3

Super Basins 19 NAFTOGAZ
Exploration in Ukraine

Finding
Petroleum

Preparing for the day when
Ukraine can be rebuild

Webinar
28 Apr 2023

Ivan Karpenko
Head of Regional Exploration @ Naftogaz Group




Onshore
Area

United
Kingdom

243,610 sq km

Ukraine

603,550 sq km

Area of
exclusive
economic zone

_______________________________________________________________________________________________________________________

Natural gas

- 015tem (5.3tcf) /
reserves, 1P /3P

0.5 tcm (18 tcf)

0.4 tcm (14 tcf) /
0.8 tcm (28 tcf)

Crude oil

reserves, 1P /3P

____________________________________________________________________________________________________________________

Undiscovered
Prospective
resources
(Leads / plays)

£ 37/T.2bn boe

5.2 /20 bn boe
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Sources: UK Oil and Gas Authority, Ukraine Oil & Gas Industry Guide 2021, State Geological Survey of Ukraine



UKCS 0&G infrastructure
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Ukraine Gas Infrastructure
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The total capacity of all underground gas ,_
storage facilities is about 31 bcm J ~
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3 Infrastructure-led exploration is inapplicable termin

[ Ukraine, because we have well developed infrastructure
= almost all over the petroleum-rich acreage

Sources: https.//www.gov.uk/, Ukraine Oil & Gas Industry Guide 2021, State Geological Survey of Ukraine



Upstream Market

Gas market balance (production vs consumption)
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Gas prices in Ukraine, EUR / MWh

- L
2017 2019
. Consumption - Production - Consurned import from Russia - Consumed import from Europe

April 2023: TTF 41 EUR/MWh
April 2023: UEEX 27 EUR/MWh

Gas production in Ukraine
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Sources: Naftogaz Group, Ukraine Oil & Gas Industry Guide 2021, State Geological Survey of Ukraine



Total: 444 fields

Eastern 0&G
Region
16,2 bn boe discovered

BELARUS

1.Dnieper-Donets
POLAND H bont.
- RUSSIA 2.Donbas coal basin

Western 0&G
region
3,6 bn boe discovered
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Emerging Super Basin: Black Sea

Black Sea vs GOM

7,3 bn boe discovered to date (5,8 bn boe discovered ‘20-'23)




. . [] Undrilled leads / prospects
Emerging Super Basin: Black Sea = Discoveries
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Subbotina

oilfield

discovery

proved extension
of the oil-rich play
offshore

Domino discovery in
Romania

proved deep water
slope play

Sakarya discovery
proved deep water
biogenic play

Onshore Pre-
Dobrogea potential is
proved by two
discoveries

Onshore Crimea
definitely hold
remaining potential



Location map of the Black Sea

/ e
7 o
Soiphin-a3 \

‘\V

‘Fa \*& mnsma

0 0 20 40
O S
N B ) e
e
Fy =
i
e eams
Do
L R i
Cnmevrre
- -
Fs e
{prova),
AT NG LT
S -
- ‘\
-
J \
Daolghin-10

Acquired 5000 sq km
of 3D seismic

Dotimn-0s
| St e

g
Ookhin-11 /\ D.-;*'-i- 0
Desantna 1.
x -

-_

Sl SAifkpase

Legend
—EAA_2G
License Dolpnin_Safaka_Nahogar
® Viels_Ukrane
— Eorders_Ukrsing
—— Berdens
- Rogional_Boundwes
w— e _borders

Natical_mibe_12

= ximne

B Proapect

D Foebdn
Prospects_Ukxmne

BEOOIOHE 3 WEAT AN DAY STILTATAMK
N oesocena

S.Pelic’aﬁ' ’
- T 4
S /

r—\i

Shifsba-%J

—

Bhitsva

B ot 0anesa 00 NADAMET IO Dyt

B Nroroanesa 00 NOW Y000 P00 YRR IND Bypiaia

¥ ROk po g

A—‘-v\ e
'Domino — 85 bcm

¥ OO RC-LO0 M YRR Cay Bypaiie

Bemune 20 peclies UOS S

s Pourndanes of e man lacionc slementy
w—Pouresary betwesn the | L9

—— M S i

¥ ROMCE DO (ROl 3 DU RDBO0- PDOSAT N0 O it )

LAV R

Isobaths
Rwers

Caycuma -

-——— \
—
]

o
4 v

P —— e

K.irk nytsia -3

Madis
- P"‘—‘ -—
— s —
e~
— -

P

Yevpatoriiska -2

Skitvha-va

Sailshaixt

Lakes

]

| ij— asra — 135 bcm
\ 'J'

Deep water
clusteralready |
has 1 tcm of GIIP e “[*Sakarya — 517 bcm

Y DS

Future plan is to
acquire 18 000 sg km
of 3D seismic to cover

deep water area

Black Sea petroleum systems

Deep Thermogenic Petroleum system

<4— 300 km long line —»

Shallow Biogenic Petroleum system

<100 km long line —»

Deep Thermogenic Petroleum system
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Sources: Karpenko et al., 2021 @ SPE, Kyiv conf, UpstreamOnline



Western Black Sea shallow waters
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Preliminary outputs of recent 3D seismic acqwsmon within Inner shelf (Western Black Sea shallow waters )

MAP VIEW PERSPECTIVE VIEW LOOKING NW
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Deepest known Petroleum systems

DDB
1100 km long Caspian petroleum systems Gulf of Mexico petroleum systems
Deep down to 17 km Source rocks deepens up to 10-15 km Source rocks deepens up to 10-15 km

Deepest discovery — 6100 m (Ansagan) Deepest discovery — 10600 m (Tiber)
Deepest well - 8324 m (Saatlinskaia) Deepest well - 11945 m (Tiber)
Plans to drill 12 km deep (Kazakhstan)

48 bn boe discovered to date 57 bn boe discovered to date

18,7 bn boe discovered to date (2,5 bn boe Pripyat’)

Sources: IEA, U.S. Department of the Interior Bureau of Ocean Energy Management, Naftogaz Group, Ukraine State Geological Survey, https://www.hydrocarbons-technology.com/

Super Basins: Dnieper-Donets basin

Tarim basin petroleum system, China
Source rocks deepens up to 10 km
Deepest discovery — 6200-7100m (Tarim)
Deepest well - 8038 m (Keshen-902)

16 bn boe discovered to date




Super Basins:
Dnieper-Donets basin
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Super Basins: Dnieper-Donets basin

Generalized schematic thermal maturity map

Total accumulated volumes IIP in Upper Visean Play and Sub-salt (C3+P) Play

4
CIv2 in oil window o, [ Upper Visean Plays
. :__‘.. 'E'“"' . |:| Sub-salt Upper Carboniferous - Permian Plays
=, L 12475
= i "‘ .".
L
- 9457 9973
t'.“
3018
1496
332 m;
F—— —
* ¥ =me gas, MMboe liquids, Mmboe total, Mmboe total number of
accumulations

Sub-salt play area
ClvZ overmature
7 €2-in gas window

s A4

Sources: Misch et al., 2014; Atlas of fields

b

Total number of accumulations
Upper Visean CIvZ - 332
Sub-salt (C3+P) - 44

*Liquid: recoverable + unrecoverable, RF=30%

-
- = -

=
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s ==

Upper Visean and Sub-salt petroleum systems almost
do not interact which is proved by non-mixed HCs,
geochemical plotting and modeling outputs.
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Super Basins: Dnieper-Donets basin




Dnieper-Donets basin: Unconventional Gas Plays

Lower Visean Shale and Carbonate Play Fairway Area (Eastern Ukraine)
Eagle Ford and Barnett Shale Play Fairway Areas (Texas)

Eagle Ford play

1
I
! outline !
' 19270km? | NN
| @ Barnett |
~
\
\ *Eagle Ford >24,000 horizontal wells drilled since 2008.
- EUR>3,500 BCME. Current production>0.5 BCME/day
Unconventional \ F Td
play outline \ E \e @)
ag
13 572 km?

gokm

Total play area=13,572 km?

e Oil fields
N Gas fields

Dnieper-Donets Basin outline
N— Ukraine’s gas pipeline network
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Sources: Unconventional Team @ Naftogaz Group



Dnieper-Donets basin: Unconventional Gas Plays ,

Lower Visean Shale and Carbonate Play Fairway Area (Eastern Ukraine) (CSI?I{P P l;lolaotrstse)
Eagle Ford and Barnett Shale Play Fairway Areas (Texas) 0100
R & DDB V-23 hot shale
g Fortl yhay DDB A zone
e . DDB B shale
L9270 k'

11870 b

Total play area= 13,572 km?

T

e Oil fields
N Gas fields

» Dnieper-Donets Basin outline
N Ukraine’s gas pipeline netwark
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Super Basins: Family of Carpathian-Alpine Petroleum Systems

Totally 24 bn boe discovered to date
3,6 bn boe (15%) discovered within Ukraine

Sources: D.R.D. Boote et al., 2018



Super Basins: family of Carpathian-Alpine Petroleum Systems

Western Paratethys

Study

-~

SSL'O VA K I A

Bukureat™ .

v/ T 5 -

T
Oil in North-Eastern Pre-Carpathians: \ .
1753 - first mention of oil seeps
1771 - oil deposit found while deepening the
salt mine, new mines were dug in 1775
ROMANTIA 1862-1879 start of oil product.ion |Sl9boda
Rungurska village area, Kolomiya region)
1861 — first oil well in Boryslav region
1873 - 1500 drilled oil wells and 12000 dug
wells and mines in Boryslav city area
1909 - oil production reached 15 MMBSL pa
1897-1910 - discovery of 3 sub-provinces within Outer part of Carpathian fold belt
= 1913 (or 1921) - Dashava gas field discovery (biggest in Europe at that time)
= 1921 - first European gas pipeline was constructed starting from Dashava field cluster
® 1940s - discovered gas reserves within L'viv cluster was enough for creation of international
gas pipelines and inter-republic pipelines
1955 - Western Ukraine gas production had accounts 48% of USSR gas output {from 8 fields)
Sources: Karpenko, 2019 @ AAPG Vienna 18




Sl.ilper Basins: Family of Carpathian-Alpine Petroleum Systems
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Sources: Karpenko, 2019 @ AAPG Vienna; Michal Stefaniuk and Grzegorz Olszyna, 2014



Super Basins: Family of Carpathian-Alpine Petroleum Systems

Kolomiya
Paleo-canyon

AOI#3
Lopushnya deep
autochthon

Sources:
Karpenko, 2019
@ AAPG Vienna




Super Basins: Family of Carpathian-Alpine Petroleum Systems Biogenic gas

expelled from
N1ds2 formation

o~ g Cretaceous +
4 SJurassicfill
: .
e 3

Mi-ocene +
Jurassic fill

Biogenic gas
expelled from
N1dsl formation

Discovered recoverable hydroca

"
"
'g\ Neogen (Up -u:

Dashava)

Lo

: Neogen (Baden)

il

—

T Crotaceous
(basement)

seeszzh

= Jurassic
{basement)

|
Sl
S

=- Dry biogenic methane
Sources: Karpenko, 2019 @ AAPG Vienna - Mixture of biogenic methane + thermogenicgases




Super Basins: Family of Carpathian-Alpine Petroleum Systems

view from the top
on Mesozoic base surface

) H Dry biogenic methane
> - Mixture of biogenic methane + thermogenicgases
Sources: Karpenko, 2019 @ AAPG Vienna



Legal framework for entry opportunities

Join Activity Agreement
(JAA)

2-Party (or more) contract
! between the investors and
. the State; investors commit

' 2-Party partnership between
license holder and contractor,

2-Party agreement between

B L i
Sale and purchase agreement and Soanise holder A Nvestor

. Dividend repatriation tax — 15%

 royalty for the production of
. liquids - 2 %, natural gas - 1.25%

Applicable royalties Royalties - 70%

General ! to execute the work program ' contractor is selected as a result ! shareholders agreement ' without |ncqrpmat|on ofa
' A . of tender procedure ' | separate entity
« and perform minimum spend ’ : '
+ obligations ' ' ’
Duration ' 50 years ' 15+ years ' Duration of the license | Duration of the license
: License is issued to all investors | License remains with the license | E
Title to the . under PSA for the whole term of | holder; contractor has accessto | Special license remains with the | Special license remains with the
licence the PSA (covers all stages of the | operate all available infrastructure . v : license holder
: project) : on the field ’ [
Title to the Investors can book their share of : E
reserves | reserves and get the title to their | Remain with the license holder i Remain with the JV | Remain with the license holder
and production ' share of production E E
 Sayswintne Openoragreed | SOt ratcpeionst s
Operational ! by the Parties); Joint Operatorship | & PEY : ) | License holder has operational
' . i key decisions (e.g. WPEB, Key i JV has operatiocnal control |
control . Agreement (JOA) has to be signed . CAPEX items) via Management : + control
+ between the investors ' . g ' ]
p | Committee ' :
| Shared between license holder ' 100 % financed by the JV. E
CAPEX./ ‘ and'lqves_tor. depending on ! 100 % financed by the contractor | lnvesto_rs_sha_re them depending : Shared between uceqse holder
Financing . participation share / other ' 1 on participation share or other i and investor, depending on JAA
: commercial agreements (carry etc.) |  arrangements :'
Up te 70 % of production offsets Service fee: 2-stage S$/thousand cm "
Compensation | against Investors’ recoverable | tariff (paseline and incremental);, | . - ;
L : e % : 4 " | Notapplicabl | Not bl
mechanism . expenses, up to 89% of remaining . incremental is much higher than ' otapplicable |  aaa
: 30% - investor’s profit share ' baseline E E
' Fixed tax regime for the whole . ;
. PSAterm. Income tax - 18%, . Income tax — 18% ! Income tax - 18%, ! Income tax - 18%,
Taxation | dividend repatriation tax - 15%, | y | Dividend repatriation tax - 15% | Dividend repatriation tax — 15%

Sources: Ukraine Oil & Gas Industry Guide 2021, CMS
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