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Strategic response 1. Safeguarding clean
drinking water through catchment management

Increased control of the quality of our raw
product in the face of increased turbidity and
run-off due to extreme weather events caused
by climate change; ensuring raw water
entering our treatment works is of a consistent
and manageable quality (including managing
cryptosporidium, natural organic matter
causing disinfection by products and algal
growth causing taste and odour complaints)




The challenge of rising DOC
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DOC increases in Europe and North America
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DOC increases have occurred
across large areas of Northern
Europe and NE North America

Increases have been observed
in catchments draining forests,
peatlands, upland grasslands
and heathlands

However, peatlands are in
general the largest sources of
freshwater DOC
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Land-use impacts on Welsh peatlands

e Around 10% of Welsh peatlands
have been afforested

e Atleast 3000 km of drainage
ditches

* Extensive areas of heavily
modified bog and agricultural
grassland on peat

Red = drained
Black = undrained

Mapping the Extent and Condition of Welsh Peats

Report to Welsh Government under the Glastir Monitoring & Evaluation Programme

Chris Evans, Barry Rawlins, Stephen Grebby, Paul Scholefield and Pete Jones
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Effects of drainage?
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DOC responses to ditch-blocking, N Wales

Paired Catchment Scale

illslope Scale

H

LTOT ver

- atoz Int

- 91O ver

- STOZ Nt

- QTOz uer

LAl

rroc uer

eTaz Inr

£T0C uer

- cracinr

- CTOz ver

- TToz Int

- TTOC ver

otozInr

0TOT ver

- 6002 InT

I 600¢ ver

- 800T InT

- 800¢ uer

30

25
20

5
10

5

0

(z18w)>0a

——Qpen

Ditch

--e-- Reprofiled
-a-Dammed

70

60 4 blocking

50 +
0
0
20 A
10 +
0

< on

(13w)>200a

--e--Afon Ddu (blocked) —=— Nant y Brwyn (unblocked)

=
-mr
>
&

| S

=

)

Evans et al. (

[

%
&




Effects of managed burning?

DOC vs recent burn area
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Yallop and Clutterbuck (2009)



Effects of a wildfire in Northern Ireland

Fires sweep Northern Ireland
countryside
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Smoke blankets the slopes of Slievelamagan as fires rage in the Mourne Mountains yesterday

but evidence base is fairly weak

Centre for
(©)8J51) Ecology & Hydrology
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c) DOC

Fire

Fire caused DOC to decrease, not increase
This has also been observed elsewhere (and makes some sense)
Overall, fire seems likely to affect DOC export (e.g. via plant species changes)

NERC




Effects of recovery from acidification?

Change in DOC (% yr)
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Effects of recovery from acidification?
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Global Change Biology (2012) 18, 3317-3331, doi: 10.1111/].1365-2486.2012.02794.x
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Reservoirs as carbon reactors

Lake/reservoir DOC input-output balances
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DOM removal slows down over time:

25
a) B Oligotrophic
2.0
= 0O Mesotrophic
(%)
g 15 O Eutrophic
=
3
[S)
[=)
[=]

O Lake

@ Reservoir

Sk oo uZInwg
25680285 2ER 5 PE e
BN B gMNC o unNEND 2o
ciTelreltSupeEdvy
SSERabiT  CLELEo TS
A58 2855 [ENE -8

]

£ 20 wm

k] T

=2

c =1

S

&

Plesne
kb

J;rn
Lake 382

Diefenbaker
@rsdalsvatnet

Buffalo Pound
Gaffeln

o mm

Stora Hastevatten S
Skervat

Alinen Rautjarvi
Reynelandsvatn |_ _

100%
90%
80%

6)

~— 70%
60%
50%
40%
30%

Net DOC removed

20%
10%
0%

60% net removal
after 10 years

40% net removal

within 1 year

20% net removal
within 1 month

2

4 6 8 10

Water residence time (yrs)

namre
ﬂ-ﬂ gllj_nEEocmm | DOE 10038/ NEED3051 ge 0SC1ENce

Variability in organic carbon reactivity across lake
residence time and trophic gradients
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Rapid light-driven removal of ‘fresh’ DOM
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The rate of loss of dissolved organic carbon (DOC) through a catchment

C.S. Moody **, F. Worrall?, C.D. Evans®, T.G. Jones




Nutrient pollution causes DOC production:

Farmland Stream:
Adding N& P accelerates DOC
production
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CREW Project

crew

Scotland’s centre of expertise for waters

Methods to Assess the Role
of Catchment Management in
Helping to Protect and
Improve Drinking water
Quality in a
Cost-effective Way

Centre for
Ecology & Hydrology
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‘CREW’ Reservoir DOM model

Eq 1) Catchment DOC production:

DOC = DOC, .. e X RDOC

catchment —

X RDOCdrainage X RDOCburning X RDOCforest X RDOCfeIIing

acidity

Eq 2) Effects of acid deposition:

RDOC ={exp(-a * (A In(xSO,, ) + B)}/100

acidity

Water residence time

Eq 3) In-reservoir DOC removal: 2

GO
DOCoutﬂow = {(DOCinﬂow_(DOCinﬂow X finert)} * O-Sx + (DOCinf

l?g( finert)

DOC half-life Inert fraction
Eq 4) In-reservoir DOC production: Internal P production
Docaquatic = (Pexternal + Pinternal) X {DOC:DOP}aquatic

VAN

Catchment P input




Model simulations, Savalbeg WTW

Savalbeg
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Model simulations, West Water WTW

a) Peatland re-wetting c) Reduced P levels

Inflow Inflow
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b) Cessation of moorland burning d) All measures combined
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FREEDOM Project

Forecasting Risk to upland water treatment assets from the
Environmental Exacerbation of Dissolved Organic Matter levels

Aims: “to equip Scottish Water, and ultimately the water industry as a whole, with

scientifically robust knowledge and tools to enable the threats posed by rising DOM
levels in water supplies to be addressed via a sustainable, resilient and cost-
efficient combination of mitigative and adaptive solutions.”

Reservoir Long-term Decision
catchment & Model
: data Support System
input-output . development .
analysis : & wider
budgets " and testing
] (deposition . engagement
(internal ) (SW sites) :
impacts) (water industry)
processes)
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Welsh Water JUIN@S
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United RalEN NH=ENe

Utilities
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NERC LOCATE project

The role of aquatic C in the earth system
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* New data on fluxes, character and processing
of organic matter in UK rivers

* Conwy one of three focal study catchments

 New catchment models being developed

National w British
Oceanography Centre B Geological Survey
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Conwy Observatory: Spectrolysers
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DOC (mg 1)
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Spectrolyser data, Sep 2016
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DOC response to rainfall was highly variable between
sites, depending on soil type
Despite a smaller flow peak, by far the largest DOC spike

occurred in the farmland catchment
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‘Concluding Questions’

* Can catchment management reduce DOC export from the
catchment, and if so how much?

* Are some future DOC increases unavoidable due to ongoing
recovery from acidification or climate change?

e Could controlling P (or N) supply in catchments or reservoirs
reduce both DOC production and taste & odour problems?

* Can we predict future water colour levels and therefore target
catchment mitigation and/or capital investment in infrastructure?

* What controls DOC/water colour peaks, and can we develop real-
time prediction systems to avoid high-DOC (or high-sediment)
water entering treatment systems?

Centre for
(©)8J51) Ecology & Hydrology N E RC






