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Executive summary. 
1. The overall objective is to assess what constitutes effective and proportionate mitigation of diffuse pollution in catchments which are (a) representative of typical land uses in Scotland  and (b) where surface waters are considered at risk of failing to meet Good Ecological Status under the Water Framework Directive, as well as other regulatory targets.
2. This is being progressed through an Environmental Focus Farm,  user focus group meetings, auditing and implementation of appropriate and agreed statutory and voluntary measures and pre- and post-implementation monitoring.
3. Potential regulatory issues in the catchment include: nitrates in groundwater, soluble P, fine sediment and ecology of surface running waters; total P and chlorophyll a content within Rescobie and Balgavies Lochs; morphological barriers to migratory fish (eg Boysack Weir), and excessive soil erosion of bare ground in winter. 
4. The Lunan Water itself and feeder streams to Rescobie and Balgavies Lochs, meet Good Ecological Status for water chemistry. However 90th percentile turbidity values for Baldardo and Lemno Burns are high. Attention should be paid to determining the trophic diatom index and RIVPACS data for these waters to evaluate whether the chemistry is reflected in the ecology. 

5. Both  Rescobie Loch and Balgavies Loch fail to met GES. Target TP loads to achieve GES are 210 kg P and 197 kg P respectively. Estimated loading reduction requirements (from Vollenweider calculations) are 366kg P and 451 kg P respectively. Current loading estimates from direct monitoring are uncertain.  
6. Current loading estimated from Rescobie to Balgavies Loch is 475 kg TP (2006/7 data). As this is a large proportion of the catchment area of Balgavies Loch, a reduction of about 80% of this load is required to achieve GES in Balgavies Loch. Further work is needed to better estimate input loads of TP. This will be achieved through fortnightly spot sampling, interpolation using turbidity data, use of event sampling for calibration along with discharge estimation from water level and stage: discharge calibration. 
7. Several voluntary measures have been identified and some are being adopted by farmers in the farmer focus group, A key priority for the next half year is carrying out farm audits of compliance with General Binding Rules (GBR) for diffuse pollution control and Good Agricultural and Environmental Condition (GAEC) requirements for soil protection.
8. Preliminary dating of groundwater samples from these boreholes, using CFC and SF6, has indicated that water in the aquifer has an average age of around 20 years , and possibly up to 40 years in certain regions. This has clear implications for the time-scales over which reductions in diffuse pollution can be expected to improve groundwater quality
Introduction
The Monitored Priority Catchments (MPC) project is driven by a need to demonstrate sustainable approaches to catchment management for Scottish water bodies, with particular reference to the Water Framework Directive and to provide a mechanism to assess the efficacy of statutory and voluntary measures to achieve improvement in water quality against regulatory standards. The overall objective is to assess what constitutes effective and proportionate diffuse pollution mitigation in catchments which are (a) representative of typical land uses in Scotland  and (b) considered at risk of failing to meet Good Ecological Status under the Water Framework Directive,  through implementation of appropriate and agreed measures and pre- and post-implementation monitoring. Two catchments representative of Scottish land use are being used for the project (see Figure 1) - Lunan Water in Angus (selected as a representative of intensive mixed arable production) and the Cessnock Water in Ayrshire (selected as a representative of intensive dairy farming).These were considered to be at risk in the SEPA pressures and impacts report:  (http://www.sepa.org.uk/pdf/publications/wfd/Article_5_Scotland_River_Basin.pdf, 
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Figure 1. Monitored priority catchment locations.
The aims of the project are :

1. To characterise these MPCs using pre-existing and new baseline  biogeochemical monitoring, land use and stream morphological data; 

2. To identify compliance issues in the MPCs with respect to the achievement of Good Ecological Status under the Water Framework Directive, and other relevant legislation;
3. To agree chemical and ecological targets to achieve compliance; 
4. To identify, agree and take forward statutory and voluntary measures by which farmers and other user groups in the MPCs can address diffuse pollution issues;
5. To assess the effectiveness of  these measures to mitigate diffuse pollution by means of appropriate biogeochemical monitoring and other data sources;

6. To explore the potential of alternative policy scenarios for achieving both Good Ecological Status in surface waters and groundwater resource protection within a sustainable socio-economic framework. 
This report provides a summary of progress against these aims in the Lunan Water MPC from January 2007 to August 2008.

The project is a joint initiative, involving SEPA, MI and SAC. A key driver for SEPA is achievement of the Water Framework Directive objective of Good Ecological Status for all Scottish Waters by 2015. MI and SAC are responsible for a RERAD funded research and knowledge transfer objective on water quality and this project provides a vehicle for some of this activity. Resources are provided from Scottish Government Research Programme ( (MI and SAC) and SEPA’s Land Programme. The respective roles in the project are summarised in Figure 2.
The regulatory mechanism of the Water Framework Directive is the main driver for identification of mitigation requirements in the catchments. Catchment characterisation and routine monitoring help to identify the main issues to be resolved. These functions are led by SEPA, and supported by MI and SAC. Identifying practical measures on farms, through farmer-led focus groups and audits, is a key element of achieving implementation of diffuse pollution mitigation, and this is led by SAC, supported by MI and SEPA. The Scottish Government-funded Waters Research Objective, led by MI, involves critical water quality monitoring and modelling of catchment processes, along with appraisal of user group perception of issues in the catchment. The contribution of other user groups to water quality management is also being assessed by MI. This is supported by SAC and SEPA.  
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Figure 2. Roles and responsibilities within the MPC project

1. Characterisation of Lunan catchment
Characterisation of the catchment is an ongoing process and a working document is available (W:\WP35\352_Management_Practices\Results\LunanWater\Characterisation\Lunancharacterisationdraft.doc, see also http://www.programme3.net/water345pollution.php) which summarises what is known about the hydrology, land use, biogeochemistry and ecology of the catchments.  Some key features are summarised in Table 1. 
Table 1. Main characteristics of  the Lunan Water catchment 

	Main Characteristics

	Geology: Much of area is underlain by groundwater bodies in old Red Sandstone

The area of glacial sands and gravels borders the river channel network and in groundwater terms is classified as a high productivity drift aquifer.

	Topography: Maximum elevation = 251m (Turin Hill), most of topography is undulating hills. 

	Soils: Mainly freely draining brown earth and podsol soils; some alluvial soils. 

	Catchment area: 134 km2

	Average Rainfall = 771 mm

	Standing waters: Two eutrophic lochs.

Rescobie is a popular fishery (area 59ha, mean depth 3.3m)
Balgavies is a Scottish Wildlife Trust reserve (area 18ha, mean depth 3m)
These both fail the WFD standards for Good Ecological Status

	Running Waters: Lunan Water flows into Rescobie (along with Burnside Burn and Baldardo Burn) drains the Lochs.
Vinny Water and Gighty Water feed into Lunan Water at Friockheim and Boysack respectively. 

	Ecology: Restenneth Moss (an SSSI), is a 0.35 km2 lowland mesotrophic basin mire.  Vegetation includes sedge swamp, Phragmites fen, willow carr, wet birchwood and floating Sphagnum moss mire.  

Rescobie and Balgavies, have been designated as a SSSI covering 1.78 km2, is one of the most extensive associations of wetland habitats in Angus, ranging from open water to dense willow and alder carr.  There is a rich mollusc fauna characteristic of calcareous waters and a range of uncommon stoneflies and caddis flies.  The lochs support over 60 species of breeding birds. The catchment has recently been reviewed for ‘notified features’ under the Nature Conservation Act. These are basin fen communities, transitional open fen communities and the vascular plant assemblage

	Land use: 
Intensive arable farming (79% cereals, 12% potatoes) across most of the catchment

	Sewerage: 
Four public STWs (Craichie, Letham, Friockheim, Inverkeilor). Lunan Head STW drains outwith the catchment but can contribute during periods of overflow. 

Significant numbers (ca 800) of houses not on main sewerage 

	Other pressures: 
Landfill, Abstraction, Quarrying


2. Water quality drivers and compliance issues  

The key water quality drivers in the catchment are the Water Framework Directive, the Nitrates Directive and the Freshwater Fish Directive (Lunan Water is designated as a salmonid river). The main issues in the 
Table 2. Catchment issues identified by SEPA/SAC and MI  through assessment of catchment data and user group work, during the first year and potential mitigation measures. 

	Issues
	Potential  Mitigation

	Groundwater is not achieving drinking water standards for nitrate(11.4 mg/ L
 NO3-N)
	- Compliance with NVZ regulations

By improved nutrient management. 
- Nutrient budgeting, improved liming practice and precision farming will help N use efficiency.
- Refer to Scottish BMP manual.

	Running water eutrophication.

All watercourses thought to be incompliance with GES wrt chemistry. 
SEPA’s routine monitoring sites give mainly an A2 class
	· Reintroduction of natural riparian conditions and backwaters.
· Reducing soluble  inputs from septic tanks and agriculture


	Loch eutrophication:

Rescobie designated as MODERATE/POOR and Balgavies Loch as POOR according to UKTAG (2007) standards.  Total P content and chlorophyll a content are the limiting factors. Decline in macrophytes; algal blooms; N and P enrichment. Unknown internal source of P from loch sediments.
	-Estimated reductions in P loading of 339 kg  to Rescobie  and 451 kg to Balgavies  per year needed to achieve good status. 

- Straw bales are placed in Rescobie to counteract algal blooms.

- Compliance with GAEC, GBRs and PEPFAA code  on farms to minimise nutrient loss
- Better septic tank maintenance and novel technologies for nutrient retention. These  contribute 10-40 % of P to the catchment
- Refer to Scottish BMP manual

	Fishery. Trout and salmon catch in main stem of Lunan River is depleted. 
Significant morphological alteration has taken place; barriers to migration occur
	Fish ladder on Boysack Weir

Increase opportunities for spawning  by enhancing streambed coarse sediment content



	Good agricultural and environmental condition  - Soil erosion. Sloping fields in potatoes or winter cereals are prone to soil erosion.  Most rain occurs in autumn when soils are vulnerable to erosion
	Compliance with GAEC, GBRs and PEPFAA code. Avoid  row crops on steep fields.

Refer to Scottish BMP manual.

 Spring cropping to limit soil exposure to autumn rain. Interrupt tramlines on winter crops

	Abstraction 22 licensed abstractions;  
Polytunnels require large water inputs
	Position unknown

	Landfill. 18 ha closed site at Lochhead. 19 ha active site at Restenneth Recently capped site at Kinnell
	Not thought to be significant polluters, except sediment loss from recently capped sites

	Quarry near Friockheim  generates sediment and dust
	Retention bunds and regular wetting of hardstanding surfaces


catchment relevant to compliance and potential mitigation measures are summarised in Table 2. These issues have been identified by SEPA/SAC/MI, through user group consultation, direct observation and data analysis. 
2.1. Nitrates in ground and surface waters.  Most of the land in the catchment is in a Nitrate Vulnerable Zone to ensure groundwater is of drinking water quality. This means it is subject to the Action Program(http://www.scotland.gov.uk/Publications/2003/01/ 16203/17028) which limits fertiliser and manure N inputs to farms in the catchment. 
2.2. Eutrophication of running waters. Annual mean soluble P concentration (120 (g/L soluble P is required for good status for alkaline waters) is the principal risk factor for WFD. The main stem of the Lunan has been identified by both SEPA’s Pressures and Impacts report, and SNIFFER’s Screening Tool report as being probably at risk (Class 1a) of failing the Water Framework Directive guidelines for good water quality, Table 3 shows the WFD standards for rivers. Table 5 shows a summary of  SEPA data for sampling sites in the Lunan Water. These data show that the main stem of the Lunan Water meets GES for chemistry. 

Table 3.  Proposed WFD standards for river water

	Rivers
	BOD
	DO 
	o-Phosphate
	NH4-N
	pH

	
	mg/l
	% Saturation
	mg/l
	mg/l
	

	High
	4
	70
	0.050
	0.3
	<=6-<=9

	Good
	5
	60
	0.120
	0.6
	>=5.2


Macaulay Institute has also been carrying out fortnightly chemistry spot samples on 5 subcatchments feeding Rescobie Loch, Balgavies Loch and the Lunan Water, sampling beginning in Dec 2006 for some sites. A map of the sampling sites is shown in Figure 3. Analysis of  Suspended Solids, pH, EC, NH4+, NO3 -, Total N, Org N, SRP, Tot-P, Org-P, DOC, Alkalinity, metals,  Cl-, SO4 2-,TOC has been done. A summary of chemical data collected at the 5 sub-catchment outlets is given in Table 6.These data also show that the feeder streams also meet GES for SRP in running waters. Details of monitoring activity are given in Appendix 1. 
Although the GES standard is met for these streams as well, it should be noted that the Water Framework Directive standards for soluble P status in running waters, are based on the ratio of sensitive to tolerant diatom taxa present in the phytobenthos (see table 4).  Type 3n  waters were undersampled during the calibration exercise, and for this reason, despite  the criterion used (90 percentile for sites sampled giving equal  numbers of sensitive and tolerant diatom taxa) giving a value of  59 (g/L SRP for type 3n waters, this was adjusted upwards to the value for type 4n waters because of shortage of data and of reference sites (Duncan et al., 2006). For these reasons it is possible that the GES standard for these waters may be adjusted downwards in future, once better reference data are collected. There is therefore a rationale for obtaining trophic diatom data for these sites, and continued monitoring of chemistry. 

Table 4. Soluble reactive P standards for running waters (UKTAG, 2007)

	Type
	Altitude

(m)
	Alkalinity

(mg/L CaCO3)
	High/Good mean annual SRP ((g/L)
	High/Good mean annual SRP ((g/L)

	1n
	<80
	<50 
	30
	50

	2n
	>80
	<50
	20
	40

	3n
	<80
	>50
	50
	120

	4n
	>80
	>50
	50
	120


We recommend : 
(a) commencement of  quarterly TDI sampling on outlets to all subcatchments, in addition to the existing Lunan water sampling sites

 (b) commencement of TDI sampling at sites of reference condition for SRP (<50 (g SRP/L) as a means of improving the reference database for diatoms in type 3n waters. The following sites would meet the <50 (g SRP/L criterion (see Figure 3): 

Westerton 1, Murton SWT, Murton, Auchterforfar, Mid Dod, Finnieston, Pitkennedy, Balgavies House, Newmills Bridge,  Focus Farm spring.   
(c) That SEPA initiates sampling for invertebrates at the exit of the 5 monitored subcatchments.

Table 5.  Summary water quality data from sampling sites in the upper (inlet to Rescobie Loch), middle (outlet of Balgavies loch) and lower (Kirkton Mill) reaches of the Lunan catchment (2000 – 2007)
	
	
	pH
	O2 -%sat
	Ammonia as N
	o-Phos as P
	BOD (ATU)
	Alk as CaCO3
	Nitrate as N
	SuspSolids

	
	
	
	
	Mg/l
	Mg/l
	Mg/l
	Mg/l
	Mg/l
	Mg/l

	Upper
	Mean
	7.71
	70.63
	0.07
	0.04
	1.52
	137.43
	3.56
	10.87

	
	Max
	8.10
	96.10
	0.33
	0.23
	4.50
	174.00
	7.68
	384.00

	
	Min
	6.96
	41.40
	0.02
	0.01
	0.50
	45.80
	1.53
	1.00

	
	% failure 

good status
	18.3%
	0
	1.56%
	0
	No standard
	No standard
	No standard

	
	
	pH
	O2 -%sat
	Ammonia as N
	o-Phos as P
	BOD (ATU)
	Alk as CaCO3
	Nitrate as N
	SuspSolids

	Middle
	Mean
	8.11
	94.25
	0.07
	0.07
	1.99
	107.75
	3.12
	6.52

	
	Max
	9.08
	144.00
	0.41
	0.25
	5.60
	129.00
	5.51
	89.10

	
	Min
	6.97
	36.20
	0.01
	0.00
	0.70
	76.60
	0.15
	1.40

	
	% failure 

good status
	6.4%
	0
	23.29%
	1.25%
	No standard
	No standard
	No standard

	
	
	pH
	O2 -%sat
	Ammonia as N
	o-Phos as P
	BOD (ATU)
	Alk as CaCO3
	Nitrate as N
	SuspSolids

	Lower
	Mean
	7.97
	103.89
	0.05
	0.08
	1.71
	95.04
	8.44
	6.52

	
	Max
	9.10
	151.80
	0.89
	0.32
	3.90
	117.00
	11.90
	89.10

	
	Min
	6.71
	77.70
	0.01
	0.00
	0.90
	30.60
	5.20
	1.40

	
	% failure 

good status
	0
	0
	20.78%
	0
	No standard
	No standard
	No standard
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Figure 3. Macaulay Institute sampling sites and turbidity/discharge sites (in red) in Lunan Water catchment

  Table 6. Summary of sub-catchment outlet chemistry data from first 18 months of the MPC project. Arithmetic means of fortnightly sampling for (a) whole sampling period when 3 subcatchments being sampled, (b) Calendar year for these three sites (c) Sept  07 to May 08 for 6 subcatchments (Lunan Water now discontinued). Alkalinity data for arithmetic means for Dec 06 to  October ’07
	Period
	Catchment
	N
	period
	Sus.Sol.

mg/L


	pH
	EC µs/cm
	NH4-N

mg/L


	NO3-N

mg/L


	Total N

mg/L


	PO4-P

mg/L


	Tot-P

mg/L


	DOC

mg/L


	Alkalinity

mg/L



	Means

3 catchments,

all data

Dec 06-may 08


	Balgavies
	40
	Dec 06-
may 08
	5.3
	7.8
	340.1
	0.0
	7.2
	7.8
	0.024
	0.034
	3.8
	96.8

Dec 06-Oct 07

	
	Baldardo
	39
	Dec 06-
may 08
	4.6
	7.8
	319.3
	0.0
	8.1
	9.1
	0.058
	0.080
	4.9
	93.2

Dec 06-Oct 07

	
	Lemno
	40
	Dec 06-
may 08
	4.4
	7.8
	366.5
	0.1
	11.1
	12.4
	0.073
	0.105
	3.3
	96.5

Dec 06-Oct 07

	Means

3 catchments, 1 year

Apr 07-mar 08


	Balgavies
	25
	Apr 07-
mar 08
	4.7
	7.8
	341.4
	0.0
	7.0
	7.6
	0.024
	0.035
	3.3
	

	
	Baldardo
	24
	Apr 07-
mar 08
	3.0
	7.8
	332.6
	0.0
	8.3
	9.2
	0.069
	0.096
	3.7
	

	
	Lemno
	25
	Apr 07-
mar 08
	3.6
	7.8
	365.0
	0.1
	11.2
	12.5
	0.086
	0.130
	2.9
	

	Means

5 catchments, 

Sep 07-May08


	Balgavies
	21
	Sep 07-May08
	4.3
	7.8
	334.0
	0.0
	6.9
	7.5
	0.022
	0.037
	2.8
	

	
	Baldardo
	18
	Sep 07-May08
	3.1
	7.8
	327.6
	0.0
	8.4
	9.4
	0.068
	0.106
	5.5
	

	
	Lemno
	18
	Sep 07-May08
	3.8
	7.7
	373.3
	0.1
	11.8
	13.3
	0.077
	0.123
	2.8
	

	
	Lunan
	12
	Sep 07-May08
	4.2
	7.7
	399.4
	0.1
	3.5
	3.8
	0.014
	0.032
	2.5
	

	
	Burnside 
	18
	Sep 07-May08
	7.2
	7.9
	344.3
	0.0
	7.1
	7.7
	0.018
	0.036
	1.6
	

	
	Newmills
	17
	Sep 07-May08
	4.7
	8.1
	346.7
	0.0
	10.5
	11.4
	0.049
	0.085
	1.9
	



2.3. Loch Eutrophication.

Rescobie Loch is a WFD water body, so this should be the main emphasis for assessing standing water compliance and for mitigation. This also makes ecological sense, because mitigation of Balgavies Loch depends to a large extent on reducing the inputs from Rescobie. We have estimated current status for both lochs, based on information supplied by Ian Fozzard (standards and water chemistry) and Deborah Ballantine (water chemistry) of SEPA and the Lunan characterisation report gives observed  data for 2003-2006,
Rescobie Loch morphometric data:

Depth 3.3m (Shallow)

Loch area 59 ha

Volume 1.95 million m3
Alkalinity: High

Catchment area: 1960 ha

Modelled catchment drainage, H = 279 mm

Loch residence time, t = 0.35 years

The Loch specific WFD water quality class boundaries (given by Ian Fozzard of SEPA) are:

Total P

High/Good:            19 ug/L


Good/Moderate     27


Moderate/Poor      53

Poor/Bad             107

Chlorophyll a

High/Good:            6 ug/L

Good/Moderate    13


Moderate/Poor     25

Poor/Bad              76

Table 7 gives the  geometric mean TP concentrations:

Table 7. Mean and max TP  and chlorophyll a concs in Rescobie Loch  
	µg/L
	2003
	2004
	2005
	2006

	Geomean TP
	59.2
	84.4
	67.9
	70.7

	Max TP
	168
	298
	287
	281

	Mean Chl-a 
	14.8
	29.9
	18.5
	35.8

	Max Chl-a
	101
	88.3
	52.1
	117


This means the status of the Loch for TP is MODERATE and on the MODERATE/ POOR boundary for Chl a. 

Note that  the Screening Tool annual load estimate to Rescobie Loch of 0.85 kg P/ha gives an estimated mean TP of 200 ug P/L. This is clearly too high. 

 Balgavies Loch morphometric data:

Depth 3m (Shallow)

Loch area 18 ha

Volume 0.53 million m3
Alkalinity: High

Catchment area: 2370 ha (including Rescobie catchment)

Modelled catchment drainage, H = 279 mm (assume the same as Rescobie)

Loch residence time, t = 0.08  years

The Loch specific WFD water quality class boundaries given by Ian Fozzard of SEPA are:

Total P

High/Good:          19 ug/L


Good/Medium     27


Medium/Poor      53

Poor/Bad           107

Chlorophyll a

High/Good:          10 ug/L

Good/Medium     21


Mediium/Poor     42

Poor/Bad             127

Current  loch TP concentration:  Ian Fozzard’s has supplied 2007/8 data  and 2006/7 data are available from D. Ballantine (pers. Comm.). 
Table 8. Mean and max TP  and chlorophyll a concs in Balgavies Loch  
	µg/L
	2006/7
	2007/8

	Geomean TP
	86.7
	90.7

	Max TP
	
	

	Mean Chl-a 
	
	43.7

	Max Chl-a
	
	


This means the overall status of the Loch is POOR for TP and Chl a. 

2.4. Fisheries.

The main water course of the Lunan has shown significant downgrading with respect to salmon catches, which are low (Table 9). The reasons for this are not fully clear, but it is likely that the canalised morphology, and consequent lack of suitable spawning grounds in the watercourses below the Lochs, is important. The weir  at Boysack (see Figure 4)  and  weir and sluice gates on the Lunan/Vinny Water at Friockheim are likely to be a significant barrier to migration. Other factors may include sediment input from animal poaching, arable farming, building works and landfill capping. Visual inspection indicates that stream sediment is also an issue for healthy aquatic ecology in the streams feeding Rescobie and Balgavies Lochs, although it is unlikely that these streams are important for migratory fish. 

Table 9. Results from fish survey carried out August 2000 
(Sherer, 2000)
	
	 Salmon (Density /100m2) 
	 Trout (Density /100m2) 

	
	Age in years

	Lunan Water 
	0
	1+
	2+
	0
	1+
	2+

	Letham
	0
	1
	0
	52
	13
	1

	Newton of Guthrie
	0
	0
	0
	60
	24
	1

	Friock Mains
	16
	0
	0
	23
	4
	0

	Kinnell
	0
	0
	0
	11
	6
	1

	Hatton Mill
	2
	2
	0
	2
	3
	1

	Millfield
	26
	7
	0
	25
	1
	0

	Inverkeilor
	7
	1
	3
	3
	3
	3

	Mean
	7
	1.6
	3
	25
	8
	1
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Figure 4. The Weir on the Lunan Water at Boysack Mill 

2.5. Invertebrate ecology. This has been measured for up to 7 years at SEPA’s routine monitoring sites and gives mainly an A2 class (Table 10)
. However, sediment transfer to stream beds is an issue for the ecology of streams feeding the Lochs, leading to downgrading of the ecology. 

2.6.Good agricultural and environmental condition (GAEC) – soil 
erosion.
Although it is not specifically a WFD compliance issue, the potential for soil erosion is probably the most critical land related compliance issue which could affect water quality. This has been the focus of two of the Farmer Focus Group meetings (see below). The extent of compliance with the General Binding Rules for water quality protection will be evaluated by independent audit in due course.
Table 10.  Historical invertebrate ecology data for Lunan Water (SEPA)
	Site and date
	Ecology monitoring results for the Lunan Water

	
	BMWP Score
	Average Score per Taxa
	No Scoring Families
	RIVPACs Class


	Lunan W. D/S Inverkeilor Stw (2000-2006)
	124.6
	5.8
	21.3
	A1

	Lunan W. At Kinnell Mean (2000-2005)
	108.5
	5.5
	19.6
	A2

	Lunan Water U/S Friockheim (2002-2005)
	143.3
	6.1
	23.6
	A1

	Lunan W. At Milldens (2000)
	93.3
	5.4
	17.3
	A2

	Gighty B @ Rd Br (2000-2007)
	127.1
	5.9
	21.4
	A2

	Gighty Burn D/S Rossie School Stw(2002-2005)
	98.0
	5.4
	18.0
	B

	Vinny W. At Idvies Mill (D/S Letham Stw ) (2000-2007)
	78.0
	5.6
	14.0
	A2

	Vinny Water @ Bridgend (2000-2002)
	97.0
	5.5
	17.6
	A2

	Vinny W. D/S Craichie Stw (2000-2006)
	121.8
	5.8
	21.1
	A2

	Burnside B. At A932 Rd. (2000-2006)
	89.9
	5.5
	16.7
	B


.

3. Chemical and ecological targets to achieve compliance

3.1 NVZ standards. 
Assuming an average recharge of 279mm across the catchment, land losing more than 31.8 kg/ha will deliver leachate to groundwater with nitrate-N concentration of 11.4 mg/L, assuming no transformation of N in leachate during transport. 

SAC is carrying out trials with precision farming techniques to achieve differential liming,  as a BMP to mitigate inefficient N use leading to reduced nitrate leaching.  An example of the nutrient budget for the Environmental Focus Farm in the catchment is given in Appendix 2. This shows an estimated average nitrate-N concentration in leachate of 5.5 mg N/L. Other farms for which nutrient budgets have been done yield values of 12.7 and 2.4 mg N/L, 
A PhD student, Ioanna Mouriatidou of SAC Land Economy Department is currently undertaking an economic modeling PhD to assess the requirements and cost-effectiveness of measures to achieve compliance with the NVZ regulations in the catchment. 

3.2 Stream chemistry and ecology.
Soluble P. The streams in the catchment already meet GES for water chemistry, as discussed above. 
Total P loads. However, the source apportionment estimates for P loads for the whole catchment  from the Diffuse Pollution Screening Tool are given in Figure 5. A first attempt at quantitative estimation of the P load at Kirkton Mill (see Figure 6 below for location) and the sources contributing to this load are given in Table 11.  This emphasises the importance of reducing agricultural sediment and soluble P losses. However P in septic tank and STW effluent, being mainly soluble P, has a greater availability particularly for running water ecosystems. Hence addressing these point sources is probably of equal importance with agricultural P sources (see also Withers and Haygarth, 2007).  
Turbidity. Although it is not a WFD target, it may be valuable, for assessing the efficacy of measures for improving stream ecology to consider a standard for turbidity. UKTAG currently states that ‘there is no useful water quality standard by which to assess [the impacts of suspended solids] in a reliable way’. The main reasoning for this statement is that ‘an annual mean, is not appropriate for tackling occasional events such as run-off from land’. It is therefore recommended by UKTAG that a management approach be taken which should consider the 95th-percentile to take into account the rarer but potentially damaging events. If a correlation between failure of this percentile and damaging events was observed it would then be possible to manage future risks through land management for example (APEM, 2007). 

The continuous turbidity dataset allows such assessment. In Washington State, USA,  the USEPA set a standard of the 90th percentile turbidity of < 25 NTU for the four major tributaries of the Yakima river, an intensively irrigated and agriculturally diverse area.  
http://www.epa.gov/OWOW/NPS/Success319/state/wa_yakima.htm
For the present, we propose that the turbidity data be considered against this standard, and that 90th and 95th percentile turbidity data be collated, with a target of ,25 NTU for the 90th percentile. 
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Figure 5. Modelled P source apportionment in the Lunan Water (Sniffer, 2006)

Table 11. Estimate of P loads to Lunan Water at Kirkton Mill (Futter, pers. comm.).
	 
	Input (kg/yr)
	Output 

(kg/yr)

	Kirkton Mill
	 
	2500

	Septics
	250-1000 

(10-40%)
	 

	Sewage Treatment Works
	?
	 

	Lochs
	350 (14%)
	 

	Agriculture

(by difference)
	1150-1900

(46-76%)
	 


3.3 Loch total P loads.

We have estimated the loading to each Loch based on the observed geomean annual total P content, making the assumption that all P load is external. This is definitely a worst case with respect to the amount of external P load needing to be mitigated. We may be able to adjust it once we have data on the chemical loads from the subcatchments being monitored.  We have used the Vollenweider (OECD, 1982) equation to do this: 
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Where C is the predicted total phosphorus concentration ((g/L), L is  the catchment average TP load (kg P/ha), H is the modeled average atchment drainage (mm) and t is  the average hydraulic residence time of the loch (years). 
Rescobie Loch target:

Using the arithmetic mean  of the annual geomean values (2003-2006) of 70.1ug/L TP, and the Vollenweider equation to calculate implied TP loads from the catchment, we estimate current mean TP loading of 0.27 kg/ha  of catchment or 9.3 kg/ha of Loch or 550 kg P (range 461-658 kg) overall.  Using the Loch specific SEPA Good/moderate boundary of 27 ug/L TP this gives a target TP loading of 0.10 kg/ha of catchment or 3.6 kg/ha of Loch or 210 kg P overall.
TARGET for RESCOBIE LOCH:

By difference, the required reduction in TP loading is: 0.17  kg P/ha of catchment or 5.8 kg/ha of Loch or 339 kg P (range 241-448 kg  TP overall.  


[image: image9]
Figure 6. Subcatchments contributing to the Angus Lochs in the Lunan Water Catchment. Note that Lemno Burn feeds the South Esk, but is included as this is acting as a control subcatchment, and that Balgavies Burn flows directly into the Lunan Water below the loch.
If we partition this target load reduction on an unweighted areal basis between  the sub-catchments , the required annual load reductions per subcatchment are then as follows:
Table 12.  Target loads for Rescobie subcatchments.

	
	
	area (ha)
	
	Fraction

 of area
	load reduction

 target kg P

	Baldardo Burn  
	237.6
	
	0.12
	
	44

	Burnside Burn  
	538.1
	
	0.28
	
	101

	Lunan Water (upper) 
	408.8
	
	0.21
	
	76

	Lunan Water (middle)  
	771.1
	
	0.39
	
	144

	Rescobie Loch
	60.2
	
	0.03
	
	

	
	Total
	2015.8
	
	1.03
	
	366


Current direct estimates of Rescobie Loch inlet loads 

The only annual inlet data we currently have is for the upper Lunan Water geomean to Rescobie is 58 ug/L TP (2006, n=10). Using this, with catchment area and modelled catchment drainage, to calculate annual load gives a current load of 66 kg TP. This is less than the pro-rata loading reduction required from this inlet, so it is probably the case that little loading reduction can be achieved from Lunan Water, and the much of the above target of 76 kg P will need to achieved in the Burnside Burn and Baldardo Burn subcatchments. 

Table 13. Geometric mean soluble P inputs (Lunan Water only) and outputs to Rescobie Loch.

	Geometric Mean [ortho-P]
	 
	 
	 
	 

	Year
	Rescobie Inlet (Lunan water)
	n
	Rescobie  Outlet
	n

	2000
	69.5
	10
	62.9
	9

	2001
	98.1
	4
	103.6
	5

	2002
	26.2
	12
	36.9
	9

	2003
	20.6
	12
	49.4
	10

	2004
	19.1
	12
	53.9
	10

	2005
	18.4
	11
	32.8
	10

	2006
	14.9
	12
	22.4
	12


Inlet (Lunan Water) and outlet geomean SRP for Rescobie is given in table 1. There is a strong downward trend which suggests that there is a historical input (eg from overflow from Lunan head STW ?) which is no longer an issue. In addition, the calculations do not take into account internal P loads from the Loch sediment, and inputs from fish stocking, which may be significant (Friburg, N., personal communication). 
The pattern of soluble P concentrations in the outlet to Rescobie Loch is compatible with internal sediment P release at the end of summer, but also with the soluble P content of the feeder streams draining arable farming areas  – see Figure 7. There is a need to identify the size of the internal load as well as to quantify the loads from the input streams. 
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Figure 7. Annual pattern of soluble P in outlet to Rescobie Loch (2005-6) compared with inlet from Baldardo Burn (Wemyss). Lemno Burn at Hatton and Balgavies Burn at Westerton are also given.

Balgavies Loch target:

Using the mean observed value of 88.7 ug/L TP, and the Vollenweider equation to calculate implied TP loads from the catchment, we estimate current  TP loading of 0.27 kg/ha of catchment or 36.8  kg/ha of Loch or 648 kg P overall.  Using the Loch specific SEPA Good/moderate boundary of 27 ug/L TP this gives a target TP loading of 0.27 kg/ha of catchment or 11.2  kg/ha of Loch or 197 kg P overall, including input from Rescobie Loch.

TARGET for BALGAVIES LOCH:

 By difference, the required reduction in TP loading is: 0.19 kg/ha of catchment or 25.6 kg/ha of Loch or 451 kg P(range 241-448) overall.  

If we partition this target load reduction on an unweighted areal basis between  the sub-catchments , the required annual load reductions per subcatchment are then as follows:
Table 14.  Target loads for Balgavies subcatchments.

	
	Area 

(ha)
	
	Fraction

Of area
	Load reduction

 target  Kg P

	Rescobie catchment
	1955.6
	
	0.85
	385

	Lunan Water lower
	197.5
	
	0.09
	39

	Newmills Burn 
	104.8
	
	0.05
	21

	missed area (estimate)
	30
	
	0.01
	6

	Rescobie Loch
	60.2
	
	0.03
	

	Balgavies Loch
	17.6
	
	0.01
	

	Total
	2365.7
	
	1.04
	451


Current Balgavies Loch inlet loads estimates

In 2006/7, the geometric mean TP content for the inlet to Balgavies from the Rescobie catchment was 84.5 (g TP /L (n=11). Using this, with catchment area and modelled catchment drainage, to calculate annual load from the Rescobie catchment, gives a value of 475 kg TP.  This means we are looking for an 80% reduction in TP loading to Balgavies Loch from Rescobie catchment to achieve Good Ecological Status in Balgavies Loch.

3.4. Rapid ecological appraisal of main stem of Lunan Water
A group of 6 MI staff carried out an appraisal of the ecological, morphological and diffuse pollution issues on the main stem of the Lunan on 13-15 May, 2008. For more details, see W:\WP35\352_Management_Practices\Results\LunanWater\rapid appraisal. The goal was principally to establish the extent of pressures on the main water body, downstream of the loch, with a view to determining whether physical restoration measures would be appropriate, and to assess what pressures might limit the ecological value of the water, for example for migratory salmon. Key findings included :

· That the morphology of the river was on the whole good, with no indication of abnormally high sediment loads, downstream of the Lochs. There was evidence of severe canalisation in some sections (eg upstream of Friockheim). 

· That the structures present in the watercourse, especially the weir at Boysack and the sluice gates on the Vinny water at Friockheim, are significant barriers to the passage of  migratory fish

· That sediment sources include agricultural soil erosion, bankside erosion by livestock with access to the main stem (especially east of Friockheim), landfill at Hatton mill, and building works in the area of Friockheim. 

· Sediment capture by the Lochs is thought to limit mineral sediment transfer, but the Loch phytoplankton deliver significant quantities of Biochemical Oxygen Demand (BOD5)  into the downstream running water. 

· Given the generally good physical conditions on riffle/pool sequences observed near Inverkeilor,  the macroinvertebrate assemblage indicates that the river receives a fair amount of organic pollution.
4. Measures
4.1. Dialogue and knowledge exchange with catchment farmers/other user groups.

 This occurs through an established focus group for farmers, in which the mitigation measures are identified and developed in partnership with the farmers who will be implementing them. A similar process is being developed with other key stakeholders (eg fisheries interests, septic tank users) in the catchment who can affect, or are affected by, these water quality issues (fishermen, homeowners with septic tanks). In all cases, the stakeholders will evaluate the scientific findings and help to translate the science into practical mitigation approaches.  These activities will be complemented by research being undertaken at the Macaulay looking at the relationship between provision of advice and changes in farmer practice.  A summary of this work is found in Appendix 4.
We are currently moving into a phase with the farmers of identifying and seeking SRDP funding for voluntary measures, and identifying statutory compliance issues in at least part of the catchment, through an environmental audit, to be carried out by an independent consultant.  Box 1 summarises  these draft plans and some measures that have been discussed within the project group and/or with farmers. 
4.2. Environmental auditing. 

A farm environmental audit has been done by SAC for the Environmental Focus Farm (Mains of Balgavies) and will be extended to other farms in parts of the catchment. Use will be made of the Environmental Focus Farm to pilot and discuss measures for mitigation of diffuse pollution with farmers. Apart from nutrient budgeting and compliance with NVZ 
A. GBR/GAEC compliance catchments
Burnside Burn - all farms (if possible)
1. Independent GBR/GAEC audit on and advice on actions for compliance.

2. Explore P stripping system for caravan park/restaurant septic water

Newmills Burn - all farms (if possible)
1. Independent GBR/GAEC audit on and advice on actions for compliance.

2. Adapt existing pond to cope with sediment retention at high flows
B. GBR+Voluntary measures catchments (eg BMP handbook)
- Use joint SRDP application to fund voluntary measures;

- self assess GBRs and GAEC
Balgavies Burn- Environmental Focus Farm (Mains of Balgavies)
1. Modify stream coming out of Montreathount forest along existing tree-planted buffer strip

2. Whole farm, field by field and within-field nutrient budgets using GPS on combine and fertiliser

3. Work towards homogeneous pH across fields, along with yield/N uptake budgets to quantify savings in N losses.
Middle Lunan Water catchment - Hagmuir
1. Adapt soil retention pond to give greater retention by raising level of retaining walls 
2. Tramlines - re -think necessity altogether or grassed/sown lengths at regular intervals down tramline - both Drew's ideas! Tie in with Blair MacKenzie/new student from SCRI on this.

3. Choose spring cereals on worst affected fields

Baldardo catchment- Wemyss/Baldardo/Drimmie/Mains of Turin
1. SUDS on track runoff to catch sediment
2. Soil retention bunds and tied ridging on potato land in upper part of catchment 
3. (Unlikely) - re routing the track that runs along the Baldardo Burn and installing a wide buffer to allow  riparian development - may be with SEPA restoration funds and support from Esk Fishery Trust
Vinny Water-Backboath
1. Improving nutrient timing on field by field basis according to rotation

2. Whole farm, field by field and witihin field nutrient budgets using GPS on combine and fertiliser

3. working towards homogeneous pH across fields. 

Box 1. Draft approach to implementation of diffuse pollution mitigation  measures from farmland.
5. Assessing the effectiveness of these measures

Appraisal and evaluation of uptake of measures for diffuse pollution control. Assessment of chemical improvements will take place through time series assessment of long term data sets (fortnightly water chemistry, continuous turbidity and water level data). An initial physical survey of the riparian zones, repeated after 3 years, will provide a means of documenting morphological changes in the streams and riparian corridors. Data on actual uptake, and factors affecting uptake of measures by farmers and other stakeholders will complement the evaluation of changes in the water bodies.
5.1 Baseline data

Groundwater. Table 15 summarises the results of 3 samplings of boreholes in the Lunan catchment,  Results show that 3 of the 5 boreholes have mean nitrate-N data near or above the drinking water standard. Soluble P concentrations in two of these samples are also elevated, but ammonium and TOC concentrations are not. 
Preliminary dating of groundwater samples from these boreholes, using CFC and SF6, has indicated that water in the aquifer has an average age of around 20 years , and possibly up to 40 years in certain regions. This has clear implications for the time-scales over which reductions in diffuse pollution can be expected to improve groundwater quality.
Table 15. Groundwater borehole chemistry data (mean of 3 sampling dates). 
	
	
	
	Tot-P
	NO3-N
	NH4+N
	PO43-P
	TOC
	Tot-N

	Location
	pH
	EC
	mg/l
	mg/l
	mg/l
	mg/l
	mg/l
	mg/l

	Murton Borehole
	8.0
	378.6
	0.007
	3.9
	0.029
	0.005
	0.8
	4.1

	Focus Farm Bore Shallow
	7.1
	416.7
	0.007
	10.4
	0.016
	0.005
	2.4
	10.2

	Focus Farm Bore Deep
	8.5
	418.6
	0.010
	9.0
	0.016
	0.005
	1.4
	9.3

	Kirkton Mill Bedrock
	8.0
	424.2
	0.034
	11.6
	0.012
	0.032
	0.8
	11.7

	Krikton Mill Drift
	8.0
	419.3
	0.034
	11.2
	0.013
	0.032
	0.8
	11.6


Running water. The mean water chemistry for 2007/8 for the 5 streams being sampled weekly is given in Table 6 above.  Figure 8 summarises turbidity exceedance data for March to August 2008 for 3 of these streams (the other two are monitored for turbidity by SEPA). It can be seen that the frequency of high turbidity is much lower in the Balgavies Burn catchment (Environmental Focus Farm) than on the other two streams.The 95th percentiles for Baldardo, Balgavies and Lemno Burns are   75, 14, 148 NTU and the 90th percentiles are 45, 8 and 67 NTU. 
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Figure 8. Turbidity exceedance data for the period from 18/3/08 to 5/8/08 on 3 of the monitored streams at catchment exit (less than 10% missing data occur).  
6. Policy scenarios

6.1. Development of models for programmes of measures. 

This will include conceptual and process based source apportionment of pollutants, spatial approaches to identification of cost:effectiveness and cost:benefit measures and analysis of scenarios and alternative policies. 

A PhD student, Ioanna Mouriatidou of SAC Land Economy Department is currently undertaking an economic modeling PhD to assess the requirements and cost-effectiveness of measures to achieve compliance with the NVZ regulations in the catchment 

6.2. Modelling land use in the catchment. 

The Integrated Land Use group at MI is developing a simulation of the field-by-field land use using rotational data from IACS returns. Figure 9 shows a simulation of land cover using the LANDSFACTS program. (Castelllazzi, personal communication).   Table 16 summarises the main crop cover in the catchment, over 2001-2007. 
Table 16. Main crop cover in the catchment, over 2001-2007, derived from IACS database. 
	Crop names
	CID
	%

	Grass Over 5 Years
	7
	6.90

	Grass Under 5 Years
	8
	9.88

	Other Vegetables
	24
	1.41

	Rough Grazing
	29
	1.39

	Seed Potatoes
	30
	4.37

	Spring Barley
	33
	39.53

	Ware Potatoes
	39
	5.80

	Winter Barley
	41
	8.28

	Winter Wheat
	43
	17.06

	
	sum
	94.62


6.3. Landscape-based cost:effectiveness analysis for erosion control measures

The cost and effectiveness of a riparian buffer in controlling diffuse pollution is influenced by various factors. By integrating biophysical and economic data, we adapt a binary linear programming tool to determine the optimal combination of riparian buffers at the landscape scale that satisfies the predetermined GES surface water target given the budget constraint.  This aims to:
· to explore the cost-effective combination and spatial distribution of riparian buffer strips to protect water quality from sediment and P pollutants in order to comply with the WFD/UKTAG Good Ecological Status standard of surface water;

· to examine the various attributes of riparian buffers that determine the effectiveness of this mitigation measure; and

· to derive some policy recommendations at landscape scale on the sittings and optimum levels of riparian buffers.  
The approach is summarised in Figure 10.
6.4 Modelling catchment-scale hydrology and N responses

A preliminary model of the hydrology of the Lunan catchment has been generated using the STREAM model, and calibrated using daily time-series of streamflow data from October 2000-October 2001. The model suggests that around 50% of runoff reaches the stream network very rapidly, presumably transported via the network of agricultural field drains. The remaining 50% of runoff includes slower responding sub-surface flow and deep groundwater. However, the split between these two runoff components is not yet clear from the available data. It is hoped that new monitoring of the isotope hydrology (δ18O and δD), involving analysis of daily samples of precipitation and stream water, will help to throw further light on the dominant transport processes operating in the catchment.
A simple model of N will use the representation of land use derived from the IACS dataset to estimate losses of N by leaching. This will be linked with the hydrological model to enable the catchment-scale N response to different effectiveness measures to be simulated.
The models will also permit scenarios of future land use and climate change to be investigated.
Figure 9. Example simulation of land cover using the LANDSFACTS program. (Castelllazzi, personal communication). 
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[image: image12]Figure 10. Flow chart for cost:effectiveness analysis of buffer strips at landscape scale, assuming certainty in bio-physical data and farmer decision-making.

7. Priorities for 2008/9

The key action points for this project in the following year are as follows:

A. Carry out Statutory compliance (GBRs and GAEC) audits on farms in the catchment, using an independent consultant. The priority for this will be farms in the Burnside Burn catchment, followed by Newmills and Wemyss (SEPA/SAC). 

B. Obtain baseline ecological data (phytobenthos (MI) and invertebrates(SEPA)) on the 5 sub-catchments in the upper Lunan Water. September 2008 and quarterly thereafter. 
C. Identify voluntary measures for implementation on Balgavies and Wemyss catchments, and other Farmer Focus Group farms and apply for SRDP funding (SAC/MI).

D. Obtain calibration data for (a) stage-discharge and (b) turbidity-chemistry relationships in Wemyss and Burnside catchments (MI/SEPA)
E. Get real time monitoring up and running on Balgavies Burn (MI)
F. Obtain farm specific costing data for compliance with GBR/GAEC and for voluntary measures. (SAC/MI)
G. Agree methodology for estimating internal P loading for Rescobie and Balgavies Lochs (MI/SEPA)
H. Explore potential for a P stripping system for a  septic tank (eg the caravan site on the Burnside Burn?) (MI/SAC)
I. Clarify reasons for decline in P loading from upper Lunan Water to Rescobie over the last 8 years (SEPA/MI).

J. Implement agreed voluntary measures with farmer focus group and agree monitoring strategy (SAC/MI/SCRI).
K. SEPA view (SEPA), Scottish Farmer (SAC) and IWA (MI) articles on progress.

L. Implement spatial cost:effectiveness model for buffer strips in the catchment (MI/SEPA/SAC). See: W:\WP35\352_ Management_Practices\IPS\IP\Bufferstripmodelling. 
M. Determine equilibrium phosphate concentration of sediments sampled in the 5 subcatchments (MI/SEPA). 
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9. Contacts and key staff

Lead staff for the 3 participating organisations are:

SEPA : 

Jannette Macdonald, Jonathan Bowes, Elaine Simpson, Paul Dawson, Jim Perrit

SAC: 

Alex Sinclair, Bill Crooks, Carole Christian, Bill Jeffrey, Ian Dickson

MI:

 Andy Vinten, Kirsty Blackstock, Martyn Futter, Philippa Booth, Simon Langan, Nikolai Friberg, Hamish Moir, Jenni Stockan, Benoit Demars

Appendix 1.  Monitoring activity.
In order to provide data on the baseline water quality, prior to implementation of measures, a monitoring programme was set up, which built on the existing routine monitoring of SEPA.

Figure 16 shows SEPA’s routine monitoring sites for chemistry, hydrology and ecology in the Lunan.  In addition, more detailed monitoring to assess compliance with UKTAG (2007) water quality standards has been set up. The upper part of the catchment is the focus for this more detailed work, which consists of 5 subcatchments (Baldardo Burn, Balgavies Burn, Burnside Burn, Newmills Burn and Lemno Water - a control, in the  S.Esk catchment). These subcatchments, along with sampling points and soils, are shown in Figure 6b. Table 16 summarises monitoring carried out.  Monitoring consists of :


a. Continuous turbidity, using McVan probes or Hydrolab Sondes (SAC/MI) or YSI Sondes (SEPA). The use of continuous turbidity measurement at these sites, to provide an index of ecological stress, pollutant loads and efficacy of mitigation, is being piloted in the project. 


b. Continuous water level using Schlumberger minidivers (MI) or ?? (SEPA). These are associated with flumes at Wemyss, Burnside, Newmills and Westerton. 


c. Sediment collected from sediment traps, Use experimental design of Philips et al., Sampling frequency: Monthly with additional 4-6 storm samples per year. Analysis: Samples will be analysed for particle size, mineralogy, CN content and biological available P.


d. Fortnightly chemistry spot samples. Analysis of  Suspended Solids, pH, EC, NH4+, NO3 - , Total N, Org N, SRP, Tot-P, Org-P, DOC, Alkalinity, metals,  Cl-, 
SO4 2-,TOC. A summary of chemical data collected at the 5 sub-catchment outlets is given in Table 16. 


e. Event sampling using ISCO samplers. This is being done on the Burnside Burn, by SEPA staff.


f. Some work on stream biofilm microbiology, allied to WP 3.4  has been carried out. 


g. Investigation of groundwater response time to mitigation of inputs is being carried out by study of isotopic and other tracer signatures in borehole and stream samples. Sampling sites are as follows (GPS co-ordinates to follow):
Focus Farm Spring

Focus Farm Rain Collector

Focus Farm Bore Shallow

Focus Farm Bore Deep

Krikton Mill Drift

Kirkton Mill Bedrock

Murton Borehole

See also : W:\WP35\352_Management_Practices\Results\Lunan Water\Plans
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Figure 16. SEPA surface water monitoring sites.

Table 17. Sampling details at Lunan MPC catchment

	 
	
	measurement
	Water level
	continuous Turbidity
	Continuous turbidity, pH, EC,temp
	chemistry, alkalinity, SS,unfiltered TP, 18O
	event chemistry
	Equilibrium P conc on sediment trapped 
	Trophic diatom index (+TRFLP/PLFA/CHLA)

	 Burn
	Grid ref
	                                  method
	DIVERS
	McVan PROBE
	SONDE
	Fortnightly manual spot sampling
	ISCO autosampler
	sediment sampler
	quarterly Benthic scrapes

	Balgavies 
	53882 53516
	Pitkennedy
	 
	 
	 
	MI
	 
	 
	MI

	Balgavies 
	54107 51940
	Westerton (EFF 1) Main site
	MI
	MI #
	SAC @
	MI
	 
	MI
	MI

	Balgavies 
	54092 51943
	Westerton (EFF 2) field ditch
	 
	 
	 
	 
	 
	 
	 

	Balgavies 
	544519
	Westerton  (EFF 3) field ditch 
	 
	 
	 
	MI
	 
	 
	 

	Balgavies 
	54248 51948
	Westerton (EFF 4), Guthrie Hill drain)
	 
	 
	 
	MI
	 
	 
	 

	Balgavies 
	53996 51264
	Balgavies House (below pond)
	 
	 
	 
	MI
	 
	 
	 

	Balgavies 
	53032 51243
	Spring/Rainfall collection
	 
	 
	 
	SEPA/MI
	 
	 
	 

	Burnside  
	50052 51678
	Murton 1 (Right)
	 
	 
	SEPA
	MI
	SEPA
	MI
	 

	Burnside  
	49373 50001
	Mid Dod
	 
	 
	 
	MI
	 
	 
	MI

	Burnside  
	48332 50149
	AuchterForfar
	 
	 
	 
	MI
	 
	 
	 MI

	Burnside  
	49528 51138
	Murton SWT
	 
	 
	 
	MI *
	 
	MI *
	MI

	Lunan Water 
	50052 51678
	Murton 2 (left)
	 
	 
	 
	MI
	 
	MI
	 

	Baldardo 
	49649 52060
	Wemyss
	MI
	MI #
	SEPA
	MI
	SEPA
	MI
	MI

	Baldardo 
	49730 52295
	Wemyss drain
	 
	 
	 
	 
	 
	 
	 

	Baldardo 
	50666 53050
	Baldardo Pond
	 
	 
	 
	 
	 
	 
	 

	Newmill 
	53633 50438
	Newmill bridge
	 
	 
	SEPA! 
	MI
	SEPA
	MI
	MI

	Newmill 
	52541 50402
	Newmill pond
	 
	 
	 
	 
	 
	 
	 

	Newmill 
	51834 50082
	Finneston
	 
	 
	 
	MI
	 
	 
	MI

	Lemno 
	46685 52857
	Hatton
	MI
	MI 
	 
	MI
	 
	MI
	MI

	Lemno 
	46685 52857
	Hatton Drain
	 
	 
	 
	 
	 
	 
	 


#400 and 1000NTU probes; @ Aug 07 to Jun 08; *replaces Murton left/right from 18 mar 2008  ;! and SAC SONDE Jan-Mar 2008





Appendix 2. Nutrient Budget Mains of Balgavies 2007
	Area
	
	
	
	ha
	
	
	

	
	Crops incl setaside
	
	206.1
	
	
	

	
	Rot and perm grass
	
	42.7
	
	
	

	
	rough grazing
	
	0
	
	
	

	
	
	
	
	248.8
	
	
	

	
	
	
	
	
	kg/ha/year
	

	Inputs
	
	
	
	N
	P2O5
	K2O
	

	Crop
	Deposition (estimated)
	
	20
	1
	1
	

	
	Fertiliser
	
	
	102.3
	42.6
	62.3
	

	
	Manures
	
	
	0.9
	0.5
	0.9
	

	
	Seed
	
	
	3.4
	1.3
	3.6
	

	
	
	
	
	126.6
	45.4
	67.8
	

	Grass
	Deposition (estimated)
	
	20
	1
	1
	

	
	Fertiliser
	
	
	0
	0
	0
	

	
	Manures
	
	
	0
	0
	0
	

	
	Livestock
	
	
	14.4
	11.2
	1.3
	

	
	
	
	
	34.4
	12.2
	2.3
	

	Outputs
	
	
	
	
	
	
	

	
	Crops
	
	
	79.5
	37.2
	25.5
	

	
	Livestock
	
	
	10
	7.8
	0.9
	

	
	Manure/slurry
	
	4.2
	2.5
	18.3
	

	
	
	
	
	93.7
	47.5
	44.7
	

	
	
	
	
	
	
	
	

	
	Surplus
	
	
	29
	1
	28
	

	
	
	
	
	
	
	

	Losses to atmosphere
	
	
	
	
	
	

	Crops
	Denitrification
	
	2
	0
	0
	

	
	Volatilisation
	
	5
	0
	0
	

	
	
	
	
	7
	0
	0
	

	
	
	
	
	
	
	
	

	Grass
	Denitrification
	
	20
	0
	0
	

	
	Volatilisation
	
	25
	0
	0
	

	
	
	
	
	45
	0
	0
	

	
	
	
	
	
	
	
	

	
	Losses to atmosphere
	
	14
	0
	0
	

	
	
	
	
	
	
	
	

	
	Potential for loss to water
	15
	1
	28
	

	
	
	
	
	
	

	
	Mean nitrate-N concentration
	
	
	
	

	
	in leachate from farm
	(mg/L)
	5.5
	
	
	

	Assuming annual recharge
	
	
	
	
	

	
	279
	mm
	
	
	
	
	



APPPENDIX 3. Balgavies Loch assessment

TP Boundaries

	WBID
	Name
	Type
	Humic 
	GIG
	Alkalinity (uEq/L)
	Count Alk
	Mean Depth (m)
	Depth flag
	Altitude (m)
	MEI
	Ref_Type
	Ref P
	HG EQR
	GM EQR
	HG P
	GM P
	MP P
	PB P

	23236
	Balgavies Loch
	HAVS
	0
	N
	2174
	 
	3
	3
	61
	0.725
	S
	15
	0.76
	0.55
	19
	27
	53
	107


Geo mean TP (2007/08)
 
90.7ug/l = POOR status 

Chla boundaries

	GIG Corrected Ref
	Geo GIG Corrected Ref
	HG Chl boundary
	GM Chl boundary
	MP Chl boundary
	PB Chl boundary

	6.3
	3.8
	10.0
	21.0
	42.0
	127.3


Arithmetic Mean chla (2007/08)
43.7ug/l = POOR status
Appendix 4.  Linking local and scientific knowledge in the Lunan Water
Text of leaflet on outcomes of user group work

Kirsty Blackstock, Martyn Futter & Malcolm Coull

The Macaulay Institute, Aberdeen

What’s it all about?

The Lunan Water is the site for a new project looking at the health of land and waters, and how science can help in finding solutions to environmental problems. The Macaulay Institute, the Scottish Agricultural College (SAC) and the Scottish Environment Protection Agency (SEPA) are working together to try and understand the issues, however we need your help.

Why are we doing it?

SEPA are responsible for implementing the European Water Framework Directive (WFD) legislation in Scotland. One of the important ways in which the WFD works is that it allows everyone to have a say in the way the catchment is managed. Listening to what local people have to say helps scientists and policy makers make better decisions.

Who is taking part?

We have asked a group of scientists, people who work with land based industries, anglers, and a cross section of local people who live in the catchment and see and use it every day to give us their views.

What have we been doing?

We have hosted five discussion groups where we gave a presentation on what we see as the issues in the Lunan Water. Our understanding from past work conducted by SEPA was that the quality of water is not all it might be due to the levels of nutrients which have leaked into the river and lochs. We tried to show what effects these nutrients have on the water, where they come from and the quantities involved. We believe farming is not the only source of these nutrients; in fact everyone in the catchment contributes to the problem. Nutrients come from a number of places, including sewage works, septic tanks and from the sediments found at the bottom of lochs such as Rescobie and Balgavies.

What did we do in the discussion groups?

We provided everyone with a map of the whole catchment, and asked them to mark the areas they knew, and any places where they thought the catchment was ‘healthy’ or ‘unhealthy’. We asked what matters to them when they think about the places where they live, work and play, to tell us if they knew about the nutrients issues, and whether they agree with the ‘scientific’ summary.

And what did they tell you?

They told us that what matters to scientists and regulators isn’t necessarily what others think or worry about, so if we want to manage the catchment for the benefit of people and the environment we need to take into account a wide range of views.

Did the groups see nutrients as the major issue?

Yes, and no. Excess nutrients is the main cause of algal blooms in water, and the anglers in particular were well aware of the effect that algae can cause. Rescobie Loch suffers from regular blooms, which are thought to be caused by phosphorous which comes from a combination of soil being washed off fields and the sediment at the bottom of the lake itself - it can also come from septic tanks and sewage works. But for other people things which we were either unaware of, or hadn’t thought of as a problem, were a more pressing issue.

What other issues did people tell us about?

- concerns over low water levels, particularly in summer. These were blamed on abstraction for irrigation with so much of the catchment being used for farming, including horticulture.

- periodic localised flooding, with a combination of heavy rains, poor urban drainage and silted up river channels being seen as the cause.

- poor water quality and smells in areas close to sewage works, or due to new housing developments putting too much strain on existing sewage networks. Poor understanding and maintenance of septic tanks was another factor.

- an increase in alien plants such as giant hogweed and Japanese knotweed tangling banks and making parts of the river inaccessible. Where they kill off native plants, there was also a concern about soil erosion from bare banks in winter.

- pressure on drinking water supplies due to elevated levels of metals - high arsenic had been found in a well supply.

- contamination of water from landfill sites, local quarries and road run-off.

- declining fish stocks, because of modifications to the river such as weirs which make it difficult for fish to return upstream to spawn, or because of net fishing at the river mouth.

- excessive growth of algae affects the water quality and ecology of the lochs.

But not all bad news?

Not at all! In general the people who live and work in the catchment are very happy with the quality of the water and the surrounding environment. Many commented on the increase in wildlife seen over the past few years, with sightings of otters, kingfishers and other birds, dragonflies and a variety of other insects. Several groups are working hard to promote biodiversity in the catchment and their work was seen as very valuable.

What do we need to work on?

Given the responses of the people who took part, a number of scientific questions have been thrown up, including:

- how do the levels of nutrients being measured in the Lunan and its tributaries affect habitats, and wildlife (if at all)?

- can we get a better nutrient budget to identify ways to cut down on the amounts entering the water? Can we work with farmers to help them reduce the amount coming from agriculture?

- if flooding and water shortages are an issue now, what impacts might changing climate have on water resources in the catchment?

- if water quality is a concern, how can we trace the source of any contamination?

can we increase the whole community’s understanding of how they can help to improve water quality?

What do we do next?

The scientists, regulators and land mangers need to put their heads together and use the information we have gathered, along with what the farmers have provided, to decide what we need to do next.

- we will report the findings of this work to the Tay Area Advisory Group (AAG), who are responsible for river basin management planning in the River Tay basin, which includes the Lunan.

- we will hold a meeting with our colleagues in SEPA and SAC to share  our results and find out what their own research has found.

- once we have had a chance to discuss the story so far with other groups, we want to work on addressing some of the specific questions mentioned above.

- in future we would like to invite all the groups back for another set of meetings where we can show them how we (and others) have responded to the issues they have told us about.

- we hope to be able to provide people with septic tanks with practical information on how to maintain and manage them to keep them functioning correctly, and reduce the chance that they are polluting the water.

- we aim to provide information and help promote good practice among people who live and work in the catchment, so everyone can help manage it, and it can be enjoyed by us all.
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Loch depth and turnover time
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�What does this mean to anyone outside of SEPA!?


�These are not understandable to most non-ecologists
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_1279631535.xls
Lunan_MIversion (2)

				Water Sampling

				for Lunan Water priority monitoring catchment

		Burn		Sample sites		grid ref		notes						2007-2011

										Turbidity		SONDE		sediment sampling		chemistry spot sampling		ISCO autosampler		Biofilms scrapes

		Burn		Sample sites		grid ref		notes		McVan probes, (calibrated monthly in field)		turbidity, pH, EC,temp		Equilibrium P conc on sediment trapped		fortnightly 18O, routine chemistry, alkalinity and SS, unfiltered TP		event chemistry		TRFLP/PLFA/CHLA

		A. Environmental Focus Farm (EFF)		Descrption		Grid Ref		Site Name

		Balgavies Burn		Pitkennedy				Pitkennedy

		Balgavies Burn		Westerton (EFF) Main site		541519		EFF1		MI (400 and 1000NTU probes)		MI		MI		MI				MI

		Balgavies Burn		Westerton (EFF) field ditch		541518		EFF2

		Balgavies Burn		Westerton (EFF), Guthrie Hill drain)		544519		EFF3								MI				MI

		Balgavies Burn		Westerton  (EFF) field ditch (top end)		541519		EFF4								MI				MI

		Balgavies Burn		Balgavies House (below pond)		540513		BH		MI						MI				MI

				Spring		531513		SP								SEPA/MI

		Boreholes		Kirkton Mill		kirkton mill										SEPA/MI

		B. REST OF LUNAN WATER

		Burnside Burn		Murton		501506		Murton 1 (Right)				SEPA		MI		MI		SEPA		MI

		Burnside Burn		Mid Dod		494500		Mid Dod								MI				MI

		Burnside Burn		AuchterForfar		484502		AuchterForfar								MI				MI

		Burnside Burn		Murton SWT				Murton						MI (replaces Murton leftO

		Lunan Water		Murton(from Reskenneth moss)		501507		Murton 2 (left)								MI				MI

		Baldardo Burn		Wemyss		497521		W		MI (400 and 1000NTU probes)		SEPA		MI		MI		SEPA		MI

		Baldardo Burn		Wemyss drain		497522		Wd

		Baldardo Burn		Baldardo Pond				Baldardo Pond

		Newmill Burn		Newmill		537504		Newmill bridge				SEPA and MI SONDES		MI		MI		SEPA		MI

		Newmill Burn		Newmill pond				Newmill pond

		Newmill Burn		Finneston ?				Finneston								MI				MI

		C. CONTROL CATCHMENT

		Lemno Burn		Hatton		467529				MLURI (till SONDE in place)		SAC/MLURI		MI		MI				MI

		Lemno Burn		Hatton Drain		467529

		DETAILS OF EQUIPMENT DEPLOYED ON THE LUNAN CATCHMENT FEB. 2008

				CR1000		CR10X		MCVAN 400NTU				HYDROLAB 1000NTU		TIPPING		SCLUMBERGER		SEDIMENT		MCVAN 1000NTU

				LOGGER		LOGGER		TURBIDITY PROBE				4a DATASONDE		BUCKET		MINI' DIVER		TRAP		TURBIDITY PROBE

		HATTON

		WEMYSS

		MURTON

		WESTERTON														x2

		FOCUS FARM

		NEWMILLS

		Summary of deployment and record dates

		Summary of protocols (folder)






_1279689338.unknown

