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OAOIITIOPIA I_Q\/[ Sound since

Desk study Intrusive Risk
& walkover Investigation  Assessment
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Journey
OAOIITOPIA I@G’I Detenstle cecios

Master Plan  Characterise Remediate  Redevelop
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HC—C—C—C —C—C—C—C—H Crude oils are highly ]’_Q\/I Sound scnce
R complex mixtures of:
H H H H H H H H
alipha
5 " > To adwAioto netpeAato sivol Miypa
7°N 7°\ I Hydrocarbons
H—C c C—H
| L I Heteroatom
H—C P SN /C—H compounds
\<|= \<|3 I - sulfur (sulfides,
naphthenes/ H H I thlgtphenes)
cycloalkanes arenes/ Ecglrggggﬂes)
aromatics; PAH I oxygen (organic
acids, phenols)
H H H H . .
I 1 | | alkenes/ I Inorganic sediments
H—c—Cc—C=C¢ olefins I Metals
,!, ,'_, ,'_, ,'_, (not in crude) I Water
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Approximate Carbon and Boiling Ranges
of Petroleum Products ]_Q\/I Sound scence

Gasoline
Naphthas
Stoddard Solvent
JetFuel/Kerosene
JP-4
Diesel Fuel/ Middle Distillates
Fuel Oils
Lube Oil, Motor Qil, Grease
6?‘(2 1?6‘(: 2}6’C 3:13‘(‘. 4102‘(: 449°C
1S6°F 258°F  421°F B4F  TSOF  gaoF

C2 C4 Cs Cg C10 C12 C14Cqs C1a C20 C22 Ca4 Cps Ca28 C3o
L] I L] l ! l | I L] l L I | I 1 l L l | I | l 1 l L l L] I | l ! ’QO"'
TPH Methods: Approximate Carbon Ranges

Petroleum Hydrocarbons, PHC: Extraction, GC

Purgeable Volatile/Gasoline Range, Modified 8015, Purge and Trap, GC
Extractable/Diesel Range, Modified 8015, Extraction, GC

418.1, Modified 418.1: Extraction, IR

EEZZJRanges used for quantitation may be different depending on State and/or |

|
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Distribution of Hydrocarbon Type
in Naphthenic Crude Oil

Sound sdence:

Defensible decsior

Relative abundance of Hydrocarbon Types

(e.g.,Aromatics) in a Refined Product

(e.g., gasoline) can be estimated by Thickness

of Corresponding Region in the Figure.

Crude oil classifications
Paraffinic (straight chain)
Napthenic (cyclo-chain)
Aromatic

Mixed

www.lgm.co.uk



Amno Miypa ce TTpoiovTa o
Refining Process... I-QVI o

% FU DIOUMERS
m Kerosens

iE T | Asphait

Diesel

YR

rafinamant ‘ ——

Lube Oils
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Distillation

1@4 Sound scence

’——~> Gasoline C4-C10 (80°C - 150°C)

—> Kerosene/Jet Fuel C11-C13 (150°C - 250°C)

—> Heavy Gas Qil C19-C25 (325°C - 450°C)

| =
£
=
O
O ——> Diesel Fuel C14-C18 (250°C - 325°C)
Crude Oil S
+ Heat ®
=
8

Lubricating Qil C26-C40 (450°C - 500°C)

Residuum >C40 (> 500°C)
NB The various products are characterized by differentcomplex mixtures of the hydrocarbons with differing
boiling points, carbon numbers and compositions.

www.Igm.c @
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Carbon Number
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Volatilization Factor (mg/m?*mg/kg)

Volatilization Factor by
Homologous Series

2 = B StraightChain Alksnes
10 ‘ #® Branched Chsin Akanes

-3 % A Cycloslkanes
10 B Straight Chain Alkenes

4 & O A & Branched Chain Akenes
10 v ® Cycloslkenes

- * + Straight Chain Alkynes
10-= [0 AkylBenzenes

Akyl Naphthalenes

10¢ . £ Naphtheno Benzenes

- Polynuclear Aromatics
107 A o
102
10 A

a

10-1°
10-11 -

12 [«
10-1< O
10-13 A T T T T T T T

0 5 10 15 20 25 30 35 40

Equivalent Carbon Number

Sound scence:
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Leaching Factor by
Homologous Series ]_Q\/I el

0] et
< s 5 PO A
D 102 ’%‘ S
g 10° -
| ';. A
D 104 m 0O
E . 3
O -5
o 10 o — Fiy . '
© B Staight Chsin Akanes
. o nn # Branched Chain Akanes
2 10 - A Cycloslkanes
e Staight Chain Akenes
o 107 = # Branched Chain Akenes
) ® Cycloalkenes
- « Staight Chein Akynes

102 0 Akyl Benzenes

> Alkyl Naphthslenes
o 2 Naphtheno Benzenes
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Equivalent Carbon Number vs Boilingm Sound science

35

5 Ep =4.12+ 0.02 (BP) + 6.5e-5 (BF’)2
2 30 r?=.99
=
35
Z 25
C
2 Equivalent Carbon Number:
S 20 - 6 = hexane
O 6.5 =benzene
5 15 8 = octane
©
= ) )
3 10 - Aliphatics
- Aromatics

5 -

0 T T T T T T

-100 0 100 200 300 400 500 600

e Do
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13 kKAdopata
Hyd O G

Aliphatics
EC5-EC6

Aliphatics
>EC6-EC8

n-hexane (6)

n-heptane (7)

Aromatics benzene (6.5)

ECS-EC7

Aromatics toluene (7.6)

>ECT-ECS8

Aromatics xylenes (8.6-8.8)

>EC8-EC10 ethylbenzene (8.5)
1.24-

trimethylbenzene

(9.8)

Aromatics
>EC10-EC12

naphthalene (11.7)

Aliphatics
>EC8-EC10

Aliphatics
>EC10-EC12

n-octane (8)
n-nonane (9)

Aromatics
>EC12-EC16

2-methyinaphthalene
(12.8)
acenaphthylene
(15.1)
acenaphthene (15.5)

Aliphatics
>EC12-EC16

Aromatics
>EC16-EC21

fluorene (16.6),
anthracene (19.4),
phenanthrene (19.4),
pyrene (20.8)

Aliphatics
>EC16-EC21

|
© Land Quality Management 2019

Aromatics
>EC21-EC35

benzo[a]pyrene
(31.3)
benzo[b)fluoranthene
(30.1)
benzo[kjfluoranthene
(30.1)
benzofghilperylene
indeno|1,2.3
cdlpyrene (35.0)

Sound science:
Defensible decsions
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EAappot vdpoyovavBpakeg

w Sound scence:

19

Storage Tank

Housing Borehole

e =)

VA
vapoul

-

Water Table Floating

L Product v
% 3 1 eleled : ::‘ Fatet e - \"
Groundwater “SEEEEEEEEEEaE iR ———— s 4
GOSN H NI \ i
Flow X e RS e 18
Granular
aquifer

Fractured
Bedrock

6/7/201C |
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Bapvot udpoyovavBpakeg

w Sound scence:

20
BEERRS T Housing Borehole
Uy 1 -
Japou
Water Table Clay Lens
v -
-— e - s B 2 5 2 B 2 - .- - -
Dissolved ' Y
Groundwater Flow =—> it - - /
Plume N
DNAPL Flow - L Flow

Bedrock
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© Land Quality Management 2019 www.Igm.co.uk



OlauEPION
Partitioning

© Land Quality Management 2019
Land Quality Management 2019

\.-' W
pressure

Cs = npKCy

Partitioning of VOCs where:
C,. C,. and C, = concentration of VOC component in air, water, and solid;
Ky = Henry's constant;
K, = partition coefficient;
K4 = distribution coefficient; (USACE, 2002)
and r;, = soil bulk density (USACE, 1995).

Sound sdence:

Defensible decsior

|
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Vapour sampling Soundscince

Defensible dedsions

1 S:hut-in test valve closeq

3. Canidter side valves
open

2. He.totop-up during
sampling & analyser {o test
shroud He canc
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Toxicology

| hreshold
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Fire fighting foams I_Q\/I

/9 Class A

4

Class B (class B fires—flammable liquids)
— Protein surfactants - biodegradable

— Synthetic surfactants — persistent
» Alcohol-resistant Aqueous film-forming foams (AR-AFFF)

» Aqueous film forming foams (AFFF)
— Hydrocarbon-based surfactants (e.g. sodium alkyl sulfate)

— fluorosurfactant (PFAS e.g. fluorotelomers, perfluorooctanoic
acid (PFOA), or perfluorooctanesulfonic acid(PFOS)

>

wWww_lgm.co.uk



persistent, bioaccumulative, toxic, soluble

Per- & Poly- fluoro alkyl substances I_Q\/I S

| PFOS PFOA |
* CAS1763-23-1 * CAS 335-67-1

)

NB salts will have different CAS numbers

|
Management 2019 www.Igm.co.uk



Pollution LN

* Leaky tanks
« Accidents from operation
« Corrosion/ defective joints in pipes

www.lgm.co.uk



Problem formulation OV s

* Desk study

« Walkover

« Conceptual site model

* Preliminary risk assessment

* Design of intrusive investigation

www.lgm.co.uk



Risk based contaminated land management

O

Sound scence:

The PI'OCCSS

Step 1

Step 2

Step 3

Step 4

Determine Legislative Context

{1

Hazard Identification
What i %7

R s

Hazard Assessment
What iz the context?

{1

Risk E stimation
How much?

4 L

Risk E valuation
Decision on acceptability

Uncertainty
Magnitude and
consaquenceas

Sustainability
appraisal ???

The method: concePtual site model

www.ketjcsm.com

lanagement 2019 AfterMc(atfrey, Street s Nathanaid 2007 SNIFFER UK (o2
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Risk assessment ]-QV[

« Risk estimation = Exposure
Toxicology

 Risk evaluation

"""
M )1 www.Igm.co.uk



Exposure ]_Q\/I

« Soil
 QOral inhalation dermal

"""
M )1 www._Igm.co.uk



Soil screening values/

target values M e

 Dose —reponse relationship
« TPH CWG
« UK S4ULs

k.
ty M t 201 www.lgm.co.uk



The LQM/CIEH S4ULs

Sound sdence:
Defensible deasior

-~

« Generic Assessment Criteria for use
The LQM/CIEH S4ULs for IN human health risk assessment

Human Health Risk Assessment - )
« Result of collaborative working

— LQM & Chartered Institute of
Environmental Health (CIEH)

— Face-to-face workshop
— On-line workshop

— Local authorities, consultants & others
(approx 50 people)

I— -
© Land Quality Management 2019 www.Igm.co.uk




S4ULs published for ...

Sound scence:

 Metals « Petroleum Hydrocarbons

— Arsenic — 16 fractions
— Beryllium

— Boron

- Cadmium

—  Chromium (Il & VI)
— Copper

— Mercury

The LOM/CIEH S4ULs for
Human Health Risk Assessment

=l

—

« Polyaromatic Hydrocarbons
- USEPA 16

— Nickel

— Selenium
— Vanadium
— zinc

www.lgm.co.uk



S4ULs published for .

Sound scence:

 Chloroalkanes & alkenes « Explosives -
— 1,2-Dichloroethane — 2,4,6-Trinitrotoluene !” !
— 1,1,1-Trichloroethane — RDX & HMX
Do e - 1,1,2,2-and 1,1,1,2- Tetrachloroethanes
hﬁ - Tgtrachloromethane . Pesticides
E — Trichloroethene , S
iy . — Aldrin & Dieldrin
— Trichloromethane Atrazi
— Chloroethene - Alrazine
— Dichlorovos

— Endosulfans
— Hexachlorocyclohexanes

Management 2019 www.Igm.co.uk



S4ULs published for ...

Sound scence

« Chlorobenzenes

 Phenol & Chlorophenols
Chlorobenzene

— Phenol
Dichlorobenzenes (3) — Chlorophenols (4)
Trichlorobenzenes (3) — Pentachlorophenol
Tetrachlorobenzenes (3)
Pentachlorobenzenes - Other

— Carbon disulphide
Hexachlorobenzene — Hexachlorobutadiene

www.Igm.co.uk



Sustainable remediation

F i
> o~ - ~ Yrevarmioatiarn Far Cea s Aardioat I
%9 niernationat Lrganization ror Standaraization
When the world agrees
ISO 18504:2017 -
Format Lasguage
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W\ I
= . . | & ,\\ J Sound scence:

Sustainable Remediation
Essential Desirable
o Breaks the linkage o As (cheap, green,
o Ontime popular) as possible
o On budget
o Bells
o Whistles

© Land Quality Management 2019 www.Igm.co.uk



A -
Remediation is not enough Ol desns

The sum must be greater
than the parts

remediation

Remediation
Reclamation
Recycle
Redevelopment
Refurbishment
Reuse
Redeploy
Regenerate

Revitalise B
RENEW refurbishment

reclamation

c O 0O 0O 0O O O O O O

e
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