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SHALE OIL AND SHALE GAS:
TWO MAJOR GAME CHANGERS




A FEW SIMPLIFIED FIGURES TO ILLUSTRATE HOW SHALE OIL IS
« DIFFERENT » FROM CONVENTIONNAL OIL @

2010 2014

USA total oil production 7,5 mb/d 12 mb/d
From which shale oil/LTO 0,5 mb/d 4,5 mb/d
Us oil production as % consumpP 40% 60%
US oil import as % consumP 60% 40%

Source: PR Bauquis — 25 Avril 2015

TECHNIP conference 30" march 2017



A FEW SIMPLIFIED FIGURES TO ILLUSTRATE HOW SHALE OIL IS
« DIFFERENT » FROM CONVENTIONNAL OIL @

Annual decline Recovery
rates rates

US conventionnal onshore 50 /Y 50%

US shale oil / LTO 50% /Y 5%

Source: PR Bauquis — 25 Avril 2015
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NATURAL GAS PRODUCTION IN THE US: SHALE GAS AND TIGHT
GAS ALREADY REPRESENT 2/3 OF THE PRODUCTION

trillion cubic feet

2016
60 history = projections
50 Reference
40
30
shale gas and
tight oil plays
20

other Lower 48 onshore

Lower 48 offshore
1995 2005 2015 2025 2035

Source : EIA, Annual Energy Outlook 2017
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A WORLD RESERVE ESTIMATE OF SHALE OIL
TO BE PRESENTED ON 15 JUNE 2017 AT THE EAGE CONGRESS
BY MARC BLAIZOT

m Methodology used: PSY (Petroleum System Yield)
B Retained accumulation in source rocks estimate: 75. 000 Gbo
m Unrisked oil reserves estimate: 10% of « in place » ie: 7.500 Gbo

B Reserves estimate (producible oil): 20% of «in place » ie:  1.500 Gbo
(economically and environmentally producible)

SHALE OIL/LTO COULD DOUBLE
THE REMAINING WORLD RESERVES

Source : Marc BLAIZOT — Former Exploration Manager of Total
Proceeding EAGE Congress Paris — 15 june 2017
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SHALE OIL AND SHALE GAS POSSIBLE SHARES OF WORLD OIL
AND GAS PRODUCTIONS (2015 - 2035)

40%
—=Shale gas Stronger shale
Tight oll
30%
Base case
20%
Stronger shale
10%
jase case
0%
20156 2025 2035

Source : BP [2016a)
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WHAT ARE SOURCE ROCKS AND
TIGHT FORMATIONS ?
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CONVENTIONAL AND NON-CONVENTIONAL RESERVOIRS

compacts

Shale gas Conventional gas

Salt
=2 Gemme

DIlITes crolssantes

| 1 | 1 | 1
1 nanodarcy 1 microdarcy 1 millidarcy
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HOT SHALE PROPERTIES

TOC, %

Porosity, %

Water saturation, %
Permeability, nD

Static YM, Mps

Brinell Hardness Number
Poisson’s ratio

Pressure Gradient, psi
Thickness (m)

Sources SPE et US Doe
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“HOT SHALES” MINERALOGY

Eagle Ford

0

100 =
CARBONATES

PR Bauquis - Sept 2012
Source : d'aprés Jim Buckee. Talisman ASPO 2012

100
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HOW TO PRODUCE TIGHT
FORMATIONS ? PROBLEMS ?
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HYDRAULIC FRACTURATION (FRACKING) Stockage des eaux

/ de reflux

Transports deau Pompes Gaz ou pétrole - Evacuation des
et autres produits d'injection > eaux de reflux

Semso L«imhbﬂﬁ q.,...r* - o

oot | puits|

— nappe phréatique ,_—_“
- ouvertes

2000 Tubages d'acier ____)

Malange d'eau
de sable et

cimentés \

1500

Profondeur en métres

2000

Le puits
s'horizontalise

La roche mére se fissure
autour du drain
horizontal de 1a 2 kms

2500

source : PR Bauquis - 15 janvier 2014
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SHALE GAS OR SHALE OIL TYPICAL DEVELOPMENT (USA)

Viewfield Sask. 150 miles North of Whiteshield

STETSON

IJII & GAS LTD
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SHALE OIL AND SHALE GAS: PRODUCTION MODELLING

= Very high number of production wells

» US 2010 : 33,700 (50/50 P/G; 50% Hor.)
2030 : 58,000 wells/ly (80/84 : + de 80 000 wellsly)

Example development base 1,000 wells per year
Shale oil-> 0,7 Mb/d

Shale gas-> 60 Gm3

T S

Gma Profil e production curmuié
1000 puits par an
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Recovery per well: 2 BCF/ 58 Mcm

\iﬁ’.ﬂfﬁ?ﬁﬁ Guy Maisonnier 3 October, 2013
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Recovery per well: 0.25 Mbbl
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TYPICAL SHALE OIL PRODUCTION DECLINE CURVES
(PERMIAN AND BAKKEN REGIONS)

Average oil production per well in the Permian region
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HOW PICTURES CAN « MANIPULATE » REALITIES
A ROSY VIEW

¥
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HOW PICTURES CAN « MANIPULATE » REALITIES
A DARK VIEW
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WELL MICROSEISMIC RECORDING

Receivers
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MICROSEISMIC EVENTS IN A MULTI-FRACKED WELL
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GAS SHALE EXPLOITATION

W 55 pads

Dallas-Forth Worth airport

m 8 wells per pad

m 300-325 wells
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GAS PRODUCTION CLUSTERS AT DALLAS AIRPORT (DFW)

Drilling Info

Spud Date: 12/25/2010
TMD: 11,680

TVD: 7,232

Lateral Length: 4,026’
Drilling Days: 10
Shale Thickness: 320

Completion Info

6 Stages

900,000 Ibs of Proppant used
21,536 bbl of Fluid

3.6 Hours of Pump Time

Puits McCullar 4H

Sources: Chesapeake energy

TECHNIP conference 30" march 2017

25



PRODUCTION CLUSTER AT DALLAS AIRPORT (DFW)
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A NEW INDUSTRY BORNE IN THE US
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U.S. SHALE/TIGHT GAS & LIQUIDS PRODUCTION REGIONS
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US SHALES PLAYS: A SIMPLIFIED MAP

Williston Basin: K
"1 | Bakken and Three

"'\ Forks Formations

Powder River Basin
! Denver Julesburg Basin

Aol T

T ]

- - v T h_ o T

A% 45| Utica and Point (3%
ey ¥y 1 Pleasant
[ ¥eed  Formations el

Permian Basin:

Delaware and
Midland sub-
basins

'm . e --;:r 1‘: . ‘H-}
4 },J CAD

Source: EPRINC, US Oil Shale Dynamics in a Low Price Environment

Source: Drilling Info, Permits filed in past 90 days (September 2015)
Mote: Black dots indicate oil, red dots indicate oil and gas, yellow dots indicate dry gas, and gray indicates all other permits including
confidential product status.

TECHNIP conference 30t march 2017 29



SOURCE ROCK OIL AND OTHER LTO: A FAST DECREASE OF
PRODUCTION COST

SUPPLY COST OF LIQUID FUELS
$ per barrel, billion barrels

Production cost
(2012, $ per barrel)

100 ~ Artic
80 - ‘/1/”\\?‘ Extra heavy oil LTO
A P | Py
%07 bitumen
EOR <! _
Other ~<__ -
0 conventional B
20 1 pfcl,'fffgd ME & North Africa
0
0 1,500 3,000 4,500 6,000

Remaining TRR (Billion barrels)
Source: Schlumberger (A. ROSTAND)

Conférence Oil & Money
Londres 29-30 Octobre 2014
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SOURCE ROCK OIL AND OTHER LTO: THEIR PRODUCTION COST ARE NOW
SIMILAR TO CONVENTIONAL OIL.
HOWEVER COST STRUCTURES ARE TOTALLY DIFFERENT

CAGR
- LTO Breakeven price  -11%
- Majors Full cycle cost +12%

100 A 93

63

2009 2010 2011 2012 2013
Source: Schlumberger (A. ROSTAND) 1: F&D + Lifting costs. Pure unconventional NAM players
Conférence Oil & Money 2: S&GA + F&D + Total Production + WACC. Majors
Londres 29-30 Octobre 2014 Source: 1) Rystad, IHS; 2) Evaluate Energy; Goldman Sachs
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US SHALE GAS MAJOR PLAYS (2010 — 2017)

Bcf/d US dry shale gas production per play (selected plays - EIA)

N
O
c

45

7% others
40 19%

W Bakken (ND)

i Utica (OH, PA & WV)

u Woodford (OK)

M Fayetteville (AR)

M Eagle Ford (TX)

M Barnett (TX)

H Haynesville (LA & TX)

u Marcellus (PA, WV, OH & NY)

Jan-10 Jan-11 Jan-12 Jan-13 Jan-14 Jan-15 Jan-16

Source : EIA
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US SHALE OIL / LTO MAJOR PLAYS (2010 — 2017)

Tight Oil production per main plays (EIA)

Mb/d
5,0
4,5 B Monterey (CA)
4,0 M Haynesville (LA & TX)
35 B Woodford (OK)
B Austin Chalk (LA & TX)
3,0
B Marcellus (PA, WV, OH & NY)
2,5
Utica (OH, PA & WV)
2,0
B Granite Wash (OK & TX)
1,5
H Niobrara-Codell (CO,WY)
10 m Bakken (MT & ND)
0,5 m Eagle Ford (TX)
0.0 H Permian (Delaware & Midland)
Jan-10 Jan-11 Jan-12 Jan-13 Jan-14 Jan-15 Jan-16

Source : EIA
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BAKKEN SHALES AVERAGE PRODUCTION CURVES
A RAPID IMPROVEMENT FROM 2010 TO 2012

Production per well
B/d

Actual decline curve 2010

250

200

150

100

50

0 ' . - T Number
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 Oofmonths

Actual data Average data = == . Estimates

PR Bauquis — May 2013
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BAKKEN SHALES AVERAGE PRODUCTION CURVES
A RAPID IMPROVEMENT FROM 2010 TO 2014

Production per well
B/d

* 1

\ Actual decline curve 2010

Estimated decline curve 2012
?5(

~ - Estimated decline curve 2014
-~ -~ /
— —
— —
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—
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100

—_—
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PR Bauquis — March 2012
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Oil and Gas Production Added Per Rig

2011 w2012 w2013 m2014 m2015 m2016

800 800 800 I 9 78
735 728
8
+276% +231% +578% I ]
600 600 600
I 6
2
o 65
3 400 400 400 | >
) 24
| 3
200 200 200 )
|

Bakken Niobrara

‘Eagle Ford | | Marcellus/Utica l

© Copyright 2016 REN Energy Source: Rusty Brazil, RBN Enegyv, CSIS Presentation, Febr. 2016 Source: EIA



EOG Eagle Ford Productivity Gains

25

B 2011 B 2012 [ 2013 W 2014 [ 2015

50

22.3

-65%

20

15

10

Drill Time
(Days)

40
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10

Wells/Year Per Rig

+190%

47

1200 60.00
+88% 1000

50.00

900
40.00
600 30.00
20.00

300
10.00

0

30 Day Avg IP Rate

(b/d)

©Copyright 2016 RENEnergy ~ Source: Rusty Brazil, RBN Energv. CSIS Presentation, Febr. 17, 2016

+407%

Source: EOG
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Average US shale play well
performance
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Source: IEA, Midterm Outlook, 2016

Average daily production by shale play — 2015
production start year
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SHALE GAS AND TIGHT GAS DOMINATE THE US GAS PRODUCTION AND
WILL CONTINUE TO INCREASE IN THE NEXT 20 YEARS
A 100% UNCERTAINTY MARGING AT A 2035 HORIZON'!

Bcf/d

90
80
70
60
50
40
30
20
10

0

2005 2015 2025 2035

Source BP [2016q)
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US SHALE OIL AND THE 2014 OIL
PRICE COLLAPSE
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DECEMBER 2014: A POLITICAL VIEW OF OIL PRICE COLLAPSE AS
ILLUSTRATED BY MEDIAS

echnology Quarterly
Shinzo Abe's last chancs

E cCOnom ] St Boast your business with a drone

Personal finance Profie: Thomas Blowing it Angelina -
How to afford Gook's saviour Jolie’s mansion e Th c
private school P20  gets the boot P32 tax fears P41

| MON EYWEEK Shelkhs v shale

OIL PRICE WAR The new ecunumlcs of oil

How to back
the winner?

PD. James, queen of the sleuths
Dur books of the year

*Avoid oil producers.
Buy oil consumers.
See page 24

HOW TO MAKE IT, HOW TO KEEP IT, HOW TO SPEND IT
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PRODUCING COUNTRIES FIRST LEAGUE (10 TO 12 MBD)

' Arabie USSR(*)

(*) US Shale Ressouces
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80% OF LAND RIGS DRILLING FOR OIL (EARLY 2017) VERSUS 20%
FOR GAS...VERSUS 80% FOR GAS AND 20% FOR OIL EARLY 2008

2,500

Brent - 140

2,000 -

1,500

o
g
Brent $ / bbl

No. of rigs

500

0 ! '
o A 5 > P
& P -5?’ S A 'v, @q >
& P o F ﬁ“" ﬁ*" cab c:P‘ *::P‘ a%‘

Source : Euan Mearns
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OIL AND GAS RIG COUNTS IN THE US
(JANUARY 2010 TO JANUARY 2017)

Rig count US onshore rig activity (Baker Hughes)

2000

Total Oil

1500

—GaS

1000

500

144 end Jan- i Max Oct.14

Jan-10 Jan-11 Jan-12 Jan-13 Jan-14 Jan-15 Jan-16 Jan-17

Source : Baker Hughes
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ACTIVE DRILLING RIGS IN THE US 2002 — 2012 ... (SEE NEXT SLIDE
FOR 2013-2015)

2100 -

1 800 -

1500 -

1200 -

900 4

600

300

0
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

B Decrease of shale gas wells in 2012 due to the plunge in gas price,
while oil wells increased significantly thanks to robust oil price.

Source: IEA WEO 2012
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TOTAL US OIL RIG COUNT VERSUS US CRUDE OIL PRODUCTION

(AND 2013 TO EARLY 2016)

1,800 9.9
1,699 .6
1,400 5.3
1,200 5.0 £
u 2
1,000 87 %
8 3
-
00 84 5
500 5.1
100 78
200 75

Jan-14  Bar-14 WMay-14  Jul-14  Sep-14 Now-14  Jan-15 Mee-15 Mapd5  Jul-15 Sep-15 Now-15  Jan-16
e )5, Ol Rigs (Left Axis)  =====L).%, Crude O3l Production (RightAxis)  Saurce: Baker Hughes EIA

Source: Kent Moors, Calpital Research Group, March 2016
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SHALE GAS PRODUCTION WILL GROW, IN & OUTSIDE US
A VISION BY BP

(Gas production by type and region

A

Bcm  Bef/d

5000 200

4000 400

3000 300

2000 200

10007 100

0

= Non-OECD other
= Non-OECD shale
= OECD shale
= OECD other

1990 2000 2010

Source: BP Energy Outlook 2030

2020

Bem  Bef/d

2030

800—

600

400

2007

80

60

40

Shale gas production

]

= RoW 168%
B China
» Europe & Eurasia
= Canada & Mexico .. /@
=US © Y 12%
% of total 6%

0%

1990 2000 2010 2020 2030
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TIGHT OIL OUTPUT WILL DRIVE LIQUIDS SUPPLY
A VISION BY BP

Liquids supply by type Tight oil output
Mb/d Mb/d
1056 _ 45% 10 - = China % of total 10%
OPEC share (RHS) m Russia (RHS)
90 = OPEC NGLs mS. America l
8 = N. America 8%
75 = OPEC crude A
60 m Biofuels 6 6%
= Oil sands
= Tight oil :
30 ;
m Other non- 5 3 2%
0 30% 0 i 0%
1990 2000 2010 2020 2030 2000 2010 2020 2030

Source: BP Energy Outlook 2030
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EMERGENCE OF UNCONVENTIONAL HC WILL LARGELY INCREASE
US OIL & GAS PRODUCTIONS

US oil and gas production

mboe/d 25 -

20

Unconventional gas
15

10 - Conventional gas
Unconventional oil

Conventional oil

1980 1990 2000 2010 2020 2030 2035

The surge in unconventional oil & gas production has implications

well beyond the United States
Source: IEA WEO 2012,0il include NGLs
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UNCONVENTIONAL GAS PRODUCTION BY SELECTED COUNTRIES
(TIGHT GAS + SHALE GAS + CBM)

E 1400 B Rest of world

Argentina
Bl Australia
B China
W Canada

B United States

2000 2011 2020 2025 2030 2035

Source: IEA WEO 2013
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NORTH AMERICA LNG INDUSTRY WILL PLAY A MAJOR ROLE, NOT ONLY
BECAUSE OF IT'S POTENTIAL CAPACITIES BUT ALSO AS A « PRICE

MAKER » FOR THE WORLD LNG INDUSTRY

Magnolia

LNG (Petronas)

LNG

Sabine Pass

Freeport

Corpus

Christi

Source : FERC - february 2017
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A VISION FROM THE AUTHORS (PR BAUQUIS — A PERRODON) OF
WORLD NATURAL HYDROCARBON LIQUIDS 2015 - 2050

Mbvd ‘Gﬂln

Roches méres et tight oil

100 - & Ultras lourds

2000 2010 2020 2030 2040 2050 Années

Source Alain PERRODON & PR BAUQUIS — 20 Novembre 2015
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HOW MANY BARRELS
A DAY DOES
/7 PRODUCE ?
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DOC EN POCHE

ENTREZ DANS L'ACTU

Parlons

gaz de schiste
en 30 questions

Pierre-René Bauquis

TN La
documentation
Frangaise Il

B Pour savoir I'essentiel sur
les « gaz de schistes » un
petit ouvrage d’initiation
pour 5,90 euros publié par la
Documentation Francaise.

m Offrez-le atous vos amis, et
a tous les écologistes de
votre connaissance.

mL'auteur (P.R. BAUQUIS) est
totalement indépendant et
les droits d’auteur vont a de
bonnes ceuvres.
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