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Technology). Individual presentations were given without the other three contractors
in the audience to provide an atmosphere more conducive for discussii technical
details of each contractor’s method. At the conclusion of each presentation, a

question and answer period was scheduled to allow interaction between the technical
panel, the audience, and the contractor representative(s). An audio-visual recording of
the proceedings was developed to assist in the preparation of this report and to provide
an archived record of the workshop proceedings. These recordings will be retained
internally by the DOE.

Part II of this report covers activities accomplished during the second session or
"closed-door forum" which followed the two days of presentations. Participants at
this session included the workshop expert panel (introduced in Section 1.1) and

selec” 1 me "“ers from DOE.- chlar © WHC, and PNL.

The primary objective of the closed-door forum was two-fold: 1) summarize the
contractor information presented; and 2) to determine horizontal drilling needs to
support characterization, monitoring, and remediation programs at DOE facilities.
DOE sites not represented at the session were identified, contacted, and requested to
provide horizontal drilling needs respective to their sites. Information gathered from
the closed-door forum and the various site contacts was assembled into site description
narratives and drilling needs matrices found in Sections 1.3 and 1.4, respectively.
During the review process for this document, representatives from Savannah River,
Sandia National Laboratory, and Hanford (forum attendees) involved other technical
st:  from their site to ensure that the information gathered represented a collective
interpretation of horizontal drilling needs. Technical contacts at other DOE sites who
were requeste  to provide the same information, were encouraged to obtain con 1sus
information representative of their overall site needs.

Part II of this document will be separated (later in FY93) from Part I, as a stand-alone
"living" document which delineates deep horizontal drilling requirements throughout
the DOE complex. Annual updates will reflect changes in the Environmental
Restoration (ER) program needs for each DOE site as cleanup programs progress.
The end go: . of this "horizontal drilling needs document” will be to achieve the
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follow ; across the DOE complex: 1) to facilitate communication among participants;
2) to promo coo] ative testing activities; 3) to minimize o© lapping of drilling
technology efforts; nd, 4) to maintain prudent use of resources for the rapid
development of enl nced drilling technologies by the OTD program, and the timely
transfer to the ER  ogram for utilization.

After reviewir~ the horizontal drilling methc ° presented ~ ° workshop and other
existing systems, it is evident that no system exists which will solely meet the complex
conditions (e.g., mixed waste sites, poor drilling conditions) which occur at the
Hanford Site and 0 er d sites DOE nplex. As a result, the design,
fabrication and tes! 3 of several supportir subsystems such as the drilling assembly,
and the directional control system is necessary to develop a horizontal drilling system
which is cap le of meeting the program requirements. Whenever possible, existing

subsystems which 1 be modified to fit : overall drilling system will be used to
lower overall deve ment costs. '
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H_A_l..___ll - YT .4

e  Hoisting Capacity 70,000 Ibs.
e  Pull Down Capacity 30,000 Ibs.

Rotary Top Drive System
e  Speed 160 RPM

Torque 10,000 ft-1b

Casing Top Drive System

e  Speed 20 RPM
e Torque 1,000 ft-1b
wodll . pe .
¢  Drill Pipe diameter 27/8" X3 1/2" (G105) diameter
e  Drill Pipe Length 20 ft

DAsvras S“ e I—:\Ln-

- & 503 HP diesel engine powers hydraulic pump to drive all rig
hydraulic functions.

Service Crane Rating 3 tons
Generator Cr~~-ity 113 KW

The steerable downhole drilling equipment includes an expandable bit, hydraulic motor,
casing centralizers, tool face indicator, drill pipe, and stabilizers. A coring tool is also
available for s: 1pling.

The expandable bit drills a larger hole than the outside diameter of the casing and
cc apses inward to allow the bit to be withdrawn from the hole leaving the casing in
place. The blades on the bit are operated by a hydraulic piston inside the motor which
is activated by the flow of drilling fluid. This motor is a positive displacement type
common to the oil industry. The bit rotates independently of the drill pipe, so the drill
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2.1.4 DIRECTIONAL CONTROL DEVICES

The standard tool used for this system is the tool face indicator which is located 12 ft
behind the drill bit. This tool has a nonmagnetic response for inclination (elevation), but
is magnetic for azimuth, so errors may occur near pipes, tanks, etc. Single shot surveys
are taken along the way and multi-shot surveys are taken at the end of the curve and
horizontal sections to further confirm the data. Eastman Christensen stated that their

ac racy is + 2 ft inclination (vertically). They further explained that this enables the
driller to keep the hole within a 9 ft cylinder or better.

If accuracy is critical, Eastman ~"iristensen v-~"" use tools other than the standard tool face
indicator. If drilling at 100 ft or less below ground surface they will use a steering tool

by  ting up a surface grid. ..ie gyro could also be used, but it would ° more costly.

The most accurate method of placing a series of parallel wells is with the use of a
magnetic source. The first well is drilled and surveyed so its exact location is known.
Then a magnetic source is placed in this well and followed while drilling the next. This
procedure is followed for each succeeding well until all the wells have been drilled.

2.1.5 ¥ UID CIRCULATING SYSTEM

A closed loop fluid system is used which does not require mud pits or other excavations.
When the fluid comes out of the hole it goes through a desander and is then filtered into
a tank. From the tank the fluid is recirculated through the borehole. This system
incorporates a linear motion shaker. When drilling is complete, the cuttings and

remaining fluid can be pumped into barrels or other tanks for disposal. The following
are the specifications of the system:

8-Partl
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A positive “spli :n it : ' system or standard mud system could be used for the
ho rontal section. The radius of curvature would be extended to 150 to 200 ft to
accommodate the steel casing according to the Eastman Environmental systems.

2.2 MICL_LS PicLINE CONSTE C ION

Michels presented two different technologies which they have been using for pipeline

construction and environmental work. These technologies are the river crossing and
micro tunneling systems.

2.2.1 RIVER CROSSING SYSTEM

-.le main characteristics of the river crossing system are 1) the drill pipe is rotated dur g
dr ing, 2) mud is used, and 3) an exit holé is usually produced.

A.  The Drilling Operation - A comprehensive land survey is the first step for most
holes drilled using the river crossing method. The survey includes a detailed
profile and plan drawing which contain accurate horizontal distances. Survey hubs
are then placed at appropriate entrance and exit points. These points were used
to derive the directional calculations for azimuth and inclinations.

Once the azimuth has been established on the proposed alignment, the drill rig is
then set up on the same alignment using a transit. The next step is to begin
- drilling the pilot hole at the entrance point hub. Drilling is accomplished by
pumping bentonite down at a maximum of 3,000 psi through the drill stem to the
drill head. At the drill head the bit jets the formation while the bentonite erodes
the material and carries it to the surface. The hole is advanced through the first

radius of curvature, then the horizontal section is drilled followed by another curve
back to the surface.

As the drill string begins ascending towards the surface a hole is dug at the
designated point of exit. Once the steering tool exits the hole it is removed leaving
the drill string in place. Depending on the use of the bore the steering tool is then
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The downhole tools consist of the steering tool, reamer, and drill pipe. The
maximum diameter of reamer is 36 in. The pilot hole is d~''~d by rotating the
drill pipe and jetting with mud. With this system there are no downhole motors.

Casing and Screen Material - Any casing and screen material could be used that
can be pulled through the hole without breaking. Carbon steel, stainless steel,
HDPE, or fiberglass are examples of material that would work. The screen is
simply attached to the casing and pulled into place.

Directional Measurement Devices - A steering tool located at the drill head is
used to guide the direction of the borehole. The steering tool is a sensor*~~ unit
that consists of magnetic and gravitational sensors. There are six sors
positior " in ‘the pr«* “ng hoftheX, Y, Tl
sensors are magnetometers reading the azimuth. The other three are
accelerometers which read the various angles, the sum of which equals the force
gravity. Borehole surveys are taken every 30 ft. Various tools are used for
degree or depth changes that may be required.

Fluid Circulating System - The entry side bore pit is excavated to a dimension
of 6 ft W x 6 ft L x 4 ft deep and lined with an impermeable vinyl membrane.
Bentonite returns come back to the lined sump hole where they are then pumped
to the mud recovery system. The mud recovery system is comprised of a mud
tank and shaker with screens, which wi recycle drilling fluids (Bentonite) pumped
from the receiving pit by way of sump and hose. The bentonite cutting returns are
then displaced through the screen and shaker where the non-reusable solids are
sifted out and separated from the useable Bentonite returns. The solids are
containerized for disposal and the recycled bentonite is pumped back into the mud

tanks on the drilling system for reuse. A viscosity of 35 to 37 s/qt mfv is
maintained.
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uncased. This is not a problem in solid rock, clay, or other semi-cemented
formations, but it may be a big problem in unconsolidated sediments. An exit hole
would be a necessity in the unconsolidated gravels, according to the vendor.

2.2.2 MICRO TUNNELING SYSTEM

The main characteristic of the micro tunneling system is the use of a large vertical shaft
from which a smaller horizontal hole is drilled. This system uses a laser guided

directional measurement device and a rock crushing bit that make the boreholes extremely
accurate.

A.

1  Drilling Operation - The first step in the micro tunneling process is to
excavate a shaft down to the depth where the horizontal section to begin. The
standard shaft is 17 ft wide, although the shaft can be built to whatever width is
needed. Michels provided an example of a 38 ft wide shaft they had built. Shaft
construction material can included any of the following depending on depth and
other conditions.

Ribbon Lagging

Steel Ribs

Wood Lagging

Liner Plate

Steel Sheet (limited to 70 ft or less).

After the shaft is completed a drilling machine called a mole is lowered into the
shaft. Drilling machines are available to drill holes with a minimum of 16 in. and
a maximum of 36 in. in diameter.

As the drilling machine drills the hole the cuttings are removed by either an auger
or a fluid system. The casing is jacked into place behind the drilling machine.
A T-bar hydraulic jack system is used to give a greater advantage with the
hydraulics. The rams are capable of 300 ton of thrust. Using intermediate jacking
stations can increase the length of the horizontal bore to 1,000 to 1,500 ft

14 - Part 1
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Vane motors - “* at a sadvantage because the sliding vane that works on an eccentric
sha requires lubrication. The lubricant can be vegetable oil or some other substance that
would not have the potential to affect analytical samples. The turbine motor does not
require any lubrication and can be run totally dry.

The downhole pneumatic turbine motor was developed in the late 1980’s. A prototype
was tested at Farmington, New Mexico in a non-geothermal environment and then in a
geothermal environment at the Geysers Area in Northern California. Nearly any volume
of air can be run through this motor, so it can be constructed in a short overall length.
Reverse circulation techniques are being considered, because they would allow the

advantage of reducing the total volus of “~'ne " ° T""3 wc "1 also create less air to
I fil L

The torque produced by the motor causes the drill pipe to flip over when the motor is
tww «d on. A tremendous amount of ﬂiﬁ over would occur when hitting cobbles,
followed by very little flip over activity in the matrix material. This causes the bit to flip
back and forth making directional control difficult. The use of a counter rotating bit
could be used to alleviate this problem. The inner part of the bit would be rotated one
direction and the outer part rotated the other direction. This would produce canceling
torques back to the drill string, which would make directional control much easier.
However, there are some drawbacks with this idea. Since a counter rotating bit has yet
to e built a significant expense will occur to develop the bit and design a means to
lubricate it. The biggest, problem might occur in unconsolidated cobbles where the
counter rotating part would have the potential at times to produce more torque and
unscrewed the drill string. According to the Neyrfor, this could be alleviated by
referencing the counter-rotating gear system to the welded casing.

The specifications for the present pneumatic turbine motor include the following. It is
a single-stage turbine device, with a 4-stage gear box having a 168:1 gear reduction. The
turbine device section is 7 1/2-in. in diameter, 8-in. long, and produces 60 hp. However,
only 13 hp was used when drilling in the Geysers Area. The motor uses a side entry
turbine rotary wheel and stader in an aerodynamic chambered system which orients the
air as it comes into the turbine from the side. It essentially orients the air around the
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2.3.5 FLUID CIRCULATING SYSTEM

The circulation system would be a closed loop system using negative pressure on the
return side. A slight vacuum would be created either by returning the circulation system
back to the compressor suction or to an llary fan or compressor. In the event that a
hole was accidently punched in the return side, the hose would not spray the cuttings out;
instead it would simply suck more air into the system. The vacuum would also increase
the ve city of the air coming out of the drill hole which would increase the efficiency
of cleaning out the cuttings. Another advantage is that it would be unlikely that air flow
wa  d occur into the formation, because the pressure in the bottom of the borehole would
be near one atmosphere.

*** of the ot oa 1sy." na  f-tl shelf items so there would
be no need for development. The system combines a complete cuttings recovery cyclone
separator with a reverse jet bag filtration s&stem. The filter will take out 98% of 50
micron particles. The filter is not very efficient for small particles around 1 micron.
However 99% of the cuttings from air and gas drilling are larger than the 50 micron size.
The reverse jet bag filter consists of multiple socks with air jets at the top which emits
an occasional puff of air that knocks the dirt off and into a hopper. A High Efficiency
Particulate Air filter (HEPA) can be used down stream of the jet bag for a final clean up
be re the air enters the atmosphere.

2.3.6 SUMMARY

According to the vendor, air drilling would be a good system for waste minimization and
co rol of contamination. No liquid would be introduced to the formation to transport
toxic materi: ;. Also a large amount of mud would not be produced for later disposal.

The vendor states that this is a simple system based on existing technologies. It should
be easy to teach most rig operators how to use it in a couple of days. Further, the design
of the downhole equipment would make it easy to guide the hole in the right direction.,
Tl e design features also appear to be capable of overcoming some of the problems
encountered when drilling in unconsolidated gravels.
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which requires no liquid introduction. As the washover pipe moves up the hole past the
screen section, the ani lus is filled with a bentonite slurry and then cemented at the
surface according to the regulations of the particular state or country.

The drillhead is guided by a downhole steering tool which is hardwired to a computer at
the surface. A bent sub near the drill head allows the operator to make adjustments from
this data in combination with surveys taken from a directional surface system
(TruTracker™). This tool is simply a verification tool to make sure the steering tool is
not being influenced by magnetic interferences.

2.4.2 DRILL RIG ND DOWNHOLE TOOLS

lerrington ¢ igns and manufactures their own drill rigs in two different sizes The
smaller rig has 50,000 pounds of pull and the larger rig has over 500,000 pounds. They
are currently constructing two intermediate size rigs which should be ready for use in the
near future. The rigs are equipped with rubber tracks to prevent breaking up concrete
and paved areas and low decibel engines for hearing protection and sensitive public areas.

The downhole tools consists of either a hydraulic spud jet or a conventional drilling bit
driven by a downhole positive displacement motor. The use of a bit or jetting is
dependant on the type of soil. Cherrington is investigating air motors, but it is more
likely that they will attempt to use air in a mud motor sometime in the future. A bent
sub, steering tool, various size reamers, and drill pipe are also used. Coring can be
performed for characterization needs.

2.4.3 CASING AND SCREEN MATERIAL

Cherrington can use PVC, HDPE, or steel casing and screen. They are currently
studying a composite material for screens that would combine the handling qualities of
PVC with the flexibility of HDPE and the strength of steel.

Pre-slotted casing or wire wrap screens can be used during the completion process. The
sc en is centered in the borehole with the filter sand packed around it. A pre-packed
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operating temperature is 125°C with a repeatability of 0.2 degrees at horizontal
and 0.5 degrees at 4 degrees or less.

TruTracker™ - The Sharewell TruTracker™ System will provide accurate non-
magnetically influenced bit location data during drilling operations. The
TruTracker™ is a series of nonintrusive magnetic coils which are placed in such
a way as to'triangulate the head of the drill string.

The location of the drill bit is independent of the driller’s survey calculations.
Information provided is not affected by the drillstring or outside magnetic
interfere 'e. The TuT ° ™isa: face monito~-7 and signal-induced system

which communicates with the downhole M ™ S. probe to determine its position.

TruTracker™ is accurate to + 2% of the vertical depth at sensing position when
operated according to the manufactures instructions. It can be operated at depths
in excess of 100 feet. '

Combination High Accuracy Magnetic Probe (CHAMP) - Sharewell offers an
all angle, solid state electronic magnetic surveying instrument with Data
Verification ability known as CHAMP. The CHAMP’s design uses the latest
technology in accelerometers, magnetometer.s, calibration, and modeling in
combination with new software programs.

The tool will produce an accurate survey of uncased boreholes. The following are
some of the capabilities of the CHAMP probe:

Single-shot survey instrument

Continuous survey instrument for surveying on the trip-out
Continuous core orienting without the need to stop to obtain survey data.

26 - Part I
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The probe and power pack are contained within a 1.75 in. O.D. x 8 ft protective
housing and weighs 8 pounds. The probe has the following accuracies:

®  Inclination + 0.1° All Angles
B Azimut + 0.1° at > 3°

Toc F 0.1° at > 3°

The probe has a survey accuracy of 1.4 ft per 1,000 ft and it resolves inclination,
azimuth and t 1 face to the nearest 0.01 degree.

2.4.5 FLUID CIRCULATING SY [EM

Drilling fluid is circulated through a closed loop system utilizing a steel return tank. This
eliminates drilling fluid contact with the ground surface. The system is capable of 100
to 300 psi at 150 to  }0 gpm. '

Cherrington’s standard drilling fluid consists of a natural biodegradable polymer additive
called "Revert". If 1e use of a naturally biodegradable drilling fluid additive is not
acceptable for some reason, there are a number of alternatives including other polymers
which can be degraded with citric acid washes to leave an uncaked hole. A bentonite
type material would only be used in unusual circumstances or while drilling the pilot hole
prior to reaming the orehole.

Revert has the follo ng advantages over conventional bentonite slurries.

®  Formation damage is minimized, because Revert’s viscosity can be reduced to
1 urly that of water for efficient removal during well development.

B Revert’s lower gi strength allows cuttings to settle out in the return tank at a
faster rate.

27 - Part 1
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The rive crossing  :thod was originally desigi | to exit the ground for pulling back
pipe, conduit, screens, etc. However, the technolc / has been developed so an exit hole
is not required and has never been used by Cherrington for environmental work.

~.reens and gravel packs are standard practice in most formations. According to

Ch  gton, drilling unconsolidated gravels can be accomplished using a rock crushing
reaming device, however it may be a little slower than in other formations.

29 - Part I
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PART 11
HORIZONTAL DR:LLING REQUIREMENTS

1.0 T CHNICAL FORUM

Fc'wing the completion of the first session of the horizontal drilling workshop, a
technical forum was held to discuss the information provided from the drilling companies.
In attendance at the forum were the expert par * s * :ted technical and manag. :nt
r f Ricl® '+ ‘ous subcontractor representatives, and technical
experts from the Hai »rd Site, Savannah River, and Sandia National Laboratory.

The purpose of the technical forum was to summarize the information provided by the
drilling companies to assess potential horizontal drilling technologies for meeting the
characterization, monitoring, and remediation requirements at the various DOE locations.
The technical forum did not rate, evaluate, critique, or select the horizontal drilling
companies or their capabilities; rather, the technologies were discussed in a generic
applications format.

The following was ¢ 1ducted in order to meet the objectives of the technical forum:

B Potential applications of horizontal drilling at the various DOE Arid Sites were
defined.

®  Subsystems v ich comprise the horizontal drilling system were defined.

m  DOE site specific conditions and remediation, monitoring, and characterization
needs were defined.

B A matrix for each DOE site which specifies the subsystem equipment
recommended for each defined application was constructed. '
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Information on geologic conditions, predicted contaminants, and contaminant
concentrations for each DOE site was compiled. This information was compiled
into narratives which were used to supplement the matrices constructed for each
DOE site.

The following subsections summarize the information associated with each part of the
technical forum. The site specific information for the Hanford Site was discussed in
detail at the workshop. The information for the other DOE sites was obtained from
technical representatives from each site.

1.1 POT™NTIAL *™PLICATIONS OF HORIZONTAL DRILLING
AT =C™ SIT™"

The first part of the forum was to identify the potential applications for horizontal drilling
at the various DOE sites.

The equipment requirements of a horizontal drilling system differ significantly depending
on the specific application. In order to identify the optimum horizontal drilling
configuration which might be used, it was first necessary to identify the potential
app -ations related to characterization, remediation, and monitoring at DOE sites.
Potential horizontal drilling applications included: “

In situ bioremediation

Vapor extraction

Leak detection monitoring of treatment storage and disposal (TSD) facilities
Barrier emplacement

Characterization

Pump and inject hydrologic control systems.

Each of these applications are described below.
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1.1.1 IN SITU BIOREMEDIATION

In situ bioremediation :fers to a process of biologically degrading contaminants in place.
This process is accom ished by two methods: 1) stimulating indigenous microorganisms
using nutrients and or oxygen, and 2) placing synthesized or grown microbes into the
contaminated media t accelerate and improve the degradation process.

Currently, Battelle P: fic Northwest Laboratory and Westinghouse Hanford Company
are designing a large-scale in situ bioremediation system for degrading a carbon
tt chlo : bt zath * =} ford Site. Init" " stt “es associated with this project
have identified the 1 : of hor intal wells for the placement of nutrients into the
subsurface. The geometry of the horizontal well will provide a much larger area of
influence for a single well application.

1.1.2 VAPOR EXTRACTION

Vapor extraction is a process of concurrently removing volatile organic contaminants
(VOC) from soils and groundwater. The Savannah River site has demonstrated a large-
scale vapor extraction system for removing elevated concentrations of trichloroethylene
and tetrachloroethylene from the groundwater and unsaturated sediments (Kaback, et al.
1991). Two parallel horizontal wells were positioned in a vertical plane. One well was
used for air injection hile the other one was used as a vacuum or vapor extraction well.
Horizontal wells were used primarily because their geometry maximized efficiency of the
remediation system. Based on the success of this innovative large-scale remediation
effort, it is thought that a similar system would be useful for cleaning up VOCs such as
carbon tetrachloride = Hanford and various contaminants at other DOE sites.

1.1.3 LEAK DETE TION MONITORING

TSD facilities reaching or exceeding their design life or placed in a corrosive environment
are highly suspect of potentially leaking into the surrounding geologic media. A
strategically placed leak detection system would effectively alert monitoring personnel to
a leak before the contaminants are transported beyond control. Like vapor extraction,
the geometry of hori: ital wells would allow for maximum efficienéy in detecting leaks
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beneath a facility. In addition, horizontal wells can be emplaced with minimum
disturbance to the integrity of the structure being monitored.

1.1.4 SUBSURFACE HORIZONTAL BARRIER EMPLACEMENT

Horizontal barriers emplaced beneath leaking or potentially leaking TSD facilities may
be an effective way of controlling contaminant migration. There are a number of barrier
emplacement technologies; however, the basic concept involves placement of a low
per1 :able material (e.g., grout, bentonite) in a laterally continuous pattern beneath the
facility. Horizontal barriers would be placed in conjunction with vertical barriers to
provide a total subsurface barrier system.

As rtof "7 7s Ur'y d” ageT kInteg ~ ' Demc--‘ration Prog—1, a
workshop was held on February 25-27, 1992 in Tucson, Arizona to identify a subsurface
barriers technology for application to the 241-C-106 high-level, mixed-waste, storage tank
on the Hanford Site (McLaughlin, et al. 1992). Regardless of the technology presented,
it was evident that a directional drilling technology would be required to emplace or
provide a conduit for emplacement of barrier materials beneath the tank structure.

1.1.5 CHARACTERIZATION

Ch: cterization refers to the collection of subsurface data which is used to direct
emplacement of monitoring networks, direct remediation activities, map contaminant
migration, etc. Characterization requirements may include determining the hydrogeologic
con tions through aquifer testing; defining the contaminant species and distribution; and
dett mining the geotechnical properties of the geologic media through sediment sampling
or geophysical logging. The geometry of horizontal wells provides an advantage over
characterization using vertical wells when the target of investigation is 1) known to extend
laterally and is confir [ to a relatively thin vertical thickness, 2) lies beneath a storage
facility or building, or 3) laterally very large, otherwise requiring many vertical wells.

It is likely that dual purpose (e.g., characterization and barrier installation) horizontal
wells will be installed to minimize costs. An exception might be the emplacement of a
conduit for long term monitoring of contaminant migration using geophysical logging or
geochemical methods.
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1.1.6 /L x~IOLOGIC COl+.xnOL

Hydrologic control ‘ers to a large-scale well network designed to alter the normal
pathflow of groundwater and contamination migration. This network would be comprised
of a grid of injection and withdrawal wells of proper spacing and size to effectively
perform the desired control. Horizontal wells offer a much larger zone of influence and
would therefore be much more efficient and less costly than installation of multiple
vertical wells.

12 777TTON DPT™ T INT SUTSYSTEMS

The second part of e technical forum was designed to define the subsystems which
comprise the horizo1 1 drilling system. The technical forum determined that because of
the varying conditior and applications which exist at the various DOE facilities, it is not
likely that one existing drilling system will meet all the requirements. Instead, drilling
s' ems will be developed using various existing and developmental subsystems to most
efficiently meet the application and site requirements.

The technical forum determined the followir subsystems to be the most critical in
defining a total horizontal drilling system:

Directional ci trol equipment
Circulation n  lia

Drilling tools

Cuttings containment

-

Completion design
The following subsections discuss each of the above mentioned systems.
1.2.1 DIRECTIONAL CONTROL EQUIPMENT

Directional control systems monitor and record directional parameters such as inclination
(angle), direction (azimuth), and tool face orientation, either during or after the
installation of a borehole. This data informs the drill operator whether the prescribed
hole alignment is on course or whether corrective action is necessary. Directional control
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systems include the downhole survey (sensor) equipment and the data transmission

(communication) equipment (e.g., mud telemetry, wireline, electromagnetic). The

combinations of survey equipment and communications equipment often dictates the

accuracy of the directional control equipment. The following is a short description of the
various off-the-shelf methods for determining borehole azimuth, inclination, and tool face
orientation.

A.

Single Shot - The single shot system is considered the most basic directional
control equipment. The system incorporates photographic film, a flash bulb on a
timer, a pendulum, and a compass. The system takes one picture of the compass
rose and pendulum at some point along the borehole. Calibration of a single shot
system 1is difficult and the necessary tools and skills are not ust ™'y four * within
companies who exclusively use this type of equipment. Instrument accuracy, at
best is 4 1 degree inclination and + 1, degree azimuth. With this instrument there
is no way to back out other system level inaccuracies that may add to instrument
errors. These system level inaccuracies include bottom hole assembly
misalignment, offset center (the single shot tool may not be in line with the center
of the borehole), instrument misalignment, drillstring (magnetic) interference,
formation (magnetic) interference, earth’s field (reference field) variations, and
physical structure interferences such as underground tanks, pipelines, etc.

Multi Shot Film System - The multi shot system is essentially the same as a
single shot system except that the multi shot takes continuous pictures on 8mm
film at prescribed time intervals (e.g., every 2 minutes). Instrument inaccuracies
are the same as the single shot, however, in a skilled operator’s hands, one can
eliminate offset center error.

Steering Tool - Steering tool systems use solid state instrumentation (e.g., fluxgate
magnetometer) for azimuth sensing, and anything from a straingage pendulometer
to bubble levels to accelerometer for inclination. The steering tool data is
transmitted to the surface via a wireline. Depending upon the number of fluxgate
magnetometers (two or three) in the tool, the skill of the operator and the
capability of the software, an accuracy of + 0.25 degrees in some orientations
(north-south orientations are inaccurate for azimuth solutions using fluxgates) may
+ 0.05 degree

be achieved. Depending on the inclination sensing means, a
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horizontal, however, Humphrey has recently introduced a "horizontal" gyro
that will go horizontal. This horizontal gyro has the same accuracy as
conventional gyros.

®  Rate Gyro - There are various types of rate gyro systems which use either
of two types of strapdown gyros; 1) co-planar for determining the earth’s
rate in four orthogonal positions, or 2) gyrocompassing to determine the
azimuthal direction of tilt. Information is accurate to + 0.25 degree
azimuth and + 0.05 degree inclination up to 30 degree inclination and 60
degree north/south latitude. Like the conventional gyros, the azimuth
reading using the rate gyro is no longer reliable, as the borehole approaches
horizontal. Therefore the rate gyro is not useful in ho~~ " " applications.

®  Dual Mode Gyro - The dual mode gyro system uses a strapdown gyro to
determine azimuth at near vertical orientations, and integrates the gyro rate
output as it follows the high side of the hole while traversing the borehole.
Gyro compass accuracy is the same as the rate gyro. The second mode is
typically called inertial dead reckoning an is accurate to + the accuracy
of the initial alignment given (can be as good as + 0.05 degree) + 0.05
degree per hour azimuth and 0.10 degree inclination.

1.2.2 CIRCULATION MEDIA

Circulation media are media used to circulate cuttings from the borehole (i.e., facilitate
bottom-hole cleaning), maintain the integrity of the borehole wall, lubricate the casing and
drill bit, cool the drill bit, and erode the formation when jetting during the drilling
operation. The type of circulation media used is based primarily on the intended use of
the well (i.e., if a well is used for hydrologic testing, an air/mist media would be
preferred) and the characteristics of the geology (i.e., in unconsolidated open framework
gravels a mud circulation media is most effective). Table 1 shows the different types of
circulation media and their application. '
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| ] || 1 | .|
Circulation Media Composition/Application Reason for Use
Air Air/ Used in rock, consolidated formations Minimize impacting natural chemical
or cased b oles where borehole wall hydraulic conditions
integrity is not a problem
Air-Mist Air and water mixture/ Used in Minimize impacting natural chemical
rock, consolidated formations or hydraulic conditions
cased boreholes where borehole
wall integrity is not a problem
Fluid Clay or polymer-based mud. May be used Maximize borehole wall integrity
(Environmentally in any geologic formation. Composition and minimize alteration or
Acceplable) of mud must meet regulatory standards. contamination of the natural
chemical environment
Fl Clay or polymer-b mud, o Maximize bc le wall integrity
(Biodegrada May be used in any geologic formation. and minimize alteration or
Composition of mud must meet regulatory contamination of the natural
standards and must sustain biological chemical environment. Also
growth. minimize toxicity to
microorganisms.
!I
[ ] L] | | — |
1.2.3 DRILLING METHODS, TOOLS, AND TECHNIQUES

The directional drilling method most suited for a particular application is dependant
primarily on the: 1) site geology; 2) presence and type of contamination; 3) intended use
of the well; 4) the required precision; and, 5) physical constraints in the area of
investigation. The general drilling methods categories identified by the technical forum
are listed and defined as follows:

A.

Downhole Motor (Air/Flui_, - Downhole motors generally are positive
displacement motors which use the energy of the drilling media (fluid or air) to

provide mecl 1ical energy to the rotor. Unlike conventional rotary systems, the
drill pipe in downhole system does not rotate; instead it provides downward .

pressure to aid in the advancement of the drill motor.

The downhole motor assembly is located directly behind the drill bit. Fluid-driven

motors (especially mud) are most common due to the lubricating capabilities of the’

fluid and the ability of the fluid to support the borehole wall. The deviation of
directional drilling motors is accomplished by bottom hole assemblies which may
include a bent sub, an offset stabilizer, bent housing, jetting assemblies, or
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whipstocking assemblies. MWD directional control systems are generally located
behind the drill motor.

River Crossing - The river crossing method uses a downhole motor, water jet,
and rotation. This system utilizes a conventional angle-derrick rotary drill rig with
a conventional rotary bit. A typical pilot hole is itially drilled through the first
curve to horizontal then through another curve to an exit hole at the surface (mid-
hole directional changes are achievable). The exit hole is not required, but is
generally used to allow placement of the well completion materials. The hole is
then reamed to a maximum diameter of 36 in. In addition, during the backpull
process, casing and screen can be installed in the borehole. - Bentonite mud is
most frequently used as a drilling media for this drilling process.

Micro Tunneling - The micro tunneling method employs the use of a large-
diameter vertical shaft from which a horizontal tunnel is drilled. The tunneling
device consists of a rock crushing rotating bit which is guided and tracked using
laser survey equipment. Casing is pushed or jacked behind the tunneling bit as it
advances. Casing materials may include, concrete, steel, or fiberglass that have
sufficient compressive strengths.

Micro tunnels are effective in boring through large gravels due to the size of the
bit and its rock crushing capability. Micro tunneling is also useful in applications
requiring a high degree of accuracy. Cuttings are removed from the boring via
mud or an auger. Micro tunneling is a popular boring method used for
constructing pipe lines through rock and sediment.

Sonic - The sonic method uses sonic (resonant) energy waves (up to 150 hertz)
generated by two, high-speed, counter bearings in the drill head. The energy is |
transmitted through the drill rod and bit to the formation. Concurrent with the
resonant energy, the drill head rotates the pipe at a slow speed and applies
downward pressure. Continuous core samples are obtained using a wireline
system. No circulation media is normally required during the drilling process, and
the only secondary waste products from drilling are core samples and fluid from
equipment decontamination.
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To date, sonic drilling has only been applied to drilling vertical boreholes,
although San: | National L: »ratory is currently performing a demonstration for
its use in angled and horizontal borings.

Water Jet - A water jet system effectively bores through the formation using high
hydraulic pressure which is dispersed at the tip of the bit. As with most fluid
drilling systéms, circulation return during the boring operation is dependant on the
permeability  the formation. In unconsolidated formations, a temporary casing
isem aced the jet nozzle adv---es.

Air Turbine Motor - Recently, a pneumatic turbine motor was designed and
constructed for geothermal operations, however, the motor may have other
applications especially in environments where minimum formation damage is
de " able. This motor is an impulse-type turbine.combining a rotor-driven rock
bit with a th; t assembly t ng surface compressed air. The motor gearbox is a
sealed unit with its own internal, oil lubrication system.

1.2.4 DRILLING CONTAINMENT SYSTEMS

Drilling containment systems refers to the equipment used for containing drilling media
and cuttings during the drilling operation. The containment system is very critical,
especially while drilling in contaminated materials. The degree of containment (e.g.,

total or none) is primarily dependant on the type and amount of contaminant which is

known or suspected to be encountered during the drilling operation. Three types of
containment systen were identified:

Sealed Cont mment. This refers to a total air and liquid containment system

including a negative air pressure containment tank, a de-mister, and a High
Efficiency Particulate Air (HEPA) filtration system. This system would be
designed for use in locations where radioactive and chemical contaminants are
known or are likely to exist in the substrate.

Liquid Cc~*~*1ment. Refers to the containment of the liquid spoils and drilling
media during the drilling operation. Liquid containment equipment may include
a lined trench or pond, tanks, or 55 gallon drums. Liquid containment equipment
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would be designed for locations where minimal or no chemical contamination is
present or suspected in the substrate. No HEPA filtration is employed with this
system.

B Air Containment. This refers to the containment of air emitted from the drilling
operation. The use of this equipment would pertain to drilling operations using
air or air/mist as a drilling medium. Air containment equipment may include a
HEPA filtration syst. _ where chemical and radiological contaminants are of
concern, or a baghouse when the objective is to minimize nuisance dust.

1.2.5 COMPLETION DESIGN

-.le completion design of a horizontal v 1is ¢ )endant on tl application of the well,
the geologic materials, and the chemical environment of the sediments. The completion
design refers to the open interval of the well (if any) and the type of material (e.g.,
gravel pack) placed around the open interval. There are three primary components of the
well completion design:. 1) type of open interval; 2) the packing materials; and, 3) the
completion materials. The primary variations included in each of the well completion
design components are as follows:

B Type of Open Interval
e  Blank Casing (no openings)
e  Slotted or wirewrap (openings present in the screen before placement)
e  Perforated [slots placed in casing after emplacement using perforation tool
(e.g., Mills Knife)]

B Packing Material
e  Natural Pack: allows the formation to cave around the open interval
e  Gravel/Sand Pack: emplaced around open interval during completion of the
well
®  Pre-pack screen: open interval, factory-packed with a filter material before
emplacement of the open interval
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The following federal regulations govern the environmental activities (including drilling)
at DOE sites:

®  Comprehensive Environmental Response Compensation Liability Act
(CERCLA) - CERCLA establishes a ranking system to prioritize clean
of hazardous waste sites under the National Priority List (NPL). It also
provides rules concerning methods for cleanup and creates a mechanism for
deciding "how clean is clean."”

®  Superfund Amendments and Reauthorization Act (SARA) - This act is
enforced by the ™A which reauthoriz a ' amends ~— RC™ . It
establishes a list of hazardous substances that must be reported if released
to the enviror :nt and contains en g 1y planning and community right-

- to-know provisions.

m  Resource Conservation and Recovery Act (RCRA) - This act is enforced
by the EPA and includes management of hazardous wastes from "cradle to
grave" as stated in Subtitle C. RCRA also establishes the requirements for
permitting TSD facilities.

®  Hazardous Materials Transportation Act (HMTA) - Enforced by the
Department of Transportation to govern the transportation of hazardous
materials which can include samples taken during drilling (packaging,
labeling, shipping papers, etc.)

®  Occupational Safety and Health Act (OSHA) - Worker safety at
hazardous waste operations (including drilling locations) are governed under
the 29 CFR 1910.120 regulations. At a minimum, waste site workers are
required to have 40 hours of hazardous waste worker training.

® T dangered Species Act - This Act requires that site activities must not

impact rare species of native plants and animals which are known to occur
on the site.
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®  National Historic Preservation Act, Archaeological Resources Protection
Act, ¢ 1 American Indian Religio ' Freedom Act - This Act requires
that the site location must be surveyed to ensure the protection of valuable
cultural resources.

®  National Environmental Policy Act (NEPA) - This Act requires that :
project must be carefully reviewed to ensure that activities associated with
the project will not dama; the environment.

®  ( :an Water Act (CWA) - This regulation requires a National Pollutant
Discharge Elimination System (..JES) permit for nonradioactive
discharges to navigable waters.

®m  Safe Drinking Water Act (SDWA) - This regulation applies to drinking
water supplies. '

Institutional constraints also effect drilling activities at DOE sites. Institutional constraints
refers to requirements placed on the contrac r by the company managing the project and
also restrictions plar d on the contracted firms workii  within the boundaries of a DOE
facility. Most companies familiar with working for private industry will find
requirements on government locations more strii :nt. These requirements include quality
assurance and qua y control of all project activities, strict safety oversight and
enforcement, and strict adherence to def :d data quality objectives. 1 addition, the
national security concerns still prevaleflt at n'1any DOE sites mandates security badges and
property passes for site access.

1.3.1 HANFORD SITE DESCRIPTION

The Hanford Site is a 560 mi> DOE facility located in southcentral Washington State.
The Hanford Site has been the location of plutonium processing and production since the
early 1940’s. Recently, the Hanford Site has undergone a major mission change from
defense activities to environmental restoration, research and development, and technology
development. Tl  restoration activities are focused on decontamination and

decommissioning of facilities and clean up of contaminated soil and groundwater near
inactive waste sites.
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-1 ical constraints refer to conditions which might effect the progress

of the excavation activities. These include the following.

Geology - iuere are very coarse, unconsolidated gravels present beneath
the Hanford Site. These geologic conditions have often significantly
reduce the excavation -~d drilling rate in some locations. In addition, the
heterogeneity of the geology mal | it difficult to antic’ 1ite the location of
very large cobbles or boulders. Drilling methods requiring the use of a
circulation fluid may encounter problems with lost ‘rc n zones,
especially in the coarse horizons of the Hanford Formation.

Subsurface Piping - Many of the locations requiring use of horizontal
drilling methods contain a dense network of underground piping including
numerous vertical wells (e.g., the tank farms area). In some instances the
piping . poorly mapped due to the age of the plumbing and the frequency
of modifications. In addition, piping which served or serves as waste
transfer lines, is likely to be highly contaminated with radionuclides and
hazardous chemicals. Therefore, drilling equipment and the drilling
activities must be carefully planned to avoid encountering a buried obstacle.

Potential Applications for Horizontal Drilling on the Hanford Site

A number of potential applications for directional drilling, including subsurface barrier
installation, in situ bioremediation, large-scale hydrologic control networks, vapor
extraction systems, site characterization, and site monitoring (leak detection) of TSD
facilities have been identified at the Hanford Site. The following is a discussion of each
of these potential applications.

(1

Subsurface Barrier Installation - A number of underground storage tanks have
been identified as leakers or potential I * ers on the Hanford Site. ..ese high

volume tanks contain high level mixed waste (i.e., mixed radioactive and chemical
wastes) which are or can significantly impact the quality of the subsurface soils
and eventually the groundwater. In an effort to control the potential movement of
contamination from leaking tanks the DOE Underground Storage Tank Integrated
Tank Demonstration Program has set up a task to identify the feasibility of totally
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enclosing a tank within a low permeability barrier. Several barrier emplacement
methods have been suggested including, cryogenic encapsulation, grout curtain,
sheet piling, permeation grouting, and hydrofraise. All of these methods require
a means for placing a horizontal or near horizontal barrier beneath the tank.

In situ Bioremediation - In situ bioremediation has been proposed and is currently
being studied as a potential solution to the reduction of chlorinated hydrocarbons
(specifically carbon tetrachloride) in the groundwater beneath the Hanford Site.
Carbon tetrachloride was used as a solvent in the fuel processing operations
primarily in the 200 West Area in the central portion of : Hanford Site.
Currently, a carbon tetrachloride groundwater plume approximately covering an
area of 5 mi* in the 200-West Area, has been identified through numerous
groundwater monitoring wells. _Je to the depth of the groundwater
(approximately 250 ft in the 200 West Area) it is very difficult to treat this
contaminant. |

Directional wells have been identified as a viable way of placing nutrients over a
broad area to stimulate biodegradation of the contaminant. Horizontal wells enable
the distribution of nutrients along a targeted plane which is identified as having a
greater concentration of contaminants. '

Large Scale Hydrologic Control Network - A hydrologic control system
compose of a series of pump and injection wells has been proposed for creating
a hydraulic barrier. A hydraulic barrier would be emplaced to prevent or impede
groundwater transport of contamination. Horizontal wells would significan /
reduce costs of installing a network of this type due to the potentially large area
of impact produced by a horizontal well.

Vapor Extraction Systems - Another means for removing volatile organic
compounds from the groundwater and vadose zone is through a proven vapor

extraction system. It is well documented that a number of volatile organics
(primarily carbon tetrachloride) occur in the groundwater and vadose zone on the

Hanford Site. A vapor system may include the placement of a horizontal well
beneath a targeted high concentration zone. An additional well is placed above the
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initial well. To induce extraction, h” "1 volumes of air are circulated through the
bottom well while air and contaminants are removed from the upper well.

(5) Site Characterization - Subsurface site characterization activities to date at the
Hanford Site have been accomplished through numerous vertical boreholes
primarily du1 g the installation of groundwater monitoring wells. Horizontal
wells have b 1 proposed for collection of subsurface data, especially beneath
buildings, tanks, s, or ponds, where conventional vi .cal bc 1gs are difficult
or impossible )emplace. Site characterization wells may be emplaced to collect,
geologic, hyc logic, or chemical information. These wells may be used for
placing geophysical probes for detec g r: “)nuclide distribution or for
determining t : geotechnical properties of tt subsurface.

(6) Monitoring Wells (Leak Detection) - Monitoring wells emplaced using directional
drilling meth s have been proposed for leak detection monitoring beneath storage
tanks. These wells would require emplacement of temporary or permanent
downhole instrumentation.

1.3.2 IDAHO NATIONAL ENGINEERING LABORATORY

The Idaho Natic ° ™ 1gineering Laboratory (IM"".) is a 890 mi® DOE facility located in
southeastern Ida stablished in 1949, the INEL was originally known as the National
Reactor Testing St: . The INF™ Site is one of the DOE’s principal centers for
conducting nuclear energy research and providii support for the U.S. Navy nuclear
fleet. It has the world’s largest and most varied collection of reactors, including research
testing, power, and ship propulsion reactors.

Currently the primary mission of the INEL is to furnish engineering services and
products, principally for peacetime atomic-energy applications, nuclear safety research,
defense programs, : d advanced energy concepts.

Soil and groundwater contamination occurs on the INEL Site as a result of past waste

disposal practices to tanks, trenches, cribs, wells, and ponds. The INEL Site contains
a wide variety of chemical and radioactive contaminants.
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A. Site Specific Constraints at INEL

(1)

)

B.

Regulatory - One of the key elements to INEL’s compliance with the CERCLA,
SARA, and RCRA regulations is the establishment of the INEL Federal Facility
Agreement and Consent Order (Tri-Party Agreement). The Tri-Party Agreement
is an agreement among the U. S. Environmental Protection Agency (EPA), Idaho
Department - of Health and Welfare (IDHW), and the DOE. The agreement
establishes schedules for the characterization, cleanup, and management of mixed
and hazardous wastes at INEL over the next 30 years.

Physical - Physical constraints refer to conditions which might effect the progress
of drilling and other excavation activities. These include the followir -

Geology - Generally, the INEL is underlain by approximately 40 basalt
flows from the land surface to'a depth of 700 ft. This basalt sequence is
interbedded with 15 to 20 sedimentary layers, and is overlain by a thin
veneer of surficial alluvial sediments consisting of poorly sorted gravelly to
gravelly sand with minor silt and clay (Anderson, 1990). Depth to water
at the INEL ranges from 200 ft in the northern part of the site to more than
900 ft in the southeastern part.

Subsurface Piping - Some of the locations where horizontal drilling
methods may be employed, contain a dense network of underground piping.
In some instances the piping is poorly mapped due to the age of the
plumbing and the frequency of modifications. In addition, piping which
served or serves as waste transfer lines, is likely to be highly contaminated
with radionuclides and hazardous chemicals. Therefore, drilling equipment
and the drilling activities must be carefully planned to avoid encountering
buried obstacles.

Potential Applications for Horizontal Drilling on the INEL Site

A number of potential applications for directional drilling, including subsurface barrier
installation, in situ bioremediation, large-scale hydrologic control networks, vapor
extraction systems, site characterization, and site mon )ring (leak detection) of TSD
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Vapor Extraction Systems - Another means for removing volatile organic
compounds from the groundwater and vadose zone is through a proven vapor
extraction system. It is well documented that a number of volatile organics
(primarily carbon tetrachloride) occur in the groundwater and vadose zone on the
INEL Site. A vapor system may include the placement of a horizontal well
beneath a targeted high concentration zone. An additional well is placed above the
initial well. + To induce extraction, high volumes of air are circulated through the
bottom well while air and contaminants are removed from the upper well.

Site Characterization - Subsurface site characterization activities to date at the
INEL Site have been accomplished through numerous vertical boreholes primarily
during ¢ installation of groundwater monitoring wells. Horizor ~ * wells have
t 1 proposed for col tion of subsurface data, « jecially ber ith buildin;
tanks, cribs, or ponds, where conyentional vertical borings are difficult or
impossible to emplace. Site characterization wells may be emplaced to collect,
geologic, hydrologic, or chemical information. These wells may be used for
placing geophysical probes for detecting radionuclide distribution or for
determining the geotechnical properties of the subsurface.

Monitoring Wells (Leak Detection) - Monitoring wells emplaced using directional
drilling methods have been proposed for leak detection monitoring beneath storage
tanks. These wells would require emplacement of temporary or permanent
downhole instrumentation.

1.3.3 LAWRENCE LIVERMORE NATIONAL LABORATORY

The Lawrence Livermore National Laboratory (LLNL) is located about 40 miles east of
San Francisco in the Livermore Valley in southern Alameda County, approximately 3
miles east of the City of Livermore. The total area of the site is 1.27 mi? (DOE 1992).

Most of the following information was taken from Ziagos et al. 1992.

LI IL is a research and development facility owned by the DOE and operated by the
University of California. The site was used as an air training base for the U.S. Navy
during the mid- to- late 1940s. During this period solvents, gasoline, diesel, and other
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Chromium exceeds its drinking water standard in groundwater in about 15 wells in
various locations around the site, with a maximum concentration of 160 ppb. The source
of { s chromium in groundwater is believed to be natural, although the discharge from
the cooling tower to surface drainage prior to 1980 when chromates were used as
corrosion inhibitors may also have contributed. Cadmium has been detected at or above
regulatory limits (up to 200 ppb) from bailed groundwater samples from boreholes and
one monitoring well in several isolated areas around the site.

A.  Site Specific Constraints at LLNL

(1) Regulatory - As is the case with other DOE sites, the LLNL’s environmental
cha ‘er ‘i 1 clv~ » activities  : primarily regulated by CERCLA,
SARA, and F.___ _.

(2)  Physical - Physical constraints refer to conditions which might effect the progress
of drilling and other excavation activities. These include the following.

®  Geology - The geologic materials to be drilled include unconsolidated
gravel, sand, silt, clay and consolidated conglomerates, sandstone, siltstone,
and claystone. Boreholes will range up to 350 ft in depth. Unstable hole
conditions may cause slow difficult drilling due to consolidated rock units
and groundwater pressure have been encountered in previous drilli
efforts.

B.  Potential Applications for Horizontal Drilling on the LLNL Site
The primary applications for horizontal drilling at the LLNL, include the evaluation of
underground storage tanks and remediating areas where buildings have been located over

old disposal pits. Horizontal drilling may also be appropriate at Site 300 (LLNL’s
Testing facility), where shallow confined aquifers may need remediated.
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1.3.4 N"VADA TEST SITE

The Nevada Test Site (NTS) is located in Nye County, Nevada, about 85 miles northwest
of Las Vegas. The NTS is about 100 miles by road from Las Vegas.

Potential soil and groundwater contamination occurs on the NTS as a result of weapons
testing which was conducted at various depths. Although RCRA sites have been
identified * the NTS, few of the sites have been characterized to determine extent,
t : and qu ity of contamination. id appears to | a common con ninant
associated with the )surface blast locations. Other locations on the ...J3 have surface
contamination (primarily plutonium) from surface testing of nuclear weapons.

A.  Site Specific Constraints at the Nevada Test Site

(1) Regulatory - Relative to other ~OE locations, the NTS is in the preliminary
stages of defi ng the regulatory structure which will govern waste characterization
and cleanup activities. As this regulatory structure becomes better defined, the
information « 1 be added to subsequent revisions to this document.

(2)  Physical - Physical constraints refer to conditions which might effect the progress
of the excavation activities. These include the following.

B Geology - Detecting and delineating the extent of contamination to the
groundwater beneath the NTS may be very difficult considering the vadose
zone ranges in thickness between 800 and 2000 ft. The uppermost aquifer
underling the NTS (assuming no perched water zones) lies within carbonate
or volcanic deposit which are overlain by tuff and ash beds. The uppermost
sediments are classified as valley fill alluvium.

B. Potential Applications for Horizontal Drilling on the NTS

Since the NTS is in its early stages of developing programs for characterizing and
remediating its was sites, no specific needs related to horizontal drilling were identified.
It is likely, however, that horizontal drilling systems will be useful in defining the depth
and extent of blast zones.
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1.3.5 SAVANNAH RIVER SITE

The majority of information contained in this section is derived from the Savannah River
Site Environmental Impact Statement (DOE, 1987). The Savannah River Site (SRS) is
a 301 mi? controlled access area near Aiken, South Carolina. The SRS is a major
inst lation which began operations in the early 1950’s. Major site facilities include five
nuclear reactors, a‘fuel and target fabrication plant, a naval fuel materials facility, two
chemical separations plants, the Defense Waste Processing Facility (DWFP), and the
Savannah River Laboratory (SRL). The SRS is the nation’s primary source of reactor-
pro iced defense materials.

Operations at the L..S generate a variety of h- rdous, low-level and mixed v ~tes.
The ude h'  dous was ,suchas _:ntde  jing solven /- relrad  ive
wastes such as contaminated gloves, wipes, and liquid discharge from disassemble basins
in the reactor areas; and mixed wastes such as condensate from the evaporation of high-
level waste (mercury with radionuclides); process water and laboratory wastes (solvents.
with uranium); tritiated waste oil; and, solutions used in measuring radiation (liquid
scintillation solvents).

Groundwater contamination (and presumably soil contamination) has occurred on the SRS
as a result of past waste disposal practices. The contaminants detected include volatile
organic compounds (degreasing solvents), heavy metals (lead, chromium, mercury, and
cadmium), radionuclides (tritium, uranium, fission products, and plutonium), and other
miscellaneous chemicals (e.g., nitrates). Concentrations of these substance have exceeded
maximum contaminant levels and other regulatory standards or guideline concentrations.

A. Site Specific Constraints at Savannah River

(1)  Regulatory - Remedial and corrective actions performed at the SRS, must conform
to RCRA, HSWA, CERCLA, SARA, the South Carolina Hazardous Waste
Management Act (SCHWMA), and various DOE administrative orders. To date,:
these actions have included the removal and storage of previously buried wastes
and contaminated soils; the design, construction, and operation of liquid effluent
treatment facilities; the use of an air stripping system; the design of a two-stage,
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rotary-kiln incinerator to detoxify hazardous wastes; and, other waste disposal
demc strations.

« aysical - Physical constraints refer to conditions which might effect the progress
of drilling an excavation activities. These include the following.

m  Hydrogeology - The SRS is located on the Upper Coastal Plain. The site
is ui 1 "y a thick wed-: (af : = ely 1(7) feet thick) of
unconsolidated sands, clayey sands, and sandy clays. The water table
beneath most of the site ranges from 30 to 100 ft.

®  Forest and Wetlands - Nearly the entire SRS is either forested or is
considered wetlands. In fact, approximately 90 percent of the SRS is

covered by forest. T ° condition makes access to portions of the site
difficult. '

Potential Applications for Horizontal Drilling on the SRS

A number of potential applications for directional drilling, including subsurface barrier
installation, in situ bioremediation, large-scale hydrologic control networks, vapor
extraction systems, site characterization, and site monitoring (leak detection) of TSD
facilities have been identified at the SRS. The following is a discussion of each of these
potential applications. |

@)

Vapor Extraction Systems - An in situ air stripping well system was successfully
insta :d at the SRS. This system, which utilizes two parallel horizontal wells has
been successful in removing 16,000 pounds of trichlorethylene (TCE) and
tetrachloroethylene (PCE) from soils and groundwater beneath the site. Plans at
the SRS involve installation of additional wells, and demonstrating other
remediation technologies (Kaback, et al. 1991)

In situ Bior« 1ediation - The existing horizontal wells used in the air stripping
system will be used to demonstrate an in situ bioremediation that will consist of
injection of methane/air mixture to stimulate methanotrophic microorganisms
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known to have the capability to degrade TCE to carbon dioxide, water, and
hydrogen chloride in an aerobic system (Kaback, et al. 1991).

1.3 LOS ALAMOS NATIONAL LABORATORY

The Los Alamos National Laboratory (LANL) is a 42 mi® site located on the Pajarito
Plateau on the east-f 1k of the Jemez Mountains about 25 miles northwest of Santa Fe,
Ne Mexico. The plateau consists of a series of mesas a | canyons that terminate at the
Rio Grande River. The LANL was established in 1943 as Project Y of the War
Departments’s Wor War II Manhattan Engineering District. The mission of Project Y
was the design and development of the first nuclear “-sion bomb. Today, LAM" is a
microcosm of the nuclear weapons complex.

Hazardous substances are present beneath the LANL area as a result of wastes disposal
to pits, trenches, and shafts in the mesas and canyons (Krueger 1990).

A.  Site Specific Constraints at Los Alamos

(1) Regu 1tory - Since LANL has not been listed on the CERCLA National Priorities
List but has been issued a RCRA permit requiring clean up, RCRA provides the
most appropriate regulatory framework for the site. The RCRA permit specifies
a three step corrective action process that is spelled out in great detail.

(2)  Physical - Physical constraints refer to conditions which might effect the progress
of the excavation activities. These include the following.

Geology - Most of the finger like mesas in the LANL area are formed in
Bandelier Tuff. Ashfall, ashfall pumice, and rhyolite tuff form the surface
of Pajarito I iteau. The tuff, ranging from non-welded to welded is over
1,000 ft thick in the west and thins to about 260 ft to the east. It was
deposited by a series of volcanic eruptions in the Jemez Mountains:
beginning about 1.3 million years ago. The tuff is underlain by the Puye
Conglomerate with Chino Mesa basalt interfingerings to the east.
Underneath these is the Tesuque sediment formation, which extends across
the Rio Grande Valley and is in excess of 1,000 ft thick (ESG 1989).
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B Hydrc ‘20logy - Groundwater occurs in three systems: 1) shallow alluvium
in canyons; 2) perched groundwater; and 3) the deep aquifer. The shallow
alluvial aquifer exists due to intermittent runoff into the canyons which
infiltrates the alluvium. Perched water occurs 120 to 150 ft deep in the
conglomerate and basalts. The deep aquifer is isolated from the other
systems by 350 to 620 ft of unsaturated tuff and volcanic sediments. The
water table is 1,200 ft deep along the western margin of the plateau, and
600 ft deep on the eastern margin (ESG 1989).

B. Potential Applications for ..orizontal . rillir~ on the Los Alamos Site
Horizontal drilling  =ds for the LANL have not been identified at this time.
1.3.7 FERNALD ENVIRONV™NT ** MANAGET " NT PROJECT

The Fernald Environmental Management Project (FEMP) formally called the Feed
Materials Production Center (FMPC) is a uranium metal production facility located in

southwestern Ohio, approximately 18 miles northwest of Cincinnati and 8 miles southwest
of Hamilton. The FEMP is situated on a 1.6 mi’.

During the summer of 1989, production of uranium metal was suspended in order to
focus the plant resc rces on cleanup. The FEMP currently remains in inactive status
except for continuing environmental studies and related activities (DOE 1990).

In addition to uranium production facilities, the site also contains waste storage facilities
consisting of waste s, storage silos, a burn pit, a clearwell, two fly ash piles, a sanitary
landfill, and lime sludge ponds. These facilities are the targets of the environmental
activities at the FEMP.

Elevated levels of uranium and other radionuclides and hazardous chemicals have been
detected in groundwater, surface water, and sediments at the FEMP. Principal public

health concerns are isociated with an off site plume of uranium in groundwater in areas
serviced by private wells (DOE 1991a).
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A.  Site Specific Constraints at the FEMP

(1) Regulatory - Both active and inactive operations at the FEMP must achieve
compliance with the special environmental requirements of the Federal Facility
Compliance Agreement (FFCA) entered into with the U.S Environmental
Protection Agency, Director’s findings and orders of the State of Ohio, and
specific requests from Congressional entities (Yeasted et. al 1988).

(2)  Physical - Physical constraints refer to conditions which might effect the progress
of the excavation activities. These include the following.

®  Geology - At the FEMP, nearly 49 ft of clay-rich glacial till, generally
< | y " T ' wel. The till a
comprised of a mixture of unstratified clay, sand, and gravel. More than
200 ft below the surface of the FEMP lies bedrock consisting of alternating
layers of limestone and shale (WMCQO 1990).

®  Hydrogeology - A large aquifer system is contained in sand and gravel
deposits underlying the FEMP and most of southwestern Ohio. This
aquifer is a major source of fresh water for industries and residence. The
groundwater flow is in the easterly direction under the waste pit and
production area, while on the southern edge of the facility groundwater
moves to the south.

B. Potential Applications for Horizontal Drilling on the FEMP Site
No Horizontal drilling needs for the FEMP have been identified at this time.
1.3.8 OAK RIDGE RESERVATION

The Oak Ridge Reservation (ORR) is a 91 mi? site located within the corporate limits of
the city of Oak Ridge, in eastern Tennessee. The ORR site is predominantly to the west
and south of the population center of the city. It lies in a valley between the Cumberland
and southern Appalachian mountain ranges and is bordered on one side by the Clinch
River. The Cumberlands are about 10 mi northwest; 70 mi to the southeast are the Great
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The ror ¢ ni**ons dip from 20° to 45° to the southeast. The rock types
are sedimentary consisting of shale, sandstone, limestone, and quartzite.
There has been some problems with keeping vertical boreholes straight
using air rotary due to deflection of the bit off the dipping bedrock.

The groundwater table at the ORR is relativi 7 shallow compared to other
DOE sites (10 ft below ground surface in some places).

B. Potenti: Applications for Horizontal Drilling on the ORR { e
No | »rizontal drilling needs for the ORR have been identified at this time.

1.3.9 SAN IA NATIONAL LABORATORY

The majority of ER-related activities (e.g., technology development and testing) at Sandia
National Laboratory (SNL) occur on two locations as part of the Mixed-Waste Landfill
Integrated Demonstration (MWLID) program. These areas are known as the Chemical
Waste Landfill (CWL) and the Mixed-Waste Landfill I WL).

The CWL was operated from 1962 to 1985. It occupies .003 mi’ and is composed of
small (10 by 30 ft), specific waste-type disposal cells. The cells were excavated to a
shallow depth of 8 to 10 ft. The cells are unlined and during their operating history
received acids, organics, metals, and reactants. The CWL began receiving wastes in
1¢ ! and , pursuant to RCRA, was granted interim status for landfill operations in 1982.
In 1984, the interim status for landfill operations were transferred to a surface storage
operation. A land disposal operations ceased by 1985.

In 1984, a thorough review of available disposal records revealed that a small amount of
radioactive waste had been disposed of in the CWL. The disposal locations cannot be
verified; therefore, a portion of the site is treated as a Radioactive Materials Management
Area (RMMA). Because of restrictions against generating mixed wastes, drilling is
prohibited into or under the MMA.
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- TI' MWL was established for disposal of classified and unclassified w tes, including
h-—Jlous, ~~ lioactive, : d mixed wastes. It was operated from 1959 to 1989. It
occupies .003 mi? and is composed of large ._ ) by 150 ft), composite disposal cells. The
cells were excavated to 10 to 50 ft. The cells are unlined and during their operating
history, received tritium, fission products, activation products, and solidified liquids.

A.  Site Specific Constraints at the SNL

(1) Regulatory - No site specific regulatory requirements were identifies for the SNL
at the time of this document.

(2)  Physical - Physical constraints refer to conditions which might effect the progress
of the excavation activities. These include the following.

®  Geology - >th the CWL aﬁd MWL are located in an alluvial deposit
and have an arid environmental setting. The water table occurs at
approx 1ately 480 ft below land surface at both sides. Drilling difficulties
are usually due to multiple layers of course gravel and a hard caliche lens
which curs at a depth of 300 ft.

B.  Potential Applications for Horizontal Drilling on the SNL Site
A number of gc s ated to the MWLID have been established as a strategic plan to
meet the regulatory requirements established at the SNL. Horizontal drilling technologies
will be included in 1 ‘eting the following goals:
Characterize quantities and distributions of contaminants and site properties
and conditions associated with the CWL and MWL while minimizing

disturbance of the landfills.

®  Demonstrate remediation technologies at the CWL and MWL, emphasizii
in situ technologies (transformation, containment, and stabilization).
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1.3.10 ROCKY FLATS PLANT
The following site description was obtained from DOE 1991b.

The Rocky Flats Plant is a government-owned, contractor-operated facility, that is part
of the nationwide nuclear weapons production complex. The Plant was operated for the
U.S. Atomic Energy Commission (AEC) from its inception in 1951 until the AEC was
dissolved in January 1975. At that time, responsibility for the Plant was assigned to the
Energy Research and Development Administration (ERDA), which was succeeded by the
DOE in 1977. Dow Chemic U.S.A., an operating unit of the Dow Chemical Company,
was the prime operating contractor of the facility form 1951 until June 30, 1975.
Rockwell International was the prime contractor responsible for operation of the Rocky
saats . .ant from July 1, "775 " Tacem' 31, 1989. 77" 7 Rocky F' s, I
became the prime contractor at the Rocky Flats Plant on January 1, 1990, and currently
operates the Plant. '

The primary mission of the Rocky Flats Plant is to fabricate nuclear weapon components
from plutonium, uranium, and other non-radioactive metals (principally beryllium and
stainless steel). Parts made at the Plant are shipped elsewhere for assembly. In addition,
the Plant reprocesses components after they are removed from obsolete weapons for
recovery of plutonium.

Both radioactive and nonradioactive wastes are generated in the production process.
Current waste handling practices involve on-site and off-site recycling of hazardous
materials, on-site storage of hazardous and radioactive mixed wastes, and off-site disposal
of s d radioactive materials at another DOE facility. However, both storage and
disposal of hazardous, radioactive and radioactive mixed wastes occurred on-site in €
past. Preliminary assessments under the ER Program identified some of the past on-site
stc 1ge and disposal locations as potential sources of environmental contamination.

A.  Site Specific Constraints at the Rocky Flats Plant

(1) Regulatory - One of the key elements to Rocky Flat’s compliance with the
CERCLA, SARA, and RCRA is the establishment of the Interagency Agreement
(IAG). The IAG was signed as a compliance document January 20, 1991. The
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IAG is an agrr nent .. >ng the U. S. Environmental Protection Agency (EPA),
DOE, and the Colorado Department of Health. The agreement establishes
schedules for the characterization, cleanup, and management of mixed and
hazardous w: es at the Rocky Flat’s Plant over the next 30 years.

(2)  aaysical - Pt sical constraints refer to conditions which might effect the progress
of the excavation activities. These include the following.

B Geolc '- The uppermost sediments underlying the Rocky Flats Plant
consist of varying amounts of silt, clay, sand, and gravel. These alluvial
sediments vary in thickness. Directly beneath these alluvial sediments,
except 1 the western portion of the Plant, is the Arapahoe Formation which
consis predominantly of claystones and siltstones with minor silty
sands’ es evident in the central and eastern portions of the Plant. The
Arapahoe Formation varies in thickness up to 270 ft.

Depth to water at the Rocky Flats Plants varies between 10 and 50 ft with
perched water zones (sometimes mu >le zones) evident over the majority
of the site.
B. Potential Applications for Horizontal Drilling on the Rocky Flats Plant
Horizontal drilling is planned for use in the second phase of the interim measures/interim
remedial actions for operable unit No. 2 on the Rocky Flats Plant. This phase will use

horizontal drilling methods for accessing subsurface contamination with the focus on
removing VOC’s.

1.4 HORIZONTAL DRILLING APPLICATION MATRICES

The final phase of the technical forum was to produce a matrix for each of the DOE sites

which specifies the subsystem equipment recommended for each application. The

purpose of this exercise was to combine all the information of the worksh« and forum
into a usable format for designing the optimum horizontal drilling system for a particular
application at a particular DOE site. Generally, two subsystems were recommended; the

35 - Part I1



WHC-EP-0596

first being the preferred system, the second being the first alternative. The most
expensive state-of-the-art subsystem was not chosen as the preferred system unless the
application required (i.e., drilling next to high level underground storage tanks which will
require the most precise state-of-the-art directional control equipment). It was apparent
through doing this exercise that defining the optimum subsystem for a particular
application is highly dependant on project specific variables (e.g., extent of
contamination, hydrogeology, data quality objectives, project budget, etc.). However,
these matrices w  provide general guidance to the planning of horizontal drilling projects

as they apply to remediation, monitoring, barrier emplacement, characterization, and
hydrologic control.

Finally, = footnote identified with each subsystem denotes the stage of development and
availability of "' :subsyste equipment. The de* ~ ntal stage of t! zquipment often
is an indication of the potent’ * time and .cost associated with fully developing the
components for use. '

The following are the matrices for the Hanford Site, Idaho National Engineering
Léboratory, Lawrence Livermore National Laboratory, Nevada Test Site, Rocky Flats
Plant, Sandia National Lab, and Savannah River Site (Tables 3-9, respectively).
Information for constructing matrices for Fernald Environmental Management Project,
Los Alamos National Laboratory, and Oak Ridge Reservation were not available at the
time of this document.
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Table 10. Horizontal Drilling Applications Matrix for the Fernald Environ

At the time of this document no horizontal drilling needs were identified {
Management Project. Should these needs be identified in e future, a dri
constructed and added to s sequent revisions to this document.
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Table 11. Horizontal Drilling Applications Matrix for the Los Alamos National Laboratory

At the
Should

1€ of this document no horizontal drilling needs were identified for e L
ese needs be identified in the future, a drilling application matrix will be

subsequent revisions to this document.
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2.0 CONCLUSIONS AND ..ECOMMT=NDATIONS

The horizontal drilling system needed at DOE arid sites, will most likely be a
combination of technologies or subsystems. At present there is not a system available
that can meet the de inds of drilling in unconsolidated gravel deposits with a high degree
of accuracy and meet the safety concerns associated with drilling near mixed waste
facilities. More development is needed to combine the subsystems that have the highest
potential to meet those demands.

Technolc “cal advancements in horizontal *~llis » occurrii  rapidly. Fore: ple,
much of the infori ition and technologies presented at this workshop were in the
development stages. Even those technologies that have been used for environmental
applications in the past are continuously being refined to meet demanding conditions.

«siere are a number of things that can be done to assist in the further development of this
new innovative techi logy which include building upon the information gained during this
workshop. This can e accomplished through additional workshops as well as equipment
demonstrations. The following workshop subjects and demonstrations should be
considered in the fu re:

®  air and liquid containment systems for drilling in radioactive and mixed waste
locations

®  high precision directional control equipment for drilling near structurally fatigued
or highly contaminated facilities

®  demonstration of horizontal drilling tools at the location of their intended use

®  demonstration of containment systems using passive tracer material for evaluating
efficiency
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