
ABSTRACT

Many classically- educated geologists have found
employment as engineering geologists or
hydrogeologists, gaining the technical knowledge and
skills they need through experience and self-education.
Ideally, these individuals would learn the necessary
subjects in their undergraduate classes and have a
shorter learning curve on the job. There are many degree
programs that prepare students specifically for these
fields, but students may also be prepared within a
standard geology program, with some modifications.
The purpose of this paper is to suggest ways of preparing
students to enter work or graduate studies in
engineering geology or hydrogeology through the
standard geology curriculum. Critical technical skills,
such as use of the Unified Soil Classification System or air
photo interpretation, must be taught as additional topics
in existing classes. Problem-solving and analytical
thinking skills can be taught through a variety of
exercises that enhance the geology curriculum without
adding new topics, including in-class discussion
questions, homework and laboratory problems, and
add-ons to mapping and semester projects. Other
educational experiences to prepare undergraduates for
careers in engineering geology and hydrogeology
include interaction with professional associations,
internships and co-ops, and professional registration.

INTRODUCTION

For many years, geoscientists have played a crucial role
in the geotechnical, construction, ground-water, and
hazardous waste industries. The undergraduate
curriculum prepares geoscientists for these industries in
two ways that are unique and valuable: they are taught
to think in three-dimensions, and they can quickly
develop the ability to predict subsurface conditions
given limited geologic information. Professional
engineering geologists and hydrogeologists construct
conceptual models of the three-dimensional geologic
environment that are the basis of most geotechnical and
ground-water projects. They design and carry out
investigations to develop this geologic model of
materials and processes. Geologists group the soil and
rock formations encountered into units with similar
engineering properties or into hydrostratigraphic
packages, so that appropriate laboratory or field tests can
be conducted. Then they judge the reliability of the test
results, the variability in the values, and the expected
lateral and vertical changes across a site. Many times,
these professionals participate in design of structures or
in plans for development or remediation and will often
monitor and advise during construction. Finally,
engineering geologists and hydrogeologists frequently
consult on solutions to earth and water problems at

existing facilities, or direct forensic investigations to
unravel causes of problems.

This broad range of responsibilities requires skills
well beyond what is taught in a typical geology
curriculum. The geology curriculum normally does not
include enough soil and rock engineering or engineering
geology fundamentals for the graduate to fully
understand the impacts of geology on engineering
design and performance. While educational deficiencies
may be identified for most occupations, the relative
importance of these jobs for geoscientists makes it logical
that we focus our courses towards these skills.

The job market for engineering geologists and
hydrogeologists is strong and will continue to be so in
the future. According to data from the U.S. Department
of Labor (2005), approximately 36,000 individuals were
employed as geoscientists and hydrologists in 2002: of
which 8000 were employed as hydrologists, and 8400
were in "architecture, engineering, and related services
(which would include engineering geologists)." For
comparison, 4200 individuals worked for oil and gas
extraction companies, 3000 for the Federal government
and 3400 for State agencies. The document also reports
that employment in the oil and gas industry is expected
to be stable through 2010, growing "about as fast as the
average for all occupations." Employment for
engineering geologists and hydrologists is expected to
grow faster than average, due to "issues related to water
conservation, deteriorating coastal environments, rising
sea levels, … the need to assess building sites for
potential geologic hazards, to mitigate the effects of
natural hazards, … and to address issues related to
pollution control and waste disposal."

Along similar lines, the American Geological
Institute reports that, of those reporting jobs, 37% of
Bachelor's-level and 50% of Master's-level geoscientists
entered the environmental industry in 2001 (in addition
to hydrogeology, engineering geology work is often
conducted in firms broadly categorized as
"environmental") (AGI, 2001). Clearly, industries outside
of minerals and oil and gas are a significant and
increasing destination for geoscience students.

At the Colorado School of Mines, we have a large
program with substantial faculty resources (six full time
faculty - three engineering geologists / geological
engineers and three ground-water engineers and
geologists, in addition to other faculty with expertise in
other areas of geology) dedicated specifically towards
preparing students for careers in engineering geology
and hydrogeology. As geological engineering majors,
our students take typical geology topics: physical
geology, historical geology and geomorphology
(combined course), mineralogy, petrology, structural
geology, stratigraphy and sedimentation, field methods,
and field camp. They also enroll in math and basic
engineering courses to prepare them to become
registered as engineers, as well as several courses
oriented specifically toward preparing them for their
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specialty careers (engineering geology and geotechnics,
ground-water engineering, engineering geology project
design, hydrogeology project design, soil mechanics,
rock mechanics, and site investigation).

Recognizing that most geoscience programs do not
have a curriculum in which specific topics in engineering
geology or hydrogeology are offered, the purpose of this
paper is to suggest ways of preparing students to enter
work or graduate studies in these fields through the
standard geology curriculum. Tailored homework
assignments, short lecture asides, and brief add-ons to
mapping projects and other assignments can shift the
focus of the educational experience to the application of
geology to engineering or ground-water problems with
very little change in course syllabi and without requiring
extensive experience or expertise from the instructors.
These experiences can significantly improve the
students' understanding of engineering geology
fundamentals and should boost the graduate's appeal to
industry or graduate schools in engineering geology and
hydrogeology.

PROFESSIONAL’S VIEW OF ACADEMIC
PREPARATION

Between 1987 and 2003 the Association of Engineering
Geologists (AEG) held two symposia on education in
engineering geology and related areas such as
environmental geology and hydrogeology. The first
symposium was held at the 1987 annual meeting and a
related publication was later released (Higgins and
Williams, 1991). One purpose of the symposium and
publication was to provide students and geoscience
faculty with information on the content of specialized
programs and the expectations of industry for new hires
in engineering geology or hydrogeology. The second
symposium, also producing a publication (Elifrits, 2003),
was held at the 2003 AEG annual meeting and
concentrated on degree program quality. The following
paragraphs summarize some of the conclusions from
these papers that are specific to engineering geology and
hydrogeology education.

Matheson (2003) discussed the relationship between
the academic background of traditionally-educated
geologists and their roles in the consulting engineering
and environmental fields. He noted that many geologists
were viewed as "data collectors" and not "data analyzers"
because typically few geologists had taken any
geo-engineering coursework nor had their geology
curriculum been presented in such a way as to point out
the applications of the basic knowledge to solving
geo-engineering problems. He noted that geologists are
better prepared than civil engineers in conceptualizing
the three-dimensional geologic environment for
engineering projects. However, the geoscientists often
have not had enough of the engineering fundamentals to
understand the geologic impacts of the environment on
engineering behavior or design; therefore, they are
limited in their ability to draw design-related
conclusions.

Matheson (2003) suggested that for the geologist to
be viewed as integral and more than a "data collector" in
the engineering consulting world, he or she must have
technical skills that engineers respect. He noted that the
fields where well-prepared geologists can contribute
most in geotechnical engineering companies include: 1)
rock engineering (rock slope stability, tunnel stability,
rock mass characterization, and rock excavation

methods); 2) hydrogeology (including contaminant
transport); and 3) earthquake hazard assessment. He
recommended that the graduate geologist should have a
strong knowledge of basic geologic concepts, an
understanding of mechanical processes and material
properties, and expertise in at least two of the three fields
listed above. He noted that communication skills are
equally important.

Molinari (2003) concluded that a broad-based
education in geologic fundamentals is necessary, but also
observed that, in his experience in the geotechnical
consulting industry, crucial technical areas of geology
are often insufficiently addressed. These include topics
in hydrogeology, geomorphology, geographic
information systems (GIS), imagery interpretation, field
methods and mapping, hazard identification and
interpretation, and technical communication skills
(especially writing). Likewise, Valentine (1991) felt that
strength in most of these topics is essential for new hires
in a company. In addition, he suggested that experience
in teamwork problem-solving was beneficial as well as
an understanding of professionalism and ethics.

Christenson (2003) discussed the desirable
background for graduates to conduct engineering
geology work in a state geological survey. He suggested
that the best preparation includes a Master's degree. He
listed a number of topic/skill areas in which the
geologist should have a strong background. These
include engineering geology, hydrogeology, Quaternary
geology, geomorphology, air photo interpretation,
structural geology and tectonics, soil and rock
mechanics, geophysics (including seismology), geologic
mapping and field methods, strong written and verbal
skills, and geographic information systems. He also
recommended that graduates have some training in
professionalism and ethical behavior.

Slosson (1991) noted that the performance data on
the California Registered Geologist exam, as of 1991,
indicated that applicants were typically weak in the
subject areas of geologic map preparation, air photo
interpretation, geologic interpretation, preparation of
cross-sections, and solution of three-point problems.
Many of these are the same topics that were labeled as
important by the previous mentioned authors.

ROLE OF LICENSING AND
ACCREDITATION IN ACADEMIC
PREPARATION

Professional licensing or registration of geologists is
considered to be very important in the engineering and
environmental consulting industries. Important
knowledge areas for practicing professionals are
identified by the emphasis of these areas in exams for
registration and licensure. Subjects covered in these
exams are proportioned to reflect their relative
importance in professional practice, as judged by the
exam writers, who may have a bias towards their areas of
expertise. Nevertheless, the topics covered by the exam
may be used to identify desired skills for students.
Figures 1 and 2 show the breakdown in content domains
for the Fundamentals of Geology exam (FG exam,
usually taken upon graduation) and the Practice of
Geology exam (PG exam, taken after the requisite years
of experience have been completed), offered by the
Association of State Boards of Geology (ASBOG, 2003).
Hydrogeology questions represent approximately 25%
of both exams, and questions testing engineering
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Figure 1. Proportional breakdown of content fields covered in the ASBOG Fundamentals of Geology exam
(ASBOG, 2003).

Figure 2. Proportional breakdown of content fields covered in the ASBOG Practice of Geology exam
(ASBOG, 2003).



geology skills (engineering geology, field methods and
remote sensing, and geomorphology, at a minimum)
encompass 38% of the FG exam and 53% of the PG exam.
It is the authors' observation that the shift in topic
emphasis between the FG and PG exams better aligns the
PG exam to skills used in professional practice. Increases
are seen in field methods, engineering geology, and
minerals and petroleum, while decreases are seen in
mineralogy, sedimentology, and structural geology.

Geological engineering programs provide a
formalized, accredited preparation for careers in
engineering geology and hydrogeology; therefore, it is
worthwhile to examine the technical topics required in
the 15 accredited U.S. programs as a model to help
design a geoscience program. It is highly desirable for
engineering programs to be accredited by ABET Inc.
(ABET) because graduation from an accredited program
is the first step toward licensure as a professional
engineer. ABET is the recognized accrediting
organization for quality assurance in applied science,
computing, engineering, and technology education in
the United States. Accreditation is a quality assurance
exercise for engineering programs that includes
self-assessment and peer review and is based on criteria
established by practicing professionals in each field to be
accredited.

Accreditation criteria for geological engineering
programs include a wide range of requirements. The
requirements related to technical skills may be
summarized as ability to: apply knowledge, design and
conduct experiments, analyze data, design systems and
processes, formulate and solve engineering geology or
hydrogeology problems, use modern engineering
geology tools, and communicate and work in
multi-disciplinary teams. ABET also requires a
fundamental background in geological science topics
that emphasize understanding of geologic principles and
processes, the identification of minerals and rocks,
elements of geophysics, field geology and mapping,
properties and strength of materials, and geo-mechanics.

ABET maintains a strong emphasis on the
incorporation of engineering design in the curriculum.
Engineering design is the process of devising a system,
component, or process to meet project needs. It is a
decision-making process (often iterative), in which the
basic sciences, mathematics, geological sciences, and the
engineering sciences are applied to optimally meet
project needs. Geoscientists desiring to enter the
engineering geology or hydrogeology profession are

expected to be a part of this design process; therefore, it
makes sense that in their geoscience education they
should be subjected to a similar approach and
background as the geological engineers. Students
choosing such a path will not be professional engineers,
but they will be prepared to work with the engineers and
will provide sound geologic information and
interpretations to the design process.

IDEAL COURSE SEQUENCE

Based on the common elements of engineering geology
programs surveyed in Higgins and Williams (1991) and
Elifrits (2003), in addition to the ABET accreditation
requirements, we suggest an ideal course sequence for
students to become engineering geologists and
hydrogeologists. Although most programs do not have
the flexibility or the personnel to offer this entire
sequence, it should be reviewed as a model for the
technical tools students should develop (summarized in
Table 1).

The basic geology curriculum, culminating in a
strong field camp, will develop a student's ability to
think in three-dimensions and also to integrate material
from their entire educational curriculum to solve
problems. Also, geomorphology is not always required
for a Bachelor's degree, but the course lays an excellent
foundation of observational and interpretive skills
needed for site investigations. Santi and Kowalski (2004)
used a web assessment test taken by over 150
professional engineering geologists to identify five
courses that statistically improved site investigation
skills: introductory geology, geomorphology, regional
geology, field camp, and case histories, in order of
significance.

Courses in engineering geology and hydrogeology
or ground-water engineering specifically cover topics
needed for careers in those fields. The absence of these
classes from the curriculum is difficult to overcome.
Similarly, engineering design classes in these fields
provide capstone experiences that enhance
problem-solving skills and integrate material from the
entire curriculum to solve engineering problems.

Soil, rock, and fluid mechanics deepen the
understanding of each material's behavior and build on
concepts introduced in structural geology and
hydrogeology classes. However, these classes often
require engineering prerequisites not taken by
geologists.
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Subject Field Classes Comment
Geology Basic Geology Curriculum

Additional geology skills Field Camp
Geomorphology If not part of the geology curriculum

Geo-engineering technical skills
Engineering Geology
Hydrogeology
Engineering Geology Design
Ground-water Design

May require statistics
May require differential equations

Engineering technical skills
Soil Mechanics
Rock Mechanics
Fluid Mechanics

May require statistics, mechanics of
materials, calculus I and II as
prerequisites

Other skills OSHA 40-hour HAZWOPER
Business/Management

Table 1. Ideal Course Sequence for Engineering Geology and Hydrogeology (Based on ABET requirements and
survey of programs reported in Higgins and Williams, 1991, and Elifrits, 2003)



The Occupational Safety and Health
Administration's (OSHA) 40-hour HAZWOPER training 
is not usually offered for course credit, but may be taken
by students on their own or arranged between terms at
the school. The training is required for most work on
hazardous waste sites, and students who have taken the

course before employment have a distinct advantage
over those who have not.

Environmental and engineering consulting practices 
require geologists to develop non-technical business
skills such as project budgeting and management.
Courses in business, management, or engineering
economy could help prepare students for these duties.
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Skill Eng
Geo Hydro Phys

Geo Strat Struct
Geo

Min
Pet

Geo-
morph

Field
Camp

Other
Classes

1. Introduction and use of the
Unified Soul Classification system. X 3 1 2

2. Use of Mohr’s circle, failure
criteria of soil and rock, effects of
water.

X 1 2 Physics

3. Aerial photograph
interpretation. X 2 1 1

4. Accurate development of
cross-sections and maps. X 1 1 1

5. Scientific method of analysis. X 2 2 2 1 Historical
Geology

6. Detailed, large-scale geologic
mapping. X 2 2 3 1

7. Test pit or trench wall mapping. X 2 3 1
8. Core logging, soil and rock, both
continuous and interval sampling. X 1 2

9. Overview of geophyisical
methods (shallow). X 2 1 Geo-

physics

10. Awareness of various geologic
hazards and their causes. X 3 2 1

Tectonics,
Env

Geology
11. Design of subsurface
investigations. X X 2 1

12. Three-point problem solution. X X 1 2
13. Flow net construction and
analysis. X X 2 1

14. Oral and written
communication skills. X X 1 1 2 1 2

15. Use of Darcy’s law and
calculation of ground-water
velocity.

X X 2 1 Env
Geology

16. Hydraulic conductivity and
intrinsic permeability, calculation
and measurement methods.

X X 1 2

17. Aquifer types and
ground-water occurrence. X X 1 2 3 Env

Geology
18. Storativity and transmissivity,
calculation and measurement
methods.

X X 2 1

19. Vertical ground-water gradients 
and flow. X 2 1

20. Water budget and hydrologic
cycle. X 1 2 Env

Geology
Advanced skills that require

more instruction

21. Basic statistics and probabilistic
methods. X X Statistics

22. Geographic information
systems. X GIS

23. Aquifer testing and analysis. X Seminar

Table 2. Specific skills for application of geology to engineering and hydrogeology. X = critical skill. Numbers
(1, 2, 3) indicate order of preference of classes to address topic.
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Example Exercise/Problem
Class

Phy
Geo Strat Struct

Geo Min Geo-
morph

Field
Camp

1. List construction problems associated with a certain type of soil, rock,
or landform (expansive clay, shallow bedrock, shallow groundwater, etc.) D, H D, H,

L
D, H,

L
2. List or map geologic hazards associated with a certain geologic setting
or landform (flooding, debris flow, seismic liquefaction, subsidence, etc.) H, L H, P, L H, P, L H, L, P M, P

3. Identify ideal locations for various constructed elements (dams, houses, 
roads, tunnels, pipelines, power lines, buildings, parks, etc.) to avoid
geologic hazards or to optimize site geology and geomorphology.

H, L H, L, P M, P

4. Develop a cross-section to show the geology underlying a linear feature 
such as a road, tunnel, pipeline, or transmission line. H, P, L M, P

5. Measure or estimate strength properties, fracture density, or rock mass
properties for an area or along an alignment. P M, P

6. Estimate ground-water flow direction, contaminant movement, or
sources of surface water. H, L H, L, P M, P

7. Develop a map of surficial materials. M, P M, P
8. Compare the difference in engineering properties between two
landforms or materials (e.g., resistant igneous dike compared to
easily-weathered country rock)

D, H,
L D, L D, H,

L M

9. Identify locations for good construction materials (sand, gravel, clay,
hard rock, or fill) H, L H, L H, L H, L, P H, L, P M, O

10. Use landform evolution information to estimate age and/or activity
level of landform (e.g., How active is this fault?) H, L H, L M, P

11. How important is weathering in a given situation, what are the
dominant processes, and how can weathering be controlled? (Why does
the roadway built on compacted shale from nearby roadcuts settle every
spring?)

D, H D, H P

12. Identify the most important parameters to measure or record to
characterize a hazard (e.g., if you wanted to map intensity of rockfall
hazard)

H, P P

13. How would you design a drilling investigation for a certain setting
(e.g., Where do I need more information and what do I hope to learn) H, L H, L H, L H, L, P M, P

14. What are the environmental impacts of controlling or engineering a
certain process (such as a beach replenishment or dredging of navigation
channels)

H H, L, P

15. What does this feature we see at the surface do underground? How
deep is bedrock? How deep is ground water?

D, H,
L

D, H,
L

D, H,
L

D, H,
L M, P

16. What is the expected lateral or vertical continuity of a certain unit?
Where would you expect problem zones?

D, H,
L

D, H,
L

D, H,
L

D, H,
L M, P

17. Given a core or a core log, interpret the geologic environment, the
vertical and lateral continuity of units, and the homogeneity of
engineering properties.

H, L, P

18. How do engineering properties change for various classifications of
sandstones? Shales? Carbonates?

D, H,
L

19. Develop a facies model, not for petroleum exploration purposes, but
for aquifers and water flow, distribution of aggregate or fill materials, or
variations in strength properties.

H, L, P P

20. Use the principles of age dating and stratigraphic correlation to
estimate recurrence intervals for faulting, flooding, or debris flow events. H, L, P H, L, P

21. For a given structural setting, how does the stress regime affect
fracturing, rock strength, and rock permeability? How does a given
pattern of cleavage, schistosity, folding, faulting, fracturing, or intrusions
affect rock strength or permeability?

H, L, P H, L, P P

22. How does fracture orientation affect slope stability, water flow, karst,
or weathering?

D, H,
L P

23. What style of deformation is expected under loads? D, H,
L

D, H,
L

Table 3. Exercises for engineering and hydrogeology applications. D = lecture aside or short discussion
problem H = homework assignment M = add-on to mapping assignment L = add-on to laboratory exercise P =
add-on to semester project



If we accept that this course list provides a model to
aspire to, the next step is to devise ways to meet the same
objectives. We have developed two strategies to do this.
The first strategy involves covering new topics, deemed
to be critical knowledge and abilities for anyone entering
these fields, to be taught as additional subject matter in
classes within the current curriculum. The second
strategy strives to enhance the current curriculum
through opportunities for application and analysis,
without adding new material.

SPECIFIC SKILLS

It is a difficult task to prepare a student for a specialty
field without including classes in that specialty (such as
engineering geology or hydrogeology). Our goal is to
identify a short list of critical skills that will allow a
student to learn quickly once they do enter the field or
that will be valuable prerequisites to specialty courses at
the senior or graduate levels. This list is outlined in Table
2, which was developed from the authors' own
experience, with substantial input from other
practitioners who have addressed the same topic
(Slosson, 1991; Mathewson, 1991; Burns, 2002; and
Christenson, 2003). As an example use of this table, aerial
photograph interpretation (skill #3) may be taught by
expanding the use of photos in geomorphology or
structural geology labs, and by giving students ample
opportunity to map onto photos at field camp. Detailed,
large-scale geologic mapping (skill #6) is frequently
required in engineering geology practice, but most
geologic education provides small-scale mapping.
Large-scale projects can be completed at field camp, or
during short field exercises in geomorphology or
stratigraphy (perhaps as part of a stratigraphic column
construction exercise).

Table 2 indicates whether the skill is considered
critical for engineering geologists, hydrogeologists, or
both, and what classes in a typical geology curriculum
might best cover the topic. Teaching of these skills will
take time from other topics and activities in a class, but if
the topics are spread out over several courses, as shown
in Table 2, the burden on a single course is reduced to a
reasonable level.

ENHANCING GEOLOGY CLASSES

In addition to the geologic principles taught, each class in
the geology curriculum also offers unique opportunities
to develop certain engineering geology or hydrogeology
skills. By this, we do not refer to the facts or calculations
used in those fields, which are really best learned in
classes in engineering geology or hydrogeology, but we
mean that students learn how to think like professionals
in engineering geology or hydrogeology, aware of the
kinds of problems solved by practitioners in those fields,
and applying their geologic sense to diagnose causes and
to develop solutions. For each course, Table 3 provides
several ideas for ways to enhance this type of thinking.

For example, physical geology, which usually
focuses on rocks and minerals, processes, and landforms,
can be tweaked to help students think in terms of soil and
rock properties, behavior of materials subjected to
geologic processes, and geologic hazards.

Stratigraphy teaches at least two valuable skills for
engineering geologists and hydrogeologists. First,
through the concept of facies models, students learn to
develop conceptual models of aquifers and water flow,

of varying strength or compressibility properties across a
site, or of aggregate or fill characteristics. Second, the
repeated practice of visualizing in three-dimensions
teaches students to predict lateral and vertical continuity
of features, as well as homogeneity or inhomogeneity of
engineering properties.

In structural geology, students can translate the
concepts of folding and faulting into an understanding of
elastic, plastic, and brittle deformation of rock under
loads. The engineering implications of joints and joint
alignment are tremendous, as these features affect rock
mass strength, slope stability, tunnel stability, water
flow, weathering, and karst dissolution.

Mineralogy offers a microscopic or hand-sample
study of parameters that affect macroscopic or
construction site-size behavior. Students can learn to
translate information on mineral properties, weathering
characteristics, and associations with other minerals
within assemblages into predictive models of rock and
soil performance.

Geomorphology offers one of the strongest
opportunities to help shape students' thinking because
the course focuses so strongly on shallow geology, where
they will typically be working, and on surface processes,
which will most frequently impact their projects.
Furthermore, the geologic concepts in geomorphology
are more immediate, as ongoing processes are causing
measurable changes, compared to other geologic fields,
where there is an undertone that the processes work
more slowly and in the distant past (for example,
compare the immediacy of the image of a modern stream
meandering across a floodplain to the lifelessness of a
sample of Cretaceous sandstone formed by the same
process).

More than all other courses, field camp is the place
where students are already integrating their previous
courses and applying their knowledge to identify,
interpret, map, and measure. Almost every exercise
students currently complete can easily be enhanced
through a few simple interpretive questions. Additional
exercises involving surficial mapping or siting of
facilities help them to think like engineering geologists.
Moreover, we have found that the students perform
better when the exercise has a greater purpose than
simply to teach them to map. They need to see how this
skill will be used to solve real problems. Therefore, we
attempt to have application questions, facility siting
exercises, or hazards analysis for every map or
stratigraphic column in order to reinforce the idea that
their work will be used for some greater purpose, and
that the map or column is not the end, but the means to
some greater end. Additional, detailed examples of
engineering geology and hydrogeology projects to be
completed at field camp are given in Santi and Laudon
(2002).

Quantitative problem solving skills are also
important in engineering geology and hydrogeology,
and exercises and projects should rely on real data as
much as possible. Volume 48 (September 2000 issue) of
the Journal of Geoscience Education is a special issue on
the topic of enhancing quantitative skills (see
Macdonald, et al, 2000 as an overview).

In summary, Table 3 is but a short list of possible
ways to enhance the student's current classes through
application of the principles of engineering geology and
hydrogeology. Instructors are encouraged to tailor these
examples to fit into the syllabus already developed: the
goal is not to change the content, but to apply it.
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It should be recognized that independent study
classes offer a chance for students to focus on technical
skills, such as those included in Tables 2 and 3, in
addition to written and oral communication skills. This
type of class has the potential to rapidly advance
students in their preparation for applied geology careers.

OTHER EDUCATIONAL EXPERIENCES

Students can increase their exposure to the types of
problems and methods of solution used in engineering
geology and hydrogeology by attendance at local
meetings of professional associations or at campus-based
student chapters of these associations. Along these lines,
industry professionals can present case histories or host
field trips to project sites for classes or for student
organization meetings (such as the student geology
club).

The Association of Engineering Geologists is the
most specific professional group dealing with
engineering geology, although the American Society of
Civil Engineers and the Society of Mining Engineers deal
with some of the same types of problems. On the
ground-water and hazardous waste side, helpful
professional associations include the National
Ground-Water Association, the American Institute of
Hydrology, and the American Geophysical Union, as
well as the Association of Engineering Geologists.

WORK EXPERIENCES

As with most types of work in geology, work experience
as summer interns or through longer co-op programs is a
valuable way for students to learn the basic skills they
will need in their permanent jobs. In engineering geology
and hydrogeology, students are generally hired as field
or laboratory technicians, conducting the following
types of work:

• laboratory testing of soil and rock for strength,
permeability, durability, and basic index properties,

• monitoring of soil fill placement and compaction,
concrete work, and other basic construction,

• drilling and sampling of soil, rock, and ground water,
including logging of materials and development of
cross-sections and schematic subsurface models,

• collecting data and preparing basic reports, especially
for preliminary site assessments (Phase I studies), and

• coordinating data management through preparation
of tables of laboratory data and summary text for
reports.

Most students will find this type of employment at
engineering or environmental consulting firms,
particularly those firms who have their own soil and rock
testing laboratories. Some internships are also available
with governmental agencies at local levels (such as state
geological surveys or departments of transportation) and
federal levels (such as the U.S. Geological Survey or U.S.
Bureau of Reclamation).

Students working in the hazardous waste and
ground-water industries will not be able to participate in
field work if they have not completed the 40-hour
HAZWOPER training. Occasionally, a company will pay
for their training, but seldom do so for summer interns or
temporary hires.

POST-BACCALAUREATE EDUCATION AND
REGISTRATION

A master's degree is not required for employment in the
engineering geology or hydrogeology industries, but it is
often considered the "practicing degree," much like it is
for petroleum geology. The complexity of the field
necessitates technical skills beyond the bachelor's level,
and gaining these skills through experience alone can be
time-consuming and inefficient. In the authors'
experience, average students with a bachelor's degree
often start out with a workload that might be considered
"advanced technician" level. They progress to more
demanding and fulfilling work over time. Top bachelor's
students and most master's students start out with more
sophisticated work, and usually become project
managers much more quickly.

The organizations in which engineering geologists
and hydrogeologists work are often managed by
engineers, so there is sometimes a bias that geologists are
expected to run investigations, interpret the subsurface,
and provide only minor input at the design and
construction stages. Engineers are expected to complete
design calculations and monitor construction, tasks that
are usually larger in magnitude and budget. Geologists
with education and experience in construction and
applied geology topics will be equipped to participate in
all aspects of the project and their abilities are likely to be
utilized by the design engineer. Professional geologist
registration is an important step to verify expertise and
knowledge and to complement registration as a
professional engineer. Santi and Kowalski (2004) showed
that registration correlates well with quantifiable skills in
site investigation: practitioners with any type of
registration scored significantly higher on a skills
assessment test than those without registration. Students
trained as geological engineers are eligible for
registration as both geologists and engineers.

CONCLUSIONS

With some modification, a standard geology curriculum
can serve to train future engineering geologists and
hydrogeologists, fields that employ large numbers of
geologists. The goals of the modifications are to teach
students how to think like professionals in engineering
geology or hydrogeology, to be aware of the kinds of
problems solved by those fields, and to apply their
geologic sense to diagnose causes and to develop
solutions. Some new topics must be taught to achieve
these goals, but many of the required skills can be taught
using application exercises and questions within normal
geology classes, helping students think in terms of
properties, behavior, lateral and vertical continuity of
units, and geologic hazards. Other helpful experiences
include interaction with professional associations,
internships and co-ops, and professional registration.
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