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EXECUTIVE SUMMARY 
Source to Tap is a €4.9M cross-border partnership project aimed at improving water quality in 
rivers and lakes in the Derg and Erne catchments. It is funded by the EU’s INTERREG VA 
programme managed by the Special EU Programmes Body (SEUPB) together with funding from 
the Department for Agriculture, Environment and Rural Affairs (DAERA) in Northern Ireland and 

the Department for Housing, Local Government and Heritage (DHLGH) in Ireland. 

Source to Tap developed and implemented a cross-border pilot Land Incentive Scheme (LIS) in 
the Derg Catchment providing incentives to landowners and farmers to engage in more 
sustainable land management practices. The aim was to reduce erosion, sediment run-off and 
pollution from herbicides, helping to protect raw water quality and contributing to improved 
Water Framework Directive (WFD) status. This report provides an evaluation of the LIS. 

The Derg Catchment is a predominantly rural cross-border catchment with a population of 9,500. 
As part of the annual review of the Northern Ireland Water Drinking Water Safety Plan for the 
Derg Catchment, herbicides (in particular, the herbicide MCPA), colour and turbidity were 
identified in 2018 as the most pressing threats to raw water quality. 

Between July 2018 and December 2021, the LIS awarded €1.16 million in grants to 118 farmers 
and engaged in an extensive community engagement and education programme. The most 
commonly adopted intervention was “Fencing”, with 66% of applicants installing this measure, 
accounting for 49% of the cost of the scheme (€571,785). Weed-wiping with glyphosate and 
pesticide storage cabinets were the next most frequently installed measures (62% and 64% of 
applicants respectively), but only accounting for 7.4% (weed-wiping) and 2.9% (pesticide store) 
of funding awarded. Developing working relationships with the farmers was essential to the 
success of the scheme.  

A Before-After-Control-Impact (BACI) monitoring programme was used to monitor the impact 
of the LIS on MCPA concentrations in the Derg. The Finn Catchment was chosen as the ‘control’ 
catchment because it is adjacent to the Derg and hydrologically similar. A total of 3,406 samples 
were taken in the Derg and 3,144 in the Finn. The potential for increasing glyphosate 
concentrations (pollution swapping) as a result of the LIS was also explored by monitoring 
glyphosate concentrations. The MCPA results showed reductions of 24% and 21% in time-
weighted and flow-weighted mean concentrations respectively when compared to the control 
catchment. Sampling results also showed no pollution swapping between MCPA and 
glyphosate.  

A cost-benefit analysis of the LIS and community outreach programme found that benefits 
would cover costs more than three times over. Projected over a 30 year period, estimates of the 
benefits and costs of the LIS including future additional investment in catchment management 
costs gives a Net Present Value of £8.7M and a Benefit Cost Ratio of 3.36. That means that for 
every £1 invested there will be £3.36 worth of benefits. The majority of cost savings are achieved 
because regulatory breaches of MCPA trigger substantial capital and operational spend that 
could be avoided with effective catchment management.  

More information on the Source to Tap project can be found at https://www.sourcetotap.eu.  
Corresponding Author:  
Dr Donnacha Doody, 
Agri-Environment Branch, AFBI, Newforge Lane, Belfast, BT9 5PX. 
Donnacha.Doody@afbini.gov.uk.

https://www.sourcetotap.eu
mailto:Donnacha.Doody@afbini.gov.uk


Evaluation of an Agri-Environment Scheme in the Derg Catchment

4

CONTENTS 

EXECUTIVE SUMMARY ..................................................................................................3 

LIST OF FIGURES............................................................................................................6 

LIST OF TABLES..............................................................................................................7 

ABBREVIATIONS ...........................................................................................................8 

1. INTRODUCTION ......................................................................................................10 

   1.1. Source to Tap Project ........................................................................................10 

   1.2. Aim of this Report ..............................................................................................10 

2. CATCHMENT CHARACTERISATION ..........................................................................12 

   2.1. The River Derg Catchment................................................................................12 

   2.2. Drinking Water Quality.......................................................................................14 

   2.2.1. Drinking Water Protected Areas .....................................................................14 

   2.2.2. Water Quality Status .......................................................................................15 

   2.2.3. Threats to Drinking Water Quality ...................................................................16 

   2.2.3. Pesticides........................................................................................................17 

   2.2.3. Colour, Total Organic Carbon and Turbidity...................................................18 

   2.3. Recommendations ...........................................................................................19 

3. LAND INCENTIVE SCHEME .......................................................................................20 

   3.1. Developing the Pilot LIS .....................................................................................20 

   3.3. LIS Interventions and Actions.............................................................................22 

   3.4. LIS Applications Process ....................................................................................23 

   3.5. Stakeholder Engagement and Communications .............................................23 

   3.6. Scheme Duration ..............................................................................................25 

4. EVALUATION OF THE LAND INCENTIVE SCHEME.......................................................26 

   4.1. Land Incentive Scheme – Uptake.....................................................................26 

   4.2. Water Quality Monitoring of MCPA Herbicide...................................................27 

   4.2.1. Water Quality Sampling and Analysis - Herbicides .........................................28 

   4 .2.2. Findings of the BACI Analysis .........................................................................29 

   4.2.3.Evaluation of Glyphosate Time Series..............................................................32 

   4.2.4. Implications for Water Treatment....................................................................32 

   4.2.5. Key Findings....................................................................................................34 

   4.3. Water Quality Monitoring of Colour and Turbidity .............................................34 

   4.3.1. Water Quality Sampling – Colour and Turbidity ..............................................34 

   4.3.2. Water Quality Analysis – Colour and Turbidity.................................................35 



Evaluation of an Agri-Environment Scheme in the Derg Catchment

5

   4.3.3. Findings for Colour and Turbidity ....................................................................35 

   4.3.4. mplications for Water Treatment ....................................................................39 

5. COST-BENEFIT ANALYSIS OF THE LAND INCENTIVE SCHEME......................................40 

   5.1. Overview...........................................................................................................40 

   5.2. Evaluating the Benefits of the LIS.......................................................................44 

   5.2.1. Water Quality benefits....................................................................................44 

   5.2.2. Educational Benefits.......................................................................................46 

   5.3. Valuating the Costs of the LIS ............................................................................46 

   5.4. Results from the Cost-Benefit Analysis ...............................................................47 

   5.4.1. LIS Benefits – Water Quality and Educational Benefits....................................47 

   5.4.2. LIS Costs – LIS and Community Outreach.......................................................48 

   5.4.3. Cost-Benefit Analysis Result ............................................................................49 

5.5. CONCLUSIONS .....................................................................................................50 

REFERENCES ................................................................................................................51 

   Appendix A – Overview of the LIS Application Process ...........................................53 

ACKNOWLEDGMENTS .................................................................................................55 

 



Evaluation of an Agri-Environment Scheme in the Derg Catchment

6

LIST OF FIGURES 
 
Figure 1.1: The location of the River Derg and the River Erne catchments. 

Figure 2.1: Map of the River Derg catchment showing the location of the main urban 
area (Castlederg) and the abstraction point for both this project and the Derg WTW. Also 
shown is the topography of the catchment and the main flow pathways of the River 
Derg and its tributaries. 

Figure 2.2: Map showing the land cover classifications in the River Derg catchment as 
per CORINE database. 

Figure 2.3: Map of the DWPAs, DWSGZs and RPAs for Surface Water within the River Derg 
catchment. 

Figure 4.1: The proportion of businesses which selected each intervention and the cost 
of each intervention, expressed as a percentage of total spend. 

Figure 4.2: Map showing the locations of the two study catchments and the monitoring 
stations. The insert indicates the locations of the catchments on the island of Ireland.. 

Figure 4.3: Full MCPA concentration time series for the River Derg and Finn catchments 
with the start of the land incentive scheme indicated by the black vertical line. 

Figure 4.4: Change in FWMC over comparable 18 month periods of monitoring (April 
2018-October 2019 and April 2020 – October 2021) pre and post implementation of the 
LIS. 

Figure 4.5: Change in TWMC over comparable 18-month periods of monitoring (April 
2018-October 2019 and April 2020 – October 2021) pre and post implementation of the 
LIS. 

Figure 4.6: River Derg discharge time-series over the monitoring period using the DfI 
gauge at Castlederg, 8.9km upstream (catchment area 335 km2). MKT and SSE tests were 
made on P50 and P75 monthly data. 

Figure 4.7: Hourly turbidity time-series data for the Derg and Strule rivers over the 
monitoring period (Derg) and a shorter (unarchived) dataset for the Strule. Also, a 
combined monthly dataset showing P50 and P75 turbidity values. 

Figure 4.8: Hourly colour time-series data for the Derg and Strule rivers over the monitoring 
period (Derg) and a shorter (unarchived) dataset for the Strule. Also, a combined 
monthly dataset showing P50 and P75 colour values. 

Figure 4.9: Linear rates of turbidity change over the monitoring period for the Derg and 
Strule. The solid trend lines are for the P75 data, dashed trend lines are for the P50 data.

12 

13 
 
 
 
 

14 
 
 

16 
 
 

30 
 
 

31 
 
 

32 
 
 

35 
 
 
 

37 
 
 
 

41 
 
 
 

42 
 
 
 

43 
 

 
 

44



Evaluation of an Agri-Environment Scheme in the Derg Catchment

7

LIST OF TABLES 
 
Table 2.1: The number of exceedances (at or greater than the drinking water standard 
of 0.1 µg/L) and the maximum concentrations measured by NI Water of MCPA in the 
raw (Inlet) and treated (Outlet) water at the Derg WTW between 2014 and 2016. 

Table 3.1: The defining decisions that were made about the nature of the LIS. 

Table 3.2: List of interventions/measures included in the pilot LIS 

Table 4.1: Comparison of FWMC of MCPA at seasonal level throughout the period of 
the study. 

Table 4.2: Load summaries for peak (April-October) and quiescent periods (November 
– March) over the monitoring period. 

Table 4.3: Exceedances of the 0.1 µg/L threshold for treated drinking water expressed 
as percentages for each peak and quiescent monitoring period pre and post 
implementation of the LIS from 1st April 2020. 

Table 5.1: Qualitative Assessment of Potential LIS impacts in Derg Catchment (actual 
impacts will depend on uptake of each measure) 

Table 5.2: BAU and Intervention Scenarios 

Table 5.3: Benefits of the LIS (present values) 

Table 5.4: LIS and Community Outreach Costs (present value) 

Table 5.5: NPV and Benefit Cost Ratio of LIS and Community Outreach (present values)

19 

 
 

23 
 

25 
 

34 
 
 

36 
 
 

38 
 
 
 

47 
 
 

52 
 

56 
 

57 
 

58



Evaluation of an Agri-Environment Scheme in the Derg Catchment

8

ABBREVIATIONS 
 
ADAS - Agricultural Development and Advisory Service 

AFBI - Agri-Food and Biosciences Institute 

ASSAP - Agricultural Sustainability Support and Advisory Programme 

BACI - Before-After-Control-Impact 

BAU - Business-As-Usual 

CaBA – Catchment-Based Approach 

CBA - Cost-Benefit Analysis 

CDOM - Coloured Dissolved Organic Matter 

CSSTTI – Colebrooke and Strule Soil Testing and Training Initiative 

DAERA - Department of Agriculture, Environment and Rural Affairs 

DHPLG - Department of Housing, Local Government and Heritage 

DWD - Drinking Water Directive 

DWPA - Drinking Water Protected Area 

DWSGZ - Drinking Water Safeguard Zone 

DWSP - Drinking Water Safety Plan 

EAA – Exceptional Adjustment Aid 

EAG – External Advisory Group 

EBR - East Border Region Ltd. 

FMOC-CL - Fluorenylmethyloxycarbonyl Chloride 

FWMC - Flow-Weighted Mean Concentration 

GAC - Granular Activated Carbon 

IFA – Irish Farmers Association 

IW - Irish Water 

LC-MS - Liquid chromatography - mass spectrometry 

LC-MS/MS - Liquid chromatography with tandem mass spectrometry 

LIS - Land Incentive Scheme 

MAOD – Metres Above Ordnance Datum (elevation) 

MCPA - 2-Methyl-4-Chlorophenoxyacetic Acid 

MKT - Mann Kendall Trend  

ML - Megalitre 

NGO - Non-Governmental Organisation 

NI – Northern Ireland 

NIAPA – Northern Ireland Agricultural Producers Association 

NTU - Nephelometric Turbidity Unit



Evaluation of an Agri-Environment Scheme in the Derg Catchment

9

PAC - Powdered Activated Carbon 

PCV - Prescribed Concentration or Value 

QSU - Quinine Sulfate Units (standard units of CDOM)  

RPA - Register of Protected Area 

SEUPB - Special EU Programmes Body 

SSE - Sen’s Slope Estimator 

StT – Source to Tap  

THMs - Trihalomethanes 

TOC - Total Organic Carbon 

TWMC - Time-Weighted Mean Concentration 

UFU - Ulster Farmers Union 

WEMP - Water Environment Management Plan 

WFD - Water Framework Directive 

WTP - Water Treatment Plant 

WTW - Water Treatment Works 

WWTW - Waste Water Treatment Works



Evaluation of an Agri-Environment Scheme in the Derg Catchment

10

1. INTRODUCTION 

1.1. Source to Tap Project 

The Source to Tap (StT) project is a cross-border partnership project focussing on part of the 
Northern Ireland (NI) and Ireland border region, comprising Northern Ireland Water (NI Water), 
Irish Water (IW), Agri-Food and Biosciences Institute (AFBI), Ulster University, The Rivers Trust and 
East Border Region Ltd. (EBR). The project has investigated sustainable, cost-effective 
approaches to reducing surface-water contamination by pollutants associated with agriculture 
and forestry in the Derg and Erne catchments. As suppliers of drinking water, the water utilities 
NI Water and IW have developed Drinking Water Safety Plans (DWSP) for their drinking water 
catchments, and had identified herbicides, organic colour and sediments as threats to drinking 
water quality. 

The StT project ran from 2017 to 2022 and focussed on the River Derg and River Erne catchments, 
which are two of the larger cross-border drinking water catchments on the island of Ireland 
(Figure 1.1). In the River Derg catchment, the project delivered a €1.16M pilot Land Incentive 
Scheme (LIS) which funded changes in local agricultural practice and farm business 
improvements that impact on herbicide and soil management. High frequency water quality 
monitoring was carried out to evaluate the impacts of the LIS on herbicide concentrations, 
colour and turbidity in the raw water prior to abstraction. The project also sought to raise 
awareness amongst local people, particularly those involved in agriculture, of the issues 
surrounding water quality and the role they play in improving and maintaining it. Community 
engagement was also undertaken in the River Erne catchment, but no LIS was implemented.  

More information on the StT project can be found at https://www.sourcetotap.eu 

 

1.2. Aim of this Report 

The aim of this report is to evaluate an Agri-environment scheme developed in the Derg 
catchment that has sought to mitigate the impact of agricultural land use practices on drinking 
water quality. This report: 

Identifies and contextualises the problems to be addressed, which includes characterisation of 
the baseline situation (Section 2) 

Describes the work undertaken in the catchment to improve drinking water quality - •
LIS and Stakeholder engagement activities (Section 3) 
Evaluates whether these activities improved drinking water quality (Section 4) and  •
Performs a cost-benefit analysis of the overall intervention in the catchment (Section •
5). 

Throughout this overview report, further information can be found by following the link in each 
section, which provides more in-depth detail and analysis. If required queries should be 
forwarded to Donnacha.Doody@AFBINI.gov.uk in the first instance.

https://www.sourcetotap.eu
mailto:Donnacha.Doody@AFBINI.gov.uk
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Figure 1.1: The location of the River Derg and the River Erne catchments.
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2. CATCHMENT CHARACTERISATION 

2.1. The River Derg Catchment 
The River Derg catchment is located in the north-west of the island of Ireland and, for the 
purposes of this study, has an area of 384km2, with the outlet of the catchment being defined 
as the Water Treatment Works (WTW) located approximately 7km downstream from Castlederg, 
Co. Tyrone (Figure 2.1). There are a number of remote rural dwellings, villages and towns 
throughout the catchment, although predominantly located in the lower half of the Derg valley, 
comprising a total population of approximately 9,500, of which 7,200 live in Northern Ireland and 
2,300 in Ireland. 

Figure 2.1: Map of the River Derg catchment showing the location of the main urban area (Castlederg) and the 
abstraction point for both this project and the Derg WTW. Also shown is the topography of the catchment and the 
main flow pathways of the River Derg and its tributaries.
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The Derg WTW supplies drinking water to 41,681 people in West Tyrone, including residents in 
Omagh, Strabane and the associated rural areas, and is permitted to abstract a total of 26.6 
ML of water each day (NI Water, pers. comms.). The average abstraction rate is 16 ML/d, from 
both the River Derg and a second river, the Strule, which lies outside the study area. There is also 
a Water Treatment Plant (WTP) at Lough Mourne in Ireland, with an average abstraction rate of 
8 ML/d (Donegal County Council 2014). Wastewater is treated at one of six Waste Water 
Treatment Works (WWTW) or at one of over 1,000 On-Site Waste Water Treatment Systems/rural 
WWTWs within the catchment. 

Land cover consists of mostly peat bogs and coniferous forest plantations at higher elevations 
towards the west of the catchment (Figure 2.2). Some extensive farming practices occur in this 
area, including the grazing of sheep on moorlands, peat bogs and natural grasslands, as well 
as two trout/salmon farms established on the section of river flowing from Lough Derg. In the 
lower portions of the catchment, land is generally used for more intensive agricultural purposes, 
with a mixture of grassland and arable farming. The land in the River Derg catchment largely is 
privately owned, although Killeter Forest (owned by Forest Service (DAERA)), provides public 
access and is commonly utilised for recreational activities.

Figure 2.2: Map showing the land cover classifications in the River Derg catchment as per CORINE 
database. 
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2.2. Drinking Water Quality 
2.2.1. Drinking Water Protected Areas 
Areas which provide drinking water may be assigned specific protections if they meet certain 
criteria. As per Water Framework Directive (WFD) requirements, any water body which is used 
for the abstraction of water for human consumption currently providing either more than 10 m3 
per day on average or serving more than 50 persons must be identified. In NI, these are 
designated as Drinking Water Protected Areas (DWPAs) and cover the water body area used 
for WFD classification, including both the abstraction points and their associated catchments 
(Environment Agency 2019). In Ireland, they are designated in the  Register of Protected Areas 
(RPAs) for Surface Water and Groundwater, covering the entire water body from which the water 
is abstracted and the associated drinking water abstraction point (Environmental Protection 
Agency 2015). Within the River Derg catchment, the River Derg (Millbrook) and Killen Burn have 
both been identified as DWPAs by NIEA (NI Water 2018, NIEA 2015), and Lough Mourne and 
Lough Derg as RPAs for Surface Water by the Environmental Protection Agency (Figure 2.3). 

Additionally in Northern Ireland, if a raw water source, which is used to provide drinking water, is 
deemed to be at high enough risk of requiring additional treatment to address deterioration, it 
is identified as a Drinking Water Safeguard Zone (DWSGZs). In these DWSGZs, the use of certain 
substances (e.g. pesticides) must be carefully managed to prevent pollution of the raw water 
sources at risk, although these sources themselves are not necessarily abstracted from 
(Environment Agency 2019). In the Derg catchment, the River Derg (Killeter) and the Mourne 
Beg River (Lisnacloone) have been designated as DWSGZs by NIEA (Figure 2.3). No similar 
mechanism exists in Ireland for designating higher risk catchments for further protection.
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2.2.2. Water Quality Status 

The WFD has established requirements and thresholds by which the water quality of lakes and 
rivers are assessed on a six year cycle; the first cycle ended in 2015, the second in 2021 and the 
third is due to end in 2027. Overall classifications are based on the most sensitive element being 
assessed, resulting in categorisation of the water body as being of either High, Good, Moderate, 
Poor or Bad status, with the aim of having all water bodies reach at least Good status. In the 
2021 cycle, the classification criteria were altered, with the inclusion of extra parameters and 
splitting of the ecological and chemical statuses, however the 2021 cycle classifications given 
here are based on the 2015 cycle criteria for a clearer comparison. 

In the 2015 cycle, prior to StT implementation, three of the 13 WFD river water bodies and both 
of the WFD lake water bodies (Lough Derg and Lough Mourne) in the River Derg catchment 
achieved Good ecological status. A further seven were classified as Moderate, two as Poor and 
one remained unassigned (Environmental Protection Agency 2016, NIEA 2014). Reasons for 
failure included diffuse and point source pollution, as well as physical modifications, but vary 
between water bodies. Common reasons for scoring Moderate or Poor were phytobenthos, low 
pH and high levels of dissolved iron, potentially caused by forestry or peat cutting (Environmental 

����������
Figure 2.3: Map of the DWPAs, DWSGZs and RPAs for Surface Water within the River Derg catchment.
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Protection Agency 2016, NIEA 2014). Another reason was the levels of cypermethrin, a pesticide, 
which could have come from either agricultural or forestry activities (NIEA 2014). Although the 
water bodies in the catchment generally scored Good for priority substances, some other 
substances, such as the herbicide MCPA (2-methyl-4-chlorophenoxyacetic acid), were not 
evaluated. 

In the 2021 cycle, which encompassed StT implementation, two of the 10 NI river water bodies 
improved from Moderate to Good, however one decreased from Good to Moderate, for 
reasons including levels of soluble reactive phosphorus and other specific pollutants, and 
another from Moderate to Poor due to ecological reasons including supressed fish numbers. 
(Note: Results from the 2021 cycle only became available for the IW water bodies as this report 
was published and so new classifications for the three river and two lake water bodies in Ireland 
are not included.) 

Additional hydromorphological assessments were carried out on the river water bodies which 
had higher status designations. In the 2015 cycle only one of the five water bodies assessed 
failed, classified as Moderate for hydrology and hydromorphology, partially due to issues arising 
from road crossings. In the 2021 cycle, all 10 of the NI river water bodies assessed were classified 
as Good or High for hydrology and hydromorphology. Furthermore the Castlederg groundwater 
body was classified as being of Good status in both 2015 and 2021.  

2.2.3. Threats to Drinking Water Quality 
 
In 2018 the “Derg WTW and Supply System Risk Assessment” (NI Water 2018) was carried out as 
part of NI Water’s DWSP. It showed that the greatest risks for drinking water quality were: 

Microbiological contamination 

Cryptosporidium •
High aluminium •
Iron and manganese concentrations •
High colour and turbidity (which can cause the formation of trihalomethanes (THMs) •
during the treatment process) 
Sediment from forestry and windfarm development •
Oil spills •
WWTW discharges •
Septic tank discharges •
Slurry and  •
Pesticides. •

While each of the threats above need to be addressed, colour, turbidity and pesticides, 
specifically herbicides, were identified by the drinking water companies as the threats of most 
immediate concern and so were the main focus of this study. Further information on threats to 
drinking water in the Derg catchment can be found at Morton, P (2019) Derg Catchment 
Characterisation Report, https://www.sourcetotap.eu/updates/report-library/. Reviews of the 
monitoring data to re-assess the risks, which are carried out on at least an annual basis as part 
of the DWSP, have shown that the above risks remain. 

https://www.sourcetotap.eu/updates/report-library/
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2.2.3.1. Pesticides  

MCPA, a commonly used herbicide for the control of broadleaf weeds in crops and grassland 
(Mackay et al. 2006), is predominantly used in Ireland for the control of soft (Juncus effusus), 
compact (J. conglomeratus) and hard rush (J. inflexus) in areas of rough grazing and pasture 
(Moran 2015). In 2017, MCPA was the most used pesticide on grassland and fodder crops in NI 
by weight and the third most used by area sprayed (Lavery et al. 2018). The most recent 
pesticide usage data for Ireland show that in 2017, MCPA was the most frequently used pesticide 
on grassland and fodder crops by both spray area and weight (Pesticide Control Division 2017).  

MCPA concentrations were noted to be of particular concern as concentrations had been rising 
through the 2010’s and had caused the Derg WTW to be placed under a Consideration of 
Provisional Enforcement Order in 2015, followed by a Provisional Enforcement Order in March 
2016. NI Water’s ongoing monitoring of both raw and treated water for a range of pesticides 
showed that, between 2002 and 2018, only the concentration of MCPA was found to exceed 
the drinking water limit of 0.1µg/L for individual pesticides. 

MCPA has been monitored at the Derg WTW inlet (raw water) and outlet (treated water) since 
at least 2004 and occasional breaches of the drinking water limit in treated water have occurred 
since 2007. Table 2.1 shows the number of times that MCPA concentration exceeded the drinking 
water limit of 0.1 μg/L and the maximum concentrations measured by NI Water of MCPA in the 
raw (Inlet) and treated (Outlet) water at the Derg WTW between 2014 and 2016.  

Table 2.1: The number of exceedances (at or greater than the drinking water standard of 0.1 μg/L) and the 
maximum concentrations measured by NI Water of MCPA in the raw (Inlet) and treated (Outlet) water at the 
Derg WTW between 2014 and 2016. 

Note: Where there are two values for the inlet exceedances and maximum concentrations, the 
first is from the plant inlet and the latter from River Derg inlet, which was measured separately. 
Therefore, these measurements for the plant inlet were determined for a mixture of River Derg and 
River Strule water. 
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Irish Water monitored abstracted water at the Lough Mourne WTP for total pesticide 
concentration between 2008 and 2018 and for 32 pesticides and one metabolite between 2016 
and 2018. No individual pesticide concentrations were found to be in excess of 0.01 µg/L and 
the total pesticide concentration was never above 0.5 µg/L. 

Further information on MCPA in the land-water environment can be found in “A review of the 
pesticide MCPA in the land-water environment and emerging research needs” (Morton et al. 
2020) at https://www.sourcetotap.eu/updates/report-library/ . 

 
2.2.3.2. Colour, Total Organic Carbon and Turbidity 

Colour is an important parameter for water utilities to monitor, due to customer satisfaction, but 
also because highly coloured water indicates high concentrations of organic compounds. The 
addition of disinfectant to raw water with high organic matter concentrations can result in the 
creation of disinfection by-products, such as trihalomethanes (THMs). 

The Drinking Water Directive (DWD) (98/83/EC) states that the colour of the water should be 
“acceptable to consumers [with] no abnormal change” (Council of the European Commission 
1998), whilst in Northern Ireland there is a requirement that colour, as measured at the customer’s 
tap must not exceed 20mg L Pt/Co (scale of colour) (DAERA 2017). The colour of water at the 
inlet is only monitored at the Derg WTW, where the alarm is set to trigger at 490 Hazen (unit of 
measure of colour) and has only been triggered twice between 2001 and 2018. The final water 
alarm at the Derg WTP is set to trigger at 10 Hazen, and was last triggered in 2006. The Mourne 
WTP treated water value exceeded 10 Hazen on 16 occasions between 2008 and 2014, whilst 
all subsequent values were below 10 Hazen (2014 – 2018). At the Derg water inlet pipe, Total 
Organic Carbon (TOC) values were predominantly below 30 mg/L, but the largest value was 
31.8mg/L. At the outlet pipe the majority of samples were below 5mg/L whilst one sample was 
11.2 mg/L. 

Turbidity is caused by colour, TOC concentration and particles that are invisible to the naked 
eye (i.e. particles may not have colour and are not specifically compounds with an organic 
carbon component) and is a measure of the cloudiness or haziness of the water. The DWD 
(98/83/EC) states that water turbidity should be “acceptable to consumers [with] no abnormal 
change” (Council of the European Commission 1998) and it is recommended that all EU Member 
States should aim to keep the turbidity of treated water below 1 nephelometric turbidity unit 
(NTU) (Council of the European Commission 1998).  In Northern Ireland, the Drinking Water 
Regulations stipulate a maximum standard prescribed concentration or value (PCV) for turbidity 
in the treated water going into supply of 1 NTU (DAERA 2017). 

Turbidity in the inlet pipe at the Derg WTWs was usually below 10 NTUs, although there were a 
number of times this value was exceeded and the maximum value recorded was 50.6 NTUs 
(December 2015). Treated water measures were generally below 1 NTU, but there were 15 
occasions when this value was exceeded (2001 – 2016), with the largest being 3.74 NTU. Over 
time there was an upward trend in turbidity in raw water, suggesting that this may become a 
greater problem in future. It was also noted that there was no seasonal trend to turbidity values, 
suggesting it may be more closely related to colour and thus increasing the risk of THM 
generation during the disinfection process. 

https://www.sourcetotap.eu/updates/report-library/
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2.3. Recommendations 

The following recommendations on how to address the issues affecting drinking water in         
the River Derg catchment were made based on the outputs from the Catchment 
Characterisation report (Morton, P (2019) Derg Catchment Characterisation Report, 
https://www.sourcetotap.eu/updates/report-library/), DWSPs, historical monitoring in the 
catchment and expert opinion.  

MCPA, followed by colour, and turbidity were identified to be causing the biggest issues in 
drinking water quality in the River Derg catchment and a number of recommendations were 
made and are addressed in this report. Specifically to: 

Co-ordinate with Irish Water, the National Pesticides and Drinking Water Action Group •
(Ireland) and the Water Catchment Partnership1 (Northern Ireland) to ensure that efforts 
directed to improve water quality on one side of the border are reciprocated on the 
other side. 
Identify high risk areas within the catchment to allow for better targeting and prioritisation •
of resources 
Establish monitoring programmes to verify and fully understand the risks at these areas •
and critical points within the catchmentUndertake public awareness and stakeholder 
engagement to educate and engage farmers, other stakeholders and the general 
public on water quality issues 
Augment stakeholder engagement with financial incentive schemes to reach further       •
into the farming community by ensuring that land managers are not disadvantaged by 
selecting a more sustainable approach to their activities. 
 

Other recommendations arising out of the Catchment Characterisation report, the DWSP, 
historical monitoring in the catchment and expert opinion are listed below. Where other Source 
to Tap reports cover these matters, the relevant links are included: 

Undertake stakeholder engagement with Forest Service (DAERA) and Coillte (Ireland) to •
assist with the implementation of measures to prevent the potential for water quality 
impacts, as well as increasing the likelihood of gaining early warning should activities 
occur which may impact on water quality (https://www.sourcetotap.eu/updates/report-
library/ ). 
Reduce forestry impacts on water quality, with particular attention on felling, as this is the •
most likely time for forestry to impact on water quality (Cummins and Farrell 2003), via a 
variety of measures, beyond the best practice already  employed by Forest Service and 
Coillte (https://www.sourcetotap.eu/updates/report-library/ ). 
Reduce peat extraction as disturbed peatlands, without a cover of vegetation, •
contribute far more sediment to watercourses than undisturbed peatlands, increasing 
colour and turbidity levels (Evans et al. 2006) 

 1 The Water Catchment Partnership is an existing collaboration between NI Water, Ulster Farmers Union, Northern Ireland 
Environment Agency, Department of Agriculture, Environment and Rural Affairs, College of Agriculture, Food and Rural Enterprise 
and The Voluntary Initiative which aims to deliver one message incorporating the ethos from all organisations to effectively tackle 
the problem of pesticides in the water environment, particularly in drinking water catchment areas)

https://www.sourcetotap.eu/updates/report-library/
https://www.sourcetotap.eu/updates/report-library/
https://www.sourcetotap.eu/updates/report-library/
https://www.sourcetotap.eu/updates/report-library/
https://www.sourcetotap.eu/updates/report-library/
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Address ammonia emissions and cryptosporidium risks, including measures such as •
engagement with farmers to educate them on the risks that slurry spreading and 
chemical fertilisation under inappropriate conditions (e.g. shortly before heavy rainfall) 
have to water quality 
Engagement with WWTW/WWTPs and septic tank owners, as when poorly maintained, •
they can pose a threat to water quality, mainly in terms of nutrients such as phosphorus 
and ammonia (Withers et al. 2011, Withers et al. 2012) 
Liaise with the Department of Agriculture, Environment and Rural Affairs on post-Brexit •
agricultural policy, to enable NI Water to potentially feed into and influence policies 
impacting on drinking water source quality 
Liaise with wind farm projects in order to share knowledge of the problems associated •
with wind farm developments and prepare for them.  

3. LAND INCENTIVE SCHEME  

The development and operation of a pilot Land Incentive Scheme (LIS) in the River Derg 
catchment was complex due to the presence of an international border running through the 
catchment. This required the LIS to operate across two jurisdictions (with differences in Agri-
environment schemes, Agri-policy and legal frameworks), in accordance with the business 
needs of both NI Water and Irish Water, and within the EU/INTERREG VA block exemption2 and 
de minimus rules3. Following Brexit (January 2020), the catchment was also only partially located 
within the European Union, further increasing the challenge of managing procedural alignment. 
In order to develop an LIS that would satisfy the cross-border needs of this project, Agricultural 
Development and Advisory Service (ADAS) (https://adas.co.uk/) were appointed in 2017 to 
scope and develop the scheme. The initial output was a literature review of examples and case 
studies where similar LIS’s had been implemented elsewhere, which can be found at 
https://www.sourcetotap.eu/updates/report-library/ . 

3.1. Developing the Pilot LIS  

The partnership then developed a prototype pilot LIS (measures, process and monitoring), to 
address the key catchment pressures of colour, turbidity, and the herbicide MCPA. ADAS were 
asked to review the prototype pilot scheme in the context of other existing schemes in the UK 
and Ireland and to suggest modifications to its design and delivery to suit the cross-border nature 
of the project. This assessment was supported by interviews with experts and practitioners in the 
field of diffuse pollution prevention and catchment management. The ADAS team held 
stakeholder consultation workshops with statutory agencies, farmers unions and non-
governmental organisations (NGOs), in both Belfast and Dublin, to consult on the proposed 
interventions to be included in the pilot LIS as well as making a visit to the River Derg catchment. 
As a result of this scoping exercise, and in further consultation with the project partners and other 
experts, several defining decisions were made on the nature of the LIS (Table 3.1).

 2 The EU block exemption regulations exempt certain types of agreements from EU competition law where there are benefits for  
consumers.  
3  De minimis aid indeed refers to small amounts of State aid to undertakings (companies) that do not have to be notified to the 
European Commission by the EU Member States. The maximum amount is �200,000 for each undertaking over a 3-year period. 

https://adas.co.uk/
https://www.sourcetotap.eu/updates/report-library/
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Table 3.1: The defining decisions that were made about the nature of the LIS.

Finance • The LIS would fund the cost of on-farm interventions
(actions) only and not the environmental benefits realised
(results-based payments), because the source of funding
used for the LIS limited expenditure to the cost of capital
items only.

• Each farm business could apply for up to £20,000 stg/
�23,000 euro (Northern Ireland/Ireland respectively).

• Grant would be offered at 100% funding.

Advisor Led • The LIS would be advisor-led, with project officers, in
partnership with the landowner(s) identifying and siting
interventions. A bespoke and confidential, farm plan, called
a Water Environment Management Plan (WEMP), produced
by the project officer, would set out the relevant
recommendations.

• Stakeholder engagement would be conducted throughout
the lifetime of the LIS.

Eligibility • Only land within the LIS catchment boundary (Eligible Area –
catchment area upstream of the Derg NI Water WTWs)
would be eligible for funding, even if part of the applying
farm business lay outside the eligible area.

• The LIS would not finance capital works already started.

• The LIS would not finance regulatory compliance measures.

• Only one application per farm business would be allowed to
the LIS. The award of additional funding to the farm business
would be achieved through the issuing of an addendum to
the initial LIS grant offer.
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3.3. LIS Interventions and Actions 
The measures selected for the LIS, delivered interventions that would reduce colour, turbidity 
and MCPA in raw water. An initial list of interventions were refined through consultation with 
statutory agencies, farmers unions and NGOs. State Aid rules prevented the project from using 
EU funding (INTERREG VA) to fund LIS interventions that would have generated an economic 
advantage to the recipient in one country over those in another country, even if the intended 
purpose of the intervention was to achieve environmental protection or improvement. The final 
list of measures is presented in Table 3.2. 
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Table 3.2: List of interventions/measures included in the pilot LIS
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3.4. LIS Applications Process 

The LIS operated on a rolling application basis (i.e. no fixed application window(s)), to ensure 
maximum uptake of the scheme and to avoid bottlenecks in both budget availability and 
administrative burden. This, however, had to be carefully managed with regards to the finite 
budget and seasonality of some of the interventions. Applications were processed on a first 
come, first served basis.  

Considering the rolling application window basis on which the LIS would operate and the 
INTERREG VA procurement requirements, a robust application process was agreed as detailed 
in Appendix A.  

 
3.5. Stakeholder Engagement and Communications 

Stakeholder engagement in the pilot LIS was identified as being essential to the success of a 
scheme. As such, a comprehensive and multifaceted engagement and communication 
approach was adopted, ranging from the development of one-to-one relationships between 
the project and landowners to the development of a project External Advisory Group which 
included individuals with a wide range of expertise in the field.
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Throughout the duration of the LIS (July 2018 to December 2021), the project relied heavily on 
printed posters and leaflets to spread the word about the pilot LIS as this was the most effective 
way to reach the local farming population. These were typically left in places where landowners 
would encounter them (e.g. local agricultural supply stores), church/chapel bulletins, local stores 
etc. The project also publicised the scheme via the national farming press and local general 
press, radio adverts, text messages through the Ulster Farmers Union, local events in the LIS area 
(i.e. LIS surgeries, weed-wiping demonstration days, a WTW’s open day and community talks), 
agricultural and county shows outside, but near, the eligible LIS area and via prominent and 
trusted local business people and landowners. Social media was also used but with limited 
success in reaching the intended audience due to the limitations in internet usage and the 
demography of the farming community. 

Bespoke promotional and communications resources were also devised to support the LIS, 
including a 12-page glossy LIS booklet (https://www.sourcetotap.eu/updates/report-library/), 
highlighting the benefits of the scheme to both the environment and the farm business and an 
LIS Handbook outlining the LIS process and detailed specifications for all the measures on offer 
(https://www.sourcetotap.eu/updates/report-library/ ).    

The LIS was launched in July 20184 at a public event in Castlederg, in the River Derg catchment. 
The event was supported by the Ulster Farmers Union (UFU), Northern Ireland Agricultural 
Producers Association (NIAPA) and the Donegal branch of the Irish Farmers’ Association (IFA).  
Prior to the launch, LIS leaflets and invites to the launch event were hand-delivered to 400 houses 
in the eligible area and a further 400 leaflets were left in local Agri-stores, the UFU local office 
and the nearby cattle markets (Marts). 

During the pilot LIS, two Rush Control Demonstration Events were held in-field (summer 2019, 
autumn 2020 and three further events were held in car parks5 (summer 2021). These events 
proved successful as they not only promoted the LIS but demonstrated the effectiveness of 
weed-wiping, which the LIS was offering, as an alternative to boom spraying of MCPA for rush 
control.  The events helped to overcome some of the scepticism that landowners held about 
weed-wiping, which was unfamiliar to many, and allowed them to personally observe and 
compare the approach with the much more familiar boom spraying. By being able to 
demonstrate the effectiveness and benefits of weed-wiping to both the environment and the 
farm business the project was able to increase uptake of weed-wiping within the LIS. 

With regards to building relationships with individual farmers, the project officers worked hard 
on a regular basis to support individual farmers. Given the nature of farming and with many part 
time farmers in the catchment, calls were often received out of hours and at weekends and 
these were still answered and queries addressed to support the farmers. The level of support 
varied farmer to farmer with some requesting support from application to claim stage and others 
preferring to complete the process themselves. However, this patient, farmer-focussed support 

 4 https://www.sourcetotap.eu/innovative-pilot-cross-border-grant-scheme-helps-farmers-protect-rivers-in-counties-donegal-and-
tyrone/ 
 
 5 In 2020 and 2021, the projects Rush Control Demonstration events had to be delivered in line with Covid-19 restrictions e.g. 
limited numbers, timed events, social distancing and hygiene measures in place.

https://www.sourcetotap.eu/updates/report-library/
https://www.sourcetotap.eu/updates/report-library/
https://www.sourcetotap.eu/innovative-pilot-cross-border-grant-scheme-helps-farmers-protect-rivers-in-counties-donegal-and-tyrone/5
https://www.sourcetotap.eu/innovative-pilot-cross-border-grant-scheme-helps-farmers-protect-rivers-in-counties-donegal-and-tyrone/5
https://www.sourcetotap.eu/innovative-pilot-cross-border-grant-scheme-helps-farmers-protect-rivers-in-counties-donegal-and-tyrone/5
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by the project officers was one of the key successes of the LIS. The unique branding of the 
project, along with the non-regulatory manner helped to sell the scheme to farmers as they 
realised the project officers were there to work with them rather than to enforce them to make 
changes. The approach taken was very much one of how do we make this scheme attractive 
and appeal to the farmers to ensure they would engage. 

The project officers also played a considerable and valuable role in building and maintaining 
relationships with agricultural suppliers and the small number of contractors operating locally 
that could provide the services required at the scale needed to deliver the LIS. In the early stages 
of the LIS, the project officers spoke directly with potential local suppliers and contractors and 
shared the LIS specifications with them to ensure that they understood, in advance of 
landowners contacting them for quotes, what was required for each of the measures in the 
scheme. 

Finally, a stakeholder group was established to support the project as a whole. This External 
Advisory Group (EAG) consisted of stakeholders from Ireland and Northern Ireland who had an 
interest in the work of the project and it included representatives from Government departments, 
non-departmental government bodies and agencies and environmental NGOs. 

 

3.6. Scheme Duration 

The LIS was originally intended to run from the end of July 2018 to the end of July 2020. However, 
a slow uptake at the start of the scheme meant that only a limited number of measures were 
installed, and consequently not all money was spent by July 2020 and so the scheme was 
extended to the end of December 2020. To ensure all the funding was utilised, all landowners 
who had expressed an interest in the scheme and who had received a WEMP, were contacted 
in June 2020 and asked to apply before the end of 2020 if they wanted to secure funding, 
resulting in a significant number of applications in autumn 2020. The number of applications 
received eventually exceeded the available LIS budget and a waiting list was compiled. Some 
of the landowners on the waiting list were later funded through reallocation of unutilised funds 
from other landowners.  Delivery of interventions on farms and additional works funded through 
addendums, continued until March 2022.
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4. EVALUATION OF THE LAND INCENTIVE SCHEME  

In order to evaluate the impact of the LIS on the quality of raw water, robust monitoring protocols 
were developed to record changes in herbicide concentrations (focussing on MCPA), colour 
and turbidity pre and post6 implementation of the LIS. The following sections detail the LIS uptake, 
the water quality monitoring approaches and the results and findings.   

 

4.1. Land Incentive Scheme – Uptake  
The pilot LIS launched on 28th July 2018 at a public meeting attended by 84 landowners, 45 of 
whom completed an expression of interest for requesting further details from the project officers. 
Uptake of the scheme, however was slow, which has been attributed to administrative 
challenges and landowner wariness of the new scheme. In September 2019, weed-wiping was 
undertaken on just two farms. However, in autumn 2019 the bulk of the applications to the 
scheme were received, which meant it was April 2020 when the installation of interventions 
started in earnest, including much of the weed wiping which was central to the project’s 
approach to managing MCPA losses.  

As farmers were able to observe the benefits of the interventions, and increasingly, were able 
to discuss the process with participants, engagement rates increased. By the end of the 
scheme’s lifetime, 255 landowners had expressed an interest in the LIS, 236 whole farm businesses 
had been surveyed and offered the opportunity to learn about how their land management 
practices could have a direct impact on the water quality of the River Derg. Over 1700 pressures 
or potential pressures had been identified and 118 applications had been approved for funding, 
spending a total of €1.16M and a further 19 landowners had been placed on a waiting list should 
an underspend on other interventions make funding possible. 

The most frequently selected intervention was “fencing”, with 67% of applicants installing this, 
accounting for 49% of the cost of the scheme (€571,785). New pesticide storage units and weed-
wiping (Year 1) were the next most commonly installed measures (64% and 62% of applicants 
respectively), but only accounting for 2.9% (pesticide stores) and 7.4% (weed-wiping (Year 1)) 
of the cost of the scheme. Further details of uptake and total cost of interventions are shown in 
Figure 4.1.

6  The “Post” period refers to the time after the first intervention was deployed in April 2019.
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 Further details of uptake and total cost of interventions are shown in Figure 4.1.

Figure 4.1: The proportion of businesses which selected each intervention and the cost of each intervention, 
expressed as a percentage of total spend.

4.2. Water Quality Monitoring of MCPA Herbicide 
Evaluation of the impact of the LIS on MCPA herbicide concentrations in the Derg River was 
approached through a Before-After-Control-Impact (BACI) monitoring programme. The LIS was 
implemented in the Derg (the Impact catchment) and a comparison catchment, the Finn (386 
km2) (Figure 4.2), which acted as a business-as-usual (BAU) Control for periods prior to and after 
the implementation of LIS measures (e.g. Van Loon et al. (2019)). The Finn river was chosen 
following an assessment of several neighbouring catchments of similar scale and with long term 
hydrometric stations.  

The objectives of the monitoring programme were to:  

1. Review the impact of the LIS on MCPA losses in the Derg catchment through a BACI 
approach 

2. Examine the potential for pollutant swapping where weed-wiping with glyphosate has 
been introduced as an alternative to boom spraying of MCPA 

3. Examine the implications of any water quality changes for water treatment. 

An in-depth paper on the analysis and results can be found at Cassidy et al., 2022, 
https://www.sourcetotap.eu/updates/report-library/ . A summary of the paper is presented 
here.  

https://www.sourcetotap.eu/updates/report-library/
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Figure 4.2: Map showing the locations of the two study catchments and the monitoring stations. The insert indicates 
the locations of the catchments on the island of Ireland.

4.2.1. Water Quality Sampling and Analysis - Herbicides 

Water quality monitoring for MCPA began in April 2018 and provided a two year baseline prior 
to the implementation of LIS measures on the ground from April 2020.  

Samples were collected from both rivers using ISCO 6712FR refrigerated auto samplers installed 
at the sampling points (Figure 4.2). Monitoring for MCPA followed a combination of 7 hourly 
sampling during the peak periods for MCPA applications (April-November) and daily through 
winter (December – March). Monitoring for the concentration of glyphosate in water samples 
began in July 2019 as weekly composite samples taken from either 24 or 7 samples per week 
depending on the time of year.  

All samples were refrigerated within 8 hours of collection from the automatic sampler and 
analysed for MCPA within 3 days of receipt. Samples for MCPA analysis were extracted and 
concentrated then analysed by LC-MS/MS at AFBI laboratories. See Morton et al. (2021) for 
storage tests and analysis details. Glyphosate samples were analysed by a sub-contracted 
laboratory of NI Water using Off-Line FMOC-CL derivatisation, followed by direct injection LC-
MS. 

https://doi.org/10.1016/j.scitotenv.2020.142827
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4.2.2. Findings of the BACI Analysis 

Water samples were collected between 27th April 2018 and 31st October 2021, resulting in a 
total of 3406 samples being collected and analysed from the River Derg and 3144 samples from 
the Finn. The full time series are shown in Figure 4.3 and cover 4 peak application periods. The 
bulk of LIS measures were implemented from the 1st April 2020 onward so this was set as the start 
of the “After” period in the BACI analysis. 

� �� �� �� �� �� �� �� �� �� �

Figure 4.3: Full MCPA concentration time series for the River Derg and Finn catchments with the start of the land 
incentive scheme indicated by the black vertical line. 

Time-weighted7 and flow-weighted8 mean concentrations of MCPA (TWMC and FWMC, 
respectively) were calculated for full peak periods (1st April – 31st October inclusive) and 
quiescent periods (1st November – 31st March) for each year of observation. Periods where 
synchronous samples were available for both catchments were used in the analysis of loads (n 
= 3081 total). These formed the basis of the BACI assessment and MCPA concentrations and 
loads were compared for peak and quiescent periods before and after the LIS was 
implemented in both catchments.  

Comparison of FWMC of MCPA at seasonal levels (Table 4.1) showed a decline in concentration 
between the pre- and post-scheme periods. In the Derg catchment concentrations of 0.312 
µg/L and 0.351 µg /L were recorded for the peak period 2018 and 2019 respectively, compared 
to 0.322 µg/L and 0.135 µg/L for the peak periods in 2020 and in 2021. In the Finn catchment the 

7 Where: ci is the pesticide concentration in the ith sample (µg/L), ti is the time period represented by the sample (s) and n is the 
total number of samples in the data set. This approach reports the average contaminant concentration as would be perceived 
by a WTW abstracting water, or organisms living in the water. 
 
8 Where: ci is the pesticide concentration in the ith sample (µg/L) ti is the time period represented by the sample (s), qi is the flow 
in the ith sample period (m3/s) and n is the total number of samples in the data set. This approach reports the average 
contaminant concentration as would be perceived by a waterbody downstream. In essence all flows and contaminants 
passing the monitoring point during the period are mixed thoroughly and the resultant concentration is reported.
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FWMCs during the corresponding periods were 0.236 µg/L in 2018, 0.329 µg/L in 2019, 0.340 µg/L 
in 2020 and 0.191 µg/L in 2021. While reductions are noted in FWMC for both the Derg and Finn 
river catchments in 2021 the magnitude of change in the Derg is greater. In the Finn catchment 
the FWMC reduced by 43.8% in 2021. In the Derg catchment, the peak period concentration 
decreased by 8.2% in 2020 (the first year of incentive scheme measures) compared to 2019 and 
then by a further 58.2% in 2021 (when compared to 2020). 

Comparing 18-month periods prior to and following implementation of the LIS in the catchments 
(1st April 2018 to 31st October 2019 and 1st April 2020 to 31st October 2021) (Figure 4.4), and 
accounting for the reductions in the Finn control, the Derg concentrations were 20.9% lower 
than the pre-LIS period. Greatest reductions (though non-significant) in concentrations were 
observed during storm event flows. Comparisons of weekly FWMCs showed a decline of 34-48% 
in the concentration range 1-10 µg/L and 15.5–34% in the 0.1 – 1 µg/L range in the Derg pre- 
and post-LIS implementation based on power law fits to the data.

Table 4.1: Comparison of FWMC of MCPA at seasonal level throughout the period of the study.
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This shift in concentrations is mirrored by differences in loads between catchments pre- and post-
implementation of the LIS. Peak season loads in 2018 and 2019 were estimated as 47.02 kg and 
87.71 kg for the Derg and 46.42 kg and 94.05 kg for the Finn. In 2020 the Derg load was 95.59 kg 
which was 86% that of the Finn and in 2021 the load was 26.66 kg, which was 59.4% that of the 
Finn (59.41 kg) (Table 4.2). The pronounced drop in the second year post implementation may 
reflect the impact of the cumulative area weed-wiped over the two year period (estimated 
based on claims as 6.3 km2 in 2020 and 3.4 km2 in 20219) and therefore not boom sprayed with 
MCPA. 

� �� �� �� �� �� �� �� �� �� �

Figure 4.4: Change in FWMC over comparable 18 month periods of monitoring (April 2018-October 2019 and April 
2020 – October 2021) pre and post implementation of the LIS.

 9 Estimated sprayed area is based on the total value of claims submitted for contractor weed-wiping operations in each 
year and assuming a coverage of 2 acres for 1 hour’s weed-wiping (at a rate of �50/hr). 
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Table 4.2: Load summaries for peak (April-October) and quiescent periods (November – March) over the 
monitoring period.
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4.2.3. Evaluation of Glyphosate Time Series 

Composite weekly samples of glyphosate were compared between catchments from July 2019 
onward, examining both trends and occurrences of concentrations above the 0.1 µg/L limit. 
Glyphosate data was log transformed and fit by a linear regression model, to each catchment. 
General linear trends to both time series were weakly positive (Derg: log(Y) = 4.042 x 10-9X -8.168; 
Finn: log(Y) = 2.225 x 10-9X -5.607), however slopes were not significantly different (p =0.5152) 
indicating that the rate of increase in concentration in the Derg was the same as in the Finn. 
There were no exceedances of the 0.1 µg/L threshold in either catchment in 2019; in 2020 there 
was a single exceedance in the weekly composites for the Finn and two exceedances in the 
Derg; in 2021 three exceedances in the Derg and one in the Finn. The relatively limited period 
(July 2019-April 2020) monitoring prior to the LIS implementation limits references to the baseline 
period. Having a longer time series and a higher sampling frequency through storm events in 
particular would have been beneficial in this regard. However, on balance, and with the data 
available, weed-wiping with glyphosate does not appear to have resulted in pollution swapping 
of glyphosate for MCPA.  

 
4.2.4. Implications for Water Treatment 

Impacts on concentrations at a water treatment works are best represented by the TWMC as 
indicative of the likely treatment needs within the plant filtration processes under a constant 
rate of abstraction. As with the FWMC, a comparison of 18-month periods prior to and following 
implementation of the LIS in the catchments (1st April 2018 – 31st October 2019 and 1st April 
2020 to 31st October 2021) (Figure 4.5) and accounting for the reductions in the Finn control, 
indicate that Derg concentrations are 23.7% lower than the pre-LIS period. Again, and as for the 
FWMCs, the greatest shifts in concentrations (examined by comparison of weekly TWMCs for 
Derg and Finn pre and post LIS implementation) occurred in the higher ranges and are 
associated with storm event flows.
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Figure 4.4: Change in FWMC over comparable 18 month periods of monitoring (April 2018-October 2019 and April 
2020 – October 2021) pre and post implementation of the LIS.
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Lower reductions in the lower concentrations’ ranges are mirrored by a lack of any 
marked reduction in the proportions of samples exceeding the DWD threshold of 0.1 
µg/L in the post-LIS period between the catchments (Table 4.3). 
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Table 4.3: Exceedances of the 0.1 µg/L threshold for treated drinking water expressed as percentages for each 
peak and quiescent monitoring period pre and post implementation of the LIS from 1st April 2020.
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4.2.5. Key Findings  
Enhanced water quality monitoring indicates that the LIS has had a positive impact on •
MCPA reduction in the Derg drinking water catchment with a divergence in recorded 
concentrations and loads from 1st April 2020 onward (post-LIS period).  
Comparing 18 month (1st April – 31st October) periods pre- and post-LIS implementation •
found a 21% decrease in the FWMC relative to the Finn.  
The greatest change was observed at peak flows, indicating a reduction in diffuse losses •
through rainfall runoff and the removal of some source pressures. Weekly FWMC declined 
by 34 – 47% compared to the pre-scheme FWMC range of 1-5 µg/L, and by 15 – 32 % 
compared to the pre-LIS range of 0.1-1 µg/L.  
There has been a marked decline in loads in the Derg relative to the Finn catchment. •
Prior to the LIS, loads were similar. In 2020 the Derg load at 95.59 kg was 86% that of the 
Finn and in 2021 at 26.66 kg was 59.4% that of the Finn (59.41 kg). Greater reductions in 
loads and concentrations in 2021 may be attributed to the cumulative effects of two 
successive years weed-wiping, removing a total estimated area of 9.75 km2 from 
potentially being boom sprayed with MCPA.  
There was no indication of pollution swapping using the glyphosate substitute.  •
Comparing 18 month (1st April – 31st October) periods pre- and post-LIS implementation •
found a 23.7% reduction in the TWMC relative to the Finn. The numbers of exceedances 
however did not change. While lower concentrations will increase the lifespan of GAC 
(granular activated carbon) filters, this indicates that the durations of high risk periods 
with elevated concentrations in source waters remains unchanged.  
 

4.3. Water Quality Monitoring of Colour and Turbidity  
 
4.3.1. Water Quality Sampling – Colour and Turbidity 
To monitor colour and turbidity parameters in the River Derg, a Turner Designs C3 fluorometer 
was deployed at the Derg WTW abstraction point, with a total catchment area of 384 km2. 
Another C3 was deployed on the River Finn control river at Killygordon, with a corresponding 
catchment area of 386 km2. The C3 equipment measures turbidity as NTU and colour as a CDOM 
(coloured dissolved organic matter) parameter calibrated to QSU (quinine sulphate units) in 
parts per billion. At the outset, the intention was to correlate the Derg WTW C3 time series with 
the NI Water data also collected at Derg WTW, and the River Finn data in a three-way 
comparison. 

However, the C3 equipment proved unreliable due to issues related to the anti-fouling hardware, 
as well as logging errors. At the end of the time-series collection period at each site there was 
approximately 60% coverage at an hourly resolution and other parts of the datasets could not 
be trusted. Fundamentally, there was a weak correlation between the Derg WTW C3 data and 
the Derg WTW NI Water data, and this gave low confidence in using the Finn data as a control. 

Nevertheless, the NI Water dataset, collated to a sub-hourly time-series, had few missing data 
and so could be used for trend analysis, described below. As a control could not be used with 
the Finn data, NI Water data from the neighbouring Strule catchment were used as a 
comparison. This comparison was not as desirable as the Finn since: 
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1. The Finn was chosen due to hydrological similarities with the Derg  

2. In the absence of hydrological data it would have to be assumed that Strule hydrology 
followed the same hydrological trends as the Derg over the monitoring period  

3. Unarchived NI Water data for the Strule could only be accessed from February 2020 at 
the time of the analysis for this report, compared to February 2019 for the Derg. 

 

4.3.2. Water Quality Analysis – Colour and Turbidity  

The colour and turbidity time-series were assessed as monotonic trends over the time period of 
monitoring. It was assumed that the Derg would show a declining trend due to the 
implementation of LIS measures upstream of Derg WTW, intended to decrease organic soil 
transfers from land to water on agricultural ground and hence in-stream turbidity and colour. It 
was also assumed that a control catchment dataset would only show similar decreasing trends 
if other environmental factors such as inter- and intra-annual hydrological patterns were 
overarching influences on colour and turbidity in both river catchments, rather than catchment 
management.  

Trends were assessed on deconstructed time-series data so that hourly values were collated to 
monthly median values (P50) and also the upper quartile value of monthly values (P75). The 
former was assumed to detect trends in average conditions, and the latter for trends in more 
extreme conditions. Trend analysis was made using assumptions of non-normality in the Mann 
Kendall Trend (MKT) test (z > 0 is a positive trend, and vice versa), and using Sen’s Slope Estimator 
(SSE) as the magnitude of the trend (upward or downward). The tests indicate a significant trend 
(and direction) if α < 0.05 in the MKT, and the significance of the magnitude is α < 0.05 as a 
positive or negative value. 

For detected trends, monthly datasets were also tested for normality (Shapiro-Wilks test) and 
subsequent linear trend tests were used to infer the rate of change in parameter during the 
monitoring period. 

 

4.3.3. Fndings for Colour and Turbidity 

Time series-data for the monitoring period were quality controlled from February 2019 (Derg) 
and February 2020 (Strule) until March 2022. The end-date was chosen so that a full winter period 
could be included in the analysis as soil/sediment transfers from land to water were 
anticipatedas a larger pressure in the winter due to rainfall-runoff pressure. Hence, upstream 
mitigation should reduce this pressure in the winter.  

Discharge data were also analysed for trends during the longer period. Figure 4.6 shows the 
hourly Derg time-series and a deconstructed monthly time-series showing both P50 and P75 
values.
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Figure 4.6: River Derg discharge time-series over the monitoring period using the DfI gauge at Castlederg, 8.9km 
upstream (catchment area 335 km2). MKT and SSE tests were made on P50 and P75 monthly data.
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MKT indicated a slight positive trend in P50 river discharge (z = 0.256) but this was not significant 
(p = 0.798). Similarly, there was a slight positive, but not significant trend, in P75 river discharges 
(z = 0.142; p = 0.887). Over all, the data indicated that there was no significant monotonic trend 
over the monitoring period, other than those patterns associated with seasonality. 

Turbidity data for the hourly time-series are shown in Figure 4.7 for both Derg and Strule rivers. 
The longer dataset for the Derg is apparent and starts from February 2019. The monthly P50 and 
P75 datasets are also shown in Figure 4.7. These are combined to start from the February 2020 
period and subsequent trend analysis was undertaken on this two-year data set. For the Derg, 
the P50 trend tests indicated a significant decreasing trend in turbidity (z = -4.745; p < 0.001) but 
the magnitude of this trend was not significant (p = -0.07). For the Strule over the same period, 
there was a significant increasing trend in turbidity (z = 2.513; p = 0.012), but the magnitude of 
this trend was not significant (p = 0.053). The P75 trend tests for the Derg indicated a significant 
decreasing trend in turbidity (z = -4.301; p < 0.001) but the magnitude of this trend was not 
significant (p = -0.1). For the Strule over the same period, there was a significant increasing trend 
in P75 turbidity (z = 2.380; p = 0.017), but the magnitude of this trend was not significant (p = 
0.093).
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Colour data for the hourly time-series are shown in Figure 4.8 for both Derg and Strule rivers. The 
monthly P50 and P75 datasets are also shown in Figure 4.8. For the Derg, the P50 trend tests 
indicated a slight increasing trend in colour but this was not significant (z = 0.529; p =0.597). For 
the Strule over the same period, there was a slight decreasing trend in colour but this was not 
significant (z = -0.441; p = 0.659). The P75 trend tests for the Derg similarly indicated a slight 
increasing but not significant trend in colour (z = 0.176; p = 0.860). For the Strule over the same 
period, there was a slightly increasing but not significant trend in P75 colour (z = -0.353; p = 0.724). 

Figure 4.7: Hourly turbidity time-series data for the Derg and Strule rivers over the monitoring period (Derg) and a 
shorter (unarchived) dataset for the Strule. Also, a combined monthly dataset showing P50 and P75 turbidity values.
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 10 Additional archived data from NI Water will be analysed in further work as part of a linked PhD project.

As the turbidity time-series in each river indicated significant trends over the period, tests of 
normality also enabled linear rates of change to be estimated through regression analysis. These 
results are shown in Figure 4.9 with regression equations applied to each P50 and P75 time series. 
For the Derg, decreasing rates of turbidity change were -0.0024 NTU per month and -0.0033 NTU 
per month, respectively. For the Strule, increasing rates of turbidity change were 0.0018 NTU per 
month and 0.0031 NTU per month, respectively. 

Figure 4.8: Hourly colour time-series data for the Derg and Strule rivers over the monitoring period (Derg) and a shorter 
(unarchived) dataset for the Strule.  Also, a combined monthly dataset showing P50 and P75 colour values10.
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4.3.4. Implications for Water Treatment  

River Derg discharge indicated no significant monotonic trends during the monitoring period. 
Assuming that these trends were similar for the Strule, it can be further assumed that trends in 
turbidity and colour time-series data were independent of rainfall-runoff patterns. The most 
significant of these trends was identified for monthly datasets of turbidity, where the Derg 
indicated a decreasing trend and the Strule an increasing trend. The major difference between 
the two catchments was the LIS in the River Derg catchment. 

Although a robust time-series of data from the C3 equipment would have helped to verify a 
suitable control for the Derg datasets, there is some confidence that the dissimilarities indicated 
in the Strule for turbidity are an indication of the mitigations in the Derg upstream of Derg WTW. 
The data trends for colour in both rivers (Figure 4.8) also indicate that the major changes in water 
quality between the two rivers were likely to have been in the particulate phase related to 
organic soils, rather than the dissolved phase (from organic soils). The data do not show any 
monotonic tends for water colour in either river other than seasonal influences. 

Using the data to date, over the monitoring period since the LIS measures were started in the 
Derg catchment in April 2020, the reduction of P50 turbidity was 66% and P75 turbidity was 68%. 
However, it should be noted that using the percentile approach the starting point of this trend 
was low, in the 3-4 NTU range, and so the percentage reductions have to be viewed in this 
context. Furthermore, the trend analysis on data from both rivers could be improved with, i) 
analysis of archived data from the Strule completing the time-series and ideally for both rivers to 
start in October 2018 to capture the full winter period. And, ii) addition of further datasets into 
the future and at least until March 2023.

Figure 4.9: Linear rates of turbidity change over the monitoring period for the Derg and Strule. The solid trend lines are 
for the P75 data, dashed trend lines are for the P50 data.



Evaluation of an Agri-Environment Scheme in the Derg Catchment

40

5. COST-BENEFIT ANALYSIS  

5.1. Overview 
This section provides a cost-benefit analysis (CBA) of the Land Incentive Scheme (LIS) and 
community outreach work which has been undertaken in Derg Catchment under Source to 
Tap11. The project awarded €1.16 million in grants to 118 farmers and engaged in extensive 
community engagement (including an education programme). At a time when public spending 
is increasingly under scrutiny, it is essential to make informed decisions regarding the adoption 
of such schemes in the future. CBA enables an evaluation of the LIS to be undertaken in a 
transparent and consistent manner, comparing the costs and benefits of a ‘business as usual’ 
(BAU) scenario without the LIS and the intervention scenario with the LIS over a 30 year time 
frame. 

The main aim of the LIS is to reduce the levels of MCPA, colour and turbidity in the River Derg as 
these pollutants pose the greatest risk to water quality in the catchment. The measures offered 
to farmers in the LIS reflected these priorities, e.g., weed-wiping, pesticide storage units, fencing. 
By improving water quality, uptake of LIS measures has the potential to enhance the 
environment of the Derg Catchment.  To evaluate the benefits of the LIS, all the impacts on 
society should be identified, not just those with market values. To do this, the ecosystem services 
approach (UK National Ecosystem Assessment 2011b, UK National Ecosystem Assessment Follow-
on 2014) is used. Ecosystem services are the goods and services provided directly or indirectly 
by the environment to enhance human well-being, e.g., food, water, biodiversity. This approach 
enables the connections between ecosystem services and human well-being to be assessed in 
a systematic and comprehensive manner. This improves decision-making by ensuring that policy 
appraisals take into account the costs and benefits to the natural environment including trade-
offs.  This is important since many of these benefits have no market (for example, erosion and 
flood control, in contrast to food or timber) therefore no market price to enable their inclusion 
within economic assessments.   

While it is beyond the scope of this study to monetise (place a monetary value on) all the non-
market benefits delivered by the LIS, this approach describes qualitatively (see Table 5.1) the 
potential impacts of the LIS measures on the relevant ecosystem services. The purpose of the 
qualitative assessment is to illustrate, through the use of expert opinion, the magnitude of likely 
impact (positive or negative and/or large or small) on each ecosystem service to ensure that it 
is not overlooked in decision-making processes (Everard and Waters 2013). 

As the greatest anticipated benefit is an improvement in water quality for abstraction for 
treatment as drinking water, a detailed monetary assessment of drinking water quality benefits 
will be undertaken. Educational benefits from the community outreach programme will also be 
significant and monetised. This will represent a conservative CBA as the other benefits will not 
be monetised, for example, carbon benefits which depend on uptake of various measures, e.g. 
peat restoration or tree planting. 

 11 See full CBA report for more detail at (https://www.sourcetotap.eu/updates/report-library/)

https://www.sourcetotap.eu/updates/report-library/
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Table 5.1: Qualitative Assessment of Potential LIS impacts in Derg Catchment (actual impacts will depend on 
uptake of each measure)

Ecosystem 
good or 
service

Description Pot
ent
ial 
eff
ect

Notes

Food Food production (including 
agriculture, horticulture, 
commercial fisheries and 
game)

+ Fencing and the provision of
alternative water sources will
enhance production (albeit
minimally) due to reduced soil
erosion through poaching and
the increased likelihood that
the land will be grazed since
sheep/cattle will be
contained

Fresh water Provision of water for 
abstraction as drinking water

++
+

Weed-wiping, fencing, peat 
restoration and tree planting 
will improve the base quality 
of drinking water with 
reduced concentrations of:

� MCPA, colour and
turbidity

� Ammonia and faecal
contaminants

Higher water quality also 
enhances security of supply 
by reducing WTWs/WTP 
shutdowns

Fuel Production/ excavation of 
natural combustible 
materials

- Peat restoration will reduce
peat extraction for fuel

Timber/fibre Production of primary 
materials such as timber, 
wool and cotton

+ Tree planting may produce 
timber in the future; value will 
depend on the management 
of the woodlands 

Energy Production of renewable 
energy resources (wind 
power, hydroelectric and 
biofuels)

+ Tree planting may produce
firewood in the future

Water quality 
regulation

Protection of water quality + All the LIS measures will 
enhance water quality, 
through reducing the inputs of 
sediments and chemicals into  
watercourses or enhancing 
water filtration services

resupply new 
format and we 
will insert
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Flood/erosion 
control

Protection from flooding and 
control of erosion 

+ Peat restoration and tree
planting will store water, slow
the flow of the river and
reduce flooding and soil loss

Pollution/noise 
control

Provision of clean air, soil and 
water, and attenuate noise 
pollution

+ Fencing, peat restoration and 
tree planting will reduce all 
pollutant loadings; trees will 
provide a noise barrier

Climate 
regulation

Climate change (reduce 
GHG emissions) 

++ Peat restoration (specifically 
peat accumulation) and tree 
planting will enhance carbon 
sequestration 

Disease and 
pest control

Regulation of diseases and 
pests 

+ Fencing and tree planting 
reduce transfer of disease 
such as TB between farm 
herds

Aesthetic 
values

Aesthetic satisfaction and 
natural beauty

+ Fencing, peat restoration and 
tree planting will reduce 
colour and turbidity 
concentrations in the River 
Derg 

Recreational 
values

Formal and informal 
recreational activities 
involving use or enjoyment of 
the environment. For 
example: walking, bird-
watching, recreational 
fishing

+ Peat restoration, tree planting
and fencing will create
habitats and improve water
quality and therefore
enhance fish stocks and
benefit recreational anglers;
benefits to other recreationists
will depend on public access

Historic/
cultural 
landscape

The contribution to wellbeing 
and knowledge associated 
with the existence of 
significant historical and 
cultural landscape features

0 No change anticipated

Spiritual 
values

Benefits to spiritual wellbeing 
from natural places

0 No change anticipated due 
to limited public access

Education The contribution to 
knowledge and learning 
associated with natural, 
historical and cultural 
landscape features

++
+

Community outreach e.g. 
school visits, will deliver 
educational benefits

Health 
benefits

Benefits to physical and 
mental health and wellbeing 
from accessing to the 
environment

0 No change anticipated due 
to limited public access

resupply new 
format and we 
will insert
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Non-use 
values

The value that people assign 
to a good which is unrelated 
to an individual’s current or 
future use of the good, e.g. 
existence or bequest values

+ Positive benefits will be gained 
from the satisfaction of 
knowing that the catchment 
has been enhanced even 
without directly benefitting 
from it; this can include the 
knowledge that others in the 
current and future generations 
will benefit 

Biodiversity Biodiversity supports many 
other ecosystem services 
and has cultural value

++ Peat restoration, tree planting 
and fencing will create 
habitats and improved water 
quality will enhance wildlife in 
the catchment

Scor
e

Assessment of Likely 
Impact

0 None or negligible

+ Small positive effect

++ S ign i f icant pos i t i ve 
effect

+++ Very significant positive 
effect

- Small negative effect

- - Signif icant negative
effect

- - - V e r y s i g n i f i c a n t
negative effect

resupply new 
format and we 
will insert
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5.2. Evaluating the Benefits of the LIS 
 
5.2.1. Water Quality benefits 

Improving the quality of the raw water abstracted from the Derg will deliver benefits through a 
reduction in the treatment costs necessary to meet the standards of the Drinking Water Directive.  
This ‘Avoided Cost’ approach12 can be used to estimate a lower bound or minimum value of 
the economic benefit of the improved water quality delivered by the LIS measures.  This 
calculates the cost savings that will be achieved as a result of reducing concentrations of MCPA, 
colour and turbidity.   

To capture these cost savings, the costs of treating the raw water with and without the LIS are 
examined using two scenarios: the business as usual (BAU) scenario representing the costs of 
treating the raw water without the LIS while the intervention scenario representing the costs of 
treating the water with the LIS (Table 5.2). The full CBA report provides a detailed discussion of 
how the BAU and intervention scenarios are derived and the assumptions underlying the analysis.   

Exceedances in MCPA and trihalomethanes13 (THMs) at Derg WTWs led to recommendations to 
upgrade current processes through the construction of a new clarifier process to deal with THMs 
and a Powdered Activated Carbon (PAC) dosing facility to deal with MCPA. Construction of 
the clarifier is assumed under both scenarios, due to a lack of evidence that THM compliance 
can be guaranteed via catchment measures.14 Costs for the clarifier are equivalent in both 
scenarios and cancel out.

Table 5.2: BAU and Intervention Scenarios

 12 See full report (https://www.sourcetotap.eu/updates/report-library/) for more information. 
 
13 Trihalomethanes are disinfection by-products produced when water with high concentrations of organic compounds is 
treated with disinfectants. Given the known correlation between colour concentrations and Total Organic Carbons 
(TOCs), colour levels are highly relevant to THM formation 
 
14 It may take several years before the impact of LIS measures on colour and turbidity is clear, for example, through the 
build-up of riverbank vegetation enabled by fencing.
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Construction of the PAC facility can be avoided under the intervention scenario, but will require 
continued catchment investment beyond the lifetime of the current LIS project to capitalise and 
build upon the 21-24% MCPA reductions achieved through the current LIS and eliminate MCPA 
exceedances. The additional investment in the LIS would take into account the findings of the 
Process Evaluation15 and would involve elements focused on minimising MCPA use as follows: 

Continued support for farmers post StT to ensure a long-term shift away from MCPA use •
via subsidised weed-wiper and topping contractor costs, free weed-wiping hire, with 
requisite training, enabling a ‘try before you buy’ and weed-wiper grants 
Continued education of farmers post StT about the high levels of MCPA in the catchment •
via events and information bulletins demonstrating issues and tracking progress on raw 
water quality 
The provision of pesticide storage units, drip trays and spill kits to help reduce spillages on •
farms that did not receive them within the current LIS 
Regular pesticide disposal schemes16 for farmers wishing to clear out unwanted pesticide •
products including MCPA 

The difference in treatment costs between the two scenarios provides an estimate of the cost 
savings achieved through the LIS and a minimum value for water quality benefits.  Cost savings 
under the intervention include:  

Capital cost savings: MCPA is removed by GAC (granular activated carbon) filters because of 
its high adsorptive capacity. However, removing MCPA represents a costly investment, both in 
terms of the initial capital outlay to build the filtration units and the ongoing cost of regenerating 
or replacing the GAC (also classed under capital expenditure). Reductions in MCPA 
concentrations, as evidenced by the AFBI monitoring results (Section 4), will reduce capital 
expenditure since GAC regeneration/replacement will occur less frequently17. Despite the 
introduction of the PAC facility, GAC filters will remain in operation so will continue to be included 
under capital costs with PAC as an add-on process.  

Operational cost savings: These are the savings accruing in the day to day running costs at the 
WTWs under the intervention scenario because colour and turbidity concentrations are reduced 
relative to BAU. Given that it could take years to establish the impact of LIS measures such as 
fencing on colour and turbidity concentrations, a conservative, hypothetical 5% colour 
reduction18 has been used to examine the potential cost savings. 

Costs include the chemicals alum and lime, and sludge disposal. Energy costs were also 
available but these were considered insignificant since having higher concentrations of colour, 
turbidity or MCPA will impact very little of the amount of electricity used. Power costs were 
therefore excluded, but are relevant where investment must be made in a new capital works 
solution involving additional electricity costs.

15 Available as a separate report at (https://www.sourcetotap.eu/updates/report-library/)  
 
16 A pesticide disposal scheme is currently (April 2022) being delivered by NI Water and supported by Source the Tap, though the 
benefits will not be reflected until later monitoring periods. 
 
17 For example, GAC filter regeneration every five years instead of every three years. 
 
18 While savings from reductions in colour are included, those from turbidity are excluded to avoid double counting of cost savings. 
Colour is more relevant for water treatment costs in terms of chemical usage and sludge production and THM formation.

https://www.sourcetotap.eu/updates/report-library/
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Exceedance prevention savings: Given MCPA exceedances, additional costs have been 
incurred to resolve the exceedances triggered under the BAU scenario. These additional costs 
represent a potentially substantial component of overall cost savings under a successful 
intervention scenario, but are conditional on concentrations being reduced to the point at 
which the raw water entering the WTWs is likely to be treated effectively with no MCPA 
exceedances. These include: 

upgrades to more costly GAC filters, •
feasibility and treatability studies,  •
trials with associated report writing, and •
the design and construction of a new PAC dosing facility with associated operational •
costs.  
 

5.2.2. Educational Benefits 

These are a cultural service provided by the ecosystem and include the benefits arising from 
the community outreach work (including citizen science opportunities and school visits) of 
Source to Tap where the focus is on the water environment. While there is no obvious economic 
technique to value educational benefits, the UK National Ecosystem Services Assessment (2011b)  
argues that for school visits, it should be assumed that the cost of conducting school visits is at 
least worth the cost of investment, i.e. staff time, materials and travel costs, and this could be 
viewed as a lower bound (minimum value) as long as they are conducted economically. The 
same can be said for citizen science and wider community outreach.  School visits and citizen 
science provided in the Derg catchment within StT are assumed to have supported uptake of 
the LIS by educating the public (including farmers, their children and their local community) 
about the critical role they play in protecting local rivers and lakes, the source of their drinking 
water. 

 

5.3. Evaluating the Costs of the LIS 
The costs of running the LIS and community outreach programme were obtained for all aspects 
of the work:  

LIS: included staff time spent in initial training and in the development, design and 
implementation of the LIS with associated administration and recording. They include external 
costs such as consultancy and website costs in designing the scheme, the cost of advertising 
(e.g. radio and newspaper adverts), publicity (e.g. room hire, hospitality, printing of promotional 
materials), travel and other miscellaneous costs. 

Community outreach: covered staff time developing and delivering the schools and citizen 
science programmes with associated administration. They covered all external costs including 
web design, publicity, advertising, travel and other miscellaneous costs.  

Staff time for both the LIS and community outreach including an allowance for time spent by all 
partners including the Rivers Trust, Northern Ireland Water, Irish Water and East Border Region. 
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5.4. Results from the Cost-Benefit Analysis19  
The CBA undertaken for the LIS involved comparing the benefits of the scheme to the costs of 
running the scheme as detailed in the previous section.  To accommodate all long term benefits 
deriving from the LIS measures which included galvanised steel fencing and tree planting,20 a 
time period for this evaluation was chosen of 30 years - 2019 to 2048.  A discount rate of 3.5% is 
then applied to all costs and benefits as recommended by The Green Book (HM Treasury 2018). 
Discounting is a technique that allows costs and benefits with different time spans to be 
converted into ‘present values’ (PV) so that they can be compared. The effect of discounting 
is to give future costs and benefits less weight in economic analysis to reflect the lower value 
that society places on future consumption over present consumption21.  The Green Book 
recommends that costs and benefits occurring in the first 30 years of a programme, project or 
policy be discounted at an annual rate of 3.5%. 

 

5.4.1. LIS Benefits – Water Quality and Educational Benefits 

Table 5.2 shows total monetised water quality benefits from the LIS as present values which 
includes all cost savings at Derg WTWs from the LIS over a period of 30 years. Capital cost savings 
are £3.7M and include the capital costs associated with construction of the PAC facility and 
GAC filter savings through less frequent replacement and regeneration of filters. Operational 
cost savings are £7.4M and include cost savings in alum, lime and sludge disposal, and the 
additional operational costs associated with the PAC facility. When MCPA levels are kept below 
regulatory levels savings, other additional cost savings accrue, for example, treatability and 
feasibility studies and trials, amounting to an additional £1.1M in cost savings. As discussed in 
Section 5.2.2, the costs and benefits of the community engagement programme are neutral. 
The combined cost saving provides total discounted benefits from the LIS and community 
outreach of £12.4M.

19 See full CBA report (https://www.sourcetotap.eu/updates/report-library/) for detailed information. Note that CBA results are in £ 
sterling given the focus on the Derg WTWs which is within the jurisdiction of the UK. 
 
20 Although 30 years, some benefits will only accrue in the first few years while others will continue to deliver benefits for decades. 
Only 4 farms in total chose tree-planting and galvanised steel fencing so these benefits will be small but are still included. See full 
report for more information. 
 
21 Opschoor, H., Opschoor, J.B. and Turner, R.K. (1994) Economic incentives and environmental policies: principles and practice, 
Springer Science & Business Media. 
 

https://www.sourcetotap.eu/updates/report-library/
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5.4.2. LIS Costs – LIS and Community Outreach 

The present value for the costs for the LIS and community outreach undertaken as part of Source 
to Tap project was an estimated £1.7M (Table 5.3). All these costs were incurred in the lifetime 
of the project (2018-2022). The LIS extension would continue on from the current scheme 
beginning in 2022. Investment would be £200,000 per year in years 4-8 and £100,000 per year in 
years 9-30. The present value of the total cost of additional LIS investment beyond the lifetime 
of the StT project is estimated to be £2 million between 2022 and 2048. It is anticipated that there 
will be considerable savings made through simplifying structures and administration and by 
focusing on a smaller number of measures and targeting these more effectively. 

Table 5.3: Benefits of the LIS (present values)
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5.4.3. Cost-Benefit Analysis Result 

Over a 30 year period from 2019 to 2048, comparing the benefits and costs of the LIS including 
future LIS investment costs gives a Net Present Value of £8.7M and a Benefit Cost Ratio of 3.36. 
That means that for every £1 invested there will be £3.36 worth of benefits (Table 5.2).  

There are several other non-market benefits which should also be considered alongside the 
Benefit-Cost results presented above. Those above focus only on savings from lower 
concentrations of MCPA, colour and turbidity, but it is likely there will be other water quality 
benefits, e.g. lower levels of ammonia and coliforms for drinking water abstraction. Recreational 
benefits to anglers, enhanced biodiversity, erosion/flood control and carbon benefits22 should 
also be noted. 

Table 5.5: NPV and Benefit Cost Ratio of LIS and Community Outreach (present values)
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22 Accurate estimates for the carbon benefits of riparian strips enabled by fencing are still in the early stages, but may be possible 
for future CBAs; avoided greenhouse gas emissions from PAC facility under the intervention scenario could also be included 
under carbon benefits.
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5.5. Conclusions  
The aim of this study was to deliver and evaluate an LIS and a community outreach programme 
under the Source to Tap project. In addition to the extensive community engagement and 
education programme carried out, 236 whole farm surveys have been completed, over 1,700 
pressures have been identified and 118 applications were approved for funding, spending a 
total of €1.16 million in grants to farmers. The water quality monitoring programme demonstrated 
a 21-24% reduction in the MCPA time/flow weighted mean concentrations in the raw water as 
a result of this investment. The cost-benefit analysis found that the benefits of the LIS would cover 
costs more than three times over.  Over a 30 year period from 2019 to 2048, estimates of the 
benefits and costs of the LIS, including future additional LIS investment costs, give a Net Present 
Value of £8.7M and a Benefit Cost Ratio of 3.36. That means that for every £1 invested there will 
be £3.36 worth of benefits. The majority of cost savings are achieved because regulatory 
breaches in MCPA trigger substantial capital and operational spend that could be avoided with 
effective catchment management.   

The findings of the StT project have demonstrated that catchment specific approaches with 
project advisor-led input have significant potential to address water quality problems. However, 
such schemes require an investment of time, human and physical resources to effect and sustain 
the long term water quality and behavioural change needed to tackle the challenges 
effectively. These findings have important implications for the wide range of catchment specific 
approaches that have been implemented across the UK and Ireland in recent years through 
schemes such as the EAA (Exceptional Adjustment Aid) and CSSTTI (Colebrooke and Strule Soil 
Testing and Training Initiative) in Northern Ireland, CaBA (Catchment Based Approach) in 
England and ASSAP (Agricultural Sustainability Support and Advisory Programme) in Ireland. 
However, it can take years to build up trust with farmers and the local community, to work 
through issues and create win-win solutions, and often schemes suffer from restrictive short-term 
funding schedules. This hampers their effectiveness so that they are unable to compete with 
costly capital-based solutions. To avoid this, engagement must be sustained and built upon to 
ensure long term success which will deliver substantial water treatment cost savings and multiple 
additional benefits.
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APPENDIX A – OVERVIEW OF THE LIS APPLICATION PROCESS 

The LIS would be promoted to the public through a series of events, advertisements, 1
meetings and other appropriate communication methods, until the budget was fully 
committed. 
Landowners expressing interest in the LIS would receive a visit from a StT project officer 2
(trained in The Rivers Trust’s PINPOINT technique to provide farmer advice25)  
The landowner and project officer would walk the farm together, collecting spatial26 and 3
photographic evidence of potential or actual pressures on the water environment that 
could contribute to the issues of colour, turbidity or MCPA loss to watercourses. 
The project officer would produce a bespoke and confidential WEMP which outlined the 4
issues noted on the farm and prioritised measures to address the problems identified.  
When producing the WEMP, evidence such as modelled overland flow maps27 were taken 
into consideration. Further information on this can be found in the Risk Mapping Report 
(https://www.sourcetotap.eu/updates/report-library/) 
The weed-wiping measure in the LIS would always be given the top priority for intervention 5
and implementation was a pre-condition before other measures were considered for 
funding.  
A Rush Control Plan would be produced where weed-wiping was recommended (annex 6
to the WEMP). 
A Peatland Management Plan would be produced where peatland management 7
measures were recommended. 
The WEMP, and any annexes, would be provided to the farmers, in addition to on farm 8
advice. 
The landowner would inform the project officer which LIS measures they wanted to apply 9
for on their farm (i.e. landowners had to apply for funding for interventions based on the 
priority recommended by the project officer in the WEMP). 
The landowner, with the help of the project officer, would obtain quotes for each 10
item/service required.  
The landowner, with the help of the project officer, would fill in the simple LIS Application 11
Form, using the cheapest price obtained for each item/service required. 
The project officer would review the application form and all quotes obtained (taking 12
copies of each) and sign the application as ‘received’.  
The application and supporting evidence would be reviewed and verified by an 13
independent Finance Officer (i.e. EBR undertook all verification) and be entered on to 
the LIS Finance System (designed as part of the LIS process). 
The project officer would issue a Letter of Offer, Agreement Note and Scheme Terms and 14
Conditions to the landowner, for the landowner to sign and return (within 14 days). 
On receipt of the signed Agreement Note, the project officer would issue a ‘Permission 15
to Start’ letter to the landowner. 

 25 Advice and support were given in identifying and citing suitable solutions to issues, or potential issues, noted on the 
farm. Further technical advice on implementation of the measures from qualified specialist in the relevant field (i.e. 
engineers, contractors etc.): "https://www.scimap.org.uk/" https://www.scimap.org.uk/)

https://www.sourcetotap.eu/updates/report-library/
https://www.scimap.org.uk/
https://www.scimap.org.uk/
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The landowner would then engage the approved supplier(s)/contractor(s) to undertake 16
the works on their farm. The project officer would provide support throughout the process, 
if required by the landowner. 
On completion of all work(s) the landowner would receive the bills/invoices in their 17
name(s) and pay for the goods and services in full, obtaining receipts and proof of 
payment.  
The landowner would then notify the project officer that the work(s) were complete, and 18
the project officer visited the farm to confirm that all the interventions were in-situ. 
Spatially referenced photographic evidence was obtained, linking the intervention(s) to 
the originating issue(s). 
The landowner, with the help of the project officer, would complete the LIS Claim Form, 19
appending evidence of invoices and proof of payment (e.g. receipts). The project officer 
would view the landowner’s bank statement to confirm defrayments of invoiced 
equivalent sums to the supplier(s). 
The Claim Form and supporting evidence would be reviewed and verified by an 20
independent Finance Officer (i.e. EBR undertook all verification) before being entered 
on to the LIS Finance System. 
The available budget was monitored at each stage to ensure it wasn’t exceeded.  21
The grant claim would be paid back to the landowner within 8 weeks of approval of a 22
completed claim. If the landowner was VAT registered then the total paid back in grant 
was exclusive of VAT, as this would be recoverable by the landowner. 

Where multiple claims were being made by a landowner, to aid cash flow in the farm business, 
steps 17 to 21 were repeated until all the grant allocated to that farm business was claimed.
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