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SUBJECT:  GEOTECHNICAL INVESTIGATION - DESIGN PHASE 
   Proposed Residential Construction  
   3406 17 Mile Drive 
   Pebble Beach, Monterey County, California 
    
       
Dear Mr. Hodge: 
 
In accordance with your authorization, we have completed a geotechnical investigation 
for the subject project. This report summarizes the findings, conclusions, and 
recommendations from our field exploration, laboratory testing, and engineering 
analysis.  It is a pleasure being associated with you on this project.  If you have any 
questions, or if we may be of further assistance, please do not hesitate to contact our 
office. 
 
Sincerely, 
 
BUTANO GEOTECHNICAL ENGINEERING, INC. 
 
 
 
Greg Bloom, PE, GE         
Principal Engineer        
       
 
Appendices: 1. Appendix A Figures and Standard Details 
  2. Appendix B Field Exploration Program 
  3. Appendix C Laboratory Testing Program 
      
Distribution: (4)  Addressee
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1.0 INTRODUCTION 
 
This report presents the results of our geotechnical investigation for the proposed 
residential project at 3406 17 Mile Drive in Pebble Beach, Monterey County, California. 
 
The purpose of our investigation is to provide preliminary geotechnical design 
parameters and recommendations for the construction of the proposed residential 
project.   Conclusions and recommendations related to site grading, drainage, retaining 
walls and foundations are presented herein. 
 
Anticipated construction consists of demolishing the existing residence and constructing 
a new single-family residence with a basement and associated improvements. 
 
This work included site reconnaissance, subsurface exploration, soil sampling, 
laboratory testing, engineering analyses, and preparation of this report. The scope of 
services for this investigation is outlined in our agreement dated April 16, 2023. 
 
The recommendations contained in this report are subject to the limitations presented in 
Section 8.0 of this report.  The Association of Engineering Firms Practicing the 
Geosciences has produced a pamphlet for your information titled Important Information 
About Your Geotechnical Report.  This pamphlet has been included with the copies of 
your report. 
 

 
2.0 FIELD EXPLORATION AND LABORATORY TESTING PROGRAMS 

 
Our field exploration program included drilling, logging, and interval sampling of three 
borings advanced with 6 inch solid stem auger on a tractor mounted drill rig. The 
borings were advanced on May 9, 2023. The borings were drilled to depths of 13 ½ and 
17 ½ feet below existing grade. Details of the field exploration program, including the 
Boring Logs and the Key to the Logs, are presented in Appendix B, Figures B-3 through 
B-6. 
 
Representative samples obtained during the field investigation were taken to the 
laboratory for testing. Laboratory tests were used to determine physical and engineering 
properties of the in-situ soils. Details of the laboratory testing program are presented in 
Appendix C. Test results are presented on the Boring Logs and in Appendix C. 
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3.0 SITE AND PROJECT DESCRIPTION 

 
3.1 Location 
 

The project site is located west of Highway 1 in Pebble Beach, Monterey County, 
California. The site location is shown on the Site Location Plan, Appendix B, 
Figure B-1. 

 
3.2 Surface Conditions 

 
The parcel is approximately rectangular in shape, 2.35 acres in size, slopes 
gently to the southwest, and is improved with a single-family residence,  
detached garage, and associated improvements. 
 

3.3 Subsurface Conditions 
 

A total of three borings were advanced for the project. The earth materials 
encountered at the site are mapped as volcanic rocks (Tvb). Our investigation did 
not encounter the volcanic rocks within the depths of the exploration and the 
earth materials encountered are interpreted as marine terrace deposits (Qmt). 

 
Boring B1 was stiff to hard lean clay in the upper 5 feet. The soil graded to a very 
dense clayey sand at 5 feet to a depth of 13 ½ feet. Dense silty sand was 
encountered from 13 ½ feet to the bottom of the boring at 17 ½ feet. 
 
Boring B2 encountered very loose to loose silty sand from the surface to a depth 
of 8 feet. Dense clayey sand was encountered from 8 feet to the bottom of the 
boring at 13 ½ feet. 
 
Boring B3 encountered very loose silty sand from the surface to a depth of 2 ½ 
feet. Stiff to hard sandy lean clay was encountered from 2 ½ feet to 12 feet. Very 
dense silty sand was encountered from 12 feet to the bottom of the boring at 13 
½ feet. 
 
A perched groundwater table was encountered in B2 at a depth of 3 feet. 
Groundwater was not encountered in B1 or B3. Groundwater conditions may 
change seasonally. 

 
Complete soil profiles are presented on the Boring Logs, Appendix B, Figures B-
4 through B-6.  The boring locations are shown on the Boring Site Plan, Figure B-
2.   
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                                           4.0 PROJECT DESCRIPTION 
 
Anticipated construction consists of demolishing the existing improvements and 
constructing a new single-family residence with a basement under a portion of the 
residence. 
 

5.0 GEOTECHNICAL HAZARDS 
 

5.1 General 
 

In our opinion the geotechnical hazards that could potentially affect the proposed 
project are: 

 
  • Intense seismic shaking 
  • Collateral seismic hazards 
 
 5.1.1 Intense Seismic Shaking 
 

The hazard of intense seismic shaking is present throughout central 
California.   Intense seismic shaking may occur at the site during the 
design lifetime of the proposed structure from an earthquake along one of 
the regions many faults.  Generally, the intensity of shaking will increase 
the closer the site is to the epicenter of an earthquake, however, seismic 
shaking is a complex phenomenon and may be modified by local 
topography and soil conditions. The transmission of earthquake vibrations 
from the ground into the structure may cause structural damage.   

 
The County of Monterey has adopted the seismic provisions set forth in 
the 2022 California Building Code to address seismic shaking. The 
seismic provisions in the 2022 CBC are minimum load requirements for 
the seismic design for the proposed structure. The provisions set forth in 
the 2022 CBC will not prevent structural and nonstructural damage from 
direct fault ground surface rupture, coseismic ground cracking, liquefaction 
and lateral spreading, seismically induced differential compaction, 
seismically induced landsliding, or seismically induced inundation. 

  
Table 1 has been constructed based on the 2022 CBC requirements for 
the seismic design of the proposed structure.  The Site Class has been 
determined based on our field investigation and laboratory testing.  
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Table 1. Seismic Design Parameters 
 

 
SS 

 
S1 

 
Site 

Class 

 
Fa 

 
Fv 

 
SDS 

 
SD1 

 
FPGA 

 
PGAM 

 
Risk 

Category 

 
Seismic 
Design 

Category 

 
1.268 

 
0.479 

 
D 

 
1 

 
Null* 

 

 
0.845 

 
Null* 

 
1.1 

 
0.613 

 
II 

 
Null 

Design Coordinates - (Lat: 36.5625955, Lng: -121.9317783) 
*Site specific analysis required for site class D and building structures having a period within the 

velocity domain of the design response spectrum (Ts <T<=TL). 
  

5.1.2 Collateral Seismic Hazards 
 

In addition to intense seismic shaking, other seismic hazards that may 
have an adverse affect to the site and/or the structure are: fault ground 
surface rupture, coseismic ground cracking, seismically induced 
liquefaction and lateral spreading, seismically induced differential 
compaction, seismically induced landsliding, and seismically induced 
inundation (tsunami and seiche). It is our opinion that the potential for 
collateral seismic hazards to affect the site and to damage the proposed 
structure is low. 
 

 
6.0 DISCUSSIONS AND CONCLUSIONS 

 
The site is underlain by terrace deposits. The soil varied from loose silty sand to hard 
sandy lean clay within the depths of the proposed foundation elements. Based on our 
laboratory testing the clay has a low potential for expansion. 
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7.0 RECOMMENDATIONS 
 

7.1 General 
 

Based on the results of our field investigation, laboratory testing, and engineering 
analysis it is our opinion that from the geotechnical standpoint, the subject site 
will be suitable for the proposed construction. 
 

7.2 Site Grading 
 

7.2.1 Site Clearing  
 

The site should be cleared of loose soil, existing foundation elements, 
organics, and debris within the project limits. 

   
7.2.2 Preparation of On-Site Soils 

   
Areas to receive fill should be scarified, moisture conditioned, and 
compacted to a minimum of 90 percent relative compaction. 
 
Site Grading-General 

   
The excavation of the existing foundation system will cause a loose zone 
of soil approximately 24 inches deep. In areas to be developed outside of 
the basement footprint this soil should be over-excavated and replaced as 
engineered fill to design grade. 

    
The relative compaction and required moisture content shall be based on 
the maximum dry density and optimum moisture content obtained in 
accordance with ASTM D1557. 
 
In-situ soil to receive fill should be scarified, moisture conditioned, and 
compacted to a minimum of 90 percent relative compaction.  
 
All fill should be compacted with heavy vibratory equipment to a minimum 
of 90 percent relative compaction. Fill should be compacted by 
mechanical means in uniform horizontal loose lifts not exceeding 8 inches 
in thickness.  
 
The on-site soil may be used as engineered fill once it is processed to 
remove deleterious material.   The material should be verified by a 
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representative of Butano Geotechnical Engineering, Inc. in the field during 
grading operations.   All soils, both existing on-site and imported, to be 
used as fill, should contain less than 3 percent organics and be free of 
debris and cobbles over 2½ inches in maximum dimension.  
 
Imported fill material should be approved by a representative of Butano 
Geotechnical Engineering, Inc. prior to importing. Imported fill should be 
primarily granular with no material greater than 2½ inches in diameter and 
no more than 20 percent of the material passing the #200 sieve.  The fines 
fraction of the fill should not consist of expansive material. The 
Geotechnical Engineer should be notified not less than 5 working days in 
advance of placing any fill or base course material proposed for import. 
Each proposed source of import material should be sampled, tested, and 
approved by the Geotechnical Engineer prior to delivery of any soils 
imported for use on the site. 
 
The upper 6 inches of subgrade and aggregate baserock in paved areas 
should be compacted to a minimum of 95 percent relative compaction. 
This should extend a minimum of 2 feet laterally of all paved areas. 
 
Any surface or subsurface obstruction, or questionable material 
encountered during grading, should be brought immediately to the 
attention of the Geotechnical Engineer for proper processing as required.  
      

7.2.3 Cut and Fill Slopes 
 
Cut slopes are anticipated for the basement excavation. The soil may be 
sloped at a maximum gradient of 1:1 gradient. It is recommended that the 
face of the cut be kept moist during construction. 
 
Slopes steeper than 1:1 should be shored. The geotechnical engineer 
should review all cut-slopes. 
 
Permanent cut and fill slopes should be graded no steeper than 2:1 (H:V). 
All disturbed slopes should be erosion controlled. 

 
7.2.4 Excavating Conditions 

 
The on-site soil may be excavated with standard earthwork equipment.  
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7.2.5 Surface Drainage 
 

Positive drainage should be maintained away from the structures at a 
minimum gradient of 2 percent for 10 feet. If this is not feasible surface 
water should be directed away from the foundation into a swale. 
 

7.2.6 Subsurface Drainage 
 

The basement will be supported by retaining walls. The collected drainage 
from the basement should be directed to a sump pump system.  
 
The subgrade should be proof-rolled just prior to construction to provide a 
firm, relatively unyielding surface, especially if the surface has been 
loosened by the passage of construction traffic. The subgrade should be 
fine graded so that it is directed toward the sump or outlet. 
 
The bottom of the basement should be underlain by a manifold system. 
This should consist of 3 inch diameter schedule 40 perforated pvc pipe 
spaced no more than 8 feet on center. The pipe should be directed to the 
low spot of the basement and into the sump system. The pipe should be 
encased in a minimum of 10 inches of ¾ inch gravel. 

 
7.2.7 Utility Trenches 
 

Bedding material should consist of sand with a SE not less than 30 which 
may then be jetted. The thickness of sand bedding above and below 
utilities should comply with local building codes.  

 
The on-site native soils may be utilized for trench backfill. Imported fill 
should be free of organic material and rocks over 2.5 inches in diameter. 

 
If sand is used, a 3 foot concrete plug should be placed in each trench 
where it passes under the exterior footings.      

 
Backfill of all exterior and interior trenches should be placed in thin lifts not 
to exceed 8 inches and mechanically compacted to achieve a relative 
compaction of not less than 95 percent in paved areas and 90 percent in 
other areas per ASTM D1557. Care should be taken not to damage utility 
lines. 

 
Utility trenches that are parallel to the sides of a building should be placed 
so that they do not extend below a line sloping down and away at an 
inclination of 2:1 H:V from the bottom outside edge of all footings. 
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Trenches should be capped with 1 1/2 feet of relatively impermeable 
material.  Import material must be approved by the Geotechnical Engineer 
prior to its use.   

 
Trenches must be shored as required by the local regulatory agency, the 
State of California Division of Industrial Safety Construction Safety Orders, 
and Federal OSHA requirements. 
 

7.3  Foundations 
 
 7.3.1 Conventional Shallow Foundations  
 

General 
 
Conventional shallow foundations may be used bearing on firm in-situ soil 
(basement foundation) or 36 inches engineered fill (near surface 
foundation elements) per section 7.2.2.  
 
Footing Dimensions 
 
Footing widths should be based on the allowable bearing value but not 
less than 15 inches.  The minimum recommended depth of embedment is 
12 inches. Footing trenches should be level and stepped up as necessary. 
Embedment depths should not be allowed to be affected adversely, such 
as through erosion, softening, digging, etc. Should local building codes 
require deeper embedment of the footings or wider footings, the local 
codes must apply. 
 
Bearing Capacity 

 
The allowable bearing capacity used should not exceed 4,500 psf and 
2,000 psf for basement level footings and near surface footings, 
respectively. The allowable bearing capacity may be increased by one-
third in the case of short duration loads, such as those induced by wind or 
seismic forces.  In the event that footings are founded in structural fill 
consisting of imported materials, the allowable bearing capacities will 
depend on the type of these materials and should be re-evaluated. 
 
Lateral Resistance 
 
Friction coefficient – 0.35, for the in-situ soil and engineered fill.  A passive 
resistance of 400 pcf may be assumed below a depth of 12 inches for in-
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situ soil and engineered fill.  Where both friction and the passive 
resistance are utilized for sliding resistance, either of the values indicated 
should be reduced by one-third. 
 
Footing excavations must be checked by the Geotechnical Engineer 
before steel is placed and concrete is poured. 

 
7.3.2 Concrete Slabs-on-Grade and Basement Drainage 
 

General 
 
We recommend that concrete slab-on-grades be founded on in-situ soil 
(basement grade) or a minimum of 36 inches of engineered fill (near 
surface grade) per section 7.2.2. The basement drainage below the slab 
should be prepared per section 7.2.6. 

 
The subgrade should be proof-rolled just prior to construction to provide a 
firm, relatively unyielding surface, especially if the surface has been 
loosened by the passage of construction traffic. 
 
Capillary Break and Vapor Barrier 
 
The following paragraphs outline the minimum capillary break and vapor 
barrier that shall be utilized for the basement slab-on-grade. Near surface 
interior slab-on-grades should have a minimum capillary break of 4 inches. 
 
The subgrade should be proof-rolled just prior to construction to provide a 
firm, relatively unyielding surface, especially if the surface has been 
loosened by the passage of construction traffic. The subgrade should be 
fine graded so that it is directed toward the sump or outlet. 
 
The bottom of the basement should be underlain by a manifold system. 
This should consist of 3 inch diameter schedule 40 perforated pvc pipe 
spaced no more than 8 feet on center. The pipe should be directed to the 
low spot of the basement and into the sump system. The pipe should be 
encased in a minimum of 10 inches of ¾ inch gravel. 
 
The vapor barrier shall consist of a waterproof membrane (Stegowrap 15 
Mil or equivalent) placed directly below the floor slab and in direct contact 
with the concrete. Sheet overlap for the vapor barrier shall be a minimum 
of 6 inches. A 6 inch layer of compacted Class II Baserock may be 
employed to prevent rips or tears in the vapor barrier if desired and to 
keep the subgrade from becoming saturated prior to pouring concrete. 
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If the manufacturer’s recommendations or the project requirements for the 
capillary break and vapor barrier are more stringent than the minimum 
outlined above, the designer should follow those recommendations and 
requirements.  Recommendations by the manufacturer may include but is 
not limited to specifications for; concrete mix design, puncture resistance 
of vapor barrier, permeance of vapor barrier, soil flatness, capillary break 
section, structural section, and testing recommendations. 
 

 7.3.3 Settlements 
 

Total and differential settlements beneath are expected to be within 
tolerable limits under static conditions. Vertical movements are not 
expected to exceed 1 inch. Differential movements are expected to be 
within the normal range (½ inch) for the anticipated loads. 

 
7.4 Retaining Structures 

 
7.4.1 Lateral Earth Pressures 

 
The lateral earth pressures presented in Table 2 are recommended for the 
design of retaining structures retaining the on-site soil.  Should the slope 
behind the retaining walls be other than level, supplemental design criteria 
will be provided for the active earth or at-rest pressures for the particular 
slope angle. 
 

Table 2.  Lateral Earth Pressures 
 

Soil Profile 
Soil Pressure (psf/ft) 

Active At-rest 

Level 45 65 

2:1 60 80 

 
Pressure due to any surcharge loads from adjacent footings, traffic, etc., 
should be analyzed separately.  Pressures due to these loading can be 
supplied upon receipt of the appropriate plans and loads.  Refer to 
Appendix A, Figure A-1-Surcharge Pressure Diagram. 
 
An earthquake load (ultimate) may be considered for retaining walls as 
follows:  
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For unrestrained walls over 6 feet, as measured from the base of the 
footing, a seismic load of 10H2 may be applied at a height of 0.6H from the 
base of the wall.  
 
No evaluation of seismic earth pressure is needed for restrained walls 
under 12 feet in height, as measured from the base of the footing, 
provided a minimum static factor of safety of 1.5 is achieved. For rigidly 
restrained walls over 12 feet a seismic load of 15H2 should be added to 
the active earth pressure and applied at a height of 0.3H from the base of 
the wall. The greater of the seismic loading and at rest loading conditions 
should be used for design. The recommendations for restrained retaining 
walls are based on the SEAOC 2010 Conventions Proceedings: Seismic 
Earth Pressures on Deep Building Basements, Lew, Sitar. 
 
A factor of safety of 1.1 is considered appropriate with respect to 
earthquake loading. 
 

7.4.2 Backfill 
 

Backfill should be placed under engineering control.  Backfill should be 
compacted per Subsection 7.2.2, however, precautions should be taken to 
ensure that heavy compaction equipment is not used immediately 
adjacent to walls, so as to prevent undue pressures against, and 
movement of, the walls. 
 
The backfill should be capped with at least 12 inches of relatively 
impermeable material. 

 
7.4.3 Backfill Drainage 

 
Retaining structures must be fully drained. Backdrains should consist of 4 
inch diameter Schedule 40, PVC pipe or equivalent, embedded in 3/8 inch 
to 3/4 inch, clean crushed gravel, enveloped in Mirafi 180N or approved 
equivalent.  The drain should be a minimum of 12 inches in thickness and 
should extend to within 12 inches from the surface.   The pipe should be 
4+ inches above the trench bottom; a gradient of 2+ percent being 
provided to the pipe and trench bottom; discharging into suitably protected 
outlets.  See Appendix A, Figure A-2 for the standard detail for the 
backdrain. 
 
Perforations in backdrains are recommended as follows: 3/8 inch 
diameter, in 2 rows at the ends of a 120 degree arc, at 3 inch centers in 
each row, staggered between rows, placed downward. 



 

 
 
Geotechnical Investigation - Design Phase June 20, 2023 
3406 17 Mile Drive Project No. 23-168-M 
Monterey County, California Page 14 
 

 
Backdrains should be approved by the Geotechnical Engineer after 
placement of bedding and pipe and prior to the placement of clean 
crushed gravel. 
 
An unobstructed outlet should be provided at the lower end of each 
segment of backdrain.  The outlet should consist of an unperforated pipe 
of the same diameter, connected to the perforated pipe and extended to a 
protected outlet at a lower elevation on a continuous gradient of at least 1 
percent. 
 

7.5 Plan Review 
 

The recommendations presented in this report are based on preliminary design 
information for the proposed project and on the findings of our geotechnical 
investigation.  When completed, the Grading Plans, Foundation Plans and design 
loads should be reviewed by Butano Geotechnical Engineering, Inc. prior to 
submitting the plans and contract bidding.  Additional field exploration and 
laboratory testing may be required upon review of the final project design plans.   

 
7.6 Observation and Testing   
 

Field observation and testing should be provided by a representative of Butano 
Geotechnical Engineering, Inc. to enable them to form an opinion regarding the 
adequacy of the site preparation, the adequacy of fill materials, and the extent to 
which the earthwork is performed in accordance with the geotechnical conditions 
present, the requirements of the regulating agencies, the project specifications, 
and the recommendations presented in this report.  

 
Butano Geotechnical Engineering, Inc. should be notified at least 5 working 
days prior to any site clearing or other earthwork operations on the subject 
project in order to observe the stripping and disposal of unsuitable materials and 
to ensure coordination with the grading contractor. During this period, a 
preconstruction meeting should be held on the site to discuss project 
specifications, observation and testing requirements and responsibilities, and 
scheduling. 
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8.0  LIMITATIONS 
 
The recommendations contained in this report are based on our field explorations, 
laboratory testing, and our understanding of the proposed construction.  The subsurface 
data used in the preparation of this report was obtained from the borings drilled during 
our field investigation.  Variation in soil, geologic, and groundwater conditions can vary 
significantly between sample locations. As in most projects, conditions revealed during 
construction excavation may be at variance with preliminary findings.  If this occurs, the 
changed conditions must be evaluated by the Project Geotechnical Engineer, and 
revised recommendations be provided as required.  In addition, if the scope of the 
proposed construction changes from the described in this report, our firm should also be 
notified.   
 
Our investigation was performed in accordance with the usual and current standards of 
the profession, as they relate to this and similar localities. No other warranty, expressed 
or implied, is provided as to the conclusions and professional advice presented in this 
report. 
 
This report is issued with the understanding that it is the responsibility of the Owner, or 
of his Representative, to ensure that the information and recommendations contained 
herein are brought to the attention of the Engineer for the project and incorporated into 
the plans, and that it is ensured that the Contractor and Subcontractors implement such 
recommendations in the field.  The use of information contained in this report for bidding 
purposes should be done at the Contractor’s option and risk. 
 
This firm does not practice or consult in the field of safety engineering.  We do not direct 
the Contractor's operations, and we are not responsible for other than our own 
personnel on the site; therefore, the safety of others is the responsibility of the 
Contractor.  The Contractor should notify the Owner if he considers any of the 
recommended actions presented herein to be unsafe. 
 
The findings of this report are considered valid as of the present date.  However, 
changes in the conditions of a site can occur with the passage of time, whether they are 
due to natural events or to human activities on this or adjacent sites.  In addition, 
changes in applicable or appropriate codes and standards may occur, whether they 
result from legislation or the broadening of knowledge.  Accordingly, this report may 
become invalidated wholly or partially by changes outside our control.  Therefore, this 
report is subject to review and revision as changed conditions are identified. 
 
The scope of our services mutually agreed upon did not include any environmental 
assessment or study for the presence of hazardous to toxic materials in the soil, surface 
water, or air, on or below or around the site.  Butano Geotechnical Engineering, Inc. is 
not a mold prevention consultant; none of our services performed in connection with the 
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proposed project are for the purpose of mold prevention.  Proper implementation of the 
recommendations conveyed in our reports will not itself be sufficient to prevent mold 
from growing in or on the structures involved. 
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Surcharge Pressure Diagram Figure A-1 
 
 
Backdrain Detail Typical Figure A-2 
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Site Location Plan Figure B-1 
 

 
Boring Site Plan Figure B-2 
 
 
Key to the Logs Figure B-3 
 

 
Logs of the Boring Figures B-4 through B-6 
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FIELD EXPLORATION PROCEDURES 
 

 

Subsurface conditions were explored by advancing three borings below existing grade. 
The borings were advanced using a six-inch solid stem auger on a tractor mounted drill 
rig. The Key to The Logs and the Logs of the Boring are included in Appendix B, Figures 
B-3 through B-6.  The approximate location of the borings are shown on the Boring Site 
Plan, Figure B-2. The borings were located in the field by tape measurements from known 
landmarks. Their locations as shown are therefore within the accuracy of such 
measurement. 
 
The soils encountered in the borings were continuously logged in the field by a 
representative of Butano Geotechnical Engineering, Inc. Bulk and relatively undisturbed 
soil samples for identification and laboratory testing were obtained in the field. These soils 
were classified based on field observations and laboratory tests. The classifications are 
accordance with the Unified Soil Classification System (USCS: Figure 3). 
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* Number of blows of 140 pound hammer falling 30 inches to drive a 2 inch O.D. (1 3/8 inch I.D.) split spoon (ASTM D-1586).

2 - 4

4 - 8

8 - 16

16 - 32

C        

L        

A        

Y

DRY 

S         

A        

N        

D
SATURATEDHARD

0 - 2

OVER 32

SOFT

FIRM

VERY SOFT

STIFF

VERY STIFF

MOIST 

SATURATED

DRY 

DAMP

WET

SAND

RELATIVE    DENSITY

FINE      

GRAINED  

SOILS                     

More than half of 

the material is 

smaller than the 

No. 200 sieve

SAND AND GRAVEL

OVER 50

VERY LOOSE

BLOWS/FT*

0 - 4

VERY DENSE

LOOSE 4 - 10

10 - 30

30 - 50

MEDIUM DENSE

DENSE

SECONDARY DIVISIONS

Well graded gravels, gravel-sand mixtures, little or no fines

Poorly graded gravels, gravel-sand mixtures, little or no 

fines

SILT AND CLAY

Inorganic silts, micaceous or diatomacaceous fine sandy or 

silty soils, elastic silts

Clayey sands, sand-clay mixtures, plastic finesSC

Peat and other highly organic soils

COARSE 

GRAINED 

SOILS                     

More than half of 

the material is 

larger than the     

No. 200 sieve

GM

GC

Silty gravels, gravel-sand-silt mixtures, non-plastic fines

Inorganic clays of high plasticity, fat clays

Organic clays of medium to high plasticity, organic silts

Inorganic silts and very fine sands, silty or clayey fine 

sands or clayey silts with slight plasticity 

Inorganic clays of low to medium plasticity, gravelly clays, 

sandy clays, silty clays, lean clays

GP

KEY TO LOGS

SW

SP

SM

CLEAN GRAVELS 

(Less than 5% fines)

GRAVEL          

WITH FINES

CLEAN SANDS 

(Less than 5% fines)

SAND                

WITH FINES

GW

Silty sands, sand-silt mixtures, non-plastic fines

UNIFIED    SOIL    CLASSIFICATION    SYSTEM

GROUP  

SYMBOLPRIMARY DIVISIONS

Clayey gravels, gravel-sand-clay mixtures, plastic fines

GRAVELS             

More than half of 

the coarse fraction 

is larger than the 

No. 4 sieve

SANDS             

More than half of 

the coarse fraction 

is smaller than the 

No. 4 sieve

Well graded sands, gravelly sands, little or no fines

Poorly graded sands, gravelly sands, little or no fines

Organic silts and organic silty clays of low plasticity

FIGURE

SILTS AND CLAYS                    

Liquid limit less than 50

SILTS AND CLAYS                    

Liquid limit greater than 50

ML

CL

HIGHLY ORGANIC SOILS

MH

CH

OH

Pt

SILT AND CLAY

OL

B-3

BUTANO GEOTECHNICAL ENGINEERING, INC.

GRAIN           SIZE            LIMITS 

BOULDERSCOBBLES

GRAVEL

COARSE FINE COARSE

US     STANDARD     SIEVE     SIZE

CONSISTENCY MOISTURE   CONDITION 

BLOWS/FT*

FINE MEDIUM

No. 200 No. 40 No. 10 No. 4 3/4 in. 3 in. 12 in.



Project No.: Boring:

Project: Location:

Elevation:

Date: Method of Drilling:

Logged By:

L
.L

.

P
.I

.

CL 20 11 117.0 15.0 49 5450

Gray 24 20 16.0

5 SC Very dense, grades to a Clayey SAND with gravel 50/6" 111.4 15.5

70 64 14.1

61 55 13.8

10

Medium dense 31 28 19.3

15 SM Reddish brown Silty SAND, dense, damp

33 30 13.6

Boring terminated at a depth of 17 1/2 feet.

20 No groundwater encountered during drilling.
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BUTANO GEOTECHNICAL ENGINEERING, INC. FIGURE  
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Dark brown Sandy LEAN CLAY, stiff, moist
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LOG OF EXPLORATORY BORING

23-168-M B1

3406 17 Mile Drive See figure B-2

May 9, 2023 6-inch solid stem augers

EJ tractor mounted drill rig
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During Drilling

Perched Water

Table



Project No.: Boring:

Project: Location:

Elevation:

Date: Method of Drilling:

Logged By:

L
.L

.

P
.I

.

SM 2 1

Loose, wet 8 6 17.6

5 Loose 9 7 20.0 43

SC Brown Clayey SAND, very dense, damp 50/6" 12.1

10

Dense 40 41 13.6

15 Boring terminated at a depth of 13 1/2 feet.

Groundwater measured at a depth of 3 feet after 

drilling.

20
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LOG OF EXPLORATORY BORING

23-168-M B2

3406 17 Mile Drive See figure B-2

May 9, 2023 6-inch solid stem augers

EJ tractor mounted drill rig
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Dark brown Silty SAND, wet, very loose
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Change in Classification

Change in Soil

Classification

2" Ring

Sample

2.5" Ring

Sample

Bulk

Sample
Terzaghi Split

Spoon Sample

Static Water

Table
Water Encountered

During Drilling

Perched Water

Table



Project No.: Boring:

Project: Location:

Elevation:

Date: Method of Drilling:

Logged By:

L
.L

.

P
.I

.

SM 5 2 112.1 13.2

14 11 14.0

CL Brownish gray LEAN CLAY, stiff, moist

5 grades to a Sandy LEAN CLAY, very stiff 32 19 121.5 13.9 4900

Hard 50/6" 13.2

10

SM Brown Silty SAND, dense, damp, trace clay 55 50 8.3

15 Boring terminated at a depth of 13 1/2 feet.

No groundwater encountered during drilling.

20
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LOG OF EXPLORATORY BORING

23-168-M B3

3406 17 Mile Drive See figure B-2

May 9, 2023 6-inch solid stem augers

GB tractor mounted drill rig
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Gray Silty SAND, very loose, wet
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 APPENDIX C 
 
 
 
 LABORATORY TESTING PROGRAM 
 

 
 

Laboratory Testing Procedures Page C-1 
 
 
Particle Size Figure C-1 
 
 
Swell Pressure Figures C-2 and C-3 
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LABORATORY TESTING PROCEDURES 
 
 

Classification 
 
Soils were classified according to the Unified Soil Classification System in accordance 
with ASTM D 2487 and D 2488. Moisture content and density determinations were made 
for representative samples in accordance with ASTM D 2216.  Results of moisture 
density determinations, together with classifications, are shown on the Boring Logs, 
Figures B-4 through B-6. 
 
 
Swell Test 
 
Two one-dimensional swell tests were performed on representative relatively 
undisturbed samples in accordance with ASTM D-4546. The results are presented in 
Figures C-2 and C-3. 
 
 
Particle Size Analysis 
 

One sieve was performed on representative sample in accordance with ASTM C 117  
and C 136.  The grain size distribution from the results of the particle size analyses is 
shown on Figure C-1. 
 
 
Expansion Index 
 
One expansion index test was performed on a representative bulk sample of the 
foundation zone soil in accordance with ASTM D 4829. The result is shown on the Boring 
Log, Figure B-4. 
 

 
 
 



 

FIGURE

C-1

BORING: B2-3 PERCENT PERCENT

DEPTH (ft): 4.0 PASSING  No. 4 PASSING  No. 200

SOIL TYPE (USCS): SM 100.0% 43.4%
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FIGURE

C-2

FINAL MOISTURE: 16.2%

BORING: B1-1

15.0%SOIL TYPE (USCS):

ASTM D 4546-03

FIELD MOISTURE:

3406 17 Mile Drive
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FIGURE

C-33406 17 Mile Drive
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SWELL TEST RESULTS
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