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Abstract

Shell has an active program of Marcellus Shale gas development in NE Pennsylvania. Ongoing gas production in Pennsylvania depends on
industry's ability to drill and complete gas wells in a safe and environmentally responsible manner. Key to protection of fresh groundwater
resources is avoidance of pre-existing natural and man-made conduits of methane coupled with proper drilling and well construction techniques
to ensure zonal isolation.

In Tioga County, Pennsylvania, Upper Devonian gas-bearing sandstones of the Catskills Formation occur at or near the surface across most of
Tioga County. In addition to naturally occurring methane surface seeps seen across this region, historical oil/gas and water well construction
practices have in some cases resulted in vertical conduits for methane migration from shallow gas-bearing sandstones into freshwater aquifers.
Methane injected into the Oriskany Sandstone for storage, has also been detected by USGS researchers in freshwater aquifers. Finally,
imperfect zonal isolation by the surface and intermediate casing and cement intervals can result in a potential conduit for methane getting into
groundwater.

In August 2011, Shell contracted with NEOS GeoSolutions to conduct a remote-sensing survey of our Tioga County operating area in
Pennsylvania. A fixed-wing aircraft was used to collect band-specific hyperspectral, magnetic, gravity, electromagnetic and radiometric data
over all of Tioga County. In addition, a helicopter system was used to collect high-resolution band-specific hyperspectral, magnetic,
electromagnetic (EM) and radiometric data over a project specific area. Key project objectives were:

1) Detection of surface hydrocarbon seeps and potential indirect hydrocarbon indicators.

2) Detection of abandoned/derelict oil and gas wells not found in state agency or commercial databases.

3) Mapping of resistivity anomalies in the near-surface to provide an indication of potential aquifer salinity variations and locations of shallow
gas sands in the Upper Devonian Bradford Group.

4) Definition of surface lineaments and fracture corridors and identification of fault networks that can be extended from the surface into the
subsurface when integrated with 3-D and 2-D seismic.


mailto:bryce.mckee@shell.com

5) Developing a hyperspectral-derived image of surface geo-hazards and geo-botanical variations.
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Shell-NEOS neoPROSPECTOR Project Location:

Tioga County, Pennsylvania
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Shell-NEOS neoPROSPECTOR Project Objectives
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Tioga County, PA - Geologic Overview g
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Juxtaposition of Fresh Groundwater Aquifers and Shallow

Upper Devonian Gas Sands
(Conventional Gas Reservoirs) in North-Central and Northeast Pennsylvania

- Much of Tioga, Bradford, Lycoming, Susquehanna, and other counties in this part of the state are situated on gas-bearing
strata of the Upper Devonian Bradford Group.

-Shallow gas sands in the Bradford Group (Lock Haven and Catskills formations) occur near the surface at very shallow depths,
and in some cases outcrop at the surface. In glacially incised areas, these can be overlain by a veneer (1-100’ thick). of
Quaternary glacial alluvium.

* Tioga County - AQUIFER TYPE 1 - Glacial Alluvium
Usually produce freshwater from unconsolidated sediments at depths <100’ below surface

- These near-surface Upper Devonian rocks, when fractured are recharged on local topographic highs by rain and snow-melt, and
are important freshwater aquifers used as the primary drinking water supply over much of Tioga County.

+ Tioga County - AQUIFER TYPE 2 - Fractured Upper Devonian Bedrock
Usually produce freshwater from the Lock Haven Fm. from depths <250’ below surface

- Important to properly identify the freshwater aquifer zones (of either type) that often occur in close proximity above gas sands in
the Upper Devonian Catskills and Lock Haven formations, to ensure zonal isolation and groundwater protection of these aquifers.
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Example of glacial outwash aquifer from quarry m

Tioga County, PA
(Note darker water-saturated sediments)
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Example of fractured Upper Devonian bedrock aquifer from roadcut in # ?
Tioga County, PA
(Lock aven Formation - Note dark water- saturated rock around vertlcal fractures)

X
X XS
GO DEEP VR aSnoos  [55%3%7



2000000
-77°30"
10000 0 10000 20000 30000
———————
US survey foot
NADS3 / Pennsyivania North (US)

Shell-NEOS neoPROSPECTOR Aquifer Delineation

Total Count Radiometric Data
Showing Glacial Valley-Fill with
Elevated Natural Gamma Ray (U-K-
Th) Emitting Sediments (Feldspar-
Rich Granitic Canadian Shield
Provenance)

MAP OF GLACIATED VALLEYS IN TIOGA COUNTY, PA.
(Digitized from PA Geol. Surv. Water Resource Rept. 68,

-77°15°

Radiometric Total Count
Map of Tioga County, PA

Y
i X S0y
GO DEEP YE0SRbeey [ xx%xX

AAP



AAP

Shell-NEOS neoPROSPECTOR Methodology Overview

« Well Detection

Measurement: MAG (via helicopter and fixed-wing)

Analysis: Identify potential abandoned buried wells with high-resolution helicopter magnetic
data. Overlay hyperspectral and multispectral datasets on known wells and interpreted faults
to look for vegetative anomalies (from leaking gas) around old wellheads

 Surface Fault /Lineament Mapping & Hydrocarbon Leak / Seep Detection

Measurement: ASD spectral (via helicopter and ground measurements)
Measurement: FTIR spectral (via helicopter and ground measurements)
Measurement: HYPERSPECTRAL (via fixed-wing and ground measurements)
Measurement: MULTISPECTRAL (via ASTER satellite)

Analysis: Overlay hyperspectral and multispectral datasets on known wells and interpreted
faults to look for vegetative anomalies (from leaking gas) around shallow faults / surface
lineaments and old wellheads. Interpret fault/fracture patterns from high-resolution helicopter
data and overlay results on EM and spectral data to interpret gas migration along shallow
faults.

. Shallow / Near-Surface Gas Sand Detection

Measurement: EM (via helicopter and fixed-wing)

Analysis: Interpret shallow resistivity variations using high-resolution helicopter data and
overlay results on spectral data maps to interpret the presence of shallow / near-surface gas

sands. X f( X X X
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Well Detection

. Looking for previously unidentified old abandoned
“orphan” wells not appearing in DEP or industry well databases.

. Looking for unrecorded water wells not appearing in
DEP database for avoidance, baseline sampling, and protection
during operations.
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Topography with Flight Paths
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Surface Faulting / Lineament
&
Gas Seep Detection

Looking for surface lineaments / vertical fracture
corridors (bedrock aquifers) for avoidance during
selection of well surface locations.

|Identification of surface lineaments / vertical fracture
corridors that may be acting as natural methane
surface seeps.
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. AA
Stray Gas Occurrence at the Surface in Ground Water: .ﬁ

- Stray gas contamination of freshwater aquifers in Tioga County can occur through:

» naturally occurring near-surface fault conduits, fracture systems, and deeper fault framework (surface drainage
patterns seen on topographic maps often corresponds to fault framework in subsurface ).

« water wells drilled slightly too deep (establishing communication with shallow gas sands),

* gas migration through improperly abandoned old derelict gas wells,

» oil or gas wells with sub-optimal cement zonal isolation

- The occurrence of pre-existing methane gas that has either migrated naturally through faults and fractures into the
groundwater or has migrated into groundwater from older drilling and mining operations is documented in historical

records dating back to the early 1900’s.

- Important to be able to differentiate between pre-existing gas contamination of groundwater, and gas contamination
caused by or exacerbated by drilling operations (incomplete zonal isolation of aquifer by cement and casing):
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Surface Lineaments ldentified During Pre-Drill Site
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NATURAL SPRINGS & METHANE SEEPS
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As early as 1795, Pennsylvania
landowners described water
that would “bubble and catch
fire like black powder”.
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Hydrocarbon Seep Detection

superimposed methane
plumes (shown in blue)

ASD hydrocarbon indicators (red)

Resistivity 32 kHz
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Mapping Trace Hydrocarbons to Faults/Resistivity ==

Several Areas Suggest Natural Methane Seepage
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Mapping Trace Hydrocarbons to Infrastructure
Location of Filtered Cultural Magnetic Responses in Project Area

Coincident potential abandoned wells / gas wells
and classified gas plumes / oil seeps
(Potential “leaky” abandoned wells)
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Field Verification of the Airborne Measurements &=
Ground Truthing that Indicated Trace Hydrocarbon Locations |
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Shallow / Near-Surface
Gas Sand Detection

Looking for resistivity variations in the shallow
subsurface using high-resolution magnetic and EM
surveys (via helicopter & fixed-wing platforms) that
could indicate the presence of shallow gas sands.
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Active Source EM Resistivity Voxels
Highest Elevation Slice: 1700° ASL
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Active Source EM Resistivity Voxel
Deeper Elevation Slice: 1500 ASL
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Active Source EM Resistivity Voxel
Deepest Elevation Slice: 1300’ ASL

== 2NN W W BB B 1 00|
O=LWHO & ONDO-B OO
WONOPAMNNN AT~ —=~IN 00|

® C(Classified Qil Seeps

Classified Gas Plumes

O Well Log Showing Shallow Gas

GO DEEP Vi ai5rioloey



® C(Classified Oil Seeps
Classified Gas Plumes

Aell Well with Shallow Gas

Passive EM Resistivity Voxel
Down View of 75 ohm*m Isosurface
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AAP
Summary of Findings

Well Detection — This remote sensing project has been able to identify 67% of
documented wells in the test area and has identified 43 additional “potential”
abandoned buried well heads.

Surface Lineament Mapping & Hydrocarbon Seep Detection- The project has
been able to interpret faults/fractures at or near the surface These interpreted
surface and near-surface structural features have been integrated with
hydrocarbon indicator analyses to identify locations of surface hydrocarbon seeps.
The project has identified potential surface hydrocarbon seeps based on
Hyperspectral, ASD, FTIR and resistivity data.

Near-Surface Shallow Gas Sand Detection— The project has been able to interpret
shallow gas occurrence at a range of depths (using depth-matched filtering) with
magnetic and EM resistivity data.
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DEFINITIONS AND CAUTIONARY NOTE

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate entities. In this presentation “Shell”, “Shell group” and “Royal Dutch

» o«

Shell” are sometimes used for convenience where references are made to Royal Dutch Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and “our”
are also used to refer to subsidiariesin general or to those who work for them. These expressions are also used where no useful purpose is served by identifying the
particular company or companies. “Subsidiaries”, “Shell subsidiaries” and “Shell companies” as used in this presentation refer to companies over which Royal Dutch Shell
plc eitherdirectly or indirectly has control. Companies over which Shell has joint control are generally referred to “joint ventures” and companies over which Shell has
significantinfluence but neither control nor joint control are referred to as “associates”. In this presentation, joint ventures and associates may also be referred to as
“equity-accounted investments”. The term “Shell interest” is used for convenience to indicate the direct and/or indirect (for example, through our 23% shareholdingin

Woodside Petroleum Ltd.) ownership interest held by Shell in a venture, partnership or company, after exclusion of all third-party interest.

This presentation contains forward-looking statements concerning the financial condition, results of operations and businesses of Royal Dutch Shell. All statements other
than statements of historical fact are, or may be deemed to be, forward-looking statements. Forward-looking statements are statements of future expectations that are
based on management’s current expectations and assumptions and involve known and unknown risks and uncertainties that could cause actual results, performance or
events to differ materially from those expressed or implied in these statements. Forward-looking statementsinclude, among other things, statements concerning the
potential exposure of Royal Dutch Shell to market risks and statements expressing management’s expectations, beliefs, estimates, forecasts, projections and assumptions.

"o ] YT}

These forward-looking statements are identified by their use of terms and phrases such as “anticipate”, “believe”, “could”, “estimate”, “expect”,
“may”, “objectives”, “outlook”, “plan”, “probably”, “project”, “risks”, “schedule”, “seek”, “should”, “target”, “will"” and similar terms and phrases. There are a number
of factors that could affect the future operations of Royal Dutch Shell and could cause those results to differ materially from those expressed in the forward-looking

statementsincluded in this presentation, including (without limitation): (a) price fluctuationsin crude oil and natural gas; (b) changes in demand for Shell’s products; (c)

YT

goals”, “intend”,

currency fluctuations; (d) drilling and production results; (e) reserves estimates; (f) loss of market share and industry competition; (g) environmental and physical risks; (h)
risks associated with the identification of suitable potential acquisition properties and targets, and successful negotiation and completion of such transactions; (i) the risk
of doing business in developing countries and countries subject to international sanctions; (j) legislative, fiscal and regulatory developments including regulatory measures
addressing climate change; (k) economic and financial market conditions in various countries and regions; (1) political risks, including the risks of expropriation and
renegotiation of the terms of contracts with governmental entities, delays or advancementsin the approval of projects and delays in the reimbursement for shared costs;
and (m) changes in trading conditions. All forward-looking statements contained in this presentation are expressly qualified in their entirety by the cautionary statements
contained or referred to in this section. Readers should not place undue reliance on forward-looking statements. Additional risk factors that may affect future results are
contained in Royal Dutch Shell’s 20-F for the year ended December 31, 2012 (available at and ). These risk factors also expressly
qualify all forward looking statements contained in this presentation and should be considered by the reader. Each forward-looking statement speaks only as of the date
of this presentation, [insert date]. Neither Royal Dutch Shell plc nor any of its subsidiaries undertake any obligation to publicly update or revise any forward-looking
statement as a result of new information, future events or other information. In light of these risks, results could differ materially from those stated, implied or inferred
from the forward-looking statements contained in this presentation.

We may have used certain terms, such as resources, in this presentation that United States Securities and Exchange Commission (SEC) strictly prohibits us from including in
our filings with the SEC. U.S. Investors are urged to consider closely the disclosure in our Form 20-F, File No 1-32575, available on the SEC website www.sec.gov. You can
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