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Highlights

e Soil type, rainfall and sorption affect transport of PFAS in unsaturated soil

e Stabilisation of PFAS is effective at reducing flux for material that is treated.
e PFAS residues beneath stabilised soil can sustain ongoing vertical PFAS flux.
e Capping may be more effective than limited stabilisation.

e Combined cap and stabilisation has limited additional benefit for vertical flux.

Abstract

The properties of per- and polyfluoroalkyl substances (PFAS), and environmental factors affecting
their fate and transport in groundwater have been extensively researched. However, relatively few
studies have focused on migration of PFAS in the unsaturated zone. Understanding of PFAS
behaviour in the vadose zone is particularly important for remediation planning at source sites, as
the bulk of PFAS mass is often present in shallow horizons.

This study was conducted to assess the relative effects of climate and soil type on the vertical
migration of PFAS compounds PFOS, PFHXS and PFOA across a range of published soil sorption
coefficient (Kd) values. The study also simulated PFAS flux following application of various
management options to assess their efficacy over time compared with a “do nothing” approach.

The model outputs reinforce that soil type, rainfall and sorption properties govern the PFAS flux
beneath source zones. Both stabilisation and capping, as remediation technologies, were effective at
reducing the rate of vertical flux to groundwater. PFAS stabilisation was found to be very effective
in reducing flux, for the material that was treated. However, any residual PFAS within the affected
soil profile below the treated material was shown to continue to sustain vertical PFAS mass transfer
into the future. The relative effectiveness of partial profile stabilisation appeared to decrease with
increasing sand content, further exacerbated in soils of high sorption capacity.

In contrast, clay capping, controlling infiltration, was effective from the surface to depth, and in
sandier soils, was more effective than partial profile stabilisation alone. Generally, a combination of
partial profile stabilisation and clay capping was of little additional benefit compared to providing
the cap alone.
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1 Introduction

1.1 Background

Per- and polyfluoroalkyl substances (PFAS) are chemicals that have variable length carbon chains
that are partially or completely fluorinated. PFAS chemicals are an anthropogenic group of
chemicals that have been used on a global scale in a wide range of industries (Gluge et al., 2020).
They are to be found in a wide range of household products and were a crucial component of
firefighting foams that were used globally as well as throughout Australia at defence sites,
commercial airports, fire stations, and oil terminals since the mid 1970s (Australian Government
Department of Health, 2019, Banwell et al., 2021).

PFAS includes an extremely broad range of chemicals (Buck et al., 2011) that includes
perfluoroalkyl acids (PFAAS) such as perfluoroalkyl carboxylic acids (PFCAs) and perfluoroalkane
sulfonic acids PFSAs) among others, a wide range of PFAA precursors (such as fluorotelomer
based substances), and countless other fluropolymers. Three of the most widely studied PFAS
compounds include perfluorooctane sulfonate (PFOS) and perfluorohexane sulfonic acid (PFHxS),
which are both PFSAs, and perfluorooctanoic acid (PFOA), a PFCA (Wang et al., 2017). These are
commonly found within legacy firefighting foams at both commercial and defence facilities.

PFAS compounds exhibit some unique physical and chemical properties that are generally
unmatched by non-fluorinated products (Buck et al., 2012, Krafft and Riess, 2015). The fluorinated
hydrocarbon chain provides extreme hydrophilic properties making these compounds excellent
water repellent surface treatments (Hill et al., 2017). The combination of the hydrophobic tail and
the polar functional groups make them excellent surfactants and foaming agents that together with
the fluorinated features result in PFAS compounds being extremely stable and chemically inert, and
able to perform under high temperatures — ideal for firefighting applications (Buck et al., 2012).
PFAS, however, have also been used in a myriad of other commercial and industrial processes and
products including in cosmetics, textiles, paints, printing and photography, fabrication of bearings
and seals, cables, electronics and biomedical uses (Prevedouros et al., 2006, Krafft and Riess, 2007,
Heads of EPAs Australia and New Zealand, 2020).

Since the late 1990s PFAS as a class of chemicals, and various individual component chemicals,
have increasingly gained global public attention due to concerns regarding their potential toxicity
and known persistence in the environment (Ahrens and Bundschuh, 2014, Wang et al., 2017). In
2009, the Stockholm Convention on persistent organic pollutants (POPs) listed PFOS in Annex B
(meaning parties must take measures to restrict production and use of the chemical), and in 2019
and 2022 PFOA and PFHXS were respectively also added to Annex A (meaning parties must take
measures to eliminate production and use of the chemical) (United Nations Secretariat of the
Stockholm Convention, 2022)

As a result of their relatively low sorption, high solubility, and extreme persistence (Prevedouros et
al., 2006, Buck et al., 2012) PFAS plumes in surface water and groundwater emanating from fire
training facilities can be extensive and affect communities many hundreds of metres or even
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kilometres from source zones (Krrman et al., 2011, Filipovic et al., 2015, Bréunig et al., 2017,
AECOM, 2017, Coffey, 2018a, Coffey, 2018b, WSP, 2018). In addition, PFAS compounds with
long perfluoroalkyl chains have been found to bioaccumulate and biomagnify in animals and
humans (Martin et al., 2013, Ahrens and Bundschuh, 2014, Krafft and Riess, 2015).

A substantial body of research has been conducted in the area of PFAS properties and their
environmental fate and transport (Ahrens and Bundschuh, 2014, Du et al., 2014, Hamid et al., 2018,
Li et al., 2018). However relatively few studies have focused on the vadose (or unsaturated) zone of
soils, and how the environment of this zone affects PFAS migration to groundwater. This
unsaturated zone, in the vicinity of source sites, is particularly important for remediation planning
as it is where the bulk of PFAS mass is often found (Haisater et al., 2019, Adamson et al., 2020,
Wallis et al., 2022). This residual PFAS at source zones provides an ongoing risk to the
environment as it sustains groundwater plumes and surface water pollution (Dauchy et al., 2019).

In the Australian context, Defence, Air Services Australia, state fire and rescue services and oil
terminal operators have in recent years been moving from investigation phases at their PFAS
affected sites, to remediation programs. Due to the often widespread nature of impacts, and
relatively low concentrations in plumes, remediation focus has generally been on management of
source zones such as fire training grounds and fire station sites rather than remediation of diffuse
downgradient plumes (Air Services Australia, 2023b, Australian Government Department of
Defence, 2018, Australian Government Department of Defence, 2019a, Australian Government
Department of Defence, 2019b).

When evaluating remediation options, the environmental, economic, and social sustainability of the
available options should be considered. Part of this process is to evaluate the benefits and effects of
the available technologies (National Environment Protection Council, 2013). Remediation of PFAS
in soils is a relatively new and evolving challenge (Grimison et al., 2020). There are many emerging
technologies, but proven treatment options are currently limited in capacity and demonstrated
ability to meet chosen regulatory targets (Interstate Technology and Regulatory Council (ITRC),
2020). In fact, there is no clear leading technology to date.

The Australian Government’s National Environment Protection (Assessment of Site Contamination
Measure (NEPM), 1999 (as amended 2013) provides a national framework for assessment of
contamination to ensure sound environmental management (National Environment Protection
Council, 2013). Whilst the NEPM hierarchy of remediation options places onsite or offsite
destruction above onsite management, the reality is that destructive technologies are at present quite
costly to implement with few proven at field scale (Grimison et al., 2020, Heads of EPAs Australia
and New Zealand, 2020). Consequently, onsite management to reduce risk is often considered as
part of a strategy for interim PFAS management. Onsite management often includes stabilisation
(the practice of adding an amendment to the soil to reduce its leachability), such as through mixing
the soil with activated carbon (McDonough et al., 2022, Niarchos et al., 2023, Navarro et al., 2023)
or traditional hydraulic containment using capping technologies (Newell et al., 2022).

Stabilisation can be undertaken as an in-situ process by injection of activated carbon slurry, but in
shallow source zones is commonly achieved by excavation of the soil, mixing with the amendment,
and then placing the stabilised soil back into the excavation. Capping, in its simplest form involves
importation of a low permeability clay that is spread and compacted over the waste to reduce
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infiltration. The surface is generally graded to provide a slight slope to aid in shedding of surface
water.

This study was conducted to assess the relative effects of various physical and chemical parameters
on the vertical migration of PFOS, PFHxS and PFOA from a fictitious, but representative source
area under a range of climatic conditions and soil types. PFAS mass flux over time was evaluated
and compared over a range of common management technologies, including full and partial soil
stabilisation, clay capping as well as a “do nothing” approach, relying on PFAS concentrations to
dilute and disperse over time. The relative efficacy of these technologies in reducing PFAS flux
over the foreseeable future was assessed across the wide range of Australian climates and soil types,
covering effected site conditions from the tropical north to the relatively dry, Mediterranean climate
in the south.

1.2  Objectives

The aim was to assess and compare flux of PFOS, PFHxS and PFOA draining from a 1.5 m soil
profile under a range of climatic conditions and soil types, and assuming a range of sorption
coefficients for each of these compounds.

The purpose was to better understand the PFAS mass flux from a simulated source zone over time,
across a range of plausible environmental conditions and to assess the relative importance of
various environmental features to the leaching behaviour of PFAS.

A secondary objective was to simulate the effects of implementing various source zone remediation
techniques on the flux, forward predicted over 30 years, to assess the relative efficacy of these
technologies in reducing PFAS flux over the foreseeable future.

2 Materials and Method

2.1  Study site and numerical model simulator

This study comprised a theoretical leaching study, based on modelling of unsaturated flow using an
updated version of LEACHP, the pesticide version of LEACHM (Leaching Estimation and
Chemistry Model) (Hutson, 2003) unsaturated zone numerical model.

LEACHM is a one-dimensional, finite difference model to simulate water flow and solute transport
in the vadose zone. The model allows for use of actual meteorological records. Solutes are
transported by advection, dispersion and diffusion and the model considers solute retardation
through sorption onto soil particles and organic matter.

The code has been benchmarked against similar industry accepted models, such as HYDRUS and
GLEAMS (Nolan et al., 2005, Dann et al., 2006, Sarmah et al., 2006, Ogorzalek et al., 2008), and
has been widely used to simulate fate and transport of contaminants in the unsaturated zone (Webb
et al., 2008, Asada et al., 2013, Nasri et al., 2015), including PFAS (Wallis et al., 2022).

The model was designed to simulate land management at a plausible source zone, such as a fire
training ground at a defence site, in which PFAS as an aqueous foam was deposited as a weekly
event over approximately two decades (1981 to 1999), followed by a period of dormancy (while site
assessment may have been conducted but no actual remediation performed, 2000 to 2019). Finally,
the project seeks to assess the effects of various treatment technologies over a forward predicting 30
years period from 2021 to 2050. The model phases are summarised in Table 1.
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Table 1: Modelled timescale and land management

Dates Model Model Phase
duration (yrs)

1979-1980 2 Spin-up period to obtain moisture equilibrium within soil
profile. No PFAS application and/or management scenario.

1981-1999 19 Wet application of PFAS (3M lightwater at a 3% formulation)
to the soil surface, once per week, to simulate either a fire
training exercise or a testing of pumps.

2000-2020 21 Cessation of PFAS application; site dormant —Represents a
period of investigation and remediation planning.

2021-2050 30 Remediation applied and maintained for 30 years. Repeat of
weather record from 1989-2018 for this prediction period.

2.2  Model setup

A summary of model inputs is provided in Table 2 with further discussion on the selection of the
key variables being tested (climate, soil types, and sorption coefficients) following.

Table 2: Adopted model constants and input selections

Input parameter

Units | Modelled value | Source/Assumptions

Model setup

Profile depth

mm 1,500 Plausible soil profile depth to which

remediation may be expected to be applied.

Vertical discretisation

mm 20 Modelled assumption

Water flow model

- - Richards (1931) equation

Lower boundary

- - Unit gradient drainage

Vegetation - - Absent

Weather - Variable Section 2.3

Soil Features

Humus, organic carbon % 0.5 Realistic model assumption, representative
for the Australian context.

Particle size distribution | % Variable Section 2.3.2

Bulk Density t/m3 14t01.8 Linear increase with depth from surface to
1.5 m depth, reflecting compaction with
depth.

Hydraulic properties and | - Variable Model based on pedotransfer functions in

water retention curves Minasny and McBratney (2000)

Initial matric potential kPa Variable Model run for two years (1989-80) prior to

PFAS irrigation commencing to allow for
equilibration with natural conditions
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Input parameter Units | Modelled value | Source/Assumptions
Slope % Otol 0% assumed in baseline models and
uncapped remediation model scenarios.
1% applied to capping remediation scenarios
to simulate an engineered cap.
Chemical features
Molecular weight:
As reported in Table 4-1 of Interstate
PFOS 500.1 .
AMU Technology and Regulatory Council (ITRC)
PFHXS 400.1
(2020).
PFOA 414.1
Solubility:
PFOS 570
L A ted in Du et al. (2014
PEHXS mg/ 1.400 s reported in Du et al. (2014)
PFOA 3,400
Sorption (Koc):
PFOS . .
PEHXS L/kg | Variable Section 2.3.3
PFOA
PFAS application
Duration » | Weekly from .
L/m 1981-1999 Section 2.3.4
Application rate L/m* |6 Section 2.3.4
Concentrations:
PFOS ma/L. 300 Based on data in Backe et al. (2013). See
PFHXS g 30 Section 2.3.4.
PFOA 3
Mass per week:
PROS mg/m? 1,800 Concentration x Rate
PFHXS 9m 1 180
PFOA 18

2.3 Model variants

A total of 144 base model variants for the full model duration (1979 to 2050) were run, covering all
potential combinations of four different soil types, four different climate records and low, medium
to high sorption potentials, for three PFAS compounds.

Subsequently, for each of these 144 models four soil remediation treatments were modelled (as
discussed in Section 2.4 for the period 2020 to 2050). Thus, including the untreated control plus

four treatments, a total 720 model variants were run.

2.3.1 Model variant: Climatic conditions

A primary driver for PFAS vertical migration is likely to be the climate as this dictates the amount
of drainage as well as evapotranspiration acting upon the soil profile throughout the year. Four
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175 weather records were selected which cover a wide range of Australian climates; from the wet
176 tropics in the north to low rainfall climates in the South:

177 e Darwin NT — representing the wet tropics, with a very high annual rainfall (average of
178 1,790 mm) and very strong summer dominant rainfall distribution;

179 e Williamtown NSW — a temperate coastal climate, with high annual rainfall (average of
180 1,100 mm) typically falling in a uniform distribution across the year;

181 e Gatton QLD — with a summer dominant, moderate rainfall (average of 710 mm); and
182 e Edinburgh SA — representing a climate with winter dominant, relatively low rainfall (420 mm).

183 Climate files were prepared using daily weather observations provided on the Queensland

184 Government’s SILO database of Australian climate data for the above weather stations (Queensland
185 Government, 2022). In each case the model utilised daily records for rainfall (mm),

186 temperature (°C) and potential evapotranspiration (mm).

187 For the forward simulation between 2021 and 2050, the weather datasets from 1989 to 2018 were
188  repeated. This timeframe was selected so that weather datasets for leap years would align.

Rainfall (mm)

Cooktown

3000 mm

2000 mm

1500 mm

1000 mm Gatton

710 mm

600 mm CamarvonI

Y o5

. Wiluna
Meekatharra

1 400 mm
—— 300 mm Geraldton

1 200 mm

—— 100 mm

1 50mm

Edinburgh
420 mm

— O0mm

[

. Bugfe
Strahan
Map Source: Australian Bureau of Meteorology, 2022 obart

189 Figure 1: Selected weather stations covered a wide range of Australian climates from the wet tropics (Darwin) and

190 temperate coastal climates (Williamtown) to moderate, summer dominated rainfall regions (Gatton) and low, winter
191 dominated rainfall areas (Edinburgh). The annual average rainfall for the selected four weather stations are also shown
192 (based on data for the modelled period 1979 to 2020).

193 2.3.2 Model variant: Soil types

194 It was surmised that soil type was likely to have a significant influence on PFAS migration in the
195  unsaturated zone, primarily through physically controlling the movement of water. Therefore, four
196 soil types were compared, covering a range of soil permeabilities. The model was based ona 1.5 m
197 deep soil profile. The four soil textures modelled had varying clay and silt (fines) contents ranging
198 from 75% fines (60% clay and 15% silt) to 5% fines (2.5% clay and 2.5% silt). The selected

199  textures are presented on a texture triangle in Figure 2, and referred to in this paper as Clay, Clay
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Loam, Loamy Sand, and Sand. In each case the organic carbon content was kept constant at 0.5%,
which, although low, was considered representative in the Australian context, particularly averaged
across a 1.5 m model depth profile. It is recognised that the humus in soil is rarely a constant and
typically decreases with depth. However, as part of this study was to compare the effects of various
Kd values, and the model calculated Kd as the product of the Koc and fraction of organic carbon, it
was necessary to apply a constant organic carbon parameter.

100%
CLAY

SILTY CLAY

SILTY CLAY LOAM

AN

SILTY LOAM
\ 4 \ ’ %
: 100%

SAND @ 8® 70 8 50 40 3 2 10 SILT
Percent Sand

Figure 2: Summary of modelled soil textures (National Committee on Soil and Terrain, 2009).

2.3.3 Model variant: Applied sorption coefficients (Kd)

The soil-water partitioning coefficient (Kd) in groundwater modelling is frequently used to account
for retardation of a solutes transport with respect to water. Retardation occurs primarily through the
action of sorption and desorption from the solid phase. However, the mechanisms controlling PFAS
sorption are complex (e.g. Higgins and Luthy, 2006, Li et al., 2018, Brusseau, 2018).

Factors affecting PFAS sorption have been shown to include PFAS compound functional groups
and carbon chain lengths (Prevedouros et al., 2006, Milinovic et al., 2015), electrostatic interaction
(Higgins and Luthy, 2006, Du et al., 2014), hydrophobic interactions with the fluoridated
hydrocarbon chain (Deng et al., 2012, Du et al., 2014), and organic carbon content of the soil
(Milinovic et al., 2015, Gallen et al., 2017). In addition, pH effects (Benskin et al., 2012, Wang and
Shih, 2011, Gallen et al., 2017) and salinity (Xiao et al., 2011, Kim et al., 2015) have also been
shown to be significant factors affecting sorption and desorption. In addition, sorption to the air-
water interface has also been shown to be an important factor for organics in the unsaturated zone
(Kim et al., 1998), and specifically for PFAS, given the unique surface properties of these
compounds (Brusseau, 2018, Brusseau et al., 2019).

This study sought to model likely behaviours of PFAS under a range of climatic and soil conditions,
rather than to simulate PFAS migration at a specific site. Therefore, rather than seeking to account
for individual factors affecting sorption as outlined above, though simplistic, application of linear
equilibrium sorption coefficients (Kd) was considered an appropriately representative
approximation, accounting for these potentially interacting mechanisms that could control the
retardation of PFAS in the unsaturated zone. As the objective was to compare plausible behaviour
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under a range of typical soil types and climates assumed Kds within a range of measured Kds for
PFOS, PFHXS and PFOA was considered a satisfactory approximation of sorption capacities.

LEACHM calculates the Kd based on the product of the organic carbon-water partitioning
coefficient (Koc) and the fraction of organic carbon (foc). Therefore a range of Ko values were
selected from within the wide range of published values presented by the Interstate Technology and
Regulatory Council (ITRC) (2020). Rather than modelling the extremes of the published range,
three Koc values were selected, that for this study have been designated “Low”, “Medium” and
“High” from within the published range as discussed in the supplementary material (Appendix B.1).
A summary of the modelled Kd values (derived from the product of Koc and foc) is presented in
Table 3.

Table 3: Summary of modelled Log Kd values. Values are based on published data from the Interstate Technology and
Regulatory Council (ITRC) (2020).

Analyte | Low | Medium | High
PFOS 0.16 0.69 1.21
PFHXS 0.04 0.57 111
PFOA -0.12 0.40 0.91

2.3.4 Simulated PFAS application

PFAS was simulated to be applied to the soil surface as part of fire training or equipment testing
procedures, and based on representative historic application examples at airports or Australian
defence sites. It was assumed that the AFFF product that was applied was similar to 3M lightwater,
applied in a 3% formation. The modelled concentration of PFOS, PFHXS and PFOA in the irrigated
foam was thereby based on Backe et al. (2013). The reported average concentration of these
compounds in 3M AFFF from 1989 to 2001 was rounded, and then the values multiplied by 0.03 to
simulate 3M lightwater at a 3% formulation. These resulting application concentrations are
presented in Table 2.

The modelled frequency of application was once per week for the period 1981 to 2000, to simulate
either a fire training exercise or a testing of pumps. The assumption of volume applied during these
weekly events was 6 mm (6 L/m?). See supplementary material, Appendix B.2, for the calculations
underlying these assumptions.

2.4  Modelling PFAS source zone treatments

Remediation of PFAS source sites in Australia typically involves a combination of technologies.
Generally, due to cost implications, thermal desorption is reserved for the most heavily impacted
soil, while soil with low to moderate contamination levels is typically managed onsite through
either stabilisation, encapsulation or capping, or a combination of stabilisation and capping.

In order to evaluate the efficacy of various onsite management options, the following model
variants were run:

a) Do nothing approach (control). This scenario simulates PFAS flux over time when relying only
on natural dispersion and dilution to reduce concentrations below source zones
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b) Partial soil profile stabilisation (upper 1m): simulated through an increase of the Kd within the
source zone area by 2 orders of magnitude. This was achieved by increasing the organic carbon
by 2 orders of magnitude (to 5%) for the portion of the profile that was stabilised.

c) Full profile stabilisation (whole 1.5m): as scenario b), however, Kd is increased by 2 orders of
magnitude over the entire simulated soil profile;

d) Clay capping of soil profile: addition of a 20 cm heavy clay cap under a 1% soil slope;

e) Clay capping and partial profile stabilisation: combination of scenarios (b) and (d).

These scenarios are graphically depicted in Figure 3.

Untreated Stabilise — Stabilise — Clay cap Cap + stabilise
(control) partial profile full profile { 1% slope 1% slope
0.2m 50% clay 50% clay

1.8 bulk density 1.8 bulk density

1.0mH KD x 100 KD x 100

KD x 100

1.5m-

Model outputs: Annual PFAS mass drained over time, and total mass drained vs control

Figure 3: Modelled treatment scenarios

3 Results and discussion

3.1  Water balance and transport

The study is focused on the transport of PFAS compounds; however, this transport is only through migration
as a dissolved phase in percolating water. Therefore, this section is provided as a summary of the water
distribution under the various soil and climate scenarios.

Figure 4 presents the average of various water balance elements (rainfall, runoff, infiltration, evaporation,
and deep drainage) for the Clay Loam soil type under each modelled climate. Graphs for other soil types are
available in the supplementary material (Appendix C), and show relatively similar features, although with
increasing infiltration and drainage and decreasing runoff, as clay content decreases.

The very high and high rainfall climates are more prone to experiencing runoff, but in general the bulk of
rainfall was seen to infiltrate, and then depending on the climate, is either evaporated from the profile or
drains through the profile. The tropical climate shows significant water movement through the profile during
the wet season but minimal water fluxes during the dry season. In contrast the uniform rainfall climate shows
consistent monthly fluxes of water throughout the year, with a slightly higher evaporation occurring in the
summer months.
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Figure 4: Average of water balance elements by month for Clay Loam soil type, under the range of modelled climates. The tropical climate shows significant water movement during
the wet season, including runoff and drainage but minimal water fluxes during the dry season. In contrast the uniform rainfall climate shows consistent monthly fluxes of water
throughout the year. The lower rainfall climates, both summer and winter dominant patterns, show low levels of deep drainage compared with the higher rainfall models, with the
majority of drainage corresponding to, but lagging slightly behind, the season when highest rainfall occurs.
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The lower rainfall climates, including both summer and winter dominant, show significantly lower
levels of drainage compared with the higher rainfall models. The majority of drainage corresponds
to, but lags slightly behind, the season when highest rainfall occurs. The evaporation presented is
actual evaporation from the soil (not pan evaporation), and as such, for the winter dominant rainfall
the highest rates of modelled evaporation actually occur during the winter months as that in when
the surface and upper portion of the profile is wet.

3.2 PFAS transport in the unsaturated zone

The following sections discuss effects that each modelled variables of sorption capacity (Kd),
climate and soil type have on the rate of leaching of PFOS, PFHxS and PFOA. These effects are
discussed in terms of the untreated (control) models.

3.2.1 Effect of sediment sorption properties (Kd)

For the purposes of demonstrating the effect of the Kd on PFAS mass flux Figure 5 has been
included and presents the annual PFOS mass flux of a sandy clay loam under high rainfall
conditions. As can be seen sorption capacity (Kd) is a sensitive parameter in the model. In all
models, for each of the PFAS compounds, the lower Kd values resulted in more rapid expression of
PFAS at the base of the modelled 1.5 m soil column, with a more rapid rise in mass flux until PFAS
application ceased and then a relatively rapid decline in the flux as the PFAS is leached from the
system.

140000
Modelled PFAS
application
120000 -
——PFOS - Low KD
100000 - — = PFOS - Mid KD
PFOS - High KD

80000 -

60000 -

40000 -

Annual PFOS Mass Flux (mg/m?)

20000 -

- -
- o

Figure 5: Comparing PFOS leaching over time, for a sandy clay loam, under High rainfall conditions

Where the sorption capacity of the soil is high (high Kd models) the rate of contaminant migration
is significantly retarded resulting in delayed expression of the PFAS at the base of the soil column.
In the case of the example provided in Figure 5, by several decades. The flux then rises slowly but
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in the majority of modelled scenarios had not reached a maximum by the models end in 2050, and
for some soil types (particularly clays) had not reached the base of the profile in this timescale.

In practical terms this finding shows the importance of understanding the sorption capacity of soils
at a site-specific level. The Kd will be a site-specific feature, likely resulting from a range of soil
properties; such as organic carbon, pH, salinity and minerology (Higgins and Luthy, 2006, Hamid et
al., 2018). If the Kd on a site is inherently high then it could be expected that the rate of PFAS
migration to groundwater will be slowed, leading to plumes with relatively low maximums but of
extended duration. However, if the Kd is low, such as in a soil depleted of organic carbon, then it
could be expected that the PFAS will migrate with little retardation resulting in a high concentration
load at the peak but a relatively short plume duration as the PFAS is more rapidly flushed from the
system.

For the purposes of demonstrating the effects of rainfall and soil type on the flux relationships the
models based on moderate Kd are presented. Models based on the high Kd and low Kd follow
similar curves but are either more compressed, with higher peaks, or are more extended with flatter
curves respectively.

3.2.2 Effect of climatic conditions

The impact of climatic conditions on PFOS migration through the unsaturated zone is shown in
Figure 6 and illustrates the profound impact of rainfall on rate of migration across all soil types.
Leaching behaviour for PFHxS and PFOA follows similar patterns, and have been provided along
with the corresponding graphs for low and high Kd, in the supplementary material (Appendix D).
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Figure 6: PFOS mass flux [mg/m?] at the base of the soil profile (1.5m) over time is shown for four different Australian
climates and soil types. A median distribution coefficient for PFOS was assumed for all model scenarios (see Table 3).
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For this example, under “very high” rainfall conditions across most soil types assessed, the PFAS
compounds were observed at the base of the unsaturated zone (1.5. metres depth) within five years
of AFFF application commencing. Once PFAS begins to express at the base of the unsaturated zone
the annual mass flux rapidly rises, peaking at the time that the PFAS use ceases before a relatively
rapid tailing off of annual fluxes as PFAS is leached beyond the modelled 1.5 m soil profile. The
exception to this are heavy clay soils which display a much slower expression of the PFAS at the
base of the soil profile, delayed by approximately 10 years compared to the sandier soils and not
peaking until 30 years post PFAS applications ceasing.

Under the “high” rainfall (Williamtown, NSW) and “moderate” rainfall (Gatton, QId) respectively,
the models showed an elongating and flattening of the annual mass flux curves. In the case of the
high rainfall, although the PFAS was appearing at the base of the profile within a decade of PFAS
being applied, the mass flux peak appeared to take several decades to pass.

Under low rainfall conditions (Edinburgh, SA) the migration of PFAS is minimal and the simulated
mass flux at the base of the soil profile is still rising by the end of the model timeframe.

These findings may have a bearing on regulator and site owner’s remediation planning. In high
rainfall environments the planning timeframe should be shorter than in environments where rainfall
is lower so that any remedial action can take place before the worst of the flux has occurred. Thus,
in high rainfall areas, management responses may need to be implemented more rapidly and involve
a more robust approach compared to the response required in lower rainfall environments.

3.2.3 Effects of soil type

Figure 6 is also helpful for understanding the response by soil type. Generally, particle size
distributions have an effect on the hydraulic conductivity of a soil and therefore, unsurprisingly,
increased clay content resulted in models with increasing delay in the expression of PFOS at the
base of the profile, and an extending of the timeframe for the leaching process to occur.

Soils with clay contents up to 35% (sand, sandy loam and loamy clay), however, display a
somewhat similar response, while the result for the clay soil (with 60% clay) was markedly delayed.
Overall, model results demonstrate that the effect of soil type on PFAS migration and retention is
much less pronounced than the impact of climatic conditions, except for heavily clay-dominated
soils.

Again, these findings are of relevance to regulators and owners of sites with PFAS source zones.
Lighter textured (sandier) soils will more rapidly allow migration of PFAS to depth than source
sites that are on clay soils. Without intervention, plumes arising from sites with sandy sands can be
expected to have relatively high mass flux peaks compared with sites on more clayey soils, but the
plumes will be of shorter duration.

3.3 Treatment efficacy

3.3.1 PFAS flux responses to treatment

The efficacy of various treatments under the range of modelled climates is graphically displayed for
PFOS (assuming a moderate Kd and sandy clay loam soil type) in Figure 7 for illustrative purposes.
Similar graphs for all other iterations of Kd and soil type are presented in the supplementary
material (Appendix E).
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All treatment options were effective at reducing PFAS leaching, as compared with the untreated
“control” models. The response to treatment was an immediate reduction in PFAS mass flux at the
base of the modelled soil profile. The stabilisation of 1 m of soil (grey line) was generally the least
effective treatment, however stabilisation of the full 1.5 m profile (blue line) was extremely
effective resulting in a mass flux at least 1 to 2 orders of magnitude lower compared to other
treatment scenarios.

This indicates that a stabilisation technology that is capable of increasing the Kd by 2 orders of
magnitude is extremely effective at reducing flux from the material that is stabilised. However, as
demonstrated in the partial profile stabilisation scenarios (the 1 m of stabilised soil), any PFAS
remaining beneath the treated zone will continue to sustain ongoing leaching to groundwater. This
observation is similar to the findings of Mahinroosta and Senevirathna (2021), who also modelled a
stabilisation strategy and found that although the PFAS concentrations in groundwater reduced from
a “do nothing” approach they remained significant. Mahinroosta and Senevirathna (2021) surmised
this was due to residues in the ground beyond the remediation area. Whilst lateral residues beyond
the treated area would be expected to result in further leaching to groundwater, this current study
shows that residues beneath the treated zone are also a source of ongoing flux.

The two scenarios where a cap was applied (the orange and yellow lines) essentially overlap one
another in most of the modelled scenarios, showing that a cap is generally more effective than a
partial profile stabilisation, and that the cap is ultimately controlling the leaching even when in
combination with stabilisation of part of the profile (at least in this model scenario). Of practical
note, where a cap is installed to provide vertical hydraulic control it will be effective from the
surface to the depth of the groundwater. Although in this study there was little benefit in stabilising
and capping together, some sites where subsurface lateral flows are a feature (e.g. sites with
seasonally perched water) may benefit from that zone being stabilised to prevent shallow lateral
migration of PFAS with perched water.

In the case of the very high rainfall and high rainfall scenarios presented in Figure 7, the rate of
annual PFAS mass flux was on the decline prior to the treatment being implemented, indicating that
the majority of the mass had already leached beyond the modelled 1.5 m soil column. This was also
frequently observed in the low Kd models (see Appendix E.1), particularly in lighter textured soils
where in some cases the PFAS of interest had fully leached from the profile prior to the treatment
phase commencing (from 2021 to 2050).
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Figure 7: PFOS leaching from Sandy Clay Loam, under various treatment regimes, each graph showing efficacy under a different rainfall regime. Treatments generally showed initial
improvements compared to the control (No treatment), with full profile stabilisation (Stabilise 1.5m) being most effective. Partial profile stabilisation (Stabilise 1 m) was less effective
than capping, and a combination of cap and stabilisation showed little added benefit compared to cap alone.
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Where the leaching front had passed and the annual mass was in decline at the time of treatment,
the untreated control showed an ongoing decline in the mass flux over time, in some cases resulting
in lower annual fluxes by the model end than if remediation had occurred (e.g. in the case of very
high rainfall scenario in Figure 7). This illustrates that where non-destructive remediation
technologies are applied (capping or stabilisation), and there is no biodegradation occurring (as was
modelled) then in the long term the treatment will essentially delay the leaching of the PFAS from
the environment. Thus, treatment will result in plumes remaining in the environment for a longer
period of time than if a “do nothing” approach was adopted, albeit with relatively lower maximum
fluxes compared with pre-treatment levels.

3.3.2 Observations from pictorial representations of PFAS mass flux

The effects of the modelled treatments are also shown pictorially in Figure 8. These diagrams show
relative water content and PFOS concentration in the soil profile (vertical axis) over the modelled
period. The diagram presents these attributes for PFOS in an environment with moderate sorption
potential (Kd) applied to a sand soil profile under low rainfall conditions. Diagrams for other PFAS
chemicals, for each modelled Kd, soil type and rainfall regime are available in the supplementary
material (Appendix F).

Figure 8 shows that without treatment the PFOS applied at the surface will migrate vertically over
time to the base of the profile (as discussed above). The diagrams show visually the effects of the
various treatments applied in the year 2021.

The “Stabilise (1 m)” graphic shows PFOS in the treated upper metre becoming significantly
retarded resulting in a shadow of relatively low PFOS concentration beneath the stabilised zone.
However, PFOS at depths greater than 1 m continues to leach through the base of the modelled soil
profile as has been discussed earlier.

The clay capping scenarios are shown with the additional profile thickness introduced in 2021. The
clay cap retains a higher moisture content than the sand profile and so can be seen as a darker blue.
The cap results in lower moisture content in the sand beneath the cap (lighter blue compared with
the control), resulting in a slowing of the downward PFOS migration. The “cap only” scenario,
however, shows a degree of back diffusion or wicking of PFAS into the cap over time, so that
within a few years a low presence of PFAS can be observed throughout the entire cap (light pink).
Wicking would likely be a slow process driven by matrix potential gradients in the climate driven
wetting and drying cycles of the cap. A similar observation of PFAS wicking was made by Thai et
al. (2022) in their experiments on surface water fluxes from concrete. They surmised that sustained
PFAS in runoff over repeated simulations may be explained by vertical wicking through the
concrete over time.

In contrast, in the modelled example of a cap overlying stabilised material, very little back diffusion
or wicking was observed. Pictorially (in Figure 8) it is indiscernible, but in reality, for this example,
wicking in the cap overlying stabilised material was detectable but at a maximum of 2.5 % of the
concentration in the unstabilised scenario. This is likely due to the high Kd of the PFAS in the
stabilised material significantly retarding the migration of PFAS into the matrix of the overlying
clay.
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Figure 8: Pictorial demonstration of the modelled leaching process and the effects of various treatments. These graphics show PFOS concentration in a sand profile under the low
rainfall scenario. The “No treatment” model shows PFOS slowly leaching through the profile. The “Stabilise (1m)” graphic shows PFOS in the treated upper metre becoming entrapped
resulting in a shadow of relatively low PFOS beneath the stabilised zone. However, PFOS below 1m continues to leach through the base of the soil profile. The clay capping scenarios
are shown with the additional profile thickness introduced in 2020. The cap results in lower moisture content in the sand beneath the cap, slowing the downward PFOS migration rate.
Of note, the “cap only” scenario shows a degree of back diffusion or wicking of PFAS into the cap, so that within a few years a low presence of PFAS can be observed at the surface of
the cap. In contrast where a cap is placed over stabilised material no back diffusion is observed.
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This observation has implications for PFAS source zone management. If upward diffusion or
wicking of PFAS occurs, it may contribute to ongoing surface water flux from source sites. Whilst
quantification of the vertical wicking through the cap, and subsequent runoff concentration
increases is beyond the scope of this study, remediators should be mindful that this could occur, and
may need to consider mitigation. This may comprise a capillary break layer engineered into the cap,
a guard layer of activated carbon, or stabilisation of the upper layer of the PFAS impacted zone
prior to placement of the cap.

3.3.3 Treatment efficacy as a percent of untreated flux

The total PFOS, PFHxS and PFOA leached over the 30 year modelled treatment period, for each
treatment scenario, was also compared as a percent of the totals leached from the untreated control
models. This allowed assessment of the relative effectiveness of the treatment options over the
modelled period as summarised in Figure 9.

The matrix of box plots show that stabilisation of the full profile (the blue bars) is extremely
effective, generally resulting in the total PFAS leached being less than 10% of the untreated control
over a 30 year period. The models of complete profile stabilisation, across all rainfall regimes, were
more effective than any other treatment. However, in practical terms it is rarely feasible to treat all
PFAS in a source zone. It is likely some residue will remain at depth.

When comparing all other treatment scenarios, the models for the clay soil profiles showed the
greatest similarity in the percent leached compared to the control as shown by generally similar
position and size of boxplots between treatments. Results show that for the 1 m partial profile
stabilisation (grey columns), sandy soils generally performed worse than the cap alone (orange),
and this difference was more pronounced where higher Kds were applied (i.e. soils with a higher
sorption capacity). The only exception to this was a marginally better response by stabilisation of
clayey soils than capping of those soils. As the clay content of the soil decreases, the capped
scenarios become increasingly effective and the partial stabilisation approach increasingly less
effective.

The combination of cap and stabilisation (yellow columns) was generally very similar to the cap
alone and usually not markedly better. It was only under the low Kd models that there was any
notable improvement in the combination compared to the cap alone, and that only under the higher
leaching environments (high to very high rainfall).
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4 Conclusions and implications for PFAS source zone management

This study reinforces that soil type, rainfall and sorption capacity are all important factors in the
transport of PFAS compounds within the unsaturated zone.

The sorption capacity (Kd) of the unsaturated zone significantly influences PFAS migration and
leaching. Soils with high sorption capacity showed relatively slow migration, leading to delayed
PFAS drainage to groundwater, but extended plume duration. Conversely, PFAS migration through
soils with low sorption capacity was relatively rapid, resulting in high peak PFAS loads but of
relatively short duration. The Kd is a site-specific feature influenced by various soil properties.
Therefore, understanding the sorption capacity of soils at a site-specific level is crucial.

Rainfall significantly impacts PFAS migration. Under high rainfall, with the exception of heavy
clay soils, PFAS compounds reached the base of the unsaturated zone within five years, with a rapid
flux increase and decline. However, heavy clay soils show slower PFAS expression at the base of
the modelled 1.5 m soil column, delayed by about 10 years. Under more moderate rainfall regimes,
curves of annual PFAS mass flux are more elongated and flattened, while low rainfall conditions
show minimal PFAS migration. These findings are vital for remediation planning, indicating the
need for more rapid and robust responses in high rainfall areas.

Model results demonstrate that the effect of soil type on PFAS migration and retention, though
important, were less pronounced than the impact of climatic conditions, except for heavily clay-
dominated soils.

In terms of various treatment options based on capping and stabilisation technologies:
e All treatment options assessed were effective at reducing the rate of vertical PFAS mass flux.

e Contaminant stabilisation is very effective in reducing mass flux for the material that is treated.
However, residual PFAS below the treated material will continue to sustain ongoing vertical
fluxes unless hydraulic controls are also implemented.

e The relative effectiveness of partial profile stabilisation, compared to capping, appears to
decrease with increasing sand content, and this is exacerbated in scenarios with higher sorption
capacity compared to those with lower sorption capacity.

e In contrast clay capping, controlling infiltration is effective from the surface down and in lighter
textured soils is likely to be more effective at controlling drainage from the profile than partial
profile stabilisation alone. Generally, a combination of partial profile stabilisation and clay cap
was of little additional benefit, with respect to PFAS drainage, compared to providing the cap
alone.

e A potential concern for simple capping solutions, however, is that if high levels of PFAS are in
contact with the underside of the cap the compounds may wick into the cap eventually being
observed to be present throughout the cap. This does not appear to occur in scenarios where
stabilisation and capping are combined.

This study provides valuable insights into the retention and migration of PFAS in the unsaturated
zone beneath AFFF source sites, under different remedial treatment approaches. The findings may
reduce uncertainties around the effectiveness of various in-situ soil treatment options and may
support remedial project managers and practitioners evaluating site management approaches.
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Appendix A Climatic Graphs
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Appendix B Calculations of Selected Model Parameters

B.1 Selection of Koc Values

The intention was not to model the extremes of published Koc values. Published ranges were taken
from Interstate Technology and Regulatory Council (ITRC) (2020) referenced sources. Within
those ranges any perceived outliers were removed and then the upper and lower extents were
trimmed by adding approximately 0.3 to the lower Log Koc and subtracting approximately 0.3 from
the upper extent of selected published Log Koc values.

The medium value for modelling was taken as the mid point between the upper and lower selected
Koc values as shown in the following table. The modelled Kd was then the Koc x the fraction of
organic carbon (0.005):

Table B.1: Calculation of sorption coefficients (Kd) used in the models.

Parameter PFOS PFHXS PFOA

Low |Medium| High Low |Medium| High Low |Medium| High
Log Koc (Raw) 2.17 - 3.80 2.05 - 3.70 1.89 - 3.50
Log Koc (Selected) 2.46 2.99 3.51 2.34 2.88 3.41 2.18 2.70 3.21

Log Kd (Modelled)
(Koc x foc of 0.005

0.16 0.69 1.21 0.04 0.57 111 -0.12 0.40 0.91

B.2 Calculation of irrigation rate
Background Assumptions:
e Fire fighting equipment tested every week and after any service (Colville and McCarron, 2003)

o Therefore, assume a weekly irrigation cycle
o Assuming three trucks per fire station, 2 hoses or a cannon per truck

e Assume it takes 1 to 5 minutes per nozzle to test
o Therefore 2 minutes x 6 = 12 minutes of spraying per week.
Calculation:

e Regulated requirement for capacity of fire fighting equipment in Australia depends on the size
of the airfield (Air Services Australia, 2023a).

A Category 8 airfield needs to be able to discharge 7,200 L/min.

o Assuming the total of all vehicles pump that amount and it takes 2 minutes per piece
of equipment to test.

o Equates to a total of 14,200 L discharge per week = round to 15 KL

o Assuming the test area is 50 m by 50 m = 250 m? = 6 L per m? = 6 mm irrigation per
week.
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Appendix C Water Balance Data and Graphs

C.1 Clay Models

Figure C.1
Figure C.1
Figure C.1
Figure C.1

Water Balance Elements — Clay, Tropical, Very High Rainfall

Water Balance Elements — Clay, Uniform, High Rainfall

Water Balance Elements — Clay, Moderate, Summer Dominant Rainfall
Water Balance Elements — Clay, Low, Winter Dominant Rainfall

C.1 Clay Loam Models

Figure C.1
Figure C.1
Figure C.1
Figure C.1

Water Balance Elements — Clay Loam, Tropical, Very High Rainfall

Water Balance Elements — Clay Loam, Uniform, High Rainfall

Water Balance Elements — Clay Loam, Moderate, Summer Dominant Rainfall
Water Balance Elements — Clay Loam, Low, Winter Dominant Rainfall

C.1 Loamy Sand Models
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Figure C.3

Water Balance Elements — Loamy Sand, Tropical, Very High Rainfall

Water Balance Elements — Loamy Sand, Uniform, High Rainfall

Water Balance Elements — Loamy Sand, Moderate Summer Dominant Rainfall
Water Balance Elements — Loamy Sand, Low, Winter Dominant Rainfall

C.1 Sand Models

Figure C.3
Figure C.3
Figure C.3
Figure C.3
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Water Balance Elements — Sand, Moderate, Summer Dominant Rainfall
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C.1 Clay Models

Tropical Very High Rainfall, Clay (mm)
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Month Rainfall Runoff Infiltration | Ewvaporation Drainage

Units mim mm mm mm mm
Jan 468.47 285.94 179.68 111.51 55.62
Feb 388.94 233.26 158.87 101.66 62.43
Mar 320.70 173.09 150.90 110.79 59.33
Apr 105.94 43.15 64.02 70.73 25.71
May 23.03 3.52 17.67 33.54 6.71
Jun 1.90 0.72 1.18 17.04 2.78
Jul 0.88 0.00 0.88 13.59 1.59
Aug 3.22 0.98 2.40 12.88 1.01
Sep 14.97 2.33 12.78 18.96 0.70
Oct 66.29 15.38 51.37 46.45 0.66
Nov 141.64 43.34 99.83 81.30 1.26
Dec 271.22 133.48 139.74 97.03 13.51

Figure C.1 Water Balance Elements — Clay, Tropical, Very High Rainfall
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High Uniform Rainfall, Clay
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Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 75.88 20.16 55.69 55.30 6.20
Feb 119.77 49.91 71.11 57.98 7.98
Mar 112.35 39.68 74,22 62.73 12.49
Apr 116.05 44,18 73.77 56.44 17.68
May 115.40 43.71 73.94 47.96 25.17
Jun 128.78 56.47 74.60 43.15 31.62
Jul 70.41 18.97 53.41 44.36 22.26
Aug 54.91 17.12 38.85 44.74 14.79
Sep 56.78 12.45 45.12 47.97 7.81
Oct 66.68 12.38 55.25 55.08 6.34
MNov 80.69 18.21 63.71 60.12 6.56
Dec 65.96 11.66 55.29 59.85 6.72
Figure C.2 Water Balance Elements — Clay, Uniform, High Rainfall
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Average Water Balance
Moderate Summer Dominant Rain, Clay
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Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jam 101.71 33.07 68.48 65.16 7.19
Feb 97.41 33.92 64.30 61.14 5.84
Mar 65.43 16.38 49,76 53.11 7.70
Apr 45.80 13.45 33.35 39.71 6.68
May 55.18 21.40 34.70 36.66 5.57
Jun 31.07 5.84 25.80 31.63 4,05
Jul 25.84 3.51 22.81 30.18 2.58
Aug 21.75 1.23 20.82 28.35 1.98
Sep 28.56 2.37 26.65 34.43 1.44
Oct 60.12 9.98 51.01 A8.70 1.65
Nov B82.77 22,72 61.12 57.60 2.38
Dec 97.33 22,23 78.31 70.80 4,71
Figure C.3 Water Balance Elements — Clay, Moderate, Summer Dominant Rainfall
Average Water Balance
Low Winter Dominant Rainfall, Clay
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Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jam 20.46 3.05 17.30 26.85 1.64
Feb 17.45 3.01 14.53 22,12 0.96
Mar 23.17 3.82 19.61 26.95 0.85
Apr 28.86 1.95 27.23 27.69 0.75
May 43.10 2.18 41.79 35.15 0.95
Jun 54.48 6.20 50.08 32.10 3.83
Jul 52,28 3.94 50.45 36.59 11.62
Aug 50.36 3.16 49,15 44,57 13.49
Sep 46.39 3.62 43.85 48,31 10.27
Oct 33.83 3.35 31.01 43.30 5.77
MNov 24.37 1.17 23.49 34.76 2.85
Dec 26.58 3.66 23.21 32.55 1.88
Figure C.4 Water Balance Elements — Clay, Low, Winter Dominant Rainfall
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C.2

Clay Loam Models

Average Water Balance
Tropical Very High Rainfall, Clay Loam
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Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 468.47 88.42 374.06 115.35 249.42
Feb 388.94 66.50 322.53 104.72 226.19
Mar 320.70 50.25 270.75 114.68 188.52
Apr 105.94 6.36 99.63 75.33 68.26
May 23.03 0.26 22,77 36.23 11.76
Jun 1.30 0.00 1.90 18.06 4.66
Jul 0.88 0.00 0.88 13.90 2.39
Aug 3.22 0.00 3.22 13.27 1.49
Sep 14.97 0.00 14.97 15.85 1.18
Oct 66.29 0.61 65.68 30.12 4,31
MNov 141.64 1.16 140.49 90.26 20.03
Dec 271.22 35.40 2353.51 104.53 100.15
Figure C.5 Water Balance Elements — Clay Loam, Tropical, Very High Rainfall
Average Water Balance
Uniform, High Rainfall, Clay Loam
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Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 75.88 3.99 70.84 58.33 16.37
Feb 119.77 8.29 111.48 61.89 37.34
Mar 112.35 2.58 109.84 67.29 48.02
Apr 116.05 2.74 113.31 59.52 58.05
May 115.40 4.12 111.32 49.57 65.56
Jun 128.78 5.89 122,90 43.76 81.13
Jul 70.41 1.10 69.30 45.38 41.85
Aug 54.91 3.03 51.95 46.35 29.12
Sep 56.78 0.18 56.60 50.17 17.92
Oct 66.68 0.02 66.66 57.67 16.20
MNov 80.69 1.52 79.27 62.95 19.43
Dec 65.96 0.35 65.62 63.57 14.97
Figure C.6 Water Balance Elements — Clay Loam, Uniform, High Rainfall




Moderate Summer Dominant Rain, Clay Loam

Average Water Balance

120.00
100.00
§ mor ||
€ 60.00
3
S | ‘
20.00
ol LR LR LT TN TIN TR AR L
Jan Fely Mar  Apr  May Jun Jul Aug  Sep Oct Mow Dec
mRainfal mRunoff m Infiltration Evaporation m Drainage
Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jam 101.71 3.67 96.64 71.74 25.58
Feb 97.41 4.04 92,77 66.98 29.99
Mar 65.43 0.50 64.93 57.27 22,24
Apr 45,80 0.22 45,59 42,71 21.58
May 55.18 5.30 49,91 38.45 19.88
Jun 31.07 0.34 30.80 33.35 9.08
Jul 25.84 0.00 25.84 31.52 5.22
Aug 21.75 0.00 21.75 29.64 3.46
Sep 28.56 0.00 28.56 35.79 2.33
Oct 60.12 0.05 60.07 51.89 4.64
Nov 82,77 2.81 79.96 62.79 11.67
Dec 97.33 0.80 96.35 77.19 22,18
Figure C.7 Water Balance Elements — Clay Loam, Moderate, Summer Dominant Rainfall
Average Water Balance
Low Winter Dominant Rainfall, Clay Loam
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E - | | | |
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2
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Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec
mRainfal mRunoff mInfiltration Evaporation m Drainage
Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 20.46 0.00 20.18 28.60 3.16
Feb 17.45 0.00 17.45 23.46 2.00
Mar 23.17 0.06 23.11 28.61 2.86
Apr 28.86 0.00 28.86 28.40 1.81
May 43.10 0.00 43.10 35.74 2.33
Jun 54.48 0.00 54.48 32.34 6.77
Jul 52.28 0.00 52.28 36.79 16.69
Aug 50.36 0.00 50.36 45,08 17.47
Sep 46.39 0.00 46.39 49,31 13.72
Oct 33.83 0.00 33.83 44.46 7.77
Nowv 24.37 0.00 24.37 35.62 4.86
Dec 26.58 0.00 26.58 33.77 3.34
Figure C.8 Water Balance Elements — Clay Loam, Low, Winter Dominant Rainfall
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C3

Loamy Sand Models

Average Water Balance
Tropical Very High Rainfall, Loamy Sand

500.00
400.00
E
£ 30000
=
3 200.00
100.00
0.00 | IIIIII _________ II_II_||I |
Jan Feb Mar  Apr  May Jun Jul Aug  Sep Oct Nowv Dec
mRainfal mRunoff mlInfiltration Evaporation m Drainage
Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 468.47 0.00 462.05 114.95 337.33
Feb 388.94 0.35 388.58 104.29 292.94
Mar 320.70 0.00 320.70 114.10 239.29
Apr 105.94 0.00 105.94 74.02 78.25
May 23.03 0.00 23.03 35.03 15.20
Jun 1.90 0.00 1.90 17.16 6.57
Jul 0.88 0.00 0.88 13.27 3.67
Aug 3.22 0.00 3.22 12.80 2.38
Sep 14.97 0.00 14.97 19.56 1.77
Oct 66.29 0.00 66.29 50.07 4.96
MNov 141.64 0.00 141.64 90.23 18.45
Dec 271.22 0.00 270.59 104.03 133.46
Figure C.9 Water Balance Elements — Loamy Sand, Tropical, Very High Rainfall
Average Water Balance
High Uniform Rainfall, Loamy Sand
140.00
120.00
E 00.00
E- 80.00
5 000
il TRA
2000
= i i [ T T
Jan Feb Mar Apr  May Jun Jul Aug  Sep Dct Mow Dec
mRainfal  mRunoff mInfiltration Evaporation m Drainage
Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 75.88 0.00 74.84 57.45 21.53
Feb 119.77 0.00 119.77 61.16 44.76
Mar 112.35 0.00 112.35 66.42 50.79
Apr 116.05 0.00 116.05 58.83 61.24
May 115.40 0.00 115.40 48.88 69.68
Jun 128.78 0.00 128.78 43.39 B86.52
Jul 70.41 0.00 70.41 44.65 45.70
Aug 54.91 0.00 54.91 45.25 34.13
Sep 56.78 0.00 56.78 43,20 19.82
Oct 66.68 0.00 66.68 56.87 16.99
MNov 80.69 0.00 80.69 62.14 21.56
Dec 65.96 0.00 65.96 62.56 16.70
Figure C.10 Water Balance Elements — Loamy Sand, Uniform, High Rainfall




Average Water Balance
Moderate Summer Dominant Rain, Loamy Sand

120.00
100.00
E 80.00
£
dg- 60.00
E 40.00
=113 e
0.00 I I I I I 1 I I n m ] I I
Jan Feb Mar  Apr  May Jun Jul Aug  Sep Oct Mow Dec
mRainfal @ Runoff g Infiltration Evaporation m Drainage
Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 101.71 0.00 100.31 70.87 30.01
Feb 97.41 0.00 97.41 66.07 34.26
Mar 65.43 0.00 65.43 56.11 24.82
Apr 45.80 0.00 45.80 41.76 23.23
May 55.18 0.00 55.18 37.70 26.23
Jun 31.07 0.00 31.07 32.59 10.98
Jul 25.84 0.00 25.84 30.77 6.35
Aug 21.75 0.00 2175 28.97 4.57
Sep 28.50 0.00 28.56 35.23 3.13
Oct 60.12 0.00 60.12 51.49 4.83
Mow 82.77 0.00 82.77 62.22 14.14
Dec 97.33 0.00 97.33 76.46 23.04
Figure C.11 Water Balance Elements — Loamy Sand, Moderate Summer Dominant Rainfall
Average Water Balance
Low Winter Dominant Rainfall, Loamy Sand
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Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec
mRanfal mRunoff minfiltration Evaporation m Drainage
Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 20.46 0.00 20.18 28.01 4.20
Feb 17.45 0.00 17.45 22,93 2.63
Mar 23.17 0.00 23.17 28.17 3.45
Apr 28.80 0.00 28.86 28.02 2.46
May 43.10 0.00 43.10 35.48 2.72
Jun 54.48 0.00 54.48 32.21 6.07
Jul 52.28 0.00 52.28 36.64 15.61
Aug 50.36 0.00 50.36 44 .45 18.20
Sep 46.39 0.00 46.39 48.35 14.61
Oct 33.83 0.00 33.83 43.41 9.39
MNov 24.37 0.00 24.37 34.82 6.02
Dec 26.58 0.00 26.58 33.14 4.33
Figure C.12 Water Balance Elements — Loamy Sand, Low, Winter Dominant Rainfall
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(o] Sand Models

Average Water Balance
Tropical Very High Rainfall, Sand
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Feb Mar Sep Oct Mow Dec
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E 300.00
200.00
100.00
0.00 =
n

Ja

m)

Amount (

mRainfal @ Runoff g Infiltration Evaporation m Drainage

Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jam 468.47 6.00 456.05 113.18 320.31
Feb 388.94 6.49 382.44 102.59 294.85
Mar 320.70 1.17 319.53 111.39 250.66
Apr 105.%4 0.00 105.%4 70.12 91.69
May 23.03 0.00 23.03 31.60 24.33
Jun 1.0 0.00 1.50 14,92 11.38
Jul 0.88 0.00 0.88 11.89 6.93
Aug 3.22 0.00 3.22 11.57 4.00
Sep 14.97 0.00 14,97 18.59 3.33
Oct 66.29 0.00 66.29 48,99 5.43
Nowv 141.64 0.00 141.64 B88.15 13.69
Dec 271,22 1.93 268.66 101.40 117.96

Figure C.13 Water Balance Elements — Sand, Tropical, Very High Rainfall

Average Water Balance
High Uniform Rainfall, Sand

100.00
BO.00
60.00
40.00
= |fi | )
0.00 - | !
] Jul Al (w]

an Feb Mar  Apr  May Jun ug  Sep ct

Amount {mm)

IHIHI
Nov  Dec

mRainfal mRunoff minfiltration Evaporation m Drainage

Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 75.88 0.56 74.28 54.68 24.45
Feb 115.77 1.31 118.46 58.41 41.54
Mar 112.35 0.00 112.35 63.19 52.68
Apr 116.05 0.00 116.05 36.31 62.68
May 115.40 0.00 115.40 46.85 73.18
Jun 128.78 0.88 127.90 41.98 84.57
Jul 70.41 0.00 70.41 42,21 52.94
Aug 34.91 0.00 34.91 41.81 39.76
Sep 56.78 0.00 56.78 46.13 24.37
Oct 66.68 0.00 66.68 54.06 19.22
MNov 80.69 0.00 80.69 59.29 24.10
Dec 65.96 0.00 65.96 59.28 20.73

Figure C.14 Water Balance Elements — Sand, Uniform, High Rainfall
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Average Water Balance

Moderate Summer Dominant Rain, Sand

120.00
100.00
E B0.00
£ 60.00
a2
= |
20.00
Jan Feb Mar  Apr May  Jun Jul Aug  Sep Oct Nov  Dec
mRainfal mRunoff minfiltration Evaporation m Drainage
Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 101.71 0.00 100.31 67.67 33.00
Feb 97.41 0.00 97.41 62.81 34.53
Mar 065.43 0.00 65.43 52,60 32,28
Apr 45.80 0.00 45,80 38.98 26.59
May 55.18 0.00 55.18 35.50 28.93
Jun 31.07 0.00 31.07 30.44 15.41
Jul 25.84 0.00 25.84 28.77 9.27
Aug 21,75 0.00 21.75 27.20 7.29
Sep 28.56 0.00 28.56 33.59 35.03
Oct 60.12 0.00 60.12 49,84 5.77
Nowv B82.77 0.00 82.77 59.85 14.01
Dec 97.33 0.00 97.33 73.50 23.61
Figure C.15 Water Balance Elements — Sand, Moderate, Summer Dominant Rainfall
Average Water Balance
Low Winter Dominant Rainfall, Sand
€0.00
50.00
E 40.00
“_E" 30.00
o
10.00
.00 | | | | | n B 0 W 0 AR H A I | I 11l
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec
m Rainfal mRunoff minfiltration Evaporation m Drainage
Month Rainfall Runoff Infiltration | Evaporation Drainage
Units mm mm mm mm mm
Jan 20.46 0.00 20.18 26.40 6.78
Feb 17.45 0.00 17.45 21.66 4,26
Mar 23.17 0.00 23.17 268,92 a4.77
Apr 28.86 0.00 28.86 27.03 3.97
May 43,10 0.00 43,10 34.65 3.79
Jun 54.48 0.00 54.48 31.81 5.56
Jul 52.28 0.00 52.28 36.03 13.95
Aug 50.36 0.00 50.368 42,65 15.84
Sep 46.39 0.00 46.39 45.65 16.68
Oct 33.83 0.00 33.83 40.66 13.05
Nov 24.37 0.00 24.37 32.79 B8.88
Dec 26.58 0.00 26.58 31.48 6.78
Figure C.16 Water Balance Elements — Sand, Low, Winter Dominant Rainfall
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Appendix D Untreated Flux Graphs, by Rainfall and Solil Type

D.1 Low Kq Models

Figure D.1 PFOS leaching over time, assuming Low Ky

Figure D.2 PFHXS leaching over time, assuming Low Ky
Figure D.3 PFOA leaching over time, assuming Low Ky

D.2 Moderate Kq Models

Figure D.4 PFOS leaching over time, assuming moderate Kgq

Figure D.5 PFHXS leaching over time, assuming moderate Kgq
Figure D.6 PFOA leaching over time, assuming moderate Kgy

D.3 High Kq Models

Figure D.7 PFOS leaching over time, assuming high Kgq

Figure D.8 PFHXS leaching over time, assuming high Kg
Figure D.9 PFOA leaching over time, assuming high Kg

D-2
D-2
D-3

D-3
D-4
D-4

D-5
D-5
D-6
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D.1 Low Kd Models
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Figure D.1 PFOS leaching over time, assuming Low Kqg
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Figure D.2 PFHxS leaching over time, assuming Low Kaq
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Figure D.3 PFOA leaching over time, assuming Low Kqg
D.2 Moderate K4 Models
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Figure D.4 PFOS leaching over time, assuming moderate Kqd
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D.3 High Kda models
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Figure D.7 PFOS leaching over time, assuming high Kqd
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Figure D.8 PFHXS leaching over time, assuming high Kq
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Appendix E

Treatment response graphs

E.1: Low Kq Figures

Figure E.1
Figure E.2
Figure E.3
Figure E.4
Figure E.5
Figure E.6
Figure E.7
Figure E.8
Figure E.9
Figure E.10
Figure E.11
Figure E.12

Low Ky PFOS leaching from Clay profiles

Low Ky PFHXS leaching from Clay profiles

Low Ky PFOA leaching from Clay profiles

Low Ky PFOS leaching from Clay Loam profiles
Low Ky PFHXS leaching from Clay Loam profiles
Low Kq4 PFOA leaching from Clay Loam profiles
Low K4 PFOS leaching from Loamy Sand profiles
Low Ky PFHXS leaching from Loamy Sand profiles
Low Ky PFOA leaching from Loamy Sand profiles
Low Ky PFOS leaching from Sand profiles

Low Ky PFHXS leaching from Sand profiles

Low Ky PFOA leaching from Sand profiles

E.2: Moderate K4 Figures

Figure E.13
Figure E.14
Figure E.15
Figure E.16
Figure E.17
Figure E.18
Figure E.19
Figure E.20
Figure E.21
Figure E.22
Figure E.23
Figure E.24

Moderate Kq PFOS leaching from Clay profiles
Moderate Kq PFHXS leaching from Clay profiles
Moderate Kq PFOA leaching from Clay profiles

Moderate Kq PFOS leaching from Clay Loam profiles
Moderate Kq PFHXS leaching from Clay Loam profiles
Moderate Kq PFOA leaching from Clay Loam profiles
Moderate Kq PFOS leaching from Loamy Sand profiles
Moderate Kq PFHXS leaching from Loamy Sand profiles
Moderate Kq PFOA leaching from Loamy Sand profiles

Moderate Kq PFOS leaching from Sand profiles
Moderate Kq PFHXS leaching from Sand profiles
Moderate Kq PFOA leaching from Sand profiles

E.3: High Kq Figures

Figure E.25
Figure E.26
Figure E.27
Figure E.28
Figure E.29
Figure E.30
Figure E.31
Figure E.32
Figure E.33
Figure E.34
Figure E.35
Figure E.36

High K4 PFOS leaching from Clay profiles

High Kq PFHXS leaching from Clay profiles

High Kq PFOA leaching from Clay profiles

High Kq PFOS leaching from Clay Loam profiles
High Kq PFHXS leaching from Clay Loam profiles
High Kq PFOA leaching from Clay Loam profiles
High Kq PFOS leaching from Loamy Sand profiles
High Kq PFHXS leaching from Loamy Sand profiles
High Ky PFOA leaching from Loamy Sand profiles
High Kq PFOS leaching from Sand profiles

High Kq PFHXS leaching from Sand profiles

High Kq PFOA leaching from Sand profiles
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Figure E.1 Low Kda PFOS leaching from Clay profiles
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V. high rainfall: PFHxS flux by treatment (clay, low KD)
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V. high rainfall: PFOA flux by treatment (clay, low KD)
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High rainfall: PFOS flux by treatment (clay loam, low KD)
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Figure E.4 Low Kd PFOS leaching from Clay Loam profiles

Moderate rainfall: PFOS flux by treatment (clay loam, low KD)
100000

10000

1000 Treatment

Implemented

Annual PFOS Mass Flux (mg/m 2)

100
- -No treatment —Stabilise 1m
10 | —Stabilise 1.5m —~Cap only
Cap + Stabilise 1m
1
\e) O N O 5 N N} )
e LV v 2 > e )
8 S S S S S S
Low rainfall: PFOS flux by treatment (clay loam, low KD)
100000
—~10000
£
=
b
E
>
5 1000 Treatment
@ Implemented
3]
=
3 100
[
a.
®
2 - -No treatment —Stabilise 1m
Z 10 | —Stabilise 1.5m —Cap only
Cap + Stabilise 1m
1
\e) N “ O \el I\ 0 )
X o & < 25 oo <
§ $ S S S S S

Page E-5



V. high rainfall: PFHxS flux by treatment (clay loam, low KD)
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Figure E.5 Low Kd PFHXS leaching from Clay Loam profiles
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V. high rainfall: PFOA flux by treatment (clay loam, low KD)
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Figure E.6 Low K4 PFOA leaching from Clay Loam profiles
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V. high rainfall: PFOS flux by treatment (loamy sand, low KD)

Treatment

- -No treatment —Stabilise 1m
Implemented — Stabilise 1.5m —Cap only
Cap + Stabilise 1m
a \
E \
E A\
g 01 “
§ \
T \ Note: Flux graph affected by the
a \ contamination having leached
E \ from the profile prior to 2020
o
£ 001 \
= \
=] \
€ N
<
0.001
\J O “ O ve) o Ne]
by 3\ W & ] P
S S S S S S s

100000

10000

1000

Treatment
Implemented

Annual PFOS Mass Flux (mg/m 2)

100
— -No treatment —Stabilise 1m
10 —Stabilise 1.5m —Cap only
Cap + Stabilise 1m
1
o N “ © 9 o 2}
N v 3V & % »
§ S S S S S s
Figure E.7 Low Kg PFOS leaching from Loamy Sand profiles
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V. high rainfall: PFHxS flux by treatment (loamy sand, low KD)
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Figure E.8 Low Kg PFHXS leaching from Loamy Sand profiles

High rainfall: PFHxS flux by treatment (loamy sand, low KD)

100
M - -No treatment —Stabilise 1m
AN —Stabilise 1.5m —~Cap only
. Cap + Stabilise 1m
a 10 \\ .
E "N\
@
E
=
é‘ Treatment \
@ Implemented
]
=
v 01
T
.
Q- et
©
3
g o001
<
Ay
\ /_/\
0.001
\e) O “ ] 5 9 Ne] O
N & & < o ) <
8 S S S S S S
10000 Low rainfall: PFHxS flux by treatment (loamy sand, low KD)
b -T - -
1000

Treatment
100 Implemented

Annual PFHXS Mass Flux (mg/m 2)

10 - -No treatment —Stabilise 1m
—Stabilise 1.5m —Cap only
Cap + Stabilise 1m
1
] N N ] % O N O
Y ) { o ] s %)
§ $ S S S S S

Page E-9



V. high rainfall: PFOA flux by treatment (loamy sand, low KD)
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Figure E.9 Low Kd4 PFOA leaching from Loamy Sand profiles

)
&
P

High rainfall: PFOA flux by treatment (loamy sand, low KD)

- -No treatment —Stabilise 1m

\ Treatment —Stabilise 1.5m —Cap only

‘\ Implemented Cap + Stabilise 1m
a \

A}
% \
v
E 0.1 \
E \ Note: Flux graph affected by the
w
@ K contamination having leached
s \ from the profile prior to 2020
\
5 .
a 001 \‘
E \
c \
c .
<
0.001
\e) O “ ] 5 9 Ne] O
N & & < o ) <
8 S S S S S S
1000 Low rainfall: PFOA flux by treatment (loamy sand, low KD)
Treatment
Implemented - -No treatment —Stabilise 1m
M —Stabilise 1.5m —Cap only

Cap + Stabilise 1m

£
&
£ 100
>
=
w
a
]
=
<
o
a 10
©
3
c
c
<
1
\e) N \e] O % O o O
3 3 Qv < % o <
§ $ S S S S S

Page E-10



V. high rainfall: PFOS flux by treatment (sand, low KD)
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Figure E.10 Low Kd PFOS leaching from Sand profiles
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V. high rainfall: PFOA flux by treatment (sand, low KD)
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Figure E.12 Low Kd PFOA leaching from Sand profiles
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Figure E.13 Moderate Ka PFOS leaching from Clay profiles
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Figure E.14 Moderate Kd PFHXS leaching from Clay profiles
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V. high rainfall: PFOA flux by treatment (clay, medium KD)
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Figure E.15 Moderate Ka PFOA leaching from Clay profiles
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V. high rainfall: PFOS flux by treatment (clay loam, medium KD)
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Figure E.16 Moderate Kd PFOS leaching from Clay Loam profiles
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1000 V. high rainfall: PFHxS flux by treatment (clay loam, medium KD)
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Figure E.17 Moderate Ka PFHXS leaching from Clay Loam profiles
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V. high rainfall: PFOA flux by treatment (clay loam, medium KD)
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Figure E.18 Moderate Kd PFOA leaching from Clay Loam profiles
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V. high rainfall: PFOS flux by treatment (loamy sand, medium KD)
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Figure E.19 Moderate Kd PFOS leaching from Loamy Sand profiles
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V. high rainfall: PFHxS flux by treatment (loamy sand, med KD)
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Figure E.20 Moderate Kd PFHXS leaching from Loamy Sand profiles
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Figure E.21 Moderate Ka PFOA leaching from Loamy Sand profiles
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V. high rainfall: PFOS flux by treatment (sand, medium KD)
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Figure E.22 Moderate K¢ PFOS leaching from Sand profiles
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V. high rainfall: PFHxS flux by treatment (sand, medium KD)
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Figure E.23 Moderate Kd¢ PFHXS leaching from Sand profiles
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V. high rainfall: PFOA flux by treatment (sand, medium KD)
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Figure E.24 Moderate Ka PFOA leaching from Sand profiles
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E.3 High Kda models
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Figure E.25 High Ka¢ PFOS leaching from Clay profiles
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Figure E.26 High Kd¢ PFHXS leaching from Clay profiles
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Annual PFOA Mass Flux (mg/m 2)

V. high rainfall: PFOA flux by treatment (clay, high KD)
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Figure E.27 High Ka¢ PFOA leaching from Clay profiles
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V. high rainfall: PFOS flux by treatment (clay loam, high KD)
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Figure E.28 High Kd¢ PFOS leaching from Clay Loam profiles
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Figure E.29 High K¢ PFHXS leaching from Clay Loam profiles
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Figure E.30 High Kd¢ PFOA leaching from Clay Loam profiles
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Figure E.31 High Kd¢ PFOS leaching from Loamy Sand profiles
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Figure E.32 High Ka PFHXS leaching from Loamy Sand profiles
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Figure E.33 High Ka¢ PFOA leaching from Loamy Sand profiles
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Figure E.34 High Kd¢ PFOS leaching from Sand profiles
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Figure E.35 High Ka¢ PFHXS leaching from Sand profiles
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Figure E.36 High Ka¢ PFOA leaching from Sand profiles
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F.1 Untreated Control Models
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Figure F.1 Very High Rainfall (Tropical), Low Kg, Clay
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Figure F.2 Very High Rainfall (Tropical), Low Ka, Clay Loam
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Figure F.4 Very High Rainfall (Tropical), Low K4, Sand
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Figure F.5 Very High Rainfall (Tropical), Medium Kg, Clay
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Figure F.6 Very High Rainfall (Tropical), Medium Kq, Clay Loam

Page F-8



1980 1990 2000 2010 2020 2030 2040 2050
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Figure F.7 Very High Rainfall (Tropical), Medium Kq, Loamy Sand

1980 2010
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Figure F.8 Very High Rainfall (Tropical), Medium K4, Sand

Page F-9



-
c
o

-
c
o

O
=
.

-

z

PFHxS

PFOA

Figure F.9 Very High Rainfall (Tropical), High Kq, Clay
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Figure F.10 Very High Rainfall (Tropical), High K4, Clay Loam

Page F-10



1980 1990 2000 2010 2020 2030 2040 2050

Water Content

PFOS

PFHxS

Figure F.11 Very High Rainfall (Tropical), High Kd, Loamy Sand
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Figure F.12 Very High Rainfall (Tropical), High K4, Sand
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Figure F.13 High Rainfall (Uniform Distribution), Low Kq, Clay
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Figure F.14 High Rainfall (Uniform Distribution), Low Kg, Clay Loam
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Figure F.15 High Rainfall (Uniform Distribution), Low Kgq, Loamy Sand
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Figure F.16 High Rainfall (Uniform Distribution), Low K4, Sand
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Figure F.17 High Rainfall (Uniform Distribution), Medium Kq, Clay
1980 1990 2000 2010 2020 2030 2040 2050

TR T BTV VRN I OO OEE 01 00 N A0 T WY 1 I OT “,1 10 R OO 1 OOV | V0 1 O O O

-
c
o
-
£
o
O
-
o
-
z

PFHxS

PFOA

L AP Y PP Y VROV ATRATEEE o

Figure F.18 High Rainfall (Uniform Distribution), Medium Kq, Clay Loam
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Figure F.19 High Rainfall (Uniform Distribution), Medium K4, Loamy Sand
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Figure F.20 High Rainfall (Uniform Distribution), Medium K4, Sand
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Figure F.21 High Rainfall (Uniform Distribution), High Kq, Clay
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Figure F.22 High Rainfall (Uniform Distribution), High K4, Clay Loam
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Figure F.23 High Rainfall (Uniform Distribution), High K4, Loamy Sand
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Figure F.24 High Rainfall (Uniform Distribution), High Kq, Sand
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Figure F.25 Moderate Rainfall (Summer Dominant), Low Kq, Clay
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Figure F.26 Moderate Rainfall (Summer Dominant), Low Kg, Clay Loam
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Figure F.27 Moderate Rainfall (Summer Dominant), Low K4, Loamy Sand

1980 1990 2000 2010 2020 2030 2040 2050

T T VR TR P T T T TR T § PR AT o T N | W N n W v mnmaw

Water Content

PFHxS

PFOA

Figure F.28 Moderate Rainfall (Summer Dominant), Low K4, Sand
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Figure F.29 Moderate Rainfall (Summer Dominant), Medium Kg, Clay
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Figure F.30 Moderate Rainfall (Summer Dominant), Medium Kg, Clay Loam
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Figure F.31 Moderate Rainfall (Summer Dominant), Medium Kg, Loamy Sand
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Figure F.32 Moderate Rainfall (Summer Dominant), Medium Kq, Sand

Page F-21



1980 1990 2000 2010 2020 2030 2040 2050

Water Content

PFHxS

PFOA

Figure F.33 Moderate Rainfall (Summer Dominant), High Ka, Clay
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Figure F.34 Moderate Rainfall (Summer Dominant), High K4, Clay Loam
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Figure F.35 Moderate Rainfall (Summer Dominant), High Kq, Loamy Sand
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Figure F.36 Moderate Rainfall (Summer Dominant), High Kq, Sand
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Figure F.37 Low Rainfall (Winter Dominant), Low Kg, Clay
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Figure F.38 Low Rainfall (Winter Dominant), Low Kg, Clay Loam

Page F-24



1980 1990 2000 2010 2020 2030 2040 2050
MERTERRER TR T R DU B RS T W T iR R T T AR D Ui U mhaEad T

-
c
o
-
4
]
O
-
o
-
z

PFOS

PFHxS

PFOA

Figure F.39 Low Rainfall (Winter Dominant), Low Kg, Loamy Sand
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Figure F.40 Low Rainfall (Winter Dominant), Low Kq, Sand
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Figure F.41 Low Rainfall (Winter Dominant), Medium Kq, Clay
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Figure F.42 Low Rainfall (Winter Dominant), Medium Ka, Clay Loam
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Figure F.43 Low Rainfall (Winter Dominant), Medium K4, Loamy Sand
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Figure F.44 Low Rainfall (Winter Dominant), Medium Kq, Sand
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Figure F.45 Low Rainfall (Winter Dominant), High Kq, Clay
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Figure F.46 Low Rainfall (Winter Dominant), High Kq, Clay Loam
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Figure F.47 Low Rainfall (Winter Dominant), High K4, Loamy Sand
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Figure F.48 Low Rainfall (Winter Dominant), High K4, Sand
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F.2 Stabilised Upper Metre Models
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Figure F.49 Very High Rainfall (Tropical), Low Kg, Clay

1990 2000 2010

1980 2020 2050
T YIRRnn v nmnmn ‘T“ mnmn

T

1

Water Content

me

PFOA

il

Figure F.50 Very High Rainfall (Tropical), Low Ka, Clay Loam
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Figure F.51 Very High Rainfall (Tropical), Low Kq, Loamy Sand
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Figure F.52 Very High Rainfall (Tropical), Low K4, Sand
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Figure F.53 Very High Rainfall (Tropical), Medium Kg, Clay
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Figure F.54 Very High Rainfall (Tropical), Medium Kg, Clay Loam
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Figure F.55 Very High Rainfall (Tropical), Medium Kgq, Loamy Sand
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Figure F.56 Very High Rainfall (Tropical), Medium Kg, Sand
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Figure F.57 Very High Rainfall (Tropical), High Kq, Clay
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Figure F.58 Very High Rainfall (Tropical), High Kq, Clay Loam
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Figure F.59 Very High Rainfall (Tropical), High Kd, Loamy Sand
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Figure F.60 Very High Rainfall (Tropical), High K4, Sand
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Figure F.61 High Rainfall (Uniform Distribution), Low Kg, Clay
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Figure F.62 High Rainfall (Uniform Distribution), Low Kg, Clay Loam
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Figure F.63 High Rainfall (Uniform Distribution), Low K4, Loamy Sand
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Figure F.64 High Rainfall (Uniform Distribution), Low K4, Sand
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Figure F.65 High Rainfall (Uniform Distribution), Medium Kq, Clay
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Figure F.66 High Rainfall (Uniform Distribution), Medium Kq, Clay Loam
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Figure F.67 High Rainfall (Uniform Distribution), Medium Kqd, Loamy Sand
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Figure F.68 High Rainfall (Uniform Distribution), Medium Kq, Sand
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Figure F.69 High Rainfall (Uniform Distribution), High Kq, Clay
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Figure F.70 High Rainfall (Uniform Distribution), High Kg, Clay Loam

Page F-40



1980 1990 2000 2010 2020 2030 2040 2050

-
c
o
-
c
-]
O
-
o
-
z

PFOS

PFHxS

Figure F.71 High Rainfall (Uniform Distribution), High Kq, Loamy Sand
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Figure F.72 High Rainfall (Uniform Distribution), High Kq, Sand
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Figure F.73 Moderate Rainfall (Summer Dominant), Low Kq, Clay
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Figure F.74 Moderate Rainfall (Summer Dominant), Low Kg, Clay Loam
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Figure F.75 Moderate Rainfall (Summer Dominant), Low K4, Loamy Sand
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Figure F.76 Moderate Rainfall (Summer Dominant), Low K4, Sand
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Figure F.77 Moderate Rainfall (Summer Dominant), Medium Kg, Clay
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Figure F.78 Moderate Rainfall (Summer Dominant), Medium Kg, Clay Loam
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Figure F.79 Moderate Rainfall (Summer Dominant), Medium Kg, Loamy Sand
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Figure F.80 Moderate Rainfall (Summer Dominant), Medium Kq, Sand
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Figure F.81 Moderate Rainfall (Summer Dominant), High Ka, Clay
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Figure F.82 Moderate Rainfall (Summer Dominant), High K4, Clay Loam
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Figure F.83 Moderate Rainfall (Summer Dominant), High Kq, Loamy Sand
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Figure F.84 Moderate Rainfall (Summer Dominant), High Kq, Sand
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Figure F.87 Low Rainfall (Winter Dominant), Low Kg, Loamy Sand

Water Content

PFOS

PFHxS

Figure F.88 Low Rainfall (Winter Dominant), Low Kq, Sand
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Figure F.90

Low Rainfall (Winter Dominant), Medium Kq, Clay Loam
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Figure F.91 Low Rainfall (Winter Dominant), Medium K4, Loamy Sand
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Figure F.92 Low Rainfall (Winter Dominant), Medium Kg, Sand
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Figure F.93 Low Rainfall (Winter Dominant), High Kq, Clay
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Figure F.94 Low Rainfall (Winter Dominant), High Ka, Clay Loam
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Figure F.95 Low Rainfall (Winter Dominant), High Kq, Loamy Sand
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Figure F.96 Low Rainfall (Winter Dominant), High Ka, Sand
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F.3 Clay Cap Only Models

1980 1990 2000 2010 2020 2030 2040 2050

-
£
ki
-
c
o
O
e
o
P
S

PFOS

PFHxS

PFOA

Figure F.97 Very High Rainfall (Tropical), Low Kg, Clay
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Figure F.98 Very High Rainfall (Tropical), Low Kqg, Clay Loam
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Figure F.99 Very High Rainfall (Tropical), Low Kq, Loamy Sand
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Figure F.100 Very High Rainfall (Tropical), Low K4, Sand
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Figure F.101 Very High Rainfall (Tropical), Medium Kg, Clay
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Figure F.102 Very High Rainfall (Tropical), Medium Kq, Clay Loam
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Figure F.103 Very High Rainfall (Tropical), Medium Kgq, Loamy Sand
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Figure F.104 Very High Rainfall (Tropical), Medium Kq, Sand

Page F-57



Water Content

PFOS

PFHxS

PFOA

Figure F.105 Very High Rainfall (Tropical), High Kq, Clay
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Figure F.106 Very High Rainfall (Tropical), High K4, Clay Loam
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Figure F.107 Very High Rainfall (Tropical), High K4, Loamy Sand
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Figure F.108 Very High Rainfall (Tropical), High K4, Sand
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Figure F.109 High Rainfall (Uniform Distribution), Low Kq, Clay
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Figure F.110 High Rainfall (Uniform Distribution), Low Kad, Clay Loam
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Figure F.111 High Rainfall (Uniform Distribution), Low K4, Loamy Sand
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Figure F.112 High Rainfall (Uniform Distribution), Low K4, Sand
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Figure F.113 High Rainfall (Uniform Distribution), Medium Kq, Clay
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Figure F.114 High Rainfall (Uniform Distribution), Medium Kq, Clay Loam
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Figure F.115 High Rainfall (Uniform Distribution), Medium Kqd, Loamy Sand
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Figure F.116 High Rainfall (Uniform Distribution), Medium K4, Sand
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Figure F.117 High Rainfall (Uniform Distribution), High Kgq, Clay
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Figure F.118 High Rainfall (Uniform Distribution), High Ka, Clay Loam
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Figure F.119 High Rainfall (Uniform Distribution), High Kq, Loamy Sand
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Figure F.120 High Rainfall (Uniform Distribution), High Kq, Sand
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Figure F.121 Moderate Rainfall (Summer Dominant), Low Kq, Clay
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Figure F.122 Moderate Rainfall (Summer Dominant), Low Kad, Clay Loam

Page F-66



Water Content

PFOS

PFHxS

PFOA

Figure F.123 Moderate Rainfall (Summer Dominant), Low K4, Loamy Sand
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Figure F.124 Moderate Rainfall (Summer Dominant), Low K4, Sand
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Figure F.125 Moderate Rainfall (Summer Dominant), Medium Kq, Clay
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Figure F.126 Moderate Rainfall (Summer Dominant), Medium Kg, Clay Loam
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Figure F.127 Moderate Rainfall (Summer Dominant), Medium Kg, Loamy Sand
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Figure F.128 Moderate Rainfall (Summer Dominant), Medium Kq, Sand
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Figure F.129 Moderate Rainfall (Summer Dominant), High Ka, Clay
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Figure F.130 Moderate Rainfall (Summer Dominant), High K4, Clay Loam
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Figure F.131 Moderate Rainfall (Summer Dominant), High Kq, Loamy Sand
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Figure F.132 Moderate Rainfall (Summer Dominant), High Kq, Sand
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Figure F.133 Low Rainfall (Winter Dominant), Low Kg, Clay
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Figure F.134 Low Rainfall (Winter Dominant), Low Kg, Clay Loam
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Figure F.135 Low Rainfall (Winter Dominant), Low Kg, Loamy Sand

1980 1990 2000 2010 2020 2030 2040 2050

MMEETERTENBER VORI AN N ERN TN E IRy teanie ey ""“"W'"‘“V‘l“"\"“‘"“ ""“W‘V‘"‘

Water Content

PFOS

PFHxS

PFOA

Figure F.136 Low Rainfall (Winter Dominant), Low Kq, Sand
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Figure F.137 Low Rainfall (Winter Dominant), Medium Kg, Clay
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Figure F.138 Low Rainfall (Winter Dominant), Medium Kq, Clay Loam
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Figure F.139 Low Rainfall (Winter Dominant), Medium Kq, Loamy Sand
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Figure F.140 Low Rainfall (Winter Dominant), Medium Kg, Sand
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Figure F.141 Low Rainfall (Winter Dominant), High Kq, Clay
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Figure F.142 Low Rainfall (Winter Dominant), High Ka, Clay Loam
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Figure F.143 Low Rainfall (Winter Dominant), High K4, Loamy Sand
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Figure F.144 Low Rainfall (Winter Dominant), High Ka, Sand
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F.4 Cap Over Stabilised Upper Metre Models
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Figure F.145 Very High Rainfall (Tropical), Low Kg, Clay

1980 1990 2000 2010 2020 2030 2040 2050

Water Content
|

PFOS

PFHxS

PFOA

W | YT

{
i

Figure F.146 Very High Rainfall (Tropical), Low Kqg, Clay Loam
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Figure F.147 Very High Rainfall (Tropical), Low Kq, Loamy Sand
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Figure F.148 Very High Rainfall (Tropical), Low K4, Sand
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Figure F.149 Very High Rainfall (Tropical), Medium Kg, Clay
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Figure F.150 Very High Rainfall (Tropical), Medium Kq, Clay Loam
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Figure F.151 Very High Rainfall (Tropical), Medium Kgq, Loamy Sand
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Figure F.152 Very High Rainfall (Tropical), Medium K4, Sand
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Figure F.153 Very High Rainfall (Tropical), High Kq, Clay
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Figure F.154 Very High Rainfall (Tropical), High K4, Clay Loam
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Figure F.155 Very High Rainfall (Tropical), High K4, Loamy Sand
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Figure F.156 Very High Rainfall (Tropical), High K4, Sand
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Figure F.157 High Rainfall (Uniform Distribution), Low Kq, Clay
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Figure F.158 High Rainfall (Uniform Distribution), Low Kad, Clay Loam

Page F-84



PFHxS PFOS Water Content _

PFOA

Figure F.159 High Rainfall (Uniform Distribution), Low K4, Loamy Sand
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Figure F.160 High Rainfall (Uniform Distribution), Low K4, Sand
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Figure F.161 High Rainfall (Uniform Distribution), Medium Kq, Clay
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Figure F.162 High Rainfall (Uniform Distribution), Medium Kq, Clay Loam
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Figure F.163 High Rainfall (Uniform Distribution), Medium Kqd, Loamy Sand
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Figure F.164 High Rainfall (Uniform Distribution), Medium K4, Sand
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Figure F.165 High Rainfall (Uniform Distribution), High Kgq, Clay
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Figure F.166 High Rainfall (Uniform Distribution), High Kg, Clay Loam
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Figure F.168 High Rainfall (Uniform Distribution), High Kq, Sand
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Figure F.169 Moderate Rainfall (Summer Dominant), Low Kq, Clay
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Figure F.170 Moderate Rainfall (Summer Dominant), Low Kad, Clay Loam
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Figure F.171 Moderate Rainfall (Summer Dominant), Low K4, Loamy Sand
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Figure F.172 Moderate Rainfall (Summer Dominant), Low K4, Sand
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Figure F.173 Moderate Rainfall (Summer Dominant), Medium Kq, Clay
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Figure F.174 Moderate Rainfall (Summer Dominant), Medium Kg, Clay Loam
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Figure F.175 Moderate Rainfall (Summer Dominant), Medium Kg, Loamy Sand
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Figure F.176 Moderate Rainfall (Summer Dominant), Medium Kq, Sand
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Figure F.177 Moderate Rainfall (Summer Dominant), High Ka, Clay
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Figure F.178 Moderate Rainfall (Summer Dominant), High K4, Clay Loam
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Figure F.179 Moderate Rainfall (Summer Dominant), High Kq, Loamy Sand
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Figure F.180 Moderate Rainfall (Summer Dominant), High Kq, Sand
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Figure F.181 Low Rainfall (Winter Dominant), Low Kg, Clay
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Figure F.182 Low Rainfall (Winter Dominant), Low Kg, Clay Loam
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Figure F.183 Low Rainfall (Winter Dominant), Low Kg, Loamy Sand
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Figure F.184 Low Rainfall (Winter Dominant), Low Kq, Sand
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Figure F.185 Low Rainfall (Winter Dominant), Medium Kq, Clay
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Figure F.186 Low Rainfall (Winter Dominant), Medium Kq, Clay Loam
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Figure F.187 Low Rainfall (Winter Dominant), Medium K4, Loamy Sand
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Figure F.188 Low Rainfall (Winter Dominant), Medium Kg, Sand

Page F-99



1980 1990 2000 2010 2020 2030 2040 2050

-
€
@
k]
€
o
o
=
]
z

PFOS

PFHxS

PFOA

Figure F.189 Low Rainfall (Winter Dominant), High Kq, Clay
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Figure F.190 Low Rainfall (Winter Dominant), High Ka, Clay Loam
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Figure F.191 Low Rainfall (Winter Dominant), High Kq, Loamy Sand
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ISSN: 0169-7722

DESCRIPTION

The Journal of Contaminant Hydrology is an international journal publishing scientific articles
contributing to a broad understanding of contamination of water resources. Emphasis is placed on
investigations of the physical, chemical, and biological processes influencing the behaviour and fate of
organic and inorganic contaminants in the aqueous environment including ecological impacts. Water-
based science, technology and management approaches that monitor, assess, control and mitigate
contamination and its eco-environmental impacts at multiple scales are invited. Broad latitude
is allowed in identifying contaminants of interest, and includes legacy and emerging pollutants,
nutrients, nanoparticles, microorganisms (e.g., bacteria, viruses, and protozoa), microplastics, and
various constituents associated with energy production (e.g., methane, carbon dioxide, and hydrogen
sulfide).

The journal's scope embraces a wide range of topics that include: surface and subsurface hydrology as
it relates to contamination; experimental and computational investigations of contaminant sorption,
diffusion, biological and chemical transformation, volatilization and transport in the surface and
subsurface; characterization of soil and sediment properties only as they influence contaminant
behaviour; development and testing of mathematical models of contaminant behaviour; innovative
techniques for restoration of contaminated sites; development of new tools or techniques for
monitoring the extent of soil, sediment, and water contamination; development of mathematical
models and system analysis techniques for understanding and managing surface and subsurface water
resources systems including hyporheic zone processes; analyses of interactions between water-use
activities and the environment; carbon sequestration and turnover; and water contamination issues
associated with energy production.

Types of paper

There are some types of papers that are not suitable for publication in the journal, namely:
Environmental monitoring. We are pleased to see field data, but we do not publish reports of, for
example, unusual observations in the field unless they are interpreted at a process level. Similarly,
we do not act as a public repository for datasets unless they are interpreted.

Case studies. We will not publish case studies unless they provide insight into processes relevant to
other sites or conditions. Thus, a paper based on a particular site must draw out principles, prove a
conceptual model, or develop and test a method; these principles, models, or methods must have
broader applicability than to a site of study.

Methods. We are keen to see new methods of analysis, experimentation, field investigation, or
interpretation developed and published. However the journal will not publish papers that present only
method development, nor methods that have no major advance over existing approaches. Manuscripts
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that demonstrate how new or existing methods lead to new insights, or that extend the scope or
demonstrate the practical use of existing methods will be welcome. Normally, measured data or
observations will be used to validate the method.The last comments on Methods apply particularly to
the development of new analytical and numerical solutions to flow, transport and reaction equations.
A new mathematical solution must be a significant and useful advance over present methods. The
new solution should also lead to new understanding of contaminant behavior. When possible, new
analytical or numerical solutions should be compared with existing methods and/or with real data/
observations.

The inverse of these comments on new models applies to papers that focus on experimental and
field investigations. It is not sufficient to present data, no matter how elegant the experiment or
interesting the field site! Data must be interpreted with a conceptual model of processes so
that the results are potentially valuable to other sites and experiments.

Despite these comments, the editors are not trying to set up a rigid or bureaucratic system. If you
believe your paper should be an exception, explain this simply in your cover letter at submission. We
are all active researchers, and we do not want to discourage our peers from submitting any manuscript
that they feel is significant and important for the journal. Rather, we hope you will join us in our wish
to ensure that all the papers in the journal have real value to the community.

Benefits to authors
We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services.

Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our Support Center
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Hydrologists, Geochemists, Microbiologists, Soil Scientists, Environmental Scientists.

ABSTRACTING AND INDEXING
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Environmental Abstracts
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Engineering Village - GEOBASE
Cambridge Scientific Abstracts
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Embase
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C. Griebler, University of Vienna, Department of Functional and Evolutionary Ecology, Wien, Austria
Q. Tan, Guangdong University of Technology, Guangzhou, China

C.J. Werth, The University of Texas at Austin, Austin, Texas, United States of America

M. Rolle, Technical University of Darmstadt, Institute of Applied Geosciences, Darmstadt, Germany
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

The Journal of Contaminant Hydrology is an international journal publishing scientific articles
pertaining to the contamination of subsurface water resources. Emphasis is placed on investigations
of the physical, chemical, and biological processes influencing the behavior and fate of organic and
inorganic contaminants in the unsaturated (vadose) and saturated (groundwater) zones, as well as
at groundwater-surface water interfaces. The ecological impacts of contaminants transported both
from and to aquifers are of interest. Articles on contamination of surface water only, without a link to
groundwater, are out of the scope. Broad latitude is allowed in identifying contaminants of interest,
and include legacy and emerging pollutants, nutrients, nanoparticles, pathogenic microorganisms
(e.g., bacteria, viruses, protozoa), microplastics, and various constituents associated with energy
production (e.g., methane, carbon dioxide, hydrogen sulfide).

The journal's scope embraces a wide range of topics including: experimental investigations of
contaminant sorption, diffusion, transformation, volatilization and transport in the subsurface;
characterization of soil and aquifer properties only as they influence contaminant behavior;
development and testing of mathematical models of contaminant behaviour; innovative techniques
for restoration of contaminated sites; development of new tools or techniques for monitoring the
extent of soil and groundwater contamination; transformation of contaminants in the hyporheic zone;
effects of contaminants traversing the hyporheic zone on surface water and groundwater ecosystems;
subsurface carbon sequestration and/or turnover, and migration of fluids associated with energy
production into groundwater.

There are some types of papers that are not suitable for publication in the journal, namely
Environmental monitoring.We are pleased to see field data, but we do not publish reports of, for
example, unusual observations in the field unless they are interpreted at a process level. Similarly,
we do not act as a public repository for datasets unless they are interpreted.

Case studies. We will not publish case studies unless they provide insight into processes relevant to
other sites or conditions. Thus, a paper based on a particular site must draw out principles, prove a
conceptual model, or develop and test a method; these principles, models, or methods must have
broader applicability than to a site of study.

Methods. We are keen to see new methods of analysis, experimentation, field investigation, or
interpretation developed and published. However the journal will not publish papers that present only
method development, nor methods that have no major advance over existing approaches. Manuscripts
that demonstrate how new or existing methods lead to new insights, or that extend the scope or
demonstrate the practical use of existing methods will be welcome. Normally, measured data or
observations will be used to validate the method.

The last comments on Methods apply particularly to the development of hew analytical and numerical
solutions to flow, transport and reaction equations. A hew mathematical solution must be a significant
and useful advance over present methods. The new solution should also lead to new understanding
of contaminant behavior. When possible, new analytical or numerical solutions should be compared
with existing methods and/or with real data/observations.

The inverse of these comments on new models applies to papers that focus on experimental and field
investigations. It is not sufficient to present data, no matter how elegant the experiment or interesting
the field site! Data must be interpreted with a conceptual model of processes so that the results are
potentially valuable to other sites and experiments.
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Despite these comments, the editors are not trying to set up a rigid or bureaucratic system. If you
believe your paper should be an exception, explain this simply in your cover letter at submission. We
are all active researchers, and we do not want to discourage our peers from submitting any manuscript
that they feel is significant and important for the journal. Rather, we hope you will join us in our wish
to ensure that all the papers in the journal have real value to the community.

Customer support is available 24/7:

Please use our Editorial Manager help site at: service.elsevier.com Here you will be able to learn more
about Editorial Manager via interactive tutorials, explore a range of Editorial Manager solutions via our
knowledgebase, and find answers to frequently asked questions. You will also find our 24/7 support
contact details should you need any assistance from one of our customer service representatives.

Questions on submission and reviewing process:
Please contact the Editorial Office. Email: conhyd-eo@elsevier.com

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designhated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

e All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
e Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information on Ethics in publishing.

Corresponding authors, on behalf of all the authors of a submission, must disclose any financial
and personal relationships with other people or organizations that could inappropriately influence
(bias) their work. Examples of potential conflicts of interest include employment, consultancies,
stock ownership, honoraria, paid expert testimony, patent applications/registrations, and grants or
other funding. All authors, including those without competing interests to declare, should provide
the relevant information to the corresponding author (which, where relevant, may specify they have
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nothing to declare). Corresponding authors should then use this tool to create a shared statement
and upload to the submission system at the Attach Files step. Please do not convert the .docx
template to another file type. Author signatures are not required.

The below guidance only refers to the writing process, and not to the use of Al tools to analyse and
draw insights from data as part of the research process.

Where authors use generative artificial intelligence (AI) and Al-assisted technologies in the writing
process, authors should only use these technologies to improve readability and language. Applying the
technology should be done with human oversight and control, and authors should carefully review and
edit the result, as Al can generate authoritative-sounding output that can be incorrect, incomplete or
biased. Al and Al-assisted technologies should not be listed as an author or co-author, or be cited as
an author. Authorship implies responsibilities and tasks that can only be attributed to and performed
by humans, as outlined in Elsevier’s Al policy for authors.

Authors should disclose in their manuscript the use of Al and Al-assisted technologies in the writing
process by following the instructions below. A statement will appear in the published work. Please
note that authors are ultimately responsible and accountable for the contents of the work.

Disclosure instructions

Authors must disclose the use of generative Al and Al-assisted technologies in the writing process by
adding a statement at the end of their manuscript in the core manuscript file, before the References
list. The statement should be placed in a new section entitled ‘Declaration of Generative Al and Al-
assisted technologies in the writing process’.

Statement: During the preparation of this work the author(s) used [NAME TOOL / SERVICE] in order
to [REASON]. After using this tool/service, the author(s) reviewed and edited the content as needed
and take(s) full responsibility for the content of the publication.

This declaration does not apply to the use of basic tools for checking grammar, spelling, references
etc. If there is nothing to disclose, there is no need to add a statement.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify compliance, your article may be checked by Crossref Similarity Check and other
originality or duplicate checking software.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

In support of Open Science, this journal offers its authors a free preprint posting service. Preprints
provide early registration and dissemination of your research, which facilitates early citations and
collaboration.

During submission to Editorial Manager, you can choose to release your manuscript publicly as a
preprint on the preprint server SSRN. Your choice will have no effect on the editorial process or
outcome with the journal. Please note that the corresponding author is expected to seek approval
from all co-authors before agreeing to release the manuscript publicly on SSRN.

You will be notified via email when your preprint is posted online and a Digital Object Identifier (DOI)
is assigned. Your preprint will remain globally available free to read whether the journal accepts or
rejects your manuscript.
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Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer
to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition unless they are relevant and valid. When coding terminology is used, we recommend
to avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We
suggest using alternatives that are more appropriate and (self-) explanatory such as "primary",
"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help
identify appropriate language but are by no means exhaustive or definitive.

Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should
integrate sex and gender-based analyses (SGBA) into their research design according to funder/
sponsor requirements and best practices within a field. Authors should address the sex and/or gender
dimensions of their research in their article. In cases where they cannot, they should discuss this
as a limitation to their research's generalizability. Importantly, authors should explicitly state what
definitions of sex and/or gender they are applying to enhance the precision, rigor and reproducibility
of their research and to avoid ambiguity or conflation of terms and the constructs to which they
refer (see Definitions section below). Authors can refer to the Sex and Gender Equity in Research
(SAGER) guidelines and the SAGER guidelines checklist. These offer systematic approaches to the use
and editorial review of sex and gender information in study design, data analysis, outcome reporting
and research interpretation - however, please note there is no single, universally agreed-upon set of
guidelines for defining sex and gender.

Definitions

Sex generally refers to a set of biological attributes that are associated with physical and physiological
features (e.g., chromosomal genotype, hormonal levels, internal and external anatomy). A binary sex
categorization (male/female) is usually designated at birth ("sex assigned at birth"), most often based
solely on the visible external anatomy of a newborn. Gender generally refers to socially constructed
roles, behaviors, and identities of women, men and gender-diverse people that occur in a historical
and cultural context and may vary across societies and over time. Gender influences how people view
themselves and each other, how they behave and interact and how power is distributed in society. Sex
and gender are often incorrectly portrayed as binary (female/male or woman/man) and unchanging
whereas these constructs actually exist along a spectrum and include additional sex categorizations
and gender identities such as people who are intersex/have differences of sex development (DSD) or
identify as non-binary. Moreover, the terms "sex" and "gender" can be ambiguous—thus it is important
for authors to define the manner in which they are used. In addition to this definition guidance and
the SAGER guidelines, the resources on this page offer further insight around sex and gender in
research studies.

For transparency, we require corresponding authors to provide co-author contributions to the
manuscript using the relevant CRediT roles. The CRediT taxonomy includes 14 different roles
describing each contributor’s specific contribution to the scholarly output. The roles are:
Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology;
Project administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing -
original draft; and Writing - review & editing. Note that not all roles may apply to every manuscript,
and authors may have contributed through multiple roles. More details and an example.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
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before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your manuscript. This
means that if an editor feels your manuscript is more suitable for an alternative journal, you might
be asked to consider transferring the manuscript to such a journal. The recommendation might be
provided by a Journal Editor, a dedicated Scientific Managing Editor, a tool assisted recommendation,
or a combination. If you agree, your manuscript will be transferred, though you will have the
opportunity to make changes to the manuscript before the submission is complete. Please note that
your manuscript will be independently reviewed by the new journal. More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement, it is recommended
to state this.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Manuscripts should be written in English. Authors who are unsure of correct English usage should have
their manuscript checked by someone proficient in the language. Manuscripts in which the English is
difficult to understand may be returned to the author for revision before scientific review.
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Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Please submit your article via https://www.editorialmanager.com/CONHYD/default.aspx

Please submit, with the manuscript, the names and addresses of four potential Referees. You may
also mention persons who you would prefer not to review your paper

Journal of Contaminant Hydrology has no page charges.

PREPARATION

For questions about the editorial process (including the status of manuscripts under review) or for
technical support on submissions, please visit our Support Center.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure your paper includes page numbers - this is an essential peer review
requirement

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
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interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types
of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls to prepare your manuscript and
BibTeX to generate your bibliography.

Our LaTeX site has detailed submission instructions, templates and other information.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Glossary
Please supply, as a separate list, the definitions of field-specific terms used in your article.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
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e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your hame between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic nhumerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 X
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:
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Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (SI).
If other quantities are mentioned, give their equivalent in SI. You are urged to consult IUPAC:
Nomenclature of Organic Chemistry for further information.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
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in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
Crossref and PubMed, please ensure that data provided in the references are correct. Please note that
incorrect surnames, journal/book titles, publication year and pagination may prevent link creation.
When copying references, please be careful as they may already contain errors. Use of the DOI is
highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work or that
cover crucial developments in the topic, but are not yet formally published, these may be referenced.
Preprints should be clearly marked as such, for example by including the word preprint, or the name
of the preprint server, as part of the reference. The preprint DOI should also be provided.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
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the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
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usable, please provide the file in one of our recommended file formats with a preferred maximum

AUTHOR INFORMATION PACK 11 Aug 2023 www.elsevier.com/locate/jconhyd 15


https://service.elsevier.com/app/answers/detail/a_id/26093/
https://service.elsevier.com/app/answers/detail/a_id/26093/

size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
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cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.
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visualization options and how to include them with your article.
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This journal requires and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers
to the results of observations or experimentation that validate research findings, which may also
include software, code, models, algorithms, protocols, methods and other useful materials related
to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. When sharing data in one of
these ways, you are expected to cite the data in your manuscript and reference list. Please refer to the
"References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

This journal enables you to publish research objects related to your original research - such as data,
methods, protocols, software and hardware - as an additional paper in a Research Elements journal.

Research Elements is a suite of peer-reviewed, open access journals which make your research objects
findable, accessible and reusable. Articles place research objects into context by providing detailed
descriptions of objects and their application, and linking to the associated original research articles.
Research Elements articles can be prepared by you, or by one of your collaborators.
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This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.
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version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
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corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

Contributors to Elsevier journals are entitled to a 30% discount on most Elsevier books, if ordered
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