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Development of an Optimized Prediction System of Round
Trip Occurrence using Genetic Algorithm

Seung Soo Lee, Jong Won Seo, Kwang Yeom Kim*, Hyu-Soung Shin

Abstract Round trip activity occurs discretely due to the abrasion of drill bit in the deep drilling project. Round
trip has great impact on the drilling performance because it takes more time to change a drill bit as the depth
goes deeper. Therefore, a reliable prediction technology of the round trip should be secured for feasibility analysis
and effective management of the drilling project. Lee et al. (2013) developed the TOSA (round trip occurrence
simulation algorithm) which can analyze the depth and timing of round trip occurrence at each abrasion state of
bit. However, TOSA has weakness that it takes long time for simulation because the number of simulation increase
exponentially as increasing the number of simulation section. This study developed the TOSA based round trip
performance prediction module using genetic algorithm for simulating in a short time and verified simulation results.
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Drilling capable range at simulation case 1
=ROP * 1, (n=0.125)

I~

* Formation 1 Simulation unit section 1 [ 1 trip depth
= Bit 1

(WOB. RPM, ROP nesn) d tri
+ Surface hole [+ 2" trip dzpth

----------- Obligatory trip occurring point

* Formation 2 ) ) ~ )
. Bit 2 Simulation unit section 2
« Surface hole (WOB., RPM, ROP nasn) [— 1% trip depth

(a) Existence of obligatory trip occurring point betwesn section 1 and 2

Simulation case 1 (n=0.123)

Drilling capable range at simulation case 1
=ROP * 1, (n=0.125)

-

* Formation 11 Gimulation unit section 1 [+ 1% rip depth
= Bit 1

(WOB, RPM, ROP nean) e 2% trip depth ———-
* Surface hole I ROP at section 1 condition, NO= bit tooth worn away
« Formation 2 l— 3% trip depth ___I____HOP at section 2 condition, h1= bit tooth worn away
. Bit 1 Simulation unit section 2
« Surface hole (WOB, RPM, ROP naan) [e— 4" trip depth

(b) Non-existence of obligatory trip occurring point between section 1 and 2

Fig. 1. Basic principal of the TOSA simulation (Lee et al., 2013)
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' Total number of joint &
*

-+

Bit & BHA Handling Time

Unit time of assembly

BHA handling time

Fig. 2. Round trip time calculation method

Input Data ‘

Drill pipe length (Lp)

The number of pipe at
sach assembly unit (Na)

Pips assembly unit tims
(Teu)

(Thu)

Pull out velocity (Vto)

Pull in velocity (Vti)

‘ Pipe breakup unit time
‘ BHA handllng time (Tbha)

TOSA simulation

l

Trip occurring depth (Dt)

The number of Pipe assembly & breakup
(Ncb) = [(Dt / Lp) / Nal

Total drill pipe assembly time
(Te) = Neb * Teu

Total drill pipe breakup tims
(Tb) = Neb * Thu

Total Pull out & Pull in Time
(Tpp) = (Dt / Vo) + ((Dt 7 Vti)

!

‘ Round trip Time = Tc + Tb + Tpp + Tbha

Fig. 3. Round trip time calculation function and procedure
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Table 1. Total drilling cost calculation procedure

Procedure Function
drill pipe length (Lp), The number of pipe at each assembly unit(Na),
| Input data Pipe assembly unit time (Tcu), Pipe breakup unit time (Tbu),

Pull out velocity (Vto), Pull in velocity (Vti), BHA handling time (Tbha),
Bit cost (Cb), Daily rig operation cost (Cr)

2 Round trip time (Trt) Trt=Tc+Tb+Tpp+Tbha (Fig. 3)
3 Total drilling time (Td) Td=Trt+Tb, Tb=bit rotation time (from TOSA simulation)
4 Total drilling cost (Tc) Tc=Td(day) x Cr(per day) + Cb
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[ Genetic Algorithm Start ]

}

Random round trip case creation

|

Total drilling cost calculation (Basis Cost) |—

]

Random Crossover of Dit dullness case
(crossover)

|

Total drilling cost calculation of crossover case
(Generated Cost)

Fitness evaluation
(Basis cost > Generated Cost)

—’ New basis cost ‘

Fig. 4. Genetic algorithm process design
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Simulation Setting
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Table 2. System input data for case

AR

AEs 2

_g_ﬁ

pal

T
ﬂ
o
ot
I-

i)
Ho
(n
[m
o
mn:
oX

study

name

detail

well boundary

Surface hole & Intermediate hole of PX-1 (vertical); 98{t~2,427ft

2 Formation information

Claystone: 98ft~721ft
Tuff: 7211t~1,0821t
Sandstone: 1,082ft~24271t
Tuff: 2,427t~4,432ft

Bit design

IADC 357: 98ft~1,023ft
IADC 517: 1023ft~2,4271t

4 Input data

drill pipe length (Lp)=31ft

The number of pipe at each assembly unit(Na)=3

Pipe assembly unit time (Tcu)=0.08hr

Pipe breakup unit time (Tbu)=0.08hr

Pull out velocity (Vto)=20,000ft/hr

Pull in velocity (Vti)=20,000ft/hr

BHA handling time (Tbha)=3hr

Bit cost (Cb)=IADC 357: 5,000,000, IADC 447: 7,000,000, IADC 517: 9,000,000
Daily rig operation cost (Cr)=80,000,000

Table 3. Simulation results for PX-1

name detail
1: 98ft~721ft
| Simulation unit section 2: 7211t~1023ft
creation 3: 1023ft~1082ft
4: 1082t~24271t
No. | Formation hole name IADC °p tl?;?ggiXOB optimized RPM
) Section information 1 Claystone surface 357 2.395 59.06
2 Tuff surface 357 2.059 56.98
3 Tuff intermediate 517 2.565 62.43
4 Sandstone intermediate 517 2.565 62.43
Sim. Round trip No. Bit rotation Trip time (hr) Total drill cost
No. & Depth time (hr) (won)
1 642.51ft 23.15 4.20
2 1023.0ft 23.15 4.92
50 3 1082.71t 21.91 5.03 535,005,649
4 2056.21t 16.83 6.86
5 2427.0ft 16.83 7.56
. . 1 642.51t 23.15 4.20
3 G-A simulation results 00 3 1023 0ft 2315 49 S
3 1775.91t 43.16 6.33 527,702,717
4 2427.0ft 4343 7.56
1 642.51t 23.15 4.20
2 1023ft 23.15 4.92
500 3 1305.7ft 12.87 5.45 501,064,650
4 1888.4ft 30.87 6.54
5 24271t 28.59 7.56
4 TOSA results The number of total simulation: 4096

Best results = 5 round trip & same occurrence depth with 1,000 no. of G-A simulation

SOQOHHL 5219} BREEERT 535,005,649 0] Al
£ 1003)of|4= 43]2] Bhe=E=y} 527,702,770%), 500
§l°ﬂHL 53]9) ek EERT 501,064,650 2] Al5=H]

go] WAERlT) 5005|941 2] BeEER WAg:
AAAEE TOSAS] ATjel 27 w&E9eh web
B IRES TOSAS 43198 7S, % 4,0963
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