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Cautionary note

The companies in which Shell plc directly and indirectly owns investments are separate legal entities. In this content “Shell”, “Shell Group” and “Group” are sometimes used for convenience to reference Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and “our” are also used to refer 
to 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 content refer to entities over which Shell plc either 
directly or indirectly has control. The terms “joint venture”, “joint operations”, “joint arrangements”, and “associates” may also be used to refer to a commercial arrangement in which Shell has a direct or indirect ownership interest with one or more parties. 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.

Forward-Looking statements

This content 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 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 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’’; “aspire”, “aspiration”, ‘‘believe’’; “commit”; “commitment”; ‘‘could’’; “desire”; ‘‘estimate’’; ‘‘expect’’; ‘‘goals’’; ‘‘intend’’; ‘‘may’’; “milestones”; ‘‘objectives’’; ‘‘outlook’’; ‘‘plan’’; ‘‘probably’’; 
‘‘project’’; ‘‘risks’’; “schedule”; ‘‘seek’’; ‘‘should’’; ‘‘target’’; “vision”; ‘‘will’’; “would” and similar terms and phrases. There are a number of factors that could affect the future operations of Shell and could cause those results to differ materially from those expressed in the forward-looking statements 
included in this content, 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, including climate change; (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, judicial, fiscal and regulatory developments including tariffs and 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; (m) risks associated with the impact of pandemics, regional conflicts, such as the Russia-Ukraine war and the conflict in the Middle East, and a significant cyber security, data 
privacy or IT incident; (n) the pace of the energy transition; and (o) 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 content 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 Shell plc’s Form 20-F and amendment thereto for the year ended December 31, 2024 (available 
at www.shell.com/investors/news-and-filings/sec-filings.html and www.sec.gov). These risk factors also expressly qualify all forward-looking statements contained in this content and should be considered by the reader. Each forward-looking statement speaks only as of the date of this content October 23, 
2025. Neither 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 content.

Shell’s net carbon intensity

Also, in this content we may refer to Shell’s “net carbon intensity” (NCI), which includes Shell’s carbon emissions from the production of our energy products, our suppliers’ carbon emissions in supplying energy for that production and our customers’ carbon emissions associated with their use of the 
energy products we sell. Shell’s NCI also includes the emissions associated with the production and use of energy products produced by others which Shell purchases for resale. Shell only controls its own emissions. The use of the terms Shell’s “net carbon intensity” or NCI is for convenience only and not 
intended to suggest these emissions are those of Shell plc or its subsidiaries.

Shell’s net-zero emissions target

Shell’s operating plan and outlook are forecasted for a three-year period and ten-year period, respectively, and are updated every year. They reflect the current economic environment and what we can reasonably expect to see over the next three and ten years. Accordingly, the outlook reflects our Scope 
1, Scope 2 and NCI targets over the next ten years. However, Shell’s operating plan and outlook cannot reflect our 2050 net-zero emissions target, as this target is outside our planning period. Such future operating plans and outlooks could include changes to our portfolio, efficiency improvements and the 
use of carbon capture and storage and carbon credits. In the future, as society moves towards net-zero emissions, we expect Shell’s operating plans and outlooks to reflect this movement. However, if society is not net zero in 2050, as of today, there would be significant risk that Shell may not meet this 
target.

Forward-Looking non-GAAP measures

This content may contain certain forward-looking non-GAAP measures such as adjusted earnings and divestments. We are unable to provide a reconciliation of these forward-looking non-GAAP measures to the most comparable GAAP financial measures because certain information needed to reconcile 
those non-GAAP measures to the most comparable GAAP financial measures is dependent on future events some of which are outside the control of Shell, such as oil and gas prices, interest rates and exchange rates. Moreover, estimating such GAAP measures with the required precision necessary to 
provide a meaningful reconciliation is extremely difficult and could not be accomplished without unreasonable effort. Non-GAAP measures in respect of future periods which cannot be reconciled to the most comparable GAAP financial measure are calculated in a manner which is consistent with the 
accounting policies applied in Shell plc’s consolidated financial statements.

The contents of websites referred to in this content do not form part of this content.

We may have used certain terms, such as resources, in this content that the United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our filings with the SEC. Investors are urged to consider closely the disclosure in our Form 20-F and any amendment thereto, File No 1-
32575, available on the SEC website www.sec.gov
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Motivation and Context 
US EPA 2012 Study

 most regulatory agencies base VI RBSLs in shallow soil-gas on 

USEPA’s default (generic) AF = 0.03 derived from 2012 USEPA 

empirical study

 concerns exist over data that were ultimately used to derive the AF:

 only single-family residences, primarily with basement construction 

(16 % unfinished) 

 no non-residential buildings

 no soil-gas data

 nearly 80 percent (342/431 indoor air (CIA)/subsurface vapor (CSSG) 

data pairs) used came from 3 sites subject to relatively cold winter-

time temperatures

 no rigorous evaluation of AF sensitivity to key variables

 the AF is applied to all common building and sampling types and 

geographies

RBSLs = risk-based screening levels; AF = attenuation factor; IA = indoor air; CIA = indoor air concentration; 

CSSG = subsurface vapor (subslab or soil-gas) concentration
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Motivation and Context 
Studies Post USEPA (2012)

 several “big data” empirical studies conducted since 2012 

 significant differences in AFs compared to USEPA (2012) 

 studies generally limited in geographical extent or subject to ambiguities 

from data pairing at buildings with multiple data pairs
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National AF Study
General Database Statistics

 over 26,000 vapor data pairs

 broad geographical coverage (26 states)

 database includes data on 37 chemicals from:

 large empirical studies

 USEPA (2012) 

 new data (11 consultancies, NCDEQ)

 data on multiple variables

INCLUDED IN DATABASE

KEY 
POINT

▪ AF database represents the 

most comprehensive and 

representative compilation 

of AFs to date  
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National AF Database Provides Ability to Assess AF 
Sensitivity to Key Variables
Opportunity to Define Scenario-Specific AFs Depending on Site Conditions

◼ land use (e.g., residential, commercial, industrial, school)

◼ climate (geographic) zone

◼ building age (pre- and post 1950)

◼ building size

◼ HVAC operation (on/off within multiple and 

 individual buildings)

◼ predominant vadose zone soil type

◼ time between indoor air and subsurface vapor

 sampling (t)

◼ distance between subsurface and indoor air vapor 

 sampling (x)

◼ soil-gas sample depth (z)

◼ relative source location (shallow soil, deep 

 soil/groundwater)
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Numerous Buildings With Multiple CIA and CSSG 
(Subslab and Soil Gas) Data Pairs (e.g., TCE data)

KEY 
POINT

▪ multiple CIA and CSSG data pairs from certain buildings has the potential to:

▪ introduce ambiguity in AF determinations

▪ bias final AF determinations

Copyrights of Equilon Enterprises LLC 9September 2025



AFs Ambiguity at Buildings with Multiple Indoor air 
and Subsurface Data Pairs Can Be Significant
Fictional Data

KEY 
POINT

▪ AFs for specific buildings can vary by over an order of magnitude depending on CIA (concentration 

in indoor air) and CSSG (concentration in subsurface vapor data pairing

Copyrights of Equilon Enterprises LLC 10September 2025
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Development of Building-Specific AFs 
CIA and CSSG Data Pairing

maximum CIA over time and space 
(conservative)

KEY 
POINT

▪ AFs for site screening 

derived using relatively 

conservative assumptions of 

max CIA and average CSSG 

▪ AF sensitivity to key 

variables based generally on 

maximum CIA and maximum 

CSSG 

INDOOR AIR (CIA)

1) maximum CSSG (full measure of slab attenuation) 
over time and space

2) average CSSG (uncertain points of vapor entry) 

SUBSURFACE VAPOR (CSSG)
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Data Filtering

KEY 
POINT

▪ filtered NAF database (96 sites, 271 buildings, 1,474 data pairs, 15 states) is over 4x larger than 

USEPA (2012) and more representative (60% TCE, 40% PCE)

▪ almost entirely TCE (60%) and PCE (40%); and ~70% from California

◼ akin to USEPA (2012)

◼ QA/QC review (exclude lesser quality data – e.g., lack of leak testing, lack of leak testing, 
foundations with preferential pathways, excessive slab degradation)

◼ indoor air < outdoor air (where reported)
◼ low CIA and CSSG more susceptible to bias from background  (non-VI) sources

◼ additional baseline filters intended to improve data quality (underpinned later by 

sensitivity analyses)

◼ lateral separation distance between CIA and CSSG (x <= 110 ft)

◼ time between CIA and CSSG sampling (t <= 92 days)

◼ depth below land surface for near-slab soil gas samples (z <= 15 ft)
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ANOVA - Key Variable Significance

KEY 
POINT

variable significance and impact helps 1) underpin scenarios where different 

AFs are warranted, 2) sites that are more prone to VI, and 3) inform best 

practice for data collection 

DIFFERENCES IN 

AFs ARE MORE 

LIKELY EXPLAINED 

BY RANDOM 

CHANCE
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Foundation Type
TCE and PCE, Subslab and Soil Gas

KEY 
POINT

▪ median AFs are nearly 10x higher for buildings with basement versus slab-on-grade 

foundations, potentially attributed to greater VI surface area

▪ similar differences in AFs are observed for residential-only buildings

▪ 95th %ile AF for residential-only buildings with basements is consistent with USEPA (2012)

RESIDENTIAL ONLY

* Crawl space AFs based on soil gas (not crawl space air)
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US Climate Zone
TCE and PCE, Subslab and Soil Gas

KEY 
POINT

▪ median AFs for non-residential and residential buildings are roughly 10x higher in geographic 

regions of the US more prone to colder winter seasons and less temperate climates

▪ the effect is largely independent of building type and foundation type, given a) median AFs for 

non-residential and residential buildings vary by < 1.5x and b) more than 50% of residential 

buildings had basement foundations and foundation type was a significant variable
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Date of Building Construction
TCE and PCE, Subslab and Soil Gas

KEY 
POINT

▪ median AFs are 8 – 10x higher for buildings built prior to 1950 than after 1950 

▪ similar relations are observed for both non-residential and residential buildings implying the 

effect is related to building construction and loss of slab integrity

16September 2025Copyrights of Equilon Enterprises LLC 
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Time Between Indoor Air and Subsurface Samples (t)
TCE and PCE, Subslab and Soil Gas, Non-Residential and Residential

KEY 
POINT

▪ median AFs do not vary significantly with increasing time (t) between CIA and CSSG 

sampling, which implies that CIA concentrations remain relatively constant over time in 

the absence of any source remediation or changes to HVAC
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Distance Between Indoor Air and Subsurface (x)
TCE and PCE, Subslab and Soil Gas, Non-Residential and Residential

KEY 
POINT

▪ median AFs do not vary significantly with increasing distance (x) between CIA and 

CSSG sample locations after 10 ft separation distance 

▪ median AFs do not vary significantly for deep soil/groundwater sources and soil-gas 

samples, implying that CIA and CSSG samples do not have to be co-located to be 

representative for VI screening

DEEP SOIL/GROUNDWATER SOURCES
(SOIL-GAS ONLY)
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Subsurface Sample Depth (z) 
TCE and PCE, Subslab and Soil Gas, Non-Residential and Residential 

KEY 
POINT

▪ median AFs are up to 8x higher for subslab than near-slab soil-gas; implies 

additional attenuation caused by vapor transport through the vadose zone

19September 2025Copyrights of Equilon Enterprises LLC 



95th Percentiles Based on Average CSSG

KEY 
POINT

▪ 95th %ile AFs vary by an order of magnitude and are up to 10x less than USEPA AF = 0.03, 

depending on screening scenario

▪ 95th %ile AFs for residential buildings are less than those for non-residential buildings, 

consistent with prior studies

▪ AFs with insufficient data could be adjusted based on AF trends across various categories

▪ most sites will exhibit AFs similar to median values
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 study is most comprehensive and representative evaluation of building-specific AFs 

to date

 study provides an improved understanding of key variables that affect AFs:

 basis for scenario-specific AFs

 less significant variables are time and distance between indoor air and subsurface vapor sampling

 resultant AFs:

 are over an order of magnitude different and up to10x lower than USEPA’s (2015) recommended 

default (0.03) depending on the screening scenario (i.e., not a one-size fits all AF)

 results help explain differences between previous studies [US EPA (2012) and post-2012 studies]

 (NOT SHOWN) broadly supported by multiple methods, radon data

 future studies should target scenarios where data are limited

 study provides regulators and practitioners with scientifically defensible AFs for 

RBSL development at sites not well represented by USEPA (2012) database 

Conclusions
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HVAC Operation (All Sites vs. Individual Site)
TCE and PCE, Subslab and Near-Slab Soil Gas, Non-Residential Only

KEY 
POINT

▪ HVAC operation appears to have a negligible effect on the AF when evaluated across 

multiple sites/buildings, yet median AFs can vary up to 4x in individual buildings
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Predominant Soil Type 
TCE and PCE, Non-Residential and Residential, Near-Slab Soil Gas

KEY 
POINT

▪ median AFs are equivalent for vadose zones consisting of predominantly coarse- or fine-grained 

soil based on soil gas data from sites with deep soil / groundwater sources

▪ lack of AF sensitivity to soil-type likely results from a high number of sites with mixed soil types

▪ the lesser variance in AFs observed at sites with finer-grained vadose zone systems may indicate 

less spatiotemporal variability in CSSG concentrations 
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CSSG Strength Assumption - Maximum vs. Average
(TCE and PCE, Subslab and Near-Slab Soil Gas)

KEY 
POINT

▪ median AFs are 1.5x higher for non-residential buildings and essentially equivalent for residential 

buildings which is consistent with a) limited differences in maximum versus average CSSG 

concentrations for relatively small CSSG sample populations and b) lesser variability in CSSG 

concentrations at residential versus non-residential buildings
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Chemical Type
Subslab and Soil Gas, Non-Residential and Residential

KEY 
POINT

▪ median AFs are generally unaffected by chemical type allowing the variable to be grouped for AF 

determinations

▪ m
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Equilon Enterprises LLC

AFs Can Be Affected by Analytical Reporting Limits, 
Background Sources in Indoor Air 

increasing 
source 

strength filter

CSSG FILTERING

CIA

FILTERINGincreasing 
CBGRD filter

KEY 
POINT

▪ increasing CIA filter establishes CBGRD and reduces # 

of low AFs that are not log-normally distributed; 

increasing conservatism

▪ increasing CSSG filter (multiplier of CBGRD) greatly 

reduces very high AF (weak sources)

▪ analysis resulted in CBGRD of 90% background in 

indoor air (same as USEPA 2012) and CSSG filter = 

500x CBGRD (10x higher than USEPA (2012)



Background: 3 Methods for AF Derivation - Differences

Method Pros Cons

Method 1: 
Descriptive 

Statistics 
(e.g. 95th %ile)

Approach ultimately used by USEPA (greater 
acceptance by wide range of stakeholders)

AF sensitivity to specific variables is more 
easily visualized and assessed

95th %ile AFs can be strongly affected by small #s of data 
points (e.g., outliers), especially for small data populations

AF can be sensitive to data filtering

Method 2: 
Reliability 
Analysis

More risk-based (AF defined by its ability to 
consistently, dependably identify sites where 
CIA > RBSLs)

AF dependence on CSSG and CBGRD filtering is 
reduced 

Draws attention to an “acceptable” % of false negatives – 
requires agency decision/consensus

Requires a relatively large population of data (i.e., cannot 
be used to assess AF sensitivity to certain variables)

Method 3: 
Theoretical 
Relations

Helps show impact of CSOURCE on AF (i.e., AFs 
affected by background sources)

Difficult to define the AF asymptote if AF data are highly 
variable

KEY 
POINT

▪ AFs derived using all 3 methods provides a multiple lines of evidence to 

support a technically defensible AF value
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Reduction in AF Data Population Caused by Data 
Filtering

KEY 
POINT

▪ CIA then CSSG 

filtering; other 

variables have 

minor effect 

CIA =  Indoor air concentration

CSSG =  Source vapor concentration

COA =  Outdoor air concentration

CBGRD =  Background concentration in indoor air

CIA filters

CSSG 
filter

baseline filters supported 

by AF sensitivity analyses
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AF Sensitivity to Meteorological Events
CONTINUOUS MONITORING @ NON-RESIDENTIAL BUILDING 
(SAN BERNADINO, CALIFORNIA)

<10% rise in PCESS 
concentrations

OoM (100 – 1,000 g/m3) 
spikes (hrs) 

in PCEIA concentrations

KEY 
POINT

CIA can spike during 

low and relatively 

rapid drops in BP, 

while CSSG remains 

relatively constant 

NOV 24th NOV 25th
NOV 26thNOV 23rdNOV 22nd

Barometric

Pressure (BP)

CSSG

Differential

Pressure

CIA

1-day average = 3.8x 

5-day average
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Differences in Relative Source Depth Could Affect AF 
Determinations (Shallow Soil vs. Groundwater Source) 

Soil
Source

vadose zone

saturated zone

Non-Residential
(shallow soil sources)

x

downward & 
lateral VOC 
migration

z

sub-slab 
ports

A-1 CleanersBob’s Best Pizza
Bombshell
Hair Studio

Prince of Pawn

z

sub-slab ports

Residential
(groundwater sources)

x

Groundwater Source
saturated zone

vadose zone

upward VOC 
migration
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