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Executive Summary 

The Scheme  

The Lower Otter Restoration Project (LORP) is a managed realignment scheme that will lead to the preservation 
and improvement of the River Otter to the south of Otterton, including its estuary and immediate surroundings.  

The primary elements of the scheme will lead to the inundation of part of the Lower Otter valley. Hydraulic 
modelling carried out for the scheme identifies that the areas of Big Marsh south (south of South Farm Road) 
and, Big Marsh north (north of South Farm Road) fully inundate under a spring tide. In a neap tide, smaller areas 
of inundation are apparent.  Little Marsh (between Big Bank and Little Bank) will inundate less frequently, and on 
some states of tide not at all.  Parts of Little Marsh will not be covered in tidal water at any state of tide.    

A former landfill site occurs just to the south of South Farm Road. Due to its greater elevation the former landfill 
area will not be flooded, but will form higher ground adjacent to incoming tidal waters.  

During operation of the scheme, the “LORP” area will form an intertidal habitat, with tidal water flooding and 
draining the area with successive (high and low) tides.   This Groundwater and Geo- environmental Risk 
Assessment considers the potential effects of the scheme on underlying groundwater, particularly with respect 
to the potential impacts from salinisation and possible impacts arising from the former landfill.    

Baseline conditions 

The River Otter, to the eastern part of the valley is partly tidal. This tidal influence is most marked south of White 
Bridge (where South Farm Road crosses the River Otter), but, particularly under a high spring tide, saline water 
extends upstream beyond the bridge.  Based on both monitoring and modelling results the river water becomes 
essentially fresh between 300- 500m upstream of the bridge under conditions of low flow and high spring tide 
(when saline water penetration up the channel is at its greatest)  

The Lower Otter Valley lies above the Otter Sandstone principal aquifer, which is up to 150m thick and which in 
turn is overlain by sequences of superficial deposits up to 10m thick.  The superficial deposits comprise Alluvium, 
Saltmarsh Deposits and Beach Deposits which lie above weathered sandstone.  The Alluvium and Saltmarsh 
Deposits comprise mostly relatively impermeable silts and clays (cohesive alluvium) and the Beach Deposits 
comprise permeable sands and gravels (non-cohesive alluvium).    

South of South Farm Road, the superficial deposits comprise thin clays and silts (approximately 3-4 m deep) 
overlying coarser sands and gravels. There are other impersistent silt and clay layers at depth. To the north of 
South Farm Road, the cohesive alluvium is much thinner (occasionally 0.5 m or less) and the coarser (non-
cohesive) deposits are much closer to the surface.    

The Otter Sandstone is a large aquifer, the outcrop of which extends north (by about 20km) west and east (about 
9km across) from the site. Across the site, the regional groundwater flow is broadly from east/ south eastward, 
mostly discharging to the River Otter and its valley and over much of the site (particularly the west) there 
appears to be an upward groundwater pressure.   Further to the north of the site, there is evidence that there is a 
reversal of this gradient, influenced by the Otterton supply sources (see below).  

The Otter Sandstone forms a regionally important groundwater resource.  South West Water (SWW) operate 
three public water supply (PWS) sources near the site, comprising 2 boreholes at Otterton (BH1A; BH4) to the 
north-east of the site and one at Kersbrook to the west. The Source Protection Zones (SPZs, 2;3) for the Otterton 
boreholes (combined) extend across and beneath the northern part of Little and Big Marsh.  The Otterton 
boreholes derive some of their water by induced recharge from the River Otter, with up to 45% drawn from the 
river during periods of low groundwater levels and regional flow. There is no evidence that these boreholes are 
currently affected by saline water in the Lower Otter valley.  
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The SPZ for the Kersbrook PWS borehole does not extend across the site and this borehole derives most or all of 
its groundwater from the aquifer to the west, away from the potential influence of the scheme.  

Potential impacts from the former landfill 

The potential for contamination from the former landfill site was subject to a risk assessment informed through a 
desk study and a subsequent targeted ground investigation.  The conceptual model suggests there are possible 
contaminant sources from the landfill and a number of potential linkages affecting both human health and 
controlled waters (surface water and groundwater).  Evidence from the site investigation including soils sampling 
and leachate and groundwater testing suggests there are limited sources of potential contamination associated 
with the landfill, with some (although few) exceedances of set thresholds (with respect to human health and 
surface waters) but that these presently represent a low risk. Given the age of the landfill (unused since the 
1970s) and its lack of formal lining and only partial capping, it is probable that migration of contaminants from 
the site would have already occurred through dilute and disperse processes.  The presence of 3- 4m of cohesive 
alluvium beneath the landfill suggest a downward pathway to groundwater is unlikely to occur, either currently 
or during scheme construction and operation. 

As might be expected with any former landfill site, the presence of asbestos was recorded at some locations, 
although this does not appear widespread.   However, any works that disturb the landfill will come under the 
Control of Asbestos Regulations 2012 and appropriate on-site measures will need to be adopted. With respect to 
other potential (albeit low) risks to construction workers, these may be mitigated by adopting appropriate site 
health, safety and environment plans.  

Risks from discharges of leachate or contaminated groundwater to surface waters in the River Otter are also 
considered low, both during construction and operation of the scheme. Should works lead to the displacement of 
any contaminated waters these would be heavily diluted by tidal waters in the inundated area or in the River 
Otter channel and any effects are unlikely to be measurable. Activities such as excavation and piling within the 
landfill should be carried out in accordance with an appropriate site management plan to prevent mobilisation of 
any residual contaminants. 

Despite these low risks, some mitigation/ engineering works should be considered around the boundary of the 
landfill to prevent erosion mobilising and releasing contaminants and or exposing mostly inert but potentially 
unsightly waste.  

Potential impacts from saline incursion 

In evaluating the potential impacts of the scheme, modelling of surface water saline incursion and groundwater 
modelling identified that there are two key mechanisms that could affect the Otterton boreholes: 

 That saline water may extend further up the River Otter at high tide, potentially impacting the Otterton 
boreholes, which are known to draw some of their water from the river.  

 Beneath the inundated part of the Otter floodplain, saline water may leak downwards into the sandstone 
aquifer, again potentially impacting on the Otterton boreholes.  In part, there may be a “ratcheting” effect, 
with successive tidal inundations leading to a gradual increase in salinity of the groundwater. 

The magnitude of these impacts depends upon a number of factors, most importantly the head difference 
between surface water and groundwater; the hydraulic conductivity of the sub-surface; the salinity of the 
invading waters and the frequency and duration (“periodicity”) of the tidal incursion.   

These mechanisms have been assessed using a combination of numerical groundwater and surface water 
modelling. 

Surface water saline modelling shows that saline water will enter the inundated area, with a slight fall in 
concentrations from south to north.  Following completion of the scheme, the morphology of the estuary may 
evolve with an increase in the tidal prism and a greater flux of tidal water in and out of the estuary.  This may 
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result in a greater penetration of tidal water into the scheme (than when first constructed) but this is expected to 
rise and fall more rapidly with a shorter duration of inundation.  

The modelling also shows that tidal waters will penetrate up the main channel of the River Otter, but that this 
upstream penetration of saline water is not significantly different from the baseline case for a mean spring tide, 
in either mean fluvial flow or low flow conditions.  

Within the inundated area of the scheme, groundwater modelling studies focussed on the zones north of South 
Farm Road and the capture zone of the boreholes. The modelling found that:  

 There will be fractional mixing of saline water, that progresses as a downward moving front, the rate of 
which depends upon the relative heads between inundating surface water and the underlying groundwater 
and the properties of the underlying strata.  

 The permeability of the superficial deposits is particularly important as more cohesive, less permeable 
layers can attenuate the rate of downward movement. 

 The invasion of saline water into the Little Marsh area (particularly the north and east) is the most 
significant in terms of potential impact on the SWW boreholes. This area has potential for significant vertical 
mixing (i.e. downward penetrating saline water providing a “source” of saline water) and also makes the 
most significant volumetric contribution (albeit small in terms of overall flow) to the borehole abstractions 
(i.e. the pathway).  

 A highly conservative worst case was evaluated as an upper bounding condition, however this only caused a 
significant impact to BH1A. 

 In all scenarios modelled (worst case, conservative and realistic) BH1A is more susceptible to salinisation 
than BH4. 

 In the realistic and conservative scenarios, there was negligible change to salinity at BH4 and although there 
were changes at BH4 these remained well below the Drinking Water Standard.  

On the basis of both surface water modelling and the groundwater modelling (that considered both source and 
pathway) it is concluded that there will be minimal impacts to the Otterton boreholes source via either changes 
in salinity in the main River Otter channel, or by the downward movement of saline water from within the 
inundated area of the scheme. 

The modelling approach was highly conservative (including sensitivity testing) to allow for inevitable 
uncertainties in some of the adopted modelling parameters and the modelling method. Although the overall risk 
to the boreholes supplies is considered low, there remain some residual uncertainties and the development of a 
monitoring strategy is recommended to ensure changes that may be brought about by the scheme are measured 
and further mitigation measures applied if needed. 
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1. Introduction 

1.1 Study objectives  

Jacobs UK Ltd (Jacobs) were commissioned by the Environment Agency (EA) to investigate and appraise an 
intertidal habitat creation scheme (the Lower Otter Restoration Project – LORP) as part of the Exe Estuary Habitat 
Delivery Project (EEHDP). The scheme is located within the Lower Otter valley near Budleigh Salterton in Devon. 

The objectives of this groundwater and geo-environmental risk assessment (GRA) are broadly to: 

 Describe the baseline environment with respect to groundwater and geo-environmental conditions. 

 Consider the potential impacts of the proposed scheme on the groundwater environment, particularly with 
respect to impacts from the former landfill and the risks to water supplies associated with saline intrusion. 

 Provide evidence for and support to the assessment provided in the Environmental Statement (ES).  

1.2 Report content and structure  

The report presents: 

 A description of the approach, including associated studies and their sequence. 

 An overview and summary of baseline conditions including the hydrological regime, geological setting and 
hydrogeological characteristics of the site.  

 A geo-environmental risk assessment (largely focussed on the former landfill). 

 An initial groundwater conceptual model.  

 The outcomes of the groundwater (and associated) modelling. 

 An overall groundwater risk assessment used to inform the ES. 

1.3 Study Area 

The project study area has been previously described in both the Ground Investigation Report (GIR) Part 1 
(Ground Model and Data) Report (CH2M, 2018) and the preceding desk study (CH2M, 2017). The study area is 
broadly as shown in Figure 1-1 below, with additional features highlighted in the oblique aerial photographs 
presented in Appendix A.     

However, the GRA considers a wider study area which incorporates surface and groundwater features in the 
broader groundwater catchment, particularly to the north and west of the immediate project area. This is 
required to provide a better understanding of the regional hydrogeological setting and the potential influence of 
project proposals (see Section 1.4 below) , specifically the potential impacts from saline intrusion on public 
water supply (PWS) boreholes operated by South West Water (SWW). Although this report takes account of the 
influences of the wider catchment of the River Otter (as described in Amec, 2013), this is provided in the context 
of the impacts of the more immediate study area as potentially affected by the proposed scheme.       
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Figure 1-1 Site location plan 

1.4 Scheme outline  

Through managed realignment, the LORP scheme is intended to lead to the preservation and improvement of 
the River Otter to the south of Otterton including its estuary and immediate surroundings.   

The area of interest is the lower River Otter valley within the historic floodplain between the village of Otterton 
and the coast. The mouth and estuary of the River Otter is located directly east of Budleigh Salterton and 
approximately 8 km east of the Exe Estuary. The layout and key features of the scheme are described in Figure 
1-2. 
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Figure 1-2 Key features of the scheme  
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1.5 Outline methodology 

 

The  method applied to the GRA comprises the following basic steps: 

 Collect and collate existing data (from the desk study, EA, SWW and other sources) and data generated 
from the Ground investigation (GI).  

 Determine and describe baseline conditions. 

 Establish a baseline hydrogeological conceptual model.   

 Consider potential impacts of project proposals and various future scenarios.  

 Review conceptual model with respect to potential impacts and evaluate risks qualitatively.  

 Adopt a phased approach to the assessment and implement additional steps and methods necessary (e.g. 
numerical modelling) to better quantify the identified risks. 

 Synthesise the results from desk studies, GI data and modelling to determine an overall assessment  

1.6 Approach  

1.6.1 Study phasing and associated studies 

Following an initial Geotechnical and Geoenvironmental Desk Study (CH2M 2017), a ground investigation (GI)  
was carried in late summer/ early autumn 2017.  The Ground Investigation Report (GIR) Part 1- Ground Model 
and Data, (CH2M, 2018), presents a summary of the LORP ground investigation (GI), and the ground and 
groundwater conditions encountered during the investigation.  Data from both the desk study and the GIR have 
been used to inform this GRA.   

Subsequent to an initial appraisal and conceptual model that followed the GI and desk studies, a series of 
groundwater (mathematical) models were developed. These models were undertaken in a phased approach, 
with each phase being developed in response to outcomes from previous modelling phases, discussion and 
consultation (see Section 1.6.2 below) and in response to changes in available background information. The 
groundwater modelling was supported by repurposing of existing surface water (hydraulic) models to include 
the assessment of the effects of saline incursion (inundation) resulting from the proposed scheme 

The modelling approach and timeline is described in more detail in Section 1.6.3 with the modelling outcomes 
described in Section 5.      

1.6.2 Consultations 

From the outset the GRA has been informed and steered by a number of consultation meetings with the EA, 
SWW and other stakeholders. Actions arising from these meetings formed an inherent part in the development 
of the different phases of the numerical  modelling. These consultations are summarised in Table 1-1 below, 
with the timeline of associated groundwater modelling provided in the following section: 

Table 1-1. Consultations 

Meeting Subject Date Attendees Discussion/ outcomes  

GRA Scoping  05/05/2017 Jacobs (CH2M):  PM; 
GS   

EA:  PM; GS  

SWW: GS  

ABPMer: HM   

Scope of GRA discussed. Objectives were 
confirmed as:  

• Establish potential impacts on public 
water supplies and other groundwater 
abstractions 
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Meeting Subject Date Attendees Discussion/ outcomes  

• Determine risks associated with former 
landfill site at South Farm Road. 

A 2- phase approach agreed.  

Phase 1:  Collect data; develop and agree 
conceptual model 

Phase 2: Develop simple (1D/2D) numerical 
model to consider future scenarios and 
establish risks to groundwater    

GRA Initial 
interpretation  

08/01/2018 Jacobs ( CH2M):  PM; 
GS   

EA:  SU; PM; GSx2  

SWW: GS; WRM 

ABPMer: HM   

Clinton Devon: EM  

Presentation of Phase 1 outcomes including 
data collection; initial conceptual model and 
outline of impacts of scheme options. 

Agreed conceptual model insufficient on its own 
to clarify/ quantify risk. EA/SWW took action to  
discuss re use/development of existing Otter 
Groundwater Model (OGM) with original model 
developers    

Outcome of 
discussions 
EA/AMEC   
(teleconf) 

29/01/2018 Jacobs (CH2M):  GS   

EA:  GS*2 

Discussion with developers of OGM suggested it 
was not suitable and a bespoke localised model 
required. Jacobs (CH2M) took action to draw up 
scope for development of bespoke model and 
for discussion with modelling supplier ESi 
(Stantec) 

Bespoke model 
scope developed 

Feb/March 
2018 

Jacobs (CH2M):  PM; 
GS 

EA: PM, GS*2 

SWW: WRM 

Two stage model scope submitted and accepted 
following discussions with EA, GS and SWW. 
Delays were incurred due to 3rd party 
commitments and difficulties in arranging 
meetings to agree approach   

Numerical model 
Phase 1 scoping  

06/06/2018 Jacobs (CH2M):  PM; 
GS 

Stantec (Esi) :  GS*2  

EA:  SU; PM; GS*2  

SWW: GS; WRM   

Presentation of outcomes of Phase 1 of 
groundwater model work. Identified 2 
mechanisms of possible impact on Otterton 
boreholes: penetration of saline water up the 
River Otter and downward leakage from the 
inundated valley floor. 1D modelling suggested 
a “ratcheting” effect due to varying head 
differential with tidal cycle.  Uncertainty over 
risks to Otterton PWS led to recommendations 
to model surface water salinity within the Otter 
and inundated area with 1D groundwater 
modelling to be undertaken in parallel.  

Phase 1a 
modelling/ saline 
surface water 
modelling 

26/06/2019 Jacobs (CH2M):  PM; 
GS 

EA:  PM, GS*2 

Stantec:  GS*2  

Discussion of outcomes of combined Phase 1a 
modelling and saline surface water modelling, 
summary report and comments received from 
SWW and to establish a way forward. Report 
incorporated revised “Option 3+. Impact of 
revisions to OGM first identified. Prepared for 
meeting with SWW (below)  

15/07/19 Jacobs: GS  Subject matter as above but including SWW. It 
was agreed essential to incorporate changes 
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Meeting Subject Date Attendees Discussion/ outcomes  

Stantec:  GS*2 

EA:  SU; PM; GS  

SWW: GS 

from revised OGM, (details to be supplied by 
EA) to update the 1D groundwater model.  

Phase 1b 
Numerical 
modelling 

04/12/19 Jacobs: GS 

Stantec:  GS 

EA:  SU; PM; GS*2  

Presentation of outcomes of Phase 1b of 
modelling work to EA groundwater modelling 
team, prior to further discussion with SWW. This 
focussed on outcome of revised 1D modelling, 
based on groundwater levels from revised OGM. 
This suggests that LORP could provide a source 
of saline water that might reach the Otterton 
boreholes, if there is a pathway  

 12/12/19 Jacobs: PM; GS  

Stantec:  GS*2 

EA:  SU; PM; GS*2  

SWW: GS; WRM 

Presentation of outcomes of Phase 1b of 
modelling work to SWW. It was agreed to 
evaluate the source of saline water within LORP 
in terms of possible pathways to the Otterton 
boreholes. Scope of this phase of modelling to 
be developed and agreed with EA. (Note: scope 
was altered in Jan 2020 to also consider a Little 
Marsh tidal exclusion option) 

Phase 1c 
Numerical 
modelling 

29/04/2020 Jacobs: GS 

Stantec: GS 

EA: SU; PM; GS*2 

Presentation of outcomes of Phase 1c of 
modelling work to EA groundwater modelling 
team. Included revisions to 1D modelling to 
allow for recharge within LORP area, to consider 
flow path modelling and resultant salinity at 
Otterton boreholes. Included for both 
“Option3+” and Little Marsh tidal exclusion. 
Agreed that revised modelling demonstrated 
low risk to SWW boreholes and that also that 
also acceptable in WFD compliance terms. 

 01/06/2020 Jacobs: GS 

Stantec:  GS 

EA:  SU; PM; GS*2  

SWW: GS  

Clinton Devon: EM 

(Note: Little Marsh exclusion option dropped 
prior to meeting)  

Presentation of outcomes of Phase 1c of 
modelling work to SWW and landowners.  
Agreed that modelling demonstrated low risk to 
Otterton boreholes but there remained a 
residual risk. No further modelling considered 
necessary, but additional site investigations and 
monitoring strategy to be developed.,  

Table Notes: Attendees: SU = Senior User; PM= Project Manager; GS = Groundwater specialist; WRM = Water 
Resources Manager;  HM = Hydraulic modelling specialist;  EM = Estates Manager  

1.6.3 Numerical modelling development and timeline  

From the consultations and discussions, it was evident that a more quantitative assessment was required, 
particularly with respect to the potential risks from the scheme to the SWW Otterton PWS boreholes. A number 
of consecutive phases of modelling were carried out throughout 2018-2020, each separately scoped. Modelling 
included studies into the potential for the salinisation of groundwater and modelling of surface water to achieve 
a greater understanding of the incursion of saline tidal waters arising from the scheme. The groundwater 
modelling was undertaken by groundwater specialists Stantec (formerly ESi) and the surface water modelling by 
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ABPMer. The evolution and timeline for these model phases is illustrated below in Figures 1-3 and 1-4. The 
model reports are provided in Appendix B and the model outcomes are described in Section 5 . 
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Figure 1-3 Modelling inputs and timeline (2018- 2019)  
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Figure 1-4 Modelling inputs and timeline (2019-2020) 
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1.6.4 Limitations 

 The findings of this report represent the professional opinion of experienced environmental scientists and 
contaminated land specialists.  

 All advice, opinion, assessments and views set out in this report are based on relevant UK standards, codes, 
construction practices, technology and legislation, current and applicable at the date of this report.  

 Sampling by its very nature provides only a general indication of contaminants present on the site.  
Different concentrations of contaminants and different types of contaminants compared to samples taken 
may be present on the site. The possibility exists for contamination to be present in areas of the site not 
investigated.   

 The modelling methods make a number of assumptions regarding model parameterisation and approach 
although conservative methods were adopted and sensitivity analyses undertaken to address these 
uncertainties. 

 As no other data were available, the modelling derived background values for the salinity of the SWW PWS 
at Otterton based on data derived from monitoring within the LORP area.  

1.7 Data Sources  

The following comprise the key data sources used in this study: 

 Geotechnical and Geo-environmental Desk Study (CH2M, 2017).  

 Geotechnical Ground Investigation Report, Part 1 (CH2M, 2018).  

 The Otter Valley Groundwater and River Flow Modelling Study Phase V - Final Report. (AMEC, 2013). 
(referred to herein as The Otter Groundwater Model”- (OGM)).  

 Otterton Boreholes Saline Contamination Investigation. Report for South West Water Co. and National 
Rivers Authority. (WMC, 1993). 

 Final Factual Report (SSL, 2017). 

 Groundwater modelling reports undertaken by Stantec (Esi) (Included in Appendix B)  

 ABP Mer surface water modelling reports. (2018,2019)  

 Environment Agency salinity and tidal data.  

 BGS mapping, borehole profiles and reports (e.g. hydrogeological mapping; aquifer properties manual). 
www.bgs.ac.uk. 

 Met Office climatic data.  

 National River Flow Archive data (CEH). 

 Monitoring data and other information provided by SWW.    

 

http://www.bgs.ac.uk/
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2. Baseline Conditions 

2.1 Rainfall and Climate 

Rainfall averages for the nearest Met Office weather stations are given in Table 2-1 below. 

Table 2-1 Regional rainfall (mm) from Met Office gauging stations (averages 1981-2010) 

Month  Teignmouth Exeter Airport  Sidmouth  

Jan 95.2 82.2 81.8 

Feb 71.8 60.7 62.8 

Mar 69.4 56.8 66.9 

Apr 58.4 62.1 59.6 

May 58.8 57.2 55.2 

Jun 50.5 48.4 50.4 

Jul 45.5 45.8 51.1 

Aug 54.1 53.4 58.2 

Sep 57.5 58.8 62.5 

Oct 94.3 88.9 89 

Nov 89.1 83.4 84.8 

Dec 102.9 87.3 91.7 

Annual 847.5 784.9 813.9 

Rainfall has also been gauged at Dotton (approximately 6 km upstream of the site) and these data were used to 
determine rainfall recharge parameters for the OGM . The Standard Average Annual Rainfall (SAAR) for the 
catchment (1961-1990) is 971 mm. The daily rainfall data to the end of 2017 is provided on Figure 2-1. 
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Figure 2-1 Daily rainfall (Dotton, source , NFRA 2012 - 2019) 5 year period. 

Note to Figure 2.12: Later data (2017- 2020) supplied by the Environment Agency and may not be wholly compatible with 
earlier NFRA data.  

2.2 Surface Water  

2.2.1 Hydrology and drainage 

The River Otter originates in the Blackdown Hills to the north and northeast, with its headwaters formed from 
numerous springs emerging from the Upper Greensand (see below). As the river flows southward it is augmented 
by the River Tale (at Ottery St Mary, 13km NNE of the site) and by further small tributaries from the ridge to the 
west and the hills to the east.  

Within the Lower Otter Valley, the Budleigh Brook joins the River Otter, crossing the floodplain in an aqueduct 
before discharging into the main channel. North of South Farm Road, a number of small drainage channels cross 
the floodplain, these channels drain to the west to a drain running along the western edge of the flood plain 
(referred to as the “trunk drain” - see the aerial photographs in Appendix A) and discharge southward, beneath a 
culvert under South Farm Road. South of the landfill, further drainage channels drain westward, then south. This 
drainage passes through a culvert beneath East Budleigh Road, West of Lime Kiln car park and discharges to the 
sea via an outfall pipe. Additional drainage is provided through a flapped outfall into the estuary at the south-
east corner of the cricket ground. 

A number of small ponds occur south of the Landfill Site, south of South Farm Road. The most northerly of these 
appears to be fed from the “trunk drain.” The other ponds present, have no obvious (mapped) connection with 
surface water drains and frequently are dry. 

The eastern side of the flood plain (i.e. the west of the current estuary) is contained by embankments which 
extend from Lime Kiln car park in the south west to East Budleigh Sewage Pumping Station in the north west. A 
further embankment (“Big Bank”) traverses the flood plain south of the Budleigh Brook aqueduct separating 
“Little Marsh“ (to the north) and “Big Marsh” to the south. 
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Flow is monitored by the EA at Dotton (NGR SY866588435), just downstream of the footbridge.  Key data 
at the Dotton gauge (Station No. SY08F055) are as follows: 

Base flow index: 0.53 

Mean flow: 3.208 m3/sec 

95% exceedance flow (Q95):  0.968 m3/sec 

50% exceedance flow (Q50): 1.89 m3/sec 

5% exceedance flow (Q5): 10.1 m3/sec 

The river is tidally influenced south of White Bridge which affects both flow and water quality within the river (see 
Section 2.3.1.  below).    Daily flow data for the Dotton gauge  are available from the National River Flow Archive 
(NFRA) website:  (URL: https://nrfa.ceh.ac.uk/data/station/info/45005 ) for the period 1962 to 2018, although 
more recent data for the station are now available from the EA Hydrology data website (URL: 
https://environment.data.gov.uk/hydrology/landing)    

From these data, the full record is shown in Figure 2-2 and the last 10 years in Figure 2-3. 

The NFRA website also provides 2 year period analysis of flow data vs maximum, minimum and average flow for 
the (entire) period of record (1960-2020). For 2017 to 2019 this is reproduced in Figure 2-4 below.  

These data suggest that flows in the Otter over the last 2 years have been, overall, a little below average, but with 
peaks approaching or exceeding maximum values occur through late 2016, and also through parts of 2018 
(particularly spring and winter). The average flow record for early 2020 (period 01/01/2020 to 25/05/2020, 
not shown) is generally slightly above average (for the same early year period through 2011- 2019).  

 

Figure 2-2 River Otter – full record as gauged at Dotton 

  

https://nrfa.ceh.ac.uk/data/station/info/45005
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Figure 2-3  River Otter – last ten years as gauged at Dotton 

 

 

Figure 2-4 River Otter at Dotton, max, min, mean flow data 

 

2.2.2 Abstractions and discharges  

There are six active permits relating to discharges to water and groundwater within close proximity to site and 
one water quality exemption. These principally relate to SWW sewage pumping stations, combined sewer 
outfalls/overflows and surface sewer outfalls, with East Budleigh Sewage Pumping Station and Budleigh 
Salterton (Lime Kiln) Sewage Pumping Station located on the western edge of the site. The water quality 
exemption, converted from a water resources act discharge consent, relates to a residential address in Otterton. 

There are four licensed groundwater abstractions and two surface water abstraction within or in close proximity 
to the site (see Table 2-2). Two licences relate to single point abstractions of groundwater located in the vicinity 
of South Farm, and Pulhayes Farm and two surface water licences are located adjacent the River Otter (to north 
and south of Otterton Bridge). One licence for multiple points is held by South West Water for public water 
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supply purposes: this is located near Otterton and is the largest licensed abstraction in the vicinity of the site. 
There is a further licence for the SWW abstraction at Kersbrook. These SWW sources are discussed further below.   

Table 2-2 Licensed water abstractions   

Licence Number  Source NGR Type Use  Holder  

SW/045/0001/017/R01 

 

Groundwater SY0829084370 Multiple Public Water 
Supply 

SWW  -Otterton 
BH1A 

Groundwater SY0781084690 Multiple Public Water 
Supply 

SWW  -Otterton 
BH 4  

14/45/001/0425 Groundwater SY0649983073 
SY0642283076 
SY0617083255 

Multiple Public Water 
Supply 

SWW  - 
Kersbrook 
boreholes  

14/45/001/0527 Groundwater SY07858281 Single 
point 

Agriculture – 
spray irrigation  

Pyne, South 
Farm  

14/45/001/0561 Groundwater SY073840 Single 
point 

Agriculture – 
general use 

Pyne, Pulhayes 
Farm  

SW/045/0001/018 Surface water SY0805185495 Single  Transfer Otterton Mill 

14/45/001/0389 Surface water SY077855 Single  Agriculture –  
spray irrigation 

Bicton College of 
Agriculture 

Further information on abstractions and discharges may be found in the Geotechnical and Geo-environmental 
Desk Study (CH2M 2017). 

2.3 Surface water quality 

2.3.1 River Otter water quality 

The Water Framework Directive (WFD) classification of the River Otter through the study area is as a ‘Transitional’ 
water body (Water Body ID GB510804505500) currently defined as being of Moderate overall status, although 
with a chemical quality of good. The boundary with the upstream water body (the River Lower Otter, Water Body 
ID GB108045009170) lies (at NGR 308032 085508) approximately 300m upstream of the Otterton Bridge. 
This water body has a WFD classification of Poor overall, though physico-chemical and chemical elements are 
moderate and good respectively. 

Water quality data are collected by the EA (as part of statutory environmental monitoring) from a sampling point 
at Otterton Bridge (NGR 307896 085282). Data made available from this location for two dates during 2017 are 
summarised in Table 2-3 below for key physico-chemical determinands (note that data for a wider range of 
determinands are available, not included herein, as the focus of this study is the salinity condition of the river). 

Table 2-3 Summary surface water quality data upstream of Otterton Bridge 

 Recorded Value 
Determinand  17 Jan 2017 07 March 2017 
Conductivity @ 25C 412 µs/cm 411 µs/cm 
pH 7.85 8.1 
Orthophosphate 0.14 mg/l 0.071 mg/l 
Nitrogen – N 6.26 mg/l 4.7 mg/l 
Dissolved Oxygen  11.6 mg/l 10.6 mg/l 
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At this location it is evident from the low conductivity of the monitored waters that that there is no impact from 
tidal waters. Although this is a limited set of data, it may be concluded that this represents “fresh” water within 
the River Otter.    

2.3.2 Tidal extent and influence  

Between Otterton Bridge and White Bridge, river water quality becomes influenced by the influx of seawater 
during each tidal cycle.  

Monitoring of salinity (measured as practical salinity units, PSU) at White Bridge (NGR SX 99350 80668) was 
carried out by the EA during the period 26/08/2014 to 27/11/2014 (see Figure 2-5). A datalogger recorded 
river stage and salinity at the location. A record of tidal heights at Exmouth (NGR SX 99350 80668) also allows 
some understanding of the influence of the tidal state and the salinity within the River Otter, for example over 
successive spring and neap tides. Note that the monitoring dates represent a period of relatively low flow (see 
Figure 2-3 above) during the late summer/ autumn of 2014, so represent a period where the influence of tidal 
incursion on river water salinity is greater than for an annual average or during periods of higher river flow.  

Key observations are as follows: 

 During neap tides, the influence of river flow dominates, and the water remains relatively fresh.  

 During spring tides, the tide dominates, and the water is saline. 

 During periods of high flow/ river stage (e.g. 12/09/14 and 06/10/14) the tidal influence may be slightly 
reduced (although note that river stage is clearly influenced by the incoming flood tide, i.e. at high tides the 
river stage will be greater for any given river flow). 

These data should be taken as indicative only as there may be issues concerning the quality of some of the data, 
e.g. the placement of the logger is understood not to be optimal (e.g. not necessarily in the deepest part of the 
channel or at a representative average depth) and it does not take into account vertical variations in salinity (i.e. 
the change in salinity profile with sampling depth, see Figures 2.9 and 2.10 below). The “flattening” of salinity 
data from early November 2014 appear to be a logger/ data issue, although, based on flow data (see also Figure 
2.3) river flows do markedly increase at that time.  

Considering these data over a shorter time period, it is clear that river stage is influenced by the 6 hourly interval 
between ebb and flood tides and that salinity peaks and troughs essentially follow this tidal pattern. During neap 
tides (e.g. 5-6/09/2014 and 15-16/09/ 2014, as shown in Figure -.6) the data indicate that the influence of the 
tidal influx is considerably reduced, and the river water quality is not (or at least much less so) affected by the 
salinity of the tidal inflow. 
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Figure 2-5 River Otter – Salinity vs. river stage and tidal height   
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Figure 2-6 River Otter Salinity vs. river stage and tidal height over spring/neap cycle 

 
The EA also undertook a salinity profiling exercise upstream from White Bridge. These field data were collected 
on 9 October 2017, during a high spring tide and through a period of low (fluvial) flow in the River Otter. The 
final reading was taken minutes away from the highest tide. This represents the case whereby maximum 
upstream penetration of the saline interface might be expected. Samples were taken at 10 sites progressing at 
50 m intervals upstream from White Bridge (site 1 being the furthest downstream, see Figure 2-7 below).   
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Figure 2-7 Salinity profiling – River Otter sampling sites (sites 1-10)  
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The overall average salinity and the average salinity (recorded as PSU) below the halocline are shown on Figure 
2-8. This suggests that the maximum extent of the saline penetration is about 300m upstream of White Bridge.  
At each site, a depth/salinity profile was also generated. Examples are given in Figures 2-9 and 2-10.    

Observations based on the sampling data are as follows:  

 At White Bridge (Site 1) there is a well-developed stratification and halocline.  

 By 250m upstream (Site 6) of the bridge, saline water intrusion appears minimal and occurs at depth only. 

 By 300m upstream, water in the river is essentially fresh. 

Note that data from Site 3 were ignored as it appeared significantly anomalous (an order of magnitude 
difference) and was assumed to be in error.   

 

Figure 2-8– Salinity profile upstream from White Bridge 
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Figure 2-9 Vertical salinity profiles (Site 1) 

 

Figure 2-10 Vertical salinity profiles (Site 6) 

2.4 Hydrogeology  

2.4.1 Regional geological setting  

The wider geological setting of the River Otter catchment is described in the OGM (Amec 2013), which provides 
further description of the stratigraphy of the region, as reproduced in Figure 2-11 below.   

The report also provides a North - South cross section through the Otter valley, reproduced in Figure 2-12 – 
although the Lower Otter Study Area comprises only a small part of the overall catchment.  
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The key elements from the regional setting are that the Otter Sandstone Formation (Helsby Sandstone 
Formation)1: 

 Thickens from north to south through the catchment.  

 Is in excess of 150m thick towards the mouth of River Otter. 

 Overlies the Budleigh Salterton Pebble Beds. 

  

 
1 Helsby Sandstone Formation is the current BGS nomenclature, however Otter Sandstone (Formation)  is synonymously  used in this report as it 

remains in more common usage  
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Figure 2-11 Regional Geological Setting (from AMEC, 2013) 

 

Figure 2-12 North - South Cross section along the River Otter (from AMEC, 2013) 
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2.4.2 Geology and ground conditions 

A full description of the geology and ground conditions encountered throughout the study area is provided in 
Part 1 of the Ground Investigation Report (GIR) (CH2M, 2018) and the preceding Desk Study (CH2M, 2017). The 
nomenclature adopted in Table 2-4 herein is as per the GIR.  

With respect to the geological characteristics of the study area, the geology of the study area is summarised 
below, adopting the terminology used in CH2M (2018).   

Table 2-4 Summary of geology and ground conditions 

2017 Ground Investigation 
Unit Name and Code 

Rationale  Description 

Made Ground 

(MGR) 

Made Ground 
and any liner 
associated 
with historic 
landfill 
(South Farm 
Road landfill), 
and Made 
Ground in 
field south of 
South Farm 
Road 
cottages 

Typically 1- 3 m thick, thickest to central east part of 
flood plain. Forms 4 defined areas with differing 
characteristics:   

East: landfill, 2- 3 m thick, granular with inert, 
potentially hazardous and non hazardous 
components. Overlain by low permeability layer (0.15 
to 0.9 m thick), predominantly inert, probably capping 
material    

Central: landfill, 1.5- 2.9 m thick, frequent inert and 
potentially non-hazardous components but no 
hazardous constituents. Overlying low permeability 
capping 0.3-0.55 m thick. 

West: landfill, 1 - 2.2 m thick with frequent inert and 
potentially non-hazardous constituents; rare 
‘hazardous’ constituents. some low permeability 
material (c.0.3 m thick) at surface but generally 
absent.   

Far West: Granular made ground with frequent inert 
constituents. No evidence of a low permeability / capping 
layer identified.  

Made Ground – Embankment 
(MGR-EMB) 

Made Ground 
associated 
with current 
river bank 
and bunds  

Little Bank: Mix of reddish orange brown granular 
(silty sand over silty gravel) material and more 
cohesive layers (gravelly clay over more granular soils.   

West Bank: layered cohesive and granular soils, 
typically gravelly sandy silt/clay and silty sand, though 
embankment had low gravel component. 

Big Bank: Mixed granular and cohesive soils with pebbles and 
cobbles. Fragments of man-made materials (concrete, brick, 
quarried stone) also present.  

Topsoil 

(TS) 

Sufficient 
thickness 
encountered 
during GI to 
warrant 
inclusion as 
separate unit 

0.1- 0.7 m thick, averages 0.3 m Typically soft to firm dark or 
greyish brown slightly sandy clay /silt.   
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2017 Ground Investigation 
Unit Name and Code 

Rationale  Description 

Saltmarsh Deposits 

(SAMD) 

 

Saltmarsh 
Deposits 
likely to be 
similar in 
composition 
to Alluvium in 
the fluvial 
part of the 
Otter Valley.  

Variable across the site, typically up to 2m, apparently 
thinning northward. Four broad descriptions apply: 

Predominantly clay: (c.20% all cohesive alluvium).  
Very soft to firm, reddish brown or brownish grey, 
slightly sandy Clay  with occasional silt and organic 
matter 

Predominantly silt: (30%) Soft to firm, reddish or 
greyish brown, sandy SILT with occasional clay, peat, 
shells and organic matter. 

Predominantly sand (50%) Orangish, brownish or 
bluish grey, silty fine sand. Occasional to frequent 
shell fragments and organic matter 

Predominantly peat: (<5%) Soft, dark brown to blackish, 
fibrous, pseudo-fibrous and amorphous peat. Occasionally 
slightly sandy, clayey and with strong organic odour. Occurs 
as a distinct layer beneath the landfill or as inclusions within 
clay, silt or sand strata 

Beach Deposits 

(BD) 

Beach 
Deposits 
likely to be 
similar to 
Alluvium in 
the fluvial 
part of the 
Otter valley. 

Typically 3.5- 4.5 m thick.  

Medium dense to dense, reddish brown, brown or grey, sandy 
fine to coarse gravel of flint, sandstone and siltstone with 
variable cobble content. Locally the silt and sand content 
increases, mainly westward  

Weathered Helsby 
Sandstone Formation 

(HEY_WTHD) 

(Formerly 
Otter 
Sandstone 
Formation -  
Updated BGS 
classification.) 
Weathering 
subdivision to 
distinguish 
from more 
competent 
bedrock 

Between 1 and 7m thick.  

Destructured or residual bedrock mainly comprising a 
medium dense to very dense, reddish brown, fine to medium, 
locally coarse sand, often with sandstone gravel. Locally this 
transitioned to a sandy gravel with a medium cobble content. 
Partially or distinctly weathered bedrock, which was 
recovered as one of three interbedded rock types. 

See note below, hav 
Helsby Sandstone 
Formation 

(HEY) 

(Formerly 
Otter 
Sandstone 
Formation -  
Updated BGS 
classification). 
Competent 
rock. 

As encountered in the GI, the formation comprises 
interbedded types comprising:   

Reddish brown distinctly weathered Mudstone . 

Reddish brown partially weathered fine to coarse 
grained Sandstone. 

Greenish grey or reddish brown, distinctly weathered 
matrix dominated Congomerate Clasts are subangular 
to subrounded fine to medium sandstone. Matrix is 
pale yellowish-brown sandstone. 
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2017 Ground Investigation 
Unit Name and Code 

Rationale  Description 

The description from the 1:50,000 Geological map is 
as follows   

Sandstone, reddish and yellowish brown, grey and 
greyish green, fine- to medium-grained, weakly 
cemented, with thin beds of hard conglomerate and a 
few lenticular beds of reddish brown mudstone. (up to 
210 m) 

(CH2M, 2017) also provides descriptions from the Geological 
memoire and the BGS Lexicon.   (BGS 2016) 

Budleigh Salterton Pebble 
Beds Formation 

Not 
encountered 
during 
investigation 
due to limited 
depth of 
boreholes– 
unit proven 
below Helsby 
Sandstone 
Formation in 
deeper 
historic 
boreholes 

The description from the 1:50,000 Geological map 
Sheet 326, BGS,2005) is as follows:  

Conglomerate of rounded quartzite pebbles and 
cobbles in a coarse to fine gravel and silty sand matrix 
(12 – 47 m)  

CH2M (2017) also provides descriptions from the Geological 
memoire and the BGS Lexicon. (BGS 2016)  

Geological sections across and up the valley are also provided in the GIR Part 1 (CH2M, 2018). A simplified south 
(A) to north (B) cross section based on the GI results is provided on Figure 2-13 below, as located on the 
simplified geological mapping shown in Figure 2-14.  Note this figure also identifies zonation of the superficial 
deposits used in the modelling exercises (refer to Section 5.3.1 below)  
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Figure 2-13 Simplified (S-N) cross section through the Lower Otter valley 

 

 

 

 

 

 

 

 

 

 



Groundwater and Geo-environmental Risk Assessment  

 

 
Final 18 

 

Figure 2-14  Simplified geological maps showing line of section  

  

2.5 Groundwater  

2.5.1 Groundwater occurrence and behaviour  

Within the Lower Otter Valley groundwater occurs in the Otter Sandstone Formation (note the older terminology, 
shortened to Otter Sandstone, is used synonymously with Helsby Sandstone Formation throughout this report) 
and the underlying Budleigh Salterton Pebble Beds of the Sherwood Sandstone Group. These form a (2) layered 
aquifer that is at least 150 m thick toward the mouth of the River Otter. The Sherwood Sandstone is classified as 
a Principal Aquifer. Through the study area, within the valley floor, this aquifer is overlain by superficial deposits. 
These are classified as a Secondary A aquifer and comprise Saltmarsh deposits and Beach Deposits (see Table 2-
4 above). The more granular Beach Deposits are likely to be in hydraulic continuity with the underlying Otter 
Sandstone , whereas the Saltmarsh Deposits may restrict vertical movement (including, to an extent, recharge 
from the surface). 

The Otter Sandstone  is considered to have generally high transmissivity, with values generally  in the region of 
400 m2/d measured in boreholes near the coast around Otterton, with test values in the vicinity  ranging from 
150 m2/d to over 1000 m2/d (BGS, 1997). The transmissivity is generally noted to increase to the east and south 
as the aquifer thickens and is usually greater for deeper boreholes (BGS 1997).  

In the OGM  (AMEC 2013) considered that a narrow range of hydraulic conductivities for the Otter Sandstone  
was more representative, with 1 to 3 m/d identified for the south Otter Valley, and a value of 1.5 m/d used 
within their numerical groundwater flow model for the main outcrop layer. 

In – situ permeability tests (20 in all in 13 boreholes) were carried out as part of the GI. These focused on the 
shallower superficial deposits and at the top of the weathered Otter Sandstone . A summary of the average 
results for each tested horizon is provided in Table 2-5 below. Note where one formation lies above a lower more 
permeable formation, the nature of the test is such that the lower more permeable formation is likely to have a 
greater influence on the result.  
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Table 2-5 Average permeability data from in- situ testing   

 Recorded in-situ permeability   

Formation  (m/sec) (m/day) 

Made Ground 6.03E-06 0.52 

Saltmarsh Deposits (“Cohesive 
alluvium”)  

1.54E-06 0.13 

Beach Deposits (“Non cohesive 
alluvium”) 

5.37E-05 4.64 

Weathered Otter Sandstone  2.40E-05 2.08 

Saltmarsh Deposits over Weathered 
Otter Sandstone   

6.65E-05 5.75 

The field tests give permeability results for the (weathered) Otter Sandstone at a similar order of magnitude to 
those used in the OGM. The Beach Deposits appear to have a similar permeability (if not higher) and the 
Saltmarsh Deposits (albeit from one test result only) are about an order of magnitude less permeable than the 
underlaying Otter Sandstone.       

The aquifer is recharged from effective rainfall across the catchment. Recharge to the “deep” sandstone occurs 
across the catchment although that from the western part appears dominant creating a west to east regional 
groundwater flow, as illustrated on Figure 2-15 below.  

Within most of the valley floor, there is an upward groundwater gradient (from the deep Budleigh Salterton 
Pebble Beds aquifer upward to the Otter Sandstone) such that the valley is an area predominantly of 
groundwater discharge and the River Otter is (primarily) gaining from groundwater (although see further below).  

There is also some evidence of an upward groundwater gradient from the groundwater level monitoring 
undertaken as part of the GI (see also Section 2.5.3 below)  
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Figure 2-15 Groundwater level contours (after Amec 2013) and typical flow direction, Lower Otter Valley 

2.5.2 Groundwater abstractions  

SWW abstracts groundwater for supply from two production wells at Otterton (BH1A; BH 4) and a further source 
at Kersbrook (K1). The approximate positions of these are shown on Figure 2-14 together with their associated 
source protection zones (SPZs) (part boundaries of Zones 2 and 3 only shown). The abstractions impact 
groundwater flow and levels within their vicinity (although the contours shown in Figure 2-14 do not reflect this 
influence). Furthermore, it is known that although the River Otter gains baseflow from groundwater over much of 
its length, adjacent to PWS abstractions surface water loses to groundwater (Amec 2013), this includes a stretch 
adjacent to the Otterton BH4 abstraction. The largest abstraction is from Otterton BH1A, the furthest from the 
River Otter (see Table 2-6 below). The Kersbrook abstraction is the smallest of the PWS abstractions and, based 
on the SPZ draws most of its water from the west, only SPZ 2 extends eastward from the Kersbrook borehole and 
this does not impinge on the Lower Otter valley.  Flow hydrographs for the last 5 years for each of the sources 
are given in Appendix C. 
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Table 2-6 Typical daily abstractions from SWW PWS sources for the last 5 years 

Source  Location 
(Easting Northing) 

Abstraction (Ml/day) 

Otterton BH1A 308250 084350 3.3 

Otterton BH 4 307800 084660 1.9 

Kersbrook (K1) 306460 083100 1.4 

2.5.3 Ground investigation and monitoring  

2.5.3.1 Monitoring by South West Water  

Groundwater monitoring has been carried out by SWW in the Otter Valley for a number of years as part of 
their licence conditions. This includes monitoring both within the Otter valley (within or adjacent to the study 
area) and to the east of the Otterton boreholes. One key purpose of this monitoring is to help manage 
potential saline intrusion to the aquifer, notably from the east. A summary of the monitoring boreholes, their 
locations and purpose and the available data are provided in Appendix C.  
Most relevant to this study are the observations at PZ4; PZ3, PZ1 and PZ2 which are located (south to north 
respectively) within the Lower Otter Valley, have a long record and feature dual level (“deep” and “shallow”) 
installations. Note that these are relative terms and the deep installations, although typically penetrating 10-
12m into the sandstone, are not deep in terms of the overall aquifer depth (150m deep, or more). The shallow 
installations are typically no deeper than 3m, with a response zone in the superficial deposits.      

Well hydrographs for these observation wells are provided in Appendix C (Figure C2.2 to C2.5). What is evident 
from observation of this data is that:  

 At the most southerly location (PZ4/ PZ4a; Figure C2.2), the deeper groundwater has a higher head (by 
approximately 0.1 to 0.2m) than the shallow groundwater, although this is occasionally reversed, this 
suggests that an upward groundwater normally applies in this location.  

 Further north, as observations are made closer to the Otterton BH 4 borehole, the head levels (deep 
/shallow) equalize and then reverse, such that near the production well (e.g. PZ1/PZ1A; Figure C2.4) there 
is a net downward groundwater gradient.   

2.5.3.2 Groundwater monitoring and measurement undertaken as part of the GI and subsequent monitoring   

Groundwater levels have been recorded both with manual dips during the GI and subsequently using data 
loggers. Some water quality loggers were also installed to monitor changes (or otherwise) in conductivity 
(indicative of changes in salinity) that might reflect the influence on groundwater of the influx of tidal waters. 
The locations of the monitoring wells and details of the monitoring installations are given in Appendices D1 and 
D2 respectively.  

Well hydrographs developed from these data are also provided in Appendix D. 

Initial data downloads (September 2017 to May 2018) were subject to analysis, with observations made as 
follows: 

Figure D.1.2 Groundwater levels west – east (BH1; BH2; BH4 respectively).  

The response zone for BH1 is at 16 to 22 m bgl; for BH2 3.5 to 7 m bgl and BH4 3.5 to 7.5 m bgl. 

 Groundwater heads in BH1 are typically around 1m higher than in BH2 and BH4 and the response is more 
damped (muted) than the shallower data.  
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 Although there is a gradient from west to east, which may explain this contrast, the difference in levels may 
also reflect an upward gradient within the groundwater (as observed in PZ4/4a above).  

Figure D.1.3 Groundwater levels south north (CP11; CP8; BH1; CP10 respectively). Figure D.1.4 shows the data 
from the same monitoring wells over a shorter period of time (2 weeks) to consider tidal impacts. (note a different 
vertical scale is used)    

The response zone for CP11 is at 10.0 to 14.7 m bgl; for CP8 4.3 to 7.3 m bgl; for BH1 16.0 to 22.0 m bgl; and 
CP 10 3.5 to 6.5 m bgl. 

 There is an overall upward trend in groundwater levels over this period, which is assumed to be a response 
to regional groundwater recharge.  

 Groundwater heads in the BHs monitored at depth (BH1 and CP11) appear to be higher than those in the 
shallow boreholes (i.e. CP11>CP8; BH1>CP10). Although, as noted above, this may be explained in part by 
a west to east fall in regional groundwater levels.  

 All the water levels are showing a response to diurnal tide events (ebb/flood); though this is most marked 
(up to 0.8m daily fluctuation) at CP11, the closest to the coast, and least marked in BH1 (circa 0.03m 
fluctuation) which is not only further from the coast but has a response zone deeper in the top of the 
sandstone providing a far more damped response. 

 There also appears to be a variation between neap and spring tides (springs c.9 October, neaps c.1 October 
and c.15 October). This is most marked in CP11, the most southerly of the monitoring points  where the 
daily fluctuation ranges between c.0.3 m and c.0.8 m (neaps/springs respectively).  

Figure D.1.5  Water quality (conductivity) (CP11; BH1; BH4, WS2).  

 Water in the deeper BHs (CP11 and BH1) appears relatively fresh, circa 730 µS/cm and 570 µS/cm 
respectively (note that conductivity or specific conductance values are used herein as an indicator of 
salinity).  

 Water in WS2 is the most saline (circa 7600 µS/cm), clearly the shallow groundwater (response zone 1 to 
4m bgl) is influenced by saline water in the tidal River Otter (although there are no marked fluctuations in 
salinity  with tide, and this may reflect a “longer term” or historic salinisation of groundwater at this 
location) (note that the River Otter at White Bridge has a “average” salinity of 16 PSU, circa 20,000 µS/cm, 
although there are significant fluctuations with the tidal state and river flow, as described in Section 2.3.2 
above).  

 Despite a location also close to the river (and a shallow response zone of 3.5 to 7.5m) BH4 has a lower 
overall salinity (circa 2600 µS/cm). This location is circa 300 m upstream of WS2, so this might reflect a 
lesser (or less frequent) exposure to saline water in the Otter or it might reflect a higher flow through of 
fresher groundwater.  

 There is little change over the monitoring period in BH1, and an initial decline in “salinity” in CP11 is 
followed by a long period of steady readings. This latter change may be a result of changes following 
purging of the borehole (to take a water sample), or may reflect the increasing influence of groundwater 
flux as recharge increases, although this is far from conclusive.      

 The lack of diurnal or other periodic changes in salinity in any of the data suggests that there is, in general 
little or no direct recharge from the river particularly to the deeper parts of the aquifer (this also provides 
some further support to  the concept of a generally upward groundwater gradient, as observed in some 
other locations ( e.g. PZ4/ PZ4a, BH1 vs BH2) .   

“Spot” data taken from shallow depth (<5 m) at WS4, close to the River Otter (refer Appendix D, Figure D1.1 for 
location), give values circa 5800 µS/cm (about 4.15 PSU, so circa 25% of the value in the River Otter at White 
Bridge).    

Spot data from other standpipes in valley bottom show conductivity values circa 400 to 500 µS/cm; i.e. no 
significant saline water intrusion evident significantly beyond the existing river banks  

Figure D.1.6  Groundwater level response to rainfall (BH1; BH2, CP5; CP8; CP10). 
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This plot was developed to consider response to rainfall (Dotton daily rainfall data, last quarter 2017 ), BH1 
representing the deeper level (16- 20 m bgl deep response zone) at the top of the sandstone, CP5 at the top of 
the sandstone but at a shallower level (7- 10.5 m bgl deep response zone ) and BH2, CP8 and CP10 with 
shallower response zones set in the superficial deposits. 

 BH1 shows a markedly more damped response to rainfall than the other hydrographs, although some 
response is seen to larger cumulative rainfall events (e.g. 19-12/ 10/17 ) 

 CP10 and BH2 both show a response to rainfall, with that of CP10 showing the most extreme fluctuations. 
The responses in CP5 and CP8 are very similar. 

 Through much of the data, there appears to be a lag in response of typically 2-3 days between most rainfall 
events (or cumulative events) and the peak response on groundwater level. The lag in BH1 is not so marked, 
but appears to be of the same order of delay. At present it is not clear whether this results from a response 
to local recharge within the Lower Otter valley (i.e. by direct rainfall recharge to the site) or a more regional 
response through the deeper sandstone aquifer. The response in the deepest observation well (BH1) is 
perhaps most representative of the regional response.,  

The data loggers remain in place and an additional data download was undertaken late February/early March 
2020. This updated data set includes data from the SWW monitoring boreholes PZ4a, in which one of the project 
loggers was installed. This borehole provides the most northerly monitoring point, with a response zone between 
7- 10.5 m bgl at the top of the sandstone.  

Hydrographs generated from these data are shown individually (ordered north to south) in Figures D2.1 to 
D2.10  Appendix D2, with further observations provided below: 

Water level data 

 Through summer 2019, the monitoring well responses are reasonably similar to the earlier monitoring 
period (to May 2018) and tend to support the observations made above. 

 The period autumn 2018- spring 2019 is more erratic in response with greater highs and lows. It is not clear  
why this more erratic response is occurring . 

 In many cases, recorded groundwater levels are above ground (or even above the top of the piezometer) 
which may have led to the erratic nature of some of the hydrograph responses. This suggests a propensity 
for groundwater to emerge at the surface across much of the valley floor, particularly during wet winters 
and lends supports to the concept of a net discharge from regional groundwater to the valley floor. 

 Only in CP11 and BH1 (at more elevated locations) do levels remain throughout below ground level, 
although these still show erratic responses in the later data.   

 Water levels recorded in all monitoring wells become even more erratic from about November 2019 
onward and are very difficult to interpret. It is possible that the barologger (used to make barometric 
corrections for all boreholes) suspended in CP11, became drowned out in winter 2019, leading to unreliable 
results. This will require further investigation, and rectification if these data continue are to be used in the 
future. Furthermore, a lack of calibration data (using manual dips established during more regular 
downloads) is such that this later data cannot be used reliably. 

Water quality  

 Conductivity data was collected in 3 loggers (in CP11; in BH4; in the SWW montoring borehole PZ4a and for 
a short period in BH1)  

 In PZ4a the data appear to show a gradual climb in conductivity from lows in early spring to higher values   
in late summer, whether this is a consequence of the regional behaviour of the sandstone aquifer, or 
whether this is a more local influence is not clear, but there seems no clear or direct correlation with the 
recorded water levels. There is a gap in the record, between 06/07/2018 and 29/10/2018 where 
extremely erratic data (fluctuating from zero to very high values in successive readings) have been 
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removed. This is assumed to be instrument error, but requires further investigation if these data continue 
are to be used in the future.  

 In BH4, closer to the River Otter, there appears a steady climb from about May 2018 onward, with no real 
decline in the winter months. During early 2020 there are fairly dramatic falls, but levels then seem to 
return to their previous “high”. This may be a response to heavy rainfall in winter 2019/20 and perhaps may 
reflect over-topping from the River Otter (data are not available regarding the flooded state of the valley at 
this time).    

 In the deeper most southerly boreholes (CP11), conductivity values remain steady throughout, with a slight 
decline across the record (extreme readings early in the monitoring data are assumed to be anomalous). 
There do appear to be slight cyclic variations which appear to be related to tidal state.  

2.6 Summary and baseline conceptual model  

 Shallow superficial deposits beneath the site are underlain by a significant thickness (>150m) of the Otter 
Sandstone aquifer.  

 South of South Farm Road, superficial deposits up to 10 m thick comprise thin clays and silts (c.3- 4 m) 
overlying coarser sands and gravels. There are other impersistent silt and clay layers at depth. 

 To the north of South Farm Road, the cohesive (Saltmarsh) deposits are much thinner (occasionally 0.5 m 
or less) and the coarser Beach or River Terrace Deposits (non-cohesive) are much closer to the surface.    

 Regional groundwater flow is east/ south eastward, mostly discharging to the River Otter and its valley.  

 Over most of the site there appears to be an upward groundwater pressure from depth - both from the 
Budleigh Salterton Pebble Beds at significant depth, and between the Otter Sandstone aquifer and the 
overlying superficial deposits.   

 Further to the north of the site, there is evidence that there is a reversal of this gradient between the 
superficial deposits and the Otter Sandstone.  

 Evidence from the regional groundwater model suggests a length of the River Otter loses to groundwater 
adjacent to SWW abstraction (Otterton BH4 4). 

 The piezometry, together with the identified SPZs would also support the conclusion that, from about 350m 
north of South Farm Road (i.e. at White Bridge), groundwater (at least from Big Bank northward and 
probably from a point further south) is being drawn toward the water supply borehole. 
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3. Geo-environmental assessment  

3.1 Introduction   

This section covers the geo-environmental assessment of the proposed scheme, including an assessment of the 
ground investigation results and a subsequent risk assessment for the proposed scheme. 

3.2 Policy overview  

The Government’s current approach to existing contaminated land is to encourage such land to be used safely 
and economically. In the case of brownfield sites this results in restoring such land back into use. In accordance 
with these policy objectives, a ‘Suitable for Use’ approach is adopted by regulators for addressing existing 
contamination. Site conditions are assessed in relation to the intended use of the site and, where required, 
involve appropriate restoration measures. 

Any potential developer will need to satisfy the local authority that unacceptable risk from contamination will be 
successfully addressed through remediation, without undue environmental impact during and following the 
development. Where collected lines of evidence can be concluded to indicate that contamination of land will not 
give rise to unacceptable risks and that there is no basis for further investigation nor related risk assessment 
activities, the development may be undertaken directly. Such a decision may relate to either the site itself or to 
the condition of the neighbouring land. 

The Water Framework Directive (WFD) came into force in 2000, with UK national law adopting it in 2003 as part 
of The Water Environment Regulations 2003. The purpose of the Directive is to establish a framework for the 
protection of inland surface waters, estuaries, coastal waters and groundwater, with the aim for all aquatic 
ecosystems, terrestrial and wetlands (with regard to their water needs) met a ‘good status’ by 2015. To achieve 
the ‘good status’ a series of guideline values were created to aid the assessment of water quality, which are also 
used for leachable contaminants within Source Protection Zones (SPZs). 

In terms of land contamination, a risk assessment is carried out to determine whether the available lines of 
evidence of presence, concentration and distribution of substances may be concluded to give rise to 
unacceptable risks. The current commonly accepted approach to risk assessment is to examine information on 
various substances that may be considered to give rise to sources of contamination. The process is then to 
examine whether potential pathways provide the source with a link to defined receptors (which may be human, 
environmental or building).  

All three elements (source, pathway, receptor) together comprise a complete pollutant linkage, and the 
approach is to establish whether the linkage gives rise to a risk that is considered to be unacceptable. If any one 
or more of the elements of the pollutant linkage are absent, or may be subsequently removed, the pollutant 
linkage is broken and the conditions at the site in respect of that combination are not then considered to pose a 
risk. 

3.3 Conceptual model   

3.3.1 Source areas   

The source of potential contamination within the site is the historical South Road Farm landfill, located 
approximately at the centre of the site. This landfill was originally filled from the 1940s until the 1970s, the key 
features of the landfill comprise: 

 Up to 3m of made ground comprising landfill material. Three distinct areas are noted, corresponding with 
the historical development of site.  

 A thin or absent capping layer 

 A lack of engineered liner - the landfill lies directly on Superficial Deposits comprising up to 3- 4m of 
Saltmarsh Deposits comprising soft/weak clay, silt and fine sand (“cohesive alluvium”)  
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 These in turn overly 2 to 3m of Beach Deposits comprising coarse sand and gravel (“non -cohesive 
alluvium”). 

 The underlying bedrock is highly weathered Otter (Helsby) Sandstone Formation. 

3.3.2    Potential pathways   

The site is proposed for a floodplain restoration scheme. For the purpose of human health risk assessment, the 
site conforms to a public open space / parkland use, however potential contaminant pathways may still exist. In 
the context of this study, the following pathways are identified as being relevant: 

 Ingestion of soil. 

 Dermal contact with soils. 

 Inhalation of fugitive soils dust. 

 Migration of contaminant through soil via leachate. 

 Groundwater/surface water flow (including shallow groundwater pathway to surface waters)  

 Migration of ground gases through permeable strata. 

 Plant root uptake. 

Construction works such as excavation or removal of overlying impermeable materials may expose some of 
these pathways.   

3.3.3 Potential receptors 

The following receptors may be affected directly by the scheme: 

 Site workers – construction staff involved in works at the site. 

 End users of the site/residents/general public access to the site (short term exposure). 

 Controlled Waters (River Otter, Principal aquifer and Secondary A aquifer). 

For the human health receptors soil contaminant data has been compared to Soils: Land Quality Management 
(LQM)/Chartered Institute of Environmental Health (CIEH) Suitable for Use Levels (S4ULs) for Human Health 
Risk Assessment. The assumed Land Use is “Public park (not near residential). 

With regard to Controlled Waters, the landfill is underlain by (typically) 3-4m of cohesive alluvium (see Figure 2-
13) which provides protection to the underlying Principal and Secondary A Aquifers and therefore there is no 
significant pathway to the underlying aquifer.    Based upon this, the main Controlled Waters receptor is 
considered to be the River Otter (which is tidal “adjacent” and down gradient of the landfill) and on this basis, 
groundwater and leaching tests are screened against the EQS for transitional waters (Ref URL:  
https://www.gov.uk/guidance/surface-water-pollution-risk-assessment-for-your-environmental-
permit#screening-tests-estuaries-and-coastal-waters). 

3.3.4 Contamination risk assessment 

3.3.4.1 Ground investigation results  

A number of soil and water samples were collected for laboratory testing as part of the ground investigation that 
took place between 08/08/ 2017 and 10/09/2017.   

A total of 42 soil samples were taken for geo-environmental testing from 21 of 23 trial pits excavated within the 
landfill and “capping” material. A further 2 samples from a trial pit in Made Ground just to the west of the landfill 
were also collected and tested. Leachate sample testing was undertaken for 21 of these trial pits. Solid and 
leachate test results are provided in full and summarised in GIR Part 1 (Lower Otter Restoration Project Ground 
Investigation Report (GIR) Part 1 - Ground Model and Data , CH2M 2018).   

Nine soil samples recorded exceedances of ‘Suitable for Use – Public Park (not near residential)’ guideline values, 
as summarised in Table 3-1 below. 
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Table 3-1 Summary of the exceedances of guideline values for soil concentrations 

Contaminant Number of 
exceedances 

Max. 
concentration 
recorded 

Location Guideline Value (S4ULs) 

Benzo(a)pyrene 3 12.9 mg/kg TPE23 at 2 m bgl 11 mg/kg 

Benzo(a,h)anthracene 4 1.71 mg/kg TPE23 at 2 m bgl 1.1 mg/kg 

Benzo(b)fluoranthene 2 15.1 mg/kg TPE23 at 2 m bgl 13 mg/kg 

Aliphatic >C12-C16 2 38.6 mg/kg TPE15 at 2 m bgl 24 mg/kg 

A number of leachate results exceeded the Water Framework Directive (WFD) threshold values (EQS, for 
estuarine and coastal waters as noted above)  and are summarised in Table 3-2 below. 

Table 3-2 Summary of the exceedances of guideline values for leachate concentrations 

Contaminant  Number of 
exceedances 

Max. concentration 
recorded  

Location  Guideline value 
(EQS) 

Ammoniacal 
nitrogen 

13 30.66 mg/l TPE23 at 1m bgl 0.21 mg/l (AA-
EQS) 

Arsenic 2 47 µg/l TPE12 at 0.25m 
bgl 

25 µg/l (AA-EQS) 

Cadmium 1 1 µg/l (all other 
results LOD) 

TPE8 at 1.0m bgl 0.2 µg/l (AA-EQS) 

Copper 14 36 µg/l TPE12 at 0.25m  
bgl 

3.76 µg/l (AA-EQS) 

Lead 13 105 µg/l TPE12 at 0.25m 
bgl 

1.3 µg/l (AA-EQS) 

Nickel 3 29 µg/l TPE22 at 2m bgl 8.6 µg/l (AA-EQS) 

Zinc 20 436 µg/l TPE8 at 1.0m bgl 6.8 µg/l (AA-EQS) 

From the results presented in Tables 3-1 and 3-2, the location with the highest number of exceedances in soils is 
TPE23, located within the eastern part of the landfill, with 4 recorded exceedances of soil guideline values (for 
identified PAHs). For leachates the most exceedances are found in TPE 12.   It is also noted that with the 
exception of the aliphatic >C12-C16 concentrations, the results from the soil sample testing show 
concentrations of the contaminants within soils to be marginal exceedances, whereas the leachate 
concentrations exceeded the guideline values to a greater extent.    

Asbestos was recorded in some locations within the eastern landfill as described in Table 3-3. Laboratory 
analysis did not always confirm the visual occurrences of asbestos and conversely laboratory analysis did record 
asbestos in locations where there was no asbestos noted during the investigation. This is a common occurrence 
as asbestos is not always visible during the investigation, and not all visual notes of asbestos are confirmed 
during laboratory analysis.  
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Table 3-3 Asbestos results (from logs and chemical analysis) 

Location Description Form and type (loose 
fibres or within fragment 
of Asbestos Containing 
Material 

Depth m bgl Concentration 
(where relevant) % 
w/w 

TPE8 Potential asbestos 
noted in log  

Not recorded 0.80 – 1.40 Lab analysis did not 
record asbestos 

TPE14 Potential asbestos 
tiles and sheets 
noted in log 

Fragments of ACM (not 
confirmed by laboratory 
analysis) 

0.60-2.50 Lab analysis did not 
record asbestos 

TPE21 Crocidolite Loose fibres within soil 1.00 0.001 

TPE22 Chrysotile Loose fibres within soil 1.00 <0.001 

TPE22 Amosite and 
Chrysotile 

Loose fibres within soil 2.00 0.025 

TPE22 Chrysotile Loose fibres within soil 3.00 0003 

TPE23 Chrysotile Loose fibres within soil 1.00 <0.001 

TPE23 Amosite Loose fibres and board 2.00 0.009 

TPE23 Chrysotile Solid fragment of 
asbestos cement 

1.6 Fragment will be 
greater than 0.1% 

Groundwater samples (30 off) were taken from 16 monitoring points from boreholes (at dual levels), window 
sample holes and trial pits and surface water samples were taken from 6 locations.  Following laboratory testing, 
the results were screened against the WFD threshold values. The results are provided in Appendix E (for clarity 
these tables exclude some results from scheduled analyses that returned values less than the Limit of Detection 
(LOD)) and are summarised below in Table 3-4.  

Table 3-4 Summary of the exceedances of guideline values for water concentrations 

Contaminant  Number of 
exceedances 

Max. 
concentration 

recorded 

Location Guideline value (EQS) 

Ammoniacal nitrogen 28 1.52 mg/l WS2 0.21 mg/l (AA-EQS) 

Benzo(a)pyrene 1 0.97 µg/l TP7 0.027µg/l (MAC-EQS) 

Benzo(b)fluoranthene 2 1.03 µg/l TP7 0.017 µg/l(MAC-EQS) 

Benzo(ghi)perylene  2 0.63 µg/l TP7 0.00082 µg/l(MAC-EQS) 

Benzo(k)fluoranthene  1 0.45 µg/l TP7 0.017 µg/l(MAC-EQS) 

Cadmium 1 0.6 µg/l TP7 0.2 µg/l (AA-EQS) 

Copper 5 46  µg/l BH2 3.76 µg/l (AA-EQS) 

Fluoranthene 1 0.67 µg/l TP7 0.0063 µg/l(MAC-EQS) 

Iron 1 9290 µg/l  WS2 1000 µg/l (AA-EQS) 

Lead 1 18 µg/l TP7 1.3 µg/l (AA-EQS) 

Zinc 7 247 µg/l TP7 6.8 µg/l (AA-EQS) 
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The only contaminant present in most of the groundwater samples was ammoniacal nitrogen (including in the 2 
deeper boreholes, BH1 and CP11). No other contaminants were present in the 2 deeper boreholes which 
suggests limited existing downward migration of any contaminants. TP7 shows evidence of PAH and metals 
contamination. This is remote from the landfill and adjacent to an ephemeral pond. This appears to be an 
isolated occurrence and does not appear to be related to the landfill. It may represent the result of a localised 
spillage.   Overall, there are few contaminants in the groundwater samples, and it is reasonable to conclude that 
the landfill is not having a significant effect on underlying groundwater quality. 

3.4 Contamination linkages   

A risk assessment for on-site contamination has been carried out according to the principles outlined in Section 
3.3.  Table 3-5 presents possible pollutant linkages identified at the site, i.e. those pollutants for which a 
potential source, pathway and receptor have all been identified. 

Table 3-5 Contaminant linkages 

Area Source Pathway  Receptor  

Human health  Contaminants in soil 
(including asbestos) or 
surface/groundwater 

Dermal contact, 
inhalation, ingestion 

Construction workers 

Human health  Contaminants in soil or 
surface/groundwater 

Dermal contact, 
inhalation, ingestion 

Future site visitors (users, 
maintenance staff) 

Human health  Ground gases produced 
from historical landfill or 
Alluvium 

Inhalation Construction workers, 
future site visitors (users, 
maintenance staff) 

Controlled Waters  
(surface water) 

Contaminants from the 
on-site landfill 

Surface water run-off 
(leaching/migration), 
surface water erosion 
(fluvial action) 

River Otter and other 
surface water features  

Controlled Waters  
(groundwater) 

Contaminants from the 
on-site landfill 

 Limited by cohesive 
alluvium beneath landfill 

Groundwater (principal 
and secondary aquifers) 

3.5 Risk classification   

Assessing the level of risk by the credible pollutant linkages involves the classification of the: 

 Magnitude of the consequence (severity) that results from the risk occurring. 

 Magnitude of the probability (likelihood) of an event occurring. 

A risk categorisation procedure 2001 has been formulated based on DETR 2000 and as reported in CIRIA C552.  

This comprises: 

 Classification and definition of consequence of risk. 

 Classification and definition of probability of risk. 

 Comparison of consequence against probability and related categorisation of risks. 

 Description of the classified risks. 

In assessing the risk, due account has been taken of the following: 

 Overall – Environment Agency 2004. Model procedures for the management of land contamination, CLR 
11. 

 Human Health – Environment Agency, 2009. CLEA guidance. 
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 Environment – Environment Agency, 2008. An ecological risk assessment framework for contaminants in 
soil. 

 Environment – Environment Agency, 2004. Soil screening values for use in UK ecological risk assessment. 

 Controlled waters – Environment Agency, 2006. Remedial Targets Methodology, hydrogeological risk 
assessment for land contamination. 

 Landfill sites on low-lying coastlines – CIRIA, C718 Guidance on the management of landfill sites and land 
contamination on eroding or low-lying coastlines. 

 Ground gas risk – CIRIA, 2007. C665 Assessing risks posed by hazardous ground gas to buildings. 

 Invasive species – CIRIA, 2008. C679 Invasive species management for infrastructure managers and the 
construction industry. 

The risk classification is as set out in Table 3-6 below  

 

Table 3-6 Risk classification  

Credible 
Pollutant 
Linkages 

Receptor Pathway Consequence Likelihood 

(assuming 
mitigation 
applied) 

Risk Mitigation 

South 
Road 
Farm 
Historical 
landfill 

Construction 
workers  

Dermal 
contact 

Minor Low Very Low 
Risk to 
construction 
workers to be 
mitigated in site 
health, safety and 
environment plan 

Inhalation 
Severe / 
Medium 

Low 
Moderate / 
Moderate/Low 

Ingestion 
Medium / 
Mild 

Low 
Moderate/Low 
/ Low 

Surface 
water  

Leaching 
and 
migration 
due to 
disturbance 
by 
construction 
activities 

Medium Likely Moderate 

 

Risk to controlled 
waters receptors 
to be mitigated 
during 
construction by 
site health, safety 
and environment 
plan. 

Surface 
water runoff 

Medium Likely Moderate 
Appropriate 
project design will 
mitigate these 
risks. 

Surface 
water 
erosion 
(fluvial 
action) 

Medium Unlikely 
Low / Very 
Low 

Groundwater 

(Principal 
and 
secondary 
aquifers)  

Groundwater 
(Principal 
sandstone 
aquifer) 

Medium Unlikely  Low 

There is currently 
an upward 
groundwater 
gradient beneath 
the site, and an 
underlying layer 
of cohesive 

Groundwater 
(Secondary 
A, Superficial 

Medium Unlikely Low  
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Credible 
Pollutant 
Linkages 

Receptor Pathway Consequence Likelihood 

(assuming 
mitigation 
applied) 

Risk Mitigation 

Deposits 
aquifer)  

alluvium which  
prevents 
downward 
migration into the 
Principal aquifer.  
Even if there is a 
change in relative 
heads, the 
cohesive alluvium 
will continue to 
protect 
underlying 
groundwater  
Potential 
discharge via the 
superficial aquifer 
into the River 
Otter (or to the 
LORP inundated 
area) would be 
significantly 
diluted and any 
impact is unlikely 
to be measurable    

Future Site 
visitors 
(users, 
maintenance 
staff) 

Dermal 
contact 

Minor Unlikely Very Low 
Correct project 
design will 
mitigate these 
risks. Inhalation 

Severe 
/Medium 

Unlikely 
Moderate/Low 
/ Low 

Ingestion Medium Unlikely 
Low / Very 
Low 

Ground 
gases 
produced 
from 
Organic 
site soils 
and 
landfill 

Construction 
workers 

Inhalation Low Low Low 

Risk to 
construction 
workers to be 
mitigated in site 
health, safety and 
environment plan 

3.6 Asbestos 

The visual and laboratory confirmation of the presence of asbestos within the landfill (only found in the eastern 
landfill) will mean that any works that disturb the landfill will come under the Control of Asbestos Regulations 
2012 (CAR, 2012). CARSOIL (CL:AIRE, 2016) describes how CAR 2012 applies to work with asbestos within soils. 
Based on CARSOIL and the associated Decision Support Tools it is considered that works that disturb the landfill 
will be considered likely to be non-licensed work.  This will require: 

 Staff training (non-licensed work training). 
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 A Risk assessment and Plan of Work (CAR 2012 name for RAMS). 

 Possibly additional PPE such as respiratory protective equipment (RPE), decontamination unit and air 
monitoring for asbestos (this will be determined in the Plan of Work). 

3.7 Summary of findings   

The ground investigation found that a number of soil samples exceeded guideline values for both leachate and 
soil testing for a number of compounds, with the largest exceedances occurring with the leachable 
contaminants. For example, ammoniacal nitrogen in some locations exceeded guidelines by a factor of 100. The 
water testing found that although there are some exceedances of water threshold values (EQS), there is little 
evidence of an overall risk to groundwater derived from the landfill.  Given the age of the landfill, and its lack of 
formal lining, it is probable that any migration of contaminants from the site would have already occurred 
through dilute and disperse processes. Cohesive alluvium underlying the landfill also provides a level of 
protection to underlying groundwater.  Risks to the tidal Otter are minimal, any impact from the landfill is likely 
to be significantly diluted and any impact on water quality unlikely to be measurable..  

The contamination risk classification determined that the risks from the contamination after mitigation are 
generally moderate/low to very low, with the highest risk being within the short-term construction period, which 
can be managed using appropriate construction methods.  
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4. Project proposals – preferred option and potential impacts  

4.1 Identified option 

A number of different options were considered for the scheme during its development. From a short list of 4 
options, (as illustrated in Section 2.2.4 of the Environmental Statement), a preferred option (Option 3 - Big and 
Little Marsh Floodplain Restoration) was selected. This option with its key features, based on the baseline 
conceptual model (see Section 2.6) and site monitoring, is illustrated on Figure 4-1.  below. 

4.2 Potential impacts – tidal water incursion   

Hydraulic (fluvial/ tidal) modelling of Option 3 (ABP Mer, 2018) suggests that: 

 The areas of Big Marsh south (south of South Farm Road) and, Big Marsh north (north of South Farm Road) 
fully inundate under a spring tide. 

 Little Marsh (between Big Bank and Little Bank) appears to inundate less frequently, and on some states of 
tide not at all.  

 In a neap tide, smaller areas of inundation are apparent.  

 Once the scheme is implemented it is recognised that the morphology of the existing estuary is likely to 
change due to:  

- an increased tidal prism (i.e. an increase in the volume of saline, tidal water within the estuary between 
(mean) high tide and (mean) low tide) resulting in a greater flux in and out of the estuary;  

- possible changes to site drainage on the ebb tide; and 

- subsequent erosion of estuary channels and mouth. 

These changes are expected to evolve naturally, with the estuary mouth becoming wider and deeper allowing 
increased tidal exchange. This may occur over a period of about 5 years (ABPMer, 2018), however a majority of 
change is likely to occur within the first year. Further modelling was undertaken to evaluate this morphological 
change (“Option 3+”), the outcomes of this are described further in Section 5.2.3, although in brief, Option 3+ 
increases the penetration of tidal waters into the inundated area, with water levels increased over Option 3. 
However, Option 3+ reduces tidal lag and drains the inundated area more quickly so that the water levels rise 
and fall more rapidly with a shorter duration of inundation.  

Sea level rise would cause larger areas to inundate more frequently. The impact is likely to be greater with the 
scheme than for the current situation (but only for as long as the River Otter embankments remain in place). 

Any inundation is likely to be accompanied by saline water. The potential impacts from the saline water incursion 
are described more fully in Section 5.2.3.   
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Figure 4-1 Option 3 Big and Little Marsh Floodplain restoration 

 

4.2.1 Saline water intrusion and potential impacts on the public supplies at Otterton   

4.2.1.1 Saline intrusion mechanisms and processes 

The influence of “invading” saline water on the public supply depends upon the: 

 Proportion of the supply that is recharged from both the losing part of the river and the inundated area. 

 Salinity of the water within the inundated area and within the losing part of the River Otter. 

 Transient nature of water quality and surface water levels through the tidal cycle.  

 Influence of vertical groundwater gradients in the aquifers (both superficial and bedrock). 
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A possible scenario would be that the inundated water within the LORP area would be similar to that of seawater 
and that saline water penetrates far upstream within the River Otter, (i.e. farther upstream than at present) 
potentially impacting those areas where the River is losing and surface water is being drawn into the boreholes. 

The aquifer/ surface water system will be at its most vulnerable to saline intrusion when groundwater levels are 
low, there is low seaward (circa NW to SE) regional flow of groundwater and when there is low baseflow within 
the main river channel. 

For Option 3, the key processes that might generate potential impacts (on the underlying aquifer and the 
Otterton PWS), described by reference to Figure 4-1 above, and based on the baseline conceptual model (refer 
Section 2.6) , are as follows:  

 The area is subject to tidal inundation up to Little Bank (the “greyed out” areas in Figure 4-1).  

 The inundated area overlies both SPZs (SPZ 2 - green dash boundary and SPZ 3 - blue dash).  

 Within the bounds of SPZ 3, the inundated area (see “A” on Figure 4-1) is underlain by thin (c.0.5 m) alluvial 
clay over gravel and sand – this may potentially allow downward percolation of brackish water to the top of 
the aquifer.  

 Groundwater recharge in this area (i.e. within SPZ 3) might be expected to reach Otterton wells (at BH1A1 
and BH4). 

 The River Otter “loses” to groundwater adjacent to Little Bank and to north toward the Otterton public water 
supply sources (approximately along the red dashed line and possibly further upstream).  

 The current known upstream limit of the zone of mixing of tidal and fresh waters (refer red arrow on Figure 
4-1) approximately coincides with the SPZ 3 boundary – based on current surveys (see Section 2.3.2). 

 Saline water does not currently penetrate up the main river channel as far as the point where the River Otter 
loses to groundwater    

 Areas of upward groundwater gradient (from deeper to shallower groundwater) may also influence the way 
surface water reaches deeper parts of the aquifer (or is prevented from doing so) 

4.2.1.2 Key potential impacts from saline intrusion 

Based on the above, the key potential impacts from saline intrusion can be summarised as: 

 Saline intrusion into the underlying superficial and sandstone aquifer due to recharge (depending upon 
head differential and sub surface permeability) from the area at the surface inundated by tidal waters. 

 Upstream migration of saline water (within the main channel of the River Otter) beyond that currently 
occurring under baseline conditions. 

 Deterioration of water quality (due to salinisation) within the SWW Otterton PWS borehoes (BH1a and BH4) 
both via salinisation of the sandstone aquifer and via induced recharge from the River Otter. 

The mechanisms identified above, the impacts and their potential scale are considered further in the modelling 
studies described below. 

4.3 Contaminated land and potential impacts  

Contaminated land has been identified associated with the former landfill site on South Farm Road. 

The ground investigation identified exceedance of guideline values in soil, leachate and groundwater within the 
landfill. Whilst a number of these exceedance values may be associated with the presence of near surface saline 
waters, there are a few instances where these exceedance values (e.g. for PAHs and aliphatic hydrocarbons) are 
related to waste materials within the landfill and appear to be focused in a couple of locations.  
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The risks from the contamination are considered to be Moderate/Low to Very low with the greatest risks 
associated with the construction period. In its current condition the landfill presents few risks to human health 
and any works to the landfill are only likely to present risks to human health during construction.  

Risks to underlying groundwater are considered low. Based on the OGM  (OGM) the underlying regional 
groundwater gradient is currently predominantly upward (i.e. discharging to the river and Lower Otter valley) in 
this location This is supported by water levels recorded to the west and south of the landfill (e.g. monitoring 
locations BH2; CP5; CP8, refer Appendix D ) where recorded groundwater levels are typically about 0.3- 0.4m 
above ground level. Following construction, incursion of tidal water into the scheme (the inundated area) may 
cause some periodic reversals in relative head, however even if this does occur, it is unlikely there will be a 
constant downward head.  

Similarly, it is considered extremely unlikely that contamination from the landfill could impact the groundwater 
quality in the public water supplies, as the groundwater flow beneath the landfill is to the south and east towards 
the River Otter. This is unlikely to significantly change following implementation of the scheme. The northern 
boundary of the landfill is located at least 500 m south of the SPZ 3 (source catchment) of the Otterton supplies 
and is also down gradient from the supply at Kersbrook. The modelling carried out for this study (see Section 5), 
also suggests that groundwater flow in this location will remain  primarily towards the east and that there is no 
flow at this point (i.e. beneath the landfill) toward the water supply boreholes. Furthermore, a greater thickness 
of cohesive material is present beneath the landfill (than to the northern parts of the site), that would inhibit 
downward groundwater movement, even if the relative levels between surface and groundwater were to provide 
a driving head.  

The landfill is only partly capped, with the older areas of the fill to the west only sparsely and infrequently 
covered with impermeable materials. Given the age of the landfill, it is likely most mobile contaminants have 
already been removed from the site through the action of dilute and disperse. There is some (albeit moderate to 
low) residual risk that surface water runoff could mobilise exposed contaminants from the site during 
construction (although this risk should be eliminated by adopting appropriate construction practice) or   
following completion. 

Similarly, erosion (for example by flowing inundating tidal waters and /or small wave action), could expose 
contaminants at the edges of the landfill. Any exposure of contaminants through these mechanisms is likely to 
be subject to large dilution within tidal waters, and measurable effects are unlikely to occur. However, such 
erosion could also expose old (inert) waste materials (such as bottles) which whilst not inherently hazardous 
would have an impact on the aesthetic quality of the site.  

On this basis, some measures to maintain the integrity of edges of the landfill should be considered.
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5. Modelling potential impacts of the preferred option 

5.1 Introduction  

As identified by the conceptual model, impacts on SWW Otterton PWS boreholes (BH1A and BH4) were 
identified as being potentially significant (see Section 4.2.1 above), and there remained uncertainties about the 
possible magnitude of these impacts. To evaluate the scale, extent and nature of this impact, and as noted in 
Section 1.6.3, a number of modelling studies were undertaken. A phased approach was adopted. Each phase was 
separately scoped, a Technical Note produced, presented to, and subject to discussion with, both EA and SWW 
groundwater specialists (as described in Table 1-1). Each successive modelling phase followed 
recommendations from the previous reports and consultations. Reports for Phase 1 and 1A and the surface 
water salinity modelling were drawn together in a summary report, included in Appendix B. Subsequent Phase 
1b and Phase 1c reports are also included in Appendix B. The progress through, and outcomes from each phase 
of the modelling studies are summarised below. 

5.2 Successive modelling studies (Phases 1 – 1b) 

5.2.1 Phase 1  - Otter Sandstone saline intrusion risk: scoping  

This scoping study was based on the initial conceptual model and evaluated the type of modelling study that 
might be needed going forward. The study considered the potential to use the regional Otterton Groundwater 
Model (OGM) and examined the (then current) FlowSource modelling (capture zone analysis) used to help 
define the source protection zones (SPZ) for the two Otterton sources. It identified that there were two key 
mechanisms that could affect the Otterton boreholes: 

a) That saline water may extend farther up the river at high tide, potentially impacting the Otterton 
boreholes, which are known to draw some of their water (potentially up to 45% by volume) from the 
river.  

b) Beneath the inundated part of the Otter floodplain, saline water may leak downwards into the sandstone 
aquifer, again potentially impacting on the Otterton boreholes particularly in the capture zones defined 
by the SPZ. There may be a “ratcheting” effect, with successive tidal inundations leading to a gradual 
increase in salinity of the groundwater. 

The concept of a ratcheting effect is particularly demonstrated in those areas of the scheme where a reversal of 
hydraulic gradient (groundwater to surface water) is experienced with each tidal incursion. This concept is 
illustrated in Figure 5-1 below (from Phase 1 Modelling report: Otter Sandstone saline intrusion risk assessment: 
scoping ESI /Stantec 2019). 
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Figure 5-1 Conceptual diagram illustrating vertical hydraulic gradient reversals 

The studies suggested that development of a more 3D complex groundwater model was not appropriate at this 
stage and concluded that using the OGM directly (in this respect) was not appropriate. However, the OGM could 
be used to generate groundwater heads in the underlying sandstone. A simple MODFLOW based 1D model (a 
proprietary US Geological Survey model, in common use) was developed to simulate downward groundwater 
movement (i.e. leakage to the sandstone aquifer) based on heads generated by the OGM and surface water 
heads generated from the existing surface water model (as developed for the project by APBMer). A single 
location (within the river channel) representing a possible worst case was simulated, albeit with a limited time 
step to demonstrate possible model outcomes. 

It was also concluded that determining the upstream limit of tidal waters within the River Otter was critical in 
evaluating impacts via the river bed (as per (a) above) and that the eastern part of the Lower Otter valley 
represented the greatest risk with respect to downward leakage to the sandstone. The importance of the (role of 
the) properties of the superficial deposits were recognised, i.e. thicker, more cohesive (e.g. clay, silt) layers would 
impede downward leakage, whereas non- cohesive layers (sand, gravels) would offer little resistance to 
downward leakage, should a downward head gradient occur.   

It was recommended: 

 That further 1D modelling, including solute transport, should be carried out at a selected number of 
locations, and for a longer time period, to investigate the “ratcheting” effect.  

 Further investigation should be carried out into saline water penetration up the River Otter.  

5.2.2 Phase 1a - Otter Sandstone saline intrusion risk assessment Phase 1a Modelling 

The Phase1a study, followed the recommendations of Phase 1. The investigations focussed on evaluating the 
“source” term (within a source-pathway -receptor framework) whereby if it could be demonstrated that no 
source existed (i.e. by using the 1D modelling to identify the scale of downward leakage) then there would be no 
need to undertake more complex modelling of possible pathways between the inundate area of the LORP 
scheme and the borehole receptors. This modelling study was carried out contemporaneously with the surface 
water salinity studies described below. 

Phase 1a built on the concepts and method developed in Phase 1 by applying the 1D model at more widely 
spread and representative locations, albeit focusing on the eastern part of the valley where head conditions for 
downward leakage of surface water prevail.  
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The models were also run to simulate a longer time period (about 160 years) to provide a better indication of 
long-term (equilibrium) concentration profiles. Given the understanding (from Phase 1) that superficial deposit 
thickness and properties have an influence on the downward movement of water (and the associated saline 
penetration of the aquifer), spatial variation in superficial deposit thickness was also incorporated into the 1D 
models and sensitivity analysis was also carried out to test the effects of assigning different (albeit realistic) 
properties to the underlying strata. To represent downward migration of the saline front actual concentrations 
were not modelled, only relative concentrations, with “pure” groundwater assigned concentration of zero and 
“pure” saline water allocated a value of one.   

As in Phase 1, the head time series for the upper boundary were taken from ABPmer surface water modelling of 
Option 3 (see below) modelling of a spring-neap cycle (Option 3+ data were not available when Phase 1a 
modelling was undertaken), and the groundwater heads, based on mid depth in the aquifer (c.50 m bgl) 
generated from the OGM.  

General outcomes from Phase 1a were as follows: 

 The modelling demonstrated that less permeable superficial layers near surface can significantly attenuate 
downward migration of saline water. However, the geological evidence suggests such layers may be 
relatively thin and not widespread in the inundate area of the LORP scheme where the tidal water would 
spread over the area of the SPZ. 

 The Phase 1a modelling reaffirmed the concept and feasibility of a “ratcheting” effect, whereby successive 
tidal cycles could potentially lead to the progressive salinisation of the underlying groundwater body.  

 By identifying the River Otter itself as the part of the study area most prone to downward leakage, the Phase 
1A study suggests that the two key mechanisms identified (i.e. downward leakage through the river bed and 
downward leakage through the inundated area)  effectively operate in a similar manner:  

- both depend both on a relative downward hydraulic head to drive saline water into the aquifer 
(although the downward head may be periodically absent in the “inundated area” as the tide ebbs)  

- in both mechanisms the degree of salinisation of the sub-surface depends on the concentration of the 
salinity of the surface water (although this may be periodically more diluted in the river)   

 In a given modelled layer within the aquifer (i.e. at a given depth), the simulated concentration increases 
over time. Initially the rate of increase accelerates, but then it decelerates and eventually an equilibrium 
concentration is approached. 

 Equilibration takes longer for deeper layers.  

 As the solute migrates downwards through the model, upper layers receive the solute “front” before deeper 
layers. In deeper layers (e.g. at 13 m and 20 m) the concentration remains zero for longer, until the “front” 
penetrates these depths.   

 At a given time, there is a vertical gradient in concentration, with the highest concentrations in the upper 
layers.  

The main findings from the Phase 1a model were presented to the EA and SWW (June/ July 2019). However 
these are not included here  as it became evident that new (third party) data had emerged that brought in to 
question the Phase 1a modelling outcomes. (see Phase 1b, in Section 5.2.4 below)    

5.2.3 Salinity modelling to understand implications for groundwater sources 

Following recommendations and consultations from the Phase1 Scoping report, it was recognised that 
modelling of the surface water salinity within the LORP area is essential to understand and analyse the potential 
impacts of the scheme on groundwater. Penetration of saline water upstream within the River Otter had been 
identified as a particularly important mechanism with respect to potential impacts on the SWW Otterton PWS 
boreholes.    
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Based upon existing 2D hydrodynamic modelling carried out for the scheme, the surface water salinity model 
was developed to simulate baseline conditions (to calibrate the model) and then to consider the preferred 
Option 3. Additional hydrodynamic and salinity modelling was undertaken to represent a refined with scheme 
model (Option 3+) to allow for the inclusion of additional morphological adjustments (particularly at the estuary 
mouth) and revised bathymetry that could occur if the LORP scheme is implemented. Each model scenario 
(baseline, Option 3, Option3+) was undertaken for a full spring-neap tidal cycle plus, as example of extreme 
conditions, the Highest Astronomical Tide (HAT). An average flow rate for the River Otter was used to simulate 
inputs of freshwater into the river channel. A low (fluvial) flow condition representing a potentially higher risk of 
upstream migration of saline water was also modelled. Outcomes of these modelling studies are summarised 
below: 

 With the LORP scheme in place, the tidal prism and the exchange of water through the estuary mouth will 
increase from around 220,000 m³ (baseline) to around 550,000 m³ (Option 3) and 644,000 m³ (Option 3+).  

 Option 3+ increases the penetration of tidal waters into the inundated area, with water levels (and salinity) 
being increased over Option 3. However, Option 3+ reduces tidal lag and drains the inundated area more 
quickly so that the water levels rise and fall more rapidly with a shorter duration of inundation.  

 The shorter duration would probably serve to mitigate the impact of the slightly larger inundation area and 
higher inundation levels on potential movement into groundwater. 

 Phase 1a modelling (see above) identified a particular reach of the River Otter as being most at risk of 
having downward leakage of saline water into the sandstone aquifer. This reach is some 540 m long and 
extends northwards from the edge of the combined capture zone (as defined by the FlowSource model and 
SPZ) for the Otterton boreholes (this crosses the river some 340 m upstream of White Bridge). The 
identified risk decreases upstream, being greatest just inside the edge of the capture zone and decreasing 
towards the boreholes themselves. 

 At present (i.e. baseline), most of the identified “most sensitive” reach lies upstream of the observed limit of 
saline water in the River Otter for a high spring tide. Although the modelling suggests that (under mean 
fluvial flow conditions) the HAT could potentially allow saline water to penetrate farther upstream (circa 
100-150 m into the most sensitive reach). Such an extreme tide is rare and short-lived, and therefore 
unlikely to influence water quality in the long-term. The current lack of a salinity problem in the Otterton 
boreholes indicates that leakage of saline water from the river (i.e. under the HAT) is not an issue at the 
present time. Significantly, modelling also suggests that the HAT would not lead to a penetration upstream 
greater than that currently experienced under the baseline condition.  

 With mean fluvial flow (in the River Otter) the effect of the LORP, both with Option 3 and Option 3+, is that 
although saline water is drawn into the LORP (as shown by the lower diagram  of Figure 5-2)  it does not 
increase the upstream movement of the saline front within the main Otter channel (as shown in the upper 
diagram of Figure 5-2). For example, on a mean spring tide, as shown in Figure 5-1 , the depth average 
salinity within the main Otter Estuary channel reduces below 5 PSU , considered to be a good indicator of 
the limit of saline intrusion, at approximately 200 m north of White Bridge for all three conditions modelled 
(the baseline, Option 3 and Option 3+).  

 The fact that there is little difference in the modelled upstream progression of saline water within the 
channel between baseline and either Options 3 or Option 3+ suggests that the most at risk reach of the 
River Otter (identified above) will not be affected by changes in saline incursion brought about by the 
scheme. 

 Under the action of more extreme tides (HAT) the depth average salinity reduces below 5 PSU some 300 m 
further upstream than on a mean spring tide, but this limit is not sensitive to the realignment of the LORP 
(i.e. this limit is the same for baseline, Option 3 and Option 3+).  

 Considering a low flow condition in the River Otter (taken as 1.24 m3/sec), the limit of the saline front (i.e. 
taken as where modelled salinity falls below 5 PSU) also penetrates about 500 m upstream (north) from 
White Bridge under Option 3+ and the modelled baseline condition (refer Figure 5-3, upper diagram).  
Upstream penetration is somewhat lesser (300-350 m) under Option 3.   
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 Whilst this low flow condition would (at high tide) lead to the upstream penetration of saline water within 
the “sensitive reach” defined above, there is no significant difference between the existing baseline 
condition (as modelled) and the upstream penetration modelled under Option 3+. 

 

Figure 5-2 Salinity gradients in the main channel (top) and within the inundated area (bottom) for baseline, Option 
3 and Options 3+ with a mean spring tide and mean fluvial flow 
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Figure 5-3  Salinity gradients in the main channel (top) and within the inundated area (bottom) for baseline, Option 
3 and Options 3+ during a mean spring tide and low fluvial flow (solid lines) . Mean river discharge scenarios shown 
as dotted lines for comparison 

The main findings on the conclusion of the Phase 1a model (and associated surface water salinity modelling as 
detailed above) suggested that there would be limited downward migration of saline water based on the relative 
heads between groundwater (as simulated by the OGM) and surface water (from the ABPMer surface water 
modelling.  The overall findings from Phase 1a were that: 

 The tidal inundation modelling suggests that saline intrusion up the main channel is no more significant 
than under the baseline case.  

 The 1D groundwater modelling suggested that outside the main channel, downward movement of saline 
water is negligible and within the main channel (the worst case) that downward movement into deeper 
aquifer layers leads only to a very low level of mixing.      

 The combination of surface water saline modelling and the 1D groundwater modelling demonstrated that 
risks to the PWS sources at Otterton are minimal. 

5.2.4 Phase 1b - Otter Sandstone saline intrusion risk assessment Phase 1b Modelling 

Following the presentation of these Phase 1a outcomes to the EA and SWW (June/ July 2019), it was revealed 
that updates to the OGM could impact the groundwater levels used in the 1D modelling studies. Updates to the 
OGM, which had been ongoing through spring 2019, had included changes in river and stream levels in the 
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Lower Otter Valley (verified by new surveys) and these and other changes suggested a general lowering in 
groundwater levels within the valley from those previously incorporated in the 1D modelling.  

On this basis, and as the surface water/groundwater head difference is essential in understanding downward 
propagation of saline water, it was necessary to re-visit the 1D modelling exercise undertaken in Phase 1a. There 
was some delay in obtaining verified outputs from the revised OGM, before these updated studies were 
undertaken. The findings from the Phase 1b study are summarised below:  

 The new 1D model runs did not alter earlier conclusions regarding the River Otter, but they effectively 
change the emphasis from the first mechanism (incursion up the main channel) to the second (downward 
leakage through the inundated area).  

 With the updated OGM model heads it was suggested that there could be significant mixing across a wider 
area within the inundated Otter Valley. As this area is expected to be inundated with water of similar salinity 
to seawater (if a little lower, see Figure 5-2), the mixing could lead to significant salinisation of the 
groundwater in the upper part of the sandstone aquifer. The rate and degree of mixing predicted by the 1D 
modelling varied between modelled locations, depending mainly on the vertical hydraulic gradient, and the 
proportion of time for which this is directed downward (higher head at the surface driving downward flow). 

 Where the hydraulic gradient alternates between downward and upward there is a “ratcheting” effect, and 
mixing leads to the development of an equilibrium concentration profile in which concentrations decrease 
with depth. At Location 3 (under LORP Option 3+), about 50% mixing is predicted at the top of the 
sandstone after 25 years, 65% after 50 years and 80% after 165 years. 

 Where the hydraulic gradient is always downward, “breakthrough” of saline surface water is inevitable for all 
layers, and eventually complete mixing is established throughout the modelled column. Modelled location 
4 is at the northern end of the inundated area, close to SPZ2 for the Otterton boreholes and also close to 
the reach of the River Otter thought to supply water to the boreholes. It is therefore a key location for 
assessing the risk posed to the Otterton boreholes by the LORP. At Location 4, 100% mixing is predicted at 
c.35 m depth within 25 years. 

 On the basis of this evidence, it appeared that the LORP scheme could provide a potential source of saline 
water to the underlying sandstone aquifer, constituting a potential risk to the SWW PWS boreholes at 
Otterton 

It should be emphasised that the 1D modelling work reported here focuses solely on the vertical mixing of saline 
surface water with shallow groundwater with a view to understanding what “source term” might be available to 
form part of any pollutant linkage (with a viable pathway) between the LORP area and the Otterton boreholes. In 
other words, it focuses on the source and does not consider the pathway to the receptor. In practice, there would 
be dilution by regional groundwater flow (not considered in the 1D modelling) and concentrations would be 
expected to decrease along the flow path to the boreholes (e.g. by dispersion) , assuming that such a pathway 
exists. 

The results of the 1D modelling depend on results from the revised OGM as well as on the ABPmer surface water 
modelling. Uncertainty in these other models feeds through into the 1D modelling. This is especially the case for 
the OGM, which, unlike the ABPmer model, was not designed to represent the lower Otter Valley in great detail. 

Following these conclusions, which showed a much more marked downward migration of saline water into the 
aquifer (i.e. a “source term” had been identified), further consultation was undertaken with both the EA 
groundwater team and with SWW specialists. From these discussions, it was concluded that further modelling 
was warranted to: 

 Amend the OGM to allow for recharge effects within the LORP area (not previously incorporated) 

 Re-generate the FlowSource model using this revision (that included pervious OGM updates) to define the 
borehole capture zones  

 Re- evaluate the relationship between potential sources of saline intrusion and the revised capture zones.  

In addition, further downloads from on -site level loggers were recommended. These actions set out the broad 
scope of Phase 1c of the modelling studies, described below.  The Phase 1c study also included consideration of 
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a possible option (“Little Marsh tidal exclusion”) where tidal incursion to the northern are of Little Marsh was 
constrained by retaining the existing bank incorporating a flow structure. This was subsequently dropped as not 
being viable, but the modelling of this option is provided in an Appendix to the Phase 1c report   

5.3 Final modelling (Phase 1c) findings and implications for groundwater and the 
Otterton boreholes 

5.3.1 Modelling approach and methodology  

The scope of this modelling phase was intended to address remaining uncertainties from the Phase 1b 
modelling, and in particular to determine whether there was a viable pathway between LORP (as a potential 
source of saline intrusion into the underlying sandstone aquifer) and the receptor (i.e. the Otterton boreholes.) 
Conceptually this phase of the work combined the source focussed, 1D modelling assessments of previous 
studies with a more 3D approach, based on the OGM, that considers both pathways and potential resultant saline 
concentrations at the receptor boreholes. These contrasting approaches are summarised in Figure 5-4 below. 

 

Figure 5-4 Summary of modelling approaches 

During Phase 1c, the OGM was used to represent the 3-dimensional flow field that incorporates the groundwater 
pathway between the LORP area and the Otterton boreholes and focusses on the volumetric contributions that 
different parts of the area are likely to make to the total volume of water abstracted from the boreholes. 
Combining this with the identified sources of salinity within the LORP area allows an assessment of the potential 
for change of salinity at the boreholes themselves.  
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As it uses the OGM, the Phase 1c modelling is limited to monthly “time steps” (strictly “stress periods” in 
MODFLOW) and so cannot represent short-term tidal fluctuations. Instead, the tidal inundation is represented 
using fixed heads chosen to represent worst-case and more realistic scenarios. Only advective transport to the 
boreholes is considered (no dispersion). Effectively, it is assumed that all the salinity present in the source area 
reaches the boreholes (i.e. a steady state, constant source, representation). The Phase 1c modelling is therefore 
more conservative than the Phase 1a/1b modelling. 

The modelling work is more fully described in the Phase 1c report (Appendix B), but broadly included the 
following steps:  

(i) Use of the OGM to represent recharge across the LORP area by applying MODFLOW river cells to the 
inundated area 

(ii) Development of a baseline case, with the OGM simulating abstraction from the Otterton boreholes 
under a fully licensed condition (i.e. the maximum extraction that might be undertaken)  

(iii) Dividing the inundated area into 4 zones (Zones 1- 4, see Figure 5-5 below and Figure 2-13) 
allocating conservative and realistic values for hydraulic conductivity of the underlying superficial 
deposits to each of these zones   

(iv) Determining a fixed tidal inundation level (see below)  

(v) Deriving “volume from” data using the FlowSource post processing based on the OGM model runs.   

As there are only monthly time steps (or stress periods) within the MODFLOW (OGM) simulation it cannot be 
used directly with the shorter timesteps represented in the surface water model (which simulate tidal variation). 
On this basis an averaged (50%tile) value was used to generate the relative surface water/groundwater heads 
used in each simulation. A worst-case scenario was also modelled which assumed that the entire inundated area 
was covered for the entire time (i.e. throughout the entire tidal cycle) at spring high tide level. Clearly this depicts 
a completely unrealistic scenario, but may be used to represent a worst bounding condition. 
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Figure 5-5 Zonation for model runs 

5.3.2 Model Outputs  

The OGM model runs included time periods for both the entire model run period (broadly the average condition) 
and for a dry condition(equivalent to October 1992). For each OGM model output there were 2 FlowSource 
model runs (1 for each of BH1A and BH4), which generated both mapping and “volume from” data for each 
modelled cell with each modelled scenario. An example of the FlowSource mapping output (though for BH1A 
and BH4 combined) is provided below (in Figure 5-6) and the volume from tables reproduced as Figure 5-7. All 
derived data are provided in the Phase1c report. 
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Figure 5-6 Volume from plot - conservative model scenario for entire model period (left) and dry period (right) 

Note: Dark brown colours represent the model cells providing the greatest contribution
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Figure 5-7 Tabulation of derived “volume from” data derived from FlowSource modelling   
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The approach to estimating salinity at each of the boreholes was to assign a salinity to each of the LORP zones 
(the value assumed was that of seawater, i.e. 35 PSU) and then to use the FlowSource “volume from” results to 
calculate a weighted average salinity. Background groundwater salinity (applied to areas outside the defined 
zones) was based on groundwater monitoring data collected from the Lower Otter Valley area; the value used 
was 0.32 PSU, corresponding to a conductivity of 658 μS/cm at 25 C. It is assumed that this salinity is fairly 
representative of the groundwater entering the Otterton boreholes at the present time.  The modelling can be 
re- run if wellhead data suggest a significantly different background concentration. 

A similar table to that above for “volumes from“ was generated. In summary, the results show: 

 Higher salinities tend to occur in the dry period than in the period representing an average of the whole 
model climate sequence, due to the flushing / diluting effect of higher regional groundwater flow. However, 
it should be emphasised that the dry period represents groundwater flow patterns during a single month of 
the flow simulation. The salinity calculations for this dry period effectively assume that it extends 
indefinitely in time; they are therefore likely to be very conservative. 

 Otterton BH1A has higher salinities (0.4 to 1.1 PSU for whole model; 0.4 to 1.7 PSU for dry period) than 
Otterton BH4 (0.3 to 0.5 PSU for whole model; 0.3 to 0.6 PSU for dry period). These values are compared 
with the assumed background salinity of about 0.3 PSU and also the Drinking Water Standard (DWS) for 
conductivity, which is 2500 µ/cm, equivalent to a salinity of 1.29 PSU at 25°C . 

- Although the worst-case scenario results in a salinity at BH1A of up to 1.7 PSU, which is above the 
DWS, the realistic scenario suggests a salinity of 0.4 PSU, just 0.1 PSU above the background and well 
below the DWS. 

- At BH4, only the worst-case scenario raises the calculated salinity by more than 0.1 PSU above the 
background (salinity increases from the baseline value of 0.3 PSU to 0.5 or 0.6 PSU). 

In the above descriptions, calculated salinity values have been rounded to the nearest 0.1 PSU. 

  

Notes to Figure 5-7 
For both whole model run and dry period, worst case, conservative and realistic scenarios are shown. 
Separate model run outputs for each borehole are given, for example the conservative model run for BH4 
(model run “otrmf3Pco_OTTERTON 4_1to 672” ) is given in row 4 of the upper table.  

Zone “0” represents the area contributing to the Otterton boreholes that is outside the LORP area, Zones 1-
4 represent those zones within LORP identified above, Zone 1 being the Little Marsh area.  

The “volume from” columns represent the volume of water abstracted (from the borehole) that originates 
as recharge within a given model cell. It is expressed as a volumetric flow rate. 

The “check” columns demonstrate that the abstraction rates modelled match the totalled “volume from” 
amounts (for the fully licensed case (3500m3/day for BH1A and 2330 m3/day for BH4) 

The “fraction from” columns (i.e. the percentage contribution) shows the fractional contribution from each 
of the 5 zones. So, for example, with the conservative model run for BH4 (row 4 upper table) the fractional 
contribution to the abstraction at BH4 is 0.0416 %.  It can be seen that the maximum volume from 
contribution occurs in the worst-case scenarios (e.g. again taking the upper, whole model table, from the 
lower two rows of the table, this is 2.34% for BH1A and 0.635% for BH 4)  

The colours are to help distinguish patterns in the numbers: red > orange > yellow > green. (i.e. high to low).  
Note that this colour scheme is applied separately to the “volume from” and “fraction from” data. 
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5.3.3 Synthesis of model results and conclusions  

The Phase 1c model report combines results from previous 1D groundwater modelling with a more 3- 
dimensional evaluation using MODFLOW and FlowSource.   

Outputs from 1D modelling suggest there will be fractional mixing of saline water, that progresses as a 
downward moving front, the rate of which depends upon the relative heads between inundating surface water 
and the underlying groundwater and the properties of the underlying strata. The permeability of the superficial 
deposits is particularly important as more cohesive, less permeable layers can attenuate the rate of downward 
movement.   

The FlowSource modelling work suggests the following: 

 Option 3+ could give rise to a salinity change at the boreholes, but this is only significant in the worst-case 
scenario. In this scenario, the salinity in BH1A is predicted to almost reach the DWS (based on the whole 
model period) or slightly exceed it (based on a dry period). 

 BH1A is more susceptible to salinisation than BH4. 

The worst-case scenario involves fixing the inundation at the peak level (normal spring tide) and also assumes 
that the inundating water is 100% seawater, even in Little Marsh. In reality, the peak tidal inundation level will be 
maintained for only a small proportion of the time, and the invading water is likely to be brackish, especially in 
the northern part of the LORP area (Little Marsh), where fresh water is provided by the Budleigh Brook. The worst 
case (especially in the dry period) combines multiple conservative assumptions and therefore represents an 
extreme bounding case. 

Furthermore, these results are based on the assumption that “source salinity“ within each model cell (i.e. those 
within the LORP area) has reached the salinity value of sea water and that the pathway to the boreholes has  
reached a steady state. Clearly this will not be the case, and although the timescale for reaching such a steady 
state is not completely clear, it is evident that there will be a variable period taken (across the LORP area) for 
saline water to penetrate downward. This is illustrated in below, (Figure  5-8) which shows the fractional mixing 
(representing the downward movement of the saline front after 50 years) at the 1D modelled cell locations 
(from the Phase 1b study), combined with the “worst case” FlowSource mapping, showing that only parts of the 
area will be contributing to salinity in the boreholes.  

It is evident that salinity in the Little Marsh area is key (particularly the N and E). This area makes the most 
significant volumetric contribution (from Phase 1c FlowSource modelling) and also has potential for significant 
vertical mixing (from Phase 1b 1D modelling). However, much of Little Marsh remains above the inundation 
level for most (and even all) of the spring-neap tidal cycle, so the potential impact of the invading saline water is 
likely to occur only within a small period of the month (refer Figure 5-.9).  

Overall, the modelling results, even using conservative parameters, suggest that the impacts on the borehole 
abstractions will not be sufficient for abstraction borehole quality to be significantly affected. 
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Figure 5-8 Timescales of fractional vertical mixing - worst case contribution (volume from) pathway to Otterton boreholes 
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Figure 5-9 Hours of inundation during spring-neap cycle (after ABPmer 2018) 
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6. Conclusions 

6.1 Impacts from saline incursion 

 Over part of the river adjacent to the SWW Otterton BH4 abstraction, the river loses to groundwater (i.e. 
recharges groundwater).  

 Field data evidence suggests that this zone (i.e. that adjacent Otterton BH4) is currently circa 800m 
upstream of effect of saline water carried by the flood tide, even under conditions of relative low flow within 
the River Otter.  

 However, under modelled dry conditions in the Otter Sandstone aquifer, it was found that up to about 45% 
of the supply (from boreholes BH1A and BH4 combined) may be derived from induced recharge from the 
river. The borehole capture zone (as defined by the SPZs and FlowSource modelling) within the river 
extends southward, to a point about 340 m upstream of White Bridge.  

 Modelling studies identified a particular reach of the River Otter as being most at risk of having downward 
leakage of saline water into the sandstone aquifer. This reach is some 540 m long and extends northwards 
from the edge of the combined capture zone. 

 Monitoring and modelling both indicate that saline water does not penetrate as far up the river under 
baseline conditions, with a mean spring tide and mean fluvial flow the limit of saline water is about 200 m 
upstream of White Bridge.    

 Under low flow conditions and a mean spring tide, the saline water extends further upstream about 450- 
500m upstream of White Bridge, however, there is no significant difference between Option 3+ (which 
makes allowance allows for morphological change in the estuary) and the modelled baseline. Upstream 
penetration under Option 3 is lesser, being approximately 300- 350m.   

 Under extreme tidal conditions (HAT), saline water may penetrate further upstream (circa 100-150 m into 
the most sensitive reach), but this is a rare event, and there is no evidence to suggest this has affected the 
boreholes in the past.  

 Based on regional groundwater flow, there is a generally upward groundwater gradient flow in the valley 
floor and this may prevent any downward penetration of saline waters from the surface. 

 Furthermore, to the south (south of South Farm Road) there is more extensive cover of cohesive superficial 
deposits which would further inhibit downward migration of saline waters introduced at the surface.   

 Based on field monitoring, further north, and within the influence of the SWW abstractions, this upward 
trend appears to be reversed and there is a potential downward gradient. 

 Significant parts of this area are defined as SPZ 3 (and to a lesser extent SPZ 2) whereby water at the 
surface could be drawn into the underlying aquifer and threaten groundwater supplies at Otterton 
(particularly Otterton BH4).  

 The aquifer/surface water system will be at its most vulnerable to saline intrusion when groundwater levels 
are low, there is low seaward (circa NW to SE) flow of groundwater and when there is low baseflow within the 
main river channel.  

 Should the scheme introduce saline water farther upstream in the River Otter than the baseline there is the 
potential for the introduction of saline water into the aquifer within the capture zone of the boreholes and 
hence a potential impact on the water supplies.   

 Daily inundation across the flood plain to the west of the existing estuary will also introduce saline tidal 
waters over Big Marsh and Little Marsh, including those areas to the northern part of the scheme that form 
part of the borehole capture zone.  

 Modelling studies have been used to evaluate these potential impacts and have considered the impact of 
the preferred option (Option 3) and in addition Option 3+, a condition that might naturally evolve within 
about 5 years of scheme implementation, however a majority of change is likely to occur within the first 
year.  
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 In evaluating the potential impacts of the scheme, modelling of surface water saline incursion and 
groundwater modelling identified that there are two key mechanisms that could affect the Otterton 
boreholes: 

- That saline water may extend further  up the River Otter at high tide, potentially impacting the Otterton 
boreholes, which are known to draw some of their water from the river.  

- Beneath the inundated part of the Otter floodplain, saline water may leak downwards into the 
sandstone aquifer, again potentially impacting on the Otterton boreholes.  In part, there may be a 
“ratcheting” effect, with successive tidal inundations leading to a gradual increase in salinity of the 
groundwater. 

 Surface water modelling studies demonstrated that with the LORP scheme in place:  

- With mean fluvial flow (in the River Otter) with both Option 3 and Option 3+, there is no increase in the 
upstream movement of the saline front within the main Otter channel over the baseline condition. On a 
mean spring tide, the limit of the saline front is at approximately 200 m north of White Bridge for all 
three conditions modelled (the baseline, Option 3 and Option 3+). 

- considering a low flow condition in the River Otter, the limit of the saline front penetrates about 500 m 
upstream (north) from White Bridge under Option 3+, potentially penetrating 100-150 m into the 
more sensitive area described above, however this is no different to the modelled baseline condition.  
Upstream penetration is somewhat lesser (300-350 m) under Option 3 

 Within the inundated area of the scheme, groundwater modelling studies focussed on the zones north of 
South Farm Road and the capture zone of the boreholes. The modelling found that:  

- there will be fractional mixing of saline water, that progresses as a downward moving front, the rate of 
which depends upon the relative heads between inundating surface water and the underlying 
groundwater and the properties of the underlying strata.  

- the permeability of the superficial deposits is particularly important as more cohesive, less permeable 
layers can attenuate the rate of downward movement. 

- the invasion of saline water into the Little Marsh area (particularly the north and east) is the most 
significant in terms of potential impact on the SWW boreholes. This area has potential for significant 
vertical mixing (i.e. downward penetrating saline water providing a “source” of saline water) and also 
makes the most significant volumetric contribution (albeit small in terms of overall flow) to the 
borehole abstractions (i.e. the pathway).  

- a highly conservative worst case was evaluated as an upper bounding condition, however this only 
caused a significant impact to BH1A. 

- in all scenarios modelled (worst case, conservative and realistic) BH1A is more susceptible to 
salinisation than BH4. 

- in the realistic and conservative scenarios, there was negligible change to salinity at BH4 and although 
there were changes at BH4 these remained well below the Drinking Water Standard. 

 The groundwater modelling adopted conservative parameters throughout, so that results tend to reflect 
more extreme conditions, for example tidal modelling suggests parts of the Little Marsh area will only be 
inundated for short time periods through a spring- tidal cycle, and it was assumed the source of saline water 
would be at the same concentration as sea water whereas in reality there would be some flushing by fresh 
water from Budleigh Brook and conditions may be brackish rather than fully saline. 

 On the basis of both surface water modelling and the groundwater modelling (that considered both source 
and pathway) it is concluded that there will be minimal impacts to the Otterton boreholes source via either 
changes in salinity in the main River Otter channel, or by the downward movement of saline water from 
within the inundated area of the scheme. 

 In practice, information on the subsurface is never complete and there will always be a residual uncertainty 
(to be addressed in the monitoring proposals). The conservative nature of the parameters adopted during 
modelling serve to address some of this uncertainty. However, although the modelling suggests that a 
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significant effect on salinity at the boreholes is unlikely, it is possible that preferential flow pathways not 
represented in the models could lead to higher salinities than those simulated.  

  

6.2 Impacts from the landfill  

 There is evidence of contamination within the landfill, associated leachates and underlying groundwater.   

 This is not widespread within the landfill although there are a number of exceedances of environmental 
guideline values for soils and groundwater. 

 Just a handful of samples contained asbestos, albeit in limited quantity.  

 Some of these exceedances, particularly those on groundwater, relate to saline waters at the edge of the 
flood plain.   

 The surface of the landfill is partly capped but this is impersistent across the site as a result, and given the 
age of the landfill, it is likely that the majority of mobile contaminants have already been removed from the 
site.   

 Risks to human health are mostly associated with short- term risks associated the construction phase, are 
considered to be low and mitigation measures may be applied to address these risks.  

 However, due to the presence low concentrations of asbestos the construction works will fall under the 
Control of Asbestos Regulations 2012.   

 Activities such as excavation and piling within the landfill should be carried out in accordance with an 
appropriate site management plan. 

 It is considered unlikely that soils will be excavated and re-used as part of the scheme, however should 
small volumes of arisings be generated then disposal is the most likely option, and arisings will require 
waste classification prior to suitable disposal.  

 Risks to underlying groundwater are considered to be low as although (due to the tidal inundation) there 
may be some reversals in surface water/ groundwater gradient these would vary in accordance with the 
incoming/ outgoing tide. There is unlikely to be constant downward gradient and an upward groundwater 
gradient based on regional groundwater flow will dominate with the ebb tide. Furthermore, the cohesive 
alluvium underlying the landfill  is likely inhibit any downward movement and  prevent any deeper 
penetration into the underlying aquifer.  

 Discharges of groundwater to the River Otter are likely to be heavily diluted and there is unlikely to be any 
measurable effect of discharges to surface waters. 

 Despite these low risks, some mitigation/ engineering works should be considered around the boundary of 
the  landfill to prevent erosion mobilising and releasing contaminants and or exposing mostly inert but 
potentially unsightly waste. 
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7. Recommendations  
7.1 Overview  
The work carried out to date has provided both conceptualisation and modelling of the of the potential risks 
arising from the scheme. Those related to the landfill are not considered significant. Similarly risks to public 
groundwater supplies from saline intrusion are not considered significant, however there may be residual risks 
based on uncertainties inherent in any modelling process. On this basis it is recommended that a monitoring 
strategy be developed to monitor the extent and rate of change (if any) following implementation of the 
scheme. Ultimately such a strategy will need agreement between the EA and SWW to allow for actions should 
change be identified that could represent a risk to the water supplies. A monitoring strategy outline is provided 
below. 

7.2 Development of a monitoring strategy   
Monitoring should continue to gather data regarding groundwater levels and water quality (particularly salinity/ 
conductivity data) in the vicinity of the scheme and to gather additional data to confirm the outcomes of the 
modelling and related studies. Although this will need more detailed development, the monitoring strategy will 
need to consider the following basic elements:   

 Establish the objectives and scope of the monitoring, including fully integrated health and safety measures. 

 Promote retention of existing monitoring groundwater locations where possible (this important for data 
continuity though it is inevitable a significant number of existing monitoring points will be lost during 
scheme development). 

 Undertake a gap analysis (to determine where coverage may be lacking) both for areal and depth 
distribution.  

 Introduce nested piezometers (or other methods) to monitor vertical distribution of groundwater heads, 
(and any vertical movement of the saline front) including response zones at greater depths (e.g. 50m) in 
the aquifer.  

 Evaluate options for “sentinel” wells set within the pathways between areas of potential impact (e.g. north 
east of Little Marsh, between the River Otter and the boreholes sources). 

 Develop routine monitoring of salinity within the main River Otter channel. 

 Continued water quality monitoring within the abstraction boreholes (to be made available to the EA). 

 Identify data logging needs and procedures (e.g. should remote telemetry be considered). 

 Consider the nature of the data review process (i.e. how often and by whom).  

Ultimately, results from the monitoring strategy will need to be incorporated into a decision-making process, to 
establish, for example:  

 What would constitute an “impact” of the scheme? 

 Should action trigger levels be established and what actions would these prompt? 

 How long should the monitoring programme continue (with a probable minimum of 5 years) if no or only 
minor change were determined and when could it be reduced or phased out? 

 Some “what if” scenarios will need to be established to determine actions if an impact (or potential future 
impact) is identified. 
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 Acronyms and Abbreviations 
BGS` British Geological Survey 

BH  Borehole  

CEH Centre for Ecology and Hydrology 

EA  Environment Agency  

EEHDP The Exe Estuary Habitat Delivery Project  

EQS Environmental Quality Standard 

HAT Highest astronomical tide   

GI (R) Ground Investigation (Report) 

GRA  Groundwater Risk Assessment  

LORP  Lower Otter Restoration Project  

OBH Observation borehole (synonymous with observation well)  

OS Ordnance Survey 

OGM Otter Groundwater Model  

PSU Practical salinity unit  

PWS  Public Water Supply  

SPZ Source Protection Zone  

SWW South West Water Plc 
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Appendix A. Oblique aerial photographs  



Groundwater and Geo-environmental Risk Assessment  

 

61 
 

The key features of the site are shown in the following oblique aerial images (Environment Agency, 
2010). 

 

Photograph 1 Northern extent of site (facing south east) 

 

Photograph 2 Mid area of site (facing south east)  
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Photograph 3 Mid area of site (facing east)  

 

Photograph 4 Mid to south area of site (facing south east)
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Photograph 5 Southern extent of site (facing east) 
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Appendix B. Modelling Reports  

Appendix B1. Salinity Modelling Summary Report 

Appendix B2  Otter Sandstone saline intrusion risk assessment: Phase 1B modelling 

Appendix B3  Otter Sandstone saline intrusion risk assessment: Phase 1C modelling



Groundwater and Geo-environmental Risk Assessment  

 

65 
 

Appendix C. Data from South West Water  
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Appendix C1 – SWW Abstraction data  

Figure C1 .1 -  SWW Production wells flow hydrographs -  Otterton Boreholes Bh1A and BH4 

 

Figure C1 .2 -  SWW Production wells flow hydrographs -  Kersbrook 
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Appendix C2  - SWW Observation Wells and data   

Table C2.1 SWW Observation wells 

ID Type  Easting  Northing  Comment 
PZ 1; (PZ1A)  SWW piezometer (dual 

level)  
307600 084700 Within Lower Otter 

Valley  
PZ2; (PZ2A) SWW piezometer (dual 

level)  
307700 084940 Within Lower Otter 

Valley  
PZ3; (PZ3A) SWW piezometer (dual 

level)  
307500 084370 Within Lower Otter 

Valley  
PZ4; (PZ4A) SWW piezometer (dual 

level)  
307500  084090 Within Lower Otter 

Valley  
PZ10; (PZ10A)  SWW piezometer (dual 

level)  
307570 084130 Within Lower Otter 

Valley  
PZ11; (PZ11A) SWW piezometer (dual 

level)  
307840  085380 Within Lower Otter 

Valley  
S1 SWW Observation 

borehole  
308950  084030 Salinity monitoring   

S2 SWW Observation 
borehole  

309130  084010 Salinity monitoring   

S3  SWW Observation 
borehole  

309130  084010 Salinity monitoring   

S4  SWW Observation 
borehole  

309130  084010 Salinity monitoring   

S5  SWW Observation 
borehole  

308750 083370 Salinity monitoring   

S6  SWW Observation 
borehole  

308750 083370 Salinity monitoring   

S7  SWW Observation 
borehole  

308750 083370 Salinity monitoring   

S8  SWW Observation 
borehole  

309160 084800 Salinity monitoring   

S9  SWW Observation 
borehole  

309160 084800 Salinity monitoring   

S10  SWW Observation 
borehole  

309160 084800 Salinity monitoring   

S11  SWW Observation 
borehole  

308610 085150 Salinity monitoring   

S12  SWW Observation 
borehole  

307940 083970 Salinity monitoring   
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Figure C2.1 SWW Observation Well Locations     
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SWW Observation wells Lower Otter Valley – groundwater level hydrographs (south to north) 

Figure C2.2  (PZ4/ PZ4a)   

 

Figure C2.3  (PZ3/ PZ3a)   
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Figure C2.4  (PZ1/PZ1a) 

 

Figure C 2.5  (PZ2/PZ2a) 
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Appendix D. Data from ground investigation 
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Figure D1.1 Location of monitoring wells 
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Table D1.1 Response zone and data logger information table   

Groundwater monitoring response zones and 
datalogger installation 

 Piezo installation  Response Zone Datalogger Type 
1 

Monitoring 
Period 2 

Hole Depth  Ground 
Level 

mAOD  

Top 
(mbgl) 

Base 
(mbgl) 

  

BH1 24.6 3.023 16.0 22.0 WL/ Conductivity 

Water level 

Water level  

Water Level  

01/09/2017 to 
12/10/2017 

12/10/2017 to 
02/11/2017 

02/11/2017 to 
20/04/2018 

20/04/2018 to 
01/3/2018 

BH2 20.7 0.753 3.5 7.0 Water level 

Water level  

Water Level 

01/09/2017 to 
02/11/2017 

02/11/2017 to 
20/04/2018 

20/04/2018 to 
01/3/2018 

BH4 17.7 0.957 

 

3.5 7.5 WL/ Conductivity 

WL/ Conductivity 

Barologger  

WL/ Conductivity 

01/09/2017 to 
02/11/2017 

02/11/2017 to 
20/04/2018 

01/09/2017 to 
20/04/2018 3 

20/04/2018 to 
01/3/2018 

CP5 10.45 1.193 6.0 10.1 Water level 

Water level  

Water level 

24/08/2017 to 
02/11/2017 

02/11/2017 to 
20/04/2018 

20/04/2018 to 
01/3/2018 

CP8 9.66 1.297 4.3 7.3 Water level  

Water level  

Water level 

01/09/2017 to 
02/11/2017 

02/11/2017 to 
20/04/2018 

20/04/2018 to 
01/3/2018 

CP10 7.88 1.018 3.5 6.5 Water level  

Water level 

21/09/2017 to 
02/11/2017 
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Water level 02/11/2017 to 
20/04/2018 

20/04/2018 to 
01/3/2018 

CP11 14.72 3.674 10.0 14.7 WL/Conductivity 

WL/Conductivity 

Baro logger  

WL/Conductivity 

01/09/2017 to 
02/11/2017 

02/11/2017 to 
20/04/2018 

20/4/2018 onward  

20/04/2018 to 
01/3/2018 

WS2 5 3.051 1.0 4.0 Water level 

WL/ Conductivity  

21/09/2017 to 
12/10/2017 

12/10/2017 to 
02/11/2017  4 

WS4 5 3.622 1.0 5.0 Water level 

Water level  

Water level 

01/09/2017 to 
02/11/2017  

02/11/2017 to 
20/04/2018 

20/04/2018 to 
01/3/2018 

SWW 
PZ4 (3m 
deep) 

 

Datum 
1.7mAOD 

? 0.9 3.9 (no logger)   

SWW 
PZ4a 
(10.6 m 
deep)  

Datum 
1.65mAOD 

? 7.1 10.6 WL/ Conductivity WL/ 
Conductivity 

02/11/2017 to 
02/05/2018   

02/05/2018 to 
01/3/2018 

 

1 Water level dataloggers record groundwater pressure, temperature (°C) and pressure (mBar) readings at 30 minute intervals. 
Conductivity dataloggers record groundwater pressure, temperature (°C), pressure (mBar), specific conductivity (µS/cm), 
salinity (PSU) and total dissolved solids (ppt) at 30 minute intervals 
2 Monitoring has continued, but last download April /May 2018. 
3  Barologger moved to CP11 on 24/04 2018… see notes below  
4 WL/ Conductivity datalogger moved from BH1 to WS2 on 12/10/2017, then moved to South West Water borehole PZ4a on 
02/11/2017, WL recording discontinued at WS2  
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Figure D 1.2 Water Level Data – East West    

 

Figure D 1.3 Water level data South North    
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Figure D 1.4 Water level data- 15 day detail 
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Figure D 1.5  Water quality logger data (conductivity vs time) 
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Figure D.1.6  Groundwater level response to rainfall 
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Figure D2.1 Well Hydrographs to date (PZ4a) water elevation 
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Figure D2.2  PZ4a – conductivity logger data  
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Figure D2.3 Well Hydrographs to date (CP10 ) water elevation 
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Figure D2.4 Well Hydrographs to date (BH1 ) water elevation with conductivity  
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Figure D2.5 Well Hydrographs to date (BH2 ) water elevation  
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 Figure D2.6 Well Hydrographs to date (BH4 ) water elevation with conductivity 
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Figure D2.7 Well Hydrographs to date (CP5 ) water elevation 
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Figure D2.8 Well Hydrographs to date (WS4 ) water elevation 
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Figure D2.9 Well Hydrographs to date (CP8) water elevation 
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Figure D2.10 Well Hydrographs to date (CP11) water elevation with conductivity 

 



Groundwater and Geo-environmental Risk Assessment  

 

89 
 

Appendix E. Water samples- laboratory analysis results and screening  

Table E1  Water analysis and data screening   

  Location BH1 BH2 BH3 BH4 CP3 CP4 CP5 CP6 CP8 CP10 CP11 

  Sample Depth (m) 20 6 5 3.5 0.45 6 5 4 0 3.5 0.5 4 0.5 5 4 2.5 5 3.5 5 2.5 10 7 

  Total Depth (m) 24.6 20.7 25 21 7.15 8.95 10.45 10.5 9.66 7.88 14.72 

  Date Sampled 16/10/2017 13/09/2017 12/10/2017 13/09/2017 13/09/2017 16/10/2017 12/10/2017 13/09/2017 13/09/2017 12/10/2017 13/09/2017 16/10/2017 13/09/2017 16/10/2017 16/10/2017 13/09/2017 16/10/2017 13/09/2017 16/10/2017 13/09/2017 12/10/2017 13/09/2017 

Contaminant Units 
EQS (lowest of AA 
or MAC)                                             

Acenaphthene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Acenaphthylene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Ali >C6-C8 (w) ug/l N/A LOD LOD LOD LOD 1 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Ali >C8-C10 (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Alkalinity by titration (bicarbonate) (w) mg/l CaCO3 N/A 160 LOD 150 LOD 160 LOD 165 LOD 225 LOD 225 LOD 180 LOD 190 LOD 195 LOD 155 LOD 195 LOD 

Ammoniacal nitrogen (w) mg/l 0.021 0.14 0.04 0.08 0.06 0.04 0.07 0.04 0.26 0.08 0.04 0.04 0.06 0.04 0.03 0.05 0.02 LOD 0.04 0.03 0.02 0.04 0.05 

Anthracene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Arsenic (dissolved) ug/l 25 LOD LOD 1 LOD LOD LOD LOD 2 1 LOD LOD LOD LOD LOD 2 1 LOD LOD LOD LOD LOD LOD 

Benzene ug/l 8 N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S LOD N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S 

Benzo(a)anthracene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Benzo(a)pyrene (w) ug/l 0.027 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Benzo(b)fluoranthene (w) ug/l 0.017 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Benzo(ghi)perylene (w) ug/l 0.00082 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Benzo(k)fluoranthene (w) ug/l 0.017 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

BOD (settled, 5 day) mg/l N/A LOD LOD LOD LOD LOD LOD 8 6 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Boron (dissolved) ug/l 7000 15 17 225 21 24 17 19 322 35 54 32 31 27 28 29 29 52 48 15 18 36 41 

Cadmium (dissolved) ug/l 0.2 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Calcium (dissolved) mg/l N/A 74 98 92 66 55 10 66 50 85 79 93 87 80 78 76 75 85 88 71 93 79 82 

Chloride (w) mg/l N/A 44 44 40 41 47 44 565 522 42 44 42 43 47 47 44 45 44 45 41 41 60 59 

Chromium (dissolved) ug/l N/A LOD 9 6 8 10 14 1 8 6 10 7 7 6 1 LOD 8 LOD 11 LOD 1 LOD 11 

Chrysene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

COD (settled) mg/l N/A LOD LOD LOD LOD LOD LOD 20 50 LOD 7 14 LOD 29 6 11 LOD LOD LOD LOD LOD LOD LOD 

Copper (dissolved) ug/l 3.76 3 3 46 1 2 2 12 LOD LOD 2 LOD 1 LOD 1 1 1 2 2 7 15 2 1 

Cyanide (total) (w) mg/l 1 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Dibenzo(ah)anthracene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Electrical conductivity @ 20degC (w) uS/cm N/A 476 521 460 485 483 500 2190 1912 470 587 530 645 572 613 548 592 491 639 474 541 627 657 

Ethylbenzene ug/l N/A N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S LOD N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S 

Ferric iron FeIII (w) mg/l N/A LOD LOD LOD LOD LOD LOD LOD 0.3 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Ferrous iron FeII (w) mg/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Fluoranthene (w) ug/l 0.0063 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Fluorene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Hardness Total mg/l CaCO3 N/A 234 306 290 230 213 68 228 240 280 268 306 288 281 273 261 258 287 300 242 310 292 303 

Indeno(123-cd)pyrene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Iron (dissolved) ug/l 1000 LOD LOD 32 30 LOD LOD LOD 278 LOD LOD LOD LOD LOD LOD 12 LOD LOD LOD LOD LOD LOD LOD 

Lead (dissolved) ug/l 1.3 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

 



Groundwater and Geo-environmental Risk Assessment  

 

90 
 

 

  Location BH1 BH2 BH3 BH4 CP3 CP4 CP5 CP6 CP8 CP10 CP11 

  Sample Depth (m) 20 6 5 3.5 0.45 6 5 4 0 3.5 0.5 4 0.5 5 4 2.5 5 3.5 5 2.5 10 7 

  Total Depth (m) 24.6 20.7 25 21 7.15 8.95 10.45 10.5 9.66 7.88 14.72 

  Date Sampled 16/10/2017 13/09/2017 12/10/2017 13/09/2017 13/09/2017 16/10/2017 12/10/2017 13/09/2017 13/09/2017 12/10/2017 13/09/2017 16/10/2017 13/09/2017 16/10/2017 16/10/2017 13/09/2017 16/10/2017 13/09/2017 16/10/2017 13/09/2017 12/10/2017 13/09/2017 

Contaminant Units 
EQS (lowest of AA 
or MAC)                                             

m & p Xylene ug/l 30 N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S LOD N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S 

Magnesium (dissolved) mg/l N/A 12 15 14 16 18 10 16 28 16 17 18 17 20 19 17 17 18 19 15 19 23 24 

Manganese (dissolved) ug/l N/A 2 39 81 LOD 3 2 5 1440 1580 8 11 3 7 8 153 24 1 10 12 3 103 33 

Naphthalene (w) ug/l 2 LOD LOD LOD LOD LOD LOD LOD 0.01 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Nickel (dissolved) ug/l 8.6 LOD 1 4 LOD LOD LOD LOD 2 2 1 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Nitrate as N (w) mg/l N/A 6.58 6.53 6.44 6.64 8.18 8.19 5.45 LOD 4.97 1.32 9.68 9.41 10.45 9.65 8.6 8.12 6.73 7.09 10.22 10.36 6.25 6.16 

Nitrite as N (w) mg/l N/A LOD LOD LOD 0.04 LOD LOD LOD LOD 0.09 LOD 0.03 LOD LOD LOD 0.04 0.22 LOD LOD LOD LOD LOD 0.05 

Nitrogen (kjeldahl) (w) mg/l N/A 0.2 0.8 0.2 1.9 0.5 0.9 0.3 1.8 0.3 0.8 0.2 0.9 0.2 0.9 0.2 0.9 0.2 2.4 0.2 0.4 0.3 1 

Nitrogen, Total (w) mg/l N/A 6.8 7.3 6.7 8.6 8.7 9.1 5.8 1.8 5.4 2.1 9.9 10.3 10.7 10.6 8.8 9.2 6.9 9.5 10.4 10.8 6.6 7.2 

Nitrogen, Total Oxidised TOxN (w) mg/l N/A 6.6 6.5 6.5 6.7 8.2 8.2 5.5 LOD 5.1 1.3 9.7 9.4 10.5 9.7 8.6 8.3 6.7 7.1 10.2 10.4 6.3 6.2 

PAH (total 16) (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD 0.01 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

pH (w) pH 8.5 7.53 7.38 7.72 7.62 7.76 7.41 8.06 7.67 7.73 7.76 7.75 7.16 7.86 7.19 7.92 7.07 7.71 7.23 7.69 7.31 7.87 7.69 

Phenanthrene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Phenol ug/l 7.7 LOD N/S LOD N/S LOD N/S LOD N/S LOD N/S N/S N/S LOD N/S LOD N/S LOD N/S LOD N/S LOD N/S 

Phenols - Total by HPLC (w) mg/l 7.7 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Phosphorus,Total (dissolved) ug/l N/A 39 33 131 31 LOD LOD 28 49 43 LOD 42 LOD 52 76 38 29 24 LOD LOD LOD 64 96 

Potassium (dissolved) mg/l N/A 4 9 4 4 6 27 4 22 7 9 6 7 5 7 4 4 3 5 3 7 5 6 

Pyrene (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Salinity as NaCl mg/l N/A 72.5 72.5 65.9 67.6 77.5 72.5 931 860 69.2 72.5 69.2 70.9 77.5 77.5 72.5 74.2 72.5 74.2 67.6 67.6 98.9 97.2 

Sodium (dissolved) mg/l N/A 21 27 22 24 35 80 21 329 23 30 23 22 24 23 23 24 26 29 21 25 32 33 

Sulphate (w) mg/l N/A 21 21 22 21 26 24 119 20 25 16 33 32 46 45 43 46 46 46 31 30 57 52 

Total Aliphatics (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Total Aromatics (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Total Dissolved Solids (w) mg/l N/A 380 417 346 389 313 355 1226 56 383 419 431 452 434 433 406 399 406 425 322 444 388 509 

TPH (Ali & Aro) (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD 

Zinc (dissolved) ug/l 6.8 1 2 12 5 3 1 3 LOD 1 LOD 3 2 3 3 1 LOD 2 2 1 11 5 2 
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  Location Pond A Pond B SW1 SW7 SW8 SW10 TP7 TPE10 TPE11 WS2 WS4 

  Sample Depth (m) 0 0 0 0 0 0 1.8 2.2 1.8 2.5 3 2.5 4 

  Total Depth (m) 0 0 0 0 0 0 2.3 3.2 3 5 5 

  Date Sampled 13/09/2017 13/09/2017 25/10/2017 25/10/2017 25/10/2017 25/10/2017 Unknown 10/08/2017 10/08/2017 13/09/2017 16/10/2017 Unknown 13/09/2017 

Contaminant Units 
EQS (lowest of AA 
or MAC)                           

Acenaphthene (w) ug/l N/A LOD LOD.02 LOD LOD LOD LOD 0.01 0.15 LOD LOD LOD N/S LOD 

Acenaphthylene (w) ug/l N/A LOD LOD.02 LOD LOD LOD LOD 0.03 LOD LOD LOD LOD N/S LOD 

Ali >C6-C8 (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD N/S N/S LOD LOD N/S LOD 

Ali >C8-C10 (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD N/S N/S LOD LOD N/S LOD 
Alkalinity by titration (bicarbonate) 
(w) 

mg/l 
CaCO3 N/A LOD LOD LOD LOD LOD LOD N/S N/S N/S 400 LOD N/S 295 

Ammoniacal nitrogen (w) mg/l 0.021 0.59 0.47 0.07 0.06 0.14 0.1 N/S N/S N/S 1.52 1.16 N/S 0.19 

Anthracene (w) ug/l N/A LOD LOD LOD LOD LOD LOD 0.05 LOD LOD LOD LOD N/S LOD 

Arsenic (dissolved) ug/l 25 LOD LOD 3 2 1 2 7 N/S N/S 7 11 N/S 4 

Benzene ug/l 8 N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S LOD 

Benzo(a)anthracene (w) ug/l N/A LOD 0.01 LOD LOD LOD LOD 0.57 LOD 0.01 LOD LOD N/S LOD 

Benzo(a)pyrene (w) ug/l 0.027 LOD 0.02 LOD LOD LOD LOD 0.97 LOD LOD LOD LOD N/S LOD 

Benzo(b)fluoranthene (w) ug/l 0.017 LOD 0.02 LOD LOD LOD LOD 1.03 LOD LOD LOD LOD N/S LOD 

Benzo(ghi)perylene (w) ug/l 0.00082 LOD 0.01 LOD LOD LOD LOD 0.63 LOD LOD LOD LOD N/S LOD 

Benzo(k)fluoranthene (w) ug/l 0.017 LOD LOD LOD LOD LOD LOD 0.45 LOD LOD LOD LOD N/S LOD 

BOD (settled, 5 day) mg/l N/A 14 7 1 LOD 1 1 N/S N/S N/S 1 2 N/S LOD 

Boron (dissolved) ug/l 7000 727 530 401 313 287 1190 200 N/S N/S 750 770 N/S 142 

Cadmium (dissolved) ug/l 0.2 LOD LOD LOD LOD LOD LOD 0.6 N/S N/S LOD LOD N/S LOD 

Calcium (dissolved) mg/l N/A 221 205 44 52 59 122 N/S N/S N/S 189 177 N/S 79 

Chloride (w) mg/l N/A 2393 1804 32 38 51 4040 N/S N/S N/S 2260 2150 N/S 601 

Chromium (dissolved) ug/l N/A 12 10 11 7 11 9 LOD N/S N/S 1 5 N/S 9 

Chrysene (w) ug/l N/A LOD LOD.01 LOD LOD LOD LOD 0.52 0.03 LOD LOD LOD N/S LOD 

COD (settled) mg/l N/A LOD LOD 50 29 22 113 N/S N/S N/S 69 70 N/S 23 

Copper (dissolved) ug/l 3.76 LOD LOD 3 3 2 2 6 N/S N/S LOD 2 N/S 2 

Cyanide (total) (w) mg/l 1 LOD LOD LOD LOD LOD LOD LOD N/S N/S LOD LOD N/S LOD 

Dibenzo(ah)anthracene (w) ug/l N/A LOD LOD LOD LOD LOD LOD 0.14 LOD LOD LOD LOD N/S LOD 

Electrical conductivity @ 20degC (w) uS/cm N/A 7748 1198 391 434 522 11560 N/S N/S N/S 6860 6680 N/S 2550 

Ethylbenzene ug/l N/A N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S LOD 

Ferric iron FeIII (w) mg/l N/A LOD LOD.5 LOD LOD 0.1 LOD N/S N/S N/S 0.2 9.3 N/S LOD 

Ferrous iron FeII (w) mg/l N/A LOD LOD LOD LOD LOD LOD N/S N/S N/S LOD LOD N/S LOD 

Fluoranthene (w) ug/l 0.0063 LOD LOD.02 LOD LOD LOD LOD 0.67 0.03 LOD LOD LOD N/S LOD 

Fluorene (w) ug/l N/A LOD LOD.02 LOD LOD LOD LOD 0.02 0.03 LOD LOD LOD N/S LOD 

Hardness Total 
mg/l 
CaCO3 N/A 1256 1069 159 173 195 1580 N/S N/S N/S 1063 1019 N/S 321 

Indeno(123-cd)pyrene (w) ug/l N/A LOD LOD.01 LOD LOD LOD LOD 0.71 LOD LOD LOD LOD N/S LOD 

Iron (dissolved) ug/l 1000 113 567 81 76 133 48 N/S N/S N/S 218 9290 N/S 11 

Lead (dissolved) ug/l 1.3 LOD LOD LOD LOD LOD LOD 18 N/S N/S LOD LOD N/S LOD 
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  Location Pond A Pond B SW1 SW7 SW8 SW10 TP7 TPE10 TPE11 WS2 WS4 

  Sample Depth (m) 0 0 0 0 0 0 1.8 2.2 1.8 2.5 3 2.5 4 

  Total Depth (m) 0 0 0 0 0 0 2.3 3.2 3 5 5 

  Date Sampled 13/09/2017 13/09/2017 25/10/2017 25/10/2017 25/10/2017 25/10/2017 Unknown 10/08/2017 10/08/2017 13/09/2017 16/10/2017 Unknown 13/09/2017 

Contaminant Units 
EQS (lowest of AA or 
MAC)                           

m & p Xylene ug/l 30 N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S N/S LOD 

Magnesium (dissolved) mg/l N/A 172 136 12 11 12 309 N/S N/S N/S 143 140 N/S 30 

Manganese (dissolved) ug/l N/A 1384 1068 10 7 19 28 N/S N/S N/S 3470 4640 N/S 125 

Naphthalene (w) ug/l 2 LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD LOD N/S LOD 

Nickel (dissolved) ug/l 8.6 LOD LOD 2 2 1 2 5 N/S N/S 6 8 N/S 4 

Nitrate as N (w) mg/l N/A LOD 11.52 4.9 6.19 7.79 4.01 N/S N/S N/S 0.04 LOD N/S 0.15 

Nitrite as N (w) mg/l N/A LOD.79 LOD.56 0.19 0.14 0.07 0.04 N/S N/S N/S LOD LOD N/S LOD 

Nitrogen (kjeldahl) (w) mg/l N/A 2.4 1.9 2.2 2 1.8 1.7 N/S N/S N/S 2.3 2.7 N/S 0.2 

Nitrogen, Total (w) mg/l N/A 14.7 14 7.3 8.3 9.7 5.7 N/S N/S N/S 2.3 2.7 N/S 0.4 

Nitrogen, Total Oxidised TOxN (w) mg/l N/A 1000012.3 1000012.1 5.1 6.3 7.9 4 N/S N/S N/S LOD LOD N/S 0.2 

PAH (total 16) (w) ug/l N/A LOD 0.19 LOD LOD LOD LOD 6.62 0.27 0.01 LOD LOD N/S LOD 

pH (w) pH 8.5     7.49 7.63 7.8 7.54 6.87 N/S N/S 8 6.57 N/S 7.97 

Phenanthrene (w) ug/l N/A LOD LOD.01 LOD LOD LOD LOD 0.19 LOD LOD LOD LOD N/S LOD 

Phenol ug/l 7.7 LOD LOD N/S N/S N/S N/S N/S N/S N/S LOD N/S LOD N/S 

Phenols - Total by HPLC (w) mg/l 7.7 LOD LOD LOD LOD LOD LOD LOD N/S N/S LOD LOD N/S LOD 

Phosphorus,Total (dissolved) ug/l N/A 755 904 218 155 160 143 N/S N/S N/S 32 430 N/S 689 

Potassium (dissolved) mg/l N/A 54 44 7 8 8 101 N/S N/S N/S 41 42 N/S 13 

Pyrene (w) ug/l N/A LOD LOD LOD LOD LOD LOD 0.63 0.03 LOD LOD LOD N/S LOD 

Salinity as NaCl mg/l N/A 3944 2975 52.7 62.6 84 6660 N/S N/S N/S 3720 3540 N/S 990 

Sodium (dissolved) mg/l N/A 1246 946 19 20 26 2480 N/S N/S N/S 1140 1080 N/S 194 

Sulphate (w) mg/l N/A 248 191 30 25 27 563 52 N/S N/S 227 215 N/S 129 

Total Aliphatics (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD N/S N/S LOD LOD N/S LOD 

Total Aromatics (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD N/S N/S LOD LOD N/S LOD 

Total Dissolved Solids (w) mg/l N/A 4965 4009 266 287 349 7404 N/S N/S N/S 4474 4258 N/S 1524 

TPH (Ali & Aro) (w) ug/l N/A LOD LOD LOD LOD LOD LOD LOD N/S N/S LOD LOD N/S LOD 

Zinc (dissolved) ug/l 6.8 8 1000005 3 3 6 2 247 N/S N/S 7 11 N/S 4 
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