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Definitions & Cautionary Note

Cautionary Note

The companies in which Shell plc directly and indirectly owns investments are separate legal entities. In this [presentation] “Shell”, “Shell Group” and “Group” are sometimes used for convenience where references are made to 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 [presentation] refer to entities over which Shell plc either directly or indirectly has control. The term “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 [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 Shell. All statements other than statements of historical fact are,
or may be deemed to be, forward-looking statements. Forward-ooking 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’’; “’believe’’; “commit”; “commitment”; ‘’could’’; ‘estimate’’; “‘expect’’; “'goals’’;
“intend’’; ““may’’; “milestones”; ‘‘objectives’’; “outlook’’; “’plan’’; “probably’’; “/project’’; “'risks’’; “schedule”; “’seek’’; ‘‘should’’; “target’’; “'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-ooking 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, judicial, 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; (m) risks associated with the impact of pandemics, such as the COVID-19 (coronavirus) outbreak, regional conflicts, such as the Russia-Ukraine war, and a significant cybersecurity breach; and (n) changes in trading conditions. No assurance is
provided that future dividend payments will match or exceed previous dividend payments. All forward-ooking 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 Shell plc’s Form 20-F for the year ended December 31, 2025 (available at www.shell.com/investors/news-and-filings/secfilings.html 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 79, 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
forwardHooking statements contained in this [presentation].

Shell’s Net Carbon Intensity

Also, in this [presentation] 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 are 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, outlook and budgets are forecasted for a ten-year period and are updated every year. They reflect the current economic environment and what we can reasonably expect to see over the next ten years. Accordingly, they reflect our Scope 1,
Scope 2 and NCl targets over the next ten years. However, Shell’s operating plans cannot reflect our 2050 net-zero emissions target, as this target is currently outside our planning period. In the future, as society moves towards net-zero emissions, we expect
Shell’s operating plans 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 [presentation] may contain certain forward-looking non-GAAP measures such as [cash capital expenditure] 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 stat ts.

The contents of websites referred to in this [presentation] do not form part of 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. 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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Motivation and Context
(US EPA 2012 Study)

B most regulatory agencies base VI RBSLs in shallow soil-gas on
USEPA’s default (generic) AF = 0.03 derived from 2012 USEPA
empirical study

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

m only single-family residences, primarily with basement construction
(16 % unfinished)

B no non-residential buildings
B no soil-gas data

B nearly 80 percent (342/431 indoor air (C,,)/subsurface vapor
(Csource) data pairs) used came from 3 sites subject to relatively cold
winter-time temperatures

B no rigorous evaluation of AF sensitivity to key variables

B potential biases from background (non-VI) sources were not fully
resolved (Man et al., 2022)

1\

EPA 530-R-10-002
March 16, 2012

EPA’s Vapor Intrusion Database:
Evaluation and Characterization of Attenuation
Factors for Chlorinated Volatile Organic
Compounds and Residential Buildings

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

Csource = subsurface vapor (subslab or soil-gas) concentration

Equilon Enterprises LLC Copyrights of Equilon Enterprises LLC
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National AF Study

(General Database Statistics)

B over 26,000 vapor data pairs
B broad geographical coverage (26 states)
B database includes data on 37 chemicals from:
B large empirical studies
m USEPA (2012)
B new data (11 consultancies, NCDEQ)
m multiple variables (time lag and distance

between vapor sampling, HVAC operation,
building age, etc)

| | INCLUDED IN DATABASE

Population Chefnd:cals TCE PCE Radon
= AF database represents the .
most comprehensive and Sites 330 143 12 L
representative compilation Buildings 1,467 857 831 192
of AFs to date ot [T 26,051 8,144 6,668 277
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FREQUENCY

Numerous Buildings With Multiple C,, and CgoyrcE
(Subslab and Soil Gas) Data Pairs (e.g., TCE data)

140 _— 100% 300 - - 100%
120 80% o 20 - 80%
100 - TCE (NON-RESIDENTIAL) O TCE (RESIDENTIAL)
o 2 200
80 - 60% @& - 60%
> 150
60 40% O - 40%
10 =100 -
20 - 20% = 50 - 20%
0 "—J“-‘VJ‘F.l T R — A 0% 0 — 0%
YRR R PSP PP 1 5 101520 25 30 35 40 45 50 55 60 65 70 75
DATA PAIRS PER BUILDING DATA PAIRS PER BUILDING
B Frequency —Cumulative % mEFrequency —Cumulative %

KEY = multiple C,, and Cgorce data pairs from certain buildings has the potential to:

POINT » introduce ambiguity in AF determinations
= bias final AF determinations
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AFs Ambiguity at Buildings with Multiple Indoor air
and Subsurface Data Pairs Can Be Significant

(Fictional Data)

CONCENTRATION
(ng/m?)

Cia () =<0.1- 3 ng/m?

6/1/2008  12/18/2008  7/6/2009  1/22/2010

Cia ()= 0.6 - 1.2 ug/m?

Ca () =<0.1-2 pug/m3 /

/
c (t)=83-120 pg/m?
Csource (t) = 350 - 600 pg/m? / SOURCE g/
%2 Csource (t) =1 -4 pg/m?

— — Csource () = 1,800 - 3,530 ng/m?

= AFs for specific buildings can vary by over an order of magnitude depending on C,

KEY

POINT (concentration in indoor air) and Cqoyrce (COncentration in subsurface vapor data pairing

October 2024 8
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Development of Building-Specific AFs

(C,a and Cgoyrce Data Pairing)

INDOOR AIR (C,,) maximum C,, over time and space

C,AversusTlME/ (conservative)

SUBSURFACE VAPOR (Csource)

Ca (1) =<0.1-2 pg/m?

Cia(t)=<0.1-3 ug/m?

=
S
2%
—
z %
o3
=
[®]
o

6/1/2008 12/18/2008  7/6/2009 1/22/2010

Cia(t)=0.6-1.2 ug/m?

= AFs for site screening O s P Cooumce (t) = 83 - 120 pg/m?
derived using relatively Cooune (6= 1- 4 ug/m?
conservative assumptions of

max C;, and average Cgoyrce \ J

AIF SRS 1 &) 1) maximum C,o rce (full measure of slab attenuation)
variables based generally on

maximum C,, and maximum over time and space
(R 2) average Co rce (Uncertain points of vapor entry)
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PCE and TCE AF Populations
(Pre- and Post-Filtering)

Categories PRE-FILTERING POST-FILTERING
% of total
# of # of # of Data # of # of # of Data building population
Sites  Buildings Pairs Sites  Buildings Pairs L
pre-/post-filtering

TCE 167 1,025 8,144 75 179 1,146 51/60
PCE 143 999 6,668 62 120 610 49/40
Residential 53 1,112 5,059 22 77 531 55/26
Non-Residential 291 912 9,753 104 202 1,225 45/74
Subslab 144 1,395 8,761 74 189 975 69/63
Soil Gas 232 629 6,051 49 110 781 31/37
Slab-On-Grade 148 1,007 10,662 127 229 1,541 54/82
Basement 25 642 2,398 1z 34 147 34/12
Crawl Space/Earthen Floor 14 227 2,424 6 15 42 12/6
Regions 1 -3 (more temperate) 121 1,040 11,158 109 210 1,387 51/70
Regions 4 — 7 (less temperate) 48 984 3,654 46 89 369 49/30
Pre-1950 Construction 29 612 3,146 21 69 336 60/38
Post-1950 Construction 74 401 4,420 41 114 929 40/62

= post-filtered database (137 sites, 299 buildings, 1,756 data pairs) is over 4x larger than

KEY USEPA (2012) and more representative

POINT

= the 70/30 building population from Regions 1 — 3 are largely from California

Equilon Enterprises LLC Copyrights of Equilon Enterprises LLC October 2024 10



National AF Database Provides Ability to More

Thoroughly Evaluate AF Sensitivity to Key Variables
(Opportunity to Adjust Default AF 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)

Equilon Enterprises LLC
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3 Methods for AF Derivation
(USEPA 2012, 2015)

C!A CBGRD
AF gy = = AFy + ——
P Csource "7 Csource
AF,,,, = measured AF
. AF,, = actual AF
outliers
(not shown) Max 1405
95% . True Positive -
| S 4 TRUE ATTENUATION
Q3 (75%) . . J . =3 FACTOR (AFy) ™
Median e '-: ‘ AF defined by g E ®
(50%) —_— NI P>
. 3 -‘..:':-::-.*H : acceptablg % of Cé E = ./,o
7 16 Sy False Negatives and =g L,
E —_!'F‘ 'o"‘.- o g >
01 (5% S e e 1 False Positives o SUBSURFACE VAPOR
6 ) e o, : CONCENTRATION (Csource)
e, N changing AF
oo : shifts data 2
Min . up/down R~ TRUE ATTENUATION
outliers ’ 2 u:E, FACTOR (AF,)
{nehhesnl . |True Negative <
. ' 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 < S
METHOD 1- Cy / 1ASL (dimensionless) g E °
Descriptive Statistics METHOD 2: g SUBSURFACE VAPOR
METRAVD . S
(USEPA approach) o ] ] S CONCENTRATION (Csounce)
Reliability Analysis - USEPA (2015), Appendix A3.6)
METHOD 3
. o Empirical AF vs. Cgoyrce
All methods done previously... but not by building Relations

(presented in USEPA 2012)
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Foundation Type

RESIDENTIAL ONLY
0 0
FOUNDATION TYPE (TCE and PCE) FOUNDATION TYPE (TCE and PCE)

1 (FILTERED, NON-RESIDENTIAL and RESIDENTIAL, SUBSLAB and SOIL GAS) 1 {EILTRRED, RESIDENTIALONLY, 3OILOAS ONLY)
= 0.005 e« 0.03
o -2 5 0.003 0.02 o -2 0.004
5= T o = o 0.001 =2 x
=3 -3 L33
W 2 X T e — L
2 5 (n=19/34/147) 25 | (n=8/14740)
© 3 -4 -z .4
= c T = c T
g g ‘ (n=6/15/42) g g (n=5/8/18)
> .= -5 — > =-5 (n=45/20/727) i ey
w3l (n=127/229/1541) SITES wu R i niNGs
E e Fl & 6] DATA PAIRS

CRAWL SPACE / : CRAWL SPACE /
-7 [0 SLAB [ pZbTHENFLOOR ™ BASEMENT 7| [l SLAB [ cARTHENFLOOR ™ BASEMENT
-8 -8

* Crawl space AFs based on soil gas (not crawl space air)

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)

Equilon Enterprises LLC
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US Climate Zone
0,

US CLIMATE ZONE (TCE and PCE)

1! (FILTERED, NON-RESIDENTIAL and RESIDENTIAL, SUBSLAB and SOIL GAS)
(n' 0.009 0.01
@) 0.005
5 — 2| s 0.003
I A *
Ll 2 -3 | X
2 S i

o %
7 -4 ’ .
- Cc
= 5. (n=30/42/234) (n=16/47/135)
) § . - (n = 8/30/396) . -
2 5 o
w (n=101/180/991)
I': -6 L ] REGIONS 1-3 SITES
< BUILDINGS
NON-RESIDENTIAL RESIDENTIAL

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 that only 5 of the
42 non-residential buildings in Regions 4 — 7 have basement foundations

Equilon Enterprises LLC Copyrights of Equilon Enterprises LLC October 2024 15



ATTENUATION FACTOR

(dimensionless)

Equilon Enterprises LLC

Building Age

BUILDING AGE (TCE and PCE)
(FILTERED, NON-RESIDENTIAL and RESIDENTIAL, SUBSLAB and SOIL GAS)

; 0.005
0.01 %
|
(n =18/69/336) x
[ E—
: |
(n=39/114/929)
SITES
BUILDINGS
DATA PAIRS
[0 PRE-1950 [0 POST-1950

ATTENUATION FACTOR

(dimensionless)

BUILDING AGE (TCE and PCE)
(FILTERED, NON-RESIDENTIAL and RESIDENTIAL, SUBSLAB and SOIL GAS)
: 0.01

w1

0.01

X

1 .
SITES
— BUILDINGS
(n =13/39/269) ‘ PR

DATA PAIRS

(n=35/85/499)
J
(n=6/29/430)

[0 PRE-1950

[l POST-1950

NON-RESIDENTIAL RESIDENTIAL

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

the median AF for buildings constructed in US Climate Region 3 constructed after 1950 is slightly
less than those in other Regions implying that earthquakes have not had a significant effect on
slab integrity for buildings in California (may be due to significant improvements to Uniform
Building Code from 1959 through 1997)
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TY TO KEY VARIABLES:
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Time Between Indoor Air and Subsurface Samples (At)
(TCE and PCE, Subslab and Soil Gas, Non-Residential)

0r
TIME BETWEEN INDOOR AIR AND SUBSURFACEVAPOR SAMPLING (At)
1 (FILTERED, PCE and TCE, NON-RESIDENTIAL, SUBSLAB and SOIL GAS)
‘ |
- , : 0.009 0.005 0.006 0.007
(®) 4|
IG P T $ T
(7)) |
S 93
2 < ' % N
(o) 5 A
© G -4
-
g qEJ ‘ (n=22!|51I216) | !
E - -5 (n=58/134/653) (n=19/50/258)  (n=23/48/357)
I: SITES
<L -6 BUILDINGS
DATA PAIRS
7| CONC;JRRENT
‘ (t <1d) 1<t<=14d 14<t<=60d t>60d
-8

median AFs do not vary significantly with increasing time (t) between C,, and
Csource Sampling, which implies that C,, concentrations remain relatively

constant over time in the absence of any source remediation or changes to
HVAC
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Subsurface Sample Depth (Az)
(TCE and PCE, Non-Residential and Residential, Subslab and Soil Gas)

SUBSURFACE SAMPLE DEPTH (Az)
(FILTERED, NON-RESIDENTIAL and RESIDENTIAL, SUBSLAB and SOIL GAS)

0 =
e "1
o 0.009 0.006 1
B 2| 0.005 0.003
7.} |
w o
= 2 3f T +
25 | x « y
9 wn -4 | i %
= C = |
< O , (n=67/1867208) " 34’j7'5°9’ (n=27/73/339) :
g g -5 (n=15/37/143)
wl L
- -6 ;3_ SITES
'E BUILDINGS
-7} ’ DATA PAIRS
; SUBSLAB 1<z<=5ft 5<z<=15 z>15ft

median AFs are 3x higher for subslab than soil-gas collected <15 ft bgs, which

implies additional attenuation caused by vapor transport through the vadose zone
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Predominant Soil Type

(Soil Gas Samples, Deep Soil/Groundwater Sources )

0
PREDOMINANT SOIL TYPE (DEEP SOIL - GROUNDWATER SOURCES ONLY)

1 (FILTERED, PCE and TCE, SOIL GAS ONLY)

-2 0.003 0-004

, T t

X

_
(n=4/16/330)

I
-5 (n=5/15/86)

B
SITES

-6 BUILDINGS
DATA PAIRS

ATTENUATION FACTOR
(dimensionless)
H

0 COARSER GRAINED O FINER GRAINED

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 Cgoyrce cONcentrations
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ATTENUATION FACTOR

AF Sensitivity to HVAC Operation
(All sites vs. Individual Site)

HVAC OPERATION (MULTIPLE SITES/BUILDINGS)
HVAC OPERATION WITHIN SPECIFIC BUILDINGS

0 HVAC OPERATION (TCE and PCE) (SINGLE SITE)
1 (FILTERED, NON-RESIDENTIAL, SUBSLAB and SOIL GAS)
0.008 —r HVAC OPERATION (SANTA CLARA, CALIFORNIA)
2 : °°°°8 (NO INDOOR AIR OR SOURCE VAPOR FILTERING, PCE and TCE, SUBSLAB ONLY)
¢ + 0 .

(dimensionless)
IS

0.5 0.03 o.08
; X | L :
l<2 —_ 2 0.003 0.005 ° 005 0.003 ]
‘ T L<) a 0.002 . 0.002 »
(n=30/44/334) (n=54/78/312) . T .
: - 23 ESEEH Hi
o -9 [n=16) (n=eel (n=20) (n=s4)
-6 :::II.IEL?JINGS E e A e n=ee n=18) $ m=o1) BRCEEURE
DATA PAIRS g GE" 5 (n=24) (n=56)
-7 [] HVAC-OFF [] HVAC-ON E § BUILDING 19 BUILDING 39 BUILDING 9 BUILDINGC BUILDINGE BUILDING G
- - = 6
-
-8 <
-7
0 HVAC-ON 0 HVAC-OFF
-8

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

POINT multiple sites/buildings, yet median AFs can vary up to 4x in individual buildings
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AF Sensitivity to Key Variables

Foundation type HVAC Operation Lateral separation between C,
(commercial buildings) and C_, ... sampling (Ax)

US Climate Zone Sample Type Time difference between C,, and
(subslab vs. soil-gas) C.ource S@mMpling (At)

Building age Chemical type

Predominant soil type

Csource @assumption
(maximum vs. average)

KEY Understanding the sensitivity to key variables helps 1) understand the

POINT need for different default AFs based on site conditions, 2) sites that are
more prone to Vi, and 3) establish best practice for data collection
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Method 1: 95th Percentiles

_ Climate Zone 1 -3 |Climate Zone 4-7

Attenuation Factor 95" Median 95" Median
Percentile Percentile
Subslab Insufficient Data 0.01 0.002
Residential
Soil Gas 0.003 0.0001 Insufficient Data
Subslab 0.008 0.0002 0.01 0.002
Non-
Residential
Soil Gas 0.005 0.0003 Insufficient Data

* Based on Average Cgoyree

KEY = 95t %ile AFs are 3 — 10x less than USEPA AF = 0.03, depending on Climate Zone

POINT =« AFs with insufficient data could be adjusted based on AF ratios in other Climate Zones

= most sites will exhibit AFs similar to median values
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Method 2: Reliability Analysis (EXAMPLE)
(Filtered TCE Database - Assuming 2% False Negatives)

NON-RESIDENTIAL SUBSLAB+SOIL GAS (2 % FALSE NEGATIVES)

Cyource/SSSL (dimensionless)

MAXIMUM C,, AND AVERAGE C, c: - FILTERED DATA
AF = 0.005 (131 sites, 222 buildings, 1,225 data pairs)

10000
FALSE POSITIVES o TRUE POSITIVES
1000 -
100 Y. o,
= TCE and PCE 4
10
1
0.1
FALSE NEGATIVES
0.01
o IASL = 3 pgim? (TCE); 47 ug/m? (PCE)
' S —. SSSL = 600 jig/m? (TCE); 9,000 jig/m? (PCE)
0.0001 !
0.0001 0.01 1 100 10000

C,»/Indoor Air Screening Level (dimensionless)

RESIDENTIAL SUBSLAB + SOIL GAS (2 % FALSE NEGATIVES)

Csource/SSSL (dimensionless)

MAXIMUM C,, AND AVERAGE Cgpc¢ - FILTERED DATA
AF = 0.003 (20 sites, 77 buildings, 531 data pairs)

10000
FALSE POSITIVES TRUE POSITIVES
1000 S =%
100 RS .
i » TCE and PCE .'::...l".. “-
L .
1 '~ ol 2
0.1
FALSE NEGATIVES
0.01
L IASL = 0.48 png/im?® (TCE); 11 pg/m3 (PCE)
: S A, SSSL = 200 jig/m? (TCE); 4,000 jg/m? {pc||s)
0.0001
0.0001  0.001 0.01 0.1 1 10 100 1000

C,a/Indoor Air Screening Level (dimensionless)

Equilon Enterprises LLC

« AFs derived from reliability analyses assuming 2% false negatives for non-residential

(0.005) and residential (0.003) buildings are within the range of 95" percentile AFs for non-

residential (0.005 — 0.01) and residential (0.003 — 0.01) buildings based on subslab and soil-
gas samples
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Method #2: Reliability Analysis (TCE and PCE)
(Filtered Data)

ATTENUATION FACTOR (dimensionless)

0.007
0.006
0.005
0.004
0.003
0.002

0.001

0 NON-RESIDENTIAL
[0 RESIDENTIAL

0% 1% 2% 3% 4% 5%

PERCENTAGE OF FALSE NEGATIVES

BASELINE FILTERS
Cgarp = 90t %ile in Indoor Air

Csource = 500X Cggrp

All Foundations
All Climate Zones
All Building Ages

At = 92 days; Ax = 110 ft; Az = 15 ft)

little change is observed in AFs based on percentage of FNs (incorrect outcome based

on soil-vapor results)

non-residential buildings exhibit higher AFs than residential buildings which is
consistent with the 95" percentile AFs

Equilon Enterprises LLC
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LOG,, ATTENUATION
FACTOR (dimensionless)

Method 3: Theoretical AF vs. C5oyrce Relations
(Filtered TCE + PCE Data)

NON-RESIDENTIAL BUILDING SPECIFIC AFs (AVERAGE Cqg jpce)

(TCE and PCE SUBSLAB)

BUILDING SPECIFIC AFs (AVERAGE Cq e - PCE ONLY)
(NON-RESIDENTIAL, SUBSLAB ONLY: (41 sites, 69 buildings, 426 data pairs)

1 1
°o= 0
0 5 v -1
N=1 Lo
-1 (4 pairs) > € TRUE ATTENUATION
= N =32 o2 3 FACTOR (MEDIAN
-2 (396 pairs) - / ( )
N=10 . B S 4 c e e e e e e et
(17 pairs) 2 .
. S — 2 % -5 |
P (157 pairs) _ _ _ 4 _ _ - = L hd B~ 6 500x Copup FILTER ~ —> |
N =40 1 X = < (500 x 47 ig/m? = 24,000 pg/m?) '
5 TRUE ATTENUATION FACTOR (192 pairs) :
AF = 0.0006 (95t %iles) N =49 (70 i) -8
-6 AF =0.0001 (medians) (243 pairs) . 1 10 100 1000 10000 100000 1000000 10000000
-7 | 1EO-1E1| | 1E1-1E2| | 1E2-1E3| | 1E3-1E4 | | 1E4-1E5| | 1E5-1E6| | >1E6 | SOURCE VAPOR CONCENTRATION (pg/m3)

SUBSURFACE VAPOR CONCENTRATION (pg/m3)

KEY o median AFs for TCE and PCE tend to asymptote at higher source vapor concentrations; for PCE
er of background (validation of the Cgqypce filter)

this equates to a 500x multipli

POINT

= there is still lots of scatter in t

Equilon Enterprises LLC

he data making it difficult to draw conclusions
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ATTENUATION FACTOR

(dimensionless)

Radon Data from California

0
-1 (SUBSLAB, CONCURRENT and CO-LOCATED)
2 0.005
0.007 >
-3
—
\ -
-4 (n=151/192//402) (n=6/6/38)
1

-5
SITES
BUILDINGS

-6 DATA PAIRS

-7

' NON-RESIDENTIAL 0 RESIDENTIAL
-8

LOG,, ATTENUATION FACTOR (AF)

{dimensionless)

= NON-RESIDENTIAL (n=192)
= RESIDENTIAL (n=86)

TTL A
.
/
.
.
T

RADON SUBSLAB ONLY

-2.000

Concurent
Co-Locatad
All Foundations

-1.000 0.000 1.000
Z-SCORE (dimensionless)

2.000

3.000

the 95! percentile AF for non-residential buildings (0.007) is consistent with the 95! percentile
for non-residential buildings (0.008) for Climate Zone (1 — 3)

the radon exhibit a highly log-normal distribution helps support the goal of C,, and Cgqyrce
filtering

Equilon Enterprises LLC
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Conclusions

AFs derived from a more comprehensive evaluation of building-specific AFs range between 3 — 10x
less than USEPA's recommended value of 0.03

m 95" %ile: 0.006 (range from 0.003 to 0.01
m median: 0.0006 (range from 0.0001 to 0.002)

AFs derived from reliability analyses range between 0.005 (non-residential) — 0.003 (residential)

AFs derived from AF vs. Cgqource relations - difficult to quantify but are approximately an order of
magnitude less

AF sensitivity analysis (e.g., climate, building type/age, sample type)
m helps explain differences between previous studies
m AFs can be adjusted based on site-specific conditions

study provides more technically defensible default (generic) AFs that can account for variable site
conditions; observed AFs will likely more closely align with median estimates
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Csource Strength Assumption
(Maximum vs. Average)

0F MAXIMUMvs. AVERAGE Cgyynce
(FILTERED, PCE and TCE, SUBSLAB and SOIL GAS)
1 . —_ -
x 0.006 0.008 0.006  ooe
I S
I 9 -3
L 2 X
Z 5 X
o X
Q-3 -4
25
2 E 5
w
5o
NON-RESIDENTIAL (n = 222) RESIDENTIAL (n = 87)
7! ’
[ MAXIMUM Cqqynce [ AVERAGE Cgqyrce
8!

= 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 Cgoyrce

concentrations for relatively small C5o,zce Sample populations and b) lesser variability in Cgoygce
concentrations at residential versus non-residential buildings
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Chemical Type

(Non-Residential vs. Residential, Same Buildings)

CHEMICAL TYPE 0

(FILTERED, NON-RESIDENTIAL and RESIDENTIAL, SUBSLAB and SOIL GAS) CHEMICALTYEE - SAHE BUILDINGS

0 -1 (FILTERED, SUBSLAB and SOIL GAS)
0.008 I~ 2 T 0.003 0.006 0.004

-1 0.004 o -
= Gz 0.01 e
5% 2 l £8-3
E E . g .s x x (n=4/12/31)
= g ‘ . x =2 -4 (n=4/12/47)

I

g g -4 Y g °E" 5 (n=18/31/154)
< O \ (n=62/120/610) Z35- (n=18/31/161)
S5 E -5 (n=75/179/1146) W=
S = SITES t SITES
gz \ BUILDINGS = -6 BUILDINGS
': -6 DATA PAIRS NON-RESIDENTIAL RESIDENTIAL DATA PAIRS
< -7

-7

! O TCE O PCE . | TCE W PCE
8! ! -

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

POINT determinations
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Building Type

(Non-Residential vs. Residential)

Equilon Enterprises LLC

0 -
BUILDING TYPE (FILTERED SUBSLAB and SOIL GAS)
-1 T 0.006
0.009 sy 0.006
€ | 5 Too 4 0.003 0.008
o T . 0.002 o
= T + 0.001 .
23 :
w ¢ = T T o T
2 5 x =
22 - B = B
< o : - (n=9/20/47)
2 £ ;5 (n=41/741440) 1 (nebAzaa)
Z 3 |+ (n=11/14/90) (n=11/57/434)
E S— (n=33/60/206) L SITES
= 6 - ‘ (n= zoﬁ“’”ze) BUILDINGS
< [0 TCE (n=21/25/127) DATA PAIRS
- O PCE
COMMERCIAL  INDUSTRIAL INSTITUTIONAL  RESIDENTIAL

median AFs are lowest for industrial buildings which may exhibit thickest slabs and greatest
ventilation in indoor air

median AFs are highest in residential buildings which may exhibit the thinnest slabs and least
ventilation in indoor air
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ATTENUATION FACTOR

Distance Between Indoor Air and Subsurface (Ax)
(TCE and PCE, Non-Residential and Residential)

SHALLOW SOIL SOURCES DEEP SOIL/GROUNDWATER SOURCES
(SUBSLAB ONLY) (SOIL-GAS ONLY)
0
D'STA“:CE BETWEEN INDOOR AIR AND SUBSURFACE VAPOR SA"'P'-':"G (4x) ° DISTANCE BETWEEN INDOOR AIR AND SUBSURFACE VAPOR SAMPLING (Ax)
1 FILTERED, PCE and TCE, NON-RESIDENTIAL and RESIDENTIAL, SUBSLAB ONLY d (FILTERED, PCE and TCE, NON-RESIDENTIAL and RESIDENTIAL, SOIL GAS ONLY)
0.01 0.01 0.03 Y
-2 T T T 2| it 0.004
-3 . x -3 T
‘ (n= 7_/12:27) : :

(n=16/27/54) | T T
1 (n=19/34/190) (n=10/28/211) (n=7/27/195)

(dimensionless)
1
=

ATTENUATION FACTOR
(dimensionless)
-y

-5
. SITES SITES
-6 BUILDINGS '6 5 BUILDINGS
SHALLOW SOIL SOURCES ONLY DATR PAIRS _ DEEP SOIL/GROUNDWATER SOURCES ONLY DATA PAIRS
7 -7

x<=10ft 10 < x <=50 ft 50 < x <=100 ft : 10<x <= 50 ft 50 < x <=100 ft

median AFs do not vary significantly with increasing distance (Ax) between C,, and
Csource Sample locations for relatively shallow soil sources

median AFs also do not vary significantly for deep soil/groundwater sources and
soil-gas samples, implying that C,, and Cgoyrce Samples do not have to be co-
located to be representative for VI screening
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ATTENUATION FACTOR

Subsurface Sample Depth (Az)
(TCE and PCE, Non-Residential and Residential, Subslab and Soil Gas)

SHALLOW SOIL SOURCES DEEP SOIL/GROUNDWATER SOURCES

SUBSURFACE SAMPLE DEPTH (Az)

SUBSURFACE SAMPLE DEPTH (Az)
(FILTERED, NON-RESIDENTIAL and RESIDENTIAL, SUBSLAB and SOIL GAS)

(FILTERED, NON-RESIDENTIAL and RESIDENTIAL, SUBSLAB and SOIL GAS)

0r 0
SHALLOWSOIL SOURCES ONLY DEEP SOIL/GROUNDWATER SOURCES ONLY
-1 -1
' oo . o 0.007
| 0.009 0.004 () I 0.004 0.008
2 f . 0.004 5 =2 ; 0.002
wv t v f
& 3 0-‘01 —Tr E b 3 1 P —
=2 - = -3 x|
! t X
s | x % g s | (n =20/73/245) x x -
5 -4 T 2 = ‘v 4
T _ x - c =8/2
3 (n=18/46/272) (n-zzji?“ 76) S — g OE) 5| (n=10/39/240)  (=SE7I200) (n=4a/7145)
E _5 L = _ T c =
5 . (n=8/22/34) E il [ SITES
=~ 6 I: -6 BUILDINGS
| SITES DATA PAIRS
N BUILDINGS < 71
- DATA PAIRS 7
7 SUBSLAB 1<z <=5t 5<z<=15ft z>15ft [ SUBSLAB 1<z<=5ft 5<z<=15 z>15ft
[ -8
-8

KEY = median AFs are generally lower for soil-gas vs. subslab samples, which is

POINT consistent with additional attenuation caused by vapor transport through the
vadose zone
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AFs Can Be Affected by Analytical Reporting Limits,
Background Sources in Indoor Air

LOG,, ATTENUATION FACTOR (AF)

(dimensionless)

POTENTIALLY AFFECTED
-3 BY ANALYTICAL
REPORTING
-4 LIMITS IN INDOOR AIR

» CIA = Detects Only (n = 282)

-1 ¢ CIA = Detects and Non-Detects at RLs (n = 325)

L 5

POTENTIALLY AFFECTED BY

BACKGROUND SOURCES

PCE NON-RESIDENTIAL

C,a and Csoypce = UNFILTERED
Subsla and Soil Gas Data
MAX C,, and MAX Cyoypee
(Ax =110 ft; Az = 15 ft; At = 92 days)

-4.000 -3.000 -2.000 -1.000 0.000 1.000 2.000 3.000 4.000

Z-SCORE (dimensionless)

LOG,, ATTENUATION FACTOR (AF)

(dimensionless)

3 increasing
-4 cBGRD filter

-7 s

0
+» CBGRD = Unfiltered (n = 325)
* CBGRD =50% Background in IA (n = 202)
-2 * CBGRD =90% Background in 1A (n=116)

-8

TR
09e® S o

*® e
°

cIA

FILTERING

PCE NON-RESIDENTIAL ONLY

Coource = Unfiltered
Subslab and Soil Gas data
MAX C,, and MAX Csoypce
All Foundations
(Ax = 110 ft; Az = 15 ft; At = 92 days)

-4.000 -3.000 -2.000 -1.000  0.000 1.000 2.000
Z-SCORE (dimensionless)

3.000

4.000

bf Equil

LOG,, ATTENUATION FACTOR (AF)

(dimensionless)

= increasing C,, filter establishes Cgggp and
reduces # of low AFs that are not log-normally

distributed; increasing conservatism

increasing Cgorce filter (multiplier of Cggrp)

greatly reduces very high AF (weak sources)

analysis resulted in Cgggp of 90% background

in indoor air (same as USEPA 2012) and

Csource filter = 500x Cggrp (10x higher than

« CSOURCE = 1x CBGRD (n = 116)
-1 + CSOURCE = 50x CBGRD (n = 109 S .
a aEasa) increasing
2 « CSOURCE = 100x CBGRD (n = 106) source
CSOURCE = 500x CBGRD (n = 88) .
3 strength filter
4
-5 — PCE NON-RESIDENTIAL ONLY
Cyaro = median of 90t %ile in Indoor Air
-6 c Subslab and Soil Gas data
SOURCE MAX C,, and MAX Csounce
&7 F I LTE RI N G All Foundations
(Ax = 110 ft; Az = 15 ft; At = 92 days)
-8
-3.000 -2.000 -1.000 0.000 1.000 2.000 3000 |

Z-SCORE (dimensionless)




Background: 3 Methods for AF Derivation - Differences

Method
Method 1:

Descriptive
Statistics
(e.g. 95% %ile)

Method 2:
Reliability
Analysis

Method 3:

Theoretical
Relations

KEY

POINT

Equilon Enterprises LLC

Pros

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

AF sensitivity to specific variables is more
easily visualized and assessed

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

AF dependence on Cqyree @and Cygpp filtering
is reduced

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

Cons

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

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)

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

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

support a technically defensible AF value
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Effects of C,, and Cgoyrce Filtering on AFs

INDOOR AIR (ESTABLISHING C;rp) SUBSURFACE VAPOR
INDOOR AIR BACKGROUND (Cjqpp) FILTERING SOURCE STRENGTH (C¢ource) FILTERING
0 (SUBSLAB and SOIL GAS, NO SOURCE STRENGTH FILTERING) 0 (SUBSLAB and SOIL GAS, Cygpp = 90" % of Median in Indoor Air)
T T 02 .3
0.09 0.1 0.2 s T 1 0.05 T 03 | PCE \ T | TCE |
0.07 0.04
1 0.3 . 0.06 -1 T o 0.06
o S 0.06 0.02 ;F I T
e«  peE | -
B 2 5 - -2 0.004 o.?s o.los +
I 8 I3 )
(¥ 2 -3 X . w = 3 "
2 c * = x & Z S X & S X
o 8 o 2
O 5 4l : ‘ I - 2 4 (n=80/153/796) |  (n=55/132/718) | ' !
E Q=J _ (n=114/401/2770) ‘ (n=60/153/796) (n=111/431/4601) (n=91/294/2383) ‘ < Q (n=56/138/733) (n=50/120/610) (n=71/198/1296) ‘ (n=67/179/1146)
(n=119/448/3702) (n=98/259/1462) (n=96/318/2820) (n=75/203/1373)| =) E -5 L T L L
2 § -5 \ | ALL NDs ‘ \ > = (n=75/203/1373) (n=71/197/1241)
E ) ALLNDs 50t 90t DLeRLs NoNDs 50t 90t w >l 6 SITES '
ll: 6| pLors oN0e - o € I: i Ceoro = 3.8 pg/m?* BUILDINGS l Cgorp = 0.5 ug/m?
< s L i < DATA PAIRS L L
7 . . ° 7| NoFILTER 50x Cocro 100X Cpgpp 500X Cogpo NO FILTER 50X Cyepp 100X Cyopp 500x Cyorp
PERCENTILES PERCENTILES g | Coomce=  190ug/m® 380 ugim? 1,900 ugim® Coounce=  190ug/m® 380 ug/m® 1,900 ug/m?

» the most representative AF population were defined by:

o the median of 90" %ile Cgggp in indoor air greatly reduces the total PCE and TCE AF data

population (2 — 3x); little effect on median and 95th % AFs (consistent with USEPA, 2012)

o a Cgoyrce filter of 500x which provided the most log-normal AF distribution, eliminates
high AFs (10x higher than USEPA, 2012)
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Reduction in AF Data Population Caused by Data
Filtering

60%
B QA/QCIssues
C,, filters oA/
0,
o0% B Coource<DLoOrRL . c_:IA tr_len Csource
filtering; other
40% B C,<DLorRL variables have
Csource minor effect
H 0,
30% filter B C,<90% Caerp
\ B Ca<Cop
20%
B t<=92days
10% B x<=110 ft baseline filters supported
I I by AF sensitivity analyses
0 N 11 W <15t
C,» = Indoor air concentration Coa = Outdoor air concentration

Csource = Source vapor concentration  Cggpp = Background concentration in indoor air
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AF Sensitivity to Meteorological Events
CONTINUOUS MONITORING @ NON-RESIDENTIAL BUILDING

(SAN BERNADINO, CALIFORNIA)

SAN BERNARDINO-[Barometric Pressure (mBar)] vs.
DP30-[Sub Slab Diff Press (Smoothed) (Pa)] vs.
SS-6-[PCE-PID (ug/m3)] vs.
IA-6-[PCE-ECD (ug/m3)]
2023-11-21 02:00:00 PM to 2023-11-27 06:51:00 AM
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C,a can spike during
low and relatively
rapid drops in BP,

while Csoyrce
remains relatively
constant

1-day average = 3.8x

5-day average

Data from Kram (2023)
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Differences in Relative Source Depth Could Affect AF
Determinations (Shallow Soil vs. Groundwater Source)

Non-Residential Residential
(groundwater sources)

Bombshell A
Bob’s Best Pizza| A-1 Cleaners Prince of Pawn

(shallow soil sources)

Hair Studio
sub-slab
° © ports ° ° sub-slab ports °
f | \ l ~
A E-TF & (] LS ] A .
' " ‘ Soil | NG
Source’
- y upward VOC
Az downward & - ---

lateral L Az migration
ateral VOC- - - ~- s
migration S s vadose zone IS ee _____ vacose zone

saturated zone
v saturated zone Groundwater Source
v
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AX

AX
SOME OVERLAP - NOT ALL SITES
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