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Vulnerability Of shallow Groundwater resources to
deep sub-surface Energy Related Activities
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Energy related activities in the sub-surface

1. Conventional oil and gas 4. Geothermal (low/high enthalpy)
2. Shale gas 5. Energy and gas storage
3. Coal bed methane o woarTisment  eananced
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* induce physical and chemical changes
* introduce new chemical substances

|| Compressed Air| |

* cause the movement of pre-existing fluids

Impact on groundwater quality?

https://eesa.lbl.gov/
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Objectives VOGERA

] ] . Vulnerability Of shallow Groundwater resources to deep
To improve understanding of vulnerability sub-surface Energy Related Activities

of shallow groundwater from deep sub-
surface energy-related activities

" Protect groundwater resources

* Allow informed and responsible
use of the deep sub-surface

= Develop a European-wide
approach that is consistent
across energy activities
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5
o Geothermal
Characterisation of pathways (e.g. fault zones, abandoned wells)
between deep systems and shallow groundwater receptors at
four pilot locations B
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L] BGS Corallian baseline survey site locations (2006)
° Licensed groundwater abstractions
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WP 4 — Conceptual framework for vulnerability
. characterisation

Loveless et al. (2019)
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Fnergy storage

« Developed a set of conceptual
models of potential
contaminant pathways for
different energy activities

Geothermal
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Contaminant

Pathways

comparison

_~

Loveless et al. (2019)

Activity
unconventional | coalbed geothermal
Pathway conventional oil & gas gas & ail methane energy
Release of contaminants into X X X X
groundwater through leaky borehole
also through
Transport along abandoned/existing mine
. . . X X .
wells into formations with groundwater infrastructur
e
o . . injection into
Injection increases pressures and in case of enhanced oill
. o permeable
forces contaminants out and along recovery, injection of water
) . zZone, such as

other pathways steam, or CO2 into reservoir fault
Injection/stimulation to increase
permeability (e.g. hydraulic fracturing)
can increase reservoir pressures and X
force contaminants out of reservoir and
along other pathways
Transport of contaminants along

X X X
permeable faults
Transport of contaminants through X
mine infrastructure
Lowering of water table releases X
pressure and methane
Mobilization/release of contaminants
which travel along leaky boreholes into X
groundwater
Fractures could extend into aquifer or Hydraulic Hydraulic Sheared
connect with a permeable fault fractures fractures fractures
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WP 4 — Conceptual framework for vulnerability
characterisation

‘ Three-dimensional conceptual model of geology and hydrogeology

Developed a screening methodology
for characterizing the vulnerabillity of
shallow groundwater from deep
iIndustrial activities

Testing at the pilot sites
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Geological and
hydrogeological factors
Vi=7ri-wi

Hazards
{Hll HZ}
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U

NS

Intrinsic vulnerability
score

IntV = Z v,

Specific vulnerability score
SpecV = IntV -H,-H,

Receptor classification
RC € {4,B,C,D}

N

Specific Vulnerability score

4- Potential
receptor

classification <250 250-500 500-750
Zaadnoordijk et al. (2021) A Medium/low | Medium/High
g q B Low Medium/Low
Bianchi et al. (2021) - — — s
D Low Low Low

v/

Potential risk group
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Intrinsic vulnerability assessment

* |ntrinsic vulnerability score factors:

Vertical and lateral separation between source and the receptor;
Low perm units (e.g. mudstones) between source and the receptor;

G ro u n d Wate r fl OW pote nt i a I; ‘ Three-dimensionalconceptualEel of geology and hydrogeology _
Presence of faults; e
] hydrogeological factors ?I-?TI?;
Presence of solution features; 0
N

Anthropogenic features — mines;

Intrinsic vulnerability o -
Specific vulnerability score —
Receptor classification

Anthropogenic features — boreholes. | ma=Yu ) | Sheet= ekt RC € (4.8,C,D)

N v/

Potential risk group
RR

N o Uk WD
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Hazard assessment

» Specific vulnerability of receptor depends on the type of energy-
related activity; more specifically, on the hazards posed by the

activity on the quality of groundwater resources

‘ Three-dimensional conceptual model of geology and hydrogeology

U

\

e Two factors:

Geological and
hydrogeological factors
Vi=ri-wi

Hazards
{Hp HZ}

1) Release mechanism (H,) i

N

2) Head gradient driving flow (H,) Z

Specific vulnerability score
SpecV = IntV -H,-H,

Receptor classification
RC € {A,B,C,D}

N

v

Potential risk group
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Potential Specific Vulnerability score °
Risk assessment
classification <250 250-500 500-750
A Medium/Low Medium/High
B Low Medium/Low
< Low Low Medium/Low Recentor Intrinsic Hazard Specific
D Low Low Low Geological unit classifi(F:)ation Vulnerability Score Vulnerability Risk group
Score (IntV) (H1xH2) Score (SpecV)
Kimmeridge Clay Fm. B 33.5 8 268 Medium/Low
Three-dimensional conceptual model of geology and hydrogeology Corallian Group A 41 8 328 Medium/High
@ @ ] Oxford Clay Fm. D 26.5 8 212 Low
Geological and — Ravenscar Fm. B 335 8 268 Medium/Low
RS (i, H) Lias Group C 315 8 252 Low
@ @ Mercia Mudstone Group C 37 8 296 Low
N Sherwood Sandstone Group B 42 8 336 Medium/Low
Intrinsic vulnerability - - ]
score |:'; Sg;?i;‘:'?;;?flzts.czze Receptor classification Zachstein GrOUp D 38 8 304 Low
ItV = z Vi HE B Millstone Grit Group D 51 8 408 Low
Bowland Shale
CONFIDENCE Low Low Low
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GWV3D_VoGERA _v1.2.0ds - Excel
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Groundwater Vulnerability assessment for deep subsurface energy-related activities, Releas v1.0
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The 3D Groundwater Vulnerability (3D GWV) screening methodology assesses the vulnerability of hydrogeological receptors (groundwater) from deep sub-surface energy-related
industrial activities including geothermal energy production, conventional and unconventional oil and gas exploitation, sub-surface storage, and disposal of wastes. This spreadsheet
tool, which is largely based on the method developed by the British Geological Survey and the Environment Agency in England (Loveless et al., 2018; 2019), implements the 3D GWV
methodology to determine the qualitative risk to each potential receptor from an assessment of both intrinsic and specific vulnerabilities. Intrinsic vulnerability considers geological
factors (e.g. separation distance between the subsurface activity and a potential receptor) and the presence of existing preferential flow paths connecting potential sources of
contamination introduced by the industrial activity and the receptor{s} Specific vulnerability combines the intrinsic vulnerability with a hazard score. The hazard score considers the
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Key project results

1. Conceptual models to characterize
groundwater vulnerability and identify
potential contaminant pathways

2. Novel methodology for assessing the
vulnerability of shallow groundwater from
deep industrial activities

3. Detailed studies of GW vulnerability for four
pilot areas across Europe
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Three-dimensional ¢

ceptual model of geology and hydrogeology

U
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Geological and

hydrogeological factors ?Ijza;{ S}
Vi=ri-wi itz
Intrinsic vulnerability
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Specific vulnerability score
SpecV = IntV -H,-H,

Receptor classification

RC €{4,B,C,D}
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Project Impact

1. Improved understanding of GW vulnerability in relation to deep energy
related activities

2. Introduced a consistent approach and tool

3. Improved cooperation and knowledge-sharing
between subsurface experts and stakeholders
including regulators and water companies

4. Improved understanding of contamination
pathways and impact of subsurface activities
on GW in four strategic areas across Europe




