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Overview of Rig Fleet Management!

3!

Goal: 	
   	
  Op$mize	
  drilling	
  and	
  rig	
  	
  scheduling	
  in	
   	
   	
   	
  	
  
	
   	
   	
  considera$on	
  of	
  mul$ple	
  objec$ves	
  and/or	
  	
   	
  
	
   	
   	
  constraints,	
  namely:	
  
	
   	
   	
  	
  -­‐	
  produc$on	
  cost	
  	
  	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  
	
  	
   	
   	
  	
  -­‐	
  produc$on	
  rate.	
  

	
  

	
  

Scope: 	
  	
  -­‐	
  number	
  of	
  rigs	
  	
  
	
   	
   	
  	
  -­‐	
  pad	
  drill	
  strategy	
  	
  
	
   	
   	
  	
  -­‐	
  pad	
  drill	
  sequence	
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Current Challenges!

4!

(50	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )!^3	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  =	
  2.81E	
  193	
  PADS	
  

	
  	
  
PAD	
  DRILLING	
  
STRATEGIES	
  

POSSIBLE	
  DRILLING	
  	
  
SEQUENCES	
  (50	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )!	
  =	
  3.04E	
  64	
  PADS	
  

POSSIBLE	
  DRILLING	
  	
  
SEQUENCES	
  

•  Problem	
  complexity	
  
	
  

	
  

Assuming	
  a	
  single	
  rig:	
  

	
  
	
  
	
  
Rig	
  counts,	
  well	
  comple$ons	
  and	
  drilling	
  distances	
  con$nue	
  to	
  
increase…	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Current Challenges!

•  Problem	
  complexity	
  
•  Alignment	
  of	
  operaFonal	
  decisions	
  with	
  

overall	
  reservoir	
  development	
  strategies	
  

5!

RESERVOIR	
  	
  
DEVELOPEMENT	
  

OPERATIONS	
  

produc$on	
  
rate	
  	
  

produc$on	
  
cost	
  

well	
  release	
  
preferences	
  +	
  	
  
constraints	
  

rig	
  fleet	
  	
  
management	
  

drill	
  	
  
sequence	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Current Challenges!

•  Problem	
  complexity	
  
•  Alignment	
  of	
  opera$onal	
  decisions	
  with	
  overall	
  

reservoir	
  development	
  strategies	
  

•  Ability	
  to	
  act	
  on	
  available	
  operaFonal	
  data	
  

6!

Opera$onal	
  situa$on	
  constantly	
  changing:	
  
	
  -­‐	
  site	
  readiness	
  
	
  -­‐	
  reservoir	
  management	
  requirements	
  
	
  -­‐	
  equipment	
  availability	
  
	
  -­‐	
  weather	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Limitations of Existing Methods!

7!

•  Alignment	
  of	
  operaFonal	
  decisions	
  with	
  
overall	
  reservoir	
  development	
  strategies	
  

-­‐  Focus	
  is	
  on	
  maximizing	
  rig	
  uFlizaFon	
  
-­‐  AssumpFon:	
  results	
  in	
  	
  	
  	
  	
  	
  producFon	
  and	
  	
  	
  	
  	
  	
  cost	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Limitations of Existing Methods!

8!

•  Alignment	
  of	
  opera$onal	
  decisions	
  with	
  overall	
  
reservoir	
  development	
  strategies	
  

-­‐  Focus	
  is	
  on	
  maximizing	
  rig	
  u$liza$on	
  
-­‐  Assump$on:	
  results	
  in	
  	
  	
  	
  	
  	
  produc$on	
  and	
  	
  	
  	
  	
  	
  cost	
  

•  Ability	
  to	
  act	
  on	
  available	
  operaFonal	
  data	
  
-­‐  ProbabilisFc	
  data	
  exists,	
  e.g.,	
  P10,	
  P50,	
  P90	
  numbers	
  

for	
  task	
  duraFons,	
  but	
  are	
  not	
  incorporated	
  into	
  
scheduling	
  

-­‐  Robustness	
  of	
  soluFon	
  is	
  not	
  known	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Key Model Requirements!

•  Handle	
  mul$ple	
  objec$ves	
  without	
  a	
  priori	
  
ar$cula$on	
  of	
  preferences	
  

•  Account	
  for	
  uncertainty	
  in	
  planning	
  assump$ons	
  

•  Produce	
  solu$ons	
  in	
  $me	
  to	
  act	
  on	
  current	
  
informa$on	
  

10!
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Model Description!

11!

Rig	
  Alloca$on	
   Pad	
  Drilling	
  
Sequence	
  

Well	
  Delivery	
  
Schedule	
  

Op$mizer	
  Project	
  
Produc$on	
  	
  	
  

Inter-­‐Pad	
  Drill	
  
Strategy	
  

IN:	
  number	
  of	
  rigs	
  

IN:	
  inter-­‐pad	
  drill	
  strategies	
  

IN:	
  task	
  dura$ons	
  
	
  	
  	
  	
  	
  	
  	
  intra-­‐pad	
  travel	
  $mes	
  
	
  	
  	
  	
  	
  	
  	
  

IN:	
  well	
  produc$on	
  curves	
  

Project	
  	
  
Cost	
  

IN:	
  unit	
  costs	
  

=	
  manual	
  itera$on	
  

=	
  sequen$al	
  itera$on	
  

=	
  automated	
  itera$on	
  	
  

KEY	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
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  Delivery	
  

Model Description!

12!

Rig	
  Alloca$on	
   Pad	
  Drilling	
  
Sequence	
  

Well	
  Delivery	
  
Schedule	
  

Op$mizer	
  Project	
  
Produc$on	
  	
  	
  

=	
  manual	
  itera$on	
  

=	
  sequen$al	
  itera$on	
  

=	
  automated	
  itera$on	
  	
  

Inter-­‐Pad	
  Drill	
  
Strategy	
  

IN:	
  number	
  of	
  rigs	
  

IN:	
  inter-­‐pad	
  drill	
  strategies	
  

IN:	
  task	
  dura$ons	
  
	
  	
  	
  	
  	
  	
  	
  intra-­‐pad	
  travel	
  $mes	
  
	
  	
  	
  	
  	
  	
  	
  

IN:	
  well	
  produc$on	
  curves	
  

Project	
  	
  
Cost	
  

KEY	
  

IN:	
  unit	
  costs	
  

Rig	
  Move
 Top	
  Hole
 Ver$cal
 Laterial

	
  
 	
  
 	
  
 	
  


Rig	
  Move
 Top	
  Hole
 Ver$cal

	
  
 	
  
 	
  
 	
  


Rig	
  Move
 Top	
  Hole

	
  
 	
  
 	
  
 	
  


MTVL	
  =	
  

MTV	
  =	
  

MT	
  =	
  

INTERPAD	
  DRILLING	
  STRATEGIES:	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Model Description!

13!

Rig	
  Alloca$on	
   Pad	
  Drilling	
  
Sequence	
  

Well	
  Delivery	
  
Schedule	
  

Op$mizer	
  Project	
  
Produc$on	
  	
  	
  

Inter-­‐Pad	
  Drill	
  
Strategy	
  

IN:	
  number	
  of	
  rigs	
  

IN:	
  inter-­‐pad	
  drill	
  strategies	
  

IN:	
  task	
  dura$ons,	
  
	
  	
  	
  	
  	
  	
  intra-­‐pad	
  travel	
  $mes	
  

IN:	
  well	
  produc$on	
  curves	
  

Project	
  	
  
Cost	
  

IN:	
  unit	
  costs	
  

DuraFon	
  by	
  AcFvity	
  (days)
 P10
 P50	
  
 P90

Rig	
  Move
 1
 5
 8

Drill	
  Top	
  Hole
 3
 5
 6

Drill	
  Ver$cal
 12
 16
 22

Drill	
  Lateral
 13
 15
 21

Rig	
  Down
 3
 3
 4

Well	
  Comple$on
 8
 10
 14


=	
  manual	
  itera$on	
  

=	
  sequen$al	
  itera$on	
  

=	
  automated	
  itera$on	
  	
  

KEY	
  

TASK	
  DURATIONS:	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Model Description!

14!

Rig	
  Alloca$on	
   Pad	
  Drilling	
  
Sequence	
  

Well	
  Delivery	
  
Schedule	
  

Op$mizer	
  Project	
  
Produc$on	
  	
  	
  

Inter-­‐Pad	
  Drill	
  
Strategy	
  

IN:	
  number	
  of	
  rigs	
  

IN:	
  inter-­‐pad	
  drill	
  strategies	
  

IN:	
  task	
  dura$ons	
  
	
  	
  	
  	
  	
  	
  	
  intra-­‐pad	
  travel	
  $mes	
  
	
  	
  	
  	
  	
  	
  	
  

IN:	
  well	
  produc$on	
  curves	
  

Project	
  	
  
Cost	
  

IN:	
  unit	
  costs	
  

=	
  manual	
  itera$on	
  

=	
  sequen$al	
  itera$on	
  

=	
  automated	
  itera$on	
  	
  

KEY	
  

WELL	
  PRODUCTION	
  CURVES:	
  

BO
PD

	
  

Days	
  

P50	
   P90	
   P10	
  



#ENRtech!

 
 24	
  Jun	
  14	
  

CIF
E 

Mul$disciplinary	
  Design	
  Op$miza$on	
  
Hong	
  Kong	
  Sanatorium	
  &	
  Hospital	
  

 
 

Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
   15!

 
 

Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Agenda!

Current Challenges!

Description of Proposed Model!

Case Study Application!

Conclusions / Next Steps!

1

2

3

4



#ENRtech!

 
 24	
  Jun	
  14	
  

CIF
E 

Mul$disciplinary	
  Design	
  Op$miza$on	
  
Hong	
  Kong	
  Sanatorium	
  &	
  Hospital	
  

 
 

Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
   16!

 
 

Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Project Overview!

16!

LocaFon:	
  
-­‐  Northern	
  United	
  States	
  
	
  

Well	
  DescripFon:	
  
-­‐  237	
  wells	
  
-­‐  103	
  pads	
  
	
  

Drilling	
  Distance:	
  
-­‐ 	
  316km	
  (196	
  miles)	
  max	
  
	
  
	
  
	
  
	
  

	
  
	
  

=	
  public	
  road	
  
=	
  pad	
  

KEY	
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Experiment 1: Problem Formulation!

17!

Objec$ves: 	
  	
  	
  	
  -­‐	
  minimize	
  producFon	
  cost	
  (USD/BOE)	
  
	
   	
   	
   	
  	
  	
  	
  -­‐	
  maximize	
  producFon	
  rate	
  (avg.	
  BOEPD)	
  

	
  

Variables: 	
  	
  	
  	
  -­‐	
  number	
  of	
  rigs	
  (1-­‐5)	
  
	
   	
   	
   	
  	
  	
  	
  -­‐	
  pad	
  drill	
  strategy	
  (MTVL,	
  RTV,	
  RT)	
  
	
   	
   	
   	
  	
  	
  	
  -­‐	
  pad	
  drill	
  sequence	
  (1,2,	
  …	
  ,	
  103)	
  

	
  

Algorithms: 	
  	
  	
  	
  -­‐	
  DAKOTA	
  mul$-­‐objec$ve	
  gene$c	
  	
  
	
   	
   	
   	
   	
  algorithm	
  
	
   	
   	
   	
  	
  	
  	
  -­‐	
  Monte	
  Carlo	
  DOE	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Experiment 1: Results!

18!

 P
ro
du

cF
on

	
  R
at
e	
  
(a
vg
.	
  B

O
EP

D)
	
  

0.80 0.85 0.90 0.95 1.00 
1.00 

0.95 

0.90 

0.80 

0.70 

ProducFon	
  Rate	
  versus	
  ProducFon	
  Cost	
  

 ProducFon	
  Cost	
  (USD/BOE)	
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Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Experiment 2: Problem Formulation!

19!

Objec$ve: 	
  	
  	
  	
  -­‐	
  minimize	
  producFon	
  cost	
  (USD/BOE)	
  
	
  

Constraints:	
  	
  	
  	
  -­‐	
  quarterly	
  producFon	
  rate	
  (BOEPD	
  x	
  103)	
  	
  
	
   	
   	
  	
  
	
   	
  	
  

	
  
	
  

Variables: 	
  	
  	
  	
  -­‐	
  number	
  of	
  rigs	
  (1-­‐5)	
  
	
   	
   	
   	
  	
  	
  	
  -­‐	
  pad	
  drill	
  strategy	
  (MTVL,	
  RTV,	
  RT)	
  
	
   	
   	
   	
  	
  	
  	
  -­‐	
  pad	
  drill	
  sequence	
  (1,2,	
  …	
  ,	
  103)	
  

	
  

Algorithm: 	
  	
  	
  	
  -­‐	
  Darwin	
  gene$c	
  algorithm	
  
	
   	
   	
   	
  	
  	
  	
  -­‐	
  Monte	
  Carlo	
  DOE	
  	
  

2014	
   2015	
   2016	
  

Q1	
   Q2	
   Q3	
   Q4	
   Q1	
   Q2	
   Q3	
   Q4	
   Q1	
   Q2	
   Q3	
   Q4	
  

77.5	
   80.0	
   82.5	
   85.0	
   87.5	
   90.0	
   92.5	
   95.0	
   97.5	
   100.0	
   102.5	
   105.0	
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Experiment 2: Results!

20!
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Financial	
  Quarter	
  

produc$on	
  target	
  

5	
  rigs	
  
unconstrained	
  cost	
  min.	
  
(CF	
  =	
  1.00	
  ±0.09)	
  	
  

5	
  rigs	
  
constrained	
  cost	
  min.	
  
(CF	
  =	
  1.18	
  ±0.07)	
  	
  

ProducFon	
  Flow	
  Rate	
  Over	
  Scheduled	
  Horizon	
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Agenda!

Current Challenges!

Description of Proposed Model!

Case Study Application!

Conclusions / Next Steps!

1
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Conclusions!

22!

•  Case	
  study	
  data	
  supports	
  the	
  hypothesis	
  that	
  
op$mizing	
  for	
  rig	
  u$liza$on	
  /	
  cost	
  does	
  not	
  
necessarily	
  best	
  sa$sfy	
  project	
  produc$on	
  rate	
  
objec$ves	
  	
  

•  Significant	
  varia$ons	
  in	
  produc$on	
  rate	
  (30%)	
  
and	
  costs	
  (19%)	
  are	
  possible	
  depending	
  on	
  
management	
  decisions	
  	
  



#ENRtech!

 
 24	
  Jun	
  14	
  

CIF
E 

Mul$disciplinary	
  Design	
  Op$miza$on	
  
Hong	
  Kong	
  Sanatorium	
  &	
  Hospital	
  

 
 

Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
   23!

 
 

Applica$on	
  of	
  Simula$on	
  Models	
  to	
  Op$mize	
  
Oil	
  and	
  Gas	
  Well	
  Delivery	
  

Future Work!

23!

•  More	
  detailed	
  modeling	
  of	
  well	
  comple$on	
  
ac$vi$es	
  	
  

•  Beler	
  analysis	
  and	
  representa$on	
  of	
  solu$on	
  
uncertainty	
  

•  Improve	
  algorithms	
  to	
  reduce	
  feedback	
  latency	
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