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16800 Move the robotic arm into position adjacent 16802
to the well center area

v

remove the well center cover

v

and place the well cover on the floor

v

Move the Horizontal tubular handling system (HTHS) in a
first direction along a first horizontal axis to a position over a

Using the gripper on the robotic arm, / 16804

Return the robotic arm to a neutral positon | _—"_ 16805

| __— 16806

horizontal bottom hole assembly (BHA) storage rack

Y
Move the transverse member in the HTHS along the
bridge of the HTHS in a second direction along a second
horizontal axis perpendicular to the first horizontal axis

Y

outward from the bridge of the HTHS

v

gripper on the arm of the HTHS

v

16808

Rotate the arm of the HTHS down and / 16810

[ Open the first gripper and the second | _— 16812

Move the first and second grippers into position around the
BHA so that the first gripper is near the distal end of the BHA

| __— 16814

v

16816
[ Close the grippers around the BHA ]/—

16820
Adjust grippers j€«=No Engaged?
_/ Yes
h 4

16822

v
FIG. 163 ( Goto FIG. 169 )

Verify that the BHA is engaged with 16818
grippers on the arm of the HTHS

16824
[ Retrieve the BHA from the BHA storage rack ]//-
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16800

( From FIG. 168 )

Move the HTHS in a second direction along the first
horizontal axis away from the horizontal BHA storage
rack and toward the horizontal transfer position

| __— 16902

v

Using the arm of the HTHS, rotate the 16904
BHA 180 degrees

v

Extend the BHA from the tubular storage area to the
drill area along a third horizontal axis

v

Lower the lower tubular handler (LTH) of the vertical
tubular handling system (VTHS) along a first vertical
axis

| __— 16906

| __— 16908

v

horizontal transfer position

v

the arm of the LTH of the VTHS

v

A

Move the grippers around the BHA spanning the
center of the BHA and one of the grippers on the arm
of the HTHS

[ Rotate an arm of the LTH of the VTHS toa | __——" 16910

[ Open a first gripper and a second gripper on / 16912

| __— 16914

v

the arm of the LTH of the VTHS

v

A 4

engaged with the BHA

Yes

¥
189227 FIG. 169 (eotoric. 170 )

Close the first and second grippers on | _—" 16916

Verify that the LTH of the VTHS is | _—" 16918

16920
Adjust grippers [4=No Engaged?
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16800

( From FIG. 169 )

Open the first and second gripperson | _—" 17002
the arm of the HTHS

v

[ Transfer the BHA from the arm of the HTHS tothe | —" 17004
arm of the LTH of the VTHS

v

Rotate the BHA from a horizontal position to a 17006
vertical position using the arm of the LTH of the /
VTHS

v

17008
Retract the arm of the HTHS /

4 17010
Return the HTHS to a neutral or standby position /

v

Rotate the BHA and the LTH of the VTHS around a 17012
second vertical axis while extending the multi-link /
arm outwardly from the vertical support structure

‘L 17014
Align the BHA with the well center opening /

‘ 17016
Hold the BHA over the well center opening /

Lower the top drive system (TDS) along a third | _—" 17018
vertical axis aligned with the well center opening

v

17020
Open the tubular clamp on the elevator of the TDS }/_

17022
[ Move the elevator around an upper end of the BHA /

( Goto FIG. 171 )

FIG. 170



WO 2019/207162 PCT/EP2019/060960
171/215

16800

( From FIG. 170 )

Close the tubular clamp on the elevator of the TDS 17102
around the upper end of the BHA to engage the BHA

Move the TDS and the LTH of the VTHS in a 17104
downward direction until a lower end of the BHA /
extends through the well center opening

v

Verify that the elevator of the TDS is engaged with | _—"_ 17106
the BHA (perform handshake)

17108
Re-engage |&—=No @
_/ Yes
17110
- 17112
Open the grippers on the LTH of the VTHS /
( * 17114
Transfer BHA to the elevator of the TDS /
VL 17116
Retract the arm of the LTH of the VTHS /
"' 17118
( Lower the TDS toward to the well center area /
‘; 17120
Lock the BHA in the well center opening /
‘L 17122
Open the tubular clamp on the elevator /
‘l' 17124
Release the BHA }/—

17126
[Raise the TDS away from the well center area}/_

v
FIG. 171 ( Goto FIG. 172 )
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16800
( From FIG. 171 )
Move the LTH of the VTHS upward along | _—"_ 17202
the vertical support
[Rotate the arm of the LTH around the second vertical | __— 17204
axis toward the vertical tubular storage area
Extend the arm of the LTH into the vertical tubular | _— 17206
storage area and around a drill pipe
Close the grippers on the arm of the LTH of | _—— 17208
the VTHS around the drill pipe
- [ Verify that the grippers on the arm of the LTH of 17210
” the VTHS are engaged with the drill pipe
17212
Adjust grippers j[€=No Engaged?
17214-“// Yss
Retrieve the drill pipe from the vertical tubular | _—"_ 17216
storage area using the LTH of the VTHS
Dip the threads of the drill pipe into the | _——_ 17218
dopant container
r L 17220
Open the gripper of the robotic arm /‘

Move gripper of the robotic arm around the
sub attached to the BHA

L— 17222

v

Close the gripper of the robotic arm around
the sub attached to the BHA

e

| — 17224

v
FIG. 172 ( Goto FIG. 173 )
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16800

( From FIG. 172 )

De-couple the sub from the BHA using the | —" 17302
gripper of the robotic arm

v

Move the robotic arm toward the tubular | _——_ 17304
member horizontal storage area

v

Rotate the sub from a vertical posiiontoa | _——_ 17306
horizontal position using the robotic arm

v

17308

Open the gripper on the arm of the HTHS /
Extend the gripper on the arm of the HTHS| __—"" 17310
into the well bore area

v

Insert the sub into the gripper on the armof | _— 17312
the HTHS using the robotic arm

v

17314
Close the gripper on the arm of the HTHS around the sub }/

v

Verify that the gripper on the arm of the HTHS is | _—"_ 17316
engaged with the sub

17318
[ Adjust gripper j&—No Engaged?
/ Yes
17320 4 /“ 17322

[ Transfer the sub to the arm of the HTHS

* 17324
[ Return the robotic arm to a neutral or standby position }//_

Rotate the sub to a vertical position | _— 17326
using the arm on the HTHS

v

v
FIG. 173 ( Goto FIG. 174 )
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( From FIG. 173 )

member storage area using the HTHS

v

Lower the sub onto a vertical storage rack in the
tubular storage area using the HTHS

v

Return the HTHS to a neutral or standby position

v

Rotate the arm of the LTH of the VTHS and the drill
pipe into position over the well center

v

Extend iron roughneck into the well center area
around the well center and the drill pipe

v

Couple the drill pipe to the BHA using the grippers on
the arm of the LTH of the VTHS

PCT/EP2019/060960

Move the sub into the horizontal tubular| _—" 17402

| __— 17404

| __— 17406

| __— 17408

| __— 17410

| __— 17412

v

v

17414
Torque the drill pipe using the iron roughneck /

17416
Return the iron roughneck to a neutral or standby position /

FIG. 174

v

v

'Rotate the arm of the LTH around the second vertical
axis toward the vertical tubular storage area

v

Extend the arm of the LTH into the vertical tubular
storage area and around the next drill pipe

17418
Lower the TDS toward the well center area /

| __— 17420

| 17422

¥

the VTHS around the next drill pipe

( Goto FIG. 175 )

Close the grippers on the arm of the LTH of | _—" 17424
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16800

( From FIG. 174 )

Verify that the grippers on the arm of the LTH of the | _—"_ 17502
VTHS are engaged with the next drill pipe

[Adjust grippers [«=No Engaged?
_/ Yes
17506

¥
Retrieve the next drill pipe from the vertical tubular | _—" 17508
storage area using the LTH of the VTHS

v

Dip the threads of the next drill pipe into] _—"_ 17510
the dopant container

¢ 17511
(Raise the TDS away from the well center areaJ/
Rotate the arm of the LTH of the VTHS and the drill pipe 17512
into position over the previous drill pipe

v

Extend iron roughneck into the well center area around the | —" 17514
well center, the previous drill pipe, and the next drill pipe

v

Couple the next drill pipe to the previous drill 17516
pipe using the grippers on the arm of the LTH /

of the VTHS

r ¢ 17518
Torque the drill pipes using the iron roughneck /—

J' 17519
Return the iron roughneck to a neutral or standby position /—

v

Move the Horizontal tubular handling system (HTHS) 17520
in a first direction along a first horizontal axis to a /
position aligned with a vertical storage rack

17504

v
FIG. 175 ( Goto FIG. 176 )
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16800

( From FIG. 175 )

Move the transverse member in the HTHS along the /— 17602
bridge of the HTHS in a second direction along a second
horizontal axis perpendicular to the first horizontal axis

v

Rotate the arm of the HTHS down and outward from the | _—"_ 17604
bridge of the HTHS until the arm is substantially vertical

v

17606
[Open the first gripper on the arm of the HTHS/

Move the first gripper into position arounda | _——_ 17608
sub stored on the vertical storage rack

Close the first gripper on the arm of the| —"_ 17610
HTHS around the sub

17612
(Retrieve the sub from the vertical storage rack/

Rotate the arm on the HTHS until the sub is 17614
substantially horizontal
il __— 17616

[ Move the HTHS along the first horizontal axis toward the VTHS ]

1 17618

[ Extend the arm of the HTHS and the sub into the well bore area ]

v

17619
[ Engage the TDS with the top of the next drill pipe )/—

v

17620
( Lower the LTH of the VTHS along the first vertical axis }—"/_

¢ 17621
( Lower the TDS toward the well center area }/—

Rotate the arm of the LTH of the VTHS to a 17622
horizontal transfer position

v
FIG. 176 ( Goto FIG. 177 )
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16800

( From FIG. 176 )

PCT/EP2019/060960

the VTHS

Open a first gripper on the arm of the LTH of | _——"_ 17702

v

Move the first gripper on the LTH of the VTHS / 17704

around the sub adjacent to the first grippe
arm of the HTHS

r on the

v

LTH of the VTHS

Close the first gripper on the arm of the| __—"_ 177086

v

Verify that the LTH of the VTHS is
engaged with the sub

A 4

| __— 17708

Adjust grippers}«No Engaged?
/ Yes
¥

17710

17712 17714
Open the first gripper on the arm of the HTHS}/—

v

Transfer the sub from the arm of the H

THS 17716

to the arm of the LTH of the VTHS

v

[ Retract the arm of the HTHS

+__’,_,,-«-- 17718

v

rRotate the sub from a horizontal position to
position using the arm of the LTH of the

a vertical | _—— 17720

VTHS

A 4

17722
Return the HTHS to a neutral or standby position /

v
FIG. 177 ( Goto FIG. 178 )
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16800

( From FIG. 177 )

Extend the arm of the LTH of the VTHS and the sub | _—"_ 17802
into position over the dopant container

v

17804
( Dip the threads of the sub into the dopant container ]—/’/—

J’ 17806
[Open the tubular clamp on the elevator}//-
'L 17808
[ Release the drill pipe ]—///—

17810
[Raise the TDS away from the well center area}/—

J’ 17812
[ Raise the sub out of the dopant container

v

Rotate the LTH of the VTHS and the sub around the 17814
second vertical axis while extending the multi-link /
arm outwardly from the vertical support structure

Align the sub with the well center opening and 17816
the previous drill pipe

Extend iron roughneck into the well center area | _——_ 17818
around the well center and the drill pipe

v

[ Couple the sub to the previous drill pipe using the | __— 17820
gripper on the arm of the LTH of the VTHS

v

[ Release the sub from the gripper on the arm | _— 17821

of the LTH of the VTHS

J’ 17822
[ Torque the sub using the iron roughneck )/

17824
[ Return the iron roughneck to a neutral or standby position ]/

v
FIG. 178 ( Goto FIG. 179 )
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( From FIG. 178 )

tubular storage rack

:

PCT/EP2019/060960

Rotate the VTHS toward the vertical | _—"_ 17902

[ Move the LTH and the upper tubular handler (UTH) | _—"_ 17904

of the VTHS downward along the vertical support

v

Move the arm of the LTH and the arm of the
UTH into the vertical transfer position

| __— 17906

v

of the LTH and the first gripper and the second
gripper on the arm of the UTH

Open the first gripper and second gripper on the arm /— 17908

v

next drill pipe

Extend the grippers on the arms of the LTH and UTH 17910
into the vertical tubular storage area and around a /

v

of the VTHS around the next drill pipe

[ Close the grippers on the arms of the LTH and UTH | _— 17912

v

Verify that the grippers on the arms of the LTHand | _—" 17914
UTH of the VTHS are engaged with the next drill pipe

Adjust grippers [&=No Engaged?

17918 —/ Yes

¥

17916

Retrieve the next drill pipe from the vertical tubular 17920
storage area using the LTH and the UTH of the VTHS

Retract the arms of the LTH and UTH of the VTHS 17922
toward the vertical support member of the VTHS

v
FIG. 179 ( Goto FIG. 180 )




WO 2019/207162 PCT/EP2019/060960

180/215

( From FIG. 179 )
16800 *

v

Extend the arms of the LTH and UTH of the VTHS

away from the vertical support member of the VTHS

and into position with the next drill pipe aligned with
the dopant container

18002
Rotate the VTHS toward the dopant container /

| __— 18004

v

dopant container

¥

dopant container

v

Rotate the LTH and the UTH of the VTHS and the
next drill pipe around the second vertical axis while
extending the arms outwardly from the vertical
support structure

v

Align the next drill pipe with the well center opening
and the sub

Dip the threads of the next drill pipe into the | _——_ 18006

Raise the next drill pipe out ofthe | " 18008

| __— 18010

| __— 18012

v

well center, the next drill pipe, and the sub

Extend iron roughneck into the well center area around the / 18014

v

[Coupie the next drill pipe to the sub pipe using] —— 18016

the gripper on the arm of the LTH of the VTHS

v

Lower the TDS toward the upper| —_ 18018

end of the next drill pipe

( Goto FIG. 181 )

FIG. 180
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( From FIG. 180 )

¢ 18102
Open the tubular clamp on the elevator of the TDS }/—

v

18104
Move the elevator around an upper end of the next drill pipe}/—

v

around the upper end of the next drill pipe

Close the tubular clamp on the elevator of the TDS

}/— 18106

v

Verify that the elevator of the TDS is engaged with
the next drill pipe

| __— 18108

_/ Yes
18112 ,

4

18110
Re-engage |€No @

[ Open the grippers on the LTH and the | _—"_ 18114

UTH of the VTHS

v

v

elevator of the TDS

v

UTH of the VTHS

v

18116
Torque the drill pipe using the iron roughneck }/-

Transfer the next drill pipe tothe | _—" 18118

Retract the arms of the LTH and the | _— 18120

18122
Return the iron roughneck to a neutral or standby position /

v

18124
[ Lower the TDS toward the well center area _—

( Goto FIG. 182 )
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16800

( From FIG. 181 )

Rotate the VTHS toward the vertical | _—"_ 18202
tubular storage rack

:

Move the LTH and the upper tubular handler (UTH) | _— 18204
of the VTHS downward along the vertical support

v

Move the arm of the LTH and the arm of the | _—" 18206
UTH into the vertical transfer position

.

Open the first gripper and second gripper on the arm 18208
of the LTH and the first gripper and the second /

gripper on the arm of the UTH

v

Extend the grippers on the arms of the LTH and UTH 18210
into the vertical tubular storage area and around a /
next drill pipe

v

[ Close the grippers on the arms of the LTH and UTH | __— 18212
of the VTHS around the next drill pipe

v

Verify that the grippers on the arms of the LTH and the 18214
UTH of the VTHS are engaged with the next drill pipe

18216
Adjust grippers j«—=No Engaged?

18218 —/ Yes

¥
Retrieve the next drill pipe from the vertical tubular 18220
storage area using the LTH and the UTH of the VTHS

[ Retract the arms of the LTH and UTH of the VTHS | — 18222

toward the vertical support member of the VTHS

v
FIG. 182 ( Goto FIG. 183 )
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( From FIG. 182 )
16800

* 18300
[ Release the next drill pipe from the TDS }-'/_

‘L 18301
(Raise the TDS away from the well center areaj/_

18302
(Rotate the VTHS toward the dopant container]/_

1 __— 18304

Extend the arms of the LTH and UTH of the VTHS away from the
vertical support member of the VTHS and into position with the
next drill pipe aligned with the dopant container

,} 18306
[ Dip the threads of the next drill pipe into the dopant container
i - 18308

[ Raise the next drill pipe out of the dopant container ]

¥

Rotate the LTH and the UTH of the VTHS and the

next drill pipe around the second vertical axis while / 18310

extending the arms outwardly from the vertical
support structure

v

Align the next drill pipe with the well center opening | —" 18312
and the previous drill pipe

v

Extend iron roughneck into the well center area around the / 18314
well center, the next drill pipe, and the previous drill pipe

Couple the next drill pipe to the previous drill 18316
pipe using the grippers on the arms of the LTH
and the UTH of the VTHS

v

Lower the TDS toward the upper| — 18318
end of the next drill pipe

v
FIG. 183 ( Goto FIG. 184 )
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16800 ( From FIG. 183 )

18402
[ Open the tubular clamp on the elevator of the TDS }/_

v

18404
(Move the elevator around an upper end of the next drill pipe)//_

Close the tubular clamp on the elevator of the TDS 18406
around the upper end of the next drill pipe

Verify that the elevator of the TDS is engaged with | _—"_ 18408
the next drill pipe

18410
Re-engage |€No @
_/ Yes
18412 '

¥
Open the grippers onthe LTH and the | _—"" 18414
UTH of the VTHS

Transfer the next drill pipe tothe | _—" 18416
elevator of the TDS

v

Retract the arms of the LTH and the | _—" 18418
UTH of the VTHS

'lr 18420
[ Torque the drill pipe using the iron roughneck ]/

18422
[ Return the iron roughneck to a neutral or standby position }//—

18424
[ Lower the TDS toward the well center area /

¢ 18426
FIG. 184 ( Release the drill pipe from the TDS ]/

v

18428
[Raise the TDS away from the well center area

( Goto FIG. 185 )
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16800

( From FIG. 184 )

Move the HTHS in a first direction along a first 18502
horizontal axis to a position over a horizontal drill /
pipe rack

Move the transverse member in the HTHS along the /— 18504

bridge of the HTHS in a second direction along a second
horizontal axis perpendicular to the first horizontal axis

Rotate the arm of the HTHS down and | __——"_ 18506
outward from the bridge of the HTHS

v

Open the first gripper and the second gripper / 18508
on the arm of the HTHS

v

Move the first and second grippers into position 18510
around the drill pipe so that the first gripper is near /

the distal end of the drill pipe

v

18512
Close the grippers around the drill pipe /

Verify that the drill pipe is engaged with / 18514
the grippers on the arm of the HTHS

.

[Adjust grippers j&—No Engaged?
_/ Yes
18518 '

¥

Retrieve the drill pipe from the | __— 18520
horizontal drill pipe storage rack

¥
FIG. 185 ( Goto FIG. 186 )
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( From FIG. 185 )

Move the HTHS in a second direction along the first 18602
horizontal axis away from the horizontal drill pipe /
storage rack

v

Using the arm of the HTHS, rotate the 18604
drill pipe 180 degrees

Extend the drill pipe from the tubular storage areato | _—"_ 18606
the drill area along a third horizontal axis

v

18608
Lower the LTH of the VTHS along the first vertical axis /

v

[ Rotate the arm of the LTH of the VTHS toa | _—" 18610
horizontal transfer position

\. v

v

Open the first gripper and the second gripper / 18612
on the arm of the LTH of the VTHS

¥

Move the grippers around the drill pipe spanning one / 18614
of the grippers on the arm of the HTHS

Close the first and second gripperson | _——_ 18616
the arm of the LTH of the VTHS

Verify that the LTH of the VTHS is | _—" 18618
engaged with the drill pipe

18620
{ Adjust grippers [#No Engaged?
/ Yes
18622

FIG. 186 ( Goto FTG. 187 )
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( From FIG. 186 )

Open the first and second gripperson | _—" 18702
the arm of the HTHS

¥

[ Transfer the drill pipe from the arm of the HTHS to | _— 18704
the arm of the LTH of the VTHS

v

Rotate the drill pipe from a horizontal position to a 18706
vertical position using the arm of the LTH of the /

VTHS
J' 18708
Retract the arm of the HTHS /‘
Return the HTHS to retrieve the next drill pipe from 18710
the horizontal drill pipe storage rack

Rotate the arm on the UTH of the | _—"_ 18712
VTHS to a vertical transfer position

[ Vertically align the arm of the | _—"_ 18714

UTH with the arm of the LTH

Open the first gripper and the second gripper 18716
on the arm of the UTH of the VTHS

18718
[ Lower the UTH of the VTHS %

Extend the arm of the UTH until the 18720
grippers are around the drill pipe above
the grippers on the arm of the LTH

FIG. 187 ( Goto FIG. 188 )
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( From FIG. 187 )

UTH around the drill pipe

¥

engaged with the drill pipe

Adjust grippers j4=No—— Engaged?

18808 -/ Yes

A 4

Transfer the drill pipe from the arm of the LTH of the
VTHS to the arm of the UTH of the VTHS

Close the grippers on the arm of the | _—" 18802

Verify that the UTH of the VTHS is ‘/“ 18804

18806

| __— 18810

v

the vertical support of the VTHS

v

v

Extend the next drill pipe from the tubular storage
area to the drill area along a third horizontal axis

Raise the UTH and the drill pipe along | _—" 18812

18814
Lower the TDS toward the well center area /

| __— 18816

v

Lower the LTH of the VTHS along the first vertical axis

__— 18818

v

horizontal transfer position

v

on the arm of the LTH of the VTHS

v

Move the grippers around the drill pipe spanning one
of the grippers on the arm of the HTHS

Rotate the arm of the LTH of the VTHStoa | _—_ 18820

Open the first gripper and the second gripper | _——_ 18822

| __— 18824

!
FIG. 188 ( Goto FIG. 189)
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( From FIG. 188 )

Close the first and second grippers on the arm of the / 18902
LTH of the VTHS around the next drill pipe

Verify that the LTH of the VTHS is | _— 18904
engaged with the drill pipe

Adjust grippers j4=No—— Engaged?

18908 -/ Yes

¥

Open the first and second gripperson | _—_ 18910
the arm of the HTHS

v

[ Transfer the drill pipe from the arm ofthe | _—"" 18912

18906

HTHS to the arm of the LTH of the VTHS

Rotate the drill pipe from a horizontal position to a 18914
vertical position using the arm of the LTH of the VTHS
J' 18916
{ Retract the arm of the HTHS %_
VL 18918
Return the HTHS to a neutral or stand-by position /

Rotate the arm on ’ghe UTI_—l of thg VTHS Cle] that the /- 18920
lower end of the previous drill pipe is alighed with a tool
mounted on the vertical support member of the VTHS

v

Rotate the arm on the LTH of the VTHS so that the 18922
upper end of the next drill pipe is aligned with the tool /
mounted on the vertical support member of the VTHS

7

v
FIG. 189 ( Goto FIG. 190 )
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( From FIG. 189 )

Lower the UTH on the VTHS until the lower end of 19002
the next drill pipe is within the tool mounted on the /
vertical support member of the VTHS

v

Raise the LTH on the VTHS until the upper end of 19004
the previous drill pipe is within the tool mounted on /
the vertical support member of the VTHS

v

Using the grippers on the arm of the UTH and the
grippers on the arm of the LTH, couple the previous | _—_ 19006
drill pipe to the next drill pipe within the tool mounted

on the vertical support member of the VTHS

v

Using the tool on mounted on the vertical support
member of the VTHS, torque the previous drill pipe | _—_ 19008
and the next drill pipe together to a predetermined

torque value to form a double stack drill pipe

¢ 19009
[ Release the double stack from the TDS ]/

* 19010
(Raise the TDS away from the well center area]/—

l' 19011
(Rotate the VTHS toward the dopant container]/_

v

Extend the arms of the LTH and UTH of the VTHS

away from the vertical support member of the VTHS / 19012

and into position with the double stack drill pipe
aligned with the dopant container

Dip the threads of the double stack drill pipe 19014
into the dopant container
‘l' 19016
[Raise the double stack drill pipe out of the dopant container]/—

v
FIG. 190 ( Goto FIG. 191 )
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16800 ( From FIG. 190 )

Rotate the LTH and the UTH of the VTHS and the

axis while extending the arms outwardly from the
vertical support structure

v

Align the double stack drill pipe with the well center
opening and the previous drill pipe

v

Extend the iron roughneck into the well center area around the well
center, the double stack drill pipe, and the previous drill pipe

v

Couple the double stack drill pipe to the previous drill pipe using
the grippers on the arms of the LTH and the UTH of the VTHS

double stack drill pipe around the second vertical | —— 19102

19104

|_— 19106

|_— 19108

v

19110
[ Torque the drill pipes using the iron roughneck }/-

v

19112
[ Lower the TDS toward the upper end of the double stack }/—

v

19114
[ Open the tubular clamp on the elevator of the TDS }/_

v

19116
[Move the elevator around an upper end of the double stack]/-

v

v

Close the tubular clamp on the elevator of the TDS 19118
around the upper end of the next drill pipe

Verify that the elevator of the TDS is engaged with | _—— 19120

the next drill pipe

19122
Re-engage |€No @
_/ Yes

FIG. 191 ( Goto FTG. 192 )
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( From FIG. 191 )

Open the grippers on the LTH and the | _—" 19202
UTH of the VTHS

Transfer the next drill pipe tothe | _—" 19204
elevator of the TDS

v

Retract the arms of the LTH and the | " 19208
UTH of the VTHS

v

19208
Return the iron roughneck to a neutral or standby position /

v

19210
Lower the TDS toward the well center area /—

v
( End )

FIG. 192
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19300
Move the HTHS in a first direction along a first 19302

horizontal axis to a position over a horizontal casing /
storage rack

v

Move the transverse member in the HTHS along the / 19304
bridge of the HTHS in a second direction along a second
horizontal axis perpendicular to the first horizontal axis

¥

Rotate the arm of the HTHS down and | _—" 19306
outward from the bridge of the HTHS

Open the first gripper and the second gripper 19308
on the arm of the HTHS

Move the first and second grippers into position 19310
around the casing so that the first gripper and the /

second gripper span the center of the casing

19312
Close the grippers around the casing }/_

19314
I Verify that the casing is engaged with

grippers on the arm of the HTHS

19316
Adjust grippers [#=No Engaged?
/ Yes
4

19318 [Retrieve the casing from the horizontal | _—"_ 19320

casing storage rack

v

Move the HTHS in a second direction along the first 19322
horizontal axis away from the horizontal casing storage
rack and toward the horizontal transfer position

v
FIG. 193 ( Goto FIG. 194 )
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19300

( From FIG. 183 )

Using the arm of the HTHS, rotate the | " 19402
casing 180 degrees

v

Extend the casing from the horizontal 19404
tubular storage area to the drill area along
a third horizontal axis

v

Lower the LTH of the VTHS along the | —" 19406
first vertical axis

v

Rotate the arm of the LTH of the VTHS toa | _—"_ 19408
horizontal transfer position

v

Open the first gripper and the second gripper / 19410
on the arm of the LTH of the VTHS

v

Move the grippers around the casing spanning the 19412
center of the casing and one of the grippers on the /

arm of the HTHS

v

Close the first and second grippers on the arm of the | __—" 19414
LTH of the VTHS around the casing

[ Verify that the LTH of the VTHS is 19416
g engaged with the casing
19418
Adjust grippers}i—No Engaged?
/ Yes
A 4

19420 [ Open the first and second gripperson | _— 19422

the arm of the HTHS

v
FIG. 194 ( Goto FIG. 195 )




WO 2019/207162

19300

195/215

( From FIG. 194 )

[ Transfer the casing from the arm of the HTHS to the
arm of the LTH of the VTHS

v

Rotate the casing from a horizontal position to a
vertical position using the arm of the LTH of the
VTHS

PCT/EP2019/060960

| __— 19502

| __— 19504

v

19506
[ Retract the arm of the HTHS k”"#’-

v

Return the HTHS to a retrieve the next casing

__— 19508

v

Rotate the casing and the LTH of the VTHS around a

19510

second vertical axis while extending the arm of the LTH

outwardly from the vertical support structure

v

Rotate the arm of the LTH of the VTHS and the
casing into position over the well center

v

Extend the iron roughneck into the well center area
around the well center and the casing

| __— 19512

| __— 19514

v

|

Couple the casing to the previous casing using the
grippers on the arm of the LTH of the VTHS

}’_,,,a-"* 19516

v

v

¥

[ Open the tubular clamp on the elevator of the TDS

19518
Torque the casing using the iron roughneck /—
19520
Lower the TDS toward the well center area}/_

| __— 19522

v
FIG. 195 ( Goto FIG. 196 )
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( From FIG. 185 )

PCT/EP2019/060960

_ / 19602
Move the elevator around an upper end of the casing

v

[ Open the grippers on the LTH of the VTHS

| __— 19604

¥

v

19606
Release the casing ]/‘

Close the tubular clamp on the elevator of the TDS around | _——_ 19608
the upper end of the casing to engage the casing

v

19610
Return the iron roughneck to a neutral or standby position /

v

r

\

Transfer casing to the elevator of the TDS

v

v

Retract the arm of the LTH of the VTHS

| 19612

v

first vertical axis

v

Rotate an arm of the LTH of the VTHS fo a
horizontal transfer position

v

Open a first gripper and a second gripper on
the arm of the LTH of the VTHS

__— 19614

Lower the LTH of the VTHS along the | —" 19616

| __— 19618

| __— 19620

v

Extend the casing from the horizontal tubular storage 19622
area to the drill area along a third horizontal axis

v

Move the grippers of the LTH of the VTHS around / 19624

the casing spanning the center of the casing and one

of the grippers on the arm of the HTHS

FIG. 196

( Goto FIG. 197 )




WO 2019/207162 PCT/EP2019/060960
197/215

19300

( From FIG. 186 )

[ Lower the TDS toward | 19702

to the well center area

v

Close the first and second grippers on the arm of the| __—" 19704
LTH of the VTHS around the next casing

Verify that the LTH of the VTHS is | —_ 19708
engaged with the casing

Adjust grippers }4—N0 Engaged?
/ Yes
¥

Open the first and second grippers on | _—_ 19712
the arm of the HTHS

v

[Transfer the next casing from the arm of the HTHS to |__— 19714
the arm of the LTH of the VTHS

v

Rotate the casing from a horizontal position to a 19716
vertical position using the arm of the LTH of the /
VTHS

v

19718
[ Retract the arm of the HTHS /_

v

18720
Return the HTHS to a neutral or standby position /

v

19722
Lock the casing in the well center opening /

19724
Open the tubular clamp on the elevator }/_

v
FIG. 197 ( Goto FIG. 198 )
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( From FIG. 197 )
Release the casing }/—

v

from the well center area

¥

PCT/EP2019/060960

19802

Raise the TDS away | __— 19804

Rotate the next casing and the LTH of the VTHS around 19806

a second vertical axis while extending the arm of the
LTH outwardly from the vertical support structure

v

Rotate the arm of the LTH of the VTHS and the next
casing into position over the well center

| __— 19808

v

-

Extend the iron roughneck into the well center area
around the well center, the next casing and the
previous casing

1

| __— 19810

¥

”

Couple the next casing to the previous casing using
the grippers on the arm of the LTH of the VTHS

| __— 19812

v

v

v

19814
Torque the casing using the iron roughneck /—
19816
Lower the TDS toward the well center area}/‘

Open the tubular clamp on the elevator of the TDS

__— 19818

v

Move the elevator around an upper end of the casing

r'_,,_——"— 19820

v

v
FIG. 198 ( Goto FIG. 199 )

19822
Open the grippers on the LTH of the VTHS }/—



WO 2019/207162 PCT/EP2019/060960
199/215

19300

( From FIG. 198 )
i 19902
Release the casing J/—

v

Close the tubular clamp on the elevator of the TDS around | _—"_ 19904
the upper end of the casing to engage the casing

v

19906
Return the iron roughneck to a neutral or standby position

19908
Transfer casing to the elevator of the TDS /

)

19910
Retract the arm of the LTH of the VTHS /_

[ Return the arm of the LTH of the VTHS toa | _—"_ 19912
neutral or standby position

Lower the TDS toward / 19914

to the well center area

I
(e )

\

P ——

FIG. 199
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200/215

to the vertical transfer position

v

to the vertical transfer position

v

PCT/EP2019/060960

Rotate the arm of the UTH of the VTHS| _—" 20002

Rotate the arm of the LTH of the VTHS | _——"_ 20004

20006
Rotate the VTHS toward the vertical casing rack /

v

Open the first gripper and second gripper on
the arm of the UTH of the VTHS

v

Open the first gripper and second gripper on
the arm of the LTH of the VTHS

¥

Extend the arm of the UTH of the VTHS until
the grippers on the arm are around a casing
stack in the vertical casing rack

v

Extend the arm of the LTH of the VTHS until
the grippers on the arm are around a casing
stack in the vertical casing rack

| __— 20008

| __— 20010

__— 20012

/— 20014

v

v

with grippers on the arm of the VTHS

20016
Close the grippers around the casing }//—

.| Verify that the casing stack is engaged | _—"_ 20018

20020

20022

/

Adjust grippers j€=No Engaged?

Yes
A 4

vertical casing storage rack

v
FIG. 200 ( Goto FIG. 201 )

Retrieve the casing stack from the | __— 20024
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20000

( From FIG. 200 )

Rotate the casing stack and the LTH and UTH of the
VTHS around a second vertical axis while extending the 20102
arm of the LTH and the arm of the UTH outwardly from
the vertical support structure

v

Rotate the arm of the LTH and the arm of the UTH of 20104
the VTHS and the casing stack into position over the /

well center

v

Extend the iron roughneck into the well center area 20106
around the well center, the next casing and the /

previous casing

v

Couple the casing stack to the previous casing using 20108
the grippers on the arms of the LTH and UTH of the /

VTHS

v

20110
[ Torgue the casing using the iron roughneck }/-

20112
Lower the TDS toward the well center area /

v

20114
[ Open the tubular clamp on the elevator of the TDS /
Jr - 20116

[ Move the elevator around an upper end of the casing ]

v

Open the grippers on the arms of the LTH and| __——_ 20118
UTH of the VTHS

‘l' 20120
[ Release the casing stack }/_

J, 20121
[ Return the iron roughneck to a neutral or standby poﬁ—

¥
FIG. 201 ( Goto FIG. 202 )




WO 2019/207162
202/215

20000

( From FIG. 201 )

PCT/EP2019/060960

Close the tubular clamp on the elevator of the TDS around / 20202
the upper end of the casing to engage the casing

v

20206
Transfer casing to the elevator of the TDS /—

!

20208
Retract the arms of the LTH and UTH of the VTHS /

v

storage rack

Move the HTHS in a first direction along a first 20210
horizontal axis to a position over a horizontal casing /-

v

Move the transverse member in the HTHS along the 20212
bridge of the HTHS in a second direction along a second
horizontal axis perpendicular to the first horizontal axis

v

Rotate the arm of the HTHS down and
outward from the bridge of the HTHS

/ 20214

v

on the arm of the HTHS

20216
Open the first gripper and the second gripper

v

Move the first and second grippers into position / 20218

around the casing so that the first gripper and the
second gripper span the center of the casing

v

Close the grippers around the casing

/ 20220

( Goto FIG. 203 )

FIG. 202
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20000

( From FIG. 202 )

.| Verify that the casing is engaged with | _——_ 20302
grippers on the arm of the HTHS

Adjust grippers [«—No Engaged?
‘_/ Yes

Retrieve the casing from the horizontal / 20308
casing storage rack

v

Move the HTHS in a second direction along the first 20310
horizontal axis away from the horizontal BHA storage
rack and toward the horizontal transfer position

Using the arm of the HTHS, rotate the 20312
casing 180 degrees

Extend the casing from the horizontal 20314
tubular storage area to the drill area along /

a third horizontal axis

J' 20316
[ Open the first gripper and the second gripper /

20304

20306

on the arm of the LTH of the VTHS

v

20318
Lower the LTH of the VTHS along the
first vertical axis

¢ 20320
Rotate the arm of the LTH of the VTHS to the
horizontal transfer position

( Goto FIG. 204 )

FIG. 203
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20000

( From FIG. 203 )

Move the grippers of the LTH of the VTHS around 20402
the casing spanning the center of the casing and one /
of the grippers on the arm of the HTHS

Close the first and second grippers on the arm of the / 20404
LTH of the VTHS around the casing

Verify that the LTH of the VTHS is | __—"_ 20408
engaged with the casing

Adjust grippers j[«=No Engaged?
/ Yes
\ 4

Open the first and second gripperson | __—"" 20412
the arm of the HTHS

v

[ Transfer the casing from the arm of the HTHS to the |_— 20414
arm of the LTH of the VTHS

v

Rotate the casing from a horizontal position to a 20416
vertical position using the arm of the LTH of the /

VTHS

v

20418
[ Retract the arm of the HTHS %—

/ 20420
[ Return the HTHS to a retrieve the next casing

v

Lower the TDS

v

20424
Open the tubular clamp on the elevator /

\.

20408

20410

20422

¥
FIG. 204 ( Goto FIG. 205 )
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20000

( From FIG. 204 )
¢ 20502
Release the casing J/—

Raise the TDS away | __— 20504

from the well center area

¥

Rotate the casing and the LTH of the VTHS around a 20506
second vertical axis while extending the arm of the LTH
outwardly from the vertical support structure

¥

Rotate the arm of the LTH of the VTHS and the | _—— 20508
casing into position over the well center

v

Extend the iron roughneck into the well center area / 20510
around the well center and the casing

Couple the casing to the previous casing using the 20512
grippers on the arm of the LTH of the VTHS
J' 20514
Engage the TDS with the casing /—

v

20516
Torque the casing using the iron roughneck /

v

20518
[ Retract the LTH of the VTHS /—

v

20520
Lower the TDS toward the well center area /

v

20521
Return the iron roughneck to a neutral or standby position /

!
(e )

FIG. 205
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20601

20600 ( Engage TDS with drill pipe ]—""’_
¢ 20602

(  Lower TDS toward well bore area }//

Move the HTHS in a first direction along a first horizontal / 20603
axis to a position over a horizontal casing rack

v

Move the transverse member in the HTHS along the 20604
bridge of the HTHS in a second direction along a second
horizontal axis perpendicular to the first horizontal axis

Rotate the arm of the HTHS down and | __——"_ 20606
outward from the bridge of the HTHS

v

Open the first gripper and the second gripper / 20608
on the arm of the HTHS

Move the first and second grippers into position around the / 20610
casing so that the grippers span a center of the casing

‘l 20612
[ Close the grippersjaround the casing }/—

b4

1 Verify that the casing is engaged with the / 20614
- grippers on the arm of the HTHS

Adjust grippers j€«—No Engaged?
_/ Yes

4

Retrieve the casing from the horizontal | _—"_ 20620
casing storage rack

v

Move the HTHS in a second direction along the first | _—"_ 20622
horizontal axis away from the horizontal casing storage rack

20616

20618

v
FIG. 206 ( Goto FIG. 207 )
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20600
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( From FIG. 206 )

Using the arm of the HTHS, rotate the

PCT/EP2019/060960

| __— 20702

casing 180 degrees

v

[ Extend the casing from the tubular storage areato | — 20704

the drill area along a third horizontal axis

v

20706
Lower the LTH of the VTHS along the first vertical axis /

v

\.

Rotate the arm of the LTH of the VTHS to
horizontal transfer position

a |_— 20708

v

on the arm of the LTH of the VTHS

[ Open the first gripper and the second gripper |__— 20710

v

the grippers on the arm of the HTHS

Move the grippers around the casing spanning one of / 20712

v

Close the first and second grippers on
the arm of the LTH of the VTHS

v

Verify that the LTH of the VTHS is

Adjust grippers

| __— 20714

| __— 20716

engaged with the casing

—-No Engaged?

20720 ‘/

Yes
¥
Open the first and second grippers on
the arm of the HTHS

20718

| __— 20722

v

arm of the LTH of the VTHS

Transfer the casing from the arm of the HTHS tothe | _—""_ 20724

FIG. 207

( Goto FIG. 208 )
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20600

( From FIG. 207 )

Rotate the casing from a horizontal position to a 20802
vertical position using the arm of the LTH of the /

VTHS
v

20804
Retract the arm of the HTHS }/_

Return the HTHS to retrieve the next casing from the / 20806
horizontal casing storage rack

Rotate the arm on the UTH of the | __—" 20808
VTHS to a vertical transfer position

Vertically align the arm of the 20810
UTH with the arm of the LTH

Open the first gripper and the second gripper / 20812
on the arm of the UTH of the VTHS

J' 20814
( Lower the UTH of the VTHS }//_
Extend the arm of the UTH until the grippers are around 20816
the casing above the grippers on the arm of the LTH

Close the grippers on the arm of the | __—"_ 20818
UTH around the casing

Verify that the UTH of the VTHS is | __—"_ 20820
engaged with the casing

20822
Adjust grippers j4=No Engaged?

2°324‘/F|G. 208 ves

h 4
( Goto FIG. 209 )
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20600

( From FIG. 208 )

[ Transfer the casing from the arm of the LTH of the | —"_ 20902

VTHS to the arm of the UTH of the VTHS

Release the grippers on the arm of the | _—"_ 20904
LTH of the VTHS

v

) /‘ 20906
Lower the LTH of the VTHS along the casing

Close the grippers on the arm of the / 20908
LTH around the casing

Verify that the LTH of the VTHS is | _—"_ 20910
engaged with the casing

20912
Adjust grippers j[«=No Engaged? ,

20914 -/ Yes

: v 20916
[Release the grippers on the arm of the UTH of the VTHS

v

20918
[Raise the LTH and the casing along the vertical axis /

Close the grippers on the arm of the | _—— 20920
UTH around the casing

Verify that the UTH of the VTHS is | _—" 20922
engaged with the casing

Adjust grippers }4—No Engaged? ,

-/ Yes

FIG. 209 ( Goto FTG 210 )
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20600

( From FIG. 209 )

Raise the UTH and the casing along | _— 21002
the vertical support of the VTHS

v

Using the HTHS, extend the next casing from the tubular | _—" 21004
storage area to the drill area along the third horizontal axis

v

21006
[ Lower the LTH of the VTHS along the first vertical axis }//—
Rotate the arm of the LTH of the VTHS toa | _—— 21008
horizontal transfer position

v

Open the first gripper and the second gripper / 21010
on the arm of the LTH of the VTHS

v

Move the grippers around the casing spanning one of| _—"_ 21012
the grippers on the arm of the HTHS

rCIose the first and second grippers on the arm of the / 21014
LTH of the VTHS around the next casing

Verify that the LTH of the VTHS is | _—"_ 21016
engaged with the casing

21018
Adjust grippers j«=No Engaged?

21020 —/ Yes

¥

Open the first and second gripperson | _—" 21022
the arm of the HTHS

Transfer the casing from the arm of the HTHS 21024
to the arm of the LTH of the VTHS

v
FIG. 210 ( Goto FIG. 211 )
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20600 ( From FIG. 210 )

Rotate the casing from a horizontal position to a vertical 21102
position using the arm of the LTH of the VTHS
‘L 21104
(Retactthe amofthe HTHS }F—

21106
[ Return the HTHS to a neutral or stand-by position }/—

v

Rotate the arm on the UTH of the VTHS so that the 21108
lower end of the previous casing is aligned with a tool /
mounted on the vertical support member of the VTHS

v

Rotate the arm on the LTH of the VTHS so that the 21110
upper end of the next casing is aligned with the tool /
mounted on the vertical support member of the VTHS

Lower the UTH on the VTHS until the lower end of /—- 21112

the previous casing is within the tool mounted on the
vertical support member of the VTHS

v

Raise the LTH on the VTHS until the upper end of 21114
the next casing is within the tool mounted on the /
vertical support member of the VTHS

v

Using the grippers on the arm of the UTH and the
grippers on the arm of the LTH, couple the previous 21116
casing to the next casing within the tool mounted on the
vertical support member of the VTHS

v

Using the tool on mounted on the vertical support

member of the VTHS, torque the previous casing and| _——"_ 21118

the next casing together to a predetermined torque
value to form a casing stack

( Goto FIG. 212 )

J
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20600

( From FIG. 212 )

PCT/EP2019/060960

tool mounted on the VTHS

Extend the arms of the LTH and UTH of the VTHS
away from the vertical support member of the VTHS | _—"_ 21202
and move the casing stack out of and away from the

v

21204
Rotate the VTHS toward the vertical casing rack /

v

rack

Extend the arms of the LTH and UTH of the VTHS
away from the vertical support member of the VTHS | __—_ 21206
and move the casing stack into the vertical casing

v

Lower the casing stack into the vertical
casing rack

| __— 21208

v

Verify that the casing stack is engaged
with the vertical casing rack

| __— 21210

Adjust "
casing stack <«No Engaged?
21214 - Yes

¥

Open the grippers on the arms of the
LTH and UTH of the VTHS

21212

| __— 21216

v

VTHS

Retract the arms of the LTH and UTH of the | _—— 21218

v

neutral or standby position

Return the LTH and the UTH of the VTHS toa| _—" 21220

y
(e )

FIG. 212
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21302

23100

21306

21312
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