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1.0 INTRODUCTION 

 

This report is submitted pursuant to a geotechnical study completed by this firm for the Mountain Park Waterline 

Replacement project located in northeast El Paso, Texas. The objective of this study was to evaluate the physical 

properties of the soils along the alignments to provide recommendations for the pipeline installation and 

foundation design recommendations for appurtenant structures.  

 

We have attached for your review, in Appendix A, important information prepared by the Geoprofessional Business 

Association (GBA) regarding geotechnical studies of the type performed for this project. 

 

2.0 PROPOSED CONSTRUCTION 

 

Details of the project were provided to Wood by Mr. Jerry Paz, P.E. with Molzen-Corbin, Inc. 

 

It is our understanding that the project will consist of the installation of approximately 2,600 linear feet of new 24-

inch water transmission line connecting the Mountain Park No. 1 reservoir and pump station site to the Mountain 

Park No. 2 1MG reservoir site in northeast El Paso, Texas. We understand that the existing asphalt pavement will be 

reconstructed as part of the project. 

 

Should final design details vary significantly from those outlined above, this firm should be notified for review and 

possible modification of recommendations. 

 

3.0 SOIL STUDY 

 

3.1 SUBSURFACE EXPLORATION 

 

Our field exploration program consisted of performing a total of three (3) auger borings with standard penetration 

testing (SPT) along the pipeline alignment to depths between 2 and 7 feet below top of pavement (Figure 1). Auger 

refusal on dense gravel and cobbles was encountered at all the boring locations that prevented further advancement 

to the planned depth. 

 

The test borings were completed using a CME 75 truck-mounted drill rig equipped with 3¼ inch I.D. hollow stem 

augers. The borings were conducted in accordance with methodology consistent with ASTM International Standard 

D1586, Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils. Standard penetration testing 

was completed at selected intervals in the borings. During the field study, the soils encountered were examined, 

visually classified and logged. The locations of the borings are graphically depicted on the Boring Location Plan as 

shown in Appendix B; they were located by measuring wheel from existing site features and should be considered 

accurate only to the extent implied by the limitation of the depiction. Results of the field study are presented in 

Appendix B, which includes a brief description of drilling and sampling equipment and procedures, boring location 

plan and logs of the test borings 

 

The boring logs and related information included in this report are indicators of subsurface conditions only at the 

specific locations and times noted. subsurface conditions, including groundwater levels, at other locations on the 

subject site may differ significantly from conditions, which exist at the sampling locations. 

 

 



Molzen-Corbin, Inc. 
May 18, 2020 

Mountain Park Waterline Replacement 

 

 

Wood Project No: 2037192017  Page 2 of 6 

 

 

 

 

3.2 LABORATORY ANALYSIS 

 

To aid in soil classification and evaluate the engineering properties of the soil, selected soil samples were tested for 

moisture content, Atterberg limits and particle size distribution. Laboratory tests were performed in general 

accordance with test standards ASTM D2216, ASTM D4318 and ASTM D6913. The results of the moisture testing, 

Atterberg Limits and Material Finer than No. 200 (75-μm) Sieve are shown on the boring logs presented in Appendix 

C. Particle distribution test results are presented in Appendix C.  

 

The soil encountered during the field study was classified in general accordance with the Unified Soil Classification 

System. The soil classification symbols appear on the boring logs and are briefly described in Appendix B. 

 

4.0 SITE CONDITIONS & GEOTECHNICAL PROFILE 

 

4.1 SITE CONDITIONS 

 

The project corridor lies in the east side plateau and the major land use is generally residential development. The 

proposed pipeline will be constructed within the roadway right-of-way. Overhead electrical lines and a natural gas 

pipeline were observed to be located near the  project alignment. 

 

4.2 GEOTECHNICAL PROFILE 

 

The general subsurface conditions encountered during the field exploration conducted May 6, 2020, are shown on 

the soil boring logs presented in Appendix B. The lines of stratification shown on the logs are based upon 

examination of the recovered soil samples and interpretation of the field boring logs and represent the approximate 

boundaries between the soil types; the actual transitions may be gradual. 

 

As the exploratory borings indicate, the soils underlying the site generally consists of strongly cemented gravelly 

clayey sands, and gravels in a sand, silt, clay matrix with cobble-sized fraction observed in the auger cuttings. The 

general relative density of the soils was medium dense to very dense; however, it should be understood that the 

soils, e.g. gravels, that are larger than the sampling device may impede its progression and thus yield higher standard 

penetration values. Laboratory testing for the clayey sands indicates liquid limits range from 29 to 33 with plasticity 

indices of 11 to 19, with moisture contents of 2.5 to 6.0 percent. The silty clayey gravel has a low plasticity and dry, 

with a moisture content of 5.3 percent.  

 

The soil classification symbols shown above and elsewhere herein are derived from ASTM D2487, Standard 

Classification of Soils for Engineering Purposes (Unified Soil Classification System) and D2488, Standard Practice for 

Description and Identification of Soils (Visual-Manual Procedure). The descriptions for relative density and firmness 

are based on grain size and standard penetration tests as detailed in “Terminology Used to Describe the Relative 

Density, Consistency or Firmness of Soil” in Appendix B of this report. 

 

4.3 SOIL MOISTURE AND GROUNDWATER CONDITION 

 

At the time of our field study, groundwater was not encountered, or should it be expected to occur naturally at this 

locale at an elevation that would impact the planned construction. Soil moisture contents were generally dry to 

damp with values ranging from 2.5 to 6.0 percent. Higher moisture contents were generally observed within the 

clay soils. 
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5.0 DISCUSSION & RECOMMENDATIONS 

 

5.1 SHALLOW FOUNDATIONS 

 

Based on the results of the subsurface exploration, some low-density soils were encountered along the alignment. 

As a result, some improvements will be required to reliably support foundation elements for manhole structures. 

The valve stations can be safely supported on shallow spread footings, bearing on improved soils, provided 

guidelines concerning site preparation, pipeline installation and backfill requirements presented in the following 

sections of this report are completed. 

 

At proposed manhole locations, it is recommended the native soils below all foundations be over excavated to a 

depth of 12 inches. The base of the excavation should then be scarified to a depth of 8 inches, brought to within 

plus or minus 2 percent of optimum moisture content and compacted. Structural fill should then be placed in 

compacted lifts to final grade. Compaction of the soil should be accomplished by mechanical means to obtain a 

density of not less than 95 percent of maximum dry density. Optimum moisture content and maximum dry density 

should be determined in accordance with ASTM D1557.  

 

In the event the excavations encounter loose or soft conditions, additional excavation or stabilization methods may 

be required and Wood should be contacted to provide further recommendations.   

 

A net allowable soil bearing pressure of 3,500 pounds per square foot (psf) may be used for the design of 

foundations bearing on improved native soils or structural fill. The bearing pressure applies to full dead plus realistic 

live loads and can be safely increased by one-third for temporary loads including seismic forces.  

 

It is estimated that vertical movements of footings designed as recommended above will not exceed 1 inch for 

moisture contents of the native soil encountered during test drilling or compaction moisture contents introduced 

during construction.   

 

5.2  PIPE INSTALLATION 

 

5.2.1  SOIL SUPPORT AND INSTALLATION 

 

It is our understanding that the pipeline will be installed using open-trench excavation methods.  

 

Bedding materials used to support the proposed pipeline should consist of a granular bedding material. A minimum 

of twelve inches of granular bedding material should be placed and compacted along the top and sides of the pipe.  

A minimum of four inches of bedding material should also be placed beneath the pipe. The granular bedding 

material should be compacted to achieve a density of not less than 90 percent of the maximum dry density as 

determined by ASTM D1557. Granular bedding should satisfy the requirements provided in Appendix D, Section 

5.B.(2).  

 

5.2.2  TRENCH BACKFILL 

 

Trench backfill should consist of native or imported soil free from debris or deleterious materials. The backfill should 

have a plasticity index not exceeding 15 and should satisfy the requirements for trench backfill provided in Appendix 

D, Section 5.B.(3). It is anticipated that most of the soils encountered along the alignment will satisfy the 
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requirements for backfill material.  Additionally, some blending of native soils may be performed to achieve a greater 

percentage of materials that satisfy the requirements for backfill. 

 

Backfill should be placed in trenches and compacted in lifts no greater than eight inches in compacted thickness. 

Backfill in areas greater than 10 feet from existing or proposed paved streets or structures (nonstructural areas) 

should be compacted to a density of not less than 85 percent from the top of pipe bedding to the ground surface. 

Backfill in areas less than 10 feet from existing or proposed paved streets or structures (structural areas) should be 

compacted to a density of not less than 90 percent from the top of pipe bedding to about three feet below finished 

grade. The remaining zone, three feet below finished grade, should be compacted to a density of not less than 95 

percent. Final dimensions should be adjusted for pavement section thickness. 

 

Moisture content at the time of compaction should be within 2 percent of optimum moisture content. Optimum 

moisture content and dry density for each soil type used should be determined in accordance with ASTM D1557. 

 

5.3 EXCAVATION CONDITIONS AND SLOPES 

 

Excavation conditions along the project anticipated to be difficult due to the coarse and strongly cemented nature 

of the soils. Although not observed, shallow bedrock is known to exist within the project area and may be 

encountered along the project alignment.  Past excavation efforts in the general area have been achieved with 

moderate to heavy earthwork equipment capable of performing some ripping, however, localized areas may require 

jackhammering to achieve excavations.  It is important to note that excavation, earthmoving and hauling techniques 

and equipment used on the project may have to contend with encountering boulders at the site. Earthwork 

equipment should therefore be adequately sized to excavate and break down the materials encountered on the site. 

It is the responsibility of the contractor to verify whether his earthwork equipment is adequate to perform the 

excavation and grading at the site.  

 

Based upon the results of our study, the gravelly clayey sand and sandy gravel soils encountered along the alignment 

classify as OSHA Type C soils and side slopes of the short-term trench excavations should be no steeper than 1.5 to 

1 (horizontal to vertical) to a depth of 20 feet. Although not anticipated for this project, trench excavations greater 

than 20 feet in depth will require a special design by a registered engineer. Short term excavations are those that 

are open less than 72 hours. Long term trench excavation in Type C soils should be no steeper than 2 to 1 to a depth 

of 20 feet. As discussed previously, caving and sloughing conditions should be expected during excavations. These 

conditions can reduce the overall stability of the excavations leading to a slope failure. The contractor should be 

prepared to bench excavations beyond the 1.5:1 slope or provide alternate methods of soil support such as trench 

shields or shoring systems should unstable conditions exist.  

 

It appears that the alignment has appreciable space to allow for open excavations with the recommended slope 

angles without impacting nearby structures. Care should be taken excavating near existing structures to reduce the 

potential for impacts. However, should specific portions of the alignment encroach upon existing structures; a 

shoring system should be used. Although trench shields will probably be the preferred method of trench 

stabilization, sheet piles or other methods (such as pneumatic or hydraulic systems) may be designed by the 

contractor’s engineer. All shoring, including trench shields, should be designed using lateral loads described in 

Section 5.4. 

 

It is recommended that a representative of the geotechnical engineer periodically observe temporary cut slopes at 

the time of excavation to assess their stability. All excavations should be provided with berms or other installations 
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to prevent surface runoff from entering the excavation or impacting the excavation slopes. Construction equipment 

and materials, including soil stockpiles should not be placed within five feet or one half of the total excavation depth; 

whichever is greater, from the edge of trench excavations. The exception to this recommendation is the presence 

of small soil berms constructed for temporary drainage purposes. 

 

The above recommendations for temporary excavation slopes are based on geotechnical considerations only. These 

recommendations do not consider requirements that might be imposed by OSHA, the State of Texas, or other 

governmental agencies. For all open excavations and trenches OSHA and other governing entities' regulations 

should be followed in the process of planning. 

 

5.4 LATERAL LOADS 

 

Temporary retaining structures and below grade structures should be designed using “at-rest” and active earth 

pressures of 55 pounds per cubic foot (pcf) and 35 pcf, respectively.   

 

An allowable passive pressure equivalent to an earth pressure of 375 pcf is recommended for anchor blocks. No 

increase in the allowable passive pressure is recommended for "test" conditions. 

 

5.5 FRICTIONAL RESISTANCE 

 

For smooth surfaced pipelines, such as PVC, a frictional resistance of 0.2 is recommended. For pipelines with 

somewhat roughened surfaces, such as concrete coated pipes, a coefficient of friction of 0.3 may be used. In 

addition, concrete anchor blocks may use a coefficient of friction of 0.35. It is not recommended that frictional 

resistance be combined with passive resistance for stability analysis of pressure pipelines. 

 

5.6 PAVEMENT RECOMMENDATION   

 

5.6.1 FLEXIBLE PAVMENT 

 

The recommended subgrade preparation should consist of scarifying the native soils to a depth of 8 inches. The 

scarified soil should be brought to within plus or minus 3 percent of optimum moisture content and compacted. 

The pavement areas should then be brought to final subgrade elevation with properly compacted structural fill as 

determined by drainage considerations and pavement thickness. Structural fill should be non-expansive and meet 

specifications as outlined in Appendix D of this geotechnical report. 

 

Following the proper treatment of the subgrade, the following flexible pavement sections are recommended: 

 

Flexible Pavement Component 

Pavement Component 

Thickness 

(inches) 

Hot-Mix Asphaltic-Concrete (HMAC), Grade C (Surface Course) 2 

Aggregate Base Course (ABC) 6 

 

Asphaltic concrete materials quality and construction requirements should conform to City of El Paso Specifications, 

Item K3305, Grade C. A job mix formula should be established using the Marshall method of mix design which has 
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a minimum stability of 1600 pounds as determined in accordance with ASTM D1559. The bituminous material and 

aggregate proposed for use in construction by the contractor should be used in the mix design. 

 

Aggregate base course should conform to the requirements of Type A, Grade 3 of Item 247 of the Texas Department 

of Highways and Public Transportation Standard Specifications (1993) for Construction of Highways, Streets, and 

Bridges.  As an option, flowable fill may be used in lieu of the aggregate base course. 

 

Adequate drainage is critical to satisfactory performance of pavement areas. In order to minimize rainwater 

infiltration through the pavement surface, and thereby minimize the potential for water infiltration into the 

subgrade, all cracks and joints in the pavement should be sealed on a routine basis after construction. 

 

6.0 CONSTRUCTION OBSERVATION & TESTING 

 

Recommendations presented in previous sections of this report are predicated on there being continuous 

observation and testing by the geotechnical engineer during earthwork operations. Verification of recommended 

excavation, site grading, and required degree of compaction should be performed in accordance with "Guide 

Specifications for Earthwork” in Appendix D. 

 

The recommendations presented in this report are based upon a limited number of subsurface samples obtained 

from three sampling locations at the site. The samples may not fully indicate the nature and extent of the variations 

that actually exist between sampling locations. For that reason, among others, we recommend that Wood be 

retained to observe earthwork construction. It should be noted if variations or other latent conditions become 

evident during earthwork construction, it will be necessary for us to review these conditions and modify its 

recommendations.  
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Geotechnical-Engineering Report
Important Information about This

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

While you cannot eliminate all such risks, you can manage them. The following information is provided to help.

The Geoprofessional Business Association (GBA) 
has prepared this advisory to help you – assumedly 
a client representative – interpret and apply this 
geotechnical-engineering report as effectively as 
possible. In that way, you can benefit from a lowered 
exposure to problems associated with subsurface 
conditions at project sites and development of 
them that, for decades, have been a principal cause 
of construction delays, cost overruns, claims, 
and disputes. If you have questions or want more 
information about any of the issues discussed herein, 
contact your GBA-member geotechnical engineer. 
Active engagement in GBA exposes geotechnical 
engineers to a wide array of risk-confrontation 
techniques that can be of genuine benefit for 
everyone involved with a construction project.

Understand the Geotechnical-Engineering Services 
Provided for this Report
Geotechnical-engineering services typically include the planning, 
collection, interpretation, and analysis of exploratory data from 
widely spaced borings and/or test pits. Field data are combined 
with results from laboratory tests of soil and rock samples obtained 
from field exploration (if applicable), observations made during site 
reconnaissance, and historical information to form one or more models 
of the expected subsurface conditions beneath the site. Local geology 
and alterations of the site surface and subsurface by previous and 
proposed construction are also important considerations. Geotechnical 
engineers apply their engineering training, experience, and judgment 
to adapt the requirements of the prospective project to the subsurface 
model(s).  Estimates are made of the subsurface conditions that 
will likely be exposed during construction as well as the expected 
performance of foundations and other structures being planned and/or 
affected by construction activities.

The culmination of these geotechnical-engineering services is typically a 
geotechnical-engineering report providing the data obtained, a discussion 
of the subsurface model(s), the engineering and geologic engineering 
assessments and analyses made, and the recommendations developed 
to satisfy the given requirements of the project. These reports may be 
titled investigations, explorations, studies, assessments, or evaluations. 
Regardless of the title used, the geotechnical-engineering report is an  
engineering interpretation of the subsurface conditions within the context 
of the project and does not represent a close examination, systematic 
inquiry, or thorough investigation of all site and subsurface conditions.

Geotechnical-Engineering Services are Performed 
 for Specific Purposes, Persons, and Projects,  
and At Specific Times
Geotechnical engineers structure their services to meet the specific 
needs, goals, and risk management preferences of their clients. A 
geotechnical-engineering study conducted for a given civil engineer 

will not likely meet the needs of a civil-works constructor or even a 
different civil engineer. Because each geotechnical-engineering study 
is unique, each geotechnical-engineering report is unique, prepared 
solely for the client.

Likewise, geotechnical-engineering services are performed for a specific 
project and purpose. For example, it is unlikely that a geotechnical-
engineering study for a refrigerated warehouse will be the same as 
one prepared for a parking garage; and a few borings drilled during 
a preliminary study to evaluate site feasibility will not be adequate to 
develop geotechnical design recommendations for the project.

Do not rely on this report if your geotechnical engineer prepared it: 
• for a different client;
• for a different project or purpose;
• for a different site (that may or may not include all or a portion of 

the original site); or
• before important events occurred at the site or adjacent to it; 

e.g., man-made events like construction or environmental 
remediation, or natural events like floods, droughts, earthquakes, 
or groundwater fluctuations.

 
Note, too, the reliability of a geotechnical-engineering report can 
be affected by the passage of time, because of factors like changed 
subsurface conditions; new or modified codes, standards, or 
regulations; or new techniques or tools. If you are the least bit uncertain 
about the continued reliability of this report, contact your geotechnical 
engineer before applying the recommendations in it. A minor amount 
of additional testing or analysis after the passage of time – if any is 
required at all – could prevent major problems.

Read this Report in Full
Costly problems have occurred because those relying on a geotechnical-
engineering report did not read the report in its entirety. Do not rely on 
an executive summary. Do not read selective elements only. Read and 
refer to the report in full.

You Need to Inform Your Geotechnical Engineer  
About Change
Your geotechnical engineer considered unique, project-specific factors 
when developing the scope of study behind this report and developing 
the confirmation-dependent recommendations the report conveys. 
Typical changes that could erode the reliability of this report include 
those that affect:

• the site’s size or shape;
• the elevation, configuration, location, orientation,  

function or weight of the proposed structure and  
the desired performance criteria;

• the composition of the design team; or 
• project ownership.

As a general rule, always inform your geotechnical engineer of project 
or site changes – even minor ones – and request an assessment of their 
impact. The geotechnical engineer who prepared this report cannot accept 



responsibility or liability for problems that arise because the geotechnical 
engineer was not informed about developments the engineer otherwise 
would have considered.

Most of the “Findings” Related in This Report  
Are Professional Opinions
Before construction begins, geotechnical engineers explore a site’s 
subsurface using various sampling and testing procedures. Geotechnical 
engineers can observe actual subsurface conditions only at those specific 
locations where sampling and testing is performed. The data derived from 
that sampling and testing were reviewed by your geotechnical engineer, 
who then applied professional judgement to form opinions about 
subsurface conditions throughout the site. Actual sitewide-subsurface 
conditions may differ – maybe significantly – from those indicated in 
this report. Confront that risk by retaining your geotechnical engineer 
to serve on the design team through project completion to obtain 
informed guidance quickly, whenever needed.

This Report’s Recommendations Are  
Confirmation-Dependent
The recommendations included in this report – including any options or 
alternatives – are confirmation-dependent. In other words, they are not 
final, because the geotechnical engineer who developed them relied heavily 
on judgement and opinion to do so. Your geotechnical engineer can finalize 
the recommendations only after observing actual subsurface conditions 
exposed during construction. If through observation your geotechnical 
engineer confirms that the conditions assumed to exist actually do exist, 
the recommendations can be relied upon, assuming no other changes have 
occurred. The geotechnical engineer who prepared this report cannot assume 
responsibility or liability for confirmation-dependent recommendations if you 
fail to retain that engineer to perform construction observation.

This Report Could Be Misinterpreted
Other design professionals’ misinterpretation of geotechnical-
engineering reports has resulted in costly problems. Confront that risk 
by having your geotechnical engineer serve as a continuing member of 
the design team, to: 

• confer with other design-team members;
• help develop specifications;
• review pertinent elements of other design professionals’ plans and 

specifications; and
• be available whenever geotechnical-engineering guidance is needed.

You should also confront the risk of constructors misinterpreting this 
report. Do so by retaining your geotechnical engineer to participate in 
prebid and preconstruction conferences and to perform construction-
phase observations. 

Give Constructors a Complete Report and Guidance
Some owners and design professionals mistakenly believe they can shift 
unanticipated-subsurface-conditions liability to constructors by limiting 
the information they provide for bid preparation. To help prevent 
the costly, contentious problems this practice has caused, include the 
complete geotechnical-engineering report, along with any attachments 
or appendices, with your contract documents, but be certain to note 

conspicuously that you’ve included the material for information purposes 
only. To avoid misunderstanding, you may also want to note that 
“informational purposes” means constructors have no right to rely on 
the interpretations, opinions, conclusions, or recommendations in the 
report. Be certain that constructors know they may learn about specific 
project requirements, including options selected from the report, only 
from the design drawings and specifications. Remind constructors 
that they may perform their own studies if they want to, and be sure to 
allow enough time to permit them to do so. Only then might you be in 
a position to give constructors the information available to you, while 
requiring them to at least share some of the financial responsibilities 
stemming from unanticipated conditions. Conducting prebid and 
preconstruction conferences can also be valuable in this respect.

Read Responsibility Provisions Closely
Some client representatives, design professionals, and constructors do 
not realize that geotechnical engineering is far less exact than other 
engineering disciplines. This happens in part because soil and rock on 
project sites are typically heterogeneous and not manufactured materials 
with well-defined engineering properties like steel and concrete. That 
lack of understanding has nurtured unrealistic expectations that have 
resulted in disappointments, delays, cost overruns, claims, and disputes. 
To confront that risk, geotechnical engineers commonly include 
explanatory provisions in their reports. Sometimes labeled “limitations,” 
many of these provisions indicate where geotechnical engineers’ 
responsibilities begin and end, to help others recognize their own 
responsibilities and risks. Read these provisions closely. Ask questions. 
Your geotechnical engineer should respond fully and frankly.

Geoenvironmental Concerns Are Not Covered
The personnel, equipment, and techniques used to perform an 
environmental study – e.g., a “phase-one” or “phase-two” environmental 
site assessment – differ significantly from those used to perform a 
geotechnical-engineering study. For that reason, a geotechnical-engineering 
report does not usually provide environmental findings, conclusions, or 
recommendations; e.g., about the likelihood of encountering underground 
storage tanks or regulated contaminants. Unanticipated subsurface 
environmental problems have led to project failures. If you have not 
obtained your own environmental information about the project site, 
ask your geotechnical consultant for a recommendation on how to find 
environmental risk-management guidance.

Obtain Professional Assistance to Deal with  
Moisture Infiltration and Mold
While your geotechnical engineer may have addressed groundwater, 
water infiltration, or similar issues in this report, the engineer’s 
services were not designed, conducted, or intended to prevent 
migration of moisture – including water vapor – from the soil 
through building slabs and walls and into the building interior, where 
it can cause mold growth and material-performance deficiencies. 
Accordingly, proper implementation of the geotechnical engineer’s 
recommendations will not of itself be sufficient to prevent 
moisture infiltration. Confront the risk of moisture infiltration by 
including building-envelope or mold specialists on the design team. 
Geotechnical engineers are not building-envelope or mold specialists.

Copyright 2019 by Geoprofessional Business Association (GBA). Duplication, reproduction, or copying of this document, in whole or in part, by any means whatsoever, is strictly 
prohibited, except with GBA’s specific written permission. Excerpting, quoting, or otherwise extracting wording from this document is permitted only with the express written permission of 
GBA, and only for purposes of scholarly research or book review. Only members of GBA may use this document or its wording as a complement to or as an element of a report of any kind. 

Any other firm, individual, or other entity that so uses this document without being a GBA member could be committing negligent or intentional (fraudulent) misrepresentation.

Telephone: 301/565-2733
e-mail: info@geoprofessional.org www.geoprofessional.org
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TEST DRILLING EQUIPMENT & PROCEDURES

CONTINUOUS PENETRATION TESTS - Continuous penetration tests are performed by driving a 2" O.D.
blunt nosed penetrometer adjacent to or in the bottom of borings.  The penetrometer is attached to 1-
inch O.D. drill rods to provide clearance to minimize side friction so that penetration values are recorded
as the number of blows of a 140 pound, 30-inch free fall drop hammer required to advance the
penetrometer in one foot increments or less.

BORING RECORDS - Drilling operations are directed by our field engineer or geologist who examines
soil recovery and prepares boring logs.  Soil is visually classified in accordance with the Unified Soil
Classification System (ASTM D-2487), with appropriate group symbols being shown on the logs.

SAMPLING PROCEDURES - Dynamically driven tube samples are usually obtained at selected intervals
in the borings by the ASTM D-1586 procedures.  In most cases, 2" O.D.samplers are used to obtain the
standard penetration resistance.  Undisturbed samples of firmer soil are often obtained with 3" O.D.
samplers lined with 2.42" I.D. brass rings.  The driving energy is generally recorded as the number of
blows of a 140 pound, 30-inch free fall drop hammer required to advance the samplers in 6-inch
increments.  However, in stratified soil, driving resistance is sometimes recorded in 2 or 3-inch
increments so that soil changes and the presence of scattered gravel or cemented layers can be readily
detected and the realistic penetration values obtained for consideration in design.  These values are
expressed in blows per foot on the logs.  Undisturbed sampling of softer soil is sometimes performed
with thin walled Shelby tubes (ASTM D-1587).  Where samples of rock are required, they are obtained
in NX diamond core drilling (ASTM D-2113). Tube samples are labeled and placed in watertight
containers to maintain field moisture contents for testing.  When necessary for testing, larger bulk
samples are taken from auger cuttings.





TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY
CONSISTENCY, OR FIRMNESS OF SOIL

The terminology used on the boring logs to describe the relative density, consistency or firmness of soil relative to
the standard penetration resistance is presented below.  The standard penetration resistance (N) in blow per foot
is obtained by ASTM D-1586 procedure using 2" O.D., 1-inch I.D. samplers.

RELATIVE FIRMNESS: Terms for the descriptions of partially saturated and/or cemented soil which
commonly occurs in the Southwest including clay, cemented granular materials, silt and silty and clayey
granular soil:

N
0-4
5-8
9-15

16-30
31-50
50+

RELATIVE CONSISTENCY: Terms for the description of fine-grained soils. Consistency determined by 
laboratory shear strength testing, field visual-manual procedures or standard penetration resistance.

RELATIVE DENSITY: Terms for description of relative density of cohesionless, uncemented sand and
sand-gravel mixtures, and

Very Soft
Soft

Moderately Firm
Firm

Very Firm
Hard

RELATIVE FIRMNESS



SOIL MOISTURE CLASSIFICATION

MOISTURE
CONDITION

FIELD
IDENTIFICATION

ESTIMATED RANGE OF
MOISTURE

Group A
(%)

Group B
(%)

Dry Absence of moisture, dusty.  Dry to the touch. 0-4 0-8

Damp Grains appear slightly darkened, but no visible
water.  Silt/clay may clump.  Sand will not bulk.

Soils are below plastic limits.

4-8 8-16

Moist Grains appear darkened, but no visible water.
Silt/clay will clump.  Sand will bulk.  Soils are

often at or near plastic limits.

8-16 16-30

Wet Visible water on larger grain surfaces.  Sand
and cohesionless silt exhibit dilatancy.

Cohesive silt/clay can be readily remolded.
“Wet” indicates that the soil is much wetter

than the optimum moisture content and above
the plastic limit (APL).

>16 >30

Water Bearing A water-producing formation. N/A N/A

Group A - Coarse Grained Soils, nonplastic to plasticity index <7.
Includes: SM, SP-SM, SP, SW, GM, GP, and GW.

Group B - Fine Grained Soils to clayey sands & gravels with a plasticity index >7.
Includes: GC, SC, ML, MH, CL, and CH.
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APPENDIX C



 TABULATION OF TEST RESULTS 

 

DATE:  May 2020   Wood Project No.:  2037192017  

PROJECT:  Mountain Park Waterline Replacement     

  Mountain Park No. 1 Reservoir to Mountain Park Reservoir No. 2  

  El Paso, El Paso County, Texas      

NV - No Value 

NP - Nonplastic 

 

BORING 

NO. 
DEPTH 

UNIFIED 

CLASS. 
LL PL PI 

SIEVE ANALYSIS - ACCUM. % PASSING 
MOISTURE 

% No.200 No.140 No.100 No.60 No.40 No.20 No.10 No.4 ⅜” ¾” 1” 1½” 2” 3” 

B-1 0’-1½’ GC-GM    21 27 31 33 35 37 42 47 56 77 100    5.3 

B-1 2½’-4’ SC 29 18 11 21 27 34 40 46 51 57 64 74 100     5.1 

B-2 0’-1½’ SC 33 14 19 34 40 45 49 52 55 62 71 87 100     6.0 

B-2 2½’-4’ SC 30 12 18 26 30 35 39 44 49 56 65 76 100     2.5 

B-2 5’-6½’ SC    16 18 20 22 25 30 39 51 72 100     3.3 

B-3 0’-1½’ SC 30 13 17 13 16 19 22 25 30 40 55 70 87 100    4.2 
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 GUIDE SPECIFICATIONS FOR EARTHWORK 

 

1.  SCOPE 

 

Includes all clearing and grubbing, removal of obstructions, general excavating, filling and any related items 

necessary to complete the grading for the entire project in accordance with these specifications. 

 

2.  SUBSURFACE SOIL DATA 

 

Subsurface soil studies have been made and the results are available for examination by the contractor. The 

contractor is expected to examine the site and determine for himself the character of materials to be 

encountered. 

 

No additional allowance will be made for rock removal, site clearing and grading, filling, compaction, 

disposal or removal of any unclassified materials. 

  

3.  CLEARING AND GRUBBING 

 

A.  General: Clearing and grubbing will be required for all areas shown on the plans to be excavated or 

on which fill is to be constructed. 

 

B.  Clearing: Clearing shall consist of removal and disposal of the existing vegetation located within the 

areas to be cleared.   

 

C.  Grubbing:  Stumps, matted roots and roots larger than 2 inches in diameter shall be removed from 

within 6 inches of the surface of areas on which fills are to be constructed except in roadways. 

Materials as described above within 18 inches of finished subgrade in either cut or fill sections shall 

be removed. Areas disturbed by grubbing will be filled as specified hereinafter for STRUCTURAL FILL. 

 

4.  EARTH EXCAVATION 

 

A.  Earth excavation shall consist of the excavation and removal of suitable soil for use as embankment 

as well as the satisfactory disposal of all vegetation, debris and deleterious materials encountered 

within the area to be graded and/or in a borrow area. 

 

B.  Excavated areas shall be continuously maintained such that the surface shall be smooth and have 

sufficient slope to allow water to drain from the surface. 

 

5.  SELECT FILL 

 

A.  General:  Select fill shall consist of a controlled fill constructed in areas indicated on the grading 

plans. 

 

B.  Materials: 

 

(1) Physical Characteristics:  Structural fill material shall consist of soil that conforms to the following 

physical characteristics: 
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  Sieve Size     Percent Passing 

(Square Openings)         by Weight      

3 inch             100 

3/4 inch           70 - 100 

No. 4            40 - 100 

No. 200             5 - 35 

 

The plasticity index of the material, as determined in accordance with ASTM D 4318, shall not exceed 

15. The structural fill material shall be free from roots, grass, other vegetable matter, clay lumps, rocks 

larger than 3 inches in any dimension, or other deleterious materials. 

 

(2) Granular Pipe Bedding: Material shall consist of a granular material that conforms to the 

following physical characteristics: 

 

  Sieve Size       Percent Passing 

(Square Openings)       by Weight     

3/4 inch          100 

½ inch          90 - 100 

3/8 inch           40 - 70 

No. 4                 0 - 15 

No. 80             0 - 5 

 

The granular bedding material shall be nonplastic as determined in accordance with ASTM D 4318. 

The material shall be free from roots, grass or other vegetable matter, clay lumps or other deleterious 

materials. 

 

(3) Trench Backfill: Material shall consist of soil that conforms to the following physical 

characteristics: 

  Sieve Size        Percent Passing 

(Square Openings)       by Weight     

4 inch            100 

No. 200           0 - 45 

 

The plasticity index of the material, as determined in accordance with ASTM D4318, shall not exceed 

15. The trench backfill material shall be free from roots, grass or other vegetable matter, clay lumps 

or other deleterious materials. 

 

(4)  Site Soil:  Site soil from cuts may be used for structural fill, granular pipe bedding and trench 

backfill provided they meet the requirements in paragraph 5.B.(1), 5.B.(2) and 5.B.(3). The results of 

this soil study indicate that some of the soils encountered along the pipeline alignment will meet the 

requirements for structural fill and backfill materials. Import will likely be required for bedding 

materials required for the project. Some blending of native materials may be required to meet the 

requirements for structural fill and trench backfill. 

 

(5)  Borrow:  When the quantity of suitable material required for backfill or embankments are not 

available within the limits of the job site, the contractor shall provide sufficient materials to construct 

the fills and embankments to the lines, elevations and cross sections as shown on the drawings from 

borrow areas. The contractor shall obtain from owners of said borrow areas, the right to excavate 
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material, shall pay all royalties and other charges involved, and shall pay all expenses in developing 

the source including the cost of right-of-way required for hauling the material. 

 

C.  Construction: 

 

(1) Foundations – Manholes: Site preparation shall consist of over excavating the native soils below 

foundations to a depth of 12 inches. The base of the excavation shall be scarified to a depth of 8 

inches, brought to within plus or minus 2 percent of optimum moisture content and compacted. 

Structural fill shall then be placed in compacted lifts to final grade.   

 

In the event the excavations encounter loose or soft conditions, additional excavation or stabilization 

methods may be required and Wood shall be contacted to provide further recommendations.  

 

(2)  Pipeline Bedding Treatment:  Site preparation for the installation of the pipeline shall consist 

of scarifying the native soil to a depth of 8 inches, watering as necessary to bring to within plus or 

minus 2 percent of optimum moisture content and compacting. A minimum of 12 inches of granular 

bedding material shall be placed and compacted along the top and sides of the pipes. A minimum 

of 4 inches of granular bedding material shall be placed and compacted below the pipes. The granular 

bedding material shall be compacted to a density of not less than 90 percent of the maximum dry 

density. Moisture content at the time of compaction shall be within 2 percent of optimum as 

determined by ASTM D1557. 

 

(3)  Compaction:  All fill required beneath paved areas or fills required to support structural loadings 

shall be spread in layers not exceeding 8 inches, watered as necessary and compacted. Moisture 

content at the time of compaction shall be within plus or minus 2 percent of optimum moisture 

content. Compaction of the fill shall be accomplished by mechanical means only to obtain a density 

of not less than 95 percent of maximum dry density for the trench backfill and pipe pit excavation 

fills. Backfill in areas greater than 10 feet from existing or proposed paved streets or structures 

(nonstructural areas) should be compacted to a density of not less than 85 percent from the top of 

pipe bedding to the ground surface. Backfill in areas less than 10 feet from existing or proposed 

paved streets or structures (structural areas) should be compacted to a density of not less than 90 

percent from the top of pipe bedding to about three feet below finished grade. The remaining zone, 

three feet below finished grade, should be compacted to a density of not less than 95 percent.   

 

Optimum moisture content and maximum dry density for each soil type used shall be determined in 

accordance with ASTM D1557. Where vibratory compaction equipment is used, it shall be the 

contractor's responsibility to ensure that the vibrations do not damage nearby buildings or other 

adjacent property.  

 

(4)  Weather Limitations:  Controlled fill shall not be constructed when the atmospheric temperature 

is below 35 degrees F. When the temperature falls below 35 degrees, it shall be the responsibility of 

the contractor to protect all areas of completed surface against any detrimental effects of ground 

freezing by methods approved by the geotechnical engineer. Any areas that are damaged by freezing 

shall be reconditioned, reshaped and compacted by the contractor in conformance with the 

requirements of this specification without additional cost to the owner. 
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D.  Slope Protection & Drainage:  The edges of the controlled fill embankments shall be graded to the 

contours shown on the drawings and compacted to the density required in paragraph 5.C.(3).  

Embankment slopes steeper than 1 vertical to 3 horizontal shall be protected from erosion. 

 

6.  INSPECTION & TESTS 

 

A.  Field Inspection & Testing:  The owner shall employ the services of a registered, licensed 

geotechnical engineer for consultation during all controlled earthwork operations. The geotechnical 

engineer shall provide continuous on-site observation and testing by experienced personnel during 

construction of controlled earthwork. The contractor shall notify the engineer at least two working 

days in advance of any field operations of the controlled earthwork, or of any resumption of 

operations after stoppages. Tests of fill materials and embankments will be made at the following 

suggested minimum rates: 

 

(1) One field density test for each 1,000 lineal feet of prepared trench per 8-inch lift in nonstructural 

areas. In structural areas, one field density test for each 250 lineal feet of prepared trench per 8-

inch lift. 

 

(2) One field density test for each 500 square feet of prepared subgrade and each 8-inch lift of 

structural fill below foundations and slabs. 

 

(3) One moisture-density curve for each type of material used, as indicated by sieve analysis and 

plasticity index. 

 

B.  Report of Field Density Tests:  The geotechnical engineer shall submit, daily, the results of field 

density tests required by these specifications. 

 

C.  Costs of Tests & Inspection:  The costs of tests, inspection and engineering, as specified in this 

section of the specifications, shall be borne by the owner. 
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