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Definitions & cautionary note

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate legal entities. In this presentation “Shell”, “Shell group” and “Royal Dutch 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 Royal Dutch Shell plc and its subsidiaries in general or to those who work for them. These terms are also used where no useful purpose is served by identifying the particular entity or 

entities. ‘‘Subsidiaries’’, “Shell subsidiaries” and “Shell companies” as used in this presentation refer to entities over wh ich Royal Dutch Shell plc either directly or indirectly has control. Entities and unincorporated arrangements over which Shell has joint control are generally 

referred to as “joint ventures” and “joint operations”, respectively.  Entities over which Shell has significant influence bu t neither control nor joint control are referred to as “associates”. The term “Shell interest” is used for convenience to indicate the direct and/or indirect 

ownership interest held by Shell in an entity or unincorporated joint arrangement, after exclusion of all third-party interest. 

This presentation contains forward-looking statements (within the meaning of the U.S. Private Securities Litigation Reform Act of 1995) 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 statements include, 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. These forward -looking statements are identified by their use of terms and phrases such as “aim”, “ambition’, ‘‘anticipate’’, ‘‘believe’’, ‘‘could’’, ‘‘estimate’’, ‘‘expect’’, ‘‘goals’’, ‘‘intend’’, 

‘‘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 Du tch Shell and could cause those results to 

differ materially from those expressed in the forward-looking statements included in this presentation, including (without limitation): (a) price fluctuations in crude oil and natural gas; (b) changes in demand for Shell’s products; (c) currency fluctua tions; (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; (l) political risks, including the risks of expropriation and renegotiation of the terms of contracts with governmental entities, delays or advancements in the approval of projects and delays in the reimbursement for shared costs; and (m) changes in 

trading conditions. No assurance is provided that future dividend payments will match or exceed previous dividend payments.  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 Form 20-F for the year ended December 31, 2018 (available at www.shell.com/investor

and www.sec.gov ). 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 the 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. 
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3. Experimental Design 
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Why are we doing anything?

The study of Sulfolane’s behaviour when interacting 
with other water parameters is poorly documented.
General parameters such as chemical oxygen 
demand (COD) and sulfate (SO42-) are typically 
used as indicators for the presence of Sulfolane.
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Properties of Sulfolane

Polar
High dipole moment of 4.69 
debye.

Very Stable
Very stable even at high 
temperatures in air; 
decomposition rate of 
0.009% at 200°C.

Sheen
Sulfolane-containing water 
would have an inorganic 
layer of sheen on top of the 
water.

Dense
Density of 1.26 g/cm3. 
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Sulfolane properties – degradation rate comparisons

October 2019 6

Hydrocarbons

• Degrades at a fast 
rate

• Rate of degradation 
= 0.3-4% per day

Sulfolane

• Degrades slowly by 
aeration

• Rate of degradation 
= 0.009% /h at 
200°C

Chloride

• Salt doesn’t degrade

 Sulfolane does not readily degrade, but can in certain conditions.
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Elevated Relative Permitivity
Sulfolane has a high relative permittivity 
of 43.4 @ 30°C.

Strong Solvation
Sulfolane can have strong solvation of
cations which leads to increasing
nucleophilicity (electron donating) of the
less solvated anion.

Properties of Sulfolane Continued
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Reaction with BTX
Strong reactivity with BTX has been 
identified.
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Data Correlation - Cross-plots

 Often the relation between COD and 
Sulfolane are used as evidence of 
presence and/or degradation of 
Sulfolane.

 The cross-plot can present linear 
patterns, logarithmic patterns, or no 
pattern at all. Example shown on the 
right: SO4 vs Sulfolane
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Importance of Experimental Designs
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Distilled (DI) Water

•To establish 
baseline.

Synthetic 
Groundwater

•To simulate site 
conditions 
focusing on 
inorganics.

Environmental 
Groundwater

•Actual site 
conditions 
focusing on 
organics.

Increasing Matrix Complexity
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Experimental Design Idea – synthetic groundwater

Using the major cation and anion analysis data from each site as a reference, calculations are made for 
each ion’s concentration to recreate the on-site condition of inorganics in the lab. 
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Experiment – Hydrocarbon Interactions

 Sulfolane was developed to remove aromatics 
from aliphatics, so how does this impact 
groundwater?

 Does interaction with hydrocarbons affect 
density effect of Sulfolane?

 Does it impact analysis
 First phase of bench scale experiments were 

performed with Sulfolane-BTEX mixtures with 
different treatments in order to determine the 
interactions under different conditions.

 Second phase of experiments are in progress.
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Conclusion 

Results to date indicate that co-contaminants can impact Sulfolane 
behaviour in groundwater.

Based on these results site-specific evaluation of potential interactions is 
warranted.
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Take Away Message

 What is the cost of not designing 
investigation and remediation 
activities to account for the 
variability in Sulfolane behaviour?
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Questions and Answers
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