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Meeting Agenda

Nov. 19 (Thursday), 2020
The Lakeview Hotel, Floor B1, University Hall 3

Time

Topics

Speaker

9:00am-9:15am

Remarks

e Academician Zhijun JIN, President of
IEPEK

e Xu Fang, Chief Representative, ANSI
China Office

9:15am-9:40am

International Oil and Gas
Reserves and Resources and
Standard Overview

Dr. Chuandong XU (Richard)
Chairman of Reserves and Resources
Committee of Society of Exploration
Geophysicists (SEG)

9:40am-10:05am

The Classification Criteria of
China Oil and Gas Reserves
and Resources Standard

Dir. Zheng HAN, Deputy Director, Strategic
Research Center of Oil and Gas Resource
of MNR

10:05am-10:30am

An Introduction to API Safety
Standards

Roland Goodman, Standard Manager,
American Petroleum Institute (API)

10:30am-10:45am

5W2H on Reserves
Guidelines

Douglas Peacock, Technical Director,
Geoscience Baker Hughes- Gaffney, Cline
& Associates (GCA)

10:45am-11:00am

International Standard of Oil
and Gas Reserves and
Resources Review

Prof. Haibin BI, Chief Expert of the
Research Institute of Petroleum
Exploration and Development (RIPED)

11:00am-11:15am

Reserves for
Non-conventional Plays

John R. Wheeler, President of Lee Keeling
& Associates (LKA)

11:15am-11:30am

Review on Oil and Gas
Reserves and Resources

Dr. Bingyu JI, Chief Expert for SINOPEC,
Professor of Non-conventional Oil and Gas
Science and Technology Institute of China
Petroleum University

11:30am-12:00pm

Discussion & Wrap up

Hosted by Lei Yang, Executive Vice
President of IEPEK,
Joined by above speakers and experts
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INSTITUTE OF ENERGY

Institute of Energy, Peking University

Institute of Energy, Peking University is an independent institute of Peking University. The Institute is a global
engaged energy think tank and strives to be a platform to promote the cutting edge energy technology developments.
It also focuses on major technological and policy barriers that restrict the developmental capacities of China's energy
industry. The mission statement is "demand oriented, approach combined, interdisciplinary innovation led, key
factors highlighted ". The institute aims to facilitate clean energy transition, conduct professional and public
education.

With the advantage of the university’s comprehensive offering of subjects, the institute explores an interdisciplinary
collaborative developmental model that combines liberal arts, science and engineering. This model establishes an

interdisciplinary innovation mechanism that encourages innovative talents in the field of energy.
The institute focuses on the following areas:

Energy Strategy and Policy Research: Anchored in the realities of China's energy development, the institute studies
the country’s energy development strategy and guiding roadmap through an international and broad overarching
perspective. It has established Institutional collaboration between relevant ministries, major energy companies and
relevant international organizations and institutions to carry out a series of studies in the fields of natural gas market
liberalization reform, energy security. The institute is devoted to be an international level energy think-tank.

Energy digitalization: Conduct research on the intersection of information technology and energy. This research
focuses on the applications of digital technology in the field of energy, especially the application of internet plus, big
data, block chain, artificial intelligence and other technologies. The institute has carried out research in digital

pipeline networks and block chain applications in the field of oil and gas among other relevant areas of study.

Development and use of traditional energy: The institute spotlights shale oil and gas and inorganic gas in its
development, especially on exploration and exploitation theories and key technological research.

Development and use of geothermal resources: In collaboration with the geotectonic major of the Earth and Space
Science College of Peking University, the institute makes full use of Peking University's academic dominance in the
field of geothermal flow, deep geothermal and geothermal resources to carry out basic research to further the use of

geothermal resources.

Development and use of new energy: In response to developments in the area of new sources of energy, from the
system approach, the institute will increase its talent acquisition capacity to conduct research on hydrogen energy,
renewable energy, energy storage and other forms of comprehensive use of new sources of energy.

International Electrotechnical Standards Research: As Dr. Shu yinbiao is the current Chairman of the International
Electrotechnical Commission, the institute will assume the relevant work of his Secretariat, which will further
increase the institute’s international influence on the international standard-setting of electronics, electricity and

information in the area of energy.

The institute has gradually formed a team of academicians, professors, and visiting fellows and other talents from
various background. The institute also trained post-doctoral, doctoral and other young research talents.
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USTDA U. S. Trade and Development Agency (USTDA)

U.S. TRADE AND DEVELOPMENT AGENCY

The U.S. Trade and Development Agency (USTDA) helps to promote U.S. technologies and expertise for
priority development projects in emerging economies. USTDA links U.S. businesses to export
opportunities by funding project planning activities, pilot projects, and reverse trade missions while
creating sustainable infrastructure and economic growth in partner countries.

USTDA promotes economic growth in emerging economies by facilitating the participation of U.S.
businesses in the planning and execution of priority development projects in host countries. The
Agency'’s objectives are to help build the infrastructure for trade, match U.S. technological expertise with
host country development needs, and help create lasting business partnerships between the United
States and emerging economies.

USTDA's Program Activities
Project Development

Project identification and investment analysis generally involves technical assistance, feasibility studies
and pilot projects that support large investments in infrastructure that contribute to host country
development. Key sectors in China include the transportation, energy, and healthcare sectors.

Trade Capacity Building and Sector Development

Trade capacity building and sector development assistance supports the establishment of industry
standards, rules and regulations, market liberalization and other policy reform. In China, USTDA has
supported activities to support increased protection of intellectual property rights, fair and transparent
government procurement practices, science-based agricultural biotechnology regulations, and standards
across a wide range of industry sectors.

International Business Partnership Program

Under the Agency’s International Business Partnership Program, USTDA has increased its support for
programs designed to bring procurement officials to the United States to witness U.S. technology and
ingenuity firsthand and develop the relationships with U.S. companies necessary to spur increased
commercial cooperation with emerging economies. These investments include reverse trade missions,
technology demonstrations, training and specialized sector-specific workshops and conferences.

Cooperation Programs

The Agency’s success in China is due in part to the public-private cooperative programs that USTDA
supports in country. These programs provide a forum wherein government agencies and private
companies from both the U.S. and China can share technical, policy, and commercial knowledge
relevant to a specific field. USTDA has successfully established programs based on this model in the
aviation, standards and conformity assessment, energy, and healthcare sectors.

By adapting to the evolving needs of China’s market and closely coordinating with Chinese decision
makers, these public-private partnerships have enjoyed long-term success, providing continued trade
opportunities and enhancing the development of China’s key industries.
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FOR MORE INFORMATION
Henry Yuan

Program Manager

American National Standards
Institute (ANSI)

1899 L St. NW - Eleventh Floor
Washington, DC 20036

T: 202.331.3624
F: 202.293.9287

E: us-chinasccp @ansi.org

ANSI

U.S.-China
Standards and Conformance
Cooperation Program

Sponsored by the U.S. Trade Development Agency (USTDA) and
coordinated by the American National Standards Institute (ANSI),
the U.S.-China Standards and Conformance Cooperation Program
(SCCP) provides a forum through which U.S. and Chinese industry

and government representatives can:

m  Cooperate on issues relating to standards, conformity

assessment, and technical regulations;

m  Foster the relationships necessary to facilitate U.S.-China
technical exchange on standards, conformity assessment,

and technical regulations; and

®  Exchange up-to-date information on the latest issues
and developments relating to standards, conformity

assessment, and technical regulations.

Beginning in 2013, ANSI will coordinate 20 workshops over a
3-year period in China under the SCCP. The workshops will cover a
wide range of sectors, as proposed by interested U.S. private-sector
organizations. Workshop topics will be chosen in coordination with

relevant industry associations, ANSI, and USTDA.

To learn more about the U.S.-China SCCP or to express interest in

sponsoring or participating in a workshop, please visit our website at:

www.standardsportal.org/us-chinasccp
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American National Standards Institute (ANSI)

ANSI

American National Standards Institute

As the voice of the U.S. standards and conformity assessment system, the American National
Standards Institute (ANSI) empowers its members and constituents to strengthen the U.S.
marketplace position in the global economy while helping to assure the safety and health of
consumers and the protection of the environment.

The Institute oversees the creation, promulgation and use of thousands of norms and
guidelines that directly impact businesses in nearly every sector: from acoustical devices to
construction equipment, from dairy and livestock production to energy distribution, and many
more. ANSI is also actively engaged in accrediting programs that assess conformance to
standards — including globally-recognized cross-sector programs such as the 1SO 9000 (quality)
and 1SO 14000 (environmental) management systems.

ANSI has served in its capacity as administrator and coordinator of the United States private
sector voluntary standardization system for the past hundred years. Founded in 1918 by five
engineering societies and three government agencies, the Institute remains a private, nonprofit
membership organization supported by a diverse constituency of private and public sector
organizations.

Throughout its history, ANSI has maintained as its primary goal the enhancement of global
competitiveness of U.S. business and the American quality of life by promoting and facilitating
voluntary consensus standards and conformity assessment systems and promoting their
integrity. The Institute represents the interests of more than 270,000 companies and
organizations and 30 million professionals worldwide through its office in New York City, and its
headquarters in Washington, D.C.
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US-China Energy Cooperation Program (ECP)

Founded in September of 2009 by 24 US energy companies, US-China Energy Cooperation
Program (ECP) was underscored by US President Barack Obama and China President Hu
Jintao in the official joint statements during Obama'’s visit to China in 2009. US government
agencies including Department of Commerce, Department of Energy and US Trade and
Development Agency together with Chinese government agencies including National Energy
Administration and Ministry of Commerce signed bilateral Memorandums of Understanding to
serve as official government advisors to support ECP.

US-China Energy Cooperation Program (ECP)'s mission is to create a bilateral business
plattorm with US and Chinese companies to pursue private sector-based business
opportunities, advance sustainable development in the energy industry and combat climate
change. Members join ECP through working groups to form industry value chains. Within each
working group, members establish a sector development road map according to the national
strategies, local demand and potential local partners for both short and long terms. Through
this process, each working group identifies annual business development objectives and
concrete initiatives for implementation.

ECP currently has the following working groups:

Oil and Gas,

Coal,

Nuclear Energy,
Renewable Energy,
Grid,

Storage,

Building,

Industry,

Transport,

Urban Infrastructure,
Resource Utilization

Learn more about the US-China Energy Cooperation Program by visiting: www.uschinaecp.org

14
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American

Petroleum American Petroleum Institute, API
Institute

APY

API represents all segments of America’s oil and natural gas industry. Our more than 600
members produce, process and distribute most of the nation’s energy. The industry supports
more than ten million U.S. jobs and is backed by a growing grassroots movement of millions of
Americans. APl was formed in 1919 as a standards-setting organization. In our first 100 years,
API has developed more than 700 standards to enhance operational and environmental safety,
efficiency and sustainability.

Although our focus is primarily domestic, in recent years our work has expanded to include a
growing international dimension, and today API is recognized around the world for its broad
range of programs:
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Fang XU
Chief Representative
American National Standards Institute China Office

Xu Fang has been working with American National Standards Institute (ANSI) as the Chief
Representative of ANSI China Office since 2012. In this position, he has primary responsibility
for overall liaison of ANSI's activities with Chinese government agencies, standard
development organizations and various industry groups.

Prior to working with ANSI, Mr. Xu served for American Forest & Paper (AF&PA) China Office
as the main contact point for US government, industry and Chinese government for all of
aspect of AF&PA China Program. As the representative of US forest industry, he worked with
Chinese Ministry of Housing and Urban Rural Development (MoHURD) and State
Administration of Forestry on developing and revising a serial of codes and standards
pertaining to design, construction and inspection of wood constructions. He has made
numerous presentations among Chinese developers, design professionals, importers and
consumers and introduced applications of US wood products. Prior to joining in AF&PA, Mr. Xu
worked with an engineering firm as the Chief Structural Engineer for more than 13 years.

Mr. Xu holds his Bachelor of Engineering degree from Tongji University.

iyl
S [ bR AL LA (ANSI) R [ 1 TR R

V7 de i H 2012 SRR S B FE Shr AL H LA (ANSI) R ETE AR, 75T ANSI 7EH B IAH G
TARADLSS . fESEZ AT, VFSEAET 1999 ARl AESE EAL R 4l h = s EACR A E AR,
TR E M 5 Z BOR UL K T3 EUEIIE), VRSBV M TR, S 54T
TR EBAR KT ARG RSB i SR AR S AR HE R g S AR, D B S
TRSFRRE R R P AN JE RS T R IIE T o Vroe s ek T IRIGF K22 a5 TRk, RIS E ALk
LA/, EANFETZENER TR SERILS, ESEZRESARRL.

18



Dr. Chuandong (Richard) Xu
Chairman of Reserves and Resources Committee of Society of Exploration
Geophysicists (SEG)

Dr. Chuandong (Richard) Xu is president of NexGeo Resources LLC, and
current Chairman of SEG Oil and Gas Reserves Committee. He is a
well-trained Geophysicist/Geologist in oil and gas upstream exploration and
production, with broader interests in Energy including LNG, CCUS, Midstream, Energy Policies,
Geothermal etc. He worked as Geophysical/Geological Advisor for Occidental Petroleum (OXY)
and then California Resources Corp (CRC) on seismic interpretation, seismic inversion, and
integrated reservoir studies for exploration and exploitation, as well as reservoir management,
reserves assessment and economic evaluation, and making Life of Field (LOF) plans in varies
asset teams in US. Dr. Xu’s academic interests include integration of geology and geophysics,
rock physics, seismic inversion, and application of geoscience data. Dr. Xu obtained his PhD
and MSc from University of Calgary, and BSc from University of Petroleum (East China), all in
Applied Geophysics. He is an active member of SEG, AAPG, and served as president of Pacific
Coast Section of SEG, Council member and member of Committee for Nominations of SEG in
the past. Dr. Xu was Vice Chairman of 2018 SEG Annual Meeting in Anaheim.
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Roland Googman
Manager of Upstream standards
American Petroleum Institute (API)

Roland is the Manager of Upstream standards for the American Petroleum
Institute in Washington, D.C. Roland’s group is responsible for staffing 15
committees that develop and maintain approximately 370 equipment and
operational standards covering onshore and offshore exploration, drilling, and
production. These standards are used globally to enhance the safety of industry operations,
assure quality, and help reduce costs.

Roland has been with API for 25 years, with his first 11 years spent working on refining
equipment standards. He has a Bachelor of Science degree in Industrial and Systems
Engineering from the University of Southern California and is a member of Society of Standards
Professionals.
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Douglas Peacock
Technical Drector
Geoscience Baker Hughes-Gaffney, Cline & Associates (GCA)

Doug has over 35 years’ experience in geology and 3D reservoir modelling.
His geological modelling experience covers a wide range of reservoirs in
v many parts of the world and ranges from building models for field
development planning and reserves estimation purposes to reviewing and auditing models built
by others. He has also worked extensively on reserves estimating, unconventional reservoirs,
acquisitions and divestments, unitization & redetermination as well as technical projects. Doug
has also served as an expert witness in several court cases.

Doug was an SPE Distinguished Lecturer for 2010-11 and was a member of SPE Oil and Gas
Reserves Committee (OGRC) from 2013-2016. He is also a regular instructor of SPE training
courses.
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John R. Wheeler
President of Lee Keeling & Associates Inc.

Mr. Wheeler is President of Lee Keeling & Associates (LKA), an international
petroleum E&P consulting and reserve evaluation company founded in 1957.
Before joining LKA, he worked in Amoco Research Center and then at
Williams E&P As a Certified Petroleum Geologist, Mr. Wheeler has 34+ years’ experience in
geological and engineering investigations in oil and gas industry. He has conducted geologic
and reservoir studies of both conventional and unconventional reservoirs in more than 30
countries and in every major U.S. petroleum province, highlighted with recently developed
shale plays i.e. Permian, Eagle Ford, Haynesville, Marcellus, Bakken, Woodford and Niobrara.
He has extensive experience in reserve evaluation for public and private oil companies, and
financial institutes including hundreds of reserve report submitted and accepted by SEC. He
also performs evaluation of oilfield properties for acquisition and divestiture as well as being a
technical advisor to foreign and domestic companies looking to invest in U.S. oil and gas
business. His other studies include pipeline feasibility assessment, gas storage evaluation and
waterflood projects analysis. He also provides expert withess reports and testimony for legal
cases. Mr. Wheeler earned his B.Sc. degree from University of Oklahoma and M.Sc. from
University of Tulsa, both in Geology. He is a member of AAPG, SPE, SPEE, OIPA, TGS and
KGS.
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International Oil and Gas
Reserves & Resources and
Standard Overview

Dr. Richard Xu,
Chair of SEG Oil and Gas Reserves Committee
Standards on Oil and Gas Reserves and Resources Seminar. Beijing. 2020-11-19

Outline

» Concepts and definitions
* PRMS

* PRMS versus SEC

» SEG Role

Reserves/Resources Seminar, Beijing A

PRMS — Classification Framework

Project Maturity
PRODUCTION ibcarses
on Production
Devel
E Approved for Development

HEE
gle Justiied for Development
ilslz §  CONTINGENTRESOURCES Development Pending 5‘5
3z i ; £g
EARAN i Development On Hold £ES
z ] c ' c2 c3 S & .
H g i vevelopment uncariiea | [© &= Appraisal
3 a : Development Notviable | | § 8
E UnREcovERABLE S 5
H = == Discovery
5 § PROSPECTVE RESOURGES i Prospect H

w 2 u H q

i i H tead Exploration

oo v Po

1 i H play

UNRECOVERABLE
Range o Uncertainty [
Reserves/Resources Seminar, Belling Categorization modified from PRMS (2018) [ W
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PRMS and SEC Rule UNFC

+ Oil and gas (including oil sand and coalbed methane) * Sources including solar, wind, geothermal,

* 2 axis: Chance of Commerciality (class) and Range of hydro-marine, bioenergy, injection for storage,
Uncertainty (category) hydrocarbons, minerals, nuclear fuels and water

3 axis: environmental-socio-economic viability

(E), technical feasibility (F), degree of confidence

in the estimate (G)

=
Petroleum Resources
Management System

unece

United Nations Framework
Classification for Resources
Update 2019

LD @ @ s >

‘Guidelines for Application
of the Petroleum
Resources Management System

oo EEER ASPEE (.

Reserves/Resources Seminar, Beijing

Concepts and definitions

‘ Standard ‘

Guidelines are * Legal
authority or by general recommendations to users
consent as a basis of when specific standards do
comparison; an approved not apply.

model; an object that is
regarded as the usual or

_ Guideline

+ Criteria established by an

Detailed instructions on how
laws are to be enforced or
carried out and are
sometimes referred to as

Designed to streamline

e R e G 0emm :ertar:nt;)tLoczssets accg_rdlng |rulef or “administrative
of its kind. ac:ew at the best practices aws.

+ draw a sharp line between
. of advice or forbidden and permissible
instruction pertaining to conduct
practice.

Make things work by
providing ification:
(guidelines or requirements)
for products, services and
systems. + Originates in an organization
with acknowledged
professional standing.

Carry the force of law — their
application is mandatory

Penalty

If used consistently, they
ensure quality, safety and

efficiency. l

PRMS — Classification Framework

Project Maturity
PRODUCTION ‘Sub-classes.

on Production

Development
Approved for Development

OMMERCH

Justfied for Development

ONTINGENT RESOURCES.

TSCOVERED P

Development Pending

Development On Hold

E-
T

SUB-COMMERCIAL

Development Not Viable

Classification®™

UNRECOVERABLE - -fDiscove

e p—

Lead

TOTAL PETROLEUM INTIALLY-N-PLACE (PIFP

Exploration

play

UNRECOVERABLE

< Range of Uncortainiy> Nottoscal

Categorization

Reserves/Resources Seminar, Beijing

Forillustration, modified from PRMS (2018) L




PRMS - Definitions

‘ Reserve vs. resource (not exchangeable in most cases)

* Reserves are the quantities of petroleum anticipated to be
commercially recoverable by application of development
projects to known accumulations from a given date
forward under defined conditions.

* Reserves must satisfy four criteria: discovered,
recoverable, commercial, and remaining (as of the
evaluation’s effective date) based on the development
project(s) applied.

Resources Seminar, Beijing

PRMS - Definitions

‘ Reserve vs. resource (not exchangeable in most cases)

* Prospective Resources are those quantities of petroleum
estimated, as of a given date, to be potentially recoverable from
undiscovered accumulations by application of future
development projects.

* Prospective Resources have both an associated chance of
geologic discovery and a chance of development.

* Prospective Resources are further categorized in accordance
with the range of uncertainty associated with recoverable
estimates, assuming discovery and development and may be
subclassified base on project maturity.

Reserves/Resources Seminar, Beijing L

PRMS - Definitions

‘ Development Plan

« The design specifications, timing, and cost estimates of the
appraisal and development project(s) that are planned in a field | | : ===
or group of fields. il 1§

* The plan will include, but is not limited to, well locations,
completion techniques, drilling methods, processing facilities,
transportation, regulations, and marketing.

* The plan is often executed in phases when involving large,
complex, sequential recovery and/or extensive areas.

Reserves/Resources Seminar, Beijing L
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PRMS - Definitions

‘ Reserve vs. resource (not exchangeable in most cases) ‘

 Contingent Resources are those quantities of petroleum estima
as of a given date, to be potentially recoverable from known
accumulations, by the application of development project(s) not
currently considered to be commercial owing to one or more

Sty
contl‘ngences. . P P
« Contingent Resources have an associated chance of development. RESOURCES [ Devopmert s
. . K pr—
« Contingent Resources may include, for example, projects otV
« currently no viable markets, or
* commercial recovery is d dent on technology under or
« evaluation of the accumulation is insufficient to clearly assess commerciality.
« Contingent Resources are further categorized in accordance with the
range of uncertainty associated with the estimates and should be
sub-classed based on project maturity and/or economic status. n |

PRMS - Definitions

‘ Project — Key concept for Reserves ‘

* A defined activity or set of activities that provides the link between:
petroleum accumulation’s resources sub-class and the decision-| |
making process, including budget allocation.

* A project may, for example, constitute the development of a single
reservoir or field, an incremental development in a larger producing
field, or the integrated development of a group of several fields and
associated facilities (e.g. compression) with a common ownership.

* In general, an individual project will represent a specific maturity
level (sub-class) at which a decision is made on whether or not to
proceed (i.e. spend money), suspend, or remove.

* There should be an associated range of estimated recoverable
resources for that project. (See also Development Plan)

PRMS - Definitions

‘ Commerciality — to recognize Reserves

* Discovered recoverable quantities (Contingent Resources) may be considered
commercially mature, and thus attain Reserves classification, if the entity claiming
commerciality has demonstrated a firm intention to proceed with development.

* This means the entity has satisfied the internal decision criteria (typically rate of
return at or above the weighted average cost-of-capital or the hurdle rate).

Reserves/Resources Seminar, Bejing 1




PRMS - Definitions

‘ Commerciality — to recognize Reserves

* Commerciality is achieved with the entity’s commitment to the project and all of
the following criteria:
A. Evidence of a technically mature, feasible development plan
B. Evidence of financial appropriations either being in place or having a high likelihood of
being secured to implement the project
C. Evidence to support a reasonable time-frame for development
D. Areasonable assessment having positive economics and meet defined investment and

operating criteria, based on the estimated entitlement forecast quantities and associated
cash flow (See Net Cash-Flow Evaluation)

E. Areasonable expectation of @ market for forecast sales quantities of the production
required to justify development, similar confidence that all produced streams (e.g. oil, gas,
water, CO2) can be sold, stored, re-injected, or otherwise appropriately disposed

F. Evidence of the necessary production and transportation facilities

G. Evidence that legal, contractual, envir qulatory, and government approvals are
in place or will be forthcoming, together with resolving any social and economic concerns

| |

PRMS versus SEC Rule

'What is SEC Rule

* SEC (US Securities and Exchange Commission), an independent federal government
regulatory agency

Responsible for protecting investors, maintaining fair and orderly functioning of the ——
securities markets, and facilitating capital formation

Promotes full public disclosure, protects investors against fraudulent and
manipulative practices in the market, and monitors corporate takeover actions in
the United States.

“The Commission is adopting revisions to its oil and gas reporting disclosures which
exist in their current form in Regulation S—K and Regulation S—X under the Securities
Act of 1933 and the Securities Exchange Act of 1934, as well as Industry Guide 2.”

* “The revisions are intended to provide investors with a more meaningful and

comprehensive understanding of oil and gas reserves, which should help investors
evaluate the relative value of oil and gas companies.”

esources Seminar, Beijing

PRMS versus SEC Rule

PRMS SEC rule
1. Full portfolio 1

2. Allows a price scenario that escalates in the
future — company forecast scenario

Requires Proved Reserves (P1). Does not allow
reporting of Contingent or Prospective
Resources

2. Price based on the 1% day of the month for the
last 12 months, held constant, unless by a sales
contract

& Suggesls S years as a benchmark, but a longer
time-frame may be justifiable for contractual or
strategic objectives

4. Allow escalation
5. Reserve studies under PRMS are probablv not 4.

SEC compliant, but could be in alignmen
without too much modification

3. Requires 5 years for moving undeveloped
projects to developed

Requires operating costs and future capex be
based on conditions at the effective date, with
no future escalations.

Most prepared under SEC rule would be PRMS
compliant

Reserves/Resources Seminar, Bejing
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PRMS - Definitions

‘ Commercial versus Economic

* For a project to be commercial, it must generate an acceptable rate of return and
meet all of the other criteria discussed before.

« A project is economic if it has positive cash flow, for example, $1

* Price of oil and gas

PRMS versus SEC Rule

PRMS SEC rule

* By professional societies * Government agency
* Recommendation, industry
* Voluntary

* Law, legal

* Mandate for companies listed on
US stock markets

SOCIETY OF EXPLORATION
——— GEOPHYSICISTS ——

Mission of SEG-OGRC

-
4 i ReseRves ' onroductien to represent SEG as a society as

§ £ " s - Aoproved o Deviopment Production well as its member companies
HH s o I o P and member individuals, to
HHE s E— | POMER AT SEUE
HE § ic Il ,L wu: geophysical technologies and
z 3 = = I - i Pr— Acpraisal techniques to be utilized
I evelopment Not istle effectively and reliably in the
H mcovma | process of oil and gas reserves
H | rrosecmesoimces | Prospect and resources assessment for

iy 3 X - " Exploration the entities at all levels.

i i i y

"Categoriation




fseG

Mission of SEG-OGRC
SOCIETY OF EXPLORATION

OPHYSICISTS ——

Road Ahead

Unpenetrated Fault Block Example
FID taken on Ful Feld Development
~ Field with & fault bocks
+ Only Block D penetrated by E&A vl
Commerdilflowrates demonstrated n D-vell
3Development wells committed forin A5 & C blocks
Blue fault separates Block D from other blocks

» Mapping and bridging between the existing petroleum Reserves/Resources
systems, specifications and guidelines

ot A e s it i

* Guidelines for CO2 storage/geologic sequestration

Somblonc e Sond g FSDI Fll Sk

-

N i

P £l Sl e ot s
At pobhy sy oy e secignedi Soct A & . Gependngonine

g (Weiden. R, et al., 2012)
e e |

e
S Goosonca and Engieeng o

(Kloosterman and Pichon, 2012)
g the World of Applied Geophysics

Reserves/Resources Seminar, Beifing

Thanks!
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An Introduction
to API Safety
Standards

Roland Goodman
Manager, Upstream Standards
American Petroleum Institute

goodmanr@api.org

For industry, by industry

About API

* APl is an industry trade association representing all segments of the oil
and natural gas industry

* Over 600 member companies involved in all aspects of the oil and natural
gas industry

* Over 700 committees and task forces covering various advocacy and
technical issues

« Staff of ~275 located in Washington, DC and in 34 states

« International offices in Brazil, China, and the UAE
AP!

APl Members

600+ companies involved in all aspects of the global natural gas and oil industry
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U.S. Shale Gas Resources

* Prior to 2005, shale gas constituted 4% of U.S. gas production

* In 2018, tight oil (shale) development accounted for 50% of U.S. crude oil production
and 68% of U.S. natural gas production

* The U.S. has been a net energy importer since 1953 (67 years)

 Shale production is projected to increase from 30% of total U.S. gas production in 2010
to 49% by 2035??

* Current U.S. domestic production has moved the U.S. toward being a net energy
exporter
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API’s Global Industry Services Division

Mission: Provide world-class services that enable the oil and natural gas industry to operate
efficiently, safely, reliably, profitably, and sustainably

+ 100+ Employees * 200 Training Programs  + 56,000 Personnel Certifications in 128 Countries

+ 145 Auditors + 700+ Publications + 5,000 Company Certifications in 80+ Countries

+ 50,000+ Licensed Products

+ 200+ Events




API Standards Program Mission

Provide a forum for the development
of consensus-based industry
standards, and technical cooperation
to improve the industry’s safety
performance and competitiveness

API Standards

* APl standards are voluntary unless
* Required by national or local regulations
* Required by a contractual agreement
* Required by company policies/procedures
* APl is accredited by the American
National Standards Institute (ANSI)
= Transparent process
= Openness, balance, consensus, due process
= Program audited by ANSI every five years

.

Foundation of API quality and
certification programs

API Standards

Setting Standards Since 1924 to promote safety,
envir | pra ion, reliability, and i
through proven engineering practices.

API’s standards:

fiy, Coverallindustry segments
+ Upstream (Exploration & Production)
+ Downstream (Refining & Marketing)
* Midstream (Pipeline, Rail & Truck transportation, and Petroleum
Messurement]

American National Standards Institute (ANSI) accredited standards
developing organization

@ API now publishes +700 standards

Over 650 citations in U.S. Code of Federal Regulations
& AP}

Value of API Standards

* Improves operational safety and equipment reliability
* Improves equipment interchangeability
* Reduces regulatory compliance costs

* Reduces procurement costs

* Provides opportunities to share proven practices

API Standards Development Process

Transparent, impartial, and consensus-based process

Driven by research, data, and science-based decisions

Committees comprise of thousands of volunteers from industry, academia,
government, and NGO'’s

Collaborate with other standards bodies to avoid duplication; connect globally

Incorporate proven engineering practices, updated periodically

00060
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API St

ards and Transparen

o API Standards Plan is displayed online
in real-time
« Standards are shown in three phases:
*+  Pre-Ballot (Development)
+ Ballot (Acceptance)
* In-Editing (Publication)

Incorporation by Reference (IBR) Reading Room
+ Free, read-only access to standards incorporated by reference

International Usage & Deployment

REFERENCES [N NATIONAL
STANDARDS/REGULATIONS
REFERENCES IN NATIONAL STANDARDS.

\) 70%

of refarences were in national
standards and regulations
-

A

700+ Standards

API standards are incorporated
by reference into US federal and
state oil and gas regulations and
they are the most widely-cited
petroleum industry standards by
international regulators.

in state regulations

by U.S. federal government
organizations: U.S. Coast Guard, U.S.
EPA, FTC, BSEE, OSHA, and PHMSA

by Brazil, China, Saudi Arabia,
Singapore, Indonesia, Vietnam,
and others.

zation of Standards

Q

0y

American
Petraloum
st

AP| Standards Committees

Q API standards are developed by subcommittees and task groups
comprised of industry experts from around the world.

Participants from oil and gas companies, manufacturers and consultants,
service providers, government agencies and academia that have
expertise in the standards topic.

Opportunities for all stakeholders to comment on draft standards
through transparent public balloting process.

Summary

* API standards represents industry’s
collective wisdom on proven industry
practices developed for almost 100
years

API standards and programs are a key
part of industry operations

API standards are the most widely cited
standards by international regulators

APl encourages international
participation in its standards program
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g Upstream i

+ RP 75, Safety & Environmental
Management Systems for Offshore
Operations & Assets

+ Std 53, Well Control Equipment Systems
for Drilling Wells

* RP 54, Occupational Safety and Health

for Oil and Gas Well Drilling and

+ Committee on the Standardization of
Oilfield Equipment (CSOEM)

Important Safety Standards by Segment

Std 1160, Managing Sy
zardous Liguid Pip

+ Committee on Pipeline Standards

\{!} Downstream

* RP 754, Process Safety Indicators

+ Std 521, Pressure-Relieving and
Depressuring Systems

« RP 2001, Fire Protection in Refineries

* API 510, Pressure Vessel Inspection

+ Committee on Refining Equipment

Process Safety Group

« Drilling & Production Operations
« Safety and Fire Protection Group

AP

Additional API Upstream Safety Standards

Spec 14A — Subsurface Safety Valve Equipment

RP 14B — Design, Installation, Operation, Test, and Redress of Subsurface Safety Valve Systems

RP 14C - Analysis, Design, Installation, and Testing of Safety Systems for Offshore Production
Facilities

RP 14G - Fire Prevention and Control on Fixed Open-Type Offshore Production Platforms

RP 14J — Design and Hazards Analysis for Offshore Production Facilities

Spec 16A - Drill-through Equipment

Std 16AR — Repair and Remanufacture of Drill-Through Equipment

Spec 16C — Choke and Kill Equipment

Additional API Upstream Safety Standards

Spec 16D — Control Systems for Drilling Well Control Equipment and Control Systems for
Diverter Equipment

RP 49 — Drilling and Well Servicing Operations Involving Hydrogen Sulfide

RP 55 — Oil and Gas Producing and Gas Processing Plant Operations Involving Hydrogen Sulfide

RP 59 — Well Control Operations

RP 64 — Diverter Equipment Systems

RP 67 — Oilfield Explosives Safety

RP 74 — Occupational Safety for Onshore Oil and Gas Production Operation

Bull 75L — Development of a Safety and Environmental Management System for Onshore Oil
and Natural Gas Production Operation and Associated Activities ‘.ﬂ
r h

Additional API Upstream Safety Standards

RP 76 — Contractor Safety Management for Oil and Gas Drilling and Production Operations

RP 77, Risk-Based Approach for Managing Hydrocarbon Vapor Exposure During Tank Gauging,
Sampling,

and Maintenance of Onshore Production Facilities

RP 90 — Annular Casing Pressure Management for Offshore Wells

RP 90-2 — Annular Casing Pressure Management for Onshore Wells

RP 96 — Deepwater Well Design and Construction

Bull 97 — Well Construction Interface Document Guidelines

RP 98 — Personal Protective Equipment Selection for Oil Spill Responders

RP 99, Flash Fire Risk Assessment for the Upstream Oil and Gas Industry }.H

Additional API Midstream Safety Standards

RP 1110, Pressure Testing of Steel Pipelines for the Transportation of Gas, Petroleum Gas,
Hazardous Liquids, Highly Volatile Liquids, or Carbon Dioxide

RP 1133, Managing Hydrotechnical Hazards for Pipelines Located Onshore or Within Coastal
Areas

RP 1161, Pipeline Operator Qualification

RP 1168, Pipeline Control Room Management

RP 1169, Basic Inspection Requirements—New Pipeline Construction

RP 1171, Functional Integrity of Natural Gas Storage in Depleted Hydrocarbon Reservoirs and

Aquifer Reservoirs
AP

Additional API Midstream Safety Standards

RP 1176, Assessment and Management of Cracking in Pipelines

RP 1178, Integrity Data Management and Integration

RP 1179, Hydrostatic Testing as an Integrity Management Tool

RP 1181, Pipeline Operational Status Determination

RP 1182, Construction, Operation, and Maintenance of Large Diameter Rural Gas Gathering Lines

RP 1183, Assessment and Management of Dents in Pipelines
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Additional APl Downstream Safety Standards

* Std 520, Part |, Sizing, Selection, and Installation of Pressure-Relieving Devices—Part |—Sizing and
Selection

* Std 520, Part II, Sizing, Selection, and Installation of Pressure-Relieving Devices—Part Il—
Installation

* API 570, Piping Inspection Code: In-Service Inspection, Rating, Repair, and Alteration of Piping
Systems

RP 571, Damage Mechanisms Affecting Fixed Equipment in the Refining Industry

RP 572, Inspection Practices for Pressure Vessels

RP 573, Inspection of Fired Boilers and Heaters

RP 574, Inspection Practices for Piping System Components

RP 575, Inspection Practices for Atmospheric and Low-Pressure Storage Tanks

Additional APl Downstream Safety Standards

* RP 576, Inspection of Pressure-Relieving Devices

* RP 578, Guidelines for a Material Verification Program (MVP) for New and Existing Assets

AP| 579-1/ASME FFS-1, Fitness-for-Service

RP 580, Risk-based Inspection

RP 583, Corrosion Under Insulation and Fireproofing

RP 584, Integrity Operating Windows

RP 585, Pressure Equipment Integrity Incident Investigation

RP 598, Valve Inspection and Testing

Additional APl Downstream Safety Standards

* Std 653, Tank Inspection, Repair, Alteration, and Reconstruction

* RP 751, Safe Operation of Hydrofluoric Acid Alkylation Units

RP 752, Management of Hazards Associated with Location of Process Plant Permanent Buildings

RP 753, Management of Hazards Associated with Location of Process Plant Portable Buildings

RP 755, Fatigue Risk Management Systems for Personnel in the Refining and Petrochemical
Industries

RP 941, Steels for Hydrogen Service at Elevated Temperatures and Pressures in Petroleum
Refineries and Petrochemical Plants
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Information Links

* API Standards: International Usage and Deploy

« API Standards Plan — List of API standards under revision or development

« Standards Announcements — List of recent significant standards publication

« Catalog of Publications — List of published API standards and other publications

« Standards Balloting system — API standards open for public comme




Reserves Guidelines: 5W2H
Who, What, When, Why, Where, How,
How Much?

Doug Peacock
Technical Director
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Disclaimer

The material and opinions expressed in this webcast are those of the author.
While they reflect what is believed to be informed opinion, they are not
represented as being the opinions of the
SPE/WPC/AAPG/SPEE/SEG/SPWLA/EAGE or the US Securities and Exchange
Commission nor its staff. Readers are urged to obtain independent advice on
any matter relating to the interpretation of reserves and resources definitions and
guidance.

The author is acting in an advisory capacity only and, to the fullest extent
permitted by law, disclaims all liability for actions or losses derived from any
actual or purported reliance on this webcast (or any other statements or opinions
of the author) by any other person or entity.

Gof
Cine’

Presentation Outline

*+ Why do we need reserves definitions and guidelines?  \yhy?
* What Guidelines exist?
« When did they originate? Wieie
* Where do they come from? When?
« Where are they applicable? Where?
* Who prepares the guidelines and definitions? Who?
¢ Who uses them
« How did they originate? How?
« How do we apply them?
How Much?

* How Much Reserves?

Gof
Cine’

Why Estimate Reserves and Resources?

The Need Why do we need reserves & resources?

« To create a platform for internal business decisions
« To meet public reporting requirements

« To comply with government regulations

« In connection with mergers and acquisitions

« To raise project finance

*
il

% « To raise public funds

[ comment |

 These are very different objectives!

Galiney  but we use a common set of guidelines for all

?
Common Language® S ——

reserves guidelines?

Reserves guidelines such as
PRMS provide a common
language to estimate and
report reserves and resources
volumes

Allows better communication
and understanding across:

« Companies

« Countries

Disciplines

Stakeholders

Gof
Cine’
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Reserves Classification History  what guidelines are used?

20 © B i W

2018 2018 PRMS COGEH
2018
NPD 2016
2011 Application
5010 Guidelines 1172010
SEC UNFC-2009
PRMS Revised COGEH 2
2007 Regulations Ed Vol 1&3
2005 OGR Mapping 2005
PRO-2005 RF-2005
2002 coced UNFC-2004
SPEMPCIAAPG Handbook NPD 2001
2000 Resources _ sec Vols 182
Definitionsand ~~ Clarifications First formal
Classification Reserves
Definition
1978 SEC Proved o
Reserves (1984)
Golfney  spE Proved
1065 geserves




Historical Development of Reserves Classification Why did they
originate?
« In the early days of the oil industry, properties were assessed
more by production than reserves; early practice was to produce
as quickly as possible

As regulations to prevent “rule of capture” and other conservation
measures were activated to prevent inefficient recovery, oil
companies became more integrated, planning supply for refining -
operations etc. became important such that quantifying in-place
volumes, production rates, future profiles, economics etc. became |=
important

First estimations of “Reserves” provided in 1925 by the American
Petroleum Institute (API). In 1936, the API will introduce terms
such as “Proved” or “Reasonable Certainty”

» Mining industry was going through a similar process

Gof
Cine’

Reserves/Resources Classification History How did they
develop?

API and AGA and Former Soviet Union systems — 1930 and 1940s roved
+ SPE definition of proved reserves — 1965 =

+ SEC Proved Reserves definitions — 1978 Prbatie & 1940's

+ SPE definitions for probable and possible reserves — 1987 added

* SPE/WPC reserves definitions — 1997 P

« SPE/WPCIAAPG and 1 system — 2000 recoonsed

+ SEC Website “clarifications” 2000 and 2001

+ Canadian Oil and Gas Association Handbook (COGEH) Volumes 1 and 2 - 2

« SPE/WPC/AAPG/SPEE Petroleum Resources Management System — 2007 e

+ COGEH Second Edition Volume | and Volume 3 - 2007 PRMS First 2007

« SEC revised regulations — 2009 (1/1/2010 effective date) Bekassd N

+ SPE/WPC/AAPG/SPEE/SEG guidelines for the application of the PRMS — 2011 4

+ SEC responses to “FAQs” — 2009 and 2013 PRMS 2018

+ SPE/WPC/AAPG/SPEE/SEG/SPWLA/EAGE ~ PRMS update 2018 feleased

Galfney Y 2018
Cline 2 i

PRMS Adoption by Key Stakeholders

Who uses them?

Securities
Regulators
g::aijsaE(cc)sA) Government Reporting
Hong Kong (HKEX) =
Australia (ASX) ORES
UK (LSE-AIM) NPD - Norway
singapore (SGX) BOEM - USA Offshofe’
Argentina ANP - Brazil
Netherlands CNH — Mexico
Brazil T Soeomel A ANH - Colombia
Fi |

Italy MENLEL & several others
France International &Y UNFC — United Nations
South Africa i
(ESMA) Stand(:-x/r\cé;l)?&uard

g -

PRMS 2018 Sponsors Who prepares
the PRMS?

Maintained by SPE Oil and Gas Reserves Committee

(OGRC); co-sponsored by: . -

OGRC is responsible for
definitions, standards,
guidelines and related
documents

OGRC is a global, multi-
disciplinary, multi-company
committee of ~14 people

Society of Petroleum Engineers (SPE)

World Petroleum Council (WPC)

American Association of Petroleum Geologists (AAPG)
Society of Petroleum Evaluation Engineers (SPEE)
Society of Exploration Geophysicists (SEG)

Society of Petrophysicists and Well Log Analysts (SPWLA)
European Association of Geoscientists and Engineers (EAGE)

Gof
Cine’

PRMS is designed to support asset management

“Cradle to Grave”
Aligns with the hydrocarbon finding,

- developing and producing business!
Goneraip

Wildeat
. Drilling

When is PRMS

= used in project life?
o2& &

Discovery,
Appraisal,

Development

Field
Optimization

It

Decline,
Abandanment

Multi-disciplinary Teams

Gof
Cine’ w
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Resources Classification

What is PRMS?

Insights on Unconventional Gas.....1

PRODUETION . . .
» Common issues related to unconventional gas reserves evaluation:
F i resenEs :
£ = FIr—. " « Estimating ultimate recovery in existing producing wells is difficult O,
' ] - £ . 3: . » « Identifying flow regimes can be hard
H e T i « Flow may be transient for many years
HE T EmEEaae E - « “b” factor often >1 at start but will decline with time
I “5: m | z £ « Can use a minimum decline Dmin
H o g a o E ]
§ H =
H i L « Estimating recovery in to be drilled wells
"UNRECOVERABLE ® 5] + Are the undrilled locations truly analogous to the developed?
1 PROSPECTIVERESOURCES i g + Historical wells in best locations? (sweet spots)
o & ) H + Need large number of analogous wells to perform a reliable estimate
& . ih
i i H H
Useful References
NRECOVERABLE SPEE Monograph 4:Estimating Ulimate Recovery of Developed Welks in Unconvenionl (Low-Permeaiity) Reservoirs
SPEE Monograph 3: Guidelnes fo the Praciical Evaluation of Undeveloped Reserves i e Plays
Golfney Rangs of Uncenainty ottesese . Galfney
Cline Cateqorization LSS Cline PSSR
Insights on Unconventional Gas.....2 Summary

+ Common issues related to unconventional gas reserves evaluation:

+ Project Definition
+ One “mega-project” or many small projects
«+ What have you committed to actually drilling?
+ How far ahead? 5 Years?
+ Sweet spots vs “factory drilling”
« As project develops, wells will develop poorer reservoir

+ Economic Issues
+ Is Project economic? (depending on how project is defined)
« Level at which to perform economic assessment? (mega-
project or each small project)
« If best areas (sweet spots) are drilled first, economics of
new wells/project will be worse
Qil/Gas Prices will impact commitment to drilling and
economics

Gof
Cine’

« Reserves definitions and guidelines allow a common
language for oil & gas companies, governments,
investors, financial institutions etc.

‘ * PRMS is the most widely used system internationally,
although other systems exist in some countries

» Reserves definitions and guidelines have evolved
over time to meet needs of industry as it has changed

=, PRMS continues to evolve and has many training
=~ courses, workshops, presentations etc. to help
understanding

Gof
Cine’

Reserves Guidelines: 5W2H
Who, What, When, Why, Where How,
How Much?

Doug Peacock
Technical Director

Galfney

Cline
Galfney
Cline
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Outline
Considerations When S
Reserve/Resource classifications

EStImatmg : Evaluation process
Reserves/Resources in Forecast methods

Unconventional Play Fundamentals
Examples

LEE KEELING AN . INC. LEE KEELING AND ASSOCIATES, INC.
INTES L INTERNATIONAL PETROLEUM CONSULTANTS

Reserve/Resource Classifications

Reserves:
Those quantities
PRMS (Petroleum Resources engineering data, be
Management System) commercially recoverable from a given
SPE, WPC, AAPG, SPEE, SEG, and under defined
SPWLA, EAGE d government regulations
Latest version 2018

£
£

< Discovered
+» Recoverable
< Commercial
«» Remaining

U COMMERCIAL

SEC (Securities and
Exchange Commission)
Agency of US federal government
Independent
Latest version 2009-2010

ncrasaing Ghance of Commerciaiy

LEE KEELINGAND CIATES, INC. LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUN GONSULTANTS

Reserve/Resource Classifications Reserve/Resource Classifications

Contingent Resources:
Those quantities of petroleum estimated, as of a given date, to Prospective Resources:
be potentially recoverable from known accumulations by quantiti ated a given date, to
application of development projects, but which are not b mulations by application of
currently considered to be commercially recoverable owing to
one or more contingencie

+ No viable market
“* Technology under development
Not commercial due to prices

LEE KEELING AND ASSOCIATES, INC. LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEL INTERNATIONAL PETROLEUM
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_ The Setting
Evaluation Process

Determine the setting

Determine volumes

Determine economic parameters
Calculate the Value

Tens of mies

LEE KEELING AND ASSOCIATES, INC. LEE KEELING AND ASSOCIATES, INC. Soiifce: Sonnenberg and Meckel, 2016
INTERNATIONAL PETROLEUM CONSULTANTS INTERNATIONAL PETROLEUM CON

The Setting Original Oil in Place
7,758 x (]) x (1-Sw) xAx h
Project type 00IP =
Structure and isopach maps
Well logs and cross sections
Core analysis

Where: Bo

7,758 = Reservoir bbls per ac-ft
¢ = Porosity (percent)

Production tests/fluid data Sw = Water Saturation (percent)
Nearby analogous wells A = Area (acres)

Current production data h = Net thickness (ft)
Bo = Formation Volume factor (RB#

LEE KEELING AND ASSOCIATES, INC. LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS INTERNATIONAL PETROLEUM CONSULTANTS

Original Gas in Place (free gas) Recoverable volume estimation methods

OGIP = 43,560 x ¢ x (1-Sw) x Axh x Bg Decline Curve Analysis (DCA) L e
Where: Rate Transient Analysis (RTA) e
. . . Elevation
43,560 = Reservoir gas CF per ac-ft ResSiR i i e it ot amrations
Formation volume factors
q‘) = Porosity (percent) /.

S Water Saturation (percent) il : Flid densities

Time I;D::k properties -
= 1 q Production (oil, gas) elative permeabilities
A = Area (acres) B nEhe) Capillary pressure

i PVT properties. Pore-volume compressibilites
h = Net thickness (ft) Static reservoir properties Well location
i jine Well length (heel to toe) Producing interval )
Bg = Gas formation volume factor (SCE/GE) Production ( S e et Production history of fluids present
» Number of fracture stages. Bottom-hole pressure and productivity index
Perforated lateral length
Stage spacing
LEE KEELING AND ASSOCIATES, INC. LEE KEELING AND ASSOCIATES, INC.

INTERNATIONAL PETROLEUM CONSULTANTS INTERNATIONAL PETROLEUM CONSULTANTS
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Forecast Models Decline Curve Analysis
AIpPS (Arps, J. J, 1944, “Analysis of Decline Curves”, Forecast using existing production for each well
Trans. AIME (1945), vol 160, p. 228)
Modified Arps
Modified Fetkovitch (urtec 2019-39)
Stretched exponential
Sliding B-factor
Variable Power Law (urtec 2019-39)
Rate Transient Analysis (RTA)
Reservoir Simulation

Given a collection of wells or a single well
roup wells with similar characteristics

Develop a type well profile to use to evaluate tl
adjacent locations with similar characteristics

LEE KEELING AND ASSOCIATES, INC. LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS INTERNATIONAL PETROLEUM CONSULTANTS

Type well profile Fundamentals

Haynesville - gas Flow Regimes

* 20 wells

*Transient linear flow
*Transition flow
*Boundary-dominated flow
*Operator controlled

* How to fit this curve?

£
5,
H

Wttty
ol B g 8 T A

A TTT 0w
Tt

Fracture Interference Boundary dominated flow

No. of months

LEE KEELINGAND 3 LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM INTERNATIONAL PETROLEUM CONSULTANTS

(SPE-188071-MS)

Fundamentals and theories Flow Regimes

Complicating factors

Early off-trend flow (fracture clean-up, choked flow)

Bilinear flow Multiphase (gas-oil) flow in reservoir (extends

transition time)
Wttty
\A A Lo . -
= 133 o o Interference between adjacent wells at late time
TTYYYY YN

TIME Fracture Interference Boundary dominated flow

aste[]reen

LEE KEELING AND ASSOCIATES, INC. LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUN CONSULTANTS:

INTERNATIONAL PETROLEUN CONSULTANTS:
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Arps’ hyperbolic decline model Dmin when b > 1

After matching historical production and
determining the hyperbolic exponent, b, Itis
recommended that we define minimum final
Decline Rate, Dmin (final exponential decline)

Method used in most commercial software

imptions for constant b-factor:
Boundary dominated flow e —— ————

No change to productivity index Years of Error in
Constant drainage area History Remaining
Matched Reserves %

Empir

Dmin should be used because hyperbolic curve
extrapolation with b >1 can seriously
overestimate future production and life of well

Limitations "
« forecasts only using early data is poor and Just as a reservoir in a given geological environment has a typical “b” value,

we should identify and use typical “Dmin” value

(SPE 945228) ¥ Analogy is best way to select “b” value and Dmin

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUN CONSULTANTS

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUN CONSULTANTS

Type well profile

Haynesville - gas
* 20 wells

* How to fit this curve?

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS

Type well profile

Haynesville - gas
* 20 wells

* How to fit this curve?

Rate mef/month

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS

£
g
H

No. of months

52

Type well profile

Haynesville - gas
* 20 wells

* How to fit this curve?

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS

Type well profile

Haynesville - ga:
* 20 wells

* How to fit this curve?

Rate mef/month

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS

Rate mef/month

No. of months




Type well profile — Barnett Shale

Barnett shale - gas

 well cost $2-3 MM
«b=15
* EUR 3-4 Bcf

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS

Economic parameters

CAPEX — Capital Expenditures
Drilling costs (logs, cores)
Completion costs (stimulation, microseismic)
Testing costs (BHP)
OPEX — Operating Expenses
Personnel costs
SWD costs
Chemical costs

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS

Calculate the Value

Use your favorite economics calculator
ARIES
PHDwin
OGRE
Power tools
Navigator
Many others

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS

53

Type well profile — Eagle Ford
Eagle Ford - oil

+ well cost $5-8 MM
* b=0.8
* EUR 65,000 bbl

Rate bbl/month

A
No. of months
LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS

Economic parameters

CGT costs
Compression
Gathering
Transportation
Product pricing
NYMEX or other index pricing
Bank Pricing
Flat
Differentials (field v. NYMEX)

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS

serve/Resource Classification

suncouermin | commnci

Incraasing Ghance of Commerciaity

LEE KEELING AND ASSOCIATES, INC.
INTERNATIONAL PETROLEUM CONSULTANTS




LEE KEELIN
INTERNA

Thanks!

johnw@lkaengineers.com
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HnSEEFENNLSEFE58%E

Some Understandings & Thoughts on Oil and Gas Reserves

i+%E (Bingyu Ji)
HERERZ2F)(Sinopec)

REEKERRFEHTR 20204 118 198

SINOPEC Explortion & Production esearh Insttte

S ERRRERIAREROAR  REFHRARSUE,

serves are the collective term for geological reserves and recoverable reserves

- HUERGEER : FRMGEER. SRIGEE. ROBMEE. FRBNMSHEERINTHIREE.

Geological reserves: predicted reserves, controlled reserves, proven reserves, recalculated reserves after development,
and dynamic geological reserves.

- TIRFEER : BATR. SR, REFTRES.

Recoverable reserves: technically

2. 58555 , MSHEEISEFTRRTIRMEE (Reserves ) , YISPE, SEC, WPCH

In the West, it mainly refers to the remaining economically recoverable reserves , such as SPE reserves, SEC
reserves and WPC reserves, etc.

3. i, REEERMARERE FHRTISINISRESHARSS | SECHEE. SPERMEIRAE
ZRIF | FRLAREIRORERAEENEE.

In recent years, with the listing of Chinese oil companies in the United States and overseas oil and gas
investment and technical services, SEC reserves and SPE reserves standards have also been widely used, so
China’s reserves have more connotations.

—. HBRHER (Geological Reserves)
=, TIRAEE (Recoverable Reserves)
=. SEC{i&&= (SEC Reserves)

70, SPEfi%MR (SPE Reserves)

Fy JLAEEW, (Some suggests)

Contents
Bx

GR by resource conditions,_and significantly affected by the technical level of exploration and development stages.

—, HbfE{iZM (Geological Reserves, GR)

MRS B FES RRIHSE (Original Oil in Place, OOIP), ENFMEREIEFRAUMKE. HHLE
; TPNMEREIRIRIBGER ; FAREFMEREIEHESENNSIHRER.

GR is the OOIP in the West. In exploration stage, predicted reserves and controlled reserves; In evaluation stage, proven
reserves; In development and production stage, reserves recalculation and dynamic geological reserves.

ERE—MEFARNIE , FOEERNER | —ENDFRBARESEHERNIES , —2EA
M.

Reserves are a gradual upgrade process. It is affected by two factors: one is the increase in data and information from

to and ion, and the other is technological progress.
Bl , (ERBUSHRARFHREIHE T SELFRTIR (50mdiEE1md ) |, BMTHIRES | WHSHA
BARMEEIHET EEFL TR (0.5mEE0.2m ) , BHABREE , ISNAKHBEBZIEHEE,

For example, the upgrading of reservoir reconstruction technology has lowered the lower limit of permeability (50md to 1md)
has reduced the lower limit of thickness

and increased geological reserves; the of logging and
development (0.5m to 0.2m), liberating lots of thin layers increasing the reserves of Daging Oilfield by hundreds of millions of tons.

MEEESRFERRM , REZMRNARMERNEAKEHRE

—, HbfE{iZ# (Geological Reserves, GR)

1.1 {EEfEERIER Role of geological reserves

(1) TIREEATEEM Calculation basis of recoverable reserves

TISRAEE - HEFREESRICE Rec reserves = logical reserves * recovery factor

(2) ERAEMYSIRIHYEL Basis of field development planning and design

FE=EESE*KhiEE Production = Geological Reserves * Oil Recovery Speed

(3) METRUEMEIAER Basis of facility planning

VRS, BPEERhkiE. REREHIA  SSHEHHRIE, IETRIREEXRSE.

Calculate BGESP based on production scale and stable production years. Excessive estimation of geological reserves

d surf:

will lead to huge waste of i in drilli

—, HbfE{iZM (Geological Reserves, GR)

(4) IZERICEMLLGIHOEEY Basis of planning and design for EOR

Increase in reserves = geological reserves * increase recovery factor

AFHERES YIRS RINEE12%-18% Polymer flooding enhances oil recovery by 12%-18% in Daging oilfield

(5) ERBERHNENEM HSEREAERAE  LIRERMEEE00]  RRHTHE,

Basis for national policy formulation 0il and gas resources are owned by the state and need to be reported to the

State Reserve Committee and other depa for

(6) HESRAER KBRHBNREESEE1{ZMNXSHEL00025. ...

Basis of oilfield classification  Large oilfields exceed 100 million tons, large gas fields exceed 100 billion cubic meters......

(7) iBARNSEITE |, HEEWERMERIET

A sign of oil company performance, an important evaluation index for oil field companies

55




—. MREfEE (Geological Reserves, GR)

1.2 i EfEEAYS 25K Classification and evolution of geological reserves

+ SO : EMABEERS XSRS, WAL A2, B, Cl. C2 RDREE

1950s: Borrowing the classification and series of reserves of the former Soviet Union, such as A1, A2, B, C1, C2 and D class, etc.

© TR ISR, —RER (RBMER ) . ZRER (BSIRE) . SRHER (F5R8)
After 1977: Divided into three levels, first-level reserves (Proved Reserves), second-level reserves (Basically Proven Reserves), and
third-level reserves (To Be Proven Reserves)

- RS : TRMGER. IERIGEE. ROBMEE

In recent years: predicted reserves, controlled reserves, proven reserves

+ LibfE : IBNTSECHEE. FIRMERDDEATR. SFAREE

After listi

: adding SEC reserves, reserves i etc)

—. MREfEE (Geological Reserves, GR)

1.3 R Rt &% BB The Diversity of OOIP/OIGP Calculation methods
EEEITEAERTRAMBREREEHEN. BRSEA R, FREAHSSN

The calculation method of geological reserves is affected by the increase of information at different stages, the
upgrading of description methods, and the progress of development technology.

(1) 8% (Volume Method )
N=A+h+@«S,*p,/B,

(2) MRS ( Geological modeling method )/

SteRaiisiat , mdrrsam T REEIRE, RASTR  ISRERATEIR.

method fully describes the

Compared with the traditional volumetric method, the geological modeli

heterogeneity of the reservoir. It is the integral form, and the volume method is the egalitarian form.

—, HbfE{iZM (Geological Reserves, GR)

( 3) &% ( Dynamic based Method )
Gill : KIMSERLERHE ((PEASKBESBIKRSENTE) | WREGHSEAH

For oil: Mainly based on 3 by the material balance equation.

KRS : YEREHE. MKF=RMBREIHT : Fetkovich . Blasingame &

For natural gas: material balance equation, modern production decline analysis, Fetch vi, Blasingame, etc.
(4) E{ERLIE ( Numerical reservoir simulation )
LRERBADEE  MOERIEHER  BORSHEMaH—SEE, LEER , BREE.

It is essentially a dynamic method, based on geological modeling, and further modified by dynamic history matching. More

accurate, but time-consuming and labor-intensive.

Dynamic Method 1 = = i

—, HbfE{iZM (Geological Reserves, GR)

1.4 Z{EI5E Problems
> EEREEYE TRRONE, ARE. SHSENE. SEETRAR—

> The lower limit of physical properties for geological reserves calculation is lack of specifications. The lower limits of
porosity, oil and gas saturation, and permeability are not uniform.

—LHRZfERRO ST,

Some oil fields lack oil and gas welltest data when submitting reserves.
FERZRBERE SRR C R EER

The production capacity has been built without clear proven reserves or even control of reserves.
FHEABMDIEEARTHE , (ERRHEINEE

There are a large number of reserves that have been proven not to exist but have not been written off
FEFLEHRERANEFRSEGER  FERETIREEAT100%491ER

> During the development stage, the geological reserves increased but not recalculated, and the calibrated recovery rate was

Vv YV oY ov

v

too high or even greater than 100%.

ROFASERGTIITN TIFRESLAITE

> Lack of differentiated standards for well density etc. under different complex geological conditions

v

—.. AIRfi%E (Recoverable Reserves)

2.1 HARTIR(EE Technically recoverable reserves

> BN : BERUSKEIS%HUWRITRARFAZRATRER. CTRIBEFUTRER , 250-60FRIFER
F. HNSRETHRSTES , ERIBRORATRER.

> China often uses the cumulative oil recovery at 98% water cut as the technically recoverable reserves. It is essentially
economically recoverable reserves, which is the break-even point under the conditions of operating costs and oil prices
during 19505 - 1960s, and is later used to be called technically recoverable reserves.

Fil : FKI00%HTREBHTEHSE ? SHNSSRERTIRER , RIBRFLEMH.

Dispute: Is it more reasonable to calculate reserves based on 100% water cut or zero production limit? It has nothing to do

v

v

with economic factors such as oil prices, and mainly reflects geological diti
> SFEER (MISEHRITRBE ) SEMNERTMRX
> ion years (such as ive oil ion of 15 years ) is greatly affected by subjective factors.

> BATIRMERITE, WEEMEY ? EREPRIFEA(ER ?
> Does the technically recoverable reserves standards and specifications need to be redefined? How can it play a greater role

in decision-making?

—. AIRfi%E (Recoverable Reserves)

2.2 BATRMERITESE Calcul hod of technically r reserves

Production-Time

> FRRAED : BWARE , Kbk

> Before development: empirical formula method,

analogy method

> FRRE : FRERHIE. KIRSEREE (PERS
&) . HEEiE

» After
waterflooding characteristic curve method (Chinese

development:  production  decline  curve, il

characteristics), numerical simulation method

SFUREBUMSTEDKE , FEGEM. E=iE. SFERESRET  8K9%BTEFEL.
Economically recoverable reserves are based on the cash flow method, similar to the West. Under the conditions of
high oil prices and high liquid production, 99% water cut can still be economical and effective.
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= SEC{i&& (SEC Reserves)

3.1 SECHAERIAEEMEEIEIT Management index
HEMAREE.LHIE | SECHRANEENEEIST , BN ESHWEERIET.

After the Chinese oil company went public in the United States, SEC reserves have become an important company’s operating
indicator and an important performance evaluation indicator.

BRREFIRMERER , SECRESKERB— M ESIER
In addition to the total remaining economically recoverable reserves, the SEC reserve replacement rate (RRR) is another
important indicator.c

New economically recoverable reserves

SEC RRR=

X100%

Production of this year
m SEC RRR>100% , fkSIEEE/3E , AERBAIRYF (strong reserve replacement potential and good development prospects)

m SEC RRR=100% , AFIESIHEIRELRRBFRENE (The company has a sustainable and stable development resource base)

= SEC{i&& (SEC Reserves)

3.2 ATHFHEFIEIRE Company's depreciation rate index
2009552 , EMEFRAIHRITE | EMINESARMEENEERMNADMITE | HRNADFE.

Since 2009, the production method has been used to calculate the company's depletion, and the SEC's developed reserves data
SECIF/&ifisE
4EAF=E ( Current production IREEEIE
HAREFRSECHEE + Z4HAF~& (SEC reserves developed at the end of
the period + current production)

Ir#E(Depletion) = HBFKMS =128 x HTHEZE (Net assets at the end of the period x depletion rate)

Fi(Profit) = PR - IREREZ - #THE - $FIE (BB ) - BEAIT

(production x oil pri depl (fixed )

directly affects the company’s depletion, which in turn affects the company’s profit.

$T#E= (Depletion rate) =

I taxes)

¢ FERRC TR ATNS ARSI 7RISR E4R S SECHERITEEREX

= SECRRR<100% , FREHAE , KEAIRMEN resource bleak prospects) 4 of 7 indicators of Sinopec's performance appraisal of branch companies are related to the results of SEC reserves evaluation
=. SECfi 3 (SEC Reserves) = SECfiE (SEC Reserves)
3.3 SECfEE$¥ Reserve classification (1) iECEFRHER Proved Development Reserves, PD
! I | BEWEH, RANGEEMRESGE , MERTRE0ESR,
el Probable Possible ) P.D refer-s to the expected r.e:overable reserves through existing wells, using
P1) (P2) (P3) existing and hod
T

i ]
|Proved Development | ‘ Proved Undevelopment
(PD) CPUD)

Producing Not Producing
(PDP) (PDNP)

‘ Shut In ‘ | Behind Pipe

(2) IEEERFFKHER Proved Undevelopment Reserves, PUD

TRHIMFIEH IR AT | ARBEZIRSBMRTERH SRR,
PU refers to the reserves that are expected to be recovered from new wells in
areas that have never been drilled, or that need to pay more for re-completion.

=. SEC{i% (SEC Reserves)

3.4 {FEAE Problems

> TERMKER , RARBRER , ULERASREANE-ESTRRREERS”. ISR LSEE
EhR , MERHE.

> SEC reserves mainly reflect book profits and does not reflect cash flow. The allocation of production based on the maximum
cash flow is higher than that based on profit. Cash flow is more practical for business operations, and cash flow is king.

> FEIHRIEFEES  FRERNETIFRE | BN SRR HHHERERK,

There are many EOR methods to increase production in China's

v

ields, and the law of production decline is difficult to
determine. The results of exponential decline and hyperbolic decline methods are very different.
PD+PUD ? iE&EN&EM ?
PD+PUD? Simple addition rationality
eRi T—ESECHERIEIR . W™=, PR , M\ LXE , ERiEeESR.

In order to complete the SEC reserve target for the next year, the oil company made a general statement by amplifying

v v v

v

production and reducing the decline rate without considering the after-effect.

IEHAFERIRSSECEERIMA, BN TLERERAFL | SBNIRAR.

Fluctuations in oil prices and production have a major impact on SEC reserves. Necessary investment cannot keep up with

v

v

low oil prices, and too late when high oil prices.

4. SPEfi%# (SPE Reserves)
REEBMNREIRE. SEMRSLSIES , SPEERSH, BEEINASIRESNR

With the increase of overseas project investment, operation and service business, the classification,

management and application of SPE reserves have been highly valued
SPE-PRMSf#E/ RS BMIIKMELR SPE-PRMS reserve/resource classification framework
| Btk (Production)

k2]
Hes
SE:
EE§“

47 ¥R B (Contingent Resour ces)

LowEstimate ,.  BesEStimate  ,. High Estimate o
(P50) (P10)

(P90)

ERTMAEME:
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PO, SPEf#= (SPE Reserves)

SPEfi$R SSECHERAIRTLL :

Comparison of SPE reserves and SEC reserves

> SEC{UZSPEfSRHEHIELRIES , FEIFCKEE.

SEC is only the proven part of SPE reserves, excluding C-type reserves.

> SPEf$ENTETILARIFIFEME{Y , FSECAERITERALERITEEZAI 1 24 BiliRFI9E.
SPE reserves evaluation can use predicted oil prices, while SEC reserves evaluation can only use the

average value of oil prices 12 months before the evaluation date.

A JLEEEIY (Some suggests)

(1) HSHEEERHRESESRNERAMNIS , FERMCULRIERSS

Reserves management is an important part of oil reservoir operation and management, and it needs to take
into account the development of the enterprise and the national purpose.
(2) BMFERIISHRES~MIINOOIPFERA , RESEN , MERIFENERNHAERH—$5xE

There is a big conflict between the exploration department and the development and production
need to be further

department about OOIP which is universal. The reserve and

improved.

(3) iHEARItEERZEE. ITHHEERESHTNX , AREEEMER , SXHESHEAR

. ZEESHAFRBIBRRANANAEEEH Bl akBhSERNE.
It is difficult for oilfield jes to write off ical reserves. The i

reserves confirmed by drilling wells vary greatly, especially the thickness and area. The parameters changes in

of the

complex oilfield are particularly prominent. Difficulties in write-off have caused the development department to

bear a large burden of PUD. Therefore, we propose to introduce a dynamic reserve management method

A, JLEEEIY (Some suggests)

(4) EER2EREERN , Rk, BSCEERE. NMIRESITRESRERM. ESHSER
S5EMEEERREEMAREASEERA , RESHU RS PMTENERAEENE.

the whole life cycle of the reservoir. Make

Manage reserves and
overall plans from geological reserves to reserves. L ional reserves and
reserves are quite different in terms of resource and itati Thus, it is necessary to
develop targeted i and di i methods.

(5) EIFSECiERSEMTIRERXR , RIEFSENIER.

The relationship between SEC reserves and domestic recoverable reserves needs to be straightened out ,

so that they can play their respective roles.
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