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BACKGROUND

 Endeavor to minimize the environmental impact during drilling
operations because they realize effectively managing
environment will lead greater access to large potential reserves
(20 billion barrels estimated by Dept. of Interior) in
environmentally sensitive areas.
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(Courtesy of Anadarko Petroleum Corporation)



PROBLEM

A number of EFD technology concepts have already
been developed to varying degrees but few have been
integrated into a field demonstrable drilling system
compatible with ecologically sensitive area.

e |tis difficult to select the best available drilling system
for a given site because there are many possible
systems and many different evaluation criteria.



RESEARCH OBJECTIVE

e Develop a technology evaluation protocol based on
a systems analysis to incorporate a number of
current and emerging technologies into a single
drilling system with limited environmental impact.

 Suggest a small number of systems that should be
particularly attractive for a given site.

 Help decision makers select the optimal system for
a given site to minimize environmental impact and
maximize profit

* Develop a web-based (ease to access and store)
decision optimization tool to help decision makers
easily follow the proposed technology evaluation
procedure and then select an optimal system for a
given site



INTRODUCTION OF SYSTEMS ANALYSIS

Environmental
Impact

Drilling ——

illi [
Site Onshore Drilling System

4. Drilling

(9) Drilling technology
(10) Drilling fluid type
(11) Drilling fluid and
waste management
(12) Cuttings treatment
(13) Noise reduction

=> To select the optimal system (combination of technologies) to
minimize impact and maximize profit

(4) Rig type

(5) Conventional power
(6) Fuel type

(7) Unconventional power
(8) Energy storage

(1) Transportation
(3) Site
(2) Road preparation
construction




TECHNOLOGY SELECTION EXAMPLE

(1) Transportation:

« Conventional
diesel truck

* Rolligon

* Helicopter

(6) technologies

(2) Road

F ’
construction: b

/
/
* Gravel road )’

* Wood mat

e Dura-Base
Composite mat

(16) technologies

2. Drill Site

preparation:
* Gravel pad
» Composite mat

* Module + driven

(13) technologies

(4) Rig types:

» Conventional rig

(5) Conventional power:

* Lean-burn natural gas engine

(6) Fuel types:
* Bi-fuel system

* Bio-diesel

(7) different technologies

(7) Unconventional power:
* Fuel cells

» Photovoltaic

Cind o)

(8) Energy storage device:

* Capacitor banks

* Flywheel

4. Drilling

(9) Drilling technology:

* Conventional overbalanced
¢ Underbalanced drilling

* Managed pressure drilling

(10) Drilling fluid types:
* Oil-based mud

* Synthetic-based mud
CQWater-based mud_>

(11) Drilling fluid and waste mgmt.:

¢ Closed loop + containe

» Open reserve pit + equipment

¢ Lined reserve pit + equipment

(12) Cuttings treatment:
* Bioremediation
i i
* Evaporation and burial onsite
(10) different technologies

(13) Noise reduction:
* Construct a building
* Construct a wall

» Noise suppressor (engine itsel



DEFINE ATTRIBUTE & UTILITY FUNCTION

- one of the parameters considered in the
evaluation of the system (cost, land area, emission,
and perception). Each attribute has an

used to score the technology on how well it
meets the objective for this attribute (minimizes
cost, land area, emission, and maximizes positive
perception).

. a relationship between the
dimensional attribute score (e.g., $, acres, and
grades) and a non-dimensional number (between O
and 1). The utility function is used to transform all
scores into non-dimensional values between 0 and 1.
This allows the decision maker to make all attribute
scores uniform and comparable.



SYSTEMS ANALYSIS PROCESS

SEN=E N - Identify main subsystems, subsets, and technologies
within each subset for drilling operations.

Drilling —

Environmentally Friendly ) Environmental
Site

Onshore Drilling System Impact

4. Drilling

(9) Drilling technology
(10) Drilling fluid type
(11) Drilling fluid and
waste management
(12) Cuttings treatment
(13) Noise reduction

subsystems including subsets and technologies

(4) Rig type

(5) Conventional power
(6) Fuel type

(7) Unconventional power
(8) Energy storage

(1) Transportation

(3) Site
(2) Road preparation

construction




SYSTEMS ANALYSIS PROCESS [CONT.]

SIN=2d - Develop attribute and attribute scales to evaluate
technologies.

 Technology total cost (x,)
 Ecological footprint (x,)
e Emissions:
— Emissions of EPA and state regulated air pollutants (x;)
— Emissions of EPA and state regulated solid and liquid pollutants
(X4)
— Emissions of EPA and state regulated noise pollutants (x;)
 Perceptions:
— Government regulators (x;)
— Industry decision makers (x-)
— The general public (xg)
« Safety (x,)



SYSTEMS ANALYSIS PROCESS [CONT.]

SIN=2d - Develop attribute and attribute scales to evaluate
technologies.

e Cost: if purchasing, assume the resale value (80% in the case
study) so as to estimate the total expenditure during the
operation. On the other hand, if renting, a daily rate is required.

 Footprint: total used land area

 Air emission: three air contaminants (i.e., CO, Nox, and PM).
The relative importance of those contaminants is CO (20%),
Nox (40%), and PM (40%).



SYSTEMS ANALYSIS PROCESS [CONT.]

SIN=2d - Develop attribute and attribute scales to evaluate
technologies.

e Solid emission score (ordinal)

Waste Solid/liquid

Management Cuttings treatment emission

Technologies
Closed loop .

Bioremediation, Composting, In-situ vitrification,
Land spreading, Plasma arc, Microwave

technology
Thermal desorption

Chemical fixation and solidification
Open reserve pit | Evaporation and burial onsite

 Noise emission score: according to Occupational Safety &
Health Administration (OSHA), the eight-hour time-weight
average sound level (TWA), in decibels, is recommended as
the noise emission’s scale.



SYSTEMS ANALYSIS PROCESS [CONT.]

SIN=2d - Develop attribute and attribute scales to evaluate
technologies.

 Public perception score

value

Support. No groups are opposed to the facility, and at least one
: " 1.00
group has organized support for the facility

Neutrality. All groups are indifferent or uninterested 0.75

Controversy. One or more groups have organized opposition,

although no groups have action-oriented opposition (for example, 0.50
letterwriting, protests, lawsuits). Other groups may either be neutral )
or support the facility

Action-oriented opposition. Exactly one group has action-oriented
opposition. The other groups have organized support, indifference, 0.25
or organized opposition

Strong action-oriented opposition. Two or more groups have action- 0
oriented opposition

Source: Adapted from Keeney (1992, P. 102)



SYSTEMS ANALYSIS PROCESS [CONT.]

SER=EEC] - Assign scores to all technologies using the attribute
scales.

: Perceptions
echnologies W1 value 5) Rate ($) N Solid& NOISG Gov. public | Value
(Acres) Liquid A)

oW sulphu

Gravel pad

DURA-BASE from Composne Mat (buy)

Internal combustion engine w/SCR, w/noise suppressor -

oo

116.072

Cuttings injection

1 _-— e
chomea ooy | [ [ [
I S Y I AN A B




SYSTEMS ANALYSIS PROCESS [CONT.]

SER=EEC] - Assign scores to all technologies using the attribute
scales.

Cuttings
treatment
A

Drilling fluid type

T

Drilling
technology

Noise reduction

A

— T

T . Total drilling .
Drilling Site i Rig type

Drilling time Rig power engine
(incl. rig up) (conventional)

v

Transportation Fuel type f_or
type power engine

Unconventional
rig power

A 4 A
Site Energy storage
preparation

Access road

Rig Drilling fluid and |
" transportation waste mgmt.




SYSTEMS ANALYSIS PROCESS [CONT.]

SIN=R-8 . For each attribute, calculate the overall attribute
score of a system by adding the technology scores or
selecting the minimum technology score.

. Ecological Emissions Perceptions
Selected Technologies Total Cost 8 __ Safety
. Footprint
in Each Subset (6)) B o Solid& Noise G e Value
" Liquid | (TWA) ov: ublie
(1) Transportation: Coventional diesel truck 1.000 0.750
(2) Road construction: Gravel roads $148,500 1.000 0.500
(3) Site preparation: Gravel pad $137,813 2.812 98.019 . 0.500
(4) Rig type: Traditional older vintage rig $220,000
(5) Rig power (Conventional): Internal combustion engine $80,000 0.118 110.073 1.000 0.750
(6) Fuel type: Conventional diesel $94,080 0.500 1.000 0.500
0.250

(7) Rig power (Unconventional): N/A (0 %) 0.000 1.000 0.000 1.000 -
(8) Energy storage: N/A m 0.000 1.000 - 1.000
osul s

(9) Drilling tech.: Conventional overbalanced drilling $204,000 116.700 1.000 . 0.500

0.5
(10) Fluid type: Water-based muds $47,940 1.000 1.000 1.000 1.000

(11) Waste mgmt.: Lined reserve pit + solid control equip.* $24,000 0.037 0.750 0.500

(12) Cuttings mgmt.: Cuttings injection $60,000 1.000 1.000 1.000 0.750
(13) Noise reduction: N/A

Overall Attribute Scores (X or minimum value) $1,016,333 5.879 3.254 1.500 501.985 0.250 0.500 0.250 0.500




SYSTEMS ANALYSIS PROCESS [CONT.]

STEP 5 |

For each attribute and in order to homogenize the
scores, develop a “utility function (u;)” to convert the
overall dimensional score of a system (e.g, $, acres,
and grades) into a non-dimensional utility value
(between 0 and 1) of the system.

—_—d

=» Linear Form

= Exponential Form



SYSTEMS ANALYSIS PROCESS [CONT.]

. For each attribute and in order to homogenize the
scores, develop a “utility function (u;)” to convert the
overall dimensional score of a system (e.g, $, acres,
and grades) into a non-dimensional utility value
(between O and 1) of the system.

Selected Technologies Total Cost Ecologi'c al Safety
in Each Subset (6)) Footprint ) Solid& Noise . Value
T T o o [
(5) Rig power (Conventional): Internal combustion engine $80,000
:

:
(11) Waste mgmt.: Lined reserve pit + solid control equip.* $24,000

Overall Attribute Scores (X or minimum value) $1,016,333
Single Attribute Utility Values 0.788

3.030
2.812
X ~

1.000 0.500
0.000 1.000

=

(=)

0.000] 0.000] 0.600) 0.000 0.500 0.250] 0.500

= !
=3
S
S



SYSTEMS ANALYSIS PROCESS [CONT.]

. Decide on a weight factor (k;) for each attribute (i).

Total cost (x,) 40 %
Footprint (x,) 20 %
Air emission (x,) 20/3 %
Solid/ liquid emission (x,) 20/3 %
Noise emission (x;) 20/3 %
Government perception (x;) 5%
Industry perception (x,) 5%
Public perception (x;) 5%
Safety value (x,) 5%

= Weights must sum to one (the standard normalization technique used
In decision analysis)

1= 4 : Calculate the overall score of the system as “> ku,”
(multi-attribute utility function).



I SYSTEMS ANALYSIS PROCESS [CONT.]

e An example system

Weights (£ =100% .. O.K!)

40% 20% 6.667% 6.667% 6.667% 5% 5%

i Emissions Perception
Selected Technologies Total Cost Ecological a

in Each Subset (6]

Footprint

(Acres) ; St_)lld_& ] Ind. Public
Liquid

(1) Transportation: Coventional diesel truck 1.000 0.250

(2) Road construction: Gravel roads $148,500 0.566 1.000 0.250

(3) Site preparation: Gravel pad $137,813 0.598 1.000 0.250

(4) Rig type: Traditional older vintage rig $220,000 0.973 1.000 0.500

(6) Fuel type: Conventional diesel $94,080 1.000 0.500

(5) Rig power (Conventional): Internal combustion engine $80,000 0.118 1.000 0.500

(7) Rig power (Unconventional): N/A (0 %) $0 0.000 1.000 1.000 0.250
(8) Energy storage: N/A $0 0.000 1.000 0.250

(9) Drilling tech.: Conventional overbalanced drilling $204,000 0.500 0.500

(10) Fluid type: Water-based muds $47,940 1.000 1.000

(11) Waste mgmt.: Lined reserve pit + solid control equip.* $24,000 0.037 0.750 0.750
(12) Cuttings mgmt.: Cuttings injection $60,000 0.500 1.000

(13) Noise reduction: N/A

Overall Attribute Scores (X or minimum value) $1,016,333

Single Attribute Utility Values 0.788

-+ Multi-Attribute Utility Value = 0.430




SYSTEMS ANALYSIS PROCESS [CONT.]

SEN=EEER - Use optimization technique (“Exhaustive Search
Optimization”) to evaluate all systems and to find the
best system (max. U-value) for a specific site.

= “Exhaustive Search Optimization” is a simple, practical, and very
robust method given the speed of modern computers (never
converge on a local optimum far from the best fit)

SIN=ECR . Conduct sensitivity analyses to examine the impacts
of possible changes in the attribute scales, weight
factors, and utility functions on the optimal system.

- Suggest a small number of systems (1—5) that
should be particularly attractive for a given site.



PROTOTYPE OF WEB-BASED APPLICATION

1. Input scores ( )

Ok-Youn YU Murphree WMA Texas A&M University

DECISION EF WS = Murphree = SUBSET #2
OPTIMIZATION

LIST OF EVALUATED TECHNOLOGIES

FOOTPRINT EMISSION PERCEPTION
TECHNOLOGIES COST ($) {Acres) - Industry

1 update I x
0.4 Update I x

0 update | X

SCORE INPUT TABLE [HOw
FOOTPRINT PERCEPTION
(Acres) i Government Industry Public

-
I
I
I
I
I
I
I
I
I
I
I
I

auT

e Version [1.1]

« Has not been newly updated yet

 Seven attributes considered (not nine attributes)
e Total drilling time effect is not considered


http://efd.civil.tamu.edu/da

PROTOTYPE OF WEB-BASED APPLICATION [CONT.]

2. Weight factors

Dk-Youn YU

DECISION
OPTIMIZATION

Murphree WMA Texas A&M University

EF Vurphres Wi WEIGHT FACTORS
LIST OF WEIGHT SCENARIOS

HOW MANY RESULTS? PROPORTION OF UNCONYENTIONAL COST (w1) FOOTPRINT ERLSSIN EEREERTIDN
) RIG POWER USAGE, P {0~60 %)
M Update | x

a 0.4 0.2 . : 0 0.15
10 0.2 ! 0.15 Update | X

WEIGHT SCENARTO INPUT TABLE  [HELP [7]]

EMISSION PERCEPTION
PROPORTION OF UNCONYENTIONMAL FOOTPRINT = —
¥
HOW MANY RESULTS? RIG POWER USAGE, P (0~60 %) COST {w1) (w2) Air (w3) Solid/ Liquid | Government Inﬂl:;gry Public (w7)
7 5 N\ I—

~ P
Ndve =i goubase mfore than 5 alternative technologies for each subset, the computing time will be significantly increased (would be more than 5 minutes).
Remember, the more alternatives the longer computing time!



I PROTOTYPE OF WEB-BASED APPLICATION [CONT ]

3. Results

Ok-Youn YU Murphree WMA Texas ABM University

DECISION EFD SYSTEMS > Murphree WA = OPTIMAL SYSTEMS 11f28/2008
OPTIMIZATION LIST OF OPTIMAL SYSTEMS

Transpartation FOOTPRINT EMISSION PERCEPTION
i SELECTED TECHNOLOGIES COST
i _“ Solid/ Liquid Industry | Public |
Site Preparation
Rig Type ____
Conventional Rig Power LDW impact transport 1DDDD D. 0.z 0.6 0.75
Fuel Type Composite mats 40000 0.7 0.7 1 0.6
Unconwentional Rig Power comventional 50000 0.2 0.2 0.3 0.5
Eﬂ;ﬁ;gg‘}?j;”ﬁ,ige"'ce conventional rig 700000 0.3 0.3 0.4 0.5
Drill FlLid & Cutting Magrmt, diesel/electric 100000 0 u] 0.2 0.4
Air Emnission Control regular diesel 10000 0.2 0.2 0.4 0s
ngl Constru;tion oil base 30000 0.4 0.4 0.4 0.4
Moise Reduction Mud pit managerment 70000 0.25 0.6 1 1 0.6
uicichtfoctors Catalytic reformers 20000 0.1 0.6 0.5 0.5 0.5
GET THE OPTIMAL SYSTEM -
vertical well 230000 3 0.4 0.4 0.3 0.3
O TS mufﬁeq .power systems 20000 0.1 0.5 0.5 0.5 0.5
LOGOUT I ar Minimurm value 1300000 13.95 ] u] 0.3 0.4
utility Values (Risk-Neutral) 0.955 0.61 1} 1] 0.3 0.4

Multi-Attribute Utility Value #1 = 0.5489
_——_____-
Lowy impact transport 10000 0.75
Composite mats 40000 3 D.? D.? 1 0.6 1
composite mats 200000 2 0.7 1 0.7 0.7 0.6
light weight rig 1000000 2 0.7 0.7 0.6 0.6 0.3
9
u]

hwybrid diesel electric 450000 a 0.55 : 0.7 0.2 0.4
regular diesel & hattery 13500 1 1 0.8 1
Power from Grid 4000 0.02 1 1 0.5 1
Batteries 2300 0.025 1 1 0.5 1
oil base 30000 u} 0.4 . 0.4 0.4 0.2
Mud pit managernent FOo0o0 0.23 0.6 1 0.6 1
Catalytic reformers 20000 0.1 0.6 . 0.5 0.5 0.2
vertical well 250000 3 0.4 . 0.3 0.5 0.1
rmuffled power systems 20000 0.1 05 . 0.5 0.5 0.3
Z or Minirnurn value 2110000 o 0.2 o 0.3 0.2 0.1
Utility Yalues (Risk-Neutral) 0.529 . 0.2 . 0.3 0.2 0.1

Multi-Attribute Utility Value #1 = 0,3891

BAVE RESULTS | ourT |




BENEFITS OF THIS RESEARCH

 Provide quantitative basis for suggesting
alternative drilling systems.

 Explicitly evaluates alternatives against the criteria
that are important in the situation.

 Use best available information - both expert
knowledge and data - in a coherent, logical way.

e Can help the system implemented in a given
situation to best meet the goals of the sponsor.



NEXT STEPS

e Get more EFD experts’ inputs to make the procedure
easier and quicker with more confidence.

« Keep the web-based application updated as the
technology evaluation protocol has been
continuously refined by EFD experts’ comments.

 The utility values used in this research represent
average estimates that reflect deterministic
conditions possibly containing significant and
sometimes varying uncertainty components.

A new uncertainty-based methodology can be
proposed as a future task for complementing the
current technology evaluation protocol (Medina-
Cetina et al. 2008).
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