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Rotary Drilling Process
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Directional Drilling
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Directional Drilling with Moineau Motors
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Directional Drilling with Rotary Steerable Tools

= Push the bit system

= Point the bit system

= Quelle: Weatherford
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Current Directional Drilling Constraints
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Main Functions of Drilling Fluids

*  Cuttings transport
regulated by pump rate and drilling fluid viscosity

* Provide overbalance to formation fluids and wellbore stability
regulated by drilling fluid density

*  Fluid-loss control

regulated by fluid additives
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Pure-Bore® Drilling Fluid System

» starch based crosslinked polymer

e good shear thinning rheology like Xanthan

* good filtration control

« prevent swelling of clay minerals by encapsulation

* high stability against contamination

e acts as a high performance water based mud (HPWBM) in combination with inhibitor KCL
* usable in combination with lubricators

» applicable in combination with co-polymers and additional inhibitors (glycol, polyamine)
* biodegradable

=
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Drill Bit Types

= Roller cone bits = PDC bits

* |Impregnated Bits
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= Quelle: Baker Hughes
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Hybrid Bit
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= Combination of rock crushing processes
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Utah FORGE

UtahFORGE.com
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Figure 48, Ringed out TKC 63-C7 after drilling 634 feet.
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End of Well Report and Lessons Learned (Well 16A(78)-32)

March 20, 2021

Table 30. Bit Summary
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Bit Size . Bit Part . Bit Serial Ru |
Bit Type Bit Mfg IADC Class DepthIn Depth Out Distance Hrs ROP | O MD
Summary Number Number Seq #

—E 175 TKC76-C5 10183360 REEDHYCALOG A275580 1 28 1629 1601 1192 1343 0 1CT
L12A25 TKC66-R1 10175516 REEDHYCALOG E266453 M 2 1629 1629 0 000 0 O NO
4 11225 GF15BODIPS SMITH BITS RK6139 3 1629 1644 15 250 60 1 1WT
5 11225 TKC66-R1 10175516 REEDHYCALOG E266453 M 4 1644 4552 2908 59.58 488 2 1WT
6412'25 MDsI616 SMITH BITS IM7398 P 5 4552 4964 412 2908 142 6 2CR
7412.25 27135 SMITH BITS 1P4755 6 4964 5113 149 1633 91 0 ONO
8 875 GTX63 ULTERRA R28DF o 5112 5113 1 10.00 01 8 8WT
9 |875 X616 SMITH BITS V2705 8 5113 5345 144 1331 108 0 1WT
1&8]5 U616M ULTERRA 54132 PM 9 5345 5469 125 967 129 0 1WT
1 875 CORE OTHER 46206 10 5469 5504 35 350 100
12 875 TKC66-P3 10179210 REEDHYCALOG A271699 M 11 5504 5846 342 1358 252 8 3 CR
134875 CORE OTHER CORE 12 5846 5856 10 10.00 10
|4<B.75 U616M ULTERRA 54131 PM 13 5856 5858 2 100 20
15 875 CORE OTHER CORE 14 5858 5892 34 300 113
1548.75 TKC63-C7 10177060 REEDHYCALOG  A255857 M 15 5892 6360 468 1160 403 1 2 WT
17 875 SK613MO1C 10159927 REEDHYCALOG A232400 M 16 6360 6526 166 460 361 1 1WT
18 875 SKC513M-O1C 10191309 REEDHYCALOG A276122 17 6526 6945 419 1750 239 2 2/ CT7
19 875 FTKC63-01 10191307 REEDHYCALOG A276121 18 6945 7389 444 1470 302 1 1WT
20|8A75 TKC63-C7 10177060  REEDHYCALOG  A255857 M 19 7389 8024 635 18.00 55,3' 4 8RO
21 875 MiLL OTHER MILL MILL OM 20 8024 8025 1 10.00 0.1
22 875 SKC513M-01C 10191309 REEDHYCALOG A276122 21 8024 8241 216 480 450 8 1CR
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Common Well Name

FORGE 16A(78)-32
FORGE 16A(78)-32
FORGE 16A(78)-32
FORGE 16A(78)-32
FORGE 16A(7ag}
FORGE 16A(78
FORGE 16A(78)-32
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FORGE 16A(78)-32
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FORGE 16A(78)-32
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FORGE 16A(78)-32
FORGE 16A(78)-32
FORGE 16A(78)-32
FORGE 16A(78)-32
FORGE 16A(78)-32
FORGE 16A(78)-32
FORGE 16A(78)-32

API/UWI Operator

UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
UNIVERSITY OF UTAH
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= Erste stark geneigte Geothermiebohrung in Granit (65° Inklination, 228 °C, 2500 m)

= PDC-MeiRelentwicklung: 10 m/h, 194 m, 18 h
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Classic Rotary Drilling Rig

Crown block

’ Drilling line
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New Types of Drilling Rigs

= Quelle: Drilltec = Quelle: Herrenknecht
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Logging While Drilling/Geosteering

Types of measurements:

* Inclination/Azmiuth
* Resistivity

* Neutron Porosity

* Nuclear Magnetic Resonance
* Puls Neutron

* Density

* Gamma Ray/Spectral Gamma Ray

* Imaging Tools

7
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Casing Drilling

Conveational f\)rilling Cqsina fDrilling %ﬁ:éming ;‘;4:

= Quelle: Weatherford
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Coiled Tubing Drilling

Poitive Displacement
Hud Hodor wlﬁnﬂ:%&\d
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= Quelle Schlumberger
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Eavor™ Technologies
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Eavor-Lite™ Eavor-Loop™ 1.0
= Technology Prototype « Minimum Viable Product
= Operational since 2019 in = Sedimentary rock
Alberta, Canada = Direct heat use, high price
electricity markets
Construction 2021-2022

Quelle: Geretstried — site of Eavor Technologies German pilot
project (thinkgeoenergy.com) (Datum 9.9.2022)

Eavor-Loop™ 2.0

= 200+ °C rock temperature
Direct heat, competitive
electricity markets
Massively Scalable

Quelle: Holmes et al. (2021): Multilateral Closed-Loop Geothermal Systems as a Zero-Emission Load-Following
Resource. GRC Transactions, Vol. 45.
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MTD Micro Turbine Drilling

—
. High Pressure
Micro Drilling Turbine Hose
Tubing
Deflector
/ Shoe
f +30-40
mm
- Steel Casing
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DTH Air Hammer versus DTH Water Hammer

Durchschnittlicher Verbrauch von 15 Bohrungen
je Bohrfeld bei einer erreichten Tiefe von 220 m
3,5

2,9

15

0,5 -

Bohrfeld | - pneumatischer Bohrfeld Il - hydraulischer
Imlochhammer Imlochhammer

@ Diesel [I/m] @ Wasser [Im3/m]
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Todays DTH water / fluid hammer drilling technology

Filter Sliding case Chuck

Annulus
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Drill Rod

High pressure water

(up to 180 bar) Valve 3 'Piston Drill bit

Backhead Valve house Hammer case

Above: Schematic diagram of the down the hole (DTH) hammer technology

Piston

= Quelle: www.renishaw.de
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= Quelle: www.hartrusion.com
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Advantages of a fluidic switch G ODR“.I.

= Fluidic switch is less vulnerable to particle loaded fluids (dill mud)
= Cost efficient manufacturing

= Single part for the entire valve

= Absence of accurate tolerances

= Reliable oscillation at high temperature and pressure

Drilling tool for deep reservoirs with
high temperature and pressure

Velocities - step 1 in [0,130] Y
0 1.2e+003 2.39e+003 fi_ X

Large eddy simulation of the fluidic switch [3]
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