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1.0 EXECUTIVE SUMMARY

The Department of Energy's (DOE) Office of Technology Development initiated an integrated
demonstration of innovative technologies and systems for cleanup of volatile organic
compounds (VOCs) in soils and groundwater. This drilling project is part of the directional
drilling task for the integrated technology demonstration at the Savannah River Site (SRS).
One of the objectives of the drilling task is the demonstration of multiple drilling technologies.
The technologies can then be compared and evalvated in terms of technical performance and
cost effectiveness. Petroleum horizontal well technology and utility industry horizontal well
technology have been previously demonstrated at the SRS. The petroleum industry directional
drilling technology was demonstrated by Eastman Christensen Environmental Corporation
(ECEC). ECEC directionally drilled and installed four horizontal wells in the M Area. Charles
Machine Works, working with Sandia National Laboratory, demonstrated a utility industry
directional drilling technology by installing one horizontal well in the M Area. The
demonstration that is the subject of this report involved river crossing horizontal well
technology for the installation of two M-Area Settling Basin soil gas extraction wells.

EVI Cherrington Environmental Corporation (CEC) was chosen for this demonstration. CEC
developed directional drilling expertise in the river crossing industry and is an industry leader
in horizontal well installation.

Two horizontal wells were installed beneath the M-Area Settling Basin at the A/M Area of the
SRS. Documented releases from the M-Area Settling Basin have contaminated the underlying
vadose zone and groundwater with VOCs. The vadose zone has retained a large portion of the
VOCs and now acts as a secondary source of contamination. The wells are paraliel to one
another and are oriented southwest to northeast. The horizontal wells were installed
approximately 10 feet above the water table and were planned to have a horizontal screen
underlie the width of the basin. The wells will be part of a soil vapor extraction system
designed to remediate the vadose zone and act as a barrier to prevent further contamination of

the groundwater.

The installation of the horizontal wells was a two-part process. Part one consisted of
constructing the borehole, and part two was the horizontal well completion. Borehole
construction was attempted by first directionally drilling a pilot hole with a small diameter drill
pipe and a hydraulic spud-jet drilling tool. The pilot hole was expanded with a larger diameter
"washover" pipe that was circumferentiaily drilled over the pilot drill string. The pilot drill
string was retracted from the washover pipe once the washover pipe had been drilled over the
entire pilot string and the borehole was complete. The well materials were then installed inside
the washover pipe. The washover pipe was withdrawn from the borehole once the well
materials were in the proper position.

Difficulties were encountered during construction of the borehole for AMH-6. The first
attempt at constructing the borehole for AMH-6 was unsuccessful because the washover
drilling pipe became stuck in the borehole and could not be removed. The second attempt at
constructing the AMH-6 borehole was partially successful. Washover drilling pipe once more
became stuck in the borehole. The construction of the borehole for well AMH-7 was

successfully completed during the first attempt.
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The installation of the two horizontal wells was successful. The borehole of AMH-6 was 20
feet short, and four-inch washover pipe left in the hole obstructed another 170 feet of the
installed well screen. The result was 230 feet of effective well screen placed in the target
horizon instead of 420 feet. The AMH-7 well screen was successfully placed in the target
horizon and had a total horizontal well screen length of 420 feet.

The following conclusions were reached upon completion of the drilling demonstration.

1. River crossing industry type directional drilling technology is capable of successfully
installing horizontal wells under the M-Area Settling Basin.

2. The drilling crew was inexperienced in installing deep (greater than 50 vertical feet)
horizontal wells.

3. The hydraulic spud-jet drilling tool was inefficient. A downhole drill motor should have
been used to improve drilling efficiency.

4. The washover pipe became stuck in AMH-6 because the radius of curvature of the borehole
(400 feet) was not large enough to accommodate the drill pipe and the washover pipe was

not of the proper strength.

5. The guar gum-based drilling fluid system was inadequate. The drilling fluid system should
have been improved, or a bentonite-based drilling fluid should have been considered. The
drilling crew did not keep drilling records or mud reports during this project. Therefore,
the drilling crew was unprepared to adapt to the site conditions.
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2.0 INTRODUCTION

The SRS is part of the United States DOE Nuclear Weapons Complex. Its main function is to
produce nuclear materials for national defense. The SRS is located in south-central South
Carolina and occupies an area of approximately 300 square miles (192,000 acres) (Fig. 2-1).
The major physiographic feature is the Savannah River which forms the southwestern
boundary of the site and is also the South Carolina-Georgia border. The SRS includes
portions of Aiken, Barnwell, and Allendale Counties in South Carolina.

The DOE Office of Technology Development initiated an integrated demonstration of
innovative technologies and systems for cleanup of VOCs in soils and groundwater at the SRS
in 1989. The overali goal of the program is demonstration of multiple technologies and
systems in the fields of drilling, characterization, monitoring, and remediation at a single test
bed. Innovative technologies are compared to one another and to baseline technologies in
terms of technical performance and cost effectiveness. Transfer of successfully demonstrated
technologies and systems to DOE environmental restoration organizations, to other government
agencies, and to industry is a critical part of the program. Directional drilling and horizontal
well installation are the innovative technologies demonstrated 1n this task.

Directional drilling and horizontal well installation have been shown to be successful
techniques for enhancing access to the subsurface where vertical wells are impractical or
impossible to install. During this task two horizontal wells were installed to be used for vapor
extraction of VOCs from the vadose zone beneath the M-Area Settling Basin. The task was
initiated in November 1992 and completed in December 1992.

2.1 M-Area Settling Basin Background and Project Description

The M Area (3/700 Area), located in the northwestern portion of the SRS (Fig. 2-1), is the site
of the metals fabrication facility where fuel targets for the reactors were fabricated. The
M-Area Settling Basin was used as a settling basin for metal-rich wastes that contained
solvents. Hydrologic investigations at the SRS have shown that M-Area operations have
resulted in the contamination of the groundwater with VOCs near the M-Area Settling Basin
(Fig. 2-2). The contamination at this site resulted from the leakage of waste solvents from the
M-Area Settling Basin, now closed and capped according to Resource Conservation and
Recovery Act (RCRA) guidelines, into the vadose zone with subsequent gravity-driven
migration of the contaminants into the groundwater. A remedial action program consisting of
groundwater pumping from eleven vertical recovery wells, followed by above-ground air-
stripping in a central tower, was implemented in 1985 to address groundwater contamination in

M Area,

The Savannah River Technology Center (SRTC) performed a pilot test in 1986 and 1987 to
evaluate the removal of VOCs from the vadose zone in the M Area using a vacuum extraction
system. The pilot test utilized three horizontal and one vertical extraction well along the
process sewer line leading to the basin. In one three-week period, 1500 pounds of VOCs were
extracted through the vertical extraction well. A full-scale extraction program was planned
based on the results of the pilot test. The full-scale program includes two horizontal soil vapor
extraction wells installed beneath the basin. This report will deal exclusively with the dnlling
of the horizontal boreholes and the installation of horizontal wells AMH-6 and AMH-7.
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A drilling team was retained by SRTC for the design, drilling, and installation of the horizontal
wells. Drilling experts from CEC designed the borehole and provided the drilling and well
completion materials. Sharewell Inc. was subcontracted by CEC to provide the directional
surveying equipment. Environmental Monitoring and Testing Corporation (EMTC) (New
Ellenton, SC) was subcontracted by CEC to provide a South Carolina-certified driller and local
access to equipment as necessary. CDM Federal Programs Corporation (CDM Federal)
(Aiken, SC) was retained by the SRTC to function as the onsite SRTC representative and
implement the following services: (1) provide technical oversight, (2) document project
activities, and (3) generate the horizontal well completion report. SRTC provided program

management.
2.2 Objectives

The objectives of the M-Area Settling Basin demonstration were: (1) to test and evaluate one
technique of horizontal well installation technology adapted from the river crossing industry;
(2) to drill boreholes in unconsolidated sediments (sands, gravels, and silts) and semi-
consolidated clay units beneath the M-Area Settling Basin; and (3) to mstall two horizontal
wells in the vadose zone for vapor extraction of VOCs from soil.
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Figure 2-1. Location of the SRS in South Carolina
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3.0 GEOLOGIC SETTING

3.1 Regional Setting

The SRS is located in the Atlantic Coastal Plain Physiographic Province (Fig. 3-1). Within the
Atlantic Coastal Plain Province, the SRS lies on the Aiken Plateau (Fig. 3-2) which is bounded
by the Savannah and Congaree Rivers. The surface of the Aiken Plateau is dissected by
streams and is characterized by broad, interfluvial areas with narrow steep-sided valleys.

The Atlantic Coastal Plain is comprised of a wedge of southeast-dipping unconsolidated and
semiconsolidated sediments which increase in thickness from zero at the Fall Line to more than
4,000 feet near the Atlantic Coast. These sediments range from Late Cretaceous (100 million
years) to Holocene (present) in age and extend to the seaward edge of the Continental Shelf.
The Atlantic Coastal Plain sediments generally consist of strata of gravel, sand, silt, clay, and
limestone, which were deposited in a variety of fluvial, deltaic, and marine depositional
environments. The base of the Atlantic Coastal Plain sediments lies unconformably on top of
crystalline, metamorphic and granitic rocks in the northern portion of the SRS and on top of
Triassic sediments, deposited in a rift basin, in the southern part of the SRS. The Atlantic
Coastal Plain sediments have been extensively studied at the SRS, and many lithologic and
hydrostratigraphic names have been applied to these sediments. Figure 3-3 illustrates a
comparison of chronostratigraphic, lithostratigraphic, and hydrostratigraphic units. For the
purpose of this report, the A/M-Area hydrogeologic setting is described using
hydrostratigraphic nomenclature, and the vadose zone, where the horizontal drilling occurred,
will be described using lithostratigraphic nomenclature.

3.2 A/M Area Hydrogeologic and Hydrostratigraphic Setting

In the A/M Area, the Atlantic Coastal Plain hydrogeologic province consists of the Floridan-
Midville Aquifer System which includes the McQueen Branch Aquifer, the Crouch Branch
Aquifer, and the Steed Pond Aquifer (Fig. 3-4).

The majority of the monitoring wells within the A/M Area are constructed in the water-bearing
sediments overlying the McQueen Branch Confining Unit. The Crouch Branch Aquifer, which
overlies the McQueen Branch Confining Unit, is continuous beneath all of the A/M Area.
Beneath the Integrated Demonstration Site at MSB-2, the top of the Crouch Branch Agquifer lies
approximately 275 feet below land surface. The Crouch Branch Confining Unit separates the
underlying Crouch Branch Aquifer from the overlying Steed Pond Aquifer. Within the central
and southern portions of the A/M Area, the Crouch Branch Confining Unit, from its base to the
top of the unit, can be subdivided into "lower clay" and "upper clay" confining zones separated
by a "middle sand" aquifer zone. The entire Crouch Branch Confining Unit thins in a northerly
direction, and when the "upper clay" confining zone is absent, the "middle sand" aquifer zone
merges with the overlying Steed Pond Aquifer north of the M-Area Settling Basin to form the
Hollow Creek Aquifer. Within the southemn to central portions of the A/M Area, the Steed
Pond Aquifer, from its base to the top of the aquifer, includes the "Lost Lake" aquifer zone, the
"green clay” confining zone, and the "M-Area" aquifer zone.

Overlying the "M-Area” aquifer zone is the vadose zone. At the M-Area Settling Basin, the
depth to the bottom of the vadose zone (water table) is approximately 130 feet below ground



Demonstration of River Crossing Technology for Instaliation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993

surface. The vadose zone underlying the M-Area Settling Basin includes portions of the Santee
Formation, Dry Branch Formation, Tobacco Road Formation, and the "Upland unit". AMH-6
and AMH-7 were installed completely within the vadose zone below the M-Area Settling Basin
and thus the only geologic formations that will be characterized in this report are those that
comprise the vadose zone. These formations are described from the base of the vadose zone to
ground surface.

3.2.1 Santee Formation

In the A/M Area, the Santee Formation varies in thickness from 30 to 45 feet. Below the
M-Area Settling Basin, the Santee Formation is 43 feet thick at MHT-3C, and the top of the
formation lies 103 feet below land surface. It is composed of brown, tan, and yellowish
orange, fine to coarse, poorly to well-sorted sands and interbedded with clayey sand, sandy
clay, and clay. It is distinguished from the cleaner sands of the overlying Dry Branch
Formation by a higher gamma-ray count on geophysical logs. Underlying the M-Area Settling
Basin, the Santee Formation is partially saturated with a static water level of approximately 130
feet below ground surface. :

Both AMH-6 and AMH-7 were screened in the Santee Formation. Figures 3-5 and 3-6
illustrate the relationship of the installed screen zones to the formations and the zone of
saturation. Drilling became difficult during the installation of both AMH-6 and AMH-7 as each
borehole was emerging from the radius of curvature. This point appears to correspond to the
contact between the Santee Formation and the overlying Dry Branch Formation. The Santee
Formation has a higher clay content and numerous clay stringers in comparison to the relatively
clean sands of the Dry Branch Formation. This increase in clay content probably accounted for
the difficulty in penetration of the drill bit.

3.2.2 Dry Branch Formation

The Dry Branch Formation crops out in stream valleys, and the thickness varies from 0 to 110
feet in A/M Area wells. Below the M-Area Settling Basin, the Dry Branch Formation is 35 feet
thick at MHT-3C, and the top of the formation lies 68 feet below ground surface. Sand of the
Dry Branch Formation probably accumulated in a shallow marine environment. Jacksonian
(Late Eocene) fossils have been found in the formation in downdip SRS wells, and the specific
formation was traced into the A/M Area by correlating it with lithologic and geophysical logs.

The Dry Branch Formation is composed of orange, brown, tan, and yellow, fine to coarse,
poorly to well-sorted quartz sand. Pebbly layers are common, and induration is slight to
moderate. The Twiggs Clay Member of the Dry Branch Formation (Fig. 3-3) is difficult to
map within the A/M Area, but clay that is lithologically similar to the Twiggs Clay Member is
present at various stratigraphic intervals within the Dry Branch Formation. This clay
lithofacies, interbedded with sand and clayey sand, which is characterized as tan, light gray,
and brown, ranges from 12 to 34 feet thick and occurs at approximately 80 feet below ground
surface beneath the M-Area Settling Basin (Science Applications International Corporation
[SAIC], 1992) but is not laterally continuous over long distances. It has been referred to as the
"tan clay” in previous SRS reports and as the "270-ft clay” by Eddy and others (1991). The
top of the Dry Branch Formation is identified on geophysical logs where a low gamma-ray
count in the cleaner sand of the Dry Branch Formation sharply increases in the more
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argillaceous sand of the Tobacco Road Formation. On most lithologic logs, the contact, which

is probably conformable, is marked by an increase in silt and clay percentage. The Dry Branch
Formation and the overlying formations are unsaturated beneath the M-Area Settling Basin.

3.2.3 Tobacco Read Formation

The Tobacco Road Formation crops out in several places in the A/M Area. The formation has a
higher silt and clay content and thus a lower permeability than the Dry Branch Formation. The
Tobacco Road Formation was probably deposited in a shallow marine environment and has
been dated as late Jacksonian (late Late Eocene) downdip from the SRS in Georgia
(Huddleston and Hetrick, 1985). Nystrom and Willoughby (1982) have traced the formation
into the vicinity of the A/M Area by correlation of outcrops and have dated it as Claibornian,
not Jacksonian.

Beneath the M-Area Settling Basin, the Tobacco Road Formation is 15 feet thick at MHT-3C,
and the top of the formation lies 53 feet below ground surface. The top of the Tobacco Road
Formation is identified where comparatively well-sorted sand is overlain by more poorty sorted
sand, pebbly sand, and clay of the "Upland unit". The Tobacco Road Formation is orange,
red, brown, yellow, tan, and purple. Fine to coarse, poorly to well-sorted sands compose
almost the entire formation. Pebbly layers are common, especially near the base. Clay clasts
are fairly common, and clay layers ranging from 2 to 10 feet thick have been identified
underlying the M-Area Settling Basin (SAIC, 1992). This unit is referred to as the "300-ft
clay” by Eddy and others {(1991). ~

3.2.4 "Upland Unit"

The "Upland unit" unconformably overlies the Tobacco Road Formation. The South Carolina
Geological Survey has been mapping it as the informally named "Upland unit” (Nystrom and
Willoughby, 1982). It partially corresponds to sediments previously mapped at the SRS as the
Hawthorn Formation (Siple, 1967). The unit caps higher areas in much of the southwestern
Coastal Plain of South Carolina and is a deposit of poorly-sorted, clayey, siity, pebbly, and
cobbly quartz sand, conglomerate, and clay which show significant lateral and vertical
variation.

In the A/M Area, these sediments are yellow, orange, purple, red, brown, and tan, mostly fine
to very coarse, clayey, silty quartz sand beds. They are locally pebbly with layers of
conglomerate and are very poorly to poorly sorted, moderately indurated. Weathered feldspar
grains are abundant in places. Clay lenses interbedded with these sands are laterally
discontinuous. Thickness of the "Upland unit" varies from 0 to approximately 60 feet. The
sediments, which have low permeability, were probably deposited in high energy fluvial
channels, point bars, floodplains, and abandoned channels. The "Upland unit" has not been
dated paleontologically, but it may correlate with the Miocene Altamaha Formation in Georgia

(Nystrom et al., 1986).

Underlying the M-Area Settling Basin, the "Upland unit" is 53 feet thick at MHT-3C. Locally
the "Upland unit" is characterized as a reddish orange, brown, and purple, poorly sorted
gravelly sand and clay. The sandy units have a speckled appearance (SAIC, 1992). Only a
few clay layers exceed one foot in thickness. Textural evidence exists indicating that many of
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the one-foot intervals logged as clay and sandy clay, in the lower portions of this unit, are
cobble- to boulder-sized clasts of clay eroded from the underlying sediments or small lenticular

clay lenses (SAIC, 1992).

During the installation of both AMH-6 and AMH-7, a dense, clayey horizon was encountered
at approximately 25 feet below ground surface within the "Upland Unit". The density of this
clay horizon slowed the spud jet penetration to nearly the point of rejection and caused both
boreholes to be deflected horizontally. Figures 3-5 through 3-10 define the trace of AMH-6
and AMH-7 as installed below the M-Area Settling Basin as well as the first abandoned attempt
at installing AMH-6 both in plan and in cross section.
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4.0 DRILLING SYSTEM

A river crossing industry directional drilling rig was used for this project. River crossing
industry directional drilling rigs range in size from small trailer mounted drilling rigs that can be
pulled by a pick-up truck to large semi-tractor trailer mounted drilling rigs capable of drilling
large (up to 60-inches in diameter) boreholes thousands of feet. Horizontal weils AMH-6 and
AMH-7 were installed using a medium-sized river crossing directional drilling rig.

4.1 Equipment Used
4.1.1 Drilling Rig

The MC-90 drilling rig (Fig. 4-1) is a top drive hydraulic mud rotary rig with a high thrust and
rotational torque capacity. The maximum thrust power of the drilling rig is 47,000 pounds
(tbs). The maximum pullback capacity is 120,000 bs. The maximum spindle rotational speed
of the drilling rig is 200 revolutions per minute (rpms) with a maximum spindle torque of
6,000 foot-pounds (ft-1bs). The maximum mud pressure of the power source is 2500 pounds
per square inch (psi) generated from 234 horsepower. The drilling rig is able to turn drill pipe
In sizes ranging from the smallest available size to 12 inches in diameter for distances of up to
2,000 feet in most soil conditions. The diameter and/or length capability may be significantly
reduced where formations contain 30 percent or more gravels. The maximum drill rod length
for the drilling rig is 10 feet. The drilling operations are controlled from a console mounted on
the night side of the drilling rig.

The drilling rig is track driven and has two adjustable drilling platforms that allow the driller to
accurately adjust the drilling angle. The track drive and the drilling platform are controlled
from a console located at the rear of the drilling rig. The approximate operating weight of the
rig is 8,000 lbs,

At the front of the drilling rig there is a piston-driven ram that is used to anchor the drilling rig.
The drilling rig anchor is created by welding the ram to a mass of metal buried in the ground (a
"dead man"). During this project the "dead man" consisted of two 10-foot sections of four-
inch drill pipe driven vertically into the ground.

4.1.2 Down-Hole Drilling Assembly

The down-hole drilling assembly consists of a directional drilling tool and a steering tool
contained in a non-magnetic housing (Fig. 4-2). The total length of the down-hole drilling
assembly is approximately 15 feet. All components of the down-hole drilling assembly,
including the closest three pieces of drill stem, are constructed of non-magnetic steel to prevent
magnetic interferences with the steering tool.

Drilling Tool
CEC proposed to use one of two types of drilling tools depending on the hardness of the

materials encountered. A hydraulic spud jet, designed to penetrate soft alluvial formations
(sands, clayey sands, etc.) similar to the types of sediments present at the M-Area Settling
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Basin, was planned as the primary drilling tool. An in-hole mud drilling motor was planned to
be used if drilling conditions became too difficult for the hydraulic spud jet drilling tool.

The hydraulic spud jet drilling tool (Fig. 4-3) was equipped with a 2° bend in the housing to
provide directional drilling capabilities. When the drilling tool is pushed forward without
rotation, the tool deviates in the direction of the angle of the tool. To drill without deviation the
drilling tool is rotated as it is pushed forward; in this way the tool face does not have a
preferred orientation, and the drilling tool advances along a straight path, as in the slant or
horizontal sections of the borehole. The tool face orientation is monitored by the steering
system. The down-hole drilling assembly produces a hole approximately 3 /2" in diameter.
Steering System

The orientation and location of the pilot bit was constantly monitored with a "real time"
magnetic guidance system (MGS) (Fig. 4-4). This MGS enabled the driller to steer the pilot bit
into place and ensure proper borehole alignment and elevation. The MGS was supplied by
Sharewell, Inc., a subcontractor to CEC. The MGS enabled the driller to guide the pilot bit by
providing immediate gravitational and magnetic information on tool face orientation, azimuth
(horizontal location) and inclination (vertical location). These raw data were transmitted to an
interface unit at the surface from a down-hole sensor located immediately above the drilling tool
or drill motor via a single conductor wire. The surface interface unit displayed tool face
orientation, azimuth, and inclination readings. Knowledge of the length of the drill string,
azimuth, and inclination allowed the driller to calculate the location of the down-hole sensor
and thus the borehole path. Tool face orientation provides information used to determine the
steering direction of the drilling tool. The MGS is a proven, accurate system and is hindered

only by local magnetic interferences. If magnetic interferences are observed, then a secondary
survey system is used. The secondary survey system was not required for this drilling project.

4.1.3 Drill Rods and Bits

The drilling method utilizes two drill strings. A small diameter drill string (pilot drill string) is
used with the down-hole drilling assembly to drill the pilot hole, and a larger diameter drill
string (washover drill string) is drilled over the pilot drill string (Fig. 4-5).

The pilot drill string was used to accurately place the pilot hole in the correct location. The pilot
drill string is made up of 2 3/16" outside diameter (OD), 4130 heat-treated steel BCQ drill rods
adapted from the mining industry. The length of the pilot drill string rods was limited to 10
feet by the size of the drilling rig.

The washover drill string was used to maintain borehole stability during installation of the
horizontal well materials. The 4 1/2" OD, 2160 heat-treated steel washover pipe was drilled
circumferentially over the 2 3/16" pilot string which served as a guide for the washover pipe
until the total drilling distance was achieved (Fig. 4-5). CEC utilized a nine-inch bit for drlling
in the washover pipe (Fig. 4-6). The length of the washover drill string rods was limited to 10
feet by the size of the drilling rig.
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4.2 Drilling Fluid System

The drilling fluid system was typical of a recirculating mud rotary drilling operation. The
system included: a mixing tank where the drilling fluid was mixed, a mud pumping system to
pump the mud through the hydraulic spud jet, a mud pit to mechanically settle the coarser
fraction of suspended drilling solids as it exits from the borehole, and a mud settling tank and
desander to remove the finer sand remaining in suspension (Fig. 4-7).

The drilling fluid consisted of processed guar gum beans, ground into colloidal particles and
mixed with water through a standard mixing jet hopper. Guar gum is a natural polymer that
acts to increase the viscosity of the drilling fluid. With bentonite-based drilling fluids, the gel
strength or carrying capacity (the size of particles remaining in suspension) is directly related to
the viscosity of the drilling fluid. However, with a guar gum-based drilling fluid the gel
strength 1s not directly related to viscosity. Therefore, the carrying capacity of a guar gum-
based drilling fluid cannot be predicted by its viscosity. To increase the gel strength of the guar
gum-based drilling fluid, the natural polymers must be linked together by an additive. The
additive most commonly used is Borax. During this drilling project:the guar gum carrying
capacity was not enhanced with Borax and therefore drili cuttings were left in the borehole.
The drilling fluid needed periodic reconditioning due to the length of the drilling program and
was reconditioned by simply adding more guar gum. Guar gum-based drilling fluids
biodegrade naturally within approximately two days.

4.3 Drilling Procedures

The drilling procedures consisted of setting up the drilling rig, drilling the borehole, and
installing the horizontal well.

Setting Up the Drilling Rig

Setting up the drilling rig involved surveying the direction (azimuth) of the horizontal well,
calibrating the steering tool along the azimuth of the horizontal, and setting up the drilling rig_
and mud system. The well entry locations were surveyed, and the azimuth of each horizontal
well was delineated on the ground surface with stakes and cords. The steering tool was lined
up on the horizontal well azimuth and calibrated to ensure proper orientation of the borehole.

Plastic sheeting (0.010 millimeter thick) was placed on the ground at the entry point and the
drilling rig was then moved into place and lined up on the horizontal well azimuth (Fig. 4-8).
The drilling platform was tilted to the proper entry angle, and a mud pit was constructed at the
entry point. Plastic sheeting was also placed in the mud pit. The down-hole drilling assembly
was placed on the drilling rig and drilled into the ground.

illing the Borehole

The borehole was constructed using a technique named "over-washing”. The procedure
required a pilot drill string and a washover drill string. The pilot drill string was advanced in
stages and then drilled over (over-washed) by the washover drill string. The length of the
stages were dictated by the drilling conditions; generally the length of the stage was from 100
feet to 200 feet. The one exception was the section between the kick-off point and the end of
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the curve. The pilot hole was always completely drilled in the curved section before the
washover casing was advanced. Once the pilot hole reached the target measured depth and the
washover drill string was advanced to the total measured depth, the pilot drill string was
removed.

Installing the Horizontal Well Material

The horizontal well string (the riser casing and well screen) was installed by screwing 20-foot
sections together and advancing them down inside the washover drill string by hand.
Hydraulic pressure (drilling fluid) or mechanical pressure (the drilling rig) was used to advance
the well string when resistance to the manual installation became too great to advance the well
string. Once the well string was in place the washover drill string was retrieved, and the
horizontal well was grouted and developed. Well development consisted of volume water
flushing and air lifting drilling fluid and cuttings from the well until all cuttings were removed
from the well screen.

4.4 Operating Conditions ‘

The drilling plan called for the use of two crews with operations running 24 hours per day,
seven days per week, as long as drill rods were in the ground. Approximately 30 minutes of
shift overlap was allowed for crew shift transition. The night crew was informed they could
work at a slower pace, if they felt it deemed necessary, to prevent safety hazards due to limited
visibility.

The two extraction wells were designed to pass directly below the M-Area Settling Basin,
above the water table in the vadose zone. Because the vadose zone below the basin contains
various amounts of VOCs, namely trichloroethylene (TCE) and tetrachloroethylene (PCE), it
was necessary to monitor the cuttings coming out of the ground. The SRTC representative
utilized a hand-held photoionization detector (PID) for determining the amount of ambient
VOCs within the drilling area. The health and safety plan designated worker clothing as
Level D (hard hats, steel toe boots, coveralls). If PID readings for VOCs exceeded 10 parts
per million (ppm), then the workers would be advised to move up to safety Level C (respirator)
while working in these areas. If VOCs readings reached 25 ppm, the workers would be
required to move up to Level C protection. Readings were collected usually once a shift or as
often as deemed necessary by the technical oversight. No VOC readings were recorded above
3 ppm, with average readings less than or equal to 1 ppm, for the duration of the project.
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Oblique view of MC-90 drilling rig .

Figure 4-1. Oblique View of MC-90 Drilling Rig
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The down-hole drilling assembly is shown on the drilling fig. The hydraulic spud-jet and bent
sub-assembly are at the end of the down-hole assembly. The steermg tool is located in the
housing just behind the bent sub-assembly. The drill sump is in the foreground.

Figure 4-2. Down-Hoele Drilling Assembly
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This hydraulic spud-jet drilling tool was used throughout the duration of the project.

Figure 4-3. Directional Drilling Tool
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The Magnetic Guidance Systern (MGS) is shown in the foreground,

The tool is inserted into the Borehole Drilling Assembly.
The wire attached 1o the top connects the MGS to the computer.

Figure 4-4. Magnetic Guidance System
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The four-inch washover pipe can be seen protruding at the base of the drill pit and attached to
the drilling rig. The two-inch pilot string can be seen projecting out of the washover pipe.

Figure 4-5. Drill String Assembly
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The nine-inch drill bit consists of carbide tips welded to a four-inch washover coupling.

Figure 4-6. Nine-Inch Drill Bit Attached to Washover Pipe
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The light green tank in the foreground is the mixing tank.
The mud pumping system is to the left of the mnd mixing tank.
The mud pit is directly in front of the drilling rig in the background,
The mud setthing tank/desander is the light brown tank in the right foreground.

Figare 4-7. Mud System Set-Up
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The drill site is lined with 0.010 millimeter-thick plastic sheeting,
The plastic extends under the drilling rig and down into the mud pit,

Figure 4-8. Drill Site Set-Up with Lined Drill Pad and Sump
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5.0 TECHNICAL APPROACH

One of the objectives of the project was to install two identical and parallel horizontal wells
beneath the M-Area Settling Basin and to demonstrate river crossing directional drilling and
horizontal well installation technology. The horizontal wells will be part of a soil gas extraction
system designed to remediate the vadose zone beneath the M-Area Settling Basin and prevent
further migration of VOCs downward into the groundwater. SRTC decided to install the wells
approximately 10 to 13 feet above the water table in a clayey sand horizon at an elevation of
240-243 feet above mean sea level (ms!). The horizon was chosen because it appeared to be a
permeable zone close to the water table. During operation of the soil gas extraction system air
will pass from the surface through the vadose zone to the horizontal wells. Aerating the vadose
zone in this manner will maximize the removal of the VOCs. The wells were planned to be
constructed 100 feet apart (Fig. 5-1) beneath one half of the basin.

Borehole Path — Plan 1

The directional drilling and horizontal well installation plan was devised by the drilling
contractor, CEC, and approved by SRTC. The methodology is described in Section 4.0. The
directional drilling plan was based on the need to construct a 430-ft-long borehole at the target
depth below the basin. A diagram used for calculating the borehole path is shown in Figuare
5-2; the pertinent borehole path data were:

Target Elevation: 243 feet msl

Entry Elevation: 353 feet msl

Total Vertical Depth (TVD): 110 feet

Radius of Curvature: 300 feet (1977100 feet)

Approach Angle: 25" from the horizontal

Step-off Distance: 302.7 feet

Kick-off Point: 194.1 feet Measured Depth (MD), 82.0 feet Vertical Depth (VD)
Length of Curve: 130.9 feet

End of Curve: 3243 feet MD

Total Measured Depth: 754.3 feet MD

Borehole Path - Plan 2

The first borehole path plan was abandoned after the first attempt to drill a borehole with the
above specifications failed. It was believed at the time that the radius of curvature was too
short and therefore the radius of curvature was increased to 400 feet. The well separation was
decreased to 80 feet. A diagram used for calculating the borehole path is shown in Figure 5-2;
the pertinent borehole path data were:

Target Elevation: 243 feet msl

Entry Elevation: 353 feet msl

Total Vertical Deptin: 110 feet

Radius of Curvature; 400 feet (14.4°/100 feet)
Approach Angle: 25" from the horizontal
Step-off Distance: 325.9 feet

Kick-off Point: 173.2 feet MD, 73.2 feet VD
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Length of Curve: 173.6 feet

End of Curve: 346.8 feet MD

Total Measured Depth: 776 8 feet MD

The boreholes were constructed using a dual drill pipe system as described in Section 4.0,
Omce the pilot drill string attained the total measured depth and the washover pipe was drilled to
the total measured depth, the pilot string was retrieved from the borehole. The well materials
were then pushed into the washover pipe until the well screen was placed in the entire
horizontal section beneath the basin. The well materials were chosen by SRTC and CEC. The
well screen was 0.010-inch slotted three-inch intemal diameter schedule 40 polyvinyi chloride
{(PVC) pipe. The riser casing was solid three-inch internal diameter schedule 40 PVC pipe.
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6.0 WELL CONSTRUCTION SUMMARY

Directional drilling and horizontal well installation activities began on November 11, 1992 and
continued until December 25, 1992, This section contains a description of the activities for this
period. Appendix A contains a detailed account of drilling and fishing activities, Appendix B
contains the Daily Activity Reports for this period. Appendix C contains photographs of the
drilling activities for this period. Appendices D and E contain well construction diagrams and
as-built diagrams, respectively. Appendix F provides specific information on the Guar Gum
dritling additive ntilized for this task.

A health and safety orientation meeting was conducted during the morning of November 11,
1992 by the SRTC representative. The itemns discussed during the meeting were the health and
safety plan, the objectives of the drilling program, and the drilling plans. After the meeting
CEC personnel began preparing the site for drilling operations. Inclimate weather and
equipment break-downs forced site preparation activities to continue unti! the aftemoon of
November 13, 1992, Site preparation normally does not take that long to complete.

The SRTC representative calibrated the PID unit at the beginning of drilling and on a daily
basis thereafier.

6.1 AMH-6 Borehole Construction - First Attempt

Preliminary Work

Preliminary work included setting up the drilling rig, setting up the mud system, and setting up
the downhole drilling assembly. The drilling rig was set up on the AMH-6 location and
oriented on the proper azimuth and entry angle. The drilling rig power pack and the mud
system were set up between the AMH-6 and AMH-7 drilling locations. A mud pit was
excavated at the entrance site of AMH-6 to accumulate and contain drilling fluids. The
downhole drilling assembly was assembled and a line of sight survey of the proposed borehole
path was performed. As discussed in Section 5.0, the planned paths of the boreholes passed
directly below the basin and between several clusters of monitoring wells. It was imperative
that the survey tracking be closely monitored to ensure that the existing monitoring wells were
not damaged. Sharewell Inc. personnel calibrated the steering tool along the line of site survey
to ensure the accuracy of the borehole.

AMH-6 borchole construction began during the afternoon of November 13, 1992, The pilot
drilf stem entered the ground at the prescribed 25° approach angle. As the downhole drilling
assembly was initially being advanced (within ten feet of ground surface), drilling fluid was
observed discharging out of the subsurface approximately 25 feet from the drill collar. The
pilot drill stem was advanced 40 feet into the ground, and 20 feet of washover pipe were
installed. The drilling fluid then stopped discharging to the surface,

Al 25 feet VD (335 feet to 65 feet MD), an extremely hard layer was encountered. This layer
was likely the "325-ft clay” of the "Upland unit” as mentioned in Section 3.2.4.
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The pilot drill string was advanced to 195 feet MD (initial point for beginning the curve), The
washover pipe was then advanced to a depth of 160 feet MD. Mud pressures during this
portion of the drilling stayed around 300 psi. Mud returns were generally good during this
initial portion of the hole with some fluid loss at 140 feet MD,

Once the slant portion of the borehole was complete, the pilot hole of the curved section of the
borehole was drilled. The pilot drill stem was drilled with a constant build rate of 19° per 100
feet of borehole through the curve,

The curve was drilled to 262 feet MDD (245 feet msl) when a hard layer was encountered. This
hard layer deflected the drill bit up approximately two feet. Pilot string installation continued,
and drilling fluid circulation was lost around 290 feet MD. The drillers decided to pull the pilot
stem back to the point of encountering the hard layer and correct the deflection in the radius of
curvature. The drillers were concerned that this deflection would make the radius of curvature
too small and jeopardize the integrity of both the pilot drill stem and the washover pipe. The
drillers were successful in re-entering the hard layer at the correct build rate for the curve. The
pilot hole was drilled through the curve and into the horizontal portion of the borehole to 363
feet MD. Drilling fluid circulation was regained at 330 feet but was on the whole sporadic.
Losses of drilling fluid to the formation during this period were estimated at 2000 gallons.
Because of the difficalty in penetrating the formation at the target horizon, the target elevation
for the well was moved down from 245 to 243 feet msl.

Once the pilot string was drilled through the radius of curvature, drilling switched back to
washover pipe installation. The washover pipe was advanced to 340 feet MD. Drilling fluid
circulation was intermittent while the washover pipe was advanced through the curve, At least
another 1000 gallons of drilling fluid was lost to the formation during this period.

The pilot drill stern was advanced to 570 feet MD where drilling became too difficult to advance
any further. From 363-570 feet MD the drilling was intermittently hard and soft, and drilling
fluid returns were good. The elevation of the downhole drilling assembly at 570 feet MD was

239.5 feet msl.

The washover pipe installation resumed at 340 feet MD. However, at 350 feet MD the drilling
fluid circulation was lost to the formation. The drillers continued advancing the washover pipe
10 530 feet MD, until drilling became too difficult to advance the washover pipe. It is estimated
that 11,000 gallons of drilling fluid were lost to the formation during the 12 hours it took to
drill the washover pipe through the section of the well from 340 to 530 feet MD. The
washover pipe could not be advanced past 530 feet MD, and the driller decided to advance the

pilot drill stem.

The pitot drill stem was advanced to 700 feet MD. Drilling was intermittently hard and soft.
Drilling fluid returns were good. Once again the drillers attempted to advance the washover
pipe past 530 feet MD and failed. The decision was made to retract the washover pipe to
determine if the pipe had broken. The drillers pulled off only 32 joints of washover pipe
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before encountering the end of the drill string. The washover drill string had broken off at the
box joint of a washover pipe. Twenty-one pieces (210 feet) of washover pipe were left down
hole with the top of the broken section at approximately 310 feet MD. On November 15,
1992, at 2100 hours, drilling was halted until a recovery (fishing) tool could be flown in to
extract the broken pipe.

Drill Pipe Recovery Activities

The recovery activities lasted from November 17, 1992 to November 21, 1992 and were
ultimately unsuccessful in recovering all the washover pipe and the borehole. The downhole
drifling assembly and pilot drill stem were recovered. Drill pipe recovery activities are
presented in Appendix A. During the recovery activities, approximately 19,000 gallons of
drilling fluid were lost to the formation.

The salient observations that were made during this attempt were that 31,000 gallons of drilling
fluid were lost to the formation and the washover pipe broke. No mitigating actions were taken
to prevent dniling fluid foss other than thickening the drilling fluid by mixing the guar gum at a
rate that prevented total dissolution of the guar gum in the drilling fluid. The result was clumps
of guar gum powder (known as "fish eyes”) that float in the drilling fluid. The purpose of the
fish eves was to flow into and plug any cavities in the area of the borehole that were
experniencing the fluid loss. CEC personnel determined later in the drilling project that the
washover pipe was not the proper grade and strength for this drilling technique. Another
observation that was made was that the desander in the drilling fluid system did pot perform
efficiently. The drilling fluid had a high fine sand and silt content and therefore the carrying
capacity of the drilling fluid was greatly reduced.

The washover pipe had broken at the first attempt to advance it past 530 feet MD. However,
the driller failed to recognize the situation and continued to dril] the pilot hole. The time and
effort spent drilling the 130 feet of extra pilot hole was wasted. The abandoned borehole
remained open until the drilling project was completed. The borehole was then grouted from
total depth to the surface.

6.2  AMH.7 Borehole Construction

Preliminary Wol

Preliminary work included setting up the drilling rig, setting up the mud system, and sefting up
the downhole drilling assembly. The drilling rig was set up on the AMH-7 location and
oriented on the proper azimuth and entry angle. Because of the problems encountered in
drilling AMH.-6, the decision was made to move the collar of AMH-7 back to the south
approximately 25 feet to increase the radius of curvature on the hole from 300 feet to 400 feet
{see Section 5.0). The new location was surveyed in by Sharewell Inc. personnel and
reviewed by the SRTC representative. To assist in anchoring the drilling rig to the ground, the
dritlers utilized a backhoe to push two 10-foot sections of four-inch diameter drill steel into the
ground in front of the drilling rig and welded the steel to the rig frame. This allowed for much
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greater stability during pushing or pulling on the drill rods. The drilling rig power pack and
mud systern were already set up between the AMH-6 and AMH-7 drilling locations.

A mud pit was excavated at the entrance site of AMH-7 to accumulate and contain drilling
fluids. The downhole drilling assembly was assembled, and a line of sight survey of the
proposed borehole path was performed. Sharewel! Inc. personnel calibrated the steering tool
along the line of site survey to ensure the accuracy of the borehole.

AMH-7 drilling activities began at 0800 hours on November 21, 1992. Initial drilling of the
pilot string progressed smoothly until 110 feet MD. At this point the steering tool control wire
broke at the downhole drilling assembly. The crew instatled washover pipe down to 100 feet
and extracted the pilot drill stem and the downhole drilling assembly. The crew reattached the
broken wire, reinstalled the pilot stem down to 110 feet, and resumed drilling.

The pilot hole was drilled from 110 feet MD, through the curve and into the horizontal section,
to 360 feet MD. The build rate in the curve was 14.4° per 100 feet drill stem. A soft horizon
was encountered at approximately 239 feet msl. The elevation of the end of the curve was
2375 feet msl. The washover pipe was then advanced to 300 feet MD. Approximately 3000
gallons of drilling fluid were lost to the formation up to this point in drilling AMH-7,

The drilling conditions at 370 feet MD (237.5 msl) indicated a very dense clay horizon.
Drilling fluid pressure was increased to 750 psi, and the pilot string advanced slowly to 400
feet MD. Drilling efforts then switched back to washover pipe installation to ensure that the
two-inch pilot string was not getting bound up by drill cuttings. The extreme push pressure on
the washover pipe caused the drilling rig to separate from the four-inch steel support pilings.
The anchors were reattached. Mud returns to this point were good, and fluid losses to the
formation were minimal. The decision was made to drill up two feet to reach the soft horizon
encountered at 239 feet msl. The driller did drill upwards, but the drilling did not become

easier.

A very hard zone was encountered between 580 and 590 feet MD. This zone deflected the
downhole drilling assembly up 2.4 in a ten-foot length. The borehole deviation was too great
to accommodate the washover pipe; therefore, the pilot stem was retracted to approximately
360 feet MD, and the washover pipe was advanced. The cuiting ability of the rotary bit on the
washover pipe opened up the borehole at the point of deflection, and the downhole drilling
assembly returned to the proper trajectory.

Drilling continued, alternating approximately every 50 feet between the pilot string and the
washover pipe installation. The drilling was extremely difficult, and cuttings coming back up
the annulus indicated that the formation being penetrated was a tan green clay with very little to
no sand, At 740 feet MD drilling reached the point of rejection. The decision was made to puil
the pilot string back to approximately 710 feet MD and drill the washover pipe to the total depth
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of the well (770 feet MD). The washover pipe was then retracted forty feet and the pilot string
advanced to the end of the well to collect survey information. The drillers completed surveying
the well and retracted the pilot drill stem and prepared for installation of the well materials

inside the washover pipe.

During the borehole construction, 9,000 gallons of drilling fluid were lost to the formation.
No mitigating actions were taken to prevent drilling fluid loss other than thickening the drilling
fluid by mixing the guar gum at a rate that prevented total dissolution of the guar gum in the
drilling fluid.

6.3 AMH-7 Well Installation
The well materials for AMH-7 consisted of

* One six-inch long, 3-inch diameter, schedule 40 PVC cap. '

* 21 pieces of 20-ft long, flush threaded, 3-inch nominal inside diameter (ID), 0.010-inch
slotted schedule 40 PVC screen in the horizontal section below the basin.

16 pieces of 20-foot long and 2 pieces of 10-foot long, flush threaded, 3-inch nominal 1D,
schedule 40 PV riser above the screen.

The slotted screen was easily installed by hand to 250 feet MD. However, at this depth the
buoyancy of the screen within the drilling fluid in the borehole created a frictional force that
exceeded the driller's ability to push the screen by hand. Drilling mud was pumped inside the
screen to decrease the buoyancy. Once filled with mud, the screen and casing were easily
pushed by hand down to approximately 600 feet MD. Sand, built up in front of the screen,
made it necessary to use the drilling rig to advance the well casing to the end of the borehole.
A cap was placed over the end of the well casing, and the rig drili head pushed slowly on the
pipe until the section was near ground level. Once the section of well pipe was installed the cap
was removed, another section of pipe added, and the process was repeated. The total installed
depth of well AMH-7 was 760.5 feet (750.5 feet below ground surface and 10 feet of casing
above the ground surface).

Once the well materials were installed, the washover pipe was extracted. The wel! installation
was completed on November 25, 1992 at 1400 hours. The well would be grouted and
developed upon completion of drilling and installation of AMH-6. Drilling and well installation
for AMH-7 took just over four days.

6.4  AMH-6 Borehole Construction - Second Attempt

{imi W
Preliminary work included setting up the drilling rig, setting up the mud system, and setting up
the downhole drilling assembly. Because of the problems encountered in drilling the first
attemnpt at AMH-6, the decision was made to move the entry site of AMH-6 back to plant west

approximately 25 feet to increase the radius of curvature on the hole from 300 feet to 400 feet
(see Section 5.0) and to plant south approximately 20 feet, to prevent physical and magnetic
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interference from the broken section of washover pipe left in the first abandoned attempt on
AMH-6. The new location was surveyed in by Sharewell Inc. and reviewed by the SRTC
representative. The drilling rig was set up on the AMH-6 location and oriented on the proper
azimuth and entry angle. A dnlling fluid return pit was constructed at the entry point, and two
10-foot sections of four-inch diameter drill steel were pushed into the ground in front of the
drilling nig and welded to the rig frame to anchor the drilling rig. The drilling rig power pack
and the mud system were already set up between the AMH-6 and AMH.-7 driliing locations,

Drilling began on AMH-6 on November 25, 1992 at 2100 hours. Initial drilling of the pilot
string progressed to 161 feet MD before switching over to install the initial sections of
washover pipe. The steering tool experienced magnetic interference near the surface that
resulted in an azimuth error and a subsequent borehole deviation of 2.3 feet to the right of the
proposed borehole path. A standard practice is to "plug” the proposed azimuth into the steering
tool software where there is a possibility of magnetic interferences (such as near the ground
surface). The Sharewell Inc. survey operator did not plug the proper azimuth. The difference
in azimuth was not crucial to the completion of the well. Drilling continued, and the borehole
was brought back on the correct path (see Figure 3-9).

Washover installation continued to 140 feet MD (approximately 290 feet msl). Based on the
previous attemnpt at installing AMH-6, SRTC and CEC made the decision to move the target
elevation of the well to 245 feet msl. The crew switched to installing the pilot string and began
building the angle at 161 feet MD.

Installation of the pilot string continued to 301 feet MD (approximately 250 feet msl).
Washover pipe was instatled to 260 feet MD, and then the pilot string was drilled through the
curve. At 331 feet MD the end of the curve was reached, and drilling became very difficult. A
visual analysis of the cuttings indicated that the bit was penetrating a clayey zone.

Drilling of the pilot hole proceeded smoothly to 511 feet MD (244 feet msl). The borehole was
within a couple of feet of the projected elevation. The steering tool appeared to have
experienced no magnetic interference from the broken section of washover pipe that remained
in the abandoned borehole left from the first attempt at drilling AMH-6. The drilling, within
the horizontal section below the basin, aiternated between hard and soft indicating a possible
variable clay content in the horizon. To this point, returns for all drilling in this borehole were
good, and there appeared to be minimal losses in drilling fluids to the formation. At 511 feet
MD, drilling became difficult, and the crew switched to installing the washover pipe.
Washover pipe installation began at 250 feet MD and proceeded to 340 feet MD where drilling
reached the point of rejection. The decision was made to retract the washover pipe to inspect
the drill bit for wear. The crew moved the pilot string to ensure it was not stuck in the hole and

then proceeded to pull the washover pipe.
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The washoever pipe was found to have broken at 270 feet MD; 60 feet of washover pipe
remained between 270 and 330 feet MD. The break occurred between the #6 and #7 washover
pipe above the downhole drilling assembly. The box of joint #6 was still attached to the pin of
Joint #7. This relationship of the box breaking off on the pin of the previous pipe is the same
for each of the washover pipe failures for this project.

The driliers retracted the pilot drill stem and recovered the downhole drilling assembly. A
detailed account of the recovery activities may be found in Appendix A. The washover pipe
was recovered with a simple hook attached to the pilot dall stem.

The pilot stemn with the downhole drilling assembly was re-installed to 511 feet MD, and the
washover pipe was re-installed to 330 feet MD. Drilling began again on the washover pipe and
proceeded to 405 feet MD where the point of rejection was reached. It appeared that the
washover pipe had again broken at some point in the curve.

The drillers retracted the pilot drill stem and recovered the downhole drilling assembly. The
pilot drill stem was replaced with a "dummy string” to 511 feet MD. The dummy string
consisted of the pilot drill stem without the down-hole drilling assembly. The washover pipe
was retracted. The break occurred at 325 feet MDD, between washover joints #8 and #9 above
the drill bit. The box of joint #8 was still attached to the pin of joint #9. Eighty feet of
washover pipe was left in the hole between 325 and 403 feet MD.

Recovery Activities

A detailed account of the recovery activities may be found in Appendix A. The washover pipe
was recovered with a simple hook attached to the pilot drill stem. The total down time for

retrieving the broken washover pipe was 24 hours.

The pilot drill stem with the down-hole drilling assembly was re-installed in the borehole to
511 feet MD, and the washover pipe was re-installed to 405 feet MD. Because there was a
major concern that the washover pipe had been weakened by the cumulative stresses of the
previous drilling activites, the drillers decided to use lower rotational speed and push force to
put less strain on the joints of washover pipe as they rotated through the curved section of the
borehole. CEC and the SRTC representative agreed that the rotational speed would not exceed

30 rpms.

Dirilling of the washover pipe resumed and mud losses to the formation became significant.
The crew completed pushing the washover pipe to 490 feet MD; however, fluid losses o the
formation had reached 1000 gallons per twenty feet of borehole drilled.

The pilot drill stem was drilled 611 feet MD. At this point the drillers took a 30-minute break
for dinner. Upon returning from dinner break, all of the drilling mud had drained out of the
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maud pit and presumably into the formation. The borehole took an entire tank of drilling mud
just to regain cirgulation. Mud losses to the formation appeared to have begun while drilling
the washover pipe between 420 to 440 feet MD. Circulation could be maintained as long as
mud was being pumped down the borehole. However, if the drilling stopped, the thick mud
would visibly flow back down the hole and into the formation by the hydrostatic head pressure
of the drilling mud alone. Analysis of the potential causes for these fluid losses will be

discussed in Section 7.0,

Pilot string instaliation continued to 631 feet MD. While drilling 620 to 630 feet MD, the
directional drilling tube was pointed up but the inclination of the borehole (as indicated on the
survey tool) dropped down 4. This indicated that the downhole drilling assembly encountered
very soft material or an open void. Approximately 1000 gallons of drilling fluid were used to
drill this ten {feet of borehole. The amount of drilling fluid running out of the mud pit and into
the formation under hydrostatic pressure alone was estimated by observing that the fluid level
in the 10 ft. x 6 fi. mud pit was dropping 1 inch per minute. The estimated rate of fluid loss
was 5 cubic feet or 40 gallons per minute.

The drilling crew decided to advance the washover pipe to the end of the pilot drill stem to
mitigate the drilling fluid loss. However, the washover pipe would not advance further. The
crew then pulled on the washover pipe until it jerked suddenly. The jerk indicated that the
washover pipe had broken downhole. The washover pipe was extracted. The break in the
washover pipe occurred at 80 feet MD, between washover joints #42 and #41 above the drill
bit. The box of joint #41 still attached to the pin of joint #42. The 400 feet of washover pipe
remaining in the borehole was between 80 and 480 feet MDD,

The recovery activities are described in Appendix A. The washover pipe was not recovered
from the horizontal section of the borehole.

CEC proposed to SRTC that they would drili 270 feet past the end of the broken section of
washover pipe and install the well materials in an open borehole. The result would be 270 feet
of open screen beneath the M-Area Settling Basin. SRTC decided to accept the well if CEC
could install 250 to 280 feet effective screen below the basin, The SRTC decision was made
because of their concern of the massive fluid losses to the formation. A replacement well
would be drilled only if all other attempts at salvaging the current borehole failed.

The pilot drill stem was advanced to 745 feet MD. The pilot borehole was sized to a larger
diameter to facilitate the installation of the well materials. The open borehole was between 480

feet MD to 745 feet MD.

Approximately 34,000 gallons of drilling fluid were lost to the formation during this attempt,
the washover pipe broke numerous times, and the well was not completed to the original
specifications. No mitigating actions were taken to prevent drilling fluid loss other than
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thickening the drilling fluid by mixing the guar gum at a rate that prevents total dissolution of
the guar gum in the drilling fluid. CEC personnel determined that the washover pipe was not
the proper grade and strength for this drilling technique. The desander in the drilling fluid
systemn did not perform efficiently. The drilling fluid had a high fine sand and silt content and
therefore the carryving capacity of the drilling fluid was greatly reduced. Many days were spent
trying to extract washover pipe that was stuck in the borehole. The end result was that the
washover pipe remained in the borehole and that the well screen was not the originally

proposed length.
6.8 AMH-6 Well Installation
The well construction materdals for AMH-6 consisted of;

+ One six-inch long, 3-inch diameter, schedule 40 PVC cap.

+ Twenty pieces of 20-ft long, flush threaded, 3-inch nominal ID, 0.010-inch slotted schedule
40 PV screen in the horizontal section below the basin.

+ Eight pieces of 20-foot long and 16 pieces of 10-foot long, flush threaded, 3-inch nominal
1D, schedule 40 PVC riser above the screen.

The slotted screen was easily installed by hand to a MD depth of 295 feet; however, at this
depth the buoyancy of the screen within the drilling mud exceeded the driller's ability to push
the screen by hand. A cap was attached to the top of the well pipe, but the drilling rig was
unable to push the well materials downhole without the possibility of breaking the PVC pipe.
The crew thinned out the drilling mud to allow easier penetration by the well material, but this
did not work. The two-inch pilot drill stemn was installed inside the well material to push the
well material from the bottom of the screen. This technigue proved successful, and the well
was advanced to 710 feet MD.

At 710 feet MD, the well material would not advance any further. The drillers felt they had
pushed the cap off of the end of the screen. Well installation could proceed no further. The
result was that there was a total of 230 feet of well screen open to the formation. SRTC
personnel decided to accept the well length although the length was 20 feet less than the
minimum length agreed upon earlier. SRTC personnel wanted to prevent further damage to the
target horizon.

A plug, designated as a "one way pig", was installed to within five feet of the end of the screen
to reseal the end of the well. The plug consisted of a 6" long, 3.25" diameter polypropylene
plug. The total installed depth of well AMH-6 was 720 feet (710 feet below ground surface
and 10 feet above ground). The total effective screen installed beyond the broken section of
washover pipe in AMH-6 is 225 feet (710 feet MD minus 480 feet for the broken washover
pipe and 5 feet for the plug).

The drillers attempted to remove the extra washover pipe that had been installed from the
surface down to the top of the broken section; however, the pipe would not move. Sand had
apparently settled in around the splayed end of the washover pipe, preventing it from being
extracted. Instead of risking damage to the installed well, the drillers rotated the washover pipe
counterclockwise to unserew as much of the pipe as possible. Only 6 sections of washover
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pipe were extracted, leaving 420 feet of washover casing down the hole from 60 to 480 feet

6.6 AMH-6 and AMH-7 Well Completion

Well compietion was accomplished by: installing sand by tremmie pipe in the annulus above
the well screen; installing a bentonite plug in the annulus above the sand; and filling the annulus
with grout from the bentonite plug to the surface (see Appendix D for Horizontal Well
Construction Diagrams). Both wells were completed on December 9, 1992, The total time for
installation of the two horizontal wells was 26 days.

6.7 AMH-6 and AMH-7 Well Development

The well materials were installed using hydraulic pressure supplied by the drilling fluid system.
The dnilling fluid used during the installation of AMH-7 had a significant silt and fine sand
fraction. Therefore, AMH-7 had a significant amount of sand in the well screen after well
mstallation was complete. The drilling fluid used to install AMH-6 did not have a significant
si]tﬁami sand fraction and therefore AMH-6 did not contain a significant amount of sand in the
well screen.

Development of AMH-6 began on December 12, 1992. The crew installed 330 feet of
two-inch PVC tremmie pipe with a perforated six-inch pointed plug on the end (Fig. 6-1) into
the well. The perforations consisted of approximately eight 1/4" angled holes. The purpose of
the holes was to force water and air back uphole to wash sediment from the screen.

When the tremmie pipe reached 330 feet MD, water was injected as each 10-foot section of
pipe was added. The tremmie pipe was push to 635 feet MD, at which time the crew could no
fonger advance the pipe. Apgmximately 2500 gallons of fresh water was pumped down the
well during the four hours of tremmie pipe installation between 330 feet and 635 feet MD;
however, no returns came to the surface (with all the drilling fluid lost, no returns were

expected).

Apparently the water (and whatever sand) in the well was blowing back uphole but the pump
was not strong esough to force the sand and water to the surface. The tremmie pipe was
extracted from AMH-6, several more holes drilled in the plug, and the pipe reinserted into the
well. The plan was to: insert the tremmie pipe into the well until the first sand was
encountered; pump water; and then air lift to see if any fluids and/or cuttings returned to the
surface. The tremmie pipe was installed to 360 feet before the first sand was encountered.
Approximately 200 galions of water were pumped down the hole before the crew began
blowing air down the temmie pipe. No retums were observed at the surface.

The driller decided to advance the tremumie pipe to the end of the well and blow with air as the
pipe was being extracted, forcing the sand out laterally into the walls of the borehole. Tremmie
pipe was instalied to 705 feet MD, and the air development technique was applied. The
technigue was successful, and the well screen was cleared of sediments.
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AMH-7 well development proceeded with the same techniques used to develop AMH-6.
Development of AMH-7 began on December 14, 1992, The crew installed 735 feet of two-
inch PVC tremmie pipe with the perforated plug on the end into the well. The tremmie pipe
was installed easily by hand to 610 feet before water was needed to assist in advancing the
pipe. At 735 feet, the sand remaining in the screen zone had either been forced out into the
formation or compressed into the last 15 feet of the screen zone, making the effective screen
length of AMH-7 403 feet. Several hundred gallons of water were pumped down the well over
a three-hour period with no returns at the surface. The crew began continuously injecting air
into the well while extracting the tremmie pipe, forcing the sand and silt laterally out of the
screen into the formation, This technique was applied until all temmie pipe was extracted from
the well. Development on AMH-7 was completed on December 15, 1992.
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PLUG WITH 1/4 INCH HOLES

DRILLED POINTED BACK
UPHOLE

A

& . <

'

TWO INCH DIAMETER PVC
TREMMIE PIPE

A six-inch long, two-inch diameter plug was perforated with 1/4" holes for blowing water
and/or air down inside the three-inch well for cleaning sand and mud out during well
development.

Figure 6-1. Two-Inch Diameter Perforated PVC Plug for Well Development
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7.0 DISCUSSION

The directional drilling and horizontal well installation technology used by CEC appearsto be a
sensible approach to horizontal well installations. However, the implementation of that
technology was flawed by the inexperience of the drilling crew and therefore the technology
cannot be fully evaluated.

7.1 Analysis of the Drilling Program

Factors which controlied the drilling performance are discussed below and include the
following:

» Inexperience of the drilling crew.

* Ineffective drilling fluid system.

+ Specific geolopic conditions {clay percentage and highly permeable zones) and fluid losses.
« Deficient washover pipe.

+ Other factors.

These factors will be discussed below.
7.2, 1 The Drilling Crew

The CEC drilling crew consisted of two crews. The night crew worked from 7:00 pm to 7:00
am. The night crew chief was the Vice President of Operations for CEC. The day crew
worked from 7:00 am to 7:00 pm. The day crew chief was operating the drilling rig for the
first ime. It was not a coincidence that the washover pipe usually broke when the day crew
chief was drilling. Both crews were relatively inexperienced in deep (greater than 50 feet
vertical depth} environmental well installation. :

The inexperience of the drilling crews was demonstrated in their inability or reluctance 1o adapt
their drilling methods to the site-specific drilling conditions. Two aspects of their drilling
method which needed to be adapted for this drilling project were washover pipe installation and
the drilling fluid system.

CEC claims that the washover pipe was deficient (discussed below). The joints of the
washover pipe were too weak fo withstand the oblique stresses experienced while the pipe was
rotated and/or pushed through the curved section of the borehole. After the first attempt at
constructing the AMH-6 borehole failed, the radii of curvature of the borehole paths were
increased from 300 feet to 400 feet. The increased radius of curvature was supposed to
decrease the oblique stresses experienced by the joints of the washover pipe. No other changes
were made in the drilling operation to prevent the washover pipe joints from breaking until well
into the project after the washover pipe had broken numerous times. Changes that were made
included rotation of the washover pipe slowed to approximately 30 rpms and the push pressure
reduced. By that time, the washover pipe was well wom and more fragile, and the changes did
not significantly improve the drilling performance.

Drilling fluid circulation was often lost during the drilling project. The drilling crew used the
following methods to mitigate the fluid loss:
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1. The drill crew thickened the drilling fluid by quickly mixing the guar gum at a rate that
prevents total dissolution of the guar gum in the drilling fluid. The result was clumps of
guar gum powder (known as "fish eyes”) that float in the drilling fluid. The purpose of the
fish eyes was to flow into and plug any cavities in the area of the borehole that were

experiencing the fluid loss.

2. The dnll crew drilled the washover pipe past the zone where drilling fluid was being lost.
This method only regains fluid circulation while drilling the pilot drill stem and is not
effective if fluid loss occurs while advancing the washover pipe.

These two methods of drilling fluid loss mitigation may work at some drilling sites; however,
they did not work at this site. The crew kept trying the above listed methods over and over
again, regardiess of the efficacy of their efforts. Alternate drilling fluid loss mitigation methods
are discussed below,

The ineffectiveness of the drilling crews to deal with these two drilling challenges resulted in
many additional roan hours of drilling, loss of drilling fluids to the formation, and because
dn'ilix% fluid loss caused the washover pipe to become stuck in the borehole, loss of drilling
materials,

7.8.2 The Drilling Fluid System

CEC uses a guar gum-based drilling fluid on all their environmental horizontal well installation
drilling projects. CEC distributes information on guar gum in their informational brochures
{Appendix F). Guar gum-based drilling fluid is a natural organic polymer additive which
overcomes problems associated with conventional drilling fluids. Guar gum-based drilling
fluid systems have the following advantages. Formation damage is minimized because the
fluid does not introduce clays to the borehole and formation. Drilling tool penetration rates are
increased becaunse the fluid reduces friction on the drilling tool.

A guar gum-based drilling fluid also has disadvantages. A guar gum-based drilling fluid has
virtually no gel strength. Gel strength is a measure of the ability of the drilling fluid to maintain
cuttings in suspension. When fluid circulation is stopped or lost, drill cuttings will settle to the
bottom of the borehole. Once cuttings settle out of the fluid they will remain at the bottom of
the borehole until the fluid velocity becomes great enough to once again entrain the cuttings in
?; fluid. The drilling fluid velocity can be increased by increasing the fluid pressure at the
illing tool. ,

A second disadvantage is at high temperatures a guar gum-based drilling fluid tends to "break
down" or lose viscosity more guickly. This is in part due to the growth of certain
microorganisms which are most prolific at 80" to 120°F (27-49°C). Enzymes produced by
these organisms in addition to those inherent in the guar gum-based drilling fluid can cause the
breakdown of guar gum-based drilling fluid to be accelerated. Where such microorganisms or
soil bacteria are likely to be present, precautions should be taken. If the mud pit is earthen, it
should be lined with plastic. The mix water should be disinfected by chlorinating to 100 ppm.
During the project, the mud pit quickly lost its plastic liner, and the mix water was not
disinfected,
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A third disadvantage is that if the guar gam-based drilling flnid has penetrated into a very
permeable formation it will temporarily reduce the well's efficiency which could result in
inaccurate test pumping data. To remove this fluid, the well should be developed by high
velocity horizontal jetting with 1,000 ppm chlorine solution which will break down the guar
gum-based drilling fluid. The wells installed during this project were not developed in this
manner.

The drilling fluid system was inefficient for two reasons: (1) the drilling system was inefficient
in removing drill cuttings, and (2) the guar gum-based drilling fluid was inefficient in
maintaining fluid circulation. These two items are discussed below.

R { of Drill Cuti
The drilling system was inefficient in removing drill cuttings because the carrying capacity of
the dnlling fluid was not sufficient to remove drill cuttings from the borehole. The carrying

capacity of the drilling fluid was affected by the gel strength of the fluid, the velocity of the
fluid, and the fine sediment content of the fluid, .

The crew increased the viscosity of the guar gum-based drilling fluid to increase the gel
strength of the fluid and 1o stop fluid loss (described below). However, the gel strength of the
guar gum-based drilling fluid remained less than the gel strength of a bentonite-based drilling
fluid with the same viscosity. Whenever drilling fluid circulation stopped, the larger fractions
of the entrained cuttings settied from the fluid to the bottom of the borehole. Because the
borehole was either horizontal or at a low angle the cuttings remained in the borehole until the
fluid velocity became great enough to erode the cuttings from the bottom of the borehole. The
SRTC representative suggested to CEC personnel that the fluid velocity should be increased to
remove cuttings. The CEC drilling crew did not increase the fluid velocity to remove drill
cuttings from the borehole.

The drilling fluid system contained one small desander that early in the drilling project proved
ineffective in removing fine sediments from the drilling fluid. The purpose of the desander
was to remove fine sediments from the drilling fluid as it circulated from the borehole to the
mud mixing tank. Drilling activities were stopped numerous times to allow the drilling crew to
remove fine sand from the mud mixing tank that shouid have been removed by the desander.
The desander was not replaced and remained inefficient throughout the drilling project. The
results of the ineffectiveness of the desander were that the carrying capacity of the drilling fluid
was greatly reduced and drill cuttings remained in the borehole. The drill cuttings remaining in
the borchole quite possibly contributed to the washover pipe sticking and breaking numerous
times. Cuttings that remain in the borehole will form a bnidge between the drill pipe and the
borehole wall. The bridge will act as a wedge when the drill pipe turns, and the drill pipe will
become stuck. .

Two methods are available 1o stop drilling fluid loss. The first method requires an extremely
viscous guar gum-based drilling fluid, 120 Marsh funnel seconds or more. A mass of this
freshly mixed highly viscous guar gum-based drilling fluid must be spotted in the hole opposite
the lost circulation zone. Enough of this guar gum-based drilling fluid to twice fill the borehole
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annulus should be mixed in a separate tank or pit and pumped through the drill pipe to this
zone. The drill pipe is then pulled back allowing the viscous guar gnm-based drilling fluid o
migrate into the permeable zone, thus sealing it off. After about 30 minutes, the viscosity of
the remaining fluid can be reduced, and normal drilling can resume. The drill crew used a
sirnilar approach to mitigate fluid loss. The drill crew did mix a viscous guar gum drilling fluid
(described above), but they did not have a Marsh funnel to measure viscosity, and they did not
pull back the drill pipe to the loss circulation zone and pump the viscous drilling fluid into the

permeabie zone.

The second method to mitigate drilling fluid loss involves mixing Borax with the guar gum-
based drilling fluid to create a dense, rubbery plugging material. Onsite experimentation with a
few quarts of fluid is useful to determine mix ratios but generally one can proceed as follows:

1. Mix one cup of "20 Mule Team Borax" in 5 gallons of water, then pour the borated water
directly into the dnll stem.

2. Mix a pit of highly viscous guar gum-based drilling fluid - about 120 Marsh funnel
seconds. ;

3. Raise the pH of this fluid 10 9.0 10 9.5 by adding soda ash as needed. Start by dissolving

a cupful of soda ash per 1,000 gallons of water and slowly add to circulating fluid system

at the pump suction. System pH should be checked periodically while circulating and

should be kept below 10 to avoid polymer destruction.

Mix additional borated water at the ratio of one cup borax per 5 gallons of water.

Place bottom of drill stem opposite lost circulation zone.

Raise pump suction to near pit surface Jevel.

Activate pump at idling speed and when the drilling fluid starts to flow, pour borated water

into the pit near the pump suction. Continue pumping until borated gel appears at ground

surface in the annulus between drill stem and bore. It will be a thick, gelled mass.

Shut pump down immediately to prevent gel from reaching pit.

Pull drill stem back one or two lengths and wait 30 minutes for gel to cure.

0. Resume drilling operation with pump operating at reduced speed until several feet of new

formation has been penetrated.

11. Repeat entire operation if necessary. If used in an aquifer where a screen has been set, it
may be necessary to develop the well by high velocity jetting with a 1,000 ppm chlorine
solution.

b b s

b AT (3

The gelied fluid may be returned to its starting viscosity by reducing the pH to 7 or lower.
Reducing the amount of guar gum-based drilling fluid or Borax used or using a pH above 7 but
less than 9 will weaken the chemical cross-linking bond of the guar gum polymer and produce
a partially gelled, stringy mass that can be easily pumped or circulated. This partially cross-
linked gel can be used where excessive fluid loss is & problem as, for example, when
encountering coarse sand and gravel or other highly permeable zones.

The SRTC representative strongly suggested to CEC that they should try this method to stop
drilling fluid loss, The CEC drill crew did not appiy this method.
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7.1.3  Specific Geologic Conditions and Fluid Losses

The specific geologic conditions that created difficulties during drilling were the clay content of
sediments and sporadic, high permeability zones within the target horizon. The geologic cross
section provided to CEC by SRTC showed that the target horizon was generally silty sand to
silty, clayey sand. The drilling plan submitted to SRTC by CEC acknowledged the possibility
of the presence of clay and/or clayey silt/sand horizons. The drilling plan provided for the use
of a down-hole drilling motor if drilling conditions became too difficult for the hydraulic spud-
jet drill bit. CEC did not bring a downhole drill motor to the site nor did they send for one
when drilling conditions became too difficult for the hydraulic spud-jet. While dnlling the
AMH-7 borehole, the drilling rate was as slow as 10 feet of pilot hole drilled per 90 minutes.
The reluctance of CEC 1o adapt to drilling conditions added many hours to the drilling project.

The nature of the high permeability zones within the target horizon is unclear. Regardless of
the cause of the loss of drilling fluid circulation, the fact remains that CEC did not adapt their
drilling method or fluid system to meet site conditions.

7.1.4 Drill Rod Type

The 4130 heat-treated two-inch steel pilot drill pipe used proved to be adequate for drilling in
the coastal plain sands and clays. However, the 2160 washover pipe (used by mistake instead
of 4130 pipe) proved to be inadequate. This type of washover pipe broke on several occasions
with the box of the downhole pipe breaking off on the pin of the pipe above it. Later in the
dniling project, 4130 washover pipe was shipped to the drill site and used to extract the broken
sections of 2160 pipe. No problems were encountered with any of the new 4130 washover

pipe.
715 rher Factors

The Task Management Plan provided by CEC stated that a drill motor and hydraulic spud-jet
systemn would be used on this project. CEC chose to provide only a hydraulic spud-jet system
at the site. However, the clayey nature of the target horizon dictated that a drill motor was
required. These wells could have been completed more efficiently by using the drili motor.

Steening System

The steering system is the most accurate system available. The survey crew must calibrate the
tool before drilling begins. The drilling method used by CEC required that the control wire that
connects the downhole steering probe with the surface control unit be spliced twice at the
beginning of each ten-foot run. Normal drilling operations require only one splice. The
second splice added more time to the drilling operation and provided another weak spot in the
wire. The wire will break at weak spots and cause failure of the steering system. System

failure required extracting the pilot string from the borehole, resulting in significant drilling
delays.
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Anchors were placed at the front of the drilling rig by driving two 10-foot sections of four-inch
diameter washover pipe into the ground and welding them to the frame of the drilling rig. The
dnilling rig anchors became loose due to excessive pushing and pulling and had to be
periodically welded back to the frame. The standard anchor system for the drilling rig
consisted of a hydraulic ram and a "dead man” {Section 4.1.1). The standard anchor system
was never employed by CEC.

7.2 Analysis of the Well Installation Method

The well installation method is described in Sections 6.3 and 6.5. While this method is
intuitively simple, it does put stress on the well materials. At any given time each section or
joint in the well string experiences the following components of stress:

Compression — Compression is exerted on the well materials when the drilling rig must be used
to push the well construction material from the surface. This technique is necessary to
overcoine downhole frictional forces. If too much force is exerted, the screen may collapse.

Weight — The weight of the well string is dependent on the mass of the well materials and
upward or downward forces in the borehole. An example of upward force is buoyancy caused
by fluid in the borehole. An example of a downward force is the weight of the well string.

This installation method is easy and efficient. The implementation of the method during this
drilling project was flawed. Drilling mud was used to install the well materials in AMH-7.
The dnlling fluid contained a large fraction of fine sediments. The sediments remained in the
well after the materials were pushed into place and well development was difficult. A clean,
low viscosity, chlorinated drilling fluid should have been used to supply the hydraulic pressure
needed to install the well materials.

There appeared to be no problems associated with installation of the sand, bentonite, and grout
well seals in the wells.

7.3 Weil Development

Well development for a soil vapor extraction well is difficult because there is no formation
water to aid in flushing out the drilling mud. As discussed above, if a clean, low viscosity,
chlorinated drilling fluid was used to apply hydraulic pressure to the well materials during well
installation (instead of drilling fluid that contains abundant driil cuttings), then there would
have been less sediments in AMH-7, and the guar gum-based drilling fluid would have been
rendered biologically inactive. A water-flushing treatment of the well may have been deemed
unnecessary if the well installation had been done properly. However, water-flushing of the
well was performed. The water was not chlorinated and biological activity induced by the guar
m-based drilling fluid may cause reduction in formation permeability.
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8.6 CONCLUSIONS

The following conclusions were reached upon completion of the river crossing directional
drilling demonstration.

I

Two horizontal wells were successfully installed at 2445 feet ms! (under the M-Area
Settling Basin. Well AMH-7 was installed with a screen of 420 feet; well AMH-6 was
installed with an effective screen of 230 feet (190 feet short of the proper length due
primarily to the washover casing left in the borehole).

Formation damage could have been minimized by:

* Controlling fluid loss to the formation during borehole drilling.
» Using clean, chiorinated drilling fluid during well instaliation.
» Using clean, chlorinated water during well development.

The drilling crew was inexperienced in installing deep (greater than 50 vertical feet)
horizontal wells, The crew's mexperience was demonstrated by their inability to: deal with
adverse site specific drilling conditions; deal with loss of drilling fluid circulation; deal with
an ineffective desander in the drilling fluid systern.

A downhole drill motor would have improved drilling efficiency.

The drilling crew did not ensure that washover pipe of the proper strength was used during
the drilling project. The radii of curvature of the boreholes (400 feet) were not large
enough to ensure stability of the washover pipe.

The guar gum-based drilling fluid system was inadequate. The drilling fluid system should
have been improved or a bentonite-based drilling fluid should have been considered. The
drilling crew did not keep drilling records or mud reports during this project. Therefore,
the drilling crew was unprepared to adapt to the site-specific drilling conditions.

The directional drilling and horizontal well installation method used during this project
cannot be fully evaluated because the implementation of the method was flawed. However,
at this time the method should be considered as an appropriate technology for installing
horizontal wells,
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9.0 RECOMMENDATIONS AND SUGGESTIONS FOR FUTURE
ACTIVITIES

9.1 Recommendations

The following are major recommendations for consideration if future projects of this nature are
planned.

1. The drilling contractor should provide an experienced drilling crew. The drilling crew
should be experienced in the following:

* Installation of a horizontal well in conditions similar to that found at the proposed drilling
site.
* The use of all equipment used to instal} the horizontal well.

2. The drilling crew should make every effort to control the loss of drilling fluid circulation,
Loss circulation zones should be plugged when they are encountered.

3. When using a guar gum-based drilling fluid, a chlorine additive should be used in the
drilling fluid mix water and development water to disinfect the drilling fluid and inhibit
bacterial growth. If the state Health Department does not allow a disinfectant to be
introduce to the subsurface, then an alternate drilling fluid (such as a bentonite-based
drilling fluid) should be used.

4. I hydraulic pressure is used to install the well materials, a clean, chlorinated, drilling fluid
should be used. A clean drilling fluid would not introduce drill cuttings into the well
matenals that would increase well development efforts. .

5. Dnlling crews should be required to"keep detailed daily records of drilling activities and
drilling fluid properties. The records can be used to adapt drilling methods to site
conditions.

6. Radii of curvature for the boreholes should be large enough to accommodate the drilling
materials. Future drilling projects that use similar washover pipe should be designed to
have a borebole with a radius of curvature greater than 400 feet.

7. Longer drill pipe and a wireless drilling survey system would greatly decrease the drilling
time.

9.2 Suggestions for Future Activities

Basad on the results of this field demonstration, the following suggestion is made regarding the
future of horizontal wells AMH-6 and AMH-7. The efficiency of the horizontal wells are
scheduled to be evaluated during the soil vapor extraction tests, H the horizontal well
evaluations demonstrate a lower than expected soil gas permeability, then the wells should be
developed with chlorinated water to destroy bacterial growth in the formation.
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A. SUMMARY OF BROKEN WASHOVER PIPE RECOVERY ACTIVITIES

Section 6.0 of this report provides detailed drilling activities for AMH-6 and AMH-7. This
appendix provides a detailed account of the broken washover pipe recovery activities during the
two attempis to install AMH-6. Refer to Appendices B and C for Daily Activity Reports for the
period of November 11, 1992 to December 15, 1992 and for drilling photographs,
respectively.

A.1  First Attempt at Drilling of AMH-6 and Subsequent Fishing Activities

Drilling began on Hole #2 (AMH-6) on November 13, 1992. The pilot drill stem was
advanced to 570 feet MD and the washover pipe to 350 feet MD before significant drilling fluid
losses began to occur. Installation of the washover pipe continued until washover pipe #54
(540 feet MD) could not be advanced and the decision was made to trip out the washover pipe
to determine if the washover pipe had broken. The driller pulled off only 32 joints of
washover pipe before encountering the end of the drill string. The washover pipe had broken
off at the box of joint #22, leaving 21 joints (210 feet) of washover pipe down hole with the
top of the broken section approximately 310 feet MD down hole.

On November 15, 1992 at 2100 hours, drilling was halted unti} a fishing tool could be flown in
to extract the broken pipe. The fishing tool (Fig. A-1) arrived on November 17, 1992 at 0700
hours. The fishing tool, designed as an overshot barrel, was attached to the end of the
washover pipe. This device was then advanced over the broken section of washover pipe and
rotated to grind off any anomalous metal from the end of the broken pipe. A sleeve within the
fishing tool locks on to the broken section of pipe for extraction.

The drillers attempted to push the fishing tool down to the broken section of washover pipe;
however, the hole was too tight to detect when the tool encountered the broken string. The
drillers tripped out the fishing tool, went back into the hole with a nine-inch rotary bit to widen
the borehole, and advanced it down to within two feet of the broken string. The rotary bit was
tripped out and the fishing tool reinserted. On November 18, 1992 at 0430 hours, the fishing
tool was successfully attached to the broken washover pipe; however, the drilling rig was
unable to move or rotate the washover pipe. The decision was made to pull the two-inch drill
string. with the Non-Magnetic Bottom Hole Assembly (BHA) resting approximately 80 feet
past the end of the broken washover pipe. The BHA was retracted into the broken string until
it reached the fishing tool but would move no further. The opening in the fishing tool was too
small for the BHA to pass, so the BHA was advanced back down past the broken string. At
1500 hours on November 18, 1992 the decision was made to order a vibrating hammer and a

spare BHA.

The vibrating hammer (Fig. A-2) arrived on site November 24, 1992 at 1040 hours. The crane
provided by EMTC was not capable of lifting the hammer off the truck. A new crane was
ordered and arrived at 1600 hours. The hammer was attached, and the rig began attempting to
move the washover pipe. Utilizing both the pulling power of the drilling rig and the vibration
of the hammer, the pipe began to move. The fishing tool appeared at the collar of the borehole,
but no washover pipe was attached. Now that the fishing tool was out of the way, the BHA
was extracted and the hole abandoned. The crew pulled all of the two-inch pilot string with the
BHA out of the hole and moved to Hole #1 (AMH-7).
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The total estimated drilling fluid lost to the formation during the first attempt at installing
AMH-6 was 31,000 gallons. This volume was unacceptable, and attempts were made during
the drilling of AMH-7 to minimize this loss.

A.l1 Second Attempt at Drilling of AMH-6 and Subsequent Fishing Activities

Drilling began on AMH-6 on November 25, 1992 at 2100 hours. Pilot hole drilling proceeded
3‘.} Si; feet MDD and washover pipe to 350 feet MD before the washover pipe again broke
ownhole.

The washover pipe had broken between joints #6 and #7 downhole (270 feet MD) with the box
of joint #6 still attached to the pin of joint #7. This relationship of the box breaking off on the
pin of the previous pipe has been the same for each of the pipe failures for this project. The
broken section of six washover pipes rested between 270 and 330 feet MD. The driller tripped
out the BHA and replaced it with a two-inch dummy string to 510 feet. The washover pipe
was then advanced down to the top of the broken section with a nine-inch drill bit to increase
the diameter of the hole for installation of the fishing tool. Because the broken section of
washover pipe was encountered a few feet shallower than expected, the drilier felt that it may
be loose and decided to use a hook instead of the fishing tool to retrieve the pipe. The two-inch
dummy string was tripped out of the hole, and the hook (Fig. A-3) was attached to the end.
The hook was then pushed back downhole and passed out the end of the broken string. To
grab the broken section of pipe, the hook was pulled back slowly past the estimated point of
the end of the broken washover pipe and by placing a hand on the two-inch pipe as it was
retracted, contact with the broken section could be felt. If the hook was retracted beyond the
estimated downhole end of the pipe, then it was advanced back down past the end of the pipe
and rotated 90° and the process repeated.

Contact with the broken string was achieved, and the crew began pulling the pipe back. Every
time a section of the two-inch retrieving pipe was removed from the rig, the driller would push
the hook back down the hole approximately two feet and begin pulling slowly again until
contact with the broken washover pipe was felt. This process continued until the hook reached
160 feet MI>. During the attempt to pull joint #16 no contact could be felt with the broken
string. The driller decided to continue pulling the hook, but there was no broken washover
pipe attached when it reached the surface. The hook was advanced back down the hole, past
the broken string and reattached to the end of the broken string. Extraction resumed and when
the broken section emerged at the surface, the hook was attached to the putside of the broken

string.

The crew proceeded to reinstall the pilot string with the BHA back down to 511 feet MD and
the washover pipe to 330 feet MD. Drilling began again on the washover pipe and proceeded
to 4035 feet MD where the point of rejection was reached. It appeared that the washover pipe
had again broken at some point in the curve.

The crew decided to trip out the two-inch pilot string and reinstall the two-inch string with the
hook, using the washover pipe as a guide to the bottom. Once the hook was installed, the
washover pipe was pulled to determune the location of the separation. The break cccurred
between washover joints #8 and #9 (325 feet MD) with the box of joint #8 still attached to the
pin of joint #9. The eight joints left in the hole were between 325 and 405 feet MD. The drill
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crew used the same technique described above for removal of the broken washover pipe. The
broken string was removed without incident.

The driller tripped the two-inch pilot string with the BHA back into the hole to 511 feet MD and
the washover pipe to 405 feet MD. The drillers decided to use lower rotational speed and pull
down force to put less strain on the washover pipe. The rates agreed on by CEC and the
SRTC representative were that pull down force not exceed 800 Ibs and rotational speed not
exceed 30 rpms. At this point, a major concern was the amount of strain that had previously
been put on the washover pipe was a major concern for the rest of the drilling program.

Drilling of the washover pipe resumed with mud losses to the formation becoming significant.
The drill crew completed pushing the washover pipe to 490 feet MD; however, fluid losses to

the formation reached 1000 gallons per twenty feet drilled or approximately 1000 gallons every

?O minutes. Drilling efforts again shifted to the pilot string and progressed to joint # 61 (611
eet MDD},

The drill crew attempted to move the washover pipe #63 (631 feet MDY, but it was stuck. The
rig continued to pull on the washover pipe until it moved suddenly. This indicated that the
washover pipe had probably broken downhole. The break occurred between washover joints
#47 and #41 (80 feet MD) with the box of joint #41 still attached to the pin of joint #42. The
40 joints left in the hole were between 80 and 480 feet MD. If the well could be drilled out to
the end of the original project distance, then even if the washover casing was left in the hole
there could be 270 feet of effective screen below the basin. SRTC personnel were informed of
the massive fluid losses and the broken washover pipe. The decision was made by SRTC
personnel to accept the well with 250 to 280 feet of effective screen below the basin if the
washover casing could not be removed. Because of the massive fluid losses to the formation
and the problems with the integrity of the washover pipe, a replacement well would be drilled
only if all other attempts at salvaging the current borehole failed.

The dnill crew tripped out the two-inch pilot string with the BHA and reinstalled the hook to
puil on the downhole end of the broken string. They also reinstalled the fishing tool to attach
to the upper end of the broken string. In retrospect, it was not a good idea to use both of these
tools together. Once the fishing tool was attached to the upper end of the broken string, it
became impossible to retract the hook back through the fishing tool. The drill crew began
pulling on the two-inch hook in an attempt to move the pipe; however, the hook broke off
downhole from the two-inch string. The two-inch string was extracted to determine where the
break occurred. All of the sections of two-inch pipe emerged from the borehole with the
exception of the four-inch long hook. The driller felt a two-inch pipe with a plug on the end
could be pushed downhole and the broken hook either pushed to the end of the hole or laterally
into the borehole wall. The crew tripped a dummy two-inch string back down the borehole,
past the end of the broken washover pipe, tc act as a guide. The drill crew prepared to hook up
the vibrating hammer to the four-inch washover pipe. '

The hammer was engaged, and the coupling on the washover pipe directly below the hammer
began to separate. The drill crew cut in half a two-foot long section of four-inch steel
washover pipe and welded it over the coupling to stabilize the link. The vibrator was again
engaged, but the plate attaching the hammer to the four-inch washover pipe broke. The drill
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crew decided to stop work for the night and ordered a D-8 bulldozer for the morning to provide
added pulling capabilities.

The D-B bulldozer arrived on site at 1000 hours the next morning. The drill crew hooked the
winch of the bulldozer up to the four-inch washover pipe and began to pull. The pipe began to
move until ten feet of washover pipe was exposed. The section of pipe was removed, and the
string reattached to the drilling rig. The rig could not advance the string, even with the
assistance of the bulldozer. The hammer was reattached and engaged, but the washover pipe
broke apart four joints below the surface. Because the fishing tool was still downhole, the dnil
crew had to stop work for the day and order another fishing tool. Work was stopped on
December 1, 1992 at 1600 hours.

The new fishing tool arrived late in the afternoon of December 2, so work resumed at 0700
hours of December 3. The fishing tool reached the broken washover pipe at 46 feet MD.
Pulling was initiated at 1000 hours utilizing both the drilling rig and the bulldozer together.
The pipe failed to move after three hours of continuous pulling. A second D-8 bulldozer was
ordered and arrived at 1420 houss, The drilling rig and the two bulldozers.in tandem pulled on
the pipe for one hour before the washover pipe broke. The crew retracted the washover pipe
and recovered both fishing tools and 13 joints of washover pipe below the lower fishing tool.
At this point 28 joints of washover pipe remained in the ground between 200 and 480 feet MD.
The drill crew reinstalled the fishing tool, attached to the broken washover pipe, and began
pulling and hammering with the drilling rig and the two bulldozers in tandem. The plate that
attaches the washover pipe to the hammer broke, and a new plate was fabricated. The new
plate was attached and pulling resumed, but the pipe broke again. This time the box of the
fishing tool broke off on the pin of the washover pipe, leaving no surface for attaching another

fishing tool.

The drill crew attached a spear to the washover pipe and advanced it down into the broken
fishing tool. Several attempts were made at pulling the broken string out of the borehole with
the spear, but the drilling rig could never advance the spear far enough into the fishing tool to
get a solid link. The drillers decided to try to disengage the fishing tool from the broken string
by rotating the spear counterclockwise and pulling with light force. This effort was successful,
and the fishing tool was removed from the borebole,

The drili crew reattached the BHA and began pushing the pilot string back down the borchole,
Upon reaching the top of the broken section of the washover pipe (approximately 200 feet
MD), the BHA would not pass in to it. A splayed coupling was prepared from a section of
washover pipe 1o fit over the broken end downhole. This provided a guide to allow the BHA
to pass. The pilot string passed out of the broken washover pipe but encountered the remains
of the hook. The driller was successful in pushing the hook laterally into the wall of the
borehole. A major concern was the possibility of the hook washing out of the wall of the
borehole and preventing the extraction of the BHA. The BHA was extracted, and the well was

instalied.

After well instaliation, the drill crew attempted to remove the extra washover pipe that had been
installed from the surface down to the top of the broken section; however, the pipe would not
move. Sand had apparently settled in around the splayed end of the washover pipe, preventing
it from being extracted. Instead of risking damage to the installed well, the drill crew rotated
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the washover pipe counterclockwise to unscrew as much of the pipe as possible, Only 6
sections of washover pipe were extracted, leaving 420 feet of washover casing down the hole
from 60 to 480 feet MD.



Demonstration of River Crossing Techuology for Instaliation of Westinghouse Savannah River Company

Environmental Horizootal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
M Federal Programs Corporation Task Order No. 10
May 5, 1993

THIS PAGE INTENTIONALLY LEFT BLANK



Demonstration of River Crogsing Technology for Installation of Westinghouse Savannah River Company

Environmental Horleonul Welle AMHE-8 and AMH-7 Insallation Report Subcomract No, AA4H325P
COM Federa! Programs Corporation Task Order No, 10
May 5, 1993

Obligue view of the fishing tool used as an overshot to attach on 1o the broken section of four-
inch washover pipe. ’

Figure A-1. Fishing Tool for Extraction of Broken Washover Pipe
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Vibrating hammer was attached 10 the washover pipe and vibrated with a pashing and pulling
moton.

Figure A-2. Vibrating Hammer for Extraction of Broken Washover Pipe
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This hook was advanced down the inside of the four-inch washover pipe attached to the two-
inch pilot string. The hook was passed out the end of the broken washover pipe and retracted
until the hook latched on to the downhole end of the broken section of pipe.

Figure A-3. Two-Inch Diameter Hook for Extraction of Broken Washover
Pipe

A-13



Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Instaliation Report Subcontract No. AAAB325P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993

THIS PAGE INTENTIONALLY LEFT BLANK

A-ld



Westinghouse Savannah River Company
Subcontract No. AA4G3ZSP
Task Crder No. 10

Demaonstration of River Crossing Technology for Installation of
Environmental Horfzontal Wells: AMH-6 and AMH-7 Installation Report

DM Federal Programs Corporation
May 5, 1993

APPENDIX B

DAILY ACTIVITY REPORTS



Pemonstration of River Crossing Technology for Instatlation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Repont Subcontract No, AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 3, 1993

THIS PAGE INTENTIONALLY LEFT BLANK

B-2



Demoustration of River Crossing Technology for Installation of
Environmental Horizontal Wells: AMH-6 and AMH-7 Instalfation
CDM Federal Progrars Corporation

May §, 1993

: .

Westinghouse Savannah River Company
Report Subcontract No. AA46325P
Task Order No. 10

%

DAILY ACTIVITIES REPCRY

= ,
Crlsgangde Liissiml TECHV. At OvERI 47

e
DALLHG. ACONTRACTON

CHLARL A v 8 Fmpinpaw mefﬂé

i

DALLER

' lal /f‘vﬂwﬂﬂf/t"/kf TeAL s

WL, RS

OVERR T N ] OV REDNT EMA f
v R - s K 7 ;
Wt ‘EM:‘,:,, P ...,./ Gree N> FECEAIC ;
+ LG IO 754 [ ;
| B7ELE, S et B S5 LTI P /2~ 4 ;
| srant | stop DESCRIPTION OF ACTIVITIES; REMARKS |
! $i0  \omu=l porile - Dilrwoval W i foay *
i Aaéffﬂr7al¢r~ 4 ?
Lo v S o FF ‘

lo98 i Lect -0 Au-fé;,

Lt dicr:

ﬂﬁ'ﬁém : Qtw{ui
Dagon Kechnide 2 ;
Aes &u,f@m.)’ ,r/ffr(_g Bindid
Lom/Ere
Dive bplrr ’Z;a%y Ponchesrn
Dave ot Georse Kowslezod
). ¥ A_j d/fé"\ i
L ChunnTho Mok precint ]
R ARleccromds Lihp Mutlsr (flosetl) |

{‘M LBa g e

frank Copn D

s Toue

Rearle Commact

~ EATL bnflers
g_l:? Mewre f

Teory Brad]ew

zﬁ,g,y 3/

Aircrored

) MNew I ¢ Gitaly . .
= SRS HP il heniTow nl

F;‘V /‘A_:_A'.r n.a-o//

gnet o' A, W{pmg_‘

/‘/ ﬁé ég_ Ny ‘-%

- ohm L vly -

/gggf' LR

(&) bwd reddid

M

At prec {9200 N

= 2 - [ Ky oo/

=

[

TECHNICAL OVERSIGHT SKSNATURE - DATE /7 A///f 2

B-3



Demonstration of River Crossing Technology for Installation of Westinghouse Savannsh River Company

Environmental Horizootal Wells: AMH-6 and AMH-7 Installation Report Subcontract No, AA46325P
%MSW Programs Corporation Task Order No. 10
¥ 3,

DU D3 Hher 13-

DALY ACTIVITIES REPORT

Hons dew 1t Onlscins JECH N ete Duwns E47 ﬁ%‘gmﬁwﬂg £¢M¢¢~n¢.y;-“§
! i LAY ACrcry et [ o, e ,..,ﬂ_f
?ﬁé f 4@2{;”&2‘:«{: S o sorin :wmm/%‘ik'dag ‘
e Tt DATK [
/II-MJ IR T 2T _ f:/’éxw 2-2FA
STARY | STOP DESCRIFTION OF ACTIVITIES; REMARKS |
(; i 2ty mrl . i
iis a0 ) WL Jﬁg' v, wire ling M./‘ad" Y720 ,!
hae¥ L .  yfra 7
LY » whe B d .|
i Wy Lh 100 st
£ - . )
prasl. EATC ﬁ;ﬁ” i s bacdhrt o ofiin
e 4it or _g0f then /e
(L. v e
/ Ll g~ 25747
(470 | ffwrs Wodo LFY b . |
pd
pa
e
/
—
/
/f e
A" 7
=
A

d

pd

) |

TECHNICAL OVERSIGHT SIGNATURE_ (i e il

B-4

DATE_ ¥ 4/9’1_




Demounstration of River Crossing Technology for Installation of
Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report

Westinghouse Savannah River Company
Subcontract No. AA46325P

DM Federal Programs Corporation Task Order No. 10
May 5, 1993
SRR B3 Bae 1E-W0 L (.
DALY ACTIVITIES REPORT
v DL SABCONTAACTOR :
$en R e ide Hiiveint JECHNae CvEmSiinT G-’i:»zm«n-m Lo R ,.,,._W“{
! N MY /&40@«#{4@& ry =
L oni FEEHNER RGN e AP R sag | PRNRRT Pobad
i Sm b L | ﬁm:f::/ M«w LE AT e :
5% AP o R L Freimt D@y lﬂ-/;g— / o/ |
sTART | sTOP DESCAIPTION OF ACTIVITIES: REMARKS |
2779 &MAMA boritih pnofiti wtaBa o painly ¢ Fouss :
o238 sl fa W@M;j £
! i | 5;‘«& ghy. 351.7 vl |
f chy.  29i v msl 3
hw.ﬂ (no] f B pd (hot) = [30. 5
2l i GWW {&“m;/ #@Jﬂ g’
MQ;AJ » J/t’ w' opgHe . gt
0190 | g tidlom. L EL TP A Mg,(_? I Leclrcd + 8 Dadley e JAMIRAR
A vicrky et v
2 foo néw,ﬁg e i T Raclrd v 0. Méy.
vi3e |\ Da~ Ml T kscfoed + O o;[é:/ LfeH sFLe |
(217 | opre Bbfom pFmd T 41:5  oillors  pnt T /«325,74 |
lémm |
408 4120 Bhieen ko fock Pl |
220 1310 . Wnwe bt fro fe BB ypon N TWn Tho pletles A-/M 5
é’fw«w Lo bomdoid Voly Mo s . T Aud Lot N’-IM £ i
Lon L prr cocornd bond fre 4 o LFime Attadene
o 44 NP 4 %MW@
1220 | Qe Ytes A
L 7 ——
il /
, o glbr
AW N st
Z/.n/' /
/
—
! d

?Ecxums;ansssmsmmae &a/ z %

DATE //A/ Fz

B-5



Demoastration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
COM Federal Programs Corporation Task Order No, 10
May 5, 1993
D 208 S 130 v K
DAILY ACTIVITIES REPORT
Frasooopiigiaiocs
3m . DRLLING RBEONTRACTOR 1
DO Bomzre Pnicc've Jhck'ete, OvEas 'sy7 | CHIanfsites €15 A1 mmprwrge. |
- mu.n 3
! A o Uit crendy / mm.r FSovEf i
immn gW’i PO A B :
| Lot h o Ak Drss CON ALerAsc ,
i WIRGATEN OATE PalE :
| geed serrins ass’e 'Iélg/fi» / !
ETART STOP DESCRIPTION OF ACTIVITIES: REMARKS

itr 200 - Lbwre M/;"m Wh,g;ﬁ whm/%‘.g&&tﬁcn(, &aw-dj,,yﬁi i

s E ey
(0t Yot Sdlley pnrik f
MVMI‘V« Do Osd iy g Durelifi b Lenet pok. |
Yol 7 Mww,« @ﬁ:«._u_rﬁ% prpes Pl 40 ﬁa%
Jardo 3o .|
7y 9,@*1 P J-/:// Lﬁy'rd‘/ &2 thLI"M
ey Chor. - iy Tonte &; l&.fsnm»‘{zr
Kengs Conmed Churfle feees
birry fo,lbrt Feny Broaticy
et Tracr Pancoassr Rathee Mallen,
£ T Fron b Lorpron Borsry Mesrs [
tom godi  Redf Olse~ Qo Wilyon i
2409 T H éﬁAM&MW |
2x /8 man
av e’

Lvo AW cpledichion ~ 1.2 o8

£lp mtg 442 .;zgm
FFot g&o_{ﬁf p . I‘fad( 0’5'}1"‘*-
Fh2 4 {Tin, T & F"C.ﬂﬁw o
7637 1“2 4 m%ﬁ"“*’
oy Zorf .LN-“" s s ¥ 2 f BH,

(’%@M» /x4 preed vnfso g ;/gﬂﬁ > detion
-~ HIE k/rs: \"“

Y a'[m o COP
L2062 \Quve [ frm. Liarte Fhur

TECHNICAL OVERSIGHT SIGNATURE <y A L@l BN o __iéz_ﬁg_

B-&

Y



Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Eavironmental Horizontal Wells; AMH-6 and AMH-7 Instaliation Report Subcontract No, AA46325P
DM Federal Programs Corporation Task Order No., 10
May &, 1993

L {
DAILY ACTIVITIES REPORT

CHE M2 [Rer 1300

§mm . - - TRELING: W
L ¥ bre B8 ; - Y o d’vf‘v‘a“ﬁ)" w‘%»ﬂ‘ Fav éﬂfb’ L i e o b i
" SRR
Y AL e n G /-u.gr Zets

WL oMLK *1 m‘i‘imj&l‘ ot by | RRBOHT Vi

A AL r IRl e CL1 FERE NSl

OReA TN mﬂ / / PAGE .
Mg G SE e S . it = FeFr |

START | sToP DESCRIPTION OF ACTIVITIES; REMARKS |

a4t

L2278 k. o _ acl¥ ﬂ;{ﬁ%»«j/%ﬁmﬁ

A2
Vsl ;
sy 44«, P e A««-\/M-/ &1 ¥ pom
Y2 el o a/ﬁ ety rod 10 (115 rs)
070 @n.q CHyr g FE-STK /":‘,{4{/ 2sr pru&,n,— %Mm
E: o L //»ﬁ recumed

RLES M sy psens FOO gl PIMEN ff%@.&_

L2 250 /a" Mrmf (ochnd, BNA) feasc desn in7Tilled (/554 N/
fuinth are s prips pl] o b p bl !
=
/
r ——T /
=

/ —
TECHNICAL OVERSIGHT SIGNATURE W ‘730 M-— DATE ///:?/él

B-7



Demonstration of River Crossing Technology for Installation of

Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993

ik ok her 124N

v 4
DAILY ACTIVITIES REPORT

DALING RANCONTRATTON

Bt poa ray ﬂﬂé&fﬁgﬁ& il 17 i 2 . 2 X L T a0 Cllntiogrom £ov v/t ko 240

!

LR
2T MEACA s iy s rE TEmEy

]

!

Wi aWEER

Welilde £ 3 n;fg*:fﬁf:/‘""' i ;?or LEdeaTe
ﬂ?‘fﬁé{ EHE T T el S l{ f‘t'/?,z.. ‘f i
sTaRT | stop DESCRIPTION OF ACTIVITIES: REMARKS |
S0 S ,@;m:‘_ﬁé / 50l o gt goun. dsed s Gﬁﬂ# !
Gias Ao, f{gé? /n Mmﬂ.?ﬁ'. ., -~ " - & i
Dok 3 € L mpre M#g_fa‘. s : !
PIrY Y. e oo o Tome [luids lorF A ;
Hhe g i 190 Mo wit gl ppe.
0315 10247 Drife Fale fumed disd. 4
03" Lol iof resumio  mond pussis ghod Fo 45" THe /A
 toelig [, Douad ik o Aodh 1ron FHd lagr e
rz;ggw tésanid dllles th pileh Sl if o79r,
O% 28 éﬂ»i?{/ fraiol i A‘/&M:’z a/M M}q{ ALW Lo _prek %
g5l ?:; bilorn o ik _ Reiod Olige oFFk o
0 35v Declliny ibbicell p srinB gi-2p (olior por-220°0g |
ey is A p e ﬂcant{ p |
- {Ed - ﬂr(’/}""
~ Mt Of 2. e
- ﬂr;//)r? - W/"‘" .
okl o drilliip v breed (262-222"mo)
Ee2 r e Aag FLEY arri 00 gn-gi s
S22 THhe Mg Bt SlllS fenirt Mﬂ‘;’!{,_ .
gres A il su S8 Mo,
QFse 7h cbyolle, it Aﬁ ef 297300y Drill ity KFleed by
Lot eisdn ,
257 Sk Aerd Loyt erconTil by P ddl] fup oBflicke K.
174 Th Flu el Lopr_for tacd op 15 midd, Lore musd i Koy md,
T scdler il oher B0 chid) P, U rhoahlly
lroar fe Aaar /adgﬁtd Ty o fhe JS msi i |

TECHNICAL OVERSIGHT SIGNATURE 2 &2 A . %‘ oate_ 4 /9 2

B-8




Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Repont Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993

SRR 0% (Rev TR

DALY ACTIVITIES REPORT

DAL RACTNTRACTOR

gvmz Lt A LI T T ?"Wm OrEn 5. a@7" zﬁ“:’d«“ﬁu &g M«fmr,fg f
— — : ‘ ﬁfmﬁwmmf/ el Fosks
L C K >, a2 ?
| W*»«fﬁg’f FE TR Al Gt s f’é"’/f‘}" 7 §
START | STOP DESCRIPTION OF ACTIVITIES; REMARKS
U0 7 e %MA%W/%‘ Cent ad fF -f
% Covecr magl, Drillid) Flodh reluind A e mé,w
i fe Dehom on-site ) j
Pl Ol Frudd oy o g 55 [3327)
HEr g s irte Lon plorin fA. ~ Ve i) pos Fryal= |
B Find oL
(290 e w75 bero P g fe frigpey ol £ gond
Zod Lrslling ptew bradod Mus rscimesd,
JE ﬁmf/;w, mm /v-n/
(2 21\ M ler  Dpadian fogit o, oot breaky gon Bund
J3YE L [y s ged b m‘é’a‘ Aond 4¥ 323213 40 5
Pl el « K ot veﬂwfﬂ“c&z i /T Wﬂr pr
ok s 247 350 Mg, |
LETe W, celidrrlod oF ‘f)/"t AY ST0 gown i
LY2E LM, _peribny
- Bachgroine) i ( gpn- - e fpnk 0 {pr
il o 2.0 pra - sl Lot TN
~.{w{lm mﬂt"')"/”‘L MM LI
/13 rde ool m o 202l "2 L (367 Ro)  potiane phen”
Mﬂ £ wlﬂ‘ c/l;— e'/fméq o MM }?’f@?ffﬂa_f;,
L5l K/’M /@'ﬁm /ﬁ-w* 2 Tim fwm Lom pg,& onor B &’»,//f%
/(amf"’”‘( AW
VL At
wj‘ufw,/.l/ym
- hm/;a Aao Y= 1
- 4""“11‘ Vol 2L
- Mt M /-0(/*"». i

TECHNICAL OVERSIGHT S1aNATURE 2l R %ﬁ oate_z /o /72

B-9



Demonsteation of River Crossing Technology for lostallation of Westinghouse Savannah River Company
Subcontract No. AA4B3I25P
Fask Order No. 10

Environments! Horizontal Wells: AMH-6 and AMH-7 Instaliation Report
LM Federa) Programs Corporation
May 5, 1993

bR JO-¥ Hhr K348 3

DMLY ACTIVITIES REPORT

DAL
{—E@fﬁﬁz ﬁisifiﬁ m.ﬁ”‘- B oo 5o E AT f".’.u»,:vsroﬂ Bt g e s LA

LR ]
m Aty Asin mmn’/u.k: Tawky
wn CVERSKIMT Fini
TR B EE -, e W AU

il ! %{fa",.:.fa C«ﬂm FEQEdL &
BT y //I? /9 N Pas
#te sty SCrTTok, O _— g

START | STOP DESCRIPTION OF ACTIVITIES; REMARKS

Pl MW reading
w@aj\’sf /-2 pon
bl i k. (.P!*

- 8,;&4.;,}!!“ ﬂ fg__,a

w-*/k,«af&nz o lﬁm

/

JE Y rimTonnis [eaves e Re . QLo oK
R 5 {‘SAJJ{;
eM{M R )
sl Fak O Cprn
: ame £ g{i‘ L @ ppm
2025 Doy hfh 45 5T A SU- Hy K AFE o1 h o 95
P 7w Onvs ﬁfrlfh gn-/:?:' Lirecdim ﬂ'm.. a‘«’i ﬂfﬂm# /%/L
ﬂ% M Am_# &/ﬂcf 25 /?U"df % M_W
o beln p5r I, ]
2 ﬂﬂé Miffh SFF T, ]
250 c?oggf@u_ﬁmbﬂ e o mik med g
Aty A
2z gﬂa%/?,;.;/ Rao. gfse. of 2021 MIC

S

,,/?#//4/ —

/. -
TECHNICAL OVERSIGHT SIGNATURE Al A ’W@%'

DATE /// /#'A’ Z

B-10



Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
CI3M Federal Programs Corporation Task Order No, 10
May 5, 1993

{ ¢

DAILY ACTIVITIES REPORT

B M- R L3RR

{Pnoct DALING SABGONTRACTOR .
FEs Boarivs Ontiye g Tt s Cvln §- 6cb? COUR L wlre s v ' mg g e |
B Ty
W, SAME R TREICae, OVERD KT . i OVERGIGT Bl !
W el oA { P A ettt Ca,,, FEPen e =
: R TION . / ”7
B B A TEIT bGP A i{ IS/
START STOR DESCRIPTION OF ACTIVITIES; REMARKS ;
2979 Ao col bogZed o¥ 6'7,,,L prrx 5
s Wi read jons
i -7, A&«(’M i pp !
wogo ~ walfpl  OF g, 4

-AM%L a?;;;.

00J% Agsar (O Ll Pk M batadl

I23 9 &.mli’}'v ;zmv-v’ 9y ﬁ/MMMo/ J0 pet, % m Fe
.ﬁn:x.’{?&'ﬂ& Y Mﬂﬂry{um % %u?(
4 ’("’*‘“'m Mﬁff‘?‘,zm; Ly ton mtleril, gl slw.
g AFL i Aﬁ.’. ‘
G o Wi ﬂrna(:»-& !
i gi(/{M /‘t’,h . . |
v miodd Fark = b Cpp !
l el popt - 4 LT caed !
KA Lor Vot oo o %7 -1 (142 F2PE) Kony oos Aend l
|2l 7l o clillns pescis |
o430 | M:ﬂ /J'a,&fJIInWAWW M/"(

ot gard b/ noclnd pobesk embentts Prone gl oy besery
&8 coveaed.,

e Jus Goved pe s =l 4 A e Ol
BE -’ ém éﬁ//m P

il 0».«//51 (r W TP e M@ W*M—
dondirort”

2723 Lo o cidiomeres W(W,;?u
v-Z7 W /Z.,//MW ”5‘)- MM&?_M_

afro »ﬁt’c manwxr /h.r,u # W’VM ‘
1573"’7 fe0q Mﬁ‘éfﬂﬁi‘(f » MbrA ok My !
TECHNICAL OVERSIGHT SIGATURE AR oate_# /A /72

B-11



Dessonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmentsl Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
LM Federal Programs Corporation Task Order No. 10
May 5, 1993

LM FO- T ey 130N

DALY ACTIVIMIES REPORT

W e o R )
&4‘!’3##1“4‘ ot SN VNS 2 LY avu;-“!r (P Aty 78 it ot ot e Tl ;

= i) ]

i OAY Aebe cagndd /'M'cg: Tyt s '
{ELL A I Simep | O P i
W i @"E::;'::..:“' owereies\ " Com frgngc :
+ LD TN GATE Pale .
M*&@J KE Tk G i ¥/ / s / v e 1 :

-

| stanr | sroe DESCRIPTION OF ACTIVITIES; REMARKS i
{/""5’{ - Wﬁ&{"m{& LAty !

VIR AL DT PN NI A YA
| E T st pgey Secord Bt * o pagis "SI, e

72 For s ot o ot B id 7T BT
33 ar%/ﬁf&M& f”“é/’/«‘“wﬂa"&-&@—
pite] (% snd pois . e

3¢ Dad (T appisn % éM ook , ,

y4e e Ak o aZo( iﬂ{mf%‘ 9.
L3220 VA pbed! “TU e mavssy ' ;
A AP

7 M@W

S22 b /a4 pirx & e —
LA, &fr)’/if; 2.2 Lol pesonsd an 'Q{R/ g1
/I3 2. W _reeeling

Gpek ppid 8L gom. Wﬁ{épﬁj b2 g
Loaneln 2 L1 i
oI L AR i

P/ W’LﬁM "A"ﬁ;,,\[)l“

L2357 ﬂz;f/z?}, 2% rerd ?;/f w‘//’,’W’Z«w{,{;’n ’@E}wa
f‘r’/;é'f"d 7R W»«(a&. ,(f y7-ra

£ £ g 2P 2l pipt = 7 13 toind doun L8 Lpord Fhe s |
o e 23).
| sl 7% A ) ‘
TECHNICAL OVERSIGHT SIGNATURE O B B owre_w Jos [r2

B-12



Demonstration of River Crossing Technology for Installation of

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Repont
CDM Federal Programs Corporation

May 5, 1993

SR F0-T Thew 13-

DALY ACTIVITIES REPORT

Westinghouse Savannab River Company

Subcontract No. AA46325P
Task Order No. 10

2 ST

Honipourae @reiive FhCktrcrs Ownssor

DAL RN T RACTOR .
(ﬁw&vﬁﬂw f""v“f'&rﬂn(wa; L

]

DRALEN

LY PR AR O WL Wbt 30w

WL MRIMRE R

%/m/«:

et
l APPSR Y P
Akse sisex

SVEREQMT S

Car Sk OEs P v

Pt Rl o

B BT SE . -5’,‘;:,&

1o

vy

3

DESCRIPTION OF ACTIVITIES: REMARKS

START | STOP —
VL) Ao 1k o ’
C‘if | At Mw ity I‘;’//’é
| stk | Rl Otren fféﬁ;ﬂ'” Dt (g hemn: |
SEr Lpofs "ﬂn{ﬁJ M?pg? LB AN . S WW fhe
Llmp tntim Bk gy /,z/ remaid 4 He Srubrt,

224 4 phuet yin i

28 Reol Olren kv F o 40,

TECHNICAL OVERSIGHT SIGNATURE &‘:/ 4 M—‘

DATE ///J“/;?

B-13



Demonstration of River Crossing Techoology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Instaflation Report Subcontract No. AA46325P
CIDM Federal Programs Corporation Task Order No. 10
May &, 1993

H]
BEE M-F W 13-E

DALY ACTIVITIES REPORT

W Sl B N LRt o e eo s gesaes

Ao Boerne Onic've PEtHe g Oukn £/6 pr e LV PIE Lk o2 T 2 R
* BReLER A

i
i
i

§mm"""i Aty FOLR Al e R T aes

) n/"’ﬂ ' APy ow il
e [Tt rseeyos " mrvenr
5 ARG T

|ttty SETTE A Ay // :[f / i
fﬁm stop | DESCAIPTION OF ACTIVITIES; REMARKS |
lerfmw Yt ot sporl e sun Frva Clitnen op Pl . *

| m« bl Flhed) s tuirn K 2bal” il e Fitlon |
| i | lmsplhotbress . |

Q. 7% %gmﬁ f"fé % S0 40 200" of Lol
brre Lo o :

| @ 7% bt @%ﬁMM},M

() 74 enew enlf $hs pmd dans

B) 7% i w/f/?«l 2 f/f%‘ ‘Y pr00ds,

O T treld scnen dren Kart 75 Bt o A"“,%m‘
MWW L gou s

_WX

/

/

Y
e

| /. |

TECHNICAL OVERSIGHT SiGNATURE__ o0 A LRI oae o d /P2

B-14



Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA463Z5P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993

}{M(E’M4¢. CAareg sl /gcle Vo oy VAl W{f‘:fm;‘,, Evvisn hg el E

. | Aty fBaacrimbn AI:‘&’ P BV X i

g;‘;;‘:;?f‘ G "z:f;{:‘f e A |
| Wi TR BATE 3 ;
| s wsnest Seereie Epilv f{ /}'A'J-v 7‘ !

START STOR DESCRIPTION OF ACTIVITIES; MK;

O Fis GAEL POl RT fARSvES O $ITU . PASEAs Goxsint v LSOy’
E ‘?‘au. 3";1 I v//ﬂ’f ?4//“;‘;# THRE 20X i
| 0795 ﬂﬂx’&itu' IFgAr FE MEGEY Ewgs To mI kL CAIIS Qo (Af‘r
i LAkt B G b b - HFL S ekt wP @ LG5 A g ’ﬂ/;"_‘,’
ofec Hwa mégpinit ! Arck gnon~y @ Tarichn = [0 Bon , £asr 50 oL l

Lobs Sresacan ~ O0Sgps , € dnk coupr ~O LMY, Enuc MotVEA - ae%_

of Floickas ConridnE 7D paed CAsit ol Tud f?ﬁf/ﬂ’v MJ,-V( S

Worrgns Trapins Anias ARinvy JSChus lﬁ.’ & Lt te J’;r‘(

/&_’Jnf Fan Liswiveg AT TEmbr d? Aky s EOIFC et Fese pwea 1AL

ot UV Basiie CPns ir /:f,;a@-‘;@ ég,,.@ 20 Bl ,M,‘“m,,.,a{,

wiry Folpivl Teee @ TP swre Carive o f hiswine Foes @c«.mw’w 5

me T4 ApulH ﬂm MO nshn Ctswy To fecs cu.«:w rr«.-.fg i
O%s 10910 | pawm's tonvie {forc) om 3/TE FooeShsnr y:_r,‘f'} Pt e s |

AL il FoiminG X3t !
oy | J0inr o/ prrachc® 7a Fispivd Foss . Y ttshovin 2oimrs ow 57€ 3

i,«or i it P le Orts kb Tl S go @ TV ONE FUIT Pur g~ s % i

__Q‘?oa

LAl EC&(@ Aids Ao O OEAD ArrrEaw Fox Atu g Fiumr

fooo STgnrg? Mud /e-«t’ AP ST i T T EY Lkt THo2irA

Bl Tarey Rcray o« $'T& (arl i Fm ﬂmumua Tpwd €|
i L5 Gfeseelir & 4fed Honid, APy S5 LA L SR CRCrets T Courma e

lpFrcen ) O bbraing ev 3iTE

1975 WINC flnsogvis {faik 3TE, MHO T0275 #2H7F Ssh crsei,
g0 Fein?7 K A8 73;.«;:{#’)‘*# // P /%emux S48 Mg

i K ma«w; ! Ak apwes B mmuc - /,@g/,« 2 @ o 27 Bopy
(P prics = { Cppr (Sl gocoan WY/ Land

fo5s A90 Toiwrs #e2-g29 |

el f}fﬁ‘f Abitivis | BACE bts @ B rasiet =~ Sl @ e BT -—/Wﬂ,

TECHMICAL OVERSIGHT SIGNATURE

G hge Lovgn ~ 1. Of, ,;m/; re.~7s & IS v &74
.j DATE /}’/5/’?/'?2

B-15



Demonstration of River Crossing Technology for Instaliation of

Enviroamental Horizontal Wells: AMH-6 and AMH-7 Installation Report
COM Federal Programs
May 5, 1993

Programs Corporation

VDALY A

Bt dom g ﬂffgf..-vé JECHw e &wm»’wr '

..: g..\if.\u il
3 SREPORT

_mmm

Westinghouse Savannah River Company

Subcontract No. AA46325P

Task Order No. 10

e xorad

B RS 4 ER4

(42’-:4 RATE PY gV 404 -ul-f;’lc

%

GRLEA

AAY AglnCnomgyr

e e o FOF o

i X
'l RiIET W AK S SR EP
! /ff:f-;f#*é S Arh s 7 ERCE i nd

EQmr Faockr<

AT Ty
’ Jf";{ftéy Seantie Apslc o /z} A? z 2 - i
r::ﬁ‘f sTor DESCRIPTION OF ACTIVITIES; REMARKS ;
Mgg DESA b€ _fureP ppyunivs Ma7, SXOF PamP gud PrceeimC ro Soo? |
! LT im0 Tit mk ! f
E}’fﬁa | SIRAT Bk bty Pl LAt A, AOD 3o il BT '
y/ 228 STARY B gt ba A Pssorf (f/«»-/ YERY HoF o 87 ik ey T CAST )MA’A’,’P
Vi in el Ao S By § Ardiod g (/- 2[/—.) Tty icewd °f¢£#?' Fosw &cnujv.r
FHg Terwr ¥ /T
Lgﬂ& [ in ST788 Frigicsl Foa {wncsy
&2 7] Larin TAuck AnAsis ( fees 64 )
(380 Itk Comrluads Ona LK 5o dtn Fiwrl
lp1zs DE5In 2 n [ Awinh pGosiior |
r3is Gt i LA T hroe § A AN K] e h‘."',l: SREs Fpolns S.%mwr Duin L o6 Segic |
l3fe | fonit Zoiur £20, GREC FIER OFF 5irs |
J45 i/??’? SITEE Brvepivd To LOULBugtmphm Micos !
Jis¢ | Comiard Y6 7428 ]
fore f A0 FormZ ME  KLuiP AL Pk b2 O |
Al Foowr H20 conpiera toerng P23, dnlcevs 7o e |
AR i i"da‘uéa; LEco k Fo Srtl Hus#sm b FoI8 TRos T # il e aetipy i
Sodn A, ALG A § ‘&'v«'uw—zg Brr { Fiswrvei it TR tirmceren)
i /;‘644&'}& LBL 08 Mk, Bhtuss [(her S TS 1T Aen et AL
D Cmar ro P hie SHEw Covraer v Qappd s Srigsm & WA AP |
I3 L ICO L | Fuceko PrinTs MO - HIT
JedE Beir JHEr H1e03 UPPEK V. C8 ow Oririn 7l A0S Mokl Frugclen e
78 OBk IS SpgmhailY
L600 | [65C | Visseg 20,075 HJ6 =~ # 7, Compure famicorws 8" T
348 AW PPl B RE Strpuses o F TS T
{00 1910 | popks WASSPRE Teivrsf DoAlP
jer Ky nérdive ! (Oftm B pric Corcen ‘ |
| rsrd | 13ac 2 Rely Oisiv by 5F4 (B P06 |

Hooag 28wl SAL /P~ 5

DATE 1 /02/%2

TECHNICAL OVERSIGHT SIGNATURE __ <52 & 4, L i —

B-16



Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993

P Y RS ¥ A
- Yo L P we e,

TR e i R
h ~Dm 3

Y ACTIVITIES |

....................... - e
Lot Bosiime e wg TECH w ear RVERS §rT CF b T o &t o wnl ST |
- - = =y :
I " vy MW-V-Uf/ PR o PR i
L SRS N m/ o ese OVERRGMT Fae i
g P i Py ;‘;:4: l:;;-g.w;/;g?ﬁuu _ C s Aoy {
§ WOCAT B BATE PAGE ;
U S akd SELPPE Spsa L/ fez 7 |
s

|
START STOP DESCRIFTION OF ACTIVITIES; REMARXS |
[ %47 DAl L oa bl ws follns €48 Foop Ovia. Ti 2o S50 i
190 I(?tg ARE bypw Feinrs g 23 - 30 : ’

! /932 | Bl gedas Font Baide . JAY ST OkF 5, TE [y tibecd oy B~

rd r

Mgt d tuy 7o 8 Dovw ro S Twin [0 0K BAKIE Wity prgts ?
J20F tr ¥ B pvd Pi fwSF i Aoger Fooi 5
Jand 1Ltsg j TR/ Prinl duy Tbiwrs B30~ Jf/z" KAy REta NS, CpiBagrie & {
S 5t = bVt o, BTt CEn (asccg Gt g = [ F o m J & #1q0 fuat-/f&dL,'
I ﬂfm»v‘ﬁ‘s& - g’f'aa , Fdiwney A Ak Swh TR - 2, 2 ftm o288 i
Py w2 08 FRITLY ,;:;;4 ~8, 0 P » DEspuobn CLo6s g #5& 7o

$
[rndastad rus viicrsiTY ;
'222,5' 7250 | BREAt o Pty in i TO CLEAN [E SAroEn ﬁ'*-w;f Aeasiw T8 Cdee :
2250 12316 | 7pie gocers 10 - 44 : |
132 § LRtk as Frofear Fow Pioe S7R~d ‘
Dnsiihiny FRER [Hon? AXEqh WAl ovin KoPl Conwr 7idns 2] t 37

%
| ! - .
l |
!

// |

o
TECHNICAL OVERSIGHT SIGNATURE A Wﬁ‘ onre_L/72 /P2

B-17




Demonstration of River Crossing Technology for Installation of Westi

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Repont
CDM Federal

May 5, 1993

Programs Corporation

-

| s B e e ces | Orn
goer 1o/ !ﬂf Sumt TAndPIoC [y fFSe Te9l - Fele 7S,
§ jﬂuw Rl irte S
ous | L UAl B Mg 7S S CAENE LT COS P,
G735 Paisgiot @ Mg OF Fiwr K i Sy SO m;
Stss Akt P it e A A~ 7D uw C&-;G S«
Povr | O8 | #Riuw b avsm l.‘«fc.,f s~ Kio
O 5L LW/ w b Jeod Mas REXHED Savkbw (5w
ﬂfm#w;s’, Fof s o Cow ook ,{;-;r;,u/n%d
Nl Lba® o7k Foiwr g 1] 78 sk 7 2° Piror ,
, W ie AoT U RGATIAN IOy AT
DY S£im 70 & Comndcr d P CAikdn FECr
‘ BENLen, In AeTATE A7 GETTivd Ein i
oo LhAvE bicson Car ;,’?"'g, HLC Olipw Sr G
g 5$%o Toe FVER wet sy P Y, i w:r vk YEI C/EF
FHEY biey arig SLEsn arn it W P8 Ta Iﬂeu‘
§ iﬂét:m«m«n THEY fast THhE 2% Oock rp rwa &
| [T A A G Ll §Pact
prye CREK Pastsia gu 2% 400 /7 stdvED bo)rar ra
Lotk re HF Suged ¥ Chous 7o Sis v PiPg
é’f’ﬁ § SXfen wk Fare ;g L7rhs CONNE CrELD ,I?ﬁ_‘:
06oy | 0900 | Puniny 2" Fioas Foiurs # 0- g 48
O | O | fAT LAk gu S/TE AT Crbw 157 55
2 3ry N TH#E RY St e Aewne rn Tii T ATD KA




Demonstration of River Crossing Technology for Installation of Westi
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Environmental Horizontal Wells: AMH-6 and AMH-7 lnstallation Report Subcontract No. AA46325P
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horlzontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River

Eavitonmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No, AA46325P
CDM Federa} Programs Corporation Task Order No, 10
May 3, 1993
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Demoustration of River Crossing Technology for Instaliation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
M Federal Programs Corporation Task Order No. 10
May 5, 1963
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
COM Federal Programs Corporstion Task Order No, 10
May 5, 1993
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Demonstraton of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcoatract No. AA46325P
DM Federal Programs Corporation Task Order No. 10
May 3, 1993

8 e 10 SLE TR T RO ‘M‘? _7

DAILY ACTIVITIES REPORT -

TG BTN TRACTON

im«
&z 2o~ ULl rg Fh ity DUETS o7 f/&(byé Fan  EC A argn YA %

i

-

/l/f'f ALEACAISE [t s hee” Tonsa 5

A~ AREA TEEFICE O Snt

Wi, AR IW OVERIT Filas
/}9’,4{/,9’ ~ & BACE ir 1t 500 SOV P o hT R n s Chrr FElinAE
AR T e

mv"i”//z’/qz aza

START | STOP DESCRIPTION OF ACTIVITIES; REMARKS :
(350 11353 P 0w 578 pord'ab ALY 7o maov'7ot

i14re | | 7446 Canee lfff BT (APNBE GE LIfT ot & ThE NpmesA So

| ! !‘fléf it £t E£E Ta ET AwsTVER_CRAVE

ly¢s LEy sombanc on 376 ‘ :
1505\ 4516 Thuwaced Tawsim ¢ @an sees (w3nc _wece Hoese frasirs) |

JHear wids 7 T 5. T4 g

{549 STice WAT ol Loa THE NEW CAAGE ~ L8t Mol e mg L'ﬁ{é
1175 THE AES Carnik HAS fak v 88 on ,vr; LEv LomBine ofc J‘/f“'[
”&39’ | THE YiBrITR 5 Of kA P oniy
1699 THE 4y itt £Vl Mol b _Houl |
/é 55 LRELS Soddivg wP FHE Ginss) o ld To srpar Fiacc vy 5
{?ee !/rr{mnm:.w Fo futt FTHE Pord - i
‘708 | THE Last popc Has poar moved uP N1k uvben A& FPevdA
tf;/({ i écfA(& FAY i d 7',#( ViBAEron SlAS i
/73¢ a | Cadw Foc ks ™~ 2 ox Porr WPH ok s TH BTN /ff/w’fé

(F33] 172% | Picige ¥ 85 asy pive

i

{(fez 1 VE2 | Pucecgg ofF 2 Taiwirs |

(&8 L Avd by ss0nr 4. ¢t tob Bosk 20ER 10 Lo, & GPThomw 5 |
(37 | 1830} pacgo 1viers #29-4 26 ;
/F3s | fjrr£”#;w¢ To mivi MAHPPE To'wr #25 Bal cA5 'ws 73 |

{

iyfm:e ROCk, g Onite A~C PUce) b LIl mgiivi 4 Fls ,wCrEs

/942

f&-’-f,f sne RLAVGE N0l v & OVEALrn SI /M'.c 7C Priie NEAEL FHe |

Puct ol L1otf, Alecswinve Mug 7o 3247 ou L DO ceams 57ed
Place, m e byt Sl Fopy To Viggras Lol s
72 ORige 57 afwé BLGinst 74 Mova
ISP 2803 | fluccio tetswrise roiwrs 21 #F |
Zoe% Lhichn 7ojo0l B2 FSu Barede AHinas @ Pricc coupn cw Suml |
i A8 Lol ArTracwEn 7o LIy !
TECHNIGAL OVERSIGHT SGNATURE < al” B oo o oate_ #/26/02

B-23



Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company
Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Repory Subcontract No, AA46325P
CDM Federal Programs Corporation Task Order No. 10
May §, 1993
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No, AA46325P
DM Federal Programs Corporation Task Order No. 10
May 5, 1993
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcountract No. AA46325F
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993
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Demonstration of River Crossing Technology for Instaliation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325p
%MSF?;';! Programs Corporation Task Order No, 10
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Demonstration of River Crossing Technology for Installation of

Westinghouse Savannah River Company

Eavironmental Horizontal Wells: AMH-6 and AMHE-7 Installation Repon Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
Muay 5, 1993
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
g’i}b{;ﬂﬁggl Programs Corporation Task Order No. 10
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Instaliation Report Sabcontract No. AA46325P
DM Federal Programs Corporation Task Order No. 10
May §, 1993
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannab River Company

Esvironmental Horizontal Wells: AMH-6 and AMH.7 Installation Repont Subcontract No. AA46325P
}%DM;%;?;? Programs Corporation ‘Fask Osder No. 10
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Demonstration of River Crossing Techuology for Installation of Westinghouse Savannab River Company

Esvironmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993
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Demonstration of River Crossing Technology for Instaliation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 3, 1993
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Demonstration of River Crossing Technology for Instalistion of Westinghouse Savannah River Company

Eavironmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
Muay 5, 1993
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Eavironmental Horizoutal Wells: AMH-6 and AMH-7 Instailation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993
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Demonstration of River Crossing Technology for Installation of Westinghouse Savaonab River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Repont Subcontract No. AA46325P
CEM Federal Programs Corporation Task Order No. 10
May 5, 1993
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Demonstration of River Crossing Technology for Installation of

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Repont Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 35, 1993
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Demonstration of River Crossing Technology for Installation of Westinghouse Savaanah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Installation Report Subeontract No. AA46325P
COM Federal Programs Corporation Task Order No. 10
May 5, 1993 :
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Demonstration of River Crossing Technology for Installation of

Environmental Horizontal Wells: AMH-G and AMH-7 lnstallation Repo

Wasnngbeusz Savannab River Company
Subcontract No. AA46325P
Task Order No. 10
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environmental Horizontal Wells: AMH-6 and AMH-7 Instaliation Report

Subcontract No. AA4B325P

CDM Federal Programs Corporation Task Order No. 10
May 3, 1993
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Demonstration of River Crossing Technology for Installation of
E&Wm:&i Horizontal Wells: AMH-6 and AMH-7 Instailation Report
CDM Federal Programs Corporation

May 5, 1993
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Westinghouse Savannah River Company
Subcontract No. AA46325P
Task Order No. 10
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company
Environmemal Horizontal Wells: AMH-6 and AMH-7 Installation Repont Subcontract No. AA46325P
CDM Foderal Programs Corporation Task Order No. 10
May 8, 1993
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Westinghouse Savannah River Company
Subcontract No. AA4H325P
Task Order No. 10

Diemonstration of River Crossing Technology for Installation of
Environmentad Horlzomal Wells: AMH-6 and AMH-7 Installation Report

CIDM Federad Programs Corporation
May 5. 1993
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Dreraonstration of River Crossing Technology for Instaliation of Westinghouse Savannah River Company
Envirgnmental Horizontal Wellst AME-6 and AMBYY Instaliation Repaort Subcontract No, AA46315P
1M Federal Programs Corporation Task Order No. 10
May §, 1993

Oblique View of the MC-90 Drilling Rig with two-inch drill steel in foreground.
This view displays the difficulties encountered with operating under spotlights.

Figure C-1. Night Shift Drill Set-Up




Westinghouse Savannah River Company
Subcontract No. AA4B3Z5P
Task Order No. 10

Demonstration of River Crossing Technology for Installation of
Environmental Horizontal Wells: AMH-6 and AMH-7 Insmllation Report

CDM Federal Programs Corporation
May 5, 1993
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Westinghouse Savannah River Company
Subcomtract No. AA4RI25P
Task Order No. 10

Demonstration of River Orossing Technology for Installation of
Envireamental Hortzontad Wells: AME-6 and AMH-7 Installation Repont

CTaM Federal Programs {orporation
May 5, 19%3

Yiew of mud mixing svstem with helper adding a bag of guar gum into the hopper to be mixed
into the dnilling mud. '

Figure C-2. Close-Up of Mud System



Demonstration of River Crossing Technology for installation of Westinghouse Savannah River Company

Environmental Horizontal Wellss AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
CDM Federal Programs Comoration Task Order No. 10
May 5, 1993
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannzh River Company
Environmental Horlzontal Welly AMH-6 and AMH-7 Installation Report Subcontract Mo, AASG32SP
oM Federal Programs Corporation Task Order No. 10
May 3, 1993

Layour of four-inch and two-inch drill steel on racks. Each layer is numbered sequentially for
tracking rod counts. Note the two-inch drill pipe has sections of white survey wire inserted,
allowing for easier and faster survey tool connection.

Figure C-3, Drill Steel Racks
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Demonstration of River Crossing Technology for Instaliation of Westinghouse Savannash River Company

Environmental Hoslzomtal Wells AMH-6 and AMH-7 Installadon Report Subcontract No. AA46325P
DM Federal Programs Corporation Task Order No. 10
May §, 1993
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Demonsteation of River Crossing Technology for Installation of Westinghouse Savannak Rivey Company

Environmental Horlronial Wells; AMH-6 and AME-7 Iztallation Report Subcontract No. AA46325P
LM Foderal Programs Comporation Task Order No. 10
May 5, 1993

Close-up of the broken end of a section of four-inch washover pipe with quarter for scale,
Note how the end Is rounded where the driller attempted to advance the pipe after separation.
The box of this pipe was left attached to the pin of the pipe below it

Figure C-4. Broken End of Four-Inch Washover Pipe
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Demonstration of River Crossing Technology for Instaflaiion of Westinghouse Savannah River Company

Environmental Horizontal Wells; AMH-6 and AMH-7 Installation Report Subconiract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993
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Demonstration of River Crossing Technology for Installation of Westinghoose Savannah River Company
Environmentad Horizontal Wells: AMH-6 and AMH-7 Installation Report Subcontract Mo, AA4G3ZI5P
CDM Federal Programs Comoration Task Order No. 10
May 5, 1993

View of fishing wol attached to the end of the four-inch washover pipe.

Figure C-5. Fishing Tool Preparing to be Installed
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BDemonstration of River Crossing Technology for Installation of Waestinghouse Savannah River Company

Environmental Horizontal Wells; AMH-6 and AMH-7 Insialiation Repont Subconiract No. AA4G3I2SP
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993
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Dusmnomstration of River Crogsing Technolopy for Instaliation of Westinghoose Savannab River Company
Environmental Horizontal Wells: AM-6 and AMH-7 Instgllation Report Subcomract No. AA4GI25P
CM Federsd Programs Corparation Task Order No. 1
Wiay 5, 1993

The 12" x 16" piece of 3/4 " thick steel is welded onto a section of four-inch washover pipe.
Thig device is then screwed into the four-inch washover string and the vibrating hammer is
clamped onto the flat surface. \

Figure C-6. Plate for Attaching Hammer o Four-Inch Washover Pipe




Bemonstration of River Crossing Technology for Installadon of Westinghouse Savannah River Company

Environmental Hortzontal Wells: AMH-8 and AMHE-7 Installation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 5, 1993
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Demonstration of River Crossing Technology for Installation of - Westnghouse Savannah River Company

Environmental Horlzontal Wells: AMH-6 and AMH-7 Insigllation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order Mo, 10
May 5, 1993

A crane had 10 be brought in to 1ift the hammer off of the fat bed truck and place it in the drill
pit for installation, '

Figure C-7. Crane for Moving Vibrating Hammer
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Demonstration of River Crossing Technology for Installation of Westinghouse Savannah River Company

Environumenial Hortzontal Wells: AMH-6 and AMH-7 Installation Report Subcontract No. AA46325P
CDM Federal Programs Corporation Task Order No. 10
May 5§, 1993
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Demonstration of River Crossiag Techoology for Installation of Westinghouse Savanrnsh River Company

Envirgamental Horizontal Wells: AMH-6 and AMH-7 Inswliation Repont Subcontract No, AA46325P
CDM Federal Programs Corporation Task Owder No. 10
May 5, 1963

View of the drill pit with the four-inch washover pipe in the foreground attached to the
vibrating hammer. The D-8 Bulldozer is pulling on the assembly with Little success.

Figure C-B. 1-8 Bulldozer Pulling on Stuck Washover Pipe
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The crew had little success pulling on the stuck washover pipe with one bulldozer 5o a second
was brought in. Both machines pulled on the pipe in tandew and succeeded in moving several
sections of pipe before the string broke again downhole.”

Figure C-9. Two D-8 Bulldozers Pulling in Tandem on Stuck Washover Pipe
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The three-inch PVC screen and casing was installed by hand until the string could no longer be
advanced through manpower alone. The drill head on the rig was then used both to pump
drilling mud down the sereen to reduce hydrostatic resistance and to apply slight pressure on

the PV pipe to advance it down the hole. ‘

Figure C-10. Crew Installing Three-Inch PYC Well Screen in Hole
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Onoe the three-inch PV screen and casing were installed to the end of the borehole, the
washover pipe was carefully extracted. On AMH-6, the washover pipe became stuck and the
decision was made 1o leave the pipe in the hole instead of chancing damage to the installed

well, '

Figure C-11. Four-Inch Washover Pipe Being Extracted from Over Installed
Well
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Once all deill steel was removed from the well, the annulus around the casing was grouted to
the surface. A 10-foot section of four-inch washover pipe was advanced down the hole, over
the PV Casing for stability and 2 3 " thick concrete pad was constructed around the well. A
locking cap was then welded 1o the washover pipe. Six sections of washover pipe were
advanced into the ground around the pad and filled with concrete. All steel was subseguently
painted for visibility.

Figure C-12, Eszample of Completed Horizontal Well Pad
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HORIZONTAL WELL CONSTRUCTION DIAGRAMS
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APPENDIX F

SPECIFIC INFORMATION ON GUAR GUM DRILLING ADDITIVE

(INFORMATION PROVIDED BY EVI CHERRINGTON ENVIRONMENTAL)



Revert is a natural organic polymer additive which overcomes
problems associated with conventional drilling fluids.

Revert drilling fluig systems have the following
advaniages:

B Formation damages is minimized. When drilling
fiuids are forced into the tormation during drill-
ing. the aguifer permeability is reduced i the
drifling Huld is not completely removed during
well development. With conventional fluid sys-
tems, an aimost impermeable mud cake can also
be formed on the borehole wall, Since Revert's
viscosity can be reduced to nearly that of plain
water, its removal during well developmens is
facHitated.

# Caving, swelling and sgqueezing problems are
pyercoms. Rever! éncapsulales or coats clays to
prevent these problems which occur when
certain clays and shale strata are wetted. Clean,
uniform-gagge holes are obtained more easily
than is possible with bentonite-based mud,

B Belter samples are produced, Because Clay does
not mix readily with Revert, samples are not
contaminated by exiraneous clay materials.

Native clays penetrated by the bit appear as
separate and disunct lumps or parlicies—an
essential consideration in test drilling or
sampling.

Cutlings seitle oul in the pit much faster,
Abrasive sands and other cuttings circulating in
the mud system can obscure samples and, more
seriouslty, cause abrasive wear on mud pump
sieeves and other parts. Reverl's lower gel
strength atlows these cuttings 10 seltle faster.
Penelration rales are increased. The lower den-
sity Revert radically reduces fluid friction in the
circulating systems. This makes available in-
creased energy in the drilling fluid at the drill bit
where it is needed. Larger, deeper holes can be
Gritled faster.

Power and fuel are more efficiently used, Lower
density and reduction in fluid friction also means
more efficient use of power. Reductions in
hydraulic head loss in pipe flow of 60% or more
are easily altained by using only small amounts



of Hevert, Tests and experience show Revert
uses al least 30% iess power than conventional
gritiing muds

tess Revertis needed to do the job. Reverthas &
1o 10 times the viscosity-building capacily of
bentarte This means that a Revert Huid has
only one eighth 1o one tenth ine amount of solids
as conventonal mugs of the same viSCosily thus
resulting in & highter weight grithing Huid
Brackish or saline waters pose no problems,
fevert, uniike bentorule or native clays, mixes
weil in these waters No change in the mud
system is needed when saline water i en-
countered during driting.

Eleciric logging of the borehole is improved.
Aquifers containing fresh water tend to have
higher resistivity than other water bearing sub-
surface formations Singe drilling Huid enters
these permeable zones dunng drilling, it is
irmportant that the dritling fluid notinterfere with
this resistivity dgifference. Bentonite has a low
resistivity which has a masking effect making
reading resistivity differences more ditficull. The
high resistivity of Revert combined with the
aquifer's high resistivity causes & marked shiftin
the resistivity curve thus aiding in electric log
interpretation.

MIXING REVERT

Revert is as easy to mix a5 any conventional
drilling fluid. A jet-type mixer is typically used for
on-site preparation of the fiuid. Other t00ls com-
mon to conventional mud mixing such as a Marsh
funne! and cup and mud balance 10 measure
viscosity and weight of the mixed fiuid will aiso be
needed. The system’'s pH can be checked periodi-
cally with pH test paper or meter.

As with bentonitic materials, the Revert cannot be
dumped unmixed into the mud pit or fed 100 fast
into the mixer or it will tend to "gumball” in lumps
because of incomplete hydration.

A typical feeding rate of 250 Ib/hr with a standard
jet-type mixer should produce compiete wetting of
all Revert particies. For small jobs, dry Revert can
be sprinkled into a barrel of water in which a paddie
mixer or small pump provides needed turbulence. A
barre! of fiuid thus mixed can be sufficient for a
cable tool, auger or jetling operation. Hydration
rates vary with local conditions but generally a
suitable viscosity is reached about 1/2 to 3/4 hour

after mixing.

FACTORS AFFECTING VISCOSITY

The viscosity produced by a given amount of
BRevert in water can be affected by several condi-
tisns such as the temperature, pH and salinity of
the mix water. The higher the temperature of the
water, the more Revert is needed to achieve a given
viscosity. Simitarly, the higher the water's pH (more
alkaline) the longer the hydration time and the
iower the viscosity will be from a given amount of
Revert. Mixing with saline water rather than fresh
water will also result in & lower viscosity Revert
fiuid

Most natural ground water has a pH in the range
of 5.5 10 8.0. Within that range Revert mixes readily
to form a serviceable fluid when used in the ratios
dgescribed in Figure 1.

After mixing, the drilling fluid's viscosity should
be measured with a Marsh funnel Al that point,
adjustments can be made either by adding more

Fever e d 00 CalE

WaterfTemp.ol o

260555 R8BS
Fine.Sang 40 35 4.z
Mead. Sang 80 47 56
Coarse Sand &0 55 &5
Gravel 0 6.1 7.0
Coarse Gravel 80 6.5 T4

Figure 1. A suitsble viscosity of Reveri driliing fiuid can be
obixined for various combinations of lemperatures and forma-
tion materials,
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Figure 2. Bevert aystem's pH must be maintsined beiow 10 81 sl
fimss. For mast applications, & peutrsi 1o siighily acld pH is besl.

Revert or more water. Normally only small amounts
of Revert will be needed 1o account for variations in
salinity, pH or water temperature.

SPECIAL FIELD CONDITIONS

Rarsly, soms of the constituents of the water
used to mix Revart will have an effect on the mixing
rate and the final viscosity of the drilling fluid. This
may happen, for example, when freshly placed

- eement grou! is drilied which contaminates the
driling fluid causing the pM to become extremely
high. in this case, the Revert will not hydrate and
the drilling fluid will gain no viscosity. in this case,
the system must either be wasted or the pH must be
reduced. This san be done by adding hydrochioric
{muriatic) acid, Johnson's Nu-Well’ or some other
acid {0 the system.

If the mix water is high in iron—more than 3ppm
{3 mg/li—it can form & complex iron compound
with the Rever? resulling in & fluid with less than
normal viscosily, Treating the water with about 1.3
ib 100 ppm. of calcium hypochlorite (HTH) powder
per 1,000 galions of water will disinfect the water
and oxidize dissolved irpn. This afect can aiso be
obtained by using 2 galions sodium hypochlorite
(5%} per 1,000 galions of mix water resulting in a
100 pom chiorine solution,

A third condition involves chemical constituents
such as heavy metals which can cause Revert

=giritiing fluids 10 gal or can inhibit hydrating of the
Raver). Gelled fluids are resistant 1o Hlow and might
be difficult 1o handle. Here, the systermn must be
¢chiorinated as described above to oxidize the
metals if present, i mus! 8150 have the pM lowered
if necessary by acid treatment as described earlier,
in general, the mix water shouid be chiorinated if
any of the above constituents are suspected tobein
the water, if the character of the water is unknown,
or if the mix waler ig from an untreated surface
source. Before mixing and during drilling the pH
should be maintained near neutral and carry a
measurable {ree chiorine residual.

Marsh funnel viscoally In saconds

VISCOSITY CONTROL

The length of time Revert will maintain a given
viscosity under typical conditions is described in
Figure 3.

At high temperatures, Revert tends 1o “break
down” or lose viscosity more quickly. This is in part
due to the growth of certain microorganisms which
are most prolific at B0* to 120*F (27-49°C).
Enzymes produced by these organisms in addition
to those inherent in the Revert can cause the
breakdown of Revert to be accelierated. Where
such microorgamisms or soil bacteria are likely to
be present, precautions should be taken. if the mud
pit is earthen, it should be lined with plastic. The
mix water shouid be disinfected by ¢hlorinating o
100 ppm. For other special technigues to use in
dealing with premature fluid breakdown, consult
Johnson technical service personnel,

On some occasions it may be desirable to
accelierate the breakdown of the fiuid. One tech-
nique involves adding. ammonium persuliate
(NHa28:00 and ferrous sulfate (FeS0«) directly to
the mud pit in the ratio of one pound of each to
each 25 pounds of dry Revert in the Hiuid system,
This fluid is circulated until breakdown ocourse—
usually within 10-20 minutes afier mixing. H
viscosity extenders have been used in the fluidg, it
may be necessary to increase the ratio of these two
chemicals to two pounds or more per each 25
pounds of dry Revert,

if the Revert fiuid has paneirated into a very
permeable formation it will temporarily redute the
well's efficiency which could result in inaccurate
test pumping data. To remove this fluid, the well
should be developed by high velocity horizontal
jetting with 1,000 ppm chiorine solution which wili
break down the Revert. This has the added benefit

900
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Figure 2. Revert mixey well with elther fresh or salt water. Curves
show the change in fluld viscosity with Hme in a fypical drlling
#uid of 2.8% Revert by weight »f 70'F,



Available PPM {in 1.000 Gal. of Waler)

Lhiorine 50 106 500 1,000

A% 3.7 gal 33gal | 167 gat 313 gal

8 1.0 gal 20 el 100 gal. 20.0 gal,

10 0.5 pal 10 gal 50 gal 100 gal

15 0.3 gal, .7 gal. 3.3 pal. 6.7 gai,
........ T S T
D e e A

85% céib. | 13 | Bew 12810,

Figurs &. Tne above quantities of chlorine compounds sdded to
1,000 gstions of water will produts the mosi commonly used
concenirsfions of chioring in & drilting Haid. Note that sodium
hypochiorile is measured in gailons, calcium hypochlorils in
pounds.

of disintecting the well. See Figure 4 for mixing
chiorine compounds.

When using high chioring concentrations, it is
sometimes beneficial 10 use sodium hypochliorite
{hguid bleach) instead of calcium hypochicrite.
This is especially true in fine-grained formations
where the tormation waler pH is higher than 7 and
might also contain 8 significant amount of calcium.
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333 - 3 - 32
85 . 2% .
87 £37 26 -
LY 725 P -
8.0 503 18 §35 23
$2 1356 14 C 1138 18
9.4 1808 8 1587 13
86 2106 2 1828 7
88 2531 2075 o
180 2826 2363 -5
L - 2780 -1
4 - 31T -5
106 - 3825 -35
10.6 - aree
3.0 - 4174
1.2 - 4488
11.4 . 5156
1188 - 5554

Figurs & Condltions mey reguire thal Revert driling #uld be
welghted. Soluticn weighting may be accomplished by adding
8ty in the spproximate ratlos shown. Note tha! salf alse has the
affect of lowering the tHuld freszing point.

A 1,000 ppm solution of calcium hypochiorite will
contain approximately 280 ppm calcium. Calcium
has a tendengy to precipitate at about 300 ppm,
Thus, i the combined calcium levels exceed
approximately 300 ppm, the precipitation of calcium
hydroxide could occur in the formation necessi-
tating a foliow-up acid treatment {o resiore the
origingl permeability.

Other conditions may make it difficult to ac-
celerate viscosity breakdown such as the presence
of gelled mud or saturated sait mud. These should
be handied by the chlorination process described
above, bul i special problems arise, Johnson tech-
nical service personnel are available for assistance.

CONTROLLING FLUID WEIGHT

The fluid weight of Revert is only slightly higher
than that of water—about 8.4 1bs per gal. When
dealing with artesian pressures it may be necessary
to increase the fluid weight to control water flow
into the borehole from the formation and prevent
caving. Revert is most effectively weighted by
adding salt—-caicium chioride or sodium chioride—
gither before or after mixing the fluid. This pro-
duces a sclution-weighted fluid as distinct from
suspension-weighted bentonitic fluids. Seolution
weighting is necessary because a Revert fluid does
not have the gel strength reguired {0 suspend
weighting particles when it is not being circulated.
Figure 5 shows recommended approximate ratios
of salt 1o fluid volume 10 achieve a desired ftuid
weight.

SPECIAL APPLICATIONS FOR REVERT
Revert drilling fiuids can be applied as "problem
solvers” in special circumstances and to enhance
piher conventional drilling protedures.

CONTROLLING FLUID LOSS

One probiem often encountered by driilers is jost
circulation in which drilling Huid is fost in a highly
permeable zone. Two methods are available to
solve this problem:

The first method requires an extremely viscous
Revert fluid-120 Marsh funnel seconds or more.
{The friction reducing properties of Revert allow
this to be circulated without special equipment.)

A mass of this freshly mixed highly viscous Revert
must now be spotted in the hole opposite the fost
circulation zone. Enough of this Revert fluid to
twice fill the borehole annulus should be mixedina
separate tank or pit and pumped through the drill
pipe [o this zone. The drill pipe is then pulled back
allowing the viscous Revert o migrate into the
permeable zone, thus sealing it off. After about 30
minutes, the viscosity of the remaining fluid can be
reduced and normal drilling can resume.



The second method involves mixing Borax with
Revert {o create & dense, rubbery plugging material,
Rig-side exparimentation with a few quarts of fiuid
is useful to determine mix ratios but generally one
an proceed as follows: {1) Mix one cup of “20 Mule
Team Borax” in & gations of water, then pour the
borated water directly into the drill stem. (2) Mix a
pit of highly viscous Revertw—about 120 Marsh
tunne! seconds. {3) Raise the pH of this fiuid 10 8.0
to 8.5 by adding soda ash as needed. Start by
dissolving & cupful of soda ash per 1,000 galions of
water and slowly add to circulating Revert system
at the pump suction. System pH should be checked
paricdically while circulating and should be kept
beiow 10 {o avoid polymer destruction. {4} Mix
sdditional borated waler at the ratio ol one cup
borax per 5 gations of water, {5) Place bottom of
deilt sterm opposite lost circulation zone. (B} Haise
pump suction to near pit surface level. (7) Activate
pump at idling speed and when Revert starts to
fiow, pour borated waler into the pit near the pump
suction. Continge pumping until borated Revert
appears 8t ground surface in the annulus belwaen
drill stem and bore. It will be a thick, gelled mass.
{8} Shut pump down immediately to prevent gel
from reaching pit. (8) Pull drill stem back one or two
tengths and wail 30 minutes for gel to cure. {10}
Resume driliing operation with pump operating at
recduced speed until several feet of new formation
hss been penetrated. {11} Repeat entire operation i
necessary. If used in an aquifer where a screen has
been set, it may be necessary (o develop the well by
high velocity jetting with a 1,000 ppm chiorine
solution. {Exireme care must be ysed when han-
dling high concantrations of chiorine.}

The gelied Nuld may be returned to its starting
viscosity by reducing the pM 1o 7 or lower,

EXCESSIVE FLUID LOSS

Reducing the amount of Revert or Borax used or
using a pH above 7 but less than 8 will weaken the
chemizal crogs-linking bond of the Revert polymer
and produce a partially gelied, stringy mass that
can be easily pumped or circulated. This partially
cross-linked gel can be used where excessive fluid
foss is & problem as, for example, when encounter-
ing coarss sand and grave!l or other highly per-
meable zones.

REVERT IN CABLE TOOL DRILLING

Favert can be usad in any situation where ciay
slurries are used in cable tool drilling. It provides
superior lubrication to facilitate driving the casing.
11 can also be used 10 support the hole when casing
has bean driven to refusal and it is necessary to drill
open hole beyond the casing bottom. The fiuid aiso
reduces friction between borehole and tool string

which increases cable tool efficiency and speeds
penetration rates.

it can be used to pressurize a formation to control
heaving sands. (See the section in this bulletin on
controlling fluid weight.)

REVERT IN REVERSE CIRCULATION DRILLING

Ravert is aiso useful in reverse circulation drilling
to greatly increase drilling efficiency allowing
larger, deeper holes to be drilled more quickly. As
fittle as 5 pounds ol Revert per 1,000 galions of
water can decrease friction loss in the fiuid system
by as much as 60 per cent. Revert may be period-
ically added to chiorinated drilling water al the
pump suttion during drilling to reduce friction,

A more viscous Revert fluid such as used in
conventional rotary drilling can also be used 10
controt fiuid losses, lost circulation, swelling and
caving shales and ciays and other common reverse
circuiation problems.

REVERT IN AIR FOAM DRILLING

Small amounts of Revert added to the injecled
foam~producing agent will make a tough, stable
foam with very good water-lifting, cutting-carrying
and particle suspension properties. Using one
pound of Revert (about 26 oz. dry measure) per 100
galions of injection fluid will permit excelient hole
cleaning at low annular velocities and gir delivery
rates. The other beneficial properties of Revert help
reduce sloughing and caving, fubricate the bit and
protect the permeability of the formations pen-
eirated. As in other Revert applications, the fluid
can be broken down when desired with a chiorine

solution.

COLD WEATHER DRILLING
Adding sait to Revert drilling fiuid has the effect
of jowering the fluid freexing point. Figure 5
indicates approximate amounts of salt to achieve a
desired result,

REVERT IN PIEZOMETER WELLS

Hydraulically efficient piezometer and observa-
tion wells can be more quickly and easily instalied
with Revert than with clay additive drilling fluid.
Since small piezometer welis are often not devel-
oped, the damage to hydraulic conductivity
caused by clay-based fluids is unrepaired.

If several test holes are planned ciose 1o one
another it may be advantageous to mix the Revertin
portable tanks which can be skidded from one $ite
io another. Alternatively, the Rever{ can be pumped
from one site 1o the next.

REVERT IN WELL RECONSTRUCYION
CHten, & sand-pumping well can be salvaged by
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Job Raf No.
Dirifter Pump size
~ ;nt i -
£ Eaie & (.?é’i*
§/3 588 5 £58
WA/ 7 JAR
-
Date Titne LAl T &

Figure §. it ix imporiant 1o maintsin an seourats log throughout
e entire driliing Job taking note of the fuld tystem's pH,
waight, viscosity, and any other variables such 51 additives used
©of unususl conditions sncountered. Such logs serve a3 8 record
of work performed and s 2 potentially uselu! reference for
future jabs.

placing s screen liner in a siotted-pipe well. During
this process. the existing siotted casing is ripped
aimos! to destruction before the screen is placed.
Chiorinated Revert fiuid placed in the hole will
- provide the support necessary during this and sub-
sequent steps in the well reconstruction. Alter the
Revert fiuid viscosity is broken, removal of the Huid
and developrment of the well can proceed quickly
and thoroughly. This same basic process can be
used when pulling and replacing screens in wells.

PLACING GRAVEL PACK WITH REVERT
Revert fluid is idea! for placing gravel pack by the
reverse circulation method. This may be done
equally well in new wells or in ol¢ wells that were
originally compieted as open haole and later requirg
@ screen and grave! pack combination to stop sand

pumping.

REVERT AND BACTERIA

Revert does not contain or produce any harmiui
bacteria. Tests on water samples during well devel-
opment or test pumping may show a high bacteria
count, These are not, however, disease-producing
bacteria since the organisms in Rever! consist of
-yeast, mold and lactobaccilli which naturally occur
in such foods as fiour and milk. These non-path-
ogenic organisms are also naturaily present in
food-grade guar. Their presence is not an indication
that the well water contains coliform, Salmonelia or
other disease-produting germs. in fact, subsequent
tesis such as the methyl red differential or the easin
methylene biue agar will show that only harmiess
bacteria are present,

APPLICATIONS ASSISTANCE WITH REVERT

Johnson technical personnel are available to help
with Revert applications assistance. Contact your
Johnson represemative.



