Water Framework Directive:
Investigation of significant groundwater
derived nutrient impacts at Merthyr
Mawr, South Wales, UK.
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WFD timetable

Dec 2012
Complete
initial
investigatio
ns (1st
cycle)

Feb 2013
Complete
QA interim
classificatio
n
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June 2013
Publish
‘Significant
Water
Manageme
nt Issues’
and risk
assessment
S

Sep 2013
Publish
updated

classificatio

n results

(2n cycle)

Dec 2013
Finish all 1st
cycle
investigatio
ns

June 2014
Publish
draft River
Basin
Manageme
nt Plans

Dec 2014
Complete
further
investigatio
ns (2nd
cycle)

Dec 2015
Publish
final River
Basin
Manageme
nt Plans




Water Framework Directive (2000/60/EC)

Requires an assessment of whether groundwater Is
causing ‘significant damage to terrestrial ecosystems
that are directly dependent on that groundwater’.

(WFD Annex V 2.3.2)

UKTAG (paper 5c) define the term 'significant
damage' as a function of:

© 'Degree of damage' occurring to a GWDTE (caused by
groundwater-related factors);

2 the 'significance' or ‘conservation value' of the ecosystem;
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Classification tests — groundwater status

Groundwater Groundwater Quantitative Status
Chemical Status

’

TEST 1:
Saline or other intrusions

TEST 2:
Surface Water

TEST 3:
Groundwater Dependent Terrestrial Ecosystems

l|l III IL

III

TEST 4:
Drinking Water Protected Areas
TEST 5:
< General Quality Assessment

TEST 6:
Water Balance

v v

@ Environment
'\ Agency The results of each test are combined for overall classification of POOR or GOOD STATUS for both quantity and chemical. The worst result is
reported for the groundwater body.




Risk assessment approach

Source Pathway
00000
__ .- 00000
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Degree of dependence
of ecology on
groundwater




Chemical pressure component

River Basin Cycle 1

© Groundwater
orthophosphate (or
modelled loading)

2 95%ile of background conc
(EA & BGS baseline reports)

© Low threshold from surface
water

© preferred trophic conditions

of plant communities (Meade
et al., 2006)
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River Basin Cycle 2

© Groundwater nitrate
monitoring (or modelled
loading)

© threshold value related to
wetland type

Mumber
of sites

Trigger value

Favourable
condition

|
X

/

\

Unfavourable
condition

Chemical concentration




Protecting the plant
ommunities and rare species
of dune wetland systems

Wet dunes phase 2

Environment Agency, 2010.
bhydroopicaiguidelines for wet dune habitats. Wet dunes phase 2.
W Agency Click here for free download

UK Technical Advisory Group on the
Water Framework Directive

Technical report on groundwater dependent
terrestrial ecosystem (GWDTE) threshold
values.

This technical report is defined by the UKTAG. It documents the principles to be adopted
by agencies responsible for implementing the Water Framework Directive (WFD) in the
UK. This method will evolve as it is tested, with this report being amended accordingly.

Working Paper Version:  V8; 23 March 2012 Status: final for consultation
Classification schemes, UKTAG

WFD Requirement: regulation, environmental Review:
Standards, groundwater,
wetlands

1.  Background and Aim

The Water Framework Directive (WFD) sets out objeclives for the water environment. These
include the protection, enhancement and restoration of surface water, groundwater and water
dependent protected areas and prevention of deterioration. Environmental standards and conditions
are needed to set the level of control fo meet these objectives. For example, how much water can
be abstracted, or how much of a pollutant can enter the environment, without causing harm to the
health of aguatic plants and animals - harm that would compromise the achievement of the
Directive's objectives.

The UK Technical Advisory Group (UKTAG), comprising representatives of the UK environment
and conservation agencies, is responsible for providing advice on technical aspects of the WFD to
the UK administrations. The UKTAG Wetland Task Team (WTT) provides technical advice on
wetland aspects of WFD implementation to the UKTAG.

Groundwater dependent temestrial ecosystems (GWDTE) are wetlands which critically depend on
groundwater flows and /or chemistries (WG-C; Schutten et al, 2011). As part of the assessment of
groundwater status, we are required fo assess if a GWDTE has been significantly damaged and if
the pressure causing this damage has been transmitted via a groundwater body. The magnitude of
damage (i.e. “significance’) is related to the societal (conservation in UK) imporiance of the features
of the wetlands and the degree of change to these features resulting from the pressure (WG-C;
Schutten et al, 2011).

Threshold values are needed fo determine what groundwater concentrations of chemicals, if
exceeded, would indicate a pressure that could be (or actually is) causing damage to the GWDTE.
In practise the values are used as a risk screen to frigger further investigation where needed. A
combination of a damaged GWDTE (such as failure to meet conservation objectives) and
exceedance of the relevant threshold values triggers further investigations (see groundwater
chapter of the UKTAG consultation document; UKTAG 2012). These investigations need to confirm
whether damage has occumed, substantiate the hydrogeological and hydrochemical pathway(s)
between the groundwater body and GWDTE, and the outcome would inform groundwater body
status assessment.

UKTAG, 2012. Threshold Values for nitrate

Click here for free download



http://a0768b4a8a31e106d8b0-50dc802554eb38a24458b98ff72d550b.r19.cf3.rackcdn.com/geho0310bsgv-e-e.pdf
https://publications.environment-agency.gov.uk/skeleton/publications/ViewPublication.aspx?id=3d9af585-4b67-44d1-83a2-5d11750c4225
http://www.wfduk.org/sites/default/files/Media/Environmental standards/GWDTE chemical values_Final_230312_0.pdf

Proposed nitrate threshold values (mg/l N)

Altitude Altitude

<175mAQOD >175mAQOD Any altitude

GWDTE categor

Fen (oligotrophic and wetlands
at Tufa forming springs) 4.5 1

Wet Heath 3 2

Wetlands directly irrigated by
spring or seepage 2

Swamp (oligotrophic)

Environment

¥ Agency UK-TAG working paper




Classification status: Significant damage

1. Ecological quality is assessed using data gathered by the
lead conservation agencies.

2. The magnitude of damage Is assessed with reference to a
series of eco-hydrological guidelines for wetland habitats.
© For high risk sites, define environmental supporting conditions (e.g.

flow, level or chemistry) required to maintain dependent (plant)
communities in a favourable state.

2 If the required environmental supporting conditions are not in
place, determine the magnitude of the departure from required
conditions within the GWDTE.

© Determine the proportion, if any, of the departure due to
anthropogenic pressures compared to other pressures.
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Investigations for RBC1 GWDTES
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CRisk of significant damage\‘

to site
|
v v v
Medium / low / no risk P Unknown (missing
[ (no missing data) ] [ IEDGE ] [ data)

[ Consult conservation

specialist

body / EA technical ] [ Revise risk accordingly ]

Reason? (refer to
GW classification
initial screening)

A 4 Y

Site unfavourable — Site unfavourable —
probably not ground Site favourable perceived groundwater
water pressure? pressure?

Ecological and / or
hydrological
investigation needed

Ecological surveillance
needed

Conceptualisation

Define approach to
ecological surveillance

Implement / continue
surveillance

[ Data Analysis ] [ Yes ] [ Data Analysis ]

Conceptualisation

Define approach to
ecological and / or
hydrological
investigation

Implement / continue
investigation /
monitoring

Causal link between
GW pressure and
ecological change?

Negative change in
site condition?

No significant damage

Continue
surveillance
?

: Report to RBP team

Report to RBP team

Develop / implement /
monitor programme of

measures

See ' Guidance on
monitoring and
Investigation of
GWDTEs’ (2008)
report on Environment
Agency website




Case Study:
Merthyr Mawr

a summary of key investigation techniques

Purpose:
*Further characterise source-pathway-receptor links

Determine whether significant damage has been
caused by groundwater body chemical pressures




Annex 1 habitats

e 2190 Humid dune slacks

« 2170 Dunes with Salix repens ssp. argentea (Salicion.arenariae)
» 2130 Fixed dunes with herbaceous vegetation ('grey dunes’) . |
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Nutrient pathways

1. aerial deposition

2. surface water and lateral water movement
3. groundwater

4. direct deposition

5. re-mineralised nutrients

. 0N
Wetland N\

Image from UKTAG
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Catchment survey & pressures
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Bedrock Geology
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Aerial photographs : 2000s




Previous monitoring
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Monitoring = this study (2008 onwards)
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Groundwater level monitoring £ - £££




Water Quality long term (Nitrate—N mg/I)

.|| 10years of groundwater X /---"’WL
quality data from sample |
points within the
“1| Carboniferous Limestone .
nr Merthyr Mawr BUrrows
" - Well

ey W/‘“
. Lukm fo1

Jan/1998  Jan/1999 Jan/2000 Jan/2001 Jan/2002 Jan/2003 Jan/2004 Jan/2005 Jan/2006 Jan/2007 Jan/2008 Jan/2009 Janf2010 Jan/2011 Jan/2012
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Aerial deposition - nitrogen

Table B.7

Estimated fluxes of atmospheric nitrogen during 2004/05 {Jones

et al, 2005)

Component

Eztimated flux

Potential sources

Atmospheric
MO

Atmospheric
MH,

Wet
deposition

Total N input

Low  wvariability,
sampled at one
point
High wariability,
many sample
points

Measured at
rain gauges on
site

1.03 kgN/hafyr
(9.49 pg m™)

4 4 kgN/halyr
(0.77 pgm™)

4.7 kgN/halyr

10.13 kgN/halyr

Data suggests domestic heating rather
than heavy industry, road travel, etc

Extemnal: grazing land to the east of
the River Ogmore (40-530% higher in
east of site)

Intermal: Buckthom clearance - not
zure why this would happen, microbial
breakdown or roots 7

Mo ocbvious difference in total N (DON,
HO3, WH4) across the site although
the individual components vaned. This
may have been due to the method of
sample preservation

Also see Jones et al., 2006. Complex hydrological controls on wet dune slacks: the importance of local variability. Science of the total environment. 372 p266-277




Isotopes and tracers

©Nitrogen and Oxygen Isotopes (UEA) -
delineate source of nitrate in groundwater

(atmospheric and inorganic)

©SF6 and CFC tracers to age date young
(<50 yrs old) groundwater




Grﬂoundwater level data
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Groundwater and tidal levels
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Levels (ma Ordnance Datum}
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Groundwater_flow

Schlumberger
WATER SERVICES

© NERC. © Crown Copyright. AJ ghts rezerved.
ment Agency, 100025320, 2008




Improved conceptual model

| Rainfal 1 | x |

rfgg_a water Evap

High WT ’
T B N TR
Surface flooding,

dune slacks have
standing water

Rainfall
Low WT Low/no 1 | x 1

L W flow Remalning ‘

hvi

Precipitation
t. 1 l l

Evaporation I

(meuamteggyw ; Seasonal flow

rough main ofF ———

limestone and along M Surface water t
stream valleys) \

sand,

- =

e B —

Location of the

Burrows Well Groundwater flow to the coast

Fresh
water

Transition
Zone
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Merthyr Mawr: conclusions

2 Nitrates above threshold
@ Atmospheric and groundwater nutrient pathways
@ Site at high risk from chemical pressure

© Improved conceptual model (and source - pathway -
receptor linkages)

© Evidence for ecological damage ??

downstream from Burrows Well, communities are more typical of MG11
(mesotrophic inundation grassland community) and S28 (fen type
communities) than typical SD16 (dune slack communities)
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Merthyr Mawr - ongoing Issues

@ Groundwater catchment is complex — so difficult to apply land
management measures

@ Multiple sources and pathways may contribute in combination
to eutrophication related impacts, making assessment complex

@ Without historic NVC mapping, it is hard to understand how this
area has changed over time

2 Is there evidence that the humid dune slacks and wider dune
wetland interest have been and remain impacted by high N
discharge from Burrows Well ?




Effectiveness of technigues

Investigation
Methods

Site walkover
Ecological survey

Local knowledge
Ireview

Catchment audit
Drilling / hand auguring
Groundwater level
Groundwater quality

-Isotopes and tracers
Groundwater model

Conceptual model
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Cost
€- €€€
€

€- €€
€

€- €€
€- €€€
€- €€€
€- €€€
€€
€€€
€- €€€

Timescale

hours - years

day/s
days - years
day/s

days- months
days- weeks
months-years
months-years
days
months-years

?

Understanding

low - high

high
high
high

high

medium
medium
medium

medium
variable

high

Decision

low - high

high
high
high

high

medium
medium
medium

medium

low — high !

high




Thank You

Merthyr Mawr Case Study: SWS, 2010. Report Merthyr Mawr
[unpublished] Produced for Environment Agency.

Acknowledgments : Angleo Papaioannou & Laura Bellis (SWS), Dr Rob
Low (Rigare), Paul Inman (data collection), Duncan Ludlow and Rachel
Breen (Natural Resources Wales)

CONTACT s
Dr Mark Whltekﬁ;
Dr Peter Jones
Gareth Farr

Ry LR ot
i oy

Cyfoeth ==

Environment WP Naturiol Bs Schlumbe rger
Agency Resources \=== WATER SERVICES

Wales 1835


mailto:mark.whiteman@environment%E2%80%93agency.gov.uk
mailto:Peter.S.Jones@cyfoethnaturiolcymru.gov.uk
mailto:garethf@bgs.ac.uk

