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Introduction
The application of geologic information to the needs of the public is the most
pressing challenge facing the geoscience community today. The traditional fields
of mining, petroleum, and education for geoscience employment are now
supplemented by environmental and engineering geoscience. As the need for
geoscience information increases, job opportunities for geoscientists will also
increase. Non-traditional fields of endeavor for geologists are opening up for
geologists, who by the virtue of their appreciation of the art and science of ‘doing’
geology, can capitalize on these new opportunities.
The geologic information needed by the public influences the quality of our lives.
Finding a deposit of oil or gas, finding a source of a mineral commodity, or
characterizing the condition of the subsurface is only one part of the practitioner’s
job. Assembling and correlating the information obtained is where the test of a
geologist’s abilities begins. Attaining a finished product to the geologist’s work
and optimizing is an even greater challenge. When the finished product of a
geologist’s work is presented clearly to the public, and public authorities, citizens,
or private concerns act on the information gained, then it directly impacts the
quality of daily life in Missouri. The new field of geoinformatics is intended to
obtain information from geologists, sort through the information to find the most
useful information and concepts, and then pass that information on in a clearly
understandable way to a user who acts upon the information obtained. This field
guide is intended not only to introduce you to some of the geology of the
Columbia, Missouri area, but it is hoped that it will introduce you to some frontier
areas in geologic thought.
The first day’s field trip will showcase and present some of the unique resources
that occur in central Missouri. A stop at Boone Quarries’ completed underground
operation, Subtera, will illustrate a recent addition to the underground storage
space reserve in Missouri. The second stop of the day will be at the University of
Missouri’s Geotechnical Research Site. Research that has been completed at
this site in the past, is ongoing, and is planned for the future has and will have
far-reaching impacts on our society. The final stop for the day will be to Les
Bourgeois Vineyards and Winery, and includes an impressive vista of the
Missouri River bottoms above Rocheport. The geology of wine in Missouri is a
previously unexplored subject, which we hope to address for the first time here in
Missouri.
The first field trip stop of the second day will examine the concepts of
Waulsortian mounds in the Mississippian system of central Missouri, their
formation, and how they fit into the overall scheme of Missouri’s geologic history.
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The second field trip stop on the second day will explore a subject that few
geologists are aware of, trenchless technology. Trenchless technology is the
collective term meant to denote the sum of the equipment, the supplies, and
methods used for the installation, replacement, and/or renewal of subsurface
utility product pipe without the primary use of a trench. Minimizing surface
disturbance in urban areas is only one advantage to trenchless technology,
which passes on both short-and long-term benefits to facility owners and the
public. Most geologists are unfamiliar with these methods, and the need for
geologic input that precedes new installations and may be required for upgrades
and renewals. The importance of the right type of geologic information to the
contractor and the facility owner cannot be understated.
Thank you for your readership and your participation. It is only through the
participation of the membership of the Association of Missouri Geologists that we
are able to continue our efforts successfully to educate geologic professionals to
better serve the needs of all Missourians.
George H. Davis, R.G. (MO, AK), C.P.G.
Geologist
Missouri Department of Transportation
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Trenchless Technology from the Geologist’s Viewpoint
What is trenchless technology? Trenchless technology, simply put, is the
collection of methods, materials, and techniques that are required to install,
upgrade, or renew utility product pipe without the primary use of a trench.
Trenchless technology is pursued for two reasons.
The first is that it may be impossible or extremely costly to make an open-cut
utility pipe installation. Railroads, state highways, airports, natural areas,
historical areas, and many agencies do not allow or strongly discourage open-cut
installation across land that they control. The example of a railroad is probably
the most applicable. Millions of dollars of goods move over the railroad on a
main line, including vehicles, coal, bulk chemicals, and agricultural commodities.
To make a tunnel for a golf course is not something that the railroad will allow an
open cut installation for, simply because the golf course’s needs do not take
precedence over the goods and services that the railroad provides. Railroads
are usually very insistent about their precedence in any case, but movement of
goods and services is more important to society at large than the need for easy
access for golf carts for a recreational activity from one side of the tracks to the
other.
The second reason that trenchless technology is used is to decrease the overall
long-term social cost of utility product pipe installation. The public needs access
to reliable and safe water, efficient sewer lines, and reliable electrical power.
Water distribution pipes are buried under the frost line as are sewer pipes.
Electrical distribution poles and telephone distribution poles are becoming less
desirable as a matter of aesthetics in urban and suburban areas. So where do
they go? Underground installation is the only logical choice. But there are other
reasons as well. In the long term, trenchless installations cost less than
traditional open-cut installation, PLUS there is the added attraction of having
fewer personnel in an open trench. Open-trench accidents occur monthly in the
U.S., causing death and injury to many construction workers who either fail to
take the proper precautions working in an open trench, are rushed by the time
constraints on a job, make an error in soil identification and don’t install trench
protection where it was needed, or simply FORGET. Trenchless installations
prevent many if not most trench accidents by simply not digging a trench for
utility product pipe installation in the first place.
The social costs of trenchless installation are substantially lower than those of
open-cut installation. A short list of open-cut social costs is shown as Figure 1.
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Table 1. Social Costs of Open-cut Construction
(After Najafi, 2004)
Potential Cost
Vehicular and
Traffic
Disruption
Road and
Pavement
Damage
Damage to
Adjacent
Utilities
Damage to
Adjacent
Structures
Noise and
Vibration
Air Pollution

Pedestrian
Safety
Business and
Trade
Loss
Damage to
Detour
Roads
Site and Public
Safety
Citizen
Complaints
Environmental
Impacts

Description of Problems
General public pays for increased time spent in traffic delays,
using detours. Costs include extra fuel, vehicle maintenance
and repair.
Increases the roughness of pavement structure, leading to
pavement structural failures, poor restoration may lead to
repeated repairs. Differential settlement, poor backfilling,
patching, successive utility cuts aggravate overall problems.
Cost of repair is an added cost to the contractor. Some utility
strikes are a potential safety hazard to the contractor as well as
the public.
Dewatering, excess excavation, improper techniques in shoring
and underpinning may cause uneven settlements and distress
as a result of open-cut underground utility construction.
Vibrations and noise may lead to inconvenience and citizen
complaints.
Open-cut installations in dry periods may lead to excessive
dust; heavy construction equipment uses more fuel and
generates excess CO, hydrocarbon, and NOx gases. All are of
special concern in close proximity to schools and hospitals.
Diversion of traffic onto residential streets increases hazards to
pedestrians; open-cuts are also safety hazards to pedestrians,
especially children and the elderly.
Customers avoid open-cut areas causing business and trade
losses. The loss of gross receipts taxes decreases
governmental income – loss of parking in controlled areas even
decreases meter revenue!
Detours caused by open-cut construction increase loads on the
detour road, which may not be designed to accept heavy motor
vehicle traffic. This decreases road life span and may lead to
damages.
On-site accidents to construction workers and the general
public increase in areas of open-cut construction.
A disruption to the normal flow of life caused by open-cut
construction increases the frequency and magnitude of citizen
complaints.
Open-cut construction may permanently alter or damage
sensitive affected areas such as rivers, streams, natural
habitats, public parks, protected natural areas, wetlands,
historic districts and buildings, etc.
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Why are these methods not used to their fullest potential? The emphasis
on installations has been, in the past, on return on investment. It takes longer in
some instances to recoup the investment made when trenchless installation is
used. This is now changing, and is an exciting time to be involved in all sorts of
trenchless installation. Horizontal directional drilling (HDD), for instance, has
now been used for environmental remediation of both radiologically contaminated
soils and petroleum-contaminated soils. HDD has also been used, quite
economically, for the installation of shallow municipal water supply wells (ex. Des
Moines, Iowa).
Another reason that these methods are not used is that they are looked upon as
“different” or “new” by those persons who resist change in the upper levels of
management of utility companies and regulatory agencies, who are usually
conservative in their desire to apply proven technologies to systems so that little
transition time is needed to train employees’ thinking as well as their own.
Trenchless methods are proven methods, some over 100 years old.
Trenchless methods offer attractive cost solutions as well as savings to the public
and utilities. Where vertically drilled river bottom water wells are planned at
substantial cost, ONE horizontal well can provide the yield of ten vertical wells.
Instead of winding a sinuous path around obstacles in a river bottom, a sewer
line can be installed straight to the treatment facility, sometimes at a substantial
cost savings. Individuals as well as municipalities can benefit. In some cases,
MULTIPLE installations can be made as one.
One large obstacle to the dissemination of the technology is a lack of training for
those who need it. Largely through the efforts of the North American Society for
Trenchless Technology (NASTT) and the International Society of Trenchless
Technology (ISTT), this is changing. Manufacturers, vendors, consultant
companies, utility providers, and others have banded together and promoted
what was once thought of as a ‘fringe’ technology and brought it into the
mainstream of utility installation and renewal.
One area where little progress has been made is the mating of engineering
geologic method and information to the technology. It is repeatedly stated that
geotechnical information must be made available to the contractor prior to
commencement of a project. This information tends to be overlooked by some
engineers who attempt to cut overall project costs by decreasing the amount of
geotechnical information available, or omitting site investigation entirely from a
project. At best, a geologic map is added that may have some useful information
but does not characterize or quantify the level of risk for the contractor. At
depths where utilities are installed, the geotechnical information may be in the
form of a NRCS soils map that is misleading to a contractor who may not
understand the limitations of the map and what it represents. What does this
statement mean? Take the following case study as a pertinent example.
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Sample case study:
A contractor is hired to install a natural gas distribution line by horizontal
directional drilling across the Missouri River bottom. He is given a soil map that
is intended to supply the geotechnical information that he needs. Additional
information regarding the soils is provided by the project engineer in the form of
engineering soils information and data test ranges copied from the agricultural
soil survey for the county. He is starting in an area that is atop one of the
Missouri River bluffs. He checks the map, and thinks the installation will be a
simple one, as seen in the diagram on the following page, Figure 2. This is not
so.
As indicated in the ‘reality check’ in Figure 3, a cross-section across the soils
map, we see that a limestone underlies the loess unit that he first must penetrate,
and that cobbles and boulders are present at the base of the limestone bluff. In
addition, the clay extends farther out under the sand than is indicated by the lines
drawn on the map. There are three, if not four misrepresentations that the
engineer has made to the contractor in this instance. The first misrepresentation
is one of scale. The scale of the soils map does not indicate the cobbles and
boulders at the base of the bluff. These cobbles and boulders in the case of
horizontal directional drilling could prove to be disastrous, as any percentage of
gravel, cobbles, or boulders greater than 50% of the total by weight would make
horizontal directionally drilled installation a NO GO scenario.
The overall setting of this particular boring can be complicated even further if we
also consider that the pH of the contractor’s drilling fluid will change across the
bore, that the alluvial deposits may contain large tree stumps or wood at shallow
depth which can complicate the progress of the overall project, or that permits
may be necessary to cross land which is owned by the Missouri Conservation
Department, under levees administered by the US Army Corps of Engineers, or
under right-of-way owned by the Missouri Department of Transportation.
The first problem that the contractor encounters is that the map does not
adequately represent the conditions that are present. The limestone may be
pinnacled – he doesn’t know what the rock-soil contact is like, the degree of
weathering present on the rock contact, nor the hardness of the rock that he may
encounter. Mixed-face and variable-rock change in condition claims are tow of
the most common claims against owners that attorneys encounter in the world of
construction litigation, and there are other equally valid problems with this
scenario also.
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Figure 2. The soils map presented to the contractor in the case study. Note that
the contractor will be drilling through three soil types that he thinks are relatively
easy to drill through.

Figure 3. Depiction of the REALITY of the situation. The loess has limestone
under it, before the contractor even reaches the clay in the next map unit, and
the clay extends under the sand of the next map unit. Cobbles and boulders are
not even shown on the soils map depicted in Figure 2.

The second problem is the presence of limestone under the loess atop the bluff.
This limestone prevents installation by horizontal directional drilling without the
use of a down hole mud motor and rock tooling. If the contractor doesn’t have
the correct tooling when he arrives on site, this could result in a costly trip back to
the shop to get the right tooling and drilling fluids.
The third problem in this planned installation is the elevation change from the top
of the bluff to the bottom of the bluff…if this elevation change is not recognized;
again, the wrong type of locating technology might be used to locate the drill
head. The final problem is the subsurface boundary of the soil , which is
different from that depicted upon the map. In changing from clay to sand,
installation requires possible drilling fluid changes. This may mean a delay for
the contractor in the installation, and again, a loss of money.
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The upgrade, repair, and installation of utilities is absolutely necessary for the
smooth functioning modern society. In the following sections of this guidebook,
some of the issues regarding utility installation and its relation to geology will be
examined in more depth and detail.
The PROBLEM that faces us is that there is insufficient knowledge and expertise
in the geologic community to address trenchless installation issues and
questions. This lack of understanding is both at the Federal and State
regulatory and survey levels. One example from a typical publication of the
Natural Resources Conservation Service is the tables that are published in a
county survey. These extremely useful publications can be used in community
land use planning, containing a very broad range of information about the soil
types in a county. Besides their original intended use for agricultural land use
planning, these documents contain tables which indicate soil suitability for other
uses including building site development, recreational areas, sanitary facilities
(sewage treatment lagoons and septic tank absorption fields), and construction
materials. Under the table “Building Site Development” (Table 11 in most NRCS
County Soil Survey Documents) map units are rated for shallow excavations, but
do not even include trenchless installation.
With the dissemination of some of the materials presented here, hopefully in the
future trenchless installation will become more prevalent as a method of utility
installation to reduce overall long-term and social costs to the public and to utility
companies who perform such installations.
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Limitations on Installation Technology Determined By Soil Type
“Showstoppers” in a geologic sense are physical conditions that make a bore
physically impossible or require the input of so much equipment, material, and
manpower to make overcoming them uneconomical. Certain types of equipment
are not intended for certain types of soil/rock conditions. One classic example
repeatedly occurs in auger boring, simply because owner and contractor don’t
work out the geotechnical details in advance. Augers will not transport boulders
out of steel casing if the boulder is greater than 1/3 the size of the auger
diameter. If a 24-inch diameter auger encounters 10-inch boulders, the entire
string of augers must be withdrawn, and a worker must go inside the pipe to the
excavation face to remove the obstruction. This is dangerous work due to the
possibility that the hole may collapse towards the worker, and that confinedspace entry procedures must be used to prevent asphyxiation at the end of his
crawl through the pipe. Such conditions drive the cost of completion upwards,
and may result in a change-of-conditions claim. Man-made objects may be
equally cost-prohibitive. It has been common practice in some areas to use old
steel-reinforced concrete rubble as fill material. If a horizontal bore should
encounter such rubble with reinforcing bars or a steel pin, the bore is usually
terminated to avoid costly delays.
Once the various types of soil and rock materials in the planned bore path are
known, this information may be used when the bore type is chosen. Bores that
have substantial amounts of gravel may prove difficult for horizontal directional
drilling (HDD). If greater than 50% gravel is encountered in the soils
investigation, this is a strong indication that horizontal directional drilling may be
impossible without the addition of substantial amounts of drilling fluids, up to 1.5
times the amount of the gravel to be removed from the bore path. Cobbles and
boulders may make pipe jacking or auger boring impossible. There are other
geologic conditions as well that may have influence on the type of pipe chosen or
the type of drilling fluids used during the boring process.
What geologic conditions should be considered?
After determining the type of soil or rock present, groundwater is an important
factor to consider. It may affect borehole stability or the properties of drilling
fluids. If water is present which flows naturally upward under pressure at a
particular point, also known as artesian conditions, an unsupported bore may
collapse under the pressure of the water. Though not as common in Missouri as
in coastal plain areas of the United States, saltwater can be a problem during a
bore, both for flocculation of the soil and for drilling fluid pH, which should be kept
as close to the 6.8 – 7.2 range as possible to prevent mud from reacting
chemically with the surrounding soil. Knowing the depth of the permanent
groundwater level is also critical.
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To really become aware of the potential problems that may be in a proposed
bore path, the designer needs to be aware that the primary function of the
geologist in the process is to determine the soil and rock classification, both by
origin of the soil and by the grain-size distribution of the soil. When this
information is obtained, accurate predictions about the variability of materials in
the bore path can be made. Classification shoul made by grain-size distribution
and by a material’s origin.
A geologic investigation may be simple for a small project. If you’re linking a
traffic light to a controller box fifty feet away, simply looking in two or three utility
“potholes” that were completed to verify the location of underground utilities may
be sufficient. You stick your arm down the hole, grab some soil, verify its
consistency, and you’re done. For larger projects, a substantial number of
borings may be necessary to determine the underlying bedrock configuration,
water table elevation in comparison to the surface, the uniformity or variability of
the soil, and relationships between individual boring locations to determine
variability, along with laboratory testing of soil parameters.
Repeatedly, geologists and are asked, “How many borings are enough?” The
answer to that question depends upon the geologic setting involved, the length of
the crossing, the depth of the crossing, and the types of materials present. One
bore is NEVER enough, and two bores is the MINIMUM necessary to
characterize a crossing. Soil conditions can change drastically from one side of
the crossing to the other. For projects that cross road fill, construction records to
determine types of road fill used should also be consulted.
The kind of information required to complete a horizontal boring successfully
depends on the depth and length of the installation, the possible methods to
choose from, and the variability of the soil and rock between the entry and exit
points of the bore. Overemphasis is impossible on a single statement: The soils
and geology information necessary to complete a boring should be obtained IN
ADVANCE, and its scope should be limited only by the degree of VARIABILITY
between the exit and entry points for a crossing.
Obtaining soil and rock information is the most critical part of bore planning.
Professionals in horizontal boring information often quote the phrase, “BORE
THE PLAN, BUT PLAN THE BORE.” If you don’t get the information in advance,
serious problems can and often do result. A pertinent example of this is
presented in the case study on the following pages.
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CASE STUDY
MoDOT Job No. J6I0651D, Route I-270, St. Louis County
One element of a planned interchange reconstruction at Interstate 270 and Route
100 was a horizontal boring. The purpose of the approximately 300-foot
crossing, a planned 54 inches in diameter, was to allow drainage from the east
side of I-270 to the west side, south of Route 100 (Manchester Road). The
contractor had recruited the help of a subcontractor on this job who had claimed
to have completed a bore using the same method with some success at the St.
Louis-Lambert airport.
An eight-inch pilot bore on the planned bore path was completed successfully.
The contractor planned to pull back a 54-inch steel pipe, directly behind a
backreaming tool homemade for this purpose. According to accounts obtained
afterwards, no drilling fluids were used to begin the backreaming process from
west to east. Three different soil and rock materials were in the path of the
planned bore, according to District Geologist Rob Lauer: a cobble, gravel and
clay fill material on the west, cobbles, gravel and boulders in the middle of the
bore, and solid rock of the St. Louis Limestone formation on the east (See Figure
6).
The bore was never completed. A fill failure occurred on the west side of the
southbound I-270 onramp (See Figure 4), and the backreaming process was
stopped less than ten feet from the edge of the pavement for that onramp.
Analysis of the causes of this failure after it occurred revealed distinct problems
that should have been evident to the contractor and subcontractor. First, there
was a lack of accurate and reliable soils information about the path of the bore.
This information would have saved the contractor and his subcontractor needless
embarrassment as well as monetary loss. If there had been adequate advance
information about the geology and soils, the bore method chosen might not have
been selected. Additionally, if the presence of predominant coarse grain sizes
was known (boulders, cobbles, and gravel), an adequate drilling fluid could have
been chosen. Also, it might have been realized that the geology and soils of the
St. Louis Lambert airport area, though somewhat similar in isolated locations, are
entirely different in composition and strength to the soils and rock that were
encountered at this location.
The recipe for failure included:
a. One inexperienced subcontractor,
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b. Three soil and rock materials were incompatible with the type of boring
chosen,
c. No advance geotechnical information about the bore path was
obtained,
d. One incompatible boring method (HDD backreaming) was paired with
another (the use of an auger boring/pipe jacking frame), and
e. The addition of drilling fluids was only used during the pilot bore but not
the backream, where it was probably needed the most.
Thus, failure was assured.

Figure 4. Photo of aborted horizontal boring at I-270 southbound onramp from
Route 100 (Manchester Road), St. Louis County, looking east. Photograph by
District 6 geologist Rob Lauer.
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Figure 5. Diagram of Crossing.

Could this bore have succeeded? After analysis, it was found that it could, but
the expense might have outweighed the benefit of the crossing. Pipe would have
to be rammed through the cobbles, boulders, and gravel (See Figure 5). Then,
54-inch augers or man-entry methods would have to be used to clear the pipe, so
that a microtunneling machine could be inserted to complete the final rock portion
of the bore. All in all, an EXTREMELY expensive undertaking would have been
required.
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Figure 6. Photograph of entry pit, pipe jacking/auger boring frame, east side of
pilot bore at Interstate 270 and Route 100 (Manchester Rd.). Photo by District 6
Geologist Rob Lauer.
This case study leads us to question, “how are soil and rock characterized?”
Both are characterized on the basis of textural characteristics and particle size.
Rock is characterized on the basis of composition. Soil CAN be characterized on
the basis of composition, but normally the finer particle sizes use laboratory
testing methods that exceed the intent of this field guide. Soil strata on a boring
log, as well as rock strata, should be described and recorded in accordance with
a specific standard or protocol. Soil should be described in terms of texture,
color, consistency, and any modifiers regarding color and secondary texture, and
moisture content. Rock should be described according to type, degree of
weathering present, and an estimate should be made of its overall strength.
Descriptors and modifiers for soils may apply only to cohesive soils (clays and
silts) or non-cohesive soils (sands, gravels, etc.). All of these characteristics
(with the exception of color) pertain directly to the progress to be expected
during, or the difficulty of completing, a horizontal boring. Pipe is jacked much
more efficiently through medium stiff clay than very hard clay. Wetness
14

characteristics may influence the choice of equipment and the ease of excavating
an entrance or exit pit for the pipe. Gravelly clays are much less conducive to
HDD than pure, relatively gravel-free clays. It’s a whole lot easier to bore
through weathered rock than it is to bore through unweathered rock. These are
but a FEW examples of the comparisons that can be made from geotechnical
data in completing a site-specific boring plan.
When all the assembled data has been accumulated, including laboratory data
that may prove to be necessary, the geologist plots it on a profile view. This is
why accurate topographical information along and adjacent to the alignment of a
planned bore is crucial to project success, since it allows comparisons to be
made, equipment or method to be chosen, and alignment of the bore to be
‘firmed up’ to decrease risk for the contractor and for the owner. To insure
complete soils information for a horizontal boring, information should be site
specific for a project, either by locating by northing/easting or by station and
offset. All previous studies or boring logs should also be referenced to the same
system.
Horizontal bores have been used for installation of utility product pipe for over a
hundred years, though the number of horizontal bore equipment types available
for the contractor to use has only risen drastically in the last 20 years. The
earliest installations were accomplished by hand tunneling, with precautions and
methods similar to those used in the mining industry for ore recovery. This was
exhausting, dangerous work, only used in extreme cases where horizontal
pipeline installations were absolutely necessary to make additions to a utility
system.
There are seven major types of horizontal bore installations that are possible
today. Experienced crews and equipment operators should carry all out. The
type of horizontal bore chosen is usually based on three criteria:
1) The length of the crossing to be made,
2) The depth of the crossing to be made, and
3) The type of utility product pipe to be installed.
The type of soil and rock to be encountered in the planned bore path is a major
influence on the selection of equipment to be used, as has been previously
stated. Availability of equipment and trained operators is an additional necessity
when selecting a type of horizontal boring for use. Project budget requirements
are also a major consideration. It is not unusual for a major oil company to airlift
a pipe ramming crew and their equipment to a remote jungle pipeline crossing for
installation of horizontal directional drilling casing or for the rescue of product
pipe which is stuck during backreaming. However, the budgetary requirements
of most highway construction projects do not justify this type of mobilization.
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The basic boring types presented here are not all-inclusive in their scope; these
boring types are those that may be encountered by inspectors, engineers, and
designers within the state of Missouri. It is the responsibility of the geologist,
engineers, and inspectors to become familiar with the types of boring equipment
used, their capabilities, their limitations, and above all, to ASK QUESTIONS
about safe efficient operation. All equipment manufacturers are more than
willing to answer these questions. Vendors, contractors, and project
management staff often also supply unique insights that might not otherwise be
gained.
Ground conditions that are conducive to the suitability of various trenchless
methods are shown in Table 2. Technological advance and innovations in
tooling and method may change the possibilities presented in the table, but for
the most part, you can consider the information correct.
Auger Boring
Auger boring is a technique that is used extensively in road crossings. The
method utilizes a process of simultaneously jacking steel casing while removing
spoil inside the casing by means of rotating continuous flight augers. Spoils are
transported back to the entry point or bore pit where they are removed. This
technique has several distinct advantages for use in right-of-way. The use of
steel casing is the first advantage. Steel is permitted by utility policy under all
types of right-of-way, including high-type roads and interstate highway. A second
advantage to this method is that this is a common enough method so that many
contractors are available statewide which can perform this type of boring. This
enables the utility owner to get competitive bids for the service. A final
advantage that should be mentioned is that the method provides continuous
support for the roadway while boring.
Two types of auger boring are used: cradle auger boring (this method requires
the auger boring machine to be supported by a crane and is thus not used
extensively) and track auger boring. This method allows the installation of pipe
from 4 to 60 inches in diameter, with drive lengths usually in the neighborhood of
100 to 600 feet, though longer bores are possible under ideal conditions. Larger
diameter bores are also possible, but unusual. Steel casing is required since it
can best support vertical soil loads as well as jacking thrust and torque from the
auger boring machine. It is possible to use horizontal auger boring to create an
unsupported borehole by using only the cutting head and auger. This practice is
not allowable in MoDOT right-of-way due to the inherent danger of
overexcavation.
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Table 2. Suitability of Ground Conditions for Various Horizontal Boring Methods
Ground Conditions

Soft to very soft clays,
Silts and organic
Deposits

Auger
Boring

MicroTunneling

Pipe
Ramming

Impact
Moling

Pipe
Jacking

Horizontal
Directional
Drilling
(HDD)

Utility
Tunneling

Pilot
Tube
MicroTunneling

Y to
Y M

Y

N

M

Y

Y

M

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

M

M

Y

Y

Y

Y

M

Y

Y

M

M

Y

Y

M

N

Y

N

N

N

Y

N

M

Y

Y

Y

M

Y

Y

Y

Y

Y

Y

Y

M

Y

M

Y
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Medium to very stiff
Clays and silts
Hard clays and
Highly weathered
Shales; Coal
Very loose to loose
Sands;
Above the water table
Medium to dense sands
Below the water table

Medium to dense sands
Above the water table

Gravels and cobbles 50100mm (2-4”) diameter

Soils with significant
Cobbles, boulders, and
Obstructions larger than
100-150mm diameter
(4-6”)

Weathered rocks, weathered
shales, and
well consolidated soils such
as glacial till.

Slightly weathered
And unweathered rock

M

M
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M

M

M to
N

Y

Y

M

M

M

Y

Y

N

Y

Y

M

N

N

M

Y

N

Y =Yes – Method is generally suitable when performed by experienced contractor with
suitable equipment.
M = Marginal – Difficulties may occur for contractor, some modifications of equipment
or procedure may be required to successfully complete the bore.
N = No – This method is not generally possible under these conditions. Substantial
problems will occur, and the method is generally unsuitable for and the
equipment is unintended for the conditions present.
(Table adapted for MoDOT use from Najafi, Mohammed et al., Trenchless Construction
Methods and Soil Compatibility Manual, 3rd ed.)
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The basic steps involved in a horizontal auger boring project are as follows:
a. Jobsite preparation – The jobsite should be accurately surveyed,
borings should be completed to characterize the soil and rock
materials that may be encountered, conflicts with other utilities should
be resolved, and job access and working space should be assured.
Usually, an area of about 75 feet by 150 feet is required for the bore pit
and all equipment, including additional auger flights, pipe, support
equipment, and vehicles.
b. Bore pit excavation and preparation – The bore pit on the entry side of
the bore should be excavated when all utilities have been located
using Missouri One-Call. All applicable state and Federal safety
regulations must be followed for sloping the pit, or the pit must be
shored adequately to prevent collapse. If wet conditions prevail at the
jobsite, a gravel base should be added at the bottom of the boring pit,
or a concrete pad may be poured. The end of the pit away from the
roadway should have adequate provision for a thrust block to be
installed, or a concrete thrust plate should be poured so that the
machine thrust can push pipe through the bore path. Figure 7
illustrates a typical bore pit excavation with stone base.
________________________________________________________________________

Figure 7. Horizontal Auger Boring Site Set-up With Gravel Base in Pit. Note
that no thrust block is needed to push casing, as rock is exposed on the
equipment end of the bore pit. Photo courtesy of American Augers, Inc.
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c. Equipment set-up – When the site has been prepared, the auger
boring equipment is set up in the pit. The most critical part of this
d. process is aligning and setting the track for the boring machine so that
line and grade are established from the beginning of the bore, and can
be maintained. Figure 8 illustrates a typical equipment set-up.

Figure 8. Typical Auger Boring Set-up. Note in this drawing that OSHA
guidelines are upheld by use of sheeted pit, and that a concrete backstop has
been poured to provide a thrust plate. This auger boring system has a gradecontrol, or steering head to allow minor corrections to line and grade control by
the use of two-axis hinges.

e. Preparation of casing – Casing used in auger boring should be new, of
good quality, and of sufficient thickness to support the design load for
the highway, which includes live load (traffic loading), dead load, and
overlying soil load. Precision machine-cut bevels on ends of casing
will speed the process of welding. According to MoDOT policy, a
certified welder must make the welds. Alternatively, a mechanical
connection may be made using screw-fit pipe or a PermalokTM-type
connection between pipes. Finally, an adequate leading-edge band
should be welded on the leading pipe segment to prevent damage to
the casing pipe during the auger boring thrust process. This is referred
to as “banding the casing”, and protects the pipe from damage. Not
only does this band decrease skin friction on the surface of the pipe
while it is being thrust, it strengthens the leading edge of the casing
should rock or boulders be encountered, and provides for bentonite
lubricant to be added during boring. This band is shown as Figure 9.
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Figure 9. Leading-edge casing band used in auger-boring to protect casing and
prevent pipe skin friction. This band is installed on the leading edge of the pipe
string being thrust.
f. Installation of casing – The casing is installed, with particular attention
to the lead segment at the start of the bore, during a process known as
“collaring”. This starts the cutting head into the ground, without lifting
the following lead casing out of the auger track. The auger boring
machine is rotated at low RPMs and with minimal thrust. When the
lead casing is seated, the machine is shut down and line and grade are
checked versus the line and grade desired. This important process
insures the overall success of the auger bore on attaining line and
grade on critical installations.
g. Removal of augers at the completion of the bore – When the final
segment of pipe has been installed, the machine is shut down and the
auger cutterhead is removed. The machine is restarted and the
augers are cleaned by rotating them in a clockwise direction in the
lowest gear, removing individual flights with their torque plates one at a
time until the casing is clear.

h. Installation of carrier pipe if required – Carrier pipe is now installed
inside the casing, using blocks, pre-manufactured casing spacers (also
known as “spiders”, or sliplined in the casing. Grout or sand backfill is
installed at this point.

i.

Site restoration – After the carrier pipe is installed, the boring machine,
tracks, tools, and augers are removed from the pit. The pit is then refilled and the area is restored to prior conditions.
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Figure 10. Auger boring set-up showing simultaneous thrust and casing
advancement. Photo courtesy of Barbco, Inc.

A fine recent publication is available from the ASCE entitled “Horizontal Auger
Boring Projects”, which is part of the ASCE Manuals and Reports on Engineering
Practice series, number 106 in that series.
Pipe Ramming
Pipe ramming is the most robust method of horizontal boring. It can drive pipe
over 145 inches in diameter over 200 feet, and the upper limits to diameter and
drive length have not yet been approached. Due to the nature of the percussion
used to drive the pipe with either a hydraulically-powered or pneumaticallypowered pipe ram, steel pipe must be used for this type of boring. Set-up for this
type of bore is similar to that for auger boring, but unlike auger boring, pipe
ramming is not stopped by the presence of cobbles or boulders in the bore path.
A reinforced steel band at the leading edge of the first pipe usually moves the
cobble/boulder aside or breaks it, swallowing the pieces if the pipe ram is bored
open-ended. The basic procedure is simple, and is suitable for all types of
ground conditions except solid rock, and is the safest to use in road crossings,
since ground under the roadway is never left unsupported. The versatility of the
pipe ramming method even allows its use to install guide casing
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in gravelly or cobbly soils in what has come to be known as the “conductor
barrel” method.
There are two types of pipe ramming, closed-ended and open-ended. Closedend pipe ramming is limited to pipes eight inches in diameter and smaller. When
a pipe is rammed closed-ended, the surrounding soil is compacted or driven
away from the pipe as the force of the percussive energy is transmitted to the
surrounding soil. This can lead to soil heave over the pipe, which is not suitable
for a very shallow installation. One foot of soil cover for every inch diameter of
pipe is usually sufficient to prevent soil heave over a closed-ended installation.
Open-ended or open-faced pipe ramming allows a pipe to be rammed through
soil with the front of the leading edge of the conduit or casing open, so that a
borehole of the same size as the casing is created. This allows most of the inline soil to stay in place, except for that small amount of soil compaction that
occurs during the ramming process and the small amount of soil displaced by the
thickness of the pipe. After the ramming process is complete and the casing is in
place, soil is removed from the pipe either mechanically or by the use of
compressed air.
Bentonite (drilling mud) lubrication is used in stiff clays and some other soils on
both the outside and the inside of the pipe, carried by a feed line welded to the
pipe that allows it to drip on the outside of the pipe and also on the inside, where
it lubricates the soil as the pipe passes. An added benefit of this lubrication is
that it also acts as a lubricant when compressed air is used to clean the pipe.
Routinely, pipe of 12 to 36 inches diameter is rammed as conduit or casing
underneath roadways. From 36 inches to around 80 inches in diameter, an
experienced and knowledgeable pipe installation contractor should be consulted.
From 80 inches to over 140 inches, special equipment and pipe ramming
manufacturer assistance is usually required.
The pipe ramming procedure is as follows:
1) An adequate shaft or pit is constructed.
2) A cone (if closed-ended) or adequate leading-edge band is installed or
welded onto the leading edge of the conduit or casing.
3) Place casing in the drive pit area and adjust for the desired line and
grade.
4) Attach the percussion hammer and connect to its power source.
5) Initiate the drive and continue until installation is complete.
6) Remove the cone if used, or clean out the casing as required.
7) Restore the area to its intended function.
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Figure 11. Preparing pit for 147-inch pipe ram near Altoona, Iowa. Photo
courtesy of TT Technologies. Note concrete pad for preparation of pit area.

Figure 12. Pipe ramming set-up for pipe ram at Altoona, Iowa. Note pipe ram
atop frame that will allow it to move forward as pipe is advanced. Photo courtesy
of TT Technologies.
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Figure 13. Pipe being rammed through railroad embankment at Altoona, IA.
Note hydraulic hoses attached to back of pipe ram. Photo courtesy of TT

Figure 14. Completed pipe ram at Altoona, IA. Photo courtesy of TT
Technologies.
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Figure 15. Completed job at Altoona, IA. Though the distance was short (less
than 100 feet), the railroad stayed open throughout the process. The diameter of
pipe rammed made it a world-record installation. Photo courtesy of TT
Technologies.
Impact Moling/ Methods of Soil Compaction
Compaction methods are the simplest of all horizontal boring methods, but are
limited to small pipe sizes and are probably the most inaccurate of all horizontal
boring methods. Minimal soil information is required. There are three
predominant methods that are used. These are:
1) The Push Rod Method
2) The Rotary Rod Method
3) The Percussion Method.
A rod pusher is a machine that pushes or pulls a solid rod or pipe through the
earth simply by displacing soil in the path of the rod/pipe without rotation or
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impact. The resultant hole is the diameter of the rod or pipe that was thrust
through the soil. The power source for this method ranges from the power takeoff of a backhoe or tractor to a small hydraulic machine that is put into a small
(usually less than two or three feet depth)
bore pit. Push rods are usually four feet in length, and are thrust through the
ground without rotation. The accuracy of this method is largely dependent upon
the initial set-up of the machine and the soil conditions.The rotary rod method, or
rotary method uses the same power source and the same size of launch pit, but
instead of pushing through the soil, has a rotary cutting action that allows it to
bore through possible rock conditions in the path of the bore. This bore type, like
the rod pushing method, is useful only where accuracy is not critical, and the
method’s accuracy again is largely dependent upon the initial set-up of the
machine and the soil conditions.
The percussion method is possibly the most useful of the three. In this method, a
pneumatically or hydraulically powered piercing tool goes underground trailing a
power source line that is either electrical or hydraulic that powers the
reciprocating action of the tool. The soil around the tool provides friction for the
rearward stroke of the tool, thus a soil with frictional characteristics is necessary
for the proper operation of the tool.
The tool will vibrate but not move in unstable, saturated soils. Due to the impact
of the tool and the shape of the tool, this method is also known as “impact
moling” or “missile moling”. The tools range in size from about 1.75 inches in
diameter to 7 inches in diameter. In one of the few rules of thumb that are
applicable to trenchless installation, it is usually recommended that there are
between ten inches and one foot of cover for every inch of tool diameter to avoid
heaving above the tool. This general rule could also apply to the rotary rod and
push rod methods.
Thus, to prevent soil heave with a soil compaction tool,
[Required Depth of Cover (in.)] = [Tool Diameter (in.)] X 12 .0
is a useful relationship to remember.
These methods are limited by their accuracy. Their use is largely motivated by
the fact that they are rapid and economical. Whether they are truly cost effective
remains to be seen.
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Figure 16. Examples of Hydraulically (air compressor attachment to right)
Powered “Impact Mole” Compaction Tools. Photo courtesy of Earth Tool, Inc.

Pipe Jacking
The term “pipe jacking” can be applied to a specific type of horizontal boring
technique, or it can be applied equally as well to the process of advancing pipe
forward by thrust during auger boring, microtunneling, or utility tunneling. This
distinction should be made to avoid confusion. During pipe jacking, the pipe is
advanced by means of hydraulic thrust, similar to using an auger-boring frame or
another type of hydraulic thrust frame. The jacking force is transmitted down the
pipe segments during the tunneling process. Workers must be inside the pipe
during jacking and spoil removal. Because of the large jacking forces involved in
pushing large diameter pipe through the ground (normally vitrified clay or
concrete) the design floor and construction of the jacking arrangement are critical
to the overall success of the drive. The shaft floor and thrust reaction structure
must be designed to withstand the jacking forces that will be initiated, as well as
designed to uphold the weight of the heavy pipe segments that are being placed
upon them repeatedly for the length of the drive. One of five different soil removal
systems is used to extract spoil from the inside of the pipe being driven: wheeled
carts or skips which roll out of the pipe, belt or chain-driven conveyors, slurry
(drilling mud) systems, vacuum extraction, or continuous-flight augers.
The key difference between pipejacking and microtunneling is that pipe jacking
involves man-entry during spoil removal, where microtunneling does not.
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Figure 17. Generalized view of a pipejacking system. Photo courtesy of
Akkerman, Inc.

Figure 18. A variety of sizes and configurations are available for pipe jacking as
this lineup of cutterheads illustrates. The four largest heads on the right are
cutter boom heads, which allow a scoop backhoe arrangement to go through the
slats and remove material in the path of the pipe jack. The remaining heads on
the right are rotating TBM (tunnel boring machine) – type cutterheads. Photo
courtesy of Akkerman, Inc.
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Figure 19. Backhoe soil removal attachments. These go inside the pipejack,
extend through the face of the backhoe cutterhead, and cut soil material to be
moved in advance of the pipe thrust. Photo courtesy of Akkerman, Inc.

Figure 20. Pipejack skip haul system prior to reentry into pipe. Additional
materials will be removed from the soil face, the pipe will be thrust forward as the
materials are removed, and pipe advance will continue. Photo courtesy of
Akkerman, Inc.
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Microtunneling
Microtunneling, as previously stated, is basically pipejacking without man-entry.
Where pipejacking may or may not give continuous support to the tunnel face
(which directly affects the roadway above), microtunneling does provide
continuous support to the tunnel face. Microtunneling also works in a wide range
of soil conditions, and it maintains close tolerances to line and grade because the
head is usually laser-guided. It is normally used well below MoDOT roadways
and is not normally a problem, but should be mentioned here because it may
affect roads in extreme cases. One major disadvantage to microtunneling is
cost, which is far above that of pipejacking.
Horizontal Directional Drilling (HDD)
Of the range of horizontal boring systems that may be seen in Missouri,
Horizontal Directional Drilling, or HDD, is probably the most common. It may
also be used at the shallowest depths. Since it is used at the shallowest depths
and is most common, the potential for damage to MoDOT right-of-way is the
greatest. Unfortunately, among permit inspectors, engineers, designers,
construction inspectors, and many others within the organization HDD is the least
well-understood of ALL horizontal boring technologies. Horizontal directional
drilling (HDD) was originally conceived as a concept in the 1970’s by an
innovative road boring contractor by the name of Martin Cherrington. The first
rigs were huge, intended to cross rivers and place utility product pipe. The first
crossing was a mere 600 feet, with no steering capability. Locating the cutter
head was not accomplished, and the entire boring was done blind.
In 2007, year 7,400–foot crossing was made by a drilling rig with over a million
pounds of pullback capability. Though this is unusual, it illustrates the
capabilities that have been reached. The majority of rigs that will be seen in
Missouri are in the 7,000 to 50,000- pound range. To understand this better, let’s
look at how HDD is done today.
HDD is basically a two-stage process where a pilot bore is drilled along a
specified or intended installation path, and then is enlarged the hole to
accommodate the installation of a utility product pipe. HDD is a fluid-assisted,
mechanical cutting method of bore creation. It is NOT water jetting, which is a
mechanically assisted, fluid cutting method of bore creation. HDD is permitted in
MoDOT right-of-way, while water jetting is not.
It is generally agreed that there are three classes of horizontal directional drilling
systems, which can install pipe up to 48 inches in diameter. HDD systems can
install pipe at depths of 200 feet. This makes it suitable to cross underneath
rivers, highway interchanges, and large obstacles. Since HDD can be steered
while drilling, it can go over, under, or around most obstacles in its path. The
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three classes of HDD that are available are shown in Table 3.

Table 3. Comparison of Main Capabilities of Horizontal Directional Drilling
(HDD) Systems (Isley and Ghokale, 1997 with new data)
System
Product
Depth
Bore
Torque
Description Pipe Diam. Range Lengths
Maxi
24 –
<
<
<150,000
–
200
7500
ft.-lbs.*
60
HDD
in.
ft.
ft.’*
*
Midi
10 – 24 < 75 < 900
900 –
in.
ft.
ft.
7000
HDD
ft.-lbs
Mini
2 – 10 < 25 < 600
< 950
-HDD
in.
ft.*
ft.
ft. – lbs.

Thrust/Typical Uses
Pullback
<1.3
Major highway,
million
River crossings
ft.-lbs.*
20,000 to
100,000
ft.- lbs.
<20,000
ft.-lbs.

Smaller rivers,
Roadways,
Obstacles
Telecom
cables,
Gas and power

* Represents data that has been updated, based upon manufacturer’s rating of equipment, and
reported and verified world-record’s crossing in Trenchless Technology magazine by Michels Pipeline
Co.

There is no significant operational difference in the three types of systems.
Different size applications do require different system modifications to allow
pump volume for spoil removal, deeper locating capabilities, and different types
of directional control to achieve these ratings.

Figure 21. Diagram of Horizontal Directional Drilling Process Pilot Bore.
Obstacle in this case to be overcome is a stream or small river.
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Figure 21 illustrates the first step of the two-stage HDD process. In this process,
a pilot hole is completed underneath an obstacle. This pilot bore will serve as a
guide hole during the backreaming process. It should also be noted that this is
not in actuality a hole but a bentonite slurry pathway that is created by the pilot
bore. Tracking of the pilot bore is accomplished by a radio sonde in the drill bit.
Normally, the pilot bore’s slurry path is 4 to 8 inches in diameter, depending on
the soils or rock the bit will be cutting through, the size of the rig, and a number of
other factors.
Locating the bit is critical to success. Too shallow, and the drill string can
emerge prematurely, possibly strike utilities, or encounter other difficult
conditions that can conclude the bore before backream even begins. Locating
the drill bit is done by one of two means:
1) A walk-over locator which picks up the radio from the transmitter in the
drill bit, or
2) Gyroscopic means, which are usually used over long distances and
require specialized equipment and training/interpretation.

Figure 22. Components of a walkover locator system for HDD. From top left
proceeding counterclockwise - driller’s locator box and recording unit, 3 different
transmitters, spare batteries, and walkover locator unit. Photo courtesy of DigiTrak, Inc.
________________________________________________________________
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Figure 22 illustrates the typical components of a walkover tracking system…a
transmitter (sonde) which transmits important information about drill head attitude
(pitch, roll), drill head temperature, the battery life of the batteries in the
transmitter, and the depth and direction of the drill head. Gyroscopic tracking
systems are used on larger rigs which track the drill head from the operator’s
console.
Once the pilot bore is completed and has emerged from the target point, the pilot
boring process is complete. The drilling rig is turned off while tools are changed
at the other end of the drill string. A backreamer is added at the end of the drill
string that will enlarge the slurry pathway. Attached to the backreamer is the
utility product pipe. The pipe may be ductile iron, steel (if it has appropriate
flexible joints of sufficient strength for the pullback), PVC (either fusible or with
restrained joints) or high-density polyethylene (HDPE). Various methods are
used for different types of pipe, dependent upon whether the pipe is flexible or
rigid, and the overall length of the installation. If installation takes place below
the water table, the pipe may be filled with water to prevent the buoyancy of the
pipe from increasing the friction between the top of the pipe and the wall of the
bore.
Care MUST be taken during the backreaming process to allow the appropriate
amount of mud to be removed from the slurry pathway as the pipe advances. If it
does not, sufficient forces may develop to hump soil material above the pipe, to
force drilling fluids from the slurry pathway to the surface, or both. Flattening of
the bore pathway can also result, which may cut adjacent underground utilities as
the backreamer passes them. The importance of maintaining flow at proper
levels during the backream cannot be overstated.Figure 23 illustrates the
backreaming process. There are housings available from many manufacturers
now that allow the tracking of the backreamer so that proper depth may be
maintained, to avoid cutting utilities when flattening of the bore path occurs.

Figure 23. Illustration of the backream process.
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Various types of drill bits and backreamers are available from a variety of source
vendors. Different types of drill bits are used in different conditions, and different
types of backreamers are used in different conditions as well. One type of
reamer should not be used underneath the roadway. This specific type is known
as the compaction reamer. It is actually not a reamer, as it does not cut soil out
of the slurry pathway. Instead, it packs the soil up against the sides of the hole,
and displaces it so that the product pipe can be installed. Figure 24 ,Figure 25,
and Figure 26 illustrate various types of HDD bits and reamers. Figure 27
illustrates a specialized type of rock-cutting bit.

Figure 24. Sample types of HDD backreamer attachments.
Frank Canon of Baroid IDP.
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Photo courtesy of

Figure 25. Other types of backreamer attachments for HDD. Photo courtesy of
Frank Canon of Baroid IDP.

Figure 26. Hardfaced cutting blade bit for horizontal directional drilling. Photo
courtesy of Frank Canon of Baroid IDP.
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Figure 27. Specialized Vermeer TrihawkTM rock cutting bit. Note slot in center of
tool, which may be opened with Allen wrenches to insert the locating transmitter.
Photo Courtesy of Vermeer, Inc.

The ArrowBoreTM Process – a special subtype of HDD
One special method that needs to be considered under the heading of Horizontal
Directional Drilling is the ArrowBoreTM method. This is a patented method of
using HDD to place utility product pipe on line and grade. With an experienced
operator, the method has been used to install sewer lines to tolerances of less
than 0.5% grade consistently. Many bores have been installed to less than 0.2%
of desired grade. What is appealing about this method is that it can install
reinforced concrete pipe to these tolerances easily. MoDOT in Districts 2 and 5
has used this method to retrofit drainage and/or install new drainage underneath
existing pavement or fill with no adverse effect.
This method relies on the installation of “sight relief holes” at predetermined
points on the bore path. These relief holes are used to physically verify the depth
at which the pilot bore is made, and then are used again during the backream to
verify the depth at which the utility product pipe is installed. Several key
parameters that should be used in all other types of HDD are strictly adhered to.
The first parameter is locator calibration. The locator unit is given fresh batteries
prior to the start of the bore. Then, the transmitter is set at a measured distance
from the locator, and the exact distance from transmitter to the locater receiver is
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measured. This insures utmost accuracy for the bore from the start. The second
parameter that is adhered to is careful mudflow calculation, and adequate time
spent to allow mud to flow to replace the soil being cut out of the way of both the
pilot bore and the backream. Formulation of the drilling mud meets
manufacturer recommendations and specifications. Such tolerances are
especially desired in applications such as gravity sewer installations.
One completed ArrowBoreTM installation was during the construction of a bridge
and interchange over the Burlington-Northern Santa Fe Railroad near Centralia,
Missouri on Route 22, Boone County. The fill for the bridge approach could not
be open cut, and drainage was required from one side of the approach
embankment to the other side. This installation was completed WITHOUT a sight
relief hole, and still maintained grade tolerance to less than 0.5%. The pipe
installed was reinforced concrete pipe, and it was pulled in using specialized
tooling. Figure 28 illustrates this boring.

Figure 28. ArrowBoreTM installation on Route 22, Boone County, Missouri. Note
inadequate and partially collapsed galvanized metal culvert to left of photo.
ArrowBoreTM used in this manner may be a highly valuable tool to MoDOT for the
retrofitting of drainage within the right-of-way. Photo courtesy of Ted Dimitroff
and Trenchless Flowline, Inc.
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Pilot –tube Microtunneling
Pilot tube microtunneling is a relatively new, highly accurate method of
installation of utility product pipe. This method, originally developed by Richard
Vedder of St. Louis’ Sverdrup Engineering (now part of Jacobs Civil Group) was
used in the mid 1990’s in Cape Girardeau, Missouri, for the installation of multiple
sewer laterals from single manholes, rather than dig in city street right-of-way for
the servicing of existing product pipe. The method has rapidly evolved since that
time, leading to other improvements in boring technology.
The method should NOT be confused with other methods such as horizontal
directional drilling or guided auger boring. The American Society of Civil
Engineers Standard Construction Guidelines for Microtunneling 36-01 defines
pilot tube microtunneling as a “multistage method of accurately installing a
product pipe to line and grade by use of a guided pilot tube followed by upsizing
to install the product pipe.” Thus, pilot tube microtunneling can be considered to
be a hybrid form of conventional microtunneling. It combines the laser-guided
accuracy of microtunneling, the steering mechanism of horizontal directional
drilling, and the spoil removal system of a conventional auger-boring machine.
Augers are employed to transport spoil, and a guidance system is used that
involves a laser and a camera-mounted theodolite. Typically, pilot tube
microtunneling is used for installation of small-diameter pipes of sewer or water
lines, and for house connections directly from the main line sewers. Typically,
this method is used at shallow depths and in soft soils. Vitrified clay pipe or
reinforced concrete pipe is installed by this method. Figure 29 and Figure 30
illustrate installation by this method.

Figure 29. First phase of pilot-tube microtunneling installation. The directional
steering head is jacked into the soil by the thrust frame. The entire line and
grade installation is controlled with tolerances measured in less than 1/10 inch.
A theodolite guides the pilot tube placement.
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Figure 30. Second phase of pilot-tube microtunneling installation. In this phase,
a cutterhead followed by augers advances the product pipe to the exit shaft,
where the pilot tube sections are simultaneously removed.

Utility Tunneling
Utility tunneling is different from other types of horizontal boring or tunneling by
the virtue of the tunnel’s size and application though its construction techniques
are similar to pipejacking. The primary difference between utility tunneling and
microtunneling, for that matter, is the tunnel lining. Special liner plates or
combination rib/lagging systems are used in utility tunneling to provide general
ground support. Currently, all utility tunneling processes require personnel entry
inside the tunnel during the tunneling process.
Excluding the preparatory work of constructing pits/shafts and field setup, a
typical cycle of utility tunneling procedure comprises four major steps:
1)
2)
3)
4)

Soil excavation;
Soil removal;
Segmental liner installation; and
Directional steering and tunnel advancing.

Utility tunneling has been used since the early 1800s, when the first tunneling
shield, a shield to protect workers from the cave-in of soils at the tunnel face, was
invented. Since that time, utility tunneling has seen improvement in the addition
of soft-ground tunneling techniques, pressure balance shields, and permanent
linings.
Shifting the Paradigm From Open-Cut Towards Trenchless in Missouri
Trenchless installation of underground utilities is not a panacea for utility owners.
In some cases it is much more costly to use trenchless methods than to use
open-cut methods of installation. Missouri State Law does not preclude and may
actually even promote the use of trenchless methods of installation:
“…corporations shall have the power to lay conductors for conveying
gas, electricity, or water through the streets, alleys, and squares of any
city, town or village with the consent of the municipal authorities thereof
under such reasonable regulations as such authorities may prescribe, and

such companies are authorized to set their poles, piers, abutments, wires
and other fixtures along, across, or under any of the public roads,
streets, and waters of this state in such manner as not to incommode
the public in the use of such roads, streets, and waters.” (emphasis
added – ghd; RSMo 393.010)
Where utility poles or transmission towers can be used effectively, electrical
companies normally prefer them since they cost far less than trench or trenchless
installations. But in the cases of water and sewer utilities, trenchless methods of
installation are superior to open-cut methods of installation. Missouri State Law
does not mention any trenchless method of installation, though by implication it is
allowable, and in fact preferred if a utility is being installed under a road, street or
water since it will not inconvenience the public.
Unfortunately, there are few individuals with training and experience in the use of
trenchless methods from a regulatory or engineering standpoint. This must
change for trenchless installation to be accepted readily as open-cut installations
are. It is even more important to have trained individuals when processes and
ideas of proprietary nature can be present as they might be in the field of
trenchless installation. If an engineer, geologist, or regulatory agency does not
know what particular method is being approved for an installation or crossing,
courts have held that an approving individual or organization can be held liable
for partial damages in cases involving patent infringement. For the period of the
years 1980 through 2005, British Gas and its patent licensing agency, Advantica,
LLC, successfully litigated a number of claims involving the trenchless method of
pipe bursting where royalty license fees were not paid. The contractors who did
not pay the licensure fees (measured on a per-foot length of installation, per inch
size of burst pipe) were found to be liable for the amount of licensure for the burst
pipe plus attorney’s fees, and in most cases an unspecified damage figure.
Recognizing the overall utility of trenchless methods of installation and educating
users is but only part of the task that needs to be accomplished. It’s worth
mentioning that some of the methods and equipment used is useful in other fields
of endeavor as well. Pipe rams that have been used for ramming pipe
underneath roadways can also be used as pile drivers for pile foundations. In
fact, TT Technologies even makes a special attachment for its pipe rams that fits
the end of an H-pile or I-beam so that it can be used as a pile driver. The City of
Des Moines, Iowa saved several million dollars when it used horizontal
directional drilling to install a municipal water well. The water well’s yield was
approximately 12 times that of a normal vertical well.
Fuel costs can decrease drastically with the use of the appropriate trenchless
method, simply from less equipment being involved in the installation. Ted
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Dimitroff of Trenchless Flowline, Inc and inventor of ArrowboreTM recently
completed a comparison of installing a sewer or water pipe to a depth of 15 feet,
not including the costs of restoration, and assuming the price of fuel to be
$4.50/gallon. The results of this comparison are shown in Table 4.
________________________________________________________________

Table 4. Comparison of Fuel Costs
Open Trench Cut 15 Feet Deep Versus Arrowbore Installation
(from Dimitroff, 2008)
OpenTrench Cut
Fuel Used gal/day Equipment

Arrowbore Installation
Fuel Used gal/day Equipment

125
Excavator
15
Vertical drilling rig
100
Excavator
10
Horizontal drilling rig
75
Front-end Loader
10
Mini-excavator
20
Uni-loader
2
Fluid mixing system
50
Two dump trucks
25
Vacuum truck ½ day
15
Misc. pumps,
20
Pickup trucks
________________generators, etc._______________________________
TOTAL 405 gallons/day
92 gallons/day
Times 5 days/week
Times 5 days/week
Times 36 weeks/year
Times 36 weeks/year
= 72,900 gallons
= 16,60 gallons
YEARLY FUEL COSTS
OpenTrench Cut
@$4.50/gal = $328,050.00
@$4.00/gal = $291,600.00
@$3.50/gal = $255,150.00

Arrowbore Installation
@$4.50/gal = $74,520.00
@$4.00/ga = $66,240.00
@ $3.50/gal = $57,960.00

Fuel Savings per year Per Crew
@ $4.50/gal - $253.530.00
@ $4.00/gal - $225,360.00
@ $3.50/gal - $197,190.00
______________________________________________________________
Fuel savings also translate into carbon emissions savings. The British Columbia
Chapter of the North American Society for Trenchless Technology asserts, based
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upon actual measurements, that trenchless methods for pipe replacement
projects reduce carbon emissions from 75 to 90 percent compared to open-cut
construction (Griffin, 2008).
Trenchless technology offers a wide range of societal benefits in both the short
and long term. It is an environmentally-friendly, cost-effective group of methods
and means that requires geologic input in all new installations and for some
forms of renewal and upgrade. It has too long been marginalized or ignored in
many professions. Many geologists and engineers are unaware of the
possibilities that may be open to its use. Education and training are necessary in
both of these professions to overcome these obstacles.
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Summary
Viticulture in Missouri is a growing industry and vineyards can be found across
the state. Using GIS and remote sensing techniques to consult vineyard owners
and analyze terroir in the United States has been used in California, Oregon,
Washington, and Idaho but not in Missouri. Using data provided by the Center for
Applied Research and Environmental Systems, the Missouri Spatial Data
Information Service, and imagery from the National Agriculture Imagery Program,
GIS analysis was performed on Les Bourgeois Vineyards in Rocheport, Missouri.
This study was completed as part of a larger project on the concept of terroir in
Missouri. This concept includes addressing the parameters that have an effect on
the taste and quality of wine in a region, including soil, geology, climate, and
topography. It can be concluded that Les Bourgeois Vineyards grow their grapes
on the Menfro and Winfield silt loams, usually located over a thin cherty clay
solution residuum that forms on the Mississippian Osagean Series bedrock, more
specifically the Keokuk, Burlington, and Pierson limestone formations. The mean
elevation for the vineyards is 236 ± 4 meters (774 ± 14 feet) with a mean slope of
4.2° ± 1.5°. All vineyards are planted in an area that is mostly convex with
aspects of both north-northwest and south-southwest. This data is used to create
suitability maps for more vineyards using multi-criteria analysis and to describe
the commonalities in vineyard location that can influence the flavor of the wine in
that region.
Introduction
Geographic Information Systems (GIS) have many uses including real estate,
forestry, city planning, and animal habitat assessment. GIS use in viticulture is
relatively new and has mostly only been applied in the largest wine-producing
states, such as California, Oregon, Washington, and Idaho. GIS and remote
sensing have been used in the United States to map vineyard expansion, create
suitability maps, and assess vine vigor. In the United States, many scientists
have addressed the concept of terroir and the idea that geology and wine are
intimately connected by using GIS and remote sensing in some way (Brooks &
Merenlender, 2000; Heaton & Merenlender, 2000; Merenlender, 2000; Dobrowski
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et al., 2002; Meinert & Busacca, 2002; Dobrowski et al., 2003; Jones et al., 2004;
Bowen et al., 2005; Zarco-Tejada et al., 2005; Johnson et al., 2006; West et al.,
2007; and Reynolds et al., 2007). This paper will address how geology and wine
are related, the concept of terroir and its definitions, and explore and define
the concept of terroir for Missouri vineyards using GIS.
Previous Studies
Terroir-based studies have been performed on geology and wine in the Umpqua
Valley of Oregon (Jones, 2004), the Okanagan and Similkameen Valleys of
British Columbia (Bowen, 2005), the Red Mountain Appellation (Meinert &
Busacca, 2002), the Walla Walla Valley Appellation in Washington (Meinert &
Busacca, 2000), and in the Coastal Region of South Africa (Bargmann, 2003).
These studies have attempted to find correlations between wine and the physical
aspects of the land on which it was produced. Jones et al. (2004) used GIS
analysis to assess the potentially suitable locations for certain varietals in the
Umpqua Valley appellation in Oregon. This study combined physical factors like
elevation, slope, aspect, and soil of an American Viticultural Area (AVA) to
provide greater insight into the best grape-growing areas in the region. All
aforementioned studies refer to the areas were certain grapes are grown as
terroir (pronounced tare-wahr). A project using similar GIS analyses has been
initiated at Missouri State University. The wine industry of Missouri is well
established and growing, and it may be possible to address the concept of terroir
and the connection between geology and wine. The geology is the parent
material for the soil and ultimately controls the topography of a region and
therefore is of great importance in the definition of terroir.
Wilson (1998) stresses in his book that having maps that can be overlain to see
the vineyard location in association to the geology, soils, topography, and climate
would be extremely beneficial to those who are curious about terroir. Wilson
emphasizes the importance if soils and the complexity of regional terroir studies.
Haynes (1999) states that climate, physiographic, pedologic, geology, and
viticulture factors form complex interrelationships that are included in concept of
terroir. Haynes (2000) focused his research in the Niagara Peninsula in Ontario,
Canada and proposed that designated appellations (similar to AVA in the U.S.
and previously designated by climate only) should be subdivided based on
significant differences in geology, landform physiography, soils types, and
groundwater flow. Washington, Oregon, Idaho, and California are very prolific in
wine production, and studies in these states have stressed the importance of
many factors that influence the distinct terroirs that are found there.
Meinert and Busacca (2000) emphasize that many factors, like temperature,
sunshine, rainfall, soils, bedrock, and viticultural practices need to be understood
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in order to define the terroir of their research area in Washington. There are
many contributions to precision agriculture in the wine industry in the last few
years with the advances in mapping programs like ESRI Arc Map, and Jones
(2004) provides precise methods to using GIS to analyze the terroir in
southwestern Oregon. By using GIS they were able to create suitability maps for
new vineyards using criteria obtained from the location of current vineyards. This
method used mostly climate, topography, soils, and land zoning criteria to help
understand the terroir of the Umpqua Valley appellation. Gillerman (2006)
studied the terroir of the Snake River Plain, addressing the unique combination of
factors that affect which cultivars are appropriate for the area based on
physiographic, geologic, pedologic, and climatic criteria.
Definition of Terroir
Geology and wine is an evolving concept that was sparked by James E. Wilson
with his 1998 book Terroir. In this book, Wilson explains the historic and cultural
aspects of French winemaking and how quality wines have a connection with
certain soils and the bedrock geology that lies underneath. The French word
terroir has many definitions, all of which can be molded together to help one
understand terroirs relationship to wine. Terroir has its roots in the word territory,
which refers to land that is used for diverse activities by the rural community.
This territory possesses certain homogeneous physical properties (soil, geology,
drainage, etc.) which are suitable for certain agricultural products. Specifically,
the nature of the soil is thought to be communicated through the character of
certain products, notably with wine. Wine, according to its terroir, will have a
particular taste that is associated with the soil where the vineyard is located.
Because of this, terroir refers to a certain region, province, or countryside that
has a cultural tradition of producing wines (or other agricultural products like
cheeses or meats) that have certain characteristics that reflect the place of origin
(Barnard & Evans, 2008a,b).
Charles Pomeral’s The Wines and WInelands of France explains terroir based on
the French system of wine regulation that comes from the idea of Baron LeRoy
de Boiseumarié who wanted to protect the quality of certain wine regions and the
distinctive characteristics of that wine. In 1905 the government of France began
to control the boundaries and production of certain agricultural products. The
failure to make a quality design and enforce these laws inspired the creation of
the Institut National des Appellations d’Origine des Vins et Eaux-de-Vie (INAO)
who established the guidelines for the appellation d’origine (AOC) and other wine
quality standards in France starting in 1937. These guidelines were created by
committees of wine experts, including geologists and other scientists, to control
the quality of wines coming from Bordeaux, Burgundy, Champagne, and Rhône.
The INAO distinguishes between two types of wine; vins ordinaire (ordinary wine)
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and quality wines. Vins ordinaire can be separated into table wines and vins de
pays (country wine) but table wines are the lowest category and are made from a
combination of wines from many different regions or even countries. These wines
do not have origin labels while country wine will indicate a geographic origin in
one of three levels either regional, departmental, or locally zoned areas. Country
wine undergoes the same control as appellation d’origine but alcohol levels can
be lower and vineyard yields can be higher (MacNeil, 2001 and Pomeral, 1989).
The European Union distinguishes the Vin de Qualité Produits dans des Régions
Determinées (VQPRD), or quality wines produced in determined regions. In
France, the quality wines are separated into appellation d’origine contrôlée and
vin délimité de qualité supérieure (VDQS) (MacNeil, 2001). These levels are very
strict and are systematically regulated and controlled to guarantee quality wine to
the consumer. When buying quality wine the VQPRD is found on European
wines in general and the VDQS and AOC is only used in France for French wine
and is more restrictive than the European appellation (Pomeral, 1989). According
to Pomeral (1989) the geological and pedological nature of an area determines
the delineation of an appellation and the terroir for that specific wine. The close
relationship that exists between the bedrock geology, soil texture and structure,
stoniness, depth and chemical composition and the quality of wine is noted in the
INAO and used to determine quality wines.
In 1999, Simon J. Haynes wrote the first in the series Geology and Wine
published in Geoscience Canada. Haynes (1999) defines the factors that affect
terroir into five groups. These groups are meteorologic, physiographic, pedologic,
geologic and viticultural factors. In short, climate, topography, soils, geology, and
wine-making techniques affect the quality and taste of wine. In the New World, it
is very common to address one or two of these factors at a time, with the
geology, and topography usually ignored (Haynes, 1999). Wilson’s 1998 book,
highly acclaimed by Haynes, clearly illustrates the connection between geology,
subsoil, soil, drainage, topography, and microclimate when describing terroir.
According to Haynes (1999) the terroir that contributes to quality wine from a
specific area includes factors of physical geology, petrology, and hydrogeology.
To be more specific these factors are elevation, types of landform, azimuth to the
sun, slope aspect, and gradient, mineralogy, texture, porosity, and geochemistry,
surface water and groundwater flow rate, direction and chemistry. It seems only
appropriate that geologists be involved with viticulture and that GIS be used to
organize, query, and find relationships between these many factors that might be
used to describe terroir in the United States.
Haynes (2000) stated that the existing viticulture areas in the Niagara Peninsula
should be broken up into to smaller sub-appellations. He based this on the
significant geological differences within the current viticultural areas that
undeniably contribute to variations in physiography, soil, and groundwater flow.
His use of the word terroir refers to these sub-appellations that produce wines of
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certain taste that can be directly connected to specific vineyards. The designation
of smaller terroirs within a large viticultural area based on geology follows the
practice of the people who invented the term and concept of terroir. To overcome
the problem with wines produced from grapes from many vineyards and possibly
many growers, and the blending of juices before bottling, Haynes (2000)
performed his research on wines that were from specific vineyard soils only like
an AOC-labeled wine. This way certain taste and flavors could be associated to
only one soil type and the bedrock underlying the vines.
The purpose of Haynes’ (2000) paper is to push for geology to be used to
determine the boundaries of these sub-appellations. Terroir is defined at the level
of the sub-appellation in France where, in a viticulture region, differences in
geology, soils, and physiography control where certain grapes are planted.
Terroir can also be defined at the micro-level of a specific vineyard with a specific
varietal which separates the AOC-labeled grand crus from the vin de pays
(Haynes, 2000). In the new world the distinction at the micro-level or terroir
cannot happen because viticulture practices are still young and only time will tell
which varietals and vineyards produce the best wines. Further tests and
experiments will determine if wines from each sub-appellation truly are different
and should be described with one of these specific sub-appellation terroirs and
time will tell if the climat (or micro-level terroir) that separates the grand crus from
the vins de pays will develop in each of these sub-appellations. According to
Haynes (2000), the terroir of a particular French AOC labeled appellation is
based on the climate, landform, grape-growing practices, soil and subsoil. If any
of these factors vary within an area the designation of a separate appellation
would be strongly considered. Alternatively, in the new world most of these
factors other than soil texture and a history of grape-growing practice are ignored
and not considered when creating a designated viticultural area like the DVA in
Canada (Haynes, 2000) or an American Viticultural Area (AVA) in the United
States.
Terroir has three basic components. They are 1) physical aspects of the region,
2) viticulture or grape-growing practices, and 3) viniculture or wine making
practices (Jones, 2004). In general, the physical aspects of the region include
soil, geology, topography, and climate. Trellising techniques, soil modifications,
row orientation, and varietal selection are cultural aspects of viticulture. Since no
single physical aspect of the region can be used to explain the taste of a bottle of
wine, a quantitative assessment of the current vineyards and their physical
aspects is necessary. The existence of terroir in Missouri should be related to the
measurable physical characteristics of the land and therefore should be a
quantifiable study that should be performed using GIS.
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Designation of American Viticulture Areas
An American Viticultural Area (AVA) is an area designated by the US department
of Treasury - Alcohol and Tobacco Tax and Trade Bureau (ATTTB) that has a
history of wine making. The geographic "pedigree" of a wine is labeled with its
origin and the wine must meet certain federal and state requirements. An AVA is
one type of appellation and a vintage labeled with the AVA origin must have used
85% of the grapes from inside the AVA boundary. An AVA can range in size and
in the concentration of vineyards within their boundaries. An AVA does not
guarantee the quality of any wine like the French AOC does. The boundaries of
an AVA usually follow rivers, township and county lines, mountain ranges and
valleys. Most AVA boundaries were not drawn with consideration of soil and
geology and many are now being separated into sub-appellations because of this.
Missouri's currently delineated regions are the Augusta AVA, Hermann AVA,
Ozark Highlands AVA, and the Ozark Mountain AVA (Figure 1). The first AVA to
be designated in the U.S. was the Augusta AVA in 1980 (Pollack, 2007), followed
by the creation of the Napa Valley AVA in 1983. The Hermann AVA was created
in 1987. In the United States there are now 167 AVAs. There are 5 wineries
located within the Augusta AVA and two others within 4 miles of the boundary.
The Hermann AVA includes 5 wineries as well with two others to the east. 80
wineries are in operation in Missouri and the majority of these are located in one
of four delineated regions (Pingleton, 2005). There are other wine producing
regions in Missouri, and new AVAs may be created in the future. These areas
include the Rocheport area along the Missouri River where Les Bourgeois
Vineyards is located. Some wineries in the St. Francois and Ste. Genevieve
counties may be grouped into a new AVA as well based on the concept of terroir
and commonalities between vineyards of the physical parameters that affect it.
Geologic Setting
Les Bourgeois Winery and Vineyards is located in westernmost Boone County
above the south-facing bluffs of the Missouri River valley. From a physiographic
standpoint, this area is located on the northern flank of the Ozarks Plateau
province. The geology of this area is subtle in that it consists mostly of more-orless flat-lying Paleozoic strata that were deposited on a stable platform. The subPennsylvanian strata in this area are mostly carbonates, indicating deposition at
or near equatorial latitudes. Uplift during the Late Paleozoic resulted in the gentle
flexure of Cambrian through Mississippian strata below the sub-Pennsylvanian
unconformity. Presumably, earlier episodes of flexure also were expressed by
the erosion of lower or middle Ordovician below a middle-Devonian unconformity,
and Devonian strata were truncated below the sub-Mississippian unconformity.
The Burlington-Keokuk limestone (undivided) is the only bedrock stratigraphic
unit exposed near the Les Bourgeois Winery. It consists variously of light gray
cherty crinoid grainstone, packstone, and wackestone. The Burlington-Keokuk is
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best exposed along the Katy Trail in bluff exposures up to 100 ft high and in a
few road cuts along I-70. Pennsylvanian strata cap the Paleozoic succession to
the north and east (Middendorf, 2003), and the southern limit of Pleistocene
glaciations also falls within this general area; thick loess deposits cap the hills
and ridges of Rocheport quadrangle. As a consequence, most of the soils in the
highlands of the Rocheport area were derived from weathered limestone of the
Burlington-Keokuk formations (undivided) or Pleistocene loess.
The bedrock geology of the Rocheport 7.5' quadrangle has not been mapped in
detail, but the geomorphology and surficial sediments of the quadrangle have
been or are being mapped as part of an ongoing U.S. Geological Survey EDMAP
project by Holbrook (formerly of Southeast Missouri State University) and
students from the University of Texas at Arlington. Unpublished reconnaissancelevel geologic maps of adjoining quadrangle to the east, Huntsdale quadrangle,
as well as the rest of southwestern Boone County, which include Jamestown
quadrangle southeast of Rocheport, were completed by Rush in 1949.
Provisional geologic mapping of the bedrock portions of the Hillsdale, to the
north, and Sturgeon SW, to the northeast, were by Nuelle in 1979. His map
included Mississippian and Pennsylvanian strata, but no older strata were
exposed.
Structural Geology
This area offers some interesting geologic challenges but vegetation and soil
cover obscure much of the view. The Missouri Department of Natural Resources,
Division of Geology and Land Survey maintains a well-log database for waterwell cuttings logs across Missouri. Well log number 004582 reported drilling and
deepening of a water well in 1937 at a location in the SW ¼ of the NE ¼ of
Section 1, Township 48 N Range 15W, just north of Rocheport above Moniteau
Creek (Fig. 3). The surface elevation was 590 ft (20 ft above the banks of the
Missouri River) and the Burlington-Keokuk limestones (undivided) was
encountered at the base of the existing well at 45 ft depth (545 ft elevation in
subsurface). The Sedalia Formation and Choteau Group were penetrated
between 85-185 ft and Devonian strata, shale and limestone, were reported from
to 185-220 ft. Devonian strata likely includes the Snyderville Shale and Calloway
Limestone that have been mapped to the east of this area. The well reached total
depth in the St. Peter Sandstone at 230 ft.
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Figure 1. Missouri's American Viticultural Areas (AVAs) were established
by the ATTTB starting in 1980 with the Augusta AVA. These areas were
outlined because of a history of making wine in that region. GIS analysis
has shown that in the Augusta and Hermann AVA, there are no significant
differences in the physical parameters of terroir to exclude wineries that
are outside the current AVA boundary.
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Well log number 023482, located in NW ¼ SW ¼ NW ¼ Section 7, Township 48
N Range 14 W, approximately 1 mile southeast of the well above, was deepened
in 1964 at an elevation of 783 ft. Burlington-Keokuk was found at 80 ft in the
existing well (Fig. 4). The base of the unit was reported at 200 ft depth. A
comparable record of Sedalia Formation, Choteau Group, and Calloway
Limestone were found in the well, but drilling in sub-Devonian strata penetrated
245 ft of lower Ordovician Cotter Dolomite and total depth reached 600 ft, ending
in the Jefferson City Dolomite. A thin interval of Sandstone and dolomite was
reported from the top of the Ordovician section, so it is difficult to assess if the St.
Peter Sandstone was actually cut out or misreported in the earlier record.
Comparing drilling records suggests that a fault runs between the wells: the base
of the Burlington-Keokuk is at 505 ft and 583 ft elevations, respectively, indicating
approximately 80 ft of displacement with the upthrown side to the east.
McCracken (1971) noted the presence of the NW-SE-trending Fish Creek
Anticline across this area, just east of Rocheport. She recognized that the major
structural trends in this region tend to parallel with the Saline County Arch and
Saline City Fault a few miles to the west; the latter also was upthrown on the
northeast side.
Other Geologic Features
Notable geologic features near Rocheport include the Sinking Creek catchment
basin, Boone (Rocheport) Cave, and Lewis and Clark Spring. Sinking Creek
drains into Rocheport Cave, a quarter-mile-long tunnel-cave, approximately 4
miles southeast of Rocheport (Fig. 4). Bretz (1956) first recognized this unusual
karst sub-terranean piracy; Beveridge and Vineyard (1990) provide additional
details on the history of the cave.
Lewis and Clark Spring emanates from a cave, approximately one half mile
southeast of Boone (Rocheport) Cave along the Katy Trail (Vineyard and Feder,
1974; Priesendorf, 1993). Like Rocheport Cave, it drains a sinkhole-riddled
landscape to the north and east, an area straddling the eastern boundary of the
Rocheport quadrangle.
Soils
The distribution of soils was mapped by the U.S. Department of Agriculture,
Natural Resources Conservation Service (Young et al. 2001). Since most
vineyards along the Missouri River are located in upland areas, the principal soil
type associated with viticulture is Menfro silt loam. Another soil type that is
common for Missouri vineyards is the Winfield silt loam, which has many of the
same characteristics as the Menfro silt loam, but are moderately well drained in
comparison to well drained. The Menfro series consists of fine silty soils that are
commonly used for pasture. They form on loess deposits in upland ridgetops,
backslopes, and benches near the Missouri River and major tributaries. The type
location for the Menfro series is Boone County, Missouri, near Les Bourgeois
Vineyards in section 8, township 48 N, range 14 W.

Silt loam refers to a soil with less than 27% clay (montmorillonite and illite),
between 12 and 50% sand, and 50% or more silt. The Menfro series are dark
brown (10YR 3/3) in the A-horizon, have a moderate to fine granular structure,
and are very friable. The eluviations horizon (E) is dark brown in color (10YR
4/3), platy or subangular blocky structure and moderately acidic. The B
horizon has many sub-layers and is up to 68 inches deep. It is dark yellowish
brown to dark brown in color, moderate to strong subangular blocky texture, and
slightly acidic. The C horizon is a dark brown silt loam, has fine mottles and is
friable and slightly acid as well (Minor, 1995).
Prior Studies of Missouri AVAs
The geodatabase for the Hermann and Augusta AVAs contains the vineyards,
wineries, and the AVA boundary vector files as well as the mosaicked DEMs,
DRGs, and aerial photographs (Barnard & Evans, 2008a; Barnard & Evans,
2008b). The winery feature class contains the address and contact information
attributes for future use in a query-based Missouri winery website. The vineyard
feature class contains the physical attributes which were extracted from using the
DEMs and other maps created by the United States Geological Survey (USGS),
Missouri Department of Natural Resources (MoDNR), Division of Geology and
Land Survey (DGLS), and the Geological Survey Program (GSP) and provided
by the Missouri Spatial Data Information Service (MSDIS) website. Ownership,
varietal, and soil modifications are obtained from field work and orientation,
slope, aspect, curvature, soil, quaternary geology, and bedrock geology were
obtained using remote sensing. ArcMap can accurately determine the acreage
under vine for each winery or for the AVA as a whole as well as other statistics.
This data will be used to obtain the preferred attributes for vineyards and specific
varietals in each AVA and create suitability maps.
There are 65 vineyards in the Augusta AVA (Barnard & Evans, 2008a). These
vineyards total 168 acres (68 ha) under vine. The largest tract is 9.87 acres (3.99
ha) and the smallest is approximately 0.16 acres (0.06 ha). Elevation ranges
from 542 feet (165 m) to 668 feet (204 m). Values for slope range from 1° to 14°;
the average slope is 7.1°. The 87 vineyards in the Augusta AVA and surrounding
area have many commonalities. The mean slope is 7.2° ± 3.2°, mean elevation is
591 ± 31.4 ft (180 ± 9.6 m), the majority of the vineyards are planted on the
Menfro silt loam soil, and most vineyards are planted on the Jefferson City
Dolomite or St. Peter Dolomite/Sandstone. It can also be noted that many
vineyards are planted on slopes with varying aspects but the southern slope is
the most common. The curvature of the vineyards is most commonly convex but
concave slopes are also used. The most prominent soil types are the Menfro silt
loam and Winfield silt loam.
There are 52 vineyards in the Hermann AVA totaling 169 acres (68.5 ha) under
vine (Barnard & Evans, 2008b). The largest tract is 14 acres (5.7 ha) and the
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smallest is approximately 0.2 acres (0.08 ha). Elevation ranges from 532 ft (162
m) to 922 ft (281 m). The slope of the vineyards ranges from 1.4° to 12.4°; the
average slope is 6.0 ± 3.0°. The few vineyards that are outside of the Hermann
boundary do not vary in their average elevation or slope from the vineyards
within the boundary. The majority (83%) of the vineyards are planted on convex
slopes and a row orientation of northeast is preferred (southeast is the second
most common row orientation). The Menfro silt loam, St. Peter
Dolomite/Sandstone and Jefferson City Dolomite are also the preferred soil and
bedrock for this AVA. The vineyards in both AVAs are planted on resistant
Dolomite bluffs that overlook the river. The preferred bedrock for planting
vineyards in both AVAs is the St. Peter Dolomite/Sandstone or the Jefferson City
Dolomite. The vineyards in the Augusta AVA and Hermann AVA are grown on
similar soils, preferring the silt loams that form over a stretch of glacial loess and
quaternary alluvium.
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Figure 2. Location map on the bedrock geology data from the CARES
website provided by the USGS and based on the the Kenneth H. Anderson
1:500,000 Geologic Map of Missouri. Les Bourgeois Vineyards are planted
on the Mississippian Osagean Series limestone.
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Figure 3. MoDNR DGLS water-well cuttings logs A., no. 004528, drilling
1937 and b., no.023482, drilled in 1964. The displacement of approximately
83 ft is interpreted as fault offset in this diagram.
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The red wines produced from the chambourcin and Norton/Cynthiana varietals and the
whites produced from the Chardonel, Seyval Blanc, Vidal Blanc, and Vignoles varietals
all have similar flavors from these two AVAs (Barnard, 2008b). The similarities in soil
and geology would have an effect on the product and explain the similarities in the flavor
of many wines from these two regions. Because of the similarities between the wines
from the Augusta wineries, the Augusta AVA boundaries could be redrawn to include
Sugar Creek Winery & Vineyards as well as Blumenhof Vineyards & Winery. The field
work has shown that the data obtained from remote sensing techniques is accurate and
the data collected will be used to create a multi-criteria analysis model for finding
suitable wine-grape growing areas in Missouri (Barnard & Evans, 2008a, b)

Methods
The two primary images that are needed to start the data collection for Les
Bourgeois Vineyards are aerial photographs and Digital Elevation Models
(DEMs) (Figure 5 and 8). These were provided by the Missouri Spatial Data
Information Service (MSDIS) and the Center for Applied Research and
Environmental Systems (CARES) care of the United States Department of
Agriculture (USDA) and the United States Geological Survey (USGS). The aerial
photographs were used to find the vineyards for Les Bourgeois Vineyards in
Rocheport, Missouri. For each vineyard the 10-meter DEMs were used to extract
the data for elevation, slope, aspect, and curvature. ArcGIS tools included the
data management toolbox for clipping and mosaicking images, spatial analyst
surface and zonal statistics tools for extracting the pertinent data, and data joins
were used to add all the data to the vineyard feature class. These final vectors,
rasters and information tables were then added to the geodatabase for the
Rocheport area. The Rocheport area vineyards were also placed on soil,
bedrock, and quaternary geology maps downloaded from the CARES map room
in order to extract the geology and soils data and add it to the geodatabase.
In ESRI Arc Map the DEM surface can be manipulated to make new slope,
aspect, and curvature surfaces. Instead of elevation, each cell contains data for
its slope calculated by the maximum rate of change of value compared to its
neighbors. The aspect algorithm calculates the slope and, based on certain rules,
the direction of slope is determined for each cell. The vineyard polygon shapefile
was then used to extract the data from each pixel within the polygon boundary
and calculate the average value for the polygon using all of the pixels. By doing
this the average elevation, slope, and curvature are added to the attributes of
each vineyard by using the zonal statistics to table tool. This tool uses the value
for each pixel within the vineyard to calculate the average elevation, slope, and
curvature. By using the join tool, this average can be added to the vineyard
shapefile. The aspect values are cyclic and a special problem occurs when
averaging two directions. For example, 359 and 1 yields 180, so the average of
two directions close to north can appear to be south. Therefore, the aspect
values reported in this study will be from visual discernment of the DEM aspect
surface for each vineyard. The curvature values are negative when the pixel and
its neighbors are concave and positive when it is convex.
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Figure 4. Topography map showing locations of Les Bourgeois Winery,
Boone (Rocheport) Cave, Sinking Creek catchment basin (part) and Lewis
and Clark Spring.
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Results
The results of the GIS analysis of Les Bourgeois Vineyards of Rocheport,
Missouri are shown in a series of maps created in ESRI Arc Map 9.2. Figure 6
shows the model used to extract the slope of each vineyard. This same basic
model was used to extract the elevation and curvature data as well. The range of
average vineyard slope for each plot is 2.5° to 6.9° (Figure 7). The overall
average vineyard slope for the entire estate is 4.2° ± 1.5°. The range of the
average vineyard elevation is 753 to 789 ft with an overall average for the entire
estate being 773.5 ft (Figure 8). According to this model, the curvature of every
vineyard is mostly convex, with some vineyards having a rolling terrain with
multiple aspects. The aspect of each vineyard varies within each plot and most
have part facing north, south, east, and west (Figure 9).
Les Bourgeois Vineyards are all planted on Mississippian Osagean Series
limestones, more specifically the Keokuk, Burlington, and Pierson limestone
formations (Figure 2). The quaternary geology is mostly cherty clay residuum
formed from the Mississippian limestones, but glacial loess and alluvium are also
in the immediate vicinity of the vineyards. Overlying the quaternary deposits are
the Menfro and Winfield silt loams, which are the preferred soils (Figure 10). A
similar model that was used for the DEM analysis was used to convert the
geology and soils maps into raster form and find the pixel value for geology and
soils with the majority in each vineyard plot. The analysis is done visually and by
data extraction to ensure that the extraction process is competent.
After gathering all of the data for Les Bourgeois Vineyards, including elevation,
slope, curvature, aspect, geology and soils, a geodatabase was created to
organize the vector and raster files. A preliminary suitability map using the
elevation, geology and soils data was created for this area. The model uses the
selection tool, intersect and dissolve tools from the analysis toolbox in Arc Map
(Figure 11). The result of this model was used in conjunction with the appropriate
elevations to create the possible vineyard establishment map based on multicriteria analysis (Figure 12). This map shows many more acres of land in the
Rocheport area that is suitable for vineyards according to the current elevation,
soil, and geology on which the current vineyards are planted.
Discussion
The concept of terroir is in constant debate in the United States, but the
relationship between geology and wine is hard to ignore. This project used the
current positions of vineyards in Missouri to find if there are underlying
commonalities between their spatial location and the flavor of the wine that is
produced. Based on prior studies by Barnard & Evans (2008a, b), GIS can be
used to create maps to visually analyze the physical parameters of each Missouri
vineyard. A geodatabase of Missouri vineyards is used to organize this immense
amount of data that is being generated for future query based mapping and
statistical analysis.
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It can be concluded that there are commonalities between vineyards located
along the Missouri River in the Augusta AVA, Hermann AVA, and the Rocheport
area. These commonalities are in the physical parameters that are stated to have
an effect on distinguishing the terroir of one vineyard from another. The physical
parameters focused on in this study included geology (bedrock and quaternary),
soils, elevation, slope, aspect, and curvature. In can be said that there are
definite commonalities between these vineyards but the concept of terroir is not
fully addressed with only geology, soils, and topography. Since there are many
wine-makers and vineyard managers involved in the cultural aspect of terroir in
Missouri there is much more data that is needed to separate the vins de pays
from the grand crus.
No statistical tests have been used to validate these GIS model parameters yet
but further study will be carried out. The analysis of aspect and curvature are still
under question as to how accurate the extraction and averaging is. This difficulty
is overcome by manually extracting this data from maps created from the DEMs
instead of using the model at this time. Verifying the data for the vineyards in the
Rocheport area on the ground has not occurred and will determine the accuracy
of this study. The ground-verification that occurred for both the Hermann and
Augusta areas provided the confidence in these methods but a field visit is
required to gather the information pertaining to the cultural aspects of terroir like
trellising techniques, soil manipulation, etc.
Future studies of the concept of terroir in Missouri include focusing on vine vigor
assessment using NDVI from false-color satellite images similar to the studies of
Dobrowski et al. (2002) in Australia. The analysis of the Ozark Highlands, and
Ozark Mountain AVAs as well as other select areas in Missouri where many
vineyards are located, like the Ste. Genevieve and St. Francois counties, will be
carried out in the near future. Alteration of or creation of new AVAs based on this
geographic data may be considered based on the data obtained from these
studies. Attempts to statistically analyze the attributes of vineyards in each AVA
will also be done as well as setting parameters for making suitability maps in
other areas using ESRI Arc Map. Specific soil and wine chemistry analysis
should also be completed to find any possible chemical connections between the
soil and the wine, which will add to the evidence promoting the concept of terroir.
There are many more possible avenues of study on Missouri terroir using GIS
and remote sensing which will use the collaboration of many disciplines of
science.
Conclusions
This project consists of the continued work on the collecting the data for Missouri
vineyards. This data consists of the physical parameters that are included in the
concept of terroir and the analysis of this data will help in determining if the
concept of terroir applies to Missouri vineyards. The commonalities in vineyard
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placement that are found in the Rocheport area include the bedrock geology of
Mississippian Osagean limestone and the preferred Menfro and Winfield silt loam
soils. These commonalities are also found in the Augusta and Hermann AVAs.
The glacial loess deposits found on the banks of the Missouri River also are
found near these vineyard as well as quaternary alluvium. These soils promote
drainage which is important for vine vigor.
The common topography between the Rocheport area vineyards and the
Augusta and Hermann AVAs should also be noted. The vineyards are located on
the bluffs just above the Missouri river at elevations ranging from 532 to 922 ft in
Hermann, 542 to 668 ft in Augusta, and 753 to 789 ft in the Rocheport area. The
curvature is mostly convex for these areas and the aspect ranges in all directions
sometimes for each vineyard but the southern aspect is somewhat preferred by
some. The slope of these vineyards is between 2.7° and 10.4° with an average of
5.8°. This average elevation, slope, aspect, and curvature for the topography can
be used to find similar areas along the Missouri river for future vineyards.
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Figure 5. Map of Les Bourgeois Vineyards and each vineyard and varietal
labeled. Aerial photograph provided by the National Agriculture Imagery
Program (NAIP) from the USDA and found on the Missouri Spatial Data
Information Service website.
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Figure 6. This is an example of the data extraction process using ArcGIS
model builder. This segment of the flow chart shows how the average slope
was obtained for each vineyard (see Figure 7). The same basic process was
used to obtain elevation, curvature, aspect, geology, and soil.
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Figure 7. The average vineyard slope, calculated from the slope surface
created from the USGS DEM.
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Figure 8. Average vineyard elevation in feet calculated from the USGS DEM
and shown here with a 35% transparency over a hillshade surface.
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Figure 9. The aspect surface, created from the USGS DEM, with vineyard
aspect obtained from visual assessment of the image.
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Figure 10. Les Bourgeois Vineyards plotted on a soils map made available
on the CARES website and created by the NRCS. Soils map was modified
to exclude soil types differentiated by slope.
66

Figure 11. Flow chart showing the basic multi-criteria analysis that uses
geology and soils to find possible vineyard establishment locations. This
model is a work in progress but the results of this model are shown in
Figure 4.
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A Note Regarding
Geologic Mapping for Trenchless Technology
By: George H. Davis, R.G., C.P.G
The primary method of insuring success of a horizontally bored utility installation
is to secure in advance detailed geologic mapping and soils information for a site.
A contractor or utility owner can then be made aware of potential obstacles in the
planned path of an installation, and plan accordingly. Without such information a
horizontal boring may encounter unanticipated difficulties such as: pinnacle rock,
excessive gravel, karst conditions, contamination, metal, construction debris, or
other problems that can slow construction progress or even terminate a bore.
Traditional geologic maps contain a wealth of information but are not specifically
targeted to address utility installation by trenchless methods. This includes
surficial materials maps. Soil survey mapping also does not address trenchless
installation. Individual maps might be prepared that illustrate areas where
particular methods can be used. However, a single map that incorporates all of
the individual limitations that affect trenchless installation or upgrade limitations
would be of the most use to contractors, owners, engineers, and planners. It
would identify soil textures, depth to rock, depth to a permanent groundwater
level, and other factors. It is at this point that a geologist becomes even more
necessary and critical in the trenchless installation process.
Geologic mapping to address soil or rock characteristics that bear on human
surface activities is not new. In Missouri, excellent maps have been produced
that address the important geologic hazards of earthquakes in Missouri, such as
the 1:100,000 scale map completed for the Cape Girardeau area (Hoffman,
1997). The state of California has completed many quadrangles in their state
which inventory landslides that have taken place, valuable in both post-wildfire
and post-earthquake scenarios for the rapid identification and delineation of
possible hazard. These hazard maps not only illustrate slides that have taken
place in the recent past on a topographic map base, these maps also relate the
slides to structural features that are known to occur in the immediate area (for
example, Haydon, 2007).
Characteristics that should be mapped pertain directly to the both the design and
construction phases of utility installation. These characteristics will also
determine in part the types of laboratory testing that should be undertaken to
answer possible questions about the alignment of the installation. First, the type
of installation or renewal and its diameter should be considered. For example, if
the utility is being installed using auger boring under a particular section of a

70

planned alignment, the type of boring necessitates the use of steel casing or
carrier pipe for the installation. If pipe bursting is being used to upgrade existing
utility pipe, then a flexible pipe must be used to replace the existing pipe and
provision should be made for bypass pumping and lateral reconnections. Both
auger boring and pipe bursting ALSO have specific geologic conditions that must
be met before they are considered. Geology should come FIRST before design
or choice of method. Geologic conditions are also the prime consideration in
muid use.
A second consideration where geology plays an important part is the overall
length of the crossing or renewal planned. Some soil types and conditions
present obstacles to long-distance crossings. Some areas have rapid changes in
soil conditions. Still others change in short distance from soil to rock and vice
versa. The length of the crossing is especially important in the case of horizontal
directional drilling, because with longer bores up to one half the overall rig cost is
downhole in the form of rods, tooling, and electronics.
The final consideration in trenchless installation/renewal where geology plays an
important role is the depth of the crossing. This is due to the overlying weight of
the materials above the bore, the possible presence of groundwater, and the
potential for heave, subsidence, or scour created. If the pipe chosen for use is
rated for only 5000 pounds of load, then the pipe must be installed at a depth of
less than 40 feet if the overlying soil weighs more than 125 pounds per cubic
foot.
Geologic mapping for decision-making requires that the individual who is
mapping to become acquainted with the type of decisions to be made leading to
a project. In the realm of trenchless installations, this is extremely important
because the limitations that affect trenchless installation are those that are being
mapped, not whether a particular area is suitable for an installation type. The
primary characteristics to consider in trenchless installation suitability mapping
are:
1) Depth to bedrock;
2) Depth to permanent groundwater table and other water
accumulation possibilities such as a seasonal or perched
water table;
3) Percentages of coarse fragments – gravel, cobbles, and
boulders;
4) Existing large-diameter utilities - often, these utilities possess
coarse fragments underneath and in the haunch zone
(between the pipe and the soil wall to the side of the pipe. In
addition, such utilities will need to be identified in any case to
prevent installation conflict or accident.
71

5) Materials that may cause distress to particular types of pipe or
drilling equipment:
6) Areas that may be inadvisable or unsafe to drill in:
7) In the case of clay soils, soils that possess high shrink-swell
potential;
8) In the case of sands, those areas which possess well-rounded
sand grains;and
9) Unusual features needing documentation.
From this list of features to be depicted, the trenchless suitability map is prepared
that offers a guide for both facility owner and contractor prior to and during a
project. It can be prepared in the form of a strip map to aid in obstacle
recognition during installation, or in the form of a general map to aid in route
planning and design. It also aids in the avoidance of litigation after project
completion, by supplementing or augmenting the Geotechnical Baseline Report
sometimes needed to establish a balanced baseline upon which claims of
change in condition are measured.
Overall, the intent is to realize a cost savings for the facility owner during the
installation process, but it also benefits the contractor by allowing accurate and
advance knowledge of geologic conditions that may be encountered during
construction.
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ROAD LOG
Friday Oct. 3, 2008
Miles

Log Description

0.0

Depart Hilton Garden Inn (Map #1), turn right (east) on Vandiver Drive.

0.3

Intersection with Bass Pro Drive, onramp to US 63 southbound. Turn left
to merge onto US 63. Stay in right lane to take Clark Lane/I-70 junction
offramp.

1.4

Cross Hinkson Creek.

1.6

Turn right for onramp onto Interstate 70 westbound.

2.1,

Repaired landslide on I-70 north side of highway. Clean shot rock is
used to prevent further reactivation by preventing soil shear and providing
sufficient weight to hold up the slope. This is the typical ‘rock wedge’
repair used by MoDOT due to its economy and effectiveness.

2.6

Paris Road (Route B) overpass of I-70. Again, there is a repaired
landslide adjacent to the bridge. Final soundings for this structure were
completed in 1995, allowing Route B to become four lanes over I-70.
Approximately 40 feet from the surface, there is a chocolate brown
paleosol which identifies the Sangamon interglacial stage of the
Pleistocene epoch that was encountered.

3.5

Bridge over Rangeline Rd. (Missouri highway 763)

4.0

Providence Road (Missouri 163) over Interstate 70.

6.1

Stadium Blvd. (Missouri Route 740) exit and bridge. Take westbound I-70
offramp and turn right.

6.9

Enter Subtera Underground Storage area. Follow the signs to the
underground entrance in the Burlington Limestone.
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Stop #1 (Map #2) - Subtera Underground Storage

Figure 1. Subtera Underground Storage entrance. A Waulsortian-like
mound can be seen above the right side of the entrance in this
photograph, and is depicted in detail as Figure 2.
There are several reasons why Subtera was chosen to be a stop on this
field tour. The first is to see an underground storage area that is outside the
Kansas City area and add yet another entry to Missouri’s list of underground
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storage areas, already the world’s leader in underground storage space
resources. The second reason is to examine the gypsum that grew from the
walls of the underground after it was opened, and relate it to cave gypsum in
other locales. The final reason is to propose that Missouri use its immense
underground storage space for the storage of, and perhaps even the
manufacture of wine.
Subtera originally began to excavate underground in 1988, and the area now
used for storage and being leased for future storage was mined out in 1997. As
a result, 60 acres of storage space totaling approximately 1.2 million square feet
has become available for leasing. Currently, the underground is at 60% of its
capacity. With 40’ wide passages and pillars on 40’ centers, and a ceiling 40’ in
height, the underground is ideal for a number of types of storage.
Current clients in the underground include the Missouri State Historical Society,
Boone County, and numerous medical and legal record authors. Subtera is also
on the Missouri state registry for disaster recovery sites, providing a central
location for food distribution, potential short-term shelter, and a communications
facility if needed.
Use of Constructed Underground Facilities for Wine Storage
Besides taking advantage of the usual reasons for utilization of underground
storage space (lower utility costs, secure environment, stable and relatively
vibration-free floors, etc.), the constant stability and darkness of an underground
environment allow both short and long-term storage of a vintner’s product.
Evaporation is minimized, and ultraviolet degradation of the wine is eliminated
(provided proper non-UV lighting is used.) Subtera already stores wine at this
location. This can be contrasted with the Napa Valley of California, where space
is at such a premium that underground construction is actually preferred, with
wine ‘caves’ varying in size from 6,000 to 15,000 square feet, typically (Van
Greunen, 2008).
On the geology side, when certain areas of the underground have become
dehumidified, then in certain areas and in certain conditions mineral growths
have occurred which encrust the host limestone. Gypsum is the most common
mineral, and melanterite is also known to occur. Secondary formation of gypsum
took place after construction of Subtera and lowering of the ambient humidity so
that underground records management could take place. Oxidation of pyrite in
the Burlington Formation led to the formation of fibrous sulfate minerals as an
‘angel hair’ crust on the walls of the underground. Sulfate minerals differ greatly
in their degree of solubility in water; gypsum (CaSO4.2H20) is slightly soluble,
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while melanterite is somewhat soluble in water. In any case, solubility drops as
the ambient humidity is lowered, and the growth rate of crystals is accelerated.

As a final note, please note the Waulsortian-like mound above the entrance.
Such features will be discussed in greater detail on the tour on Saturday.

Figure 2. Waulsortian-like mound over entrance to Subtera.

Miles

Log Description

6.9

Exit Subtera, return via Stadium Blvd. to I-70.

8.7

Turn right before bridge onto westbound I-70

8.8

Burlington limestone outcrop on south side of I-70.
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9.0

Burlington limestone outcrop on north side of I-70.

9.1
9.5

Burlington limestone on north and south sides of I-70 adjacent to outer
roads.
Waulsortian-like mound on north side of I-70.

10.0

Burlington limestone outcrop.

10.3

Burlington limestone outcrop.

10.8-11.0 Perche Creek and bridge over Perche Creek. This is the longest
creek in Boone County, which extends from north of the Randolph County
line to the Missouri River. It passes by or through two of the major karst
areas in the county. At this location, hidden by the trees is an oxbow lake
that surrounds approximately 10 acres. Perche Creek drains into the
Missouri River southeast of the town of Huntsdale at the McBaine
community.
11.4 Burlington limestone outcrops both north and south of Interstate 70.
11.8 Exit onto westbound US Highway 40.
13.2 Burlington limestone on the southwest side of US Highway 40.
13.3 Burlington limestone outcrops on both sides of US Highway 40.
13.6 To the northeast of US 40 is a small area containing a dead-end road with
sinkholes.
13.7 Burlington limestone outcrop on the south side of US Highway 40
14.7

Turn Right on Boothe Lane.

15.3

Turn right onto Westlake Drive.

15.6

Turn right into University of Missouri Geotechnical Field Research Site.

Stop #2 -University of Missouri's Geotechnical Research Site
Since this piece of land was designated for use by the College of Engineering of
the University of Missouri, it has been integral to the program of research at the
institution. Its first use was as a test facility for the now-ended Capsule Pipeline
Research Program of the University of Missouri under Dr. Henry Liu. Now
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retired, Dr. Liu continues to make important contributions in the field of civil
engineering through his leadership of the Freight Pipeline Company. Additional
information on the Capsule Pipeline and current activities can be found at:
http://www.freightpipelinecompany.com/
In April 2002 a portion of the research site was used in conjunction with a
MoDOT research project evaluating trenchless methods of installation. Three
different side-by-side borings were completed from entrance pit to exit pit for
comparison. Three side-by side horizontal borings were completed, using pipe
ramming, pilot tube auger boring, and horizontal directional drilling using the
ArrowBoreTM methods. The borings were used for the installation of steel, clay,
and centrifugally-cast, fiberglass-reinforced, polymer mortar (CCFRPM) pipe,
respectively.
All three installations were successful. This also marked the world’s first time for
installation of CCFRPM pipe using horizontal directional drilling. This assertion
has also been confirmed with Hobas, the sole manufacturer in the United States
of CCFRPM pipe. The complete results of this study may be found on the
internet at: http://168.166.124.22/RDT/reports/Ri02003/or06007.pdf
In September of 2006, the 10-acre site was designated as the MU Geotechnical
Field Experiment Site. The land is available for model and full-scale testing of
geotechnical technology such as: shallow and deep foundations, earth retaining
systems, geosynthetic applications, geophysical measurements (surface wave
and cross-hole measurements, and other geotechnical and civil developments.
The subsurface was characterized with eight boreholes and four cone
penetration tests (CPT). Boreholes consisted of standard penetration tests
(SPT) using hollow stem augers with undisturbed (pushed) Shelby tubes
alternating every five feet. The underlying rock was cored for 10-foot dept and
rock cores were stored in core boxes for future analyses. Unconsolidatedundrained (Q-test) triaxial tests and consolidation tests were performed on all
undisturbed soil samples. Moisture contents and Atterberg limits were also
performed on the soil samples. A soil strength versus depth profile was
developed for the site along with moisture content, Atterberg limits and unit
weight versus depth. Information is available in the draft paper (Coffman and
Bowders 2008) provided in the tour notes.
Current research includes permanent water level measurements with monitoring
points and a well. Grouted-cased holes for down-hole and cross-hole
geophysical measurements exist at both the western and eastern edges of the
site. The site is being used for long-term performance monitoring of nondestructive assessment techniques (Professor Washer, MU Civil Engineering)
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and is available for testing full-scale geotechnical technologies, including
foundations systems, earth retaining systems, geosynthetic applications
(pavements, drainage, containment, erosion control products) and geophysical
exploration methods.
Contact: John Bowders, P.E., Civil Engineering, University of Missouri, Ph
573.882.8351 or email: bowders@missouri.edu for additional information about
utilizing the MUGES site.
Miles

Log Description

15.6

Leave research site, turn left (west) onto Westlake Drive.

15.9

Turn left (south) onto Boothe Lane.

16.5

Turn right (west) onto US 40.

16.9

Outcrop of Mine Creek (?) limestone on south of road.

17.4

Turn left (south) onto State Route J

18.4

Turn right (west) onto I-70 onramp. Merge onto I-70.

20.4

Exit at Route BB (Rocheport) exit. This area is significant
geologically for a number of reasons. On the southwest side of the
Interstate is Boone Cave, one of the larger caves in Boone County.
Formerly run as a commercial cave, it is now closed.
Approximately fifteen feet of Pleistocene loess overlies the
Burlington limestone at the bluff facing the Missouri River. The
loess comprises what soil scientists know as the Menfro soil. In
fact, the Menfro’s type location (the ‘typical’ pedon versus which
other Menfro pedons is compared) was on the southeast side of
this interchange. It was disturbed during construction, and the type
location was moved in Boone County to near Hartsburg. (USDA
Soil Survey Staff, 2008).
The current (2008) type section for Menfro soil reads as follows:
The Menfro series consists of very deep, well drained,
moderately permeable soils formed in thick loess deposits
on upland ridgetops, backslopes and benches adjacent to
the Missouri and Mississippi Rivers and their major
tributaries. Slopes range from 2 to 60 percent. Mean annual
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temperature is 56 degrees F, and mean annual precipitation
is 36 inches.
TAXONOMIC CLASS: Fine-silty, mixed, superactive, mesic
Typic Hapludalfs
TYPICAL PEDON: Menfro silt loam - pasture. (Colors are for
moist soil unless otherwise stated.)
A-0 to 3 inches; dark brown (10YR 3/3) silt loam,
brown(10YR 5/3) dry; moderate fine granular structure; very
friable; many fine roots; slightly acid; clear smooth boundary.
(1 to 4 inches thick)
E--3 to 6 inches; brown (10YR 4/3) silt loam; moderate
medium granular structure; very friable; many fine and few
medium roots; strongly acid; clear smooth boundary. (0 to 8
inches thick)
BE--6 to 11 inches; dark yellowish brown (10YR 4/4) silt
loam; moderate medium subangular blocky structure parting
to moderate medium granular; very friable; many fine and
few medium roots; moderately acid; clear smooth boundary.
(0 to 8 inches thick)
Bt1--11 to 17 inches; dark yellowish brown (10YR 4/6) silty
clay loam; moderate medium subangular blocky structure;
friable; many fine and few medium roots; many distinct pale
brown (10YR 6/3) silt coatings and dark yellowish brown
(10YR 4/4) clay films on faces of peds; moderately acid;
gradual smooth boundary.
Bt2--17 to 24 inches; yellowish brown (10YR 5/4) silty clay
loam; strong coarse subangular blocky structure parting to
strong medium subangular blocky; firm; many fine and few
medium roots; many distinct pale brown (10YR 6/3) silt
coatings and dark yellowish brown (10YR 4/4) clay films on
faces of peds; strongly acid; gradual smooth boundary.
Bt3--24 to 33 inches; dark yellowish brown (10YR 4/6) silty
clay loam; strong medium prismatic structure parting to
strong medium subangular blocky; firm; common very fine
and fine roots; many distinct pale brown (10YR 6/3) silt
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coatings and dark yellowish brown (10YR 4/4) clay films on
faces of peds; very strongly acid; gradual smooth boundary.
Bt4--33 to 40 inches; brown (7.5YR 4/4) silty clay loam;
moderate medium prismatic structure parting to moderate
medium subangular blocky; firm; common very fine and fine
roots; common distinct pale brown (10YR 6/3) silt coatings
and dark yellowish brown (10YR 4/4) clay films on faces of
peds; very strongly acid; gradual smooth boundary.
Bt5--40 to 51 inches; dark yellowish brown (10YR 4/4) silty
clay loam; weak medium prismatic structure parting to
moderate medium subangular blocky; friable; common very
fine and few fine roots; common distinct pale brown (10YR
6/3) silt coatings and strong brown (7.5YR 4/6) clay films on
faces of peds; very strongly acid; gradual smooth boundary.
Bt6--51 to 62 inches; dark yellowish brown (10YR 4/4) silty
clay loam; moderate fine prismatic structure; friable; few very
fine roots; common distinct light brownish gray (10YR 6/2)
silt coatings and strong brown (7.5YR 4/6) clay films on
faces of peds; strongly acid; gradual smooth boundary.
Bt7--62 to 80 inches; yellowish brown (10YR 5/4) silt loam;
moderate fine subangular blocky structure; friable; few fine
roots; common distinct light brownish gray (10YR 6/2) silt
coatings and strong brown (7.5YR 4/6) clay films on faces of
peds; few iron and manganese stains; strongly acid.
(Combined thickness of the Bt horizon is 24 to 75 inches.)
TYPE LOCATION: Boone County, Missouri. About 11/2
miles southeast of Wilton; about 2,600 feet east and 1,050
feet north of the southwest corner of sec. 36, T. 46 N., R. 13
W.; Hartsburg Quadrangle; lat. 38 degrees 43 minutes 15
seconds N. and long. 92 degrees 20 minutes 29 seconds W.
RANGE IN CHARACTERISTICS: The solum typically is 50
to 70 inches thick but ranges from 30 to 100 inches in
thickness.
The A horizon has hue of 10YR, value of 2 to 4, and chroma
of 2 to 4. The Ap horizon has hue of 10YR, value of 3 to 5,
and chroma of 2 to 4, with value of 4 or more rubbed and 5.5
or more dry. They are strongly acid to neutral, depending on
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local liming practices. The E horizon has hue of 10YR, value
of 4 or 5, and chroma of 3 or 4. The BE horizon, where
present, has hue of 10YR or 7.5YR, value of 4 or 5, and
chroma of 3 or 4. It is silt loam or silty clay loam. The Bt
horizon has hue of 10YR of 7.5YR, value of 4 or 5, and
chroma of 3 to 6. The upper 20 inches of the argillic horizon
averages between 27 and 35 percent clay, and the horizon
with the highest clay maximum ranges from 30 to 38
percent. The BE and Bt horizon ranges from very strongly
acid to neutral.
The C horizon has hue of 10YR or 7.5YR, value of 4 to 6,
and chroma of 3 to 6. It is silt loam or silty clay loam.
Reaction is moderately acid to neutral in the upper part and
ranges to slightly alkaline in the lower part of some pedons.

The Pleistocene of Boone County also contains excellent
specimens of the Pleistocene gastropod Physa, one of only twelve
extant pulmonate gastropods. (See Figure 3).

Figure 3. Physa sp., one of only 12 extant species of pulmonate gastropods left
in the world. Specimens can be found in the Peoria Loess (Pleistocene) of
Boone County along the road between the Wilton and Easley bottoms along the
Missouri River.
85

One item of engineering geologic interest deals with the Missouri
River Bridge just across the river in Cooper County, a feature that
may be seen from the Winery’s blufftop view. During the Missouri
River Flood of 1993, a scour hole developed adjacent to the fill
which crosses the Missouri River bottoms on the Cooper County
(across the river) side. This scour hole, its scar still visible today, is
probably the deepest abutment scour ever reported in the world. It
was measured at 106 feet deep during the flood using line and a
very heavy weight. Today, it has largely filled in with sand but the
scar remains, a testament to the raw power of the flood of ’93.

Miles

Log Description

20.7

Winery outlet/gift shop on right hand side of Route BB.

21.5

Blufftop and Les Bourgeois Bistro parking. Enter Stop No.3.

Stop # 3 (Map #4) - Les Bourgeois Winery and Vineyards
Les Bourgeois Winery is among the finest vintners in the state of Missouri,
producing a number of fine wines for the oenophile and for table consumption.
Currently, Les Bourgeois has the following cultivars of Missouri and French
rootstock in cultivation in their vineyards:
Three acres of Norton (north side of I-70 by the bistro)
Two acres of Chambourcin (north side of I-70 by the bistro)
Seven acres of Chardonel (south side of I-70)
Five acres of Vignoles (south side of I-70)
Ten acres of Vidal (south side of I-70) (from Les Bourgeois website, 2008)
From these grapes, the wines of Les Bourgeois are produced. The Bourgeois
family turned what was a part-time hobby into a commercial enterprise. In 1985,
the Bourgeois’ garage was declared a bonded winery. The first year’s production
run produced 500 gallons; today the winery is the fourth largest in Missouri,
producing more than 200,000 bottles per year.
The geology and soils of the region are quite favorable to the growth of Vitis
vinifera, the noble wine grape, in one of its many varietals or cultivars. Records
of wine production going back to classical Greek civilization and ancient
Egyptians ask the same question, “Why do two seemingly identical vineyards,
side by side, with the same climate and slope, have different wine quality from
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the grapes produced?” The answer lies in the workings of the subsurface
geology. Decades of research in France by French geologists, among others,
show that the properties of wine, all other factors being equal, are directly the
result of the geology and soils of a region. This is the essence of “terroir “.
What DOES the wine grape require for optimum growth? They require well
drained or moderately well-drained soils with a favorable nutrient balance.
Wright (2008) includes in the favorable nutrient balance a Ca:Mg:K ratio of
approximately 6:1:1. Clay with low CEC (Cation Exchange Capacity) is also
desirable for a minimum water retention and slow nutrient transfer to grape vine
plants. Magnesium also becomes even more since its presence can interfere
with water (and hence nutrient uptake) by the grape vine, and it is a highly mobile
chemical element which can affect grapes downslope from its point of origination.
Modifications of local soil conditions are possible, and soil conditions can be
improved sufficient to match cultivar rootstock that may be more tolerant of
certain specific conditions; knowledge of the geology and soils of a vineyard will
produce the best possible wine (Wright, 2008; Meinert, 2004).

Miles

Log Description

21.5

Depart Les Bourgeois Winery and Vineyard, turning south (right) on
Missouri Route BB.

25.3
To
35.2

Turn left (east), merge onto I-70. Take I-70 east to Exit 129
(Highway 63 N.) Proceed North on Highway 63 to Vandiver Drive
Exit, and return to Hilton Garden Inn.
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Saturday October 4, 2008
Miles Description
0.0

Depart Hilton Garden Inn (Map #1), turn right (east) on Vandiver Drive.

0.3

Intersection of Bass Pro Dr. (stoplight)

0.4

On-ramp from Vandiver Drive to US 63 southbound, followed almost
Immediately by the merge to the Clark lane connector intersection.

1.1

Cross Hinkson Creek. Hinkson Creek is a major tributary of Perche
Creek, which we crossed yesterday.

1.3

Turn right onto Clark Lane.

1.4

Cross Hinkson Creek again.

1.5

Turn right onto Lambeth Drive, proceed to park adjacent to dirt road. A
short hike leads us to:

Stop #1- Waulsortian mound discussion...Burlington Limestone
. (Opportunity to sample and view, and discuss the various types of carbonate
buildups in the geologic record and the implications preserved in them.)
There are a number of different types of carbonate mounds that appear in the
geologic record. The first are stromatolites and thrombolites, each produced by
microorganisms such as blue-green algae and bacteria. The fabric of
stromatolites and thrombolites is different, with stromatolites possessing distinct
laminations while thrombolites possess agglomerations of clotted fabric referred
to as mesoclots. After the Cambrian and Ordovician when stromatolites and
thrombolites predominated, in the Devonian carbonate buildups began to be
produced by reef-building and framework corals such as Hexagonaria, Favosites
and Cladopora in the Cedar Valley limestone of Boone County. These carbonate
buildups were augmented by the presence of stromatoporoids and other
sediment trapping organisms such as bryozoa. In the Late Devonian, these reefbuilding biotic communities collapsed. Filling the niche that was vacated in the
Late Devonian were Waulsortian and Waulsortian-like mounds in the
Mississippian.
Why are they of interest?
There are a number of reasons. One of the primary reasons for many years has
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been economic. Accumulations of hydrocarbons (oil) often occur in reefs and
carbonate buildups in the subsurface or can be the host for metallic minerals.
Also, the formation of Waulsortian and Waulsortian-like mounds in the Osage
and Meramecian stages of the Mississippian offers an argument that carbonate
build-ups of whatever type are the evolutionary precursor to modern coral reef
development. In addition, the development of modern scleractinian coral reefs
fills the same ecological niche that the colonial corals of the Devonian filled, and
may help us to understand and overcome threats to modern-day coral reefs.
So what is a Waulsortian mound?
As the term was originally proposed in 1883, it had chronostratigraphic
implications, referring to a particular stage associated with the Tournasian, with a
type section in Belgium near the town of Waulsort. By 1888, it had been
demonstrated that the types of structures associated with this stage crossed the
Tournasian-Visean boundary in Europe. The European stage names Tournasian
and Visean are roughly correlative to the Kinderhook, Osage, and Meramecian
stages used in the United States. (Lees, 2006). Today, the implications are
primarily genetic, implying a carbonate buildup which is composed primarily of
carbonate mud, but may contain a significant percentage of skeletal grains if they
are considered to be Waulsortian-like. Bryozoa and crinoids are predominantly
identified as the skeletal grains (King, 1990)
This particular location illustrates several of the characteristics of both the
Waulsortian mound and the Waulsortian- like mound. The editor first examined
the cut about two weeks prior to the trip, and found that it potentially contains
phillipsid trilobite debris in addition to crinoid fragments and bryozoa. Is this
mound Waulsortian? Or is it Waulsortian-like?

Description
Miles
1.7
Return to US 63 connector via Clark Lane, turn right (south)
1.8
US 63 Connector bridge over Interstate 70.
2.1
Note the northwest side of the bridge ramp at this location. There have
been repeated attempts to correct the slide of the fill, which was obtained
near here. Highly plastic clay with high liquid limit has become saturated
as a result of bridge runoff, and led to sliding behavior which is now
repaired.
2.4
Merge onto southbound US 63.
3.1
Burlington limestone on roadside of southbound on-ramp, west side of US
63.

89

3.2

3.3
3.9
4.1
4.2

4.5
5.2
5.6
6.4
6.8
7.6
8.3
8.4
9.0

9.5
10.0

Cheltenham formation exposed on east side of US 63. This ‘fire clay’ has
been collected locally by artists for pottery and sculpting purposes. One
nice piece of art depicting a wagon train during early Missouri settlement
is on display in the lobby of the Boone Hospital Center.
Cheltenham formation exposed on east side of US 63.
Junction of Missouri highway 740 (Stadium Drive) with US
63.
Burlington limestone on west side of US 63.
Burlington limestone on west side of US 63, Cheltenham formation on
east side of route. This illustrates the typical nature of the
Burlington/Keokuk limestone’s (Osagean) unconformity with overlying
Pennsylvanian sediments and rocks- it is very unpredictable.
Cheltenham formation exposure on east side of US 63.
Interchange of Route AC with US 63.
City limits for City of Columbia.
New Gans Road interchange with US 63
Gans Creek crossing
Location of KOMU-TV, owned and operated by the University of Missouri.
Exposure of Cheltenham formation on east side of US 63
Bonne Femme Creek crossing
Junction with Missouri Route 163, which leads to Rockbridge State Park
and the Pierpont community. Pierpont is one of three areas in Boone
County which exhibit classic karst topographic development. In the
Burlington Limestone.
Turn left on Route AB. This junction is known as Deer Park
Home of Ted Dimitroff, the owner of Trenchless Flowline, Inc. and inventor
of the ArrowBoreTM method of on-grade installation of pipe using
horizontal directional drilling (HDD). This patented method of utility line
installation offers utility owners and homeowners a trenchless installation
of line at lower cost that is minimally invasive, environmentally friendly,
and extremely reliable.

Stop #2- Horizontal Directional Drilling Demonstration- Ted Dimitroff
residence and home of Trenchless Flowline, Inc.

Horizontal directional drilling (HDD) is used primarily for utility product pipe
installation. Much of the nation’s underground infrastructure is in need of repair
or replacement, let alone the new installations that occur nationwide on a yearly
basis. In order to meet the needs of the tight tolerances necessary for sanitary
sewer installation. Ted Dimitroff, a Columbia-area contractor, has come up with
a system of HDD installation that meets or exceeds most all requirements of
these installations and others with ArrowBoreTM, a method that uses vertical
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“sight” holes to visually verify an installation’s line and grade within the tight
tolerances necessary. In addition, the system developed generated a new set of
knowledge and tools necessary to do the job, such as the sight hole boring
machine in Figure 4. An example of just how close tolerances can be obtained is
in Figure 5.

Figure 4. “Sight hole” boring machine developed by Dimitroff to allow the HDD
operator to verify utility locations and to verify locations of drill stem exactly as it
passes through on line and grade. Photo courtesy of Ted Dimitroff.
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Duel Stem Sew er M ain Installation

Relative Elevation

Verified Grade

Desired Grade

500
498
496
494
7+20

6+60

6+00

5+40

4+80

4+20

3+60

3+00

2+40

1+80

1+20

0+60

0+00

492

Relative Station

Figure 5. Using a dual-stem boring machine, the tolerances obtained were
nearly exactly the tolerances required by the utility owner for both line and grade.
Example provided by Ted Dimitroff.
Miles

Description

10.0

Depart Field Demonstration location

20.0

Conclusion of field trip at Hilton Garden Inn.
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