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Definitions and 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 

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 which 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 but 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 Dutch 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 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; (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 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, June 6, 2018. 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.  

 

June 2018 
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Outline and Overview 

Soil Screening Levels 

Application 

Background Information 

Model Revisions 

Depletion Factor 

Residual Phase 

Data Comparisons 

Pure Chemicals, Mixtures 

With and Without Residual Phase 

Example Screening Levels 

Benzene / Petroleum in Soil 
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What are Surficial Soil Criteria? 

Applications:  

Tilled / root depth: 0 to 45 cm 

typical excavation depth  

(buried utilities, basements)  Undisturbed: 0 to 5 cm 

Chemical Concentrations in Soil, at and below  
     which Risks and Hazards are Negligible 

Includes: 

Current Conditions 

Remediation Targets 

Potential future conditions 

 such as excavated soils 

‘Human Health 

 Risk-Based’ 

(current risk versus potential future risk) 
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Risk-Based Soil Criteria 

Surficial Soil Screening Levels – Available Examples 

 USEPA Regional Screening Levels and ASTM E1739 ‘RBCA’ 

 Chronic ( Long-Term) Exposure Assumptions (25 ~ 70 yrs)  

 Summed Exposure: Soil Ingestion, Dermal Uptake, Volatile & Dust Inhalation 

 Applied: Current Use or Potential Future Use 

Look-up Tables,  Calculators, 

Software, etc. … 

USEPA ‘Regional Screening Levels’ 
http://www.epa.gov/risk/risk-based-screening-

table-generic-tables 

• Criteria for many volatile chemicals is dominated by ‘inhalation 

of vapors from soil’. 

• For direct ingestion, the chemical is presumed present at the 

initial concentration for the entire exposure duration. 

Observations: 
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Soil Screening Levels – Conservatism & 

Protectiveness 

Soil Concentration 

 Choose peak versus area average 

 No depletion over exposure time 

Exposure: Soil Uptake 

 Long-term (26 years) and frequent (350 days/year) 

 Choose upper range uptake (but low frequency of high exposure) 

Toxicity Factors 

 Sensitive sub-populations, sensitive effects, hi-to-low extrapolation 

 Applied safety factors / upper bound confidence 

 2 to 5 orders of magnitude below no-effects levels or point-of-departure (benzene, 

toluene, ethylbenzene, xylenes) 

 

child (exposure data example) 

200 mg/day 

presumed 

Overall 1 – [ (1-0.95)·(1-0.95)·(1-0.95)·(1-0.95) ]  = 0.999994  

 Conservative but uncertain 

 Parameter assumptions tend to compound the conservatism 

most likely 

average 



7 

Soil Criteria Calculation 

Multiple Summed Exposure Routes (As Applied) 

soil 

concentration 

presumed 

constant 

forward or backwards 
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Measured Depletion - example 

3200 L Petroleum Crude Oil – Niagara (Michigan, USA) 

15 m x 15 m area, mixed to 20 cm deep (3% oil in soil) 

Benzene 

 Initial: 39 mg/kg, non-detect (< 0.005 mg/kg) after two months 



9 

SOIL 
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UPTAKE RATE
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TOXICITY 
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EXPOSURE 
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TOXICITY HEALTH RISKEXPOSURE FACTORS

Soil Criteria Calculation – Modify and Revise 

Include Soil Depletion Factor for Volatile Chemicals 

volatilization  

and depletion  

are related 

forward or backwards 
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Physical Model: Surficial Soil Exposure  

Initial concentration from surface downward 

As vapors evolve (over time), ‘drying front’ 

descends 

 

DeVaull, GE. Improved Exposure Estimation in Soil Screening and Cleanup, Criteria for Volatile 

Organic Chemicals, Integrated Environmental Assessment and Management. 13, 5, 2017, 861–869. 

https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.1917  (open access) 

Details: 

* Ignored (EPA RSLs; ASTM) 

https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.1917
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Math 

Vapor in Soil: 

Solve: 

 Uniform finite soil profile, porous media, specified soil parameters 

Get estimates of instantaneous and time-averaged: 

 Surface Emission Flux 

 Soil Concentration Profiles 

Compare to Measured Data 

 Model equations, data comparisons: 

 

 

 

 

air / soil partition 
effective diffusion coefficient in soil time 

air concentration 

distance 

DeVaull, GE. Improved Exposure Estimation in Soil Screening and Cleanup, Criteria for Volatile 

Organic Chemicals, Integrated Environmental Assessment and Management. 13, 5, 2017, 861–869. 

https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.1917  (open access) 

https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.1917
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Volatilization: Surface Flux model to data 

comparisons 

infinite: 

good 

upper 

bound 

finite: 

depleted

soil layer 

increasing time 

e
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x
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Soil Concentrations: Profile 

Measured concentration profiles in a soil column 

 Gas (SF6) diffusion into the top of a uniform soil-packed column 

 Measure profile & penetration depth is well predicted by parametric 

estimates:  
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Volatilization & Depletion Are Directly Related 

VFs (volatilization factor) 

directly from USEPA Regional 

Screening Level Tables 

 (and other scenario parameters)  

Frem (fraction remaining) 

For infinite depth of soil 

contamination, Ls = 5 cm surface 

depth 

Selected chemicals indicated 

Illustrates potential omissions in the 

existing screening methods 

fr
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m

a
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g

 

increasing volatilization 
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Partitioning: air to soil, Ra,i : possible residual phase 

Low concentration soil phases: (vapor, moisture, soil-sorbed) 

Higher soil concentrations: plus a residual (oil) phase 

 Saturated soil vapor, air to soil partitioning is not constant 

 Mixture effects (Raoult’s Law) 

With residual present: 

 Lower volatilization rates 

 Slower soil depletion 

Include residual in 

calculations 
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Example: Benzene in Petroleum Hydrocarbons 

Estimate screening levels for benzene in soil 

 Includes Potential Residual Oil Phase 

Exposure for benzene is predominately summed soil 

ingestion and vapor inhalation 

 

Examine the effect of benzene depletion 

Baseline (no depletion, no residual) 

With depletion from surface soils, 

Finite contamination depths, and 

Petroleum hydrocarbon mixtures (products, crudes, 

condensates)   

 range: 4.3 mg/kg to 5.8% g/g benzene in oil 
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Benzene criteria; mass limit 

Long-term exposure (risk = 1E-5, age-adjusted) 

  Contamination depths (infinite & 2 m)  
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Summary 

Modifications to surficial soil exposure estimates 

 Favorable comparisons to data 

 More realistic treatment for volatile chemicals 

showed 

further efforts 

Examples shown 

 Sensitivity evaluations 

 Other exposure scenarios (including sub-chronic) 

 Biodegradation not included 

Over-conservatism in existing screening criteria 

 Varied contributions of presumed exposure pathways 

 

observations 

model application 

Published technical paper 

In progress (API) spreadsheet model - planned for distribution 
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End 

Thank you 

George Devaull 

george.devaull@shell.com 

 

Questions and Answers 
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