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1.0 Introduction 

The Cut Throat Dene (CTD) is an ephemeral coastal stream located at the north eastern edge 

of the Wear Catchment (Fig. 1). The dene marks the boundary line between South Tyneside 

and Sunderland district councils. CTD drains an approximate area of 6 km2 which was added to 

in 2017 with the connection of the Boldon Flatts Nature Reserve by Northumbrian Water (NW). 

The source of the dene is located within agricultural land near Fulwell Quarry Nature Reserve 

(NZ 37840 59993) and runs for approximately 3.3 km eastward to the mouth situated at 

Seaburn. CTD is located 1.5km south of Cleadon and 2 km north of the mouth of the Wear in 

Sunderland. Topographically the catchment is relatively flat, ranging from 50 m AOD in the 

upper catchment grading down to >10m on the flood plain near Monkwearmouth Cemetery.  

 
Figure 1: Outline of Cut-Throat Dene and position within the Wear Catchment. 

Land use is dominated by grassland utilising 49% of the catchment, with the remaining area 

occupied by arable (22%), bog (13%), woodland (9%) and urban developments (7%) (NERC CEH 

2012). Northumbrian Water’s Fulwell groundwater abstraction is situated ~100 m south of the 

confluence of Cut Throat Dene and Boldon Flatts (NZ 38928 60708). Data obtained from the 

MetOffice for the monitoring station at Tynemouth records local average temperatures of 

9.4°C with a yearly average rainfall of 597.2 mm which is significantly below the UK average.  

 

(Note: the original catchment boundary has been edited by Martin Colling (WRT) to include the 

additional drainage of Boldon Flatts since its connection to Cut Throat Dene in 2017. This has 

been completed using DTM’s of the region and requires further refinement). 

Boldon Flatts 

Nature Reserve 

Boldon Flatts 

Connection 

Cleadon 

Seaburn 

Sunderland Cut Throat Dene Source 

Fulwell 

Abstraction 

Catchment 

boundary 

prior to 

connection of 

Boldon Flatts 

http://birdersmarket.com/acatalog/Boldon_Flats.html
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1.1 Aims 

The purpose of this investigation is to identify any risk to water quality at the Fulwell 

abstraction via surface water / groundwater pathways originating from both nearby 

agricultural inputs, urban sources and the connection of Boldon Flatts to the Cut Throat Dene. 

1.2 Objectives 

• Develop a conceptual model encapsulating the hydrological & hydrogeological regimes 

across the catchment to assess potential connectivity between the Cut Throat Dene 

and the Fulwell abstraction.  

• Ground truth catchment for potential inputs and outputs to the system, such as sink 

holes, springs, drainage etc. 

• Confirm water quality across the entire Cut Throat Dene catchment, including inputs 

from Boldon Flatts. 

• Complete 12-month flow monitoring of CTD to establish any losses of flow to 

groundwater, with the potential for tracer studies if surface waters losses are detected. 

• Provide a comparative surface and groundwater study to the Topsoil study of Hawthorn 

Dene. 

• Utilise and implement MSc studies of the CTD to increase understanding of the 

catchment. 

 

2.0 Conceptual Model 

The following conceptual model has been developed following the guidelines laid out in 

Rushton (2003) and the framework proposed by Brassington & Younger (2010), as well as 

amalgamating the findings of Newcastle University MSc student Lindsay Connolly (2018).  

 2.1  Hydrology 

As previously noted, CTD flows eastward from its source near the Fulwell Quarry Nature 

Reserve (SSSI and area of international important rocks) and converges with the Boldon Flatts 

outfall 94 m north of the Fulwell abstraction (Fig. 2). After the confluence of the two streams 

the CTD flows eastward for 900 m where the stream combines with drainage from the 

Sunderland Athletic Football Club (SAFC) football training grounds. Information provided by a 

local source highlighted this short stretch that proceeds the confluence as a hotspot for sink 

holes, where water flows have been observed to be considerably lower downstream of this 

point of interest. Evidence supporting this concept has been witnessed ~50 m downstream of 

the confluence where water losses are observed overflowing down a hole within the riverbank. 

The stream continues east for a further 1 km, circumventing the Monkwearmouth Cemetery 

clockwise before emptying into the North Sea on Seaburn Beach (NZ 40601 60226). The mouth 

of CTD is situated 2km north of the River Wear, which is tidally influenced, something that does 

not affect CTD. 

http://www.limestonelandscapes.info/media/12664/Fulwell-Quarry-leaflet/pdf/FulwellQuarryleaflet.pdf
http://www.limestonelandscapes.info/media/12664/Fulwell-Quarry-leaflet/pdf/FulwellQuarryleaflet.pdf
https://designatedsites.naturalengland.org.uk/SiteDetail.aspx?SiteCode=s1000369
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There are no National River Flow Archive (NRFA) flow gauges on the dene, with the nearest 

gauging station located at Chester-Le-Street on the River Wear some 12 km SE. This lack of 

flow data led NW and the WRT to conduct monthly flow monitoring on the dene which ran 

between Nov 2017 and Nov 2018, which was extended to include the upper reaches of the 

dene from May to July 2019. Several surface water features can be found within the 

catchment, the main two features are Boldon Flatts in the north west and four irrigation ponds 

utilised by SAFC situated in the centre of the catchment. Boldon Flatts Nature Reserve is 

preserved by South Tyneside Council and is a common migratory bird stop-off for species 

including Crane, Spoonbill and Water Rail (BirdersMarket.com). The terrain around Boldon 

Flatts is low lying and often experiences seasonal flooding. The wetland is drained by a series 

of ditches that culminate at a sluice gate in the South East corner of the reserve. The sluice 

gate is operated by South Tyneside Council to control annual winter flooding. In 2017 

Northumbrian Water completed the redirection of excess water from Boldon Flatts into the 

Cut Throat dene (link), by-passing the long sea outfall in order to help reduce the frequency of 

untreated sewerage entering the North Sea.  

 

 
Figure 2: CTD catchment highlighting primary surface water features.  
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https://www.nwl.co.uk/media-centre/611_6726.aspx
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2.2 Geology 

The regional geology surrounding the catchment is dominated by Permian Limestones (290-

265 MA) which were laid down in sub-tropical shallow seas in a period when the region lay 

much closer to the equator. It is collectively made from dolomites, magnesium rich limestone 

reefs, evapourites and marls which reflect the cyclic transgression, regression and evaporation 

of a shallow tropical sea, known as the Zechstein Sea (Powell et al. 1992). The Permian 

Magnesian Limestone lies unconformably above the Westphalian Coal Measures which have 

been historically mined for coal. This geological sequence dips gently ESE towards the North 

Sea at ~5° as simplified in Figure 3 below. This dip increases at the coast where folds are present 

with extensive faulting of the upper units. The majority of the Magnesian Limestone is dolomite 

(calcium carbonate), which is commonly utilised for road aggregates and brickworks.  

 
Figure 3: Simplified geological cross section of the study region. 

The surface geology of the Cut Throat Dene catchment primarily comprises of the Magnesian 

Limestone (92%), with the remainder of the study area documented as Yellow Sandstone 

(7.6%) and Carboniferous Coal Measures (0.4 %) (Fig. 4). The Magnesian Limestone within the 

study area consists of 3 sub-units; the Roker Formation (formally known as the Upper 

Magnesian Limestone) occupying the eastern section of the catchment and containing the 

NWL Fulwell abstraction within its bounds, the Ford Formation (formally the Middle Magnesian 

Limestone) located in the west of the study area, and the Raisby Formation (formally the Lower 

Magnesian Limestone) which surrounds the Permian Yellow Sands to the North West. Below, 

Table 1 displays the stratigraphic sequence of the study area with geological descriptions taken 

from Smith (1978). 

Table 1: Stratigraphy of the Cut Throat Dene study area. Information and descriptions taken from Smith, 1978 & Allen et al., 
1997. 

Geological 

Period 

Revised 

nomenclature 

(Smith, 1986) 

Traditional 

Terminology 
Geological Description 

P
er

m
ia

n
 

(2
9

8
.9

– 
2

5
1

.9
 

M
YA

) 

 

Roker Fm 

(Zechstein Gr.) 

Upper 

Magnesian 

Limestone 

Yellow brown, oolitic dolostone with 

thin beds of soft granular dolomite. 

Ford Fm 

(Zechstein Gr.) 

Middle 

Magnesian 

Limestone 

Dolomite that comprises of three 

facies; shelf-edge reef that separates 

a belt of back-reef, lagoonal beds in 

W E 
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the west from a belt of fore-reef, 

and off-reef beds in the east. 

Raisby Fm 

(Zechstein Gr.) 

Lower 

Magnesian 

Limestone 

Cream-grey, fine-grained dolostone, 

with thickness ranging from 20-40 m 

Yellow 

Sandstone 

Basal Permian 

Sandstone 

Uncemented or weakly cemented, 

medium grained, cross-stratified, 

yellow sand and/or sandstone. With 

a maximum thickness of 68 m 

Unconformity 

C
ar

b
o

n
if

er
o

u
s 

(3
5

8
.9

-2
9

8
.9

 

M
YA

) 

Pennine Coal Measures 

Interbedded sequence of grey 

mudstone, siltstone, pale grey 

sandstone and coal seams 

  

 
Figure 4: Map displaying bedrock and linear features. Created using BGS 1:50k data.  

There is a large inferred fault located ~245 m north east of the Fulwell abstraction. The fault 

strikes NE-SW through the Magnesian Limestone, dipping to the north west (Smith, 1978). 

Faulting within the underlying Carboniferous Coal Measures are found approximately 100 m 

to the north east of borehole which strikes E-W and dip to the north. It has been suggested 

Yellow 

Sands Fm 

Pennine 

Coal 

Measure

s 

Roker Fm 

Ford Fm 

Raisby Fm 

Hebburn 

Dyke 

Fault within 

the Mag Lime. 

Fulwell Abs. 
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that these faults may have been reactivated due to groundwater rebound caused by the 

cessation of mine water pumping in the 1980’s and 1990’s (Yu. et al., 2007). These faults have 

the potential of reopening or even creating new faulting around existing fault structures which 

leads to an increase in transmissivities of the underlying Coal Measures. It is noted by Allen et 

al. (1997) that if ground water levels continue to rise within the Coal Measures this may lead 

to connectivity with the overlying Magnesian Limestone aquifer which could compromise the 

water quality of the primary aquifer.  

 

2.3 Superficial Deposits 

Superficial cover is predominantly made-up of the Pelaw Clay which is a brown silty clay that 

contains localised pockets of cobbles and pebbles (BGS, 2017) (Fig. 5). Drift thickness in this 

area ranges from 10+ meters in the vicinity of the Fulwell abstraction down to 0-5 meters 

towards the mouth of the dene. Cut Throat Dene is underlain by alluvium for the majority of 

its reach, a combination of clay, silt, sand and gravels. Pockets of sand and gravel are also 

observed at the Monkwearmouth Cemetery as well as encompassing the northern skirts of the 

Fulwell Quarry. The Fulwell Quarry is notably absent of drift due to the abstraction of limestone 

prior to being converted into a nature reserve in the 1990’s. Both artificial and made ground 

are documented for the majority of the Fulwell Quarry as well as the final 250 m reach of the 

CTD which has been completely channelised. 

 
Figure 5: Map displaying the superficial deposits and artificial ground of the Cut Throat Dene. (Digimap, 2018). 

Pelaw Clay 

Alluvium 

Sands and 

Gravel 

Drift absent 

within Fulwell 

Quarry 

Fulwell 

Abstraction 
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The Environment Agency (EA) with the aid of the British Geological Survey (BGS) has combined 

data layers containing ‘superficial type’ and ‘superficial thickness’ to produce groundwater risk 

maps for the Magnesian Limestone aquifer as a screening tool for risk assessment purposes. 

The resultant groundwater connectivity output (Fig. 6) indicates potential high levels of risk of 

connectivity between surface waters and the Magnesian Limestone aquifer for 39% of the 

catchment. Areas highlighted red suggest a high risk of surface water infiltration down into the 

aquifer and are typically thin (less than 5m) and comprise of highly permeable deposits such 

as gravels or sands. Conversely, areas designated green indicates a low risk of connectivity, and 

are typically thick (greater than 10m) and made up of low permeable deposits such as clays. 

The area around the Fulwell abstraction is an example of a low risk zone due to the thick 

impermeable drift acting as a retardant to pollutants on the surface. A similar situation is 

observed on Boldon Flatts where the relatively thick superficial deposits retain water on the 

surface and impede downward percolation producing the wetland. 

 
Figure 6:  Groundwater Connectivity map layer of Cut Throat Dene catchment produced using data layers provided by the EA. 

The overlying soils of the catchment fall into 3 categories; the headwaters flow over freely 

draining lime rich loamy soils (http://www.landis.org.uk/soilscapes/), the lower catchment is 

covered in slightly acidic loamy clayey soils, and the area around Boldon Flatts is low permeable 

and seasonally wet loamy/clayey soils (Appendix 1). 

 

2.4 Hydrogeology 

The Magnesian Limestone is a principle aquifer which stretches from Sunderland down to the 

northern outskirts of Nottingham (Fig. 7). The aquifer is a complex sequence of limestones, 

marls, sandstones, evapourites and breccias which due to the interconnectivity of all these 

Fulwell 

Abstraction 
Headwaters 

Boldon Flatts 

http://www.landis.org.uk/soilscapes/
https://www.bgs.ac.uk/research/groundwater/shaleGas/aquifersAndShales/maps/aquifers/home.html
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layers has been classified a single groundwater body by the BGS. The thickness of the aquifer 

ranges from up to 300m near Durham and thins as you move southward. Extraction yields can 

be as high as 50 l/sec (0.05 m3) from the more fractured regions of the aquifer (BGS). Saline 

intrusion may occur near the coast, specifically around the town of Hartlepool. Due to the 

aquifers proximity to the coast there is a 5 km buffer zone for new groundwater abstractions 

imposed by the EA.  

Hydraulic conductivity, transmissivity and yields across the Magnesian Limestone aquifer are 

controlled by fractures, of which their size and frequency across the region is highly variable. 

The middle Magnesian Limestone commonly produces the greatest prospect of groundwater 

development due to the presence of permeable reef complexes (Allen et al. 1997), however 

both the lower and upper magnesian Limestones produce high transmissivities where fracture 

frequency is high. The general groundwater flow follows strata in an ESE direction towards the 

North Sea. 

As highlighted in section 2.2, three formations of the Magnesian Limestone outcrop within the 

Cut Throat Dene catchment, the Roker, Ford and Raisby formations and their hydrogeological 

properties are simplified in Table 2 (Connolly, 2018).  

 

Wear Mag. Lime 

Skerne Mag. Lime 

Figure 7: Location of the Wear Magnesian Limestone aquifer (left) & its depth to base of aquifer (right), images: BGS. 
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 2.4.1 Abstractions and Water Quality 

The Fulwell abstraction is situated on the Roker formation 

(Upper Magnesian Limestone), penetrates the Raisby formation 

(Lower Magnesian Limestone) beneath it before entering the 

Yellow Sands formation. The Yellow Sands is also a highly 

productive aquifer and has been interpreted to be hydraulically 

connected to the overlying Magnesian Limestone (Allen et al., 

1997). Beneath the Yellow Sands lies the Middle Coal Measures 

which are actively pumped by the Coal Authority (CA) to lower 

their water table, this pumping results in creating a minimum 

20m buffer between the water table within the Coal Measures 

and the base of the overlying principle aquifer. Approximately 

245 m North West of the borehole is a large inferred fault which 

strikes SW-NE and dips to the NW (Smith, 1978). It is highly likely 

that this fault acts as a conduit for large volumes of water which 

flow towards the North Sea. This is probably the main reason for 

the original siting of the Fulwell borehole.  

As with all public supply abstractions in the UK, Fulwell is 

protected by a source protection zone (SPZ). SPZ’s are defined as 

areas of risk of contamination to the nearby abstraction and 

therefore are subject to special monitoring and restrictions. The 

SPZ’s are drawn often following broad swaff groundwater 

contours and do not take into account fracture flow and local 

knowledge in their creation. 

The Fulwell borehole was originally hand dug in 1851 by the 

Sunderland Water Company, taking a year to complete 

(Newcastle Courant, 1890). The Fulwell abstraction is quite 

different from modern boreholes stemming from its excavation 

by hand, leading to a large diameter of ~3m, giving the 

appearance of a mine shaft. Other features observed within the 

well are several adits that veer off from the main shaft, drawing 

water into the primary shaft like major fractures. A mock-up of 

the Fulwell borehole’s stratigraphy is shown to the right (Fig. 8). 

In 2017 Northumbrian Water commissioned a geophysical 

survey (including CCTV) of the borehole which was carried out 

by EGS. Connolly (2018) documents that there is significant 

seepage of water into the borehole within the top 22 meters through the brick lining. This 

section of the borehole is within the superficial clay cap and suggests surface water may be 

able to transmit through this ‘protective’ layer which may require further investigation. The 

Figure 8: Simplified geology of the 
Fulwell borehole using log data 
(appendix 2). 

http://scans.bgs.ac.uk/sobi_scans/boreholes/746608/images/13369499.html
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nearest groundwater nitrate vulnerable zone (NVZ) is located approximately 7 km to the south 

west of the borehole as well as a surface water nitrate vulnerable zone located 13 km to the 

west (Environment Agency, 2018). Analysis of these features by Connolly (2018) suggests that 

both zones are unlikely to affect the borehole due their distance, situation and lack of 

connectivity. Connolly (2018) also highlights four other water wells documented in the BGS 

Geoindex within a 3 km radius of the Fulwell abstraction (Table 3). 

Recently, Northumbrian Water have observed bacteria in the Fulwell Borehole raw water 

samples emanating from a currently unknown source. Connolly (2018) highlights that the 

bacteria may be reaching the borehole through groundwater flow paths, suggesting the Cut 

Throat Dene or Fulwell Quarry as sources. It should be noted that the water currently 

abstracted from Fulwell meets drinking water standards without the need for additional 

treatment. At present the abstracted water is exposed to UV which stops bacteria 

reproduction, then chlorine and phosphate are added for disinfection and plumbosolvency 

reasons respectively.  

 

Period Formation Description Av. Thickness Hydrogeology 

Quaternary 

Alluvium 
Silts and sands with lenses of 
gravel 

2.0 - 3.0 m 
  

Pelaw Clay 
Reddish to dark brown silty 
clay containing pebbles and 
cobbles 

1.0 - 4.45 m 

Leaky Aquitard 
Glaciofluvial 

Deposits 
Clays, sands and gravels 0 - 1.5 m 

Wear Till Fm. 

Dark greyish brown to 
yellowish brown, well 

compacted, stoney sandy silty 
clay 

>2.5 m 

Permian 

Roker Fm. Dolomite max 20 m 
Aquifer: 
Primarily 
through 

fracture flow & 
other 

discontinuities 

Hartlepool 
Anhydrite Fm. 

Anhydrite and dolomite max 80 m 

Ford Fm. Dolomite (Reef systems) max 100 m 

Raisby Fm. 
Limestone and calcitic 

dolomite 
max 35 m 

Marl Slate Fm. 
Laminated bituminous 

dolomite 
0.8 - 1.2 m Aquitard 

Yellow Sands 
Fm. 

Weakly cemented sandstone max 69 m 
Aquifer: via 

intergranular 
flow 

Carboniferous 
Middle Coal 
Measures 

  

Mudstones, siltstones, 
sandstones, seat earths and 

coal seams 
max 800 m 

Aquifer: 
Primarily 
through 

fracture flow & 
other 

discontinuities 

Table 2: Simplified Hydrostratigraphy of the Cut Throat Dene area. Adapted from Smith 1994. 

https://environment-agency.cloud.esriuk.com/farmers/
https://magic.defra.gov.uk/
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Table 3: Nearby water wells (BGS, 2018). Adapted from Connolly, 2018 

BH Name Dist. From BH Depth (m) Abs Layer Comments 

Moor Farm 0.8 km 75 Yel. Sands 
Similar hydro stratigraphy as the Fulwell 

borehole. 

Carley Hill 1.2 km 97.4 Yel. Sands 

Similar hydro stratigraphy as the Fulwell 

borehole. Water found to be of ‘clear 

appearance’, no colour or smell and pH 7.4 

Central 

Laundry 
1.6 km 73.6 Mg. Lime 

BH developed into the Mag Lime providing 

‘perfectly clean’, clear and free of iron, soda 

and matter, however the water was found to 

be hard and alkaline. 

Thompsons 

Shipyard 
3.1 km 54 Mg. Lime 

BH developed ~ 1km from the coast directly 

into the Mag Lime. Dismantled in 1931 due to 

saline intrusion. 

 

2.4.2 Recharge 

Recharge often occurs in areas of high topography which leads to increased precipitation due 

to orographic uplift of saturated air. The resultant rainfall must then be allowed to percolate 

through the sub-surface, which occurs in areas of thin superficial deposits coverage. With 

respect to the wider region, this would occur to the west in the North Pennines. In these 

highlands the superficial deposits are commonly much thinner than on lower lying ground and 

therefore are much more susceptible to infiltration and hence recharge of the underlying 

aquifers. Therefore, a large portion of recharge of the Magnesian Limestone will fall upon the 

Yoredale Group, which consist of limestones, sandstones, siltstones and mudstones (BGS 

2018). 

Analysis completed by Connolly (2018) of the local region suggests that the Fulwell Quarry is a 

potential site of local recharge to the Magnesian Limestone. This location is of relatively high 

ground and with large swaths of exposed fractured bedrock making it susceptible to 

infiltration. Due to the proximity of the CTD to the coastline it is expected that any surface 

waters that can percolate down to groundwater would then flow eastward towards the North 

Sea with minor deviations in flow dictated by fractures. Connolly (2018) also highlights two 

other quarries situated 4 km west of Fulwell Quarry which share similar characteristics, both 

of which have the potential to recharge groundwaters flowing in the direction of the Fulwell 

borehole. Additionally, the Hylton Lane Sand Quarry displays faulting within the Magnesian 

Limestone that would facilitate rapid recharge at this site.  

A conservative estimation of recharge for the CTD catchment has been compiled below 

utilising the soil-water balance method. (Note: the technique does not fully integrate variables 

such as bypass flow mechanisms and aims to provide an overview of likely recharge to the ML 

within the catchment).  
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Values of recharge are calculated below using Turc’s calculation of potential recharge, 

calculated using the localised climatic values; P= 597.5 mm/yr, T= 9.4°C; 

 

 

 

 

 

Utilising Turc’s equation and considering the permeability of the superficial deposits within the 

CTD catchment Table 4 provides an estimation of recharge within the CTD catchment. The area 

of each superficial deposit within the CTD catchment was calculated in GIS and combined with 

Rushton’s retardation factors (Appendix 3) to develop the value below (Table 4). 

 

 

 
Table 4: Recharge values for each superficial area of the CTD catchment. 

Deposit Recharge Factor Recharge mm/y Est. Area m3 Recharge m3 

Clay 0.2 172 5,160,000 443,760,000 

Sandy/Gravel 0.65 172 480,000 127,015 

Bare Rock 1 172 360,000 61,920 

  Total 6 km2 444 mil m3/yr 

It should be noted that the recharge to the underlying limestone aquifer remains complex due 
a mixture of rapid (fracture flow) and slow (matrix) flows through the rock.  

 2.5  Assumptions  

Assumptions attained from the desk study:  
 

• Surface water flows are W to E with flow additions from the Boldon Flatts connection 

as well as agricultural and urban drainage.  

• The dene is known to locals to loses to groundwater through a number of unknown 

sinks. This is a common trait shared amongst other coastal denes within the Wear 

catchment (e.g. Hawthorn, Castle Eden) which flow directly over bedrock. This raises 

the question of connectivity between the dene and nearby abstraction (Fig. 9). 

 

Turc’s:  R = P (1 – (0.9 + P2/L2)-0.5)  

Where L = 300 + 25T + 0.05T3 

576.5 = 300 + 25(9.4) + 0.05(9.4)3 

Therefore: 172 mm/yr = 597.5 (1 – (0.9 + 597.5 2/576.5 2)-0.5) 

 

 

Equation 1: Turc's Equation for recharge where P is rainfall, T is air temperature (all annual average values). 

Annual Vol. of Recharge = Area / Recharge Factor * Annual Recharge 

 Equation 2: calculation of estimated annual recharge within the Cut Throat Dene catchment. 

 

Figure 9: 
Conceptualisation 

of potential 
connectivity 

between CTD & 
Fulwell 

abstraction. 

Superficial cap 

Water Table 

https://www.metoffice.gov.uk/public/weather/climate/gcybzz9xh
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• Recharge is predominantly to the West in areas of little superficial coverage (Fulwell 

Quarry). There is a potential for spring lines at the base of the quarry which feeds the 

source of Cut Throat Dene, but this requires further investigation during wetter 

conditions. 

• The general groundwater flow direction is to the ESE, towards the North Sea. However, 

groundwater flow will be influenced locally by fracture orientation and by the Fulwell 

abstractions cone of depression.  

• The Fulwell abstraction sits upon a relatively thick layer of pelaw clay which acts as a 

retardant to any pollution spills within its zone of influence (Fig. 6). This ‘cap’ protects 

the underlying aquifer from downward percolation of pollutants from surface waters 

flowing from the north west but is largely absent in both the south west and east of the 

catchment where there is the potential for connectivity. 

• Fulwell borehole most likely draws the majority of its water from the nearby fracture 

(or similar feature) highlighted in figure 4. 

• Groundwater abstracted from the Magnesian Limestone is hard and net-alkaline but 

of good drinking water quality and requires little treatment.  

• Abstractions closer to the coast than the Fulwell borehole may experience saline 

intrusion.  
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3.0  Methodology 

Original methodology proposed by J. Dearlove (NWL), updated by M. Colling (WRT). 

3.1  Initial Sample Locations (Figure 9) 

The original sampling program was designed to monitor 5 points of interest, combing flow and 

chemistry sampling at each location. Baseline values would be recorded for upstream of the 

confluence of CTD & Boldon Flatts (1), a baseline of Boldon flatts (2), post confluence (3), pre 

sink hole (4) and post sink hole (5). 

1. Headwater of CTD (Baseline) – CTD upstream (US) of Confluence (NZ 38895 60724) 

2. US of discharge pipe from Bolden Flatts (Baseline of BF) – Boldon Flatts US of 

Confluence (NZ 38930 60748) 

3. Downstream (DS) of confluence - Confluence of CTD and Boldon Flatts (NZ 38943 

60730) 

4. Prior to suspected swallow hole zone – At confluence of CTD & Academy of Light (NZ 

39690 60590). Note: ‘sink hole’ observed at NZ 39786 60529  

5. After suspected sink holes – At bridge within Monkwearmouth Graveyard (NZ 40080 

60446) 

 

 
Figure 10: Water quality and quantity observation points on CTD (Dec 2017 - April 2018) 

 

 1 

 2 

 3 

 4  5 
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3.2  Water Quality Sampling Protocol 

1. Ensure sample bottle seal is unbroken before beginning 

2. Open bottle. Fill with sample. Discard approx. 0.5m DOWNSTREAM of sample point. 

Refill sample bottle. Label. Note any colour/turbidity/precipitates in sample. 

3. Note time, date, sample location, as well as the following parameters; pH, Electrical 

Conductivity and Temperature, DO using a calibrated YSI (loaned from EA).  

Samples to be returned to Horsley labs (NWL) within 24 hours of collection. 

Lab Analyses: 

Analyse all samples for Na, K, Mg, Ca, chloride, sulphate, carbonate alkalinity/HCO3, nitrate, 

nitrite, ammoniacal nitrogen, coliform bacteria, GCMS screen measurement (to identify any 

hazardous organic chemicals including pesticides, herbicides etc), Fe and Mn. Use major 

element analyses to calculate position on piper plot and to determine any evolutionary trends 

in water and any major changes in water chemistry between samples. 

3.3   Flow Measurements 

Flow measurements will be collected using an electromagnetic (EM) flowmeter. The 

electromagnetic current meter (EM) contains ‘a coil that induces an AC, vertical magnetic field 

through which water flows, inducing a voltage across the conducting filaments of water, which 

are picked-up by the two titanium sensing electrodes and amplified, giving a measure of 

current velocity. 

1. Measure the width of the dene at each monitoring point using a meter stick. 

2. Water depth and velocity measured at 10 cm intervals, taking an average of 3 flow 

meter readings at each 10 cm interval. 

3. Velocity to be measured using the one-point mean section method. E.g. Measure 

flowrate at each 10cm interval at approx. 40% of distance from base of stream to 

surface of stream. 

4. Use average velocity measurements to calculate total volume of water passing through 

each monitoring point (Fig. 10), using equation 3. 

 
Figure 11: Mean section method. 
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(
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2
) (

�̅�𝑛+1 + �̅�𝑛

2
) 

 

5. Compare differences in flow up and downstream of suspected sink hole for any 

potential losses to groundwater. 

6. Utilise Sunderland City Council’s flood risk flow monitoring to validate WRT results. 

(These results were recorded at the Dene bridge (NF 438968 560716) between Oct 18 

– Sept 19 by SCC). 

 

Phase 2: Proposed monitoring and observational areas (June 2018) 

The decision was made in May 18 to extend the monitoring to cover the upper and lower 

sections of the catchment. This decision was made firstly to examine if the dene contained any 

additional sink holes and secondly to identify potential recharge zones in the wider catchment. 

Upstream Flow Monitoring (Figure 11):  

1. Northern tributary (potential spring): NZ 37755 60386 

2. Southern tributary (potential spring): NZ 37818 60057 

3. Central tributary (potential spring): NZ 37683 60251 

4. After confluence of 3 tribs: NZ 37993 60386 

5. Bridge under A184: NZ 38234 60535 

6. Bridge under railway line: NZ 38428 60635 

Upstream areas of interest 

1. Water inputs to dene, e.g. Springs, sewers, land drainage, pollution sources 

2. Visible geological outcrops of Magnesian Limestone (ML) 

3. Fracture patterns within the ML 

Downstream Flow Monitoring (Figure 12) 

1. US of suspected sink hole: NZ 39770 60554  

2. Directly DS of suspected sink hole: NZ 39786 60529 

3. Broken bridge prior to steppingstones: NZ 39882 60448 

4. Entrance to graveyard: NZ 40132 60310 

5. Flood plain between GY & channelized section of CTD: NZ 40144 60269 

6. Prior to culvert under amusements: NZ 40448 60249 

Downstream points of interest 

1. Additional inputs & sinks along the CTD 

2. Pollutions sources 

3. Assess viability of introducing a tracer direct into the sink hole (NZ 39786 60529). 

4. Document further signs of algal growth within CTD. 

Equation 3: Velocity area discharge equation 
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Figure 12: Proposed upstream monitoring points and site access. Note: unfortunately, due to a dry summer 2018, flow 
monitoring upstream was not possible.  

 
Figure 13: Downstream additional flow monitoring locations and access points. 

 1 

 2 

 3 

 4 

 5 

Fulwell Quarry: Access 

via Maple Lodge Care 

Home 

Access via 

Stadium Garage 

Access via 

A1018 Bridge 

 2  1 

 3 

 4 

 5 

Access via Graveyard 

Access via 

Amusements 

car park 

6 

‘Sink hole’ 



 

Page | 18  
 

Phase 3: Monitoring and observational areas (May-July 2019) 

With the continued support of Newcastle University MSc students, an extension to the 

monitoring program was agreed (March 2019). This would focus on a 400m stretch upstream 

of the confluence with Boldon Flatts and explored potential inputs from several mystery drains 

(Fig. 13) which ran perpendicular to the dene and investigate the reach for additional sinks. 

1. Baseline: 20m downstream of railway bridge prior to first ‘unknown’ drain: (NZ 38461 

60643) 

2. Downstream of first unknown drain discharge pipe: (NZ 38569 60687) 

3. Downstream of second unknown drain discharge pipe: (NZ 38810 60739) 

4. Downstream of third unknown drain discharge pipe & prior to confluence: (NZ 38910 

60722) 

5. After confluence with Boldon Flatts: (NZ 38942 60726) 

6. Additional samples to be taken from ‘unknown drains’ where possible. 

 
Figure 14: Proposed flow monitoring points (red) & ‘unknown’ drains (black) along the CTD allotment stretch. Note: No access 
to the area between points 1 and 3 was possible due to large iron fencing and overgrown foliage). 

 

3.4 Tracer Testing 

Discussions held with Northumbrian Water and Newcastle University Masters student Lindsay 

Connolly in Summer 2018 highlighted the potential of employing tracer studies to ascertain 

any connection between the ‘sink hole’ found at NZ 39770 60554 and the Fulwell abstraction. 

 1 

 2 

 3 

 4  5 

Unknown 

Drains 

BH 
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It was initially decided that a bacteriophage would be used as a suitable tracer as this technique 

had been employed by the EA under similar circumstances (Buckley & Howlett, 2014), 

however, due to spiralling costs related to the use of these bespoke organisms the decision 

was made to utilise a salt solution as a tracer (NaCl). This unfortunately would mean that 

injection into the CTD would not be possible due to the levels of salt released into the surface 

waters would surpass regulatory levels. Instead a saline tracer test was proposed to verify 

connectivity between the Fulwell Borehole and the Fulwell Quarry which lies on/near a major 

fault line that is the potential source of water to the abstraction. This was further explored 

through the work of Peter Schofield, also a MSc student of Newcastle University in 2019. 

The Quarry is documented as a Site of Special Scientific Interest under 2 accounts; 1) due to 

the presence of calcareous lowland grasslands and 2) as a geological earth heritage site. The 

SSSI designation is 6.2 hectares of which the Quarry/nature reserve encapsulates (Fig. 14). 

 

Figure 15: Fulwell Quarry highlighting potential tracer injection point and nearby designated SSSI 

3.4.1  Methodology 

Note: This section draws heavily on the work of Schofield (2019) and therefore this methodology 

will provide a brief overview of their work. Please refer to Schofield (2019) for further detail. 

1. Prior to the injection of the sodium chloride tracer, a CT2X logger was installed at the 

Fulwell borehole (18/07/19) to ensure that the equipment was calibrated and begin 

collecting baseline conditions. The logger was set to take measurements every 15 

minutes and utilises internal storage to record data. 

Major Fractures 

https://www.rhs.org.uk/Plants/17270/Blue-moor-grass/Details
https://designatedsites.naturalengland.org.uk/SiteDetail.aspx?SiteCode=s1000369
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2. A sodium chloride tracer (commonly utilised around sensitive drinking water sites) was 

injected as close as possible to a known major fracture within Fulwell Quarry (Fig 15). 

Two injection points were chosen which were dictated by access. The initial injection 

took place 24/07/2019 using 25kg of salt dissolved in a 1000L bowser of water provided 

and delivered by NW. Site 1 (438278, 560150) was a small hollow next to the quarry 

footpath where water was injected via 12.5 mm hosepipe. Flow rate was estimated 

using a bucket and stopwatch method and was approximately 0.05 L/s. This method 

was sped up in the afternoon utilising a bucket, increasing the rate of delivery to 1 L/s. 

3. A repeat injection occurred at Site 2 (438248, 560077) 30/07/2019 with access gained 

to the quarry floor. Through lessons learnt during the first injection, a larger diameter 

hose was utilised to deliver the solution, resulting full delivery within 1 hour. 

4. In both injections the conductivity of the water delivered was 16.5 & 16.3 mS/cm 

respectively. 

 
Figure 16: Tracer injection points within Fulwell quarry, highlighting known major fractures in orange. 

 

3.4.2 Tracer Travel Time estimations 

Assuming that the tracer will be carried fracture flow, tracer travel time has been estimated 

using the ‘flow through a fractured medium’ method. Hydrogeological parameter values used 

in the calculation were obtained from the following papers (Table 5). 

 

 

Site 1: 24/07/19 

Site 2: 30/07/19 
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Table 5: Hydrogeological parameters utilised in the travel time calculation. 

Parameter Value Paper Author 

Hydraulic Cond. 
(K) 

12 m/d Engineering geology and geohydrology of the 
magnesian limestone of Northern England 

Burgess 1970 

Effective 
Porosity (ne) 

0.0192 or 
(1.9%) 

 A Hydrogeological Assessment of Bacterial 
Contamination in an Operational Water Supply 
Borehole 

Connolly 2018 

Hydraulic Grad. 
(i) 

0.016 As above Connolly 2018 

Velocity (V) ~10 m/d As above Connolly 2018 

Travel Time (T) 87 days As above Connolly 2018 

 

The tracer travel time calculations below (Fig. 16) are taken directly from Connolly (2018) for 

an injection at/near the ‘sink holes’ within the CTD and the Fulwell borehole. 

 

Using the above methodology, a predicted travel time for an injected tracer at the Fulwell 

Quarry and arrival at the Fulwell borehole is provided below: 

1. Effective porosity of the Magnesian Limestone: 

Where; 

ne =effective porosity (-) 

d = Average width of fracture (taken from Kotas & Younger 2007) = 0.031m 

D = depth of fractured medium over which one fracture occurs = 1.613m  

Figure 17: Transit time calculation of potential travel times between sink hole and local abstraction. Connolly (2018). 
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𝑛e =
𝑑

𝐷
 

 

𝑛e = 0.031/1.613 

 

𝒏𝐞 = 𝟎. 𝟎𝟏𝟗𝟐 𝒐𝒓 𝟏. 𝟗𝟐% 𝒑𝒐𝒓𝒐𝒔𝒊𝒕𝒚 

 

2. Hydraulic gradient between the quarry and borehole: 

Where; 

i = hydraulic gradient (-) 

Δh = change in hydraulic head =  

Sinkhole 44mOD – BH Pumped Water Level -5mOD 

L = distance between the two points = 930m 

𝑖 = Δh/L 

𝑖 = 49/930 

𝒊 = 𝟎. 𝟎𝟓𝟑 

3. Velocity through fractured media: 

Where; 

V = Velocity (m/d) 

K = Hydraulic Conductivity (Burgess, 1978) = 12 m/d 

i = Hydraulic gradient ≈ 0.053 (-) 

ne =Effective porosity ≈ 0.0192 (-) 

 

𝑉 = 𝐾 ∗ 𝑖/𝑛𝑒 

 

𝑉 = 12 ∗ 0.053/0.0192 

 

𝑽 = 𝟑𝟑. 𝟏 𝒎/𝒅 

 

4. Therefore, through first principles the expected travel time: 

Where; 

T = Time (days) 

V = Velocity ≈ 33.1 m/d 

D = Horizontal distance between sinkhole and borehole ≈ 930m 

𝑇𝑖𝑚𝑒 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒/𝑉𝑒𝑜𝑙𝑐𝑖𝑡𝑦 

𝑇 = 930/33.1 

𝑇 = 28 𝑑𝑎𝑦𝑠 

Note: As the Fulwell Quarry injection point is situated up groundwater gradient of the Fulwell 

abstraction, it would be expected that this travel time would be lower if a connection is present. 
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4.0 Results 

Between 2016 and 2019 there have been several recognisance walkovers of the CTD 

catchment, Table 6 outlines their respective dates and reasons behind each excursion. 

Table 6: List of CTD site visits: Key: JD Jeremy Dearlove, GA Gareth Andrews, MC Martin Colling, DG David Groark, LC Lindsay 
Connolly, PS Peter Schofield, GP Geoff Parkin. 

Date Attendees Reason 

Autumn 2016 JD & GA Initial reccy of CTD attended by key NW and WRT staff  

Sept 2017 MC & GA Introduction of MC to Topsoil catchment 

Oct 2017 MC & DG Context/background of how and why the Boldon Flatts 
were connected to CTD by Dave Groak (NW) 

Nov 2017 MC & JD Run through of CTD monitoring methodology 

Nov 2017 MC Trial sampling, observation of equine dung washing up 
on the banks of CTD (Fig 17) & discovery of ‘sink hole’ 
(Fig 18) 

June 2018 MC & LC Catchment walkover with MSc student, quarry 
investigation and basic surface water feature & 
geological mapping 

Mar 2019 MC, JD & PS Initial meet of 2019 Newcastle Uni MSc and how 
project will build upon the work of the 2018 MSc 
project 

April 2019 MC, JD, PS & GP Return to CTD with MSc supervisor to assess project 
viability, tour of Fulwell abstraction and to develop 
action plan for MSc. 

 

Recognisance of the CTD catchment revealed several points of interest: 

1. The area around Boldon Flatts was 

not only home to a large bird 

population which was expected to 

contribute to nitrate levels but several 

grazing cattle and horses. 

Observations were made that horse 

dung and other livery waste was being 

disposed of over the nearby fence and 

into the CTD upstream of the culvert. 

This dung was later discovered 

washed up on the banks downstream 

(Fig. 17).  

 

2. At the confluence of the CTD and 

Boldon Flatts there was a noted colour difference between the two water bodies. The 

CTD ran clear, whereas the Boldon Flatts run off was notably a murky green with 

observed algae and organics in transit (Figure 18). This has however dissipated over the 

Figure 18: Equine dung observed downstream of the Boldon 
Flatts culvert @ NZ 38930 60748. 
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course of the investigation and could stem from an initial pulse of pollutants post 

culvert construction. 

 

3. During relatively low flows (Dec 2017), the trickling of water was noticed while 

surveying the lower reaches of the CTD. This sound was traced to an infilled section of 

the riverbank ~100 m upstream of the broken bridge. A local falconer who came over 

to investigate what the WRT were doing, informed that he had backfilled the hole which 

he said was known to swallow significant portions of the flow (Fig. 19). The location of 

this hole is within the reach suspected to contain sinks holes which when overlain with 

the EA risk maps sites the hole on surface waters at medium risk to connection to 

groundwaters. 

Figure 19: Confluence of CTD and Boldon Flatts (Sept 2017). 

 

Figure 20: Suspected sink hole in North Bank @ NZ 39786 60529 (CTD). 
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4. During the June 2018 exploration of the quarry, sections of exposed rock (Fig. 20 & 21) 

were documented which may provide pathways for tracer injection. When bare rock 

locations were compared to BGS fault maps, the local major fault (Fig. 22) mapped by 

Smith (1978) is documented to run through the quarry and NE towards the abstraction. 

 
Figures 21 & 22: Exposed Magnesian Limestone formations. 

 

Figure 23: Major fault lines within the Fulwell Quarry (originally mapped by Smith 1978). 

 



 

Page | 26  
 

Fracture pattern analysis of the Magnesian Limestone was completed by Schofield 

(2019) as part of their Masters Thesis. This was completed to verify primary orientation 

of fractures within the ML outcrops in the Fulwell Quarry. Schofield’s (2019) 

investigation utilised the methodology outlined by Koras and younger (2013) and 

demonstrated that most fractures were close to vertical and had a strike which trends 

northwest southeast. Fault apertures were between 0.1 - 5 cm wide and increased in 

frequency as you move closer to the major fault known to run through the quarry. 

 

5. A series of ‘unknown drains’ (Fig. 23) were recorded while tracing the CTD upstream of 

the confluence with Boldon Flatts (March 2019). The sound of rushing water was heard 

emanating from 2 of the 3 drains signifying considerable volumes of water were flowing 

in the direction of CTD. These drains appeared to run in parallel across the field, with 

additional access points situated ~150 m NNE. Ordinance survey maps (Fig. 24) dating 

back to the late 19th century all denote the presence of these drains, however on 

opening the manhole cover these drains appear 5-7 meters deep (Fig. 25) which would 

exclude them form connecting to the CTD due to an uphill hydraulic gradient. At 

present both their provenance and exit remain unknown. 

 

 

                                    
Figure 25: 1930 OS map 
of CTD area, note Fulwell 
pumping station (bottom 
right) and the unknown 
drains running N-S. 

Figure 24: ‘Unknown drains’ which appear to flow SSW towards the CTD. 
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Figure 26: Opened ‘unknown drain’. Water at base was observed to be still, however, rushing water could be heard from 
possible connecting pipelines. 

 

4.1 Water Quantity 

4.1.1 Flow monitoring (Dec 2017 – Nov 2018) 

The WRT completed two flow monitoring 

trials on the CTD, taking place on the 

23/11/17 and 07/12/17, recording 9 and 

16 trial points on each respective date 

(Fig 26). These trials were aimed 

identifying suitable monitoring points 

along the dene, gaining familiarity with 

the equipment and the logging 

methodology. These monitoring points 

were refined for the annual sampling 

which began 11/12/17 with 5 points and 

expanded on the 11/06/17 to investigate 

any potential losses of flow within the 

final 500 m of the catchment.  

 

Figure 27: Trial sampling point locations. 
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Figure 27 displays each month’s flow results with observed drops in flows around 1000m 

downstream of sample point 1 suggesting losses to ground/sub surface. Figure 28 extrapolates 

the lower flows where losses are also observed. (Raw flow data can be found in Appendix 4). 

4.1.2 Flow monitoring (May 2019 - July 2019) 

Additional flow monitoring of the CTD has is displayed below (Fig. 29). No significant losses of 

flow to ground were noted in this ~500 m stretch. 

 

Figure 30: Flows upstream of Confluence of Boldon Flatts with CTD (2019). 

4.1.3 Flow monitoring (SCC Flood Risk Investigation 2019) 

Flow monitoring by Sunderland City Council (SCC) was originally pencilled in to run in parallel 

to this study and would be utilised to validate our own flow measurements. Unfortunately, this 

did not begin until late October 2018 when our own monitoring was ending. However, this did 

overlap with the repeat flow monitoring that took place in 2019. Comparisons of SCC & WRT 

flow monitoring results are displayed below in figure 30. 
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Figure 31: Comparison of SCC & WRT flow data records 
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4.2 Water Quality  

This section outlines the results of water quality and data analysis at each monitoring point, 

aimed at clarifying what the major chemical inputs into the CTD are and identifying their 

provenance. According to the EU Water Framework Directive (WFD) (2000/EC/60), water 

bodies are to have an overall ‘good’ ecological and chemical status, initially anticipated to be 

achieved by 2015 (updated to 2027). The baseline WFD monitoring took place in 2009, 

however, at present the Cut Throat Dene is absent from the Environment Agencies Catchment 

Data Explorer (CDE). Using the defined chemical and ecological standards outlined on the CDE 

website, this report aims to provide a basic WFD overview of the CTD. 

 4.2.1 Principle parameters (Temp, pH, DO%L & Conductivity) 

Principle water parameters of were obtained at each sample point using a YSI data logger 

(loaned and calibrated by the EA). These were temperature (Fig. 31), pH (Fig. 32), Dissolved 

Oxygen % / Litre (Fig. 33) & Electric conductivity SPS us/cm (Fig. 34). Appendix 5 displays all 

water chemistry data recorded. (Note: Monitoring points CTD 1 & 3 were also utilised in the 

2019 upstream study, hence why they appear on the graphs below). 

 
Figure 32: Temperature in degrees Celsius of CTD waters 2017-2019. 

 
Figure 33: pH of CTD waters 2017-2019 
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Figure 34: Levels of dissolved oxygen (DO) shown as a percentage in CTD waters, 2017 – 2019. 

 
Figure 35: Electric conductivity of CTD waters (2017-2019) measured in us/cm. 

 

4.2.2 Total Coliforms, Nitrates, Nitrites, Ammonium & Iron 

Additional to the in-situ documenting of CTD water parameters via the YSI probe, five water 

samples per site were taken and subsequently analysed by the NW labs. The suite of results 

included Total Coliforms/100ml (Fig. 35), Nitrate mg/l (Fig. 36), Nitrite mg/l (Fig. 37), 

Ammonium mg/l (Fig. 38), & Iron ug/l (Fig. 39). Note: All water chemistry of the 2017-2019 

sampling period can be found in an accompanying excel document, Appendix 6. 
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Figure 36: Total coliforms / 100ml recorded at each sample site, 2017-2018 

 

 
Figure 37: Nitrate mg/l recorded at each sample site, 2017-2018 
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Figure 38: Nitrite mg/l recorded at each sample site, 2017-2018. 

 

 
Figure 39: Ammonium mg/l recorded at each sample site, 2017-2018 
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Figure 40: Iron ug/l recorded at each sample site, 2017-2018 

 

4.2.3 Water Ionic Composition 

Using the percentage of ions method, piper plots were produced using the groundwater chart 

(USGS) software and displayed below in figures 40-42.  
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Figure 41: Piper plots of monthly ionic make up for sample points 1 (left) & 2 (right). Note Orange star signifies ionic make 
up of Fulwell borehole. 
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4.2.3 Semi Volatile Organic Compound (SVOC) 

SVOC testing was utilised to ascertain the presence of some of the larger hydrocarbons (such 

as pesticides/herbicides) which can be potentially harmful to humans. Analysis was completed 

by the NW Howdon laboratory using dicholoromethane extraction and gas chromatography / 

mass spectrometry (method O008). The outputs of the labs results are displayed below in 

figures 43 – 45. 

Figure 42: Piper plots of monthly ionic make up for sample points 3 (left) & 4 (right) 

 

Figure 43: Piper plots of monthly ionic make up for sample point 5 (left) & entire sampling points (right) 
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Figure 44: Levels of propyzamide US-DS (Dec 17-Nov 18). Note: Only Dec 17 -Mar 18 recorded propyzamide in CTD samples 

 
Figure 45: Levels of total pesticides US-DS (Dec 17-Nov 18). Note: Only months where pesticides were observed are displayed. 

 
Figure 46: Focus on lower recorded values of total pesticides US-DS (Dec 17-Nov 18).  
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4.3 Tracer test results 

This section relies on the work of Schofield (2019) whose MSc research focused on potential 

groundwater flow paths between the Fulwell quarry and borehole. Unfortunately, due to 

issues with the CT2X probe, unreliable results were recorded by the probe, particularly around 

the expected tracer arrival timeframe (Fig. 47). 

Schofield & Dr. Dearlove (NW) have speculated that the CT2X probe was unfortunately situated 

below Fulwell abstraction pumps which may have caused turbulence, in turn kicking up 

sediment and thus leading to unexpected changes in conductivity. For further insight into the 

tracer study, please see Schofield, 2019 p92. 

 
Figure 48: Tracer test results. (Data: Schofield 2019). Key: A) Initial prob placement in BH, B) Removal of probe, C) probe 
reinserted and stable readings recorded, D) First tracer injection at Fulwell Quarry, E) Drop in conductivity linked to 
abstraction rate increase, F) Abstraction rate increased but conversely to data point E there was little conductivity flux, G) 
Sensor removed and checked, H) Unexplained drop in conductivity, I) Sensor removed and examined, J) Second tracer 
injection, K) Abstraction rate increased followed by a drop in conductivity, L) Sensor removed again. 
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5.0 Discussion 

  5.1 Quantity 

The CTD appears to respond to preceding weather conditions, demonstrating some extremely 

flashy flows such as those experienced on 23/11/17, 07/12/17 & 10/04/18 where storms had 

occurred the previous evenings. Conversely during times of intense heat and drought, the CTD 

would be witnessed as mere trickle. This compounds the concept that the stream is 

predominantly rainfall fed with zero base flow contributions from the underlying 

groundwaters. 

Results from the 2018 flow monitoring clearly highlight a significant loss of flow between 

monitoring points 4 & 5, which corresponds with the locally documented stretch of ‘sink holes’ 

and the hole found in the stream wall on the 11/12/2017. These losses in flow equate to 

between 2 & 8% reduction within this section of stream. 

The extension of flow monitoring in June 18 that aimed to cover the final 800m of the dene, 

demonstrated only minor losses to flow which may be attributed to the abundance of reeds 

and other flora strewn along this final section that may be absorbing the latter flows. 

Data shared by SCC drainage mirrors quite closely our own flow measurements, although it 

should be noted that the SCC data logger was situated ~25m downstream of our own 

monitoring point 3. Additionally, the two separate monitoring programs only overlapped for 

the months of October and November 2018 and again for May and July 2019. 

Flow results from the second round of sampling (May 2019 -July 19) which focused upstream 

of the confluence with Boldon Flatts demonstrated little evidence of losses of flow. A single 

minor loss was observed between sample points 1 & 3 in May 2019; however, this was never 

repeated with future monitoring. To confirm if this is a point of flow loss, additional sampling 

could be conducted. Note: Unfortunately, due to restrictive access to the upstream sections of 

the CTD, a large 500 m stretch of stream was impossible to monitor, this included point 2. At 

certain locations along this restricted stretch the sound of tricking water could be heard from 

the footpath some 5m away from the CTD. Unfortunately, we were unable to confirm if this 

was a sudden drop in the stream’s topography or an inflow from nearby land drains emanating 

from local agricultural land or the adjacent allotments. 

The ‘mystery drains’ which were discovered during a recognisance visit in April 2019 appeared 

far too deep to eventually spill into the CTD and contribute to flows. These drains were around 

15 meters deep and potentially connected to the nearby long sea outfall, though this requires 

further investigation. 

 5.2 Quality 

Observations of the confluence between Boldon Flatts and CTD (Sept 2017) displayed a green, 
polluted, nutrient rich input emanating from the Boldon Flatts connection. This discolouration 
gradually diminished over the timescale of the investigation, with inputs from Boldon Flatts in 
2019 witnessed as a more natural clear liquid. It is the opinion of the writer that this polluted 
flow in 2017 was the result of an initial flush of nutrients post connection of the Boldon Flatts 
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culvert. Closer inspection of the 100m stretch post Boldon Flatts culvert is often found to be 
rich in algal growth, high in coliforms and witness’ deposition of horse faeces that originated 
from Boldon Flatts. It was observed during a visit to Boldon Flatts in June 2019, that the horses 
near the culvert entrance had since been fenced away from the stream as well as muck piles 
created some 20m away from the stream. Additionally, the stream bed post culvert is thick 
with black coal dust like material, most likely a remnant from the areas coal mining heritage 
and proximity to the coal measures. 

The conductivity of the CTD was generally between 800 and 1200 us/cm which could indicate 
the presence of metals such as iron stemming from the regions coal mining legacy. Dissolved 
oxygen levels were notably higher in the baseline (CTD 1) readings, whereas waters stemming 
from Boldon Flatts exhibit a clear oxygen deficiency especially in the summer months when 
increased temperatures had led to algal growth most likely fed from the rich organic Boldon 
Flatts waters. pH for the stream was observed between 7.4 – 8.2 which is not unusual for a 
coastal system flowing over carbonate bedrock and these values demonstrate no major inputs 
from acidic sources such as mine water. 

The number of coliforms / 100ml in the dene are recorded reaching over 1 million in October 

2018, with the monitoring point at Boldon flatts nearly always producing the highest 

concentrations. This would seem to fit with faecal inputs from fauna upstream of this 

connection. However, relatively high values are also observed upstream of the connection as 

well as downstream where dog dropping were also recorded in the stream.  

Nitrates, nitrite and ammonium levels were consistently below the drinking water standards 

(not that the author would advise drinking from the CTD). There was a spike in values in July 

which could be linked to local farming practices, however, would require someone with an 

agricultural background to confirm. 

The ionic make-up of the samples is as to be expected of a stream flowing over carbonate rocks 

demonstrating relatively high levels of Calcium and Magnesium. There is a slight blip to this 

trend observed in February 2018 which exhibits high levels of chlorine. This can be attributed 

to road salting of the A1018 during a significantly cold period. It is noted by Schofield (2019) 

that these carbonate rich surface waters are similar in composition to samples taken from the 

Fulwell Borehole, albeit at a much-diluted level.  

Samples from CTD contained a plethora of Semi Volatile Organic Compounds (SVOCs) which 

appear to stem from both anthropogenic and natural origins.  There was a total of 48 different 

SVOCs observed in the 2018 sampling period alone, many of which were detected only once. 

The five most frequent compounds detected were: 

• Cholesterol: Highest value 300 ug/l (CTD 3 17/09/2018). Waxy substance found in 

human and animal bodies, required to build cells. Highly likely to be originating from 

human faeces, entering the stream via misconnections. 

• Hexadecanoic Acid: Highest value 69 ug/l (CTD 3 11/06/2018). Also known as palmitic 

acid, is a fatty acid found in animals, plants and microorganisms. Often found in palm 

oil, butter, cheese, milk and meats and therefore it is not unreasonable for this 

substance to be stemming from the nearby urban developments. 
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• Octadecanoic Acid: Highest value 250 ug/l (CTD 3 17/09/2018). Also known as stearic 

acid, is a common saturated fatty acid that originates from many animal and vegetable 

fats and oils. Again, highly likely to be deriving from local misconnections.  

• Sitosterol: Highest value 27 ug/l (CTD 2 11/06/2018). Plant metabolite or sterol sharing 

a similar structure and characteristics to cholesterol. There is the potential that 

sitosterol and cholesterol are one and the same chemical due to their similar structure. 

• Cholestanol: Highest value 370 ug/l (CTD 3 17/09/2018). Formed from the 

biohydrogenation of cholesterol in the gut of most animals. It is commonly utilised as a 

biomarker for the presence of human faces and highlights potential misconnections. 

The three most recurrent chemicals of an agricultural provenance were as follows: 

• Propyzamide: Highest value 0.84 ug/l (CTD 1 11/12/2017). Herbicide commonly applied 

to rape crops in order to control annual and perennial weeds. This chemical was found 

in all samples between the months of Dec 17 and Mar 18, however, did not reappear 

Nov 17 as might be expected with a reapplication cycle. 

• 2-Propanol, 1-chloro, phosphate: Highest value 120 ug/l (CTD 3 17/09/2018). Used as 

a flame retardant. Could potentially stem from the nearby allotments which house an 

interesting assortment of machines, drums, animals etc. This compound was only 

observed during sampling Jan 18 and is absent from the CTD1 sample which may point 

to the Boldon Flatts connection as the origin. 

• 3,5-Dimethyl-2-cyclohexen-1-one: Highest value 1.4 ug/l (CTD 3 16/01/2018). Used as 

a pesticide. Observed sporadically across the years sampling process, most likely 

emanating from the nearby agricultural field drainage. 

With the writers limited background in chemistry it would be difficult to draw any definitive 

conclusions around their provenance. However, broadly speaking, the samples displayed a 

wide range of chemistry, from herbicides and pesticides to an abundance of sterols and even 

medicinal chemicals such as squalene (used in cancer treatments) and ibuprofen. Many of 

these chemicals are most likely originating from misconnections from the nearby urban 

populations in Cleadon, Whitburn & Seaburn. Schofield (2019) compared the 2019 CTD 

sampling results with raw water samples obtained from the Fulwell Borehole using a Jaccard 

similarity index finding no comparisons between the two. As Schofield points out, the 

methodology is simplistic but does highlight that these pollutants are not able to migrate down 

into the groundwaters and be drawn back into the borehole. 

As previously discussed, two tracer tests were completed in July 2019 and unfortunately the 

hypersaline solution injected at Fulwell quarry did not appear to manifest itself at the Fulwell 

borehole which would have resulted in the probe displaying an increase in conductivity. It is 

therefore advised to rerun the tracer test using experience gained in July 2019. (Note: see 

Schofield 2019 for suggested changes to tracer test methodology and probe siting).  

Schofield (2019) was able to compare CTD water chemistry to that of samples obtained from 

the Fulwell borehole. He stated that although CCTV imagery of the borehole shows cascading 

water emanating through the brick lined walls of the borehole, that there is no chemical links 
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between the surface water samples taken during the 2018-2019 and the water composition 

taken directly from the borehole.  

6.0 Conclusion 

Although water quality and ecological observations made during this investigation indicate that 

there are water quality issues within the dene, specifically from the inputs of Boldon Flatts, 

there is no direct evidence that this is having an adverse effect upon the stream’s fauna as 

observations upstream of the baseline measurements (CTD 1) appear similar to waters 

downstream. As well as the waters from Boldon Flatts, the CTD is subject to several pressures 

from diffuse pollution which appear to stem from both agricultural and urban sources. 

There is no connection between the stream bed or ‘sink hole’ with the nearby potable water 

source at Fulwell borehole. This was originally to be confirmed utilising a tracer test like that 

conducted at the quarry, but, due to regulations on the concentrations of a NaCl tracer within 

a surface water this could not be completed. However, NW were able to utilise contaminants 

identified in the CTD through the 2018 sampling suite to use as a proxy of which none were 

present in the raw water samples taken at the Fulwell Borehole. This suggests that the ‘sink 

hole’ may be flowing into a shallow or perched ground water system and flowing out to sea or 

reappearing further downstream. 

6.1 Recommendations 

• Tracer test utilising a bacteriophage within the stream to confirm if CTD / borehole 

connectivity exists, however, this is a costly procedure. 

• Repeat of the Fulwell Quarry NaCl tracer test, due to teething issues with the 

conductivity probe used at the borehole. 

• Through the Topsoil project, there is the opportunity to loan the tTEM electromagnetic 

sensor to penetrate the subsurface to identify and clarify fractures between the quarry 

and borehole.  

• Further investigation of the ‘mystery drains’, identifying their origin and outputs. 

• Agricultural diffuse pollution sources should be investigated to ascertain origins and if 
possible, for the EA/WRT to provide interventions to rectify.  

• Urban diffuse pollution sources and misconnections should be investigated to ascertain 
origins and if possible, for the NW/SCC to provide interventions to rectify.  

• The EA and/or WRT should undertake further periodic water quality and/or including 
invertebrate sampling (Riverfly) of the watercourse to produce an impact assessment 
on the local fauna. 

• Continued MSc research on the catchment to aid in the understanding of this complex 
system. 

• Utilise MSc research & Topsoil report to redraw inaccurate SPZ’s around BH. 
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Online Resources 

Local climate data: https://www.metoffice.gov.uk/public/weather/climate/gcz02e3x2 

Magnesian Limestone WT data BGS: 

http://www.bgs.ac.uk/research/groundwater/datainfo/levels/sites/SwanHouse.html 

Visible Geology: http://app.visiblegeology.com/profile.html  

Drinking water safeguard zones and nitrate vulnerable zones: https://environment-

agency.cloud.esriuk.com/farmers/  
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8.0 Appendices 

 

Appendix 1: Soils type data of CTD catchment from the Soil Observatory data base. 

1: Free Draining Soils 

2: Slightly acidic 

loamy/clayey soils 

3: Low permeable, 

seasonally wet soils 
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Appendix 2: Borehole scan Fulwell abstraction NZ36SE107. 
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Appendix 3: Rushton factor calculation values 

Appendix 4: Raw flow data 
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Appendix 5:  Water quality results taken from sample point CTD 1 

Date taken Time Temp ©C pH DO%L DO mg/L SPC US/cm 

11/12/17 11:58:00 2.2 8.13 94.2 12.56 1185 

16/01/18 11:44:00 4.3 8.14 95.8 12.05 1179 

13/02/18 10:42:00 3.8 8.01 99.2 12.76 1076 

15/03/18 12:51:00 5.5 7.77 97 12.08 877 

19/04/18 12:19:00 6.6 7.61 91.8 11.16 419.7 

16/05/18 11:40:00 9.8 8.04 80.9 9.33 968 

11/06/18 12:04:00 13.3 8.01 81.2 10.2 879 

17/07/18 12:15:00 14.4 7.91 80.9 8.22 985 

21/08/18 12:25:00 14.8 7.96 81.4 8.24 942 

17/09/18 11:59:00 13 8.21 84.9 8.85 1025 

16/10/18 12:24:00 11.5 8.16 82.1 8.91 1073 

21/11/18 12:12:00 8.8 7.55 76.4 8.85 754 
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Water quality results taken from sample point CTD 2 

Date taken Time Temp ©C pH DO%L DO mg/L SPC US/cm 

11/12/17 11:03:00 3 7.95 88.3 11.56 1064 

16/01/18 11:27:00 3.1 8.11 88.6 11.55 732.6 

13/02/18 10:13:00 3.5 8.03 89.5 12.02 1125 

15/03/18 12:31:00 6.4 7.91 98.4 11.98 792 

19/04/18 12:04:00 6.8 7.7 94.2 11.37 544.7 

16/05/18 11:21:00 11 7.9 63.6 7.12 1348 

11/06/18 11:41:00 14 7.98 82.4 8.46 1568 

17/07/18 12:03:00 15.4 7.67 38.8 3.86 828 

21/08/18 12:15:00 14.3 7.45 11.1 1.14 719 

18/09/18 12:25:00 14.2 7.72 3.2 0.31 1348 

16/10/18 12:39:00 12.5 7.62 5 0.53 898 

21/11/18 12:29:00 8.2 7.54 56.7 6.66 674 
 

 

Water quality results taken from sample point CTD 3 

Date taken Time Temp ©C pH DO%L DO mg/L SPC US/cm 

11/12/17 11:35:00 2.6 8 85.7 11.3 1136 

16/01/18 11:52:00 3.6 8.13 90.5 11.6 1179 

13/02/18 10:59:00 3.1 8.02 92.1 12.02 2002 

15/03/18 13:10:00 6.2 7.86 96.8 11.86 823 

19/04/18 12:29:00 6.7 7.68 90.6 10.97 503.7 

16/05/18 11:49:00 10.8 7.85 57.8 6.5 1184 

11/06/18 12:19:00 11.8 8.04 84.6 9.14 857 

17/07/18 12:22:00 14.8 7.87 70.4 7.09 951 

21/08/18 12:35:00 14.8 7.87 64.4 6.63 852 

18/09/18 12:10:00 13.4 8.03 51.6 5.35 1072 

16/10/18 12:16:00 11.9 7.93 59.3 6.36 1017 

21/11/18 12:04:00 8.6 7.54 67 7.81 722 
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Water quality results taken from sample point CTD 4 

Date taken Time Temp ©C pH DO%L DO mg/L SPC US/cm 

11/12/17 12:33:00 1.7 8.22 94.8 12.88 1109 

16/01/18 12:28:00 3.8 8.26 95.6 12.16 1167 

13/02/18 12:52:00 3.5 8.11 102.5 13.21 2898 

15/03/18 11:49:00 5.9 7.98 101.8 12.56 861 

19/04/18 11:23:00 6.7 7.62 92.6 11.24 518.6 

16/05/18 10:35:00 10 8.08 89.9 10.31 912 

11/06/18 13:55:00 13.5 8.21 92.6 9.65 881 

17/07/18 10:55:00 14.5 8.06 82.3 8.35 815 

21/08/18 11:16:00 14.8 8.09 82.4 8.36 781 

18/09/18 11:05:00 12.3 8.16 88.7 9.42 1058 

16/10/18 11:21:00 10.2 8.05 75.9 8.5 1015 

21/11/18 11:19:00 7.8 7.72 75.2 8.92 648 

 

 

Water quality results taken from sample point CTD 5 

Date taken Time Temp ©C pH DO%L DO mg/L SPC US/cm 

11/12/17 12:09:00 1 8.25 90.9 12.55 983 

16/01/18 12:18:00 3.7 8.29 97.1 12.41 1182 

13/02/18 12:33:00 3.4 8.2 97.3 12.68 1040 

15/03/18 11:35:00 5.8 7.98 100.7 12.49 860 

19/04/18 11:01:00 6.7 7.57 96.4 11.7 525.2 

16/05/18 10:15:00 10.2 8.21 78.2 8.93 910 

11/06/18 13:35:00 13.7 7.94 76.9 7.97 8.8 

17/07/18 10:30:00 15 8.09 74.8 7.53 721 

21/08/18 11:03:00 15 8.09 78.6 7.94 745 

18/09/18 10:51:00 12.8 8.16 74.2 7.81 1000 

16/10/18 11:00:00 10.3 8.01 65 7.37 1030 

21/11/18 10:55:00 8.4 7.65 67.4 7.88 772 

 


