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Bl Power and pipeline network operator
= requirements

AAbsolute positional accuracy

ARelative to parallel lines

AHomogeneous line routing that enables
backfilling of the annulus
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network operator requirements

AGeneral: Minimum coverage must be observed for roads,
bodies of water or the railway. This is required by the
national regulations

APipeline operators usually require compliance with the
drilling radii or bending radii
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W Power network operator requirements

Energy Transition

A to rely heavily on renewable energy (particularly wind, photovoltaics,
and hydroelectricity), energy efficiency, and energy demand
management

A several thousand kilometres of new power lines
A Overhead Powerlines or Underground Cables

A Transportation of electricity: AC or DC (Alternating Current or Direct
Current)

A New DC projects are now primarily to be planned using underground
powerlines

A AC projects: Pilot Projects in some sections of the grid
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Design and Calculation

A Electrical design 041 A |3 | B 32
A Calculation of electric current Nisen___pywuj s Lz} fnianlme | | o )usl el
A Calculation of loss for each cable A transmission losses produce heat, which
results in cable temperature rise

A Transmission losses A heat, which results in cable temperature

rise
A In open trench: less coverage (1,8m depth) & optimized betting material
A HDD: distance between the cables has to increase to enable cooling

A Magnetic flux density and restrictions for immissions
A For HDD drilling to be considered at entry and exit sections (depths up to 3m)

L el

A Demand for minimized route widths as a permit requirement
(bundling idea)
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Power network operator requirements

Thermal Design

Getthe informationaboutrequireddepth, groundwater level, thermalconductance
of the soilandrealisticdrillingaccuracy

Legetiefe I ¢ Spezifischer Warmewiderstand Erdboden (H > 2 m)
emperatur feucht (Km/W) / trocken (K

Depthof the HDDCrossing (‘:lgbs)e Erdboden | 6106/ 07/10] 07/1,2 081:2 [\2’)7/20 0;/:":‘"09”2 1011210115
Thermalconductivityof the soll it i il i il e e il i

Levelof groundwater 50m 133 °C 15m 34m 41m 47m 6,2m 59m 52m 58m 7,7m

75m 114 °C 1.8m 47m 59m 70m 97m 91m 80m 92m | 128m
R E S R e 10,0 m 106 °C 23m | 64m | 80m | 97m | 138m | 129m | 114m | 132 m | 196 m
15,0 m 10,0 °C 35m | 104m | 133m | 166m | 248m | 231m | 202m | 243m | 413 m

Distanceof cablephasesn transmissiorcircuit
Distancebetweentwo transmissiortircuits(maximumof
7m anddistanceof cablephase$

Thewholewidth of the transmissiorroute (ROW)
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Power network operator requirements

e
High Accuracy for ACable matters
Deviationfrom working corridor

Lateral: +/-0,5 m Revisghermal design->further measure
Vertical +0.5m requiredor plugdrilled hole anddrill a
’ new hole
Vertical -0,5m No Consequences
Vertical& lateral: <0,5m Consideredn design

Example 110 kV Cable:




W Power network operator requirements

High Accuracy for DCabIe IS |mportant

Eonrtets oszogen au
Bezugsiinke nach DGA)
—=i0m
10-15m
15-20m
20-2Em
Z=E-am
Bel Fressing
Auffachenng HOD
e Ferifihnung des Arbelissieens In
ADnAngigelt der e EorEchancen
AUTAchenIng gem. Biat 2 bls 7
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Types of accuracy

ATarget
Abending radius - relative position
Adistance drilling to drilling - absolute position
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Influence of HDD Accuracy

Human
factor
Drilling
Fluid
Project HDD

Tolerance Accuracy

Reaming

Drillhead
BHA

Steering
tools

Soil/Rock
type

Drill rod
diameter

12
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example - bending radius - relative position
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Profil and mud pressure
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Measurement of product line - Horizontal plane
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! Product line allowance T bending radii
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Bl&ZY example - distance drilling to drilling - absolute
s DOSItION

k2
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Crossing Highway
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Product-pipe - deviation from the drilling axis

HDD Bornum HD - DN150 / Abweichungen in der Horizontalebene

3,00

// \\
e _—— \\

=
=
(==

-1,00

Seitliche Abweichung in

-2,00

-3,00
0 20 40 60 80 100 120 140

Stationinm




DCA

s

Product-pipe - Profill
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Accuracy of pilot drilling

B
il

The location of the drill-nead depends upon:

AThe interaction between the drill-head and the soil
AType of drill-head
AType of soil or rock

AFlow of drilling fluid and interaction with the soil
A Detachment and displacement of soil particles/cuttings

AMovement of the drill-head by the driller

A Movement depends in turn upon the measurement of the (expected) location
of the drill-head

A Movement depends upon the stifness of the drill string in relation to the
stiffness of the surrounding soil or rock o

25



Forces during pilot

* Forces during drilling
* Forces during steering

— Thrust force and torque for the drillhead to compact/cut the soil (Td & Fd)
— Thrust force and torque to overcome drag in the hole (Tr & Fr)

TIt=Tr+Td

26
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Accuracy of reaming

B
il

AThe shape and location of the borehole and the drilling line
depend upon:

AThe interaction between the reamer and and the soil
AType of reamer
A Weight {
A Nozzle positions
A Position of the teeth

AType of soil
AFlow of drilling fluid and interaction with the soil
A Detachment and displacement of soil particles

APulling velocity, rotation velocity and pulling force applied by the
driller

27



Forces during reaming

» Forces during reaming

— Thrust force and torque for the reamer to compact/cut the soil (Td & Fd)
- Thrust force and torque to overcome drag in the hole (Tr & Fr)

Tt=Tr+Td

Ft=Fr+Fd

28



Shape of the borehole after reaming

AAxial shape of the borehole (drilling line)
ACentralisation
ATangential shape of the borehole

s Pilot hole

<€ Reaming stage 1

<€ Reaming stage 2

Example: Loose packed sandy soils and heavy reamers

29



Pull back of the product pipe

Interaction between the drill-string, the product pipe and the

soll depends upon the stiffness of the drill-string and pipe and
ne surrounding

weight of the pipe in relation to the stiffness of t
soll.
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Top view of installed pipeline

A PE pipelinerteasureq
A Pilot drilling line iheasureq
A Design drilling line
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A PE pipelinerfeasureq
A Pilot drilling line iheasured
A Design drilling line

Longitudinal cross section of drilling line

Design drilling line

N\
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" Pilot drllllng //

InstalledPipeline
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DCA .
! How Is it controlled?

ALocating, Procedure, Accuracy
ADirectional control

AWhat affects directional control?
ADriller and the DD - human-factor
ALimits of each Steering tool

ASoil

ADrill rod diameter

ATools: Drill head - Reamer, etc

34
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definition

AAccuracy - Deviation
Asteering tool

35



HDD Guidance Methods

Ny
<
- u .

Magnétic Tracking

Gyroscopic Surveys Combination Tracking & Survey

36
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! Principle Walk over
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Principle Walk over
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! Magnetic Tracking

= T AMagnetic source
IS surveyed

Into X,y,z coordinates

AMeasures directly from
sensor to source at
every station

AEach measurement is
Independent

ANo accumulation of
survey error

1\\*




Magnetic Tracking: Parallel Bore System

10mdepth 500m length

28cm pilot bore
+

50cm installed produ

50cm installed produg

Parallel Tracking error: ~+cm
Gyro Survey error: +85cm

Installed product after reaming (in soft formations)
Tracking wire in the installed product Scale: 110
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Combination Tools: Gyro Survey + Tracking

ATracking in areas with
surface access

AGyro Surveys in areas
without surface access

ATracking corrects for
accumulated Gyro
Survey error

AProvides

A Highest available accuracy
A Options for demanding jobs
A Competitive choice

43



Gyro

OPTICAL GYRO
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| Gyro systems
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Walkover: <1m

Beacon housing

Gyro or Tracking Tools:
Jetting: 2.55m
Mud motor: 4.59m

Jetting assembly

At-Bit Inclination Assembly.<1m

ABIA Bit Sub Mud Motor Steering Tool

46
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S Position of sensor.

Magnetic VS Gyro Walk over <lm

Magnetic 13m
Jetting assembly Magnetic steering tool GyI’O 10m
2.5 M:% 3x
(Bt) (Bendhowing) (OnermngSib)  (NonMagColar :
Jetting assembly Gyro steering tool
31w @ Sensor position
— 2x A Connections
[Bt) (Bendhousing] : -
Mud motor Magnetic steering tool An%?“f %?ethe

Slant faced Bit

12AMt l

4x

(Bt] (Bendhousing] [Motor] (Orentng sub ] [Non Mag Coller #1_] Non Mag Coller #2 (Dl ppe #1) Beacon Housing
Mud motor Gyro steering tool

9.7 Mt

2X
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Stiff body Is essential

A Complicated non -linear motions due to
stiction , time -variant parameters etc.
A Interaction between rotational dynamics

% And lateral motion

€

o Lateral force [
= o
o o
= —
= <
s 2

s> oriisene ] Drillguide GST | Bent sub 2 degrees

Random force

Stiff rigid body ?
Lateral drillstring motions

c
4]
S
o
S
=
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Accuracy

Walkover Magnetic Gyroscopic

Inclination +/- 0.10 Grad +/- 0.10 Grad +/- 0.01 Grad

(Pitch) (RMS) (RMS) (3 sigma)

Direction +/- 0.4 Grad +/- 0.04 Grad

Azimuth (RMS) (3 Sigma)

Depth max 50m Mo limits Mo limits

accuracy decreeses |accuracy decreeses with
with depth. depth.

Accuracy 5-.5'-*6 of BNe[=1e] Il | 2% of distance to cable |70 cm at
1000m
length.

sensitivity  [YES yes, active and passive |No

for

interference

49



Two Types of Uncertainty

Cumulative Survey Error

A Found in all tools that measure
inclination and azimuth

o Gyroscopic surveys
o Magnetic surveys

Ax, y, z coordinates calculated
based on previous X, Yy, Z and
current survey measurement

A Error propagates along the bore

Direct Measurement Error

A Found in all stystems that use direct
measurements to an independent source

o Walkover locator
0 Magnetic tracking
o GPS tracking

Ax, y, z coordinates measured directly

A Magnitude of error is proportional to
distance from source

A Error does NOT propagate

50



Two Types of Uncertainty
s Influence of Distance to Source
Bore Depth: 10m, Bore Length: 1000m

A Gyro Survey uncertainty accumulates with length (0.04°)
uncertainty increases with distance from magnetic source (2%)
A Walkover uncertainty increases with distance from magnetic source (5%)

51
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Pitch measurement accuracy : 0,02 degrees (3 Sigma)

Azimuth measurement accuracy: 0,04 degrees (3 Sigma)

6. 3% of the rates are generated within
+ one Standard Deviation from the

95.4% of the rates are generated within
* two Atandard Deviations from the

09.7% of the rates are generated within
+ three Btandard Devations from the
- 1t it

Maximum Random Range Rate

One Standard Deviation

« 3 Sigma
2 Sigma
1 Sigma
=<8
/ 11 Batl
Murnber of
Rates
Generated |FE—
Minimum Random Range Rate
-
Mearn
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1000m long 40m Deep without interference

Accuracy Drilling 1000m Long - 40m Deep

25
20 s Max Gyro Accuracy
15
10
05
0.0
05
10
15
20
25

Detail Accuracy 2

0.100

0075

0050

0025
o9

0.025

Max 6 mm

0.050

0.075

0.100

500 53




HDD Guidance Systems Comparison

Guidance Accuracy over Length Accuracy over Depth Susceptibility = Ease of

Method 250 : Speed Cost
<250m  9oom | >1000m | <15m 1550m | 50100m & >100m | to interference | setup

Walkover O O O O O O O

Magnetic ~ =4 4 ~ 4

Tracking O O O O O

Gyro Survey 6 6 6 6 6 6 6 6

U] < O O O O O O O O

Gyro

Gyro + GPS A4 A4 A4 A4 A4 A4 A4 A4 A4

tracking O O O O O O O O O
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DCA .
! How Is it controlled?

ALocating, Procedure, Accuracy
ADirectional control

AWhat affects directional control?
ADriller and the DD - human-factor
ALimits of each Steering tool

ASoil

ADrill rod diameter

ATools: Drill head - Reamer, etc

55



What influences the required spacing of
== the cables?

A Influenceof drilling line design orsteering and positionaccuracy

A Design radii:
A Smalltied radii
Thesmallerthe radii, the more the groundis stressedduring steering(activationof the passiveesarth
pressurg Narrow radiigenerateadditionalthrust forcesduring pilot drilling, which canleadto steering
problemswith increasingdrilling length
A Especiallyn the start sectionof HDDboreholes narrowradii shouldbe avoided
A Distanceof parallelholes
A Inthe caseof parallelholes the distancemustbe chosenin such avaythat subsequentholesare not
affected
A Thegroundin the start andtarget areamust not be "softened' by the previousborehole
A Whendesigninghe distancesthe mud-pressureshould alsde takeninto account(D-GeoPipeline).If the
distancesaretoo short, there maybe a "hydraulicshort circuit' betweenadjacentboreholes Thiseffectsthe
drilling hole cleaningandthus alsothe steerability

Themore accurate/ higherthe requirements the higherthe effort or lower the drilling progress
=>more accurate= more expensive

56



B[OZY \What influences the required spacing of
== the cables?

Influenceof the drilling programon the positionaccuracy

A it goeswithout sayingthat the mosttechnicallyand economicallysuitablemeasurementechnologyis
to be used

A choosinghe right drilling tool is extremelyimportant for pilot drilling accuracyFactorssuchas
geometryof the bottom hole assemblythe angle andength of the bend-sub, bendhousesetting,
nozzleconfigurationmust be adaptedto the expectedsoilsituation andthe planneddrilling
alignment

A Theexperienceor ability of the driller isalso adecisivefactor. Agooddriller distributesthe changeof
directionoverthe entire lengthof the drill rod (avoidsthe so-calledddolphindrillingé 0 ® entufekaa
"smoother" drilling alignmentandincreasessteerabilityevenwith increasingength

A Fromacertainborelength, the thrust forcesare so highthat goodsteeringis no longerpossible. This
effect canbe counteredby usingstiffer drill rods(e.g. 7 5/8"drill rods) or the useof mud-motor also
In the jet-ablegroundconditions(advisablefrom of L >2000m).
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What influences the required spacing of
== the cables?

A with eachreamingstep, the positionof the boreholechangesslightlyfrom the alignmentof the pilot
borehole

A =>rather afew largereamingstepsthan manysmallones(providedyou havethe appropriatehigh-
torque drill rigsand adrilling fluid with sufficientcarryingcapacity

A Largepilot drilling diametersand / or pipe installationwhile reamingcanpreventor reduceany
positiondeviationscausedoy enlargingthe borehole

A by choosingthe right reamingtools and usingsuitablecenteringtools, the positionaccuracycanbe
significantlyimproved (Reductionof the keyholeeffect, if necessarylift" the designof the pilot
drilling alignmen)
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Can the required position accuracy decrease by
== considering conservative assumptions?

ARating against nominal temperature, which is determined
very conservatively - manufacturer's guarantee.

AThermal stress for steady-state conditions that are unlikely to
occur during the lifetime of the cables

ASoil is an inhomogeneous material
AThermal resistance is assumed for dry soil
AAir-filled cable protection tube: Transition cable - PE

- Ensuring the functionality of the cable -
100% network stabllity

59
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Measurement of the product line supplies

AAs-build-information linear x, vy, z
Abend radius i integrity assessment
Alessons learned

60
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Post-pullback mapping Is always a good idea

Why gyro after pullback?

A You are creating an as-built of the actual utility pipe.

A Any profile change introduced during reaming is captured

A True and accurate bend radius can be calculated

A Incremental time required is minimal

Alt s the | ast time the pipe i:c

But gyro systems can be used for morethanas-bui | t s €.
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