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Executive Summary 
 
Background ARCADIS (UK) Limited (ARCADIS) was commissioned by ABB Limited (ABB), 

on behalf of Esso Petroleum Company Limited (Esso) to carry out an 
Environmental Site Assessment of Simonside Service Station (The Site). 

Previous 
Environmental 
Works 

The following works have previously been undertaken by ARCADIS: 
� Preliminary Risk Assessment Report, Simonside Service Station, 

Newcastle Road, South Shields, Tyne and Wear, NE34 9QE, ARCADIS 
Ref. 937490003_01, September 2010. (ARCADIS, 2010). 

 
The name Simonside Service Station used during previous phases of works 
refers to The Site (petroleum filling station) and also the Land Adjacent to 
Simonside Service Station, as at the time of these works, these two were 
considered together. For the purposes of this phase of works the petroleum 
filling station and the Land Adjacent to Simonside Service Station are reported 
separately. This report applies to the Simonside Service Station.  

Objectives The objectives of this Environmental Site Assessment were to identify 
potentially active pollutant linkages, from desk study information, warranting 
further consideration. An intrusive investigation was then carried out to gather 
soil, groundwater and soil gas data to compare measured concentrations of 
the potential contaminants of concern (CoC) to ARCADIS Generic 
Assessment Criteria (GAC), or alternative applicable assessment criteria, and 
assess the significance of the findings  

Intrusive 
Investigation 

An intrusive investigation was carried out between 27 January and 22 
February 2011 with the progression of five boreholes to a maximum depth of 
6.3m bgl (BH105). The boreholes were positioned in order to give good 
coverage of The Site and targeting potential soil and groundwater impacts 
associated with The Site’s fuel storage and distribution network.   
 
Groundwater monitoring and sampling of the monitoring well network was 
undertaken between 2 and 4 March 2011 and 22 March 2011. 
 
Soil gas installation points and soil gas sampling was undertaken on 1 March 
2011. 

Quantitative Risk 
Assessment 
Results 

Results from laboratory analyses of soil and groundwater samples were 
compared to ARCADIS GAC protective of human health and water resource 
receptors, summarised below: 

� Soil GAC protective of water resource receptors were exceeded in 
samples from boreholes BH101, BH102, BH104 to BH106; and 

� Groundwater GAC protective of water resource receptors were 
exceeded in samples from boreholes BH102, BH104, BH105 and 
BH106(D). 

Measured concentrations of CoC in soil gas were evaluated using the 
software model CLEA 1.06 and site-specific input parameters. Hazard indices 
were calculated using the maximum concentrations of the CoC in soil gas. The 
results indicate that none of the Hazard Indices exceed 0.00. 

Updated 
Conceptual Site 
Model

No concentrations of CoC in excess of GAC protective of human health were 
identified in either soil or groundwater samples. In addition the risk presented 
to on-site commercial workers via inhalation pathways (calculated based on 
the soil gas data) was considered acceptable. As such the risk to human 
health receptors associated with The Site is not considered to be significant. 
There were exceedances of the ARCADIS GAC protective of water resource 
receptors in both soil and groundwater for PAH compounds. Aromatic 
hydrocarbons and ethylbenzene concentrations measured in soils (but not in 
groundwater) sampled from beneath The Site were found to exceed ARCADIS 
GAC protective of water resource receptors along with aliphatic hydrocarbons 
in groundwater sampled from BH106(S).  
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The primary route of the risk to water resources is via leaching and off site 
migration of potentially contaminated groundwater. The nature of the impacts 
in groundwater is considered limited with only Diesel Range Organic (DRO) 
hydrocarbon compounds and six PAH compounds measured above ARCADIS 
GAC protective of water resource receptors. This provides evidence that CoC 
leaching into groundwater is limited.  
 
The shallow drift deposits encountered beneath The Site are considered to be 
of low permeability, based on the material encountered during the intrusive 
works and the results of the rising head tests.  Furthermore, the drift deposits 
have been encountered to a depth of at least 6.3m bgl and as such, it is 
considered unlikely that the dissolved phase impacts will migrate significantly 
either vertically or laterally and therefore the risk to water resource receptors 
associated with The Site is considered to be low. 

Suitability For End 
Use

Following completion of the investigation and assessment as undertaken by 
ARCADIS in accordance with the current UK risk-based assessment 
methodology, ARCADIS considers the identified impacts to soil and 
groundwater beneath The Site, at the time of assessment, not to present an 
unacceptable level of risk to the identified off site receptors or to future site 
occupiers based on continued petroleum use. If The Site is to be redeveloped 
the assessment should be reviewed.   
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1 INTRODUCTION
 
ARCADIS (UK) Limited (ARCADIS) was commissioned by ABB Limited (ABB), on behalf of 
Esso Petroleum Company Limited (Esso) to carry out an Environmental Site Assessment of 
Simonside Service Station, Newcastle Road, South Shields, Tyne and Wear, NE34 9QE (The 
Site). A site location plan is presented as Figure 1 at a scale of 1:50,000. 

 
The work was carried out in accordance with the Terms and Conditions of Consultancy 
Services Agreement No. S2010/001 dated 8 June 2010 and with reference to English 
legislation and regulatory guidance for the assessment of land contamination, a summary of 
which is presented in Appendix A. 
 

1.1 Objectives 
 
The objectives of this Environmental Site Assessment were: 
 
� to examine whether there have been potentially contaminative uses on The Site or on 

nearby land and identify potential areas of concern through review of desk top study 
information; 

� to carry out a site walkover prior to undertaking intrusive works to provided additional 
information to support the development of the conceptual site model. This included the 
status of site equipment and structures in terms of potential releases to the environment;  

� to develop the initial conceptual model of The Site to identify potentially active pollutant 
linkages warranting further consideration; 

� to assess the concentrations of contaminants of concern (CoC) in soil and groundwater 
beneath The Site in the area of data gaps identified during the desk study review and site 
walkover; and 

� to compare measured concentrations of the potential CoC to ARCADIS Generic 
Assessment Criteria (GAC) to assess the significance of the findings of the investigation. 

 
1.2 Scope of Work 

 
The proposed scope of works comprised: 
 
� Review of desk study report to identify data gaps; 
� Review of utility trace data to identify safe locations of boreholes; 
� Site walkover to confirm potential areas of concern (PAOC); 
� Drilling of 5 proposed boreholes (BH101, BH102, BH104 to BH106) to a maximum target 

depth of 6m below ground level (bgl) to investigate PAOC;  
� Installation of groundwater monitoring wells in each drilled borehole;  
� Collection of soil samples from boreholes for visual inspection and laboratory chemical 

analysis; 
� Logging of soils and field headspace screening with a Photo-Ionisation Detector (PID); 
� Aquifer permeability testing; 
� Monitoring and sampling of groundwater from newly installed monitoring wells;  
� Collection of soil gas samples; 
� Laboratory analysis of selected soil, groundwater and soil gas samples for potential CoC; 
� Reporting of works; and 
� Risk evaluation. 
 
The scope of work was developed in accordance with the Environment Agency of England 
and Wales and Department for Environment Food and Rural Affairs (DEFRA) document 
‘Model Procedures for the Management of Land Contamination’ Contaminated Land Report 
(CLR) 11, dated 2004. 
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1.3 Reliability of Information / Limitations 
 
ARCADIS’ liability, pursuant to the terms of the appointment of ARCADIS by Esso, is strictly 
limited to the work undertaken and the matters contained and specifically referred to in this 
report. 
 
A copy of ARCADIS’ study limitations is presented in Appendix B. 
 

1.4 Reliance
 
It is understood that the current report will be prepared for the use of Esso. The contents of 
this report may not be used or relied upon by any person other than this party without the 
express written consent and authorisation of ARCADIS. 
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2 PRELIMINARY RISK ASSESSMENT – SUMMARY 

2.1 Introduction 
 
Desktop information is used to develop an outline conceptual model and identify pollutant 
linkages at The Site. 
 
A pollutant linkage exists only when a source, pathway and receptor are linked together. 
 
� A source is a substance that has potential to cause harm or adversely affect controlled 

waters. 
� A receptor is something such as human health, an ecological system, animals or crops, 

buildings or controlled waters that could be adversely affected by a contaminant. 
� A pathway is a route or means by which a receptor can be exposed to, or affected by a 

contaminant. 

2.2 Previous Environmental Works on Site 
 
The following environmental works have previously been undertaken by ARCADIS and the 
findings of which are presented in the following report: 
 

� Preliminary Risk Assessment Report, Simonside Service Station, Newcastle Road, 
South Shields, Tyne and Wear, NE34 9QE, ARCADIS Ref. 937490003_01, 
September 2010. (ARCADIS, 2010). 

 
This report should be read in conjunction with the above environmental report as the 
information presented therein provides the basis for the conceptual understanding of The Site.   
For the purposes of this report, “The Site” refers to the petrol filling station known as 
Simonside Service Station. However, it is noted that the Preliminary Risk Assessment Report 
detailed above uses the terms “Simonside Service Station” and “the Site” to refer to both the 
petrol filling station and the land adjacent to the petrol filling station. 
 
The following subsections provide a brief summary of the findings of the desk study 
(ARCADIS, 2010) 
 

2.3 Description of Site 
 

Item Details
Site status Active Petrol Filling Station 
Intended end use Petrol Filling Station 
OS National Grid Coordinates 435230, 564710 
Elevation Approximately 4 m AOD 
Site size Approximately 3,500m2  

 
A site layout plan is presented as Figure 2. 

2.4 Environmental Setting 
 
Item Details

Geology* Made Ground and Upper (Pelaw) Clay over Pennine Middle 
Coal Measures Formation. 
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Item Details 

Groundwater depth and flow* 
1.9m bgl (NZ35SE415). The groundwater flow beneath The 
Site may be limited due to presence of cohesive drift 
deposits. 

Aquifer classification 

Made Ground – Unknown (lakes and landslip).  
Upper (Pelaw) Clay – Unproductive Strata. 
Pennine Middle Coal Measures Formation – Secondary (A) 
Aquifer. 

Source Protection Zones Site not located in an SPZ. 
 

* Details of two historical borehole logs were obtained from the BGS. The first (NZ35SE415) 
is located on The Site to the southwest of the shop building. The ground conditions 
encountered comprised made ground to a depth of 0.45 m below ground level (bgl) underlain 
by firm dark brown sandy clay, likely representing the Upper (Pelaw) Clay, proven to a depth 
of 6.00 m bgl. 
 
The second (NZ35SE70.c) is located approximately 18 m northeast of The Site. The ground 
conditions encountered comprised made ground to a depth of 1.60 m bgl. This is underlain by 
soft to firm sandy clay with varying silt and gravel content proven to a maximum depth of 
23.50 m bgl. 
 
Limited groundwater was encountered within the regional boreholes, with no resting 
groundwater in borehole NZ35SE415. Groundwater was encountered at 1.9 m bgl 
(2.01 m AOD) in borehole NZ35SE70.c three days after the drilling, suggesting that the 
hydraulic conductivity of the Upper (Pelaw) Clay is low. 
 

2.5 Receptors 
 

Item Details
Unnamed pond Approximately 333 m to the southeast of The Site. 

River Don An open culvert section of the River Don approximately 370 m 
northwest of The Site. 

Licensed potable 
abstractions None within 1 km. 

Residential Development Approximately 140m to the southwest of The Site. 

Ecological Receptor 

Primrose Local Nature Reserve located approximately 
1,900 m southeast of The Site boundary. 
 
Station Burn Local Nature Reserve located approximately 
1,900 m to the south of The Site boundary. 

 
2.6 Ground Gas 

 
A registered and historical landfill is present approximately 90 m to the north of The Site. This 
landfill is associated within the partial infilling of Tyne Dock during the late seventies/early 
eighties and the remaining part of Tyne Dock currently being infilled as part of the current 
development works of the Second Tyne Tunnel Crossing. 
 
However, it was outside the scope of the assessment to investigate or assess risks from bulk 
ground gases. The CIRIA C665 guidance document "Assessing risks posed by hazardous 
ground gases to buildings" (Wilson et al, 2007) highlights that subsurface contamination from 
petroleum sites has the potential to act as sources of the bulk ground gases carbon dioxide 
and methane. This is primarily due to the biological degradation of petroleum hydrocarbons, 
resulting in the presence of such gases.  
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For these gases to present a risk to occupants of buildings, it requires not only their presence 
in the ground but also flow towards the surface. Certain land uses, such as municipal landfills, 
have the potential to generate these gases to such an extent that a significant flow is recorded 
between the source and the ground surface. Typically, the rate of generation of these gases is 
much lower when created by the degradation of petroleum hydrocarbons within subsurface 
soils or groundwater, meaning that a significant flow of bulk ground gases to the surface is 
usually absent. The presence of ground gases from a petroleum hydrocarbon source 
combined with a low flow rate typically results in petroleum sites being classified as either 
Green or Amber 1 (for a Situation A development) or a Characteristic Situation 1 or 2 (for a 
Situation B development), requiring limited or low-level gas protection measures.  
 

2.7 Potential Areas of Concern 
 
2.7.1 On-Site
 
Location PAOC 

Fuel storage and distribution network 
Interceptors  
Surface spillages 

On-site (current usage) 

Imported made ground 
On-site (historical usage) Gas Works 

 
2.7.2 Off-Site

 
Location PAOC 

Electricity Substation approximately 15 m to the south 
Tyne Dock 
Waste transfer station approximately 175 m to the east 
Registered landfill 90 m to the north 

Current usage 

Workshop approximately 10 m to the east 
Railway Sidings approximately 75 m to the east 
Tyne Dock approximately 90 m to the north 

Historical usage 

Garage Workshop approximately 10 m to the east 
 
 

2.8 Contaminants of Concern 
 
Contaminants of Concern (CoC) for The Site have been selected on the basis of the current 
and historical on- and off- site PAOC and reference to DoE industry profiles.  
 

PAOC Potential CoC1

On-site 
Fuel storage and distribution network 
Interceptors 
Surface spillages 

Hydrocarbons 

Imported made ground Heavy metals, asbestos 
  

                                                      
1 Sourced from DoE Industry Profiles 
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Off-site 
Electricity Sub Station Hydrocarbons, PCBs** 
Workshop  Hydrocarbons, heavy metals, asbestos 
Tyne Dock Metals, hydrocarbons, PCBs**, landfill type gases, 

pesticides, sulphides, sulphates, cyanides 
Railway Sidings Hydrocarbons, metals, PCBs**, ethylene glycol, ash, 

sulphates. 
Gas works  Hydrocarbons, cyanides, ammoniacal liquors, 

metals, glycols, asbestos  
Registered Landfill CoC dependant on nature of backfill, ground gas*. 

 
* Since The Site is a petrol filling station, it should be noted that according to CIRIA report 
C665 (2007), petroleum hydrocarbons have the potential to act as sources of bulk ground 
gases such as methane or carbon dioxide. 
** Due to the anticipated low mobility of PCBs, the risk posed to The Site by this CoC is 
considered to be low. 
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3 PRELIMINARY RISK ASSESSMENT - SITE RECONNAISSANCE 
 
The property was inspected on 17 August 2010 to identify potential areas of concern with 
regard to the environmental conditions in the subsurface.  
 

3.1 Site Facilities 
 

The Site is an active petrol filling station. The main on-site features from inspection of The 
Site include: 
 
� Shop building located in the eastern part of the petrol filling station; 
� Disused carwash located adjacent to The Site’s southwestern boundary; 
� Forecourt and carwash interceptors in the northeastern and southwestern corners of The 

Site respectively; 
� Five known USTs and associated distribution lines located southwest of the shop and 

south of the pump islands with off-set fill points; 
� A canopy extending west from the shop building over four pump islands in the centre of 

The Site. 
 

Details of the tanks as determined during from The Site walkover are listed below. 

Tank Capacity 
(Litres) Contents Construction 

Type 
Approximate Date 

of Installation 

1 35,340 Unleaded Petrol Unknown Unknown 
2 17,580 Unleaded Petrol Unknown Unknown 
3 17,760 Premium Unleaded Petrol Unknown Unknown 
4 35,340 Diesel Unknown Unknown 
5 21,970 Diesel Unknown Unknown 

 
3.2 Site Setting 

 
The immediate land-use surrounding The Site is as follows:  
 
Direction Land Use 
North Newcastle Road and railway line with industrial properties beyond 
East Vehicle workshop with railway line and commercial properties beyond 
South Car show room with industrial estate beyond 
West Newcastle Road and car show room with workshop 

 
3.3 Visual and Olfactory Evidence of Contamination 

 
Visual Evidence Olfactory Evidence 
Some patches of black staining were noted 
around the pump islands. 

No obvious olfactory evidence of 
contamination was encountered. 

 
3.4 Waste Management 
 

Type of Waste Storage Method and Observations 
General waste One 660 litre wheelie bin on concrete hardstanding. 
Waste oil None 
Cardboard One 660 litre wheelie bin on concrete hardstanding. 
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3.5 Japanese Knotweed 
 

No obvious visible evidence of Japanese Knotweed (JK) was identified on The Site. However, 
it is not always possible to confirm the presence of, or identify, this plant, particularly in the 
early stages of growth. We are unable to confirm that JK rhizomes do not exist beneath The 
Site. 
 

3.6 Potential Areas of Concern 
 
Potential Areas of Concern (PAOC) identified during The Site inspection are: 
 

Location PAOC 
On-site Fuel storage and distribution network 
 Interceptors 
 Surface spillages 
Off-site Workshop 

 
Potential preferential pathways as identified during the desk study and The Site inspection 
are: 
 
� Made ground; 
� Site services; 
� Granular fill surrounding site services. 
 
3.6.1 Additional Contaminants of Concern 
 
No CoC in addition to those in Section 2.8 were identified during The Site reconnaissance.  
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4 DEVELOPMENT OF THE CONCEPTUAL SITE MODEL 

Following completion of the desk study and site reconnaissance, an Outline Conceptual Site 
Model (CSM) was produced for a continued petroleum end use and is presented as Figure 3. 
The Outline CSM details potentially active pollutant linkages associated with human health 
receptors (chronic exposure), water resource receptors or ecological receptors. 
 
Based on the findings of ARCADIS’ 2010 Preliminary Risk Assessment, ARCADIS considers 
that there are potential risks to the identified human health and water resource receptors 
associated with The Site.  
 
Therefore, an intrusive site investigation and Generic Quantitative Risk Assessment have 
been completed, the results of which are documented in the following sections. 
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5 SITE INVESTIGATION – METHODOLOGY 

5.1 Rationale 
 

The rationale behind the investigation locations is shown in the table below: 
 

Investigation Location Rationale 
BH101 Located northwest of the pump islands 
BH102 Located northeast of the pump islands 
BH104 Located southeast of the know USTs 
BH105 Located south of the known USTs 
BH106 Located southwest of the known USTs 
SG101 
SG102 
SG103 

Located around the current on site shop building, 
between the building and the current fuel 
infrastructure. 

 

5.2 Borehole Drilling and Soil Sampling Methodology 
 

Data Information 
Date of investigation: Between 27 January and 22 February 2011 

Utility Clearance: Inspection of available plans, site-wide service tracing and use 
of vacuum excavation to 1.5mbgl at borehole locations prior to 
drilling. 

Drilling Method: Boreholes BH101, BH102 and BH104 to BH106 were drilled 
using percussive and rotary techniques.  Borehole BH101A was 
terminated due to obstruction at shallow depth. 

Maximum drilled depth 
(m) 

6.3m bgl (BH105) 

Soil logging: Soil samples logged with reference to BS 5930:1999 (revision 
2) 

Field Screening:  � Soil samples collected at approximately 0.5m intervals, 
where possible, and placed into two polythene bags; 

� First bag sealed to enclose as much air as possible around 
the soil sample; 

� Soil sample gently broken up and left for approximately 
fifteen minutes; 

� Polythene bag pierced and Photo-Ionisation Detector (PID) 
fitted with a 10.6eV UV lamp was inserted to test for 
ionisable VOCs1; 

� PID readings recorded and presented on the borehole logs 
in Appendix C; and 

� Second bag of unsaturated soil samples was sealed with 
minimal air space contained; soil samples for laboratory 
analysis were taken from the second bag only. 

                                                      
1 �The PID screening is a semi-quantitative method that results in a representation of the presence of VOCs in the 
soil. The numerical output cannot be directly compared to measured soil concentrations of CoC. Nevertheless, PID 
readings are a useful field tool for assessing potential volatile organic impacts in soil. 
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Data Information 
Other Recorded 
Parameters: 

� Depth to Non-Aqueous Phase Liquid (NAPL), if present; 
� Depth to groundwater; and 
� Depth to base of monitoring well. 

Waste Disposal Waste soil arisings were taken to an ExxonMobil Approved 
licensed landfill by a registered waste carrier under duty of care.  
Waste disposal documentation details are provided in 
Appendix D. 

5.3   Groundwater Monitoring Well Installation and Surveying 
 

Data Information 
Monitoring well type: Groundwater (permanent), High Density 

Polyethylene (HDPE) 
Monitoring well installation: See Appendix C. 

Well Covers: Covers and security casing installed flush with the 
ground surface and lockable expanding Torquer well 
plugs were fitted on top of the well pipe. 

Surveying: The monitoring wells installed during the works and 
summarised in this report were levelled using a 
theodolite level relative to an arbitrary site datum of 
100.00m at borehole BH104. 

Well Development: Up to 10 saturated well volumes were removed 
following installation. 

 

5.4 Groundwater Monitoring and Sampling Methodology 
 

Groundwater monitoring comprises a groundwater elevation survey, and groundwater 
sampling. 

5.4.1 Groundwater Monitoring 
 

The methodology and process followed during the groundwater elevation survey is 
summarised below: 
 

Data Information 
Dates of monitoring: Between 2 and 4 March 2011 and 22 March 2011 

Equipment used: Interface probe 
Details recorded: � Depth to Non-Aqueous Phase Liquid (NAPL), if 

present; 
� Depth to groundwater; 
� Depth to base of monitoring well. 
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5.4.2 Groundwater Sampling 
 

The methodology and process followed during the collection of groundwater samples is 
summarised below: 
 

Data Information 
Date sampled: Between 2 and 4 March 2011 and 22 March 2011 

Sampling Method: Peristaltic pump, set to a low flow rate. Sampling 
from approximate mid-point in water column. 
Minimal drawdown sampling technique, reduces 
turbidity and thus variability in results. 

Data recorded: 
 
 

Water quality parameters, Dissolved Oxygen (DO), 
Oxidation Reduction Potential (ORP), electrical 
conductivity and pH, were measured using a multi-
parameter meter. Readings were taken at 
approximately five minute intervals until the 
electrical conductivity, DO, and ORP from three 
readings differed by less than 10%.  Once the 
readings had stabilised, the water passing through 
the low flow pump was considered to be 
representative of the surrounding aquifer and the 
groundwater samples were collected. 

 

5.5 Soil Gas Monitoring Point Installation and Sampling Methodology 

5.5.1 Soil Gas Monitoring Point Installation 
 

Data Information 
Date of investigation: 1 March 2011 

Utility Clearance: Not required as points only penetrate through concrete slab. 

Drilling Method: Near-slab soil gas sampling points were installed through the 
overlying hardstanding using a 110v handheld drill. A 12mm 
diameter guide hole was advanced until the whole thickness of 
the slab was defined. The 12mm diameter hole was then over 
drilled with a 16mm diameter drill bit to a depth equivalent to ½ of 
the thickness of the hard standing slab.  
 
Subsequently the 16mm hole was over drilled with a 20mm 
diameter drill bit to a depth equivalent to 1/3 thickness of the hard 
standing slab. A 6mm pipe was then inserted into the drilled hole. 
A 13mm rubber bung was used to prevent debris entering the 
monitoring point.  
 
A quick dry cement solution was then applied around the 6mm 
sampling pipe and inside the drilled hole. As a last step the 6mm 
pipe was checked for blockages with the push rod. A well cap and 
security casing were installed flush with the ground surface. An 
air-tight seal was created between the sampling port and the 
surrounding hardstanding, such that atmospheric air is not drawn 
through the ports during sampling, creating a ‘short-circuiting’ 
effect. 
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5.6 Soil Gas Sampling Methodology 
 

Data Information 
Dates of monitoring: 1 March 2011 

Equipment used: Landfill gas analyser, and  
1.4L SiloCans with sample trains and 200 mL/min flow restrictors 

Tests Performed: Monitoring point installation leak test conducted with use of a 
landfill gas analyser to check that there was no significant 
atmospheric air entrainment through a surface leak.  The landfill 
gas analyser was used to measure concentrations of oxygen, 
carbon dioxide and methane within the soil gas.  Depleted 
concentrations of oxygen in relation to ambient air provide 
reasonable evidence that the soil gas monitoring point installation 
is leak-tight at surface and as such no ambient air entrainment 
would be expected to occur during the soil gas monitoring.    

Details Recorded  � Oxygen, carbon dioxide and methane levels; 
� SiloCans and flow restrictors serial numbers used at each 

location; and 
� SiloCans pressure at the start and finish of each test. 

5.7 Storage, Preservation and Transport of Samples 
 

The measures that were taken to ensure the quality of the samples from collection to receipt 
of the samples by the laboratory is summarised below. 
 

Task Soil Groundwater Soil Gas
Storage: Glass jars / bottles and 

vials supplied by the 
laboratory were used 
for the collection of soil 
samples to be analysed 
for volatile compounds. 
Plastic one-litre tubs 
were used to collect soil 
samples for metals 
analysis. 

Glass vials supplied by 
the laboratory used for 
the collection of 
samples to be analysed 
for volatile compounds. 
Samples to be analysed 
for lower volatility 
compounds were stored 
in laboratory prepared 
glass bottles.  

1.4L SiloCans 
supplied by the 
laboratory 

Preservation: Filling of sample containers as far as practicable to 
minimise headspace and low storage temperature 
to minimise the potential for volatilisation and 
biodegradation of petroleum hydrocarbon 
compounds prior to analysis. 

Not required 

Decontamination: Disposable gloves were 
worn and changed 
between sample 
collection to prevent 
cross-contamination. 

Groundwater samples 
were collected using 
dedicated disposable 
tubing / bailers, which 
was changed between 
monitoring well 
locations in order to 
prevent cross-
contamination. 

Disposable gloves 
were worn and 
changed between 
sample collection 
to prevent cross-
contamination. 

Transport: Samples stored in dedicated sample boxes provided by the laboratory. 
Sample details and analytical requests were recorded on the laboratory 
chain of custody form included with samples, prior to dispatching to 
laboratory for analysis. Samples were, as far as practicable, dispatched 
to the laboratory on the day of sampling. 
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5.8 Analytical Strategy 
 

Data Information 
Laboratory: ALcontrol (Chester) 
Accreditation: UKAS & MCerts (for selected chemical analysis) 

and ARCADIS Approved Supplier 
Chemical analyses (soil): � Total Petroleum Hydrocarbons Criteria Working 

Group (TPH CWG) by Gas Chromatography-
Flame Ionisation Detection (GC-FID);  

� Polycyclic Aromatic Hydrocarbon compounds 
(PAH) by Gas Chromatography-Mass 
Spectrometry (GC-MS); 

� Benzene, Toluene, Ethylbenzene, Total Xylenes 
(BTEX) and Methyl Tertiary Butyl Ether (MTBE) 
GC-MS;  

� Ethyl tertiary butyl ether (ETBE) by GC-MS 
Tentatively Identified Compounds (TICs); 

� Tert-butyl Alcohol (TBA); 
� Metals by ICP-OES including As, Be, Cd, Cr, Cu, 

Pb, Hg, Ni, V, Zn; 
� Asbestos; 
� pH; and 
� Total organic carbon (TOC). 

Chemical analyses (groundwater): � TPH CWG by GC-FID;  
� PAH by GC-MS; 
� BTEX and MTBE by GC-MS; 
� Dissolved metals by ICP-OES including As, Be, 

Cd, Cr, Cu, Pb, Hg, Ni, V, Zn; 
� Dissolved mercury; 
� pH; 
� ETBE as a VOC-TIC;  
� TBA by GC-FID; and 
� Volatile Organic Compounds (VOCs) by GC-MS. 

Chemical analysis (soil gas) � Speciated TPH CWG by GC-MS; and 
� MTBE, BTEX compounds and naphthalene by 

GC-MS. 

5.9 Quality Assurance and Quality Control (QA/QC) 
 

The following measures were taken in order to ensure the quality of the laboratory data 
received from the laboratory: 
 

Data Information 
Transportation: A copy of the full chain of custody documentation 

was included with the samples as detailed in 
Appendix E. 

Duplicate Sample: Duplicate groundwater sample collected from 
BH104 and named BH200 and duplicate soil gas 
sample collected from S103 and named SG104. 

Laboratory QA/QC: Details of the ARCADIS laboratory quality 
assurance and quality control policy are given in 
Appendix F. 
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5.10 Hydraulic Conductivity Tests 
 

Rising head permeability tests were performed in monitoring wells BH104 and BH106(D) to 
provide an estimate of the hydraulic conductivity of the underlying aquifer. The rising head 
tests were conducted in a manner whereby a slug of water was removed from the well and 
the groundwater recharge time was recorded at regular time intervals using a dip meter. 
 
The recovery data was used to estimate the hydraulic conductivity by using the Bouwer and 
Rice method for a partially penetrating well in an unconfined aquifer. 
 
The detailed methodology for the hydraulic conductivity tests and the results are presented in 
Appendix G.  
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6 SITE INVESTIGATION – RESULTS 

6.1 Geology 
 

Detailed borehole logs are presented in Appendix C. 
 

Soil type/geologic 
unit

Maximum
Depth (mbgl) Description and Interpretation 

Made Ground 0.9 (BH106) Made ground comprises a mixture of sands, gravels 
and clay.  

Upper (Pelaw) Clay 6.3 (BH105) Sandy / gravelly CLAY. 
 
The Pennine Middle Coal Measure Formation identified in the desk study (ARCADIS 2010) to 
underlie the Upper (Pelaw) Clay was not encountered beneath The Site. 

6.2 Hydrogeology 
 

Data Findings
Range in depth to groundwater: Groundwater depths are presented in Table 1.  

 
Groundwater resting at depths of between 0.06m bgl 
(BH106(D)) and 3.1m bgl (BH101) on 2 March 2011 
and between 0.36m bgl (BH105) and 2.87m bgl 
(BH101) on 22 March 2011.  

Groundwater flow direction: A groundwater elevation contour plot is provided as 
Figure 2. 
The groundwater flow is interpreted to the 
northwest, towards the River Don. 

 

6.3 Soil Quality 
 

Data Findings
Visual or Olfactory Evidence: Black staining and hydrocarbon odour were noted 

on soils from borehole BH101A (0.4m-1m bgl). No 
other visual or olfactory evidence of hydrocarbon 
impact was identified during the drilling works. The 
visual and olfactory evidence is presented on 
borehole logs included in Appendix C. 

NAPL: No NAPL was identified during the drilling works. 
Laboratory Analysis: Results are presented in Table 2 to 4.  Data from the 

laboratory is presented in Appendix H. 
 

6.4 Groundwater Quality 
 

Data Findings
Visual or Olfactory Evidence: No visual or olfactory evidence of hydrocarbon 

impact was identified during the groundwater 
monitoring works. 
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NAPL: No measurable thickness of NAPL was observed 

within the monitoring well network during the 
groundwater monitoring visit. 

Laboratory Analysis: Results are presented in Table 5 to 8.  Data from the 
laboratory is presented in Appendix H. 

Duplicate Analysis: The results of the laboratory analysis undertaken on 
the duplicate groundwater sample taken from 
borehole BH104 were comparable with the original 
sample. 

6.5 Soil Gas Quality 
 

Data Findings
Monitoring Point Installation Leak 
Test Results: 

The results of the monitoring point installation leak 
tests indicated drop in oxygen concentration.  In 
addition, detectable concentrations of methane and 
carbon dioxide were recorded throughout the leak 
tests indicating that there is good evidence that the 
soil gas monitoring point installations are leak-tight at 
surface with limited potential for ambient air 
entrainment during soil gas sampling.    

Laboratory Analysis: Results are presented in Table 10. Data from the 
laboratory is presented in Appendix H. 

Duplicate Analysis The results of the laboratory analysis undertaken on 
the duplicate soil gas sample taken from soil gas 
point SG103 were comparable with the original 
sample. 

6.6 Biogeochemical and Hydrogeochemical Parameters 
 
The stabilised hydrogeochemical parameters are presented in Table 9. 

6.7 Hydraulic Conductivity Testing 
 

Hydraulic conductivities were calculated using Bouwer and Rice’s method for a partially 
penetrating well in an unconfined aquifer.  Rising head tests were conducted within monitoring 
wells BH104 and BH106(D). 
 
The results of the rising head tests and details of the methodology, including data 
interpretation, are presented as Appendix G. 
 
The groundwater recharge within monitoring well BH104 occurred before the first 
measurement of groundwater depth was taken. Therefore it is considered that the majority of 
the recharge was missed in this monitoring well, and as such the hydraulic conductivity could 
not be calculated. 
 
The hydraulic conductivities estimated from the rising head tests conducted in monitoring well 
BH106(D) ranged between 0.11m/day and 0.12m/day. 
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7 GENERIC QUANTITATIVE RISK ASSESSMENT 

7.1 Generic Assessment Criteria 
 
The derivation of the ARCADIS GAC, to which the concentrations of the potential 
contaminants have been compared, is presented as Appendix I and the ARCADIS GAC for 
continued petroleum use (CPU) are presented as Appendix J.   
 
Consideration has been given to comparison of the measured concentrations of CoC in soil 
and groundwater to the water resource GAC.  The argument against comparison to the water 
resource GAC is that: 
 

� The Site is located in an area of apparently limited water resource value, due to 
classification of Upper (Pelaw) Clay as an Unproductive Strata (proven to a depth of 
approximately 6.3m bgl); and, 

� There is an absence of a surface water feature in close proximity to The Site.  
 
However, it is noted that: 
 

� The underlying aquifer has a measured hydraulic conductivity of approximately 
0.1m/day, suggesting that groundwater migration could be occurring; and, 

� The groundwater elevation data can be interpreted as showing a groundwater flow 
direction to northwest. 

 
Given the arguments outlined above, ARCADIS considers that as a conservative measure, 
the measured CoC concentrations in soil and groundwater should be compared with the Set 1 
water resource GAC but with further consideration given during the risk evaluation and 
updating of the CSM.   
  

7.2 Comparison of Soil Analysis Results to GAC 
 

The results of the soil generic quantitative risk assessment are detailed in Tables 2 to 4 and 
summarised below. 
 

Receptor: Boreholes with measured concentrations in 
excess of the GAC 

Commercial workers None identified 
Neighbouring resident None identified 
Water resources BH101, BH102, BH104 to BH106 

 
7.3 Comparison of Groundwater Analysis Results to GAC 
 

The results of the groundwater generic quantitative risk assessment are detailed in Tables 5 
to 8 and summarised below. 
 

Receptor: Monitoring Wells with measured 
concentrations in excess of the GAC 

Commercial workers None identified 
Neighbouring resident None identified 
Water resources * BH102, BH104, BH104 Duplicate, BH105, 

BH106(S) and BH106(D). 

* With the exception of BH102 and BH106(S), the only identified exceedances of the GAC in 
groundwater were for metals. Metals were also measured at concentrations above the 
laboratory MDL in soil. 
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Generally metals exhibit low volatility and as such are unlikely to present an unacceptable 
level of risk via inhalation of vapours. On this basis, metals have not been considered to pose 
a significant risk to the human health receptors associated with The Site. 
 
In groundwater, the results indicated exceedance of the low end of range value EQS for 
chromium, copper and zinc. However, none of the metal concentrations exceed the high end 
of range value EQS. Moreover, the measured concentrations of chromium, copper and zinc 
were at least an order of magnitude lower than the adopted high end of range EQS. On this 
basis the risk to water resources from measured metal concentrations in groundwater is not 
considered unacceptable.   
 

7.4 Soil Gas Results and Evaluation 
 

The results of the soil gas analyses are detailed in Table 10. Concentrations of petroleum 
hydrocarbon CoC were measured above their respective laboratory MDLs in each of the three 
soil gas samples (including the duplicate) collected during the soil gas monitoring visit. 
 
There are no GAC for the assessment of the soil gas results; therefore further assessment of 
the results is required as detailed in the following sections.  

7.4.1 Methodology 
 

Following collection of soil gas quality data, it is possible to further assess the potential risk 
presented via vapour pathways. The focus of this assessment is on the vapour intrusion 
pathway (indoor air), as this is the critical pathway for vapour inhalation. Use of soil gas data 
removes some of the uncertainty when assessing vapour intrusion, as the 
partitioning/volatilisation from soil/groundwater to soil gas does not need to be modelled. 
 
The non-statutory regulatory guidance consulted in undertaking this assessment, 
methodology and available modelling tools are presented in Appendix K. 
 
The CLEA v1.06 model has been used to further assess the potential risks to the commercial 
workers within the on-site shop building, based on the CoC concentrations measured in soil 
gas. CLEA v1.06 can be used to determine the level of risk (Hazard Index) presented by the 
contaminant concentrations measured in different source media (including soil gas). Hazard 
indices above 1.0 indicate the potential for adverse health effects and suggest the need to 
undertake a further level of investigation or action. This form of “forward prediction” was 
incorporated in the soil gas risk assessment.  

7.4.2 Model Input Parameters 

Toxicological 
Key chemical and toxicological properties for the CoC are presented in Appendix L. 
 
Where possible toxicological data published by the EA and Department for Environment Food 
and Rural Affairs (DEFRA) has been used. In the absence of a suitable TOX report, 
ARCADIS has used the general method of selection outlined in EA (2009a)3 to find a suitable 
alternative. 

Physical and Building 
Based on site data collected from beneath The Site, the unsaturated zone through which soil 
gas will migrate has been conceptualised as sand. Physical parameter values suitable for a 
sandy soil from EA (2009b) have been adopted. These are presented within Appendix M. 

 
3  Environment Agency, 2009a. Human health toxicological assessment of contaminants in soil. Science 
Report SC050021/SR2. 
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The physical parameters of the on-site shop building have been calculated from site plans, 
and are also presented in Appendix M. 

7.4.3 Exposure 
 
Exposure data has been derived to represent an on-site commercial worker (16-65 year-old 
female), selected in line with the Contaminated Land Exposure Assessment (CLEA) 
methodology. 
 
A full listing of the exposure parameter values used in the risk assessment is presented in 
Appendix N. The exposure data are taken from guidance by the EA (2009b). 

7.4.4 Forward Prediction 
 
The maximum on-site concentrations measured during sampling of all soil gas monitoring 
points were input into the CLEA v. 1.06 model and the associated Hazard Index calculated. 
The results are presented in Table 11, and indicate that none of the Hazard Indices exceed 
0.00. As such, the results of the soil gas assessment are considered to indicate that the 
potential risk presented to on-site commercial workers via inhalation pathways is acceptable. 
 
The CLEA output for the CPU model is presented as Appendix O. 

7.5 Updated Conceptual Site Model 
 

No concentrations of CoC in excess of GAC protective of human health were identified in 
either soil or groundwater samples. In addition the risk presented to on-site commercial 
workers via inhalation pathways (calculated based on the soil gas data) was considered 
acceptable. As such the risk to human health receptors associated with The Site is not 
considered to be significant. 
 
There were exceedances of the ARCADIS GAC protective of water resource receptors in both 
soil and groundwater for aromatic hydrocarbons and PAH compounds. Ethylbenzene 
concentrations measured in soils (but not in groundwater) sampled from beneath The Site 
were also found to exceed ARCADIS GAC protective of water resource receptors along with 
aliphatic hydrocarbons in groundwater sampled from BH106(S). However, the primary route 
of the risk to water resources is via leaching and off-site migration of potentially contaminated 
groundwater. Given the limited potential for off-site migration of CoC in groundwater to result 
in impact to water resource receptors, as discussed in Section 7.1, and the fact that only 
Diesel Range Organic (DRO) hydrocarbon compounds and six  PAH compounds with low 
solubility and mobility were identified in groundwater above the water resource GAC in two 
monitoring well locations, the risk to water resource receptors is not considered significant. 
 
In addition, the shallow drift deposits encountered beneath The Site are considered to be of 
low permeability, based on the material encountered during the intrusive works and the 
results of the rising head tests.  Furthermore, the drift deposits have been encountered to a 
depth of at least 6.3m bgl and as such, it is considered unlikely that the dissolved phase 
impacts will migrate significantly either vertically or laterally. This provides additional evidence 
to support the view that the risk to water resource receptors associated with The Site is low. 
 
The updated Conceptual Site Model is presented as Figure 4. 
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7.6 Suitability For End Use 
 

Following completion of the investigation and assessment as undertaken by ARCADIS in 
accordance with the current UK risk-based assessment methodology, ARCADIS considers 
the identified impacts to soil and groundwater beneath The Site, at the time of assessment, 
not to present an unacceptable level of risk to the identified off site receptors or to future site 
occupiers based on continued petroleum use. If The Site is to be redeveloped the assessment 
should be reviewed. 
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Table 8
Comparison of VOC Concentrations in Groundwater (μg/l) with

ARCADIS Generic Assessment Criteria for CPU

Simonside Service Station
Environmental Site Assessment Report

937490203_01 / April 2011

Sample Identity
Commercial 

Worker - 
Combined

Neighbouring 
Resident Set 1

Units μg/l μg/l μg/l μg/l μg/l μg/l μg/l μg/l
Dichlorodifluoromethane <7 <7 <7 <7 <7
Chloromethane <9 <9 <9 <9 <9
Vinyl chloride 1,300 93 0.5 <1.2 <1.2 <1.2 <1.2 <1.2
Bromomethane <2 <2 <2 <2 <2
Chloroethane <2.5 <2.5 <2.5 <2.5 <2.5
Trichlorofluoromethane <1.3 <1.3 <1.3 <1.3 <1.3
1,1-Dichloroethene 200,000 14,000 30 <1.2 <1.2 <1.2 <1.2 <1.2
Carbon disulphide <1.3 <1.3 <1.3 <1.3 <1.3
Dichloromethane <3.7 <3.7 <3.7 <3.7 <3.7
1,1-Dichloroethane 560,000 34,000 2.4 <1.2 <1.2 <1.2 <1.2 <1.2
cis-1,2-Dichloroethene 46,000 2,800 <2.3 <2.3 <2.3 <2.3 <2.3
trans-1,2-Dichloroethene 93,000 5,700 <1.9 <1.9 <1.9 <1.9 <1.9
2,2-Dichloropropane <3.8 <3.8 <3.8 <3.8 <3.8
Bromochloromethane <1.9 <1.9 <1.9 <1.9 <1.9
Chloroform 150,000 8,400 12 <1.8 <1.8 <1.8 <1.8 <1.8
1,1,1-Trichloroethane >SOL 220,000 100 <1.3 <1.3 <1.3 <1.3 <1.3
1,1-Dichloropropene <1.3 <1.3 <1.3 <1.3 <1.3
Carbontetrachloride <1.4 <1.4 <1.4 <1.4 <1.4
1,2-Dichloroethane 860 51 10 <3.3 <3.3 <3.3 <3.3 <3.3
Trichloroethene 31,000 1,800 <2.5 <2.5 <2.5 <2.5 <2.5
Tetrachloroethene >SOL 23,000 <1.5 <1.5 <1.5 <1.5 <1.5
1,2-Dichloropropane <3 <3 <3 <3 <3
Dibromomethane <2.7 <2.7 <2.7 <2.7 <2.7
Bromodichloromethane <0.9 <0.9 <0.9 <0.9 <0.9
cis-1,3-Dichloropropene <1.9 <1.9 <1.9 <1.9 <1.9
trans-1,3-Dichloropropene <3.5 <3.5 <3.5 <3.5 <3.5
1,1,2-Trichloroethane <2.2 <2.2 <2.2 <2.2 <2.2
1,3-Dichloropropane <2.2 <2.2 <2.2 <2.2 <2.2
Dibromochloromethane <1.7 <1.7 <1.7 <1.7 <1.7
1,2-Dibromoethane <2.3 <2.3 <2.3 <2.3 <2.3
Chlorobenzene <3.5 <3.5 <3.5 <3.5 <3.5
1,1,1,2-Tetrachloroethane 43,000 4,800 20 <1.3 <1.3 <1.3 <1.3 <1.3
Styrene <1.2 <1.2 <1.2 <1.2 <1.2
Bromoform <3 <3 <3 <3 <3
Isopropylbenzene <1.4 <1.4 <1.4 <1.4 <1.4
1,1,2,2-Tetrachloroethane <5.2 <5.2 <5.2 <5.2 <5.2
1,2,3-Trichloropropane <7.8 <7.8 <7.8 <7.8 <7.8
Bromobenzene <2 <2 <2 <2 <2
Propylbenzene <2.6 <2.6 <2.6 <2.6 <2.6
2-Chlorotoluene <1.9 <1.9 <1.9 <1.9 <1.9
1,3,5-Trimethylbenzene <1.8 <1.8 <1.8 <1.8 <1.8
4-Chlorotoluene <1.9 <1.9 <1.9 <1.9 <1.9
tert-Butylbenzene <2 <2 <2 <2 <2
1,2,4-Trimethylbenzene <1.7 <1.7 <1.7 <1.7 <1.7
sec-Butylbenzene <1.7 <1.7 <1.7 <1.7 <1.7
4-iso-Propyltoluene <2.6 <2.6 <2.6 <2.6 <2.6
1,3-Dichlorobenzene <2.2 <2.2 <2.2 <2.2 <2.2
1,4-Dichlorobenzene <2.7 <2.7 <2.7 <2.7 <2.7
n-Butylbenzene <2 <2 <2 <2 <2
1,2-Dichlorobenzene <3.7 <3.7 <3.7 <3.7 <3.7
1,2-Dibromo-3-chloropropane <9.8 <9.8 <9.8 <9.8 <9.8
1,2,4-Trichlorobenzene <2.3 <2.3 <2.3 <2.3 <2.3
Hexachlorobutadiene <2.5 <2.5 <2.5 <2.5 <2.5
tert-Amyl methyl ether (TAME) <1 <1 <1 <1 <1
Naphthalene >SOL 3.44E+03 10 <3.5 <3.5 <3.5 <3.5 <3.5
1,2,3-Trichlorobenzene <3.1 <3.1 <3.1 <3.1 <3.1
1,3,5-Trichlorobenzene <10 <10 <10 <10 <10

Notes:
CPU Continued Petroleum Use

<
1.23

>SOL Target acceptable risk not exceeded at theoretical solubility concentration
Generic Assessment Criteria has not been derived.

BH106(D)BH105

50

BH104 Duplicate 
BH104Human Health

Exceeds the Generic Assessment Criteria for protection 

10

Generic Assessment Criteria - CPU
Water Resources

Less than the method detection limit, it is assumed that there is no significant risk

March 2011

Sample Identity BH102
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Table 11
Soil Gas Assessment

Results

Simonside Service Station
Environmental Site Assessment Report

937490203_01 / April 2011

March 2011

μg/m3

Aliphatics
>C4-C6 <33 -
>C6-C8 <41 -
>C8-C10 <53 -
>C10-C12 <65 -

Aromatic
>EC8-EC10 98 0.00
>EC10-EC12 335 0.00

MTBE 296 0.00
Benzene 8.9 0.00
Toluene 378.7 0.00
Ethylbenzene 13 0.00
Total Xylenes 78.6 0.00

Naphthalene <52 -

Notes:
< Less than laboratory method detection limit
- CoC not measured above laboratory method detection limit, 

therefore no hazard indice calculated.

Sample Identity Maximum Measured 
Concentration

Hazard Indices

Sample date



Environmental Site Assessment Report 
Simonside Service Station, South Shields 
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APPENDIX A 
Legislative Context and Regulatory Guidance 

 
Land contamination is generally dealt with by the following types of regulation: 
 

� Acts of Parliament to investigate and remedy harm caused by land contamination; 
� Conditions placed upon Planning Permissions for the redevelopment of land; and, 
� Acts of Parliament and Regulations for the control of waste.  

 
In England land contamination is identified and dealt with through Acts / Regulations including: 
 

� The Contaminated Land (England) Regulations (2006); 
� Part IIA of the Environmental Protection Act (1990); 
� The Environment Act 1995; 
� The Town and Country Planning Act (1990); 
� The Environmental Permitting (England and Wales) Regulations (2007); 
� The Water Resources Act (1991); 
� The Water Act (2003);  
� The Environmental Damage (Prevention and Remediation) Regulations 2009; and, 
� The Groundwater (England and Wales) Regulations (2009). 

 
Part IIA of the Environmental Protection Act 1990  

Part IIA of the Environmental Protection Act 1990 (which was inserted by Section 57 of the 
Environment Act 1995) created a regime for the identification and remediation of contaminated land. 
Section 78A(2) of the Environmental Protection Act 1990 defines contaminated land for the purposes 
of Part IIA as: 
 
‘any land which appears to the local authority in whose area it is situated to be in such a condition, by 
reason of substances in, on or under the land, that; 
(a) significant harm is being caused or there is a significant possibility of such 
harm being caused; or 
(b) pollution of controlled waters is being, or is likely to be caused.’4 
 
Harm is defined under section 78A of the Environmental Protection Act as meaning ‘harm to the 
health of living organisms or other interference with the ecological systems of which they form part 
and, in the case of man, includes harm to his property’. Types of harm are related to specific 
receptors in order to determine whether they can be regarded as “significant”, as defined in Table A of 
Annex 3 of the DEFRA (2006)5 statutory guidance.  
 
Part IIA sets the definition of contaminated land within the context of the ‘suitable for use’ approach. 
The legal definition of contaminated land is also discussed within Statutory Guidance released by 
DEFRA (2008)6. 
 
The government has recognised the following objectives with regard to contaminated land for England 
(DEFRA, 2006): 
 

� to identify and remove unacceptable risks to human health and the environment from 
contaminated land, 

� to reduce the pressure on green field land and to encourage the reuse of land that may have 
been subject to potentially contaminative uses, and 

� to seek to ensure a proportionate, manageable and economically sustainable approach to the 
cost burdens faced by individuals, companies and society as a whole.’ 

                                                      
4 Definition to be amended to “significant pollution of controlled waters is being caused or there is a significant 
possibility of such pollution being caused” under the Water Act 2003  
5 Environmental Protection Act 1990: Part 2A. Contaminated Land. DEFRA Circular 01/2006 
6 Guidance on the legal definition of contaminated land. DEFRA July 2008 
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The ‘suitable for use’ approach underlies these objectives, and is based on the principles of risk 
assessment, including the concept of the ‘pollutant linkage’. 
 
In the event that there are unacceptable levels of risk posed by a site, a remediation notice can be 
served under the contaminated land regime introduced under Part IIA of the Environmental Protection 
Act 1990.  
 
Regulation of Development on Land Affected by Contamination 
 
Management of risks from contamination in development of land is also regulated in the England 
under the Town and Country Planning Act 1990. Land contamination is a material planning 
consideration within this planning regime. The Local Planning Authority may impose conditions on the 
development during planning that include preliminary risk assessment, site investigation, risk 
assessment and remediation. The Environment Agency may use its role as a statutory consultee to 
provide the Local Planning Authority with advice. 
 
Assessment of risk is again based on the pollutant linkage concept. The aim of risk management in 
the development should be to render the land suitable for the proposed use and, therefore, to prevent 
consideration of The Site under Part IIA. 
 
ODPM Planning Policy Statement 23 (PPS23): Planning and Pollution Control and its Annex 2: 
Development on Land Affected by Contamination provides guidance on the relationship between 
development and the management of risks from land contamination caused by historical use. The 
Building Regulations 2000, made under the Building Act 1984, also require measures to be taken to 
protect new buildings and their occupants from the effects of contamination. Guidance on the 
requirements is provided in Approved Document C - Site preparation and resistance to contaminants 
and moisture, published by ODPM in 2004. 

Voluntary Remediation Action 
 
Voluntary remediation action on contamination resulting from historical activities can often anticipate 
future remediation requirements, such as through the Planning regime, and is encouraged (DEFRA, 
2006), especially where The Site is not being assessed under Part IIA. 
 
Environmental Damage 
 
The Environmental Damage (Prevention and Remediation) Regulations 2009 came into force on 1st 
March 2009 to implement EC Directive 2004/35 on environmental liability with regard to the 
prevention and remedying of environmental damage. 
 
These Regulations do not apply retrospectively; environmental damage that took place before the 
Regulations came into force (1st March 2009), or damage that takes place (or is likely to take place) 
after that date but is caused by an incident, event or emission that occurred before that date are 
exempt from the requirements of the Regulations. 
 
The Regulation is concerned with preventing environmental damage. It requires that all operators of 
activities that cause an imminent threat of environmental damage to take all reasonably practical 
steps to prevent the damage. Where damage has already been caused, the operator must take all 
reasonably practical steps to prevent further damage from occurring.  
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Non-statutory regulatory technical guidance documents 
 
The non-statutory regulatory technical guidance for England on the assessment of land 
contamination, primarily released as part of the Contaminated Land Exposure Assessment (CLEA) 
methodology (DEFRA and EA) has recently been updated. The following documents currently present 
guiding principles in investigating and assessing potentially contaminated land, which are generally 
adopted in considering sites within any of the legal frameworks discussed above, or when considering 
voluntary remediation action: 
 

� Investigation of potentially contaminated sites – Code of Practice (British Standard 10175: 
2001). 

� Contaminated Land Report CLR11 Model Procedures for the Management of Land 
Contamination. (DEFRA and EA, 2004).

� Human health toxicological assessment of contaminants in soil Environment Agency Science 
Report SC050021/SR2 (EA, 2009)

� Updated technical background to the CLEA model Environment Agency Science Report 
SC050021/SR3 (EA, 2009) 

� Compilation of Data for Priority Organic Pollutants for Derivation of Soil Guideline Values 
Environment Agency Science Report SC050021/SR7 (EA, 2008) 

� An ecological risk assessment framework for contaminants in soil. Environment Agency 
Science Report SC070009/SR1 and related reports S2a-e 

� Groundwater Protection: Policy and Practice, Environment Agency GP3 Parts 1-4 
� Remedial Targets Methodology: Hydrogeological Risk Assessment for Land Contamination 

(EA of England and Wales, 2006) developed in consultation with the Scottish Environment 
Protection Agency (SEPA) and the Northern Ireland Heritage and Environment Service.

� Assessing risks posed by hazardous ground gases to buildings Report C665 (CIRIA, 2007) 
� BS 8485:2007 Code of practice for the characterization and remediation from ground gas in 

affected developments(British Standards Institution, 2007) 
� Risk Based Corrective Action (RBCA) Methodology (ASTM designation E1739-95, E2081-

00). 
� DoE Industry Profiles 
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APPENDIX B 
ARCADIS’ Study Limitations 

 
IMPORTANT. This appendix should be read before reliance is placed on any of the 
information, opinions, advice, recommendations or conclusions contained in this report. 
 
1 This report has been prepared by 

ARCADIS (UK) Limited (‘ARCADIS’), with 
all reasonable skill, care and diligence 
within the terms of the Appointment and 
with the resources and manpower agreed 
with Esso Petroleum Company Limited 
(the ‘Client’). ARCADIS does not accept 
responsibility for any matters outside the 
agreed scope. 

 
2 This report has been prepared for the 

sole benefit of the Client unless agreed 
otherwise in writing.   

 
3 Unless stated otherwise, no consultations 

with authorities or funders or other 
interested third parties have been carried 
out. ARCADIS are unable to give 
categorical assurance that the findings 
will be accepted by these third parties as 
such bodies may have unpublished, more 
stringent objectives.  Further work may 
be required by these parties. 

 
4 All work carried out in preparing this 

report has used, and is based on, 
ARCADIS’ professional knowledge and 
understanding of current relevant 
legislation.  Changes in legislation or 
regulatory guidance may cause the 
opinion or advice contained in this report 
to become inappropriate or incorrect.  In 
giving opinions and advice, pending 
changes in legislation, of which 
ARCADIS is aware, have been 
considered.  Following delivery of the 
report, ARCADIS have no obligation to 
advise the Client or any other party of 
such changes or their repercussions. 

 
5 This report is only valid when used in its 

entirety. Any information or advice 
included in the report should not be relied 
upon until considered in the context of 
the whole report. 

 
6 Whilst this report and the opinions made 

are correct to the best of ARCADIS’ 
belief, ARCADIS cannot guarantee the 
accuracy or completeness of any 
information provided by third parties. 

7 This report has been prepared based on 
the information reasonably available 
during the project programme. All 
information relevant to the scope may not 
have been received. 

 
8 This report refers, within the limitations 

stated, to the condition of The Site at the 
time of the inspections. No warranty is 
given as to the possibility of changes in 
the condition of The Site since the time of 
the investigation. 

 
9 The content of this report represents the 

professional opinion of experienced 
environmental consultants. ARCADIS 
does not provide specialist legal or other 
professional advice.  The advice of other 
professionals may be required.  

 
10 Where intrusive investigation techniques 

have been employed they have been 
designed to provide a reasonable level of 
assurance on the conditions. Given the 
discrete nature of sampling, no 
investigation technique is capable of 
identifying all conditions present in all 
areas. In some cases the investigation is 
further limited by site operations, 
underground obstructions and above 
ground structures. Unless otherwise 
stated, areas beyond the boundary of 
The Site have not been investigated. 

 
11 If below ground intrusive investigations 

have been conducted as part of the 
scope, safe location of exploratory holes 
has been carried out with reference to the 
Esso Subsurface Clearance Procedure.  
No guarantee can be given that all 
services have been identified. Additional 
services, structures or other below 
ground obstructions, not indicated on the 
drawing, may be present on Site." 

 
12 Unless otherwise stated the report 

provides no comment on the nature of 
building materials, operational integrity of 
the facility or on any regulatory 
compliance issues. 
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Borehole Logs  



Borehole
Number

Site:

Client: Easting:

Scale

STRATA RECORD IN SITU TESTS / SAMPLES

WaterDepth LevelLegendDescription
(m) (mASD)

Location:

Project: Date:

Northing:

Method:

Ground Level (mASD):

Level

Remarks:

Well Diameter (mm):

Details
Well

Hole Diameter (mm):

Filter Material:

Key:

2 Craven Court, Newmarket, Suffolk CB8 7FA
Tel: +44(0)1638 674767
Fax: +44(0)1638 668191
www.arcadis-uk.com

Logged by:

Checked by:

Sample
Type

Sample
Depth (m)

D
B
U

Disturbed Sample
Bulk Sample
Undisturbed Sample

J Jar Sample
Water Strike
Standing Water Level

PPT
(kPa) Value

PID
(ppm)

PPT Pocket Penetrometer Test
PID Photoionisation Detector
SPT Standard Penetration Test

(Uncorrected)

SPT N

Simonside Service Station

Esso Petroleum
Company Ltd

93749.02

Newcastle Road, South Shields

16/02/2011
Vacuum Excavation / Percussive Sampling (Commacchio)

435230

564710

No groundwater encountered during drilling. Hole Diameter 300mm to
0.4m then 100mm to 6.0m. Groundwater resting at 3.10m bgl on
02/03/11.

98.44

Sand

300

50

CM

BH101

B Raine

0.08
0.14

0.45

6.00

98.36
98.30

97.99

92.44

D

D

D

D

D

D

1.00

1.25

2.50

3.50

4.50

5.50

<1

<1

<1

<1

<1

<1

MADE GROUND: Block paving

MADE GROUND: Light brown gravelly SAND.

MADE GROUND: Yellow brown sandy GRAVEL.
Gravel included some cobbles.

Stiff brown slightly gravelly CLAY. Gravel included
some cobbles.

Boulder at 0.8mbgl.

Very stiff at 1.5 mbgl.

Occasional coal fragments at 2.5mbgl.

End of Borehole at 6.00 m

1

2

3

4

5

6

7

1:40

Sheet 1 of 1



Borehole
Number

Site:

Client: Easting:

Scale

STRATA RECORD IN SITU TESTS / SAMPLES

WaterDepth LevelLegendDescription
(m) (mASD)
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Project: Date:

Northing:

Method:

Ground Level (mASD):

Level

Remarks:

Well Diameter (mm):

Details
Well

Hole Diameter (mm):

Filter Material:

Key:

2 Craven Court, Newmarket, Suffolk CB8 7FA
Tel: +44(0)1638 674767
Fax: +44(0)1638 668191
www.arcadis-uk.com

Logged by:

Checked by:

Sample
Type

Sample
Depth (m)

D
B
U

Disturbed Sample
Bulk Sample
Undisturbed Sample

J Jar Sample
Water Strike
Standing Water Level

PPT
(kPa) Value

PID
(ppm)

PPT Pocket Penetrometer Test
PID Photoionisation Detector
SPT Standard Penetration Test

(Uncorrected)

SPT N

Simonside Service Station

Esso Petroleum
Company Ltd

93749.02

Newcastle Road, South Shields

27/01/2011
Vacuum Excavation

435230

564710

Borehole terminated due to drilling refusal. Borehole backfilled and
made safe.

300

CM

BH101A

B Raine

0.08
0.11
0.30
0.40

1.00

D

D

0.40

0.90-1.00

4.8

130

MADE GROUND: Block paving

MADE GROUND: Brown medium to coarse SAND

MADE GROUND: Light brown medium to coarse
sandy GRAVEL. Gravel is angular to subrounded
quartz brick  concrete.

Yellow brown clayey sandy GRAVEL. Gravel included
some cobbles. Black staining and hydrocarbon odour
noted.

Yellow brown clayey sandy GRAVEL with cobble.
Black stained hydrocarbon odour . Black very clayey
GRAVEL  with some crushed clay pipe  with
occasional brick fragments. Lead pipe at 0.9m, steel
fragments at 1.0m. Borehole backfilled.

End of Borehole at 1.00 m

1

2

3

4

5

6

7

1:40

Sheet 1 of 1
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Site:

Client: Easting:

Scale

STRATA RECORD IN SITU TESTS / SAMPLES

WaterDepth LevelLegendDescription
(m) (mASD)

Location:

Project: Date:

Northing:

Method:

Ground Level (mASD):

Level

Remarks:

Well Diameter (mm):

Details
Well

Hole Diameter (mm):

Filter Material:

Key:

2 Craven Court, Newmarket, Suffolk CB8 7FA
Tel: +44(0)1638 674767
Fax: +44(0)1638 668191
www.arcadis-uk.com

Logged by:

Checked by:

Sample
Type

Sample
Depth (m)

D
B
U

Disturbed Sample
Bulk Sample
Undisturbed Sample

J Jar Sample
Water Strike
Standing Water Level

PPT
(kPa) Value

PID
(ppm)

PPT Pocket Penetrometer Test
PID Photoionisation Detector
SPT Standard Penetration Test

(Uncorrected)

SPT N

Simonside Service Station

Esso Petroleum
Company Ltd

93749.02

Newcastle Road, South Shields

27/01/2011
Vacuum Excavation / Percussive Sampling (Commacchio)

435230

564710

No obvious groundwater strike during drilling. Hole Diameter 300mm
to 0.7m then 100mm to 6.0m. Groundwater resting at 1.96m bgl on
02/03/11.

98.80

Sand

300

50

CM

BH102

B Raine

0.08
0.11
0.30
0.45

6.00

98.72
98.69
98.50
98.35

92.80

D

D

D

D

D

D

D

0.30-0.45

1.50

2.50

3.50

4.50

5.50

6.00

<1

<1

<1

<1

<1

<1

<1

MADE GROUND: Block paving

MADE GROUND: Brown medium to coarse SAND

MADE GROUND: Light brown, medium to coarse
sandy GRAVEL.  Gravel is angular to subrounded
quartz concrete and rare brick

MADE GROUND: Yellow brown slightly clayey sandy
GRAVEL with cobbles.

Firm to soft brown gravelly CLAY.

Poor sample recovery from 3.50 to 4.70 mbgl.

End of Borehole at 6.00 m
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2

3

4

5

6

7
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Borehole
Number

Site:

Client: Easting:

Scale

STRATA RECORD IN SITU TESTS / SAMPLES

WaterDepth LevelLegendDescription
(m) (mASD)

Location:

Project: Date:

Northing:

Method:

Ground Level (mASD):

Level

Remarks:

Well Diameter (mm):

Details
Well

Hole Diameter (mm):

Filter Material:

Key:

2 Craven Court, Newmarket, Suffolk CB8 7FA
Tel: +44(0)1638 674767
Fax: +44(0)1638 668191
www.arcadis-uk.com

Logged by:

Checked by:

Sample
Type

Sample
Depth (m)

D
B
U

Disturbed Sample
Bulk Sample
Undisturbed Sample

J Jar Sample
Water Strike
Standing Water Level

PPT
(kPa) Value

PID
(ppm)

PPT Pocket Penetrometer Test
PID Photoionisation Detector
SPT Standard Penetration Test

(Uncorrected)

SPT N

Simonside Service Station

Esso Petroleum
Company Ltd

93749.02

Newcastle Road, South Shields

13/02/2011
Vacuum Excavation / Percussive Sampling and Rock
Coring (Commacchio)

435230

564710

Groundwater strike at 0.4m bgl during vacuum excavation. Hole
Diameter 300mm to 4.0m then 100mm to 6.0m. Groundwater resting at
0.36m bgl on 02/03/11.

100.00

Sand

300

50

JF

BH104

B Raine

0.30

0.50

1.50

5.80

6.00

99.70

99.50

98.50

94.20

94.00

D

D

D

D

D

D

0.00-0.30

0.30-0.50

0.50-0.70

1.50-1.60

1.80-2.00

2.50-2.60

MADE GROUND: Soft to firm brown sandy CLAY with
some  roots

MADE GROUND: Yellow firm to coarse SAND.

Firm to stiff brown gravelly CLAY with occasional
cobble.  Gravel is fine to coarse, rounded.

Firm grey slightly gravelly CLAY.  Gravel is fine to
coarse, subangular to subrounded.

Firm grey gravelly CLAY.  Gravel is fine to coarse
with occasional sandstone cobbles.

End of Borehole at 6.00 m

1

2

3

4

5

6

7
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Borehole
Number

Site:

Client: Easting:

Scale

STRATA RECORD IN SITU TESTS / SAMPLES

WaterDepth LevelLegendDescription
(m) (mASD)

Location:

Project: Date:

Northing:

Method:

Ground Level (mASD):

Level

Remarks:

Well Diameter (mm):

Details
Well

Hole Diameter (mm):

Filter Material:

Key:

2 Craven Court, Newmarket, Suffolk CB8 7FA
Tel: +44(0)1638 674767
Fax: +44(0)1638 668191
www.arcadis-uk.com

Logged by:

Checked by:

Sample
Type

Sample
Depth (m)

D
B
U

Disturbed Sample
Bulk Sample
Undisturbed Sample

J Jar Sample
Water Strike
Standing Water Level

PPT
(kPa) Value

PID
(ppm)

PPT Pocket Penetrometer Test
PID Photoionisation Detector
SPT Standard Penetration Test

(Uncorrected)

SPT N

Simonside Service Station

Esso Petroleum
Company Ltd

93749.02

Newcastle Road, South Shields

27/01/2011
Vacuum Excavation / Percussive Sampling (Commacchio)

435230

564710

Groundwater strike at 0.78m bgl during vacuum excavation. Hole
Diameter 300mm to 3.0m then 100mm to 6.0m. Groundwater resting at
0.28m bgl on 02/03/11.

99.56

Sand

300

50

CM

BH105

B Raine

0.08
0.18

0.38

1.50

3.00

5.30

6.30

99.48
99.38

99.18

98.06

96.56

94.26

93.26

D
D

D

D

D

0.25-0.40
0.40-0.60

1.80-1.90

2.80-2.90

3.80-4.00

<1
<1

MADE GROUND: Bituminous surfacing

MADE GROUND: Concrete

MADE GROUND: Light brown yellow sandy
GRAVEL. Gravel is subangular to subrounded quartz
and brick.  Sand is medium to coarse.

Stiff brown slightly gravelly CLAY. Gravel included
some cobbles.

Firm to stiff grey slightly gravelly CLAY.

Firm to stiff grey gravelly CLAY. Gravel is fine to
coarse subrounded to subangular sandstone with
occasional coal fragments.

Firm to stiff grey gravelly CLAY. Gravel is medium
to coarse sandstone with occasional sandstone
cobbles.

End of Borehole at 6.30 m

1

2

3

4

5

6

7
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Borehole
Number

Site:

Client: Easting:

Scale

STRATA RECORD IN SITU TESTS / SAMPLES

WaterDepth LevelLegendDescription
(m) (mASD)

Location:

Project: Date:

Northing:

Method:

Ground Level (mASD):

Level

Remarks:

Well Diameter (mm):

Details
Well

Hole Diameter (mm):

Filter Material:

Key:

2 Craven Court, Newmarket, Suffolk CB8 7FA
Tel: +44(0)1638 674767
Fax: +44(0)1638 668191
www.arcadis-uk.com

Logged by:

Checked by:

Sample
Type

Sample
Depth (m)

D
B
U

Disturbed Sample
Bulk Sample
Undisturbed Sample

J Jar Sample
Water Strike
Standing Water Level

PPT
(kPa) Value

PID
(ppm)

PPT Pocket Penetrometer Test
PID Photoionisation Detector
SPT Standard Penetration Test

(Uncorrected)

SPT N

Simonside Service Station

Esso Petroleum
Company Ltd

93749.02

Newcastle Road, South Shields

27/01/2011
Vacuum Excavation / Percussive Sampling (Commacchio)

435230

564710

No groundwater encountered during drilling. Hole Diameter 300mm to
0.9m then 100mm to 6.0m. Groundwater resting in both shallow and
deep wells at 0.76m bgl on 22/03/11.

99.33

Sand

300

-

CM / GC

BH106

B Raine

0.08
0.10

0.60

0.90

6.00

99.25
99.23

98.73

98.43

93.33

D

D

D

D

D

D

D

0.20-0.60

0.60-0.80

1.00-1.25

2.00

3.00

4.00

5.50

<1

<1

<1

<1

<1

<1

D
SMADE GROUND: Block paving

MADE GROUND: Light brown medium to coarse
SAND.

MADE GROUND: Light brown yellow medium to
coarse sandy GRAVEL. Gravel is angular to
subrounded brick,  concrete and quartz.

MADE GROUND: Yellow brown sandy GRAVEL with
cobbles.

Stiff brown slightly gravelly CLAY. Gravel includes
some cobbles.

Cobbles encountered at 3.35mbgl.

Becoming very stiff from 4.00mbgl.

Cobbles encountered at 5.10mbgl.

End of Borehole at 6.00 m

1

2

3

4

5

6

7

1:40
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Appendix D 
Waste Disposal Documentation  
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APPENDIX D 
Waste Disposal Documentation 

 
Waste transfer documentation is provided on the following page.  Documentation from the receiver of 
the waste will be kept on file. 
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Appendix E 
Laboratory Chain of Custody Documentation (includes data for Land Adjacent to 
Simonside Service Station) 
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Laboratory Data Quality Assurance / Quality Control Policy  
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APPENDIX F 
Laboratory Data Quality Assurance / Quality Control Policy 

 
ARCADIS is committed to providing our clients and regulators with investigative or monitoring results 
that are of the highest standard within the confines of the project. We recognise that a report is only 
as good as the data that is used to draw conclusions and thus it is important that the consultant and 
the client be able to have full confidence in data provided by laboratories that we use for analysis. 
 
The first step in assuring said confidence is to ensure that our consultants on site are using 
appropriate sampling methodologies and are storing collected samples in the appropriate sample 
containers under correct conditions. 
 
All samples are shipped to the laboratory on day of collection in sealed cold boxes with a Chain of 
Custody attached. The Chain of Custody identifies ARCADIS as the client, the ARCADIS Project 
Number, the Consultant/Project Manager, the type of sample i.e. water or soil and the parameters to 
be tested. Samples boxes are either hand delivered to the laboratory, picked up directly by the 
laboratory or picked up by a courier sent by the laboratory. 
 
QA/QC of Laboratories 
 
ARCADIS has a preferred suppliers program, all services sub-contracted out, including laboratory 
services undergo an initial H&S and Financial Audit followed by a service specific audit. All contract 
laboratories are expected to have UKAS accreditation and use the MCERTs standard. 
 
The MCERTs accreditation was developed for the analysis of soils and is required by the EA for all 
sites that are within the regulatory process i.e. Part IIa designated contaminated land sites. For sites 
in which work is being undertaken Voluntarily or through Planning it is recommended that the analysis 
be conducted following the MCERTs standard. The MCERTs standard is an application of ISO 
17025:2000 specifically for the chemical testing of soil and covers: 
 
� the selection and validation of methods;  
� sampling pre-treatment and preparation;  
� the estimation of measurement uncertainty;  
� participation in proficiency testing schemes; and  
� the reporting of results and information. 
 
It is expected by ARCADIS that any laboratory used by ARCADIS for the analysis of samples should 
be working to the ISO17025:2000 standard, regardless of MCERTs accreditation. 
 
Once accepted as a potential supplier, a laboratory is subjected to an audit and a QA/QC review by 
the ARCADIS Analytical Assessment Team.  The audit is a detailed inspection of the laboratory, 
including review of staff and staff training, analytical methodologies used, QA/QC procedures and QA 
data and manuals, sample log in, sample storage and prep areas, instrument rooms and instrument 
maintenance logs, instrument run logs, laboratory management and laboratory hygiene.  Additionally, 
the laboratory is blind sample tested and the audit team follow the blind sample through the analysis 
process during an inspection visit.  Once finally accepted as a supplier the laboratory is subjected to 
an annual audit. 
 
Data quality control is extremely important to ARCADIS because we must be able to rely on the data 
in order to make our interpretations and recommendations. The data submitted by the laboratory are 
reviewed by an analytical chemist in order to check the laboratory QA results. However, we have also 
instituted our own quality control testing program using blind samples to monitor laboratory 
performance. This includes the submission of blind duplicates, trip blanks and or spiked samples to 
laboratories as part of routine project work and the submission of either certified reference materials 
or prepared QC samples to all of the laboratories for interlab comparison. This internal program helps 
us to increase the confidence of the data received from the laboratories. 
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APPENDIX G 
Rising Head Tests 

 
The aim of the rising head test is to determine an estimate for the hydraulic conductivity within the 
screened interval of a monitoring well. The estimated value for hydraulic conductivity in this unit will 
be used in determining parameter values in The Site specific risk assessment. 
 
Methodology 
 
In a rising head test, a small volume of water is suddenly removed from a well, after which the rate of 
rise of the water level in the well is measured. From these measurements, the aquifer’s transmissivity 
or hydraulic conductivity can be determined.  In the rising head tests it is only possible to determine 
the characteristics of a small volume of aquifer material surrounding the well, and this volume may 
have been disturbed during well installation.  Nevertheless some authors state that fairly accurate 
transmissivity values can be obtained from rising head tests. 
 
The methodology used at Simonside Service Station involved the removal of a full bailer of water 
using a bailer of known dimensions. The water level was measured using a dip meter and the 
difference in head between the static water level and the rising head of water calculated. 
 
The rising head tests were undertaken on monitoring wells BH104and BH106(D). 
 
Data Interpretation – Bouwer-Rice 
 
To determine the hydraulic conductivity of an unconfined aquifer from a rising head test, Bouwer and 
Rice (1976) presented a method that is based on Thiem’s equation. Using this methodology the data 
collected from the field is plotted on a graph showing natural logarithm of head versus time. The best-
fit line of this graph defines the head change at time zero (h0) and the head at an arbitrary time t (ht). 
From this data and the specific monitoring well parameters hydraulic conductivity is calculated.   
 
Field Rising Head Test Results 
 
Rising head tests were performed on monitoring wells during the monitoring visit, to provide an 
estimate of the hydraulic conductivity of the aquifer unit beneath The Site. The technique used was to 
remove a bailer of water from each well and monitor water level recovery using a dip meter. 
 
From this data the depths to water were calculated and combined with data on the physical properties 
of the well, calculations for the derivation of the value for hydraulic conductivities were calculated 
using Bouwer and Rice’s method for a partially penetrating well in an unconfined aquifer.   
 
The groundwater recharge within monitoring well BH104 occurred before the first measurement of 
groundwater depth was taken. Therefore it is considered that the majority of the recharge was missed 
in this monitoring well, and as such the hydraulic conductivity could not be calculated. 
 
The hydraulic conductivities estimated from the rising head tests conducted in monitoring well 
BH106(D) ranged between 0.11m/day and 0.12m/day. 
.
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Rising Head Tests
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937490203_01 / April 2011

Calculations using Bouwer & Rice assuming a partially penetrating well.

Well ID BH106(D) T1 BH106(D) T2 BH106(D) T3
Value from 

equation when t=0 -0.6706 -0.6726 -0.6636
h0 0.511401645 0.510379864 0.514994015

Value from 
equation at 
selected t -0.6731 -0.6754 -0.6664

ht 0.510124737 0.508952799 0.513554049
Selected t 1 1 1
1/t Ln h0/ht 0.0025 0.0028 0.0028

d 1.86 1.86 1.86
rw 0.05 0.05 0.05

d/rw 37.2 37.2 37.2
A 2.8 2.8 2.8
B 0.5 0.5 0.5
D 5.72 5.676 5.654
b 5.2 5.16 5.14

1.1/(ln(b/rw)) 0.236844836 0.237239284 0.237438154
A+B(ln((D-b)/rw)) 3.970902903 3.96704188 3.96510013

Ln Re/rw 2.910449507 2.907989511 2.906749724
rc

2
0.025 0.025 0.025

rc 0.000625 0.000625 0.000625
K (m/sec) 1.2E-06 1.4E-06 1.4E-06
K (m/day) 0.11 0.12 0.12

h0

d

t

rw

A

B

D

b

Re

rc
K Hydraulic Conductivity

Dimensionless parameter (function of 
d/rw)
Dimensionless parameter (function of 
d/rw)

Saturated aquifer thickness (m)

Water column in well before test 
commences (metres)
Radial distance over which the difference 
in head, h0, is dissipated in the aquifer
Radius of the well (metres)

Time (seconds)

Horizontal distance from well centre to 
undisturbed aquifer (metres)

Table G1 Rising Head Test Calculations

Head in the well at time t= t0 (m)
Length of the well screen or open section 
of the well (m)
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Appendix H 
Laboratory Certificate of Analysis (includes data for Land Adjacent to Simonside 
Service Station) 
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Unit 3 Deeside Point

Zone 3  

Deeside Industrial Park

Deeside

Arcadis UK Ltd

Attention :

Date :

Your reference :

Our reference :

Location :

Date samples received :

Status :

Issue : 1

Jones Environmental Laboratory

CH5 2UA

 

Tel:  +44 (0) 1244 833780

Fax:  +44 (0) 1244 833781

Barry Plane

2 Craven Court 
Newmarket 
Cambridge 
Cambridgeshire 
CB8 7FA

Four 1.4l Silco-Can samples were received for analysis on 3rd March 2011 which was completed on 7th March 2011.  The laboratory performed 
analysis via modified EPA method TO-15 using GC-MS. 

J W Farrell- Jones CChem FRSC
Chartered Chemist

7th March, 2011

93749.02

SIMONSIDE

3rd March, 2011

Final report

Test Report 11/2719 Batch 1

QF-PM 3.1 v3
Please include all sections of this report if it is reproduced

All solid results are expressed on a dry weight basis unless stated otherwise. 1 of 11



Client Name: Report : Gas

Reference:

Location:

Contact:
JE Job No.: 11/2719

J E Sample No. 1 2 3 4

Sample ID SG101 SG102 SG103 SG104

Depth

COC No / misc

Containers GC GC GC GC

Sample Date 01/03/2011 01/03/2011 01/03/2011 01/03/2011

Sample Type Gas Gas Gas Gas

Batch Number 1 1 1 1

Date of Receipt 03/03/2011 03/03/2011 03/03/2011 03/03/2011

Naphthalene see tab see tab see tab see tab <10 - <52 ppbv-ug/m3 TM068G

TPH CWG

Aliphatic >C4-C6 see tab see tab see tab see tab <10 - <33 ppbv-ug/m3 TM068G

Aliphatic >C6-C8 see tab see tab see tab see tab <10 - <41 ppbv-ug/m3 TM068G

Aliphatic >C8-C10 see tab see tab see tab see tab <10 - <53 ppbv-ug/m3 TM068G

Aliphatic >C10-C12 see tab see tab see tab see tab <10 - <65 ppbv-ug/m3 TM068G

Aromatic >C5-C7 (Benzene) see tab see tab see tab see tab <10 - <32 ppbv-ug/m3 TM068G

Aromatic >C7-C8 (Toluene) see tab see tab see tab see tab <10 - <38 ppbv-ug/m3 TM068G

Aromatic >C8-C10 see tab see tab see tab see tab <10 - <49 ppbv-ug/m3 TM068G

Aromatic >C10-C12 see tab see tab see tab see tab <10 - <53 ppbv-ug/m3 TM068G

LOD Units Method
No.

Jones Environmental Laboratory
Arcadis UK Ltd

93749.02

SIMONSIDE

Barry Plane

Please see attached notes for all 
abbreviations and acronyms

Please include all sections of this report if it is reproduced
All solid results are expressed on a dry weight basis unless stated otherwise. 2 of 11



Jones Environmental Laboratory

Simonside 01/03/11
SG101 03/03/11
~ 03/03/11
11-2719--1
Air
TM068G (Modified US EPA T015)

Initial Vaccum (inches of Hg) ~
Final Pressure (psi) ~
PID Reading (ppm) ~
Canister Serial number 267

Q - Qualifiers Key
B = Indicates analyte found in associated method blank MDL = Method Detection Limit

E = Indicates value exceeds calibration range RL = Reporting Limit
J = Indicates an estimated value # = UKAS Accredited
N = Indicates presumptive evidence of a compound
ND = Not detected

CAS No Molecular
Weight Compound Q Result RL MDL Result RL MDL

ppbv ppbv ppbv ug/m3 ug/m3 ug/m3

81 Aliphatic >C4-C6 <10 10 10 <33 33 33
100 Aliphatic >C6-C8 <10 10 10 <41 41 41
130 Aliphatic >C8-C10 <10 10 10 <53 53 53
160 Aliphatic >C10-C12 <10 10 10 <65 65 65

78.11 Aromatic >C5-C7 (Benzene) <10 10 10 <32 32 32
92.14 Aromatic >C7-C8 (Toluene) 49 10 10 185 38 38
120 Aromatic >C8-C10 13 10 10 64 49 49
130 Aromatic >C10-C12 35 10 10 186 53 53

91-20-3 128.17 Naphthalene <10 10 10 <52 52 52

Date Analysed:
Lab Sample ID:
Matrix:
Method:

Arcadis UK LtdClient Name:
Project: Date Sampled:
Client Sample ID: Date Received:
Depth:

Please include all sections of this report if it is reproduced 3 of 11



Jones Environmental Laboratory

Simonside 01/03/11
SG102 03/03/11
~ 03/03/11
11-2719--2
Air
TM068G (Modified US EPA T015)

Initial Vaccum (inches of Hg) ~
Final Pressure (psi) ~
PID Reading (ppm) ~
Canister Serial number 540

Q - Qualifiers Key
B = Indicates analyte found in associated method blank MDL = Method Detection Limit

E = Indicates value exceeds calibration range RL = Reporting Limit
J = Indicates an estimated value # = UKAS Accredited
N = Indicates presumptive evidence of a compound
ND = Not detected

CAS No Molecular
Weight Compound Q Result RL MDL Result RL MDL

ppbv ppbv ppbv ug/m3 ug/m3 ug/m3

81 Aliphatic >C4-C6 <10 10 10 <33 33 33
100 Aliphatic >C6-C8 <10 10 10 <41 41 41
130 Aliphatic >C8-C10 <10 10 10 <53 53 53
160 Aliphatic >C10-C12 <10 10 10 <65 65 65

78.11 Aromatic >C5-C7 (Benzene) <10 10 10 <32 32 32
92.14 Aromatic >C7-C8 (Toluene) 100 10 10 377 38 38
120 Aromatic >C8-C10 16 10 10 79 49 49
130 Aromatic >C10-C12 63 10 10 335 53 53

91-20-3 128.17 Naphthalene <10 10 10 <52 52 52

Date Analysed:
Lab Sample ID:
Matrix:
Method:

Arcadis UK LtdClient Name:
Project: Date Sampled:
Client Sample ID: Date Received:
Depth:

Please include all sections of this report if it is reproduced 4 of 11



Jones Environmental Laboratory

Simonside 01/03/11
SG103 03/03/11
~ 03/03/11
11-2719--3
Air
TM068G (Modified US EPA T015)

Initial Vaccum (inches of Hg) ~
Final Pressure (psi) ~
PID Reading (ppm) ~
Canister Serial number 261

Q - Qualifiers Key
B = Indicates analyte found in associated method blank MDL = Method Detection Limit

E = Indicates value exceeds calibration range RL = Reporting Limit
J = Indicates an estimated value # = UKAS Accredited
N = Indicates presumptive evidence of a compound
ND = Not detected

CAS No Molecular
Weight Compound Q Result RL MDL Result RL MDL

ppbv ppbv ppbv ug/m3 ug/m3 ug/m3

81 Aliphatic >C4-C6 <10 10 10 <33 33 33
100 Aliphatic >C6-C8 <10 10 10 <41 41 41
130 Aliphatic >C8-C10 <10 10 10 <53 53 53
160 Aliphatic >C10-C12 <10 10 10 <65 65 65

78.11 Aromatic >C5-C7 (Benzene) <10 10 10 <32 32 32
92.14 Aromatic >C7-C8 (Toluene) 100 10 10 377 38 38
120 Aromatic >C8-C10 20 10 10 98 49 49
130 Aromatic >C10-C12 45 10 10 239 53 53

91-20-3 128.17 Naphthalene <10 10 10 <52 52 52

Date Analysed:
Lab Sample ID:
Matrix:
Method:

Arcadis UK LtdClient Name:
Project: Date Sampled:
Client Sample ID: Date Received:
Depth:

Please include all sections of this report if it is reproduced 5 of 11



Jones Environmental Laboratory

Simonside 01/03/11
SG104 03/03/11
~ 03/03/11
11-2719--4
Air
TM068G (Modified US EPA T015)

Initial Vaccum (inches of Hg) ~
Final Pressure (psi) ~
PID Reading (ppm) ~
Canister Serial number 537

Q - Qualifiers Key
B = Indicates analyte found in associated method blank MDL = Method Detection Limit

E = Indicates value exceeds calibration range RL = Reporting Limit
J = Indicates an estimated value # = UKAS Accredited
N = Indicates presumptive evidence of a compound
ND = Not detected

CAS No Molecular
Weight Compound Q Result RL MDL Result RL MDL

ppbv ppbv ppbv ug/m3 ug/m3 ug/m3

81 Aliphatic >C4-C6 <10 10 10 <33 33 33
100 Aliphatic >C6-C8 <10 10 10 <41 41 41
130 Aliphatic >C8-C10 <10 10 10 <53 53 53
160 Aliphatic >C10-C12 <10 10 10 <65 65 65

78.11 Aromatic >C5-C7 (Benzene) <10 10 10 <32 32 32
92.14 Aromatic >C7-C8 (Toluene) 66 10 10 249 38 38
120 Aromatic >C8-C10 14 10 10 69 49 49
130 Aromatic >C10-C12 46 10 10 245 53 53

91-20-3 128.17 Naphthalene <10 10 10 <52 52 52

Date Analysed:
Lab Sample ID:
Matrix:
Method:

Arcadis UK LtdClient Name:
Project: Date Sampled:
Client Sample ID: Date Received:
Depth:

Please include all sections of this report if it is reproduced 6 of 11



Jones Environmental Laboratory

Simonside 01/03/11
SG101 03/03/11
~ 03/03/11
11-2719--1
Air
TM068G (Modified US EPA T015)

Initial Vaccum (inches of Hg) ~
Final Pressure (psi) ~
PID Reading (ppm) ~
Canister Serial number 267

Q - Qualifiers Key
B = Indicates analyte found in associated method blank MDL = Method Detection Limit

E = Indicates value exceeds calibration range RL = Reporting Limit
J = Indicates an estimated value # = UKAS Accredited
N = Indicates presumptive evidence of a compound
ND = Not detected

CAS No Molecular
Weight Compound Q Result RL MDL Result RL MDL

ppbv ppbv ppbv ug/m3 ug/m3 ug/m3

1634-04-4 88.15 Methyl tertiary butyl ether <1.5 1.5 1.5 <5.4 5.4 5.4
71-43-2 78.11 # Benzene <1.5 1.5 1.5 <4.8 4.8 4.8
108-88-3 92.13 # Toluene 49.4 1.5 1.5 186.1 5.7 5.7
100-41-4 106.16 # Ethylbenzene 2.6 1.5 1.5 11.3 6.5 6.5

106.17 # m&p – Xylenes 7.8 1.5 1.5 33.9 6.5 6.5
95-47-6 106.17 # o-Xylene 3.2 1.5 1.5 13.9 6.5 6.5

CAS No Surrogate Recoveries Run #1 Run #2 Limits

460-00-4 4-Bromofluorobenzene 97.41 65-128%

Date Analysed:
Lab Sample ID:
Matrix:
Method:

Arcadis UK LtdClient Name:
Project: Date Sampled:
Client Sample ID: Date Received:
Depth:

Please include all sections of this report if it is reproduced 7 of 11



Jones Environmental Laboratory

Simonside 01/03/11
SG102 03/03/11
~ 03/03/11
11-2719--2
Air
TM068G (Modified US EPA T015)

Initial Vaccum (inches of Hg) ~
Final Pressure (psi) ~
PID Reading (ppm) ~
Canister Serial number 540

Q - Qualifiers Key
B = Indicates analyte found in associated method blank MDL = Method Detection Limit

E = Indicates value exceeds calibration range RL = Reporting Limit
J = Indicates an estimated value # = UKAS Accredited
N = Indicates presumptive evidence of a compound
ND = Not detected

CAS No Molecular
Weight Compound Q Result RL MDL Result RL MDL

ppbv ppbv ppbv ug/m3 ug/m3 ug/m3

1634-04-4 88.15 Methyl tertiary butyl ether 82.1 1.5 1.5 296.0 5.4 5.4
71-43-2 78.11 # Benzene 2.8 1.5 1.5 8.9 4.8 4.8
108-88-3 92.13 # Toluene 99.5 1.5 1.5 374.9 5.7 5.7
100-41-4 106.16 # Ethylbenzene 2.8 1.5 1.5 12.2 6.5 6.5

106.17 # m&p – Xylenes 9.5 1.5 1.5 41.3 6.5 6.5
95-47-6 106.17 # o-Xylene 4.1 1.5 1.5 17.8 6.5 6.5

CAS No Surrogate Recoveries Run #1 Run #2 Limits

460-00-4 4-Bromofluorobenzene 98.84 65-128%

Date Analysed:
Lab Sample ID:
Matrix:
Method:

Arcadis UK LtdClient Name:
Project: Date Sampled:
Client Sample ID: Date Received:
Depth:

Please include all sections of this report if it is reproduced 8 of 11



Jones Environmental Laboratory

Simonside 01/03/11
SG103 03/03/11
~ 03/03/11
11-2719--3
Air
TM068G (Modified US EPA T015)

Initial Vaccum (inches of Hg) ~
Final Pressure (psi) ~
PID Reading (ppm) ~
Canister Serial number 261

Q - Qualifiers Key
B = Indicates analyte found in associated method blank MDL = Method Detection Limit

E = Indicates value exceeds calibration range RL = Reporting Limit
J = Indicates an estimated value # = UKAS Accredited
N = Indicates presumptive evidence of a compound
ND = Not detected

CAS No Molecular
Weight Compound Q Result RL MDL Result RL MDL

ppbv ppbv ppbv ug/m3 ug/m3 ug/m3

1634-04-4 88.15 Methyl tertiary butyl ether <1.5 1.5 1.5 <5.4 5.4 5.4
71-43-2 78.11 # Benzene <1.5 1.5 1.5 <4.8 4.8 4.8
108-88-3 92.13 # Toluene 100.5 1.5 1.5 378.7 5.7 5.7
100-41-4 106.16 # Ethylbenzene 3.0 1.5 1.5 13.0 6.5 6.5

106.17 # m&p – Xylenes 14.1 1.5 1.5 61.2 6.5 6.5
95-47-6 106.17 # o-Xylene 4.0 1.5 1.5 17.4 6.5 6.5

CAS No Surrogate Recoveries Run #1 Run #2 Limits

460-00-4 4-Bromofluorobenzene 108.26 65-128%

Date Analysed:
Lab Sample ID:
Matrix:
Method:

Arcadis UK LtdClient Name:
Project: Date Sampled:
Client Sample ID: Date Received:
Depth:

Please include all sections of this report if it is reproduced 9 of 11



Jones Environmental Laboratory

Simonside 01/03/11
SG104 03/03/11
~ 03/03/11
11-2719--4
Air
TM068G (Modified US EPA T015)

Initial Vaccum (inches of Hg) ~
Final Pressure (psi) ~
PID Reading (ppm) ~
Canister Serial number 537

Q - Qualifiers Key
B = Indicates analyte found in associated method blank MDL = Method Detection Limit

E = Indicates value exceeds calibration range RL = Reporting Limit
J = Indicates an estimated value # = UKAS Accredited
N = Indicates presumptive evidence of a compound
ND = Not detected

CAS No Molecular
Weight Compound Q Result RL MDL Result RL MDL

ppbv ppbv ppbv ug/m3 ug/m3 ug/m3

1634-04-4 88.15 Methyl tertiary butyl ether <1.5 1.5 1.5 <5.4 5.4 5.4
71-43-2 78.11 # Benzene <1.5 1.5 1.5 <4.8 4.8 4.8
108-88-3 92.13 # Toluene 66.0 1.5 1.5 248.7 5.7 5.7
100-41-4 106.16 # Ethylbenzene 2.4 1.5 1.5 10.4 6.5 6.5

106.17 # m&p – Xylenes 8.5 1.5 1.5 36.9 6.5 6.5
95-47-6 106.17 # o-Xylene 3.3 1.5 1.5 14.3 6.5 6.5

CAS No Surrogate Recoveries Run #1 Run #2 Limits

460-00-4 4-Bromofluorobenzene 100.54 65-128%

Date Analysed:
Lab Sample ID:
Matrix:
Method:

Arcadis UK LtdClient Name:
Project: Date Sampled:
Client Sample ID: Date Received:
Depth:

Please include all sections of this report if it is reproduced 10 of 11



DEVIATING SAMPLES

$   sample temperature on receipt considered inappropriate for analysis requested

^   samples exceeding recomended holding times

&   samples received in inappropriate containers (e.g. volatile samples not submitted in VOC jars/vials)

~    no sampling date given, unable to confirm if samples are with acceptable holding times

#  - UKAS accredited

NOTES TO ACCOMPANY ALL SCHEDULES AND REPORTS

Samples must be received in a condition appropriate to the requested analyses. All samples should be submitted to the 
laboratory in suitable containers with sufficient ice packs to sustain an appropriate temperature for the requested analysis. If this 
is not the case you will be informed and any analysis that may be compromised highlighted on your schedule/ report by the use of 
a symbol. 

ABBREVIATIONS and ACRONYMS USED

The use of any of the following symbols indicates that the sample was deviating and the test result may be unreliable:

ABBREVIATIONS d ACRONYMS USED

SFV Surrogate failure on Volatiles possibly due to matrix effect.

++  Result outside calibration range, results should be considered as indicative only and are not accredited.
SFE  Surrogate recovery failure, results not accredited.

+    Failed AQC  results should be considered as indicative only and are not accredited.

$   sample temperature on receipt considered inappropriate for analysis requested

^   samples exceeding recomended holding times

&   samples received in inappropriate containers (e.g. volatile samples not submitted in VOC jars/vials)

~    no sampling date given, unable to confirm if samples are with acceptable holding times

W - Results expressed on as received basis

 * - analysis subcontracted to a Jones Environmental approved laboratory.

NAD - No Asbestos Detected

#  - UKAS accredited

The use of any of the following symbols indicates that the sample was deviating and the test result may be unreliable:

SS - Calibrated against a single substance

ND - None Detected (usually refers to VOC and/SVOC TICs)

Samples must be received in a condition appropriate to the requested analyses. All samples should be submitted to the laboratory in suitable 
containers with sufficient ice packs to sustain an appropriate temperature for the requested analysis. If this is not the case you will be informed 
and any analysis that may be compromised highlighted on your schedule/ report by the use of a symbol. 

M - MCERTS accredited

QF-PM 3.1 v3
Please include all sections of this report if it is reproduced

All solid results are expressed on a dry weight basis unless stated otherwise. 11 of 11
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Appendix J 
Generic Assessment Criteria (GAC) for Continued Petroleum Use 



Environmental Site Assessment Report 
Simonside Service Station, South Shields 

937490203_01 / April 2011 

ARCADIS Generic Assessment Criteria for Soils – Continued Petroleum Use 

Petrol Filling Station 
Worker - Inhalation Neighbouring Resident Set 1 Set 2

mg/kg mg/kg mg/kg mg/kg

Benzene 652 1.2 1.40 0.056 0.002
Toluene 374 2100 ND 0.16 0.032
Ethylbenzene 201 487 ND 0.11 0.11
Xylenes 216 175 ND 0.17 0.058
MTBE 11,100 270 355 0.018 0.018
ETBE 3,500 12 40 0.019 0.019
TBA 235,000 3,060 1080 0.014 0.014

Aliphatic >C5-6 375 212 ND 2.6 0.53
Aliphatic>C6-8 112 285 ND 5.3 1.1
Aliphatic>C8-10 365 37 ND 22 4.3
Aliphatic>C10-12 18 144 ND ND ND
Aliphatic>C12-16 7.6 658 ND ND ND
Aliphatic>C16-35 2.6 NR NR ND ND
Aromatic >C5-C7 (as benzene) 652 1.2 1.40 0.056 0.002
Aromatic >C7-C8 (as toluene) 374 2100 ND 0.16 0.032
Aromatic >C8-10 224 51 144 0.9 0.18
Aromatic >C10-12 130 268 ND 1.3 0.26
Aromatic >C12-16 57 1,348 ND 2.6 0.52
Aromatic >C16-21 16 NR NR 8.1 1.6
Aromatic >C21-35 1.7 NR NR ND ND

Naphthalene 28 51 25 0.076 0.076
Acenaphthylene 96 2,838 ND - -
Acenaphthene 13 1.03E+04 ND - -
Fluorene 82 9.61E+04 ND - -
Phenanthrene 32 3.25E+05 ND - -
Anthracene 5.4 7.21E+05 ND - -
Fluoranthene 6.5 7.68E+04 ND - -
Pyrene 0.75 4.55E+05 ND - -
Benzo(a)anthracene 0.58 86 ND - -
Chrysene 0.15 4,657 ND - -
Benzo(b)fluoranthene 0.41 1,162 ND 0.026 0.026
Benzo(k)fluoranthene 0.23 1,733 ND 0.037 0.037
Benzo(a)pyrene 0.31 153 ND 0.91 0.013
Indeno(123cd)pyrene 0.021 997 ND 0.022 0.022
Dibenzo(ah)anthracene 0.001 93 ND - -
Benzo(ghi)perylene 0.006 1.0E+06 ND 0.11 0.11

Dichloroethane (1,1) 1610 9 50 0.0036 0.0036
Dichloroethane (1,2) 2160 0.034 0.063 0.013 0.004
Trichloroethane (111) 721 25 610 0.28 0.28
Tetrachloroethane (1122&1112) 1020 3.1 20 0.093 0.093
Dichloroethene (1,1) 196 1.2 34 0.075 0.075
Dichloroethene (cis 1,2) 2050 3.2 4.5 0.041 0.041
Dichloroethene (trans 1,2) 2050 6.4 9.1 0.041 0.041
Trichloroethene 724 0.40 4.8 0.013 0.013
Tetrachloroethene 183 4.9 95 0.021 0.021
Trichloromethane (chloroform) 2880 3.2 14 0.020 0.020
Vinyl Chloride (chloroethene) 1180 0.004 0.19 0.0011 0.0011
Chlorobenzene 279 33 206 0.33 0.33
Phenol 2.02E+04 9720 1700

Mercury (elemental) 1.47 0.4 1.03
Mercury (methylated) 36 214 ND

Notes:
For benzo(ghi)perylene, calculated GAC is 1.4E+08 mg/kg. The theoretical maximum concentration of 1.0E+06 mg/kg presented as GAC.
Italics

NR No appropriate inhalation reference dose identified during review of toxicological data
- No water quality standard identified as suitable for deriving generic assessment criteria
*

NVP Contaminant has only a low vapour pressure in soil
ND Results of modelling indicates pathway not considered to present a significant risk

In the absence of specific current guidance on the assessment of lead, a review of worldwide target levels was 
undertaken, with the value representing the typical mid-point (USEPA Region 9)

Compound Theoratical Soil 
Saturation Limit

Target exceeds theoretical soil saturation limit. Concentrations above the soil saturation limit may indicate the 
presence of separate phase in soil, but does not necessarily present a significant risk

Water ResourcesHuman Health - CPU

 

 



Environmental Site Assessment Report 
Simonside Service Station, South Shields 

937490203_01 / April 2011 

ARCADIS Generic Assessment Criteria for Groundwater – Continued Petroleum Use 

On-site Commercial 
Worker

Neighbouring 
Resident Set 1 Set 2

μg/l μg/l μg/l μg/l

Benzene 13,000 774 30 1
Toluene >SOL >SOL 50 10
Ethylbenzene >SOL 1.55E+05 20 20
Xylenes >SOL 4.1E+04 30 10
MTBE 5,500,000 3.1E+05 15 15
ETBE 490,000 2.7E+04 13 13
TBA 22,000,000 9.1E+05 12 12

Aliphatic >C5-6 >SOL >SOL 50 10
Aliphatic>C6-8 >SOL >SOL 50 10
Aliphatic>C8-10 >SOL >SOL 50 10
Aliphatic>C10-12 >SOL >SOL 50 10
Aliphatic>C12-16 >SOL >SOL 50 10
Aliphatic>C16-35 NR NR 50 10
Aromatic >C5-C7 (as benzene) 13,000 774 50 10
Aromatic >C7-C8 (as toluene) >SOL >SOL 50 10
Aromatic >C8-10 >SOL 8.5E+03 50 10
Aromatic >C10-12 >SOL 1.09E+04 50 10
Aromatic >C12-16 >SOL >SOL 50 10
Aromatic >C16-21 NR NR 50 10
Aromatic >C21-35 NR NR 50 10

Naphthalene >SOL 3.44E+03 10 10
Acenaphthylene >SOL >SOL - -
Acenaphthene >SOL >SOL - -
Fluorene >SOL >SOL - -
Phenanthrene >SOL >SOL - -
Anthracene >SOL >SOL - -
Fluoranthene >SOL >SOL - -
Pyrene >SOL >SOL - -
Benzo(a)anthracene >SOL >SOL - -
Chrysene >SOL >SOL - -
Benzo(b)fluoranthene >SOL >SOL 0.025 0.025
Benzo(k)fluoranthene >SOL >SOL 0.025 0.025
Benzo(a)pyrene >SOL >SOL 0.7 0.01
Indeno(123cd)pyrene >SOL >SOL 0.025 0.025
Dibenzo(ah)anthracene >SOL >SOL - -
Benzo(ghi)perylene >SOL >SOL 0.025 0.025

Dichloroethane (1,1) 560,000 34,000 2.4 2.4
Dichloroethane (1,2) 860 51 10 3
Trichloroethane (111) >SOL 220,000 100 100
Tetrachloroethane (1122&1112) 43,000 4,800 20 20
Dichloroethene (1,1) 200,000 14,000 30 30
Dichloroethene (cis 1,2) 46,000 2,800
Dichloroethene (trans 1,2) 93,000 5,700
Trichloroethene 31,000 1,800
Tetrachloroethene >SOL 23,000
Trichloromethane (chloroform) 150,000 8,400 12 12
Vinyl Chloride (chloroethene) 1,300 93 0.5 0.5
Chlorobenzene >SOL 58,000 90 90
Phenol >SOL 912,000

Mercury (elemental) >SOL 7
Mercury (methylated) >SOL 23

Notes:
>SOL Target acceptable risk not exceeded at theoretical solubility concentration
NR No appropriate inhalation reference dose identified during review of toxicological data
- No water quality standard identified as suitable for deriving generic assessment criteria

10

50

10

Compound

Human Health - CPU Water Resources

50
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Appendix K 
Soil Gas Quantitative Assessment – Methodology 
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APPENDIX K 
 Soil Gas Quantitative Assessment – Methodology 

 
The quantitative soil gas assessment has been undertaken using site-specific information, where 
available, to determine whether the measured concentrations of CoC in soil gas measured beneath 
The Site present potentially unacceptable risks to the identified receptors. 
 
Non-statutory Regulatory Technical Guidance 
 
The following documents, which have been consulted in undertaking this assessment, present guiding 
principles in assessing potentially contaminated land: 
 
General 

� Model Procedures for the Management of Land Contamination, DEFRA & Environment 
Agency (R&D Publication CLR 11). 

 
Human Health 

� Scotland and Northern Ireland Forum for Environmental Research Methodology 
(SNIFFER, 2003), 

� Human health toxicological assessment of contaminants in soil. Environment Agency 
Science Report SC050021/SR2 (EA, 2009a), 

� Updated technical background to the CLEA model. Environment Agency Science Report 
SC050021/SR3 (EA, 2009b), 

� Compilation of data for priority organic pollutants for derivation of Soil Guideline Values. 
Environment Agency Science Report SC050021/SR7 (EA, 2008). 

 
Calculating Hazard Indices 
 
In order to derive human health hazard indices, an assessment of the level of human exposure to the 
CoC is undertaken, deriving a predicted daily average intake for each exposure pathway assessed. 
The predicted average daily intake is compared to an acceptable daily intake, or a health criteria 
value. This ratio of exposure to toxicity is defined as a Hazard Index, and for an individual chemical 
and exposure pathway: 
 
HIij = ADEij / TDSIij (Threshold Compounds) 
HIij = ADEij / IDij (Non-Threshold Compounds) 
 
HIij Hazard index for chemical i, exposure pathway j. 
ADEij Average daily intake for chemical i, exposure pathway j. 
TDSI or IDij Reference dose for chemical i, exposure pathway j. 
 
Hazard indices above 1.0 indicate the potential for adverse health effects and suggest the need to 
undertake a further level of investigation or action. 
 
Modelling Tools 
 
There are a number of modelling tools that have been developed to help quantify the potential risk 
posed to human health receptors, and can be adapted to incorporate the guidance presented within 
the Scotland and Northern Ireland Forum for Environmental Research (SNIFFER) and Environment 
Agency (EA) guidance on assessing potential chronic health effects from humans affected by land 
contamination. These include:  

SNIFFER v.1.02 
This excel-based modelling tool was developed by the Scotland and Northern Ireland Forum for 
Environmental Research in 2003, and implements the guidance presented within the “Method for 
Deriving Site Specific Human Health Assessment Criteria for Contaminants in Soil” (SNIFFER, 2003).  
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Since the Environment Agency of England and Wales released the updated guidance as part of the 
CLEA methodology in January 2009, the assumptions inherent within the SNIFFER model mean that 
it is less easy to adapt to the UK methodology for assessing land contamination. However, SNIFFER 
does not model vapour intrusion and vapour emission using appropriate sub-models – which are 
pathways of concern. 

CLEA 1.06 
Released as the latest version of the CLEA model in October 2009, Contaminated Land Exposure 
Assessment (CLEA) version 1.06 enables quantification of levels and calculation of SSAC for CoC 
present in soils beneath a site. It can also estimate the risk from measured concentrations from 
additional source media, including soil gas. The model is deterministic. 

RISC v.4 
Risk Integrated Software for Clean-ups (RISC - version 4) is a proprietary modelling tool. Although 
originally based on the Risk Based Corrective Action (RBCA) methodology (ASTM International 
(ASTM) Designation E1739-95 and E2081-00), its flexibility allows it, in part, to be adapted to 
implement the guidance published by the Environment Agency. The tool can be used to model on-site 
exposure to a range of source media, including groundwater. The vapour migration pathway to indoor 
air is assessed via the Johnson and Ettinger sub-model, as recommended by the CLEA methodology.  
It is noted that the vapour migration pathway to indoor air from groundwater considers contaminant 
transport via diffusion, but does not include the potential effects of advection. This is based on the 
assumption that capillary fringe diffusion resistance dominates the problem. 

RBCA v.2.5 
Risk Based Corrective Action Toolkit for Chemical Releases (RBCA – version 2.5) is a second 
proprietary modelling tool that incorporates the Risk Based Corrective Action (RBCA) methodology. It 
can be adapted to an extent to implement the guidance published by the Environment Agency, and 
the vapour migration pathway to indoor air is assessed via the Johnson and Ettinger sub-model, as 
recommended by the CLEA methodology. However the model compares the predicted air 
concentration to a defined acceptable air concentration, rather than calculating a dose and comparing 
to a tolerable daily soil intake for inhalation pathways. This requires alteration of the exposure 
duration within the model to ensure that the assumptions inherent in the CLEA methodology are 
incorporated into the assessment of the vapour migration pathways. 
 
For the purposes of this assessment, CLEA 1.06 has been adopted as a suitable modelling tool to 
assess the potential risks to human health receptors from soil gas. 
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Appendix L 
Soil Gas Quantitative Assessment – Chemical and Toxicological Input Parameters 
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Appendix M 
Soil Gas Quantitative Assessment – Physical and Building Input Parameters 
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Appendix N 
Soil Gas Quantitative Assessment – Human Health Exposure Input Parameters 
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Appendix O 
Soil Gas Quantitative Assessment – CLEA Model Output 
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