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What Are Hydrocarbon Reserves?

"Reserves are those quantities of petroleum anticipated to be 

commercially recoverable by application of development projects 

to known accumulations [hydrocarbon reservoirs] from a given date 

forward under defined conditions."

Petroleum Reserves and Resources Classification and Definitions

(Excerpted from the Petroleum Resources Management System approved by

the Society of Petroleum Engineers (SPE) Board of Directors, June 2018)

Therefore, all reserves volumes MUST be:

1. Economic to produce

2. Associated with a firm development plan

3. “Discovered”

4. Remaining recoverable from a certain date
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Why are Reserves Volumes Relevant to Fair Market Value?

Reserves estimation typically requires a combination of:

• Geologic analysis of the hydrocarbon volumes originally in place

• Engineering analysis of production potential based on operator’s development plan

• Economic analysis and cash flow modelling to confirm economic viability

Therefore, all reserves evaluations produce:

1. Forecast of future sales volumes

2. Field-level cash flow model

A cash flow model incorporating both the physical and economic constraints of hydrocarbon 
production are critical to valuation of hydrocarbon assets
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Reserves Are Categorized by Certainty of Recovery

Proved

• Lowest risk category, reasonable certainty of recovery 
under current economic conditions

• SEC defines reasonable certainty as "much more likely 
to be achieved than not"

Probable

• Moderate risk categorization

• Proved + Probable reserves have equally likely chance 
of being recovered as not (“most likely”)

Possible

• More speculative, low degree of certainty

High

Low
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Why Do We Need Reserves Definitions?

• To quantify the range of uncertainty of 
recoverable hydrocarbons

• To standardize classification of 
reserves/resources within the petroleum 
industry

• To provide capital markets with consistent 
standards for asset valuation
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Authorities in Reserves/Resources Categorization

• Securities and Exchange Commission (SEC)

• Canadian Securities Administrators (CSA - NI 51-101)

• Petroleum Resource Management System (PRMS)

• Society of Petroleum Engineers (SPE)

• American Association of Petroleum Geologists (AAPG)

• World Petroleum Council (WPC)

• Society of Petroleum Evaluation Engineers (SPEE)

• Various foreign governments, professional societies, and 

financial markets (typically refer to PRMS definitions)
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When & Why Are Reserves Reports Prepared?

External

• Security filings (SEC, International Exchanges - London, Hong Kong, Singapore)

• Public disclosure (press releases, annual reports)

• External financing/joint ventures/privatization

• Property sales/acquisition diligence

• Unitizations/equity determinations

• Reports for governmental agencies (foreign and domestic)

Internal

• Corporate planning and financial decisions

• Accounting requirements such as depletion calculations, etc.

• Monitoring success of exploration and acquisition programs

Regardless of the ultimate audience… independence of the evaluator is key.

Page 7



Example - Report Letter
Estimates of Reserves and Revenue
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Example - Summary Table
Reserves and Gross Revenue
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Example - Summary Table
Expenses and Net Revenue
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Example - One-line Summaries
Basic Data
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Example - One-line Summaries
Reserves and Economics
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Beware!

• All reserves definitions leave significant latitude for interpretation and judgment to the evaluator

• Reserves evaluations can vary widely in their scope and depth of investigation

• Forward looking economic assumptions, especially commodity price, can have a significant impact 
on volumes and value

Therefore:

1. Reputation, expertise, and independence of the evaluator are critical to report reliability

2. Always carefully read the report letter to understand scope and base assumptions

Reserves Reports
Are Not

Created Equal
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INTRODUCTION TO PETROLEUM SYSTEMS



What is a Reservoir Rock?

Sandstone, Paria Canyon, Utah

• A rock containing connected pore space (voids in rock) able to store and transmit fluids (water, oil, and gas)

• Must have porosity (pore space) and permeability (connection between pore spaces)

• The higher the porosity, the more storage capacity (more hydrocarbons in-place)

• The higher the permeability, the easier it is to move hydrocarbons (higher production and recovery rates)

fluids

Soil Ecology Wiki
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What is a Sedimentary Basin?

https://commons.wikimedia.org/wiki/File:Main_depositional_environments.svg

Alluvial Fan

DeltaBeach

Submarine Fan

Reef

River/Fluvial
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Example: Permian Basin

Source:  Pioneer Natural Resources, Investor Presentation – September 2014https://deeptimemaps.com/map-lists-thumbnails/greater-permian-basin/

Texas, 200 – 250 million years ago Today’s Geologic Regions…
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Types of Petroleum Reservoir
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Hydraulic Fracturing – Make Your Own Permeability

Source:  Pioneer Natural Resources, Investor Presentation, March 2017
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U.S. Crude Oil Production History

Data Source:  U.S. Energy Information Administration

10 MMBBL/d

5 MMBBL/d
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Unconventional Proportion of Production in the US

Oil Production Gas Production
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US Unconventional Production, by Vintage
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Key Unconventional Resource Areas

Source:  U.S. Energy Information Administration
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RESERVES EVALUATION PROCESS



Reserves Categorization Concepts

I n c r e a s i n g  U n c e r t a i n t y

Proved

Developed

Producing

“PDP”

Source: SPE Reserves ATW

Proved

Undeveloped

“PUD”

Probable

Undeveloped

Possible

Undeveloped

Reserves

Contingent / Prospective

Resources

Resources
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Reserves Categorization Example

Proved

Probable

Possible

Lowest known oil, LKO

PDP
Producing

PUD
Planned
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Reserves Categorization Example

Probable

Possible

Lowest known oil

Proved

Drilling in 
Progress
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Probable

Possible

Lowest known oil

Proved

Highest known water, HKW

Reserves Categorization Example
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Unconventional Plays – Data Maturity

1. Property maturity Early Moderate Mature

2. Data rich/poor Poor Good well control Rich

3. Consistency ? Good Very good

4. Geologic understanding Low Still learning High

5. Analogy to other areas Low Good Good

6. Economic robustness Marginal Strong (most wells) Very strong

7. Leverage effect (PUD/PDP) 2.0 ? ?

Tier 3 Tier 2 Tier 1
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Reserves Determination Methods

Probabilistic - generates a range of estimates and their associated probabilities

• Quantitative/statistical risking

• Based on probability ranges of most significant variables

• In general, the utility and value of probabilistic methods decrease as uncertainty 
decreases

• Proved: 90% chance of reserves increasing over time

Deterministic - generates a discrete estimate of reserves for each reserves category

• Qualitative risking

• Based on relative certainty

• Proved: likelihood of achieving reserves is “reasonably certain”
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Reserves Determination Methods

Volumetrics   ✓     ✓
Performance Analysis  

Decline Curves   ✓      

Material Balance  ✓    

Reservoir Simulation ✓    

Analogy   ✓    

Integrated Methods  ✓     ✓ 
    

Deterministic       Probabilistic
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Volumetrics
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Volumetric Equation

Dry
Hole Dry

Hole

Oil Field Area (A)

Thickness of
Oil Column (H)

RF
 *A H So** *

Oil Column

Formation Volume Factor (Bo)

= Recoverable Oil
Bo

Porosity ()

Oil Saturation (So)* NTG

Water Saturation(Sw)

NTG is the ratio of net pay to gross pay in the oil column.
RF is recovery factor, or the percentage of in-place volume that is recoverable.
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Decline Curve Analysis

Ideal Applications

• Mature Properties 

• Capacity Production (no artificial 
constraints)

Most Common Decline Types

• Exponential 

• Hyperbolic

Potential Pitfalls

• Field level projection with significant 
activity levels

• Changing operational conditions

• Lift capacity (GL, ESP, etc.)

• Flowing tubing pressure 

Exponential

Hyperbolic

Page 34



1

10

100

100

1,000

10,000

1 2 3 4 5 6

Analogy – Type Well Analysis (“Type Curves”)

Well Count

A type well is essentially the 
weighted average observed 
actual performance.

1 2 3 4 5

W
ell C

o
u

n
t

O
il 

– 
B

B
L/

M
o

n
th

Year

Average 
Oil Production

1

10

100

100

1,000

10,000

1 2 3 4 5 6

Type Well

1

10

100

100

1,000

10,000

1 2 3 4 5 6

Page 35

100

1,000

10,000

100

1,000

10,000



Analogy – Offset Analysis (Statistical)

Producing PDP

Size by Performance

Proposed PUD

Ideal Applications:

• Large fields with significant well count 
and production history

• Consistent geology, spacing, and well 
construction among PDP and PUD
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Analogy – Offset Analysis (Statistics + Geology)

Producing PDP

Reservoir Quality

Proposed PUD

• Integrated analysis required if geologic 
characteristics change in field area

• Interference between new and old wells 
should be considered

• More sophisticated analysis, 
normalization, and extrapolation often 
required
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ECONOMIC MODELING



Economics

By definition, reserves must be economic.

Therefore:

• The economic model determines the volume of reserves.

• More importantly, the economic model determines the "value" of reserves.
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The Economic Model

Incorporates estimates of:

• Oil and gas production forecasts

• Product price estimates

• Operating expense estimates

• Capital cost estimates

Along with: 

•  Understanding of ownership

•  Certain taxes

•  Chosen price/cost escalation parameters 
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Important Pricing Terms

• Benchmark Price:  Reference price of oil or gas, chosen because it is both familiar in the 
industry and relevant to the properties being evaluated.  

• Field Price or Realized Price: The price that is actually received for oil or gas sold from a 
given lease or field.

• Price Differential:  The difference in price between an established benchmark and what is 
actually received at the lease or field.  It can be positive or negative.
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Historical Benchmark Oil Prices
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Applying Ownership

Working Interest: The share of total development and operating expenses that an individual 
or company must pay in return for their revenue interest share of total oil and gas 
production on a given lease.

Revenue Interest: The share of total oil and gas production to which an individual or 
company is entitled on a given lease.

Royalty Interest: A revenue interest only, with no working interest.

Ownership can be complicated by unitization, payout balances, profit sharing/net profits 
interests, sliding scale royalties, etc….
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Applying Taxes

Taxes generally accounted for in a reserves report:

• Severance taxes

• Ad valorem taxes

• Special/supplemental petroleum taxes

• Value added taxes (VAT)

Taxes generally beyond the scope of a reserves report:

• State/provincial income taxes

• Federal/national income taxes
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The Economic Calculation - Volumes

Volumes Consumed 
in 

Lease Operations

Volumes Owned 
by Royalty 

Owners

Volumes Owned 
by Other Working 
Interest Owners

+ +

Equals

Less

Net Produced
Oil and Gas Volumes 

Available for Sale

Gross (100 Percent)
Oil and Gas Volumes 

Produced

Then oil and gas 
prices are applied…
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The Economic Calculation - Net Revenues

Oil and Gas Revenues
to Net Interest

Capital 
Expenditures

(as spent)

Production and
Ad Valorem 

Taxes

Overhead or 
COPAS Charges 

Direct 
Operating
Expenses

Net Revenue Before 
Federal Income Taxes

+ + +

Equals

Less
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Evaluation from Client Perspective

Data to be provided to engineer:

• Listing of properties by well (i.e. API) and decimal interest

• History of lease operating or revenue statements, ideally 12 months prior

• Development plans including drilling locations and capital requirements

• Acreage maps, if available

Typical work products provided to client:

• Reserves Report including letter, cash flow forecast, and summary results by well

• Reserves database (e.g. ARIES, PHDWin)

• Wide range of potential sensitivities and outputs possible from completed model
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Disclaimer
This presentation is for general information and illustrative 
purposes only—its contents should be considered in context of 
the entire presentation and the date on which it is presented.  
All estimates, exhibits, and opinions presented herein are 
subject to change.  As in all aspects of oil and gas evaluation, 
there are uncertainties inherent in the interpretation of 
engineering and geoscience data; therefore, our opinions 
necessarily represent only informed professional judgment.  We 
make no representations or warranties of any kind, express or 
implied, about the completeness, accuracy, reliability, or 
suitability of the information contained herein; we will not be 
responsible for any consequence associated with the reliance on 
such information.  Unless indicated otherwise, the information 
contained herein does not constitute professional advice or 
opinions, and it should be considered to be a work in progress.  
Netherland, Sewell & Associates, Inc. (NSAI) is a Texas 
Registered Engineering Firm, No. F-2699.  
 
Copyright 2025 NSAI.  All rights reserved.

Dallas: 214-969-5401
Houston: 713-654-4950

www.netherlandsewell.com
info@nsai-petro.com
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