the project borings, laboratory testing was conducted on selected samples. Laboratory 

tests were conducted in general accordance with ASTM International standards to measure physical 

and engineering properties of the recovered samples. Laboratory testing descriptions and methods can 

be viewed in the table below. 

 

Test Description Test Method 

Amount of Material in Soils Finer than No. 200 Sieve ASTM D 1140 

Unconfined Compressive Strength of Cohesive Soil (UC) ASTM D 2166 

Water (Moisture) Content of Soil ASTM D 2216 

Liquid Limit, Plastic Limit and Plasticity Index of Soils ASTM D 4318 

Density (Unit Weight) of Soil Specimens ASTM D 2937 

One-Dimensional, Incremental Loading Consolidation ASTM D 2435 

Consolidated-Undrained Triaxial Compression w/ Pore Water Pressure ASTM D 4767 

 
Standard geotechnical laboratory test results and soil properties encountered in the project borings are 
presented on the boring logs provided in Appendix B of Exhibit II. Results of completed one-
dimensional consolidation and consolidated-undrained triaixial compression tests performed on the 
selected cohesive soil samples obtained for this study are included in Appendix D of Exhibit II. 
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  TWE 
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1 INTRODUCTION AND PROJECT DESCRIPTION 

1.1 Introduction 

This report presents the results of our geotechnical engineering study performed for the proposed 
municipal solid waste landfill vertical and lateral expansion in Kingsville, Texas.  Our 
geotechnical engineering study was conducted in accordance with TWE Proposal No. P15-
C105R1 dated December 31, 2015.  The study was authorized by Grant Jackson, P.E. of 
Naismith/Hanson (NEI). 

1.2 Project Description 

The City of Kingsville is planning a vertical and lateral expansion of the existing municipal solid 
waste (MSW) landfill (Permit No. MSW 235-B) located at the northeast corner of the 
intersection of County Road E 2130 and Farm to Market Road 2619 near Kingsville (Kleberg 
County), Texas.  The current landfill permit boundary covers an area of about 120 acres and is 
located immediately adjacent to a closed Pre-Subtitle D MSW landfill (Permit No. MSW 235).  
The closed landfill includes about 40 acres and is located southwest of Permit No. MSW 235-B. 

The landfill expansion will include placement of MSW refuse over areas of the previously filled, 
closed Permit MSW 235 landfill.  Like the remainder of the landfill, the top of the closed Permit 
No. MSW 235 landfill will receive a liner and leachate collection system prior to receiving new 
MSW.  Permit No. MSW 235 has not received new MSW since 1992 and first began receiving 
MSW sometime around mid 1970’s.  Since it is planned so that the Permit No. MSW 235 area 
will contain the last sectors to receive waste, it will be about 70+ years before any new waste is 
placed over Permit No. MSW 235 area.  The final landfill top elevation will be about 200-ft, 
with a maximum thickness of new MSW refuse above the existing MSW refuse of about 115- ft.  
The final landfill side slopes will be at a maximum of 4(H):1(V). 
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2 PURPOSE AND SCOPE OF SERVICES 

The purposes of our geotechnical engineering study were to investigate the soil and groundwater 
conditions within the project site and to provide geotechnical design and construction 
recommendations for the proposed facility. 

Our scope of services performed for the project consisted of:  

1. Drilling 12 soil borings to depths of 33.5-ft to  86-ft within the project site to 
evaluate subsurface stratigraphy and groundwater conditions; 

2. Performing geotechnical laboratory tests on recovered soil samples to evaluate the 
physical and engineering properties of the strata encountered; 

3. Providing estimated compression of the waste within the existing landfill due to 
construction of the new vertical expansion; 

4. Providing geosynthetic reinforcement requirements to be incorporated into the cover 
design at the base of the vertical landfill construction; and, 

5. Performing waste mass stability analyses of the new landfill construction. 

Our scope of services did not include any environmental assessments for the presence or absence 
of wetlands or of hazardous or toxic materials within or on the soil, air or water within this 
project site.  Any statements in this report or on the boring logs regarding odors, colors or 
unusual or suspicious items or conditions are strictly for the information of the Client.  A 
geological fault study was also beyond the scope of our services associated with this 
geotechnical engineering study. 
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3 FIELD PROGRAM  

3.1 Soil Borings 

TWE conducted an exploration of subsurface soil and groundwater conditions at the project site 
during June, July, and August 2016 by drilling and sampling 12 soil borings to depths of 33.5-ft 
to 86-ft below grade.  The soil boring locations are presented on TWE Drawing No. 16.53.042-1 
in Appendix A of this report.  Drilling and sampling of the soil borings were performed using 
conventional truck-mounted drilling equipment.  Our field personnel coordinated the field 
activities and logged the boreholes.  The boring locations were staked at the site by professional 
public land surveyor.  The latitude and longitude for each boring location were determined by 
the surveyor and are presented on the boring logs.  The borings were pressure grouted from the 
bottom with a cementitious bentonite mixture. 

Twenty three (23) exploratory borings were previously drilled at the site for development of the 
existing landfill.  The previously drilled exploratory boring locations are presented on TWE 
Drawing No. 16.53.042.1 in Appendix A. 

3.2 Drilling Methods 

Field operations were performed in general accordance with the Standard Practice for Soil 
Investigation and Sampling by Auger Borings [American Society for Testing and Materials 
(ASTM) D 1452].  The soil borings were drilled using a truck-mounted drilling rig.  Typically, 
borings are dry-augered using a flight auger to advance the boreholes until groundwater is 
encountered or until the boreholes become unstable and/or collapse.  At that point, soil borings 
are completed using wash-rotary drilling techniques.  Samples were obtained at intervals of 5-ft 
from existing ground surface to the completion depths of borings B-30, B-32, B-33, B-35, B-36, 
B-37, and B-41.  A 2-ft sampling interval was used to the completion depths of borings B-31, B-
34, B-38, B-39, and B-40.  The completion depths of the borings were 33.5-ft to 86-ft below the 
ground surface at the time of the field exploration. 

3.3 Soil Sampling 

Fine-grained, cohesive soil samples were recovered from the soil borings by hydraulically 
pushing 3-in diameter, thin-walled Shelby tubes a distance of about 24-in.  The field sampling 
procedures were conducted in general accordance with the Standard Practice for Thin-Walled 
Tube Sampling of Soils (ASTM D 1587).  Our geotechnician visually classified the recovered soils 
and obtained field strength measurements using a pocket penetrometer.  A factor of 0.67 is 
typically applied to the penetrometer measurement to estimate the undrained shear strength of the 
Gulf Coast cohesive soils.  The samples were extruded in the field, wrapped in foil, placed in 
moisture sealed containers and protected from disturbance prior to transport to the laboratory. 
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Cohesionless, semi-cohesionless, and dry, brittle cohesive samples were collected with the 
standard penetration test (SPT) sampler driven 18-in by blows from a 140-lb hammer falling 30-
in in accordance with the Standard Test Method for Standard Penetration Test (SPT) and Spilt-
Barrel Sampling of Soils (ASTM D 1586).  The number of blows required to advance the sampler 
three (3) consecutive 6-in depths are recorded for each corresponding sample on the boring logs.  
The N-value, in blows per foot, is obtained from SPTs by adding the last two (2) blow count 
numbers.  The compactness of cohesionless and semi-cohesionless samples are inferred from the 
N-value.  The samples obtained from the split-barrel sampler were visually classified, placed in 
moisture sealed containers and transported to our laboratory. 

The recovered soil sample depths with corresponding pocket penetrometer measurements and 
SPT blowcounts are presented on the boring logs in Appendix B.   

3.4 Boring Logs 

Our interpretations of general subsurface soil and groundwater conditions at the soil boring 
locations are included on the boring logs.  Our interpretations of the soil types throughout the 
boring depths and the locations of strata changes were based on visual classifications during field 
sampling and laboratory testing in accordance with Standard Practice for Classification of Soils 
for Engineering Purposes (Unified Soil Classification System) (ASTM D 2487) and Standard 
Practice for Description and Identification of Soils (Visual-Manual Procedure) (ASTM D 2488). 

The boring logs include the type and interval depth for each sample along with its corresponding 
pocket penetrometer measurements and SPT blow counts.  The boring logs and a key to terms 
and symbols used on boring logs are presented in Appendix B. 

3.5 Groundwater Measurements 

Groundwater level measurements were attempted in the open boreholes during dry-auger 
drilling.  Water level readings were attempted in the open boreholes when groundwater was first 
encountered and after a ten (10) to fifteen (15) minute time period.  The groundwater 
observations are summarized in Section 5.5 of this report entitled “Groundwater Observations.” 
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4 LABORATORY SERVICES 

A laboratory testing program was conducted on selected samples to assist in classification and 
evaluation of the physical and engineering properties of the soils encountered in the project borings. 
Laboratory tests were performed in general accordance with ASTM International standards to 
measure physical and engineering properties of the recovered samples.  The types and brief 
descriptions of the laboratory tests performed are presented in Table 4-1 below. 

Table 4-1: Laboratory Testing Program 

Test Description Test Method 

Amount of Material in Soils Finer than No. 200 Sieve ASTM D 1140 

Unconfined Compressive Strength of Cohesive Soil (UC) ASTM D 2166 

Water (Moisture) Content of Soil ASTM D 2216 

Liquid Limit, Plastic Limit and Plasticity Index of Soils ASTM D 4318 

Density (Unit Weight) of Soil Specimens ASTM D 2937 

One-Dimensional, Incremental Loading Consolidation ASTM D 2435 

Consolidated-Undrained Triaxial Compression w/ Pore Water Pressure ASTM D 4767 

Standard geotechnical laboratory test results and soil properties encountered in the project 
borings are presented on the logs of borings in Appendix B of this report.  Results of completed 
one-dimensional consolidation and consolidated-undrained triaixial compression tests performed 
on the selected cohesive soil samples obtained for this study are included in Appendix C. 
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5 SITE AND SUBSURFACE CONDITIONS 

5.1 General 

Our interpretations of soil and groundwater conditions within the project site are based on 
information obtained at the soil boring locations only.  This information has been used as the 
basis for our conclusions and recommendations included in this report.  Subsurface conditions 
may vary at areas not explored by the soil borings.  Significant variations at areas not explored 
by the soil borings will require reassessment of our recommendations. 

5.2 Site Description and Surface Conditions 

The present MSW landfill (project site) is located at the northeast corner of the intersection of 
County Road E 2130 and Farm to Market Road 2619 near Kingsville (Kleberg County), Texas.  
The landfill covers an area of about 120 acres.  Several active disposal areas are excavated and at 
various stages of use. 
 
5.3 Subsurface Conditions  

The soil profile encountered in the project borings consisted of alternating strata of cohesive clay 
soils (fat clays, sandy lean clays, and sandy lean silty clays) and semi-cohesionless clayey sands 
and silty sands, and cohesionless poorly graded sands with clay.  The consistency of the cohesive 
clay soils was typically very stiff to hard, but occasionally stiff.  The relative density of the semi-
cohesionless silty sands/clayey sands and cohesionless poorly graded sands was typically 
medium dense to very dense, but occasionally loose.  The borings were terminated at depths 
ranging from 33.5-ft to 86-ft.  Detailed descriptions of the soils encountered at the boring 
locations are presented on the boring logs in Appendix B. 

5.4 Subsurface Soil Properties 

In-situ moisture contents of selected cohesive clay samples ranged from 18% to 34%.  Results of 
Atterberg Limits tests on selected clay samples indicated liquid limits (LL) ranging from 31 to 
81 with plasticity indices (PI) ranging from 18 to 58.  The amount of materials finer than the No. 
200 sieve on the selected samples ranged from 55% to 100%.  In-situ moisture contents of 
selected silty sand samples ranged from 23% to 24%.  The amount of materials finer than the No. 
200 sieve on the selected samples tested for grain size distribution ranged from 14% to 38%. 

Undrained shear strengths derived from field pocket penetrometer readings ranged from 0.25-tsf 
to 4.50-tsf.  Undrained shear strengths derived from laboratory unconfined compressive (UC) 
strength testing ranged from 0.16-tsf to 3.41-tsf with corresponding total unit weights of 86-pcf 
to 105-pcf.  Shear strength of cohesive soils inferred from SPT blow counts generally were 
similar.  Based on this undrained shear strength data, the consistency of the cohesive soils 
encountered in the project borings is considered to be very soft to very stiff. 

Tabulated laboratory test results at the recovered sample depths are presented on the boring logs 
in Appendix B. 
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5.5 Groundwater Observations 

Groundwater measurements were attempted in the project borings during dry-auger drilling.  
Groundwater level measurements are shown in Table 5-1 below. 

Table 5-1: Groundwater Level Measurements 

Boring 
No. 

Boring 
Depth 

(feet) 

Groundwater Level Depth 

Encountered 
During Drilling 

(feet) 

Observed in the Open Borehole after a 10 to 15 
minute waiting period (feet) 

B-30 82.5 21 10.5 

B-31 68.0 23 21.5 

B-32 82.5 18 14.6 

B-33 86 32.5 28.1 

B-34 43 31 28.3 

B-35 72.5 34 30.8 

B-36 68 23 18.3 

B-37 48 15 9.3 

B-38 58 11 5.4 

B-39 68 27 26.5 

B-40 33.5 21 19 

B-41 62.5 19.5 19.2 

 
Groundwater levels may fluctuate with climatic and seasonal variations and should be verified 
before construction.  Accurate determination of the static groundwater level is typically made with a 
standpipe piezometer.  Installation of a piezometer to evaluate the long-term groundwater condition 
was not included within the current scope of services. 
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6 VERTICAL AND LATERAL LANDFILL EXPANSION 

6.1 General 

The results of engineering analyses performed are presented in the sections below.  Project 
information provided to us was utilized in the analyses and represents our understanding of the 
proposed construction.  It is imperative that we are contacted if any changes from the described 
information are made so that we can evaluate whether modifications to our findings will need to 
be made. 

6.2 Permit No. MSW 235 Existing Waste Settlement 

Classic consolidation theory describes compression settlement of municipal solid waste (MSW) 
when loaded by the weight of additional waste from vertical expansion as the total of primary 
settlement and secondary settlement.  Specific testing to evaluate compression characteristics of 
municipal solid waste was not performed for this study.  We, therefore, assumed the following 
parameters, which are based on published information (1) (2), for our analyses. 

 Unit weight of new waste = 65 pounds per cubic foot (pcf) 

 Unit weight of existing waste = 65 pcf 

 Modified primary compression index, Cc’, of existing waste = 0.17 to 0.36 

 Modified secondary compression index, Cα’, of existing waste = 0.03 to 0.10 

 Age of existing waste = 33 years 

 Ending time of secondary settlement = 90 years 

For our calculations, we used procedures presented in the publications presented above and 
geometry from cross-sections presented on the following NEI drawing: 

 Appendix C, Cross Section J & O, City of Kingsville, Fig No. 2, dated 08/26/2018 

The cross section is presented in Appendix C. Settlement estimates resulting from compression 
of the existing solid waste due to the weight of the new, overlying waste are presented in Table 
6.1 below for various primary and secondary compression indices. 

One-dimensional consolidation tests were performed using select samples from the soil borings 
completed for this study to evaluate the compressibility characteristics of the foundation soils.  
The results of the consolidation tests are presented in Appendix D.  The calculated settlements 
resulting from consolidation of the foundation soils due to the weight of the overlying landfill 
material are on the order of magnitude of 1 foot.  This consolidation settlement should be added 
to existing waste total settlement presented in Table 6.1 below to obtain total settlement of the 
solid waste and the foundation soils. 
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Table 6.1 - Marker-J-Section  

S
ec

ti
on

 

Existing 
Waste 

Thickness 
(feet) 

New 
MSW 

Thickness 
(feet) 

Estimated Settlement (feet) of Existing Waste 

Cc’ = 0.17, Cα’ = 0.03 Cc’ = 0.36, Cα’ = 0.10 

Primary 
Settlement 

Secondary 
Settlement 

Total 
Settlement 

Primary 
Settlement 

Secondary 
Settlement 

Total 
Settlement 

C 20 15 1.4 0.2 1.6 2.9 0.5 3.4 

E 26 60 3.3 0.2 3.5 7.0 0.7 7.7 

G 31 100 4.6 0.2 4.8 9.7 0.8 10.5 

I 34 95 4.7 0.3 5.0 10.0 0.9 10.9 

K 35 105 5.0 0.3 5.3 10.6 0.9 11.5 

L 35 108 5.1 0.3 5.4 10.8 0.9 11.7 

M 30 115 4.8 0.2 5.0 10.1 0.8 10.9 

 

As biological decomposition of waste occurs, waste volume is reduced as the density increases, 
resulting in settlements of the overall landfill mass.  This, in effect, will pre-compress the 
existing waste, reducing settlement due to placement of future waste.  The magnitude of the 
settlement could be rather significant since it is planned that new waste will not be placed over 
the existing waste for another 70+ years.   Site preparation will result in placement of soils in the 
Permit No. MSW 235 area.  The additional weight of soils will surcharge the waste in this area, 
resulting in further pre-compression of the waste. 

6.3 Reinforcement Design 

The anticipated liner section to be constructed over the top of the existing waste will consist of 
(from bottom upwards) 24 inches of lightly compacted soil “foundation soil”, a 6-inch thickness 
of compacted soil “interim cover soil”, a geogrid stabilization layer, a geosynthetic clay liner 
(GCL), a 60 mil HDPE geomembrane, and a layer of drainage geocomposite.  If the planned 
liner profile will be different from the assumed, TWE should be contacted so further evaluation 
can be made if necessary. 

The geosynthetic reinforcement design uses the procedure provided in Qian, X. et.al., (2002) 
publication, and is based on the possible development of a void that is located immediately 
below the liner.  The liner is assumed to bridge over the void, carrying the load from the 
proposed overlying waste.  As commonly accepted scenario, the case of the “rusted refrigerator” 
is used, with the design depression having a radius of 3 feet.  Other assumptions used in the 
design are listed below and in Tables 6.2 and 6.3. 
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 Design life of 50 years 

 Maximum elevation of MSW on the lining system is 115 feet 

Table 6.2 – Assumed Material Properties 

Material Unit Weight (pcf) Friction Angle (deg.) Cohesion (psf) 

MSW 60 23 0 

Interim Cover Soil 120 30 0 

 

Table 6.3 – Assumed Geosynthetic Properties 

Material Yield Strain (%) 

HDPE 10 

GCL 8 

 

Based on the results of the analyses, we recommend that geosynthetic reinforcement consisting 
of two layers of chemically resistant uniaxial geogrid placed perpendicular to each other be used.  
The geogrid should have a minimum design tensile strength of 2500 pounds per foot at an 
allowable stress of 5% or less over the 50 year design life.  The geogrid should be placed on top 
of a minimum 6 inch thick layer of compacted soil “interim cover soil” placed between the 
foundation layer and the new GCL.  It should be noted that the inclusion of geogrid 
reinforcement is intended to reduce, but not eliminate, the likelihood of failure. 
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7 WASTE MASS STABILITY 

7.1 Background Information 

We understand that the liner system for the new expansion will consist of a 6-in thick layer of 
compacted native soil covered by a geosynthetic clay liner (GCL).  A 60 mil HDPE 
geomembrane will be placed on the GCL, and will be anchored within trenches at the top of 
slope.  The geomembrane will be textured on both sides and covered by a geocomposite drainage 
layer. 

Deep-seated stability of the waste mass was evaluated by performing two dimensional, effective 
stress slope stability analyses for the final, closed geometry, using the computer program SLIDE.  
The program performs vertical slice limit equilibrium analysis for potential mass movement 
along assumed failure surfaces randomly generated by the program.  We assumed potential deep-
seated failure of the waste material within the waste or along the top of the HDPE liner, since 
failure would not be expected to occur in the foundation soils due to relatively high shear 
strength of this material. 

For analyses purposes, we used geometry from the cross-sections presented on the following 
NEI drawings: 

 Appendix C, Cross Section Plan, City of Kingsville Landfill, Fig. No. 1, dated 
08/26/2018  

 Appendix C, Cross Section J & O, City of Kingsville Landfill, Fig. No. 2, dated 
08/26/2018 

 Appendix C, Cross Section 12 & 18, City of Kingsville Landfill, dated 08/26/2018 

Copies of these sections are presented in Appendix C. 

7.2 Design Parameters 

Consolidated-undrained (C-U) triaxial shear tests were performed using select samples from the 
soil borings to evaluate long-term effective stress shear strength of the foundation soils.  The 
results of the C-U triaxial tests are presented in Appendix E. 

Laboratory tests for liner material properties were not performed as part of the current scope of 
services.  The stability analyses are based on laboratory tests results for the foundation soils and 
on assumed or published strength and interface friction values for the geocomposite drainage 
layer and the textured HDPE membrane.  It is essential that the assumed parameters be verified 
by specific testing prior to construction. 

Due to heterogeneous nature of municipal waste, traditional in-situ testing or laboratory testing 
to evaluate engineering properties of the waste is not feasible.  As a result, we used published 
and assumed estimated effective stress values of shear strength, cohesion, and unit weight for 
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municipal solid waste for our analyses(2) (3).  The engineering properties used in the analyses 
are presented in Table 7.1 below. 

Table 7.1 – Assumed Engineering Properties 

 

Material 

Effective 
Friction 
Angle, 
peak ϕ’ 
(deg) 

Effective 
Friction 

Angle, LD1 
ϕ’ (deg) 

 

Unit 
Weight γ 

(pcf) 

Effective 
Cohesion, 

peak,        
c’ (psf) 

Effective 
Cohesion, 

LD1 ,        
c’ (psf) 

MSW Refuse 23 22 60 250 0 

Geocomposite/Texture
d HDPE 

28 23 N/A 0 0 

7.3 Analysis and Results 

We analyzed both potential circular failure surfaces and potential block or sliding failure 
surfaces.  The following assumptions were used during the analyses: 

  Less than one foot of head will develop above the geocomposite drainage layer, and 

   Excess pore pressure will not develop within the waste either through hydrostatic or 
waste gas pressure.  The development of excess pore pressure could substantially reduce 
the factor of safety for stability. 

The results of our stability analyses for peak strength parameters are presented in Table 7.2 
below. 

Table 7.2 – Results of Waste Mass Stability Analysis – Peak Parameters 

                           
Cross Section 

Factor of Safety – Circular 
Failure 

Factor of Safety – Block 
Failure 

12 2.18 1.71 

18 2.27 1.68 

J 3.65 2.71 

O 2.27 1.72 
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To evaluate the potential for progressive failure, we also performed stability analyses using 
assumed large displacement interface shear strengths.  The results of these analyses are presented 
in Table 7.3 below. 

Table 7.3 – Results of Waste Mass Stability Analysis – Large Displacement Parameters 

                           
Cross Section 

Factor of Safety – Circular 
Failure 

Factor of Safety – Block 
Failure 

12 1.65 1.50 

18 1.81 1.52 

J 3.51 2.49 

O 1.93 1.54 

 

The results of the mass stability analyses are presented graphically in Appendix F. 

7.4 Conclusions 

 The calculated factor of safety for peak shear strength conditions exceeded 1.5 for our assumed 
strength and unit weight parameters, the analyzed cross sections, and assumed failure geometry.  
In addition, the calculated factor of safety for large displacement condition exceeds 1.5, which in 
our judgment, and based on published information, is acceptable. 

Based on our results, in our opinion, we anticipate that the planned landfill configuration should 
be stable, provided excess pore pressures are not generated within the waste mass or that there is 
no increase in piezometric head above 1 foot within the underlying liner cover material or 
leachate collection system.  The generation of pore pressures and increase in piezometric head 
within the materials could substantially reduce the factor of safety and increase the risk for 
stability problems. 

Laboratory testing using the specific HDPE liner material chosen for the project should be 
performed to confirm our assumed interface friction values used in our analyses.  Noticeable 
differences between the assumed parameters and parameters determined by testing could require 
that additional stability analyses be performed. 
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8 LIMITATIONS AND DESIGN REVIEW 

8.1 Limitations 

This report has been prepared for the exclusive use of Naismith/Hanson Engineering and the 
project team for specific application to the design of the proposed City of Kingsville Municipal 
Solid Waste Landfill Aerial Expansion in Kleberg County, Texas.  Our report has been prepared in 
accordance with the generally accepted geotechnical engineering practice common to the local 
area.  No other warranty, express or implied, is made. 

The analyses and recommendations contained in this report are based on the data obtained from 
the referenced subsurface explorations within the project site.  The soil boring indicates 
subsurface conditions only at the specific location, time and depth penetrated.  The soil borings 
do not necessarily reflect strata variations that could exist at other locations within the project 
site.  The validity of our recommendations is based in part on assumptions about the stratigraphy 
made by the Geotechnical Engineer. Such assumptions may be confirmed only during 
construction of the project.  Our recommendations presented in this report must be reevaluated if 
subsurface conditions during the construction phase are different from those described in this 
report. 

If any changes in the nature, design or location of the project are planned, the conclusions and 
recommendations contained in this report should not be considered valid unless the changes are 
reviewed and the conclusions modified or verified in writing by TWE.  TWE is not responsible 
for any claims, damages or liability associated with interpretation or reuse of the subsurface data 
or engineering analyses without the expressed written authorization of TWE. 

8.2 Design Review 

Review of the design and construction drawings as well as the specifications should be 
performed by TWE before release.  The review is aimed at determining if the geotechnical 
design and construction recommendations contained in this report have been properly 
interpreted.  Design review is not within the authorized scope of work for this study. 

8.3 Construction Monitoring 

Construction surveillance is recommended and has been assumed in preparing our 
recommendations.  These field services are required to check for changes in conditions that may 
result in modifications to our recommendations.  The quality of the construction practices will 
affect performance and should be monitored. TWE would be pleased to provide construction 
monitoring, testing and inspection services for the project. 

8.4 Closing Remarks 

We appreciate the opportunity to be of service during this phase of the project and we look 
forward to continuing our services during the construction phase and on future projects.

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 3, pg-27 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



 

  TWE 
  Project No. 16.53.042 
  Report No. 12788R1 
  

9-1

9 REFERENCES 

 

1. Qian, X., et.al., (2002), “Geotechnical Aspects of Landfill Design and Construction,”   
Prentice Hall 

2. Eid, H.T., et.al., (2000), “Municipal Solid Waste Slope Failure I: Waste and foundation  
Soil Properties,” Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 
126(5) PP. 397-407 

3. Singh, S. and Murphy, B., “Evaluation of Stability of Sanitary Landfills,” (1990), in 
Geotechnics of Waste Fill – Theory and Practice, ASTM STP 1070, Landva, A., and 
Knowles, G.D., eds. 

 
 

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 3, pg-28 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



 

  TWE 
  Project No. 16.53.042 
  Report No. 12788R1 

APPENDIX A 
 

SOIL BORING LOCATION PLAN 
TWE DRAWING NO. 16.53.042-1 
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APPENDIX B 
 

LOGS OF PROJECT BORINGS AND A KEY TO 
TERMS AND SYMBOLS USED ON BORING LOGS 
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-30
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 21' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 10'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/22/2016
DATE BORING COMPLETED: 07/23/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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Very stiff to hard reddish tan and tan FAT CLAY (CH)
with gypsum crystals and ferrous stains

-color changes to tan and reddish brown

-becomes sandy 48' to 52'

-color changes to tan and becomes slickensided

-becomes sandy and color changes to tan and gray

-color changes to tan and reddish brown with trace
calcareous nodules

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 3.00
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-30
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 21' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 10'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/22/2016
DATE BORING COMPLETED: 07/23/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 44.0"
W  97° 49' 23.1"

SURFACE ELEVATION:
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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70
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Very stiff to hard tan and reddish brown FAT CLAY
(CH) with calcareous nodules

Very dense tan CLAYEY SAND (SC) with calcareous
nodules

Very stiff to hard tan and gray FAT CLAY (CH) with
ferrous staining

-becomes slickensided with ferrous staining

Bottom @ 82.5'

(P) 4.50+

16/6"
43/6"
50/5"

10/6"
11/6"
17/6"

 17  17

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-30
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 21' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 10'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/22/2016
DATE BORING COMPLETED: 07/23/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042

Page   of3

D
E

P
T

H
 (

ft
)

S
A

M
P

L
E

 T
Y

P
E

S
Y

M
B

O
L
/U

S
C

S

MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 44.0"
W  97° 49' 23.1"

SURFACE ELEVATION:
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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Medium dense to very dense gray CLAYEY SAND (SC)

-with calcareous nodules and sand pockets

-with cemented sand layers

-color changes to tan

Very dense tan POORLY GRADED SAND with CLAY
(SP-SC) and sand partings

Hard reddish tan and light gray SANDY LEAN SILTY
CLAY (CL-ML) with sand partings

-color changes to reddish tan and tan with ferrous
stains
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-31
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 23' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 21'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/20/2016
DATE BORING COMPLETED: 07/21/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.1"
W  97° 49' 24.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 68-ft.
Wash Bored: -- to --
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Hard reddish tan and tan SANDY LEAN CLAY (CL) with
ferrous stains and laminated sands

Very stiff to hard reddish tan and tan FAT CLAY with
SAND (CH) and ferrous stains

-with trace gypsum crystals and ferrous stains

-with calcareous nodules and ferrous stains

-with trace gypsum crystals and ferrous stains

Bottom @ 68'

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-31
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 23' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 21'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/20/2016
DATE BORING COMPLETED: 07/21/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.1"
W  97° 49' 24.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 68-ft.
Wash Bored: -- to --
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Stiff to hard tan and gray SANDY LEAN CLAY (CL) with
gypsum crystals and trace organics

Medium dense to dense reddish tan and gray CLAYEY
SAND (SC) with gypsum crystals

-color changes to tan and gray with sand partings

-with ferrous stains

-color changes to reddish tan

-color changes to reddish brown and tan
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50/3"

17/6"
50/6"

10/6"
17/6"
22/6"

4/6"
8/6"
13/6"

10/6"
18/6"
21/6"

6/6"
8/6"
12/6"

8/6"
8/6"
12/6"

  9

 28

 22

34

31

18

10

 54

 34

 29

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-32
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 18' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 14'-7". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/27/2016
DATE BORING COMPLETED: 07/28/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 49.7"
W  97° 49' 17.0"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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Medium dense to dense reddish tan and gray CLAYEY
SAND (SC) with gypsum crystals
Very stiff to hard tan FAT CLAY with SAND (CH),
slickensided, with calcareous nodules

-color changes to tan and reddish brown with gypsum
crystals and ferrous stains

-color changes to tan, gray, and reddish brown

-color changes to tan and reddish brown

-color changes to tan and gray

-color changes to tan, red, and brown

-color changes to tan and gray

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.00

(P) 4.50+

8/6"
12/6"
15/6"
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10/6"
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-32
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 18' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 14'-7". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/27/2016
DATE BORING COMPLETED: 07/28/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 49.7"
W  97° 49' 17.0"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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Very stiff to hard tan and gray FAT CLAY with SAND
(CH), slickensided with gypsum crystals and calcareous
nodules

Medium dense to dense tan CLAYEY SAND (SC) with
calcareous nodules

-with gypsum crystals and ferrous stains

Bottom @ 82.5'

(P) 0.75

5/6"
10/6"
13/6"

13/6"
20/6"
20/6"

 21 24 8  24

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-32
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 82.5 ft REMARKS: Free water was encounterd at an approximate depth of 18' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 14'-7". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/27/2016
DATE BORING COMPLETED: 07/28/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 49.7"
W  97° 49' 17.0"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 82.5-ft.
Wash Bored: -- to --
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Medium dense to very dense tan CLAYEY SAND (SC)
with gypsum crystals

-color changes to dark gray and gray with trace gravel

-color changes to tan and light gray sand partings

-color changes to tan and white with trace caliche

Dense to very dense tan and white POORLY GRADED
SAND with SILT (SP-SM), and trace caliche

-color changes to light gray and tan with gypsum
crystals and ferrous stains

Medium dense to dense gray and white CLAYEY SAND
(SC) with gypsum crystals

-color changes to tan

2/6"
7/6"
9/6"

7/6"
11/6"
9/6"

27/6"
50/6"

50/5"

17/6"
48/6"
50/3"

17/6"
21/6"
27/6"

15/6"
17/6"
32/6"

14/6"
22/6"
26/6"

13/6"
21/6"
22/6"

 16

 11

 42

35 8

 47

 12

 20

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-33
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 86 ft REMARKS: Free water was encounterd at an approximate depth of 32'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-2". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 08/05/2016
DATE BORING COMPLETED: 08/05/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 55.9"
W  97° 49' 11.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 86-ft.
Wash Bored: -- to --
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40
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70

Medium dense to dense reddish tan CLAYEY SAND
(SC) with gypsum crystals and ferrous stains

-color changes to tan and reddish tan

Stiff to very stiff reddish tan LEAN CLAY with SAND
(CL), slickensided, with ferrous stains

-color changes to reddish tan and tan with gypsum
crystals

Stiff to very stiff LEAN CLAY (CL), slickensided, with
ferrous stains

-color changes to reddish brown and tan with gypsum
crystals

Very stiff to hard tan FAT CLAY (CH), slickensided, with
gypsum crystals and ferrous stains

-color changes to tan and reddish brown

(P) 2.00

(P) 3.50

(P) 4.00

(P) 4.50+

6/6"
9/6"
12/6"

8/6"
16/6"
18/6"

9/6"
12/6"
18/6"

5/6"
6/6"
9/6"

7/6"
12/6"
14/6"

 29

 40
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64
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  2.57
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 79

 96
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-33
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 86 ft REMARKS: Free water was encounterd at an approximate depth of 32'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-2". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 08/05/2016
DATE BORING COMPLETED: 08/05/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 55.9"
W  97° 49' 11.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 86-ft.
Wash Bored: -- to --
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70
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Very stiff to hard tan and reddish brown FAT CLAY
(CH), slickensided, with gypsum crystals and ferrous
stains

-color changes to tan and light gray

-with layers of calcareous nodules

Very stiff to hard tan FAT CLAY with SAND (CH) with
gypsum crystals and ferrous stains

-color changes to tan and white

Bottom @ 86'

(P) 4.50+

(P) 4.50+

(P) 4.50+

9/6"
10/6"
21/6"

 18 106   3.57  3  77

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-33
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 86 ft REMARKS: Free water was encounterd at an approximate depth of 32'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-2". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 08/05/2016
DATE BORING COMPLETED: 08/05/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 55.9"
W  97° 49' 11.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 86-ft.
Wash Bored: -- to --
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Medium dense dark gray, gray, and light gray CLAYEY
SAND (SC) with trace of organics

Very stiff to hard gray and light gray SANDY LEAN
SILTY CLAY (CL-ML) with calcareous nodules

-color changes to light gray

-color changes to light gray and tan

-color changes to white and light gray

-becomes stiff

Medium dense to dense white and light gray SILTY
SAND (SM) with calcareous nodules

-color changes to light gray and tan with ferrous stains

-color changes to light gray

-becomes medium dense

-color changes to tan and marine green

(P) 4.50+

(P) 4.50+

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-34
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 43 ft REMARKS: Free water was encounterd at an approximate depth of 31' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-4". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/22/2016
DATE BORING COMPLETED: 06/22/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 26' 43.4"
W 97° 49' 11.4"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 30 ft.
Wash Bored: 30 ft. to 43 ft.
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Medium dense tan and marine green SILTY SAND
(SM) with sand lenses and trace organics
Hard tan and light gray LEAN CLAY (CL)

Bottom @ 43'

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

8/6"
13/6"

 30  91 40 17   0.93  1  91

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-34
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 43 ft REMARKS: Free water was encounterd at an approximate depth of 31' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 28'-4". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/22/2016
DATE BORING COMPLETED: 06/22/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 26' 43.4"
W 97° 49' 11.4"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 30 ft.
Wash Bored: 30 ft. to 43 ft.

(P
) 

P
O

C
K

E
T

 P
E

N
 (

ts
f)

(T
) 

T
O

R
V

A
N

E
 (

p
s
f)

S
T

D
. 
P

E
N

E
T

R
A

T
IO

N
T

E
S

T
 (

b
lo

w
s
/f
t)

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

D
R

Y
 U

N
IT

 W
E

IG
H

T
(p

c
f)

L
IQ

U
ID

 L
IM

IT
(%

)

P
L
A

S
T

IC
IT

Y
IN

D
E

X
 (

%
)

C
O

M
P

R
E

S
S

IV
E

S
T

R
E

N
G

T
H

 (
ts

f)

F
A

IL
U

R
E

 S
T

R
A

IN
 (

%
)

C
O

N
F

IN
IN

G
P

R
E

S
S

U
R

E
 (

p
s
i)

P
A

S
S

IN
G

 #
2
0
0

S
IE

V
E

 (
%

)

O
T

H
E

R
 T

E
S

T
S

P
E

R
F

O
R

M
E

D

2

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 3, pg-44 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



0

5

10

15

20

25

30

35

Medium dense tan and brown CLAYEY SAND (SC)
with trace caliche

-color changes to reddish brown with ferrous stains

Very stiff to hard reddish tan SANDY LEAN CLAY (CL)
with gypsum crystals

-color changes to reddish tan and tan with ferrous
stains

-color changes to reddish tan

-color changes to reddish tan and tan

Medium dense to dense reddish tan and tan CLAYEY
SAND (SC) with gypsum crystals and ferrous stains

-color changes to reddish tan

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+
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8/6"
7/6"

5/6"
8/6"
5/6"

5/6"
10/6"
12/6"

4/6"
7/6"
9/6"

8/6"
13/6"
20/6"

 12

 14

 17

 17

117

109

104

31

42

17

25

  2.22

  1.29
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-35
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 72.5 ft REMARKS: Free water was encounterd at an approximate depth of 34' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 30'-9". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/29/2016
DATE BORING COMPLETED: 07/29/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042

Page   of1

D
E

P
T

H
 (

ft
)

S
A

M
P

L
E

 T
Y

P
E

S
Y

M
B

O
L
/U

S
C

S

MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.5"
W  97° 48' 57.2"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 72.5-ft.
Wash Bored: -- to --
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Medium dense to dense reddish tan and tan CLAYEY
SAND (SC) with gypsum crystals and ferrous stains
Hard tan and light gray FAT CLAY with SAND (CH),
gypsum crystals, and ferrous stains

-color changes to tan and reddish brown

-with sand partings

Stiff to hard reddish brown and tan FAT CLAY (CH) with
gypsum crystals and ferrous stains

-becomes slickensided with sand layers

-color changes to tan

-color changes to tan and reddish brown

(P) 2.00

(P) 3.75

(P) 4.25

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-35
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 72.5 ft REMARKS: Free water was encounterd at an approximate depth of 34' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 30'-9". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/29/2016
DATE BORING COMPLETED: 07/29/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.5"
W  97° 48' 57.2"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 72.5-ft.
Wash Bored: -- to --
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Very stiff to hard reddish brown and tan FAT CLAY
(CH), slickensided, with gypsum crystals and ferrous
stains

Bottom @ 72.5'

(P) 4.50+  32  89   2.68  1  95

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-35
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 72.5 ft REMARKS: Free water was encounterd at an approximate depth of 34' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 30'-9". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/29/2016
DATE BORING COMPLETED: 07/29/2016
LOGGER: J. Gonzalez
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 50.5"
W  97° 48' 57.2"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 72.5-ft.
Wash Bored: -- to --
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Loose to medium dense dark gray and gray CLAYEY
SAND (SC)

-with calcareous nodules

-color changes to light gray and tan

-color changes to tan

-color changes to light gray with ferrous stains

-becomes very dense and color changes to light gray
and tan

-becomes dense
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-36
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 23' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 18'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/24/2016
DATE BORING COMPLETED: 06/24/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 56.8"
W  97° 49' 04.9"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 22-ft.
Wash Bored: 22-ft. to 68-ft.
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Medium dense light gray and tan CLAYEY SAND (SC)

-with sand seams, calcareous nodules, and ferrous
staining

-color changes to reddish brown and light gray

Stiff to very stiff reddish brown and light gray FAT CLAY
(CH), slickensided, with ferrous staining

-with sand seams and calcareous nodules

-color changes to light gray with sand layers

-becomes hard

-color changes to brown yellow, reddish brown, and
light gray

Bottom @ 68'

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-36
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 23' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 18'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/24/2016
DATE BORING COMPLETED: 06/24/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 56.8"
W  97° 49' 04.9"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 22-ft.
Wash Bored: 22-ft. to 68-ft.
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Very dense light gray and tan SILTY SAND (SM)

-with ferrous staining

-with calcareous nodules

Very stiff to hard tan and light tan SANDY LEAN SILTY
CLAY (CL-ML)

-color changes to tan and light gray with ferrous staining

Stiff to very stiff reddish brown and light gray FAT CLAY
(CH) with calcareous nodules and ferrous staining

-color changes to light gray with sand layers
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-37
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 48 ft REMARKS: Free water was encounterd at an approximate depth of 15' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 9'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/24/2016
DATE BORING COMPLETED: 06/25/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 57.1"
W  97° 49' 17.6"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 12-ft.
Wash Bored: 12-ft. to 48-ft.
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Stiff to very stiff light gray and brownish tan FAT CLAY
(CH) with sand seams, calcareous nodules, and ferrous
staining

-color changes to light gray and reddish brown

-color changes to light gray

Bottom @ 48'
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 35 80 51  86

TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-37
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 48 ft REMARKS: Free water was encounterd at an approximate depth of 15' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 9'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/24/2016
DATE BORING COMPLETED: 06/25/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 26' 57.1"
W  97° 49' 17.6"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 12-ft.
Wash Bored: 12-ft. to 48-ft.
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Very stiff to hard light gray SANDY FAT CLAY (CH)
with ferrous stains and trace calcareous nodules

-color changes to light gray and tan

-becomes stiff

-color changes to brown and light gray and becomes
stiff with sand layers

(P) 4.50+

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-38
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 58 ft REMARKS: Free water was encounterd at an approximate depth of 11' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 5'-5". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/23/2016
DATE BORING COMPLETED: 06/23/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042

Page   of1

D
E

P
T

H
 (

ft
)

S
A

M
P

L
E

 T
Y

P
E

S
Y

M
B

O
L
/U

S
C

S

MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 03.76"
W 97° 49' 12.19"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 10 ft.
Wash Bored: 10 ft. to 58 ft.
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Very stiff to hard reddish brown and light gray SANDY
FAT CLAY (CH) with sand seams and layers

Stiff to hard light gray FAT CLAY (CH), slickensided,
with calcareous nodules and ferrous stains

-color changes to reddish brown and light gray

-color changes to tannish brown and light gray with
trace organics

-color changes to light gray

-color changes to tannish brown and light gray

-color changes to light gray

Bottom @ 58'

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-38
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 58 ft REMARKS: Free water was encounterd at an approximate depth of 11' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 5'-5". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/23/2016
DATE BORING COMPLETED: 06/23/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 03.76"
W 97° 49' 12.19"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 10 ft.
Wash Bored: 10 ft. to 58 ft.

(P
) 

P
O

C
K

E
T

 P
E

N
 (

ts
f)

(T
) 

T
O

R
V

A
N

E
 (

p
s
f)

S
T

D
. 
P

E
N

E
T

R
A

T
IO

N
T

E
S

T
 (

b
lo

w
s
/f
t)

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

D
R

Y
 U

N
IT

 W
E

IG
H

T
(p

c
f)

L
IQ

U
ID

 L
IM

IT
(%

)

P
L
A

S
T

IC
IT

Y
IN

D
E

X
 (

%
)

C
O

M
P

R
E

S
S

IV
E

S
T

R
E

N
G

T
H

 (
ts

f)

F
A

IL
U

R
E

 S
T

R
A

IN
 (

%
)

C
O

N
F

IN
IN

G
P

R
E

S
S

U
R

E
 (

p
s
i)

P
A

S
S

IN
G

 #
2
0
0

S
IE

V
E

 (
%

)

O
T

H
E

R
 T

E
S

T
S

P
E

R
F

O
R

M
E

D

2

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 3, pg-53 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



0

5

10

15

20

25

30

35

Medium dense to dense tan and light gray CLAYEY
SAND FILL with trace gravel

-color changes to brown

Medium dense to dense brown and reddish brown
CLAYEY SAND (SC)

-color changes to tan and gray with calcareous nodules

-color changes to tan and light gray

-color changes to light gray

-color changes to light gray and tan with ferrous  stains

-color changes to light gray

Stiff to hard light gray SANDY LEAN CLAY (CL) with
calcareous nodules and ferrous stains

-color changes to light tan and light gray

-color changes to light gray

-color changes to light gray and tan

(P) 4.50+

(P) 4.00

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-39
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 27' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 26'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/20/2016
DATE BORING COMPLETED: 06/24/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 01.3"
W 97° 48' 57.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 26 ft.
Wash Bored: 26 ft. to 68 ft.
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Stiff to hard light gray and tan SANDY LEAN CLAY (CL)
with ferrous stains
Medium dense to dense light gray CLAYEY SAND (SC)
with ferrous stains

Dense light gray POORLY GRADED SAND with CLAY
(SP- SC)

Hard reddish brown and light gray FAT CLAY with
SAND (CH)

-becomes slickensided with calcareous nodules

-with ferrous stains

-becomes stiff

Medium dense light gray CLAYEY SAND (SC) with
calcareous nodules and ferrous stains

Bottom @ 68'

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+

(P) 4.50+
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-39
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 68 ft REMARKS: Free water was encounterd at an approximate depth of 27' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 26'-6". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/20/2016
DATE BORING COMPLETED: 06/24/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 01.3"
W 97° 48' 57.3"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 26 ft.
Wash Bored: 26 ft. to 68 ft.

(P
) 

P
O

C
K

E
T

 P
E

N
 (

ts
f)

(T
) 

T
O

R
V

A
N

E
 (

p
s
f)

S
T

D
. 
P

E
N

E
T

R
A

T
IO

N
T

E
S

T
 (

b
lo

w
s
/f
t)

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

 (
%

)

D
R

Y
 U

N
IT

 W
E

IG
H

T
(p

c
f)

L
IQ

U
ID

 L
IM

IT
(%

)

P
L
A

S
T

IC
IT

Y
IN

D
E

X
 (

%
)

C
O

M
P

R
E

S
S

IV
E

S
T

R
E

N
G

T
H

 (
ts

f)

F
A

IL
U

R
E

 S
T

R
A

IN
 (

%
)

C
O

N
F

IN
IN

G
P

R
E

S
S

U
R

E
 (

p
s
i)

P
A

S
S

IN
G

 #
2
0
0

S
IE

V
E

 (
%

)

O
T

H
E

R
 T

E
S

T
S

P
E

R
F

O
R

M
E

D

2

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 3, pg-55 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



0

5

10

15

20

25

30

35

Loose to very dense light gray and gray SILTY SAND
(SM) with trace caliche

-color changes to light gray and tan with ferrous stains

-color changes to light gray with calcareous nodules

-color changes to light gray and white

-color changes to white

-color changes to light gray and white

Hard light gray FAT CLAY with SAND (CH), calcareous
nodules, and ferrous stains

Hard light gray SANDY FAT CLAY (CH) with
calcareous nodules and ferrous stains

Dense to very dense light gray CLAYEY SAND (SC)
with calcareous nodules

Bottom @ 33.5'
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11/6"
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17/6"
17/6"
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21/6"
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-40
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 33.5 ft REMARKS: Free water was encounterd at an approximate depth of 21' below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 19'. At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 06/21/2016
DATE BORING COMPLETED: 06/22/2016
LOGGER: J. Garcia
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N 27° 27' 09.97"
W 97° 49' 11.18"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0 ft. to 22 ft.
Wash Bored: 22 ft. to 33.75 ft.
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Loose to medium dense gray CLAYEY SAND (SC) with
calcareous nodules

-color changes to light gray

Stiff to very stiff gray SANDY FAT CLAY (CH)

-becomes hard and color changes to brown with
interbedded sand seams

-color changes to brown and tan

-color changes to tan with sand layers

-color changes to brown with sand partings

-color changes to brown and tan
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4/6"
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-41
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 62.5 ft REMARKS: Free water was encounterd at an approximate depth of 19'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 19'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/20/2016
DATE BORING COMPLETED: 07/20/2016
LOGGER: M. Anderson
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 27' 09.8"
W  97° 49' 17.4"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 62.5-ft.
Wash Bored: -- to --
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Stiff to very stiff gray SANDY FAT CLAY (CH)

Very stiff brown FAT CLAY with SAND (CH)

-color changes to brown and tan

-color changes to brown and gray

-color changes to gray

Bottom @ 62.5'

(P) 3.25

(P) 4.50+

(P) 3.50

6/6"
13/6"
11/6"
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9/6"
14/6"
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12/6"
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-41
PROJECT: City of Kingsville

Municipal Solid Waste Landfill
Aerial Expansion

CLIENT: Naismith Engineering, Inc.

COMPLETION DEPTH: 62.5 ft REMARKS: Free water was encounterd at an approximate depth of 19'-6" below existing
grade during drilling operations. After a 10 to 15-minute waiting period, water
was at a depth of 19'-3". At the completion of the boring, the open bore-hole
was backfilled with cement-bentonite grout.

DATE BORING STARTED: 07/20/2016
DATE BORING COMPLETED: 07/20/2016
LOGGER: M. Anderson
PROJECT NO.: 16.53.042
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MATERIAL DESCRIPTION

COORDINATES: N  27° 27' 09.8"
W  97° 49' 17.4"

SURFACE ELEVATION: --
DRILLING METHOD:

Dry Augered: 0-ft. to 62.5-ft.
Wash Bored: -- to --
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  Project No. 16.53.042 
  Report No. 12788R1 
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-30 Depth: 52'-54'

Proj. No.: 16.53.042 Date Sampled: 8/25/16

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and tan FAT CLAY with

little calcareous nodules

Assumed Specific Gravity= 2.70

Remarks:

Test method: ASTM D 4767

Failure type: Slickensided

 Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf

σσσσ1   Failure, tsf

σσσσ3   Failure, tsf

In
it
ia

l
A

t 
T

e
s
t

1

28.3
88.5
84.6

0.9043
2.06
4.17

26.8
97.7

100.0
0.7246

1.96
4.17

0.01

3.5

10.00

1.38

0.28

1.38

0.28

3.5

0.44

1.82

2

28.3
88.5
84.6

0.9043
2.06
4.17

26.8
97.7

100.0
0.7246

1.99
4.05

0.01

1.9

20.00

2.24

0.61

2.42

0.50

3.5

0.83

3.07

3

28.3
88.5
84.6

0.9043
2.06
4.17

26.8
97.7

100.0
0.7246

2.02
3.94

0.01

1.3

40.00

3.38

1.26

3.45

1.21

2.6

1.62
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Effective Normal Stress, tsf  
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 C, tsf

 φ, deg

 Tan(φ)

Total Effective

0.292

18.2

0.33

0.221

27.1

0.51
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-30 Depth: 52'-54'

Project No.: 16.53.042  Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-32 Depth: 45'-47'

Proj. No.: 16.53.042 Date Sampled: 8/26/16

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and reddish-brown FAT

CLAY with few calcareous nodules

Assumed Specific Gravity= 2.70

Remarks:

Test method: ASTM D 4767

Failure type: Slickensided

Figure Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf

σσσσ1   Failure, tsf

σσσσ3   Failure, tsf

In
it
ia

l
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t 
T

e
s
t

1

31.2
86.6
89.0

0.9473
2.87
5.59

33.8
88.1

100.0
0.9136

2.85
5.58

0.01

2.7

10.00

0.98

0.36

1.03

0.33

3.5

0.36

1.34

2

31.2
86.6
89.0

0.9473
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5.59

33.8
88.1

100.0
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5.40

0.01

1.8
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1.73

0.63

1.82

0.57

3.7

0.80

2.53

3
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0.01
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1.31
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-32 Depth: 45'-47'

Project No.: 16.53.042 Figure Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-35 Depth: 8'-10'

Proj. No.: 16.53.042 Date Sampled: 8/25/16

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and tan SANDY LEAN

CLAY

LL= 36 PI= 20PL= 16

Assumed Specific Gravity= 2.70

Remarks:

Test method: ASTM D 4767

Failure type: Bulge

 Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf

σσσσ1   Failure, tsf

σσσσ3   Failure, tsf

In
it
ia

l
A

t 
T

e
s
t

1

13.6
114.1

76.8
0.4771

2.87
5.56

15.2
119.5
100.0

0.4100
2.81
5.55

0.01

2.5

10.00

1.77

0.10

2.09

-0.02

3.6

0.62

2.39

2

13.6
114.1

76.8
0.4771

2.87
5.56

15.2
119.5
100.0

0.4100
2.87
5.32

0.01

3.6

20.00

3.23

0.16

3.23

0.16

3.6

1.28

4.50

3

13.6
114.1

76.8
0.4771

2.87
5.56

15.2
119.5
100.0

0.4100
2.92
5.12

0.01

3.7

39.90

4.93

0.72

6.04

0.04

15.1

2.15

7.08
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 C, tsf

 φ, deg

 Tan(φ)

Total Effective

0.286

24.8

0.46

0.151

30.5

0.59
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-35 Depth: 8'-10'

Project No.: 16.53.042  Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-39 Depth: 24'-26'

Proj. No.: 16.53.042 Date Sampled: 8/25/16

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and tan SANDY FAT

CLAY

LL= 52 PI= 33PL= 19

Assumed Specific Gravity= 2.70

Remarks:

Test method: ASTM D 4767

Failure type: Bulge

 Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf

σσσσ1   Failure, tsf

σσσσ3   Failure, tsf

In
it
ia

l
A

t 
T

e
s
t

1

20.7
103.5

89.1
0.6282

2.82
5.58

20.4
108.6
100.0

0.5518
2.77
5.50

0.01

3.2

10.00

1.78

0.29

1.89

0.26

3.5

0.43

2.21

2

20.7
103.5

89.1
0.6282

2.82
5.58

20.4
108.6
100.0

0.5518
2.81
5.37

0.01

2.5

20.00

3.18

0.53

3.55

0.40

3.5

0.91

4.10

3

20.7
103.5

89.1
0.6282

2.82
5.58

20.4
108.6
100.0

0.5518
2.84
5.25

0.01

7.5

40.00

5.95

0.62

6.09

0.49

10.6

2.26

8.20
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 C, tsf

 φ, deg

 Tan(φ)

Total Effective

0.116

29.4

0.56

0.262
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-39 Depth: 24'-26'

Project No.: 16.53.042  Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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TRIAXIAL SHEAR TEST REPORT

Tolunay-Wong Engineers, Inc.
Houston, Texas

Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-41A Depth: 60.5'-62.5'

Proj. No.: 16.53.042 Date Sampled: 

Type of Test: 

CU with Pore Pressures

Sample Type: Undisturbed

Description: Light gray and tan FAT CLAY with

SAND and some calcareous nodules

LL= 77 PI= 53PL= 24

Assumed Specific Gravity= 2.75

Remarks:

Test method: ASTM D 4767

Failure type: Slickensided

Figure Pg 1 of 2

Sample No.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Water Content, %
Dry Density, pcf
Saturation, %
Void Ratio
Diameter, in.
Height, in.

Strain, %

Strain, %

Excess Pore Pr., tsf

Excess Pore Pr., tsf

Strain rate, %/min.

Eff. Cell Pressure, psi

Fail. Stress, tsf

Ult. Stress, tsf

σσσσ1   Failure, tsf

σσσσ3   Failure, tsf

In
it
ia

l
A
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t
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Client: TWE-Corpus Christi

Project: Geotechnical Lab Testing

Source of Sample: B-41A Depth: 60.5'-62.5'

Project No.: 16.53.042 Figure Pg 2 of 2 TOLUNAY-WONG ENGINEERS, INC.
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  TWE 
  Project No. 16.53.042 
  Report No. 12788R1 

APPENDIX F 
 

GRAPHICAL PRESENTATION OF MASS STABILITY ANALYSES RESULTS 
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2.1802.180

W

2.1802.180

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+

80
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60
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40
0

20
0

0
-2

00

-200 0 200 400 600 800 1000 1200 1400

Analysis Description Marker 12 Section - Final Waste Slope (Long-Term Analysis) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2182Drawn By

File Name Marker 12 Section.slimDate 12/2/2016, 2:04:42 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017
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1.7131.713

W

1.7131.713

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description Marker 12 Section - Final Waste Slope (Long-Term Analysis) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2164Drawn By

File Name Marker 12 Section.slimDate 12/2/2016, 2:04:42 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017
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2.2702.270

W

2.2702.270

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description Marker 18 Section - Final Waste Slope (Long-Term Analysis) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2378Drawn By

File Name Marker 18 Section - Circular Arc.slimDate 12/2/2016, 2:39:49 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017
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1.6781.678

W

1.6781.678
Material Name Color Unit Weight

(lbs/ 3) Strength Type Cohesion
(psf)

Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description Marker 18 Section - Final Waste Slope (Long-Term Analysis) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2326Drawn By

File Name Marker 18 Section - Sliding Block.slimDate 12/2/2016, 2:39:49 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017
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3.6493.649

W W

3.6493.649

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
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6.000+
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Analysis Description Marker J Section - Final Waste Slope (Long-Term Analysis) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:1754Drawn By

File Name Marker J Section.slimDate 11/28/2016, 5:45:35 PM

Project

Kingsville Municipal Solid Waste Landfill

SLIDEINTERPRET 7.017
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2.7112.711

W W

2.7112.711

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description Marker J Section - Final Waste Slope (Long-Term Analysis) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2055Drawn By

File Name Marker J Section - Sliding Block.slimDate 11/28/2016, 5:45:35 PM

Project

Kingsville Municipal Solid Waste Landfill

SLIDEINTERPRET 7.017
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2.2722.272

W

2.2722.272

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description Marker O Section - Final Waste Slope (Long-Term Analysis) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2148Drawn By

File Name Marker O Section - Circular Arc.slimDate 12/2/2016, 10:23:00 AM

Project

Kingsville MSW Landfill Project
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1.7201.720

W

1.7201.720Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 250 23 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description Marker O Section - Final Waste Slope (Long-Term Analysis) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2115Drawn By

File Name Marker O Section - Sliding Block.slimDate 12/2/2016, 10:23:00 AM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017
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1.6551.655

W

1.6551.655

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
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5.000
5.250
5.500
5.750
6.000+
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Analysis Description Marker 12 Section - Final Waste Slope (Long-Term Analysis - Large Displacement) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2569Drawn By

File Name Marker 12 Section - Circular Arc.slimDate 12/2/2016, 2:04:42 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 3, pg-88 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



1.5001.500

W

1.5001.500
Material Name Color Unit Weight

(lbs/ 3) Strength Type Cohesion
(psf)

Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000+
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Analysis Description Marker 12 Section - Final Waste Slope (Long-Term Analysis - Large Displacement) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2164Drawn By

File Name Marker 12 Section - Sliding Block.slimDate 12/2/2016, 2:04:42 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017
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1.8101.810

W

1.8101.810

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Safety Factor
0.000
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.250
2.500
2.750
3.000
3.250
3.500
3.750
4.000
4.250
4.500
4.750
5.000
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5.500
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6.000+
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Analysis Description Marker 18 Section - Final Waste Slope (Long-Term Analysis - Large Displacement) - Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2360Drawn By

File Name Marker 18 Section - Circular Arc.slimDate 12/2/2016, 2:39:49 PM

Project

Kingsville MSW Landfill Project
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1.5211.521

W

1.5211.521 Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0
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Analysis Description Marker 18 Section - Final Waste Slope (Long-Term Analysis - Large Displacement) -Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2326Drawn By

File Name Marker 18 Section - Sliding Block.slimDate 12/2/2016, 2:39:49 PM

Project

Kingsville MSW Landfill Project

SLIDEINTERPRET 7.017

FOR PERMIT PURPOSES ONLY

City of Kingsville Landfill
Permit Amendment Application MSW-235C

Part III

Part III, Attachment 4, Appendix 3, pg-91 Hanson Professional Services Inc.
Submittal Date: September 2018

Revision: 0



3.5133.513

W W

3.5133.513

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Safety Factor
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Analysis Description Marker J Section - Final Waste Slope (Long-Term Analysis - Large Displacement) -Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:3287Drawn By

File Name Marker J Section - Circular.slimDate 11/28/2016, 5:45:35 PM

Project

Kingsville MSW Landfill Project
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2.4952.495

W W

2.4952.495

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Exis ng MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Founda on Soils 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0

Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Safety Factor
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Analysis Description Marker J Section - Final Waste Slope (Long-Term Analysis - Large Displacement) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2055Drawn By

File Name Marker J Section - Sliding Block.slimDate 11/28/2016, 5:45:35 PM

Project

Kingsville MSW Landfill Project
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1.9341.934

W

1.9341.934

Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0
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Analysis Description Marker O Section - Final Waste Slope (Long-Term Analysis - Large Displacement) -Circular Arc Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2045Drawn By

File Name Marker O Section - Circular Arc.slimDate 12/2/2016, 10:23:00 AM

Project

Kingsville MSW Landfill Project
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1.5391.539

W

1.5391.539Material Name Color Unit Weight
(lbs/ 3) Strength Type Cohesion

(psf)
Phi
(deg) Water Surface Hu Type Hu

Tensile
Strength
(psf)

New MSW 60 Mohr‐Coulomb 0 22 Water Surface Custom 1 0

Protec ve Cover 115 Mohr‐Coulomb 0 30 Water Surface Custom 1 0

Geosynthe c Clay Liner 115 Mohr‐Coulomb 300 9.6 Water Surface Custom 1 0

Founda on Soil 125 Mohr‐Coulomb 400 31 Water Surface Custom 1 0
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Analysis Description Marker O Section - Final Waste Slope (Long-Term Analysis - Large Displacement) - Sliding Block Failure
Company Tolunay-Wong Engineers, Inc.Scale 1:2115Drawn By

File Name Marker O Section - Sliding Block.slimDate 12/2/2016, 10:23:00 AM

Project

Kingsville MSW Landfill Project
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Soil Boring Location Map 
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Exhibit IV  
 

Soil Boring Cross Sections 
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Well
TOC 

Elev.

DTW 

(BTOC)

GW 

Elevation

MW-1R 62.59 29.21 33.38

MW-6R 57.31 23.23 34.08

MW-8 61.11 27.76 33.35

MW-12 54.78 21.61 33.17

MW-13 61.98 27.36 34.62

MW-14 52.54 22.20 30.34

MW-15 51.55 15.24 36.31

MW-16 58.80 22.70 36.10

MW-19 63.07 28.63 34.44

MW-20 60.66 27.97 32.69

MW-21 52.74 19.62 33.12

MW-22 52.81 17.73 35.08

MW-23 51.63 14.13 37.50

MW-24 54.65 21.15 33.50

MW-27 61.08 26.59 34.49

MW-28 68.91 35.62 33.29

*TOC Elevations were re-surveyed on August 29, 2011

Groundwater Elevations

City of Kingsville Landfill

January 2017 Monitoring Event
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MW-1R MW-6R MW-8 MW-12 MW-13 MW-14 MW-15 MW-16 MW-19 MW-20 MW-24 MW-27 MW-28
Groundwater elevation 33.38 34.08 33.35 33.17 34.62 30.34 36.31 36.10 34.44 32.69 33.50 34.49 33.29

Antimony <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Arsenic 0.05 0.16 0.02 0.17 0.16 0.21 0.07 0.03 0.16 0.07 0.27 0.02 0.05
Barium 0.05 0.05 0.14 0.11 0.08 0.07 0.03 0.05 0.11 0.03 0.06 0.08 1.03
Beryllium <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
Cadmium <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Chromium <0.020 <0.02 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.02 <0.020 <0.020 <0.020
Cobalt <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Copper <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Lead <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015 <0.015
Nickel <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Selenium <0.05 <0.05 <0.05 <0.05 <0.05 <0.050 <0.050 <0.05 <0.05 <0.05 <0.050 <0.050 <0.050
Silver <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Thallium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Vanadium 0.19 0.34 0.14 0.85 0.53 0.68 0.16 0.30 0.47 0.31 0.96 0.03 0.08
Zinc <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

pH 7.19 8.08 7.76 7.45 7.47 7.24 7.12 7.29 7.56 7.03 7.60 7.27 7.20
Specific Conductance umho/cm 4109.00 2089.00 1131.00 5183.00 3619.00 8761.00 8644.00 3895.00 1627.00 16760.00 1635.00 2072.00 6356.00

Acetone <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020 <0.020
Acrylonitrile <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050 <0.050
Benzene <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.00
Bromochloromethane <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Bromodichloromethane <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Bromoform <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Carbon Disulfide <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Carbon tetrachloride <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Chlorobenzene <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Chloroethane (ethyl chloride) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Chloroform (trichloromethane) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Dibromochloromethane <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
1,2-Dibromo-3-Chloropropane (DBCP) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
1,2-Dibromoethane (ethylene dibromide, EDB) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
o-Dichlorobenzene (1,2-dichlorobenzene) <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
p-Dichlorobenzene (1,4-dichlorobenzene) <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
trans-1,4-Dichloro-2-butene <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
1,1-Dichloroethane (ethylidene chloride) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
1,2-Dichloroethane (ethylene dichloride) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
1,1-Dichloroethylene (1,1-dichloroethene, vinylidene chloride)<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
cis-1,2-Dichloroethylene (cis-1,2-dichloroethene) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
trans-1,2 Dichloroethylene (trans-1,2-dichloroethene) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
1,2-Dichloropropane (Propylene dichloride) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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FOR PERMIT PURPOSES ONLY
January 2017 Analytical Data Summary
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Part III

MW-1R MW-6R MW-8 MW-12 MW-13 MW-14 MW-15 MW-16 MW-19 MW-20 MW-24 MW-27 MW-28

cis-1,3-Dichloropropene <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
trans-1,3-Dichloropropene <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Ethylbenzene <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
2-Hexanone (methyl butyl ketone) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Methyl bromide (bromomethane) <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
Methyl Chloride (chloromethane) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Methylene bromide (dibromomethane) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Methylene chloride (dichloromethane) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Methyl ethyl ketone (MEK,2-butanone) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Methyl iodide (iodomethane) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
4-Methyl-2-pentanone (methyl isobutyl ketone) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Styrene <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
1,1,1,2-Tetrachloroethane <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
1,1,2,2-Tetrachloroethane <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Tetrachloroethylene (tetrachloroethene, perchloroethylene) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Toluene <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
1,1,1-Trichloroethane (methylchloroform) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
1,1,2-Trichloroethane <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Trichloroethylene (trichloroethene) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Trichlorofluoromethane (CFC-11) <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010
1,2,3-Trichloropropane <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Vinyl acetate <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100
Vinyl chloride <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Xylenes <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

All units mg/L unless otherwise noted.
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