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Rose &Associates

Do | need an Engineer

on my Risk Consistency Team?




Before we get started....

Reminder of why we
characterize uncertainty
with distributions



Case 1: Shallow & Safe enough for a child to cross?




Case 1: Flaw of Averages
Without Ranges, cannot assess the real danger

Average Depth 3 feet

FLAW
AVERAGES




Case 2: Where to go for a Warm Summer Vacation?

Average Temperature

Option 1 Option 2
25°C 25°C
(77°F) (77°F)

Standard Deviation

Option 1 Option 2
1.0°C 9.0°C
(1.8°F) (16.2°F)




Case 2: Flaw of Averages
Without Ranges, not prepared for all situations

98% Confidence

80% Confidence
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Is there room
on my Risk Team
for an Engineer?

Most Risk Teams don’t have an engineer

— Why should it be considered?

Barriers to Overcome to have an engineer

— Management Barriers

— Technical Staff Barriers

Examples of Engineering Experience improving the process
Benefits Achieved with Engineer on the Team

— Enough to Justify an Engineer on every Risk Team?



Why consider an Engineer for the Risk Team?

* Reality Check Hydrocarbon Recovery Yield

— Smallest Impact on Resource Size not same as Not Important

* Group Wisdom
* Multiple Working Hypothesis
* Providing a New Perspective

* Diverse & Complimentary Skill Sets

But do these reasons add value to the process?



Risk Team has Corporate Responsibility

e Systematic, unbiased resource estimates

* Consistent assessment of chance of success
» Leads to better portfolio decision making
» Leads to more predictable portfolio results

Objective is Not to Make Geologic Discoveries,
but rather to Have Profitable Developments
» Prospect Evaluation is not simply OOIP and P,
» Development Plan, Recovery Efficiency & MCFS Impact

» Engineering & Economics are Important Inputs to the
process of building an optimized exploration portfolio



Risk Teams benefit from
Diverse & Complimentary Skill Sets

Geosciences
hydrocarbon generation, migration pathways,
seal capacities, seismic attributes, DHI analysis,
trap interpretation, fault analysis, etc.

Engineering
recovery efficiencies of primary & secondary products
oil & gas FVF, porosities, saturations, permeability
impact of MCFS on exploration decision making
development scenarios impacting economics, etc.
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This is how a Fault looks in an Outcrop
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Risk Teams Geoscience Members ensure Consistency
But also Provide Another Level of Quality Control

Quick Look Techniques
for
Prospect Evaluation

Daniel J. Tearpock
Richard E. Bischke
Joseph L. Brewton
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Numerically Insightful Individuals, often Engineers,
can provide Quality Control on all sorts of information

Oil Gas Water

Well (BOPD) (MCFD) (BWPD)

1 841 1,032 1,615

2 701 1,250 1,160

Reported 3 925 843 1,053
B
fO_I’ 20 Wells 6 607 1,064 1,139
with Average 7 946 1,072 1,365
8 820 1,271 1,177

. 9 888 1,692 1,193

Is the Average Oil Rate: 10 819 1,486 1,663
About Right? 11 632 1,364 1,623
Too High? 12 952 1,019 1,347
Too Low? 13 874 1,020 1,161
How should | know? 14 958 1,520 1,057
15 892 1,152 1,520

Too High 16 772 1,263 1,458
17 892 1,236 1,337

Computer Age has 18 602 1,427 1,396
led many people to 19 921 1,268 1,253
turning off their brain 20 743 1,241 995

Average 1,002 1,248 1,307



Barriers
to
Overcome
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Barriers to Overcome to add an Engineer on Risk Team

* Exploration Management

— “I don’t want an engineer on the team because they are
too pessimistic and | won’t get all my prospects drilled”

* Development Management

— “I’'m short-handed and | need my engineers working on
producing assets, not wells that are going to be dry holes”

e Risk Team Members & Exploration Staff
— Want to Focus on Most Important Aspects of NRV and Pg

* Engineers don’t feel like it is good career move
 Keep Team Smaller to Reduce Expenses

But do any of these reasons provide valid justification
to keep an engineer off the Risk Team?



Examples of
Engineering
Experience
iImproving
Prospect
Evaluations




Engineers also need to think spatially about recovery efficiency
Impact of lithology on Hydrocarbon Recovery Yield (BO/AcFt)

. Dolomite
215 BO/Ac-Ft

. Vuggy Dolomite
350 BO/Ac-Ft

Dolomite
255 BO/Ac-Ft @

. Dolomite
275 BO/Ac-Ft

Prospect
. Limestone
95 BO/Ac-Ft

Tight Limestone
75 BO/Ac-Ft

Limestone
120 BO/Ac-Ft

Limestone
145 BO/Ac-Ft



Probability Chart Toolbox v4-3-110 (Office 2007-2010) May 2012

ANALOG DATA SAMPLES (not curve fit statistics)

Count Smallest  Average Largest Hydrocarbon Recovery Yield of Analog Fields
Group 1 Analog Data Values
10M1 10M2 10"3
O All P00.1
n=8 70.00 190.63 350.00 Offset Fields with Reported EUR
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Minimum OFF
Maximum OFF
OTHER 4 ‘ 3 ‘ Reset X Scale Show Marker Details Toggle Y Scale: P01 to P99 or P00.1 to P99.9 ‘ | ‘ 3 ‘

Plotting Position Calculation Method: MIDPOINT



Probability Chart Toolbox v4-3-110 (Office 2007-2010) May 2012

ANALOG DATA SAMPLES (not curve fit statistics)

Count Smallest  Average [ Largest Hydrocarbon Recovery Yield of Analog Fields
Group 1 - 10M 102 1073
O - P00.1
G 2 Analog Data Values . . . . . / /
“z" | Get better fit distributions if bo1
Limestone . .
we split data by facies type P02
. n=4 70.00 107.50 145.00
Group 3 Analog Data Values PO5
A Dolomite P10
n=4 215.00 273.75 350.00 Q
Group 4 - /; P20
O - E P30
s P40
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2
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P98
______ P99
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NUMERICAL LIMITS & BETA SCALING 10 100 1,000
Minimum OFF
Maximum OFF
OTHER 4 ‘ 2 ‘ Reset X Scale Show Marker Details Toggle Y Scale: P01 to P99 or P00.1 to P99.9 ‘ | ‘ 2 ‘

Plotting Position Calculation Method: MIDPOINT



Probability Chart Toolbox v4-3-110 (Office 2007-2010) May 2012
ANALOG DATA SAMPLES (not curve fit statistics)

Count Smallest ~ Average [/ Largest Hydrocarbon Recovery Yield of Analog Fields
Group 1 Analog Data Values
1001 1002
O Al P00.1
n=8 70.00 190.63 350.00 / /
Analog Data Value . . . . .
Group 2 o b | Get better fit distributions if o0l
. Limestone . .
we split data by facies type P02
| n=4 70.00 107.50 145.00
Group 3 Analog Data Values p0s
A Dolomite P10
n=4 215.00 273.75 350.00 A ] -
Group 4 - A But if not sure of facies, do % P20
O = || we use the combined data? S P30
s o P40
Group 5 o P50
o O
H p P60
= >
- - = P70
CURVE ATS DISPLAYED E & P80
Unconstrained Lognormal — ACTIVE 8
______ P90
e .4 P95
P98
______ / / P99
e P99.9
NUMERICAL LIMITS & BETA SCALING 10 , 100 1,000
Minimum OFF L
Maximum OFF )
OTHER 4 ‘ 2 ‘ Reset X Scale ‘ Show Marker Details ‘ Toggle Y Scale: P01 to P99 or P00.1 to P99.9 ‘ | ‘ 2 ‘

Plotting Position Calculation Method: MIDPOINT
Maybe not, note the P1 of combined distribution is larger when the tight limestone
is included in distribution. Is it reasonable to increase the P1 Dolomite value by
adding poor limestone values to distribution? No.



Combining Limestone & Dolomite Distributions

10,000 Trizls Frequency View 10,000 Displayed 10,000 Trizls Frequency View 9,981 Displayed
Probability-Weighted Distribution with Chance of Limestone = 100% Probability-Weighted Distribution with Chance of Limestone = 0%
. 500
Scenario Approach: 0% LS
0.09 200 p p hd 0
0.05 500
ictri i 100% DL
Sample each distribution .
> o > o
Z 006 600 3 = 3
5 a 5 a
robability weighted b
om I % p y g y - %
0.02 - 200
0.03 300 . .
expectation of facies type
0.01 - 100
oo L H-h'h—._._,_._ T ; ; ; oo L \ ; ! y y y y , ;
00 2000 2500 3000 3500 4000 4500 5000 00 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
P 622 Certainty: |80.00 % q 1571 P [2059 Certainty: |80.00 % q [3m27
10,000 Trizls Frequency View 9,995 Displayed 10,000 Trizls Frequency View 9,984 Displayed
Probability-Weighted Distribution with Chance of Limestone = 75% Probability-Weighted Distribution with Chance of Limestone = 25%
0.07 700
0,
(1) 004
006 00
00 25% Dl 20
&97/70 U 003
> o >
= 3 =
S 004 400 2 ]
3 & 3
=) n 3 £ 002-
@ o03- 3009 o
0.02 - 200
0.01 -
0,01 - 100
0ea T v T T v i T T i T 0.0 T T T v v T I T
00 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 1000 1500 2000 2500 3000 3500 4000 4500 5000
P [724 Certainty: |80.00 % q 2272 P |49 Certainty: |80.00 % q [308
10,000 Trizls Frequency View 9,992 Displayed
-Weighted Distribution with Chance of Limestone = 50%
0.05
480
50% LS «
0.04 400
50% DL =
’7 0 320
Z o003 n
= 280 §
8 5
° 260
0 o0z 209
160
120
0,01 -
80
40
0ea 4 v T T v v T T i
00 500 ~ 1000 1500 2000 2500 3000 3500 4000 4500
P 790 Certainty: |80.00 % q [3207




Estimating Exploration EUR

EUR

A x Avg NP x 7758 x Avg @x (1-Avg S, ) x Rec. Eff.

FVF

EUR sensitivity:

AREA
NP

RY

RY sensitivity:
Rec. Eff.

Avg @
(1-Avg Sw)
FVF




Recovery Efficiency often the largest uncertainty
of the Hydrocarbon Recovery Yield variables

Guidelines are just a reference;
Not to be used for specific prospects

Oil RE can vary by factor of 2 to 3
Gas RE can vary by factor up to 2

Recovery Efficiency is function of:
e Reservoir Quality
* Reservoir Continuity
* Reservoir Compartmentalization
e Aquifer Size & Quality
Dspendent on spaci * Fluid Properties
 Development Plan
* Product Prices (impact on Eco Limit)

er Cronguist, 2001



Recovery Efficiency — Impact of Aquifer Size

Geoscientist will focus on the NRV above
the Spill Point for a structural prospect




Recovery Efficiency — Impact of Aquifer Size

Geoscientist will focus on the NRV above
the Spill Point for a structural prospect

Aquifer Impact can be BIG

Engineer will ask about lateral
continuity of reservoir beyond
spill point to estimate size of
potential aquifer and impact it
will have on recovery efficiency




Recovery Efficiency — Impact of Aquifer Size

Geoscientist will focus on the NRV above
the Spill Point for a structural prospect

Aquifer Impact can be SMALL

Engineer will ask about lateral
continuity of reservoir beyond
spill point to estimate size of
potential aquifer and impact it
will have on recovery efficiency



Reservoir Volume Dynamically Connected by Wells
Its not going to produce if you don’t have a well in it

Fault Compartmentalization Lateral Discontinuous

Reservoir geometry will have significant impact on recovery efficiency
and development strategy required to maximize value



Stay On Guard for Oil FVF-GOR Disconnects

FVF (rb/stb)

3.00

2.80

2.60

2.40

2.20

2.00

1.80

1.60

1.40

1.20

1.00

/. Vasquez-Beggs Saturated (> 30 API)
O Standing Saturated

< Standing Undersaturated

As Reported

Honoring a strong FVF - GOR

@ % o o o L]

Po0 0 110 positive correlation is not

10 1300 1.20 .

i/IEAN 1000 115 enough if FVF & GOR are

Mean Qil, Res MMBO 115 . .

Mean Oil, ST MMBO 100 independently assessed with

Mean Gas, BCF 100 . °

Mean Oil Eq, MMBOE 117 disconnect in reported values
500 1000 1500 2000 2500 3000 3500

GOR (scf/bbl)

4000



Stay On Guard for Oil FVF-GOR Disconnects

FVF (rb/stb)

3.00

2.80

2.60

2.40

2.20

2.00

1.80

1.60

1.40

1.20

1.00

/. Vasquez-Beggs Saturated (> 30 API)
O Standing Saturated

< Standing Undersaturated

If GOR is correct

If FVF is Correct

As Reported

Corrected Estimate

GOR EVE GOR EVE
700 1.50 150 1.10
1300 1.80 300 1.20
1000 1.65 225 1.15
Mean Oil, Res MMBO 115 115
Mean Oil, ST MMBO 70 100
Mean Gas, BCF 70 23
Mean Oil Eq, MMBOE 81 104
As Reported (117 MMBOE) +43% +12%

Not honoring FVF - GOR

GOR FVF . . °
P90 S0 110 relationship will lead to wrong
0 P10 1300 1.20 . . . .
4 MeAn oo 115 resource distribution, possibly
orte Mean Oil, Res MMBO 115 e g . .
Mean Oil, ST MMBO 100 significantly overestimating
Mean Gas, BCF 100
Mean Oil Eq, MMBOE 117 correct EUR as shown abov
500 1000 1500 2000 2500 3000 3500

GOR (scf/bbl)

4000



Remembering what controls GEF (= 1/FVFgas)

Reservoir Gas (Reservoir BCF) GEF (SCF/RCF) Gas (Standard BCF)
Shallow 0.250 320 80
with Correct GEF 80 20

With Wrong GEF, EUR overestimated by Factor of 4

Gas Expansion Factor (GEF = Eg = 1/Bg)

Field/Prospect: Deep Gas Prospect with Shallow Secondary Zone Reservoir: Toolbox v4-3-110 (Office 2007-2010) May 2012

& Imperial Units ¢ SI/Metric Units [REGITEE] ipud Calau EiEe VEle
Deep Zone Shallow Zone Units Selection
Water Depth (ft) (if Offshore) Optional Input Overridden
Resenwir Depth (ft) (BML, if Offshore) 12,000 2,200 Recommended MMRA Input Values
Direct Input | This tool calculates Bg (scf / rcf or stm®/ rm?) for

Bottom Hole BHT (Calculated) °F 270 74 hydrocarbor:j_g:gses badsed on estimg;ed reservoir
Temperature (°F) Surface/Mud Line Temperature (°F) CONCIUCNSIan T aSIcON B SO
Temp Gradient (°F/100ft) GEF = Eg = 1/Bg = [Tsc * P] / [z * T * Psc]
Direct Input Standard Conditions
BHPi (Calculated) psia 8,415 1,005 Standard Pressure (psia) 14.65

Initial Bottom Hole

Pressure (psia) Surface Pressure (psia) Standard Temperature (°F) 60

|

N Water Pressure Gradient (psi/ft) if Offshore

p Overburden Pressure Gradient (psi/ft)

U Separator Gas Specific Gravity 0.710 0.630

T Condensate Yield (bc/mmcf) 30 2 Comments

. . GOR (scf/sth) 33,333 500,000
Gas & Fluid Properties i
Cond Gravity (°API) 50 60
Cond Gravity (decimal) 0.780 0.739
Wellstream Gas Specific Gravity 0.800 0.636
CO2 (%) 5.0%

Non-Hydrocarbon Gas

Ao e 20 What controls GEF?
Pressure is King !!

Zi 1.279 0.839
RESULTS Bgi (rcflscf) 0.00313 0.01256
GEF = 1/ Bgi (scf/rcf) [MMRA input] 320 80

Reservoir Gas (Reservoir BCF) GEF (SCF/RCF) Gas (Standard BCF)
Deep 1.000 320 320




What do you do when all your Markers off the line?
Final Map is based on a Residual Map Correcting All the Errors

MOVING

CONVERGENT

LEAST SQUARE
//)) :
4 Algorithms to Generate Residual Map /

Th | lgorith ilable - /@/ |
ere are |lots more a gOI’It ms avallapile ? /\//

L

Are you going to get a different final map /’




Lookout for Tricks unfairly improving Prospect Ranking
Real Examples of an Uneven Playing Field

* Preferential Selection of MCFS to rely on
nonexistent infrastructure

* Arbitrary Selection of Area & Net Pay to
reduce costs and increase production

Impact of MCFS & Development Planning
on Exploration Prospect Evaluations can
be significant and affect budget funding



Impact of Commercial Threshold on Prospect Ranking
Normalizing MCFS Methodology is important for consistent decision making

Impact of MCFS 18-Jun-13

Mode: EXPLORATION PROSPECT m i B
A
Original In Prospective Undi dR Above Above PO5
Place Resources Commercial  Economic z P10
Simulation ) Threshold  Threshald 20
Current Liquids Sales Gas Total (MCFS=10.9 (M EFs= 50.4 i P30
. Geologic MMBO Tot  MMBO Tot [l P40
oil Raw| oy Total Non- o Pre-Drill HC Ol He oil i PO
Gas Cond Assoc equlv) equiv) i B
MMg BCF MME MME BCF BCF jé PaO
P99 NA NAl 371 000 000 000 20.23 5085 3 | P%0
Pg5
P20 NA NA[ 1003 0.00 000 000 23.50 5451 /r pas
|
Mode NA NA| 1425 000 000 000 2220 5212 100 1000 000 10000399
P50 NA  Na| 3184 000 000 000 44,66 80.19 —
Men(P93- nA NA| 4463 000 000 000 5806 9293 Commercs resuces
>P01) 80D (¢ 10 50UrCR S
P10 NA NA| ¢088 0.00 000 000 1781 17376 eshold msource component
In-slce resurces
PO1 NA NA|25873 000 000 000 289.49 35198
Current settings. Geologic EUR (Equvalent)
Estimating method ~y . e . X
RESOURCE DIRECT ENTRY : P:cﬂc:‘a':':ec:: g 2 L S
Intermediate Simulation: 5000 Iteraticns Chance of g
?:::::r‘n:;s:mmum 15000 Iterations Success >> VNSRRI
Input= 0.00/1.00

Output= 0.00/1.00
0il-Gas Resource Correlation = 0% . EDE—
Raw Gas Surface Loss not applicable. Simuiation P4 N I
Percentile Sorting: Each product sorted Pre Motk Velume \
ingividually. (Warning...resource components - o - ,
will not sum across to KC Equiv.) Chance- e it Ve -

Weighted 17.85 16.28 1119 EuR

Tie-in to
Undrilled Prospect

e m—rr——

Stand-Alone

Geologic Tie-in Stand-Alone
Chance of Development 40% 28% 12%
EV Mean Resources (MMBO) 18 16 11

MCFS (MMBO) 0 20 50
Commercial Mean (MMBO) 45 58 93



Consistent Development Planning

Is the hard work over once the resource distribution is finalized
and discrete cases are chosen for economic evaluation?
Consider the following two cases to develop a Prospect’s NRV:

Parameter Units Case #1 Case #2
NRV ac-ft 20,000 20,000
Area acres 2,000 400
Net Pay feet 10 50
Drainage Area acres/well 100 100
Well IP BOPD/ft 30 30
Number of Wells count 20 4 | Is economic value

Well IP BOPD 300 1,500 J the same for both?




Benefits
of
Engineers
on
Risk Team




Benefits with an Engineer on Risk Team

 Hydrocarbon Recovery Yield Reality Checks
— Recovery Efficiency, Porosity, Saturation and FVF
— Consistently applied across all prospects

* Recovery Efficiencies appropriate for the Geological Model,
Lateral Continuity, Fluid Properties, Development Plan, MCFS

* FVF for Oil & Gas, including GOR & CGR of secondary phases,
reality checked for possibility of simultaneous occurrence

* Reality checking MCFS and Development Plan concept
ensuring decision making based on consistent methodology

* Different Perspective adds values to overall evaluation



Further Discussion?




