1: INTRODUCTION TO HOT WATER DRILLING

1.1 Introduction:

Hot water drilling is used in situations where access holes in ice are required
in very quick time. It is the only currently practical method of making access
holes of greater than 200m in days rather than weeks. Using this method, holes
from a few hundred meters can be drilled in hours and up to 3 kilometers can be
drilled in 2-3 days with the right capacity drill.

The method basically involves pumping water at near boiling point and high
flow rate through a nozzle aimed at the ice face which melts the surrounding ice
as the nozzle is steadily lowered down the hole. This water is then recovered
with a submersible pump located near the top of the hole, heated and re-
circulated back down the hole. The water pumped down the hole needs to be
recovered for two reasons:

* Recovery is necessary in order for the hole not to overfill with the combined
volume of water introduced down the hole and the water resulting from the
melted ice.

* Water recovery is necessary in order to alleviate the need to constantly
source a large volume of water to use in the melting process.

In practice, not all the water pumped down the hole can be recovered. Due to
the fact that a given volume of ice will result in a smaller volume of water when
it is melted (as shown in Figure 1.1), the volume of water pumped back out of
the hole can only be about 90% of the water deposited. If any more water than
that is pumped up, the water level in the hole will quickly drop below where the
submersible pump recovering water from the hole is located, making water
recovery impossible.
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Given volume of ice

Figure 1.1 Equivalent Ice/ Water Volume Diagram

Because of the reduction in volume as the ice is melted, some “top up” water
is still required to make this form of melting holes in the ice practical. Sources
of top up water can be a nearby melt stream, cutting up and melting ice blocks
or developing a “Rodriguez Well” (Rod Well) and pumping the “top up” water
from this well. The choice of how the makeup water is produced depends on the
circumstances of drilling, what equipment is available and how many holes are
being drilled.

Melt streams are not usually readily available or conveniently located next to
the hole being drilled, while cutting up ice blocks and melting them can become
very labor intensive if more than a few thousand gallons of water is required.
Whereas producing and developing a Rodwell can be overkill if not much top
up water is required.

If a lot of makeup water is required, a convenient method of producing this
water is to drill and develop a “Rod Well”. This involves making an access hole
through the firn layer into the ice below, lowering a nozzle and submersible
pump into the cavity and heating the water in the cavity by continually pumping
hot water down into the cavity, pumping cold water up, heating it then pumping
it back down. Over time this causes the surrounding ice to melt and results in a
reservoir of water. Water from this reservoir can then be recovered as needed
for drilling.
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1.2 Basic Hot water Drill System:

A basic hot water drill system setup, such as one that would eb used for
multiple hole production, is shown in Figure 1.2 below.
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Figure 1.2 Basic Hot Water drill system for drilling through ice sheets

The system typically consists of the following components:
* A buffer tank of water.

This tank needs to have enough capacity to allow the start of the drilling to
proceed uninterrupted while the submersible pump is lowered into position
for water recovery.

* A high pressure pump or pumps.
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These pumps need to be scaled to have enough power to overcome the
system pressure drops and to provide the required flow rate.

* A heater bank.

The heaters are scaled to provide the required water temperature rise at the
required flow rate. Heaters can be added to the system as required to achieve
the required temperature at the required flow rate.

* A hose reel with enough hose to reach the required depth.

Depending on the hose type, the hose may need to be supported by a cable as
the hose may not be able to support its own weight down the hole.

* A tower located over the hole.

The tower may need to support both the drill hose, return water hose and the
supporting cable if necessary

e A drill stem with nozzle.

The drill stem needs to be heavy enough in order to allow the hose to uncurl
straight while in the hole. Depending on the level of complexity of the
system, the drill stem may also incorporate a drill head which contains
sensors and telemetry to provide feedback on the drilling operation. If this
drill head is a larger diameter than the main drill stem, the drill stem needs to
be long enough to allow the hole to become wide enough to allow the drill
head to pass through (see “Basic Drilling Process”)

* A submersible pump down the hole.

The pump needs to be sized to have a pump rate at least 90% of the water
flow rate going down the hole.

* A return water pump hose reel.

* A pump for pumping water down to the Rodwell
* Rodwell water heater(s)

* A rod well winch

The winch needs to control two separate hoses; one for hot water down to the
Rodwell and one for return cold water from the well.

* Rod well heater stem.
* Rod well submersible pump.

The system depicted is a very basic representation of a hot water drill system.
For the purposes of clarity, some components of the system have been left
out; such as power cables and cable winches for the submersible pumps, data
cable and cable reel for the drill head (if drill head is present), various
instrumentation sensors, electrical, network and data cabling.
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1.2.1 Basic Drilling Process:

The aim of drilling with hot water is to make a quick access hole through the
ice. The reasons for this are varied and may be to undertake measurements in
the ice sheet, deploy instruments in the ice, access the bedrock under the ice or
punch a hole through an ice shelf to undertake oceanographic work in the water
column beneath the ice.

The drilling procedure may vary slightly depending on the situation. For
example, producing and developing a Rodwell may not be a “cost effective”
method of producing “top up” water if only one hole is required. However the
general principle is the same and the description to follow will assume a
Rodwell is the method of producing ‘top up” water.

The process of drilling with hot water relies on water of a constant
temperature and flow rate hitting the ice face while the drill nozzle progresses
down the hole at a predetermined speed. This determines the hole diameter. The
drilling speed can be calculated using the following formula, taken from

“Hot-water drilling and bore-hole closure in cold ice”
Humphrey & Echelmeyer, 1990,
Journal of Glaciology, 36(124), 287-298.

pwchw (T(y) B Twall )
zRozL{l + P, (y)@

v(y)=

Where:

pwdensity of water (1000 kg m)

¢y, specific heat capacity of water (2.09 x 103 kg'1 K

Q,,flow rate of water through the hose

T(y)water temperature at depth y in the borehole (length along hose)
Tan temperature of borehole walls, taken as 0 °C for ice/water interface
R, borehole radius

L Latent heat of fusion for ice (3.35 x 103 ))

|To(y)lambient temperature of the ice at depth y in the ice
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The water temperature at depth is given by:

T()=Tye /*+T

wall

Where:

T, water temperature at the surface (from the heaters)
T,an temperature of borehole walls, taken as 0 °C for ice/water interface
y depth in the borehole, or length along hose

A a characteristic decay length for specific hose types. This parameter may
be given as one of the hose specifications, or it can be calculated as follows:

ﬂ‘ = pwchwZ

Where:

Z effective thermal resistance of the hose (this has been experimentally
calculated as 0.27 mK W)

The formulas above allow the speed of drilling to be calculated for a required
borehole diameter, assuming a given constant water temperature and flow rate.
Alternatively, if the requirement is to drill a certain depth hole in a given time
frame, then the drilling speed can be assumed (along with the water
temperature) and the flow rate required to achieve such drill speeds can then be
calculated.

The required flow rate and water temperature gives the drill power output.
This allows the drill components (such as water tank size, hose size, number of
heaters, number of high pressure pumps, etc) to be sized to achieve the required
drill power output.

As well as a high temperature and a high flow rate, in practice this method of
drilling also relies on the velocity of the water coming out of the nozzle to be as
high as feasible and hitting the ice face with full force. For this reason, the drill
stem nozzle is chosen to be as small a diameter as the system pressure will allow
and also to have a very narrow spray pattern; typically zero degrees. The water
velocity concentrated on a narrow spot provides a “cutting” action and,
combined with the water temperature and flow rate, “drills” a hole through the
ice.
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The hole diameter is not fully developed as soon as the water hits the ice face.
The drilling process “punches” a hole through the ice, the initial diameter of
which is not much bigger than the drill stem and nozzle (as shown in Figure
1.3). The drilling method relies on the hot water in the hole to continue to melt
the surrounding ice and widen the hole to the required diameter after the drill
stem tip and nozzle has passed by.

Drill head

Drill Stem

Figure 1.3 Hole Profile at Ice Face

Sometimes the drill stem will have a drill head with an instrument package
attached, as shown in Figure 1.3. This instrument package may be a bigger
diameter than the drill stem. In this case the drill stem needs to be quite long in
order to allow enough time for the hole diameter to increase sufficiently before
the drill head reaches that point in the hole.
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Referring back to Figure 1.2, the basic drilling process starts off with having
the buffer tank full of water in preparation for drilling. The drill stem and drill
head are then assembled in the hole. Water is bought up to temperature by
having it circulating through the system in closed loop, then the water hose (and
electrical cable for the drill head, if employed) is connected to the drill head and
drill stem. Once the right flow rate is obtained, the winch is started and set to
lower at the speed necessary to achieve the required hole diameter for the given
water temperature and flow rate.

Once the drill has passed the level at which water is pooling, the submersible
pump is lowered into position, submerged sufficiently below the water to
minimize the likelihood of running the pump dry. The pump is then switched on
and set to recover about 90% of the water pumped down the hole, with the extra
10% necessary to maintain a constant level in the hole obtained from the
Rodwell. Drilling then proceeds at the calculated drill speed to give the required
borehole diameter for the given flow rate and water pressure.

Up until the pump is down the hole and running, the drilling operation is
proceeding without any water recovery from the hole. This can be for a
significant length of time, in the order of one or more hours. It is therefore
important to size the buffer tank correctly so that for the given drilling flow rate,
the tank holds enough water to allow drilling without water recovery for the
maximum length of time it is expected to take to deploy the submersible pump.

While drilling, hot water is continually pumped down the Rod well and cold
water bought up to continue developing the well. When required during drilling,
as mentioned above the 10% of extra water required to top up the hole (as a
result of ice melting) is obtained from the Rod well by pumping less water down
than the amount being bought up. This obviously has the effect of lowering the
Rodwell level. It is therefore important to keep pumping heat into the Rodwell
and develop it to make more water. It is important to employ the right technique
of developing the well by lowering the hot water nozzle and submersible pump
at the proper rate in order to make the well wide and shallow, rather than narrow
and deep. If the well is made too deep too quickly, there is a risk that the water
level becomes too low and there is not enough hose or cable to allow the pump
to reach the water. Rodwell production is covered in a separate chapter.

The same method of drilling a hole through ice cannot be used to drill a hole
in the firn layer at the top of the hole. A different drilling technique is necessary
for firn drilling, as discussed below.

1.2.1.1Drilling in Firn:

The top part of an ice sheet or ice shelf is generally comprised of snow,
known as firn. This firn increases in density with depth, until it reaches a “close
off” point where it is no longer porous to air and becomes ice. This transition
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can be as deep as 115-120m. However at around 35-40m, the firn will be solid
enough that it will allow water to pool.

Up until that point in the hole where water pools, the drilling method used for
ice (with a narrow spray angle) will not work in the firn layer. The narrow
nozzle angle will “punch” a hole through the firn as for the ice, but the water
will dissipate in the surrounding firn, rather than pool in the hole. It will
therefore not be possible for the secondary action of the hot water to continue to
widen the hole.

For this reason, different techniques are employed to drill through the firn
layer. This may range from simply employing a nozzle with a wider spray
pattern to coring the top part of the hole using a mechanical coring drill, using
an electric hot point, or using a closed loop heated glycol system to transfer heat
to the ice face. Each system has its attributes and its problems.

The wider spray nozzle will melt the firn quite fast, but it will use a lot of
water which can’t be recovered as it is lost in the firn. This will necessitate the
need for significantly more water production than for drilling through ice.

The mechanical coring drill is the most economical in terms of power
requirements, but it is a fairly slow process and, depending on the diameter of
the required hole, it may be an impractical or impossible to achieve the required
borehole diameter.

The electric hot point method will again be a fairly slow process and will
require a lot of electrical energy. The melt head can however be scaled, with a
resultant increase in power, for larger diameter boreholes.

The closed loop heated glycol system is again slow, requires a lot of energy
to heat the glycol but is also scalable for larger diameter boreholes.

Another drill technology which can be utilized to drill through firn layers is
the RAM drill where a high speed drill head mechanically cuts the firn and
compressed air is pumped through the centre of the drill stem to push the
cuttings back up the sides of the hole. However this type of technology is still
being tested and scaling it for large diameter holes may be impractical.

1.3 Manual Objectives:

The rest of this manual will be describing the IceCube “Enhanced Hot Water
Drill” (EHWD). This drill was purpose built for the construction of the IceCube
Neutrino detector array at South Pole station in Antarctica. The array required
the drilling of up to 88 access holes in the ice, spaced in a 125m grid with each
hole being 600mm diameter and 2500m deep. The drill was designed to have a
turnaround time from hole to hole of about 3 days.
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The manual will also document the Firn drill used to provide the access holes
in the firn layer of each hole. The firn drill used is a unit specially built for the
purpose and uses a closed loop glycol heating system.

The objective of the manual is to document the following:
- The design philosophy of the drill.

- A technical description of the drill as a complete system, including a
technical and operational description of each subsystem as well as schematics
and drawings of each subsystem.

- A technical and operational guide to the software control system.
- An operational guide for the drill system, including:
De-winterizing the system
System setup and commissioning
A description of each major step of the drilling process
System winterizing
- Fault diagnosis procedures of various subsystems and components

- Preventative maintenance procedures on various subsystems and
components

As a training aid, a video segment of each major step of the operation of the
system is also produced, including de-winterizing, setting up, commissioning,
drilling, winterizing. Fault diagnosis. These video segments are embedded in
the relevant chapter of the manual

The intention is to document the EHWD to a level which will allow a drill
crew with no previous experience with this particular drill to put the system
together from a winterized state, re-commission the system, perform production
drilling as well as diagnose problems and conduct preventative maintenance.

Click on the link below to view a video giving an overview of drilling
operations.

Drill Operations Trailer.mp4
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1.4 Unit Convention and Acronym List:

1.4.1 Unit Convention:

The unit convention used in the design of the EHWD and which will be
adhered to in this manual is a combination of SI and imperial units. All units are
ST units with the exception of the following:

Pressure: psi, psia, psig
Volumetric Flow: gpm, gph
Force: b (force)

This was a compromise decision. The IceCube project is a combination of an
Engineering undertaking as well as a scientific undertaking. It is also an
international project with collaborators from many countries. The decision was
made to use the SI system of units wherever possible in order to maintain
consistency within the collaboration and with the scientific nature of the project.

However the drill was designed and built in the United States and in order to
maintain consistency with specifications on drill equipment, nameplates, labels,
etc, and in order to reduce the risk of confusion and potential errors with unit
conversion, the decision was made to keep the above listed units as imperial
units.

1.4.2 Acronym List

The following list of acronyms is a standard list of acronyms used by the
project as a whole. It covers all aspects of the IceCube project, including
drilling, science and logistics. Some of the acronyms may not be used in this
manual, but the complete list is reproduced here for reference.

A3RI UW Antarctic Astronomy and Astrophysics Research Institute
AMANDA Antarctic Muon and Neutrino Detector Array

AN-8 Fuel (Also JP-8)

ATWD Analog Transient Wave Digitizer

CAT Caterpillar

CDC Clothing Distribution Center

CDR Critical Design Review

CHC Christchurch, New Zealand
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DAQ
DCC
DFL
DNF
DOM
DOME
DOMMB
DOR
DSHR
EHWD
ERD
E-Stop
FAT
FMEA
GRB
GUARD
GEN
HA
HPP
ICD
ICDS
ICDS
IV&T
JP-8
KRC
MCM
MDS
MDS
MDS
MECC
MHP
NPT
NPX

Data Acquisition

Drill Control Center

Dark Freezer Lab

Do Not freeze

Digital Optical Module

“Old” South Pole Station

DOM main boards

DOM readout

Drill Supply Hose Reel

Enhanced Hot Water Drill
Engineering Requirements Document
Emergency Stop

Final Acceptance Test

Failure Mode and Effect Analysis
Gamma Ray Burst

National Air Guard — Flies the Planes
Generator

Hazard Analysis

High Pressure Pump

Interface Control Document

Ice Coring and Drilling Service

UW Ice Coring & Drilling Services
Inspection, Verification & Testing
Fuel (Also AN-8)

Kegonsa Research Center (Also PSL)
McMurdo

Mobile Drilling Structure

Modular Deployment Structure

UW Materials Distribution Services
Mobile Expandable Container Configuration
Main Heating Plant

National Pipe Thread — Type of Fitting
South Pole Station
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NSF
oML
PAP
PDM
PDR
PEP
PHS
PMP
PMT
PSL
PSL
RPS
RPSC
RWCR
RWHR
RWS
S/W
SDP
SEMP
SES
SEW
SSEC
STF
TOS
TOS
TOW
TWR
USAP
VC
WBS
WG
WT1
WT2

National Science Foundation

Optical Module Lab

Project Advisory Panel

Power Distribution Module
Preliminary Design Review

Project Execution Plan

Pre-Heater System

Project Management Plan
Photomultiplier Tube

Physical Sciences Lab in Stoughton (Also KRC)
UW Physical Sciences Lab

Raytheon Polar Services Corporation
Raytheon Polar Services Corporation
Return Water Cable Reel (or Rod Well Cable Reel)
Return Water Hose Reel

Rodriguez well system

Software

Software Development Plan

System Engineering Management Plan
Season Equipment Site

Seasonal Equipment Workshop

Space Science and Engineering Center, a UW center

Simple Test Framework
Tower Operations Site
Tower Operations Structure
Tower Operations Workshop
Tower

US Antarctica Program
Verification Coordinator
Work Breakdown Structure
Working Group

Water Tank 1

Water Tank 2
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2: ENHANCED HOT WATER DRILL (EHWD)
TECHNICAL DESCRIPTION

2.1 EHWD Design Philosophy

IceCube construction presented massive challenges, and at the core was a
drilling campaign to melt over 17 million gallons of ice over the course of seven
short field seasons. The Enhanced Hot Water Drill and its team made this
possible, but what was the fundamental philosophy behind the design of the
drill?

At the most basic level, why choose a hot-water drilling method? First, hot
water is an easy way to make holes of any size at the South Pole, since hot water
+ice = hole. Second, hot water drilling is very fast, which was critical to the
amount of time the IceCube team had to complete project construction. Finally,
both the science and drilling operations require a water-filled bore hole that is
allowed to freeze back to ice. The DOMs, very sensitive optical detectors that
comprise IceCube instrumentation, become optically coupled with the
surrounding ice sheet as the bore hole water freezes. During drilling, the water
in the hole supports the hole itself so that is does not collapse in on itself, and
also allows water to be recirculated back to the surface to close the drill system's
hydraulic loop.

Now with a vision of a hot water based system, the drilling scope needs to be
considered. Science objectives dictated that the final detector be comprised of
86 holes, each 60 cm in diameter and 2.5 km deep. This results in 200,000
gallons of ice per hole, and a total of 17.2 million gallons of ice in total. (Note
the original scope was 80 holes in total). The target timeline to complete
drilling and instrumentation of these holes needed to fit in about 7 field seasons,
each about 3 months in duration.
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A general template of hot water drill design can be presented as such (black
text constrains blue text):

* Define required hole characteristics (how big, how long is the hole available,
how many holes - this should generally be dictated by the science
requirements).

* How fast do the holes need to be drilled? (Dictated by supportable total
length of construction).

* Required thermal power.
» Upper safe limit on water temperature (at South Pole elevation, this is 88°C).
* Required flow.

* Maximize system pressure to Maximize nozzle velocity to Maximize drill
speed.

» Pump size, heater size, tank size, etc.

» System specs (above) + budget + available time to build = Component
selection.

For the case of the EHWD, since so much energy was to be spent drilling
these holes, fuel efficiency was one of the largest design drivers, especially at
the component selection level. Of note, once the system was designed, further
optimization of drilling operations was made to minimize fuel consumption.

One huge advantage available during EHWD design was the AMANDA
drill. AMANDA was the proof of concept for IceCube, and yielded mountains
of lessons-learned and technical experience. The most important step in
designing the new EHWD was to leverage the AMANDA experience, both by
reusing identical equipment that worked well and to utilize people with
experience.

The AMANDA drill did its job, but some major improvements were needed
to meet the scope of IceCube:

Double the Thermal Power Output.

This was accomplished by doubling the water flow from 100 GPM to 200 GPM.
Given fuel efficiency as a primary design driver, this may seem a bit
counterintuitive at first, but more power yields faster drilling. As drilling is
underway, heat is continuously lost from the water in the hole to the
surrounding ice, so drilling a big hole faster with more power is actually more
efficient than drilling slower with less power.
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Use a "One-Piece" Drill Hose.

One major drawback of AMANDA drill operations was that drill hose was
added in segments as the drill got deeper and deeper, meaning regular shut
down of flow and significant manual labor. By wrapping up all the hose
sections needed to get to depth onto a single massive hose reel, the EHWD is
able to minimize total time to drill a hole, eliminate destabilization of the
system and labor associated with adding/subtracting hose sections, and make a
huge improvement to safety.

Automated Control.

By automating much of the system, nominal system settings can be maintained
by computer control, leading to a more stable system, and potential for human
error is reduced. This is crucial given the sheer number of system variables that
need to be monitored. Many safety systems are also built into the computer
control system, adding an entire layer of safety not seen on the AMANDA drill.

Two Drilling Structures.

It takes a lot of time to deploy a string of DOMs, clean, and prepare a TOS site
to move on to the next location, and then set it up for drilling again. Adding a
second drilling structure allows drilling operations to continue semi-
independent of deployment and subsequent TOS relocation prep. Only the
drilling reels need to be moved, and they are moved to the next location where
the other drilling structure is prepped and ready to go. As the season progresses,
the two towers leap-frog from hole to hole. This significantly increases the
frequency of hole drilling.

Modular Design.

The harsh environment at the South Pole necessitates housing a large,
complicated system like the EHWD inside some sort of enclosure. The
enclosure also provides protection during storage. At the same time, the system
needs to be moved around from location to location (the drilling structures
move each hole, and the hot water generation camp moves each season to a
different subset of holes). To meet both requirements, the system is broken into
subsystems, each housed in a robust ISO shipping container that has been
customized for its subsystem, and mounted on skis. The containers can easily
be towed or lifted.

High Efficiency Heaters.

The bulk of the fuel consumed goes into heating the drilling water, and since
fuel efficiency is a primary design driver a lot of effort went into developing
heaters that are efficient. The basic heater platform is the same as that used in
AMANDA, but the addition of a condensing heat exchanger and molded
ceramic combustion chamber improved fuel efficiency from 78% (Lower
Heating Value) to over 90% (Higher Heating Value).
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Drilling Strategy.

The borehole can be optimized to be just big enough to provide enough time to
deploy the instrumentation before it freezes too small. Any bigger equates to
wasted fuel. By developing rigorous dynamic drilling and freezeback models,
drill speed is controlled according to an optimized speed vs. depth schedule.

Independent Firn Drilling.

Although it came later in IceCube construction, the concept of an independent
firn drilling platform was another clear way to increase frequency of holes. The
first and second generation IceCube firn drills used hot water provided by the
primary system and was deployed at the drilling structures. By making the firn
drilling process independent, firn holes can be punched out well ahead of deep
drilling.

Where the AMANDA drill set the groundwork at a fundamental level to
prove this type of drilling technology was going to get the job done, the EHWD
was an optimized version of the same concept that improved the areas of fuel
efficiency, speed, logistics, and safety.
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2.2 System and Subsystem Specifications

2.2.1 System Specification

| Spedfication | Value | Unit | Comment
Total Power 5| MW
Thermal Power 47 | MW
Electrical Power 300 | kW
Weight 1.4 million | Ib total cargo est.
Volume 120,000 £t total cargo est.
Gereral Max Drill Speed 2.1 | m/min oscillation limit
Max Ream Speed 75 | m/min practical limit
Flow 200 | gpm delivered to drill head
Temperature 83 | °C delivered to drill head
Pressure 1,100 | psig primary loop, at pumps
Main Drill Hose ID 25 | in
Length of Main Drill Hose on Reel 2,560 | m 21 x 400 ft sections
Power Rating (sea level) 250 | kW each (3total)
Power Rating (10,000 ft) 165 | kW each (3total)
ienerators || Heat Recovery (10,000 ft) 200 | kw each (3 total)
Drill Power Consumption (drilling) 250 | kW eledrical
Drill Power Consumption (idle) 0 | kW elecrical
Burn Rate during Drilling 130 | gph
BurnRate during Idle 17 | gph
Total Fuel per drill Hole (no firn drilling) 4,200 | gal approx. for 27-hour hole, experienced aew
Fuel Total Fuel per Independent Firn Hole 300 | gal
Base Fuel -Startup 8,000 | gal/hole | includes Rodwell development
Base Fuel -Idle 500 | gal/hole
Daytank Capacity 300 | gal
Overall System Efficiency 39| %
ffidendes || Main Heat Plant Efficiency R | %
Drilling/Melting Effidency 45| %
Main Dril| Flow 200 | gpm
Flows Return Water Flow 180 | gpm
Makeup Water Flow 20 | gpm
Idle Flow 30 | gpm
Timeto Drill/Ream a Hole 31 | hr 27-hour hde
Times Frequency of Holes 48 | hr experienced aew assumed
Hdle Lifetime Range 24-33 | hr historic, wider range is also available
Total Down-Hole Loadat 2500 m 6,500 | Ib
Loads Hose Tension Capacity 1,500 | Ib limit until damage ocaurs
Drill Cable Breaking Strength 20,000 | Ib
Tower Hoist Capacity 5,000 | Ib
Diameter 60 | cm
Nominal 7 2,500 | m
Hole >
Volume of Ice 200,000 | gal

Figure 21 EHWD system specifications
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2.2.2 Subsystem Specifications

2.2.2.1 Generators and power distribution

Generator (GEN) 1. 2. and 3

Provide reliable source of electricity that supports the system and all drilling
operations. Each...

* Output 225 kW (sea level), 160 kW (10,000 ft)
 Caterpillar 3306TA Engine

* Local or Remote (load sharing) operation

* Heat recovery system (water/glycol heat exchanger)

* Housed in modular ISO shipping container (24'L x 8'W x 8'H)
* Approx. weight 21,000 Ib, each

Power Distribution Module (PDM)

Combines and distributes power from 3 generators to SES and TOS.
* Three generator inputs
250 amp main breakers
Analog voltage, amperage, load (kW), and frequency readouts
Remote voltage and speed adjustments
Status lights
* Load sharing module with syncing tools
» Power distribution
208 VAC 3-phase back feed for each generator aux. power
20 circuits, 480 VAC 3-phase, 60A and 100A feeds
* Housed in modular ISO shipping container (24'L x 8'W x 8'H)
* Approx. weight 17,000 Ib

2.2.2.2 MDS modules

Each MDS Module, unless noted...
* Modular ISO shipping containers (34'L x 8'W x 8'H)

* Insulated walls and freezer-type doors
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* 480 VAC 3-phase service, 120/240 VAC 1-phase outlets
* Two 4 kW electric heaters in all buildings

» Main space and electrical closet, separated by pocket door
* Network systems

* Supported on skis

Drill Control Center (DCC)
Houses computer and network systems, central control system operations
« UPS and additional UPS-fed 120 VAC outlets

 Electric heat only

* 60-amp service

* Approx. weight 21,500 Ib

Rodwell System (RWS)

Houses 9 Stinger heaters, a hose reel, and controls pumps for developing a
Rodwell. Maintains temperature and level of WT1. Provides heat recovery
cooling water loop for the generators.

* Nine Whitco Stinger heaters
50 kW water heating capacity each (@ approx. 75% efficiency)
Oil-fired Beckett SF burner units
Redundant flow and temperature safeties
In operation, heat 3.3 GPM of water at 125 psig from 10°C to 78°C
* Manual and remotely controlled valving for flexible flow configurations
* Plumbing rated for 300 psig
* Instrumented with flow, temperature, and pressure sensors

* Building pressure airflow dampener, and each heater has it's own makeup air
fan

* Unico vector motor drives, 3 x 10 HP, 1 x 3 HP

* Motor driven hose reel, return/supply to Rodwell, 277' of IVG blue surface
hose each

* Oil-fired furnace

* 100-amp service
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* Approx. weight 25,000 Ib

Preheat System (PHS)

The PHS is used to maintain the temperature and level of WT2. Water
continuously circulates between WT2 and the PHS and heated as needed. The
circulating water is also filtered. The PHS is also home to the EHWD's
condensate collection system, where condensate is collected, filtered, and
injected into WT2.

» Three Whitco Model75 heaters + one Sioux prototype heater
125 kW water heating capacity each (@ approx. 90% efficiency)
Oil-fired Beckett SF burner units
Redundant flow and temperature safeties
In operation, heat 7 GPM of water at 125 psig from 20°C to 88°C
* Main Filtration
Three bag filters
One centrifuge filter
* Condensate Collection System
80 gallon collection tank
Three bag filters
* Plumbing rated for 150 psig
* Instrumented with flow, temperature, and pressure sensors

* Building pressure airflow dampener, and each heater has it's own makeup air
fan

» Unico vector motor drives, 1 x 10 HP, 3 x 3 HP
* Oil-fired furnace

* 100-amp service

* Approx. weight 26,000 lb

Main Heating Plants (MHP) 1-4

Each of the 4 MHP modules have 8 to 9 Whitco Model 75 heaters. The MHPs
are used to add heat to the high pressure primary water loop for main drilling.
Each building...

* Nine Whitco Model75 heaters (MHP4 has eight)
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125 kW water heating capacity each (@ approx. 90% efficiency)
Oil-fired Beckett SF burner units
Redundant flow and temperature safeties
In operation, heat 7 GPM of water at 1000 psig from 20°C to 88°C
* Plumbing rated for 1400 psig
* Instrumented with flow, temperature, and pressure sensors

* Building pressure airflow dampener, and each heater has it's own makeup air
fan

* Oil-fired furnace

* 100-amp service with 60-amp output feeds (MHP1 and 2), 60-amp service
(MHP3 and 4)

» Approx. weight average 27,500 Ib, each

High Pressure Pump (HPP)

The High Pressure Pump module has 4 electrically-driven positive displacement
pumps to pump the drilling water through the primary loop.

* Four high pressure pumps
Meyers Triplex positive displacement pumps
Capable of 60 GPM at 1500 psig
Baldor 50 HP induction motors
Toothed-belt drive
Accumulators and pressure relief valves each pump
* Plumbing rated for 1400 psig
* Instrumented with flow, temperature, and pressure sensors
* Four Unico vector motor drives, 50 HP each
* Building temperature control system

* Five soft-start units for external submersible charge pumps, 20 amp output
feeds for each

* 60-amp building service, 100-amp service for each high pressure pump
* Two 75 kVA transformers for phase balancing

* Oil-fired furnance

* Approx. weight 24,000 lb
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Water Tanks (WT) 1 and 2

Water containment tanks

10,000 gallon capacity, each

Insulated walls, stainless steel panel liner
Central hatch doors

Screened pump/plumbing cutouts each end
Approx. weight 15,000 Ib, each, dry

No heat

No network

No integrated electrical service

Mobile Expandable Container Configuration (MECC)

Expandable building folds out to serve as break room, meeting room, and
storage.

Modular ISO shipping container (24'L x 8'W x 8'H) when folded up
Folds out to (24'L x 24'W x 8'H) via hand crank
100-amp building service

Wired with 120 VAC outlets, and one 480 VAC 3-phase twist-lock for 10
kW electric heater

Electric heat only

No network
Approx. weight 13,000 1b

Seasonal Electrical Workshop (SEW)

Single-wide workshop used primarily for electrical work and storage

Electric heat only
No network
Approx. weight 19,000 1b

SHOP

Double-wide workshop used primarily for mechanical work and storage
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 Electric heat only (Four 4 kW electric heaters)

* No network

» Approx. weight Left Half without equipment 19,000 1b
* Approx. weight Right Half without equipment 21,000 1b

Tower Operations Structures (TOS) 1 and 2

Attached to the Drill Towers, these double-wide units can be separated for
single use or mated for one large MDS. %4 contains a small computer room and
large workspace each separated by pocket door, the other 2 has electrical and
motor drive controls and large workspace each separated by pocket door. All
hole drilling activities and deployment of in-ice instrumentation are monitored,
controlled, and performed in these buildings.

+ Large openings to accommodate pairing of halves and tower mating
« UPS and additional UPS-fed 120 VAC outlets

» Unico vector motor drives for reel controls, 1 x 50 HP, 2 x 20 HP, 2 x 10 HP,
3x3HP

* Dynamic braking resistors

* Four 4 kW electric heaters (2 each half)

 Oil-fired furnace in electrical closet

* 3 x 100-amp feeds, with junction box allowing a single 100-amp service
» Approx. weight TOS Right Half 15,500 1b

» Approx. weight TOS Left Half 19,600 1b

2.2.2.3 Winches and reels

Each major reel is supported on skis.
Drill Supply Hose Reel (DSHR)

The DSHR holds a continuous length of hose allowing for continuous deep hot
water drilling without having to stop and add/remove sections of hose.

* Reel is currently holding 8800 feet of 2.5" ID, 3.7" OD IVG Main Drill Hose.

* Main drum is driven by 20 HP fully enclosed Unico synchronous motor, final
drive ratio 1023:1 (gearbox + chain)

* Level wind is synced with drum speed and diameter via Unico drive logic

Chapter 2: EHWD Technical Description 2-11



Hydraulic rotary union and inlet water manifold with pressure relief valve,
burst disk, and reel bypass port

Large disk brake
Emergency stop buttons, pull-cords, and hard-limit level wind switches
Approx. weight 70,000 1b dry; 100,000 Ib wet

Main Drill Cable Reel

The main cable reel both supports the down-hole load of the drill and hose, and
provides power and a communications link with the drillhead.

Reel is currently holding 3300 meters of Cortland cable

Main drum is driven by 20 HP fully enclosed Unico synchronous motor, final
drive ratio 552:1 (gearbox)

Level wind is synced with drum speed and diameter via Unico drive logic
Electrical slip ring

Large disk brake and releasable 1-way clutch

Emergency stop buttons, pull-cords, and hard-limit level wind switches
Approx. weight 8,000 1b

Return Water Cable Reel (RWCR)

The return water cable reel supports the weight of and supplies power and a
communications link to the return water pump.

Reel is currently holding approx. 400 ft of Birns combo cable

Main drum is driven by a 2 HP Powertec synchronous motor, final drive ratio
14:1 with a selectable 1:1 or 3:1 gearbox

Electrical slip ring (low voltage signal and 480 VAC 3-phase)
Disk brake and releasable 1-way clutch
Approx. weight 6,000 1b

Return Water Hose Reel (RWHR)

The return water hose reel holds the hose that transports water from the return
water pump to the surface.

Reel is currently holding 400 ft of IVG Main Drill Hose
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* Main drum is driven by a 7.5 HP Powertec synchronous motor

* Hydraulic rotary union and outlet water manifold with reel bypass port
* Disk brake and releasable 1-way clutch

* Approx. weight 9,280 1b, dry

Rodwell Cable Reel

The Rodwell cable reel supports the weight and supplies power and a
communications link to the Rodwell pump.

* Specs same as return water cable reel unless otherwise noted
* Two Enerpac P39 hydraulic brake hand pumps
* Approx. weight 3,780 1b

Tulsa Unit 20 (TU20) 2 unit

Powered reel used to deploy in-ice instrumentation cables with fine control and
for bigger spooling/unspooling jobs

* 20,000 Ib drum capacity

» 20 HP fully enclosed Unico synchronous motor, final drive ratio 220:1
(worm gearbox)

* Magnetic brake
* Approx. weight 10,500 Ib

Tulsa Unit 15 (TU15)

Powered reel used for general spooling/unspooling
* 15,000 Ib drum capacity

* 7.5 HP Powertec synchronous motor, final drive ratio 574:1 (worm gearbox
+ chain)

* Approx. weight 2,800 1b

Robertson Winch and Hole Logger

This piece of equipment is used to log bore holes at high speed using the
logging head, or the winch can be coupled with other down-hole
instrumentation.
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Winch, Sonde (logging head), sheaves, and control unit
Winch is currently housed in wooden structure on skis

Winch has motor, motor brake, disk brake, clamp "parking" brake, auto/
manual level-wind, payout counter, electrical slip ring, and approximately
3000 meters of cable

Sonde is 80 mm in diameter and 3 m long, capable of measuring up to a 1600
mm diameter, and has optional centering bands

Remotely controlled via pendant (wired to control unit)

Approx. weight 800 1b

Cable Tensioner (CTR)

Used to spool the main drill cable onto the main drill cable reel under tension to
assure smooth and even wraps and layers. The Tensioner is placed between the
storage spool (un-tensioned unspooling) and the drill cable reel (tensioned
spooling)

Manufactured by Woods Line Equipment (www.hydra-tension.com), model
BWT-39-SK

Bull-wheel tensioner, tension applied by adjustable disk brake
Tension capacity = 2,000 1b at 4 mph

Bull-wheels fitted with 3-groove rubber "tires" sized for 1" OD cable
(different sizes can be installed and are available from manufacturer

Inlet and outlet fairlead assemblies
Mounted on skis with aftermarket safety enclosure
Approx. weight 3,000 1b

2.2.2.4 Hoses and cables

IVG Main Drill Hose (YLW & GRN)

Custom made hose for deep drilling operations

Handmade in Italy
ID = 2.5 inches, OD = 3.7 inches
Each section 400 foot length

Rated for simultaneous pressure, high temperature, tension, and bending
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Pressure: 1000 psig

Temperature Range: 0-90C

Axial Tension: 1500 Ib

Minimum Bend Radius: 42 inches

* EPDM rubber with Aramid fiber reinforcement (helical windings, bootstraps,
and end reinforcement)

* YLW hose is made with low density EPDM (specific gravity < 1), GRN hose
is a standard EPDM

* Swaged-on Victualic fittings

IVG Surface Hose (RED)

Custom made hose used for surface transport of water from SES to TOS
* Earlier design iteration of the IVG Main Drill Hose (YLW & GRN)
* 200 and 400 foot lengths

IVG Camp Surface Hose

Custom made hose used for water transport between buildings in SES, heated
and non-heated

* Handmade in Italy

e ID = 1.5 inches, OD = 2.28 inches

» Rated for 1000 psig, 0-90C

* EPDM rubber with Aramid helical reinforcement layers
* Crimped female JIC 37deg swivel fittings

» Various lengths

* Heated and unheated versions

Heated hoses are assembled with heat trace, insulation, and abrasion-
resistant outer covering

Powered by 240 VAC, single phase
Approximately 6 Watts/foot heating power

Miscellaneous Hose

Other hose used throughout drill system
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* 4" ID, low-pressure (150 psig) and suction hose, heated, socket camlock
fittings

« 2" ID, low-pressure (150 psig) hose, heated, socket camlock fittings
* 0.25",0.50",0.75", 1.0", and 1.5" high pressure, Aeroquip

Hose Crimper

Aeroquip hose crimping machine
* Aeroquip ProCrimp 1390

+ Dies included

¢ Crimps 0.25" - 1.5" ID Aeroquip fittings/hoses

Main Drill Cable

Spare main drill cable

* Cortland cable, Impulse molded connectors
* Approx. 3300 meters length

* Multiple signal cable core, surrounded by Vectran strength member and outer
sheath

* Breaking strength = 20,000 b
« OD=1"

Combo Cable
Spare combo cable for down hole pumps
» South Bay Cable, Birns Inc. molded connectors

* 4-wire high voltage lines and connectors combined with three separate low
voltage signal cables

* Tension-carrying abilities
« OD~2"
* Length 500'
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Power Cables

High voltage power cables

* Approx. 65 sections of various lengths, total length of ~14,000'
* 1and 4 AWG, 4-wire

» Appleton connectors, 60 and 100 amp

Misc Signal Cables
Network, e-stop, control, encoder, and bundles

* Approx. 9000' total
+ Military connectors

* Cold-rated, Aerospace cables

2.2.2.5 Other and miscellaneous

Drill Heads (3 Units)

Used to provide real time feedback on hole characteristics. Below the drill
head, a long weight stack that holds the drill plumb and directs flow to the
drilling nozzle at the bottom.

* Manufactured by PSL

» Has on-board sensors and navigation package for depth (by pressure), tilt, x
and y position, theta (rotation), drill water temperature, hole water
temperature, hole diameter, sensor cavity temperature and pressure,
acceleration, load (drill head and weight stack)

* Weight stack and nozzle are approx. 75 ft in length and consists of 6 coupled
sections. Each section is insulated. The bottom-most section is tapered.

» Each unit weighs approx. 1100 lbs (drill head only). The weight stack all
together weighs another 900 1bs. (2000 Ibs total, dry)

Independent Firn Drill JFD)

This self-contained drill is used to penetrate through the porous firn layer with
minimal losses and independently of deep drilling operations. The IFD drills
firn holes to approximately 40 meter depth and stays a couple holes ahead of the
deep drilling schedule.
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Drills 60 cm diameter to max depth of ~60 meters

Closed-loop glycol circuit, heated in storage tank by six 3-phase electric
heaters, ~8 kW each

Each heater has its own thermostat

Drill head ("carrot") transfers heat via copper tube to melt firn, and is
supported and lowered by a spiral (single wrap) hose reel

Circuit consists of holding tank with overflow/fill tank, catch basin, charge
pump, bag filter, primary pump, bypass manifold, 2-way hydraulic union,
self-supporting hose (supply and return), carrot

Circuit nominally operates at 12 GPM, 100 psig, 70 deg C supply tank temp

Instrumentation includes flow sensor, differential pressure across hose and
carrot, tank temperature, return temperature, load cell on upper sheave, load
cell directly above carrot

Variable frequency hose reel drive with pendant, hydraulic disk brake, and
emergency stop

Requires external, independent generator unit to supply power. Service on
IFD is two 100 amp, 480 VAC 3-phase disconnects in parallel. Works great
with the CRREL generator at South Pole, which is rated at 165 kW at
altitude.

IFD can be towed with CAT 287
Approx. weight 13,500 1b

Fuel Tower / Day Tank

Gravity-feed fuel distribution tank for Seasonal Equipment Site

300 gallon capacity

Auto fill and low/high warning control system

Integrated containment tank at base of tower

Manual fill basin, easy-read float level, venting per Code, painted black

Distribution manifolds for all SES buildings and generators, return manifold
for 2-line generator fuel system

Two vane pumps controlled by control system automatically fill tank from
larger fuel supply tanks

Bag filter and analog fuel volume totalizer
Approx. weight 3,300 1b
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Portable Generator

30K Watt generator within an enclosed trailer on skis.
* Magnum Mobile Generator, model MMG 35

* 30 kW (at sea level)

* Runs on diesel/JP8

* 480 VAC 3-phase output, 1 x 100 amp and 1 x 60 amp Appleton snouts, 1 x
30 amp twistlock

* Electric start, battery and block heaters, analog readouts
* Approx. weight 4,800 Ib

Weld Trailer

» Welder/generator within enclosed trailer on skis
+ Miller Trailblazer 302

* 10 kW generator, 300 amp welder (at sea level)
* Runs on gasoline

* Approx. weight 2,100 1b

Glycol Storage Tanks
Holds 1200 gallons of fluid with protective cage and lift pockets/points in pallet

* Approx. weight 400 lbs empty

Drill Computers
{.{I?l?dle EHWD control system, data logging and storage, and provides outside
i
* Six drill computers - HP DL360 - G3 (dual processor / 72 GB storage in a
raid 1 array)
2 Sunix 8 Port 8169 RS485 cards each
1 GEForce FX5200 each.
e 719 inch LCD monitors - various manufacturers

* 1 HP DL360 G4 ( quad xeon 3GHz - 1 TB storage

* 4 Netsys NV-200 ethernet extenders (2 units per pair / master - slave) All
masters are in the DCC
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Drill Tower (2 each)

Sits directly over hole, turns hoses/cables from their horizontal to vertical
orientation, has hard points and hoist/winch for rigging operations, and provides
a shelter for operations occurring around the hole. The drill tower attaches
directly to the TOS double-wide structure.

* Aluminum superstructure, bolted in sections to allow for palletization and
shipping
» Lower deck
Supported on skis
Opening for hole
Wide opening for attachment to TOS double-wide structure + man door

Crystal palace and black interior absorbs and stores solar heat, and
provides wall tool storage

Hard points located near floor, and capstan winch anchored to lower deck
for pulling hoses/cables into tower

Hard points located on ceiling for supporting suspended mass
Trolley chain hoist and beam

Lower main cable sheave mounted outside receives drill cable from cable
reel

» Upper deck
Railing and toe-boards all around
Lapier stairs and second ladder

2 main cable sheaves direct drill cable up and over and center it over hole,
assembly hinged with load cell and payout encoder

2 hose crescents with belt, designed around our 3.7" OD drill hose allow
for proper bend radius of hose without exceeding high restrictions for
drilling near the South Pole skiway. Primary crescent is hinged with load
cell and has payout encoder. Secondary crescent has external sheaves to
also route the return water pump combo cable up and over the tower.

5000 1b capacity Jeamar hoist with variable speed, failsafe brake, limits,
~1/2" steel wire rope cable approximately 20 feet in length
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2.3 System Overview and System Diagrams:

2.3.1 System Overview

|
I 1

adsUtsyste

Ssutsyste

Figure 2.2 EHWD broken into its five major parts

The SES, or Seasonal Equipment Site, stays stationary for a given drill
season, and the two TOSes, or Tower Operations Sites, move from hole to hole.
Hot water and electricity are made at the SES and feed the TOS. Figure 2.3
shows an aerial photo of the SES and TOS, note the hoses and electrical cables
connecting them together.

The maximum physical distance between the SES and TOS, which is limited
by pressure and voltage drop, is referred to as "reach". During a given drill
season, a subset of holes are mapped out within the reach of the EHWD, then
the SES is repositioned for the subsequent season to do a new subset of holes.
Sometimes the SES can remain in one location for two seasons. The current
reach of the EHWD is 1400 feet.
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Figure 2.3 Aerial photo of SES (or drill camp) and TOS (or hole or tower site)

DRILLCAMP  *

A Al

The table in Figure 2.4 and the photos in Figure 2.5 and Figure 2.6 show the
major subsystems, buildings and what activities occur at each site:

Major Subsystems and Buildings

Activities

SES (Drill Camp)

e Generators and PDM

e Rodwell

e WaterTanks 1and 2
e RWS

e HPP

e [VHPs1-4

e PHS

e DCC

e |MECC

e SEW

e SHOP

e Fud System

e Parts Inventory

e  Graceland (DNF Storage)
e Aux Equip. Storage

e (Cargoline
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Fue Delivery and Storage
Electricity Generation
Water Storage

Pumping

Hot Water Generation
Rodwell Maintenance
Filtration and Neutralization
Drill Command
Communications Hub
Breaks and Meetings
Repairs and Maintenance
Staging

Cargo Handling




1B

o Tower

e Vhin Hoe and Gable Reels

e Retum Hoseand Gable Reels
TU-20 Deployment Winch
Hle

TOS (Hole or Tower Site)

o Dilling
*  Deployment
e DOMStagrg

Figure 2.4 Table showing major component and building functions

Figure 2.5 Aerial photo of SES with major components labelled
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Figure 2.6 Photo of TOS with major components labelled

The core of the EHWD is the water handling systems. Water storage, primary
pumping, heating, delivery to the drillhead, and recirculation back to the SES is
referred to as the "primary" loop. There are also secondary loops that support
the primary loop, such as heat recovery from the generators and Rodwell
maintenance. The water handling schematic is shown below in Figure 2.7.
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Enhanced Hot Water Drill Hydraulic Summary
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BP - Booster Pump
CP - Charge Pump

HOLE

—F Cold Water HPP - High Pressure Pump
—p Warm Water RW - Rodwell Pump Sea_sonal Tower .
—> Hot Water RWP - Return Water Pump Eﬂglpment gﬁ:ratlons w
O Pump or Heater TP - Transfer Pump
l:l DS VP - Vane Pump (not in service)

VTP, VT - Vertical Turbine Pump

Figure 2.7 EHWD water flow summary

Water is stored in two 10,000 gallon water tanks on the surface. Water
storage capacity is sized to allow a comfortable buffer to drill at full flow
without recirculating water back from the hole. This is an important
consideration during hole startup, for example, while drilling the top of the hole
before the return water pump is ready and positioned.

The primary loop is fed by 4 large positive displacement pumps in the HPP
building, which provide enough pressure to push 200 GPM through the system
plumbing, heaters, hose, and drilling nozzle.

Heat is added to the pressurized water by the primary heaters in the MHPs.
All of the heaters are plumbed in parallel. The hot water is then recombined in
the HPP, and then flows through the insulated surface hose to the TOS.

Chapter 2: EHWD Technical Description 2-25



At the TOS, the hot water is fed into the Main Hose Reel. The end of the
main drill hose attaches to the drillhead. Below the drillhead is approximately
24 meters of insulated, segmented stainless pipe that serves as a weight stack to
keep the drill going straight. At the tip of the weightstack is the drilling nozzle,
which increases the water velocity and creates a forceful jet of hot water. The
optimal nozzle orifice diameter has been found to be 0.720 inches, and is critical
in maximizing heat transfer and drilling speed (within acceptable system
pressure limits).

Once the drill head is deep enough, a large submersible return water pump is
lowered just under the top of the sustained water column. This pump
recirculates cold water at the top of the hole back to the SES, so it can be
reheated and reused. Due to the volume difference between ice and water, in
order to sustain a water column the return water flow needs to be 8-10% less
than the drill supply flow.

There is a net loss of water back at the SES due to the imbalance between
drill supply and hole return flow. To balance the system, a source of makeup
water is needed (about 15 GPM). The Rodwell provides this. At the beginning
of each season, startup includes developing a large subsurface well of water, or
Rodwell, that acts as a third reservoir in the system, which can reach a volume
on the order of hundreds of thousands of gallons.

Growth and maintenance of the Rodwell is done by sending hot water down
and bringing cold water up. This circulation loop continues all season long, and
net water gain or loss on the surface is controlled by adjusting the flow to/from
the Rodwell relative to each other. The RWS subsystem is responsible for this.
It takes water from WT1, heats it and delivers it to the Rodwell, and controls the
submersible pump in the well that pumps water back into WT1.

The RWS can also circulate water locally to WT1, heating it if need be to
control the temperature of WT1. Pumps controlled from the RWS also circulate
water from WT1 through the generator heat recovery system. This heated water
can be directed to either WT1 or WT2.

The PHS maintains temperature and level of WT2. WT2 is the source
reservoir for the primary loop, so it is important that is has a stable temperature.
WTT acts as a buffer for WT2. The PHS also provides constant filtration of the
water being circulated between it and WT2.

Drill infrastructure is made up of power generation and distribution, fuel
storage and distribution, e-stop system, network (control system and LAN), and
condensate collection/filtration/neutralization. These are described in more
detail throughout the following sections.

There are also a number of support tools, such as a large air compressor and
glycol storage/distribution tank for winterizing the system, auxiliary reel and
winches, and rolling stock.
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2.3.2 System Electrical Wiring:
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Figure 2.8 Camp diagram showing main feeder cable distribution
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Power to the EHWD starts with three Generator modules containing
Caterpillar Gensets rated at 225 kW (~165 kW @ the South Pole). These
Generators are cabled to a Power Distribution module (PDM) ( see Figure 2.9)
each season. Manual synchronization/switching for the generators occurs in the
PDM. A panel at the rear of the PDM provides the connection point for all the
system power cabling. A Circuit Breaker panel for the individual power circuits
also resides in the PDM.

|

Figure 2.9 Power Distribution Module (PDM) interior

Each MDS contains a Transformer that converts the 480v 3 ph power from
the generators to 120 and 240 volt ac power. This power is applied to the circuit
breaker panels and wired inside and outside each MDS.

=

Figure 2.10 Individual MDS circuit breaker panels inside PDM
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Figure 2.11 is a one line wiring diagram showing the power distribution from
each generator to the PDM, then distributed from the PDM via a 600A circuit
breaker to each of the MDS’.

A B T c [) I E
Service Panel A/BIC PHASE
1 CONNECTED LOADS
. ! in Amperes/Phase
eyl S ot
100 Amp Male 3P4W
4 —~ Appleton ACP1034CD #1 AWG 130 Amp Capacity 37700 . ToRodriguez Well System |4
[ Page 5 (RWS-CD1)
100 Amp Male 3P4W
—~ ‘Appleton ACP1034CD. #1 AWG 130 Amp Capacity 65/65/29 To Pre-Heater System
[ Page 7 (PHS-CD1)
100AMpMale P4
~ Appeion ACP104CD #1 AWG 130 Amp Capacity se/ee/Es To Pre-Heater System
I 60 Amp Male 3P4W Paw 7 (PHS-CDZ) Iml
G L — ~ Applelon ACPE0MBC #4 AWG 85 Amp Capacity 1436136 ToHP Pump
~ 0A [ Page 9 (HPP-CD1)
pvt 100 Amp Male 3P4W
225 KW Sea Level | Appleton ACP1034CD #1 AWG 130 Amp Capacity 8888188 ToHP Pump
165 KW South Pole 100Amp el 3P4 Page 10 (HPP-CDE)
3| Caterpilar Diesel [~ Applelon ACP1034CD #1 AWG 130 Amp Capacity L o ToHP Pump 3
Page 10 (HPP-CDT)
100 A Male 3P4W
(/G\ sy - - Appen ACPDCD #1 AWG 130 Amp Capaclly wos ToHPPump
=/ 2004 8004 100 Amp Ml 3P4W Fage 30 (HPRCIE)
- vsesr;za o = Aopllon AGPILACD #1 AWG 130 Amp Capacity swesms _ ToHP Pump
165 kW South Pole 100 Amp Male 3P4W Page 10 (HPP-CDS)
Caterpillar Diesel LA Appleton ACP1034CD #1 AWG 130 Amp Capacity 3763 To Main Heater Plant #1
* Page 11 (MHP1-CD1)
100 Amp Male 3P4W
G A ~ |~ Appleton ACP1034CD #1 AWG 130 Amp Capacity 76136138 To Main Heater Plant #2
( ~/ 200A Page 12 (MHP2-CD1)
60 Amp Male 3P4W 2
. KV? ES’:; (i |~ Applslon ACPE04BC #4 AWG 85 Amp Capacity 31 To Drill Command Certer
165 KW South Pole 60 Amp Male 3P4W Page 15 (DCC-CD1)
Caterpillar Diesel [~ Applelon ACPE0BC #4 AWG 85 Amp Capacity 221 o Seasonal Equip. WS
Page 16 (SEW.CD1)
100 Amp Male 3P4W
L [~ Appleton ACP1034CD #1 AWG 130 Amp Capacity 0/56/56 o ToOptical Module Lab L
Page 17 (OML-CD1)
|
2
i
RPSC | 1CDS
¥ Generator Service
1 Universty of Wicansin 1
Generator Service (Cont) Space Science & Engineering Center %
> Pages 1235 West Do Stel,Madon, W 53T
ENHANCED HOT WATER DRILL
POWER DISTRIBUTION
SCHEMATIC
Sivovaemss [B] 3 27 5100019/
A [ B c D E

Figure 2.11 One line diagramshowing power wiring

Note the dotted line in Figure 2.11 delineating RPSC’s responsibility from
the drill crew. RPSC is responsible for maintenance of the generators and PDM
while the drill crew is responsible for maintenance after the power distribution
panel on the PDM, shown in Figure 2.12.

[y

Figure 2.12 PDM power distribution panel showing feeder cables leaving to MDS’
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The photo in Figure 2.12 shows the feeder cables leaving to the MDS’ and to
the TOS’. There is one feeder cable feeding each TOS. Each TOS can be up to
1200 feet away, so the feeder cables to them are made up of up to 3 sections of
cable chained together and fed to a TOS adaptor panel, as shown in Figure 2.13.

POM TS Adapter Panel

Tos1 F2 | I N N | ]

Mounted on end
af TOS

TOS Adaopter Panel

TOS2 F2 s o =

L] 0O 0o Ul

Mounted on end
of TOS

Figure 2.13 Power cabling to each TOS

Historically, there used to be 3 sets of electrical feeder cables to teh
operational TOS and two sets to the other TOS in order to overcome potential
line losses in the power cables, especially when a TOS is located a long way
from the SES. However it was found that one feeder cable to each TOS was
enough to do the job, while keeping the voltage drops in teh cables to a tolerable
level.

As a result of this change, a TOS adaptor panel was installed in each TOS to
distribute the single feeder cable to the 3 circuits in each TOS.
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Every MDS has an electrical reference card located in the electrical closet. A
typical card is shown in

HPP ELECTRICAL LABELING REFERENCE
ONE LINE CIRCUIT | CONTACTOR DYNAMC | TRANS- CHARGE
END DEVICE DESIGNATION| BREAKER I RELAY DRIVE | CONNECTOR CABLE BRAKE | FORMER | PUMP MOTOR
CHARGE PUMP 1 HPP-M1 CB7/911(A) |K3 HPP-V1 HPP-CD5 HPP-CD5IC - HPP-M1 [na na na
CHARGE PUMP 2 HPP-M2 CB13/15117 (A) |K3 HPP-V2 HPP-CD4 HPP-CD4/C - HPP-M2 [na na na
CHARGE PUMP 3 HPP-M3 CB8/10/12 (A) |K3 HPP-V3 HPP-CD3 HPP-CD3/C - HPP-M3 [na na na
CHARGE PUMP 4 HPP-4 CB14/16118 (A) |K3 HPP-V4 HPP-CD2 HPP-CD2/C - HPP-M4 |na na na
HIGH PRESSURE PUMP 1 |HPP-M5 CB1 (C) K3 HPP-V5 HPP-CD6 PDM - HPP-CD6/C na HPP-T2  [HPP-M1
HIGH PRESSURE PUMP 2 |HPP-M6 CB1 (D) K3 HPP-V6 HPP-CD7 PDM - HPP-CD7/C na HPP-T3  [HPP-M2
HIGH PRESSURE PUMP 3 |HPP-M7 CB1 (E) K3 HPP-V7 HPP-CD8 PDM - HPP-CD8/C na na HPP-M3
HIGH PRESSURE PUMP 4 |HPP-M8 CB1 (F) K3 HPP-V8 HPP-CD9 PDM - HPP-CDS/C na na HPP-M4
MAIN RUEL VALVE HPP-MFV CB20 (B) K1 na na na na na na
FURNACE HPP-FUR CB21 (B) K1 na na na na na na
OVERHEAD LIGHTS HPP-LGT1 CB22 (B) na na na na na na na
120 VAC QUTLETS HPP-OUT1 CB16 (B) na na na na na na na
120 VAC QUTLETS HPP-OUT2 CB15 (B) na na na na na na na
240 VAC OUTLETS HPP-OUT3 CB27/28(B) |[ma na na na na na na
120 VAC QUTLETS HPP-OUT4 CB17 (B) na na na na na na na
120 VAC QUTLETS HPP-OUTS CB18 (B) na na na na na na na
240 VAC OUTLETS HPP-OUT6 CB2930(B) |[ma na na na na na na
SPACE HEATERS (Electric) |HPP-EHT1 CB25/26(B) [ma na na na na na na
SPACE HEATERS (Electric) |HPP-EHT2 CB2324(B) [ma na na na na na na
PUMP ROOM TEMP.! HPP-TVF1 CB14 (B) HPP-TH1 na na na na na na
VENTILATION FANS HPP-TVF2 (Thermostat)
HPP-TVF3
UTILITY CLOSETTEMP.  |HPP-TVF4 CB16 (B) HPP-TH2 na na na na na na
VENTILATION FANS HPP-TVF5 (Thermostat)
FURNACE COMBUSTION HPP-CAF1 CB21 (B) | K1or HPP-THF na na na na na na
AR FAN (Thermostat)
CIRCUIT BREAKER PANEL HPP-A CB1/3i5 (A) na na HPP-CD1 PDM - HPP-CD1/C na na na
Input device
CIRCUIT BREAKER PANEL HPP-B CB214i6 (A) or na na na na na HPP-T1 na
Meain CB (B)
CIRCUIT BREAKER BOX HPP-C CB1(C) na na HPP-CD6 PDM - HPP-CD&/C na HPP-T2 na
Input device
CIRCUIT BREAKER BOX HPP-D CB1 (D) na na HPP-CD7 PDM - HPP-CDT7IC na HPP-T3 na
Input device
CIRCUIT BREAKER BOX HPP-E CB1 (E) na na HPP-CD8 PDM - HPP-CD8IC na na na
Input device
CIRCUIT BREAKER BOX HPP-F CB1 (F) na na HPP-CD9 PDM - HPP-CDY/C na na na
Input device
E-STOP PANEL HPP-G CB19 (B) na na na na na na na
NETWORK DISTRIBUTION HPP-H CB18 (B) na na na na na na na
PANEL
MASTER E-STOP na na K2 na na na na na na

Rev. A, 10/22103 TAD

Rev. B, 3/22/04, TOM (As-Built)

Figure 2.14 HPP electrical reference card.
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2.3.3 System Network Wiring

DCC DSL Over TOS
Twisted Pair

Control Center Ethemet Card
Observation Computer Obvservation
Ethernet Ethemet Computer

Control Center Ethermnet Card
Control Computer

South Pole
- i Net
Drill Server  Ethernet Card

Figure 2.15 Drill network communications between DCC, TOS and South Pole

Figure 2.15 is a diagram of the communications network between the DCC
computers, TOS computers and teh South Pole network.

Communications to the South Pole network takes place over a wireless link
between teh DCC and teh IceCube Laboratory (ICL), then to the South Pole
network.

Communications to the TOS is via two DSL modems with a communications
cable running betwen the DSL. modems in the DCC and TOS. The DSL
modems are used for both the drill and phone network. There are two master
units in the DCC and two slave units in each TOS. The modems are shown in
Figure 2.16.

il - ! Plioae Line el Canla
Phone Lina

Ethernet

POTS/ISDN |

Computer Ethernet
Card

Figure 2.16 DSL modem
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2.3.4 Drilling Control Network Diagram

DCC Drilling TOS
DSL Over Twisted Pair

0 oooo |
Ethernet Card

Ethernef ard
Control Center

Observation Computer
Ethernet

Control Center
Control Computer

EERRL
|

RS485 Card

RS485 Card

RS485 Card

Figure 2.17 Drill control network

The drill control system network is a multidrop RS485 network as shown in
Figure 2.17. The RS485 network is an advancement over the RS232 network. It
allows for:

Data Rates above 20 kbps
Distances greater than 50 ft
More than 1 device on the network

It is a balanced 3 wire differential interface consisting of a:
Differential pair: pin 1 (DATA-) and 2 (DATA+)
Common ground: pin 5

Data signal (DATA+, DATA-) driven from 0 to 5 volts referenced to
common ground

Terminated data lines typically go from 1.6 to 3.4 volts referenced to
common ground
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The network is split into 2 halves; a DCC and a TOS network. The control
computers in the DCC and the TOS each have full control over all equipment
attached to either half of teh network.

2.3.4.1 DCC Network:

As Figure 2.17 shows, the DCC network consists of 16 multidrop RS485
networks, made up of 2-8 port RS 485 cards, instead of the 4-4port cards shown.

The DCC uses 15 of the 16 networks, with teh 16th port reserved for a future
generator DGH network.

The drill computers are located in the DCC and multiple RS-485 networks
are run to all teh MDS’ in the SES. Each MDS has one cable, but that cable may
carry multiple networks. Network distributions in teh SES are as follows:

DCC

1 RS-485 DGH network
HPP

1 RS-485 DGH network

1 RS-485 Unico network
PHS

2 RS-485 DGH networks

1 RS-485 Unico network
RWS

2 RS-485 DGH networks

1 RS-485 Unico network
MHP 1-4

1 RS-485 DGH network each
GEN3, PDM

1 shared RS-485 DGH network
GENI, GEN2

1 shared RS-485 DGH network
GENI, GEN2, GEN3

1 shared RS-485 DGH Network
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2.3.4.2 TOS Network:

The TOS also has 2-8 port RS485 interface cards. 4 of the 16 ports are used
for the Unico, DGH, Drill head and DDB.

2.3.4.3 Network topology examples

Mul-tidrop DGH Network

RS485 Networls

1 2 Up to 32

Figure 2.18 DGH network topology

Each DGH multipdrop RS-485 network can consist of up to 32 drops per
line, as shown in Figure 2.18. Data rates are up to 38.4 kbps.

Example of DGH network: HPP DGH network (ser2)

Multi-Drop Mod Bus Network

RSA4A85 Networls

Mod Bus
Unico
Controller

1 Up to 32

Figure 2.19 Mod Bus network topology
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Each multidrop Mod Bus network can consist of up to 32 drops per line, as
shown in Figure 2.19. Data rates are up to 32 kbps.

Examples of Modbus DGH: HPP Charge Pump (ser 12)
Examples of Modbus Unico: HPP High Pressure Pumps (ser 12)

RS485 TOS Single Drop Networks

RS485 Network
Drill
Head bDB

Figure 2.20 Single drop RS-485 network topology

Each single drop RS-485 network line has only one network per wire, as
shown in Figure 2.20. Data rates are 9600 bps.

Examples of single drop network:
TOS Drill Head (ser3)
DBB (ser4)
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2.3.5 System Sensors I/O (Input/Output)

Figure 2.21 System sensors 1/O system diagram

Figure 2.21 is a diagram showing the interconnections between system
sensors, actuators and the control computer.

The control computer accepts sensor data via the RS-485 network and user
input to control the system actuators. It outputs commands to control the system
actuators, displays the results of the sensor data as well as log the data to a log
file.

Examples of input functions:
Monitor environment:
* CO and smoke sensors
« E-Stop and Reel Stop
Provide system status:
+ Water tank level
« Water temperature and flow

 depth by pressure
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drill head data
Output functions:

Communicate with motor drive controllers to turn pumps and motors on
and adjust speed.

Turn heaters on and off.

Limited closed loop control such as automatically turn off heaters when
too hot

A Full list of all EHWD System sensors can be found in EHWD Control
System I/O Summary Drawing #8510-0067.

2.4 Subsystem Description and Diagrams

2.4.1 Generators

The IceCube 480v 3-phase generator system consists of three Caterpillar
SR4B generator sets with 3306 Caterpillar engines packaged in individual
containers. The units are arranged in a group (GEN1, GEN2, GEN3) at the
downwind end of the Seasonal Equipment Site (SES) as shown in “View of the
3 generators, with the PDM in the foreground”. See Enhanced Hot Water Drill
Site Plan-Power Cables, 8510-0002 Sheet 4 of 8 for details. All power
containers are blue in contrast with the other red SES containers. The generator
modules and PDM were designed and built by National Electric Systems Inc.
The generators are rated at 225 kW (sea level rating) and de-rated to 165 kW at
the South Pole (elevation: 9306 feet).

e P 5 2 e P
Figure 2.22 View of the 3 generators, with the PDM in the foreground
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The system is designed to operate with all three generators connected to a
PDM (Power Distribution Module ). The PDM handles load sharing, generator
switching and manual synchronizing operations. Also in the PDM is
instrumentation allowing the monitoring of generator output and performance
and the main circuit breakers for power distribution to the SES and Drill
Towers?

The generators can be operated one at a time or in any combination up to and
including all three gen-sets. Two of the three generators operate when drilling.
During Idle operations, one generator will run, one is a backup and one is
available for maintenance. The use of specific generators rotates to provide an
opportunity for routine maintenance.

All the large generators run on AN-8 fuel (polar equivalent of JP-8). The
South Pole Logistics Contractor wires each of the generators to the PDM at the
start of the season.

Heat is recovered from both the engine water jacket and exhaust. The
engines can be run with or without additional cooling water, but during drilling
operations run a cooling loop with water provided from the one of the water
tanks,connected as shown in Figure 2.23.

Figure 2.23 Water loop, fuel and network connection input generator

The "Caterpillar" EMCP-II controls on each generator set have been
modified so that each unit can be operated independently from the PDM module
using the “local/ remote” switch (shown in Figure 2.24) for service,
maintenance, testing or early season operation.
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B carerpiLLAR

Figure 2.24 Caterpillar generator EMP-II control and “LOCAL/ REMOTE” switch

A fire control/mitigation system is installed in each of the generator
buildings. Itis a carbon dioxide (CO2) system contained in 2 canisters mounted
overhead. The CO2 is released manually from the outside of the generator
building with the use of a "pull handle". This is done to minimize the possibility
of an accidental release when people are inside the building. A strobe light and
audible alarm on the exterior of the generator buildings also warn of a fire
danger.

Additional information concerning Dewinterizing and bringing the
generators on-line can be found in section 5.3 of this manual.

The EHWD drill system has also used these additional generators:

The "Magnum" generator, 30 Kw (Sea level), 19 Kw (@pole) contained in a
white cargo container on skis for portability.

The CRREL generator, obtained from RPSC. Generally used just to power the
Independent Firn Drill.

A 3.5 Kw portable generator built by Yamaha for miscellaneous duties around
the drill camp.

Click on link below to play a video giving an overview of the 3 EHWD
generators:

Gens wt Audio.mp4
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2.4.2 Power Distribution Module (PDM)

The system is designed to operate with all three generator modules connected
to the PDM. The PDM then controls load sharing and generator switching
operations. Monitoring of each generator set output is also done from the PDM.
Power distribution to the SES is done from the PDM main breakers.

The generator sets can be operated one at a time or in any combination up to and
including all three engines for a short period of time. Normal operation is with
either one (system at idle) or two (when system is drilling) generators operating.

Inside the PDM are four (4) metal enclosed switchgear cabinets, as shown in
Figure 2.25, used in the power distribution system. There are three (3) cabinets
for generator control, one for each of the Gensets. In addition, there is one
"Main" cabinet providing circuitry for the synchronization and load sharing of
the Generators. The switchgear assembly consists of multiple metal-enclosed
vertical sections. Compartments are sized to provide uniform height of each
switchgear assembly.

Figure 2.25 PDM switchgear cabinets

Various components such as circuit breakers, instrumentation and generator
control equipment, transformers, relays, three-phase bus work, all internal
wiring, connectors, and other supporting equipment are included in each
assembly.
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A large copper ground bus is mounted at the lower left of the series of
switchgear cabinets. At the other end is the main breaker box for the incoming
power to the PDM. Across the aisle from the copper ground bus resides the
output power breaker box. This box contains all the breakers for the circuits
providing power for the entire SES and both TOS's.

The power distribution is shown on the EHWD Power Distribution
Schematic 8510-0019 Sheets 3 and 4. A well-marked patch panel allows the
connection of 60A and 100A power cables. Appleton "pin & sleeve" reverse-
service connectors are used to make these connections.

Service Panel ABIC PHASE
| CONNECTED LOADS
! in Amperes/Phase
Sundle ) alblc order
Circuit Breakers 100 Amp Male 3P4
¢ ~ Applelon ACP1034CD #1 AWG 130 Amp Capecity 37700 _ ToRodriguez Well System |4
” Page 5 (RWSCD1)
100 Amp Male 3P4W
~ Applelon ACP1034CD #1 AWG 130 Amp Capacity 65165129 . ToPre-Heater System
Page 7 (PHS-CD1)
100 Amp Male 3P4W
~ Appllon ACP1034CD #1 AWG 130 Amp Capacity 84/88/58 To Pre-Heater System
Ho —— . Page 7 (PHS.CD2) 4
( 6 ) ~ L~ Appllon ACPEOMBC #4 AWG 85 Amp Capacity 14/361% _ ToHPPump
L2 ik > Paged (HPP-CDY)
T 100 Amp Male 3P4
25 KV(VEeSr; il ~ Applelon ACP1034CD #1 AWG 130 Amp Capacity 86/69/86 _ ToHP Pump
165 KW South Pole 100 Amp il 3P4 Page 10 (HPP-CDE)
3| Caterpilar Diesel ~ Appllon ACP104CD #1 AWG 130 Amp Capacity 86/58/68 o ToHPPump 3
Page 10 (HPP-CD7)
— 100 Amp Male 3P4W )
( G\‘ A -~ —~ Applelon ACP1OMCD #1 AWG 130 Amp Capacity S8/86/38 _ ToHPPump
N WA 800A 100 Ml P8 Page 10 (HPP-CDE)
- kV\(I;gnz = —~ Applelon ACP1034CD #1 AWG 130 Amp Capacity 88/68/88 _ ToHPPump
L ea Level — > Ll
165 KW South Pole 100 Amp ke AW Page 10 (HPP-CD9)
Caterpilar Diesel ~ Appllon ACP1034CD #1 AWG 130 Amp Capacity 38776138 To Main Heater Plant #1
= ® Page 11 (MHP1-CD1)
e 100 Amp Male 3P4W
(' 6 \ ~ ~ Applelon ACP10M4CD #1 AWG 130 Amp Capacity 763838 o ToMain Heater Plant #2
Ty 20A Page 12 (MHP2-CD1)
2 Xt 60 Amp Male 3P4W
- vsesneaa o . Applelon ACPSOMEC #4 AWG 85 Amp Capacity 371087 _ ToDrill Command Center
165 kW South Pole i » Page 15 (DOC-CD1)
Caterpillar Diesel ~ Applelon ACPSUMEC #4 AWG 85 Amp Capacity 1o _ ToSeasonal Equip. WS
¥ Page 16 (SEW-CD1)
100 Amp Male 3P4W
[l ~ Applelon ACP1034CD #1 AWG 130 Amp Capacity 0/58/58 _ ToOptical Module Lab
Page 17 (OML-CD1)
I
I
I
|
RPSC | ICDS .
' Generator Service
1 Unorersily of Wiconsin 4 1
Generator Service (Cont) Space Science & Engineering Center ‘1%
> Fage 3 1225 West Dayton Steet, Madison, W1 53708
ENHANCED HOT WATER DRILL
POWER DISTRIBUTION
SCHEMATIC
FIE TRNE ‘SwLE‘SHEEV (3 [FMM?-JI REV
8510-0019.curvsd |B| 3 27 18510-0019
A [ 8 [ c [ ) \ £

Figure 2.26 Power diagram showing connections from generators to PDM and MDS’

Click on link below to play a video giving an overview of the PDM

PDM wt audio.mp4
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2.4.3 Drill Control Center (DCC)

The objective of the SES is to supply the TOS with pressurized clean water at
a high, steady temperature and flow. The DCC, shown in Figure 2.27, provides
the control mechanisms that allow this to happen. Computer Control,
communications, networking, e-stop, fuel tank control systems based in the
DCC allow an operator to monitor and control the SES to meet the objective in
a safe manner.

Figure 2.27 DCC exterior and interior view

Specifically, the DCC lets an operator monitor sensors and equipment,
control hardware (pumps, heaters, valves), and provides a communications
center between drillers, and between the drill camp and the South Pole Station.

Some tasks for the DCC during deep drilling include:
* Maintain acceptable tank levels. Transfer water from WT1 to WT2.

* Keep WT2 temperature at a level maximizing output temperature without
heaters cycling.

* Keep WTI temperature at a level making it possible to supply WT2 with
water without affecting the WT2 temperature.

* Monitor that HPP output pressure is not exceeding structurally damaging
levels.

» Keep output flow at a steady level.

* Monitor and adjust Rodwell water production according to demand. Make
sure adequate heat and flow goes down the rodwell to make water.
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* Adjust return water pump to bring up water equivalent to drilling flow - 10%.
e Monitor fire, CO, water alarm etc.
* Monitor fuel levels.

* Act as communications center

The DCC is split into two distinct areas - The utility closet and the control
room. Each has its important attributes:

The Utility closet contains the following:

* Fuel transfer pump circuit breakers DCC-A

 All other circuit breakers DCC-B

* Power Transformer DCC-T1

* Floor heater (usually not used)

* The Main E-stop Enclosure, 480v DCC-C

* The Main Network Panel

¢ Dirill control Network boxes for TOS1 & TOS2

* E-stop termination cable from the PHS TOS1 & TOS2 breakout boxes
* The Day tank fuel fill and safety control circuitry in the Network panel

» Two Cisco bridges for comm's

The Control room contains the following:

* Two Powerware Ferrups FE UPS's 1 on-line and 1 spare
* Red outlets indicate that they are connected to the uninterruptible power
* Two HP Proliant DL380 computers

* Two Samsung Syncmaster 171s Monitors

* A Kenwood Base station for radio communications

* Two Kenwood IceCube Drill radio battery chargers

* Cisco IP phone

* Control Network connections

» Two Hergo instrumentation cabinets

* The Main E-stop controller

* HP memory bank
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* Cisco Network Switch

* Two wall heaters

* One floor heater (usually not used)

* An extensive First Aid kit

* One HPL1906 Monitor

* One HP printer

* Two dry chemical Fire extinguishers
* One Smoke/CO detector

* One Heat rise detector

* Several metal shelves for electrical/electronic component storage

Normally the computer equipment provides enough heat for the container
and the supplemental floor and wall heaters are not required. A wall mounted
thermostat controls a wall fan to bring in outside air if additional cooling is
required.

Figure 2.28 and Figure 2.29 are electrical schematics of the DCC.

- I « I ~ T —

E

EXTERNAL
oUTET
EXTERNAL

oumeT

SNOWMACHINE
HEATER SYSTEM
DCC-OUT7 El
o]

DCC-0UT8

DCC-OUTI0 o
DCC-OUT11 E
DCC-OUT12 E

ENHANCED HOT WATER DRILL
POWER DISTRIBUTION
SCHEMATIC

DCC-0UTY

Drill Command Center MDS (DCC) PAGE 2

BSWOAOOW?.revH vsd | B

#12 AWG
#12 AWG
#12AWG
#12 AWG
#12AWG
#12 AWG

120 VAC Outlets
120 VAC Outlets
120 VAC Outlets
120 VAC Outlets
120 VAC Outlets
120 VAC Outlets

CB19~
CB25 .
CB22~.
CB23~
CB26~
CB28~

DCC-B

1P-20A
1P-20A
1P-20A
1P-20A
1P-20A
1P-20A

Figure 2.28 DCC Electrical schematic sheet 1of 2

Chapter 2: EHWD Technical Description 2-45



3 [ a [ 2 v
HT6100-01G81 9¢ 9] 8 [PSNHASI'6100-0158
ru|  sonmwea| ©° 0 lasws|zas ErE
SqT539T
ouvnaros \\iVJ IEM Joliep3 1€ J0 0€ 199YS
NOILNEI¥LSIA ¥3IMOd y SaW
T¥A ¥3LYM LOH GIONVHNI uo panunuod
w8l0id agn5e0) g-00Q Isued S
aInysu| yoreasay soisAydolisy g AWOUOLSY AoEIUY M 1
(500) SaI J1UsY PUBWILIOY [Ha daaenrey
Ue4 JIy uol}snquio) adeuiny 00L-7£0£34AY 7 e
uoielddy | uonnquisig
5 | SHomaN
nd I | [EZWEN0| dwing J9JSUeIL jong Zdl300a 200
J0j98UU0)
| |
00}-7E0EFHAY
uojajddy 0 r,_mm%m |
[ | 1 |
B i [EAT ] B B 0 L e TdIF00a /0990 |
_Eow.::ou ] JaWieH-Iajiny i
| o~
\A [0 ik Vei-dl | IEM J0USIX3 SN
\A ”— -0 6180 YGl-db |
X 90 00INGHS |
ve [8ued dojs-3 JawiweH-19iny |
° |
—0¢80 VSl-dl 7
S19AN0 149 JION. » VOI-dE
[-¢9eS DN Sonn: 0z80/a uonL |
113qgnH! s_fm "o /m\_\m,ammo “ZI0IRE |
2" <] e oMy i
IIoGanH( Y St ASHES XA O30 [ a—:ox| U@ Verd |
ouEd d YA 8 VAN ST Joreaig pr—
_ﬁMM VIRF00T OMVCI#  [leM [0 -SIH 89edS SHjo8[3 ITI6ED oz de veL mwmwwaw WnouD utep ,mﬁm% hﬂmoosd(
o =— oo sz o B o S ws | ws
~ 0 v ﬁ ~9lvic8d “GEN80
e == F—omoor— ouvay  PRTSIHERSINRE | —wE viaz| N 1000l 6008
II Jawiojsuel] | |
Vel = —=_ H a OMV 2L# JOS0[0 0P -STH mumaw oo [T I80 Y0¢-dZ ’
TS OMY ZI# [ €enea0  vocde _ o |
Seie oMY 1 o veRg }
[421p(0500 e} OMY 21 SN0 OVA 021 9180 Voz-db |oueg | mﬁmwn_v a@moomo<
SHASHASA Mmoo OMV 21 ToIN0 OVA 021 TTEy vordr W
- e 08y
OMV CI# SPTNO OVA 02T ENE V0rde | 1098000 gopiag
| !
MV TI# SN0 OVA 0¢F TIE0  vozdT - | I0jeseuss)
e 2 vo0=4
OMY Th# 0 OVA 02k T oz yoso ”
sl pijiogenics TR0 OVA 0CF TTE0 Verdr ‘SpeoT ased |
- T omvoer |
B 21691 I )
ToWGUoH | Yo Ewtu”gm_a:u
46 + @J&B.ooa
4 I
3 a ) g I v

Figure 2.29 DCC Electrical Schematic sheet 2 of 2

Click on the link below to play a video giving an overview of the DCC

DCC wt audio.mp4
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2.4.4 Water Tanks 1 & 2

The water tanks are utilized as reservoirs that store and provide water for the
drill operation. Dry weight of each tank is 7.5 tons. The capacity of each tank is
10,000 gallons. The tanks are modified ISO shipping containers, insulated and
retrofitted with stainless steel internal linings. There are 2 large adjacent hatches
atop each tank that allow access. On top of both water tanks are weather
resistant "doghouses" (enclosed transparent exterior structures) which protect
the vertical turbine pumps, and any exposed plumbing connections from
freezing. The doghouses and the tops of both tanks can be accessed via side-
mounted Lapeyre ladders. Adjacent to tank 1, a snow ramp provides tractor
access to the tank's top hatch, which allows large quantities of snow to be easily
deposited in the tank to generate water for initial startup.

Two water tanks are used in order to provide water of a relatively stable
temperature to be used in the main water loop. The water in tank 1 has various
input sources, such as the Rod Well and return water from the drill hole, snow
dumps to make more water as well as input from the generator coolant loop,
making its temperature vary widely. However the main water loop requires a
relatively stable temperature input in order to maintain a constant output
temperature without the heaters cycling too much. Water tank 1 is therefore
used as the buffer for water tank 2 and the temperaure of water tank 2, shown in
Figure 2.30, is maintained at a relatively stable temperature by the PHS heaters.

.

B

Figure 2.30 Water tank 2.
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Tank Input/Outputs:

Tank 1:
Temperature controlled by RWS
Receives waste heat deposited from generator loop
Transfer pumps move water to Tank 2

Cold water is returned from drill hole

Tank 2:
Temperature controlled by PHS
Receives waste heat deposited from generator loop
Receives water transferred from Tank 1

Submersible charge pumps supply water to HPP

Flow:

Several thousand gallons of 'seed water' obtained from South Pole Station, is
required to initiate water production during drill startup. The 'seed water' is
introduced to Tank 1 and circulated through the RWS module by vertical
turbine pumps 1 and 2. Heat is added to the 'seed water' in the RWS and more
water is generated by the deposition of large amounts of snow into tank 1 that in
turn is melted by system heaters. The goal is to produce a large enough body of
water to allow the Rod Well development.

Once the Rod Well has been developed and matured to a point where drilling
can commence and drillin is underway, cold water returning from the hole is
returned to tank 1. Tank 1 acts as a level and temperature buffer for the system.
Both cold and hot water are dumped into tank 1, with its level and temperature
regulated primarily by the RWS. When water is pumped from tank 1 into the
RWS it can be heated and returned to Tank 1, or deposited down the Rod well
(short for the Rodriguez, the originator) to generate more water. Additionally,
some of the water from tank 1 is diverted to the generators to cool them down as
well as scavenge their heat. The hot water that is returned from the generators
can be directed toward tank 1 or tank 2. The diagram in Figure 2.31 gives an
overall view of the water flow in the system and Figure 2.32 gives a simplified
view of the flow.
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Figure 2.31 Water flow diagram as depicted on the control screen

Figure 2.32 Simplified water flow diagram
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Additional water to keep the system full is provided by the Rod well via the
RWS module and this water is deposited into tank 1. From tank 1, the water is
transferred into water tank 2. Tank 2 acts a holding tank where the temperature
and level can be maintained more precisely than in water tank 1. Temperature
control for tank 2 is provided by the PHS. Vertical turbine pump 3, located in
the tank 2 doghouse, constantly circulates water in a loop from tank 2, through
the PHS, where it is filtered and heat can be added as needed, then back to tank
2. This ensures that water tank 2 is always close to an ideal temperature. Water
is pumped out of tank 2 into the HPP where it is pressurized to about 1,000 PSI.
From there it is sent to the MHP's.

Pumps are located as follows:
Tank 1
Vertical Turbine pumps 1 and 2 (VT1, VT2)

Transfer pumps 1 and 2 (TP1, TP2)
Tank 2

VT3
TP3
Charge pumps 1-4 (CP1-4)

Figure 2.33 to Figure 2.36 show the plumbing diagrams for both water tanks.
These diagrams are up to date and include modifications up to when drilling
was completed in Dec 2010.

Click on the links below to play videos giving an overview of Water tanks 1 and
2.

Water Tank 1 with Audio.mp4

Water Tank 2 with Audio.mp4
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Figure 2.33 WT 1 Plumbing schematic sheet 1 of 2
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Figure 2.34 WT1 plumbing schematic sheet 2 of 2
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Figure 2.35 WT 2 plumbing schematic sheet 1 of 2
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Figure 2.36 WT2 plumbing schematic sheet 2 of 2
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2.4.5 Pre-Heat System (PHS)

The PHS, shown Figure 2.37 is used to maintain the temperature of Tank 2.
Vertical turbine pump 2 circulates a continuous flow of water between Tank 2
and the PHS that can be heated as needed. The circulating water is also filtered.
The PHS is also home to the EHWD's condensate collection system, where
condensate is collected, filtered, and injected into Tank 2. A booster pump has
been installed in the PHS and can be utilized to increase the line pressure inside
the building (which may be necessary to run the RO filter during drilling
operations).

Figure 2.37 PHS interior view

The PHS contains Three Whitco Model 75 heaters, as shown in Figure 2.38
and a prototype Sioux heater. Each has a 125 kW water heating capacity (@
approx. 90% efficiency). They are capable of heating 7 GPM of water at 125
psig from 20°C to 88°C. Heaters employ oil-fired Beckett SF burner units.
Barometric dampers equalize building pressure and each heater is paired with
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it's own 100 cfm makeup air fan to provide the burner inside the building with
air for combustion.

Figure 2.38 PHS heaters

The PHS is also the site of the main water filtration center for the SES as
shown in Figure 2.39. A centrifugal filter removes any larger debris that is too
heavy to remain in solution with the system water, while three bag filters,
provide particulate filtration down to 25 microns. Condensate water from the
MHP heaters is pumped to a central reservoir in the PHS where it is treated with
soda ash (to raise the pH to a neutral value), filtered, and re-introduced into tank
2. An 80 gallon barrel acts as the condensate collection vessel.

Figure 2.39 Condensae collection and filtration system inside PHS.
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The PHS houses the Reserve Osmosis (R/O) filter, which is used exclusively
to supply Ice Top tanks with ultra pure water. This is accomplished by forcing
water at 125psi through an extremely fine, micro-membrane.

PHS plumbing is rated to 150psi and is instrumented with flow, temperature
and pressure sensors. There are also redundant flow and temperature safeties on
each of the building's four heaters.

In the electrical closet are located the Unico vector motor drives. One @
10hp; 3 @ 3hp. The PDM supplies 100A electrical service.

The PHS contains a number of safety and environmental controls. These
include smoke, CO, and water alarms. A passive barometric damper maintains
a constant atmospheric pressure inside the module, and four 100 cfm air intake
fans provide the four water heaters with air for combustion.

Fuel to the PHS is supplied by a positive pressure gravity feed from the day
tank.

An oil-fired furnace controlled by an analog thermostat provides primary
heat for

the building. An over temperature fan with an analog thermostat can cool the
building if necessary.

Figure 2.40 and Figure 2.41 are the electrical schematics for the PHS, while
Figure 2.42 to Figure 2.44 are the water plumbing schematics and Figure 2.45 is
the fuel plumbing schematic. These schematics have been updated and should
accurately reflect the final electrical and plumbing arangement of the PHS at the
completion of drilling in December 2010.

Click on the video link below to play a video giving an overview of the PHS.

PHS wt Audio .mp4
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Figure 2.40 PHS electrical schematic, sheet 1 of 2
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Figure 2.41 PHS electrical schematic, sheet 2 of 2
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Figure 2.42 PHS plumbing schematic, sheet 1 of 3
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Figure 2.44 PHS plumbing schematic, sheet 3 of 3
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2.4.6 Rod Well System (RWS) MDS

The RWS building, shown in Figure 2.46 and Figure 2.47, is responsible for
maintaining the Rodriguez Well, or Rod Well, controlling level and temperature
of Water Tank 1, and providing the generators with a heat recovery cooling
loop. The building houses 9 Stinger Heaters, a 2-pass parallel hose reel,
instrumentation and control plumbing, and motor controls for the reels and a
number of pumps.

COLD WATED s
COLD WATER =

Figure 2.47 RWS looking towards electrical closet. Pumbing/ instrumentation wall to
the right.

The RWS plumbing, shown in Figure 2.48, is the single most complicated of
all the buildings. The system has been extensively simplified from the original
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design - much of the old plumbing remains in place, making the building look
more complicated than it actually is - but it still takes some time to become
familiar with how the water flows through the various loops in the building.

-
1 1 1 1 1 I I 1l I
1 2 3 4 5 6 7 8 9
14 deg (| [50 deg C] [60 deg (] |61 deg C| 162 deg (| |71 deg € (59 deg C] [56 deg C] |49 deg 0.00 gpm
nEE | \ | \ | | | e 0.00 gpm

12.00 deg C

XFul  XFull  XFull  XFull  XFul  XFul  XFul XFul XFul

A

>
Stirface T 0000 rpm | 0000 rpm
45.00 deg C 4,60 deg C @
0.00 gpm 0.00 gpm

Y

\j

@ 0.00 m Ta nk 1
0.00 m
10.62 deg C v
o™/ Rodwell e

Figure 2.48 RWS plumbing diagram

There are three pumps controlled from the RWS. Two vertical turbine pumps
on top of Water Tank 1 operate in parallel, taking water from Water Tank 1 and
providing flow to both the generator cooling loop and the RWS. The third
pump is a submersible pump that resides in the Rod Well, pumping cold water
back up to the surface, through the RWS, and back to Water Tank 1.

The building can be broken up into five sections:

1 Heaters

2 Plumbing/instrumentation wall (across the aisle from the heaters)
3 Hose reel

4 Backup pumps (obsolete, left over from previous configuration)

5 Electrical closet.

Water Tank 1 Loop

Water is delivered to the RWS from the two vertical turbine pumps and fed
through the heaters. The heaters can be turned on or off to deliver a discrete
amount of heat to this loop. The heated water returns to Water Tank 1. This is
one way to control Water Tank 1 temperature.
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Rod Well Loop

Water is delivered to the RWS from the two vertical turbine pumps and fed
through the heaters. The heaters can be turned on or off to deliver a discrete
amount of heat to this loop. The heated water is sent to the hose reel and
delivered to the Rodwell. The submersible pump in the Rodwell then closes the
loop by circulating cold melt water from the Rod Well back to Water Tank 1
(via the RWS - this return loop simply feeds through the building, allowing it to
be instrumented).

Heaters can be assigned to either loop by way of a computer-controlled 3-
way valve on the outlet of each heater. The total combination of pump RPMs,
heater throttling, heater on/off, and 3-way valve assignment allows wide
flexibility for flow balancing and temperature control.

Generator Heat Recovery Loop

Flow splits at the outlet of the vertical turbine pumps. Part of the flow goes
to the RWS as described above, the rest of it flows through heat exchangers in
each generator to pick up waste heat, and is returned to Water Tank 1, where it
splits again and can be divided between Water Tanks 1 and 2. Splitting of warm
generator return water between the tanks is a valuable method of stabilizing
tank temperatures.

Idle Bypass Loop

During SES idle (between holes), supply to the TOS is looped through the
main reels and returned to the SES at Water Tank 1. A few of the main heaters
in the MHPs are typically running, and if the warm idle water were allowed to
be dumped back into Water Tank 1, the overall system water temperature would
continually rise, creating a unstable system and making for difficult time during
the next hole startup. To get around this, a bypass from the TOS return on top
of Water Tank 1 routes the idle water into the RWS and down to the Rodwell.
This allows the heat added during idle to be used for maintaining the Rodwell,
and means the full idle loop incorporates every major component of the system,
including the Rodwell. This idle bypass loop is also valuable during Rodwell
development in the beginning of the season because much more heat can
utilized with the help of the MHP heaters.

There are "low" pressure components integrated into the RWS plumbing
system. Protection, especially when fed by the HPP in the idle bypass loop
configuration, is provided by a single pressure relief valve located at the idle
bypass loop input.

The original RWS configuration used floor mounted vane pumps for water
supply. The vertical turbine pumps on Water Tank 1 replace these, but they've
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been left in place with their plumbing to act as a backup if needed. The wiring
for these pumps is still in place, but disconnected.

The hose reel is a single split reel with two parallel hose runs spooled on it,
one for Rodwell supply and one for return. Each hose section is approximately
277 feet, but the reel has a capacity for 2 x 300 feet. The hose is combined with
a support/electrical/instrumentation combo cable from a reel external to the
RWS building. Both reels are controlled from the RWS with pendants.

To provide combustion air to the building's heaters, makeup air fans are
installed in the window openings, each rated at 100 cfm. There is one fan for
each heater, and turn on automatically when a heater is activated. A passive
airflow damper is also installed to equalize building pressure with ambient.

Figure 2.49 shows the assembly of hoses and cables used to feed water down to
the Rod Well and recover water from teh well. Hoses feed off the hose reel
inside the RWs building, through the RWS wall, over the combo cable reel
(yellow) and down to the Rodwell over the “Pernicator” (support structure to
help feed the hoses and cables down the hole). The combo cable also goes
down, and the three are banded together just after the Pernicator. This picture
shows an additional cable reel (blue) that is not typically used””.

P I
Figure 2.49 “Pernicator” reel (L) and hoses and combo cable (R)

Figure 2.50 and Figure 2.51 are the RWS electrical schematics, while Figure
2.52 to Figure 2.55 are the water plumbing schematics and Figure 2.56 is the
RWS fuel plumbing schematic. These schematics should accurately reflect the
final electrical and plumbing arrangement as of the end of drilling in Dec. 2010.

Click on the video link below to watch an overview of the RWS.

RWS Overview.mp4
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Figure 2.50 RWS electrical schematic, sheet 1 of 2
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Figure 2.51 RWS clectrical schematic, sheet 2 of 2
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Figure 2.56 RWS fuel schematic
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2.4.7 High Pressure Pump (HPP) Building

Figure 2.57 Inside HPP building showing pump motors and plumbing wall

The High Pressure Pump (HPP) module houses 4 electrically-driven, Meyers
Triplex positive displacement high pressure pumps, as shown in Figure 2.57,
four 50 HP Unico vector motor drives, and 4 Telemechanique motor starters
(for charge pumps). The Meyers pumps are powered by 50 HP Baldor
induction motors with a toothed belt drive and are each capable of delivering 65
gpm of water at 1600 psig (50 gpm @ 1100 psi). Each pump employs an air
filled stand pipe and a nitrogen filled accumulator for vibration dampening, as
shown in Figure 2.58. Each pump also has a mechanical pressure relief valve
calibrated to shunt water from the HPP output to tank 2 during an overpressure
(greater than 1200 psi) event. This is a redundant safety. Overpressure
protection is also provided by programmed torque limits on the Unico drives.
(See Chapter 3).

All of the plumbing in the HPP is instrumented with digital flow, temperature,
and pressure sensors that interface with the drill control software. Also all the
plumbing in the HPP is equipped with analog pressure gauges, as shown in
Figure 2.59.

Chapter 2: EHWD Technical Description 2-75



Air filled stand pipe

Figure 2.59 HPP plumbing and instrumentation wall
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The HPP's are fed with low pressure water from tank 2 by 4 Grundfos
subersible centrifugal charge pumps (one charge pump for each HPP). These
charge pumps maintain a positive pressure on the intake side of the HPPs which
helps to prevent cavitation (the formation of air bubbles) which can damage a
positive displacement pump. The plumbing from tank 2 that feeds the HPP is
low pressure. All plumbing downstream of the HPP output is rated for 1400
psig. Pressurized water from each of the four HPP’s is directed to the MHPs for
heating via the HPP output manifold. This manifold combines the flows from
all the HPPs before splitting the output into two parallel loops, one that
circulates water through MHPs 1 and 3, and one through MHPs 2 and 4. After
circulating through the heater buildings, the water returns to the HPP where the
two parallel loops are rejoined at the MHP return line manifold as shown in
Figure 2.60 and Figure 2.61. This manifold is instrumented to provide the last
digital flow, temperature, and pressure values for the water as it leaves the SES
headed for the TOS via the surface supply hose.

HPP output manifold

Figure 2.60 MHP return line manifold inside HPP building
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HPP output manifold

. HPP supply water
~ output gate valve
¥

Figure 2.61 HPP output manifold

The HPP module is provided with 480V, 3 phase power from the PDM.
There are four 100-amp service feeds from the PDM to the HPP building to
provide power for the pumps (one for each HPP), plus one 60-amp service for
building power. The HPP also contains two 75 kVA transformers for phase
balancing.

The HPP has 2 wall mounted 3 kW electric space heaters as well as a diesel
fired furnace for primary building heat. A 1" flexible fuel line from the day tank
provides the HPP building with a positive pressure gravity feed fuel to run the
furnace. During normal drilling operations, the pump motors and Unico drives
in the HPP building will generate enough waste heat to raise the building
temperature to a level that exceeds the operational limitations of the equipment
inside. For this reason the HPP module has been outfitted with an additional
building temperature control system. This system includes a high temperature
thermostat linked to the 50 HP Unico drive which drives HPP1. This drive
controls a 1000 cfm intake fan (pulling in cold air from outside), and two 250
cfm exhaust fans. The HPP building also has a passive barometric damper to
maintain a constant atmospheric pressure inside the module.

Figure 2.62 to Figure 2.64 are the HPP electrical schematic and Figure 2.65
to Figure 2.68 are the idle pump and charge pump schematics, while Figure 2.69
and Figure 2.70 are the water plumbing schematics and Figure 2.71 is the fuel
plumbing schematic. These schematics should accurately reflect the final
electrical and plumbing arrangement as of the end of drilling in Dec. 2010.

Click on the video link below to watch an overview of the HPP.

HPP wt audio.mp4
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Figure 2.62 HPP eclectrical schematic, sheet 1 of 3
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Figure 2.63 HPP electrical schematic, sheet 2 of 3
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Figure 2.64 HPP electrical schematic, sheet 3 of 3
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Figure 2.69 HPP plumbing schematic, sheet 1 of 2
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2.4.8 Main Heating Plants (MHP’s)

The EHWD uses four Main Heating Plant (MHP) modules to add heat to the
primary high pressure water loop for main drilling. Each of the four MHP
modules contains 9 Whitco Model 75 heaters, except MHP 4, which only has 8,
for a total of 35 heaters. Each Model 75 heater has a water heating capacity of
125 kW (125kW x 35 heaters = 4.375 megawatt total output capacity). In
operation each heater is designed to heat a constant flow of 7gpm of water at a
pressure of 1000psig from 20 C to 88 C, and requires the combustion of 3.5
gallons per hour of ANS (diesel fuel) to accomplish this.

During normal drilling operations the MHP modules are supplied with high
pressure water by two parallel loops from the HPP (MHPs 1 and 3 fed in
separate loop from MHPs 2 and 4. See section 2.4.7 for more information).
Because the MHPs are located downstream from the HPP, all of the plumbing
in the MHPs is rated for 1400 psig. The 8 to 9 Model 75 heaters in each MHP
are also plumbed in parallel, with the cold water supply for all the heaters
coming off a central supply manifold located near the building's ceiling, and the
hot water return to the HPP exiting the building via a central manifold near the
floor. Each heater is instrumented with digital flow and temperature sensors
that interface with the drill control software. This allows for redundant
computer controlled safety shutoffs for low flow and high temperature in
addition to the analog safeties built into each heater (thermostat and differential
pressure switch. See section 2.7.3). Analog pressure gauges can also be found
in all of the MHPs.

Every MHP is also equipped to collect the condensate produced by its Model
75 heaters (see section 2.7) in a central reservoir (located behind heaters 1 and
2). When the reservoir is filled, its contents are pumped to the PHS for
filtration, neutralization, and reintroduction to the drilling water.

MHPs 1 and 2 receive electrical power via 100 amp service from the PDM.
MHPs 1 and 2 also have 60 amp output feeds. These outputs provide power to
MHPs 3 and 4, which both have 60 amp service. MHP 1 feeds MHP 4. MHP 2
feeds MHP 3.

All the MHP modules receive fuel for their Model 75 heaters via a 1" fuel
line from the day tank. Fuel is gravity fed to the building at a positive pressure
of 2-3 psi, and is filtered in each MHP by two Racor filters prior to distribution
to the individual heaters. The main fuel line inside each MHP also has a fuel
solenoid valve installed that is connected to the drill's e-stop system. This
allows fuel flow to these buildings to be terminated remotely in the event of an
emergency.

Chapter 2: EHWD Technical Description 2-89



All the MHP modules are heated by a diesel fired furnace with local
thermostat control. Each MHP module is equipped with smoke, carbon
monoxide, and water, building environmental sensors, as well as a manually
operated CO?2 fire suppression system. The MHP modules have also been fitted
with one 100 cfm air intake fan for each Model 75 heater in the building. This
fan provides air for combustion for the running heater. Each module also has a
100 cfim over-temperature fan controlled by an analog thermostat, and a
separate passive barometric damper to maintain a constant atmospheric pressure
inside the building.

Figure 2.72 to Figure 2.75 are teh electrical schematics for MHP’s 1-4
respectively, while Figure 2.76 to Figure 2.79 show the plumbing schematics
for the 4 MHP’s and Figure 2.80 to Figure 2.83 show the fuel plumbing
schematics for the buildings.

The electrical, plumbing and fuel schematics are very similar for each
building. However there are some minor variations, so the schematics for each
building are shown for completeness.

Click on the video link below to watch an overview of the heaters in the MHP
buildings.

Heaters, full film.mp4
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Figure 2.75 MHP4 electrical schematic
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Figure 2.76 MHP1 plumbing schematic
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Figure 2.78 MHP3 plumbing schematic
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Figure 2.79 MHP4 plumbing schematic
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Figure 2.80 MHPI1 fuel plumbing schematic
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Figure 2.81 MHP2 fuel plumbing schematic
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Figure 2.82 MHP3 fuel plumbing schematic
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Figure 2.83 MHP4 fuel plumbing schematic
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2.4.9 Tower Operations Site (TOS)

The TOS acronym is a little confusing. It stands for Tower Operations
Structure and Tower Operations Site. The Tower Operations Structure is
composed of two joined ISO units and an adjoining tower. The two ISO's form
an enclosed double-wide unit divided into designated work spaces. It contains
an electrical components closet, a computer room and a workspace for storing
and preparing DOMs for deployment. The other distinct section of the TOS is
The Drill Tower. The tower is essential in providing space for placement and
extraction of the EHWD and the submersible pump as well as providing an area
in which to properly deploy the DOM's into the ice. All hole drilling activities
and deployment of in-ice instrumentation are monitored, controlled, and
performed from the computer room.The Tower Operations Site is composed of
the Tower structure and containers, as well as the reels, as shown in Figure 2.84.

Figure 2.84 Tower Operations Site and reels

The TOS is mated to the tower prior to the commencement of drilling
operations. The two components are assembled directly atop the predrilled firn
hole. This is done with the aid of heavy equipment, such as a D-7 or D-8 dozer.
The combined weight of the dual module assembly is 35,0001bs. The TOS is
positioned first at an established hole location in a predetermined orientation.
The tower is then moved into place against the TOS and the two structures are
mated with large ratchet straps. Once the TOS has been mated to the tower the
more sensitive electrical connections can be made. Among the connections are
load cells, payout encoders and the E-stop cabling. A 100A power feed from
the PDM provides the TOS with 480V three phase electrical power. A portable
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fuel tank positioned outside the TOS provides fuel for the furnace, which
provides the structure’s primary heat. Four - 4kW electric heaters also help
warm the TOS. Communications cables are run from the DCC.

The electrical closet is where the Unico motor drives are located. They are
1@50hp, 2@20hp, 2@ 10hp and 3@3hp. Dynamic braking resistors, also
located in the electrical closet, help release energy accumulated by the reels in
the form of heat.

Figure 2.85 is a schematic of the TOS power interface panel. The original
TOS design had 3 feeder cables feeding 3 seperate circuits in each TOS. In the
field, it was determined that one cable is able to supply all the power
requirements for each TOS. The power interface panel was therefore required to
feed all three circuits in the TOS from the one feeder cable.

Figure 2.86 to Figure 2.89 are the electrical schematics for TOS1, while
Figure 2.90 to Figure 2.93 are the electrical schematics for TOS2. The
schematics for each TOS should be very similar, however the complete set of
diagrams are shown for completeness.

TOS POWER INTERFACE

6
(3 ACPCAP 1034CDRS

v

0
Tos1cose
1 i % PAELC
PPLETON
ACPIBCDRS
T081CDHC
#AG Ij LA
APPLETON
ACP1O34CORS
T081C02C
1 AN i
PANELB
APPLETON
ACP1034CORS

HOFFMAN BOX 24" X20°X 12"
PREL2I"X1T

| 8
APPLETON
POl ACP1034CORS
48003
T

Figure 2.85 TOS power interface panel

Click on the video link below to watch an overview of the Tower Operations
Site.

Tower and Tos Overview with Audio.mp4
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Figure 2.86 TOSI electrical schematic, sheet 1 of 4
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Figure 2.89 TOSI electrical schematic, sheet 4 of 4
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Figure 2.90 TOS2 electrical schematic, sheet 1 of 4
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2.4.10 The Drill Tower

The drill tower, shown in Figure 2.94, is the structure within which the hot
water drilling occurs. It is directly connected to the TOS and is integral with the
TOS infrastructure. Its purpose is to provide a sheltered platform for the entire
drilling process as well as the deployment sequence.

Figure 2.94 Tower (crystal palace) and TOS

The tower is a two-story aluminum frame sided with transparent panels. It is
mounted on skis for convenient moving. Black plywood 'tool boards' line the
inside walls to absorb solar heat. A 50001b capacity overhead tower hoist assists
in drill and deployment operations. Mounted on the ceiling is a overhead bridge
chain hoist useful in many applications. Engineered anchor points are located
on the floor and ceiling. In the floor is an opening conforming roughly to the
size of a predrilled firn hole. The floor penetration is protected by a kick-plate
and cover. An electrically powered capstan winch is mounted to the exterior
deck to aid in pulling cable and hose over the sheave.

The top deck of the tower is accessed via Lapeyre style stairs. Safety features
of the tower include railings and toe-boards. The upper deck provides access to
the hose crescents (both main and return water hoses) and the main cable
sheaves. The primary crescent is designed to conduct 3.7"0.D. hose without
jeopardizing the bend radius. The secondary crescent routes the return water
pump combo cable. The load cell and payout encoders are mounted here.

E-stop/Reel stop switches are positioned at various locations inside, outside
and on top of the tower.
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2.4.11 Fuel tower

The fuel tower/day tank, shown in Figure 2.95, is a 300 gallon; single wall
stainless steel tank built to NFPA 30 and UL 142 specifications. The tank has a
fuel level sight gauge, and manual filler cap. The tower and tank incorporate a
containment basin with adequate capacity for containing fuel leaks. The day
tank is a bottom feed, tank mounted on an adjustable height tower, allowing the
ability to maintain optimum head pressure.

Figure 2.95 Fuel tower/ day tank

Warning: Fuel manifold pressure should never exceed 2 psi

The tank has two feed manifolds, shown in Figure 2.96, with eight 1 inch ports
with ball valves and 2 gauge ports with ball valves. One return line manifold,
and two electric motor driven vane pumps for filling the day tank from an
external fuel source with an analog fuel meter for recording fuel usage.

Figure 2.96 Fuel tower feed manifolds

The Fuel Tower Control is split in three sections.
1 Fuel Tank

An enclosure, shown in Figure 2.97, mounted to the end of the fuel tower
provides a tie point for sensor wiring, the interface cable connecting the fuel
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tank back to the DCC and a pushbutton for manual fill of equipment. Sensor
cables connect to the bottom of the fuel tank control enclosure.

Figure 2.97 Control box at end of fuel tower

2 Between Fuel Tank & DCC

Two 480v power cables connect the motors on the fuel transfer pumps back
to the Appleton power outlets on the power rail of the DCC. An interface cable
connects the fuel tank enclosure with the Network distribution box in the DCC

3 Utility Closet of DCC

Motor starters for the pumps are in the E-stop enclosure in the utility closet of
the DCC, shown in Figure 2.98. Five control relays, shown in Figure 2.99are
mounted inside the Network distribution box in the utility closet of the DCC.
Lights, pushbuttons, a fault alarm and a selector switch are mounted on the
cover of the Network distribution box.

Figure 2.98 Fuel tank controls mounted on network panel inside DCC

Click on the video link below to watch an overview of the fuel tower.

Day Tank wt Audio.mp4
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Figure 2.99 Fuel fill control relays inside DCC network panel

The DCC drill computer displays fuel tank information but does not control

the fuel fill process. This is controlled by the fuel tower controls. These controls
have two modes of operation; Automatic and manual mode.

Automatic operation:

Choose pump 1 or 2 in DCC utility closet
Make sure breaker is "on" for selected pump motor
You are done!!

If Fuel level switch is calling for fuel, the selected pump will energize and fill
the tank until the Hi level switch is hit, then pump will turn-off.

Pump will remain off until fuel level drops below the Lo level switch, at
which time the pump will turn on.

This sequence will repeat all season.

Manual operation

Manual fill is used when for some reason teh automatic fill system isn’t
working, or refueling of vehicles and other equipemn is required.

Push "Manual Fill" button on black control box
If tank is not full, the pump will start

Fill the 287 or 953

Stow manual fill spout and do nothing

Fuel level in tank will rise to the "High" level and the pump will turn off.
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Faults
» Three sensors can cause faults in the fuel fill system
“Hi/Hi" Level Switch
“Leak Detect" Switch in the Catch basin
“Lo/Lo" Level Switch
* In case of a fault
Any fuel pump energized turns off
An audible alarm in the DCC utility closet sounds

The computer display indicates a problem

Fault Recovery

* Determine what caused the fault by looking in the catch basin and at the
visual fuel level

¢ Throw the switch on the fuel control to silence the alarm
* Clear the fault causing conditions

The control can't be reset until the fuel level falls below the Hi/Hi switch
or the catch basin is emptied

* Reset the Control
Press yellow button on Network box in DCC utility closet for 2 seconds

Throw switch on network box door to enable alarm

Click on the video link below to watch an overview of the fuel tower (day tank)
controls and components.

Day Tank controls and components.mp4

Figure 2.100 and Figure 2.101 are the fuel tank tank electrical schematics, while
Figure 2.102 is the fuel plumbing schematic.
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Figure 2.102 Fuel day tank fuel schematic
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2.4.12 Drill supply hose reel (DSHR)

The DSHR, shown in Figure 2.103, is a large sled mounted reel capable of
storing 8800 feet of hose that, once attached to the EHWD allows for
uninterrupted deep drilling. The reel is stocked with 2.5" 1.D. 3.7" O.D. IVG
hose. Once the SES has heated water to the appropriate temperature it is
delivered to the hose reel and from there to the hole.

Hot, high pressure water is sent from the SES to the DSHR via the surface
supply hose. From there the hose on the DSHR is led over the tower crescent
and down to the drill head. By changing the plumbing arrangement around the
drill hose, the drill can be placed in various modes to allow water circulation to
continue in the system when drilling is not taking place. See the “Main Hole
Drilling” chapter for further explanation.

Figure 2.103 Main supply hose reel to the right. Return water hose reel is to the left

The DSHR gets its power from three electrical feeds at the TOS. The reel
drive, level wind motors, and the brake are powered by independent electrical
circuits and each motor has it's own dedicated power cable.

The massive reel has a dry weight of 35 tons. It is equipped with a large disc
brake plus an E-stop system. The main drum is powered by a 20HP Unico
synchronous motor (drive ratio 1023:1) gearbox & chain. The reel sports a
hydraulic rotary union and inlet water manifold with pressure relief valve, burst
disc and reel bypass port. Mounted in front of the drum is a Unico driven level
wind, shown in Figure 2.104, synched with the drum speed and drum diameter.
Since the hose overlaps multiple times, limit switches are positioned to control
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the level wind. A side-mounted 'doghouse' encloses and protects the reel's
external plumbing connections and valving.

oy

e

—

I

..BH,\:I..;I 1.“ ) i

-

Figure 2.104 DSHR level wind system

Click on the video link below to watch an overview of the drill supply hose reel.

Drill Supply Hose Reel.mp4

2.4.13 Dirrill cable reel

The drill cable on the drill cable reel, shown in Figure 2.105, supports both
the down-hole load of the drill and hose, and provides power and a
communications link with the drill head.

Figure 2.105 Drill Cable reel (DCR)
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The reel, with cable, weighs approximately 4 tons. It boasts a large disk brake
and releasable 1-way clutch. It is equipped with E-stop buttons, pull-cords, and
hard-limit level wind switches. The level wind, shown in Figure 2.106, is
synced with drum speed and diameter via Unico drive logic.

The main drum is driven by 20 HP fully enclosed Unico synchronous motor,
final drive ratio 552:1 (gearbox). The reel currently holds 3300 meters of
Cortland cable. A slip ring keeps electrical connections from rotating inside the
drum axle.

Figure 2.106 DCR level wind and safety E-stop trigger wire

Click on the video link below to watch an overview of the drill cable reel.

Drill Cable Reel.mp4

2.4.14 Return water hose reel

The return water hose reel, shown in Figure 2.107, holds the hose that
transports water from the return water pump to the surface.

Its approximate weight is 92801bs. It has a disc brake and releasable 1-way
clutch. The reel currently holds 400 ft of IVG Main Drill Hose. The main drum
is driven by a 7.5 HP Powertec synchronous motor. The reel has a hydraulic
rotary union and outlet water manifold with reel bypass port to allow
replumbing and valving to place the system in bypass mode. This maintains
water circulation in the hose system when there is no drilling taking place. See
the “Main Hole Drilling” chapter.
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Figure 2.107 Return Water Hose Reel

2.4.15 Return water cable reel

The return water cable reel, shown in Figure 2.108, supports the weight of
and supplies power and a communications link to the return water pump.

- R

Figure 2.108 REturn water cable reel
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The reel and cable weighs approximately 3 tons. It sports a disc brake and
releasable 1-way clutch.

The reel is currently holding approximately 400 ft of Birns combo cable. The
main drum is driven by a 2 HP Powertec synchronous motor, final drive ratio
14:1 with a selectable 1:1 or 3:1 gearbox. It is also equipped with an electrical
slip ring, providing connections for low voltage signal and 480 VAC 3-phase
power. The slip ring is not shown in this photo, but normally attached where the
connector exits the drum axle.

2.4.16 Rodwell hose reel

Rodwell Hose reel is a split drum hose reel located in the end of the RWS
building. The Rodwell hose reel carries the hoses that supplies water to the
Rodwell and carries the feed hose from the Rodwell pump. The reel has enough
capacity for two, 1-1/2 inch ID hose by 350 ft in length. Water is fed in through
two rotary unions feeding in on each end of the reels axle. The reel is chain
driven through a reduction gearbox with a 460 volt AC electric motor,
controlled by a Unico brand high frequency motor controller located in the
RWS utility closet. Operation is achieved through a hand held pendant also
located in the RWS utility closet. Braking is accomplished by a spring disc
brake, hydraulic controlled with resettable reel stops located at the reel and the
pendant.

2.4.17 Rodwell Cable Reel

Rodwell cable reel is a skid mounted reel that carries the combo cable. The
cable that carries power to the Rodwell pump, carries the signal for
instrumentation in the Rodwell, and carries the down hole weight load. The
Rodwell reel is staged on the outside of the RWS building and secured to the
RWS building with chains to stop unintended movement of the reel. The RWS
cable reels have enough capacity to carry well more than the 350 feet of cable
we need for operating a Rodwell. There is a slip ring on the axle side to allow
operation of reel without disconnecting the combo cable. The reel is powered
by a 460 volt 3ph electric motor, gear reduction, and controlled by a Unico
brand high frequency motor controller located in the RWS utility closet.
Controls and brakes are the same as the Rodwell hose reel. The Rod Well Cable
reel is identitical to the Return Water Cable Reel shown in Figure 2.108.
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2.4.18 Weight stack

The weight stack serves a couple of purposes. One is to add extra vertical
weight to the drill head in order to straighten the hose out and guide it as straight
as possible in the hole during drilling. The other is to add distance between the
drill head and nozzle in order to deposit the hot water far enough ahead of the
drill head, that the hole has had a chance to expand to a wide enough diameter
that the drill head can pass through the hole (see chapter 1 for further
explanation).

The weight stack is made of stainless steel with an insulating hollow nylon
inner core in order to insulate the water from the outer steel wall and tehrefore
the cold water in the drill hole.

When fully assembled and mounted beneath the drill head, it is about 75 ft in
length and weighs about 9001bs. It is composed of 6 flanged sections joined by
mechanical 'clam shell' couplings and must be assembled and disassembled at
the beginning and end of each hole. The bottom-most section is tapered,
reducing the 5" OD of the stack to about a 2" OD at the nozzle, which has a .75"
aperture. It is normally stored on specially designed racks in the tower, as
shown in Figure 2.109. See “Main Hole Drilling” Chapter for further details.

Figure 2.109 Weight stack on storage rack to right of photo

Click on the video link below to watch an video detailing the weight stack
assembly procedure.

Installing the weight stack.mp4
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2.4.19 E-stop/ Reel stop system

2.4.19.1 E-Stop System

The E-stop system, a safety system that when activated will do the following:
» Halt all equipment motion
* Removes drive power from all winches, reels, and hoists
* Applies brakes
» Stops the High Pressure Pumps
» Halts flow of fuel to burners and furnaces

The E-stop/ Reel stop system does not stop the generators or the charge
pumps that supply the high pressure pumps. This is to allow low pressure water
to continue flowing through the system to cool down the heaters and prevent
any possible overheating condition from developing as a result of hot water
remaining stagnant inside the heater coils.

The E-stop system consists of red slap buttons located throughout the SES
and TOS. This system has two operating modes, global and local. Giving the
E-stop system the ability to be tied to all components of the EHWD (global
mode) or being able to operate the SES and TOS's separate (Local mode). The
reset stations are in the DCC and TOS's. Reset consists of finding the red slap
button that was tripped and resetting it, then resetting one of the control boxes.

2.4.19.2 Reel Stop System

The reel stop system is used to stop reel movement and apply the reel brakes
at a local level, in case of emergency, requiring quick stopping of a reel. For
example: at the drill tower, a reel stop will stop all reels around the tower but
not affect a reel at the RWS.

Reel stops are accomplished with yellow slap buttons located around the
reels and towers, by one of the reels safety micro switches, or by the computer
registering a fault through the load cells. The reel stop is reset by first clearing
the fault or resetting the reel stop slap switch. When the fault is cleared,
resetting the reel stop panel on in the TOS/or pendant at RWS will allow the
reels to operate again. After the Reel stop panel is reset all brakes on effected
reels can be pumped up until they release, then normal operation can begin.

Click on the video link below to watch an overview of the E-Stop ssytem.

E-Stop Overview.mp4
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Figure 2.110 to Figure 2.114 detailthe E-stop system block diagram and give
an overview of the E-stop block diagram and schematics for the E-stop system

in the MDS’ at the seasonal equipmetn site.
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Figure 2.110 E-Stop/ Reel Stop system functional block diagram
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Figure 2.114 MDS E-Stop wiring for RWS
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2.4.20 Main drill hose

The Main Drill Hose is the vessel by which the SES prepared hot pressurized
water is delivered to the hole. It is custom designed for deep drilling operations
and supplied by IVG, Italy. Hose specifications are as follows:

e ID = 2.5 inches, OD = 3.7 inches
» Each section 400 foot length
» Rated for simultaneous pressure, high temperature, tension, and bending
Pressure: 1000 psig
Temperature Range: 0-90C
Axial Tension: 1500 Ib
Minimum Bend Radius: 42 inches

* EPDM rubber with Aramid fiber reinforcement (helical windings, bootstraps,
and end reinforcement)

* YLW hose is made with low density EPDM (specific gravity < 1), GRN hose
is a standard EPDM

» Swaged-on Victualic fittings

Each section is 400' long and is rated at 1000psi. There are 33 sections on the
main hose reel. Victualic couplings are used to join hose sections. Strain reliefs
installed at each coupling on the main hose protect the hose at these joints as the
hose passes over any sort of bend, such as the crescent on the tower, or when
wrapping onto the hose reel.

The hose is constructed of an EPDM inner tube and matrix wrapped around the
fibre. A Kevlar or Aramid fibre is wrapped in helical layers around the hose, as
shown in Figure 2.115, to carry the pressure load. Axial fibres running along
each side of the hose, also shown in Figure 2.115, are designed to carry excess
tension.

Helical Strength member fibres

hose

" \IA\(A\IA\(A\([ ( ¥
7 72 § §§ AN @

Auxial strengtn meraber fibres
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Figure 2.115 Main drill hose construction

The specifications given above for pressure, axial tension and bend radius are
numbers arrived at during testing, in order to minimise damage to the hose. The
hose is rated for higher pressure, axial tension and smaller bend radus, but not
all at the same time. It was found during testing that if these parameters were
exceeded simultaneously and while the hose was hot, load is distributed
unevenly across the axial fibres, causing them to break, as shown in Figure
2.116.

Figure 2.116 Axial fibres breaking under excess load, resulting in hose necking

Once the axial fibres break, tension is transferred to the helical fibres, which
contract like chinese fingers, causing the hose to neck, as shown in Figure
2.116.

This happens most often around the hose end fittings. The fittings cause the
hose to bend at a higher bend radius than it was designed for, resulting in higher
axial load. Coupled with the excess tension and heat, the axial fibres fail most
often at this point It is therefore important that the above specifications are not
exceeded for the hose. To further aid in mitigating this problem, strain relief
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fittings were designed to fit at the ends of these fittings to help minimise hose
bending at these points.

Three different hoses are deployed during the season and are designated by
their colors. Red indicates the first generation hose. Green signifies structural
improvements that reduce necking. Yellow hose has the same structure as green
but the hose has less density and is therefore more buoyant in water. Green and
yellow hose lengths are used on the high pressure supply side of the drill
(surface supply line and supply hose reel). The red IVG hose is used on the low
pressure return.

2.4.21 System Safeties

The EHWD system safeties consist of electrical, computer, and mechanical
safety systems.

Electrical safeties

The electrical parts of the safety systems consist of three parts.

1 The utility wiring of the EHWD, meaning that all Utility wiring and
appliances (for example GFCI outlets) are installed according to National
Electrical Code.

2 The E-stop system, a safety system that when activated will shut down,
mainly, high pressure pumps, heaters and environment furnaces and fuel flow
to the SES building. The E-stop system consists of red slap buttons located
throughout the SES and TOS. This system has two parts, global and local.
Giving the E-stop system the ability to be tied to all components of the
EHWD or being able to operate the SES and TOS's separate in a local mode.
The reset stations are in the DCC and TOS's. Reset consists of finding the
red slap button that was tripped and resetting, then resetting in one of the
control boxes.

3 Reel stop, as the name implies the reel stops are used to stop reel movement
and apply the reel brakes at a local level in case of emergency requiring quick
stopping of a reel, for example at the drill tower a reel stop will stop all reels
at around the tower but not affect a reel at the RWS. Reel stops are
accomplished with yellow slap buttons located around the reels and towers,
by one of the reels safety micro switches, or by the computer registering a
fault through the load cells. The reel stop is reset by first clearing the fault or
resetting the reel stop slap switch then when fault is cleared then resetting the
reel stop panel on in the TOS/or pendant at RWS. After Reel stop panel is
reset all brakes on effected reels can be pumped up until they release then
normal operation can begin.
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Mechanical safeties

Mechanical safeties exist primarily on the water side of the EHWD for
preventing over pressuring and fire suppression for the different systems. The
mechanical safeties are of three types:

Pressure relief valves:

These type of safety valves are the most common safety valves in the EHWD.
They are used in both high and low pressure systems. The pressure relief valves
are located in the following systems:

1 HPP, uses high pressure relief valves to protect from over pressuring high
pressure pumps and plumbing.

2 MHP's, use High pressure relief valves to protect MHP high pressure
plumbing.

3 RWS, uses low pressure relief valves to protect RWS plumbing.
4 PHS, use low pressure relief valves to protect PHS plumbing.

5 Generator three contains a low pressure relief valve for protection of the
waste heat recovery system.

Rupture Disk:

The plumbing manifold, contains a high pressure relief valve and a rupture
disk for protecting from over pressuring the surface and drill hose. This
provides a needed safety at the reel. Without this feature, it is hard for the
pressure reliefs in the HPP and MDS's to react in time to an overpressure at the
main hose reel.

Carbon Dioxide fire suppression system:
Used in the MHP's, PHS, RWS, gen sets, and PDM.

Computer Safeties

Computer safeties, provide safeties at many levels, including everything from
environmental in the different MDS's to the load cell reading at the drill tower.
So this is just a quick over view of safeties since the computer system is
extensive, more detail can be found in the separate sections that cover Unico
motor drives, the drill computers and heater section.
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2.5 Heaters

The main heaters in the EHWD are the primary thermal power source for
drilling, providing 3.6 MW, or 77%, of the total thermal energy delivered to the
drilling water. The main heaters are referred to as Model75s. Their design is of
a large oil-fired heater commonly utilized in the high-pressure washing
industry, such as carwashes, and has been modified to improve fuel efficiency,
safety, and usability for application in the EHWD.

Some nominal operating specifications of the Model75 are shown in Figure
2.117 below:

Heat Delivered to Water 125 kW
Water Flow 7 gpm
Water Pressure 1000 psig
Delta Water Temp 67°C
Fuel Consumption 3.5gph
Fuel Efficiency (HHV) 92 %
Dimensions 31" x31” x 74”
Weight (dry) 1200 Ib
Operating Supply Voltage | 240 VAC 1-phase

Figure 2.117 “Model 75” Heater specifications

2.5.1 Heater construction

Pumping options are very limited when the fluid is first heated to
temperatures near the boiling point of water, and the options that are available
are extremely expensive. This equipment issue essentially forces the pumping
to occur first. Because the water is pumped to system pressure upstream of the
MHPs, the heaters need to be designed for high pressure application. The hot
water drill used in AMANDA addressed this problem by turning to the high-
pressure cleaning industry. Whitco, a small family-owned business based out of
Arkansas, had decades of practical experience in making high-pressure cleaning
systems. Included in Whitco's arsenal of high pressure water heaters was the
original diesel-powered Model75. Capable of about 100 kW, the original
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Model75 was not only able to produce enough power for the AMANDA drill in
limited numbers, but also maintained the simplicity, ruggedness, and
dependability essential to easy maintenance and operation in an environment as
demanding as the South Pole.

The original Model75, shown in Figure 2.118, is basically a spiraled steel
coil with a central void in the lower half where combustion occurs. Water flows
through coils that are heated both by radiation from combustion and convection
from the combustion gases traveling through the coil array. The top of the coil
consists of six spiraled layers constructed two at a time in the form of a
"pancake" (spiraled out for one layer and then back in for the next). The bottom
of the coil, referred to as the cold wrap, is simply a helix that both supports the
weight of the upper primary coil section and absorbs heat from combustion
occurring within its confines. The entire coil is surrounded by insulation and an
outer painted steel shell. Combustion is made possible by a commercial-grade
Beckett SF burner assembly that includes a fuel pump, blower, ignition coil, air
tube and fuel nozzle. JP-8 jet fuel is consumed at a rate of about 3.5 gph.

ORIGINAL MODEL75 HEAT EXCHANGER COIL

Primary
Coil
Cold
Wrap

Figure 2.118 Original Model 75 heat exchanger coil

The original Model75 would also meet the power requirements and
robustness of the EHWD in acceptable quantities, but at 77%, its fuel efficiency
was still disappointing (using the lower heating value). The original Model75
underwent extensive modifications to improve its fuel efficiency.

Two major additions were made. The first was a combustion liner. This
liner consists of a refractory combustion chamber surrounded by a stainless
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steel shell and a refractory disk that is centralized directly above the combustion
chamber. This combustion liner reflects radiant heat energy back into the
combustion flame while at the same time insulateing the combustion region,
resulting in increased combustion temperatures and cleaner, more complete
combustion.

The second was the addition of another complete coil assembly that absorbs
much of the energy remaining in the exhaust gases by additional convection and
condensing the moisture out of them. This condenser coil, or secondary coil, is
constructed much the same way as the Primary coil in the original Model75
except that it is made of stainless steel to inhibit corrosion caused from being in
contact with the condensate. Condensate, generated at a rate of over 2 gph, is
collected on the top of what is the original Model75 shell and removed via a
drain (there is a subsystem centralized in the PHS that is devoted to neutralizing
and filtering the collected condensate from all the heaters and injecting it back
into the main system). The coil is surrounded by insulation and a stainless steel
shell. Figure 2.119 outlines much of the modified Model75's construction.

EXHAUST STACK OPENING

WATER INLET =

BAFFLE (sealed closed)
SECONDARY HEAT EXCHANGER
INSULATION

CONNECTING HOSE -
CONDENSATE DRAIN
PRIMARY HEAT EXCHANGER

COMBUSTIONCHAMBER

SITE AND PROBE TUBE

WATER QUTLET

BURNER ASSEMBLY

BASE

Figure 2.119 Major components of the modified Model 75 heater used in the EHWD

The addition of the secondary condensing coil helps drop the exhaust gases
from a combustion chamber temperature of 1114°C to a near-room-temperature
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of 46°C, and the addition of both the coil and combustion chamber improve the
heater's fuel efficiency to about 92% (using the higher heating value). Exhaust
quality is also improved.

Some other additions include a site tube, or viewport, that allows for visual
confirmation of a combustion flame (also doubles as an access port for
measuring combustion chamber temperature) and a baffle that can be opened to
bypass the combustion gases through the Secondary coil section. The baffles
have since been sealed shut on all modified Model75s in the system to meet
Code issues surrounding the maximum allowable gas temperature through the
exhaust stacks.

Note: For every gallon of fuel burned, 1.03 gallons of liquid water is produced in the
form of water vapor. 37% of this water is condensed out in the Secondary
section, at a rate of 2.3 gph.

2.5.2 Heater controls and safety systems

The control and safety systems of the Model75 are shown in Figure 2.120
and consists of manual valves, redundant temperature and flow sensors, a
thermostat, and the EHWD computer control system. There is a temperature
and flow sensor local to the heater controls, then another set of temperature and
flow sensors that provide feedback to the EHWD control system and operator.
The burner unit also has a temperature switch, flame eye, and Honeywell burner
control. Due to the large amounts of stored energy during operation in the form
of heat and pressure, it is essential to verify all aspects of the controls and
safeties are operating properly during seasonal commissioning of the EHWD,
and periodically throughout the season.

On the front of every Model75 is an on/off switch that has three positions.
The center position is "OFF". Position "1" is manual control mode and will turn
the heater on without a command from the EHWD computer control system.
This mode should only be used for maintenance and troubleshooting and in the
presence of the technician. If left in position "1" the computer control system
has no control over the heater and neither it nor the DCC operator can shut it
down in the event it overheats. Position "2" is computer control mode. In this
mode control is relinquished to the computer control system and operator. On-
line heaters should be left in position "2". Off-line heaters should be left in the
"OFF" position.
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Throttle Valve

Indicator Box

Diff Press Gauge/Switch

Thermostat

On (man) / Off / On (comp)

240 VAC Power Feed
Qutput Temp Display

Temp Sensor (thermostat) Temp Switch (Honeywell)

Temp Sensor (display and comp)

Turbine Flow Meter

Y-Strainer

Honeywell and Burner Unit

Ball Valve

Figure 2.120 Location of Model 75 heater controls

Each Model75 has its own inlet and outlet water valves. At the inlet is a
needle valve used to control the amount of water flowing through the heater,
and at the outlet is a standard on/off ball valve. The throttling needle valve is
used to control the output temperature of the heater, recalling that a given flow
provides a given output temperature since the Model75 provides constant heat
output. This valve is constructed of brass and has color and number coding on
the knob for reference. One important thing to remember about these valves is
not to turn the valve out past the purple band, because beyond this point further
opening begins to pull the packing out of the valve and destroys it. These
valves are seldom repaired in the field and so a failed valve usually means
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replacement with a new one. The needle valve can also be closed all the way
down to close off the inlet flow. Closing the outlet ball valve is the standard
method of stopping flow, however. This ball valve should not be used in an
intermediate position to throttle flow because it will wear very quickly.

IMPORTANT! Both valves can be closed to perform maintenance on a heater, however
it is of paramount importance to make sure the heater switch is in the
"OFF" position before both valves are closed, and remain in the "OFF"
position until at least one valve is opened. In a case where the safety
systems are not in proper working order, and the heater is allowed to burn
with both inlet and outlet valves closed, the trapped water has nowhere to
expand and the heater becomes a ""bomb". If the technician must leave site
of a heater with both valves closed, then that heater should be locked out
according to standard lockout/tagout procedures.

Temperature and flow safeties local to the heater control logic is made up of
a temperature sensor paired with an electronic thermostat and a differential
pressure sensor.

The electronic thermostat and associated temperature sensor turns the heater
off when the outlet water temperature reaches the set point. Once the
temperature drops low enough to overcome hysteresis and reset the thermostat,
the heater will fire back up. Heater cycling can be reduced by maintaining
sufficient flow so that the outlet temperature stays consistently near but not
above the thermostat set point. Nominal set point is 95°C. Sometimes the set
point and displayed outlet temperature do not agree and the thermostat needs to
be turned up to prevent premature shut-off, which is an indication of a faulty
thermostat or improper installation of the thermostat knob, and necessitates
immediate replacement. Generally, operating with a thermostat setting much
above 95°C is bad practice.

The differential pressure sensor, shown in Figure 2.121, measures the
pressure drop over the primary (bottom) coil, and has a range of 0-30 psid. At
zero flow there will be zero pressure drop, and pressure drop increases with the
square of flow. The sensor has a needle display for immediate visual feedback,
and two internal reed switches with adjustable switch points. For the Model75s,
only one reed switch is used, and must be closed (differential pressure above the
set point) in order for the heater to fire. To set the differential pressure switch,
the technician can test continuity across the switch while adjusting flow with the
needle valve and monitoring actual flow values via the DCC. The set point
should correspond to a flow no lower than 5 gpm. Sometimes the diaphragms
internal to the differential pressure sensors become damaged, and would be
indicated by a needle that does not respond or one that is permanently pegged at
max differential. The differential sensors are field repairable with the proper
diaphragm and seal kit.
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Figure 2.121 Differential pressure gauge and switch

The indicator box, pointed out in Figure 2.120, has two LEDs, one yellow
and one red, and is used to determine why a heater is not firing. The yellow
LED indicates there is insufficient flow, i.e. the differential pressure reed switch
is not satisfied. The red LED indicates the outlet temperature has exceeded the
thermostat set point. If neither LED is lit then both of these sensors are satisfied
and the problem is elsewhere.

Temperature and flow safeties tied into the computer control system consist
of a temperature sensor and turbine flow meter on the heater outlet.

The temperature sensor supplies feedback to the computer control system and
also reads out to the display in front of the heater. An upper temperature limit is
set in the computer control system and the control system will automatically
shut down the heater if this is exceeded. If this happens, the DCC operator must
restart the heater in the software, it will not restart on its own.

The turbine flow meter is located on the heater outlet manifold, as shown in
Figure 2.120, and also provides feedback to the control system (there is no
visual readout at the heater for this sensor). A lower flow limit is set in the
computer control system and the control system will automatically shut down
the heater if flow drops below this limit. If this happens, the DCC operator must
restart the heater in the software, it will not restart on its own. Note that the
turbine flow meter requires a straight length of pipe 10x the ID in length
upstream and 5x the ID in length downstream to ensure accurate measurement.
Stainless pipe is used because it provides a better medium for clamp-on
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ultrasonic flow meters that are sometimes paired with a turbine meter for
calibration.

The temperature sensor and turbine flow meter communicate their data over the
network via DGHs. See the software section for more information on network
and DGHs.

The turbine flow meter is susceptible to buildup of iron deposits and foreign
particles like Teflon pipe tape and metal shavings. A Y-strainer, shown in
Figure 2.120, is located just upstream of each turbine flow meter to protect it
from these things. Recommended size for the screen is 60 mesh. Methods on
flushing and cleaning the Y-strainer are discussed below.

Important: It is important to note that the pairing of working temperature and flow
sensors is essential to safe heater operating and proper feedback. Output
temperature is the primary measure, but since the temperature sensors are
located outside the heater on the outlet manifold, positive flow is required
to assure the heated water is transported past the temperature sensors.
Therefore, a reliable temperature sensor must be paired with a working
flow sensor.

The following list summarizes the temperature and flow safeties:

» 5 Safeties
* 3 (redundant) temperature safeties
* 3 (redundant) flow safeties
» Temperature safeties
Thermostat (local to heater logic)

Temp sensor reading to local display and computer (software can only
control heater via this sensor in Computer Control Mode, switch position
|l2")

Temperature switch (local to heater logic)
* Flow safeties
Differential pressure switch (local to heater logic)

Turbine flow meter reading to computer (software can only control heater
via this sensor in Computer Control Mode, switch position "2")

Note: Satisfied flow safeties assure the temperature safeties are accurate. Both
flow AND temperature are needed!

2-144 EHWD Technical and Operations Manual



The burner unit has its own Honeywell control box, as shown in Figure
2.122. This control box interfaces with a temperature switch and flame eye for
feedback, and controls the motor for the blower and fuel pump, fuel solenoid,
and ignition coil. If the output temperature exceeds the setting of the
temperature switch, or if the flame eye does not see flame while the controller is
calling for flame (after a delay), the Honeywell will trip into a disable state. In
this state, the blower and fuel pump continue to run, but the fuel solenoid closes
and ignition spark stops. The red reset button will pop out, and the controller
can be reset by holding in the red button for approximately 2 seconds.

Figure 2.122 Model 75 burner unit and Honeywell controller

The burner unit also has a fire safety valve on the fuel inlet line that closes in
the event of a fire, and a pressure gauge reading fuel pressure. More
information on the burner unit is available in the video sequence below, in the
Appendix E which is a copy of the Beckett burner field manual.

Click on the video link below to play a video giving an overview of the “Model
75” heater operation, the burner system and the safety features of the heater.

Heaters, full film.mp4
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The wiring diagram for heater controls and safeties is shown in Figure 2.123.
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Figure 2.123 Heater control wiring diagram
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2.5.3 Heater operations

Balancing heaters:

Water flow through a heater is controlled by the inlet throttling valve. All
main heaters in the MHPs are plumbed in parallel, so adjusting flow of one
heater affects all others. Flow adjustments are made to tweak output
temperature, and should be made in small increments. Adjustments should first
be made to lower output temperatures of heaters running hot (by increasing
flow). This also robs flow from other heaters, and cool heaters will heat up.
Additionally, opening throttle valves reduces backpressure and therefore can
help lower overall system operating pressures. For this same reason, before
starting a new hole all throttle valves should be completely opened.

PDAs have been set up so heater technicians can take them with them and be
provided with real-time temperature and flow data from the DCC. These
greatly facilitate heater flow and temperature adjustments.

When making temperature adjustments, recall that total thermal output
provided to the drill depends on both temperature and flow. At times, operators
can get hung up on output temperature alone, and throttle heaters down to
achieve the desired average temperature of 88°C, but at the same time increase
system pressure enough to begin activating torque limits at the pumps. Torque
limiting results in a drop in flow, and the overall outcome of this method is less
thermal energy despite attaining desirable temperatures.

Condensate:

Condensate is generated at surprising rates and must be managed.
Occasionally, soot that collects within the condensate plugs up the fittings at the
drain on the heater. The drain on a Model75 is plumbed with a cross fitting,
shown to the left in Figure 2.124, so that a small screwdriver can be pushed in
(either towards the heater or down into the drain tube) to unclog any buildup.
The rest of the condensate collection system should also be periodically
checked for clogging.

There is a triangular condensate collection tank, shown to the right in Figure
2.124, in each building that contains Model75 heaters. The condensate drains
from each heater into the tank. Inside the tank is a submersible pump and float
switch, and when the float reaches its set point the pump kicks on and sends the
condensate to the PHS building where the condensate collection, filtering, and
reinjection system is located (see PHS subsystem description).
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Caution:

Figure 2.124 Condensate drain cross fitting and drain tubing on model 75 (left) and
condensate tank with submersible pump (right). The blue hose entering the
condensate tank comes from the Y-strainer manifold.

Condensate is extremely corrosive, so any replumbing jobs should utilize
stainless or brass plumbing. Galvanized pipe does not cut it.

Y-strainer flushing:

The advantage of Y-strainers is the ability to purge them of collected debris
while still in operation. Each Y-strainer in the EHWD system has purge port,
valve, and hose leading to a centralized manifold, shown in . From here the
purged water/debris travels to the building's condensate collection tank and is
expelled through a large diameter hose/fitting. During operation, purged water
is under high pressure and is hot (1000 psi, 88°C) and can cause severe burns if
not handled properly. The hard-plumbed design of the Y-strainer purging
system eliminates the risk of coming into contact with any hot water jets. The
large diameter expelling at the condensate tank acts to diffuse the pressure and
any resulting high velocity jets.
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Figure 2.125 Y-strainer centralised manifold on ceiling of MHP building

When purging, the valve should be opened for duration on the order of 20
seconds to assure the screens are thoroughly rinsed and any debris is pushed
into the larger sized plumbing. If the small plumbing lines are not cleared they
clog easily and the ability to purge is lost. A proper purge will affect measured
heater temperature and flow, and will likely cause the heater to be shut down on
a low flow condition (since the turbine flow meter is located downstream of
where flow is being bled off during a purge). A quick call to the DCC to restart
the heater will have it running again. System pressure dips will also be
observed during a purging process.

Purging during drilling is only needed when online heaters become clogged
enough to affect performance. This is indicated by a hot-running heater (flow
too low) even though the throttle valve may be completely open. Purging and
screen cleaning occurs often early in the drilling season when debris that has
collected during storage is being flushed out of the system. After a couple
holes, a purge cycle or two on each y-strainer between holes is typically
sufficient to keep things clear during drilling.

To achieve a more thorough cleaning, the screen should be removed and
cleaned by hand, as shown in Figure 2.126. To do this, make sure water flow is
shut off and there is no stored pressure, unhook the purge hose, and unthread the
y-strainer cap. The screen can then be removed and cleaned, or replaced with a
new one. When reinstalling the screen, a new compression sealing ring should
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be used (seals between cap and y-strainer housing), and the threads should be
redressed with anti-seize to prevent stainless-stainless galling. Do not over-
tighten the cap.

Figure 2.126 Removing Y-strainer cap to manually clean screen

Click on the video link below to see a video description of the Y-strainer
system.

Model 75 strainers.mp4

Intake Fans:

Each heater has a dedicated building make-up air intake fan. These fans are
mounted in foam cutouts that fit into the windows of the building. Each fan
plugs into a circuit that is controlled in parallel with its respective heater, so
both turn on/off at the same time. There is also a fan for furnace make-up air
and an overtemp fan that turns on if building temperature becomes too high, as
dictated by a separate thermostat.

On the outside, the intake air for a window's worth of fans is routed through
ducting, as shown in Figure 2.127, with its opening near the ground. This limits
the amount of exhaust being sucked in from adjacent buildings upwind. After
windy days, drifts can form around the intakes of the ductwork and must be
cleared.

There is also a passive building pressure damper in each building. In the case
of the MHPs, these are mounted in the electrical closet wall, and so the pocket
doors of the MHP electrical closets should remain open.
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The fans in conjunction with the pressure dampers equalize the inside
building pressure with ambient. If the building goes into vacuum, cold air from
outside is drawn in through heaters that are not running and freeze the water in
their coils. Additionally, immediately after shutting down a heater, the hot
combustion gases can be drawn back into the building through the burner unit,
melting the plastic shaft coupling between the motor and fuel pump.

7~
e i B

Figure 2.127 Intake fan ducting, with snow sufficiently cleared around bottom opening

Maintenance, Troubleshooting, and Tuning

For information on heater maintenance, troubleshooting, and tuning please
see Appendix E.

2.5.4 Stinger Heater

Another type of heater in the EHWD system is the Stinger heater. This is a
smaller heater capable of approximately 50 kW of heating capacity. Like the
Model75, it is constructed for high pressure operation and utilizes Becket oil-
fired burner units. Unlike the Model75, there is no combustion liner or
condensing heat exchanger, and it is oriented horizontally. There are 9 of these
in operation in the RWS building as shown in Figure 2.128, where less heat
output but finer temperature control is desired.
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Figure 2.128 Stinger heaters inside RWS building

Much of the controls and safeties are identical to a Model75, with the
exception of flow indication. The Stinger heaters do not use a turbine flow
meter, but instead take advantage of the second reed switch internal to the
differential pressure sensor. The differential pressure sensor reads the
differential pressure over the entire heater coil and has a smaller range than the
sensors used on the Model75s (0-15 psid). One reed switch is hooked up locally
to the heater logic, like with the Model75, and the second reed switch is hooked
into the control system. On the screen in the DCC, either a LOW or FULL flow
state is indicated, as dictated by the differential pressure switch set point. The
control system will not allow the heater to fire when flow is LOW, and will
allow it to fire when FULL. Both switch set points should correspond to a flow
no lower than 2 gpm.

The Stinger heaters in the RWS are also equipped with an on/off solenoid on
the water intake, controlled from the DCC. Note that these valves fail in the
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Note:

OPEN position. Leading cause of malfunction is small pieces of debris that
clogs the pilot ports internal to the valve.

Some condensate is produced in the Stinger heaters when starting up, and there
is a small drain hole in each shell from which condensate drips are expected.
Also, Stinger heaters are less efficient (~70%) resulting in hot exhaust
temperatures. Additional caution should be used when working around the
Stinger exhaust stacks, and insulated stacks need to be in place (to adhere to
Code for passing stack through ceiling).

2.5.5 Sioux Heater

The Sioux Heater, shown in Figure 2.129, was developed as a prototype
replacement for the Model75. It is of a very different construction internally,
with a large and open combustion region and a 3-pass gas flow path. The goal
was to fit a heater that has 1.5x the output of a Model75 into the same footprint
and at comparable fuel efficiency. The end result was a heater that could attain
greater outputs but at relatively poor efficiency.
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Figure 2.129 Sioux heater in PHS and schematic profile of heater internal makeup
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The combustion is not contained and controlled like with the Model75. The
combustion region is bigger and more open, allowing for larger flames and
increased burn rates (leading to higher heating output), but heat is quickly
radiated to the upper section of coil rather than being reflected back, so
complete and clean combustion requires more combustion air and combustion
temperatures are lower.

Furthermore, the gas path leads to heat transfer characteristics that are
fundamentally different than the Model75, and less efficient at high altitudes
like the South Pole. Looking at the Model75, the gas path is very tortuous, as it
is pushed through a tight array of coil. With the Sioux heater, however, the
combustion gases travel up the center of the heater, then down between the
inner and outer coils, then finally up on the outside of the outer coil and through
the stack. Compared to the Model75, this flow path is very non-tortuous.

At higher altitudes, more volumetric flow of air is required to assure good
fuel/air mixtures and proper tuning. This results in higher gas velocities through
the heater. Greater turbulence improves gas-to-surface heat transfer, and so the
Model75 benefits from more air flow at altitude due to it tortuous gas path. In
contrast, heat transfer in the Sioux heater would benefit from longer contact
time between the gas and the coil, so at altitude and greater required air flow
rates efficiency is hindered.

However, the Sioux heater does run dependably, and serves as a good backup
heater. In 2010 it was installed in the PHS, retrofitted with the standard
Model75 Beckett burner unit, and tuned to match the output of a Model75.

Like with the Stinger heaters, the Sioux heater is less efficient and requires
the use of an insulated exhaust stack.

Caution: Care should be used when working around the stack and/or hot exhaust
gases.
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2.6 Drill Head

2.6.1 Introduction:

EHWD Refurbished Amanda
Drill Head: Watson Nav Pack
I¥T Heading Test Fixture:

61042004

Figure 2.130 Drill head on test stand for testing and calibration

The drill head, shown on a test bed in Figure 2.130 above, consists of an
electronics package sitting in a milled out steel housing. A hole drilled through
the housing, as shown in Figure 2.131, allows water to flow through it. The
housing sits inside a presure rated tube with sealed end caps at either end to
provide a pressurised housing for the electronics package. One end of the
pressure housing connects to the drill hose and support and communications
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cable via the drill head hanger, while the other end attaches to the weight stack
via a drill head to weight stack adaptor. The drill head body incorporates caliper
arms to provide borehole diameter information.Drill Head Mechanical Design.

& = Water flow h
‘?2 . _-‘-i @ pat _--:fi-}

Figure 2.131 Drill head electronics housing showing water flow path through housing

The drill head provides the following mechanical and electrical functions:
Mechanically;

» The Drill Head and Weight Stack provide self centering in the drill hole and,
with the aid of the drill head hanger, allows the weight stack to hang
vertically to provide a vertical hole (within 2m of vertical from top of hole to
bottom of hole).

* The drill head is a Conduit for Hot Water Flow by allowing hot water to enter
the Drill Head from the hose coupled to top of drill head, which then flows
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through the drill head to the weight stack adaptor and through the weight
stack to the nozzle.

* The calipers, combined with the Magnetostrictive Linear Displacement
Transducers (MLDT’s) provide an electromechanical technique for
measuring Drill Hole Diameter.

Electrically;

* The drill head allows the drill hole to be logged via a navigation package
which measures:

X and Y tilt with respect to vertical

X ,Y and Z components of the earths magnetic field, thereby providing
drill head heading and therefore direction of tilt.

* The drill head provides drilling performance parameters such as:
Drill hole water and hose water temperatures via thermistors.
Drill hole water pressure via pressure sensors
The weight on the support cable via a load cell at the top of the drill head.
Drill hole diameter via the calipers and MLDT.
Acceleration via accelerometers in the drill head
* The drill head provides drill head operation parameters such as;
Power supply board DC to DC converter heat sink temperature.
Drill head cavity air pressure sensor.
End cap “T seal” pressure sensor to detect the start of pressure seal leaks.

Input voltage and DC to DC converter output voltage sensors.

Drill Heads History

Two Drill Heads were built for PICO-Nebraska in 1995 for the Amanda
Project. These were used succesfully in FY96, FY97 and FY98 and again in
FYO0O0 after refurbishment. One refurbished drill head was lost in FY00 and one
remains.

The remaining drill head has been refurbished and modified twice (in 2004
and 2005) for use in ICECUBE Project.

Two new EHWD drill heads were constructed for the ICECUBE Project
(designated drill heads “X” and “Y”’). These new EHWD drill heads are
improved versions of the Amanda drill heads.
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2.6.2 Drill Head Mechanical Design
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Figure 2.132 Drill head hanger block section
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77 | 6 | SHSETSS |3/8-16 NC x 3/4 LONG 57 | 16 | AFHCAPSS |1/4-20 NC x 1 1/2 LONG
76 | 8 | SHCAPSS [5/16-18 NC x 1" LONG 56 | 1 |1B=8 ST SIL|I/2-20 NF x 1 1/4 LG THD ROD
75 | 2 | SHSETSS |3/8-24 NF x 5/8 LONG 55 | 1 | SHCAPSS |1/2-20 NF x 1" LONG
74 | 1 | 5377EXXX_|EHWD NOZZLE END ASSEMBLY 54 |1 pr| 5377C112 |UNION PLATE
75 | 1 | 53778129 |PRESSURE TRANSDUCER PLUG 535 | 1 | 53770101 |LOWER MODULE — REV. A
72 | 1 |PAROSCIENT.| #9000-6K—101 PRESSURE SENSOR 50 | 1 | 53778022 [TRANSDUCER WELL CAP—TYPE |
717 2 | INVENSYS' [#13C5000PA4K PRESSURE SENSOR 51| 1 | 5377A034 |THERMISTER SLEEVE
70 | 2 | "McMASTER [SIZE —166 BUNA-N O-RING 50 | 1 | 'MPULSE' |MKS(W)—307-CCP TO MKS(W)—
69 | 2 | McMASTER [SIZE —363 BUNA-N D-RING 307-CCP x 28" LONG CABLE
68 | 1 | 5377C135 |TOP CAP PLATE 49 | 1 | 55870343 |HOSE CONNECTION
67 | 1 | 5377C116 |CLEVIS PIN 48 | 2 | SHCAPSS [8-32 NC x 1" LONG
66 | 3 | ST STL |1/2-13 NC HEX LOCK NUT 47 | 14 | SHCAPSS [8-32 NC x 1/2 LONG
65 | 3 | SHCAPSS |1/2-13 NC x 5" LONG 46 | 1 | 5377A024 |THERMISTER SLEEVE CLAMP
64 | 6 | SHCAPSS |1/2-13 NC x 2" LONG 45 | 4 | MPULSE" |MKS(W)-307-BCR CONNECTOR
63 | 1 | 5377130 |LOWER CAP PLATE 44 | 6 | SHCAPSS |5/16-18 NC x 2° LONG
62 | 2 | SHCAPSS |1/4-20 NC x 3/4 LONG 43 | 6 | PARKER [SIZE —029 BUNA-N O-RING
61| 1 | 53770064 |CABLE RETAINING PLATE 42 | 6 | SHCAPSS |5/16-18 NC x 2 3/4 LONG
60 | 1 | 5377C113 |LONG UNION BLOCK 47| 2 | 53770018 |TYPE Il — SPRING MOUNT RING
59 | 1 | AEROQUIP |#2045-24-24 SWIVEL ADAPTER 40 | 2 | 53778017 |WLDT MAGNET SLEEVE
58 | 1 | 5377C010 |MECHANICAL CALIPER HUB 30 | 1 | 5377D134 |MECHANICAL CALIPER GUIDE
38 | 1 | McMASTER | £92384A076 03/8x2°P0S. LK PIN
37 | 2 | PARKER’ |TP015 'T—SFAL
36 2 5377B016 |MLDT ADAPTER
| [oMG [ LSG [1s|REVISED & REDRAWN 2005-06 REFURB. |o> | 2 | MTS  MIDT = 8 RANGE — 10 K3
T Towo L6l [REVISED & REDRAN 34 | 1] 5377€111 |INSTRUMENT/NAV PKG MOUNT
G |OMG| A |- CHANGED SHRINK WRAP 53 | 1| 5977C015 HOUSING
- [oal ok w00 V" SHRIK WP iz [ 7 | PG 1o TS
E |GMG| JA |5 CHANGED SUPPORT CABLE DETAIL 30176 Tocrey 303 5| 75422 924975225 DOWEL P
D |OMG|LSG |15 REVISED & REDRAWN 20 TTor | AB10APss [o32 16 172 LG
C |GMG| JH [3%] SUPPORT CABLE& TEFLON HOSE UPDATED
28 | 16 | 5377A014 |SPRING MOUNT
B |GMG| JH |-ts| DRILL SUPPORT CABLE DETAILS ADDED T8 Tarmoess 1571675 o T 7200
A |GUGT LG s REVISED & REDRAIN 26 | 1 | 5377C012 [TYPE Il — SPRING MOUNT RING
25 | 1 | 5377C011 |TYPE | — SPRING MOUNT RING
24 | 1 | "MPULSE' |MSSL-CCP MSSL—BCR CONNECTOR
23 | 6 | SHCAPSS |5/16-18 NC x 5 LONG
20 | 1 | 5377C136 |ADAPTER RING
21| 2 | 53770135 |BUMPER RING — REV. A
20 | 6 | SHCAPSS |5/16-18 NC x 3 LONG
19 | 1 | 5577C131 |HOT WATER TUBE
18 | 1 | IMPULSE |MKS(W)-307-CCP TO MKS(W)—
307-CCP x 40" LONG CABLE
17 | 1 | 53770125 |UPPER MODULE — REV. C
16 | 6 |'SPRAY SYS'|WIDE ANGLE 1/8 NPT SPRAY NOZ
15 | 2 | McMASTER' [#90298A712 1/2x1” SHLDR SCR
14 | 4 | 55772035 |PIN
13 | 1 |TRANS TECH|TLL-3K LOAD CELL
12 | 1 | 53770005 |LOADPIN HOUSING
11| 3 | 'PARKER" |TP026 'T'-SEAL
10 | 1 | 53778004 |PLUG
9 | 2 | McMASTER [£98401A493 95/32 COTIER PIN
8 | 6 | SHCAPSS |5/16-18 NC x 1 1/4 LONG
7 | 1 | 53778003 |BRACKET — REV. A
6 | 2 | 53774006 |PIN
5 | 2 | SHSETSS [3/8-24 NF x 1 1/4 LONG
4 | 4 | SHSETSS [1/4-20 x3/8 LONG w/BRASS TP
3| 1 | 5377c002 |YoKE
2 1 5377A114 |HANGER BAR
1| 1 |'MCMASTER' | #54685K215 TEFLON HOSE x 36

Figure 2.134 Drill head mechanical parts description and list
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Figure 2.132 above shows the drill head hanger bloack section, while Figure
2.133 is a schematic of the drill head main body section and Figure 2.134 is a
list of drill head parts referenced by the numbers in Figure 2.132 and Figure
2.133.

The drill head hanger block section interfaces the main drill hose, the drill
cable load bearing member and electrical connections to the drill ehad main
body. The drill head hanger block also allows the drill head and weight stack to
hang vertically in the hoel and is designed such that tension on the hose will not
change teh drill attitude in the hole.

The drill head main body section contains the drill head electronics and
sensors, the calipers for measuring borehole diameter and provides a conduit for
the water to flow from the drill hose to the weight stack and out to the nozzle.
Drill Head mechanical Specifications:

Pressure drops at 200 gpm
Pressure drop through transitional hose, drill head, weights and nozzle is
15 psi+ 10 psi + 15 psi + 50 psi =90 psi (621 kPa)
Drill Head Weight
Weight of drill head without weight stack is ~ 500 1b (227 kg)
Weight stack, adapter, and nozzle weight ~ 1250 1b (567 kg)
Total weight of drill is 1750 1b. (795 kg)
Total weight of drill in water is 1150 Ib (522 kg)
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2.6.3 Dril Head Electrical Design

2.6.3.1 Drill Heads block diagram and sensor list
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Figure 2.135 New Drill Head X and Y block diagram
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Figure 2.135 above is a block diagram of the new X and Y drill heads. The
refurbished drill head was modified to have similar functionality and
specifications as the new drill heads. The sensors included in each drill head are
listed in Figure 2.136 below while Figure 2.137 lists the sensor manufacturer,
sensor type and power and outputm information.

PICO/AMAND A Drill, Refurbished
Amanda Drill, and EHWD Sensors

Sensor AMANDA Refurbished | Refurbished | EHWD Notes
(2004) (2005)

Load Cell v 4 v v Analog Output
Drill Hole Water Temperature Sensor v 4 v v Analog Output
Hose Water Temperature Sensor v v v v Analog Output
Drill Hole Water Pressure Sensor v v v v AMANDA: Analog

EHWD and

Refurbished: Digital
Hose Water Pressure Sensor v — v — Analog Output
Heat Sink Temperature Sensor v v v 4 Analog Output
Regulator Input Voltage v v v v Analog Output
Regulator Output Voltage v v v v Analog Output
Watson Navigation Pack v v v v Digital Output

(RS232)
Drill Hole Diameter Sensor (MLDT #1) v v v v Analog Output
Drill Hole Diameter Sensor (MLDT #2) — — — 4 Analog Output
Cavity Air Pressure Sensor — v v v Analog Output
T Seal Pressure Sensor#1 — 4 v v Analog Output
T Seal Pressure Sensor#2 — v v v Analog Output
Accelerometer #1 — — v — Analog Output
Accelerometer #2 — — v — Analog Output

Number of Analog and Digital Sensors for

each drill:

1. The AMANDA drill had 9 sensors
with analog and 1 with digital outputs

2. The Refurbished AMANDA Drill in
2004 had 10 sensors with analog
outputs and two with digital outputs.

3. The EHWD has 11 sensors with
analog outputs and two with digital
outputs.

Other Issues:

1. The Z World controller card is same as
used for Amanda.

2. The BL1700 has 10 analog inputs —
not enough for the EWHD. A
multiplexer was added to the ICB to
expand the number of analog inputs
that can be read. For the 2005
Refurbished Amanda Drill Head a
daughter board with another
multiplexer was added to
accommodate the three additional
sensors and provide some extra
channels for future expansion

Figure 2.136 Drill head sensor list and Amanda refurbished head history. The “EHWD”
colum refers to the new “X”” and “Y” drill heads.

The difference between the new drill heads and the refurbished drill head is
that the new drill heads have a second (redundant) Magnetic Linear
Displacement Transducer (MLDT) while the refurbished drill head had
accelerometers fitted in 2005.
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ICECUBE EHWD Sensors

Sensor Mfg Part Number Notes

Load Cell Transducer Techniques TLL-3K 1. Analog Output: 2mv/V of excitation
(power supply) at tated output

Max Load (Rated Output) = 3000 Ibs
Power Supply: 10 Volts or less

Drill Hole Water Temperature Sensor Omega 4018 Analog Output

Dual Thermistor: 0-100°C

Linear Output when used with
recommended external resistor network

4. 2.5 Volt Reference used as Supply

ot il Bl ol

Hose Water Temperature Sensor Omega 4018 Same as Drill Hole Water Temp Sensor

Heat Sink Temperature Sensor Omega M0 Same as Drill Hole Water Temp Sensor
Regulator Input Voltage - - Analog Output
Resistive Divider

Regulator Output Voltage Analog Output

Resistive Divider

Drill Hole Diameter Sensor (MLDT #1) MTS Tempsonics LHTRBO0U00S01AO Analog Output - 4-20 ma output
8.1 inch maximum displacement

Power Supply = 24 VDC

B il E Sl F S

Drill Hole Diameter Sensor (MLDT #2) MTS Tempsonics LHTRBO0U00S01AO Same as MLDT#1

Cavity Air Pressure Sensor Omega PXI139-030A4V Analog Output: 0.25 Volts to 4.25 Volts
0-30psia
Power Supply =5 VDC

T Seal Pressure Sensor #1 Tnvensys (Sensym) 13C5000PA4K Analog Output: 0 to 150 mv full scale
05000 psia

Power Supply =10 Volts

e Bl

T Seal Pressure Sensor # Tnvensys (Sensym) 13C5000PA4K Same as T Seal Pressure Sensor #1

Drill Hole Water Pressure Sensor Paroscientific 9000-6K-101 1. Digital Output (RS232)
Power Supply = 6.4 Volts

A
Watson Navigation Pack Watson Industties Watson Nav Pack (Special) 1. Digital Output (R$232)
2. Two Axis Tilt, Three Axis Magnetic
Field; Heading
3. Power Supply = 4 VDC

Acceletometer #1 Honeywell Sensotek MA32 1. 20 DC to 250 Hz; 10-30V; 4-20ma out

Accelerometet #2 Kistlet 830542 1. 12gDCto 230 Hz; -16V; 1510 35V
output

Hose Water Pressute Sensor Entran EPXM-X33-5KP 1. 0-5000 PSI; 4-32V; 5 VESO

Figure 2.137 Drill head sensor manufacturer and specifications

2.6.3.2 Drill head block wiring diagram

The folowing section details the block wiring diagram for the 3 drill heads,
Drill head “X”, “Y”” and the Amanda refurbished drill head.

As can be seen from the diagrams in Figure 2.138 to Figure 2.147, drill heads
“X” and “Y” are functionally identical but have some minor wiring differences,
while the refurbished drill head does not include a second MLDT, but includes
accelerometers via a daughter board added in 2005.
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Drill Head “X”
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Figure 2.138 Drill head “X” cavity component and block wiring diagram
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Figure 2.139 Drill head “X” cavity upper half wiring
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Figure 2.140 Drill head “X” cavity lower half wiring diagram
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Drill head “Y”
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Figure 2.141 Drill head “Y” cavity component and block wiring diagram
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Figure 2.142 Drill head “Y” cavity upper half wiring diagram

2-169

iption

EHWD Technical Descr

Chapter 2



ISd M

¢0949.8S9 war 9002/6+/90
onoma g wvaa ERY
(0022-1.8-809) NISNODSIM 40 ALISHIAINN ﬂ._ Sd N +3SN3Sd 21vasL +1euBiS Z1vaSL +2SL1 w126
AHOLVIOEVT SHONIIOS TVIISAHd @u ESERAES TeUBIS Z1VaSL ST B
VEX
ST OF Tomo i
STVH ¥3MOT — ALIAVO QV3H TG N d evast oan ok o e
an: e
u0seas /002/9002 ~ A PAH IIN MaN - GMHI -~ SOINONLOT T AV3H TIINa o PUNOID 9Mod Z1V3SL ano e
auwe eubig [BqeT8IM 20100 B
poy Aver
oelg aNo
ped AvT+
xoeig ane
2 e e
X
¢ PTS oeig o X
S f6x]
. =]
1am =75) L A+
! s YWz LA I 100081 oweN feubls
Uss
\ =) T 7 Nw
BT oH [0 .
THH LbH
QN sisseud 002178 J81101U0D PUOMZ 9TUH \v umoig 9
¥ -2hH [
Nﬂ anig ' HOB-L08-(MSHN
OND Z62-SY 6 -ZHH [ Yoeig g
€ Yoelg K 1 LNX Zez-SH € TH .~ . vog  Boig
iam v o siir T T AOMZEZ-SY S TH [ ) 5
+YWwoz-y LA r
S 9-GIH )
poy
! po PG
10100 oM ANO 2ET'sY 6 -5IH e aN zez-suupsoreg L2
1S. UsaI9 T TIVASL +HSNHSd I'TVASL vl aapeeersn £ Pod NNOM ZECSY QUNEIos0.ed =
¥ FTPUSIS PIVASL +ASNASd TTVAS
a T . AOMZEZ-SY S -GHH ST Iy 2525y ouepsorg 12X
v TSI SUM eSS TIvasL  -asNasd rivasr | £ NIDG-LP o o fezx]
BVE i
3IM0d TTVASL OaA 01+ -
| vasL a 0GR pew o ano-ir =) oo X
) aND Yoeg IO IS TIVASL aNo 9Pl
JequinN  [9GET B 10100 B aweN [eubis FR I
uid [easL
L1 i zszs S T T
— pieog abpug R oy LINX 2625 UoSIEM
v Yoelg o s 0
LoELH
[=5) +587-S4 002178
6-EIH  OL-ELH 11X
pieog UM - 5854 002178
uoppUO: X
_am_ o SN N S8v-S¥ 002118 ]
aND sisseyn NIA usa1n (Agp~) ul Jojeinbay
10000 B suweN feubis
PRHE PP VISH Usel9 () 11~V dwa L uisieaH
prHs am aISH QM (pox) 2L~ Gwa L YusieaH
O CVImHG B e iivawLeeme 0L vimHa oro e Gas) punois dWeLNISER
- s 61
u%mmﬂ GnEG TR (Pow) 21- 8 ows Lomom aom 10 9.1MHa 1000 8 (10100 a1 oweN feubis
€ Vinm ETTTY o) 1L~ duweL oren 0501 Lo Y LMH Jo)siuey )
Jequey) [ ATy i ziadusLmemeon o 81MH Lo Yoerg (peig) _ —4omod 1190 peoT
4 g-ir  ONO LMHG zr ane
SIAHA (uso10) _punor9 cusL sreh o dansr poy aum  +Jomod (180 peot
L - S0 OND LMH eeir
DINH (ueeip)  punoip dws seien 3soH 01 abueig UM + [euBlS 190 Peo
JBQUINN Ul joqe aip 0[O0 BIIM (100D B eweN [eubis v ) [TR5) omum —Jeubis 118D peot
08U Josiuay L)
|eqeeNM oD BNM (100D aup 19D peOT)  ueN eubig

6190S00TA_ BUHIA[BUI2I]_APESH]IUAMIN UOSES £00Z-900T PE2]

A QHMI 810301

INd LT65:T 900 ‘61 2ung ‘Kepuojy

Figure 2.143 Drill head “Y” cavity lower half wiring diagram
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Refurbished drill head
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Figure 2.144 Refurbished drill head cavity component and block wiring diagram
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Figure 2.146 Refurbished drill head cavity lower half wiring diagram
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Figure 2.147 Refurbished drill head cavity lower half daughter board
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2.6.3.3 Drill head boards and sensors description

The drill head electronics consists of a combination of complete off the shelf
computer board and sensor modules as well as in house built circuit boards to
provide power and signal conditioning to the various sensors and to interface
these sensors to the computer board.

2.6.3.3.1 BL1700 Controller board

The heart of the system is a Z-World BL1700 C-programmable controller
board. A block diagram of this board is shown in Figure 2.148.

2543 Analog Inputs

RS-232(Ch0)
RS-232 or RS-485 (Ch 1) Z180 % ANBY
— 8
RS-232 or RS-485 (Ch A) SCe Watchdog ADC AIN[O-7]
RS-232 or RS-485 (Ch B) ||| Supervisor
ADREF

‘ Flash
@ EPS?)M Ref.
25V
RAM
Battery PLCBus

1 RTC

CM7200
+5V-000- GND [ “
|
Bank A % | Q L% HVA[00-15]
g 6 ) v
HVA[00-19] B Input or output Y
—VF but not both K
2803 Sinking Driver standard
2985 Sourcing Driver optional
Digital Inputs Digital Outputs TTL or CMOS output optional
+5\/-000- GND ; ”””” “
Bank B % | V L* HVB[00-15]
g 6 ) 7
HVB[00-15] hi Input or output Y
;; but not both K

Figure 2.148 BL1700 computer board block diagram

The BL1700 is a controller with modular digital and analog I/O that allows
for easy custom modification. The board is programmed using Dynamic C, Z-
world’s version of the C programming language designed for embedded control.

As shown in Figure 2.148, the BL1700 is comprised of several subsystems,
including a microprocessor core module, four serial communications channels,
up to 32 protected digital inputs, up to 32 high voltage and high current digital
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outputs, eight conditioned analog inputs, two unconditioned analog inputs and a

PLCBus expansion port.

BL1700 analog input circuit

Analog signals from various sensors are fed to the BL1700 conditioned analog
inputs. The conditioned analog circuit equivalent is shown in Figure 2.149.

Vs

Rin Rar
Vin

Vs

Rou
Vr

A

Va

Vo

LMG660 )

Figure 2.149 B11700 Analog input buffer amplifier with non zero source impedance and

source bias

A general ananlysis of this circuit with no source bias (Rs =) and zero source

resistance (Rin = 0) yields the following:
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Inverting Branch Analysis

VO'VA - VA'V]N

RFL RGL
Vo _ (1+ ae ]VA Vi
RFL RFL RGL RGL
Vo= (HRH] Ray,
l{GL RGL
LetG, =Rm
RGL

Vo= (1 +Gp )VA -G Vix

Non inverting branch analysis

VR'VA _ VA
R Gy R
Ve _ ( Lo, 1 JVA
R Gy R R Gy
Vi _ (RFHJ’-RGH JV
A
R Gy R Ry
V. = R Ry JVR
A
R + Ry R 6u
R
V.= = JVR
Ry + Ry
R
Vi = R an Vi
1+RFH
R Gy
Let GH:RFH
R Gy

VA: G—H VR
1+ Gy

Vo = (1+GL )VA_GLVIN
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Combined analysis:

VA:(IGH jVR
+ Gy

Vo = (1+GL )VA -G Vi

1+G .
Vo = [1+G; JGHVR -G,V Equation 1

If G, = G, Then

Vo = G(VR _VIN)

fVy =0 V=GV, =V,..
If Vg = Vi Vo=0=Vg,,

Gain Selection based on Input Voltage and Output Voltage Ranges:
For the case of no source bias (Ry= o) and zero source resistance (Rin=0):

Determination of the Gains (G, and Gp) is based on equation 1 above and
knowledge of the input and output voltage ranges. For the analysis below, the
input range is restricted to unipolar inputs with the minimum Vin = 0 volts.

First determine the value of Gy :

1+ Gy
Let the range of Viy be: Vi £ Vin € Vinwax Where Vigun = 0
Let the range of Vybe: V, < V< V,
Because the amplifier is an inverting amplifier, V,; will occur when V,, =0
Casel: Viy= Vpunw =0
v, = (1+GL ]GHVR o Vou _ (1+GL JGH

1+ Gy Vi 1+ Gy

Case 2: Vi = Viax

1+G
Vo = { 2 jGHVR -G Vi

Vo, = (H_ G, jGHVR —G,Vpuax  then substituti ng \\lfﬂz (HGL JGH

1+Gy R 1+ Gy
V,
Voo = VO = Vi =G Vimuax = Vou = G Vinwax
R
G, = Vo = Vor Equation 2
Vinmax
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Next use Gy to determine the value of Gy:

From above : G, = NVou = Vo and V, = L&JGHVR
V]NMAX 1 + G H
Substituti ng for G| :
1+ VOH - VOL
V — VINMAX G V
OH 1+ G " H R
(4G, ) Yo - (1+VOH Vo ]GH
VR INMAX
VOH — [1+ VOH 'VOL _VOH JG
H
VR VINMAX VR
1+ VOH 'VOL _ VOH
1 — V]NMAX VR — VR + VR (VOH 'VOL ]_1 Equation 3
GH Vi VOH VOH VINMAX
Ve
1 Vou . .
If Vx =Vgy and V, =0 then = —2—and the gain equations are :
G H VINMAX
Gy = Yowax g GL=V¢= ! Equations 4 and 5
VOH VINMAX GH

For the more general case of unipolar inputs with non zero minimum input (Vin
> ( volts):

1+G
Vo = (1+G; jGHVR -G Vi
Let the range of Vg be: Viyumw < Vn <V,

IN —

Let the range of Vo be: Vo < Vo< 'V,

o = H

INMAX

Because the amplifier is an inverting amplifier, V,; will occur when V=0
Casel: Vi = Viun

1+G V, 1+G
Vou = [1+ G: ]GHVR -G Vi = VL:-FGLVINMIN = (1+G: jGH
Case 2: Vi = Vinuax

_ [ 1+G,
1+ G,

oV 1+G
JGHVR —G_Vpuax  then substituti ng \;)R“ +G Viaun = [1+G; JGH

v

VOL = [VOH + GLVINMIN ]VR - GLVINMAX = VOH + GLVINMIN - GLVINMAX
R

G, = _Vou-Vor Equation 2g

VINMAX - VINMIN

Chapter 2: EHWD Technical Description 2-179



Analysis with source bias (R finite, Vs non zero) and non zero input
resistance (Ryy):

Non Inverting Branch Analysis:

VR - VA VA
R GH R FH

1 1
R_= [ + JVA
GH RFH RGH

A%
R
\Y R., +R
R _( FH GH JVA
R

GH ReuRgy
V — RFHRGH j VR
N =
RFH +RGH RGH
R
V, = ¢JVR
RFH +RGH
RFH
R
Vi, = IG{H Vi
1+ —fH
Ru
R
Let G, = —*
R

VA:[IGH JVR
+Gy

Inverting Branch Analysis:

vO'VA _ vA'VIN

RFL RGL
v, ( Lo, JVA—VIN
RFL 1{FL RGL GL
V, = [1+ Rp JV R v,
GL RGL
Let G, = R,
R

GL

Vo = (1+GL )VA -G, Vi
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VA _‘JB — _‘/s_+ VB "/m
RGL RS RIN
Va :VB +VB+VB_V5_VIN
RGL RGL RS RIN RS RIN
Vv Vv \% 1 1
A + s + IN — + + VB
RGL RS RIN RGL S RlN
VA + VS V[N
V RGL RS RIN
5 =
1 1 1
RGL RS RlN
Va % . IIn
R~y Rg R
Vi = GL Rs Ry
11
L L
RgL Rg Ryy
Vo=(1+Gp V-G Vg
Va %, N
R~y Re R
Vol vy - | R s T
L L
RgL Rg Ryy
RgL +RGL
Ry Ry | 1
Vo=Va +G V, -G V,-Gp_
GL RgL Rg Rg RiN Ry
1+ + I+——+ 1+ +
Ry Rpy RGL Ry RGL Rg
R +RGL
Re R G 1
Vy =1 Vi +G RS éN PV -Gy [%-GL
1+G 1+G
H LR6L , RoL (1+Gy LRs  Rs
Rg  Rpy RgL RN
R R R R
s s IN IN GL GL
Let Gg; = Gg; = Gy = Gig= Gig= Gy =
R RN Rgp Rg Rg RiN
G G, +G. . |GG G G
%_ H " LS TYLI LHV_ L %_ L WN
1+GH 1+GLS+GLI 1+GH 1+GS]_+GSl 1+GIL+GIS
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~ Gy Ry Ry | Gn 1 1
Vo—]+G VR +6L Rop Ry |1+G VR-Gp Ry Rg 5-G T ro iN
H 1+—GL  "GL H S S L IN BN
Rg Ry RGL Ry RoL Rg
R R R R R,
S S IN IN RgL GL
LetGSL_ GSI_ GIL_ GIS_ GLS_ GLI_
RGL RN RGL Rg Rg N
v - Gy v 4| GLs*Ou —IGLGHV GL GL
0= R J R- s” IN
1+GH 1+GLS+GLI 1+GH 1+GSL+GSI 1+GIL+GIS
R R R R,
S Rg IN IN GL RgL
Gg = =oo Gg= =0 Gy =——=0 Gg= =0 Gy g= =0 Gy;= =
RGL Ry RgL S S RNy
Gy G+ —IGLGH GL GL
Vo= YR+ VR- 5" IN
1+GH 1+GLS+GUJ 1+GH 1+GSL+GSl 1+G1L+GIS
Ve y ¢’ Vg -0-GY
P 4+ -0-
° 46 Rpg R N
VO=£(1+G)VR-G\fN=G(VR-VH\)
1+G
R R R R,
S Rg IN IN GL RGL
Ggp = =00 Gg;= =0 G =——=0Gg= =0 G ¢= =0 G;= =e°
RGL RNy RGL Rg Rg RN
v - Gy v 4 SestGu —IGLGHV GL GL
0= + J R" s~ IN
14+Gy 14+Gy g +Gyy | 14Gy 14Gg; +Gg 14Gy +Gig
G G 1+G
H LSH L
Vo= W+ WR-OLYIN=T"7"GuR-CLUIN
14+Gy 14+Gy 14+Gy

These derived formulas will be used to calculate the gain resistors and output
ranges for each of the sensors in the drill head.

Two sensors, the Watson navigation pack and the Paroscientific pressure
transducer, connect directly to the BL1700 board via the onbaord RS232 ports,
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while the rest of the sensors in the drill head connect to this board via the signal
conditioning board.

Figure 2.150 below is a table of the board’s mechanical and electrical
properties. For further information on the board, see the BL1700 C-
Programmable Controller User’s Manual, P/No: 019-0048.020415-G.

Parameter Specification

4.20” x 6.25” x 0.85”
(107 mm % 159 mm X% 21.6 mm)

Operating Temperature | —40°C to 70°C

Board Size

Humidity 5% to 95%, noncondensing

Power 15V DC to 30 V DC, 140 mA

Digital Inputs 16 standard, up to 32 possible at expense of
outputs

16 standard, up to 32 possible at expense of

Digital Outputs inputs

Ten 12-bit channels:
Analog Inputs e 8 conditioned, factory configured 0 V to 10 V
e 2 unconditioned, 0 Vto 2.5V

Analog Outputs Pulse-width modulated, on digital output lines
Resistance Measurement
No
Input
Processor Z180
Clock 18.432 MHz standard
SRAM 32K standard, supports up to 512K

128K standard, supports up to 256K, up to 512K

Flash EPROM EPROM possible

Serial Ports e 1 full-duplex RS-232
e 3 configurable as full-duplex RS-232 or as
RS-485
Serial Rate Up to 57,600 bps
Watchdog Yes
Time/Date Clock Yes

Panasonic BR2325-1HG 3 V DC lithium ion,

Backup Battery rated life 190 mA-h

Figure 2.150 BL 1700 mechanical and electrical specifications
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2.6.3.3.2 Input conditioning board (ICB)

The input conditioning board (ICB) accepts input from, and provides signal
conditioning for the following drill head sensors:

* Load cell amplifier

* Hose water temperature

* Drill hole water temperature

* Heat sink temperature

+ Cavity air pressure sensor

» Regulator input and output voltages
» Tseal 1 and Tseal 2 pressure sensors

It also provides power to the 2 MLDT sensors as well as converting the 4-
20mA ouput from these sensors to a voltage.

These conditioned sensors outputs are then fed to the analog inputs of the
BL1700 computer board for scaling before being formatted into the correct
strings output and transmitted to the surface control computer.

The following figures show the conditioning and scaling circuits for the
various sensors. After the ICB circuit diagrams, an end to end circuit analysis of
each sensor is presented.
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Figure 2.151 ICB load cell amp, hose water and drill hole water temp sensor circuits
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Figure 2.154 ICB Tseal 1 and Tseal 2 pressure sensor circuits
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Drill Hose Water Temperature Sensor circuit analysis:

The drill head uses an Omega 44018 Thermistor to measure the hose water
temperature. For the EHWD the Hose Water Temp Thermistor circuit output is
applied to the BL1700 Analog Input (AIN) 6. The corresponding gain (RFL)
and bias (RFH) resistors are R37 and R53. The thermistor-amplifier
configuration is shown in Figure 2.156.

Rra

Rin RoL
Vin
Vr v,
o
Va LM660 —&—0
Ris
Rou Ren
Vr

Rra Rt V V V

Figure 2.156 EHWD Temperature sensors thermistor/ amplifier configuration

The resistor values used and corresponding output equations are given below.
Because the Thevenin equivalent resistance of the thermistor and linearizing
resistor network (Ry s, Ry g, Rra, and Rg) is much smaller than the value of
Ry (432k), the thermistor-amplifier circuit can be approximated as a voltage
source with zero source impedance as shown in Figure 2.149 (with Rs= « and
Rin:()) with RGL replaced with RGLI = RGL + RIN'
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R = RS51 (bias) =9090 ohms

R =R36 (gain) = 475000 ohms

Ry =10000 ohms

Rgsi =Ry + Ry = 10000 + 432000 = 442000
G R 9090

R, 10000
G, = R _ 47000 o466 = 1.075
R, 442000

1+G
Vo = (—LJGHVR -G, Vi

1+G,

2.1075
VO = (W j909V R — 1075V N
V, = .987881884V , —1.075V

The Hose Water Temperature Sensor amplifier output range is a function of
the temperature range seen by the sensor and the general equation for the sensor
network output voltage (V- in Figure 2.156). The hose water temperature range
will essentially be the same as the thermistor range: 32° F to 212° F. The sensor
network used for all three thermistors (hose water temp, drill water temp, and
heat sink temp) is the same network recommended by Omega for use with the
44018 thermistor. Omega provides an equation for the network output voltage
V1. This equation in combination with the amplifier output equation above and
the hose water temperature range can be combined to determine the amplifier
output range as shown below, with the complete temperature end to end circuit
shown in Figure 2.157.

Amplifier output range :

From above : V, = 987881884V , —1.075V

The equation for the thermisto r network output vol tage V. provided by Omega :

V, = -0.00297127 V., T + 0.96015V ., where V., = Thermistor excitation voltage
Since Vi, = V; Substituti on gives :

V, = .987881884V , —1.075(~0.00297127 V,, T + 0.96015V ;)

V, = 987881884V , +0.00319411 5V, T — 1.03216125 V., then substituting V, = 2.5
Vo = 2.4697 +0.00319411 5V, T — 1.03216125 V.,

Then substituti ng V., = 2.5 volts

Vo = 2.4697 +0.00798528 8T — 2.58040312 5

Vo, = —0.11069841 6 +0.00798528 8T

When T=32°F => V, = 0.145 Volts

When T=212°F => V, = 1.58 Volts
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2.5 Volts

475000

3200

432000 10000

Va LM660

2.5 Volts 10000 909

Wy

Thermistor

Temperature Sense Circuit

Figure 2.157 Temperature Sense circuit with input and gain resistors shown

Drill Hole Water Temperature Sensor circuit analysis:

The drill hole water temperature sensor is the same as for the hose water with
the thermistor circuit output applied to AIN 5 on the BL1700 board, with the
corresponding gain (RFL) and bias (RFH) resistors being R49 and R52.

The circuit is the same as for the hose water temperature thermistor circuit,
shown in Figure 2.156 above and correspondingly, the same resistor values and
output equations.

Because the circuit is the same as for the hose water temperature thermistor,
the range equations will also be the same. However, the output range of the
amplifier will differ because the drill hole water temperature will not be as high
as the hose water temperature. Assuming a drill hole water maximum
temperature of 50° F, the output amp range will be:
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V,= —0.11069841 6+ 0.00798528 8T
When T =32°F => V,= 0.145 Volts
When T=50°F => V,=1.58 Volts

Heat sink temerature sensor circuit analysis:

The heat sink temperature sensor is the same as for the hose water with the
thermistor circuit output applied to AIN 3on the BL1700 board, with the
corresponding gain (RFL) and bias (RFH) resistors being R35 and R18.

The circuit is the same as for the hose water temperature thermistor circuit,
shown in Figure 2.156 above and correspondingly, the same resistor values and
output equations.

Because the circuit is the same as for the hose water temperature thermistor,
the range equations will also be the same. However, the output range of the
amplifier will differ because the heat sink temperature will not be as high as the
hose water temperature. Assuming the heat sink maximum temperature of
110°F, the output amp range will be:

Vo = —0.110698416 +0.007985288T
When T=32°F => V, = 0.145 Volts
When T=50°F => V, = 1.58 Volts

Load Cell circuit analysis:

The Load Cell used on the drill is a Transducer Techniques TLL-3K tension
only load cell with 3000 pound limit. The Load Cell Output is fed into an
ADG623 instrumentation amp and the output of the instrumentation amp is
applied to Analog Input 4. The corresponding gain (RFL) and bias (RFH)
resistors are R36 and R51. Because the output impedance of the
instrumentation amp is essentially zero ohms, the circuit shown in Figure 2.149
(with Rs= « and Rin=0) applies. The resistor values used and the
corresponding output equation are as follows:

= R50 (bias) =13000 ohms

= R38 (gain) = 22.1k | 432k = 21024 ohms
4 = 10000 ohms

. = 10000 ohms

~ AR X
2 = =

Q
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G, = Rm _13000 _ .
R 10000
G, = Ru 21024 450
R, 10000
1+ G
Vo = [ﬁJGHVR -G, . Vy
1+ 2.1024
VO = (TJI:SV R — 21024V N

Vo, = 135V , — 21024V, = 4384 -2.1024V

IN

The input into the BL1700 conditioning amp is the output of the Load Cell
Instrumentation Amp (AD623). An internal schematic of this amplifier is shown
in Figure 2.158 and its internal operation is analysed below.

v ——— 4

Vis

o ——&—0

N A

Va + Ve

Figure 2.158 Load cell instrumentation amplifier (AD623) internal schematic

VorVo _VorVie o Vo Vi _ e oy iy gy
R R R R R 0 tB P
VeoVo - Vo-Viw 0 Ve Ve 2 2Vo oy 4y — oy
R R R R R ® e P
Vo = Vi = Vi Vis
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R R
Vi + —V, =1+ — |V,
RG RG
VHB'VH =VH_VL = VHB +L= — 4+ 1 VH =
R RG R G G

Let G =

Vis=(1+G )V, -GV, and V= (1+G )V -GV, =>
Vig = Vig = Vo — Vi = (1+G)(VH_VL)+G(VH_VL) =>
Vo = Vg = (1+2G )V, -V,) = (1+2G )V, Equation B-1

IfFR=50k V, -V, = [1+100000 JVIN

G

The gain resistance used on the input conditioning board instrumentation
amp was 1000 ohms and the reference voltage of 2.5 volts was divided down to
1 volt. Thus the load cell output equation is:

Vo = Ve = (142G )V, =V,) = (1+2G)V,, whereV,,, = Instrumentation Amp Output

G
With V; = 1Voltand R; = 1000 ohms :

Vo =101V +1

On the PICO/Amanda Drill input conditioning board, the load cell was powered

from the auxiliary + 5Volt supply from the BL1700. With rated output of the load cell =
2 mv/V, the maximum output of the load cell (at 3000 pound load) would be 10 mv.

The maximum load will under normal operating conditions be 2000 pounds or less.

IfFR=50k V,, — Vg = [1+ 10}2000 ]Vm

Thus the maximum output of the load cell with a 5 volt supply would be 6.7 mv or less.
Assuming V,y,x = 7 mv, the BL1700 input amp output range from no load to slightly
over 2000 pounds load will be :

V, = 4384-2.1024 (101V,y + 1) = 2.28 -212.34V,,

With No Load V=0 andV, = 2.28 Volts

At Maximum Load V,; =0.007 Voltsand V, = 2.28 -1.4864 = 0.794 Volts

The complete end to end circuit for the load cell amp, along with resistor values
is shown in Figure 2.159.
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Figure 2.159 Load cell end to end circuit and resistor values
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MLDTI circuit analysis:

The MLDT used on the PICO/Amanda Drill is an MTS Tempsonics
LHTRBO0OUO0801AO 8.1 inch rod style position sensor. For the EHWD the MLDT 4
to 20 ma output is converted to a 484 mv to 2420 mv signal through a 121 ohm dropping
resistor. This voltage is applied to AIN 1 on the BL1700 board. The corresponding gain
(RFL) and bias (RFH) resistors are R34 and R19.

Because the input impedance of the BL1700 analog input amplifier circuit is
over a factor of 50 larger than the 121 ohm dropping resistance, the circuit can
be approximated as a voltage source with zero source impedance driving the
basic amplifier shown in Figure 2.149 (with Rs= « and Rin=0). The resistor
values used and corresponding output equation are as follows:

R = R50 (bias) =10000 ohms
R ;. = R38 (gain) =10000 ohms
R gy =10000 ohms
R 5. =10000 ohms
G, - R _ 10000 _

R o 10000
GL:RFLZIOOOO _

R o 10000

([ 1+ G
° 1+G,
Vo= Vi =V =25-Vy

]GHVR 7GLVIN

When I=4ma V, = 484 volts => V, = 25 -484 =2016 Volts
When 1=20 ma V, = 242 volts => V,= 25 -242 =.08 Volts

10000

1000 10000

Vin
From a _
MLDT Vo

Va LM660 ——8&—0

121 2.5 Volts
10000 10000

Figure 2.160 MLDT]1 circuit and resistor values
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MLDT?2 circuit analysis:

The second MLDT used on the EHWD is also an MTS Tempsonics
LHTRBOOUO0801AO 8.1 inch rod style position sensor. The MLDT 4 to 20 ma output
is converted to a 484 mv to 2420 mv signal through a 121 ohm dropping resistor. This
voltage is applied to Analog Input 8, which is a direct input to the ADC.

Whenl=4ma V., = .484volts
WhenI=20ma V,, = 2.42volts

10000

A\
From m

MLDT

121

MLDT2 Circuit:

MLDT2 Voltage is applied
directly to ADC on BL1700.
ADC inputrange is 0 to 2.5 Volts

Figure 2.161 MLDT?2 circuit and resistor values

Parker T seal 1 and 2 pressure sensors circuit analysis:

The sensors selected are an Invensys (Sensym ICT) 13C5000PA4K —a 5000
psia pressure sensor.

Because the sensor voltage is buffered by an AD623 instrumentation amp
with a gain of 6 (the original design had a gain of 16.667, which caused the
output of the AD623 to become non linear and eventually clip for maximum
signal amplitudes of -150mV), the source impedance seen by the BL1700
amplfier is low and the circuit shown in Figure 2.149 (with Rs= « and Rin=0)
applies. The output of the AD623 Instrumentation amp is fed to AIN7 for T
seal 1 with gain (RFL) and bias (RFH) resistors being R38 and R50 and for Tseal 2, the
output is fed to AINO, with gain (RFL) and bias (RFH) resistors being R21 and
R20.The gain resistor selection equations are derived as follows:

Instrument Amp Output :
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R, =10000 ohms

R =10000 ohms

Vou = Vi =2.5Volts when V, =0 Volts

Voo = 1.6 Volts when Vi =-.15 volts

Viamax = 2.50 Volts

These conditions can be used to determine the BL1700 gains :

% . R, R
G, = mwax _ 25y R R 10000 ohms
Vo 25 Rer 10000
R R
G, = Lo R o R Ry = 10000 ohms

G, R, 10000

1+G
Vo = (l-f-G; JGHVR -G,V

Vo =2.5-V, = 25—V,
When V=16 V,=.9 and
When Vy =25 V,=25-25=0

Under normal operation, the amplifier output voltage will remain

approximately 0 volts. Only if there is a break in the seal will the voltage
increase.

A single amoplifier design is also given where only the BL1700 on board
amplifier is used. For this design:

Input Range :

A% =0.15 Volts

Vimn =0 Volts

Vou = Max output of BL1700 amp

These conditions can be used to determine the BL1700 gains :

inmax

v _ R R
G, = Ymx _ A5 o0 3 Re L R p 600 ohms
Vou | 25 50 Ry, 10000
R R
G, =L =0_Ra _ Ra _ p _ 66667 ohms

G, 3 Rg 10000

1+G
Vo = (1+G: jGHVR -G Vi

Vo =25-G, Vy = 2.5—%%

When Vi =0 Vy=25 and
When Vn =15 Vg=25-25=0
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The Tseal pressure sensor complete end to end circuit with resistor values is

shown below.
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00001
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AT
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00002

HA

BN

Figure 2.162 Tseal pressure sensor end to end circuit diagram
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Cavity air pressure sensor circuit analysis:

The sensor selected is an Omega pressure sensor. Because the output impedance of
the pressure sensor is low, the circuit shown in Figure 2.149 (with Rs= « and
Rin=0) applies. The gain resistor selection equations are derived as follows:

R 4;; =10000 ohms

R =10000 ohms

Vou = Vg =2.5Volts

Voo = 0 Volts

Vi =0.25 Volts

Vimax =4.25 Volts

If Vi =0 Voltsis used instead of 'V, =0.25 Volts,

Equations 4 and 5 can be used to determine the gains :

G, = Vo L 425 17 Rew _ Rew R, = 17000 ohms
Vou 2.5 10 Rg; 10000

1 10 Ry Ry

G, =—=—= = => R, = 5882ohms
G, 17 Ry 10000
1+G
Vo = H_Gi JGHVR -G Vi
1+E
V, = | —1L HJz.s-mvm —25-0y
| 17 |\ 10 17 17
+7
10
When V=0 V,=25 and

1
When  V,, =425 V,= 2.5—%(4.25) =0

Under normal operating conditions, the cavity air pressure should be
approximately 15 psi so that for normal operation, the output voltage

should be approximately V, = 2.5—%VIN = 2.5—%2.25 =1.1765 Volts

The cavity air pressure sensor circuit and resistor values are shown in Figure
2.163.
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10000

From Cavity Air Pressure Sgnsor

Va LM G660 ————————&— 0

2.5 Volts 10000 17000

o ANAN——

Cavity Air Pressure Sensor Circuit:
Output Voltage Range of Pressure
Sensor is 0.25 Volts to 4.25 Volts

Figure 2.163 Cavity air pressure sensor circuit

Regulator Input and Output Voltages circuit analysis:

These voltages are applied through an 8 channel analog multiplexer to a
voltage divider and the output of the divider applied directly to the two analog
inputs that are not buffered (i.e. directly to the input of the Analog to Digital
Converter). The corresponding ADC voltages are:

Vi, =Regulator Input Voltage

Vv = Regulator Input Sense Voltage

VRIsense =i = 0345 VRI
3570+100000

The peak regulator input voltage is approx 75 volts so that
Vv = 2.585 volts

Rlsense

Rlsensemax

Vo =Regulator Output Voltage
Viosense = Regulator Output Sense Voltage
2210

\Y = =27~ 08336V
ROsense 9210 + 24300 RO

The nominal regulator input voltage is 24 volts so that

\% = 2 volts

ROsensenom

The input/ output voltages circuit diagram is shown in Figure 2.164
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100000

3570

vour

24300

2210

CH2

CH1

MAX308EPE:

81 Muliplexcr

Voltages are input to Multiplexer and Output of

J7 Voltage Input and Voltage Output Circuits:

Multiplexer is applied directly to ADC on
BL1700. ADC input range is 0 to 2.5 Volts

Figure 2.164 Voltage regulator input/ output voltages circuit

BL1700 Gain Resistors:

The values of the BL1700 gain resistors for all conditioned sensor inputs

MUXOUT

calculated above are listed in the table below, with an indication of whether the
sensor was on the Amanda drill or not.

Channel | Sensor Rbias (RFH) | R# Rgain (RFL) R# Amanda
AINO T Seal2 Pressure IAD: 10K R20 IAD: 10K R21 | No
SAD: 600 SAD: 166.67K
AIN1 MLDT1 10K R19 10K R34 Yes
AIN2 Cavity Air 17K R6 5882 R22 | No
AIN3 Heat Sink Tenp 9.09K R18 475K R35 | Yes
AINA Load Cell 13K R51 21.024K R36 | Yes
AINS Drill Hole Water 9.09K R52 475K R49 | Yes
Tenp
AIN6 Hose Water Temp 9.09K R53 475K R37 | Yes
AIN7 T Seall Pressure IAD: 10K R50 IAD: 10K R38 | No
SAD: 600 SAD: 166.67K
AIN8 MLDT2 Direct Input Direct Input No
AIN9 MUXOUT (REGIN | Direct Input Direct Input Yes
and REGOUT)

Figure 2.165 BL 1700 sensor analog input channels andgain resistor summary

Notes: IAD= Instrumentation Amp design. SAD= Single Amp design
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2.6.3.3.3 Power and transmitter board

Main 24V supply

.

Main Gupply

D1
D2
D
D
D5

24V

LH%

c2
1uF

L

Figure 2.166 Power and transmitter board main 24V supply

The main 24 VDC drill power supply, shown in Figure 2.166 above, is fed by a
higher voltage DC supply on the surface. This high voltage DC supply runs through
3200 meters (10500 feet) of multiconductor cable. There are a total of 15 wires in the
cable: three 20 AWG twisted shielded pairs with drain wires (total 9 wires) and 6
individually insulated 18 AWG power wires. The power wires are allocated into three
supply and three ground wires. Steering diodes are placed in series with each line on
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the main 24 volt supply. The steering diodes insure that if any one power wire is
shorted to ground, the other wires will not be affected.

The surface DC supply must be sized to supply the minimum required operating voltage
to the drill main 24 VDC power supply under worst case operating conditions. The
worst case operating condition would occur if two of the power wires were shorted to
ground.

Because the surface DC supply must be sized for maximum resistance in the cable,
under normal operating conditions, the voltage delivered to the main 24 VDC supply
will be significantly higher than the minimum required input voltage. In the EHWD, the
main 24VDC supply is designed such that the surface supply voltage can be fixed and
the 24 VDC supply can operate over the voltage extremes from normal operation to
worst case fault condition

Worst case fault condition design:
Cable resistance and power supply voltage calculations:

The cable resistance for a variety of operating conditions, along with the
required surface power supply voltage and corresponding maximum voltage
input to the 24 VDC supply have been calculated using the following formulas.

_Ry Ry Ry

= Cable Resistance under normal operating conditions

Where R, = Total resistance of one power wire at 20°C
Ry = pL  Whe re
p = 6.636 Q/1000 feet for 18 AWG copper at 20°C and
L = length of cable =3200 meters =10500 feet

Ry 4R . .
R cwe w + T“= TW = Cable Resistance under wors t case conditions
Ry = 70 Q = approximat e resistance of a single strand of power wire in cable at 20°C
R cnorw = 46.67 Q = 46Q = R .,
Rewe =9333Q = 94Q =R

Cmax

Ryr = Rw[l + aT] Where

R yr = Resistance of Single Power Wire in Cable attempera ture =T °C

a = 0.00393 Q/°C = Temperatur e coefficien tof 18 AWG cable
At -0°C Ry, = 424Q and R, = 86.6Q
At -20°C Ry =387Q and R, = 79Q
Vis = Viaw = Timax Rom  Where
Vs = Required Surface Supply Voltage
Viwmn = Minimum permissibl e input volt age to 24 Volt supply
I yax = Maximum current draw of EHWD electronic s
Vs = Vieun + lTivwax R cmx = Surface Supply Voltage required to guarantee that
24 VDC supply input is = to the minimum required voltage
Viwax = Vss — Tivax Rcmn = Maximum inputto 24 VDC supply = normal operating

input volt age at 20 °C and no fault conditions
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A copy of the calculations for a 24 volt supply minimum input voltage of 38 volts is
shown in Figure 2.167. Based on these calculations, a surface supply voltage set to 75.2
volts would eliminate the need for operator adjustment if one or two of the power lines
were shorted to ground. With the surface supply set to this value, the normal operating
input level at the 24 VDC supply would be 56.5 Volts.

H | | | J | K | L | M
9 |Constants
10
11
12{p Resistivity 0.00663%6 ohmsfeet
13|o Tenpoo 00BNV  olmsperohm-degree C
L CabelLenghVl 20m meters
15(L CabelLengh 149 feet
16 |Rv PWRWreR o) ohms
17
18 Vinrin 38 Minimum Required Input
19 \oltage for 24 VDC Swppy
20 Imax 04 Max Main Suppy Curent
21 Ramin 46.4461%23 MrimumPowerLine
2 Resistance
pA) Max Voltage at Max Voltage a
24 |Numberof GND ~ Number of Power MinimumReq Voltage Input to 24 VDC Supply  Inptt to 24 VDC Supply
25 |Wrres Wires TotalCableRes  Output of Surface Supply Max Supply Currert Half Max Supply Current
%
z 3 3 46. 461423 5657847769 38 478238
2 3 2 58.06774278 61.2309711 42 6446142 51.83838%7
2 3 1 R.80238345 7515696538 5657847769 658677 16%4,
D 2 2 60.66RANH 658771654 47 28023885 5657847760
3 2 1 104.503037 798015748 6122309711 70512335%
2 1 1 13933827 9373543307 75.156%538 84.4461%23

Figure 2.167 EHWD Cable Resistance and Power Supply Voltage Calculations for 38
Volt Minimum Input to 24 VDC Supply

Various drill head power supply designs have been used, including a simple
linear regulator version, a linear regulator with pre regulator circuit, a version
incorporating an off the shelf DC-DC converter and a design taking account of
the extra power consumption of the new drill heads which incorporate two
MLDT circuits. Design notes will be given for the pre-regulator versiion, the
DC-DC converter version and the design and a design to supply the two MLDT
circuits.

1 Main 24 VDC Power Supply Design: Pre-regulator Version

The main 24 VDC drill power supply pre-regulator version uses a pre regulator
in front of the LM 138 linear regulator. This permits operation of the supply
with a shorter cable length or no cable (direct connection to the surface supply).
The complete circuit consists of a power transistor and zener pre-regulator
designed to drop the input supply voltage to approximately 30 VDC. The 30
VDC serves as the input to a LM 138 variable linear regulator which delivers a
regulated 24VDC output that serves as the main drill power supply. A
simplified circuit of this part of the Power and Transmitter Board is shown in
Figure 2.168.
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Figure 2.168 Main 24V supply, pre-regulator version

Pre-regulator Analysis:

The pre regulator 30 volt zener combined with the base to emitter voltage
drop of the pass transistor hold the input voltage of the LM 138 to a range of 29
to 33 volts based on the tolerances of the zener. The nominal input voltage will
be approximately 31 volts. In order to insure proper operation of the pass
transistor, an additional 5 volt drop is provided. The nominal input to the pass
transistor should therefore be 36 volts. An additional 2 volts is required in order
to account for tolerances of the zener. This means that a minimum of 38 volts
should be supplied to the input of the pass transistor.

In order to guarantee that the surface supply can remain fixed under both
normal operation and a fault condition where one or two of the power wires
short to ground, the surface supply voltage should be set to 75 volts (see Figure
2.167). That will insure that 38 volts is supplied to the input under this fault
condition and that the surface supply need not be adjusted. Under normal
operating conditions, the input to the pre-regulator with 3200 meters of cable
containing three 18 AWG power wires and three 18 AWG ground wires
connecting the 75 VDC source to the pre-regulator will be 56.5 or
approximately 57 volts.
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The pre-regulator design equations are as follows:

A% -V -
o = — zZ = 38 -30 = 8 Minimum Zener - Base Current
RZ RZ RZ
A% -V -
Loy = —MAX__ 2 = 7-30 0 _ 26 Maximum Zener - Base Current
RZ RZ RZ
I, =04 =TI.+1I,=(+hg),
I, = 04 = 2.67 MA = 0.00267 A
150
I omin L .+ I;=1,, + 0.00267
RZ
8
I,.. = — — 0.00267
RZ
I = 27 0.00267
RZ
saed = 0.01 andI, = I, under normal operation =>
I.. = 00l = 27 0.00267 => R, = 2131 Q
RZ
Let R, = 1500 Q =>
Liin = B 000267 = —5— ~ 000267 = 2.67 ma
R, 1500
L = 27 0.00267 = 27 0.00267 = 15.3 ma
R 1500

z

2 Main 24 VDC Power Supply Design: Off the Shelf Half Brick DC to DC
Converter Version

This version of the main 24 VDC drill power supply replaces the LM 138
linear regulator in the simple linear version with a commercial DC to DC
converter such as the Lambda PAH50S48-24.

The Lambda PAH50S48-24 is an isolated 24 VDC, 2.10 Amp output
regulated supply. The allowable input range is 36 volts to 76 volts DC. In order
to insure sufficient input voltage, the minimum design voltage (under the fault
condition of two shorted power lines) is set to 38 volts. Referring to Figure
2.167, it is seen that a surface supply voltage of 76 volts will guarantee 38 volts
at the input to the DC to DC under this fault condition. Because 76 volts is
maximum allowable input voltage to the DC to DC, setting the surface supply
voltage to 76 volts will guarantee that this maximum will never be exceeded.
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3 Main 24 VDC Power Supply Designs for New Hot Water Drills with Two
MLDT'’s

The two new drill heads each have two MLDT's. An additional MLDT adds
another 100 ma to the power supply current draw. The analysis for this
additional current for the pre-regulator and DC-DC converter supplies is
presented here.

For these two designs, the minimum input voltage to the supply is 38 volts.
The voltage calculations under normal and fault conditions are given in Figure
2.169. It is seen that the required surface supply voltage will increase from 76
to 80 volts in order to guarantee operation under the fault condition of the
shorting of two power wires to ground. The highest expected voltage with cable
attached (assuming actual power supply current is %2 the maximum or 225 ma)
will be about 70 volts with 3200 meters of cable attached and no faults in the
cable. This is within the permissible operating range of the LAMBDA DC to
DC converter (max input = 76 Volts) and the preregulator transistor (VCEmax =
150 volts). If the supply is applied with no cable (short wire), the preregulator
transistor will operate without problems but the max input voltage of the
LAMBDA will be exceeded. There is 125% overvoltage protection so no
damage will occur, however, it may not operate.

H J K L M N
9|Constnts
0]
1
2o Resstivty [olenzses dneiet
B Terpo QBB dnsprdmdgesd
Il CtideghVl 30 eers
Bl Clidengh 1048 e
| 16|Rw RARNER T dns
17
| 18} \irrin 38 MhimumReoired ot
E \Atagefr 2VOCS dy
D) mex Q45 MMy Curert
H Rovin 48461923 MhimumPoner Lire
| 2| Reiserce
B Mx\Htapat Mx\bltagp & Max\Vdtgeat Input
2Nnterd QD | Nunterof Rver MrimmRe\Vdege | noutto2VDCSugdy IhattoMVICSyply | ToM\DCSpdy: 28
5| Wies TddGbeRs |Qt dSufaceSyply [MxSpdyQret | HiFVxSupdy Qurert. | MxSuply Garert
5|
Ei 3 3 646193 SBAEA 3 4845857 249657913
3| 3 2 RBEMAE GRS 43251958 REBD DIPIBB
| 3 1 a3y 708015748 BAEA @3Bl 68577 16A
E 2 1 ey OB16H 4BA50X5 BT SHATTR283
31 2 1 104 50357 BB GRS A5/ TH 109130
E 1 1 1R 100762 70801578 D56 Favasace

Figure 2.169 EHWD Cable Resistance and Power Supply Voltage Calculations for 38
Volt Minimum Input to 24 VDC Supply: DC to DC Converter and Pre
Regulator Design Versions for New Drills
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Paroscientific pressure sensor and RS485 buffer amplifier power supplies

6.4VDC

R7
243

D12

=
<
~

Figure 2.170 Paroscientific pressure sensor power supply on PTB board

The PTB board includes the circuits for the Paroscientific pressure sensor as
well as the RS 485 buffer amplifier.

Figure 2.170 above shows a standard linear regulator circuit providing a 6.4V
output to the pressure sensor from a 24V input.
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Figure 2.171 RS485 buffer amplifier power supply

Figure 2.171 above is again a standard linear voltage regulator design with an
output adjustable from 4-14V.

Heat sink temperature sensor

TD1
11 -
ZWRS485PLUS 1
3zoo :ZWRSABENEG 2;
77 s
5250 5 4V DC 24
‘ 5
v
Blg
g
TCMN = 105
48VNIOM GND
GND

Figure 2.172 Heat sink temperature sensor circuit
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The drill uses an Omega 44018 Thermistor to measure the heat sink
temperature. The heat sink temp thermistor circuit output is applied to Analog
Input 3 on the BL1700 board. The corresponding gain (RFL) and bias (RFH)
resistors are R35 and R18. The thermistor-amplifier configuration is shown in
Figure 2.156. The resistor values used and corresponding output equation are
given below. Because the Thevenin equivalent resistance of the thermistor and
linearizing resistor network (RLA, RLB, RTA, and RTB) is much smaller than
the value of RIN (432k), the thermistor-amplifier circuit can be approximated as
a voltage source with zero source impedance as shown in Figure 2.149 (with Rs
=co and zero source resistance Rin = 0) and with RGL replaced with RGLI =
RGL + RIN. The circuit is the same as for the hose water temperature
thermistor.

R,,; =R50 (bias)=9090 ohms

R,, =R38(gain)=475000 ohms

R, =10000 ohms

Ry, =R, +Ry = 10000+432000 = 442000

R., 9090
G, =" =""""-0909
R, 10000
R, 4
G, = Ju 475000, o
Ry, 442000
JG V, =G, Vy,

2.1075
1.909

= 987881884V, —1.075V,,,

j.9o9vR ~1.075V,,
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RS48S5 high output amplifier circuit

RS485P0STOSURFACE

RS4BSNEGTOSURFACE

c2o0

vee
N

SNESHVDO7P

Ik}

] o

vz

REL

SNESHVDOTP

NOT A0T
TH 24

4VT014vV

IXALERT]

ZWRS4B5NEG
IWRS48B5PLUS

Figure 2.173 RS485 high output amplifier circuit

2.6.3.3.4 Daughter board

The daughter board whose block diagram is shown in Figure 2.147 is an addition to the
refurbished Amanda drill head. It was added to include two accelerometers circuits and
drill hose pressure sensor in order to study the drill oscillations (bouncing up and down
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in the hole) at higher drill speeds that were observed during drilling in the first season in
2004. The daughter board is only present in the refurbished drill head.

Daughter Board Accelerometer Circuit:

DBMUXOUT
To BL1700 ADC

81 Mulipleser

MAX308EPE :

CH1
CH4
CH2
CH3

MLDT2

Low Pass Filter

Hose Water

Vo

10000

10000

9851.5
Daughter Board Accelerometer Circuit

Veer =057

156.25

Output Impedance= 3000 ohms

Figure 2.174 MA321 accelerometer circuit
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This analysis refers to the Accelerometer Circuit shown in Figure 2.174. The
MA321 2g accelerometer full range output is 4 to 20 ma with 0 ma
corresponding to 0 g. The amplifier is setup as a unity gain differential
amplifier. The positive input to the amplifier is developed by converting the 4-
20 ma current into a voltage using the 156.25 ohm dropping resistor. The
resulting voltage range is 0.625 to 3.125. A 0.625 reference is applied to the
negative input of the amplifier giving an amplifier output range of 0 to 2.5 volts
for a 4 to 20 ma input. This signal is passed through a multiplexer and applied
directly to the BL1700 input ADC which has a range of 0 to 2.5 Volts.

Vo = Vace = Veer = Vacc —0.625
When I =4ma V=0.625V andV, = 0 Volts

When I =20ma V=3.125V andV, = 2.5Volts

Daughter Board Hose Water Pressure Circuit :

10000
20000
Va LM660 >
To Multiplexer
+
Pressure Sensor Output:
Differential Output with Vem=2 Volts
20000 10000

Figure 2.175 Daughter board drill hose pressure sensor circuit
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This analysis refers to the Hose Water Pressure Circuit shown in Figure
2.175. The Entran EPXM-X33-5KP pressure sensor full range output is 2 to 7
volts. The amplifier is setup as gain of 0.5differential amplifier. The 2 Volt
common mode voltage is subtracted from the output resulting in an output range
of 0to 2.5 Volts. This voltage is applied to the input ADC of the BL1700
through a multiplexer.

1 1
Vo :E(VHWP _VCM) = E(VHWP _2)

When V=2V then V, = 0Volts
When V=7V andV, = 2.5Volts

2.6.3.3.5 Bridge Board:

As the name suggests, the bridge board provides an interface bridge between the
BL1700 controller board and the input conditioning and Power and transmitter boards.

Shown below in Figure 2.176 to Figure 2.180 are teh connectors on teh
boards and their pinouts.

AGND
AGND
AGND

AINA4 2
4
5
B AGND
EX
1
2

AINS
AINB

AINT

AGND
AGND
AGND

+SANAD
ADREF1
AINS

EENREEER
o N o
<
ENENEENEN

Note:
+5ANA1l and +5ANAZ are samse on BL1700
ADREF1 and ADREF2 are same on BL1700

AINO
AINA
AINZ
AIN3

AGND
AGND
AGND
AGND
AGND
AGND
AGND

+S5ANAZ
ADREF?2
AINB

w b o N o Ju e
[T RENENT TR

w ok

H11

Figure 2.176 Bridge board BL1700 board analog input connectors
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- HvBOB HveBae -
- HvBOS9 HvBa3 -
HvBaQ HvBaa4
- HvB11 HvB45 -
- GND = -
HvBOO HVBOA4
- HvBOAa HvBOS -
HvBOZ HvBOB
- HvBO3 HvBQZ -
- G ND K -

Figure 2.177 Bridge board BL1700 digital output port B connectors

= HvAOB al; 2l2 HvAlz =
™ HVAOS 3 44 HVA13 =
= HVA10 sl 5 HVA14 -
L L
- HyAdd 7}, Gl HVA1S =
- GND 3 1010 K =
HE
= HVAOO ), 2l2 HVAOQ4 =
™ HVAO1 3 44 HVAOS =
™ HvAGZ sls 5 HVAGS =
™ HVAOS3 71, Gl HVAOQ7 =
™ GND 3 1[0 K =
H9

Figure 2.178 Bridge board BL1700 digital input port B connectors
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Figure 2.179 Bridge board input conditioning board connectors
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Note:

To Heat Sink Ground
GND

HEATSINKTEMPEB
HEATSINKTEMPA
GND
REGULATORTIN
REGULATOROUT

GND
24V
24V
0 GND

O b m N T U s W e
S [ o I N = R TR TG [NV [NV [y

J1

Figure 2.180 Bridge board PTB input (heat sink temp) and regulator voltages

2.6.4 Drill Head Software

The drill head embedded software is written for the drill head single board
computer - a Z World (now Rabbit Semiconductor) BL1700. It is written in
Dynamic C and there are separate versions for the new drill heads (NDHX and
NDHY) and the refurbished drill head (RDH). The drill head test software is
written in Visual Basic. There are two sub categories of drill head test software.
The first sub category is drill head logging and monitoring software. It displays
the incoming drill head data in real time and logs the data to a user named data
file when enabled. Other functions are also performed. There are separate
programs for the New Drill Heads and the Refurbished Drill Head. The second
sub category of test software is a drill head output emulator also written in
Visual Basic. This software outputs previously logged data either continuously
or manually one record at a time at selectable rates. The final category of drill
head software is drill head data processing software which is used to process
raw drill head data log files and move the processed data into spreadsheets for
analysis and graphing.

The document below list and describes all drill head software developed to
run the drill head, test the drill head, and process the drill head data.

RDH- refers to refurbished drill head
NDHX- refers to new drill head X
NDHY - refers to new drill head Y
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Drill Head

Version

Description

RDH

V20050701A Refurbished Drill Head BL1700 single board computer operating system software:

ICECUBE RDH RRCode V20050701A.c
Specifications:
1. Record Size: 169 bytes including CRLF

2. Output Rate: 1 record every 369 milliseconds (approximately)
3. ID=R

NDHX

V20030907X New Drill Head X BL1700 single board computer operating system software:

ICECUBE RefubishedDrillCode V20030907X.c
Specifications:
1. Record Size: 125 bytes including CRLF

2. Output Rate: 1 record every 200 milliseconds (approximately)
3. D=X

NDHY

V20030907 | New Drill Head Y BL1700 single board computer operating system software:

ICECUBE RefubishedDrillCode V20030907Y ¢

Specifications:
1. Record Size: 125 bytes including CRLF
2. Output Rate: 1 record every 200 milliseconds (approximately)
3. D=Y

Figure 2.181 BL 1700 Drill Head SBC operating software: Dynamic C

Drill Head

Version

Deseription

RDH

V200506224

Logging and monitoring software for the Refurbished Drill Head (RDH): EHWD2005 RDH Project.exe

1. Displays incoming raw RDH data in real time in separate window

2. Displays scaled or unscaled (selectable) values of each variable in separate text box with variable name to the
left in label box. Displays all variables common to all three drill heads in addition to accelerometer, hose
pressure sensor variables unique to the RDH

3. Displays max and min of selected variable in text box

4. Enables creation and naming of log file and logging of raw incoming data to that file

5. Enables selection of scaling factor file, and display of scale factors

NDHX

V20041124

Logging and monitoring software for the New Drill Head X (NDHX): EHWD FT01 COM10nly Project.exe
1. Displays incoming raw NDHX data in real time in separate window
2. Displays scaled or unscaled (selectable) values of each variable in separate text box with variable name to the
left in label box.
3. Displays max and min of selected variable in text box
4. Enables creation and naming of log file and logging of raw incoming data to that file
5. Enables selection of scaling factor file, and display of scale factors

NDHY

V20041124

Logging and monitoring software for the New Drill Head Y (NDHY): EHWD FT01 COM10nly Project.exe
1. Displays incoming raw NDHY data in real time in separate window
2. Displays scaled or unscaled (selectable) values of each variable in separate text box with variable name to the
left in label box.
3. Displays max and min of selected variable in text box
4. Enables creation and naming of log file and logging of raw incoming data to that file
5. Enables selection of scaling factor file, and display of scale factors

Figure 2.182 Drill Head Data Logging and Monitoring: Visual Basic Test Software
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Drill Head

Version

Description

RDH or NDH

V20051017

Visual Basic Drill data output program: EHWD200S RDH 10 Project.exe

1.
1
3.

Sends out data continuously or single record from EHWD DrillDataOutput.log

EHWD DrillDataOutput.log must be in same directory as program

To output different files, copy desired drill data file to program folder and rename it

EHWD DrillDataOutput.log

To open file click Open Data Output File button

To toggle between Single Shot and Continuous output - click Single Shot/Continuous button
To Pause output click Pause Output button

To stop output click End Qutput button

To increment time interval between messages click Increment button

To decrement time interval between messages click Decrement button

NDH

V20051006A

C Drill data output program: NDHX OutputEmulator 2005.exe
Not completed

Figure 2.183 Drill Head Auxiliary Test Software

Drill Head Version Description

RDH, NDHX, | V20060718 Name: SPDrillHeadDataProcessing_AllVariables V1001.exe

and NDHY Operation: See SouthPoleDrillHeadDataProcessingSoftware_Operation_20061106.doc
RDH, NDHX, | V20061109 Name: SPDrillHeadDataProcessing_AllVariables V1003.exe

and NDHY Operation: See SouthPoleDrillHeadDataProcessingSoftware_Operation_20061106.doc

Figure 2.184 Drill Head Data Processing Software

Drill head data formats:

The tables below give an explanation of the data formats of the new drill
heads and refurbished drill head, as well as an example of some sample lines of
output received at the surface.

As can be seen from Figure 2.185 and Figure 2.187, the new drill heads have
a 121 byte data string, while the refurbished drill head has a 160 byte data
string. This is mainly as a result of the accelerometers and dril hose pressure
sensor added to the refurbished drill head in order to study the drill oscillations
observed during initial drilling.
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Number Item Name Description Bytes Format
Drill ID Single Byte ID for Drill: 1 ASCII
P = Primary Amanda Drill (Not Used)
S = Secondary Amanda Drill (Not Used)
R =EHWD Refurbished Amanda Drill
X =EHWD New Drill Head 1
Y = EHWD New Drill Head 2
Timer 25 millisecond tick counter 10 ASCII - Decimal
System Status G =Good B=Bad 1 ASCII
Power Supply Heat Sink Temperature Status | G=Good B = Bad 1 ASCIL
Power Supply Heat Sink Temperature Data Unscaled Raw ADC output of heat sink 3 Hex ASCII
p sensor signal
MLDT]1 Status G =Good B =Bad 1 ASCII
MLDT1 Data Unscaled Raw ADC output of first MLDT 3 Hex ASCII
sensor signal
MLDT?2 Status G =Good B=Bad 1 ASCII
MLDT?2 Data Unscaled Raw ADC output of second MLDT | 3 Hex ASCII
sensor signal
Load Cell Status G =Good B=Bad 1 ASCII
Load Cell Data Unscaled Raw ADC output of amplified load | 3 Hex ASCII
cell signal
Well (Drill Hole) Temperature Status G=Good B=Bad 1 ASCII
Well (Drill Hole) Temperature Data Unscaled Raw ADC output of well (drill 3 Hex ASCII
hole) temperature sensor signal
Hose Water Temperature Status G =Good B =Bad 1 ASCII
Hose Water Temperature Data Unscaled Raw ADC output of hose water 3 Hex ASCII
P sensor signal
Power Supply Input Voltage Status G =Good B =Bad 1 ASCII
Power Supply Input Voltage Data Unscaled Raw ADC output of power supply | 3 Hex ASCII
input voltage signal
Main Regulator Output Voltage Status G=Good B=Bad 1 ASCII
Main Regulator Output Voltage Data Unscaled Raw ADC output of main regulator | 3 Hex ASCII
voltage signal (nominally 24 VDC)
Cavity Air Pressure Sensor Status G =Good B=Bad 1 ASCII
Cavity Air Pressure Sensor Data Unscaled Raw ADC output of cavity air 3 Hex ASCII
pressure sensor signal
TSeal 1 Pressure Sensor Status G =Good B=Bad 1 ASCII
TSeal 1 Pressure Sensor Data Unscaled Raw ADC output of TSeal 1 3 Hex ASCII
pressure sensor signal
TSeal 2 Pressure Sensor Status G =Good B=Bad 1 ASCII
TSeal 2 Pressure Sensor Data Unscaled Raw ADC output of TSeal 2 3 Hex ASCII
pressure sensor signal
Well (Drill Hole) Pressure Sensor Status G =Good B=Bad 1 ASCII
Well (Drill Hole) Pressure Sensor Message ID | Well (drill hole) pressure sensor message ID1 | 5 ASCII
Well (Drill Hole) Pressure Sensor Data Scaled well (drill hole) pressure sensor signal | 11 Signed Decimal ASCII
(PSI)
Watson Nav Pack Status G =Good B=Bad 1 ASCII
Watson Nav Pack Message ID Watson Nav Pack message ID1 1 ASCII
Watson Nav Pack: Bank Tilt Reading Scaled Watson Nav Pack Bank Tilt Reading | 6 Signed Decimal ASCII with
(Degrees) leading space
Watson Nav Pack: Elevation Tilt Reading Scaled Watson Nav Pack Elevation Tilt 6 Signed Decimal ASCII with
Reading (Degrees) leading space
Watson Nav Pack: Heading Reading Scaled Watson Nav Pack Heading Reading 6 Unsigned Decimal ASCII
(Degrees) with leading space
Watson Nav Pack: X Axis Magnetic Field Scaled Watson Nav Pack X Axis Magnetic 7 Signed Decimal ASCII with
Reading Field Reading (milligauss) leading space
Watson Nav Pack: Y Axis Magnetic Field Scaled Watson Nav Pack Y Axis Magnetic 7 Signed Decimal ASCII with
Reading Field Reading (milligauss) leading space
Watson Nav Pack: Z Axis Magnetic Field Scaled Watson Nav Pack Z Axis Magnetic 7 Signed Decimal ASCII with
Reading Field Reading (milligauss) leading space
Watson Nav Pack: Temperature Reading Scaled Watson Nav Pack Temperature 6 Signed Decimal ASCII with
Reading (degrees C) leading space
End of Message ID and Checksum 3 ASCII

Figure 2.185 New drill heads “X” and “Y” data format
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R DnollID

0000080259 25 Millizecond Timer

G Dol Status

G Power Supply Heat Sink Temperanre Senzor Statu:
3TC Power Supply Heat Sink Temperanme Senzor Reading
G MLDT1 Statu

TE4 MLDT1 Reading

G MLDTZ 5t

111 MIDTIFReading

G Load Cell St

B4 Load Cell Readg

G Well (Dl Hole) Temperanre Sensor Stams

231 Well (Dl Hole) Termperanre SanzorFezdmg

G Hoze Water Tempershwe SensorStatuz

e Hoze Water Temperature SznzorReading

G Power Supply Input Voltags Statns

8P Power Supply Input Voltage Reading

G Main Regulator (24 VDC) Output Voltage Status
CD& MMain Repulator (24 VDO Output Voltage Reading
G Carity Air Pressure SemsorStatns

TCF Carity Air Pressure SanzorReading

G Tseall Pressure Senzor Status

D Tseall Pressure Sensor Reading

G T'sealZ Pressure Sensor Stams:

800 Tseall Prezsure Sensor Reading

G WellDrilHole Prazame SenzorStat:s

*0001 Well{DrilHole' Prezare Senzorldezzage ID
T14.2100000 Well DrillHole | Presars SensorReadng

G Watzon Nav Pack Status

N Watzon INav Pack Mezzage ID

T Watzon Nar Fack Bank Tt Reading

000 Watzon Nar Fack: Elerztion Tilt Reading

3018 Watson Nav Pack Heading Reading

05333 Watzon INav Pack X Axi: Magnetic Fisld Readmg
53530 Watzon INav Pack ¥ Az MagneticField Reading
0034 Watzon INav Pack Z Az MagneticFisld Reading
+231 Watzon Nar Fack Temperhre Reading

LAk End of Meszage ID and Check Sum

ROD000B0Z30G GITCC TG I CRAEGIT GITOGHIPCCDEG TCPGTFDGEI0G 0001 ~ 14 21 00000GT ~0.00 ~0.00 301.5 033.3 73330 0034 ~I51H:
ROD0D0B026TC GITCE MG 2AGEAG 230G TIGEFGCDTGTCRGTTDG 02G*0001 T14.1900000G N T0.99 ~0.00 30180335 +335.2 0034 m23.1K7C
RODDD0BIETICGITCE TG 2TCEAIGING 2TOGHIEGCDEGTCPGTFDGEIEG 0001 T14.1400000GN w090 70.00 30180353 3349 0032 T23.1K60

Figure 2.186 New drill heads example values and example string transmitted to surface
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Item Name Description Bytes | Format
Drill ID Single Byte ID for Drill: 1 ASCII

P =Primary Amanda Drill (Not Used)

§ = Secondary Amanda Drill (Not Used)

R =EHWD Refurbished Amanda Drill

X=EHWD New Drill Head |

Y = EHWD New Drill Head 2
Timer millisecond tick counter 10 ASCII - Decimal
System Status G=Good I=Invalid 1 ASCII
Power Supply Heat Sink Temperature Status G=Good I=Invalid 1 ASCII
Power Supply Heat Sink Temp Data Unscaled Raw ADC output of heat sink temp sensor signal 3 Hex ASCII
MLDTI Status G =Good I=Invalid 1 ASCII
MLDTI Data Unscaled Raw ADC output of first MLDT sensor signal 3 Hex ASCII
MLDT?2 Status G=Good I=Invalid 1 ASCI
MLDT2 Data Unscaled Raw ADC output of second MLDT sensor signal 3 Hex ASCII
Load Cell Status G =Good I =Invalid 1 ASCII
Load Cell Data Unscaled Raw ADC output of amplified load cell signal 3 Hex ASCII
Well (Drill Hole) Temy Status G=Good =Invalid 1 ASCIT
Well (Drill Hole) Temp Data Unscaled Raw ADC output of well (drill hole) temp sensor signal 3 Hex ASCII
Hose Water Temp Status G =Good I = Invalid 1 ASCIL
Hose Water Temp Data Unscaled Raw ADC output of hose water temp sensor signal 3 Hex ASCII
Power Supply Input Voltage Status G =Good I =Invalid 1 ASCI
Power Supply Input Voltage Data Unscaled Raw ADC output of power supply input voltage signal 3 Hex ASCII
Main Regulator Output Voltage Status G =Good I =Invalid 1 ASCII
Main Regulator Output Voltage Data Unscaled Raw ADC output of main regulator voltage signal (nominally 24 VDC) 3 Hex ASCII
Cavity Air Pressure Sensor Status G =Good [=Invalid 1 ASCIL
Cavity Air Pressure Sensor Data Unscaled Raw ADC output of cavity air pressure sensor signal 3 Hex ASCII
TSeal 1 Pressure Sensor Status G =Good = Invalid 1 ASCI
TSeal 1 Pressure Sensor Data Unscaled Raw ADC output of TSeal 1 pressure sensor signal 3 Hex ASCII
TSeal 2 Pressure Sensor Status G =Good I=Invalid 1 ASCI
TSeal 2 Pressure Sensor Data Unscaled Raw ADC output of TSeal 2 pressure sensor signal 3 Hex ASCIT
Well (Drill Hole) Pressure Sensor Status G =Good [ = Invalid | ASCIL
Well (Drill Hole) Pressure Sensor Message ID Well (drill hole) pressure sensor message DI 5 ASCII
Well (Drill Hole) Pressure Sensor Data Scaled well (drill hole) pressure sensor signal (PSI) 11 Signed Decimal ASCII
Watson Nav Pack Status G =Good I=Invalid 1 ASCIT
Watson Nav Pack Message ID Watson Nav Pack message IDI 1 ASCII
Watson Nav Pack: Bank Tilt Reading Scaled Watson Nav Pack Bank Tilt Reading (Degrees) 6 Signed Decimal ASCII with leading space
Watson Nav Pack: Elevation Tilt Reading Scaled Watson Nav Pack Elevation Tilt Reading (Degrees) 6 Signed Decimal ASCII with leading space
Watson Nav Pack: Heading Reading Scaled Watson Nav Pack Heading Reading (Degrees) 6 Unsigned Decimal ASCII with leading space
Watson Nav Pack: X Axis Magnetic Field Reading | Scaled Watson Nav Pack X Axis Magnetic Field Reading (milligauss) 7 Signed Decimal ASCII with leading space
Watson Nav Pack: Y Axis Magnetic Field Reading | Scaled Watson Nav Pack Y Axis Magnetic Field Reading (milligauss) 7 Signed Decimal ASCII with leading space
Watson Nav Pack: Z Axis Magnetic Field Reading | Scaled Watson Nav Pack Z Axis Magnetic Field Reading (milligauss) 7 Signed Decimal ASCII with leading space
Watson Nav Pack: Temp Reading Scaled Watson Nav Pack Temp Reading (degrees C) 6 Signed Decimal ASCII with leading space
Accel #1 Reading #1 Status G =Good I = Invalid 1 ASCIL
Accelerometer Reading #1 Unscaled Raw ADC output reading #1 of Accel 3 ASCIL
Accelerometer £1 Reading #2 Status G=Good = Invalid 1 ASCII
Accelerometer Reading #2 Unscaled Raw ADC output reading #2 of Accelerometer 3 ASCII
Accelerometer #1 Reading #3 Status G =Good [ =TInvalid 1 ASCII
Accel Reading #3 Unscaled Raw ADC output reading #3 of Accel 3 ASCI
Accelerometer #1 Reading #4 Status G =Good [ =Invalid 1 ASCI
Accelerometer Reading #4 Unscaled Raw ADC output reading #4 of Accel 3 ASCI
Accelerometer #1 Reading #5 Status G =Good I =Invalid 1 ASCII
Accelerometer Reading #5 Unscaled Raw ADC output reading #5 of Accel 3 ASCIL
Filtered Accelerometer #1 Status G =Good I =Invalid 1 ASCII
Filtered Accelerometer #1Output Data Unscaled Raw ADC output reading of Filtered Accelerometer Output 3 ASCI
Hose Water Pressure Status G =Good I =Invalid 1 ASCIL
Hose Water Pressure Data Unscaled Raw ADC output reading of Hose Water Pressure Sensor 3 ASCII
Accelerometer #2 (Hi Level Output 3) Status G =Good = Invalid 1 ASCIT
Accel #2 (Hi Level Output 3) Data Unscaled Raw ADC output reading of HI Level Output 3 3 ASCII
Hi Level Output 4 Status G =Good I =Invalid 1 ASCI
Hi Level Output 4 Data Unscaled Raw ADC output reading of HI Level Output 4 3 ASCII
Lo Level Output 1 Status G =Good I =Invalid 1 ASCII
Lo Level Output 1 Data Unscaled Raw ADC output reading of LO Level Output | 3 ASCI
Lo Level Output 2 Status G=Good I=Invalid 1 ASCII
Lo Level Output 2 Data Unscaled Raw ADC output reading of LO Level Output 2 3 ASCI
End of Message ID and Checksum 3 ASCI

160

Figure 2.187 Refurbished drill head data format
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R
0000149700
G

G

381
G
77E
G
000

G
EBEA4F
G
003

G

005
G
AB1
G
CC5
G
7D7
G
014
G

013
G
*0001
+14.2100000
G

N
+9.99
-1.25
278.8
+015.3
+489.1
+150.3
+26.6
G
982
G

983
G
981

G

982
G
983
G
94F
G

003

G

R0000149700GG381G77EGO00GE4FG003G005GAB1GCC5G7D7G014G013G*0001+14.2400
+489.1 +150.3 +26.6G982G983G981G9I83G 982G I94FG003GI97GFF1G035G0341< 31

Drill ID

Millisecond Timer

Drrill Status

Power Supply Heat Sink Temperature Sensor Status

Power Supply Heat Sink Temperature Sensor Reading

MILDT1 Status

MLDT1 Reading

MLDT?2 Status

MLDT2 Reading

Load Cell Status

Load Cell Reading

Well (Drill Hole) Temperature Sensor Status

Well (Drill Hole) Temperature Sensor Reading
Hose Water Temperature Sensor Status

Hose Water Temperature Sensor Reading

Power Supply Input Voltage Status

Power Supply Input Voltage Reading

Main Regulator (24 VDC) Output Voltage Status
Main Regulator (24 VDC) Output Voltage Reading
Cavity Air Pressure Sensor Status

Cavity Air Pressure Sensor Reading

Tseall Pressure Sensor Status

Tseall Pressure Sensor Reading

Tseal2 Pressure Sensor Status

Tseal2 Pressure Sensor Reading

Well(Drill Hole)Pressure Sensor Status

Well(Drill Hole)Pressure Sensor Message 1D
Well(Drill Hole)Pressure Sensor Reading

Watson Nav Pack Status

Watson Nav Pack Message 1D

Watson Nav Pack: Bank Tilt Reading

Watson Nav Pack: Elevation Tilt Reading

Watson Nav Pack: Heading Reading

Watson Nav Pack: X Axis Magnetic Field Reading
Watson Nav Pack: Y Axis Magnetic Field Reading
Watson Nav Pack: Z Axis Magnetic Field Reading
Watson Nav Pack: Temperature Reading
Accelerometer #1 Reading #1 Status
Accelerometer #1 (Sensotek MA321) Reading #1

Accelerometer #1
Accelerometer #1
Accelerometer #1
Accelerometer #1
Accelerometer #1
Accelerometer #1
Accelerometer #1
Accelerometer #1
Accelerometer #1

Reading #2 Status

(Sensotek MA321) Reading #2
Reading #3 Status

(Sensotek MA321) Reading #3
Reading #4 Status

(Sensotek MA321) Reading #4
Reading #5 Status

(Sensotek MA321) Reading #5
Filtered Value Status

Accelerometer #1 (Sensotek MA321) Filtered Value
Hose Water Pressure Status

Hose Water Pressure

Accelerometer #2 Status

Accelerometer #2 (Kistler 8305A2)

Hi Level Input 4 Status

Hi Level Input 4 (Dedicated as Reference Voltage)
Low Level Input #1 Status

Low Level Input #1 (Spare Input)

Low Level Input #2 Status

Low Level Input #2 (Spare Input)

End of Message 1D and Check Sum

Figure 2.188 Refurbished drill head example values and string transmitted to surface

The figures above give a summary of the software available for the drill heads
and of the output data string format. For a listing of the software, refer to the

appendices.
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2.6.5 Drill Head Surface Power Supply

The drill head surface power supply consists of a programmable power supply
module and an RS232 to RS485 converter module housed in a 4RU enclosure,
as shown in Figure 2.189 and Figure 2.190. The unit sits in the computer rack in
the TOS computer room.
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Figure 2.189 Drill head surface power supply mechanical layout
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Figure 2.190 Drill head surface power supply electrical wiring
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The power supply module is a Kepco ATE 100-1DM programmable
precision power supply module which can deliver either stabilized output
voltage or current. The unit has a 10 turn high resolution front panel
potentiometer which can be used to accurately set the voltage and a similar
potentiometer which is used to set the a current limit on the output.
Alternatively, the unit can be programmed to a set voltage via a rear
programming connector. This disables the voltage set potentiometer and allows
for a fixed output with no chance of accidently changing the output voltage. In
the case of the drill head, the unit is programmed for a 7V output which results
in a 38V input to the drill head power supply. See 2.6.3.3.3, “Main 24V
supply”.

The RS 232 to RS-485 converter is a B&B 485LDRC industrial DIN rail
mounted, optically isolated converter which can transmit at up to 115.2 kbps.
The unit also provide surge suppression on the RS485 line. The unit also

features “send data control” circuitry, so no software control of handshake lines
is required in RS 485 mode.

The converter is used to provide conversion of the RS485 signals between
the drill control computer and the drill head into an RS232 signal which is
output to a connector on the front of the power supply, as shown in Figure 2.189
and Figure 2.190. This RS232 output is used by a test PC running drill test
software to communicate with the drill head and read the raw data stream being
transmitted by the drill head.

2.6.6 Drill head external system wiring

This section documents the system wiring from the connector on the drill
head to the connector on the drill head surface power supply, the components of
which are shown in the block diagram in Figure 2.191.

PT02E-14-18PW

Slip Ring Connector

MKS(W)-716-CCR

Cortland Cable

D D [ Slip Ring pTE ey MSH12EF20-16P

“+— Slip Ring Connector

lﬁl +— MS3126F-14-18SW To Tos
[

MKS(W)-716-CCP HH

MS3126F-14-18SW

} MS3120F-20-
Without Break Out Box e

Figure 2.191 Drill head to surface pwer supply wiring block diagram
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Figure 2.193 Cortland cable wiring diagram from pigtail to pigtail
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The diagram in Figure 2.196below is a wiring diagram of the adaptor cable
that connects directly between the drill head (while it’s at the surface) and the
TOS bulkhead connector, which connects to the surface power supply. This

cable is used for drill head testing purposes while the drill head is at the surface.
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Figure 2.196 Drill head to TOS adaptor cable
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3.1 Introduction

The purpose of this section is to provide the necessary information to bring the
motor drives of the EHWD out of cold storage and to operational status.

Each subcomponent of this chapter contains specific information about the
HPP, PHS, RWS and TOS(s). Additional subsections contain information
regarding common software used throughout the motor drives as well as how to
load Firmware, Projects and Archives.

The MDS specific sections of this chapter provide several subsections that
outline the steps necessary to mount, connect, and perform pre-operational tests
of the drives and associated equipment. In addition, these subsections contain
information showing how to check the overall health of the drive as well as the
basic setup and operational testing.

Copies of drive specific software are also shown to assist the user in
understanding the operation of the motor controller. Descriptions of options that
allow them to provide other motor drive functions are also addressed.

UNICO hardware, firmware and UEdit manuals are available under the
UNICO section of DocuShare.

3.1.1 Assumptions

Camp has power
MDS(s) is up to temperature
E-Stop network is running

Drill Network is running

Before you begin:
Check for proper lock out tag out (LOTO) of all drive related circuits.

Check to see if the environment is conducive to the operation of the drive(s).

3.1.2 Operating Environment

Temperature: Control Section: 32° to 131° F (0° to 55° C)
Heat sink (standard): 32° to104° F (0° to 40° C)
Heat sink (derated): 32° t0122° F (0° to 50° C)

Relative humidity: 5% to 95%, noncondensing
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Attention:

N

Exercise care during installation to prevent metal shavings, conduit
knockouts and other debris from falling into the unit. Personal injury and/
or equipment damage may result.

High voltages may be present, even when all electrical supplies are
disconnected. Wait at least 15 minutes for bus circuit capacitors to discharge
before working on the drive or associated equipment. Use an appropriate
voltmeter to further verify that capacitors are discharged before beginning
work. Do not rely exclusively on the bus voltage indicator. DAngerous
voltage levels may remain even when teh indicator is off.

3.2 Drill MDS Drives

Attention:

N

Five of the MDSs within the EHWD will be of concern. They are the HPP,
PHS, RWS, TOS1 and TOS2. These MDS units contain motor controllers, and
the associated electronics will be discussed in this chapter.

3.2.1 High Pressure Pump (HPP) Drives

There are four high pressure pumps. All use the same start up procedure with
the exception of drive number one. Although all the drives are identical in
hardware and software, additional setup and testing is necessary for the MDS
environmental control.

Installation of the drive

Install the appropriate drive on the aluminum mounting plate using %4-20
button head cap screws. Take care to locate the drive labeled HPP1 at the HPP1
location and so on to avoid having to reload the drive specific archives.
Continue with HPP 2 through 4.

Exercise care during installation to prevent metal shavings, conduit
knockouts and other debris from falling into the unit. Personal injury and/
or equipment damage may result.
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Figure 3.1 below is a one line wiring diagram of the motor drive and motor
connections. It is recommended that a hi-pot test be performed on each of the

motors and wiring before making any connections.

Hi-Pot

Network Address
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1 E-Stap Panel
Exterior Wall 5t
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Panel
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Connectar | HRP-C Transform er o Y
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+
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Motor controllers and motor one line diagram in the HPP

Figure 3.1
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Note:

Main Power and Load Connections

Figure 3.2 below shows a typical SOHP terminal configuration. Terminals R,
S, and T should be connected to the 480 three phase source. Terminals U, V,
and W are the drive's output which will connect to the motor. Chassis/green
ground is also provided. Connect top mounted external cooling fan to 110 VAC
outlet.

The DIN mounted terminal strip providing power input and output are worn
and loose; use care when making connections.

Three-Phase
AC Line Input

EESE
.

Transformer or
Line Reactor

Used On HPP 1 & 2

100

w w w ® ® ry F 3 rF 3

[= [ s [ ~ NS o v [ w]

o>|lo|®] @ ® | ®

I RInm 0o IHRInE

®|® | ® ®|®|®
_,/_—_‘_‘—*_

Figure 3.2 Typical 50HP terminal configuration

Network/E-Stop Connection

Connect the Network/E-Stop connector into the MS3122E14-18P connector on
the side of the UNICO drive, as shown in Figure 3.3 below.
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Charge Pump Pressure Switch Connection

Connect the charge pump pressure switch cable into the Conex connector
located near the military connectors on the side of the UNICO drive, as shown
in Figure 3.3.

Temperature Connection

Connect the temperature monitoring/control cable to the DB25 connector
located on the bottom of the UNCIO drive, as shown in Figure 3.3.

Hi.—

e

Charge Pump ——jp

Figure 3.3 HPP motor drive showing the Network, charge pump and temp control
connections

Power up

Once all connections have been reconfirmed secure the drive door, remove the
LOTO device and turn on disconnect.
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Check for Proper Software

After a brief initialization period, the drive will display "Performance AC Drive
480V 50HP" briefly then it will go to the RPM display. Press the "ENT" key to
enter the menu section of the drive. Press "7" followed by the "ENT" to enter
the help menu. Press "1", "1" followed by the "ENT" key; this will put the drive
in the UEdit menu.. If the drive does not display "HPP_805493 001 1010B",
you will need to reload the project. Instructions are located in the "Software"
section of this chapter.

Set Date & Time (Calendar)

From the previous operation press "QUIT" once, then press "6" then "ENT";
this will put you in the calendar menu. If the date and time are not correct, this
may indicate a problem with the battery backup nonvolatile memory module.
Set the time by pressing the "ENT" key until the cursor is at the item desired to
change. Next press the arrow key to change the desired item until it displays the
correct value. The password "1111" will be necessary to make any changes.

Test Charge Pump Pressure Switch

Have the DCC operator start the charge pump (assuming the system has water).
Pressing the "Fn" and the "0" key on the UNICO drive keypad simultaneously
will clear the "Charge Pump" fault. Have the DCC operator shut down the
Charge Pump and confirm the "Charge Pump" fault returns.

Test E-Stop

Assuming the E-Stop is operational and a green indicator is illuminated on the
E-Stop panel you may confirm the E-Stop function is working by pressing the
"Fn" and the "0" key simultaneously on the UNICO keypad to clear any faults.
Once the faults have been cleared, pressing an E-Stop button will indicate an
"Ext Trip" fault on the UNICO display.

Note: Any command from the DCC to the UNICO drives will clear any fault.
Pressing "Fn" "0" should only be necessary when troubleshooting.
Check Drill Network Communications

When viewing the appropriate HPP Pump screen on the DCC computer, you
will see a flashing ready bit. If the bit is not flashing and yellow,
communications have not been established to the UNICO drive. Note: It is not
uncommon to see the ready bit flash yellow for very brief periods.

Test Run Pump

Before attempting to run an HPP, confirm that the accumulator is installed and
charged, a sufficient amount of water is available and input and output valves
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are open. Have the DCC operator start the desired HPP at "0" RPM. While
watching the HPP keypad display you will see the "Charge Pump" fault clear.
At the selected motor listen for a hissing noise which indicates th