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Advanced Drilling
Handout #7&8

Parametric Study of Single PDC Bit Run with Wear
and
Optimization of Single PDC Bit Run Using the Optimizer
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Handout#7&8

¢ Handout#7 Parametric Study of a PDC bit run
with wear using the “Optimizer”

¢ Handout#8 Optimization of Single PDC Bit
Run (Using Only Existing ARSL Bit) using the
“Optimizer”

¢ Project #3 from both Handout #7&8
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Handout #7
. Parametric Study: Single PDC Bit Run with Wear

¢ This section we will focus on one single PDC bit run
¢ The effect of bit wear on ROP

¢ The integrated effect of bit wear and operating
conditions on ROP

Cutter PDC layer thickness
Bit with backup cutters
Single Bit Run Optimization
Using Existing ARSL Bit

P
NGINEERS
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. Parametric Study Single PDC Bit Run

¢

¢

¢

4

Procedure for Study

Study the effect of constant operating
parameters on overall ROP

Try multiple combinations for operating
conditions on ROP

Study the effect of varying operating
parameters throughout the bit run

Study the effect of bit design parameters on
ROP

Input new bit designs
Compare performance of different bit designs.
Discuss limits on operating parameters
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. Parametric Study Single PDC Bit Run
Parametric Study

¢ The parametric study is performed with a ARSL
from 2859-3600m to illustrate the effect of
different parameters on ROP

¢ The ARSL will have constant input operational
parameters for one bit run from 2859-3600m.

¢ The bit has a wear of 2.0

¢ The ARSL is created from three input files that
IS vertical and the input parameters are
constant as in the “LongPDC”

¢ The PDC bit sensitivity study will include wear,
operating and bit design parameters
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|I. Parametric Study Single PDC Bit Run
The GDL Input File - figeo1.lith

MD 1D SAND SHAL LIME DOLO SILI CONG COAL NULL NULL NULL P.P. PERM

2859 0 1 0 0 0 0 0 0 0 0 1.45 1
2860 0 1 0 0 0 0 0 0 0 0 1.45 1
2861 0 1 0 0 0 0 0 0 0 0 1.45 1
2862 0 1 0 0 0 0 0 0 0 0 1.45 1
2863 0 1 0 0 0 0 0 0 0 0 1.45 1
2864 0 1 0 0 0 0 0 0 0 0 1.45 1
2865 0 1 0 0 0 0 0 0 0 0 1.45 1
2866 0 1 0 0 0 0 0 0 0 0 1.45 1
2867 0 1 0 0 0 0 0 0 0 0 1.45 1
2868 0 1 0 0 0 0 0 0 0 0 1.45 1
2869 0 1 0 0 0 0 0 0 0 0 1.45 1
2870 0 1 0 0 0 0 0 0 0 0 1.45 1
2871 0 1 0 0 0 0 0 0 0 0 1.45 1
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|I. Parametric Study Single PDC Bit Run
The GDL Input File - fidri1.drill

MD 1D ROP WOB RPM GPM
2859 2859 20 10 150
2860 2860 20 10 150
2861 2861 20 10 150
2862 2862 20 10 150
2863 2863 20 10 150
2864 2864 20 10 150
2865 2865 20 10 150
2866 2866 20 10 150
2867 2867 20 10 150
2868 2868 20 10 150
2869 2869 20 10 150
2870 2870 20 10 150
2871 2871 20 10 150

2400
2400
2400
2400
2400
2400
2400
2400
2400
2400
2400
2400
2400

PV

44
44
44
44
44
44
44
44
44
44
44
44
44

MW

1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.65
1.65

MUDTYPE

JEL N I\ L\ L U\ L \p RS \ (L \ I U [ U N W S W N
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The ARSL Input File - fibit.bit

[Info]

Wersion = 1.1

Well = N (converted file)

Prepared By = MN/A (converted file)

Comment = Converted file, no additional info available
[123456]

Bit Type = pdc

1LADC Code = 999

Bit Diameter = 1225

TWD In = 2859.00

TWD Out = 360000

MDD In = 285900

MDD COut = 3600.00

Wear ln = 0.0

Woear Out = 2.0

Cost = 48062

OHM Cost = 0

Manufacturer = N/ (converted file)

Bit Description = MNMA (converted file)

Mozzle1l = 14

MNoz=zleZ = 14

MNoz=le3d = 14

Mozzled = 14

Mozzlebh = 14

MNMoz=zleG = 14

Mo=z=le¥ = 0

Mo=z=zleg = 0

Primary Mumber of Cutters =

Backup Mumber of Cutters =

FPrimary Cutter Size = 0.5

Backup Cutter Size = 0.0

FPrimary Backrake = 20

Backup Backrake = 0

Primary Siderake = 15

Backup Siderake = 0

Mumber of Blades = 6
aﬁi\, Junk Slot frea = 28

A N Thickness = 08

' SN U e Exposure = 0

SOCIETY OF Di —

PETROLEUM istance = 0

ENGINEERS

ORlahoma State Universitys

59
0
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. Parametric Study Single PDC Bit Run
Parametric Study with “LongPDC”

¢ Start “Optimizer” and use default rig rate, times and
parameter bounds

¢ Locate the “LongPDC” project at: LongPDC

Step 3: Input Files - PDS

Select a Project path where your input files reside.
Project path
|C:\Users\DASLARHarelandf\Desktop \LONGPDC -

Bit File
|Fibit1 bit

Operating {* Drill)
|Fidri.dn‘||

Lithology (* Lith)
|F|geu:u.l'rth

Survey file (* Path)

v Use survey from reference well.

L L L bl ES

< Back Neod = | Cancel ‘
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|I. Parametric Study Single PDC Bit Run
“Simulation Window - Sim000”

¢ The first simulation indicates the parameters and costs
related to the reference well

¢ The drilling parameters are now averaged for the section

Simulation Control Sheet

Secti | Fun| BD | From | Ta | Ditt | WOB | RPM | Flow. | Pv | Mw | Bit . | Total | ROP | Cost. | Diil | Mudt |
oo 001 001 -pdc TE0.0 24000 440 168 20 20 2000 FE20.49 Rotay O

ViewPlot | Bitrfo | | MegeWithPrevious | | SetbwP | | SetwOB/RPM | | Hydavies | a | Hide |
Frun SplitSEctiunl I erge With ket | Clear MWF | EIearWDB;"HF‘Ml Farameters | Copy To Mew Simulation | EHDD[[SiI‘I‘ll
Simulation results sumrmary © [Cost in thouzand dollars unless stated: Awerage ROP for entire WE"ZI 20,00
Sim | Bit(s1 | Trip($] | Cormect. | DHMoto. | Rotating.. | Total[$) | Cost$ém) | Timer) |
000 481 =1 521 0.0 2086.0 4678 G305 av.o
am Mew

Simulation completed : |
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. Parametric Study Single PDC Bit Run
“Simulation Window - Sim001”

¢ Click on “Run” and the drilling is simulated with the same
parameters and the ROP and the $/m is calculated for the bit

run

¢ We are now ready to simulate any combinations of

parameters and bits
Simulation Control Sheet

Sech..| Run| BHD Frarm To Lhiff “WOB | RPM Flows... | P k' Bit ... Tatal.. | ROP Cost.. | Drill.. | Mudt .
an o 001 -pde 2859.0 36000 741.0 100 1500 24000 44.0 1.6 20 20 20000 B30.43 Rota 0O

| Bifinfa ‘ | St MwP | S et WIOE ARPM | Hraruites ‘ &l ‘ Hide |
Fun Split Section ‘ | | | FParameters ‘ | |
Sirmulation results summary : [Cost in thouzand dollars unless stated): Aiwerage ROP for entire well 0o
Sim Bit [$] Trip [$) Connect... | DHMato... | Rotating... | Total (§] Cozt{$/m] | Time [h)]
000 481 o7 F2.1 0o 2850 4E7.3 E30.5 70 Lawest cost/m: sim001
0o 481 /.7 521 nn 286.0 467 8 G305 PN

anz Mew

Simulation completed :
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. Parametric Study Single PDC Bit Run
Sensitivity Study with “LongPDC”

¢ The Plot screen is now displayed

¢ Note the change in ARSL - due to difference in wear and
confining pressure

¢ Right Click — select “Plotting Options” and set ARS from 0 to 80

fosl 561
nnnnnnnnnnnnnnnn

SBTE
HiY

Note: Two different trends
ne: The PDC layer wear
Two: the PDC and stud wear
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. Parametric Study Single PDC Bit Run
Sensitivity Study with “LongPDC”

¢ To evaluate the bit hydraulics click on the hydraulics

box

¢ You can evaluate different nozzle configurations but not

change them

Bit Hydraulics
Bit properties
Bit size: 12 250 == il
Nozzles size: M4 = 14 = |14 = [0 = [1/32in]
0= (= I (EI= I (=
Dizcharge coefficient; |100 _|:| [%]
Fluid properties
Flanwrate: 2400 _IZ:I kud 'wfeight: [1.65 _IZ:I
Results
Bit Pregzure Drop: [565.43 [p=i] 1.775 [H51]
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. Parametric Study Single PDC Bit Run

Sensitivity Study with “LongPDC”

¢ To change the bit
nozzles click on the
“Bitinfo” box

¢ This will display the
bit details and to
change the bit
parameters click on
“Edit”

¢ Same as before!!

Bit details
Bit details:
1] D etail E xit |
BitID am
Uzed in section o
Type pdc:
1ADC Code 933 Bit database
Sernial Mumber 123456
Diamneter 12.250 -
wear In 0.00 Export Bit
Cozt 48062.00 UsD
DHM Cost Q.00 uso Import Bit
Wear constant 241657 4e-005
Primary cutters £3.000
Backup cutters 0.000
Primary Cutter size  0.500
Backup Cutter size 0,000
Primary Back rake 20,000
Backup Back rake  0.000
Primary Side rake 15000
Backup Side rake  0.000
Thickness 0.020000
Junk Slat Area 28.000 Edit
Mumber of bladez  B.0
Expozure 0.000000
Distance 0.000 e
Mozzle Size 1 14.00 [32th inch) Triraller
Mozzle Size 2 14.00 [32th inch)
Mozzle Size 3 14.00 [32th inch) POC
Mozzle Size 4 14.00 [32th inch)
Mozzle Size b 14.00 [32th inch)
Mozzle Size 6 14.00 [32th inch] NDBE
Mozzle Size 7 0.00 [32th inch)
IMP

1 | 141 - Seral #: 123456

Ulterra Ex. 1060
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. Parametric Study Single PDC Bit Run
Sensitivity Study with “LongPDC”

¢ Here you change the nozzles the click “OK” then “OK”
on the bit details

Bit Details PDC
[40C Code 333 Huydraulics [32th inch]
# Backrake Siderake Diameter
S erial Mumber 123456 [DEQ] [DEQ] [ir‘ll:h] Mazzle 1 14 Maozzle 5 14
Primarny Cutters |EEI |2':I |1 ] |D-5 Wozzle 2 [14 Mozzle 6 [14

Diarneter IW
Wear In ID— Ot |2— Sesap Bl |D |D |D |I:I Mozzle 3 |14 Mozzle 7 ll:l—
Cost IW Number OF Blades IEi Exposurefinch] Iui Maozzle 4 |14 Maozzle 8 ID—
DHM Cost Iﬂi Jurk Slot reafinch”2) [28 Distance(inch] Ini Tatal Flow Arealin,™2) 0.90

Wear Congtant |2417e008  Thickness(inch 0.08 Cancel |

¢ The nozzles have then been changed for this bit!!

Ulterra Ex. 1060
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Sensitivity Study with “LongPDC”
(study the effects of bit wear)

—

ROP
Bit Wear

ROP
Bit Wear

ROP
Bit Wear

ROP
Bit Wear

ROP
Bit Wear

ROP
Bit Wear

ROP
Bit Wear

ROP
Bit Wear

26.88

16.4 20.3

20.3

21.77

15.06

Hmm? Why does bit wear change as it does?
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|I. Parametric Study Single PDC Bit Run
“Hydraulics Effect”

¢ Click on “Split Section” and split the drilling interval at 2900m.
¢ Input WOB=25 ton only in the first interval from 2859-2900m.

Simulation Control Sheet

Secti.. | Run | BitlD From To Lvif WOB | RPM Flow... | P b Bit ... Taotal.. | ROF Cozt... | Dirll... | Mudt..

0o 0 001 -pdc  2859.0 23000 41.0 250 1500 24000 44.0 1.65 06 06 3403 0.00 Raotary Ol
0oz 0 001 -pdc 23000 36000 700.0 100 1500 24000 440 1.65 1.6 22 1873 B46.17 Rotary Ol

| Bitinfa | ‘ St WP | St WIIB/RPM | Hdhenlis | &l | Hide |
Run Split Section | Merge \with Mext ‘ | | Parameters | | |
Simulation results summary © [Cost in thousand dollars unless stated]: fwverage ROP for entire well 0.00
Sim Bit [$) Trip [$] Connect.. | DHoto.. | Rotating .. | Total [$) Cozt($/m] | Time [h] »~
005 481 g1.7 52.1 0o 172.3 2541 477.3 223 Lowest cost/m: sim(lz2
006 481 /.7 521 on 286.0 467 .8 B304 37
oo7? 481 /.7 521 0an 286.0 457 8 G305 37
008 481 8.7 521 oan 297 8 4795 F4E. 2 3BE
o9 Mew
W
< >
Simulation completed :

Now - ROP is higher initially but slower after 2900m — wear?
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. Parametric Study Single PDC Bit Run
“Hydraulics Effect”

¢Focus only on the first section and change the HP/in**2 as 1in table.

1.18 . 2.5

HP/Inch**2 0.427

ROP 23.37 48.65

Can you think about why the HSI effect is now
much larger then the previous base case?

Ulterra Ex. 1060
Page 18 of 57



. Parametric Study Single PDC Bit Run
“Optimizer - WOB and RPM Optimization”

¢ Merge the two sections back to Base Case

¢ Click on “Merge with Next” then “Run” and
make sure you have one section and that the
ROP is 20.0 m/hr

¢ We will next have the “Optimizer” find the
optimum combination of WOB and RPM

¢ This is done using the “Al” feature
¢ Click on “Al” and the following window will

ap p e a r Input parameters for Al
Min'/OB MawWOB: [70 [ = oK
Hin RPM: [50 Max APM: [2000 2 = Cancel
In: |2858 Depth Oyt |3600 3 1 =
car should not exe

Ulterra Ex. 1060
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. Parametric Study Single PDC Bit Run
“Al” Feature

¢ Input the range of operating conditions you would like to
simulate as below

¢ Input 20 Steps for each parameters and leave max wear at 3.0.

Input parameters for Al

MirwOB: |5 Maw wOB: |20 Steps: |20 =5 ok, |
in RFk: |50 tax RPR: | 200 Stepsz: |EL : Cancel
Depth In; |2899 Depth Out |3600 Sections: |1

— Ji Awerage wear should not exceed 3.

Section | Depth In | Depth Dut | Depth I ‘WOB steps: APM steps:
1 2859.00 3600.00 | J 500 A 15000 A
574 5789
Depth Out: E.58 E5.749
|—4| AV 7368
216 81,58
. H 2 8495 8947
Note: 400 simulations 2% | |
1053 105.26
From 20x20! =S i Wi
- # of combinations> 400 12.89 128.95
) ] o ) o
Aprox time: Below 1[one] second 1360 130 04

¢ The Optimizer will then estimate the number of simulations and
the rough amount of time to simulate these.

¢ Then click on OK.
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. Parametric Study Single PDC Bit Run
“Al” Feature

¢ The PDS will now run trough these combinations and report the
best one (All simulations where bit wear is more then 3.0 before
reaching TD (Total Depth) are 17%b)

¢ After the PDS is finished it will ask if you would like to insert the
beSt reSUIt Pason Drilling Simulator

a—
I | Insert the optimized values into a new simulation,
k. * 4

Yes | MNe ‘

¢ Click “Yes “ and it will be inserted into the simulation window -
then click run

Ulterra Ex. 1060
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. Parametric Study Single PDC Bit Run
“"Al” Feature

¢ The result is shown below.

Simulation Control Sheet

Sech... | Run | BitlD From To Dvitf WOE | RPM Flowe... | P et Bit ... Total.. | ROF Cost... | Drll.. | Mudt..
oo1 001  001-pdc 285390 36000 741.0 145 1763 24000 440 1.65 3n 30 2870 51370 Rotary 0OI
| Bino | | setMwP | SetwOB/RPM | Hydeaulics | s Hide |
Fun Split Section | | | | Parameters | | |
Sirmulation results summany : [Cost in thousand dollars unless stated): Average ROP for entire well 0.00
Sim Bit [$] Trip [$] Connect... | DHMoto... | Rotating... | Total [§] Cost($/m) | Time [h]
007 481 g1.7 52.1 0.0 2860 467.8 B30.5 TR Lowest cost/m: sim002
oos 481 8.7 52.1 0o 297 E 4735 B4E.2 386
Q09 481 1.7 52.1 0o 2860 4E7.8 G305 37
oo 48.1 g7 52.1 0o 1933 3|12 5137 253
om Mew
v
< b3
Simulation completed :

¢ The average ROP is now 28.7 m/hr or 25.9 hours
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. Parametric Study Single PDC Bit Run
”Al” Feature — Two Sections

¢ Input the range of operating conditions you would like to
simulate as below

¢ Input Steps as below for each parameters, split depth at 3229m
and leave max wear at 3.0.

Input parameters for Al

Min w/DB: |5 Max wOB: |25 Steps: B ok |
tin RPM: |50 Mas RPM: (250 Steps: (9 :I Cancel
Diepth In; |2553 Diepth Out; (3600 Sections: |2 :I

Ji .-’-‘werage wear should nat exceed 3.

L1l

Section | Depthin | DepthOut | DepthIn: WOE steps:  RPM steps:
1 285300 322300 | | [5m0 50.00
2 322900 3600.00 5.00 75.00
Depth Out: 13.00 100.00
o] | 125.00
21.00 150.00
25.00 175.00
200.00
225.00

250,00
# of combinationd 2316
Aprox time: Below Livhe] second

¢ Then click on OK
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. Parametric Study Single PDC Bit Run
”Al” Feature — Two Sections

¢ The result is indicated below (3826 of more then 3 wear reported)
¢ Insert the simulations into the new simulation

Simulation Control Sheet
Secti..| Run | BitlD From To Dvift WOB | RPM Flow... | P b Bit ... Total... | ROP Cozt... | Drill.. | budt...

0a1 00 001 -pde  2859.0 32230 3700 130 200.0 24000 440 1.65 1.7 1.7 28,62 000 Ratary Ol
0oz 001 001 -pde 32290 36000 371.0 130 2250 24000 44.0 1.65 1.3 an 2857 51281 Rotary Oil

View Plat | \ | | \ Hydraulics| 2l | Hide |

| ‘ | | ‘ | Copy To Mew Simulation ‘ Export M

Simulation results summarg : [Cost in thousand dollars unless stated): Average ROP for entire wel ( 2875 >
Cost($/m] | Time [h] ~

Sim Bit [§] Trip [$] Connect... | DHMato... | Rotating... | Total [$]
i 431 &7 2.1 0.0 2976 4795 B4E.2 E Lowest cost/m: sim002
g 431 &7 521 0.0 286.0 467.8 6305 371

8.7 521 0.0 199.3 391.2 5137 9

oa 481
481
mz Mew

g1.7

Simulation completed :

¢ The average ROP is now 28.75 m/hr or 25.8 hours — little less
then with one section. (did we split at the wrong depth?)
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. Parametric Study Single PDC Bit Run
After ’Al” Feature — we all simulate with
max wear of 3.0!

¢ YOU do next!

¢ Input 10 values for WOB and RPM, split depth at
3450m and leave max wear at 3.0 (10,000
simulations)

¢ Now use these results to manually fine tune
¢ Split into 3 sections and try to increase overall ROP

¢ Run at least 10 more simulations — (think about what
you are doing when selecting the next parameters!)

¢ Who can get the best result?
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. Parametric Study Single PDC Bit Run
”Al” Feature

¢ Use common sense with Al

¢ Use cushion on wear - make sure you are not
pushing it in to far on your operating
parameters recommendations

¢ When running “Al” with multiple depth splits
be aware of time too run simulations

¢ It will give a good indicator on WOB and RPM,
but multiple depth splits is often done better
manually

¢ Remember hydraulics must be done separately
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*® & o6 o

. Parametric Study Single PDC Bit Run
“PDS - Bit Design Parameters”

Go Back to base case

Click on “Split Section” and split the drilling interval at 3450m

Input WOB=25 ton only in the first interval from 2859-3450m

Focus only on the first section and change the Junk Slot Area as in table on
the next page

Simulation Control Sheet

Secti.. | Run | BitID Fram To Ditf “WOEB | RPM Flow... | P bt Bit ... Total.. | ROF Cost.. | Dnll... | Mudt...

0m 001 001-pdc 28590 34500 &891.0 250 1500 24000 44.0 1.65 38 a8 3375 0.00 Ratary il
ooz o 001 -pde 34500 36000 150.0 100 1500 24000 44.0 1.65 0.3 4.1 1235 55346 Rotary 0Ol

| Bitinfo ‘ | St MwP | St WIOB/RPM | Hydraulics ‘ &l | Hide |
Fiun Split Section ‘ bderge With Mewt | | | Farameters ‘ | |
Simulation results summary : [Cost in thousand dollars unless stated): Average ROP for entire wel: 0.00
Sim Bit [$] Trip [#) Connect... | DHMoto. . | Rotating... | Total [$] Cost[$/m] | Time [h] »~
oo 481 8.7 F2.1 0o 1983 2812 §13.7 254 Lowest cost/m: sim002
(| 481 .y 521 on 1987 3805 5128 258
mz 481 aLy 521 on 286.0 467.8 £30.5 a7
o3 481 ay 521 on 2288 4107 AR3.A 297
014 Mew
W
£ >
Simulation completed :
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. Parametric Study Single PDC Bit Run
“Optimizer - Bit Design Parameters”

¢ Use the “Bitinfo” box to change the bit parameters.

¢ Make sure that you get back to the base case
between changing the different parameters.

Bit Details PDC

140C Code 339 Hydraulics [32th inch)

# Backrake  Siderake [ameter
Sorial Nurber 123958 (Deg] (Deq) [irch] Maozzle 1 |14 Mozzle 5 (14
Frimary Cutters |EE' |2':I |15 |D-5 Mozzle 2 |14 Mozzle 6 |14
Dhiarneter 1225
Backup Cutters ||:| ||:I ||:I ||:I Mozzle 3 |14 Mozzle 7 |0

Wear ln ID— Ot |2—
Cost 48062 Murmber OF Blades IEi Exposurefinch) Iﬂi
DHM Cast |0 Jurk Slot reafinch”2) [28 Distancefinch] [0
Wear Constant |[2.47172-005  Thicknessfineh] 0.08 Cancel

Mozzle 4 |14 Mozzle 8 |0

Tatal Flaw Araain, ™2 0.90
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. Parametric Study Single PDC Bit Run
“Bit Design - Junk Slot Area Effect”

38 50
49.67

Junk Slot Area 20 25
ROP

Observe the large difference in the effect
compared to the earlier case.

The larger JSA (Junk Slot Area) faster the
ROP!

=
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. Parametric Study Single PDC Bit Run
“PDS - Bit Design Parameters”

¢ Merge the two sections back to Base Case

¢ Click on “Merge with Next” then “Run” and
make sure you have one section and that the
ROP i1s 20.0 m/hr

¢ We will next study the effect of different bit
design parameters on ROP

¢ All the design parameters that will change
later are listed on slide 34

¢ First we will just see and discuss some effects
of bit design parameters on ROP

ORlahoma State Universitys

Ulterra Ex. 1060
Page 30 of 57



1. Parametric Study Single PDC Bit Run
“Back-Up Cutters”

Parameters

1. Distance Between Cutters
2. Exposure

3. ROP

VS
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. Parametric Study Single PDC Bit Run
“Optimizer - Bit Design Parameters”

¢ Go back to base case - 20m/hr
¢ Go to “Bitinfo” menu and select a new PDC bit
¢ Input a bit with backup cutters as seen below

Bit Details PDC
1A0C Code 939 Hydraulics [32th inch)
Serial Mumber IW # B?Blgga]ke Slﬁ:)eézlfe Dl[?nrgitler Mozalz 1 (14 Mozzle 5 IT
Diameter 1225 Frmary Cutters |ES |2D |1 ; |D'5 Mozzle 2 (14 Mozzle 6 IT
Backup Cutters |35 |2|:| |15 |.5 N Nozzle 7 ID—

wigar In |0 Out |2

Mozzle 4 |14 Mozzle 8 |0
Coszt 48062 Hurmber OF Bladez ’87 Exposurefinch] |.05

Toatal Flow Arealin.™2) .90
D'HM Caost o Junk Slot Arealinch™2) |28 Distancefinck)  |1.9

wear Constant |2.4178-005  Thickness(inch 0.08 Cancel

¢ Modify bit design
¢ Then run the simulation and you should get an ROP of 14.72 m/hr

¢ This is the base case for the next parametric study
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. Parametric Study Single PDC Bit Run
“Optimizer - Bit Design Parameters”

¢ Note: Bit wear is 1.6 less then 2.0.
¢ Note: When the backup cutters kick in.

El Untitled - Pason Drilling Simulator = =
File Edit View Analysis Tools Help
DEEd B2 &0 tha +-lxzRNBA¥W 2
ber: 016 - Units: SI MWISG]
MO[m] LITH ARSMPAT ROP[mikr]* wOBton] RPM[rpm] FRIlfmin] Plep] PRISG] WEAR BIT
2530 0.0 80.0|0.0 s.0|3.0 1652 1K 2.7K[33.0 43.0[13 14l a.0|
Bit: 123456
Type: pdo
1A0C: 333
& 3 Imm
23331
3007.2 Simulation Control Sheet
Secti.. Fun| BtD | From | To | Diff | ‘wWOE | RPM | Flow.. | PY | Mw £ Bi.. | Total.| ROP ~NCost.. | Dill.. | Mudt...|
nes 001 OO 001 -pde 28590 36000 7H.0 100 1500 24000 440 165 1.6 15 1472 %883 Rotay Oil
31554
32295
3036 ViewFlot | Biinto | Merewih Frevious | SetwR | SetwOR/RPM | Hydauics | o Hide |
[ Fiun SplitSectionI tderge with Mest | Clear MwP | EIearWDB.-"F!F'MI Parameters | Copy To Mew Simulation | ExportSiml
s Simulation results summary : [Cost in thousand dollars unless stated): tiverage ROP for entire well: 0.00
Sim | Bit [$] | Trip [$) | Eonnect...| DHMoto...| Hotating...| Total [$] | Eost[$£m Time [h] »
m3 481 a7 521 0o 2288 4107 5535 297 Lowest cost/m: sim002
35253 o4 481 a7 521 0o 286.0 467.8 £30.5 71
ms 481 a7 521 0o 286.0 467.8 305 kA
[i}] 481 a7 521 0o 3807 5705 7EE.3 504
36000 my Mew
Sand Il Cosl [0 Dolomite [ Conglomerate [l Sikstone [ Shale | Limestone v
Ready g &
Simulation completed ; |
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. Parametric Study Single PDC Bit Run

“Optimizer - Bit Design Parameters”
BitDesign Parameters

Number of Backup Cutters 12 24
ROP
Wear
Backup Cutters Backrake 10 15
ROP
Wear
Backup Cutters Siderake 0 5
ROP

Wear
Backup Cutters Exposure 0.02
ROP

Wear

Backup Cutters Distance from Primary Blade 0.5

ROP

Wear

PDC Cutter Layer Thickness 0.04 0.06
ROP

Wear

60

40

Ops
Shift!?

25

0.2

0.12
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. Parametric Study Single PDC Bit Run
Section Summary

Learned some new functionality's of the Optimizer
The effect of operating parameters on ROP

Tried multiple combinations of operating
conditions on ROP (used Al)

The effect of varying operating parameters
through out the bit run

Evaluated the effect of bit designs on performance
Compared performance of different bit designs

Ulterra Ex. 1060
Page 35 of 57



Handout#38
1. Optimization of Single PDC Bit Run

¢ The ARSL iIs created from an actual well with one bit
run from 2859-3600m

¢ The bit has wear out of 4.4. (Actual 2.5-6.0)

¢ Older bit design with max wear of 6-7!!

¢ The ARSL is created from three input files in the
Onebit-1225 folder

¢ This study will involve optimizing the hydraulics and
recommend a set of operating parameters for the bit
used

¢ Initially you will follow 5 simulations

¢ Thereafter you will simulate on your own individually
to see who obtains the best results
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1. Optimization of Single PDC Bit Run

¢ Locate the “Onebit-1225” project at:
¢ Onebit-1225
¢ Then click “OK”

Step 3: Input Files - PDS

Select a Project path where your input files reside.
Project path
|C:\Users\DASLABHareland6"\Desktop\Onebit-1225 =]

Bit File
|fib'rt1 it

Operating (~.0ll)
|F|c|ri1 drill

Lithology (™ Lith)
|FIGEO1 lith

Survey file (* Path)

W Use survey from reference well.

< Back Nexd > ‘ Cancsl |

SOCIETY OF
PETROLEUM
ENGINEERS
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1. Optimization of Single PDC Bit Run
Simulation 000

¢ The first simulation window gives an average
ROP of 18.64 m/hr

¢ The average operating conditions are
displayed but they are actually used with
variations as in the plot

Simulation Control Sheet

Secti.. | Run | BitD From Ta Lviff WOB | RPM Flaw... | PV bt

Bit — R Cozt... | Diill.. | Mudt..
oo 001 001 -pde 28590 3000 7410 BE 2101 24045 459 155 44

1874 )E56.33 Rotary 0Oi

4.4

viewPiot | | | \ | Hydraulcs | a | Hide \
Simulation results summarny : [Cost in thousand dollars unless stated): teverage ROP for entire well 18,74
Sim Bit [$] Trip [$] Connecd t... | DHMoto... | Rotating... | Total [$] Cost[$/m] m
81.7 52. 305.2 487.0 B56.3 385

Sirmulation completed :
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1. Optimization of Single PDC Bit Run

¢ The plot window is shown below for sim0OO which is used
to generate the ARSL (and uses the actual field data)

¢ Note the variations in the ARSL and operating parameters
¢ Note the bit wear distribution

El Untitled - Pason Drilling Simulator = =
File Edit View Analysis Tools Help
DEHEB S 0| sBa + -@+=NB88| 7|
Simulation number; 000 - Uniits: 51 MWISE]
10 [m] LITH ARSIMPA] ROPmfhi] ‘wOB[ton] FRPMirpm] FRll{min] Plcp] FPISG] WERR BIT
o 0.0 400.0/0.0 150.0|0.0 15.0|50 300|2.0K Z2.5K|35.0 60.0[1.5 1.5|0.0 8.0
Biit: 123456
Tupe: pde
140C: 333
@ 31 1mm
Ready [N/ |Depth: 2783.71 NUM 4
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1. Optimization of Single PDC Bit Run
Simulation 001

¢ Next you run with the average parameters (much easier!)

¢ The first simulation window gives an average ROP of
16.49 m/hr, bit wear 3.9 and 45 hours .
¢ Now you have a starting point, but there are a few things

you generally have to do before optimization starts
Simulation Control Sheet

Secti.. | Run | BitlD From To Lrift WiOB | RPM Flow... | P4 bl Total... | R Cost.. | Drll... | Muodt...
oo 0 001 -pde 28590 36000 7410 &6 2101 24045 459 1.55 39 349 16.49 1260 Raotary  Oil

| sitnfo | | SetMwP | SetwOB/RPM | Hydavics | s | Hide |
Run Split Section | | | | Parameters | | |
Simulation results summary : [Cost in thouzand dollars unless stated): fwerage ROP for entire well 000
Sim Bit [$] Trip [#] Connect... | DHMoto... | Rotating... | Total [$] Cost[$/m] | Time [k]
000 481 a1.7 52.1 00 05.2 487.0 B56.3 Lowest cost/m: sim000
ool 431 ay A2 0o 3469 h2a.7 7126

oz M

Simulation completed :
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1. Optimization of Single PDC Bit Run

¢ The plot window is shown below

¢ Note the correlation with variations in the ARSL
and the bit wear distribution (wear slope)

=] Untitled - Pason Drilling Simulator = B

File Edit View Analysis Tools Help
D BEgm ik + Wi ENBE 7

Smulstionrumber 001-Unies L e
lllllllllllllllllllll

Bir: 123456
Type: pdo
SSSSSSS

Parameters Constant — wear
changes|as a resul
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1. Optimization of Single PDC Bit Run

Simulation 002

¢ The average MW is 1.55, but there are actually
variations throughout the bit run

¢ To set the new MW program click on
“SetMWP” and the following menu will appear

x

Mud Weight Program -

C |

w [

] b= o o
=

o 3 § -~

Add | Clear |
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1. Optimization of Single PDC Bit Run
Simulation 002

¢ The actual MW program is shown below
Mud Weight Program

MD. 2200000 1480 [ o ]

i g

—»= | This is the mud weight program
planned for the next well!

Add | | Clear |

¢ You can generate the mud weight program my adding
each of the above listed sections — (then save it to you file
folder as MY-MWP.mwp so you can use it later)

¢ Next click OK
¢ Back at the simulation window click run and you see that
the MW indicate MWP, which means that the MW is read

from the input file.
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1. Optimization of Single PDC Bit Run

Simulation 002

¢ Run the Optimizer!
¢ The average ROP is now 19.13 m/hr

Simulation Control Sheet

Secti.. | Run | BitID Fram To [vit WOB | RPM Flow... | P bt Bit ... Total.. | ROF Cost...
om 001 001 -pde 2889.0 36000 7410 66 2101 24045 459 MWwWP 3.3 a3 1913 648.09 Rotam 0Ol

| Bitinfo ‘ | Set MwP ‘ Set WIOE/RPM | Hydraulics | &l ‘
Fiun Split Section ‘ | Clear bw'P ‘ | FParameters |
Simulation rezults summary ; [(Cost in thouzand dollars unlezs stated): Average ROP for entire welk
Sim Bit [$] Trip [#) Connect... | DHMoto.. | Rotating... | Total (] Cozt[$/m) | Time [h]
(il 481 8.7 521 0o 305.2 4870 E5E.2 395 Lowsest cost/m: sim002
oo 481 a7 521 0o 3469 L2 7126 45.0
ooz 481 a7 521 0o 299.0 4209 G481 338

(1] Mew

Simulation completed :

¢ The next step is to evaluate the bit hydraulics.

= i

"'—/’f7_/~—7
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1. Optimization of Single PDC Bit Run
Simulation 003

¢ The hydraulics ran on the bit was only 1.675 HSI, with MW of

1.55

¢ The MW program has 1.6 at the end of the section- insert 1.6

¢ The available bit pressure drop given is 863 psi. Assume
flowrate of 2404 I/min. Find the nozzles sizes.

Bit Hydraulics

Bit properties

Bit size: [in]

Nozzles size: N4 = 14 = 14 =5 0 = [1/32in)
e 5 g rz o

Dizcharge coefficient: {100 _|::| [%]

Fluid properties

Flawurate: 2404 _|::| tMud Weight: |1.55 _|::|

Results

Bit Prezsure Drop: |532.94 [p=i]

1.675 [H5I]

Cancel ‘

Bit Hydraulics

Bit properties

Bit size: 12250 _:I [in]

Mazzles size: M4 = 14 = 4= 0 = 143200
EI== I (E0== R (E= R ==

Dizcharge coefficient: 100 _|::| [%]

Fluid properties

Flovarate: 2404 _|::| Mud ‘W eight: 4:

Results

1.729 [H51]
Cancel

Bit Preszure Drop: (550,13 [psi]
Q. |
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1. Optimization of Single PDC Bit Run
Simulation 003

¢ The nozzle selection found was 3*12 and 3*13.
¢ This indicates a HSI of 2.713.

Bit Hydraulics

Bit properti
Bit size: 12,250 4::| [in]
Nozzles size: 3 = 13 5 125 [0 = [/

e e M@= P o=

Discharge coefficient; [100 4::| [%]

Fluid properties
Flawrate: 2404 J:I Mud Weight: |1.60 5'
Results

Eit Pressure Drop: |862.87 [psil 2713 [HS1]

Cancel

¢ Go to the bit Info menu and change the nozzles, the
OK the bit and run a simulation with new bit
hydraulics.

Bit Details PDC
14DC Code  |393 Hydraulics (32th inch)
# Backrake  Sid Diameter
Serial Mumber | 123456 (Deq) [D Q] [inch) Mozzle 1 |12 Nozzle 5 |13
Primary Cutters |BS ‘20 |15 ‘0.5

Diameter 25 Mozle2 [12 Mozzle® 14
wearin [l Dut[14 Backup Cuters |0 o P o Nozzle3 [12 Noze7 [0 /
Cost ,W Number Of Blades ,E— E=postirel finch) ’D— e’ Nozzle 8 ID— OKLANOMA
DHMCost [0 Jurk Slct Arealinei2)[28 Distancefinch] [0 Total Flow Arealin."2) e

‘wiear Constant ,m Thicknessfinch] ,W ’Tl Cancel |
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1. Optimization of Single PDC Bit Run

Simulation 003
¢ The simulated ROP is now 20.77 m/Zhr

Simulation Control Sheet

Secti.. | Run | BitD From Tao Lviff WwiOB | RPM Flow... | P b Bit ... Total... | ROP Cogt.. | Drill.. | Mudt...
oot 001 001 -pde 28890 36000 7410 6BEA 2101 24045 459 MwP 32 3z 2077  B1627 FRotapy 0Oil

View Plot | | | | | Hydraics | A Hide \
| | | Clear M | | ‘ Copy To Mew Simulation ‘ Ew=part Sim |
Simulation rezults summarny : [Cost in thousand dollars unless stated): Awerage ROF for entire wel: 20,74
Sim Bit [$] Trip [$] Connecl t...| DHMoto... | Rotating... | Total [$] Cost{$/m] | Time [h]
000 48.1 g7 52.1 0o 052 487.0 B56.3 395 Lowest cost/m: sim003
oo 481 /v 521 0o 364 R2B7 7126 450

0oz 43.1 g1.7 52.1 0.0 233.0 430.9 5481 33.8
003 48, 817 52 0 275 . 457 3 367

Sirmulation completed :

¢ The nozzle change gave an increase in ROP from
19.13 to 20.77 m/hr. This is and increase of 8.5
percent

¢ Bit wear also changed from 3.3 to 3.2
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1. Optimization of Single PDC Bit Run
Simulation 004

¢ The next change is to increase the WOB from 5.6 to

14 tons Operating Parameters
WwOB: M | 155 oK, |
RFM: | 21007 py- | 4587 Cancel

Flowirate: | 240447 Bit |[Nc- Change] j
Mud Type: |01l | Driling Mode: |Rotany -
Simulation Control Sheet
Secti.. | Run | BEitlD From To Diiff WOB | APM Flow... | PV b Bit ... Tatal.. | ROP Cost... | Drill.. | Mudt..

oo o0l 001 -pde 28590 36000 7410 140 2101 24045 459 MwiP 80 a0 1472 7ERFE Rotary  0il

| o | | setMwP | SetwOB/RPM | Hydaulcs | a | Hide |
Run Split Section | | Clear MwF | | Parameters ‘ | |
Simulation results summary : [Cast in thouzand dollars unless stated]: Awerage ROP for entire well 0.00
Sim Bit [$] Trip [$] Connect... | DHMoto... | Rotating... | Total [$] | Cost{$/m] | Time [h]
000 481 8.7 52.1 0.0 305.2 487.0 £56.3 35 Lowest cost/m: sim(03
a1 481 81.7 521 0.0 3469 5267 7126 45.0 Avgiwear > 8in section 001
ooz 481 8.7 521 0o 299.0 4809 E48.1 388
003 481 8.7 521 0o 2754 457.3 E16.3 A7
004 481 g1.7 521 0.0 3886 5704 TEE.8 504
005 Mew
Simulation completed :

¢ The average ROP is now 14.72 m/hr.

¢ The reason for this is that the bit makes it but with a
wear of 8.0 at TD.
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1. Optimization of Single PDC Bit Run
Simulation 004

¢ If we evaluate the plots we see that he ROP is decreasing
rapidly in the harder section towards the end

¢ The outer/gage cutters are wearing out - This is only an
experience indicator

El Untitled - Pason Drilling Simulator = B

File Edit View Analysis Tools Help

DB S0 ke ¢ -lEmne8 7

Simulation number: 08¢ -Unitsi Sl ey

Bit 123456
ppppppp
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1. Optimization of Single PDC Bit Run
Simulation 005

¢ The next change is to decrease the RPM to 100 while

maintaining the WOB at 14 tons Operating Parameters

Simulation Control Sheet woB: | 4 M | 158 ok |
RPM: PY; 4587  Cancel

Sechi... | Run | BitD Fram | To Dvife WiOB | RPM | Flow., | PV P Bit.. | Total. | ROP | Cost.. | Drll.. | Mudt.
o 001 00 -pde 28590 36000 FH.0 140 1000 24045 453 MwP 51 5.1 2847 51585 Rotay Oil Flowste: | 240447 Bit Mo Change] =~
bud Tupe: | il | Driling Mode: |F|0tar_l,l j
| i | | SetMwP | SetwDB/RPM | Hydauics | s Hide |
Run Split Section ‘ ‘ Clear MwP ‘ | Parameters | ‘ ‘
Simulation results summary : (Cost in thousand dollars unless stated]: tiverage ROP far entire wel 000
Sirn Bit [$) Trip [$) Connect... | DHMoto... | Rotating... | Total (§] | Cost$/m] | Time [h)
ann 481 a7 521 nn 052 4870 E5R 3 395 Lowsest cost/m: sim05
0o 451 8.7 52.1 0.0 3469 528.7 7128 45.0
ooz 481 8.7 52.1 0.o 293.0 480.9 £48.1 388
ooz 481 8.7 52.1 0.o 2754 4573 E1E.3 3_/7
oo4 451 8.7 52.1 0.o 3586 570.4 7EB.8 50.4
005 451 8.7 52.1 0.o 200.9 3828 5159 261
006 Mew
Simulation completed ;

¢ The average ROP is now 28.47 m/hr or 26.1 hours
drilling
¢ Bit wear is 5.1!
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11. Optimization of Single PDC Bit Run
Simulation 005

¢ The bit now comes out with a wear of 5.1

Fl Untitled - Pason Drilling Simulator = ©
File Edit View Analysis Tools Help

DEHEBR &0 ke + - l=%=RB88 2
Simulation number: 005 - Units: S MWISE]

MO [m] LITH ARSIMPA] ROP[mthr] ‘WOEton] RPMIrpm] FRIlmin] Plep] PRISG] WEAR EIT

2859.0 0.0 400.00.0 1s0.0[12.5 15.5]30 afz. 1K 27K|41.0 51013 16800 4.0
Eit: 123456
Tupe: pde
180C: 333
@ 31 Imm

3600.0

Sand [l Coal [ Dolamite [ Conglomerate [l Sitstone [ Shale Limestane
Ready [y [Depth: 278503 [ [Num [
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1. Optimization of Single PDC Bit Run
Simulation 006

¢ When evaluating the ARSL we see that there is an increase in rock
strength at 3450

¢ It would be logic to change the drilling parameters at this depth?
¢ Generate a split at 3450m, do not change the parameters, then run

Simulation Control Sheet

Secti.. | Run | BitlD From To Lviff WOE | RPM Flows... ks Bit ... Total.. | ROF Cost.. | Drill... | hudt..
om 0 00 -pdc 28590 34500 5910 140 1000 24045 459 MwP 23 23 B1.368  0.00 Fotay il
ooz om0 -pdc 34500 36000 1500 140 1000 24045 459 MwP 219 51 914 51585 Rotary il
| Bitinfo ‘ | Set MwP ‘ S et WOB/RPM | Hydraulics | Al ‘ Hide |
Run Split Section ‘ Merge \With Mest | Clear MwP ‘ | Parameters | | |
Simulation results summary @ [Cost in thouzand dollars unless stated]: Awverage ROP for entire wel: 0.00
Sim Bit [£] Trip (%) Connect... | DHMoto.. | Rotating... | Total [$)] Cozt($/m] | Time (k] »
o0z 48.1 =i 52.1 0.0 275.4 457.3 E1E.3 57 Lowest cost/m: simDD5
on4 431 ay 521 n.o 3IBEE A70.4 7E68.8 0.4
1]1}4] 481 ay 521 0o 2009 Jhz8 A15.9 261
00e 421 a7 521 n.o 2009 3828 5154 261
nor WET
W
£ >

Simulation completed :
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1. Optimization of Single PDC Bit Run
Simulation 006

¢ The ROP of the first section is 61.36 m/hr with a
wear of 2.3

¢ The ROP of the second section is 9.14 m/hr with a
wear of 2.9

¢ The total wear is 5.1, the total hours is 26.1 and the
average ROP 28.47 m/hr as before.
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1. Optimization of Single PDC Bit Run
Simulation 007

¢ Now, change the WOB=8 tons and RPM=160 in the first section
from 2859-3450m only, then run

¢ The ROP of the first section is 52.48 m/hr with a wear of 1.7

¢ The ROP of the second section is 10.54 m/hr with a wear of 2.9

¢ The total wear is 4.6, the total hours is 25.5 with the average
ROP 29.05 m/hr.

Simulation Control Sheet

Secti.. | Run | BiD From To Ditf WOB | RPM Flow... | P b Bit ... Total... | ROP Cost... | Drill.. | Mudt...

0o 001 001 -pdc 28530 34500 591.0 8.0 1600 24045 459 MwP 1.7 1.7 5243 0.00 Rotary il
o0z 001 001 -pde 34500 36000 1500 140 1000 24045 4519 MwiF 249 46 1054 51003 Rotary Gl

View ot | | | | | Hydravics | A | Hide |
| | | Clear bw/P | | ‘ Copy To Mew Simulation | Export Sim |
Simulation results surmmary © [Cost in thousand dollars unless stated): fverage ROP for entire well: 2905
Sim Bit [$] Trip [§] Connect... | DHMoto... | Rotating... | Total ($] Cost[$/m] | Time [h] »
004 481 8.7 F2.1 0o 3886 570.4 760.8 A0 4 Lowest cost/m: sim007
005 481 2.7 521 n.o 2009 3828 51549 261
00& 4381 a1.7 521 0.0 200.9 3528 515.9 26.1
43, 8.7 52 785 255
aos MHew
W
£ >

Simulation completed :
Ulterra Ex. 1060
Page 54 of 57



1. Optimization of Single PDC Bit Run
Simulation 008 and on to 030+

¢ Next you manually simulate by fine tuning from
your last simulation you can split into max of 5
sections (max bit wear of 5.0)

¢ Fine tuning Is done by manual change of WOB
and RPM in the individual sections

¢ Try to reduce the time and cost until you have
030 simulations at least

P
NGINEERS

ORlahoma State Universitys
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Optimization of Single PDC Bit Run

Conclusions
¢ It is the overall ROP that counts, not instantaneous
or In some sections

¢ The MW program should be set initially

¢ The hydraulics should be optimized and the
Improvements is a function of available HSI and
pump pressure

¢ The more you split the better fine tuning you get on
the operating conditions for maximum average ROP

¢ 4 to 5 manual splits is usually close to optimum

¢ Be careful about the wear out you allow - safety
cushion (max of 5)

¢ Next we will evaluate an entire hole section with
multiple bit runs!
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Project#2
“Parametric Study and Optimization of a Single PDC
Bit Run”

Generate a 21 slide PPT

Slide 1 Title/name

Slide 2 Outline,

Slide 3 Objective Partl. Long PDC Run with Constant Input Parameters — Parametric Evaluation of ROP and Bit Wear
Slide 4 Fill in Table with Operating Parameters (slide 16)

Slide 5 Discuss your Observations from Table in Slide 16 — all the parameters and their effect on ROP and bit wear

Slide 6 Study the effect of HSI on ROP when WOB is 25 tons in the section from 2859m-2900m and show the Table with
comments on your observation (Slide 18)

Slide 7 Fill in Table with the effect of JSA in Slide 29 and discuss results.

Slide 8 Fill in Table with Bit Design Parameters with backup cutter bit base case Slide 34

Slide 9 Discuss your Observations from Table in Slide 34 — all the parameters and their effect on ROP and bit wear
Slide 10 Explain the functionality of the Al window and what it can do

Slide 11 Show a table with the 10 Al simulations you did and explain the results

Slide 12 Discuss all the results and functionalities you have learned in Part 1

Slide 13 Obijective Part2. Offset PDC Bit Run with Variable Bit Parameters and the Optimization Procedure of the Next
Similar Run

Slide 14 Show the plot of simulation000 and explain the correlation between the ARSL, ROP and operating parameters
Slide 15 Generate a table that explains the first 7 simulations you did

Slide 16 Plot your learning curve for these 7 simulations

Slide 17 Explain in general what you did in the next 23+ simulations and what your objective was for these simulations

Slide 18 Generate a table for your 23+ simulations (after simulation 7) and include reasoning in each simulation with the
resultant $/ft

Slide 19 Plot your $/ft for all your 30+ simulations on a scale from 300-1000 $/ft on the y-axis
Slide 20 Discuss your results and learnings of Part2
Slide 21 What was the most important learning you did on in this exercise?
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