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1

Introduction

1.1

Background

Dalmellington Moss is a lowland raised bog, which is designated as a SSSI, and has been damaged in
the past due to drainage and burning. The site is located at grid reference NS466 064 and covers an
area of 28ha. Various restoration initiatives have been undertaken over the last 20 years to improve
the site condition, and a transect of 16 dipwells was installed in 1995 to monitor changes in the
water levels.
At present, the Coalfield Environment Initiative (CEI) is working with the Scottish Wildlife Trust (SWT)
to carry out habitat restoration with the aim of improving the condition of the site to favourable
condition. As part of this project, restoration works were completed in February 2015. The objectives
of the restoration works are:
a) to reduce water loss from the raised bog via sub-surface flow and surface run-off into the
ditch network.
b) to raise general water levels to within 10cm of the peat surface and maintain these levels.
These objectives should be achieved without affecting the A713 drainage (CEI, 2014).
To determine the effectiveness of these restoration works, and to improve the understanding of the
hydrology of the site, the CEI and SWT have commissioned this hydrological survey and monitoring
report. The objectives of this report are as follows:
a)
b)
c)
d)
e)

review the data collected from the existing manual dipwells, provided by the SWT
identify monitoring options for the site
map the proposed locations for devices
specify the design and details of the proposed instrumentation
produce an ongoing schedule for monitoring

To inform this report a walkover survey of the site was carried out on 15 April 2015.
1.2

Hydrological monitoring objectives

Monitoring is a necessary step in the restoration process to assess how successful restoration and
management activities have been in achieving the restoration objectives, and given the influence of
water on the peatland ecosystem water level is a key parameter to monitor.
Ideally monitoring should start before restoration takes place and cover both the pre and postrestoration phases (Bonnett et al, 2009). At Dalmellington Moss the SWT have been collecting data
from the dipwell transect since 1999 which has provided 16 years of data following earlier
restoration works, and also provides a baseline prior to the 2015 restoration works.
As part of the monitoring it is necessary to review the data and assess the condition of the site
against the restoration objectives. A feedback loop to site management should then be established
so that corrective actions can be made based on the results of the monitoring. By using this iterative
approach to monitoring an unexpected response to management actions does not represent a failure
in the restoration plan, rather an opportunity to improve understanding of these complex peatland
systems (Bonnett et al, 2009).
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Any monitoring specified for a site should be closely related to the restoration objectives, which at
Dalmellington Moss are to reduce water lost from the site via surface and sub-surface flow; and to
raise water levels. Therefore hydrological monitoring is appropriate for the site, and the objectives
are to:
a) monitor the effectiveness of the recent restoration works in reducing flow from the site and
raising water levels
b) evaluate any changing trends in water levels following the restoration works
c) assess the response of water levels to different climatic events (rainfall/ drought)
d) improve understanding of the hydrological regime of the site
To help meet these objectives CEI would like to install automatic monitoring to allow the collection of
high frequency water level measurements.
1.3

Site location

Dalmellington Moss is situated within 1km of the town of Dalmellington and is accessible by road.
The A713 bounds the north of the site; and the south of the site is bounded by Cummock Burn and
Muck Water, as shown on Figure 1. The site has an approximate elevation of 160mAOD.
1.4

Hydrology

A full description of the site hydrology is presented in the OpenSpace Hydrological Survey (2014). The
following hydrological summary is based on the OpenSpace report and the 1:25,000 OS map of the
site.
The site is located in the catchment of the River Doon, which at this point is about 50km from where
the river flows out to the sea at Ayr. The direction of flow is to the north west. The site is bounded to
the south by two small burns, Cummock Burn and Muck Water, which flow west into the River Doon.
The OpenSpace report identifies five main ditches which are shown on Figure 1. Three of these
ditches are at the site boundaries: C1, C2 and D1. Ditches C2 and D1 flow south-west, along the east
and west site boundaries respectively, into the two burns. Ditch C1 is on the south side of the A713
and takes water from the road as well as from the site. The flow in this ditch is principally westwards
into ditch D1, however the eastern end of this ditch flows in the opposite direction, east into ditch C2
(OpenSpace, 2014).
Ditches C3 and C4 are oriented NE-SW and run through the site, as shown on Figure 1. The presence
of these two ditches has resulted in the site becoming topographically separated into three blocks,
which are referred to as the west-block, centre-block and east-block, for the rest of this report. The
west-block is the largest of the three blocks, and the east-block is the smallest.
Each block has formed a separate dome shape which has resulted in each block behaving as a distinct
micro-catchment with surface flow being outwards towards the ditches. Below the depth of the
ditches and local variations in surface topography the peat is still a continuous body which is
expected to function as a single hydrological unit.
There are two notable water features in the vicinity of the site. Approximately 500m to the north of
the site is an open cast mine, and the OS map shows a series of mining pools located at
170-180mAOD.
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The other nearby water feature is Loch William which is situated approximately 200m north of the
site, and to the north of the A713. There is a stream out-flowing from this loch which the OpenSpace
report suggests may once have provided a water supply to the site, but is now intercepted by a road
drainage ditch on the north side of the road.
A review of historic maps of the site has been undertaken using maps available at www.oldmaps.co.uk (accessed 27/14/2015). The earliest available map is from 1860, which shows the
presence of both the road, the boundary ditches (C1, C2, and D1), and the eastern most site ditch C3,
which indicates these features are at least 150 years old. Neither the central ditch C4, or Loch
William, are shown on the 1860 map. The most recent old map available is from 1978, which
regarding to the site and Loch William shows no change. Therefore based on these historic maps
ditch C4 and Loch William are “new” features, potentially less than 40 years old.
1.5

Geology

The geology of the site has been taken from the British Geological Survey (BGS) 1:50,000 scale online
mapping. The bedrock geology is the Scottish Coal Measures Group which are sedimentary deposits
consisting of sandstones, siltstones and mudstones.
The regional superficial deposits are of Glacial Till which are low permeability clayey deposits. At the
site the Glacial Till is overlain by Alluvium consisting of low permeability silt, sand and gravel.
Overlying the Alluvium, in all but the south of the site is Peat.
The OpenSpace hydrological survey recorded 11 measurements of peat depth which confirm the
absence of peat at the south of the site. The peat depths show that the deeper peat deposits are
found in the west-block where the peat is around 4.5m deep.
1.6

Summary of site restoration

The site has been subject to restoration works since 1994 when 40 grips in the west-block were
dammed using metal sheets. In 1995 a transect of 16 dipwells was installed to monitor changes in
water levels. At some point between 2000 and 2005, there were 4 plastic piling dams installed in
ditch C3. These dams are named PP1 to PP4 in the OpenSpace report, and this naming convention
will be maintained.
The most recent restoration works were completed in February 2015. The details of the restoration
works are described in the Dalmellington Moss Re-wetting report (CEI, 2014) as follows:
c) to reduce water loss from the raised bog via sub-surface flow and surface run-off into the
ditch network.
d) to raise general water levels to within 10cm of the peat surface and maintain these levels.
These objectives should be achieved without affecting the A713 drainage.
To meet these objectives a trench bund was created along the northern boundary of the site, as
shown on Figure 1. Also, the four existing dams PP1 – PP4 were improved by pushing the piling
deeper into the underlying substrate and covering them with compacted peat to help retain water.
The north end of ditch D1 was cleared to prevent poor quality water flowing onto the site.
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2

Data review

2.1

Rainfall data summary

Rainfall data has been supplied by the SWT for the period 1999 to 2006. This data was collected by
Scottish Coal at Chalmerston/Pennyvenie, approximately 3km to the east of the site. More recent
rainfall data has been accessed online at the Wunderground weather website which includes data
uploaded by people with personal weather stations. A weather station was found in Dalmellington
Town at grid reference NS48001 05993, approximately 500m east of the site. The data from this
weather station covers the period 2012 to 2015.
In addition to the local data, rainfall data for Scotland-South has been downloaded from the Met
Office Hadley Centre - UK regional precipitation series (HadUKP). This is a long term dataset which
began in 1931 (Alexander and Jones, 2001), and has been used to sanity-check the local data.
In total the local rainfall data includes 9 full years of data between 1999 and 2015, with a 6 year gap
between 2006 and 2012. The local and Scotland-South annual rainfall statistics are summarised in
Table 1 below:
Table 1
Units: mm
Average
Maximum
Minimum

Comparison of local and Scotland-South annual rainfall
Local Annual Rainfall
(9 years of data
between 1999 - 2014)
1209
1455
919

Scotland-South Annual Rainfall
(16 years of data 1999 -2014)

Scotland-South Annual Rainfall
(84 years of data 1931-2014)

1522
1845
1152

1402
1845
1018

Table 1 shows that the local data is close to the statistical values for Scotland-South, which shows
that the data is valid. The average local rainfall is 1200mm/year which is suitable for raised bog
habitat.
Figure 2 presents the local and Scotland-South annual rainfall graphically for the period 1999-2014.
The figure shows that the Scotland-South rainfall is higher than the local rainfall; however both
datasets follow similar trends.
Figure 2 also shows that at Dalmellington the three highest years of rainfall were 1999, 2000 and
2002; and the three lowest years of rainfall were 2001, 2003, and 2004. Additionally the ScotlandSouth dataset shows that 2010 received a low rainfall.
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2.2

Water level review

A transect of 16 dipwells was installed in 1995 to monitor changes in water levels. The transect is
orientated east-west across the site, and the dipwells are approximately 50m apart, as shown on
Figure 1.
Data collected from the dipwells for the period 1999 – 2015 has been provided by the SWT. During
1999 and 2000 all 16 dipwells were dipped monthly. From 2002 to 2007 dipwells 1, 2 and 16 were
lost from either end of the transect, and measurements were made less frequently. In 2008 the three
lost dipwells were re-instated and a new dipwell (17) was added at the west end of the transect.
During this period measurements were made once or twice per year.
Due to the changing frequency of measurements over the monitoring period, combined with
changes in rainfall, it is important not to jump to early conclusions about trends in changing water
levels. The effect of reduced frequency data points on any dataset is to smooth out the dataset by
failing to capture peaks and troughs in the data.
In the following review I have focused on changes to the patterns and trends of the hydrographs,
rather than specific values.
The water level data from the dipwells has been plotted as hydrographs which show the water level
in cm below ground level (cmbgl). This data is important for determining the condition of a bog
based on the depth of water below the surface. There is, however, another piece of information
which would allow more to be gained from the data. That is the elevation of the ground surface at
the dipwell with reference to ordnance datum. When the ground elevation is known the shape of the
water table, and the hydraulic gradient can be determined.
By establishing the hydraulic gradient, site-wide trends can be distinguished from local changes in
surface level. For example if a dataset is plotted in cmbgl it may appear that one side of a site is drier;
if the dataset is replotted in mAOD it may become apparent that the reason one side is drier is due to
the direction of the hydraulic gradient.
Hydrographs have been plotted for the three separate blocks, and are presented on Figures 3 – 7. All
hydrographs have been plotted on the same axes to allow for comparison between blocks.
East-Block
Figure 3 presents the hydrographs for Dipwells 1 and 2 in the east-block. The figure shows that
during the monthly monitoring period (1999-2001) both dipwells behaved similarly with the water
level fluctuating between 0 – 25cmbgl. Of these two dipwells, the fluctuations observed at Dipwell 1
are slightly greater than at Dipwell 2 during this period.
Between 2002 and 2004, when monitoring is less frequent, the water level appears to drop. However
the minimum water level is still ~25cmbgl. After the dipwells were re-instated in 2008 there appears
to be a change in behavior with Dipwell 2 showing greater fluctuations than Dipwell 1.
The minimum water level in the east-block is ~25cmbgl.
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Centre-Block and Ditch C3
Figure 4 shows the hydrographs for the centre-block. In this block Dipwells 3 and 4 are on the east
and west sides of Ditch C3 respectively. Dipwell 7 is situated just to the east of Ditch C4.
The hydrographs for Dipwells 5, 6 and 7 show very similar trends. However there is a step decrease in
the water level at Dipwell 6 between the monthly monitoring period (1999-2001) and the later data.
Since 2006 the trend has stabilised and the water level at Dipwell 6 is not continuing to decrease.
This suggests a hydrological change in this area of the site between 2001 and 2004.
The hydrograph for Dipwell 4 has the lowest water level which persists through the monitoring
period.
Excluding the dipwells at the ditches (3, 4 and 7), the minimum water level in the centre-block is
~25cmbgl.
To allow any changes at Dipwells 3 and 4 to be viewed more clearly the hydrographs are presented
separately on Figure 5. This figure shows that during the monthly monitoring period (1999-2001)
Dipwell 3 has the greatest range of 5 – 30cmbgl, and in comparison Dipwell 4 ranges between 10 –
30cmbgl. During this period there are two groundwater lows and in both dipwells a minimum water
level of ~30cmbgl is observed. When the dataset resumes in 2002 this pattern has changed with the
lows at Dipwell 3 only dropping to ~20cmbgl whilst those at Dipwell 4 drop to ~30 – 40cmbgl. This
suggests that Ditch C3 was dammed between Feb 2001 and June 2002, and that this raised the water
level at Dipwell 3. Dipwell 4 is closer to the ditch, and the hydrograph indicates that it is still being
affected by the ditch.
West-Block
The hydrographs for the west-block have been split onto two figures to make the data clearer to
view. Figure 6 shows the dipwells in the east of this block, from Dipwell 7 to Dipwell 11. The
hydrographs have very similar shapes. Dipwell 8 has the highest water level through the full period,
and Dipwell 11 has the lowest. This may be due to Dipwell 11 being on a slightly higher part of the
site. This would be clearer if the data could be plotted against ordnance datum.
Figure 7 shows the dipwells in the west of this block, and again the hydrographs have very similar
shapes. Dipwell 15 shows a change in pattern after 2007, with the water level dropping to below the
other dipwells, and continuing to decrease. This suggests a hydrological change in this part of the
site, which could be due to the failure of the metal sheets used to block the grips in 1994.
The minimum water level in the west-block is ~25cmbgl.
Comparison between the West-Block and Centre-Block
Based on the above hydrographs there is a tendency to think that there is a trend of decreasing
water levels over the monitoring period, however this could be due to the reduction in
measurements after 2001. To investigate this, the hydrographs from Dipwell 5 in the middle of the
centre-block and Dipwell 14 in the middle of the west-block have been taken as being broadly
representative of the site, and are presented on Figure 8, with rainfall included for reference.
Based on the rainfall analysis above the years 1999, 2000, and 2002 had the highest rainfall, which
would explain the high water table during the period of monthly monitoring. The lowest rainfalls
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were in 2001, 2003 and 2004 which likewise would explain the drop in water table through this
period. There is also a low in the water table in 2010 which corresponds with a low rainfall in this
year.
2.3

Summary

Based on the data available there is no conclusive evidence of a general trend of change in water
levels between 1999 and 2015.
The minimum water level recorded at the east-west transect across the site, excluding the ditches, is
~25cmbgl. Whilst this does not meet the restoration objective of 10cm below ground level, it is
within the range of 0-30cm recorded on undamaged mires (Heathwaite, 1994). This indicates that in
terms of water levels the site is not in a bad condition. By using automatic monitoring to collect
higher frequency measurements it will be possible to determine the percentage of time the water
level is above 10cm, 20cm, etc., below ground level, which will provide better information about the
site condition.
There are two dipwells (6 and 15) where the hydrographs show a decreasing trend in water levels,
which suggests there has been a hydrological change in these areas. The hydrographs show that the
water level at Dipwell 6 has stabilized following a step change, but at Dipwell 15 the water level is
continuing to decrease. This is of concern and should continue to be monitored.
Whilst the water level data recorded is a good way of capturing changes to the site over time, this
data would be more powerful if it could be connected to the dates of site restoration works. It is
therefore recommended that a simple spreadsheet be set up which details the date and grid
references of all restoration works on site.
In the figures discussed above there are a number of hydrographs which have very similar patterns.
Therefore these dipwells are not monitoring different information about the site, and are measuring
very similar water level data. The main reason for this is that, especially on the west of the site, the
dipwells are located relatively close to each other (approximately 50m).
Based on the data reviewed and the hydrographs presented it is expected that 7 dipwells (6, 8, 9, 10,
12, 13, and 16) can be lapsed from the network, as shown on Figure 9. The dipwells would be lapsed
from the network, and not physically removed from the ground – they would simply no longer be
dipped.
Based on the data reviewed it is recommended that the existing dipwells are levels surveyed to
establish the elevation of the top of the dipwell and the ground surface at each dipwell, with
reference to ordnance datum. The results of this survey will allow the hydraulic gradient in the eastwest direction across the site to be determined. The direction and magnitude of the hydraulic
gradient will provide information about the direction of sub-surface flow at the site.
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3

Site survey

A site survey was carried out on 15/04/2015. The purpose of the survey was to:




investigate the condition and locations of the existing dipwells
check whether it would be possible to lapse the 7 dipwells highlighted by the data review
from the network: Dipwells 6, 8, 9, 10, 12, 13, and 16
determine whether additional dipwells would be required to meet the monitoring objectives

As part of the survey the existing dipwells were dipped and the depth to the base of the dipwell was
also recorded. This data is included in Appendix A.
The dipwells were all found to be in a good condition, however, it is unusual to have them pushed so
far into the ground, and slightly below ground level in some instances. The water quality at the
dipwells was seen to be generally clear which is a good indicator. The depth to base of the dipwells
varied between 66cm and 95cm, but without knowing the original installation depths it is not
possible to say whether the dipwells have silted up at the base. However it did not feel as if there
was sediment at the base.
To allow the installation of any new automatic monitoring devices into the existing dipwells, it will be
necessary to replace the dipwells which will contain the devices. That is because a hole needs to be
drilled in the top of the dipwell from which to suspend the device, and this will not be possible where
the dipwells are very close to the ground surface. Also new dipwells will allow for a lockable cap.
Whilst walking the dipwell transect it was found that the topography and vegetation only change
gradually along the transect, and that apart from the main ditches C3 and C4 there are no additional
water features which need to be monitored. It is therefore considered reasonable to lapse the 7
dipwells highlighted in the data review from the network: Dipwells 6, 8, 9, 10, 12, 13, and 16.
The survey found that although the site is relatively flat there appears to be is a slightly higher
backbone extending east-west through the site which is around 50m to the south west of the existing
dipwell transect. From this backbone the site slopes down, both north to the road and south to the
burns. It would therefore be expected that the water table will form a domed shape which underlies
the site topography. The existing dipwell transect only monitors the shape of the water table in the
east-west direction. To determine the shape of the water table and the hydraulic gradient in the
north-south direction it is recommended that two additional north-south transects of dipwells are
installed, one in the west-block and one in the centre-block, as shown on Figure 10.
The new bund created during the 2015 site restoration works extends approximately 1.2km along
the north edge of the site, and on the site survey was seen to be holding back water. It will not be
possible to monitor the full length of the bund using dipwells. The effectiveness of the bund as a
whole would be better monitored by carrying out an annual walkover survey during the wetter part
of the year. The general effect of the bund should also be seen by increased water levels across the
site which would potentially be detected by the dipwell network. To allow monitoring of the bund at
a single point it is recommended that the new north-south transect in the centre-block is extended
to add an additional dipwell on the road-side of the bund to monitor the difference in water levels
across the bund, as shown on Figure 10.
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The four recently improved dams on ditch C3 were surveyed, and were seen to be holding back
water. The most important of these dams are those at either end: PP4 at the north end, which should
stop flow north towards the road drain; and PP1 at the south end which due to the higher backbone
may be stopping flow towards the Burns in the south. It is therefore recommended that monitoring is
focused on these two dams, and that a dipwell is installed in the ditch on either side of both dams to
monitor the difference in water level across the dams. This will also provide information about
fluctuating water levels in ditch C3. To gain similar water level information for ditch C4, it is
recommended that one additional dipwell is installed in the ditch close to the existing Dipwell 7, as
shown on Figure 10.

4

Hydrological monitoring network

4.1

Objectives

The objectives of installing a water level monitoring at Dalmellington Moss are as follows:
a) monitor the effectiveness of the recent restoration works in reducing flow from the site and
raising water levels
b) evaluate any changing trends in water levels following the restoration works
c) assess the response of water levels to different climatic events (rainfall/ drought)
d) improve understanding of the hydrological regime of the site
To help meet these objectives CEI would like to install automatic monitoring to allow the collection of
high frequency water table measurements. The system should also be reliable and cost effective.
4.2

Monitoring locations

When designing any monitoring network it is important to recognise that no matter how extensive
and complex a network is, there will always be missing data. The aim is not to monitor everything,
but to gain sufficient data, which though analysis and interpretation can meet the monitoring
objectives.
The monitoring network should also not be seen as set in stone, but something that can be tweaked
if different information is required. For example, one area of the site may respond more slowly to
restoration and new dipwells could be added to this area to investigate.
To meet the monitoring objectives without over monitoring the site the following dipwells are
recommended, and are shown on Figure 10 :
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Reduce the existing dipwell transect from 17 to 10 dipwells, and add one new dipwell. This
would give a total of 11 dipwells in the existing east-west transect: 1 – 5, 7, 7A (new), 11, 14,
15, and 17.
Create a new north-south transect in the west-block, by installing 2 new dipwells
Create a new north-south transect in the centre-block and monitor the new bund by
installing 3 new dipwells
Monitor the effectiveness of the dams on ditch C3 by installing 4 new dipwells
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This would result in a network of three transects, containing 21 dipwells, which is only an increase of
four compared to the current 17. The dipwells to be lapsed from the network would not be removed
from the ground, but they would not be dipped.
4.3

Monitoring system elements

There are two methods of gathering data from field monitoring networks: manually or remotely via
the use of telemetry over the mobile phone network. Telemetry is always a more expensive option,
however it can provide pay back for remote sites, and where data is needed in real time.
Dalmellington Moss is situated within 1km of the town of Dalmellington and is accessible by road.
The purpose of the monitoring is to monitor the effectiveness of restoration works, and to improve
the understanding of the hydrological regime. For these reasons it is not recommended that
telemetry is used at this site.
It is recommended that absolute (non-vented) pressure transducers with built in data loggers are
used at the site to monitor water levels. Non-vented pressure transducers are known to be reliable
and cost effective, and for this reason are used at a number of peatland sites throughout the UK.
These devices can record data from every minute to daily, or less, and can store thousands of
readings. The collected data is then manually downloaded using a laptop PC, which can be done as
frequently as required.
The water level pressure transducers are suspended inside the dipwells and record the pressure of
water above the sensor. The pressure recorded is the water pressure plus atmospheric pressure. To
make use of the data one additional pressure transducer is required per site, known as a Barometric
pressure transducer (Baro for short). The Baro records atmospheric pressure and this data is
subtracted from the data recorded by the water level pressure transducer to determine the water
level. This is known as “compensating” the data. It is a very simple process which is done by the
software supplied with the pressure transducers.
In addition to the pressure transducers it is recommended that a rain gauge and data logger be
installed at the site. Data from the rain gauge is important to determine how the bog responds
during and after rainfall, especially during long dry periods.
Table 2 below details the recommended monitoring equipment for the site. Product data sheets are
included in Appendix B.
Table 2

Monitoring equipment

Equipment
Tipping bucket rain gauge and
separate data logger
Pressure transducer with inbuilt
data logger (water level)

Pressure transducer with inbuilt
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Description
 Manufacturer: Adcon Type: RG1
 This gauge is built to last in hydrographical or meteorological
applications and in rough environments.
 Manufacturer: In-Situ Type: Rugged Troll 100
 An absolute (non-vented) pressure transducer which measures
pressure (from which water level is calculated), and temperature.
 Designed for use in harsh environments.
 Battery life is 10 years.
 Diameter is 262mm.
 Manufacturer: In-Situ Type: Rugged Baro Troll
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data logger (atmospheric
pressure)

Data reader and USB cable

Dipwell pipe

Lockable dipwell cap

4.4

 Pressure transducer which measures atmospheric pressure, and
temperature.
 Designed for use in harsh environments.
 Battery life is 10 years.
 Diameter is 262mm.
 Manufacturer: In-Situ
 Type: Rugged TROLL Docking Station with USB cable and software CD
 Allows the Rugged Trolls to be configured for site
 Allows data to be downloaded from the Rugged Trolls
 Connects to a normal (not mini) USB port on a laptop.
 Supplier: Stuart Well Services Ltd
 uPVC slotted pipe – 1m length by 41.5mm diameter
 Protective geosock covering
 Plastic and rubber cap which can be padlocked shut to provide some
security against inquisitive tampering

Automated water level monitoring

The recommended dipwell network consists of a total of 21 dipwells; however it is not necessary to
equip every dipwell with a water level pressure transducer. The purpose of the pressure transducers
is to supplement the manual dip measurements. Even after a dipwell has been equipped with a
pressure transducer it is good practice to take a manual dip measurement at least once a year to
ensure the automatic data is correct.
The minimum monitoring equipment would be a single water level pressure transducer, a Baro
pressure transducer, and a rain gauge. However to gain more useful data about the site hydrology it
is recommended that dipwells are automated within the transects situated in the centre-block. By
focusing the automated monitoring on the centre-block this will allow more detailed information to
be gained about the part of the site which is most affected by drainage due to Ditches C3 and C4.
This will also allow the hydraulic gradient and the water levels in the central part of the site to be
better understood. It is therefore recommended that Dipwells 4, 5, and 7 are replaced and equipped
with automatic logging.
If funds are available then it is recommended that the new north-south transect in the centre-block
also be automated in order to complete the hydrological understanding of this block and the new
north bund. This would require an additional three water level pressure transducers, which should be
installed in the new dipwells 20, 21, and 22, as shown on Figure 10.
As with the dipwell network the locations of the pressure transducers are not set in stone. They are
easy to move, and could be relocated into different parts of the dipwell network to increase the
amount of high frequency data collected, without increasing costs.
In addition to the automated dipwells manual dips will be necessary at the other dipwells to
complete the hydrological understanding of the site as a whole.
4.5

Levels survey of the dipwells

It is recommended that all of the dipwells (10 existing, 7 lapsing, and 11 new) are levels surveyed to
establish the elevation of the top of the dipwell and the ground surface at each dipwell, with
reference to ordnance datum. The results of this survey will allow the hydraulic gradient to be
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Pendleton Hydro Ltd

Dalmellington Moss SSSI – Hydrological Monitoring

determined. The direction and magnitude of the hydraulic gradient will provide information about
the direction of sub-surface flow at the site.

4.6

Costs

The installation and instrumentation costs of the recommended monitoring network are listed in
Table 3 below:
Table 3

Installation and instrumentation costs

Description
Installation of the minimum recommended network
10 new dipwells and 3 replacement dipwells
Tipping bucket rain gauge and separate data logger
Barometric pressure transducer - Rugged Baro Troll
3 water level pressure transducers - Rugged Troll 100
Data reader and USB cable
2 days on site to install the dipwells and monitoring equipment
Subtotal
Levels surveying of the dipwells
Levels survey
1 day on site to instruct the levels surveyor
Subtotal
Additional 3 water level pressure transducers
3 water level pressure transducers - Rugged Troll 100
Subtotal
Total (excluding VAT)

Cost
£155
£625
£300
£900
£145
£860
£2,985

£500
£310
£810

£900
£900
£4,695

To install the recommended dipwell network of 6 water level pressure transducers, and have the
dipwells levels surveyed the cost would be £4,695. If only 3 water level pressure transducers are to
be installed the cost would be £2,985.
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4.7

Schedule of monitoring

To ensure that data from the network is captured on a regular basis the schedule of monitoring
outlined in Table 4 is recommended:
Table 4

Monitoring schedule

Description

Frequency

All automatic data loggers for the rain
gauge and pressure transducers
All 21 dipwells manual dip measurement

Configured to record data every hour

Download data from the automatic loggers
North bund walkover survey
Data review
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(Spring/Autumn), but if resources allow then once per
month for the first year would allow the manual data to
be better related to the automatic data
Twice per year to coincide with manual dips
Once per year
Initial review after 6 months, and then every 5 years
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5

Conclusion

The existing dipwell transect has provided 16 years of data, which has been collected by the SWT.
Firstly this data is very useful in providing a baseline against which the success of the 2015
restoration works can be assessed. Secondly the data review allows assessment of the success of
previous restoration works. The data review has shown that there is no conclusive evidence of a
general change in the water level for the period 1999 to 2015. This does not mean that previous
restoration works have not been successful, without those measures the water level could have
decreased over this period. Also there is no pre-restoration data against which to assess change.
The water level data recorded is a good way of capturing changes to the site over time. This data
would be more powerful if it could be connected to the dates of site restoration works. It is therefore
recommended that a simple spreadsheet be set up which details the date and grid references of all
restoration works on site.
The new bund created during the 2015 site restoration works extends approximately 1.2km along
the north edge of the site. Due to the length of the bund, it will not be possible to monitor the full
length of the bund using dipwells. It is recommended that the effectiveness of the bund as a whole is
monitored by carrying out an annual walkover survey during the wetter part of the year. It is also
recommended that the bund be monitored using a pair of dipwells to monitor the variation in water
levels across the bund at a single point.
To monitor the success of the restoration works, and to increase the hydrological understanding of
the site it is recommended that a network of 21 dipwells is used to gather water level data from the
three topographically distinct blocks of the site. This network should consist of three transects: the
existing east-west transect; and two new north-south transects as shown on Figure 10. To create this
network, 11 new dipwells should be installed. The general effect of the bund should also be seen by
increased water levels which will potentially be detected by the dipwell network.
To gather high frequency data to monitor the hydrological regime of the centre-block which is most
affected by drainage, and has been the focus of the 2015 restoration works, it is recommended that
between 3 and 6 dipwells in this block are equipped with water level pressure transducers with built
in data loggers. To provide information about rainfall and the site response to dry and wet periods, it
is also recommended that a rain gauge and data logger are installed.
The data from the automated dipwells should be downloaded twice a year. At the same time all the
dipwells should be dipped so that the manual data can be linked to the automatic data. Ideally, if
resources allow it is recommended that during this first year the manual dipwells are dipped once a
month to better monitor seasonal changes. This data can then be linked to the automatic data.
It is also recommended that all the dipwells are levels surveyed to establish the elevation of the top
of the dipwell and the ground surface at each dipwell with reference to ordnance datum. The results
of this survey will allow the direction and magnitude of the hydraulic gradient to be determined,
which will provide information about the direction of sub-surface flow at the site.
The estimated cost of installing the minim recommended monitoring network of three water level
pressure transducers and including a levels survey is £2,985. If funds are available and six water level
pressure transducers are opted for the cost is estimated at £4,695.
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Appendix A: Dipwell measurements taken on 15/04/2015

Dipwell No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Appendix A

Water level below
ground (cm)
12.5
-3
0.5
9.5
6
10
4.5
-1
3
8.5
16
9.5
12.5
8.5
17
7.5
6.5

Depth to base of
dipwell (cm)
95
92
69
69
80
68
92
66
96
73
93
72
84
83
90
91
84
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Appendix B: Monitoring Instrumentation - Technical data sheets
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