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1. Introduction 

In 2015, Natural England commissioned consultancy APEM Ltd to undertake the’ Stodmarsh SSSI/SPA/NNR 
- Lake Hydrology project’. Stodmarsh National Nature Reserve (NNR) is located at the downstream end of the 
Great Stour catchment in Kent (Figure 1.1).  

 

Figure 1-1 Location map showing the Stodmarsh NNR Lake (in dark blue) 

Historically, the Reserve Lake has experienced eutrophication problems which have resulted in blue-green 
blooms and fish kills, leaving the site in an ecological condition classified by Natural England as ‘unfavourable 
no change’. The APEM study was commissioned to collect baseline spot flow and water quality data to better 
understand the sources of water and nutrients to the internationally important National Nature Reserve (NNR) 
Lake. 6 monthly spot flow and water quality samples were collected as part of the project.  

The APEM monitoring project is part of a broader Natural England initiative to design water control and water 
quality measures that will improve the ecological condition of the lake in relation to high nitrogen and 
phosphorus loadings.  

As part of this initiative, Natural England also commissioned Atkins to collate existing environmental data for 
the NNR Lake and make these data available through an organised portal, so people working on the ground 
at the Stodmarsh site have access to all the historic data that has been collected across the site. Specific items 
on the Atkins scope of work were as follows:  

1. Prepare and issue data request to the Environment Agency to obtain the water quality, hydrological 
data and any modelling data available.  

2. Collate relevant literature pertaining to the site.  
3. Collate available data in digital format to a single location to be distributed to staff working on the 

site. 
4. Single day field visit to develop a conceptual understanding of the site, identify the benefits of 

building monitoring data into a modelling framework and to visit the main structures influencing water 
level and flow control.  

5. Provide a short summary report describing the data available for the site.  

This report provides a summary of the outcome of each of the project tasks. 
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2. Project outcomes 

2.1. Task 1 - Environment Agency data request 
An early-start data review using open-source data identified all the relevant water quality and hydrology 
monitoring locations near the Stodmarsh site on a range of Environment Agency databases. A data request 
(reproduced in Appendix A) was subsequently submitted to the EA to obtain all information identified.  

2.2. Task 2 - Collating relevant literature 
As an important site with national (SSSI, NNR) and international (SPA, SAC) designations, Stodmarsh has 
been the subject of a number of academic and other studies over the years. To ensure a comprehensive 
overview of the investigations conducted at Stodmarsh, a formal literature review was conducted using Google 
and the Web of Science using common search terms of ‘Stodmarsh’ and/or ‘SSSI’ and/or ‘Kent’. All hits 
returned from the search terms were evaluated and if any contained additional literature or scientific reports 
pertinent to the site, and were available online, then they were added to the Stodmarsh literature database.  

In addition, discussions were held with Environment Agency, Natural England and other stakeholder operatives 
in the local area to identify any other reports produced in a regulatory context.  

Appendix B reviews the literature identified and provides a brief summary of their contents. This includes 
material describing the ecology and hydrology of the site that is directly relevant to the Natural England study, 
such as a complete PhD that has considered the hydrological balance of the Stodmarsh NNR Lake.  

2.3. Task 3 - Collating information to a single location 
All the information obtained, both current and historic, has been collated and organised into an online 
Dropbox database where documents can be stored, shared, and synced with no cost or profile restrictions to 
Natural England or its partners. The Stodmarsh Dropbox folder can be accessed through the following link:   
https://www.dropbox.com/home/Stodmarsh%20Lake%20Study  

You can currently access this folder by contacting liz.nicol@atkinsglobal.com. Some of the information stored 
within this location is subject to data licensing agreements and the user is responsible for making themselves 
familiar with these documents (usually contained alongside the data files) prior to use in reporting. 

Available information has been categorised into four broad areas of interest: 
 

1. Environmental Data; 
2. GIS (Geographical Information Systems); 
3. Literature; and  
4. Miscellaneous.  

 
Each of these folders is further subdivided as shown in Table 2-1 overleaf to aid the cataloguing of different 
data sets/types. A README.xls file in the Dropbox root folder identifies the complete contents of the database 
(Table 2-1 reproduces the README file as of the end of May 2016).  
 
Every time a new document or file is added to the shared folder, the README catalogue should be updated 
by the user to maintain an accurate reference log to anyone using the shared folder.  
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2.4. Task 4 - Conceptual understanding 
The review has identified a considerable volume of historic and current data and reports to help Natural 
England and its partners understand the hydrology, hydrogeology and water chemistry of the Stodmarsh NNR 
Lake. Figure 2-1 shows a conceptual diagram of the NNR Lake to visualise the flows of water and nutrients 
into and out of the Stodmarsh NNR Lake. The hydrology of Stodmarsh is complex. The history of the site, its 
topography and position in the landscape mean that the hydraulic controls across the system change under 
different tidal situations in Sandwich Bay and flow conditions in the River Stour. Stodmarsh is predominantly a 
level-controlled system and water can flow into or out of the NNR Lake depending on various hydraulic controls:  

 Under ‘average’ conditions, water levels in the Stodmarsh NNR Lake will typically be higher than in 
the River Stour and water will flow from the lake into the river.  

 During high spring tides and/or when flows in the River Stour are high, water in the River Stour can be 
higher than in the lake and the marshes and water will flow from the River Stour into the NNR Lake. 

The main inflows to the Stodmarsh NNR Lake can therefore be summarised as follows (see Figure 2-1): 

1. Inflows from Collards (or Great Puckstone) Lake through a structure labelled as S1; 

2. Inflows from the Lampen Stream through sluice S2;  

3. Direct inflows from River Stour can occur through sluice S3 during periods of high flows in the River 
Stour or high spring tides in Sandwich Bay; 

4. Direct Rainfall on the NNR Lake surface;  

5. Groundwater from local or regional aquifers underlying the site; and  

6. Potential seepage into the NNR Lake through the river embankments that separate the lakes and 
the main watercourses (mostly likely during high flows and/or high spring tides). 

Outflows can be summarised as follows (see also Figure 2-1): 

7. Seepage from the lake into the River Stour through embankments (mostly likely during low flows 
and/or low spring tide); 

8. Evapotransporation from the open water and vegetated surface of the Stodmarsh NNR Lake; and 

9. Outflows through sluice S3 that can act in two directions.    

The precise frequency and magnitude of inflows from the River Stour is not fully understood. Monitoring to 
date, including monthly spot flows commissioned by Natural England, have not captured the interplay between 
tides in Sandwich Bay, flows in the River Stour and water levels in the NNR Lake. An initial evaluation is 
possible and is presented in Section 3.1.3. However, additional targeted monitoring that reflects the level (as 
opposed to flow) controls on the particular hydrology of the Stodmarsh system has been previously proposed 
for the site and is highlighted as a key recommendation arising from this study (see Section 4).  

For all other inflows and outflows, some historic data are available to help assess the relative scale of all of 
these sources. In many cases, the data identified by this study, coupled with some targeted topographic 
survey, would allow an integrated assessment of the volumetric importance of each source using industry-
standard wetland and/or hydraulic models. 

Gaining an understanding of the water balance is a precursor to understanding the flows of nutrients through 
the NNR Lake. As part of this data review, a range of relevant Environment Agency water quality records have 
been identified and are shown in Figure 2-1. In nearly all cases, sufficient water quality data are available from 
the Environment Agency (see section 3.1.1) to develop and understand nutrient loadings if uncertainties in the 
magnitude of some of the key hydrological processes can be addressed.  
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Figure 2-1 Summary of the hydrology of the Stodmarsh site and hydrodynamics of the lake in relation to proximal waterbodies 
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Figure 3-2 Mean (a) annual and (b) monthly phosphorus and phosphate concentrations in the 
main sources of water to the Stodmarsh NNR Lake 
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Figure 3-3 Mean (a) annual and (b) monthly nitrogen concentrations in the main sources of water 
to the Stodmarsh NNR Lake 
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Figure 3-4 Water levels at Grove Ferry and flow in the River Great Stour at Horton from 2012-2015. 

 

 

Figure 3-5 LiDAR data extracted for the Stodmarsh Lake and surrounding area 
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3.1.4. Groundwater 
The precise importance of groundwater to the water balance of Stodmarsh Lake NNR is not fully understood. 
The influence of groundwater could be direct, through upwelling beneath the site for example, or indirect, by 
acting as a source to inflowing streams. For example, groundwater is thought to be an important influence on 
the volumes and quality of water in the Lampen Stream.  

3.1.4.1. Indirect influences 

Outputs from the Environment Agency East Kent groundwater model have been requested to estimate flows 
in the Lampen Stream. The groundwater model only covers the period between 1970 and 2002 and the chart 
below (Figure 3-6) shows the naturalised flows estimated for stream cells relevant to the NNR Lake.  

An Environment Agency spot flow site (Stodmarsh Village at TR22126057) near one of the model output points 
shows that flow has been present and at greater rates than the model indicates so the model would appear to 
provide only a conservative estimate of flows available. Indeed, the Environment Agency do not consider the 
model to be representative of flows in the Lampen Stream as an additional component of flow will originate 
from the Thanet Formation rather than the underlying Chalk, which is the focus of the model.  

Nevertheless, it is considered that these data do provide a useful starting point or lower-end flow estimate to 
assess the water available from this source as a potential alternative supply of water to the NNR Lake.  

 

Figure 3-6 Long term time series of flow in Lampen Stream at sites upstream (cell 1) and 
downstream (cell 2) of the Stodmarsh NNR Lake. 

3.1.4.2. Direct influences 

The likelihood of direct groundwater inflows to Stodmarsh Lake NNR can be estimated using British Geological 
Survey mapping and lithological logs. BGS mapping shows that the bedrock is covered by alluvial deposits 2 
– 12m in thickness over Thanet Formation deposits ca. 15 – 40 m in thickness (see Appendix F). 

The BGS Minor Aquifers Handbook [2] states that “the Thanet, Woolwich/Reading and Harwich formations are 
often considered as a single groundwater unit known as the ‘Basal Sands’ aquifer, which is in hydraulic 
continuity with the chalk”. However the Thanet Formation can vary widely in composition and thus in hydraulic 
characteristics. The BGS Minor Aquifers Handbook reports a broad range of hydraulic conductivities ranging 
from 0.01 – 167 m/d with an arithmetic mean of 11.3 m/d. Geological logs in the area of the lake record a high 
abundance of clay dominated strata, indicating that the local hydraulic performance is likely to be towards the 
lower end of the range provided. 
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Indeed, given the presence of low permeability alluvium and the local character of the underlying Thanet 
Formation, the upwelling of deep groundwater from the underlying regional chalk aquifer is unlikely to be a 
significant source of recharge to the lake, although the presence of localised shallow groundwater systems 
within the Thanet Formation cannot be discounted.  

3.1.5. Ecology 
The best available ecological data in and around the Stodmarsh NNR Lake is from recent Environment Agency 
WFD macrophyte surveys in Collards Lake (Figure 3-7 and Figure 3-8 below). It is not known whether 
equivalent data are available for the Stodmarsh NNR Lake. The species present broadly reflect the current 
trophic status of Collards Lake, indicating phosphorus concentrations of between 0.75 and 1.25mg/l (Figure 3-
2). At a broader scale, there are also good quality floodplain habitat maps in and around Stodmarsh from the 
Priority Habitats Inventory (see Figure 3-10). Available LiDAR data can also be interpreted to provide a map 
reed and emergent vegetation coverage (see Figure 3-11). 

Figure 3-7 Aquatic macrophyte survey at Great Puckstone 

 

Figure 3-8 Marginal macrophyte survey at Great Puckstone 
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Figure 3-10 Main habitats in and around Stodmarsh according to the Priority Habitats Inventory 
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Figure 3-11 Area of reedbeds and emergent vegetation (in brown) and tree and hedge lines (jn green) 
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4. Conclusions and recommendations 

4.1. Conclusions 
A large volume of data and literature relevant to the Stodmarsh NNR Lake is available from the Environment 
Agency and others. Available information has been collated to a site specific Dropbox folder that can be 
accessed by local stakeholders (https://www.dropbox.com/home/Stodmarsh%20Lake%20Study). These 
data, coupled with outputs from recent investigations commissioned by Natural England, have allowed the 
development of a conceptual model describing water and nutrient flows into and out of the Stodmarsh NNR 
Lake. 

The conceptual model provides the starting point for the potential development of a modelling framework that 
may help quantify and design the benefits of different management practices to resolve observed 
environmental issues. Historically, the Reserve Lake has experienced eutrophication problems which have 
resulted in blue-green blooms and fish kills, leaving the site in an unfavourable ecological condition. 

This data review has shown that for most inflows and outflows, some historic data are available to help assess 
the relative scale of the sources. In many cases, the data identified by this study, coupled with some targeted 
topographic survey, would be sufficient to allow an integrated assessment of the volumetric importance of each 
source using wetland and/or hydraulic modelling approaches routinely used by Natural England and others. 

The main data gap is currently considered to be the detail of understanding of the importance of the River 
Stour on the NNR Lake. The Stodmarsh NNR Lake is part of a level-controlled system and monitoring to date, 
including monthly spot flows commissioned by Natural England, are not able to capture sufficient detail 
regarding the interplay between tidal levels in Sandwich Bay, flows in the River Stour and water levels in the 
NNR Lake. LiDAR data for the site, when combined with Environment Agency water level data suggest that 
this process could be more significant than suggested by previous assessments. In addition some limited 
monitoring to further understand the hydrology of Collards Lake is also required. 

An understanding of the relative importance of the different sources of water to the NNR Lake is critical to 
understand the concentrations of nutrients in the Lake as the different water sources have significantly differing 
phosphorus concentrations ranging from extremely high concentrations in Collards Lake (annual means in the 
region 1 mg/l), to the lower concentrations in the Lampen Stream (annual means of <0.1mg/l). Both the River 
Stour and the Stodmarsh NNR Lake are intermediate between the two with mean annual concentrations in the 
region of 0.25mg/l. Understanding the water balance and how it varies through time is essential to help explain 
the magnitude and variability of observed nutrient concentrations in the Stodmarsh NNR Lake and how to 
address eutrophication risk into the future.  
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4.2. Recommendations 
On the basis of observed data gaps and the need to identify realistic and workable engineered and catchment 
solutions to address eutrophication risk, a number of further steps can be identified to help design and cost 
potential solutions. 

4.2.1. Initiate programme of water level monitoring 
A network of water level monitoring in and around the Stodmarsh NNR Lake, when combined with routine 
Environment Agency monitoring, would address any data gaps regarding the importance of the hydrology of 
different sources of water to the NNR Lake. Water level monitoring would consist of 3-4 water level monitoring 
locations with a stageboard, stilling well and water level logger at each location. It is recommended that Natural 
England undertake this work.  

A similar approach has been adopted by Natural England in the Meres of Shropshire where, following initial 
specialist training, a network of water level recorders has been installed and maintained by the regional 
wetland/Field Unit officer that has now collected close to three years of water level data across a range of 
sites. These data have been invaluable to help understand the effects of different management interventions 
within the sites, and more widely how these habitats can be managed more effectively into the future.  
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4.2.4. Test and cost scenarios 
The most useful function of computer models is that they can be used to test ‘what-if’ scenarios. In the local 
context, these scenarios might include things like what would happen to water levels and nutrient 
concentrations in the Stodmarsh NNR Lake if you (a) reduced inflows from Collards Lake, (b) increased 
inflows from the Lampen Stream or (c) raised the level of the River Stour sluice as some logical and 
potentially simple scenarios that might be tested based on the conceptual model developed. An example of 
how model outputs can be used to help define future management scenarios is provided below based on the 
Lake District example previously referred to.  

Experienced engineers within organisations such as Atkins or the Environment Agency can provide a high 
level of detail on costings and buildability of the types of structural changes that might be relevant at 
Stodmarsh from a range of very similar work across the south coast of England. 

 

  

4.2.5. Agree and implement management plan 
The above steps are all considered as prerequisite to help Natural England agree, design and implement a 
revised management approach that will deliver the required environmental enhancements based on a robust 
understanding of the processes that govern the site that helps to reduce uncertainty, delivers value for 
money and ensures that successful restoration of the NNR Lake is delivered.  
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Appendix A. Data request 

 

This is a data request to support a partnership project being undertaken by Kent County Council, Natural 
England and the Environment Agency to consider eutrophication risk to the Stodmarsh National Nature 
Reserve Lake in Kent.  This project is collating available hydrological data for the site that can be 
subsequently used in an assessment of eutrophication risk. The Environment Agency contact on this 
project is Tom Reid from the Canterbury office. 

The following data are required and requested to support the project: 

1. Spot flow gauging data from the Environment Agency’s BiBER system within the area of 
interest the Lampen Stream WFD waterbody (shapefile showing the area of interest is 
attached).  

2. Daily flows for the Great Stour at Horton.  
3. Hourly or 15-minute water level data (in m OD)  for the River Stour at Grove Ferry for the 

period 01/01/2012 – present day.  
4. Daily mean rainfall data (as excel timeseries) for the record closest to the Stodmarsh NNR 

Lake (located at 622,000  161,604). We assume a location like Canterbury may have a good 
rainfall record.  

5. Monthly MORECS evapotranspiration (PET) for grid square 135.  
6. Asset register data (structures) for any structures that are present on the River Stour and its 

tributaries between 618,006  159,818 (upstream boundary of river reach) and 624,228  162,866 
(downstream boundary of river reach of interest).  

7. Groundwater OBH data – any groundwater level data for OBHs within 5km of the site 
8. SAGIS data for the River Stour (Kent) to include reach scale outputs in excel format. This 

has been provided as part of previous projects by Thomas Rolls who is a Senior Officer in the 
National River Basin Management Services 

9. Details of abstraction licenses and volumes within the Lampen Stream WFD waterbody 
(shapefile showing the area of interest is attached). 

10. Flow output data for the Lampen Stream from the East Kent Groundwater Model + the 
report that describes the East Kent Groundwater model 

11. Water quality records from the Environment Agency WIMS database for (a) monitoring 
locations within the Lampen Stream (shapefile showing the area of interest is attached) AND 
(b) records for the following locations on the River Stour: (i) E0001255 Great Stour – Bretts 
Bailey Bridge Low Tide, (ii) E0001260 Great Stour Whitemill Bridge Sturry, (iii) E0001261 Great 
Stour Blackmill Bridge Sturry, (iv)E0004621 Great Puckstone Lake 2, and (v) E0007111 Great 
Stour @ Fordwich Arms. Available WIMS data should be compiled in the format equivalent to 
the attached water quality data record received as part of a previous investigation  
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Appendix C. Stodmarsh water quality 
data summary 

C.1. Historic time series of filtered N at Great Puckstone  
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C.2. Historic time series of P at Great Puckstone 
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C.3. Historic time series of N at Bretts Bailey  
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C.4. Historic time series of P at Bretts Bailey  
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C.5. Historic time series of N at Lampen Stream  
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C.6. Historic time series of P at Lampen Stream  
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Appendix D. Environment Agency 
SAGIS outputs 

D.1. SAGIS outputs; SIMCAT plot - SERBD v21 Great Stour 
 
SIMCAT plots to help with interpretation of SAGIS model performance. Note: below Canterbury STW 
permitted discharge, the SIMCAT model simplifies the river network, not including the flow split. 
Additionally, at the x2 sample points at the bottom of the catchment, there is limited concurrent sample 
data during the model period that characterise the in-river quality down each branch. 
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Appendix E. Historic maps 

E.1. 1872-73 
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E.2. 1898 
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E.3. 1938 
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E.4. 1960 
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E.5. 1973 
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Appendix F. Groundwater assessment 

F.1. Bedrock geology 
1. Thanet Formation (sands, silts and clays) 
2. Lambeth Group (sands) 
3. Harwich Formation (sands and gravels) 
4. London Clay Formation (clays and silts) 

 

  



Stodmarsh Lake Hydrology Study 
Natural England 
 

 
 
 
Atkins   31 May 2016 | Ref: 5147551 | v8  

   

 

F.2. Superficial geology 
5. Alluvium (clays, silts, sands and gravels) 
6. Tidal Flat deposits (clays and silts) 
7. Head (clays and silts) 
8. River Terrace deposits (sands and gravels) 
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F.3. Location of borehole logs 

 

Many of the geological logs in the area were obtained for the purpose of coal exploration by Chislett Colliery 
Co Ltd. in the late 1930’s. Unfortunately these logs all start at c. 1400 feet depth and therefore provide no 
information on the shallow geology. 
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F.4. Borehole logs 
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F.5. Extract from minor aquifers handbook 
Thanet formation conformably overlying Chalk. With increasing depth sequence is: 

- Harwich Formation 
- Reading and Woolwich Formations 
- Upnor Formations 
- Thanet Formation 
- Upper Chalk 

 

 

Proportion of sand increases to the East. 
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