16B(78)-32 - 9.5in

BHAs #11 through #17/

SANVEAN°®
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Run in That Bit Serial Depth In (ft Depth Out Footage On Bottom On Bottom

Interval BHA# Bit Size Bit Type Bit Mfg

Hole Size MNumber MD) (ft MD) Drilled (ft) Hours ROP (ft'hr)
Vertical | BHA #4 3 9.50 THCT3-A2 AZ98329 |REECHYCALOG 4980 5269 289 2.264 128
4: Directional BHA #4 HALO, 9 1/2" Hole section
Bottom Hole Assembly
Job# OP.039349 Rig Frontier 16 BHA Length (Usft) 1354.08
Operator Utah Forge BHA # 4 BHA Weight dry (kibs) 7021
% Well 168(78)-32 - 16B(78)-32 Bit# 4 BHA Weight Bouyed (kibs) 60.67
o Field Beaver (University of Utah) - Utah Forge Depth In (Usft) 0.00 Wt Below Jars dry (kibs) 7021
o Date In Depth Out{Usft) 0.00 Wt Below Jars Bouyed (kibs) 60.67
~ Date Out Drilled(Usft) 0.00 Drilling / Circ Hours 0.00/0.00
< Sensor Offsets
I Survey Offset N/A Gamma Offset N/A Gyro Offset N/A
(a Unit Comp Total Total
Q # SN Description 3'3 (:2) "('I 30 ""(b:;;"" CnxUp CnxDn Weight  Weight  Weight L(‘U';“‘,g‘ Length
> (Ib/ft) (kibs) (klbs) (Usft)
912" 7 Blade 412
5 g | A28 oepe e 63752750 0000 000 il 0.000 0.00 0.00 113 113
- HALO RSS S12F 412
o) ' 2 76000781 s 6.750 2000 0.000  0.00 8 |recp| 0000 0.00 0.00 3538 3651 HALO
= =
o l 3| one | oaedBianmias1s a0 | 240 |41EFI4EF| o 0.00 000 562 4213 STAB
= E 4 125373 B34 gg Pony G438 3250 0000 o000 4 ‘g 14 1;2 F 0000 0.00 0.00 922 5135
— =
< H 5 84772 GI4NMDC 6813 3250 0000 000 ¢ ‘g EAEE a0 0.00 0.00 31.11 82.48
— ‘ 6 Gutaps TCIVZ'Roller 605 3000 0000 000 (412F 412F 444 0.00 0.00 564 88.10 RR
i reamer B P
2 ,I 7 7019 634BlackBox 6750 2250 6750 000 *'2F 412F 400 0.00 0.00 6.00 94.10 Black Box
T ’| 8 Rg.%'" 634RPsick 6750 2000 6750 110 *'2F 412F o000 0.00 0.00 1993 114.03 RIPstick
(an)]
I 9 7150018 7.15MudMotor 7.188 2000 7.188 000 ¢ "82"" e F 0.000 0.00 0.00 4128 15531 Mud Motor (6/7 7.1)
'I 10 Lo 634Fitersb 6688 3250 6688 000 2T 412F o000 0.00 0.00 393 150.24
" 11 NA 9JTS,634"DCs 6813 2875 0000 000 *'2 Fie 2 100000 27.83 2783 21827 43751 9x6%” DC
Crossover (DC's 512 412F
l 12 NA oo (6957|3000 0000 | 000 | i 412 0.000 0.00 27.83 315 44066
[ 13 NA 30 JTSHWDP 5500 3625 0.000 0.00 ,"_ﬂ,}% g;’g 46.400 4238 70.21 91342 135408 30 x HWDP
Comments
Halo 7600-0781; Pulser 128-481; Eye 1485; Gamma 1279; Battery 008-29SEP22AB SDI 7" Straight Fixed Lobe 6/7, Stage 7.1 Flow Range = 500-750 Max Diff =
1,670 Max Torque = 18,680 Rev/Gal = 0.23 9 3/8 Spiral 3 blade stabilizer Eye = 22 Gamma = 17 NB Inc/Az=7
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Several different
wear/break planes

9.5” TKC73-A2 Dull Analysis

Blade 4

Comments from NOV Report

(Graphitization)
~+Thermo-
mechanical
damage

Pulled for OTF. High lateral vibrations were
seen from MWD tool. This limited Rotary
RPM's for majority of the run.

Notes: The primary damage to the cone cutters/nose cutters was due to
impact damage in the axial direction. The breakage is perpendicular and
centered to the cutter face, indicatinhe TCCs in the cone
appear to have broken on several different planes, suggesting several high
impact events took place.

The core out likely occurred after the failure of the B1C1. B5C1 failed at 90
degrees to the cutter face from increased side load after B1Cl1s failure.

Breaking B1C1 may have induced extra vibration because in the time it
would have taken to core out, the cutters only showing carbide should
have larger wear flats. This indicates several cutters broke during/end of
the core out, right before the bit was pulled.

| Bit cored Dutldue to center column of
graniie not oeing destroyed. This means

we have a very smooth borehole but could
be due to the RSS keeping the bit with
minimal Doglegs.

Steel shot from Particle Drilling trial was
still seen inthe mud at a 3%
concentratian.

Solution: Bit modeling shows the core out
occurring at a DOC higher than 7mm/rew.
Wa can drill at the same ROP within this
DOC range by increasing Bit RPM's or by
setting an ROP limiter.

Potentially separate blades on the bit to
remove formation column.
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BHA #11 (4) — Entire Run (Motor Driven HALO)

Surfacs: Surface:
AutoDriller Diff Press SPAutoDriller On Bottom ROP Setpoint

Surfacs: Surface: SHE105:
Differential Pressurs Rzt Of Penstration Temperatrs
[psi] [ft/hr] [C1
3000 0 11000 400 &0

[a]

— =

SNET05: SME105: SNS105:
Shi¥pesk Shpeak EhIpesk

2023/05/13 |
07:00:00

2023/05/13 |
07:30:00

2023/05/13 |
08:00:00

2023/05/13 |
08:30:00

2023/05/13 |
05:00:00

2023/05/13 |
09:30:00

2023/05/13 |
10:00:00

2023/05/13 |
10:30:00

2023/05/13 |
11:00:00

2023/0513 |
11:30:00

2023/05/13 |
12:00:00

CuBIC: SMET0S:
MSE GyroXmed

[kpsi] SME105: Surface:

GyroXmin AutoDriller WOE 5P
o —
Surfaces SME105: Surface: Surface:
Elock Height Gyrokmax Hook Load \Weight on Bit
[ft] [RPM] [klbs] [klks]
-20 174
L L L |
&0

&

Bit Negative RPM

Bit High Peak Shocks all 3-Axis




BHA #11 (4) — Stand Zoom

2023/05113 |

07:00:00

2023/03/13

07:10:00 |

2023/0513

07:20:00

2023/0513

07:30:00

2023/05113 |

07:40:00

2023/0513

07:50:00

2023/0513 |

08:00:00

CuBIC: SNE105:
MaE GyroXmed
[kpsi] SNETOS: Surface: Surface: Surface:
0 Gyramin AuzcDrillsr WOE 3P AutoDriller Diff Prass SPAutoDiller On Bottom ROP Setpoint
[ — —— ———
Surface Surface SHE10S: Surface: Surface: Surface: Surface Surface: Surface: Surface: SN5105 ang Accel SHE05: SNE1DS: SH5105:
Block Height Rotary REM GyroXmas Heak Load \Weight on Bit Convertible Tarque Total Pump Qutput Srandgipe Prezzure Diffarantizl Prezsurz Aztz Of Penatrztion Termparaturz Srpezk Shifpzalk ShIpezk
[ft] [RPM] [RPM] [klbs] [klbs] [kft-los] [GPM] [psi] [psi] [ft/hr] [ [ lg] [a] 2] .
20 130 0 170100 450 0 240 0 60 0 00 800 0 20000 11000 400 60 750 200 0 200 0 200 0 xo | Axial Peak Shock
L | L T T T T S AN I T T T N [ N R | L I T T T [ N T T RS N A S Y S T A | I T S N T Nl | L L 1| L 1| L L | L | Increase before and
| while transition off-
| | bottom
b == o
| : : e, £
& °O: l g = = \ Very High Axial, Tangential
o N S = 1006 1190 180 ' |& Radial Peak Shock
o) ]
(@)}
5 &
20K I t Low AX|a.I,
< Tangential &
5 1 & 3 Radial Peak
o g Shock
o o
[o\] o
S LN I
()
—
26 | 30K 600 s, 70'/hr. L -
I ( Diff Increase — Higher
E [ 3 Tangential & Radial Peak Shock
o |- L
020 8
¢ 40K — * ] ,
_ . 1 - Low Axial,
) I L .
a < Tangential &
o N
— =y ) — = |Radial Peak
50K in S
© : Shock
= S
< —
+ 740 PS|
; 70 RPM i J . .
] = Increase RPM/Diff — Higher
:__ Axial, Tangential & Radial Peak
Shock

Increased differential pressure correlates to increased tangential/radial shocks and gyro spread.




BHA #11 (4) — Stand Zoom

2023/0513 |

08:00:00

2023/0513 |

08:05:00

2023/0513 |

0&:10:00

2023/0513

02:1%:00

2023/05113

0820:00 |

2023/0513 |

08:25:.00

2023/05113 |

02:30:00

2023/0513 |

08:33:00

2023/0513 |

08:40:00

2023/0513 |

02:45:00

Increased tangential/radial shocks and gyro spread when surface RPM increased from 50 to 80 to 100 RPM. 100 RPM worst condition.

CuBIC: SNE10S:
MSE Gyrokmed
[kpi\] SNE10S: Surface: Surface: Surface:
i) 50 Gyrokmin AutaDriller WOB 5P AutaDriller Diff Presz SPAutaCrillar On Bottom ROP Setpaint
ol —— — —
Surface: Surface: SME105 Surface: Surface: Surface: Surface: Surface: Surface: Surface: Tang Accel SNS105: SNS105: SNS105:
Elock Height Rotary RPM GyroKmax Heok Load Weight on Bit Convertible Torque Total Pump Quiput Standgipe Pressure Differentizl Pressure Ratz Of Penatrztion Th¥pezk Shifpezk ShZpesk
[f] [RPM] [RPM] [lles] [klbs] [kft-llos] [GPM] [psi] lpsi] [ft/hr] ] ] [a]
-20 180 0 170-100 450 0 0 60 0 40 0 800 0 30000 1000 400 60 200 0 200
L L L | | L T I IR T I I R S T | L 1| L I T T T T N T S T T AN AT SO S SO N | L L L | R R | L 1| L L |
é,(]ﬁp El
r : :r-
/ -
50K 3
5 8Kt bs 150 . ;°g,Tf;ge:gg' &
2 400 PSI } adial Peak Shoc
| ! 820 PS| = 390'/hr.
=
8ORPM 1 | 14Kft-Ibs. 5 3
100 RPM = | 17KftIbs. S 0 ' i 50G 190 150G | Higher Tangential &
— ~ Radial Peak Shock
] 11Kft-Ibs. § L
1 i ' ' || Low Tangential &
320 psl 5”‘5 t E L :
j[ 4 | Radial Peak Shock
z f g
o |- o - I
~ o=
3 2 > Intermediate
{ g ﬂ Tangential & Radial
i s ~ =) i Peak Shock
— —
(%]
a
2
Q '8 Higher Tangential &
Q /F Radial Peak Shock
il il [T |




BHA #11 (4) — Stand Zoom

CuBIC: SNETDS:

M3E GyroXmed
[kpsi] SNE105: Surface: . _Surface‘ ] Surface; .
i) 50 GyroXmin AutoDriller WOB 5P AutoDriller Diff Press SPAutoDriller On Bottom ROP Setpoint
oo | — — —
Surface Surface: SNE105: Surface: Surface; Surface: Surface: Surface: Surface Surface EN5105: Tang Accel SNE105: SME105:
Elock Height Ratzry AP GyroXmax Hook Load ‘Weight on Bit Convertible Torque Total Pump Output Standpipe Preszure Differential Pressuse fatz Of Penatration Temperaturs Shifpsak ShIpeak
Ifl [REM] [RPM] [klbs] [kibs] [kft-lbs] [GPM] [psi] [osi] fft/nn] o] gl
-20 180 0 170-100 450 0 240 0 & 0 400 300 0 30000 1100 0 400 60 75 0 200 0
I | | P I TN N R T S S M| (I | A R L (I | I__:J | | T R L1 | | L1
2023/05/13 | || || | . .
0%:00:00
S0 oM T T | Wi 3
2023/05/13 | |81/ 40 RPM _ | | _
0930:00 = =
30 RPM = a
= 50K =
! eQRPM| 2 3
| ©
. oo | High Axial, Tangential & Radial
Pigked @ 4 , lang
up2’ < 200 PS 3 906 Peak Shock Partially Off-Bottom
2023/05/13 | O REM! | [ | } | Temp. )
10:00:00 Increase
s } 110G High Axial, Tangential & Radial
PO\RERT 40K 7 Peak Shock Partially On-Bottom
NS
P
50 RPM i
2023/05113 | el [ T [ [ - - - -
103098 Lo 2k 200 PSI High Axial, Tangential & Radial
s T & Downlink? Cycling Pumps 90G Peak Shock Partially Off-Bottom
Up 2| orem L Up/Dn.
J = 140G I ] A )
f 30 RPM 50K High Axial, Tangential & Radial
2023/05/12 | f* | | | _ _ _ | | Peak Shock Partially On-Bottom
11:00:00 (3 i [
Of significant interest on this stand is increased 3-axis shocks when picked up 2’ off bottom — Is this bit off bottom? Is this bit whirl?
Temperature increase is significant event for a centerline mounted sensor (if this is dynamics/rock interaction driven).




BHA #11 (4) — Stand Zoom

2023/05113 |

11:00:00

2023/05/13 |

11:10:00

2023/05113 |

11:20:00

2023/05113 |

11:30:00

2023/05113 |

11:40:00

2023/05113 |

11:50:00

2023/05113 |

12:00:00

2023/05113 |

1210:00

2023/05113 |

12:20:00

CuBIC: SNE105:
MEE GyraXmad
Tkpsi] SI‘\SIO_-'!: rfaca:
0 100 GyroXmin AutaDriller Diff Fres SPAutcDriller On chm ROP Setpaint
| T | —— ——
Surface 3 SNS105: Surface: Surface: Surface: SN3105: Tang Accel SNE105: SN5105:
Block Height Rotary RPM GyroXmax Heok Load Sandpipe Pressure Differential Pressure Ratz Of Penatrztion Temperaturs Shfpeak ShZpeak
[ft] [RPM] [klbs] [ft/hr] [ [l
-20 180 0 240 3000 11000 400 80 70 200 0 200 0 200 0 200
I I — " 4 ) E """ - I .Y B N i H TE'T‘ i
ral
100 RPM S | ' |
41 | 50 RPM I' z ] Peak Shock Levels Reduced On-Bottom
[ 110-160 % Very High Axial, Tangential &
emp. Increas ’
Picked RPH ' 55K C ) ' 64-71C m 2006 ERR AniiE Radial Peak Shock Off-Bottom
Up2 Il N\ 4 3 (whirl?)
40 RPM 200 Psl 140G 200G 180G Very High Axial, Tangential &
| | Increase | || | . Radial Peak Shock Off-Bottom
NS (whirl?)
P
' ' 200 PSI ' ' ] | Very High Axial, Tangential &
40 RPM ? Increase ( ) 140G ZOOG 180G Radial Peak Shock Off-Bottom
L7 - (whirl?)

Of significant interest on this stand is increased 3-axis shocks when 1) Ramping up RPM /picking -up and partially off bottom (see next slide zoomed);

2) Picked up 2’ off-bottom —

Is this bit off bottom? Is this bit whirl? Is the whirl transferring to BHA? Need to validate with NOV BB data.




BHA #11 (4) — Stand Zoom

CuBIC: SNE105:
M3E GyraXmad
[kpsi] SNE105: Surface: Surface: Surface:
0 100 GyroXmin AutcDriller WOE 2P AutoDriller Diff Press SPAutcDriller On Bottom ROP Setpoint
[ I I — —
Surface Surfaze: SMNE10E: Surface: Surface: Surface: Surface Surfaze: Surface: SM5105 Tang Accel SMNE105: SNETDS: SNE105:
Block Height Rotary RRM GyroXmay Hook Load ‘Weight on Bit Comvertibla Torque Total Pump Output Standpipe Prasiure Rate OF Penatration Temperaturs Srlipaak Shifpeak ShIpeak
[ft] [REM] [RPM] [klos] [klbs] [kft-lks] [GPM] [psi] [psi] [ft/hr] [€] [g] lg]
-20 180 0 170-100 450 0 240 0 60 0 40 0 800 0 30000 1100 0 400 60 730 200 0
L | TR T N N1 T T T T T A T T T T AT T T T T N T T T[N N T T N A T T Sy [ T [N T T SN [ N SO
2023/05/13 |
11:14:00 &251
2023/05/13
11:15:00
w 10 Kft-Ibs.
2023/05/13
11:16:00 650 PS
110-120
RPM Pick U
P 19 Kft-Ibs. 500 PSI
2023/05113 | | | | || ||
11:17:00 Gyro Mirn
113 R Slack Off
800 |PSI
2023/05113 | | | | | . |
111800 Pick Up
26 Kft-lbs.
110-140 Usd|pS| Axial, Tangential & Radial Peak
SA7 e . . .
ic‘fﬁsg’,;g— RPM - — — - — — - Shocks progressively increasing
to very high levels when picking
up. Temperature increase is
2023/05/13 | | | | 37 Kft-lbs. | | seen at same time.
11:20:00 Gyro:-Mi
p 570 PSI
160 RPM
2023/05/13 | | | L] L] ! L] L] | - L] | "
1121:00 10 Kft-lbs.
60 RPM - .
200 PSI Reduction in 3-axis peak shock
502305/ correlates with reduction in
11:22:00 surface RPM.
i

All 3-axis peak shocks increase when picking up and ramping up surface RPM. Temperate increase at same time. Motor continues to pull differential.
Possible bit is not fully off-bottom in combination with bit whirl. Any indication of string whirl from NOV sensor sub?




BHA #11 (4) — Bit Frequency (Motor Driven HALO)

CuBIC: ENS105:
MEE Gyro¥med
——
[kpsi] SM510% Surface: Surface: Surface:
0 50 GyroXmin AutoDriller WOB 5P AutoDriller Diff PobaacBriller On Bottom ROP Setpoint
INERIE S E— TANG
Surfacs: Surface: SN5105: Surface Surfacs: Surfacs: Surface: Surface: Surface Surface: SN5105: Tang Accel SN5105: SM5105: SMN5105:
Block Haight Retary RPM GyroXmax Hook Load Weight on Bit Convertible Torque  Total Pump Output Standpipe Pressure Differentizl Pressure  Rate Of Penetration Temperzture Shipeak Shifpeak ShZpeak GYRO
g ¥ yTas g g p utp pip= P pe P P
——
ft RPM RPM klbs klos keft-lbs GEM, s s ft/hr C SHET08 SM5103 SHE10s SriE10s
i [RPM) [RPM] [kiss] [kios] leit-Ios] (GPM] Ipsi] lpsil [fhr] [c] lsl gl (g] lal e e S e
[Hz] Hz] [Hz] [Hz]

2400 6o 0 40 0 8000 30000 11000 40060 750 2000 2000 2000 2000 200 4000 200 4000 200 4000 200 400
|

2023/05/13
07:00:00

EOT/
2023/05/13 | | 20

02:00:00 l
Rt

11:00:00

[
TRIRTE T

ks :¥
2023/0513 | 1 |
08:00:00
S,Tﬁy
2023/05/13 | || 1 |
10:00:00
Sl
/
2023/05/13 | | 1| |-

) -

5 )

2023/05/13 | |
12:00:00




BHA #11 (4) — Discussion

* Post run comments stated high lateral vibrations at MWD.

« Temperature increase during high levels of 3-axis peak shock is significant. This is a condition that
will cause thermal damage to bit/cutters.

* Very high 3-axis Peak Shocks (up to 200G) experienced during run (HFTO 105Hz).
* Negative bit RPM events experienced through run.

. glear correlation between higher differential pressure and increased 3-axis peak shocks while on-
ottom.

* Clear correlation between higher surface RPM and increased 3-axis peak shocks while on-bottom.

» Off-bottom events are significant (transitioning off-bottom) shows verY)high 3-axis peak shocks
and still pulling torque and differential pressure. Looks very much like bit whirl.

* Should use NOV BB data to evaluate magnitude of mud motor back-drive throughout the run.
* Bit cutter damages (and wear pattern on DOC limiters) likely due to negative RPM events.

* Roller reamer roller element/button and stabilizer wear likely due to BHA whirl which was more
severe while off bottom. Need to verify with NOV BB data.



Runin That . . . Bit Serial . Depth In (ft Depth Out Footage On Bottom On Bottom
Interval BHA# . Bit Size Bit Type Bit Mfg .
Hole Size Number MD) (ft MD) Drilled (ft) Hours ROP (ft/hr)
Curve | BHA#5 4 9.50 TKC73-A2 A298328 |REEDHYCALOG 5269 5957 688 10.44 66
Botiom Hole Assembly
NO MOTOR IN BHA Jobi# OP.039349 Rig Frontier 16 BHA Length (Usft) 1296.36
Operator Litah Forge BHA # 5 BHA Weight dry (kibs) 7021
o Well 16B(78)-32 - 16B(78)-32 Bit # 5 BHA Waight Bouyad [klbs) 60.67
O Field Beaver (University of Utah) - Utah Forge Depth In (Usft) 0.00 Wt. Below Jars dry (klbs) 70.21
5 Date In Depth Out{Usft) .00 Wt. Below Jars Bouyed (kibs) 60.67
Date Out Drilled{Usft) 0.00 Drilling | Cire Hours 0.00/0.00
E Sensor Offsets
@) Survey Offset NA Gamma Offset NA Gyro Offsat N/A
Z Unit cnﬂ"lp Total Total
N # SN Description [?E; 1:':} F:rﬁn FN&:?" Cnx Up CnxDn Weight Weight Weight L(t::.gu Length
A (Ib/ft) (klbs) (klbs) (Ustt)
Q: ° 1 A298328 9113-Dé?;lade 9500 2750 0.000 0.00 R‘tEgzP 0.000 0.00 0.00 1143 1.13
9 ' 2 76001175 wﬁ%ﬁégr?m 6750 2000 6688  0.00 “"BZ'F R“Egza 0.000 0.00 0.00 3531 35.44 HALO STIFF
< ASM iral wrapped 1B 412IF 412 F
T l 3 oM Seralwepped B g0 2813 0000 0.00 5 o 0000 0.00 0.00 566 4210 STAB
LN H 4 125373 934 'E‘g PonY 6433 3250 0000  0.00 “;2": “E F oom 0.00 0.00 922 51.32
N
N H 5 84772 GI4NMDC 6813 3250 0000 000 'EF 4TZF - o00p 0.00 0.00 341 8243
i
FG 9 1/2° Roller 41/2IF 41/2IF
3+ a 6 GU3275 reamer 6625 2938 6625 2.10 B p 0.000 0.00 0.00 6.71 89.14 RR
< 7 7027  634BlackBox 6750 2250 6750 000 O 1V2F 412F 50 0.00 0.00 6.00 95.14 Black Box
T B ]
aa || 8 AFLSE03 634 Floatsub 6375 2875 0000  0.00 “'”Ef IF |4 ”Ff F ' oooo 0.00 0.00 245 97.59
DR ' 412IF 412 F
|| 9 ,p70; O3M4Fitersup 6688 3250 €683 0.0 5 5 0.000 0.00 0.00 393 101.52
” 10 MN/A  9JTS,6 34"DC's 6813 2875 0.000 0.00 4”32": 4 ”F? F " 100.000 27.83 27.83 278.27 379.79 9x63%”DC
Crossover (DC's 5122 412F
H 11 N/A to HWDP) 6937 3000 0000 0.00 FH B P 0.000 0.00 27 .83 315 382 94
[ 12 WA 30JTSHWDP 5500 3625 0000  0.00 E:‘E EJ‘E 46.400 42.38 7021 91342 129636 30 x HWDP
Comments

Halo 7600-1125; Pulser 128-474; Eye 1733; Gamma 1182, Battery 042-29SEP22AE NO MOTOR ASSIST Flow Range = 500-750 9 3/8 Spiral 3 blade stabilizer
Eye = 22 Gamma = 17 NB Inc/Az = 7 Make up torque, 4 1/2 Reg = 19,500 4 1/2 [F = 29,000
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Comments from NOV Report

ROP Limiter: Drilled curve from
0 degrees to 20 degrees. BHA
had a Halo RSS but no mud
motor.

Curve started at 5,480’

Had a short trip at 5,537’ due to
the Riser on the BOP stack
breaking.

Maintained drilling at 65 klbs
and 75 Bit RPM’s

Bit tripped for Halo signal loss,
increase in MSE and lower ROP
on the BHA.

Solution: Figure out BHA
vibration modeling to allow for
mud motor to be ran.
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2023/05/14 |

00:00:00

2023/05/14 |

04:00:00

2023/05/14 |

08:00:00

2023/05/14 |

12:00:00

2023/05/14 |

16:00:00

2023/05/14 |

20:00:00

2023/05/15 _|

00:00:00

2023/05/15 |

04:00:00

CuBIC: EM5104:
M5E GyroXmed
[kpsi] SMNE104: Surface: Surfacs:
0 3 GyroXmin Autoliniller WOB 5P AutoDriller On Bottom ROP Setpoint
[ —
Surface: Surfaca: SNS104: Surfaca: Surface: Surface: Surface: Surfaca: ENE10: SM5104: SNE104: Sh510:
Block Height Rotary RPM GyroXmax ‘Weight on Bit Convertible Torgue Total Pump Qutput Standpips Pressure Rats Of Penatration Temperature Shilpeak Shpesak Shipssk
[ft] [RPM] [RPM] [klbs] [kft-lbs] [GPM] lpsi] [fe/hr] [ ol [g] la]
-10 1o o 130-100 250 240 0 a0 0 1500 0 300 860 200 0 200 0
T R T S IR R I T T R | I O Y T | T R | TR R T R R R R T T R TR NN I BN R T R IR AN SN SR N B '
| 3
—— —
EL — =
s = = ]
- i
g ™ f— :
- =
17 i
a H
o :
@ :
N~ :
S H
Q = 3
)
‘=
]
-
v
=]
©
o
‘=
=]
-
—
[}
<
v
&55 -__L_
%0 {:
&30 -
i,wa - )
&,_”2 / —
752 —_—
&,TQZ
NIE
72 ROP reducing
912
B (LT
] Tt

Bit Gyro Spread Normal for

No Motor BHA

Bit Low Peak Shocks all 3-Axis




BHA #12 (5) — Stand Zoom

CuBIC: SMEI0:
MSE Gyrakmed
[kpsi] CS:::;“':\ _;,Jx.jr;-;jr:f?in:og 5 AutoDril C-S;crt::i' ROP Sztzaint
I I T T |
Surface: Surface: SNS104: Surface: Surface: Surface: Surface: Surface: Surface: SNE104: Taneg Accel SNS104: INS104:
Black Height Rotary RPM GyroXmay Hook Load Wsight on Bit Convertible Torque Total Pump Outpat Standpips Pressurz Ratz Of Peraztration Temparature Shpaak Shipazk
[ft] [RPM] [RPM] [klbs] [kibs] [kft-lbs] [GPM] [psi] fe/hi] [cl la] fal Il
10 110 0 130-100 250 0 240 0 % 0 40 0 300 0 1500 0 300 60 300 500 50 0 500 50
2(}23;’(}5,,"\3_ R R S R L+ || il | i i M| | i i i r‘n",l | S S R | | i i | L0 i | T S | | T S SR | | i i | | i i I | i | | i i i | I i i i |
22:30:00 % Negative Gyro RPM
100 RP
50K !5
zcazazf:cisa,:;g_ 110 RPM . . Gyro RPM stable when
[ { increased to 110 RPM.
2023/05/13 | .
22:50:00
20230513 | | 310 50K
¢c¢;§i?;§ | # E | E | [ | || WOB Step Test - No change to
o & = & 1 55K 15G Gyro Spread or 3-axis Peak
S = 3 Shock.
2023/05/13 | 60K | [ | [ | .
23:10:00 125 RPN S > 370G Increased 3-axis Peak Shocks
at 125 RPM.
35 RPM 20K ft-lbs. 110’/hr.
2023005/13 | | oo §$§PPM o _ | | RPM Step Test — Reduction in
232000 | [# o) torque and Radial/Tangential
80 RPM
! 13K ft-lbs. , Peak Shocks.
i 70’/hr.
I
2023/05/13 | i — _ — r At 90 RPM, ROP increase and
23:30:00 90 RPM ‘1\\ 70-120'/hr. slight increase in
= f Radial/Tangential Peak
; = N Shocks.
2023/05/13 | ; o L | . [ |
23:40:00 l o0 ] 65K
2023/05/13 | | | : _ _ _
23:50:00 l
A il 3 x
WOB and RPM step tests at start of run. WOB step tests did not show any significant bit dynamics change. RPM step test showed reduction in radial and
tangential shocks at lower RPM.




BHA #12 (5) — Stand Zoom

SNE104:
GyroXmed

CuBlc:

MSE

Surfaca:
AutoDriller WOB 5P

ENS104:

Gyro¥min

(kpsi]

Surface:
‘Weight on Bit

Surface:
Hook Load

Surface:
Ratary RPM

Surface:
Block Height

[ft] [RPM] [RPM] [klks] [klbs]

240 0 &0

no o

130-100

250 0
L1

Surface:
AutoDriller On Bottom ROP Setpoint

55104

Shipeak

Surface
Standpips Pressurz

Surface:
Total Pump Qutput
——

[GPM]

Surface:

Comvertible Torque

[kft-lbs] i [a] lal lg]
0 40 0

800 0 1500 0

=
L
=
=1
n
=
=]
Ln
=

2023/05/13
23:45:00

2023/05/13 |
23:50:00

&390
2023/05/13
23:55:00

85 RPM

2023/05/14 |
00:00:00

25 RPM
125 RPM

2023/05/14 |

190’/hr.

90’/hr.

00:05:00

2023/05/14

00:10:00 | 65K

100°/hr.

WOB constant through stand.
Reduction to 80 RPM had no
impact on Peak Shocks.

2023/05/14 |
00:15:00

&40
|

80 RPM
T e B i ¥

2023/05/14 |
00:20:00

2023/05/14 |
00:25:00

85 RPM

2023/05/14
00:30:00

2023/05/14 |
00:35:00

L

2023/05/14
00:40:00

P =

210’/hr.

210’/hr.

100'/hr.

Steady drilling stand with mostly constant parameters. Variable ROP driven by rock or RSS housing roll rate (friction).




BHA #12 (5) — Stand Zoom

CuBIC: SME10:
M3E Gyrokmed
0 [kpsi] 3 CS;::,-E:. Auj:-;!"?'?;'e\‘:os [ AuteDrillae C'sBucrt:;i ROP Setpaint
[ I B R — —
Surface: Surface: SN5104: Surface: Surface: Surface: Surface: Surface: Surface: SM5104: Tang Accel SNG104:
Block Height Rotary RPH GyroXmax Hoak Load ‘Weight on Bit Comvertible Torgue Total Pump Qutput Stzndpipe Pressurs Rate Of Penatration Temparature Shipeak
[ft] [RPM] [REM] [klbs] [klbs] [kft-lks] [GPM] [psi] [f/hr] [ [g] [g]
-10 10 0 130-100 250 0 240 0 80 0 40 0 800 0 1500 0 300 60 8 0 100 0
L Ly I S T R ST | L | I T T N N SR ST S T N | L L | | R | | R R RN | | | L L | R R | L0
2023/05/14 |
01:00:00
AN
- s 85 RPM o
2023/0514 o
4 1 o | 65K |
01:10:00 ~ =)
80 RPM [ 40'/hr.
l JolRbM { } 60'/h % At 90 RPM, ROP picked up to
2023/0514 ) || I | r. |
0120:00 : 60’/hr.
85 RPM ; i
2023/0514 | ) ESO RPM L L_?-. 356G
85 RPM High 3-axis Peak Shock events
| ) —— I ;, i % 20G 110G d.urir\g transitionall operations
2023/05/14 - picking-up and going back to
bottom.
.7,510
N 85 RPM ) )
ﬂCﬂ;;%;E_ . . . See detail on next slide.
—
I z L] —5 406 110G
2023/05/14 | | |
02:00:00
80 RPM 65K
2023/05/14 | | |
02:10:00 2
2023/05/14 || |- T
02:20:00
Increasing to 90 RPM increased ROP. High 3-axis Peak Shocks experienced during transitional operations.




BHA #12 (5) — Event Zoom

2023/05/14 |

01:32:00

2023/0514 |

01:34:00

2023/05/14
01:36:00

2023/05114
01:38:00

2023/03/14

01:40:00 |

2023/05/14 |

01:42:00

2023/05114

01:44:00

CuBIC

Stop and start RPM during pick-up and off-bottom induced high 3-axis Peak Shocks. Slack-off and application of weight reduced Shocks.

MSE GyroXmed
[kpsi] SME104: Surface: Surface:
) 2 GyroXmin AutoDriller WOB 5P AutoDrillze On Bottom ROP Sztpoint
Pl — —
Surface: Surface: SM5104: Surface: Surface: Surface: Surface: Surface: Surface: SM5104: Tang Accel SNE104: SH51: SHE104:
Blaock Height Rotary RPM Gyro¥max Hook Load Weight an Bit Convertible Torgue Total Pump Quigut Endpips Prezsurs Rate Of Penzrration mpErature Shipeak ShYpeak ShZgszk
[f] [RPM] [REM] (klbs] [ilos] [kft-lbs] [GPM] [psi] [ft/hr] [l [a] ] ] [a]
-10 100 130-100 250 0 240 0 80 0 40 0 800 0 1500 0 300 60 B0 0 100 0 120 0 120 0 ‘I?‘D
T T R R R I R SR N B M| L T I T T N TR N I NI B T | L L | | R | T T O N O B | Lo | | L L L | T T SO SR N L T I Y T T S I L
B ' [ ] [ ] ' ' ; % ? Pick-up and stop rotating.
L L
L L L Start rotary, Shocks increase off-
—_—— L
| | P ; bottom.
] Start rotary and slack-off. Shocks
decrease.
&,510



BHA #12 (5) — Discussion

* Torsional and 3-axis Peak Shock dynamics are significantly improved
with removal of mud motor from BHA (200G to sub 50G).

* WOB step tests from 50-60K |bs. showed no change in gyro spread or
3-axis Peak Shocks.

* 120 RPM showed slight increase in 3-axis Peak Shocks.

* RPM step test from 100-80 RPM showed reduction in torque (20-13K
ft-Ibs.) and reduction in Tangential/Radial Peak Shocks.

* Higher RPM delivered higher ROP.
* Bit, stabilizers and roller reamer in good condition.



Run in That Bit Serial Depth In (ft Depth Out Footage On Bottom On Bottom

Interval BHA# - Bit Size Bit Type .
Hole Size P Number g MD) (ff MD)  Drilled (ft) Hours  ROP (ftfhr)
Curve | BHA #6 5 9.50 TKCT73-A2 A298330 |REEDHYCALOG 5957 6545 588 10.04 59
Bottom Hole Assembl
NO MOTOR IN BHA Y
Jobit OP.039349 Rig Frontier 16 BHA Length (Usft) 1286.80
o Operator Utah Forge BHA # 6 BHA Weight dry (klbs) 7021
o) well 168(78)-32 - 16B(78)-32 Bit # 6 BHA Weight Bouyed (kibs) 60.67
l_ Field Beaver (University of Utah) - Utah Forge Depth In (Usft) 5957.00 Wt. Below Jars dry (klbs) 70.21
@) Date In 05/15/2023 Depth Out(Usft)  5957.00 Wt. Below Jars Bouyed (klbs) 60.67
S Date Out 05/15/2023 Drilled(Usft) 0.00 Drilling / Circ Hours 0.00/0.00
Sensor Offsets
% Survey Offset NIA Gamma Offset NA Gyro Offset N/A
Unit Comp Total Total
%] # SN Deseripion | 0P | 1D FNOD FNLength o \\ cnvbn  Weight Weight Weight  “SM9M | ongth
(Vs @in) | (m) | @n) | (s (Ib/ft) (kibs) (kibs) (Usft) (Usft)
oc
9 1/2" 7 Blade 4112
o o | A28 bocht T 9500 2750 0000 000  pegp 0.000 0.00 0.00 1.13 1.13
- HALO RSS 412F 412
< t 2 76000233 AroNioln 6750 2000 6688 000 2 em 0000 0.00 0.00 35.31 36.44 HALO STIFF
I ASM  Spiral wrapped 1B 412F 412IF
t 3 o 2wropped B 6500 2813 6500 220 : Z 0.000 0.00 0.00 5.42 41.86 STAB
© ﬁ 4 84772 6IANMDC 68133250 0000 000 12’ 4T2F g0 0.00 0.00 3111 72.97
o
— ' 5 cusrs G912 R gao5 293 0000 000 *T2F 412F 0000 0.00 0.00 6.71 79.68 RR
= 412 F 41R2F
< || 6 7006 634BlackBox 6.750 2250 6750  0.00 : Z 0.000 0.00 0.00 5.90 85.58 Black Box
% || 7 AFLSB03 634"Floatsub 6.375 2875 0000 000 ‘2T 4T2F - g00 0.00 0.00 245 88.03
|| 8 457'?” B34 Fitersub 6688 3250 6688 000 1;2 Fi4 1;,2 F oooo 0.00 0.00 3.93 91.96
” 9 MA 9JTS,634'DCs 6.813 2875 0000 000 ° 15 U 1? F 100.000 27.83 2783  2re2r  amw2a | 9x6%” DC
Crossover (DC's 512 412IF
H 10 NA orwDP) 6937 3000 0000 000 pig g 0.000 0.00 27.83 315 373.38
[ 11 NA  30JTSHWDP 5500 3625 0000 0.0 2,1"; ?Hﬂg 46.400 42.38 7021 91342 12680 | 30 Xx HWDP
Comments
Halo 7600-1125; Pulser 128-474; Eye 17:33; Gamma 1182; Battery 042-20SEP22AB NO MOTOR ASSIST Flow Range = 500-750 9 3/8 Spiral 3 blade stabilizer
Eye = 22 Gamma = 17 NB Inc/Az = 7 Make up torque, 4 1/2 Reg = 19,500 4 1/2 IF = 29,000
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ROP Limiter: Drilled curve from
20 degrees to 40.3 degrees.

Small core out on the bit. This
run was with an RSS but no
motor in the hole.

Drilling at high ROP but lower
RPM’s yielded a big DOC which
put formation rubbing on the
center of the bit.

Could not run higher than 66
Rotary RPM’s without inducing
dysfunction. Rotary Speed is the
main limitation.

Steel shot from Particle Drilling
is still seen on the shakers at
about 5% concentration.

Solution: Figure out BHA
vibration modeling to allow for
mud motor to be ran.




Good condition.

YOLOW ON SSH O1VH (9) €T# VHE




BHA #13 (6) — Entire

Run

CUBIC: SM5104:
MSE GyroXmed
[kps[l EME104: Surface: Surfaze:
0 3 GyroXmin AutoDriller WOB 5P AutzDriller On Bottom ROP Sstpoint
[ —
Surface: Surface: SMN5104: Surface: Surface: Surface Surface: Surface: Surface: SM510d: Tang Accsl SNE104: SM5104: EM5104:
Block Height Riotary RPM GyroXma Hook Load ‘Wight on Bit Convartible Torgue Total Pump Outout Standpips Pressurs Ratz Of Penatration Temparature Shixpeak Shpeak Ships=ak
———— ————
[ft] [RPM] [RPM] [kls] [klbs] [kft-lbs] [GPM] lpsi] [fe/hi] [l [q] lg] [g] la]
100-100 300|0 240 0 an o0 40 0 aon o 1300 0 500 &0 73 0 200 200 0 200 0
L I S R B | S T T T Y T A T T N [T ST T A [ T S Y T T T S T T S SN I I T T S Y T B | L 1 TR RN NN AN SN TR NN IR N B
i_
2023/05/15 | | L] | _ | -
20:00:00 —_— |
_—
—_———————
|
958
E0) ] E
148 B
2023/05/16 | | |11 { | |
00:00:00
178 E—
0
218
758
,298
2023/05/16 | | L]
04:00:00 338
————
378
— _—
118 = — -=|,_
453 Q
F——
2023/05/16 | @498 | | - p
08:00:00 r
—— =
lg.538 1
r
9
C

Bit Gyro Spread Normal for

No Motor BHA

Bit Low Peak Shocks all 3-Axis




BHA #13 (6) — Stand Zoom

CuBIC: SM510d:
MSE GyraXmed

SM5104:

GyroXmin

[kpsi] Surface:
0 P 2 AutoDriller WOB 5P

Surface:
Convertible Torque

Surface:
Weight on Bit

Surface:
Hook Load

5510

GyroXmax

[RPM]

Surface:
Rotary RPM

Surface:
Black Height

[ft] [RPM]

[klls] [klks]

240 0 &0 0
L

[kft-los]
100-100
| | | | | | | L |

2023/0515

Surface:

Total Pump Output
——

[GPM]

40 0

800 0

Surface:
Standpips Pressurs

[si]

Surface:

AutcDriller On Bottom ROP Sstpoint

Surface:

Rate Of Penetratio:

[ft/hi]

1300 0

SNS10:

Shipeak

el lal

19:10:00

2023/05/15 |
18:20:00

50K
%57

2023/05/15
19:30:00

14G

20G

120G

20G

25G

RPM step test. 3-axis Peak
Shocks progressively
increasing.

o

2023/05/15
19:40:00

—

2023/05/13 |
19:50:00

2023/05/13

20:00:00 | 50K

@z

2023/05/15
20:10:00

,é,m 1

—20G

120G

135G

120G

35G

- 20G

RPM step test. Radial and
Tangential Peak Shocks are
higher with higher RPM.

| S 5 N (! S =

2023/05/15 |
20:20:00

2023/05/15 |
20:30:00

sy [ |

55K

2023/05/15
20:40:00

‘»,091

$.043

2023/05/15 |

102 RPM

—

[ U

20:50:00

ROP spread is choppy?

Full stall stick-slip is present (normal for rotary assembly at low RPM). Increasing RPM progressively increased Peak Shocks. 3-axis Peak Shock levels are low.




BHA #13 (6) — Stand Zoom

CuBIC: S0
MEE Gyro¥med
[kpsi] EN5104: Surfaca: Surface:
0 3 Gyro¥min AutoDriller WOB 5P AutoDriller On Bottom ROP 5.
[ [ — ——
Surface: EN5104: Surface: Surfaca: Surface: Surface: Surfaca: Surface: SNE104: SMNS104: SN5104
Block Height GyroXmax Hook Load ‘Wigight on Bit Convertible Torgue Total Pump Qutput Standpips Pressurz Rate Of Sh¥peak Sh¥peak Shipszk
[ft] [REM] (k<] [ills] [kft-lbs] [GPM] [psi] [ft/hr] [ (gl ] 9]
-680 100 100-100 300 0 240 0 800 40 0 200 0 1500 0 500 80 B0 50 0 50 0 50 0 50
L Loy I I S SR RO | TR T S [N T TN T T AN [N S S TN [N AN TS T T A [N T S S T T [N A S T TR T M| L | Lo Lol I T T S R |
2023/05/15 | 7
215000 30 RPMT—- —
2023/05/15 |
22:00:00
60 RPM 55K
2023/05115 |
22:10:00 083
2023/05/15 i | T
ebza/Uafla | |
22:20:00
2023/05/15 | 30 RPM™— 4
22:30:00
s .
2023/05/15 = o
224000 | 60 RPM = o | | | |
= = 20G 20G
— = 60K 100’/hr.
2023/05/15 | 210
22:50:00
202
: . S ammmEn
r
2023/05/15 | | |
23:00:00 '___f =
0RPM— - 3
2023/05/15 |
23:10:00 g
60 RPM
2023/05115 |
23:20:00
242
;138
2023/05/15 | —_— —
23:30:00 B
3-axis Peak Shock levels are low. ROP is steady at 100’/hr.




BHA #13 (6) — Stand Zoom

CuBIC: SME10:
MSE Gyro¥med
[kpsi] SME104: Surface: Surfacs:
Gyra¥min AuteDrillar WOB 5P AutaDrillzr Cn Battam ROP Satpaint
e — —
Surface: Surface: SN5104: Surface: Surface: Surface: Surface: Surface: Surface: SM510: Tang Accel SN5104: SNS104: SNE104:
Block Height Rotary RPM GyroXmax Hook Load ‘Weight on Bit Convertible Torgue Total Pump Quiput Standpipe Pressurz Rate Cf Penstration Tempsrature Sh¥peak Shipeak ShZpszk
[ft] [RPM] [REM] [klbs] [klbs] [kft-lbs] [GPM] lpsi] [ft/hr] [ lg] le] lg] 9]
-680 1100 100-100 300 0 240 0 80 40 0 800 0 1500 0 500 80 0 0 50 0 50 0 50 0 50
T T T O I a1 T N N I T T S AN TS S S M| TR I T T T I TN S AN N TR R | L - L L1 L I R R - L |
= § d
2023/05/16 | | |- 4 1
00:00:00
60 RPM ? 60K
]
r
—l
2023/05/15 | | '
00:30:00 E=
FARE
2 60’/hr
= a : 20G 20G 20G
60 RPM o o 60K
g o
o o
i —
2023/05/16 | X
01:00:00
60 RPM 60K
2023/05/16 | |
01:30:00 ‘,218 -
60 RPM 60K
3-axis Peak Shock levels are low. ROP is steady at 60’/hr.




BHA #13 (6) — Stand Z

oom

CuBIC SME10:
MSE Gyrokmed
[kpsi] SME104: Surface: Surface:
0 3 Gyro¥min ButeDriller WOB SP AutcDriller Cn Bottom ROP Setpaint
[ [ | — —
Surface: Surface: SME104: Surface: Surface: Surfzce: Surface: Surface Surface: SMS10L: SNE104: SNE510d EN3104:
Block Height Rotary RPM GyroXmax Hook Lozd Weight on Bit Convartible Torgue Total Pump Qutput Standpips Pressurs Rate Of Penztration Temparaturs Sh¥peak ShYpeak Shipssk
—— ——
[ft] [RPM] [RPM] [klbs] [klbs] [kft-lks] [GPM] [psi] [ft/hi] [C] lg] [a]
-680 1o o0 100-100 000 240 0 a0 40 0 300 0 1500 0 500 80 0 5000 500 50
w|||w||LwI||||II|||\I||||II|||\||I T S S N T T ST I T T S A T T T T S B | L | | TR L1 L |
2023/05/16 | = |
02:00:00
60 RPM i 60K
| & I
r
2023/05/15 | |
oo | 958 60 RPM 60K
:- L j
=
2023/05/16 | | s 2 | | | | | | |
030000 60 RPM 5| & 60K 55'/h 15G 15G
& s r.
o o
— —
[  SS—
2023/05/16 | 2%8 _ |
03:30:00
60 RPM 60K
2023/05/16 _| . - | —
000 F l:l

3-axis Peak Shock levels are low. ROP is steady at 55’/hr.




BHA #13 (6) — Stand Zoom

CuBIC:
[kpsi] SNET04: Surface: Surface:
0 3 Gyro¥min AutoDiriller WOB 5P AutoDriller On Bottom ROP Setpoint
el — —
Surface: Surface: SNS10: Surface: Surface: Surizce: Surface: Surface: Surfacs: SME104: Tang Accel SMN5104: ShST10 SN3104:
Elock Height Rotary RPM GyroXmax Hook Load Weight on Bit Convertible Torgue Total Pump Quiput Standpipe Pressure Rate OF Penztration Tempsrature ShXpeak Shifpeak ShZpszk
] [RPM] [REM] [klbs] [klls] [ift-lbs] 1GPM] lpsi] [f/hi] 1 la] Il &)
-680 100 100-100 300 0 240 0 80 0 40 0 800 0 1500 0 500 60 80 0 50 0 50 0 50
T T N | A TS TR SO B | I T T T A T T T T T N B TR N T T T T T I N T T S A T T TR S SR M | T T | T R T | L T I I S TR N T
2023/05/16 | L 3-='='
04:00:00
——
FEEr
60 RPM 60K
2023/05/16 _|
04:30:00
(—
j S
[
S
AL
2023/05/18
T 60 RPM o o 60K 60'/hr. — i
S =i 15G 15G
C1 | | T | s
T i -
2023/05/16 |
05:30:00
60 RPM 60K
‘,418
2023/05/16 | | 1 | |
06:00:00

3-axis Peak Shock levels are low. ROP is steady at 55’/hr.




BHA #13 (6) — Stand Zoom

REVIT (OFF) causing significant
increase in Stick-Slip and 3-
axis Peak Shocks increased.

REVIT (ON) normal Stick-Slip
and 3-axis Peak Shocks
reduced.

REVIT (OFF) causing significant
increase in Stick-Slip and 3-
axis Peak Shocks increased.

REVIT (ON) normal Stick-Slip
and 3-axis Peak Shocks
reduced.

CuBIC: SME104
MSE Gyrokmed
[kps‘] ENS104: Surfaca: Surfaze:
0 3 GyroXmin AutcDriller WOB 5P AutoDriller On Bottom ROP Setpaint
[ I — —
Surface: Surface: SM510L Surface: Surface: Surface: Surface: Surface: Surfzcs: SNE104: Tang Accel SNE104: SME10M: SH5104:
Block Height Ratary RPM GyroXmax Hook Load ‘Weaight on Bit Comvartible Torque Total Pump Quiput Srzndpips Pressurz Ratz Of Penztration Temparaturs Shi¥peak Shpeak ShZoezk
[ft] [RPA] [RPM] [llbs] [klos] [kft-lbs] [GPM] [psi] [ft/hr] [l (gl la] [g] [a]
-680 100 100-100 300 0 240 0 & 0 40 0 800 0 1500 0 500 &0 8 0 50 0 50 0 50 0 50
TR R R R | T N I [T T S E A T T T T N N ST T T T | TR R I T T T A T T T T T [N N N T I T T R NN NN S T I I S N [ T TR R R I SR R |
2023/05/16 | | | | | (' | l [
08:00:00 =
S P = 3 e
= al |2 o B = ,
o o o o 60K & & 50’/hr. 30+G 30+G 30+G
o
n N o h¥4 22
< (e} (@) LN o ~
N — o
L
2023/0516 | | ; E | | | ||
05:30:00 E 2
60 RPM =1} s 60K 60’/hr. 15G 15G 15G
LN o
—
‘,458
p— —
< S| = AmREEN | |
2023/05/16 o FE i
70000 ] e A & - 30+G 30+G P 30+G
07:00:00 s o (@]
™ ~ (=] (o]
E o~
[ 60K
2023/05/16 | L i
07:3000 —
F
s Tos d £
P o = =
2023/05/16 = & 3
v ] = o 60K ! - 15G -15G -15G
08:00:00 o ~ o
— <
-
]
F

REVIT (OFF) is inducing severe Stick-Slip and increased 3-axis Peak Shocks at bit.




BHA #13 (6) — Stand Zoom

CuBIC: SME104:
MSE Gyroimed
[kpsi] N304 Surface: Surface:
Gyro¥min AutoDriller WOB 5P AutcDriller On Bottom ROP Sstpaint
[ — —
Surface: Surfacs: SHN5104: urface: Surface: Surface Surface: Surface: Surfaze: SNE104: Tang Accel SME10: SHS104: ENS10Y:
Block Height Rotary RPM GyroXmax ook Load ‘Weight on Bit Convertible Torgue Total Pump Qutput Standpipe Pressure Rate Of Penstration Temperature Shipeak Shpeak ShZpezk
[ft] [RPM] [RPM] [ilbs] [klls] [lft-lbs] [GPM] lpsi] [fe/hr] [ [a] ] (9] la]
680 10 0 100-100 300 0 240 0 80 0 40 0 800 0 1500 0 500 60 0 0 50 0 50 0 50 0 50
T T T T AN I S ' [ L | T T O A AT T T T I [ T S T[T T ST A N S Y T T AN AN N T I T T I L [ L [ L L1 L |
2023/05/16 | P — — )
08:30:00
60 RPM 60K 40’/hr. 10G 15G 20G
538
2023/05/18 &
09:00:00
] Off-Bottom
2023/05/16 |
09:30:00
1
2023/05/16 |
10:00:00
5
3
2023/05/16 | f
10:30:00
2023/05/18
11:00:00
2023/03/16 _| .
11:30:00
2023/05/16 _|
12:00:00
 — b g B ) 5

REVIT (OFF) causing significant
increase in Stick-Slip and 3-
axis Peak Shocks increased.

REVIT (OFF) is inducing severe Stick-Slip and increased 3-axis Peak Shocks at bit.




BHA #13 (6) — Discussion

* Post run comments stated could not run higher than 66 RPM without
inducing dysfunction. Type of dysfunction is not stated?

 3-axis Peak Shocks are low throughout run (typically 15-20G).

* Increasing RPM correlates with increasing tangential and radial Peak
Shocks.

* Stick-slip and torsional oscillation response is normal for rotary assembly.

* 5/16 @ 06:06-06:20, 06:58-07.01, 08:26-08:27 appears REVIT disabled and
induces severe stick-slip (0 to 260 RPM).

 Bit was in good condition but starting to core (high WOB).
* Stabilizers and roller reamer in good condition.



Run in That Bit Serial Depth In (ft Depth Out Footage On Bottorn On Bottom

Interval BHA # : Bit Size BitT Bit Mf N
Hole Size YP®  Number g MD) (ft MD)  Drilled {ft) Hours  ROP {ft/hr)
Curve BHA #T G 4,50 TKCE3-A2 AZ98355 |REEDHYCALOG G545 Ga10 G5 0.7 93
Bottorm Hole Assembly
NO MOTOR |N BHA Job# OF. 039549 Rig Frontier 16 BHA Length {Usft) 130642
Cperator Utah Forge BHA # T BHA Weight dry (kibs) 70.21
Wall 168(78)-22 - 16B(TE)-32 Bit# T EHA Weight Bouyed (kibs) B0.67
o Field Besarvesr {Liniversity of Utah) - Utah Forge Depth In (Usi) 0.00 Wi Below Jars dry (kibs) 7021
E Date In Depth Out{Uisf) 0.00 Wit. Below Jars Bouyed [kihs) B0.67
O Datn Out Drilled(Lsft) 0.00 Drilling / Circ Hours 0,00 /0,00
E Sensor Dffsets
Survey Offsat 2500 Garmma Dffset MIf Gyra Odised A
@) Uit Gomp Total Tatal
= PR Doscription f:; ﬂf:} F':h?‘:' FN["L;;,'W CrxUp CxDn  Weight  Weight  Weight m Langth
(i) (ki) {kibs) (Ushi)
% 1 AZBH3ISS 8128 Blads 8.500 2750 0.000 000 412 ouo00 000 .00 118 1.18
m i PO kit . - . REG P ) - -
HALD RSS . ' 412IF auz _
O T 2 BO0MZES ooy, 750 2000 68B3 000 b mEmg 000 o0 0.00 559 % 49 HALO STIFF
] & 18 Spiral 412IF 4172 F STAB
< t 3 esorre OOROPL gson 2a7s 0000 000 g . 0000 0.00 .00 414 063
L H 4 g, SHANMPO oussoaso0 0o a0 YRR ATEF S amo 0.00 0.00 224 s287 )
: REDUCED LENGTH 10
~ , H & 163022 B g Poroy 5813 32680 0.000 00 - ‘Ig I & 1;;2 [F o000 000 .00 983 B2
3 ‘ 6 cumas FORIZR geas a0 e oo YEF YEF oo 0.00 000 539 8808 RR
2 H ' Ba4-TT2 8 30 NMVIDC B.813 3250 0.000 000 4 15 IF 4 1{3 IF Qo000 000 000 1 2= ]
I “ B TS 634 BhckBox 6.750 2250 6.750 000 “;‘- I ‘”E'F 000 0.00 0.00 6.00 105,20 Black Box
(aa]
|| 8 i euMFmerao s6es 3260 6ess oo R ATEF gm0 0.00 0.00 393 10043
" 10 AFLSS03 634 Foateb 6375 2875 aoo0  ooo TR YTEF oo .00 0.00 245 111.58
" 11 MA  9JTS 634D0s 6813 2875 0.000 000 415 5 1‘;“: 100,000 2T B3 a3 ETB.ET 380,85 9x63%”DC
| Crossover (DCs 512 4172F
H 12 MA o wopl - B937 300 0000 oo 200 4T 0.000 000 TH 315 3300
13 NA  JJTSHADP 5500 3625 0000 000 o1 BWE spum 4238 021 @342 130642 | 30 x HWDP
Commants
Halo 7600-0233; Pulser 213-006; Eye 1697, Gamma 1490; Batiery 048-295EPZ2AE NO MOTOR ASSIST Flow Range = 500-T50 9 3/ Spiral 3 biade stablizer
Eye = 23 Garirra = 17 NB InclAz = 7 Make up borgus, 4 102 Reg = 18,500 4 142 F = 20,000




ROP Limiter: Short run. Drilled
the curve from 42 to 45
degrees.

DD commented that the bit was

steerable and able to get the
builds needed.

Pulled for MWD failure.

Solution: Figure out BHA
vibration modeling to allow for
mud motor to be ran.
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BHA #14 (7) — Entire Run

CuBIC: EMZ2I32:
MSE GyroXmed
[kpsi] SMZZ3: Surfaca; Surface:
0 GyroXmin AutzDriller WOB 5P AutaDriller On Bottom ROP Satpaint
| I T T I
Surface: Surface: SN2232: Surface: Surfaca: Surface: Surface: Surface: Surfacs: SMZ2232- Tang Accel SM2232: SN2232: SN2232:
Black Height Raotary RPM GyroXma Haook Load ‘Weight o Bit Comvertible Torgue Total Purnp Qutput Srandpips Pressurs Ratz Of Peratration Temperature Ehipeak ShYpzak ShZpezk
—— ———
[ft] [RPM] [RPM] [klbs] [klbs] [kft-lbs] [GPM] [psi] [fthrl [c] [g] [al [a]
100 150-100 350 0 00 a0 40 0 1300 0 400 &0 730 200 200 O 200 0
T T T T N T T T T T AN I T S TN S N T T T T T T M AN AN SN S | I T R R R R | T T R R T A [T T A Y Y Y T TS T Y [ SO TR S | T I N S R SR NN M1
2023/05/17 _| , = | |
13:00:00 E
| '|
it
EnEREs
2023/05/17 | |
13:30:00
-
l———-..
2023/05/17 | | L | | |
14:00:00 ] !
2023/05/17 | || |
14:30:00
&80 ]
J 1
2023/05/17 | [ o— | :
15:00:00 }
- —_—
2023/05/17 _| —— 1 :
15:30:00

Bit Gyro Spread Normal for No Motor
BHA, except for event highlighted in red.

Bit Low Peak Shocks all 3-Axis




BHA #14 (7) — Stand Zoom

CuBIC EMZEIL
MSE Gyrokmed
[lepsi] SMZZ3Z Surface: Surface:
Gyrokmin AutoDriller WOB 5P AutcDriller On Bottom ROP Sstpoint
e el —
Surface: Surface: SMZZ3Z Surface: Surface: Surface: Surface: Surface: SNZZ32: SMZZ3z SN223z
Block Height Rotary RPM GyroXmax Hook Load Weight on Bit Convertible Torgue Total Pump Qutput Stzndpipe Preszure Shipeak Sh¥peak Shipszk
—
[ft] [RPM] [RPM] [klbs] [felbs] [ift-Ibs] [GPM] lsi] [g] lg] [9]
100 300 0 150-100 350 0 000 &0 40 0 go0 0 0 50 0 50 0 50
P TR R R I b b e e e b e | Lo 1 P L 1| P 1
2023/05117
12:55:00
|
202300517 | |
13:00:00
202300517 | \ﬁ
13:05:00 4
A
202300517 | |
13:10:00 r
5 555 {
‘ |
i
60 RPM -i
2023/05117 |
13:15:00 [
= ' 60K 20K ft-Ibs. 100’/hr.
1]
o |
655 2 & | 10G 15G 15G
o r o |
70 RPM i N |
20230517 | | p ]
13:20:00 i
1
!
|
___-—/"
2023/05117
13:2%00

Gyro spread normal for rotary assembly. 3-axis Peak Shock low.




BHA #14 (7) — Stand Zoom

CuBIC EhZI32
M3E Gyro¥med

ShZI3Z
2 GyroXmin

Surface:
AutoDriller On Bottom ROP Setpaint

Surface:
AuteDriller WOB 5P

lkosi]

SMZZ3L:
GyroXmax

SMz232

Temperatura

Surfa
Rate Of Penstration

Surface:
Stzndpipe Pressurs

Surface:
Total Pump Qutput

Surface:
Convertible Torgue

Surface;
Weight on Bit
——

Surface:
Hook Load

Surface:
Ratary RPM

Surface:
Block Height

SM2232
Shipeak

sh2zsz

ShZpezk

[ft] [RPM] [REM] [klk<] [klbs] [kft=lbz] [GPM] [psi] [ft/hr] [
100 300 0 150-100

350 0
|

000

00 40 0

an0 o
[

1300 0 400 60

[al

2023/05/17

13:46:00

2023/03/17
13:48:00

2023/05/17
13:50:00

2023/05117

13:52:00

2023/05/17

13:5400

2023/03/17

13:36:00

2023/05/17

12:58:00

2023005117 _
14:00:00

2023/05/17

14:02:00

2023/05117
14:04:00

40 RPM

80 RPM

*.

90 RPM

|25 RPM |
145 RPM

60K 20K ft-lbs. 110'/hr. 115G

100 RPM

65 RPM

5 RPM
115 RPM

Gyro spread normal for rotary assembly. 3-axis Peak Shock low. RPM step test made no change to bit dynamics.




BHA #14 (7) — Stand Zoom

REVIT (OFF) causing significant
increase in Stick-Slip and 3-
axis Peak Shocks increased.

CuBIC: SMEEIZ
M3E GyroXmed
[kpsi] SMZz3z Surfaca:; Surface:
) G@yroXmin AutoDrillar WOB 5P AuteDriller On Bottom R
e —
Surface: SMEEIZ Surface: Surface Surface Surface Surface: Su SM2Z3L:
Block Height ¥ GyroXmax Hook Load ‘Weight on Bit Convertible Torque Total Pumg Output Standpips Pressurs Rate Of Pang Sh¥peak
——— ———
[ft] [RPM] [RPM] [klbz] [klbs] [kft-lbs] [GPM] [psi] [ft/hr] [C] [al lg]
100 300 0 150-100 350 0 3000 a0 40 0 300 0 1300 0 0 75 50 50 0 50 0 50
L I T T Y N | T S N N B R T N T T T T M B | T T N T ST T AN A R | L IR R R R R | | L1 L L1 |
2023/05/17 |
1415:00
2023/05/17 |
14:20:00
2023/05/17 | i
14:25:00
<
20230517 | i1
14:30:00
=
2023/05/17 ey | | %
14:35:00 kel r . o
(%} =
3 - = Az B3 s
o - 1 ©
§i o el (S = 2 | & A 206G 206G 20G
i o [aa) a8
N o o s o v ~
N ©0 ™ ~N (=] o
= < 0 o
2023/05/17 _ ]
144000 1 r;
4
REVIT/DAS? Disabled and driving torsional dysfunction.




BHA #14 (7) — Event Zoom REVIT/DAS?

CuBIC:

MSE

lkpsi]

Surface:
Block Height

Surface:
Rotary RPM

Sh2I32:
Gyrokmed

SN223Z
Gyro¥min

SM2232
GyroXmax

Surface:
Hook Load

Ift] [RPM]
100 300 0

150-100

[RPM] [klbs]

3000
PR

Surfaca;
AutoDriller WOB 5P

Surfaca:
Weight on Bit
——

[kllbs]

300 0 &0

0
I

Conmvertible Torque

Surface:

[kft-laz]

Surface:
AutcDriller On Bottom ROP Setpoint

Surface:
Tatal Pump Quigut

[GPM]

SM2z3z
Shifpeak

[al

2023/05/17 |
143400

2023/0517
14:34:30

2023/05/17 |
14:35:00

2023/05/17 |
1453530

2023/05/17 |
14:35:00

2023/05/17 |
14:36:30

2023/05/17 |
14:3T:00

2023/05/17 |
14:3730

2023/05/17 |
1453800

2023/05/17 |
143830

2023/05/17
14:38:00

2023/05/17 |
14:38:30

30 RPM
80 RPM

0 RPM

280 RPM

Rig surface system is driving
downhole torsional
dysfunction. Slip events
(torsional release) correlate
with 3-axis Peak Shock.
Repeating cycle being pushed
into drill string.

Rig surface system is driving the dynamics dysfunction.




BHA #14 (7) — Discussion

* Bit dynamics were normal for rotary assembly until rig surface control
system enabled.

* Rig surface control system inducing torsional dynamics into drill
string.

* Bit, stabs and roller reamer in good condition.
* POOH for MWD failure.



Interval

BHA #

Run in That

Hole Size =

Bit Type

Bit Serial
Number

Bit Mfg

Depth In (ft Depth Out
(ft MD)

MD)

Footage
Drrilled (ft)

On Bottom On Bottom
Hours ROP (ftihr)

Curve BHA #8 T 9.50 TKCBE3-AZ2 A298353 |[REEDHYCALOG 6610 6951 341 6.5 LY
Buottom Hola Assembly
Jebe OF 030348 Rig Erontler 16 BHA Length (Ustt] 130653
NO MOTOR IN BHA L LRah Fomge BHAY 8 BHA Weight dry [kbs] 7021
el 16B{TR)-32 - 18B(TH)-32 Bit & .} BHA Weight Bowyad (kibs) B0GT
o Field Bieaver (Unkversity of Litah) - Utah Forge Depth In (Usft) 0,00 Wt. Balow Jars dry (kibs) o2
O Date In Depth Oub{Lksit) 000 W Below Jars Bouyed [kibs) BOGT
|— Date Cut DrillediUsft) 0.00 Drilling / Girc Hours 000 [ 0.00
O Sensor Offsals
E Survey Offse 500 Garmra Offset M Gryriey Offse= A
Linit Comp Tokal Tatal
) # SN Description ~ C0 |0 FNOD FNLength oo\ o CnxDn Weight  Weight  Weight “°™™  1angih
pd A e bf)  (kibs) sy U e
(¥p) 8 1/2 & Blade " 4 12 - c
A g | 06353 Poepi 9500 2750 0000 000  end 0.000 0.00 0.00 122 122
oc HALO RSS 412F 4172
O ' Z TEDOTIL e (Fles) 6750 2000 6500 5.00 5  peop W 0OD 000 000 55,48 36 70 HALO FLEX
9 38 Spiral 412 F 412 F
&l ! 3 E50TTa [ - &.500 2875 0.000 0.00 B P 0.000 0.00 0.00 4.14 #0.84 STAB
DR & 34 MM Pony 412 412 1IF
I H 4 a0 oo &438 3500 0000 0.00 a = 0.000 0.00 0.00 12.24 5304
— 4
00 E 5 waoez SYIEP gpaazo oo oo YT 4ET oo 000 000 983 B2 9 REDUCED LENGTH 10
N—
LN ' 8 Guirsy TOD1RRdler oo 3000 s7s0 oo VPR A1ZF oo 000 000 530 8 30
— raamer 5 P RR
I+ 7 BATFZ  BI4NMOC 6813 3250 oooo oo VR AEFR o om0 000 0o 3111 5941
B p
% I B 05 B ¥4EackBax 6750 2350 G750  0.00 ‘“EF ‘”"PE'F 0.000 000 noo 600 105.41 Black Box
a I o on G¥aFhersub 6638 3250 ees  ooo ot YEF 000 0.00 3 10034
I 10 AFLSE03 6 ¥4Flstsub 6375 2875 0000 ooo  YTEF AR gp00 0.00 0.00 245 111.78
412 F 412F
11 MA 375, G34DCs 6813 2875 0000 000 100,000 278 B3 IWRIT  290.06
" B P 9x6%” DC
' Crossover (DCs 512 412F
I 12 [y 1 o HWDE) &.0a37 3000 0000 0.00 EHE P 0.000 0.00 2783 315 |31
[ 13 MA  30JTSHADP 5500 2825 0000 000 ﬁl_':’é ;_:'E 46.400 4239 7021 91342 130663
30 x HWDP
Comments
Hiakes TB00-1711: Pulsar 12212435 Eye 1547: Garnma 14117: Dattary 025.20SCPI0AR ND MOTOR: ASSIST Flow Bange = 500-T50 O 8 Spiral 7 Hiade stakilises
Eye = 22 Gamma = 17 NB Iholdg = T Make up 1omue, 4 1/2 Reg = 19,500 4 12 IF = 25,000
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ROP Limiter: Drilled the curve from
45 degrees to end of build. Tool
vibrations are high due to Revit
system errors.

Halo RSS ran without a motor due to
high vibrations.

Rotary RPM was at 55 for majority of
the run due to vibration issues.

MWD tool stopped working at
6,799.

Revit system malfunction at 6,777
feet that caused variation in drilling
plots.

Solution: Figure out BHA vibration
modeling to allow for mud motor to
be ran.

Curve was still drilled efficiently with
RS5 system.




NO POST RUN RR PHOTOS AVAILABLE
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BHA #15 (8) — Entire Run

CuBIC: EM2I3T:
MSE GyroXmed
[kp5ﬂ EM2232: Surface: Surfacs:
0 g GyraXmin AutaDriller WOB 5P AutzDrillzr On Bottom ROP S=tpaint
| A R
Surface: Surfacs: EM2I3T: Surface: Zurface: Surface: Zurface: Surface: Surfacs: SM2232- Teng Accsl SMN2232: 223 EN223Z:
Block Height Rotary RPM GyroXma Hook Load ‘Weight on Bit Convertible Torgue Total Pump Quiput Etzndpips Pressurs Rate Of Penatration Temparature Ehipeak Shpeak ShZpszk
[ft] [RPA] [RPM] [klks] [klbos] [kft-lbs] [GPM] [psi] [fe/hr] [€ [q] [] [g] la]
120 350 0 110-100 350 0 3200 80 0 50 0 800 0 1400 0 400 60 750 200 O 200 0 200 0 200
T R TR TR S AN AN T T R TN M | T T T T T A NN T T S TN N [T T TN S S S S [N NN TN SO T SO R S| T W WA A A T T S ST T T HNN T T SN NN S S S S [ [ S SR SN E N T T S
"L : =
- : g 3 T
2023/05/18 | %%ﬁ L) =] | p———) ——e—— | || et | = [ ] E’
04:00:00
b b
€760 L 5 :
é 770
2023/05/18 | | IR R =3 I N (I N (S .10 ) [ e Y O O .. I o |
08:00:00 n
2023/05/18 _| e 1 ||
12:00:00
e | ===
= _—— L
2023/05/18 | I T Y
16:00:00 -
2023/05/12 | T 5 L[] |
20:00:00
2023/05/19 | j i e A I I R S I ,J | 2 LD
00:00:00

Bit Gyro Spread Normal for No Motor
BHA, except for event highlighted in red.

Bit Low Peak Shocks all 3-Axis. Increased
shocks highlighted in red.




BHA #15 (8) — Stand Zoom

CuBIC: Sh2BL
MSE GyroXmed
0 Lkesi] g Gs',fﬁiisi:" .lux:)snu:f?a'e\':OB = AutoDriller C'S;crt:;i' ROP Satpaint
oo ——
Surface: Surface: SN2Z3Z: Surface: Surface: Surface: Surface: Surface: Surface: SN2232 Tang Accel SNZZ3Z: SN223z: ShN2232:
Block Height Rotary RPM GyroXmax Hook Load Weight on Bit Comvertible Torque Total Pump Qutput Standpipe Pressure Rate Of Penatration Temparaturs Shipeak Sh¥peak ShIpezk
[ft] [RPM] [REM] (klbs] [llks] [ift-lls] [GPM] [psl] [ft/hr] | [a] ] ] (al
120 350 0 110-100 350 0 3200 800 50 0 200 0 1400 0 400 &0 B0 500 500 50 0 50
T L T T S S N | L L | I T T T I I T T ST A [ SO S Ly L TR T T L L L | L [ - L I T R T | | |
-..__,|;_ 5
b
&80 L[F
2023/05/18 | | .630 | | Y | || | | ||
01:00:00 s RN . :
L
é6u0 60 RPM T
s = : E
650 = = i 2 )
50 RPM o o 160K 20K ft-lbs. j 100’/hr. 15G 20G 15G
,660 o = | 3
2023/05/18 ¢ | i | || | | | |
01:30:00 |
é,ﬁ?ﬂ
i . |
§580 40 RPM O RP a8 o REVIT (MALFUNCTION?)
zc;;;:%z,:;g_ S0/ RP 70 RPM = 60K -£8% & ¥ 75 /hr. G 206 20 causing significant increase in
5% E g =2 = Stick-Slip and 3-axis Peak
o N ! T Shocks increased.
o o0 :
s | |t = . REVIT (MALFUNCTION?) but
o23000 | |l iﬁ ] similar dysfunction continues.
§70 : < 2 |[‘Jé 4 4 Suspect this could be due to
‘ - o }Jo | = i
50 RPM & = K & 80'/hr. bo.rehole patterning and not
- puy o) jwn | X x drilled enough hole to break
L ‘ T the trend.
| bl ) Ll
2023/05/18 | ] F‘ \—._r
03:00:00 )1

Dynamics response was normal until REVIT malfunction. Comments stated REVIT malfunction?




BHA #15 (8) — Stand Zoom

CuBlIZ: SMZZ3Z
M3E GyraXmed
[kpsi] SN2232: Surface: Surfaze:
GyroKmin AutoDriller WOB 5P AutoDriller On Bottam ROP Setpaint
P o —
Surface: Surface: SM2232 Surface: Surfaze: Surfaze Surface: Surface: Surfaze: EM2232 Tang Accel SN2232: SW2332 EN2232:
Black Height Rotary RPM GyroXmax Hook Load ‘Weight on Bit Comyertible Torque Total Pump Quiput Standpips Pressurs Rate Of Pen Temparature Shipeak ShYpezk ShZpssk
[ft] [RPM] [REM] [lll] [llEs] [kft-lbs] [GPM] lpsi] [ft/hr] [ lg] ] [9] [a]
120 350 0 110-100 350 0 320 0 80 0 50 0 800 0 1400 0 400 60 B0 50 0 50 0 50 0
L L I RO N RN A N T T I I T TS T N T T T T A Y SO I T T T T S T S T T S A B T N N S T AN I N T T SR N AN N Y SN NN SO M | L
2023/05/13 | | || | |
03:10:00
L TORQUE
REVIT OFF f SPREAD
2023/05/18
03:15:00 P
é,ED
REVIT |
TORQUE
MALFUNCTION? [ SPREAD
I NO RPM SPREAD. |
JUaf1E
03:20:00 %
i
|
i
¢
2023/05/12 | |
03:25:00 i
&40 |
2023/05/13 | f
03:30:00 4
|
!
I
2023/05/18 | ]
03:3%:00 H
$ 750 :
L
4
2023/05/128 | | 1| | - 1
02:4000 !

RPM spread changes, but torque spread, and bit dysfunction remain the same.




BHA #15 (8) — Event Zoom

CuBIC: SNZE3Z:
MSE GyroXmed
[kpsi] SNZE3Z Surfaca: Surfacs:
Gyrodmin AutcDriller WOB P

AurcDriller On Bottom ROP Setpoint

Surface: Surface: SNZE3Z Surface: Surfaca:

Surface: Surface: Surface: Surface: SMZ232 Tang Accel SN2Z3L EMZ232
Block Height Rotary RPM GyroXmax Hook Load ‘Weight on Bit Convertible Torque Total Pump Qutput Standpips Pressurz Rats Of Penstration Temparature Sh¥peak Shvpsak
[ft] [RPM] [RPM] [klbs] [klbs] [kft-lbs] [GPM] [psi] [ft/hr] [c] lg] lg] [al
120 350 0 110-100 3sa1ac m 55 65 0 500 800 0 1400 0 400 60 75 0 500 50
T R R L0 0 L I R S | | T N [ T T T T NN A T T N ST N AN N T N SN NN SO TN S S N A A | | TR S R T | IR
=
>
T
D
<
2023/05/12 | > | | | | |
03:37:00 60 RPM <>
D
D
<> Rig surface system is driving
< downhole torsional
e e R .
&;;E;:;E- _::> ‘ — — || dysfunction. Slip events
> (torsional release) correlate
&7 < with 3-axis Peak Shock.
> Repeating cycle being pushed
> into drill string.
2023/05/18 | | .{> [ [ ||
03:38:00 L " E <> J é’ é’ 26 2G 2G
I 4+ +
o ~ = [s g
& o ) 8 x  x 20G 30G 30G
ol 0 — ™
: D
50 RPM <>
2023/05/18 | [ ||
03:38:30 <>
<.'>
Rig surface system is driving the downhole dynamics dysfunction.




B

HA #15 (8) — Stand Zoom

CuBIC:
[kpsi] Surface: Surface:
0 ] AutoDriller WOB 5P AutoDriller On Bottom ROP Setpaint
ool
Surface: Surface: Surface: Surface: Surfaca Surface: Surface: SM2232 Tang Aceel SN2232: SWZa32 SN2232:
Black Height Ratary RPM Gyro¥max Hook Load ‘Weight on Bit Convertible Torgue Total Pump Quiput Standpips Preszuse Tempsraturs Shipeak Sh¥pesk ShZpesk
[ft] [RPM] [RPM] [llbs) [klos] [ift-lbs] [GPH] lpsi] [ (gl (] [g] [a]
120 33000 110-100 350 0 3200 &n 0 50 0 300 0 1400 0 400 60 750 50 0 50 0 50 0 50
L L 1 TR N [N S T S N Y SO S TR I T T ST A N T T I T T T Y T S S T S T B | T S I I T T T T T B B T T NN R T R I I T R I T S S |
2023/05/18 |
18:20:00
2023/05/18 | | ¢+ L
ez000 | [0 50 RPM -
60K
= .
50 RPM E o 55K il 60’/hr.
2023/05/18 | | §.790 b N | 10G 10G 15G
18-15-06_ 4 = n 60K | | | | || | | 0G 10( 15C
e - i
2023/05/18 | i C i
18:50:00
= . =
2023/05/128 | | |
19:00:00 L
60-70 (
RPM F
20230512 | | g 200 || | | | | | |
18:10:00 ¢ 60 RPM 60K 1
1 ]
- [
70-80 1 ; 20K ft-Ibs.
22300518 | | g 1o RPM g ] 10G 10G 20G
19:20:00 i !
s 50K [
> C o '[
60 RPM &y |
2023/05/18 | | o S i
19:30:00 | : !;
&,Bdﬂ 60K i
3
2 ,'I
I
F - —
2023/05/18 | | |
19:40:00
—

Gyro spread normal for rotary assembly. 3-axis Peak Shock low. RPM step test made no change to bit dynamics.




BHA #15 (8) — Stand Zoom

CuBIC: Sh2132
M3E GyroEmed
[I(psi] SN2232 Surface: Surface:
Gyro¥min AutoDriller WOB 5P AutaDrillzr On Battom ROP S=tpaint
o —
Surface: Surface: Sh2132 Surface: Surface: Surface: Surface: Surface: Surface 5M2Z32 Tang Accel SN223Z SM2Z3L:
Block Height Rotary RPM GyroXmax Hook Load ‘Weight on Bit Comvertble Torgue Total Pump Qutput Standpips Pressurz Ratz Of Penztration Temparaturs Shi¥peak Shipsak
[ft] [RPM] [REM] [ldlbs] [iles] [kft-lbs] [GPM] [psi] [f/hr] [ ) ] lal
120 350 0 110-100 350 0 320 0 80 50 0 a00 0 1400 0 400 60 B0 50 0 50 0 50 0 50
T T T L TR [N [ T T TN NN ST O S T T AN [N T T Y Y S S | T S T TR I T T SO T T T N NS S T T N I I T T T T A N1 P - - L L |
—
2023/0513 | | _ L | | | | | | | | |
19:30:00 | 4320 }
2023/05/18 | | | ; | | || | |
20:00:00
§0 )
2023/05/18 | | [ | 3 | || || | [ |
203000 | 340 60 RPM 60K i
850 r
)
2023/05/18 = | || | [
21:00:00
290 ; -
i =
2023/05/18 | | | | | | | | |
21:30:00 &,8?0 |
.1
& ﬁ
: s \ J
A E W 20K ft-Ib ‘
2003/05/18 | | §3%0 60 RPM =31} 60K | s 50'/hr. _ 10G 206G 20G
22:00:00 © o \
) ]
§200 |
¢
202300513 | | 4210 |l | J | [ |
22:30:00 |
1
. 2 i
=il T || 3 i

REVIT/DAS? (OFF) causing
significant increase in Stick-
Slip and 3-axis Peak Shocks
increased.

Gyro spread normal for rotary assembly. 3-axis Peak Shock low. Except for red highlighted section where rig is driving downhole dynamics dysfunction.




BHA #15 (8) — Stand Zoom

CuBIC: ShEBRL
MSE GyroXmed
[kpsi] SMEI3Z Surface: Surfaze:
Gyro¥min AutoDriller WOB 5P AutcDriller On Bottam ROP 3stpaint
0 8

Surface: Surface: ShEBRL Surface: Surface: Surface: Surface: Surface: Shzziz Tang Acesl SN2I32: SHEZIL
Black Height Rotary RPM GyroXmay Hook Load ‘Weight on Bit Convartible Torgue Tetal Pump Quiput Standpips Praszurz Temparaturs Shipeak Shpeak
[ft] [RPM] [REM] [klbs] [klbs] [kft-lbs] [GPM] [si] [C] [g] [g]
120 350 0 110-100 350 0 320 0 &0 0 50 0 a00 0 1400 75 5000 50 0 50
T T Y T T N T T T SV A NNV ST S ST AN NN T T R AN 1 PR I T T ST T N T ST T S T BN B P N N S ST S S B T I I TR I 1 M|
{ ﬁ=l LLE rlj N
§52 [ J L -
3
2023/05/18 |
23:00:00
6 {
L
s 12 |
60 RPM o o 60K | 20K ft-lbs. 50°/hr. 10G 20G 20G
o
o o
—
2023/05/18 | é.g‘m
23:30:00
b
L 1] L L L J
2023/05/19 | [ L [ . | %
00:00:00
2023/05/19 |
00:30:00
mEE S’- f——— — —
2023/05/19 |
01:00:00
hl — -
Gyro spread normal for rotary assembly. 3-axis Peak Shock low.




BHA #15 (8) — Discussion

* Bit dynamics were normal for rotary assembly until rig surface control
system enabled.

* Rig surface control system (malfunction) inducing torsional dynamics
into drill string.

* Bit, HALO stab in good condition. No other photos available.
* POOH for MWD failure.



Run in That Bit Serial Depth In (ft Depth Out Footage On Bottorm On Botiom

Interval BHA # B Bit Size Bit T Bit MT i
Hole Size YP€  Number g MD) Drilled {ft) Hours  ROP (ft/hr)
Tangent | BHA #9 ] 9.50 TKCE3-A2 A298354 |REEDHYCALOG 6951 7584 633 12.62 50
Bottom Hole Assemicly
Job# OF 030340 Rig Frontier 16 EHA Length (Usft) 1306.41
NO MOTOR IN BHA Operator Utah Forge BHA # o BHA Weight dry (kibs) 70.24
Wall 168(78)-32 - 168(78)-32 Bits o BHA Weight Bouyed {kibs) 80T
o Fleld Beaver (University of Utah) - Utah Forge Depth In (Ust) 0.00 Wi Below Jars dry {kibs) 70.24
@) Date n Depth OutfUsft) 0.00 Wi. Below Jars Bouyed {kibs) BO.6T
5 Date Out Drilledi{Ust) 0.00 Drilling / Circ Hours 0.00/0.00
E S‘I'Iw Dﬂ:&c’h
Survey Offset 25.00 Gamma Offsct iR Gyro Offset T
@) N Unit Comp Total Total
= # 5N Deseripion 'D:' ~ = E:ﬂ”‘ CnxUp CrxDn Weight  Weight  Weight 80 o o
Z o) o) (Ust) (Int) kibs) pos) M s
(Vs 1 Acpaasq JV2BBAARPOC o000 5750 gooo 000 12 0.000 .00 £0.00 1.18 118
m £ il RES P
. HALD RSS . . . 412 1F 412 . L
@) f 2 76000406 oo 6750 2000 500 500 B mecg 0000 000 0.00 15,73 a5 |HALO STIFF
—
< 3 esorro | 9385oml  gepn pays gme0 142 VVZF 412F 400 0.00 £.00 444 awes |STAB
I wrapped stabilizer B P
DR 412IF 4172F
H 4 g BIENMPoDC 6439 3500 0000 000 o o 0.000 000 0.00 1224 62E8 SHORT
<) 412F 4120
Se— H 5 153022 B3IANMPory DC 6813 3250 0000 0.00 ‘B i:' 0.000 000 00 983 62T
(o)
@ 117
— & GuiTas CIVIRdler o ao00 s7s0  zig  TUZF 4TEF om0 0.00 000 539 611 |RR
:n: reanmer B P
» ¥ s
< H 7 BATIZ  GI4NMDC 6813 3250 0000 000 "‘EF d"'F.z'F 0.000 .00 0.00 3.1 9922
I
412IF 4172F
Foa) B 7006  634BlackBox 6750 2250 G750 0.0 o 5 0.000 0.00 £.00 5.97 w519 | Black Box
g DR eouFitersub 66588 3250 6eas  poo T RF A1EFE 4000 000 0.00 353 108.12
48701 [ P
’I 10 AFLS8OA B34 Floatsub 6375 2875 0000 oo 15 FATEF o000 0.00 .00 .45 1157
|| 11 NA  9JT5.634DCs 6813 2875 om0 ooo T UEF A12F om0 2783 783 PRI 304 3,
] : B B . ] : 9x6%" DC
| Crossovar (DCs 1o E12 412F
H 12 MA e 6sa7 3000 0000 o000 PN A 5000 .00 9783 345 20209
5152 S12
13 NA  30JTSHWOP 5500 3625 0000 000  J\a e 46400 42.38 7021 91342z 1364 |30 x HWDP
Comments
Halo 7600-0406; Pulser 213-004F; Eye 1754; Gamma 13 1; Battary 007-20GEP22AB NO MOTOR ASSIST Flow Ranga = 500-750 § /8 Spiral 3 biade ssbiizor
Eye = 22 Gamma = 17 NB Ineifz = 7 Make up tomue. 4 172 Reg = 19,500 4 12 F = 29,000
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ROP Limiter: WOB was not being
zeroed every stand until 7,570". You
can see the ROP decline each
consecutive stand until the issue was
corrected. When corrected, MSE and
ROP returned to baseline.

Tested 100% fresh water pill
(@7,090") as well as a 50/50 fresh
water/reserve pit pill (@7,420°).

ROP showed that the fresh water pill
was more effective than the 50/50
fresh and reserve pill.

Solution: Need to make sure WOB
and Diff are zeroed consistently to
yield a consistent Downhole and Total
MSE.




NO POST RUN PHOTOS AVAILABLE
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BHA #16 (9) — Entire Run

2023/05/20 |
02:00:00

2023/05/20 |
12:00:00

2023/05/20 |
18:00:00

2023/05/20 |
20:00:00

CuBIZ: SMZ232:
MSE GyraXmed
[kps[l EMZI3T: Surface: Surfacs:
kY GyroXmin AutoDriller WOB 5P AutoDriller Cn Bottom ROP Satpoint
[ —
Surface: Surfacs: EMEI3E: Surface: Surface: Surface: Surface: Surface: Surfags: SMZZIZ Tang Accel SNZI3Z: SMZIIZ: SN223Z:
Block Height Rotary RPM GyroXmax Hook Load Wight on Bit Convertible Torgue Total Pump Output Standpipe Pressure Rate Of Penstration Temperature Shipeak Shipeak Shipsak
[ft] [RPM] [RPM] [klbs] [klos] [kft-lbs] [GPM] [psi] [fhi] [ lal o] lal
-230 140 0 80 F100 250 3400 a0 0 40 0 ao0 o 1500 0 100 60 9 0 2000 0 200 0 200 0 200
L T TR T R | 1 L L | T TR T TR N N | T T O S N B | | L L L | T T N T R B | | R R R R R | | L L L L | | L | | L L L 1 L 1 | L L | | L L 1
:' e e e — .
3
1
o e— — 3
e - 5
y31 [
r 3
/
;,350
2390
 —T = —— ,;l 3 3
§430
:ﬁ T ¢ -
;,4?0
] r L
/ — il v >
i’,51[|
r -
550 %
— —— e
——— i

Bit Gyro Spread Normal for
No Motor BHA

Bit Low Peak Shocks all 3-Axis




BHA #16 (9) — Stand Zoom

CuBIC: SN2
MSE Gyralmed
kpsi] SNZE3Z Surface: Surface:
3 GyroXmin AutoDriller WOB 5P AutoDrillsr On Bottom ROP Sstpaint
e —
Surface: Surface: SN2 Surface: Surface: Surface: Surface Surface: Surface: 3M2I3T Tang Accel SH213Z: EM2I3T SN2Z3L:
Black Height Ratary RPM GyroXmax Hook Lozd ‘Weight on Bit Comvertible Torque Total Pump Quiput Srandpips Preszurz Ratz Of Pznztration Temparaturz Shipeak ShYpzak ShIpezk
[f] [RPM] [RPM] [klbos] [klbs] [kft-lbs] [GPM] [psi] [ft/hr] [a (] lg] al (a]
-230 140 0 80 -100 250 0 40 0 a0 40 0 go0 0 1500 0 100 80 9 0 50 0 50 0 50 50
T R R I|||||w|||||I\||||||II||||Q\II P R [ I T T ST [N S SR SR S B | T I R PRI T N T SO TR SR T B | T I T T | R |
2023/05/20 | )
07:00:00
2023/05/20 | 4
07:10:00 i
: : 80'/hr.
1 4
| !
2023/05/20 | | }
07:20:00 ¥
i 1
f
| I E
60 RPM o = 60K 25K ft-lbs. 15G 15G
s %3
2023/05/20 | | Sl
07:30:00 3
a0 f
2023/05/20 |
07:40:00
2023/05/20 i
07:50:00
60’/hr.

Gyro spread normal for rotary assembly. 3-axis Peak Shock low.




BHA #16 (9) — Stand Zoom

CUBIC NZz3z
MSE Gyralmed
[kpsi] INZ23Z Surface: Surface:
GyroXmin AutoDriller WOB 5P AutoDriller On Bottam ROP Sztpaint
[T — ——
Surface: Surface: EN223Z Surface: Surface: Surfaze Surface: Surface: Surfaze: SM2231 Tang Accel SN2Z3X: SMazIL SN2232:
Block Height Ratary RPM Gyro¥max Hook Load ‘Weight on Bit Convertible Torgue Total Pump Quiput Standpipe Pressurs Rate Of Penstration Tempsraturg Shipesk Shvpesk ShZpesk
[ft] [RPM] [RPM] [klls] [klls] [kft-lbs] [GPM] lesi] [ft/hr] [C] (q] ] la] [a]
-230 40 0 80 -100 250 0 340 0 &0 0 40 0 800 0 1500 0 100 80 9 0 50 0 50 0 50 0 50
L L T T I N B | L I I T T A T T T T [ N B I T T T T S T T T M N S T ST [ Y S | L I I T T [ L L1 R |
2023/05/20 |
08:10:00 &Y
; .
2023/05/20 | L
082000 i
i.03$
2023/05/20 | | 4
08:30:00 il
I
2023/05/20 |
02:40:00
1
1
2023/05/20 | L
08:50:00
s =
60 RPM o = 60K 25K ft-lbs. 15 15 15
2023/05/20 | g o |
09:00:00 5
i, 70
2023/05/20 |
09:10:00
L
4
2023/05/20 | 2
08:20:00 E
-
2023/05/20 | E
08:30:00
3
2023/05/20 | -
09:40:00
3 11 AR
2023/05/20 ! ! 1 ! |
Gyro spread normal for rotary assembly. 3-axis Peak Shock low.




BHA #16 (9) — Stand Zoom

CuBl:

SNzz3z

MSE GyroXmed
[kpsi] SN2 Surfaca Surface
0 S Gyro¥min AutoDriller WOB 5P AutoDriller On Bottom ROP Satpoint
[ —
Surface Surface: NI Surface: Surface Surface: Surface: Surface M2 Tang Accel SN2232: EM2I3Z SN2232:
Block Height Ratary RPM GyroXmay Hook Lozd ‘Weight on Bit Convartible Torgue Total Pump Qutput Stzndpips Pressurz Ratz Of Penatration Temparature Ehdpeak Shvpsak Shipszk
[ft] [RPA] [RPM] [klbs] [klls] [GPM] lpsi] [ft/hr] [€] la] la] (al
-230 140 0 20-100 250 0 400 a0 40 0 an0 o0 1500 0 100 80 5000 50 50 50
| TR T T TSI N | I L T T T T T AN [T O ST A | T I T T T T A N T S T [N AT T T T [ N N S N L1 4 | L | TR |
L —
i‘,HC
1
2023/05/20 | 1
10:00:00
1
1
I
!
i
2023/05/20 |
10:30:00
i‘.] i s 1 E
60 RPM o o 60K 25K ft-lbs. 10G 10G 10G
o
o 1 S
-
I
L
4
2023/05/20 |
11:0000 i E
2
i,]QO
2023/05/20 | t
11:30:00 |

Gyro spread normal for rotary assembly. 3-axis Peak Shock low.




BHA #16 (9) — Stand Zoom

CuBI: M2z
MSE GyroXmed
[kps[l 5MN2232: Surfaca: Surface:
Gyro¥min AutoDriller WOB 5P AutcDriller On Bottom ROP Sstpoint
e — —
Surface: Surfacs: M2 Surface Surface: Surface: Surface: Surface: Surface: IN2I3T Tang Accsl SH2I3L: ShZIIL SM223L:
Block Height Rotzry RPK GyroXmax Hook Load ‘Weight on Bit Convartible Torque Total Pump Quiput Sandpips Pressurz Ratz Of Penztration Temparaturg Ehidpeak Shvpeak Shipesk
Ift] [RPM] [RPM] [klbs] [klos] [kft-lbs] [GPM] lpsi] [fifhr] [l la] lg] [a]
-230 40 0 80 -100 250 0 340 0 &0 40 0 300 0 1500 0 100 80 50 0 50 0 50
2023/05/20 Hp—r 1 T ST TR ) R ' T T T T Y IR N 1 T T T T I T S R A A Y SO SO M| T 11 T 11 T——
11:30;00_ L I 1 i t I I I 1 I I I I I I
1%
1
2023/05/20 | I
12:00:00
i‘.Z 0
I
i
I
i
! !
i s ii§2
202300520 | | 60 RPM a & | 60K 25K ft-Ibs. 60’/hr. 10G 10G
122000 ] [ 1 o o
i o ~
: —
iie
A
o ] ] E
2023/05/20 |
13:00:00
E
}
| i
Gyro spread normal for rotary assembly. 3-axis Peak Shock low.




BHA #16 (9) — Stand Zoom

CuBIC: N2
MSE Gyrokmed
[kpsﬂ SN Surface: Surface
0 3 Gyrodmin AutoDriller WOB 5P AutoDriller On Bottom ROP Sztpaint
[ —
Surface: Surface SN Surface: Surface: Surface: Surface: Surface: Surface INZEIZ Tang Accel SN2I32: SNZE3E Sh2z3k:
Black Height Retzry RPM GyroXmax Hook Load ‘Weight on Bit Convertbla Torque Tetal Pump Quiput Srandpipe Prezzurz Ratz Of Penztration Temparaturs Shipeak Sh¥peak Shizezk
[ft] [RPM)] [RPM] [klbs] [kls] [ift-lbs] [GPM] Ipsi] [f/hr] [l ] [a] [a]
-230 140 0 80 -100 250 0 00 & 0 40 0 800 0 1500 0 100 60 50 0 50 0
T T T T T O T R T N B e e e b Ly I T T T T T T [ S T T RO I AT N SO SO T I T R N | L
2023/05/20 | | | ||
13:30:00 - —
| | |
e 1
%
i E
3 £
2023/05/20 | |
14:00:00 : -
.
3
' i
2023/05/20 = = -
3000 ] 60 RPM s o 60K [ 25K ft-Ibs. — — 45’ fhr. 106 10G
s ifs ]
¥ 30 o F
I
3
]
2023/05/20 | | l
15:00:00
3
3
i
e
b 3
-
2023/05/20 |
15:30:00
[ 390
—— — L
b ! — . r : !

Gyro spread normal for rotary assembly. 3-axis Peak Shock low.




BHA #16 (9) — Stand Zoom

CuBIC: ZhzBL
MZE GyraXmad
[kpsi] SNZZ3L Surface: Surface:
Gyro¥min AutoDriller WOB 5P AutcDriller On Bottom ROP Sstpaint
e —
Surface: Surface: ZhzBL Surface Surface: Surface: Surface: Surface: Surfacs: SNZEIZ Tang Accel SH2I3Z: el SN2Z3E:
Black Height Rotary RPM GyraXmay Hook Load ‘Weight on Bit Comvertibla Torque Total Pump Quiput Standpips Preszurz Ratz Cf Penztration Temparaturs Sh¥pzak ShIzezk
[fi] [RPM] [RPM] [klbs] [klbs] [kft-lbs] [GPM] [psi] [ft/hi] [ al (]
-230 400 80-100 250 0 3400 a0 400 a0 o 1500 0 100 80 a0 50 0 50 50
L L [ R R R | L L P N I T R IR S R R R R | P R T NS [T S S TN [N [N T T S S S A BT P L | | T | M|
=
-
2023/05/20 |
16:00:00
2023/05/20 |
18:30:00 s
]
-
i"430
-+
=
SHEE
2022/05/20 | 60 RPM = o || o
17:00:00 o 2 60K 25K ft-lbs. 10G 10G
-
OO | [
2023/05/20 |
17:30:00
i@lTO
2023/05/20 |
18:00:00 4
?— a :-—.—

Gyro spread normal for rotary assembly. 3-axis Peak Shock low.




BHA #16 (9) — Stand Zoom

CuBIC: N2
MSE Gyrokmed
[kps[l SN Surface: Surface:
0 2 Gyrakmin AutaDrillr WOB 5P AutoDriller On Battom ROP Satpoint
[ I B R —
Surface: Surface: SN2Z3Z Surface: Surface: Surfzce: Surface: Surface: Surface: SN2Z3Z Taneg Accel SN223Z: SN223Z SNZ23Z:
Block Height Rotary RPM GyroXmax Hook Load Weight on Bit Convertible Torque Total Pump Qutput Standpips Pressurs Rate Of Penstration Temparature Zh¥peak ShYpask ShZpszk
[f] [RPM] [REM] [klbs] [klbs] [kft-lbs] [GPM] lpsi] [ft/hr] 1] (g] lg] ] [a]
-230 40 0 80 -100 250 0 340 0 a0 40 0 an0 o 1500 0 100 80 W 0 50 0 50 0 50 0 50
IILI TR SR T B | L L P I S P R T T I N B | P S AN NS T S AN AT S S SO N S A | T T R R NI P I 1 TR I Y TR | L | L L
2023/05/20 | |
18:30:00
| Stick-slip and higher 3-axis
f y 3 17 Peak Shocks.
2023/05/20 1
19:00:00
i.510
|
2023/05/20 |
19:30:00
siigz
60 RPM ailbx
o 2 60K 23K ft-lbs. 30'/hr. 10G 10G
i
2023/05/20 |
20:00:00
550 1
y | 651K Stick-slip and higher 3-axis
r an = = = - Peak Shocks.
s "350-65|< Step Test
203000 ] i I |- |- |- I |-
50'/hr.
65K
- ; Stick-slip and higher 3-axis
——— Peak Shocks.
2023/05/20 _ — _ _ _
21:00:00 l
I 1 T q

Gyro spread normal for rotary assembly. 3-axis Peak Shock low. Torsional events highlighted in red.




BHA #16 (9) — Event Zoom

AutoDrillzr On Bottar ROP Satpaint

Tang Accsl shazz SM223 S22z
Shipeak Shipeak ShZpez
gl lal gl gl

CuBIC: SR
MSE GyroXmed
kpsi M2 Surface:
[ pSII 2 GyroXmin AutoDriller WOB 5P
[ — —
Surface: 2 SNZz3Z Surface: Surface: Surface:
Block Height Ratary GyroXmax Hook Load Weight on Bit Convertible Torque Total Pump Qutput
[ft] [RPM] [RPM] [klbs] [klbs] [kft-lbg]
-230 140 30 20-100 330170 340 35 85 0 40 0
L L L L | A S T T [N T S T B 1 R |
2023/05/20 |
18:44:30
2023/05/20 |
18:45:00
2023/05/20 |
12:45:30
45 .
2 8
~ 1 e
E X v = &
o S & = ¢
2023/05/20 | o o ! ) 3
18:46:00 0 il
o
e}
2023/05/20 |
18:46:30
—
2023/05/20 |
18:4T7:00
2023/05/20 |
18:47:30
b =
o a
o o 16K ft-lbs.
o
8 g
2023/05/20 | 60 RPM [ =
12:48:00

Rig surface system is driving
downhole torsional
dysfunction. Slip events
(torsional release) correlate
with 3-axis Peak Shock.
Repeating cycle being pushed
into drill string.

10G 15G 20

Pick-up.

DAS enabled? Rig surface control is driving downhole dysfunction.




BHA #16 (9) — Discussion

* Bit dynamics were normal for rotary assembly until rig surface control
system enabled.

* Rig surface control system inducing torsional dynamics into drill
string.

* Bit in good condition. No other photos available.
* POOH for?



Run in That Bit Serial Depth In (ft Depth Out Footage On Bottom On Bottom

Interval BHA # . Bit Size BitT Bit MT N
Hole Size YP€  Number g MD) (t MD)  Drilled (ft) Hours  ROP {ft/hr)
Tangent [BHA #10 9 9,50 TKCB3-A2 AZ298358 [REEDHYCALOG THE4 G085 501 7.563 67
Botiom Hole Asserily
Job# 0P 034740 Rig Frorior 18 BHA Lorgth (Uisk) 131271
CONVENTIONAL MOTOR BHA Cperator Liteh Forga BHA # id EHA Weight dry |kibs) 021
Wl 16B(FR}I2 - 1EBTA)-32 Bit & il BHA Weight Bouyed (kibs) B0 BT
Field Beswer (University of Lksh) - Utah Forge Depth In (Usf) Qoo WL Brlow Jars dry (kibs) 7021
% Date In Depth CukUs) Qoo Vit Below Jars Bouyed (kibs) BO.ET
= Data Out DrilladiLisft) Qo Dirilling ! Cire Hours 0007 0.00
2 Surrey Offsod A Garmma Offisat M Gyro Difsat A
L Limit Comp Total Total
— ¥ 5N Deacription m‘; TE] F’;_‘T’ F"'{u'-“d,‘}"‘“ CnxUp CnDm  Weight Weight Weight L{‘:J'g;' Length
2 (I iz xllc) e
g 1/2 B Blnde a1z
5 g | Mo rode  gEpy 27ED DOOD  ap0 LIRS 0.000 0.co 0.00 125 125
& i' 2 715 Mud Motor |E750 2000 0000 opo | 1"; F H:E:EEE. 0000 oo 0.00 a5.00 5 0 MOTOR
(Vp]
g . 1 cnrag FOPI2Rdler geog qoon g7e0 249  4VZF MIZF g4 oo 0.00 5.0 4164 RR
o FREMST B P
= H ¢ 1m0 E Po¥ g0 7980 DOD0  op0 ¢ ”EE F 4 'f ¥ ooo 0.co 0.00 .23 5068
D H 5 84772 GBIMNMDC 6813 3280 0000 0 oD 4 ‘ff 4 "FE' 0.000 0.co 0.00 3111 8107
=n o
< H B 120078 | & U4 Pulor Sub |E500 1500 OODO Q.00 ‘”é"’F “f‘ 0000 nen 000 243 8500
I ,
P H 7 DR34302 ““"SEH POY g4mm 2500 DOOD 000 C 1’&"_ . 'f' 0.000 0.co 0.00 12.24 614
H 8 151002 E?'“;E”:'““? EE11 1950 OO0 400 ‘”é": “f‘ 0000 oo .00 083 0747
9 7006 B3aBecksox 67502280 oo o CLF Y12F g0 aco oo §%7 1384 | Black Box
10 DR4EFD B34 Fkersub G683 3750 GERE 000 ivé,?F hfF 0000 000 000 383 M7
| 1 9JTS 634 DCs 6813 2875 D00 0.00 “g‘ “’F“ 900000 2783 7WEZ  FAF  HEW | 9y 63%” DC
. Crogsover (s T q B12 412F 57 g o :
12 gnoey | G5 000 0O 000 2C . 0000 0o 2783 215 399 24
13 AITSHADP 5500 3625 o0 a0 212 2AR k4o 4238 w21 emaa  m2d | 30 x HWDP
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ROP Limiter: BHA was ran with a 1°
motor. The BHA wanted to build.
Axial vibrations were high which
could be due to limiting WOB and
not getting enough DOC.

Step test at 7,670 did not change
Downhole MSE much.

Solution: To deal with the build
tendency, the next run will be ran
with higher bit RPM’s by increasing
Flowrate and Rotary Speed.
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BHA #17 (10) — Entire Run

CuBIC: SMNZ23Z:
MSE GyroXmed
[kpsi] SMNZ23Z: Surface: Surface:
o 20 Gyrokmin AutaDriller WOB S8 Autalriller On Bottom ROP Setpoint
. —
Zurface Surfaces SMNZ23Z: Zurface: Surface: Surface: Surface Surfaze: Surfacs: Surface: SH2Z3Z Tang Accel SNZZIL: SMZIZZ:
Block Height Rotary RPM GyroXma Hook Load ‘Waight on Bit Convertibla Torque Total Purg Qutput Etandpipe Praszure Differantial Pressurs Ratz Of Penstration Temperaturs Eh¥pesk ShYpeak
If] [REM] [RPM] [klbs] [klbs] Tkft-lbos] [GPM] lpsi] lsi] Iftshr] 1] lal
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Bit Gyro Spread Variable
Response Sliding & Rotating

Variable Bit Peak Shocks all 3-Axis
Dependent on Operation




BHA #17 (10) — Stand Zoom
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Working conventional BHA to bottom. Variable gyro and shock response off bottom. Bit whirl or hole conditions?
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Ramp up pumps and no rotary..

Increased gyro spread and Peak
Shocks.

Smooth dynamics on bottom,
ROP tailing off.
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Establishing parameters before tagging bottom and drilling ahead. Dynamics smooth once on bottom.
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Sliding and rotating ahead. Dynamics normal. No significant change in downhole dynamics during RPM step test.
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13:00:00 764
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Sliding and rotating ahead. Dynamics normal.
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Higher gyro spread and 3-axis Peak Shock off-bottom with pumps on and no rotary.
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Sliding and rotating ahead. Dynamics highest off bottom with pumps on and no rotation.
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Sliding and rotating ahead. Dynamics highest off bottom with pumps on and no rotation.
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e Offset wear on stabilizer.
* Bit shoulder cutters starting to wear.

* Bit dynamics are at highest when off bottom with pumps on and no
surface rotation.

 Either bit whirl or unloaded bit grabbing on wellbore.



Final Thoughts



