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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, 2023 (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, March 22, 2023. 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. 

2March 2023        



Copyright of Shell International

Overview

< regulatory agencies increasingly 
require multiple indoor air (IA) & 
subsurface (SS) vapor samples over 
time and space to address variability 
in vapor concentrations  

< concurrent and co-located IA & SS 
vapor samples generally 
recommended for multiple-lines-of-
evidence investigations

< little information reported on key 
factors that may affect vapor intrusion 
(VI)
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VAPOR SAMPLING TO ADDRESS UNCERTAINTY
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Conceptualization of Filtered Variables in AF Derivation

VERTICAL OFFSET 
BETWEEN  CSOURCE AND 

BASE OF BUILDING 
FOUNDATION

Dz

TIME LAG 
BETWEEN CIA and CSOURCE 

VAPOR SAMPLING

Dt

CIA and CSOURCE 
DATA PAIRING

LATERAL OFFSET 
BETWEEN CIA and 

CSOURCE VAPOR 
SAMPLES

DxDx
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Unfiltered COMBINED Database – General Stats 
n Geotracker/Envirostor review, some consultant project 

files 

n population: 14,686 IA/SV data pairs, 836 bldgs, 124 
sites
n L&E:  8,415 IA/SV data pairs, 495 bldgs, 34 sites (L&E, 

2021)
n L&E (add): 3,124 IA/SV data pairs, 120 bldgs, 38 sites
n DTSC:  4,424 IA/SV data pairs, 206 bldgs, 52 sites

n other info:  
n 67 sites w/ sub-slab, 83 sites w/ soil gas
n mainly located in urban areas (LA, San Francisco)
n 35 chemicals (primarily TCE and PCE)
n 4 sites from US EPA database 

* OVERLAPS WITH 
DTSC 2021 
STUDY
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CIA Filtering Relatively No Effect on AFs for TCE

n CIA filtering removes~50% 
of PCE+TCE data pairs

n AF distributions for PCE are 
more affected by 
background sources (and 
more variable) than TCE

KEY KEY 
POINTPOINT

§ more low concentration TCE CIA data could be included in AF 
analysis and assessment of factors affecting data filtering

§ only TCE data used for AF analysis because of PCE sensitivity to 
background sources
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higher multiplier minimizes 
low CSOURCE causing skew

higher CBGRD 
reduces skew

CSOURCE Filtering Based on USEPA (2012) 
Methodology

n CSOURCE filter based on multiplier of CBGRD that achieves 
most log-normally distributed data

TCE ONLY KEY KEY 
POINTPOINT

most log-normally 
distributed AF data 
that preserves TCE 
data population 
achieved using: 

CIA: 75th %ile of 
CBGRD (0.3 mg/m3)

CSOURCE: 500x CBGRD 
(150 mg/m3)
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23% subslab



Copyright of Shell International

AFs Generally Decrease with Increasing CSOURCE 
Filtering

n CSOURCE filtering has 
greater affect on median 
and 95th %iles of PCE than 
TCE

n median AFs for TCE are 
relatively unaffected by 
CSOURCE filtering
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Sensitivity to Source Vapor Concentration (CSOURCE)

n AFs decrease with increasing CSOURCE, attributed to spatiotemporal variabilities potentially 
linked to:
n inability to account for airflow/air exchange or sample where vapors enter buildings
n background (non-VI sources)
n preferential pathways
n slab integrity 

n more or “better” (concurrent/co-located) data does not appear to improve relations
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Sensitivity to Source Vapor Concentration (CSOURCE)
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TRUE ATTENUATION FACTOR

THEORY
THEORY

TRUE ATTENUATION 
FACTOR

AFemp = measured AF
AFVI = actual AF

USEPA 2012 DATA

(from Yao et al. 2013)
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AF Sensitivity to Dz 

KEY KEY 
POINTPOINT

§ AF is relatively unaffected 
by inclusion of soil-gas 
data from 15 – 30 ft (small 
data population)

§ median AFs based on soil-
gas data decrease slightly 
with higher Dz (higher 
CSOURCE concentrations at 
residential sites w/ GW 
sources)

§ AFs based on soil-gas data 
are less variable than AFs 
based on sub-slab data

TCE ONLY

TCE ONLY
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AFs Decrease Slightly w/ Increasing Dx

KEY KEY 
POINTPOINT

§ AFs decrease by ~2x with 
Dx > 30 ft; sharp CSOURCE 
gradients at non-residential 
sites w/ shallow soil 
sources

§ less variance in AFs for DX 
> 30 ft (higher % of soil-gas 
data)

TCE ONLY

TCE ONLY
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AF Sensitivity to Dt

KEY KEY 
POINTPOINT

§ AF based on Dt = 1 day 
similar to AFs derived 
from data w/ greater Dt

§ increased variance in AF 
w/ smaller Dt

§ median and 95th %ile AFs 
are not generally 
sensitive to increasing Dt

TCE ONLY

TCE ONLY
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CIA Data Vary Little Over Time at Individual 
Residential Buildings – Same Site
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Multiple AF Data Pairs for Certain Buildings
34/109 buildings with > 10 AF data pairs

KEY KEY 
POINTPOINT

§ AFs potentially weighted by certain buildings 
w/ multiple CIA and CSOURCE data pairs
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< AFs can vary by nearly 4 orders of magnitude for certain bldgs.(e.g., 111 West 25th Avenue) 
< greater variance in AFs for non-residential vs. residential buildings 
< similar variance in AFs for residential buildings at same site even though AFs varied by over an 

order of magnitude across the site

AF Sensitivity to Individual Buildings/Sites
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AFs Derived from Building Specific Data

17March 2023        

KEY KEY 
POINTPOINT

potential to address spatiotemporal variability caused by data pairing and align with 
aim of site screening by deriving AFs based on 95th %iles of CSOURCE and CIA data for 
individual buildings

n highest (maximum) CSOURCE and CIA:
n expected to be co-located and 

concurrent
n desirable for VI risk assessment and 

site screening

n building specific AFs cannot be 
derived from maximum CSOURCE data 
because they are paired w/ multiple 
CIA data and vice versa (i.e., does not 
address potential data pairing issue)

n building specific AFs can, however, 
be derived from 95th %ile CSOURCE and 
CIA data (no CSOURCE and CIA filtering)

LESSER VARIABILITY GREATER VARIABILITY
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AF Sensitivity to Individual Buildings/Sites
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KEY KEY 
POINTPOINT

§ minimizing spatiotemporal variability for specific buildings 
results in AFs that better align with theory and supports a 
500x multiplier for CSOURCE filtering (e.g., PCE)
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AF Sensitivity to Individual Buildings/Sites
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KEY KEY 
POINTPOINT

§ minimizing spatiotemporal variability for specific buildings 
results in AFs that match theory and range from 0.0002 to 
0.004 depending on level of conservatism
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< AFs are sensitive to CSOURCE filtering; hence any CSOURCE filtering must be technically defensible

< variables thought to be important for site screening (Dt, Dx, Dz) have little bearing on AF 
derivation (masked by spatiotemporal variabilities)

< greater variance is observed in AFs for non-residential vs. residential buildings (distribution of 
vapor source relative to building foundation) 

< AF distributions (medians, 95th %iles, variance) are similar for residential buildings at same site 
even though AFs can vary 1 to 2 order of magnitude depending on where data are collected

< minimizing spatiotemporal variabilities in CSOURCE and CIA for specific buildings (removing 
background concentration filtering) results in

n  AFs that match theory and support filtering CSOURCE < 500x 75th % of background CIA,

n  AFs ranging from 0.0002 to 0.004 depending on degree of conservatism

Key Take Aways
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