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Dear Mr. Downing:
In accordance with your request, we have estimated the unrisked gross (100 percent) prospective resources, as
of December 31, 2010, for certain coalbed methane (CBM), shale gas, and tight gas prospects located in the
Liuhuanggou Block, Xinjiang Province, China. We completed our assessment on or about the date of this letter.
Prospective resources are those quantities of petroleum which are estimated, as of a given date, to be potentially
recoverable from undiscovered accumulations by application of future development projects. It should be
understood that potentially significant quantities of coal, shale, and tight sandstone are known to be present in the
project area; however, without significant gas content, storage capacity, and coal permeability data and evidence
of the potential for commercial flow rates, this area is considered an undiscovered CBM, shale gas, and tight gas
opportunity and the volumes are classified as prospective resources rather than contingent resources. We
understand that the production sharing contract for the exploitation of gas resources in the Liuhuanggou Block is
between TerraWest Energy Corporation (TWE) and PetroChina Coalbed Methane Corporation. We also
understand that TWE is a subsidiary of Enviro Energy International Holdings Limited (Enviro). In November 2010,
Norwest Corporation (Norwest) prepared a competent person's report (CPR) titled "CBM Potential of the
Liuhuanggou CBM Project, Xinjiang Province, China". As requested, our CBM assessment excludes the area
previously assessed by Norwest. Since Norwest did not assess shale and tight gas as part of its CPR, we did not
exclude the Norwest study area from our shale gas and tight gas assessment. The estimates in this report have
been prepared in accordance with the definitions and guidelines set forth in the 2007 Petroleum Resources
Management System (PRMS) approved by the Society of Petroleum Engineers (SPE); definitions are presented
immediately following this letter. Following the definitions is a list of abbreviations used in this report. This report
does not include economic analysis for these properties. Based on analogous field developments, it appears that,
assuming a CBM, shale gas, or tight gas discovery is made, the unrisked best estimate prospective resources in
this report have a reasonable chance of being commercial.
We estimate the unrisked gross (100 percent) prospective gas resources for these prospects, as of December 31,
2010, to be:
Type/Prospect

Unrisked Gross (100 Percent) Prospective Gas Resources (BCF)
Low Estimate
Best Estimate
High Estimate

CBM
Seam 4/5
Seam 9/10
Seam 14/15
Seam J1b

009.1
002.3
000.2
007.9

0,023.7
0,017.4
0,027.9
0,024.1

0,070.8
0,055.3
0,120.8
0,064.0

Shale Gas
J1b

499.1

1,512.0

3,199.7

Tight Gas
J1b

061.0

0,229.0

0,609.7

Gas volumes are expressed in billions of cubic feet (BCF) at standard temperature and pressure bases. We do
not expect these properties to produce commercial volumes of condensate.

The prospective resources shown in this report have been estimated using a combination of deterministic and
probabilistic methods and are dependent on a CBM, shale gas, or tight gas discovery being made. If a discovery
is made and development is undertaken, the probability that the recoverable volumes will equal or exceed the
unrisked estimated amounts is 90 percent for the low estimate, 50 percent for the best estimate, and 10 percent
for the high estimate.
Unrisked prospective resources for CBM, shale gas, and tight gas prospects are estimated ranges of recoverable
gas volumes assuming their discovery and development and are based on estimated ranges of in-place volumes.
As requested, no geologic or development risk assessments were conducted for these prospects. Geologic
risking of prospective resources addresses the probability of success for the discovery of significant quantities of
potentially moveable petroleum; this risk analysis is conducted independent of estimations of petroleum volumes.
Risk assessment is a highly subjective process dependent upon the experience and judgment of the evaluators.
For CBM prospects, principal geologic risk elements include coal quantity, gas content, and coal permeability.
Development risking of prospective resources for CBM prospects should include consideration of whether the
entire area addressed by the assessment can and will be developed; this component is generally unique to CBM
prospects because of the thickness and areal extent and the wide variability in rock, gas content, and production
characteristics across that areal extent. For CBM prospects, principal development risk elements are reservoir
quality across the evaluated acreage, application of technology needed to commercially produce the acreage, the
ability to depressure the reservoir over a reasonable period of time, project commercial conditions (financial,
marketing, legal, social, and governmental factors), and a reasonable expectation of a commitment to develop the
acreage.
For shale gas and tight gas prospects, principal geologic risk elements are quantity of shale, hydrocarbon content,
storage capacity, and potential for commercial flow rates. Development risking of prospective resources for shale
gas and tight gas prospects should include consideration of whether the entire area addressed by the assessment
can and will be developed; this component is generally unique to shale gas and tight gas prospects because of
the thickness and areal extent and the wide variability in rock and production characteristics across that areal
extent. For shale gas and tight gas prospects, principal development risk elements are reservoir quality across
the evaluated acreage, development and application of technology needed to commercially produce the acreage,
and a reasonable expectation of a commitment to develop the acreage.
As shown in the Table of Contents, this report includes a Technical Discussion followed by pertinent figures.
It should be understood that the prospective resources discussed and shown herein are those undiscovered,
speculative resources estimated beyond reserves or contingent resources where geological and geophysical data
suggest the potential for discovery of producible hydrocarbons and CBM but where the level of proof is insufficient
for classification as reserves or contingent resources. The unrisked prospective resources are those volumes that
could reasonably be expected to be recovered in the event of the successful exploration and development of
these prospects.
For the purposes of this report, we used technical data including, but not limited to, coal properties, gas content
and composition data, well logs, geologic maps, seismic data, well test data, and production data. The resources
in this report have been estimated using a combination of deterministic and probabilistic methods; these
estimates have been prepared in accordance with generally accepted petroleum engineering and evaluation
principles set forth in the Standards Pertaining to the Estimating and Auditing of Oil and Gas Reserves
Information promulgated by the SPE (SPE Standards). We used standard engineering and geoscience methods,
or a combination of methods, including performance analysis, volumetric analysis, analogy, and reservoir
modeling, that we considered to be appropriate and necessary to classify, categorize, and estimate volumes in
accordance with the 2007 PRMS definitions and guidelines. These resources are for undeveloped locations;
such reserves based on estimates of reservoir volumes and recovery efficiencies along with analogy to properties
with similar geologic and reservoir characteristics. As in all aspects of oil and gas evaluation, there are

uncertainties inherent in the interpretation of engineering and geoscience data; therefore, our conclusions
necessarily represent only informed professional judgment.
The data used in our estimates were obtained from Enviro, other interest owners, public data sources, and the
nonconfidential files of Netherland, Sewell & Associates, Inc. (NSAI) and were accepted as accurate. Supporting
geoscience, performance, and work data are on file in our office. The contractual rights to the prospects have not
been examined by NSAI, nor has the actual degree or type of interest owned been independently confirmed. The
technical persons responsible for preparing the estimates presented herein meet the requirements regarding
qualifications, independence, objectivity, and confidentiality set forth in the SPE Standards. We are independent
petroleum engineers, geologists, geophysicists, and petrophysicists; we do not own an interest in these prospects
nor are we employed on a contingent basis.
Sincerely,
NETHERLAND, SEWELL & ASSOCIATES, INC.
Texas Registered Engineering Firm F-2699
/s/ C.H. (Scott) Rees III
By:
C.H. (Scott) Rees III, P.E.
Chairman and Chief Executive Officer

/s/ Alexander V. Karpox
By:

/s/ David E. Nice
By:

Alexander V. Karpox, P.E. 105042
Petroleum Engineer
Date Signed: October 4, 2011

David E. Nice, P.G. 346
Vice President
Date Signed: October 4, 2011
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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, March 2007
This document contains information excerpted from definitions and guidelines prepared by the Oil and Gas Reserves
Committee of the Society of Petroleum Engineers (SPE) and reviewed and jointly sponsored by the World Petroleum Council
(WPC), the American Association of Petroleum Geologists (AAPG), and the Society of Petroleum Evaluation Engineers
(SPEE).

Preamble
Petroleum resources are the estimated quantities of hydrocarbons naturally occurring on or within the Earth's crust. Resource
assessments estimate total quantities in known and yet-to-be-discovered accumulations; resources evaluations are focused
on those quantities that can potentially be recovered and marketed by commercial projects. A petroleum resources
management system provides a consistent approach to estimating petroleum quantities, evaluating development projects, and
presenting results within a comprehensive classification framework.
These definitions and guidelines are designed to provide a common reference for the international petroleum industry,
including national reporting and regulatory disclosure agencies, and to support petroleum project and portfolio management
requirements. They are intended to improve clarity in global communications regarding petroleum resources. It is expected
that this document will be supplemented with industry education programs and application guides addressing their
implementation in a wide spectrum of technical and/or commercial settings.
It is understood that these definitions and guidelines allow flexibility for users and agencies to tailor application for their
particular needs; however, any modifications to the guidance contained herein should be clearly identified. The definitions and
guidelines contained in this document must not be construed as modifying the interpretation or application of any existing
regulatory reporting requirements.

1.0 Basic Principles and Definitions
The estimation of petroleum resource quantities involves the interpretation of volumes and values that have an inherent
degree of uncertainty. These quantities are associated with development projects at various stages of design and
implementation. Use of a consistent classification system enhances comparisons between projects, groups of projects, and
total company portfolios according to forecast production profiles and recoveries. Such a system must consider both technical
and commercial factors that impact the project's economic feasibility, its productive life, and its related cash flows.

1.1 Petroleum Resources Classification Framework
COMMERCIAL
SUB-COMMERCIAL

DISCOVERED PIIP

1P

2P
Probable

3P
Possible

CONTINGENT
RESOURCES
1C

2C

3C

UNRECOVERABLE

PROSPECTIVE
RESOURCES
Low
Estimate

Best
Estimate

Increasing Chance of Commerciality

Figure 1-1 is a graphical representation of the SPE/WPC/
AAPG/SPEE resources classification system. The system
defines the major recoverable resources classes: Production,
Reserves, Contingent Resources, and Prospective
Resources, as well as Unrecoverable petroleum.

RESERVES

Proved

UNDISCOVERED PIIP

The term "resources" as used herein is intended to
encompass all quantities of petroleum naturally occurring on
or within the Earth's crust, discovered and undiscovered
(recoverable and unrecoverable), plus those quantities
already produced. Further, it includes all types of petroleum
whether
currently
considered
"conventional"
or
"unconventional."

PRODUCTION

TOTAL PETROLEUM INITIALLY-IN-PLACE (PIIP)

Petroleum is defined as a naturally occurring mixture
consisting of hydrocarbons in the gaseous, liquid, or solid
phase. Petroleum may also contain non-hydrocarbons,
common examples of which are carbon dioxide, nitrogen,
hydrogen sulfide and sulfur. In rare cases, non-hydrocarbon
content could be greater than 50%.

High
Estimate

UNRECOVERABLE

Range of Uncertainty

The "Range of Uncertainty" reflects a range of estimated
quantities potentially recoverable from an accumulation by a
project, while the vertical axis represents the "Chance of

Not to scale

Figure 1-1: Resources Classification Framework.
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Commerciality", that is, the chance that the project that will be developed and reach commercial producing status. The
following definitions apply to the major subdivisions within the resources classification:
TOTAL PETROLEUM INITIALLY-IN-PLACE is that quantity of petroleum that is estimated to exist originally in naturally
occurring accumulations. It includes that quantity of petroleum that is estimated, as of a given date, to be contained in
known accumulations prior to production plus those estimated quantities in accumulations yet to be discovered
(equivalent to "total resources").
DISCOVERED PETROLEUM INITIALLY-IN-PLACE is that quantity of petroleum that is estimated, as of a given date, to
be contained in known accumulations prior to production.
PRODUCTION is the cumulative quantity of petroleum that has been recovered at a given date. While all
recoverable resources are estimated and production is measured in terms of the sales product specifications, raw
production (sales plus non-sales) quantities are also measured and required to support engineering analyses based
on reservoir voidage (see Production Measurement, section 3.2).
Multiple development projects may be applied to each known accumulation, and each project will recover an estimated portion
of the initially-in-place quantities. The projects shall be subdivided into Commercial and Sub-Commercial, with the estimated
recoverable quantities being classified as Reserves and Contingent Resources respectively, as defined below.
RESERVES are those 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
further satisfy four criteria: they must be discovered, recoverable, commercial, and remaining (as of the evaluation
date) based on the development project(s) applied. Reserves are further categorized in accordance with the level of
certainty associated with the estimates and may be sub-classified based on project maturity and/or characterized by
development and production status.
CONTINGENT RESOURCES are those quantities of petroleum estimated, as of a given date, to be potentially
recoverable from known accumulations, but the applied project(s) are not yet considered mature enough for
commercial development due to one or more contingencies. Contingent Resources may include, for example,
projects for which there are currently no viable markets, or where commercial recovery is dependent on technology
under development, or where evaluation of the accumulation is insufficient to clearly assess commerciality.
Contingent Resources are further categorized in accordance with the level of certainty associated with the estimates
and may be subclassified based on project maturity and/or characterized by their economic status.
UNDISCOVERED PETROLEUM INITIALLY-IN-PLACE is that quantity of petroleum estimated, as of a given date, to be
contained within accumulations yet to be discovered.
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 discovery and a chance of development. Prospective Resources are further
subdivided in accordance with the level of certainty associated with recoverable estimates assuming their discovery
and development and may be sub-classified based on project maturity.
UNRECOVERABLE is that portion of Discovered or Undiscovered Petroleum Initially-in-Place quantities which is
estimated, as of a given date, not to be recoverable by future development projects. A portion of these quantities may
become recoverable in the future as commercial circumstances change or technological developments occur; the
remaining portion may never be recovered due to physical/chemical constraints represented by subsurface interaction of
fluids and reservoir rocks.
Estimated Ultimate Recovery (EUR) is not a resources category, but a term that may be applied to any accumulation or group
of accumulations (discovered or undiscovered) to define those quantities of petroleum estimated, as of a given date, to be
potentially recoverable under defined technical and commercial conditions plus those quantities already produced (total of
recoverable resources).
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1.2 Project-Based Resources Evaluations
The resources evaluation process consists of identifying a recovery project, or projects, associated with a petroleum
accumulation(s), estimating the quantities of Petroleum Initially-in-Place, estimating that portion of those in-place quantities
that can be recovered by each project, and classifying the project(s) based on its maturity status or chance of commerciality.
This concept of a project-based classification system is further clarified by examining the primary data sources contributing to
an evaluation of net recoverable resources (see Figure 1-2) that may be described as follows:

RESERVOIR
(in-place volumes)

Net
Recoverable
Resources

PROJECT
(production/cash flow)

Entitlement

PROPERTY
(ownership/contract terms)
Figure 1-2: Resources Evaluation Data Sources.

x

The Reservoir (accumulation): Key attributes include the types and quantities of Petroleum Initially-in-Place and the fluid
and rock properties that affect petroleum recovery.

x

The Project: Each project applied to a specific reservoir development generates a unique production and cash flow
schedule. The time integration of these schedules taken to the project's technical, economic, or contractual limit defines
the estimated recoverable resources and associated future net cash flow projections for each project. The ratio of EUR to
Total Initially-in-Place quantities defines the ultimate recovery efficiency for the development project(s). A project may be
defined at various levels and stages of maturity; it may include one or many wells and associated production and
processing facilities. One project may develop many reservoirs, or many projects may be applied to one reservoir.

x

The Property (lease or license area): Each property may have unique associated contractual rights and obligations
including the fiscal terms. Such information allows definition of each participant's share of produced quantities
(entitlement) and share of investments, expenses, and revenues for each recovery project and the reservoir to which it is
applied. One property may encompass many reservoirs, or one reservoir may span several different properties. A
property may contain both discovered and undiscovered accumulations.

In context of this data relationship, "project" is the primary element considered in this resources classification, and net
recoverable resources are the incremental quantities derived from each project. Project represents the link between the
petroleum accumulation and the decision-making process. A project may, for example, constitute the development of a single
reservoir or field, or an incremental development for a producing field, or the integrated development of several fields and
associated facilities with a common ownership. In general, an individual project will represent the level at which a decision is
made whether or not to proceed (i.e., spend more money) and there should be an associated range of estimated recoverable
quantities for that project.
An accumulation or potential accumulation of petroleum may be subject to several separate and distinct projects that are at
different stages of exploration or development. Thus, an accumulation may have recoverable quantities in several resource
classes simultaneously.
In order to assign recoverable resources of any class, a development plan needs to be defined consisting of one or more
projects. Even for Prospective Resources, the estimates of recoverable quantities must be stated in terms of the sales
products derived from a development program assuming successful discovery and commercial development. Given the major
uncertainties involved at this early stage, the development program will not be of the detail expected in later stages of maturity.
In most cases, recovery efficiency may be largely based on analogous projects. In-place quantities for which a feasible project
cannot be defined using current, or reasonably forecast improvements in, technology are classified as Unrecoverable.
Not all technically feasible development plans will be commercial. The commercial viability of a development project is
dependent on a forecast of the conditions that will exist during the time period encompassed by the project's activities (see
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Commercial Evaluations, section 3.1). "Conditions" include technological, economic, legal, environmental, social, and
governmental factors. While economic factors can be summarized as forecast costs and product prices, the underlying
influences include, but are not limited to, market conditions, transportation and processing infrastructure, fiscal terms, and
taxes.
The resource quantities being estimated are those volumes producible from a project as measured according to delivery
specifications at the point of sale or custody transfer (see Reference Point, section 3.2.1). The cumulative production from the
evaluation date forward to cessation of production is the remaining recoverable quantity. The sum of the associated annual
net cash flows yields the estimated future net revenue. When the cash flows are discounted according to a defined discount
rate and time period, the summation of the discounted cash flows is termed net present value (NPV) of the project (see
Evaluation and Reporting Guidelines, section 3.0).
The supporting data, analytical processes, and assumptions used in an evaluation should be documented in sufficient detail to
allow an independent evaluator or auditor to clearly understand the basis for estimation and categorization of recoverable
quantities and their classification.

2.0 Classification and Categorization Guidelines
2.1 Resources Classification
The basic classification requires establishment of criteria for a petroleum discovery and thereafter the distinction between
commercial and sub-commercial projects in known accumulations (and hence between Reserves and Contingent Resources).
2.1.1 Determination of Discovery Status
A discovery is one petroleum accumulation, or several petroleum accumulations collectively, for which one or several
exploratory wells have established through testing, sampling, and/or logging the existence of a significant quantity of
potentially moveable hydrocarbons.
In this context, "significant" implies that there is evidence of a sufficient quantity of petroleum to justify estimating the in-place
volume demonstrated by the well(s) and for evaluating the potential for economic recovery. Estimated recoverable quantities
within such a discovered (known) accumulation(s) shall initially be classified as Contingent Resources pending definition of
projects with sufficient chance of commercial development to reclassify all, or a portion, as Reserves. Where in-place
hydrocarbons are identified but are not considered currently recoverable, such quantities may be classified as Discovered
Unrecoverable, if considered appropriate for resource management purposes; a portion of these quantities may become
recoverable resources in the future as commercial circumstances change or technological developments occur.
2.1.2 Determination of Commerciality
Discovered recoverable volumes (Contingent Resources) may be considered commercially producible, and thus Reserves, if
the entity claiming commerciality has demonstrated firm intention to proceed with development and such intention is based
upon all of the following criteria:
x
x
x
x
x

Evidence to support a reasonable timetable for development.
A reasonable assessment of the future economics of such development projects meeting defined investment and operating
criteria.
A reasonable expectation that there will be a market for all or at least the expected sales quantities of production required
to justify development.
Evidence that the necessary production and transportation facilities are available or can be made available.
Evidence that legal, contractual, environmental and other social and economic concerns will allow for the actual
implementation of the recovery project being evaluated.

To be included in the Reserves class, a project must be sufficiently defined to establish its commercial viability. There must be
a reasonable expectation that all required internal and external approvals will be forthcoming, and there is evidence of firm
intention to proceed with development within a reasonable time frame. A reasonable time frame for the initiation of
development depends on the specific circumstances and varies according to the scope of the project. While 5 years is
recommended as a benchmark, a longer time frame could be applied where, for example, development of economic projects
are deferred at the option of the producer for, among other things, market-related reasons, or to meet contractual or strategic
objectives. In all cases, the justification for classification as Reserves should be clearly documented.
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To be included in the Reserves class, there must be a high confidence in the commercial producibility of the reservoir as
supported by actual production or formation tests. In certain cases, Reserves may be assigned on the basis of well logs
and/or core analysis that indicate that the subject reservoir is hydrocarbon-bearing and is analogous to reservoirs in the same
area that are producing or have demonstrated the ability to produce on formation tests.

2.2 Resources Categorization
The horizontal axis in the Resources Classification (Figure 1.1) defines the range of uncertainty in estimates of the quantities
of recoverable, or potentially recoverable, petroleum associated with a project. These estimates include both technical and
commercial uncertainty components as follows:
x
x
x

The total petroleum remaining within the accumulation (in-place resources).
That portion of the in-place petroleum that can be recovered by applying a defined development project or projects.
Variations in the commercial conditions that may impact the quantities recovered and sold (e.g., market availability,
contractual changes).

Where commercial uncertainties are such that there is significant risk that the complete project (as initially defined) will not
proceed, it is advised to create a separate project classified as Contingent Resources with an appropriate chance of
commerciality.
2.2.1 Range of Uncertainty
The range of uncertainty of the recoverable and/or potentially recoverable volumes may be represented by either deterministic
scenarios or by a probability distribution (see Deterministic and Probabilistic Methods, section 4.2).
When the range of uncertainty is represented by a probability distribution, a low, best, and high estimate shall be provided
such that:
x
x
x

There should be at least a 90% probability (P90) that the quantities actually recovered will equal or exceed the low
estimate.
There should be at least a 50% probability (P50) that the quantities actually recovered will equal or exceed the best
estimate.
There should be at least a 10% probability (P10) that the quantities actually recovered will equal or exceed the high
estimate.

When using the deterministic scenario method, typically there should also be low, best, and high estimates, where such
estimates are based on qualitative assessments of relative uncertainty using consistent interpretation guidelines. Under the
deterministic incremental (risk-based) approach, quantities at each level of uncertainty are estimated discretely and separately
(see Category Definitions and Guidelines, section 2.2.2).
These same approaches to describing uncertainty may be applied to Reserves, Contingent Resources, and Prospective
Resources. While there may be significant risk that sub-commercial and undiscovered accumulations will not achieve
commercial production, it is useful to consider the range of potentially recoverable quantities independently of such a risk or
consideration of the resource class to which the quantities will be assigned.
2.2.2 Category Definitions and Guidelines
Evaluators may assess recoverable quantities and categorize results by uncertainty using the deterministic incremental (riskbased) approach, the deterministic scenario (cumulative) approach, or probabilistic methods (see "2001 Supplemental
Guidelines," Chapter 2.5). In many cases, a combination of approaches is used.
Use of consistent terminology (Figure 1.1) promotes clarity in communication of evaluation results. For Reserves, the general
cumulative terms low/best/high estimates are denoted as 1P/2P/3P, respectively. The associated incremental quantities are
termed Proved, Probable and Possible. Reserves are a subset of, and must be viewed within context of, the complete
resources classification system. While the categorization criteria are proposed specifically for Reserves, in most cases, they
can be equally applied to Contingent and Prospective Resources conditional upon their satisfying the criteria for discovery
and/or development.
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For Contingent Resources, the general cumulative terms low/best/high estimates are denoted as 1C/2C/3C respectively. For
Prospective Resources, the general cumulative terms low/best/high estimates still apply. No specific terms are defined for
incremental quantities within Contingent and Prospective Resources.
Without new technical information, there should be no change in the distribution of technically recoverable volumes and their
categorization boundaries when conditions are satisfied sufficiently to reclassify a project from Contingent Resources to
Reserves. All evaluations require application of a consistent set of forecast conditions, including assumed future costs and
prices, for both classification of projects and categorization of estimated quantities recovered by each project (see Commercial
Evaluations, section 3.1).
Based on additional data and updated interpretations that indicate increased certainty, portions of Possible and Probable
Reserves may be re-categorized as Probable and Proved Reserves.
Uncertainty in resource estimates is best communicated by reporting a range of potential results. However, if it is required to
report a single representative result, the "best estimate" is considered the most realistic assessment of recoverable quantities.
It is generally considered to represent the sum of Proved and Probable estimates (2P) when using the deterministic scenario
or the probabilistic assessment methods. It should be noted that under the deterministic incremental (risk-based) approach,
discrete estimates are made for each category, and they should not be aggregated without due consideration of their
associated risk (see "2001 Supplemental Guidelines," Chapter 2.5).

Table 1: Recoverable Resources Classes and Sub-Classes
Class/Sub-Class
Reserves

Definition

Guidelines

Reserves are those 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: they must be discovered, recoverable,
commercial, and remaining based on the development project(s) applied.
Reserves are further subdivided in accordance with the level of certainty
associated with the estimates and may be sub-classified based on project
maturity and/or characterized by their development and production status.
To be included in the Reserves class, a project must be sufficiently defined
to establish its commercial viability. There must be a reasonable
expectation that all required internal and external approvals will be
forthcoming, and there is evidence of firm intention to proceed with
development within a reasonable time frame.
A reasonable time frame for the initiation of development depends on the
specific circumstances and varies according to the scope of the project.
While 5 years is recommended as a benchmark, a longer time frame could
be applied where, for example, development of economic projects are
deferred at the option of the producer for, among other things, marketrelated reasons, or to meet contractual or strategic objectives. In all cases,
the justification for classification as Reserves should be clearly
documented.
To be included in the Reserves class, there must be a high confidence in
the commercial producibility of the reservoir as supported by actual
production or formation tests. In certain cases, Reserves may be assigned
on the basis of well logs and/or core analysis that indicate that the subject
reservoir is hydrocarbon-bearing and is analogous to reservoirs in the
same area that are producing or have demonstrated the ability to produce
on formation tests.

On Production

The development project is currently
producing and selling petroleum to
market.

The key criterion is that the project is receiving income from sales, rather
than the approved development project necessarily being complete. This
is the point at which the project "chance of commerciality" can be said to
be 100%.
The project "decision gate" is the decision to initiate commercial production
from the project.
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Class/Sub-Class
Approved for
Development

Definition
All necessary approvals have been
obtained, capital funds have been
committed, and implementation of
the development project is under
way.

Guidelines
At this point, it must be certain that the development project is going
ahead. The project must not be subject to any contingencies such as
outstanding regulatory approvals or sales contracts. Forecast capital
expenditures should be included in the reporting entity's current or
following year's approved budget.
The project "decision gate" is the decision to start investing capital in the
construction of production facilities and/or drilling development wells.

Justified for
Development

Implementation of the development
project is justified on the basis of
reasonable forecast commercial
conditions at the time of reporting,
and there are reasonable
expectations that all necessary
approvals/contracts will be obtained.

In order to move to this level of project maturity, and hence have reserves
associated with it, the development project must be commercially viable at
the time of reporting, based on the reporting entity's assumptions of future
prices, costs, etc. ("forecast case") and the specific circumstances of the
project. Evidence of a firm intention to proceed with development within a
reasonable time frame will be sufficient to demonstrate commerciality.
There should be a development plan in sufficient detail to support the
assessment of commerciality and a reasonable expectation that any
regulatory approvals or sales contracts required prior to project
implementation will be forthcoming. Other than such approvals/contracts,
there should be no known contingencies that could preclude the
development from proceeding within a reasonable timeframe (see
Reserves class).
The project "decision gate" is the decision by the reporting entity and its
partners, if any, that the project has reached a level of technical and
commercial maturity sufficient to justify proceeding with development at
that point in time.

Contingent
Resources

Those quantities of petroleum
estimated, as of a given date, to be
potentially recoverable from known
accumulations by application of
development projects, but which are
not currently considered to be
commercially recoverable due to
one or more contingencies.

Contingent Resources may include, for example, projects for which there
are currently no viable markets, or where commercial recovery is
dependent on technology under development, or where evaluation of the
accumulation is insufficient to clearly assess commerciality. Contingent
Resources are further categorized in accordance with the level of certainty
associated with the estimates and may be sub-classified based on project
maturity and/or characterized by their economic status.

Development
Pending

A discovered accumulation where
project activities are ongoing to
justify commercial development in
the foreseeable future.

The project is seen to have reasonable potential for eventual commercial
development, to the extent that further data acquisition (e.g. drilling,
seismic data) and/or evaluations are currently ongoing with a view to
confirming that the project is commercially viable and providing the basis
for selection of an appropriate development plan.
The critical
contingencies have been identified and are reasonably expected to be
resolved within a reasonable time frame.
Note that disappointing
appraisal/evaluation results could lead to a re-classification of the project
to "On Hold" or "Not Viable" status.
The project "decision gate" is the decision to undertake further data
acquisition and/or studies designed to move the project to a level of
technical and commercial maturity at which a decision can be made to
proceed with development and production.

Development
Unclarified or on
Hold

A discovered accumulation where
project activities are on hold and/or
where justification as a commercial
development may be subject to
significant delay.

The project is seen to have potential for eventual commercial
development, but further appraisal/evaluation activities are on hold
pending the removal of significant contingencies external to the project, or
substantial further appraisal/evaluation activities are required to clarify the
potential for eventual commercial development. Development may be
subject to a significant time delay. Note that a change in circumstances,
such that there is no longer a reasonable expectation that a critical
contingency can be removed in the foreseeable future, for example, could
lead to a reclassification of the project to "Not Viable" status.
The project "decision gate" is the decision to either proceed with additional
evaluation designed to clarify the potential for eventual commercial
development or to temporarily suspend or delay further activities pending
resolution of external contingencies.
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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, March 2007
Class/Sub-Class
Development Not
Viable

Definition

Guidelines

A discovered accumulation for which
there are no current plans to
develop or to acquire additional data
at the time due to limited production
potential.

The project is not seen to have potential for eventual commercial
development at the time of reporting, but the theoretically recoverable
quantities are recorded so that the potential opportunity will be recognized
in the event of a major change in technology or commercial conditions.
The project "decision gate" is the decision not to undertake any further
data acquisition or studies on the project for the foreseeable future.

Prospective
Resources

Those quantities of petroleum which
are estimated, as of a given date, to
be potentially recoverable from
undiscovered accumulations.

Potential accumulations are evaluated according to their chance of
discovery and, assuming a discovery, the estimated quantities that would
be recoverable under defined development projects. It is recognized that
the development programs will be of significantly less detail and depend
more heavily on analog developments in the earlier phases of exploration.

Prospect

A project associated with a potential
accumulation that is sufficiently well
defined to represent a viable drilling
target.

Project activities are focused on assessing the chance of discovery and,
assuming discovery, the range of potential recoverable quantities under a
commercial development program.

Lead

A project associated with a potential
accumulation that is currently poorly
defined and requires more data
acquisition and/or evaluation in
order to be classified as a prospect.

Project activities are focused on acquiring additional data and/or
undertaking further evaluation designed to confirm whether or not the lead
can be matured into a prospect. Such evaluation includes the assessment
of the chance of discovery and, assuming discovery, the range of potential
recovery under feasible development scenarios.

Play

A project associated with a
prospective trend of potential
prospects, but which requires more
data acquisition and/or evaluation in
order to define specific leads or
prospects.

Project activities are focused on acquiring additional data and/or
undertaking further evaluation designed to define specific leads or
prospects for more detailed analysis of their chance of discovery and,
assuming discovery, the range of potential recovery under hypothetical
development scenarios.

Table 2: Reserves Status Definitions and Guidelines
Status

Definition

Guidelines

Developed
Reserves

Developed Reserves are expected
quantities to be recovered from
existing wells and facilities.

Reserves are considered developed only after the necessary equipment
has been installed, or when the costs to do so are relatively minor
compared to the cost of a well. Where required facilities become
unavailable, it may be necessary to reclassify Developed Reserves as
Undeveloped. Developed Reserves may be further sub-classified as
Producing or Non-Producing.

Developed Producing
Reserves

Developed Producing Reserves
are expected to be recovered from
completion intervals that are open
and producing at the time of the
estimate.

Improved recovery reserves are considered producing only after the
improved recovery project is in operation.

Developed NonProducing Reserves

Developed Non-Producing
Reserves include shut-in and
behind-pipe Reserves.

Shut-in Reserves are expected to be recovered from (1) completion
intervals which are open at the time of the estimate but which have not yet
started producing, (2) wells which were shut-in for market conditions or
pipeline connections, or (3) wells not capable of production for mechanical
reasons. Behind-pipe Reserves are expected to be recovered from zones
in existing wells which will require additional completion work or future recompletion prior to start of production.
In all cases, production can be initiated or restored with relatively low
expenditure compared to the cost of drilling a new well.
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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, March 2007
Status
Undeveloped
Reserves

Definition
Undeveloped Reserves are
quantities expected to be
recovered through future
investments:

Guidelines
(1) from new wells on undrilled acreage in known accumulations, (2) from
deepening existing wells to a different (but known) reservoir, (3) from infill
wells that will increase recovery, or (4) where a relatively large expenditure
(e.g. when compared to the cost of drilling a new well) is required to (a)
recomplete an existing well or (b) install production or transportation
facilities for primary or improved recovery projects.

Table 3: Reserves Category Definitions and Guidelines
Category

Definition

Guidelines

Proved Reserves

Proved Reserves are those
quantities of petroleum, which by
analysis of geoscience and
engineering data, can be estimated
with reasonable certainty to be
commercially recoverable, from a
given date forward, from known
reservoirs and under defined
economic conditions, operating
methods, and government
regulations.

If deterministic methods are used, the term reasonable certainty is
intended to express a high degree of confidence that the quantities will be
recovered. If probabilistic methods are used, there should be at least a
90% probability that the quantities actually recovered will equal or exceed
the estimate.
The area of the reservoir considered as Proved includes (1) the area
delineated by drilling and defined by fluid contacts, if any, and (2) adjacent
undrilled portions of the reservoir that can reasonably be judged as
continuous with it and commercially productive on the basis of available
geoscience and engineering data.
In the absence of data on fluid contacts, Proved quantities in a reservoir
are limited by the lowest known hydrocarbon (LKH) as seen in a well
penetration unless otherwise indicated by definitive geoscience,
engineering, or performance data. Such definitive information may include
pressure gradient analysis and seismic indicators. Seismic data alone
may not be sufficient to define fluid contacts for Proved reserves (see
"2001 Supplemental Guidelines," Chapter 8).
Reserves in undeveloped locations may be classified as Proved provided
that:
x The locations are in undrilled areas of the reservoir that can be judged
with reasonable certainty to be commercially productive.
x Interpretations of available geoscience and engineering data indicate
with reasonable certainty that the objective formation is laterally
continuous with drilled Proved locations.
For Proved Reserves, the recovery efficiency applied to these reservoirs
should be defined based on a range of possibilities supported by analogs
and sound engineering judgment considering the characteristics of the
Proved area and the applied development program.

Probable
Reserves

Probable Reserves are those
additional Reserves which analysis
of geoscience and engineering data
indicate are less likely to be
recovered than Proved Reserves
but more certain to be recovered
than Possible Reserves.

It is equally likely that actual remaining quantities recovered will be greater
than or less than the sum of the estimated Proved plus Probable Reserves
(2P). In this context, when probabilistic methods are used, there should
be at least a 50% probability that the actual quantities recovered will equal
or exceed the 2P estimate.
Probable Reserves may be assigned to areas of a reservoir adjacent to
Proved where data control or interpretations of available data are less
certain. The interpreted reservoir continuity may not meet the reasonable
certainty criteria.
Probable estimates also include incremental recoveries associated with
project recovery efficiencies beyond that assumed for Proved.
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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, March 2007
Category
Possible
Reserves

Definition

Guidelines

Possible Reserves are those
additional reserves which analysis
of geoscience and engineering data
indicate are less likely to be
recoverable than Probable
Reserves.

The total quantities ultimately recovered from the project have a low
probability to exceed the sum of Proved plus Probable plus Possible (3P),
which is equivalent to the high estimate scenario. When probabilistic
methods are used, there should be at least a 10% probability that the
actual quantities recovered will equal or exceed the 3P estimate.
Possible Reserves may be assigned to areas of a reservoir adjacent to
Probable where data control and interpretations of available data are
progressively less certain. Frequently, this may be in areas where
geoscience and engineering data are unable to clearly define the area and
vertical reservoir limits of commercial production from the reservoir by a
defined project.
Possible estimates also include incremental quantities associated with
project recovery efficiencies beyond that assumed for Probable.

Probable and
Possible
Reserves

(See above for separate criteria for
Probable Reserves and Possible
Reserves.)

The 2P and 3P estimates may be based on reasonable alternative
technical and commercial interpretations within the reservoir and/or
subject project that are clearly documented, including comparisons to
results in successful similar projects.
In conventional accumulations, Probable and/or Possible Reserves may
be assigned where geoscience and engineering data identify directly
adjacent portions of a reservoir within the same accumulation that may be
separated from Proved areas by minor faulting or other geological
discontinuities and have not been penetrated by a wellbore but are
interpreted to be in communication with the known (Proved) reservoir.
Probable or Possible Reserves may be assigned to areas that are
structurally higher than the Proved area. Possible (and in some cases,
Probable) Reserves may be assigned to areas that are structurally lower
than the adjacent Proved or 2P area.
Caution should be exercised in assigning Reserves to adjacent reservoirs
isolated by major, potentially sealing, faults until this reservoir is
penetrated and evaluated as commercially productive. Justification for
assigning Reserves in such cases should be clearly documented.
Reserves should not be assigned to areas that are clearly separated from
a known accumulation by non-productive reservoir (i.e., absence of
reservoir, structurally low reservoir, or negative test results); such areas
may contain Prospective Resources.
In conventional accumulations, where drilling has defined a highest known
oil (HKO) elevation and there exists the potential for an associated gas
cap, Proved oil Reserves should only be assigned in the structurally higher
portions of the reservoir if there is reasonable certainty that such portions
are initially above bubble point pressure based on documented
engineering analyses. Reservoir portions that do not meet this certainty
may be assigned as Probable and Possible oil and/or gas based on
reservoir fluid properties and pressure gradient interpretations.

The 2007 Petroleum Resources Management System can be viewed in its entirety at
http://www.spe.org/spe-app/spe/industry/reserves/prms.htm.
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ABBREVIATIONS

BCF

billions of cubic feet

Bm3

billions of cubic meters

CBM

coalbed methane

CPR

competent person's report

Enviro

Enviro Energy International Holdings Limited

g/cc

grams per cubic centimeter

km2

square kilometers

m

meters

m3/t

cubic meters per ton

Norwest

Norwest Corporation

NSAI

Netherland, Sewell & Associates, Inc.

OGIP

original gas-in-place

PRMS

Petroleum Resources Management System

SCF/ton

standard cubic feet per ton

SPE

Society of Petroleum Engineers

SPE Standards

Standards Pertaining to the Estimating and Auditing of Oil
and Gas Reserves Information promulgated by the SPE

t/m3

tons per cubic meter

TWE

TerraWest Energy Corporation
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TECHNICAL DISCUSSION
ENVIRO ENERGY INTERNATIONAL HOLDINGS LIMITED
COALBED METHANE, SHALE GAS, AND TIGHT GAS PROSPECTS
LIUHUANGGOU BLOCK, XINJIANG PROVINCE, CHINA

1.0

OVERVIEW __________________________________________________________________
Netherland, Sewell & Associates, Inc. (NSAI) has been engaged by Enviro Energy International Holdings
Limited (Enviro) to provide an independent report setting forth our estimates of the unrisked gross (100
percent) prospective resources, as of December 31, 2010, for certain coalbed methane (CBM), shale gas,
and tight gas prospects located in the Liuhuanggou Block, Xinjiang Province, China. We understand that
the production sharing contract for the exploitation of gas resources in the Liuhuanggou Block is between
TerraWest Energy Corporation (TWE) and PetroChina Coalbed Methane Corporation. We also
understand that TWE is a subsidiary of Enviro. This block occupies 655 square kilometers (km2) along
the southern margin of the Junggar Basin in the Xinjiang Province, as shown on the location map in
Figure 1. In November 2010, Norwest Corporation (Norwest) prepared a competent person's report
(CPR) titled "CBM Potential of the Liuhuanggou CBM Project, Xinjiang Province, China". As requested,
our CBM assessment excludes the area previously assessed by Norwest. An outline of the Norwest
study area is shown on Figure 1. Since Norwest did not assess shale gas and tight gas as part of its
CPR, we did not exclude the Norwest study area from our shale gas and tight gas assessment. The
prospective resources included in this report indicate exploration opportunities and development potential
in the event a CBM, shale gas, or tight gas discovery is made and should not be construed as reserves or
contingent resources. Prospective resources are those quantities of petroleum that are estimated, as of a
given date, to be potentially recoverable from undiscovered accumulations by application of future
development projects. It should be understood that potentially significant quantities of coal, shale, and
tight sandstone are known to be present in the project area; however, without significant gas content,
storage capacity, and coal permeability data and evidence of the potential for commercial flow rates, this
area is considered an undiscovered CBM, shale gas, and tight gas opportunity and the volumes are
classified as prospective resources rather than contingent resources.

2.0

DATA SOURCES _____________________________________________________________
Enviro provided a comprehensive technical data set for our assessment in both electronic and hard copy
formats. Included in the data transfer were well reports; log files; seismic data; satellite photos of the
region; regional geologic studies; depth structure and overburden maps for each coal; coal isopachs; gas
content data for the coals and shales; show reports for the coals, shales, and tight sands; Excel
spreadsheets with well names, locations, tops, and thicknesses; and resources assessment studies by
Norwest.
A base map was constructed utilizing all of the well location and block boundary information that was
provided to NSAI for the Liuhaunggou Block. Well locations that were not supplied in Excel spreadsheets
were digitized from maps so that all currently drilled well locations are represented on the base map.
Surface elevation data were obtained from the United States National Oceanic and Atmospheric
Administration, National Geophysical Data Center and were used to construct a surface elevation map.
The satellite photos and other geologic information were used to determine outcrop locations near and
beyond well control and structural features that might reduce the area of coal, shale, and tight sand
potential. Coal tops and net coal thicknesses were verified and utilized to construct subsea depth
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structure maps to the top of each coal and isopachs of coal thickness. Overburden maps were then
constructed utilizing the surface elevation map and depth structure maps to the top of the coal seams and
to the top of the J1b shale zone. A cutoff of 1,500 meters (m) measured depth was applied to all coals,
shales, and tight sands estimated in this study.

3.0

GEOLOGIC SETTING __________________________________________________________
The Liuhuanggou Block is located in the Autonomous Region of the Xinjiang Province in the northwest
part of the People's Republic of China. The block is in the southern Junggar Basin just west of Urumqi,
the largest city in the Xinjiang Province. The Junggar Basin is bordered by the Tian Shan Mountains to
the south, the Altai Shan Mountains to the north and northeast, and the Karamay Thrust Belt to the
northwest. The basin was formed during the collision of the Indian and Eurasian Plates.

3.1

STRUCTURE
The Junggar Basin is an asymmetric cratonic basin that has a thrusted southern margin and a gentlydipping northern margin. The basement of the basin is thought to be formed by Pre-Cambrian crystalline
deposits, Carboniferous igneous deposits, and sediments deposited during the Hercynian rifting event.
The basin has undergone three episodes of structuring, starting in the Carboniferous with the formation of
the rift, then undergoing the Permian-to-Triassic drift stage, and ending with the high subsidence and
compression stage from late Triassic or Cretaceous to present. The depocenter is located in the
southern part of the basin paralleling the Tian Shan Mountain front.
The Liuhuanggou Block is situated on the southern edge of the Junggar Basin. The western half of the
block is composed of a broad anticline with very little faulting. This broad anticline has a gentle dip
towards the south, and a steeply dipping north flank that encounters a southerly-verging reverse fault.
North of this fault is another more tightly folded anticline. We interpret the west part of the block to be
separated from the east by a series of en echelon oblique-slip faults that roughly parallel the Toutun
River. This interpretation is based on apparent left lateral offset of structures across the faults. East of
the oblique-slip faults, the structuring is thought to be much less with a steady monoclinal dip to the north;
however, much of the eastern part of the block is covered by alluvium and Quaternary deposits.

3.2

STRATIGRAPHY
A stratigraphic column for the Liuhuanggou Block is shown in Figure 2. The early Carboniferous is
dominantly marine volcaniclastics with some limestones, black carbonaceous shales, and coals. By the
middle Carbonaceous time, the Junggar Sea had retreated because of uplift. During the late
Carboniferous time, sedimentation shifted from predominantly marine to non-marine sedimentation. The
Mesozoic section is dominated by non-marine clastic rocks. The Triassic is a 1,000-to-1,800-m-thick
succession of deltaic sandstones, conglomerates, siltstones, and shales, and it thins towards the flanks of
the basin. The Jurassic is very similar to the Triassic in that both are predominantly non-marine deposits,
but coal deposition developed during the Jurassic. The Jurassic Badaowan Formation is composed of
sandstone, mudstones, and some coals of the J1b unit. The Jurassic Xishanyao Formation, above the
Badaowan, has the best development of coal in the Liuhuanggou Block. Between the Badaowan and
Xishanyao Formations is the Sangonghe Formation, which is primarily sandstone of varying thickness. At
the end of the Jurassic, the basin received fluvial and lacustrine sandy shale of the Toutunhe Formation,
which is capped by the Qigu Formation.
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During Cretaceous time, the lacustrine facies were deposited over a broader area and are capped by red
beds of continental origin. The Tertiary is composed of an upward-coarsening sequence of lacustrine
shales, siltstones, sandstones, and conglomerates, as the deposition became more influenced from the
northern mountain belts and the basin became smaller.

3.3

COAL CHARACTERISTICS
The principal coal seams that have been assessed in this report are Seam J1b of the Badaowan
Formation and Seams 4/5, 9/10, and 14/15 of the Xishanyao Formation. The Xishanyao coals vary in
thickness from 6 to 12 m with an average total thickness of 25 m. Seam J1b has an average thickness of
approximately 20 m. All the coals are of subbituminous A/high-volatile C bituminous rank with rank
increasing with depth. For the Xishanyao coals, moisture content is high with an average of 17.5 percent,
but the ash content is fairly low with an average of 7.1 percent. Seam J1b has a lower moisture content of
approximately 12.5 percent and a similar ash content of 7.4 percent. The average relative coal density is
1.31 grams per cubic centimeter (g/cc).

3.4

SHALE CHARACTERISTICS
We have assessed the shale found between Seam 14/15 of the Xishanyao Formation and Seam J1b of
the Badaowan Formation and refer to it herein as J1b shale. The gross thickness of the shale interval is
approximately 300 m with varying amounts of sandstone. Shale has two components of gas content.
The adsorbed gas is that portion stored in the shale by adsorption in the micro- and nano-pore spaces,
and the free gas is that portion stored in available macro-pore spaces and in the natural fractures of the
shale. An average gas content of 40 standard cubic feet per ton (SCF/ton) and an average shale density
of 2.47 g/cc were used in the adsorbed gas analysis. An average porosity of 14 percent and an average
water saturation of 31 percent were used for the free gas analysis. Total shale gas is equal to adsorbed
gas plus free gas.

3.5

TIGHT SANDSTONE CHARACTERISTICS
We have assessed tight gas sands found in the interval between Seam 14/15 of the Xishanyao Formation
and Seam J1b of the Badaowan Formation and refer to them herein as J1b tight gas. The average porosity
of the tight gas sands is 16.4 percent and the average water saturation is 19 percent.

4.0

ASSESSMENT OF PROSPECTIVE RESOURCES ___________________________________

4.1

CBM
4.1.1

METHODOLOGY

The prospective resources presented herein for CBM prospects have been estimated using deterministic
methods. Estimates of original gas-in-place (OGIP) and estimated ultimate recovery were calculated
volumetrically for the Liuhuanggou Block using standard industry practices. We estimated the reservoir
area, net reservoir thickness, coal density, ash content, and moisture content for Seams 4/5, 9/10, 14/15,
and J1b. In addition, we estimated a range of gas content for each coal seam using desorption data taken

Page 3

from a number of wells. We also generated a range of recovery factors based on well spacing, reservoir
permeability, gas content, and reservoir pressure assumptions.
We generated net coal isopachs for Seams 4/5, 9/10, 14/15, and J1b and depth structure maps for each of
these coal seams. We determined coal density from the well logs and used an average for each coal unit
in the analysis. We calculated averages for ash and moisture contents from proximate analyses done on
many cores in all of the coal units.
We derived dry, ash-free adsorption isotherms for Seams 4/5, 9/10, 14/15, and J1b from analyses
provided by Enviro and calculated average adsorption isotherms for each unit using data obtained from
the wells. These data were converted to pressures by multiplying the pressure gradient found in each
well by the depth of the sample. We also observed a large variation in gas contents determined from
desorption tests and have expressed this variability in the low, best, and high estimates of prospective
resources. On average, the desorption data indicate that the coals are 50 to 70 percent saturated.
A water level of 1,150 m above sea level was used to calculate pressure at the coal midpoint for Seams
4/5, 9/10, and 14/15 for an individual well. A water level of 1,300 m above sea level was used to
calculate pressure at the coal midpoint for Seam J1b for an individual well. These levels are based on the
outcrop exposure of the coal seams.
We generated low, best, and high estimates of OGIP based on the desorption data available for the
Liuhuanggou Block. The average low, best, and high estimate reservoir properties determined from well
logs, core data, and adsorption and desorption tests, along with the low, best, and high estimate OGIP
volumes for the coal seams are shown in the following tables:

Reservoir Property
Area (km2)
Ash content (percent)
Coal density (t/m3)
Gas content (m3/t)
Moisture content (percent)
Net thickness of coal (m)
OGIP (Bm3)
OGIP (BCF)

Reservoir Property
Area (km2)
Ash content (percent)
Coal density (t/m3)
Gas content (m3/t)
Moisture content (percent)
Net thickness of coal (m)
OGIP (Bm3)
OGIP (BCF)

Low Estimate

Seam 4/5
Best Estimate

High Estimate

80.9
05.2
01.31
05.1
12.2
04.9

80.9
005.2
001.31
007.6
012.2
04.9

80.9
005.2
001.31
0010.5
112.2
04.9

02.2
76.9

003.3
115.4

004.5
159.0

Low Estimate

Seam 9/10
Best Estimate

High Estimate

87.1
04.9
01.31
02.4
12.5
06.9

87.1
04.9
01.31
04.8
12.5
06.9

87.1
004.9
001.31
007.2
012.5
006.9

01.5
54.5

03.1
109.0

004.7
164.2
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Reservoir Property
Area (km2)
Ash content (percent)
Coal density (t/m3)
Gas content (m3/t)
Moisture content (percent)
Net thickness of coal (m)
OGIP (Bm3)
OGIP (BCF)

Reservoir Property
Area (km2)
Ash content (percent)
Coal density (t/m3)
Gas content (m3/t)
Moisture content (percent)
Net thickness of coal (m)
OGIP (Bm3)
OGIP (BCF)

Low Estimate

Seam 14/15
Best Estimate

High Estimate

90.8
11.5
01.31
01.4
14.0
012.2

90.8
011.5
001.31
004.8
14.0
012.2

90.8
011.5
001.31
008.3
14.0
012.2

01.5
52.7

005.2
183.9

008.9
316.0

Low Estimate

Seam J1b
Best Estimate

High Estimate

112.7
016.8
01.31
05.1
8.9
03.5

112.7
016.8
001.31
007.7
8.9
03.5

112.7
016.8
001.31
0010.5
8.9
03.5

02.0
69.7

003.0
104.5

004.1
144.0

Coal density is expressed in tons per cubic meter (t/m3), gas content is expressed in cubic meters per ton
(m3/t), and OGIP is expressed both in billions of cubic meters (Bm3) and billions of cubic feet (BCF) at
standard temperature and pressure bases.

4.1.2

UNRISKED GROSS (100 PERCENT) PROSPECTIVE GAS RESOURCES

We determined estimated ultimate recovery using a range of recovery factors that were based on
considerations of well spacing, reservoir permeability, gas content, and reservoir pressure. This range
was applied to OGIP volumes to determine low, best, and high estimates of prospective resources. The
areal extent of the coal seams for which we have estimated prospective resources is shown on Figure 3.
We estimate the unrisked gross (100 percent) prospective gas resources for CBM prospects, as of
December 31, 2010, to be:

Category
Low Estimate
Best Estimate
High Estimate

Unrisked Gross (100 Percent) Prospective Gas Resources
(BCF)
Seam 4/5
Seam 9/10
Seam 14/15
Seam J1b
09.1
23.7
70.8

02.3
17.4
55.3

000.2
027.9
120.8

07.9
24.1
64.0

Development of these prospective resources will require large-scale capital commitments that include
(1) drilling and completing a significant number of wells and (2) building infrastructure associated with gas
gathering, de-watering, treatment, and compression.
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4.2

SHALE GAS
4.2.1

METHODOLOGY

The prospective resources presented herein for shale gas prospects have been estimated using
probabilistic methods. Norwest did not assess shale gas resources as part of its CPR; therefore, we did
not exclude the Norwest study area from our shale gas assessment. Three wells, the LGH 08-03, the
LGH 09-01, and the LGH 09-02, were used to determine the characteristics for the J1b shale. To our
knowledge, these three wells are the only penetrations with modern log suites on the block. A gross
thickness interval of approximately 300 m was found in the three penetrations of the shale and was used
as the isopach thickness for the shale. Sand and coal were subtracted from the gross interval thickness
in each well and net pay shale was calculated for the remaining thickness interval. Porosity cutoffs of 2,
4, and 6 percent were used to determine the range of net pay thicknesses. Average porosity values were
determined for the net pay intervals. A low, best, and high estimate water saturation was calculated using
water resistivity of 0.10, 0.05, and 0.02 ohm-meters, respectively. The standard volumetric equation for
gas was used to determine OGIP for the free gas. Adsorbed gas for the shale was calculated using a
range of 5 to 102 SCF/ton, with a best estimate value of 21 SCF/ton. Total gas was calculated by adding
the free and adsorbed gas components.
The low, best, and high estimate reservoir properties, along with the low, best, and high estimate OGIP
volumes for the J1b shale are shown in the following table:
Reservoir Property
Adsorbed gas content (SCF/ton)
Area (km2)
Gas saturation (percent)
Net thickness (m)
Porosity (percent)
Recovery factor (percent)
Shale density (g/cc)
OGIP (BCF)

4.2.2

Low Estimate

J1b Shale
Best Estimate

High Estimate

5
180
53.4
180
13.5
5
1.3

21
180
67.9
258
14.1
15
1.3

102
180
82.4
335
14.7
25
1.3

6,658.3

10,502.7

16,960.8

UNRISKED GROSS (100 PERCENT) PROSPECTIVE GAS RESOURCES

Recovery factors were applied to OGIP volumes to determine low, best, and high estimates of
prospective resources. The areal extent of the J1b shale for which we have estimated prospective
resources is shown on Figure 4.
We estimate the unrisked gross (100 percent) prospective gas resources for the J1b shale, as of
December 31, 2010, to be:

Category
Low Estimate
Best Estimate
High Estimate

Unrisked Gross (100 Percent)
Prospective Gas Resources
1)
(BCF)
0,499.1
1,512.0
3,199.7
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Development of these prospective resources will require large scale capital commitments that include
(1) drilling and completing a significant number of wells and (2) building infrastructure associated with gas
gathering, treatment, and compression.

4.3

TIGHT GAS
4.3.1

METHODOLOGY

The prospective resources presented herein for tight gas prospects have been estimated using
probabilistic methods. Norwest did not assess tight gas resources as part of their CPR; therefore, we did
not exclude the Norwest study area from our tight gas assessment. The same three wells that were used
to determine ranges of potential outcomes for the shale gas analysis were also used for the tight gas
analysis. The standard gas equation was used to determine OGIP.
The low, best, and high estimate reservoir properties, along with the low, best, and high estimate OGIP
volumes for the J1b tight gas sand are shown in the following table:
Reservoir Property
Area (km2)
Net thickness (m)
Porosity (percent)
Gas saturation (percent)
Recovery factor (percent)
OGIP (BCF)

4.3.2

Low Estimate

J1b Tight Gas
Best Estimate

High Estimate

180
6
15.1
71.8
15

180
18
16.4
80.5
30

180
31
17.7
89.1
60

267.1

808.6

1,441.0

UNRISKED GROSS (100 PERCENT) PROSPECTIVE GAS RESOURCES

Recovery factors were applied to OGIP volumes to determine low, best, and high estimates of
prospective resources. The areal extent of the J1b tight sandstone for which we have estimated
prospective resources is shown on Figure 4.
We estimate the unrisked gross (100 percent) prospective gas resources for the J1b tight gas sand, as of
December 31, 2010, to be:

Category
Low Estimate
Best Estimate
High Estimate

Unrisked Gross (100 Percent)
Prospective Gas Resources
(BCF)
061.0
229.0
609.7

Development of these prospective resources will require large-scale capital commitments that include
(1) drilling and completing a significant number of wells and (2) building infrastructure associated with gas
gathering, treatment, and compression.
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Stratigraphic Column
Liuhuanggou Block
Xinjiang Province, China

PERIOD

UNIT

FORMATIONS

THICKNESS
(Meters)

LITHOLOGY

Q u a t e rn a ry

Q

Xingjiang
Usu
Xiyu

127

Sand, gravel, silt
Fluvial and pluvial gravel
Massive conglomerate

186-1,984

Sandy conglomerate and
sandstone
Marl and limestone
Interbedded mudstone
and sandstone

K

Donggou
Lianmuqin
Shengjinkou
Hutubihe
Qingshuihe

350-1,179

Gritstone and sandstone
Mudstone
Gritty argillite
Mudstone
Sandstone

J3k

Kalazha

0-720

Conglomerate and mudstone

J3q

Qigu

700

Mudstone

J2t

Toutunhe

700-1,155

Grey wacke

Changhe
Te rtia ry

Cre ta c e o u s

Jurassic

R

Anjihaihe
Ziniquanzi

J2s

Xishanyao

500-822

Mudstone with
sandstone and coal
Major Coal Seams
4/5, 9/10, and 14/15

J1s

Sangonghe

567-850

Sandstone

J1b

Badaowan

760-780

Sandstone, mudstone, and coal
Major Coal Seam J1b

1,061-1,787

Mudstone, sandstone,
minor coal
Mudstone, sandstone
and conglomerate

Triassic

T

P e rm i a n

P

2,890-6,022

Non-marine sandstone,
silt and shale,
carbonaceous shale and coal

Ca rb o n if e ro u s

C

>2,600

Marine volcaniclastic
limestone, and carbonaceous
shale

Adapted from figures provided by Enviro Energy International Holdings Limited.
All estimates and exhibits herein are part of this NSAI report and are subject to its parameters and conditions.
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