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1.

INTRODUCTION

This document is an Executive Summary of an independent evaluation completed by RPS Energy
(“RPS”) of the Prospective Resources of shale gas in PEDL Blocks 139 and 140, onshore UK, in
which Egdon Resources plc (“Egdon”) has an interest. The full report was prepared as a mineral
expert’s report in accordance with the recommendations of the European Commission’s Regulations
on Prospectuses No 809/2004 published by the Committee of European Securities Regulators
(“CESR”) in response to Egdon’s request, and the subsequent Letter of Engagement dated March
2012,.
Prospective Resources are estimated as of 30 September 2012, based on data and information
available up to that date. A commercial evaluation of the resources has also been completed but the
results of this are not reported here.
In estimating resources we have used standard petroleum engineering techniques, which combine
geological and production data with information concerning fluid characteristics and reservoir
pressure, where available.
We have estimated the degree of uncertainty inherent in the
measurements and interpretation of the data and have calculated a range of resources and risk
factors in accordance with the 2007 SPE/WPC/AAPG/SPEE Petroleum Resource Management
System.
The data set included geological, geophysical, geochemical and petrophysical data, together with
reports, published articles and presentations pertaining to the contractual and fiscal terms applicable
to the assets. In carrying out this review RPS has relied solely upon this information.
As the resources are prospective and there are no facilities in place, no site visit has been
undertaken.
We have taken the working interest that Egdon has in the Properties, as presented by Egdon, and we
have not investigated nor do we make any warranty as to Egdon's interest in the Properties.
1.1

Qualifications

RPS is an independent consultancy specialising in petroleum reservoir evaluation and economic
analysis. Except for the provision of professional services on a fee basis, RPS does not have a
commercial arrangement with any other person or company involved in the interests that are the
subject of this report.
1.2

Basis of Opinion

The evaluation presented herein reflects our informed judgement based on accepted standards of
professional investigation, but is subject to generally recognised uncertainties associated with the
interpretation of geological, geophysical and engineering data. The evaluation has been conducted
within our understanding of petroleum legislation, taxation and other regulations that currently apply to
these interests. However, RPS is not in a position to attest to the property title, financial interest
relationships or encumbrances related to the properties. Our estimates of reserves and resources
and value are based on the data set available to, and provided by, Egdon. We have accepted,
without independent verification, the accuracy and completeness of these data.
The report represents RPS’ best professional judgement and should not be considered a guarantee
or prediction of results. It should be understood that any evaluation, particularly one involving
exploration and future petroleum developments, may be subject to significant variations over short
periods of time as new information becomes available. This report relates specifically and solely to
the subject assets and is conditional upon various assumptions that are described herein. Except
with permission from RPS, this summary report may not be reproduced or redistributed, in whole or in
part, to any other person or published, in whole or in part, for any purpose without the express written
consent of RPS. However in instances where excerpts only are to be reproduced or published this
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cannot be done without the express permission of RPS. The report is provided for the sole use of
Egdon and its advisors on a fee basis.
RPS accepts responsibility for the information contained in this report, and to the best knowledge and
belief of RPS, having taken all reasonable care to ensure that such is the case, the information
contained herein is in accordance with the facts and does not omit anything likely to affect the import
of such information.

2.

GAINSBOROUGH TROUGH

2.1

Egdon Properties

Egdon Resources has a 13.5% working interest (W.I.) in shale gas exploration acreage within
Petroleum Exploration and Development Licence (PEDL) blocks 139 and 140 in the East Midlands
region of the UK (Figure 2.1). These license blocks have a combined total area of 242.2 km2 (59,857
acres).

Figure 2.1:
2.2

East Midlands Geological Map with Egdon’s Licence Interests

Regional Setting

The Gainsborough Trough is a rift basin that formed during Late Devonian to Carboniferous times. It
has a complex tectonic history with notable basin inversion episodes during the Late Carboniferous
Variscan and Tertiary Alpine orogenic events. The present day basinal architecture therefore
represents a structural remnant, with the prominent Askern-Spital fault interpreted as a rift border
fault that marks the northern limit of the Gainsborough Trough (Figure 2.1).
The targeted shale gas reservoir, the Pendleian Shale, represents a post-rift early Namurian marine
transgressive event and is tentatively correlated with the Upper Bowland Shale in the Bowland Basin.
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Outer areas of the Gainsborough half-graben represent deep water facies characterised by prodeltaic
deposition and source rock formation (Ward et al. 2003)1.
Seismic interpretations of UK Carboniferous rift basins suggest they are typically wedge-shaped half2
grabens (Fraser and Gawthorpe 1990) . The Gainsborough Trough is a classic example of such a
half-graben (Figure 2.1).

Figure 2.1:
Composite Seismic and Interpreted Geological Cross-Section across the
Gainsborough Trough, East Midlands (Fraser and Gawthorpe 1990)
The Pendleian Shale is an established regional source rock for conventional oil and gas fields.
Regional stratigraphic correlations indicate these shales are part of the source rock package
responsible for charging petroleum reservoirs in the East Midlands province, the East Irish Sea
oilfields, and probably the Formby oil field as well (DECC 2011)3. In the Gainsborough Trough there
are several oil and gas fields, perhaps the most relevant to this study are the Hatfield Moors and
Hatfield West gas fields located to the north of PEDLs 139 and 140. While these are small multi-Bscf
gas fields, their Upper Carboniferous Westphalian sandstone reservoirs are likely to have been
charged by the underlying Pendleian source rocks. Potential for such gas mature source rocks serve
as support for a Pendleian shale gas play in the Gainsborough Trough.
The long history of exploration and development within the East Midlands petroleum province
provides an advantageous framework for the development of unconventional hydrocarbon plays.
Conventional oil and gas fields in the region have associated infrastructure and services. The
Beckingham West field, located immediately adjacent to PEDL 140 in the Gainsborough Trough,
commenced production in 1985 and is still producing oil that is transported by pipeline to
Gainsborough.

1

Ward J, Chan A and Ramsay B 2003. The Hatfield Moors and Hatfield West Gas (Storage) Fields, South Yorkshire.
Geological Society, London, Memoirs 2003, v.20; pp 903-910.
2

Fraser JA and Gawthorpe RL 1990. Tectonic Events Responsible for Britain's Oil and Gas Reserves. Geological Society
Special Publication No 55, pp 49-86.
3

DECC 2011. The unconventional hydrocarbon resources of Britain’s onshore basins – Shale Gas. Promote UK 2012,
pp.1-35.
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Pendleian Shale Depth Structure Mapping

A seismic interpretation and mapping study of the Pendleian Shale in PEDLs 139 and 140 was made
available for this study and reviewed by RPS. The study is based upon 2D seismic lines of various
vintages and of generally poor quality. Only one on-block well, Scaftworth-B2, penetrated the
Pendleian Shale and provides key calibration data for the seismic interpretaton. This well intersected
162m of the Pendleian formation between 2088m and 2250m subsurface. Three additional wells in
the area reached the Upper Namurian but did not penetrate the Pendleian Shale. These data plus
published structure maps were combined to generate a depth structure map for the Pendleian. RPS
has moderate confidence in this mapping.
The depth structure map includes major faults in the area while excluding smaller faults due to limited
resolution of available data. RPS has applied a 200m buffer zone around the major faults and is one
of the elements used by RPS to define the proportion of the acreage that would be accessible for
drilling.
Lateral thickness variation of the Pendleian Shale is relatively poorly constrained. A regional seismic
interpretation suggests thinning of the Pendleian Shale towards the basin margin (Figure 2.1).
2.4

Geochemistry

A 2006 geochemistry report on the Pendleian Shale source rocks intersected in well Scaftworth-B2
indicates a total organic carbon (TOC) content range of 2.07% to 3.63%. These data were derived
from 11 Pendleian samples over the depth interval 2,096m and 2,246m. A repeat analysis carried out
on new samples by Egdon shows good agreement with the previous study and returned a maximum
TOC of 3.51%.
The Pendleian Shale is an established high quality source rock interpreted to be dominantly marine in
origin and therefore analogous to producing US shale gas reservoirs such as the Barnett and
Marcellus. Samples from well Scaftworth-B2 have low hydrogen index (HI) values. This is likely to be
a function of the gas maturity of these samples which give an average measured vitrinite reflectance
(VR) value of 1.26%Ro. The gas maturity of these samples is also a likely explanation for the erratic
Rock-Eval Tmax data which has a random distribution between 359 to 520oC. A distal prodeltaic
marine setting is interpreted for the Pendleian, with potential for source rock development containing
mixed marine-terrestrial organic matter with a hydrogen index (HI) of approximately 300mgHC/gTOC.
Measured VR data from Hatfield Moors-3, Warmsworth-1 and Gainsborough-2 show relatively linear
maturity gradients in 1D modelling.
Downward extrapolation of the maturity gradient for
Gainsborough-2 indicates potentially wet gas mature (1.0-1.3%Ro) Pendleian Shale source rocks at
approximately 2000m subsurface. Given potential for major unconformities and basin inversion,
extrapolated maturities are likely to represent minimum values.
Burial history modelling for well Gainsborough-2 indicates the Pendleian Shale reached a maximum
burial depth of 3700m during the Late Cretaceous to Early Palaeogene when the Pendleian shale
entered the wet gas window (1.0-1.3% Ro). Subsequent uplift and erosion of approximately 1.7km
places these shales at a relatively shallower depth without complete unroofing and surface exposure.
A Base Pendleian Shale maturity map derived from calibrated 1D modelling and pseudo-well
modelling shows variation from wet gas maturity (1.0 – 1.3%Ro) to dry gas maturity (1.3-2.6%Ro) in
PEDL 139-140. The RPS volumetric analysis is restricted to areas of the block that are above 1.1%
Ro maturity.
2.5

Petrophysics Data Interpretation

Petrophysical data for Scaftworth B-2 were analysed by RPS for source rock identification and the
calculation of net source rock thickness. This work focused on the interval (2050m – 2250.4m BRT).
Analysis quality is somewhat hindered by bad hole conditions in this section.
Increased Gamma Ray in the organic rich intervals, resistivity close to or greater than 20 Ohm-m and
good hole conditions were used as criteria to identify potential shale gas intervals. Cutting samples
geochemical analyses were used for calibration of Log-TOC to measured TOC. Calibration of LogTOC to Core-TOC was derived using sonic transit time logs. Vcl was estimated from the Gamma Ray
curve
The Pendleian Shale interval is defined as 2088m to 2250.4m, giving a gross source rock interval of
162.40m and a net source rock interval of 126.45m.
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2.6
Fraccability
No laboratory rock mechanics test data were available for Pendleian Shale samples from the study
area nor were there appropriate petrophysical log data for assessing Poisson’s Ratio and Young’s
Modulus as a proxy gauge of fraccability. However, X-ray diffraction (XRD) mineralogy data from well
Scaftworth B-2 show high quartz content analogous to ‘siliceous’ Barnett shale. Some samples have
high carbonate content but these samples are also considered to have favourable fraccability
potential.
2.7

Drilling

Efficient drilling of the acreage will require a large number of long horizontal wells (laterals) to
minimise the surface footprint. It is envisaged that large rectangular drainage blocks could be
designed to accommodate approximately 10 pairs of laterals, spaced 0.2km apart, each of 3km
maximum length, all serviced from a common pad drilling and fracturing facilities.
Long laterals need to be steered perpendicular to the present day maximum principal horizontal
stress to facilitate the opening and retention of hydraulic fractures perpendicular to the borehole.
Stress orientation data from the World Stress Map Project indicates a maximum horizontal stress
orientated NW-SE in the PEDL 139, 140 area, hence laterals would be drilled NE-SW.
2.8

Accessible Acreage

RPS conducted a high level environmental, planning and development review of PEDL 139, 140.
This work, in conjunction with the identification of potential sub-surface geohazard features such as
major fault zones, was used to assess the areas of the blocks that are accessible for drilling
operations. This results in an estimate that 60% of the deep sub-surface area of the two blocks could
be reached from viable surface drilling locations.

3.

RISKING

RPS assesses the Geological Probability of Success (GPoS) for shale gas in an analogous manner to
conventional hydrocarbons.
The GPoS reflects the chance that the initial exploration well(s) will encounter the Pendleian shale
within the limits of the ranges of thickness, maturity and TOC content etc. assumed in the geological
model used by RPS to compute the prospective volumes, and the chance that stimulation and/or
testing of the exploration well(s) will demonstrate sufficient gas flow to technically justify moving on to
a full pilot programme.
RPS assesses risk by considering both a Play Risk and an On Block Sweet Spot Risk (cf Prospect
Risk for conventional hydrocarbons)
Play chance refers to regional basin-scale controls covering an entire basin; in this case the
Gainsborough Rift. Three factors are considered:



Basin architecture: presence of sedimentary basin of suitable dimensions and characteristics
Regional presence of an organic-rich shale
Burial history sufficient to have achieved regional gas maturity in target shales

On Block Sweet Spot Chance addresses factors required for a successful shale gas play (sweet spot)
to be present within the local area of PEDL 139-140. Five factors are considered:






Organic geochemistry (richness and quality)
Adequate local thermal maturity of source shales and burial history
Local presence, thickness and continuity of the shale
Mechanical properties conducive to successful fraccing stimulation (fraccability)
Presence of suitable pressure, temperature and in-situ stress conditions

Assessed Play and On Block Sweet Spot chance factors for PEDL 139-140 are:
Play Chance:……………………………

81%

On Block Sweet Spot Chance……….

29%

Overall GPoS………………………….

24%
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4.

VOLUMETRIC ASSESSMENT

4.1

Shale Gas Volumes in PEDL 139-140

RPS adopts a ‘bottom-up’ approach for shale gas volumetric estimation. The calculation is based on
several key controlling parameters, namely source rock organic and inorganic geochemistry, porosity,
pressure, temperature, depth, Langmuir Isotherms, net reservoir thickness and area. Volumes are
calculated via Monte Carlo simulation with ranges of input data derived from local sources where
available and also from analogous US shale gas plays. The resulting gas volumetric estimates are
sense checked against known production data from US analogies for a ‘top-down’ comparison.
Based upon measured geochemistry data and a calibrated petrophysical interpretation of the key onblock well Scaftworth-B2, the net shale reservoir thickness is estimated to be 125m. Shale density is
estimated to be 2.7g/cc. Langmuir isotherm estimates are based upon US analogue basin data. RPS
has allocated 0.9% nano scale organic porosity for every one percent TOC, consistent with the
reservoir not being fully dry gas mature across the entire study area. The published gas gravity of
0.629 for the Hatfield Moors gas field north of PEDL 139 has been applied to the current estimation,
since this field was probably sourced from the Pendleian shale.
Pressure measurements for well Gainsborough-2 demonstrate a pressure gradient of 0.517 psi/ft
which indicates slight overpressure which is likely to favour flow from the reservoir. Local well data
have been used to calculate a geothermal gradient of 1.8oF per 100ft (33oC/km).
The following tables summarise the volumes of total shale gas in-place (GIIP), the accessible gas in
place, and the recoverable gas volumes. The estimated total gas volumes and Egdon’s working
interest (WI) GIIP are summarised in Tables (i) to (iii).
The Accessible GIIP is based upon a RPS surface environment and subsurface fault geohazard study
which estimates 60% (by area) of the on-block Pendleian shale can be reached from accessible
surface drill locations on PEDL 139-140.
Recoverable Prospective Resources are estimated based on recovery factors ranging around a P50
of 15% in line with The EIA Golden Rules 20124.
Egdon
(%)

Licence

PEDL 139 & 140

13.50

Table (i):

Egdon
(%)

PEDL 139 & 140

13.50

GPoS
(%)

P90

P50

P10

Mean

P90

P50

P10

Mean

10.17

12.95

16.03

13.03

1.37

1.75

2.16

1.76

24

Accessible GIIP
(Tscf)

Reservoir

Pendleian

Egdon W.I. Accessible GIIP
(Tscf)

P90

P50

P10

Mean

P90

P50

P10

Mean

7.03

9.01

11.16

9.07

0.95

1.22

1.51

1.22

GPoS
(%)

24

Summary of Accessible Shale Gas In-Place (GIIP) Volumes for PEDLs 139 & 140

Licence

PEDL 139 & 140

Table (iii):
4

Pendleian

Egdon W.I. Gross GIIP
(Tscf)

Summary of Total Shale Gas In-Place (GIIP) Volumes for PEDLs 139 & 140

Licence

Table (ii):

Gross GIIP
(Tscf)

Reservoir

Egdon
(%)

13.50

Reservoir

Pendleian

Prospective Resources
(Tscf)

Egdon W.I. Prospective
Resources
(Tscf)

GPoS
(%)

P90

P50

P10

Mean

P90

P50

P10

Mean

0.89

1.35

1.93

1.38

0.12

0.18

0.26

0.19

24

Summary of Shale Gas Prospective Resources for PEDLs 139 & 140

EIA (2012). Golden rules for a golden age of gas. World energy Outlook. Special Report, pp 1-143
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Benchmarking with USA Analogue Plays

Shale gas prospectivity in PEDL 139-140 is based on analogy between the Pendleain shale and the
extensively developed Barnett and Marcellus shale gas plays in North America. The analogy focusses
on similarities in the shale characteristics; hence the production potential may be reasonably
analogous on a well by well basis. However it is recognised that the basin settings are very different,
so play scale production analogies are not invoked.
Analogy to these producing shale gas plays is used by RPS as a “top down” check on the volumes
and flow rates assumed in this evaluation.
Published data on the Barnett shale Newark East field show thickness averaging 137 m, slight
overpressure at 0.52 psi/ft, and depth ranging from about 2104 to 2287 m, are very similar to those of
the Pendleian sweet spot. Porosities are also similar, the Barnett shale averaging c. 6% while the
estimated porosity for the Pendleian is c. 5%. The Pendleian has lower present day average total
organic carbon (TOC) content of 2.6% compared to Barnett silica-rich intervals that average 3.3–4.5%
TOC. Barnett shale vitrinite reflectance values have a range of 1.3–2.1% while the Pendleian
exceeds 1.3% over a portion of the sweet spot.
The Barnett is used as an analogy for gas wetness in the Pendleian play. Barnett gas-to-oil ratios
increase with higher maturity, higher Btu (1300) wet gas is predominant in the west and lower Btu
(1000) drier gas in the more mature east. Hence a range of 1,100 to 1,250 Btu/scf is applied to
Pendleian in the current study.
Estimating ultimate recoverable gas per well is difficult due to the limited public domain production
data for the North American producing shale gas plays. Only the Barnett has been in production for
greater than ten years. However, some broad relationships have been inferred between initial
production rate and estimated ultimate recovery (EUR) per well, whereby higher initial flow rates are
considered to indicate higher EUR per well as shown in Figure 4.2 from Chesapeake 20105.
The RPS results for the Pendleian of PEDL 139-140 give a mean initial flow rate of 4.0 MMcf/d,
assuming a recovery factor of 15%, and a mean EUR of 3.8 Bcf/well. These numbers look reasonable
when compared to the equivalent values for the analogous Barnett and Marcellus plays.

Figure 4.2:

Type Curves for Major USA Shale Gas Plays

5

Chesapeake 2012. Institutional investor and analyst meeting, Oklahoma City.
http://www.commodityintelligence.com/images/2010/oct/19oct/chkoct10.pdf
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