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Importance and implications of upland

catchments for the UK drinking water supply

® 70 % of the UK's upland drinking water supply is
derived from upland catchments

® Upland catchments are often characterised by soils
rich in organic matter —including peats

® Dissolution by rainfall forms Dissolved Organic
Matter (DOM).

® DOM contributes brown colouration

® The water industry must reduce DOM to low
levels to minimise Taste and Odour problems and
the formation of potentially carcinogenic
disinfection byproducts (DPBs) during
disinfection
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What is Dissolved Organic Matter?

Dissolved Organic Mattter (DOM)

 All organic matter passing through a fine filter (e.g. 0.45 pm)
Dissolved Organic Carbon (DOC)

 The amount of carbon contained within DOM

* Determined by high temperature oxidation and spectrometric analysis of resulting CO,
Also quantified colorimetrically, i.e. Colour (units = Hazens).
* DOCand colour in upland waters normally tightly correlated.

[ ™

A |

k8 LN
o ey

UK Centre for UK Research
0 Ecology & Hydrology g Met Ofﬁce and Innovation




DOM “quality” and treatability

-
DOM origin
soil organic matter water
decaying plant material algal, plant and bacterial exudates

- (&
molecular weight high low
UV absorbance high moderate low
degradability by light high low low
prone to coagulation high low low
prone to biodegradation low low high

ForTz1-T3 concept see Anderson et al., 2019. Biogeochemistry
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DOM concentrations in upland waters have been

rising for several decades <

0 N : _
Trends in Dissolved Organic Carbon in UK Upland % change in Dissolved Organic Carbon (199 2?04)

Waters Monitoring Network lakes (1988 — 2016)
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DOM dependence on climate — temperature

Soil temperature (t-3) "°C)  ©

Fig. 3 Relationship between DOC and soil temperature (f—4). Regression line shown (Eqn (1)) fitted to data from 1993, 1996-2002
(excluding 1999).
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Temperature control on microbial decomposition Seasonal TOC variation
of soil organic matter regulates DOC production in 27 Scottish Water Source Waters
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DOM dependence on climate
jon and soil moisture

5
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DOM dependence on climate
— precipitation and soil moisture
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DOM dependence on climate

— within reservoir processing

* Precipitation - evaporation: water throughput rate

* Temperature + wind: algal production rates, thermal stratification
intensity and duration

* Solar radiation: photo-degradation

mineralisation of DOM

soil-derived humic DOM

sediment release of DOM

sedimentation of DOM
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Water treatment works have their limits
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Water treatment works have their limits

Current operational
treatment threshold
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Water treatment works have their limits

Current operational
treatment threshold
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What are the likely implications of forecast changes
in climate for upland surface drinking water sources =

Future UK temperatures

Annual, RCP2.6 Annual, RCP8.5

soil-derived humic
and fulvicDOM

mineralisationof DOM

sediment release of DOM

sedimentation of DOM
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FREEDOM-BCCR: Objectives

—_

* Provide the water industry with a clearer understanding of risks posed by CC to
future DOM levels to inform mitigation and adaptation strategies.

* Facilitate long-term two-way research-industry dissemination of knowledge
necessary to build resilience.

* Create key Performance Indicators (KPIs) to inform impact on industry
resilience.

* Support development of a DOM predictive tool, to provide a central means of
communicating CC risk and uncertainty.
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1. Statistical modelling )
of historic source water
DOM in relation to
antecedent weather

N
FREEDOM-BCCR

Project structure

- Communication of project at external meetings, reports,

6. Wider knowledge exchange and outreach.
briefing documents, videos, scientific publications
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1: Statistical analysis of TOC variation

in drinking water sources as function of climate

Datasets

“Source water” TOC data for 30 Scottish Water source waters (2013-17)

1 km gridded interpolated daily: Q

* Airtemperature (CHESS) o

* Precipitation (GEAR) Q

* Soil moisture (JULES) v

Site-specific linear models o "

TOC ~ antecedent air temperature + antecedent precipitation + antecedent soil Q
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mi“‘ w

Additional explanatory variables Q0 ° 0 o‘g“"“‘ " 9

* Soil type (Soil Map of Scotland) ; Q

* Land cover and catchment area (UKCEH Lakes Portal) ° Q -

* Reservoir volume (Scottish Water) Vi N o SNCH gleM\_,Ma;m ''''' Kingdom »o

= NORTHERN _North

UK Centre for UK Research
O Ecology & Hydrology g Met Ofﬁce and Innovation



v

Regional
statistical
analysis:
outcomes

cenmviglondonderry
3 ‘ff;DE Iy

%

Coleraine

=Bal

£
e~ NORTHERN

I ess Petehead
Q
g Aviemare

SCOTLAND

Onan

pch Lomond
& The
Trossachs {190]

o National Park j

9 9 n Glasgow éﬁjmguruh o
p;gy m
by Q
0 o o9

Dumfrieso U I'I i t e d Newca!

ymens Google My Maps” aKingdom  went

Durham
o

_North

B Positive effect
[ 1 Negative effect

== Met Office

variable

Water
source | Temperature | Precipation |Soil moisture

antecedent period (days) R
18

o
D
o

0.51

) 00 |0 |0 )
(=) S0 |0 =)
=2
>

=
o]
(=]

2 2

g;N-<><E<Cqm:uD-uozg.-x__:l:m-nmcnw:b

NA
| o0
180
180 0.26
0.29
034
0.60
0.81
| 0.49
180 031
180 180 0.16
NA 180 0.44

UK Research

and Innovation



2. Process-based modelling of DOM in reservoirs —

development of PROTECH

The DOC model

External DOC
Non-UV DOC

Microbial

breakdown

UV breakdown
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3: UKCPa18: RCP 8.5 scenarios - RCM and CPM
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CHESS methodology applied to UKCP18 12 km

Topographic corrections Air Temperature (°C)
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Four ensemble runs generated

Daily time series (1980-2080)

extracted for selected catchments

pr Precipitation kg/m?/s
rlds Downward longwave radiation =~ W/m?
rsds Downward shortwave radiation = W/m?
sfcWind 10m wind speed m/s

tas Daily mean air temperature K

uas Eastward 10m wind m/s

vas Westward 10m wind m/s
runoff Surface runoff

t_soil Soil temperature K

smcl Soil moisture content K
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EMO1 - Median warming

EMO6 - Median warming + largest decrease in summer precipitation
EMO4 - Most warming

EM15 - Least warming

annuval means
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Key observations from statistical modelling

® Warming will exert a significant positive effect on 4 -
DOM production in peaty catchments.

® Effects will be most marked in catchments with 3 | % °°
the high cover of peat and waters withthe | %
shortest residence times & | %

® Less rainfall during spring and summer in very
peaty catchments likely to have a concentrating
effect on DOM 1

effective "Q10"

® (Catchments dominated by better drained organo-
mineral soils less susceptible to temperature, 0

while DOM concentrations could decline in drier 0 20 40 60 80 100
summers percent peat + peaty gley soil
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Key observations from PROTECH modelling

®Low algae reservoirs: warmer water should increase terrestrial DOM breakdown.

® Net removal of DOM in more eutrophied waters will be smaller due to enhanced algal
production

® Measures to reduce nutrient loads to reservoir will enhance the reservoir’s ability to be a
DOC sink
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Projected climate responses

-

Reservoir A — observed vs modelled TOC : : :
Reservoir A — projected seasonality
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Projected climate responses

Reservoir B — observed vs modelled TOC

[y
o

) 9-

8

7 E; )
36 -
z. !
O
8 4 6-

3

2 Dry winter-spring 5=

1

0 4-

2013 2014 2015 2016

—--TOC (mg/L) —=—modelled TOC (mg/L)

2017

UK Centre for
Ecology & Hydrology

-

Reservoir B — projected seasonality

I
] ||
L
SR |
1 2 3 4 5 6 7 8 9 10 11 12

1980-
2000

2= Met Office  [iag Uiomrs




Tentative future DOM change under RCP 8.5 scenaric

-

Residence | Rising Falling summer Net effect on DOM
time temperature | rainfall concentration
(months)
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5: The FREEDOM-BCCR community:
the concept of the DOM intervention chain

2: Reservoir management

3: Water treatment

Coagulation
Sedimentation
Filtration +.....

Disinfection
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the DOM intervention chain:

1) Catchment Management

N Forest nidhtin |
Controls on agricultural

nutrient and DOM export?

Cessation G, -
oorland Burni 3
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the DOM intervention chain:

2) Reservoir Management

depth selection?
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Ecology & Hydrology = Met Ofﬁ ce and Innovation



the DOM intervention chain:

Monitoring & Treatment Options

eased coagulant dosing?

Real-time monitoring / identification of
risk via DOM quality monitoring
informing tailored treatment

N

Installation of new plant,
e.g. Magnetic lon Exchange
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FREEDOM-BCCR: conceptual resilience model
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FREEDOM-BCCR: conceptual resilience model
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FREEDOM-BCCR: conceptual resilience model
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FREEDOM-BCCR: conceptual resilience model

AN

.Climate Cha nge Resiliencs. ® Decades; £10Ms of
Z CAPEX and OPEX
Capital investment in é
Unstable water new treatments or 3 g
= wor ptation) o %)
supply, envelope =2 2 5
exceeded > 2 59 x>
7)) % E Q
frequently I3 <. i s | Months to years;
‘BU 3] o | £10ks to £100ks of
= 5 ‘® | additional OPEX
> = é and CAPEX
- (-7+]
5 A 5
I S| 2 2
e g|7% |8
+—
Stable water - within current g §
supply, well within water treatment g
treatment (persistence) 3
envelope at all e é Hours to we-ek-s;
times Climate change effect on DOM absorbed within
current OPEX

Mild Severe

UK Centre for UK Research
‘ Ecology & Hydrology g Met Ofﬁce and Innovation




FREEDOM-BCCR Outputs

® External presentations to the water industry-
focussed sector
® Intervention chain report to industry
® Industry focussed briefing notes and short videos
® Peerreviewed publications:
* Opinion pieces
* Modelling approaches and projections
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Summary

 The FREEDOM-BCCR project set out to develop a scientist-practitioner community to asses
the potential threats of climate change on dissolved organic matter to the upland drinking
water supply in the UK.

* The project has involved the free sharing of ideas and data, resulting in a much clearer
understanding of the likely scale of the problem and the options open to the industry to
increase resilience of the supply.

* Elements of the predictive work still need to be finalised, but it is clear that climate change
does impose a significant risk, particularly to smaller and more peat dominated catchments
and their treatment works.

*  While modelling has been effective in capturing much of the DOM behaviour in these
systems, a major outstanding area is with respect to response to extreme events —
particularly intense rainfall events — that will require more intensive monitoring. The current
community is well placed to explore these issues further.
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FREEDOM and FREEDOM-BCCR: a
water industry reflection

Dr Fraser Leith
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FREEDOM Decision Support Tool
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FREEDOM Decision Support Tool
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What will FREEDOM-BCCR add?
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Water industry decision metrics

« Catchment, reservoir, or
treatment options

* Most effective catchment
management options

* New information on
reservoir management
options
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Contact details

Website: www.ukclimateresilience.org
Twitter: @UKCRP_SPF

YouTube: UK Climate Resilience programme

» UK Research
ﬁ Met Oﬂ:lce and Innovatio

The UK Climate Resilience programme is supported by the UKRI Strategic Priorities Fund.
The programme is co-delivered by the Met Office and NERC on behalf of UKRI partners AHRC, EPSRC, ESRC.



