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StUAdy @UESTIONS

To provide rigorous and granular assessment of the future we developed
an integrated approach studying:

> What is the original resource in place (OGIP, OOIP)?

> What portion of the resource Is technically recoverable
In. the past, presentand ruture.?.

> What portion of the resource iIs economically recoverable
given. technical and economic assumptions:?

> What are the long-term production outiook scenarios
undervarious enerqgy. prices, costs, teciinology, regulations:?

BEG Shale Resource and Production Team
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LS. NaturaliGas dirimoil
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UiST NaturaliGas ProdUuction

Tcf/year Bcm/year
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» Natural gas from shale and tight
formations comprises ~“50% of
the U.S. consumption

»> About 30% of gas is produced
from tight and shale oil plays

> Despite the low natural gas
prices, production continues to
grow in many regions
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Integrated Stuay \WorkHow

Well Economics

Geologic Analysis .
# as a function of

* well production profile

* Reservoir characterization B >

Recovery and Productivity
* Original-Resource-in-Place

mapping Statistical Analysis

e operational

* market and regulatory parameters

Expected production as a function of
* Well productivity drivers ',
« Location and Completion
* Inventory of future wells Production Outlook

* Production and its decline for
gas/oil/water

* Technically Recoverable Resources

Expected gas/oil/water

e Stimulated/drained rock volume

production depending on
economics, technology, regulation
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« 24 horizontals drilled within 1 year

Surface area used ~ 5 ac 2ach
Subsurface area drained ~ 1,300 ac [
Total water used ~ 170 MM gal )OO ft

FP water 15t year ~ 7 MM gal proppant
following years ~2.5 MM gal ' per well

Expected recovery of natural gas
80Bcf/2bcm or 45% of gas-in-place
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Wl Seepie)riies \ieels

\\/e use a standard discotnted cash flow medel ter calculate

1 AH P o Val E vted Cash Fl
PrOfltablllw Index: PI = resent Value of: Expected Gash Elows

Investment Cost

ASSUMING a PriCE EXPECIEd /at the time el drlling, 8% discotint rate; and shut dewn
PERBE/EconeMIC Mt determmineEd By a PeSItiVE CaSHfIeW, With

Drilling and Completion: DC ~ E (IDepth, Length, Eltid, Proppant)

Well production overtime: q; ~ g=i(natural’gas, liquids,water) = Decline;



lkonnikova 2017

Rer-welltRroduction andits Decline

12000 ° geO|Og|C param eterS,

10500

s OCKEANU I UIGE PLOPENRIES]

QN0

s COMplenenidesIgn;

=

TH00

Pressure (psi)

s technoliegy

GO0

=
.

s
]
o
<
=]
=
L8 )
=3
=]
2
[«
“m
Q
L1

o

~
o
'y

4500
——Production = = RElFormula  ——Cum Prod

3000

o

(=]
o
iy

T
o
e

1500

et
n

- 03

ey
5 g
) a

=
s §
H H
g 3

[-%
5 02 &
£ 9
2 g
g 3
3 g
[ £

3

o
N

o
w
o
o

2
[¥]

Patzek et al., 2013
Male et al., 2015

o
e

=]

[y
o
=

o
o

49 61 73
Months of Production




\/arianCeNnN RESENVOIPIOPENIES

| @)1
Depth to

Top of Ordovician ™. Rich Condensate
Lean Condensate

SSTVD (ft) :

I < 9,000 Po = DI'y GaS
[ -8,999 - -8,000
[ -7,999 - -7,000
[ ] -6,999 - -6,000

[ ]-5,999--5000

[ ] 4,999 - 4,000
[ ]-3,999--3,000
[]-2,999--2,000

[ 1,999 - -1,000

I 999 -0

>0

Erath

Bureau oF
CONOMIC

GROLOGY

Bosque:



lkonnikova 2017

PITfErenCes INTDECIINES aCT,OSS he RPlays
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Pistributions oiindividual WWellTRECOVETY

—Barnett

— Fayetteville

—Haynesville

Relative frequency

JAN

0 2 4 6 8 10 12

Length normalized EUR (horizontal wells only), Bcf

Ikonnikova et al., 2015




average well EUR for a given region (Bcf)
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ERECT 0 COMPIENoNS O EXPECIEATRECOVETY

EURs assuming the same completion O EUR with a preffered completion

1 2 g 4 h 6 7 8 & 10 11 12 13 14 15 16 17 18 19 20

Major producing regions in Marcellus



GOR-based

Barnett
OGIP Free

GOR-Based
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..Geologic
,ttril%ﬂ =

Use statistical tools:

> Random Forest

»> Model-based recursive partitioning /
To find Productivity Drivers

Vankov et al, 2017



lkonnikova 2017

RProductivity;RegIoNs

Barnett e Production Function:

Regions

EUR = f(GIP,Completion, Age)
f=c-w’tL" p" gIp®* age”s

s 7 Production Regions, each region described
by a single production function

*» Regional splits:
> gas/ fluid properties
> Pressure
»> time

% Change in functional parameters over time
allows to analyze change in technology
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Viedel Periormance

»> New technology harder. to predict initially, though some models adjust guicker

»> Using larger training data does not necessarily results in better prediction in the presence of
technology changes

2007-2008 . 2007-2008
2007-2009 . 2008-2009
2007-2010 . 2009-2010

2007-2011 . 2010-2011

2007-2012 . 2011-2012
2007-2013 . 2012-2013

2007-2014 2015 1 o0.66 (2013-2014 2015

Mean Sqguared Error (MSE) based on cross validation used to assess model
performance changes between years
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SG split

Gas profiles — SG<48
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o _ SG split
Liquid profiles — 56548

- 48<SG<59
— 59<SG

Mean of normalized yearly production

Mean of normalized yearly production

Mean of normalized yearly production

Gas profiles

well spacing
= close
= cluster
= single

Liquid profiles

well spacing
close
cluster

— single

Ikonnikova, 2015
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> We find that operator often use not max NPV completions because of capital and land constraints
»> We use time & location dependent imputations to assign input factors and local geo attributes

| Barnett - 12 Monthm | | Barnett - 12 Month oriague | Barnett - 12 Month s
Cumulative Gas Production \ Cumulative Gas Production Cumulative Gas Production

Single drill ~.i|  Close-spaced (3| Infill/Cluster

12 month cum. 12 month cum. . 12 month cum.

(Mcf) o e 1 {Mcf) A . {Mcf)

B < 50,000 ke i 3 I < 50,000 i '_ g I < 50,000

[ 50,001 - 10,0000 Y [ 50,001 - 10,0000 [ 50,001 - 10,0000

[ 10,0001 - 125,000 [ 10,0001 - 125,000 [ 10,0001 - 125,000
125,001 - 150,000 125,001 - 150,000 125,001 - 150,000
150,001 - 175,000 150,001 - 175,000 150,001 - 175,000
175,001 - 200,000 ! 175,001 - 200,000 175,001 - 200,000
200,001 - 250,000 n 200,001 - 250,000 | 200,001 - 250,000

[ 250,001 - 450,000 B [ 250,001 - 450,000 . [ 250,001 - 450,000

I 4500,01 - 500,000 ‘ = | I 4500,01 - 500,000 i I 4500,01 - 500,000

I > 500,000 - | I > 500,000 I > 500,000
n
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ChangeinRProauctivityanaRProfitaniiity:

Haynesville Example

25.000
2012 Study 2017 Study

20.000 & e

15.000 = e e

10.000 % e

5.000 i ey

Number of potential locations

3$/MMBtu 4$/MMBtu more
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Mrrinn

Burcau or
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Profitapility

Haynesville Shale - : Haynesville Shale B o Haynesville Shale
“Profitability History” -~ ' /2 : . Profitability Index - ( gy ooy Profitability Index
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Historical Maximums
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Barnett - Maximum of 12
Month Gas per Length
by Square Mile Block
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PG POITeIoHe: DRy andiCondensate

Dry and condensate area drilling portfolio of the Barnett shale play
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Inventenyand Euture brlling

N.wells ~a-p,”-N¢ , drilling locations are assigned based on their PI,
drilling portfolio and spacing availability

Barnett Shale RNy Y } Barnett - 12 Month Moniegue | Montague

Horizontal Wells | . . Cumulative Gas Production _ Ba'inztt - rro;i(t)e;gility
with 300ft Buffer " - > ndex for
| Infill / Cluster 1 3 by Square Mile Block

Total Area Drilled
" 1,062/8,150 (sq mi)

Area not drﬂeg - T 12 month cum.
(Mcf)
I < 50,000
[ 50,001 - 10,0000
[ 10,0001 - 125,000 ‘
125,001 - 150,000

150,001 - 175,000 [ B <050

175,001 - 200,000
0.51-0.75
200,001 - 250,000 .

Tarrant - 250,001 - 450,000 Palo Pinta = 0.76 - 1.00 jJawrant :
k i)
|
Parker - 4500,01 - 500,000 1.01-1.25 s "

I > 500,000 | [ 126-1.50
.

Palo Pinta
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- \ T N .
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Bcf per year

BASE CASE ScCenanio

Outlook 3.5 $/Btu for natural gas and 50%$/bbl for oil
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History+Forecast

Prediction
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Bcf per year

lkonnikova 2017

ASSUMINGHINCIEASING ENENGY. PIIGCES

Outlook assuming 4 $/Btu and 80$/bbl after 2017
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ProdUcCtion PrOJECTIGN'S

$3.5/MMBTU

$4.5/MMBtu gas
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Annual production, Tcf/year
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Tcf New wells

26 7,000
62 11,300
95 20,000
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PrOJECTIONS 1O DITferent: PrGeES
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Bcf/ year

16000
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PrOJECTIONS 1O DITferent: PrGeES
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SUmimary
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