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EXECUTIVE SUMMARY 
 

Site Address Land Off, Watery Road, Wrexham, LL13 7SY (nearest) 

Grid Reference E332890, N350391 

Site Area 1.10 ha 

Current Site Use 

The wider site is divided into two halves.  The eastern sector has been 
developed into a vehicle maintenance garage (Kwik Fit). 
 
The western half is currently undeveloped. 
 

Environmental 
Setting 

The site is underlain by minor aquifers (drift and solid). 
 
A process ground water abstraction is located at between 324m and 328m 
north west of the site boundary.   
 
The north of the site is located within an EA defined Zone 3 flood plain. 

Site History 

Historical maps indicate that the site was occupied by a Mill until ca. 1967 
when the main building was demolished and the outbuildings retained.  The 
site use changed at that time to a Works (oil compound).  A former reservoir 
and well are located onsite; however they have been partially backfilled with 
various materials including (full) steel oil drum containers. 
 
The eastern sector of the site has been subsequently developed for a 
commercial (motor vehicle maintenance) use post 2008.  
 

Hazardous 
Installations and 
Development 
Constraints 

The backfilled reservoir is noted to contain some steel oil drum containers, the 
integrity of which is unknown.  The well in the northern sector has been loosely 
backfilled and may require further investigation/assessment. 
 

Landfill Sites & 
Ground Gases 

A backfilled reservoir has been identified on site and has been designated as 
a significant source of hazardous ground gases which could impact receptors 
within the proposed development. 
 
Offsite, railway embankments to the west and north are also considered to be 
potential sources of hazardous ground gas. 
 

Radon 
In an area where 5%-10% homes above action limit – Basic radon protection 
measures required. 
 

Geology, 
Hydrology & 
Hydrogeology 

Drift – Northern – Alluvium (clay, silt, sand and gravel), Southern – 
Glaciofluvial (sand and gravel) 
Bedrock – Etruria Formation, Mudstone 
Groundwater – Minor Aquifer 
Flood Risk – Zone 3. 
Compressible Ground and Subsidence Hazards – No hazard.  
 

Coal Mining / 
Land Stability 

Site is located within a coal mining area.  A Coal Authority report indicates that 
the site is in the likely zone of influence from 1 worked seam at 330m depth 
last worked ca. 1900.  
 
A review of geological mapping confirms that there are no recorded coal 
seams dipping below the site at such an angle so as to pose a risk to surface 
deformation from any collapse. 
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Intrusive Ground Investigation 

Ground 
Conditions 

Made Ground 
 
Generally comprised of gravelly sand with some cobbles to a maximum 
proven depth of 5.70m bgl. 
 
Drift 
 
Comprised of very soft low strength gravely CLAY underlain by gravelly SAND 
(WS104) and loose gravelly SAND underlain by firm medium strength gravelly 
CLAY in WS105.  
 
Solid Geology 
 
No solid geological formations were encountered. 
 
Ground Water 
 
A single groundwater strike was observed within WS105 at 3.80m bgl and was 
noted to be a slow seepage 
 
Permeability Characteristics 
 
Low – Encia Consulting Report (7344/1) noted an infiltration rate of 0.26m/day 
 
Topography variances 
 
The ground topography is slopes from south to north where a cut along the 
northern boundary of circa 4.0m exists. 

Contaminated Land Risk Assessment 

Human Health 

Elevated concentrations of hydrocarbon compounds (C16-C35) and inorganic 
heavy metals have been identified in during the previous Geo Environmental 
investigations.  The placement of a 600mm cover system in soft landscaped 
areas including POS and gardens will remove any viable exposure pathway 
associated with the constituents of concern. 
 

Controlled Waters 

REC identified exceedances of both the UK DWS and freshwater EQS values 
for the sum of 4 PAHs, Naphthalene, Benzo(a)Pyrene and TPH C21-C35. 
 
It is noted that the exceedances of the compounds (with the exception of C21-
C35) are due to the level of detection being above the Tier I guideline value not 
actual detectable exceedances. 
 

Ground Gas  

The ground gas assessment indicates a low risk (Characterisation Situation 2) 
to future site users.  This is based on a preliminary assessment; the final 
classification will be submitted as an addendum to this report. 
 

Potable Water 
Infrastructure 

It is likely that the identified compounds would indicate that barrier pipe would 
be the most likely material type for potable water infrastructure.  

Detailed Quantitative Risk Assessment 

Detailed 
Quantitative Risk 
Assessment 

The Detailed Quantitative Risk Assessment (DQRA) has concluded that a 
steady state system will occur prior to the compounds reaching the Culvert of 
River Gwenfro (50m) where natural attenuation has degraded the compounds 
to below the conservative former Drinking Water Standards for hydrocarbon 
compounds (<10ug/l). 
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Geotechnical Assessment 

Underground 
Obstructions 

Near surface obstructions were encountered during the site investigation and it 
is also possible that there exists a significant base to the backfilled reservoir. 

Allowable Bearing 
Capacity 

Bearing capacities in the order of between 50kN/m2 to 100kN/m2 at between 
1.00m and 2.00m bgl. 

Foundation 
Options 

Shallow strip foundations with vibro granular columns for the low rise and 2.5 
storey residential units.   

Soak-away 
Drainage 

The underlying strata is of low permeability and it is not considered viable to 
discharge surface water to soak away. 

Sulphate 
Assessment 

DS1- AC1s. 

Waste 
Classification 

It is likely that the material excavated from the former reservoir will be 
classified as hazardous.  Where possible, this material should be treated 
onsite.  
 
Foundation arisings from the remainder of the site are likely to be classified as 
inert. 

Revised Conceptual Site Model (RCSM) 

The Tier I Human Health Risk Assessment has identified concentrations of constituents of concern 
that exceed the Tier I screening values for the protection of human health.  However the exposure 
pathways identified could be mitigated against with the installation of a 800mm cover system in the 
areas of retained Made Ground. 
 
The DQRA concluded that there is no risk to the River Gwenfro at the compliance point of 50m from 
the site.  
 
The ground gas assessment indicates a low risk to future site users. 

Remediation Strategy 

A programme of site wide remediation and enabling works has been completed to remove all 
historical obstructions and manage materials in such a manner so as to facilitate re-engineering 
beneath plots for vibro replacement by stone column to support a shallow reinforced strip foundation.  
 
Site remediation works will be required to remove separate phase hydrocarbon impacted soils (within 
former reservoir) and any other potentially hazardous materials that are unsuitable for retention 
within the proposed residential development. 
 
Extensive validation testing of made ground will be completed to demonstrate that all material that is 
retained on-site is suitable for use and poses no unacceptable level of long term risk to the identified 
receptors. 
 
Geotechnically unsuitable material should be treated on-site to ensure suitability for re-use.  
 
Chemically suitable sub soil and topsoil will be required within all areas of gardens and POS, this 
would comprise of 650mm sub soil and 150mm topsoil.  This material could be site derived through a 
soil inversion during the enabling works, or alternatively could be imported during construction phase. 
 
A materials management plan should be devised for the site to ensure that the backfilled reservoir 
can be remediated in a regulatory complainant manner.  REC would recommend that a watching 
brief be undertaken during the site works for any olfactory evidence of hydrocarbon impact in areas 
of the site which may not have previously been assessed. 
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1.0 INTRODUCTION 
 
1.1 Background 
 
Resource and Environmental Consultants (REC) Ltd have been commissioned by Bellway 
Homes (North West) to undertake a supplementary Geo Environmental Investigation at the 
subject site off Watery Road, Wrexham.  This comprised a detailed review of all third party 
reports, regulatory comments and the undertaking additional ground investigation, 
specifically addressing the outstanding issues previously raised by the regulatory authorities.  

The scope of the ground investigation works comprised seven probeholes with five being 
completed as environmental monitoring installations.  Subsequent chemical testing, a 
detailed quantitative risk assessment of the risk to controlled waters and a geotechnical 
reappraisal of the site was also undertaken 
 
1.2 Proposed Development 
 
Bellway Homes intend to construct 36 no residential units across the site with associated 
adoptable highways and service infrastructure.  REC has been provided with a proposed 
development plan which is reproduced at drawing 44391p2/002 in Appendix III. 

1.3 Objectives 
 
The objectives of the Geo Environmental investigation are to: 
 

• Reappraisal of all previous third party reports; 

• Factual information on the work undertaken, including desk study information, sampling 
location plans and probehole logs; 

• A conceptual model identifying potential risks from ground gas/soil/made ground and 
groundwater contamination; 

• Factual and interpretative information relating to the site investigation, chemical testing, 
and provide preliminary recommendations on the most appropriate foundation options;  

• A Tier 1 (qualitative) risk assessment; this will compare the concentrations of potential 
ground gas/soil contaminants identified against current and appropriate published 
guidelines, in relation to identified receptors, e.g. existing/ future end users and site 
neighbours; 

• A Detailed Quantitative Risk Assessment for both Controlled Waters and Human Health, 
taking into consideration previous WCBC comments of input criteria; and, 

• Updated Remediation Strategy for the site. 
 
1.4 Limitations 
 
The limitations of this report are presented in Appendix I. 
 
1.5 Confidentiality 
 
REC has prepared this report solely for the use of the Client and those parties with whom a 
warranty agreement has been executed, or with whom an assignment has been agreed. 
Should any third party wish to use or rely upon the contents of the report, written approval 
must be sought from REC; a charge may be levied against such approval. 
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2.0 SUMMARY OF PREVIOUS REPORTS 
 
Three previous Site Investigation reports, one DQRA and one Remediation Strategy were 
provided to REC to review as part of the site re-assessment works, these included: 
 

• Environmental Advice Centre ltd Report reference J964/V1/07.2005 (dated February 
2005); 

• Ove Arup and Partners ltd Geotechnical Report reference 116147 (dated September 
2005);  

• Encia Consulting Ltd, Geo-Environmental Appraisal reference 7344/1 (dated March 
2008); 

• Encia Consulting Ltd, Quantitative Risk Assessment reference 7344/2 (dated April 2008); 
and, 

• Encia Consulting Ltd Remediation Strategy reference 7344/3 (dated June 2008). 
 
The salient features of each report are highlighted and discussed below. 
 
2.1 Environmental Advice Centre Report (J964/V1/07.2005) 
 

• Groundwater sampling has indicated localised contamination by petroleum hydrocarbons 
and ammonia.  Risk assessment concluded that no immediate risk is posed to human 
health via groundwater or surface water quality within the River Gwenfro which is 
afforded protection from groundwater ingress as it flows within a twin box concrete 
culvert of high integrity.  There is no evidence that groundwater is migrating off site;  

• Within the site, the presence of hydrocarbon contamination in groundwater correlates 
with the presence of hydrocarbon contaminated soils and drums/vessels containing 
residual hydrocarbon product within the Made Ground; 

• In addition to the management of groundwater contamination, hydrocarbon 
contamination of soils also requires remediation to manage the risk related to the dermal 
contact and ingestion of soils and volatilisation to indoor air exposure pathways; and, 

• The site is within a flood plain. 
 
2.2 Ove Arup Report (116147) 
 

• The site has been historically occupied by Cobden Corn Mill since the early 1900’s and 
since the 1960’s it has been used as a storage area by the Carlsberg Tetley Brewery.  
The buildings associated with the mill have been demolished.  The demolition material is 
generally loose and voided and therefore, it will required re-compaction to a minimum 
depth of 2.0m below the final formation level prior to any construction works; 

• Some drums and vessels containing residual hydrocarbon product were encountered; 
and 

• For typical one to two storey structures it is likely that raft foundations will be suitable if 
some improvement of the existing fill is carried out.  For multi storey structures it is likely 
that pile foundations will be required. 
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2.3 Encia Consulting Ltd – Geo-Environmental Appraisal (7344/1) 
 

• Deep deposits of variable Made Ground, ash and clinker, brick rubble and cohesive 
deposits in excess of 5.0m in the western sector of the site.  Typically 2.0m in the 
eastern sector; 

• Historically the western sector of the site is thought to have been operated as an oil 
compound, used for the storage and blending of oils; 

• Natural drift deposits generally comprised interbedded sand and gravel with clay lenses; 

• Ten soil samples contained elevated hydrocarbon impact and were located primarily 
around the periphery of the former reservoir; 

• Perched water within the former reservoir was identified dissolved concentrations of 
hydrocarbons and PAH’s; 

• Groundwater encountered within the underlying sand and gravel (minor Aquifer) have 
been shown to contain localised slightly elevated PAH’s including Benzo(a)Pyrene; 

• No significant inorganic contamination has been identified within either the perched 
water of the underlying sand and gravel Aquifer; 

• It is recommended that excavation of the former reservoir area is undertaken and all 
barrels and free product encountered are removed;  

• A DQRA maybe able to ascertain if hydrocarbon impacted soils can remain on site and 
assess the risk to controlled waters or human health; and, 

• Basic Radon protection measures are required. 
 
2.4 Encia Consulting Ltd - Quantitative Risk Assessment (7344/2) 
 

• Using concentrations calculated for the 300m compliance point the following TPH 
fractions encountered upon the site exceed the required clean up criteria: 

� Aromatic: C10-C12, C12,C16, C16-C21 and C21-C35; and, 

� PAH’s: Benzo(b)fluoranthene and Benzo(k)flouranthene. 

• Encia consider that due to the predominantly heavy nature of the hydrocarbon 
contamination, the remedial target concentrations calculated are not achievable by 
conventional BATNEEC techniques (bio-remediation etc).  Therefore Encia consider that 
consultations should be undertaken with the Environment Agency at the earliest possible 
opportunity to address this issue. 

 
2.5 Encia Consulting Ltd - Remediation Strategy (7344/3) 
 

• General site clearance of surface materials and vegetation; 

• Break up of slabs and hardstanding; 

• Removal of hydrocarbon impacted soils, barrels and free product materials from the 
Made Ground in the former reservoir area in the west of the site; 

• Crushing of all suitable artificial hard material (i.e. concrete/brick etc.); 

• Removal of localised fuel/oil contamination over the remainder of the site; with 
subsequent treatment and/or off-site disposal; 

• Removal of below ground obstructions; 
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• Preparation of the ground for highway construction; 

• Turnover (excavation, screening and replacement in engineered layers, with nominal 
compaction) of the full thickness of Made Ground; 

• Treatment of the former well; 

• Backfill of all resultant excavations, with nominal compaction; 

• Treatment of hydrocarbon impacted soil by ex-situ on-sit bioremediation, for subsequent 
re-use on site if feasible; 

• Re-grade of site levels specified by Bellway Homes Ltd; 

• Excavation of up to a maximum depth of 2.0m beneath proposed adoptable road 
footprints and controlled re-engineering of selected materials in layers to approximately 
650mm below final road levels; 

• Spreading and compaction of 6F2 graded hard material to provide a ‘running surface’ 
over the entire site; and, 

• Provision of a minimum 600mm thick cover layer of ‘clean’ soils in all garden and 
landscaped areas, or 1000mm where ash and clinker deposits remain at the surface of 
the site. 

 
2.6 Regulatory Response 
 
REC has been provided with Wrexham County Borough Council’s (WCBC) response 
(SLI/P/2008/0448 dated 17th April 2009) to the Encia reports, the salient findings of which 
are produced below: 
 

• Generally the number of sample locations and types of investigation used are 
appropriate for the assessment however the eastern half of the site would benefit from 
slightly greater coverage. Additional sampling of the eastern section is required; 

• Additional sampling of organic determinants in the east and the south of western half is 
required; 

• VOCs were identified as a contaminant of concern (organic solvents) within the 
preliminary risk assessment however the water samples were not analysed for VOCs; 

• In terms of human health the reassessment of the non-volatile compounds is considered 
unwarranted in the context of the proposed remediation strategy; 

• The depth of the cover system over the made ground in proposed garden areas is 
600mm, WCBC requires a cover system of between 800 to 1000mm; 

• Re-assessment of the DQRA is required, soil permeability rate not acceptable; 

• Conclusion of the ground gas monitoring is required; 

• Assessment required of wider hydrocarbon impact across the site not just the former 
reservoir; and, 

• The more down gradient boreholes appear to be free of hydrocarbon concentrations. 
 
2.7 REC Ltd Initial Conceptual Site Model (ICSM) 
 
REC has reviewed the available historical mapping and the previous initial conceptual site 
models to compile an up to date Initial Conceptual Site Model. 
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In accordance with Environment Agency, CLR 11 (2004) and BSI 10175 (Code of Practice 
for Investigation of Potentially Contaminated Land), REC Ltd have developed an initial CSM 
to identify potential contamination sources, migration pathways and receptors within the 
study area. 
 
2.7.1 Contaminant Sources 
 
On-site Potential Sources 
 
REC has identified the following on-site potential sources of contamination; 
 

• The demolition of the Mill buildings in between the 1930s and 1960s may have led to the 
underlying Made Ground becoming impacted with inorganic and organic compounds; 

• The historic backfilling of the former reservoir with materials such as steel drums and 
other nonspecific materials is a potential source of Polycyclic Aromatic Hydrocarbons 
(PAH) and Total Petroleum Hydrocarbons (TPH) compounds;  

• The former site use as an oil storage depot is a potential source of TPH and Volatile 
Organic Compounds (VOCs);  

• Previous Encia Assessments identified TPH, Inorganic Compounds and Organic 
Solvents; and, 

• The backfilled reservoir and (possibly canalised) stream in the northern is also a potential 
source of ground gas. 

 
Off-site Potential Sources 
 
REC has identified the following on-site potential sources of contamination; 
 

• Historical railway lines to the north and west of the site are potential sources of ground 
gas and PAH and TPH impact; and, 

• Historical land uses within 250m of the site include a tannery and brewery, however 
these are noted to be down hydraulic gradient of the site and it is not considered that 
they are a plausible risk to the site and as such have been discounted. 

 
2.7.2 Potential Pathways 
 
Receptors may be potentially at risk from any on site contamination via the following 
pathways: 
 

• Migration of mobile contaminants on or off site via services, sewers and manmade 
conduits; 

• Direct contact, ingestion and inhalation of contaminants on site; 

• Migration of contaminated dusts during earthworks; 

• Migration of mobile contaminants into groundwater and transport into surface waters; 

• Migration of mobile contaminants directly into the surface waters; 

• Migration of hazardous gases; 

• Uptake of toxins/phytotoxins by plants; and  

• Consumption of contaminated potable waters. 
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2.7.3 Potential Receptors 
 
Human receptors include: 
 
1. Site investigation and construction workers during the redevelopment of the site from 

hazardous short term exposure;  

2. Future users of the site and buildings; and,  

3. Users of adjacent areas due to off site migration of gases, vapours or contaminated dust.  
 

Controlled Waters 
 
Groundwater  
 
The site is indicated to be underlain by alluvium and glaciofluvial deposits in the form of 
sands and gravels.  The underlying drift geology is considered by the EA to be a Secondary 
A Aquifer.  The previous investigation only recorded low levels of PAH and TPH 
contamination within the groundwater.   
 
Surface Waters 
 
The nearest local surface water body (River Gwenfro) is located in the 40m north of the site.     
 

Ecological Sites / Ecosystems  

 
No areas of local ecological importance have been identified within the immediate vicinity of 
the site in the Groundsure Report.  As no potential receptors are located in the vicinity of the 
site no pollutant linkages are considered to be present. 
 
Buildings, Foundations and Services 
 
Future redevelopment of the site will include the construction of new foundations.  Elevated 
sulphate concentrations could affect the integrity of buried concrete structures.  Services 
may be affected by the presence of aggressive contaminants which may corrode or 
penetrate services.  Water supply pipes can be susceptible to penetration by hydrocarbons 
which may then affect the quality of the water supply. 
 
 

  



Supplementary Geo-Environmental Assessment and Rem Strat June 2012 
Watery Road, Wrexham  44391p2r1 

 

 
Page 13 of 45 

 

3.0 SUPPLEMENTARY SITE INVESIGATION 
 
3.1 General 
 
A supplementary ground investigation has been designed based on the findings of the 
previous reports and subsequent recommendations, with exploratory holes advanced to 
target specific potential contaminant sources and areas summarised above.  The 
investigation has also been used to collect geotechnical information to assist in the design 
and construction of the development. 
 
Exploratory fieldwork was completed on the 19thApril 2012.  The works are summarised in 
Table 3.1. 
 
Table 3.1 Summary of Fieldwork 

Potential Source/Rationale Location 

Hole 

Type  Maximum 

Depth  

(m bgl) 

Monitoring 

Wells 

Response 

Zone 

Additional information in SW WS101 Window Sample 4.45 0.50-2.00 

Additional information in SW WS102 Window Sample 5.45 1.00-5.45 

Additional information in SW WS103 Window Sample 6.45 1.00-3.00 

Former Reservoir  WS104 Window Sample 5.00 1.00-4.00 

Additional information in Eastern Sector WS105 Window Sample 5.45 1.00-4.00 

Additional information in Eastern Sector WS106 Window Sample 1.50 N/A 

Additional information in Eastern Sector WS106a Window Sample 1.50 N/A 

Notes 
m bgl – metres below ground level. 

 
The window sample probeholes were designed to provide geotechnical information and 
confirm the findings of the Initial Conceptual Site Model (ICSM). 
 
The window sample probeholes were advanced to retrieve environmental samples, spatially 
distributed to offer the maximum site coverage whilst addressing the issues highlighted by 
the Wrexham County Borough Councils comments.  The sampling locations are illustrated in 
Drawing 44391p2/003 (Appendix III).  The ground conditions encountered and details of 
monitoring well response zones are indicated on the logs which are provided in Appendix IV. 
 
Return visits were made to monitor installations for groundwater level and gas 
concentrations.  In addition, selected wells were purged and samples of groundwater 
recovered for chemical analysis. 
 
Soil and groundwater samples destined for chemical analysis were collected at regular 
intervals in appropriate sampling containers.  All samples were subsequently stored in 
cooled boxes prior to submission to analytical laboratory.  
 
All samples were collected using appropriate PPE and sampling equipment that was cleaned 
at each sampling location.  A detailed copy of REC Ltd sampling methodology, QA 
procedures and laboratory chain of custody forms can be provided upon request. 
 
3.2 In-Situ Standard Penetration Testing (SPT) 
 
In-situ geotechnical testing was conducted using the Standard Penetration Test (SPT) and 
where the ground is granular, a 60o cone (SPT(C)) was used instead of the sampling tube.  



Supplementary Geo-Environmental Assessment and Rem Strat June 2012 
Watery Road, Wrexham  44391p2r1 

 

 
Page 14 of 45 

 

The results are shown in the probehole logs in Appendix IV and presented in Table 4.2 and 
discussed in Section 4. 
 
3.3 Laboratory Analysis 
 
Selected soil samples were submitted for a range of chemical analysis comprising, total and 
speciated petroleum hydrocarbon (TPH), VOC and SVOCs.   
 
Scientific Analysis Laboratories (SAL) Ltd of Manchester undertook the analytical work and 
the testing results are included in Appendix V and discussed in Section 5.   
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4.0 GROUND AND GROUNDWATER CONDITIONS 
 
4.1 Ground Conditions 
 
4.1.1 Summary of Ground Conditions 
 
The ground investigation generally confirms the previous investigations and identifies the 
strata set out in Table 4.1 below: 
 
Table 4.1 Summary of Strata 

Strata Typical Description  
Min Depth to 
Top of Strata 

(m) 

Max Depth to 
Top of Strata 

(m) 

Max 
Thickness  

(m) 

MG Asphalt Black Asphalt 0.00 0.00 0.15 

MG Gravelly 
sand 

Red brown very gravelly fine to 
medium sand with many cobbles. 
Gravel is medium to coarse angular 
to sub-angular of brick and 
concrete. Cobbles are sub-angular 
to angular of brick and concrete. 

0.00 0.00 5.70 

MG Gravel 

Sandy yellow brown gravel.  Gravel 
is fine to coarse angular to sub-
angular of sandstone with 
occasional bands of coarse sand.  

1.30 1.30 3.70 

MG Gravelly 
clay 

Dark Grey gravelly clay with many 
cobbles.  Gravel is fine to coarse 
angular to sub-rounded of 
sandstone, limestone, concrete.  
Cobbles are angular to sub-
rounded of sandstone. 

0.00 0.00 1.50 

Gravelly 
CLAY 

Very soft very sandy very gravelly 
red brown CLAY.  Gravel is fine to 
coarse angular to sub-angular of 
sandstone. 

1.20 3.00 1.80 

Gravelly 
SAND 

Fine to medium very gravelly 
SAND with many cobbles.  Gravel 
is medium to coarse angular to 
sub-angular of sandstone and 
mudstone.  Cobbles are sub-
angular to angular of sandstone. 

1.30 3.60 1.70 

 
4.1.2 Made Ground 
 
Made Ground was encountered within each exploratory hole location to a maximum proven 
depth of 5.70m bgl and generally comprise of gravelly sand with some cobbles of brick and 
concrete. 
 
4.1.3 Drift Deposits 
 
Natural deposits were encountered within two of the six probehole locations (WS104 and 
WS105) and comprised of very soft low strength gravely CLAY underlain by gravelly SAND 
(WS104) and loose gravelly SAND underlain by firm medium strength gravelly CLAY in 
WS105.  
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4.1.4 Solid Geology 
 
Solid geological formations were not proved within any of the exploratory hole locations. 
 
4.1.5 Soil Consistency 

Undrained shear strength values were derived from the in-situ SPT testing and are shown in 
Table 4.2 (overleaf) with the undrained shear strengths of cohesive strata.  Results show the 
clay soils to vary between very soft and firm very low to medium strength.  Strength test data 
is generally consistent with the field descriptions of the soils given above. 
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Table 4.2 Standard Penetration Test Results 
 

Boreholes 
Depth (m 

bgl) (i) 
Material Field 
Description 

CPT/SPT 
“N” Value 

Corrected 
“N” Value 

(N1)60 

Terzaghi& 
Peck Relative 

Density 
(Sands) 

Eurocode Soil strength 
Consistency 

(BS5930) 

Terzaghi& Peck 
Approximate Undrained 
Shear Strength (kN/m

2
) 

WS101 

1 MG Gravelly sand 32 37 Dense N/A N/A N/A 

2 MG Gravelly sand 10 11 
Medium 
Dense N/A N/A N/A 

3 MG Gravelly sand 19 19 
Medium 
Dense N/A N/A N/A 

4 MG Gravelly sand 36 35 Dense N/A N/A N/A 

WS102 

1 MG Clayey sand 2 2 Very Loose N/A N/A N/A 

2 MG Sandy gravel 15 16 
Medium 
Dense N/A N/A N/A 

3 MG Sandy gravel 10 10 
Medium 
Dense N/A N/A N/A 

4 MG Sandy gravel 19 19 
Medium 
Dense N/A N/A N/A 

5 MG Sandy gravel 53 51 Very Dense N/A N/A N/A 

WS103 

1 MG Gravelly sand 20 23 
Medium 
Dense N/A N/A N/A 

2 MG Gravelly sand 23 24 
Medium 
Dense N/A N/A N/A 

3 MG Gravelly sand 12 12 
Medium 
Dense N/A N/A N/A 

4 MG Gravelly sand 10 10 
Medium 
Dense N/A N/A N/A 

5 MG Gravelly sand 8 8 Loose N/A N/A N/A 

6 MG Gravelly sand 16 15 
Medium 
Dense N/A N/A N/A 

  



Supplementary Geo-Environmental Assessment and Rem Strat  June 2012 
Watery Road, Wrexham   44391p2r1 

 

 
Page 18 of 45 

 

Table 4.3 (Cont…) 

 
 
 
 
 

Boreholes 
Depth (m 

bgl) (i) 
Material Field 
Description 

CPT/SPT 
“N” Value 

Corrected 
“N” Value 

(N1)60 

Terzaghi& 
Peck Relative 

Density 
(Sands) 

Eurocode Soil strength 
Consistency 

(BS5930) 

Terzaghi& Peck 
Approximate Undrained 
Shear Strength (kN/m

2
) 

WS104 
1 Gravelly CLAY 0 0 N/A Extremely low strength Very Soft 0.00 

2 Gravelly CLAY 8 7 N/A Low strength Soft 37 

WS105 

1 MG Gravelly sand 4 5 Loose N/A N/A N/A 

2 Gravelly SAND 8 8 
Medium 
Dense N/A N/A N/A 

3 Gravelly CLAY 7 6 N/A Low strength Soft 30 

4 Gravelly SAND 10 10 
Medium 
Dense N/A N/A N/A 

5 Gravelly CLAY 12 10 N/A Medium strength Firm 50 

WS106a 1 MG Gravelly clay 10 10 N/A Medium strength Firm 50 
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4.2 Groundwater Conditions 
 
A single groundwater strike was observed within WS105 at 3.80m bgl and was noted to be a 
slow seepage.   Subsequent groundwater monitoring was undertaken using an electronic dip 
meter and interface probe to record the depth to groundwater and the thickness of any free 
phase hydrocarbon product, if present.  The groundwater levels recorded are summarised in 
Table 4.3 (overleaf). 
 
4.3 Ground Gas 
 
Concentrations of methane (CH4), carbon dioxide (CO2) and Oxygen (O2) were measured 
using an infra red gas analyser (GA2000) calibrated to a reference standard (before and 
after each survey) and gas flow rates were measured using an internal flow pod. 
 
Gas measurements were recorded for a minimum of sixty seconds at each location, at which 
point the maximum concentration of CH4 and CO2 together with the lowest concentration of 
O2 were recorded.  The results of the ground gas monitoring are presented in Table 4.3 
overleaf. 
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Table 4.3 Summary of Ground Gas and Groundwater Monitoring Results 

Well Date 
CH4 

Initial 
%v/v 

CH4 
Steady 
%v/v 

CH4 
GSV 
l/hr 

CO2 
Initial 
%v/v 

CO2 

Steady 
%v/v 

CO2 

GSV 
l/hr 

O2 
%v/v 

Atmos(
mb) 

Atmos. 
Dynamic 

Flow 
(l/hr) 

Depth 
to Base 
(mbgl) 

Depth to 
Water 
(mbgl) 

WS101 
16/05/12 0.10 0.10 0.0001 0.10 0.10 0.0001 20.40 1016 Steady 0.10 

2.45 
2.415 

11/06/12 0.10 0.10 -0.0002 0.20 0.20 -0.0004 20.70 997 Steady -0.20 Dry 

WS102 
16/05/12 0.10 0.10 -0.0001 0.20 0.20 -0.0002 20.50 1016 Steady -0.10 

4.45 
Dry 

11/06/12 0.10 0.10 -0.0002 0.10 0.10 -0.0002 20.70 997 Steady -0.20 Dry 

WS103 
16/05/12 0.10 0.10 -0.0001 1.70 1.70 -0.0017 19.20 1016 Steady -0.10 

2.50 
Dry 

11/06/12 0.10 0.10 0.0001 2.00 2.00 0.002 19.00 997 Steady 0.10 Dry 

WS104 
16/05/12 0.10 0.10 0.0001 2.70 2.70 0.0027 17.30 1016 Steady 0.10 

3.89 
Dry 

11/06/12 0.10 0.10 0.0001 2.90 2.90 0.0029 17.10 997 Steady 0.10 Dry 

WS105 
16/05/12 0.10 0.10 0.0001 2.80 2.80 0.0028 16.80 1016 Steady 0.10 

4.88 
3.81 

11/06/12 0.10 0.10 -0.0001 1.90 1.90 -0.0019 15.10 997 Steady 0.10 3.80 

WS106a 
16/05/12 0.01 0.01 0.0001 3.70 3.70 0.0037 15.30 1016 Steady 0.10 

1.95 
Dry 

11/06/12 0.10 0.10 -0.0001 5.30 5.30 -0.0053 12.20 997 Steady 0.10 Dry 

 
Note for Table 4.3 
 
Windy conditions encountered during the monitoring visit may have caused a back pressure leading to a negative flow. 
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5.0 REVIEW OF CONTAMINATED LAND RISK ASSESSMENT 
 
REC has undertaken a review of the Encia Tier 1 qualitative risk assessment supplemented 
by further chemical analysis to determine if any potential contaminants within the underlying 
soils and groundwater pose an unacceptable level of risk to the identified receptors. 
 
The regulatory authority (Wrexham County Borough Coouncil) agreed with the findings of 
the Encia Tier I Risk Assessment which concluded the following: 
 

• Organic (hydrocarbon) impact was observed primarily around the periphery of the former 
reservoir in the western sector of the site; 

• Perched water within the former reservoir is impacted with dissolved phase 
hydrocarbons including PAHs; and, 

• No significant inorganic contamination has been identified within either the perched 
Made Ground waters or within the underlying Secondary A (minor) aquifer within the 
superficial drift.  

 
REC targeted the supplementary exploratory holes to further assess the periphery of the 
former reservoir and also within the former reservoir itself. 
 
5.1 Human Health Risk Assessment 
 
At a Tier 1 stage the long term (chronic) human health toxicity of the soil has been assessed 
by comparing the on-site concentrations of organic and inorganic compounds with reference 
values published by the EA (Contaminated Land Exposure Assessment (CLEA) Soil 
Guideline Values (SGV)) and where absent, Generic Assessment Criteria (GACs) published 
by LQM/CIEH (2nd edition).  
 
The results of this comparison have been summarised within Table 5.1 (overleaf). 
 



Supplementary Geo-Environmental Assessment and Rem Strat June 2012 
Watery Road, Wrexham   44391p2r1 

 

 
Page 22 of 45 

 

Table 5.1  Summary of Supplementary Hydrocarbon Toxicity Assessment for a 
Residential End Use 

Determinand Units GAC 
V3

 n MC 
Loc. 
of Ex 

Pathway Assessment 

TPH C5-C6 (aliphatic)* mg/kg 30 6 <0.10 N/A 2 No further Action  

TPH  C6-C8 (aliphatic)* mg/kg 73 6 <0.10 N/A 2 No further Action 

TPH C8-C10 (aliphatic)* mg/kg 19 6 2.1 N/A 2 No further Action 

TPH  C10-C12 (aliphatic)* mg/kg 69 6 11 N/A 2 No further Action 

TPH C12-C16 (aromatic)* mg/kg 140 6 39 N/A 1 No further Action 

TPH C16-C21 (aromatic)* mg/kg 250 6 450 
WS103 

0.50 
1 Further Action 

TPH C21-C35 (aromatic)* mg/kg 890 6 5000 

WS103 
0.50 & 
WS105 

0.40 

1 Further Action 

 
Notes  
Main Exposure Pathways: 1 = Soil Ingestion, 2 = Vapour Inhalation (indoor), 3 = Dermal Contact & Ingestion, 4 = 
Dust Inhalation. 
Abbreviations: GAC = General Assessment Criteria, n = number of samples, MC = Maximum Concentration; Loc 
of Ex = Location of Exceedance. 
* The Tier 1 GAC for the hydrocarbon fraction is derived from the CIEH assessment for petroleum hydrocarbons 
Criteria Working Group (CWG) for both aliphatic and aromatic compounds. REC has utilised the Tier 1 values for 
aliphatic compounds for the volatile and semi volatile fractions (C5-C12) and the Tier 1 values for aromatic 
compound for the non-volatile fractions (C12-C35).  The comparison of a total (aliphatic/aromatic) compounds to 
an individual fraction is considered to be a conservative approach and satisfactory for the protection of human 
health. 
(i) Benzo (b) Fluoranthene (100mg/kg) Benzo (k) Fluoranthene (140mg/kg) 
 
(ii) GAC based on human health criteria.  Ecotoxicological assessment will be made using EA guidance (EPR 

8.01) on soil spreading (Cu 135mg/kg, Zinc 200mg/kg, Pb 300mg/kg) 

 

Referring to Table 5.1, the results of the direct comparison show that screening values have 
been exceeded for the following determinands: 
 

• TPH C16 – C21; and, 

• TPH C21 – C35. 
 
In the case of the identified exceedances the exposure pathway is soil ingestion.  The 
proposed development of the site will include hard cover and then imported top soil in areas 
of landscaping, thus removing this pathway. 
 
No volatile organic compounds (VOCs), BTEX and volatile TPH fractions were identified 
within the soils tested by REC. 
 
REC concludes that the findings of the supplementary chemical sampling and risk 
assessment are in keeping with the findings of the original Encia Tier I Risk Assessment. 
 
5.2 Controlled Waters 
 
A Tier I risk assessment was undertaken from a groundwater sample taken from WS105 
within the shallow perched aquifer with concentrations of determinants compared with the 
relevant thresholds.  The results are presented overleaf in Table 5.2. 
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Table 5.2 Comparison of Groundwater Analysis with Tier 1 Screening Levels 

Determinand Units 
 

EQS
(V1)

 
Drinking 

Water 
Threshold 

n MC 
Number of 

Exceedances 
Location of 

Exceedances 

Arsenic µg/l 50 10 1 4.8 N/A N/A 

Cadmium µg/l 5 5 1 0.06 N/A N/A 

Chromium µg/l 5 – 250 50 1 15 N/A N/A 

Lead µg/l 4 – 250 25 1 <0.3 N/A N/A 

Mercury µg/l 1 1 1 0.36 N/A N/A 

Selenium µg/l - 10 1 3.7 N/A N/A 

Copper µg/l 1-28 2000 1 6.0 N/A N/A 

Nickel µg/l 50-200 20 1 5 N/A N/A 

Zinc µg/l 8-125 - 1 8 N/A N/A 

Sulphate mg/l - 250 1 130 N/A N/A 

PAH * µg/l - 0.1 1 <10 1 WS105 

Naphthalene µg/l 10 - 1 <10 1 WS105 

Benzo(a)pyrene µg/l 30
†
 0.01 1 <10 1 WS105 

Benzene µg/l 30  1 <1 N/A N/A 

Toluene µg/l 50  1 <1 N/A N/A 

Ethyl Benzene µg/l -  1 <1 N/A N/A 

Xylene µg/l 50  1 <1 N/A N/A 

Total Petroleum 
Hydrocarbons 

µg/l - 10 1 164 1 WS105 

TPH Aliphatic C5-C6 µg/l 15000
§
 - 1 <10 N/A N/A 

TPH Aliphatic C6-C8 µg/l 15000
§
 - 1 <10 N/A N/A 

TPH Aliphatic C8-C10 µg/l 300
§
 - 1 <10 N/A N/A 

TPH Aliphatic C10-C12 µg/l 300
§
 - 1 <10 N/A N/A 

TPH Aromatic C12-C16 µg/l 1000
§
 - 1 <10 N/A N/A 

TPH Aromatic C16-C21 µg/l 90
§
 - 1 54 N/A N/A 

TPH Aromatic C21-
C35 

µg/l 90
§
 - 1 110 1 WS105 

VOC µg/l - - 1 <1 N/A N/A 

SVOC µg/l - - 1 <1 N/A N/A 

 
Notes 
Values in bold greater than UK DWS, shaded cells exceed Tier 1 EQS. 
* Sum of 4 most carcinogenic PAH listed in the DWS. 
+
 Based on the DWS and EQS values for Benzene. 

++
Based on the EQS and WHO values for Toluene. 

+++
 Based on the EQS and WHO values for Xylene. 

§
 WHO Guidelines (WHO/SDE/WSH/05.08/122, 2005). 

†
 DEFRA proposed Aquatic Quality Standard (freshwater, annual average). 

# Other VOCs are summarised as detected 
N/D None Detect 

 
For the purposes of the Tier 1 assessment REC have compared the laboratory test data 
directly to the relevant Tier 1 threshold values for the protection of controlled waters.  The 
results of this direct comparison indicates that the data exceeds the screening values for the 
following determinands: 
 

• Sum of 4 PAH; 

• Naphthalene; 

• Benzo(a)Pyrene; 

• Total Petroleum Hydrocarbons (TPH); and 

• TPH C21 – C35. 
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It is noted that the exceedances of the sum of 4 PAHs, Naphthalene and Benzo(a)Pyrene 
compounds are due to the level of detection being above the Tier I guideline value not  
actual detectable exceedances. 
 
The exceedances of the TPH and TPH C21-C35 are in line with the exceedances encountered 
within the previous reports and as such further investigation is required as to the potential to 
impact the River Gwenfro located at circa 50m north of the site and the underlying 
Secondary A aquifer. 
 
5.3 Ground Gas 
 
The potential impact on the development from ground gases has been assessed with 
reference to standards and guidelines published in CIRIA Report 665 (Assessing risks posed 
by hazardous ground gases to buildings, 2007).However, it is recommended that the full 
ground gas assessment and recommended protection measures are agreed with the local 
authority prior to their adoption on-site.  Furthermore, all protection measures adopted 
should be validated by a suitably qualified engineer. 
 
During the monitoring visit completed to date, no significantly elevated concentrations of 
methane were recorded within any of the monitoring installations.  Slightly elevated levels of 
carbon dioxide (up to 5.30% v/v) were recorded in WS106a though this was also associated 
with low flow rates of than 0.1litres/hr. 
 
During the monitoring negative flows were noted which is indicative of back pressure 
generated from the wind being greater than the active flow from the wells.   
 
In accordance with the methodology outlined with the CIRIA publication C665, REC have 
utilised the results of the ground gas monitoring surveys to calculate a tentative Gas 
Screening Value (GSV).  The maximum GSV calculated for methane was 0.0001 l/hr 
(various) and for carbon dioxide was 0.0037 l/hr (WS106a)   
 
The GSV has been compared to the criteria outlined with CIRIA C665 to determine the level 
of risk to the proposed development and to ensure the appropriate remedial options are 
incorporated into any future building design in this area. 
 
CIRIA C665 states that the maximum GSV for carbon dioxide and methane is <0.07 l/hr for 
Characteristic Situation 1 and although the GSVs for this site fall into this bracket carbon 
dioxide levels have been recorded in excess of 10%.  Carbon dioxide is an asphyxiant and 
therefore only poses a risk where it can accumulate in areas where access is available.  It is 
also heavier than air and as such the risk to above ground structures from ingress is very 
limited.  As a precaution it is therefore recommended that characteristic situation 2 is used. 
 
However, REC has obtained an up to dated HPA Radon assessment for the site, which 
indicates that it is in an area where between 5% and 10% of homes are above the Radon 
Action Level, therefore it is recommended that basic Radon protection measures are 
installed in all residential properties. 
 
This is an interim assessment based on preliminary ground gas readings, the final 
classification will be supplied as an addendum to this report on completion of the remaining 
monitoring visits. 
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5.4 Conceptual Model 
 
Following the completion of the intrusive site investigation, chemical analysis and risk 
assessment the conceptual model shown in Table 5.3 (overleaf) has been prepared for the 
site. 
 
Table 5.3 Conceptual Model 

Source 
Exposure 
Pathway 

Potential 
Receptor 

Probability 
of Exposure 

Discussion of Pollutant 
Linkage 

Human Health 

TPH C12-C35 

Soil 
Ingestion, 
Dermal 
Contact 
and 
inhalation 
of particles  

Future Site 
Users 

Low 

With the installation of a suitably 
designed cover system in soft 
landscaped areas the potential 
exposure pathway would be 
broken and the risk to the 
identified receptor mitigated. 

Construction 
Workers 

Low 

The correct use of personal 
protective equipment and good 
general site housekeeping would 
mitigate against the potential 
exposure pathway. 

Radon Inhalation 
Future Site 

Users 
Low 

With the installation of basic 
radon protection measure within 
all residential plots, the exposure 
pathway would be broken. 

Controlled Water 

Sum of 4 PAHs; 

Naphthalene; 

Benzo(a)Pyrene; 

and, 

TPH C21-C35. 

Lateral 
Migration 

River Gwenfro 
(40m) 

Medium 

It is considered that it maybe 
possible for the soluble 
Naphthalene compounds to 
migrate to a stretch of the River 
Gwenfro before it becomes 
culverted in a double lined 
concrete tunnel at circa 50m 
from the site.    

Groundwater 

Abstraction 

Point 

(Ca 300m) 

Very Low 

The distance to the closest 
groundwater abstraction 
(>150m) and the low solubility of 
the identified compounds would 
indicate that the probability of the 
identified compounds affecting 
the groundwater abstraction 
point is very low. 

Vertical 
Migration 

Aquifer Medium 

It is considered that it maybe 
possible for the soluble 
Naphthalene compounds to 
migrate vertically to the 
underlying aquifer within the 
bedrock at circa 60m from the 
site.  However, the interbedded 
granular and cohesive strata 
should offer the aquifer some 
protection. 
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6.0 Detailed Quantitative Risk Assessment (DQRA) 
 
6.1 Encia Consulting Ltd DQRA 
 
REC has received a copy of the Encia Consulting Ltd DQRA reference 7344/2 (dated April 
2008) from which the soil and water remedial targets have been derived.  This report was 
submitted for local authority (LA) scrutiny in April 2009, the salient findings of this review are 
highlighted below: 
 

• The risk assessment has not presented a consideration of the likely fate of hydrocarbons 
in the groundwater; 

• The TPH water quality target is outdated; 

• The bulk density value is overstated; 

• The Foc value appears to be elevated; 

• The infiltration rate is only 25% of published total rainfall; 

• The effective porosity value (33%) is not considered to be conservative; and, 

• The River Gwenfro needs to be included as a receptor. 
 
6.2 Re-assessment of the Encia DQRA 
 
REC has re-assessed the DQRA and has amended input parameters to address the issues 
above and has justified the changes below: 
 

• REC has developed a new model which calculates the likely fate of hydrocarbons within 
the groundwater. However it should be noted, that the chemical testing results from the 
Encia phase of works did not highlight any significant dissolved phase hydrocarbons; 

• REC has changed the bulk density value from 2.65g/cm3 which, as the LA rightly noted 
was overstated.  REC has utilised a bulk density value of 1.2g/cm3 taken from Table 4.4 
of EA report SR3 which is based on a Sandy Loam; 

• The LA rightly noted that the Foc appeared to be elevated (1.95) as stated in the Encia 
justification (Appendix A).  However, the LA appears to have overlooked the actual P20 
sheets as Encia have used an Foc value of 0.02.  REC has concluded that the 1.95 
value stated in the Encia justification is actually an expression of the TOC value as a 
percentage, instead of the actual Foc which is expressed as a fraction (1.95% = 0.02 as 
a fraction); 

• REC has utilised the MET office statistics for annual rainfall for Wrexham for 2010 and 
2011 and devised an average value of 0.0013m/d in replacement of the Encia value of 
0.0004m/d; 

• Encia had utilised an effective porosity (kd) value of 33% which does not correlate with 
the site derived hydraulic conductivity value or the borehole logs for the saturated zone.  
REC has utilised Table 4.4 from the Consim report as derived from Physical and 
Chemical Hydrogeology , Wiley,  1990 to derive a value of 15% for a clayey sand which 
correlates well with the saturated strata descriptions, hydraulic conductivity values and 
the site derived hydraulic gradient; and, 

• REC has re-run each compound based on a 50m compliance point (River Gwenfro) and 
underlying Secondary A aquifer. 
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6.3 REC Detailed Quantitative Risk Assessment (DQRA) 
 
The basic hydrogeological regime beneath the site is one of downward migrating possibly 
perched or trapped water body which infiltrates through the deep Made Ground into the 
underlying interbedded granular cohesive superficial drift, which is of a low permeability 
matrix.  The groundwater then migrates laterally towards the River Gwenfro. 
 
In order to assess the risk of on-site hydrocarbon migration to the River Gwenfro, REC has 
utilised the EA RTM model combined with the physical/chemical characteristics of the 
aromatic and aliphatic hydrocarbon ranges and Polycyclic Aromatic Hydrocarbon (PAH) 
compounds to determine the likely impact to the off-site river.  REC has re-assessed all the 
hydrocarbon ranges and PAH compounds initially assessed by Encia, with the newly derived 
values as specified in Section 6.2.  REC has included in Appendix VIII a tabulated 
justification of the DQRA input parameters. 
 
Although separate phase hydrocarbon impact has been identified within the Made Ground 
deposits, REC has only reported the DQRA results for the most soluble and mobile 
hydrocarbon fractions (aromatic C8-C12) and naphthalene as further modelling the insoluble 
relatively mobile fractions, as initially assessed in the Encia report, would be pointless. 
 
Where natural attenuation has been applied, “Handbook of Environmental Degradation 
Rates” by Howard et al has been used, adopting the conservative maximum anaerobic rates 
for each.  Where individual hydrocarbon bands were assessed, the most soluble compound 
i.e. the half-life for Ethyl Benzne was utilised for C8-C10.  
 
For the sake of simplicity, the average soil concentrations for the impact across the site have 
been modelled as a source for leaching to groundwater and then impact migrating off-site.  
The highest groundwater concentrations have been as a source for the groundwater 
modelling. 
 
Tables 6.1 below shows the results of the RTM modelling.  The model output sheets are 
included in Appendix IX. 
 
Table 6.1 Summary of RTM Modelling for Level 3 Soil and Groundwater Migration 
to River Gwenfro 
 

Source Average Soil 
Concentrations 

(mg/kg) 

Peak Water 
Concentration 

(mg/l) 

Level 3 
Soil 

Source at 
50m 

(mg/kg) 

Level 3 
Groundwater at 

50m 
(mg/l) 

Aromatic C8-C10 
No Degradation 

0.52 0.01 1.00 0.0028 

Aromatic C8-C10 
With Degradation 

0.52 0.01 ND 0.0026 

Aromatic C10-C12 
No Degradation 

0.31 0.01 1.00 0.0028 

Aromatic C10-C12 
With Degradation 

0.31 0.01 ND 0.0027 

Naphthalene No 
Degradation 

0.46 0.0001 1.00 0.0028 

Naphthalene With 
Degradation 

0.46 0.01 ND 0.0027 
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Referring to Table 6.1, the model shows that there would be no exceedances of the 
conservative former Drinking Water Standard (DWS) value of 0.01mg/l.  Althought the value 
has now been withdrawn, we consider that it is an appropriate value when considering 
against the World Health Organisation (WHO) value of 10ug/l for Benzene which is a 
significantly more volatile and soluble compound. 
 
No account of the potential for sorption between hydrocarbon compounds and clay particles 
has been utilised in the P20 model, further demonstrating the conservative nature of the risk 
assessment.  
 
6.3.1 Remedial Soil Target Concentrations 
 
Table 6.2 (overleaf) shows the remedial target values for the soils both for impact to 
controlled waters at 50m and risk to human health on the site as derived from the P20 
calculation sheets and Tier I Generic Assessment Criteria (GAC) values.  REC has 
recommended using the lower remedial target value for each carbon range or compound. 
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Table 6.2 Soil Target Concentrations  
 

Determinand Tier 1 Human Health GAC 
(mg/kg) 

Controlled Waters Target 
Concentrations  

To be protective of the 50m vertical 
(Secondary A aquifer) and horizontal 

(River Gwenfro) compliance point. 
(mg/kg)  

Remedial Target Values 
(mg/kg) 

Aliphatic    

C8-C10 19.00 24.50 19.00 

C10-C12 93.00 194.00 93.00 

C12-C16 740.00 4340.00 740.00 

C16-C35 4.50e+
04

 4.65e+
05

 4.50e+
04

 

Aromatic    

C8-C10 27.00 1.29 1.29 

C10-C12 69.00 2.04 2.04 

C12-C16 140.00 4.06 4.06 

C16-C35 250.00 11.40 11.40 

Naphthalene  1.50 0.53 0.53 
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6.3.2 DQRA Conclusions 
 
In order to address concerns of the Local Authority (LA), REC has re-assessed the Encia 
laboratory data with specific focus on the fate of hydrocarbon compounds and the risk to the 
point at which the River Gwenfro is culverted (circa 50m) using the EA RTM model.  REC 
also adjusted a number of the input parameters as detailed in Section 6.2. 
 
Due to the relatively low concentrations of soluble compounds, the modelling has predicted 
that there is little or no detectible concentrations at the compliance point for both the 
assessment taking into account natural attenuation and the ultra-conservative no 
degradation test.  Both the steady state no degradation and the natural attenuation 
modelling show concentrations for each range are less than the drinking water standard at 
the 50m compliance point.  This suggests, combined with the lack of dissolved phase impact 
in the wells that the model represents a worst case situation. 
 
REC has concluded that the risk to the River Gwenfro from the mobile soluble compounds 
shown in Table 6.1 is negligible.  REC notes that separate phase hydrocarbon has been 
identified at the site in the form liquid product within the Made Ground (as noted in the 
exploratory hole logs).  However due to the viscosity, solubility and volatility of this product, it 
will not pose a significant risk to controlled waters or human health (unless dermal exposure 
can occur), this material will however be removed in its entirety as part of the site 
remediation works 
 
A piling risk assessment may be required if piling is considered to be a viable foundation 
option. 
 
6.4 Revised Conceptual Site Model (RCSM) 
 
Following the completion of the assessment of the migration of dissolved phase 
hydrocarbons from the site, a revised conceptual site model has been prepared for 
groundwater and is shown in Table 6.3. 
 
Table 6.3 Revised CSM – Controlled Waters 

Source 
Exposure 
Pathway 

Potential 
Receptor 

Probability 
of 

Exposure 

Discussion of Pollutant 
Linkage 

Controlled Water 

Hydrocarbons 

Leaching 
and 
dissolved 
phase 
migration 

Shallow 
aquifers and 

River 
Gwenfro 

Unlikely 

Impact to the shallow perched 
aquifer is confirmed on-site.  
However, the deeper aquifer, 
which maybe in hydraulic 
continuity with the River is 
afforded protection by 
interbedded horizons of low 
permeability drift deposits.  
Chemical testing of the liquid 
product encountered show it to 
be predominantly low solubility 
hydrocarbon compounds. 
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Source 
Exposure 
Pathway 

Potential 
Receptor 

Probability 
of 

Exposure 

Discussion of Pollutant 
Linkage 

Leaching 
and 
downward 
migration  

Bedrock 

aquifer 
Unlikely 

A borehole log from a site 
adjacent to the subject site, 
shows that there is circa 60m 
of superficial drift deposits, 
which will afford the underlying 
bedrock aquifer significant 
protection from any vertical 
migration of contaminants. 
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7.0 SITE REMEDIATION & ENABLING WORKS  
 
7.1 Overview 
 
A summary of the proposed site enabling / remediation works, associated management 
activities and validation protocols are presented in detail later within Section 7.2; the salient 
features of which are presented below: 
 
The outline strategy for the site remediation and enabling works will comprise: 
 

• Implementing the works with appropriate consultancy supervision so that the works can 
be fully validated, together with verification reporting, to the satisfaction of the Local 
Planning Authority (LPA); 

• A comprehensive topographical survey of current site conditions should be undertaken 
to inform the design of a detailed earthworks model and requirements for the creation of 
a development platform; 

• General site clearance, breaking out, excavation and removal of all slabs, hard-standing 
and buried structures to the base of the Made Ground; 

• Breaking out and subsequent crushing / processing of all surface and sub-surface 
structures including relict roadways, foundations, redundant drains and any further 
buried obstacles (where present); 

• Processing Made Ground stockpiles in accordance with the Engineer’s Specification with 
requisite validation testing; 

• Excavation segregation and processing of general granular and cohesive Made Ground 
matrices for subsequent re-use beneath the proposed hard and soft development areas 
respectively; 

• Excavation, segregation and processing of granular 6F2 deposits and steel drums 
identified in the infilled reservoir; 

• Re-engineering of suitable material within the excavation to enabling works level; 

• Removal and disposal of any perched water from within excavations (if required); 

• Assessment and subsequent remediation (preferably on-site) of any significantly 
impacted/suspect material identified within the former reservoir and anywhere else not 
previously detected on site; 

• Management of all works so as to ensure that no environmental nuisance is created 
through dust emissions, noise or vibration levels; 

• Ensure that all works are completed in a manner so as not to create any structural risk to 
the adjacent highways, railway lines or properties; 

• Implement all temporary works as necessary to support excavations throughout the 
duration of the works; 

• Inspection of all works by a qualified GeoEnvironmental Engineer to confirm the 
suitability of material for re-use; 

• Provide suitable development platform to facilitate the construction of the proposed 
roadways, drainage infrastructure, pavements and areas of hard-standing; to be 
delivered in accordance with the Engineers Specification; 

• Provide and place a 800mm thick soft cover system to all garden and landscaped areas 
within the proposed residential development; 



Supplementary Geo-Environmental Assessment and Rem Strat June 2012 
Watery Road, Wrexham   44391p2r1 

 

 
Page 33 of 45 

 

• Removal of all soil wastes deemed unsuitable for use from site in accordance with UK 
Waste Management Legislation and in accordance with the UK Landfill Directive; and, 

• Development of a comprehensive validation report to document the successful 
completion of the aforementioned works.  

 
7.2 Remediation / Enabling Works 
 
The rationale detailed below provides a synopsis of the proposed site enabling / remediation 
works required to produce the suitable platform for the construction of the proposed 
residential development.  This is intended to demonstrate that the proposed activities are to 
be undertaken in full compliance with the relevant regulatory controls. 
 
It is proposed to excavate and remediate (both environmentally and geotechnically) all Made 
Ground across the entire development site, including to the base of the reservoir.  This work 
will be completed under the supervision of a suitably qualified Geo Environmental Consultant 
from REC who will inspect all materials (before, during and after excavation), undertake 
extensive on-site PID/FID analysis to ascertain the extent of any potentially volatile 
hydrocarbon fractions (and presence of visual or olfactory impact).   
 
Where visual or olfactory impacted soils or measured PID/FID values indicate VOC 
concentrations in excess of 10ppm, samples will be subject to detailed laboratory analysis 
(Speciated TPH) to assess the actual risk through volatilisation to indoor air. 
 
Where samples are found to have concentrations in excess of the soil remedial targets 
identified in Section 6.3.1, the material will be removed and treated in strict accordance with 
current UK Waste Management Legislation. 
 
By undertaking the site monitoring, assessment and laboratory testing in this manner, REC 
will be able to demonstrate that all Made Ground that remains on-site after the remediation 
works are complete will be suitable for a residential use and that no risk remains to any of 
the identified receptors.   
 
This approach will also remove the uncertainties within targeted and non targeted 
investigations and thus the requirement to use conservative assessment tools and limit the 
need for extensive remedial works that require excessive vehicle movements and ultimately 
landfill of material that poses no risk within the context of the developed conceptual site 
Model. 
 
Prior to the commencement of works on-site, the contractor must establish all necessary 
plant, equipment and site welfare facilities as is necessary to complete the contract within 
the agreed timescales to the rationale as outlined below in Table 7.1. 
 
Table 7.1 Earth Works Specification 
 

EW1 Pre-Commencement Works 

Implementing the works with appropriate consultancy supervision so that the 
works can be fully validated, along with validation reporting to the satisfaction of 
the Local Planning Authority (LPA). 

Validation Requirements:   
 
Provide documented evidence to confirm acceptance of proposed methodologies. 
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EW2 Site Clearance Operations 

General site clearance & provision of welfare, offices and site security. 

Validation Requirements:  
 
Any disposal of materials of site (including vegetation if required) should be 
completed in accordance with UK Waste Management Legislation. 
 

EW3 Excavation of hydrocarbon impacted soil 

Rationale: 
 
The Geo Environmental Investigations have identified hydrocarbon impact 
predominantly within the backfilled reservoir and its periphery.  It is recommended 
that a watching brief be undertaken during the site works in areas previously 
untargeted.  
 
Chemical analysis and subsequent DQRA has proven that there is a risk to 
human health which could be mitigated against with the incorporation of an 
800mm cover system.  No risk to controlled waters was proven.  Quantities of 
liquid product were identified, any such material from site which appears to be 
contaminated by separate (free) phase hydrocarbon should be delineated, 
excavated and removed from site in accordance with UK Waste Management 
Legislation.  Any such separate phase contamination encountered will be 
identified by the REC engineer on site, based on visual and olfactory 
observations. 
 
Any impacted perched water within the excavation will be removed if necessary. 
 

Validation Requirements: 
 
The area from which excavated soils are removed will require appropriate 
validation to demonstrate that any residual impact does not pose a human health 
risk. 
 

EW4 Excavation, Breaking and Processing of all Sub-Surface Structures and 
Artificial Hard Materials including the Well 

Rationale: 
 
All known major obstructions/foundations apart from live services previously 
identified are to be removed to the base of Made Ground. 
 
In these areas all artificially hard materials will be a taken out in a controlled 
manner, screened to remove any deleterious content, crushed to nominal 6F2 
grading and stockpiled for subsequent re-use as an engineered aggregate.  
Stockpiles will be made, validation testing undertaken, and site won material 
reused on site where required.   
 
Any obstructions/foundations/structures not previously encountered within the 
remainder of the site will be removed to the base of Made Ground.  Where any 
very loose or soft material is present at the base of excavations, removal of 
material will continue, and any material excavated will be re-engineered to a 
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suitable specification to minimise the risk of future settlement. 
 

Validation Requirements: 
 
Site won arisings will require testing to demonstrate that they are suitable for use 
with the proposed development platform. 
 
Areas will require appropriate geotechnical testing to demonstrate that the backfill 
material meets the required engineered standard. 
 

EW5 Excavation, Breaking and Processing of Made Ground Materials 

Rationale: 
 
It is proposed that the full depth of Made Ground is to be excavated, turned and 
processed beneath all building footprints deemed suitable for vibro improvement. 
 
Any obstructions/foundations/structures not previously encountered within the 
remainder of the site will be removed to the base of Made ground.  Where any 
very loose or soft material is present at the base of excavations, removal of 
material will continue, and any material excavated will be re-engineered to a 
suitable specification to minimise the risk of future settlement. 
 

Validation Requirements: 
 
Site won arisings will require testing to demonstrate that they are suitable for use 
with the proposed development platform. 
 
Areas will require appropriate geotechnical testing to demonstrate that the backfill 
material meets the required engineered standard. 
 

EW6 Backfill for Remediation Excavations 

Rationale: 
 
On completion of the site enabling / remediation works as prescribed within EW1-
5 (above) all excavations beneath the proposed buildings will be backfilled with a 
suitable material that conforms to the engineer’s specification for future vibro 
compaction foundation solution. 
 
Although the main access road into the site has already been constructed, 
additional new estate roads in the south and west are required to tied to existing 
constructed roads.  Materials to be placed beneath proposed adoptable roads will 
be compacted to a Method Compaction Specification in accordance with Section 
6 of the highways design manual and the REC specification included within 
Appendix X.   
 

Validation Requirements: 
 
Confirmation that the material is chemically and geotechnically suitable for re-use. 
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EW7 Provision of Sub Soil 

Rationale: 
 
It will be necessary to import a chemically suitable sub-soil forming material 
(650mm) for use within all garden and landscaped areas as part of the clean 
cover system in the proposed residential development, designed to mitigate 
against the identified exposure pathways.   

Validation Requirements: 
 
Imported sub-soil will require testing in line with the schedule present within 
Section 7.5. 
 
The garden and landscaped areas will require depth validation to satisfy the 
requirement of CML in order to demonstrate that the appropriate thickness has 
been provided. 
 

EW8 Provision of Top-Soil  

Rationale: 
 
It will be necessary to import a chemically suitable top-soil forming material 
(150mm) for use within all garden and landscaped areas if the existing topsoil is 
deemed to be chemically unsuitable to be used as the topsoil element for the 
clean cover system in the proposed residential development.  This will then be 
placed on top of the 650mm of validated sub-soil. 

Validation Requirements: 
 
Imported top-soil will require testing in line with the schedule present within 
Section 7.5. 
 
The garden and landscaped areas will require depth validation to satisfy the 
requirement of CML in order to demonstrate that the appropriate thickness has 
been provided. 
 

 
7.3 Materials Management & Legislation Compliance 
 
All operations as outlined in within the Enabling Works Rationale summarised within Section 
7.1 will be subject to regulation using a ‘Materials Management Plan’ (MMP) to be created in 
accordance with Version 2 of the CL:AIRE Definition of Waste - Industry Code of Practise.   
 
The afore mentioned MMP will be created with due consideration to all proposed 
remediation and enabling works operations prescribed within this document and will be 
submitted to a Qualified Person and the signed declaration submitted to the EA prior to re-
use of materials on the site.  
 
7.4 Post Remediation Constraints 
 
Post remediation constraints for the site will include: 
 

• Sub surface concrete should be designed in accordance with Design Sulphate Class DS-
1, Aggressive Chemical Environment for Concrete Classification (AC EC) Ac-1s in 
accordance with recommendations provided in BRE Special Digest 1 (2005); 
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• Topsoil and sub-soil to be supplied by the developer, with appropriate quality checks; 

• Placement of clean sub-soil and topsoil in gardens and soft landscaped areas must be a 
minimum of 800mm; and, 

• Disposal of arisings for services and foundation trenches, if required. 
 
Consultations will have to be completed with the Local Authority to enable the satisfactory 
discharge of planning conditions associated with the planning consent for the site. 
 
7.5 Validation Sampling Protocol 
 
In accordance with the current requirements of the regulatory authorities, validation samples 
will be collected from all materials that are to either be subject to movement under the 
protocols outlined within this Remediation Strategy section, or for materials to be imported 
onto site to facilitate the proposed residential development. 
 
Soil samples destined for chemical analysis will be collected at regular intervals in 
appropriate sampling containers.  All samples will subsequently be stored in cooled boxes 
prior to submission to Scientific Analysis Laboratories (SAL) for analysis in accordance with 
their UKAS accreditation where applicable. 
 
All samples will be collected using appropriate PPE and sampling equipment that will be 
cleaned at each sampling location. 
 
A detailed copy of REC Ltd sampling methodology, QA procedures and laboratory chain of 
custody forms will be documented within the site records and presented within the final 
validation report for the site. 
 
Where materials are found to contain concentrations of potential contaminants at levels in 
excess of the site specific screening criteria (as detailed within Appendix II), REC will 
undertake further assessment and recommendations on the appropriate use for the material 
in question. 
 
The sampling frequency for materials to be managed under the Remediation Strategy is 
presented within Table 7.2. 
  



Supplementary Geo-Environmental Assessment and Rem Strat June 2012 
Watery Road, Wrexham   44391p2r1 

 

 
Page 38 of 45 

 

Table 7.2 – Specification of Materials Validation Laboratory Analysis 

Material Use Testing Frequency  Suite of Analysis 

Site excavated and imported 
granular & cohesive backfill 

1 Sample Per 500m3 B 

1 Sample Per 1000m3 A / B / C / D 

Imported Sub-Soil (650mm 
garden / POS cover) 

1 Sample Per 50m³ A / B / C / D 

Topsoil Cover (imported) 1 sample per 50m3 A / B / C / D 

 

Notes – Table5.2  
Suites of Analysis 
A) Speciated PAH  
B) Banded TPH (C5-C35) 
C) Asbestos (ID)   
D) CLEA Inorganic   
E) Asbestos Quantification (by weight)   
F) Speciated (aliphatic / aromatic) TPH. 
  
All analysis prescribed above to be completed by UKAS accredited laboratory. 

 
7.6 Environmental Monitoring and Validation 
 
7.6.1. Site Management 
 
The tracking of materials will be based on the following hierarchy: 
 

• The Principal Contractor will have the responsibility for setting out areas of the site on 
the basis of the contract specification;   

• Operatives will have instructions only to excavate and to emplace materials in specified 
areas as assigned by the Site Manager / Foreman;   

• The Site Manager (employed by the Principal Contractor) will issue daily instructions to 
drivers regarding the placement of materials sourced from specific stockpiles or areas, 
ensuring that appropriate documentary evidence is collected that details which materials 
are going where and why; 

• The strategy for each day’s work will be agreed with the REC Consultant, who will be in 
attendance as required, prior to the commencement of the works.  REC will: 
 

• Inspect the excavation areas and certify that the correct materials are being 
excavated;  

• Conduct spot checks on loaded vehicles to ensure compliance with this Remediation 
Strategy;  

• Ensure that any loads which fail visual, olfactory or spot checks either remain on the 
vehicle or if unloaded are excavated and set aside.  This material will be treated 
according to the recommendations of the REC site engineer; 
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• All material imported and removed from site will have Duty of Care / Consignment Notes, 
copies of which will be retained on-site by the Site Manager; and, 

• Materials directly reusable will be incorporated into the earthworks, subject to operational 
conditions and phasing of excavations, in which case they will be stockpiled prior to final 
placement. 

 
7.7 Record Keeping and Verification 
 
Using the data collated below, REC Ltd will prepare a summary report clearly referencing the 
origin of the materials used and testing carried out to confirm its suitability for use, where 
required.  REC will also prepare an as built development drawing clearly detailing the 
materials present on-site to be cross referenced with the supporting validation 
documentation. 
 
The Validation Report will include the following: 
 

• Remediation Strategy (including copies of confirmation from regulatory authorities 
agreeing criteria); 

• Detailed surveys of all excavations and production of ‘as built’ drawings for the 
earthworks; 

• Copy of Consignment Notes and Waste Transfer Tickets relating to the movement of 
wastes to a licensed waste management facility and non-contaminated natural soils to 
direct transfer receiver sites if required;  

• Detailed drawings showing all sampling locations for both chemical and geotechnical 
testing; 

• Chemical test results; 

• Geotechnical test results; 

• Details of Qualified Person’s signed declaration; and, 

• Monitoring results if undertaken (i.e. gas, water etc.) 
 
7.8 Contingency Plan 
 
7.8.1 Previously Unidentified Contaminants 
 
Should any significantly impacted material be encountered during the development, then it 
should be excavated and stockpiled on an impermeable material and sampled and tested for 
an appropriate range of determinants.   
 
Once the laboratory analysis of the material is available an assessment should be 
undertaken to determine whether it can be retained on-site as part of the Material 
Management Operations or whether it should be disposed off-site.   
 
Depending on the nature of any such impact it may be necessary to undertake validation 
testing of the excavation faces in order to demonstrate that no such materials are left in-situ.   
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8.0 GEOTECHNICAL ASSESSMENT 
 
8.1  Proposed Development 
 
It is understood that the proposed development will comprise of 36 number low rise 
residential units.  No details on potential loadings have been supplied, as such REC has 
utilised an assumed line loading of 75kN/m2 for the low rise and 2.5 storey houses. 
 
It is understood that site remediation works including excavation and validation of 
hydrocarbon compounds will need to be undertaken prior to the commencement of site 
works. 
 
Given the nature of the proposed development it is considered that the structure meets the 
criteria of Geotechnical Category 1 of Euro Code 7. 
 
Given the nature of the development it is considered that acceptable risk from settlement is a 
total settlement value of 25mm for a masonry structure.   
 
8.2 Summary of Ground Conditions 
 
Ground conditions identified at the site are summarised in Table 8.1 below: 
 
Table 8.1 Summary of Ground Conditions 

Strata Typical Description  
Min Depth to 
Top of Strata 

(m) 

Max Depth to 
Top of Strata 

(m) 

Max 
Thickness  

(m) 

MG Asphalt Black Asphalt 0.00 0.00 0.15 

MG Gravelly 
sand 

Red brown very gravelly fine to 
medium sand with many cobbles. 
Gravel is medium to coarse angular 
to sub-angular of brick and 
concrete. Cobbles are sub-angular 
to angular of brick and concrete. 

0.00 0.00 5.70 

MG Gravel 

Sandy yellow brown gravel.  Gravel 
is fine to coarse angular to sub-
angular of sandstone with 
occasional bands of coarse sand.  

1.30 1.30 3.70 

MG Gravelly 
clay 

Dark Grey gravelly clay with many 
cobbles.  Gravel is fine to coarse 
angular to sub-rounded of 
sandstone, limestone, concrete.  
Cobbles are angular to sub-
rounded of sandstone. 

0.00 0.00 1.50 

Gravelly 
CLAY 

Very soft very sandy very gravelly 
red brown CLAY.  Gravel is fine to 
coarse angular to sub-angular of 
sandstone. 

1.20 3.00 1.80 

Gravelly 
SAND 

Fine to medium very gravelly 
SAND with many cobbles.  Gravel 
is medium to coarse angular to 
sub-angular of sandstone and 
mudstone.  Cobbles are sub-
angular to angular of sandstone. 

1.30 3.60 1.70 
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8.3 Summary of Previous Geotechnical Assessments 
 
REC has reviewed and summarised the previous geotechnical appraisals of the site and has 
reproduced the salient features below: 
 

• Concrete is to be designed in line with Design Suplate Class DS1 ACEC Classification 
AC-1; 

• Regrading of the site is considered likely.  All imported materials are to be managed 
under a Material Management Plan, which appropriate geotechnical and chemical 
analysis; 

• All sub surface obstructions, such as relict foundations are to be removed and a suitable 
material replaced and re-engineered; and, 

• The in-filled former reservoir has been backfilled in an apparent loose tip manner, with a 
variable grade matrix including steel drums.  This material will require excavation and 
any concrete base or side of the reservoir also removed.  Once removed the void will 
have to be re-engineered to final finishing levels to provide a suitable construction 
platform.  The material excavated from the reservoir is likely to be classified as 
hazardous due in part to the liquid product encountered in during the Encia ground 
investigation;  

 
Due to the change in proposed end use since the Encia 2008 report, REC has revised the 
recommended foundation details and has combined the data from the Encia report and the 
data obtained as part of this investigation to derive the foundation options. 

 
8.4 Foundation Conditions and Bearing Capacity 
 
General 
 
It is considered that the Made Ground and shallow till deposits are not suitable for a founding 
material due to the inherent variability of the material.  Foundation options are therefore: 

• Raft foundations; 

• Conventional strip footings on vibro granular columns; or, 

• Deeper pile foundations. 
 
These options are discussed below: 
 
Raft Foundations 
 
Consideration could be given to the utilisation of a raft type foundation which would mitigate 
against the potential for total and differential settlement.  Due to the large surface area of the 
raft the bulb of pressure is reduced and maybe suitable for the assumed loading of 75kN/m2 
which the proposed low rise and 2.5 storey development may exert.  
 
Raft foundations should be as shallow as possible, preferably on the surface, so that 
compressive strains can take place beneath them instead of transmitting direct compressive 
forces to their edges, and they should be constructed on a membrane to allow for lateral 
movement as ground movements occur below them. 
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It is recommended that a specialist foundation engineer is contacted to design any raft 
utilised for the proposed developments.  They must also take into account the overall 
dimensions and calculate the bulb of pressure to ensure that the forces exerted in the 
underlying strata are within the calculated ABP range of between 50kN/m2 to 100kN/m2at 
between 1.00m and 2.00m bgl. 
 
Ground Improvement 
 
The use of ground improvement techniques such as vibro granular columns will allow 
shallow foundations to be utilised with the Made Ground.  The vibro granular columns should 
provide a bearing capacity of around 150kN/m² but will also remove variability within the 
Made Ground.  Specialist advice should be sought from a suitably experience contractor with 
regard to allowable bearing capacity and settlements. 
 
Piled Foundations 

As an alternative consideration maybe given to the use of piled foundations for any low rise 
residential units where deep Made Ground has been encountered, such as the backfilled 
reservoir. 

Pile design should be undertaken by a specialist contractor to allow them to reduce the 
factor of safety based on their extensive pile testing data. 
 
Recommendation 
 
Raft foundations for the low rise residential units in areas where Made Ground does not 
exceed 1.50m in thickness would be viable, however the variability in the Made Ground 
would lead to a potential for unacceptable levels of differential settlement.  It is considered 
that vibro granular columns will provide the most reliable and cost effective option for the low 
rise units. 
 
8.5 Site Enabling and Remediation Works 
 
A programme of site wide remediation and enabling works will be required to remove all 
historical obstructions and manage materials in such a manner so as to facilitate re-
engineering beneath plots for vibro replacement by stone columns, as detailed in Section 6.0 
of this report. 
 
8.6 Ground Floor Slabs 
 
Due to the presence of substantial thickness’ of Made Ground across the site it is 
considered that ground bearing floor slabs, whilst viable, will require detailed design to 
accommodate variability of the formation and account for differential settlement. 
 
If vibro granular columns are used for the foundations then this could be extended to the 
floor slab to improve formation conditions and reduce the risk of damage from settlement.  
However, it may be more reliable to opt for suspended floor slabs.   
 
Where suspended floor slabs are employed ventilation of the under floor void will be required 
to address condensation issues.  This would also assist in the mitigation of potential gas 
ingress issues. 
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8.7 Drainage 
 
It is recommended that drain runs are designed using steeper gradients and flexible joints to 
allow for some differential settlement. 
 
The soil infiltration tests show that there is little potential for soakaways within the natural 
underlying strata.  Therefore, it is not recommended that soakaways are used for disposal of 
surface water runoff. 
 
8.8 Excavations 

 

Site observations indicated that excavations should be feasible in the near surface with 
normal plant.  Groundwater seepage was recorded in a number of the Exploratory Holes at 
depths of between 2.30 and 4.00m bgl and are considered representative of the local ground 
water level within the granular deposits.  
 
Dependent upon the depth of excavations, consideration must be given to the potential for 
instability and collapse when excavating through the granular deposits and it is considered 
that all excavations are supported in accordance with guidance contained within CIRIA 97. 
 
Should excavations be deep enough to encounter groundwater then consideration must be 
given not only to de-watering but to the potential off-site impact of de-watering in gravels. 
 
8.9 Re-Use of Materials 
 
Consideration has been given to the potential re-use of site won arisings from substructure 
works as an engineered fill.  The soils have been assessed using the following: 

• Physical description of the soils encountered (variability and organic content); and, 

• Guidance given in HA44/91; 
 
Based on this it is considered that soils are suitable for re-use as a general engineered fill in 
accordance with Class 2A of the Specification for Highway Works. 
 
8.10 Construction Activity and Inspection 
 
The following activities and inspections should be incorporated in to the site works: 
 

• Due to the variability of the soils at the site it is recommended that sufficient allowance is 
made for the inspection of formation and sub formations to foundations and pavement 
construction; 

• Excavations where access is required should be subject to a risk assessment from a 
competent person and where appropriate mitigation measures such as benching back 
the sides or use of support systems in accordance with CIRIA 97 utilised; 

• It is considered that de-watering may be required, especially following periods of heavy 
rainfall.  Removal of surface water and water within trenches should be possible with 
conventional sump pumping.  Discharge of any water should be agreed with the relevant 
regulatory body and be undertaken under a trade effluent discharge, where required.  
Measures to remove silt and suspended solids may be required and consideration 
should be given to provision of space for settling tanks or an attenuation pond; 

• Where access to confined spaces is required appropriate mitigation measures should be 
addressed within the Construction Stage Health and Safety Plan.  Particular account 
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should be taken of the gas results; and, 

• The presence of potential contamination and mitigation measures should be addressed 
as part of the Construction Stage Health and Safety Plan and should include measures 
to design out the risks, reduce their impact and finally the use of Personnel Protective 
Equipment (PPE). 
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9.0 CONCLUSIONS & RECOMMENDATIONS 
 

Geotechnical Assessment 

The in-filled former reservoir has been back filled in an apparent loose tip manner, which is 
geotechnical unsuitable. This material will require excavation and re-engineering to final finishing 
levels to provide a suitable construction platform.   

Due to the variable thickness of Made Ground foundations conventional foundations are used 
founding on vibro granular columns used to improve the uniformity of the engineering properties of 
the Made Ground, cohesive and granular deposits. 

Revised Conceptual Site Model 

The placement of an 800mm cover system in soft landscaped areas including POS and gardens will 
mitigate against the elevated hydrocarbon compounds, identified in this report and the elevated 
inorganic compounds as noted in the Encia report. 
 
The Detailed Quantitative Risk Assessment (DQRA) has modelled the fate and transport of soluble 
hydrocarbons identified on site and concludes that under steady state conditions with no natural 
attenuation will the compounds will not impact the 50m compliance point (Culvert of River Gwenfro) 
at concentrations above even the more conservative former Drinking Water Standards for 
hydrocarbon compounds (<10ug/l). 
 
The ground gas assessment indicates a medium risk to future site users, owing to the presence of 
radon and carbon dioxide.  Gas protection measures and basic radon protection measures are 
required at the site. 

Recommendations 

A material management plan (MMP) will be required to facilitate in the cost effective re-development 
of the site.  Allowances should made for the potential abnormal development costs associated with 
the disposal of hydrocarbon impacted Made Ground in the vicinity of the former reservoir.  

 
 

END OF REPORT 
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1. This report and its findings should be considered in relation to the terms of reference and objectives agreed 
between REC Ltd and the Client as indicated in Section 1.2.  

 
2. For the work, reliance has been placed on publicly available data obtained from the sources identified. The 

information is not necessarily exhaustive and further information relevant to the site may be available from 
other sources. When using the information it has been assumed it is correct. No attempt has been made to 
verify the information.  

 
3. This report has been produced in accordance with current UK policy and legislative requirements for land 

and groundwater contamination which are enforced by the local authority and the Environment Agency. 
Liabilities associated with land contamination are complex and requires advice from legal professionals.  

 
4. During the site walkover reasonable effort has been made to obtain an overview of the site conditions. 

However, during the site walkover no attempt has been made to enter areas of the site that are unsafe or 
present a risk to health and safety, are locked, barricaded, overgrown, or the location of the area has not be 
made known or accessible.  

 
5. Access considerations, the presence of services and the activities being carried out on the site limited the 

locations where sampling locations could be installed and the techniques that could be used.  
 
6. In addition to the above REC Ltd note that when investigating, or developing, potentially contaminated land it 

is important to recognise that sub-surface conditions may vary spatially and also with time. The absence of 
certain ground, ground gas, and contamination or groundwater conditions at the positions tested is not a 
guarantee that such conditions do not exist anywhere across the site. Due to the presence of existing 
buildings and structures access could not be obtained to all areas. Additional contamination may be 
identified following the removal of the buildings or hard standing.  

 
7. Site sensitivity assessments have been made based on available information at the time of writing and are 

ultimately for the decision of the regulatory authorities.  
 
8. Where mention has been made to the identification of Japanese Knotweed and other invasive plant species 

and asbestos or asbestos-containing materials this is for indicative purposes only and do not constitute or 
replace full and proper surveys.  

 
9. The executive summary, conclusions and recommendations sections of the report provide an overview and 

guidance only and should not be specifically relied upon without considering the context of the report in full.  
 
10. This report presents an interpretation of the geotechnical information established by excavation, observation 

and testing.  Whilst every effort is made in interpretative reporting to assess the soil conditions over the Site 
it should be noted that natural strata vary from point to point and that man made deposits are subject to an 
even greater diversity.  Groundwater conditions are dependent on seasonal and other factors.  Consequently 
there may be conditions present not revealed by this investigation.  

 
11. REC can not be held responsible for any use of the report or its contents for any purpose other than that for 

which it was prepared. The copyright in this report and other plans and documents prepared by REC is 
owned by them and no such plans or documents may be reproduced, published or adapted without written 
consent. Complete copies of this may, however, be made and distributed by the client as is expected in 
dealing with matters related to its commission. Should the client pass copies of the report to other parties for 
information, the whole report should be copied, but no professional liability or warranties shall be extended to 
other parties by REC in this connection without their explicit written agreement there to by REC.  

 
12. Rather, this investigation has been undertaken to provide a preliminary characterisation of the existing sub-

surface geotechnical characteristics and make up and the findings of this study are our best interpretation of 
the data collected, within the scope of work and agreed budget.  New information, revised practices or 
changes in legislation may necessitate the re-interpretation of the report, in whole or in part.  

 
13. This investigation has been undertaken to reasonably characterise existing sub-surface conditions and the 

findings of this study are our best interpretation of the data collected, within the scope of work and agreed 
budget. New information, revised practices or changes in legislation may necessitate the re-interpretation of 
the report, in whole or in part. 
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TERMS 
 

AST   Above Ground Storage Tank 

BGS  
British Geological Survey 

BSI 
 

British Standards Institute 

BTEX 
 

Benzene, Toluene, Ethylbenzene, Xylenes 

CIEH 
 

Chartered Institute of Environmental Health 

CIRIA 
 

Construction Industry Research Association 

CLEA 
 

Contaminated Land Exposure Assessment 

CSM 
 

Conceptual Site Model 

DNAPL 
 

Dense Non-Aqueous Phase Liquid (chlorinated solvents, 

PCB) 

DWS 
 

Drinking Water Standard 

EA  
 

Environment Agency 

EQS 
 

Environmental Quality Standard 

GAC 
 

General Assessment Criteria 

GL 
 

Ground Level 

GSV 
 

Gas Screening Value 

HCV 
 

Health Criteria Value 

ICSM 
 

Initial Conceptual Site Model 

LNAPL 
 

Light Non-Aqueous Phase Liquid (petrol, diesel, kerosene) 

ND 
 

Not Detected 

LMRL 
 

Lower Method Reporting Limit 

NR 
 

Not Recorded 
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PAH 
 

Poly Aromatic Hydrocarbon 

PCB 
 

Poly-Chlorinated Biphenyl 

PID 
 

Photo Ionisation Detector 

QA 
 

Quality Assurance 

SGV 
 

Soil Guideline Value 

SPH 
 

Separate Phase Hydrocarbon 

Sp.TPH (CWG) Total Petroleum Hydrocarbon (Criteria Working Group) 

SPT 
 

Standard Penetration Test 

SVOC 
 

Semi Volatile Organic Compound 

UST 
 

Underground Storage Tank 

VCCs 
 

Vibro Concrete Columns 

VOC 
 

Volatile Organic Compound 

WTE 
 

Water Table Elevation 

 

UNITS   

   

m  Metres 

km  Kilometres 

%  Percent 

%v/v  Percent volume in air 

mb  Milli Bars (atmospheric pressure) 

l/hr  Litres per hour 

µg/l  Micrograms per Litre (parts per billion) 

ppb  Parts Per Billion 
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mg/kg  Milligrams per kilogram (parts per million) 

ppm  Parts Per Million 

mg/m
3
  Milligram per metre cubed 

m bgl  Metres Below Ground Level 

m bcl  Metre Below Cover Level 

mAOD  Metres Above Ordnance Datum (sea level) 

kN/m
2
  Kilo Newtons per metre squared 

µm  Micro metre 
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Drawing 44391p2/001 
 
Site Location and 
Aerial Photo 
 

Site Location 
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Probehole Number:
Project Number:

Contract Name:

Client:

Engineer:

Date Started:

Date Completed:

Elevation AOD (m):

Co-ordinates:

Drilling Equipment: 

Groundwater:

Services:

Additon of water:

Casing diameter:

Date logged:

Status:

SUBSURFACE PROFILE SAMPLES AND IN-SITU TESTING

D
ep

th
 

(m
bg

l)

1.0

2.0

3.0

4.0

5.0

6.0

Le
ge

nd Description

Depth
of

Strata
(mbgl)

Type Depth
(mbgl)

In-Situ Testing
SPT / U100

Water
Level
(mbgl)

Monitoring
Installation
/ Backfill

Osprey House
Pacific Quay
Broadway
Manchester, M50 2UE
Tel: 0161 868 1300 / Fax: 0161 868 1301
www.recltd.co.uk

Key B. Bulk (Bag)          
W. Water
U100. 100mm Undisturbed
U38. 38mm Undisturbed Sample
SPT. Standard Penetration Test

D. Disturbed
G.  Amber Glass Jar / Bottle
CPT. Cone Penetration Test
U100. Blows (Recovery mm)
V. 40ml Glass Vial

T. Plastic Tub
N. 'N' Value
HV. Hand Shear Vane
PID. Photo Ionisation Detector
ES. Environmental Sample 

Notes

Borehole Record - Window Sample

Prior to drilling the location was scanned with a cable avoidance tool (CAT).

Mini tracked window sampler rig

WS101
44391

Watery Road, Wrexham

Bellway Homes (NW)

S. Towers

19/04/2012

19/04/2012

N/A

N/A

MADE GROUND: Black asphalt.  

MADE GROUND: Fine to medium very gravelly 
red/brown sand with many cobbles. Gravel is medium 
to coarse angular to sub-angular of brick and 
concrete.Cobbles are sub-angular to angular of brick 
and concrete.
...becomes dense at 1.00m bgl

...becomes medium dense at 2.00m bgl

...becomes dense at 4.00m bgl

Terminated at 4.45m bgl due to cobbles.

0.15

4.45

ES

SPT

SPT

ES

SPT

ES

SPT

0.40

1.00-1.45

2.00-2.45

2.50

3.00-3.45

3.50

4.00-4.45

3/10/7/5/8/12 N= 32

2/2/2/2/3/3 N= 10

3/6/6/4/4/5 N= 19

10/7/8/10/10/8 N= 36

None encountered

None added

110mm

23/04/2012

Prelim2



Probehole Number:
Project Number:

Contract Name:

Client:

Engineer:

Date Started:

Date Completed:

Elevation AOD (m):

Co-ordinates:

Drilling Equipment: 

Groundwater:

Services:

Additon of water:

Casing diameter:

Date logged:

Status:

SUBSURFACE PROFILE SAMPLES AND IN-SITU TESTING

D
ep

th
 

(m
bg

l)

1.0

2.0

3.0

4.0

5.0

6.0

Le
ge

nd Description

Depth
of

Strata
(mbgl)

Type Depth
(mbgl)

In-Situ Testing
SPT / U100

Water
Level
(mbgl)

Monitoring
Installation
/ Backfill

Osprey House
Pacific Quay
Broadway
Manchester, M50 2UE
Tel: 0161 868 1300 / Fax: 0161 868 1301
www.recltd.co.uk

Key B. Bulk (Bag)          
W. Water
U100. 100mm Undisturbed
U38. 38mm Undisturbed Sample
SPT. Standard Penetration Test

D. Disturbed
G.  Amber Glass Jar / Bottle
CPT. Cone Penetration Test
U100. Blows (Recovery mm)
V. 40ml Glass Vial

T. Plastic Tub
N. 'N' Value
HV. Hand Shear Vane
PID. Photo Ionisation Detector
ES. Environmental Sample 

Notes

Borehole Record - Window Sample

Prior to drilling the location was scanned with a cable avoidance tool (CAT).

Mini tracked window sampler rig

WS102
44391

Watery Road, Wrexham

Bellway Homes (NW)

S. Towers

19/04/2012

19/04/2012

N/A

N/A

MADE GROUND: Fine to medium clayey gravelly 
sand. Gravel is fine to coarse angular to sub-angular 
of sandstone. 

MADE GROUND: Sandy yellow/brown gravel. Gravel 
is fine to coarse angular to sub-angular of sandstone 
with occasional bands of coarse sand.

...becomes very loose at 1.00m bgl

...becomes medium dense at 2.00m bgl

becomes very dense at 5.00m bgl

Complete at 5.00m bgl.

1.30

5.00

SPT

ES

SPT

SPT
ES

SPT

SPT

1.00-1.45

1.30

2.00-2.45

3.00-3.45
3.00

4.00-4.45

5.00-5.45

0/0/0/0/1/1 N= 2

1/2/5/4/3/3 N= 15

1/2/2/3/3/2 N= 10

3/6/6/4/4/5 N= 19

3/4/6/10/19/18 N= 53

None encountered

None added

110mm

23/04/2012

Prelim2



Probehole Number:
Project Number:

Contract Name:

Client:

Engineer:

Date Started:

Date Completed:

Elevation AOD (m):

Co-ordinates:

Drilling Equipment: 

Groundwater:

Services:

Additon of water:

Casing diameter:

Date logged:

Status:

SUBSURFACE PROFILE SAMPLES AND IN-SITU TESTING

D
ep

th
 

(m
bg

l)

1.0

2.0

3.0

4.0

5.0

Le
ge

nd Description

Depth
of

Strata
(mbgl)

Type Depth
(mbgl)

In-Situ Testing
SPT / U100

Water
Level
(mbgl)

Monitoring
Installation
/ Backfill

Osprey House
Pacific Quay
Broadway
Manchester, M50 2UE
Tel: 0161 868 1300 / Fax: 0161 868 1301
www.recltd.co.uk

Key B. Bulk (Bag)          
W. Water
U100. 100mm Undisturbed
U38. 38mm Undisturbed Sample
SPT. Standard Penetration Test

D. Disturbed
G.  Amber Glass Jar / Bottle
CPT. Cone Penetration Test
U100. Blows (Recovery mm)
V. 40ml Glass Vial

T. Plastic Tub
N. 'N' Value
HV. Hand Shear Vane
PID. Photo Ionisation Detector
ES. Environmental Sample 

Notes

Borehole Record - Window Sample

Prior to drilling the location was scanned with a cable avoidance tool (CAT).

Mini tracked window sampler rig

WS103
44391

Watery Road, Wrexham

Bellway Homes (NW)

S. Towers

19/04/2012

19/04/2012

N/A

N/A

MADE GROUND: Fine to medium very gravelly 
red/brown sand with many cobbles. Gravel is medium 
to coarse angular to sub-angular of brick and 
concrete. Cobbles are sub-angular to angular of brick 
and concrete.

...becomes medium dense at 1.00m bgl

...becomes loose at 5.00m bgl

ES

SPT

SPT

ES

SPT

SPT

SPT

0.50

1.00-1.45

2.00-2.45

2.50

3.00-3.45

4.00-4.45

5.00-5.45

1/5/5/5/5/5 N= 20

3/6/6/5/8/4 N= 23

1/2/3/3/3/3 N= 12

1/2/3/3/2/2 N= 10

2/2/2/2/2/2 N= 8

None encountered

None added

110mm

23/04/2012

Prelim2



Probehole Number:
Project Number:

Contract Name:

Client:

Engineer:

Date Started:

Date Completed:

Elevation AOD (m):

Co-ordinates:

Drilling Equipment: 

Groundwater:

Services:

Additon of water:

Casing diameter:

Date logged:

Status:

SUBSURFACE PROFILE SAMPLES AND IN-SITU TESTING

D
ep

th
 

(m
bg

l)

6.0

7.0

8.0

9.0

10.0

Le
ge

nd Description

Depth
of

Strata
(mbgl)

Type Depth
(mbgl)

In-Situ Testing
SPT / U100

Water
Level
(mbgl)

Monitoring
Installation
/ Backfill

Osprey House
Pacific Quay
Broadway
Manchester, M50 2UE
Tel: 0161 868 1300 / Fax: 0161 868 1301
www.recltd.co.uk

Key B. Bulk (Bag)          
W. Water
U100. 100mm Undisturbed
U38. 38mm Undisturbed Sample
SPT. Standard Penetration Test

D. Disturbed
G.  Amber Glass Jar / Bottle
CPT. Cone Penetration Test
U100. Blows (Recovery mm)
V. 40ml Glass Vial

T. Plastic Tub
N. 'N' Value
HV. Hand Shear Vane
PID. Photo Ionisation Detector
ES. Environmental Sample 

Notes

Borehole Record - Window Sample

Prior to drilling the location was scanned with a cable avoidance tool (CAT).

Mini tracked window sampler rig

WS103
44391

Watery Road, Wrexham

Bellway Homes (NW)

S. Towers

19/04/2012

19/04/2012

N/A

N/A

...becomes mediumd dense at 6.00m bgl

Complete at 6.45m bgl.

6.45

SPT 6.00-6.45 17/11/5/5/3/3 N= 16

None encountered

None added

110mm

23/04/2012

Prelim2



Probehole Number:
Project Number:

Contract Name:

Client:

Engineer:

Date Started:

Date Completed:

Elevation AOD (m):

Co-ordinates:

Drilling Equipment: 

Groundwater:

Services:

Additon of water:

Casing diameter:

Date logged:

Status:

SUBSURFACE PROFILE SAMPLES AND IN-SITU TESTING

D
ep

th
 

(m
bg

l)

1.0

2.0

3.0

4.0

5.0

6.0

Le
ge

nd Description

Depth
of

Strata
(mbgl)

Type Depth
(mbgl)

In-Situ Testing
SPT / U100

Water
Level
(mbgl)

Monitoring
Installation
/ Backfill

Osprey House
Pacific Quay
Broadway
Manchester, M50 2UE
Tel: 0161 868 1300 / Fax: 0161 868 1301
www.recltd.co.uk

Key B. Bulk (Bag)          
W. Water
U100. 100mm Undisturbed
U38. 38mm Undisturbed Sample
SPT. Standard Penetration Test

D. Disturbed
G.  Amber Glass Jar / Bottle
CPT. Cone Penetration Test
U100. Blows (Recovery mm)
V. 40ml Glass Vial

T. Plastic Tub
N. 'N' Value
HV. Hand Shear Vane
PID. Photo Ionisation Detector
ES. Environmental Sample 

Notes

Borehole Record - Window Sample

Prior to drilling the location was scanned with a cable avoidance tool (CAT).

Mini tracked window sampler rig

WS104
44391

Watery Road, Wrexham

Bellway Homes (NW)

S. Towers

19/04/2012

19/04/2012

N/A

N/A

MADE GROUND: Fine to medium very clayey 
grey/brown very gravelly sand with many cobbles. 
Gravel is medium to coarse angular to sub-angular of 
sandstone and brick. Cobbles are sub-angular to 
angular of sandstone and brick.

Very soft very low strength very sandy very gravelly 
red/brown CLAY. Gravel is fine to coarse angular to 
sub-angular of sandstone.

Very soft very low strength very sandy gravelly grey 
CLAY. Gravel is fine to medium angular to sub-
angular of sandstone. 

Fine to medium very gravelly SAND with some 
cobbles. Gravel is medium to coarse angular to sub-
angular of sandstone and mudstone. Cobbles are 
sub-angular to sub-rounded of sandstone.

...becomes stiff high strength at 2.00m bgl

Complete at 5.00m bgl.

1.20

3.00

3.60

5.00

ES

SPT

SPT

ES

ES

0.50

1.00-1.45

2.00-2.45

3.50

4.00

0/0/0/0/0/0 N= 0

2/2/2/2/2/2 N= 8

None encountered

None added

110mm

23/04/2012

Prelim2



Probehole Number:
Project Number:

Contract Name:

Client:

Engineer:

Date Started:

Date Completed:

Elevation AOD (m):

Co-ordinates:

Drilling Equipment: 

Groundwater:

Services:

Additon of water:

Casing diameter:

Date logged:

Status:

SUBSURFACE PROFILE SAMPLES AND IN-SITU TESTING

D
ep

th
 

(m
bg

l)

1.0

2.0

3.0

4.0

5.0

6.0

Le
ge

nd Description

Depth
of

Strata
(mbgl)

Type Depth
(mbgl)

In-Situ Testing
SPT / U100

Water
Level
(mbgl)

Monitoring
Installation
/ Backfill

Osprey House
Pacific Quay
Broadway
Manchester, M50 2UE
Tel: 0161 868 1300 / Fax: 0161 868 1301
www.recltd.co.uk

Key B. Bulk (Bag)          
W. Water
U100. 100mm Undisturbed
U38. 38mm Undisturbed Sample
SPT. Standard Penetration Test

D. Disturbed
G.  Amber Glass Jar / Bottle
CPT. Cone Penetration Test
U100. Blows (Recovery mm)
V. 40ml Glass Vial

T. Plastic Tub
N. 'N' Value
HV. Hand Shear Vane
PID. Photo Ionisation Detector
ES. Environmental Sample 

Notes

Borehole Record - Window Sample

Prior to drilling the location was scanned with a cable avoidance tool (CAT).

Mini tracked window sampler rig

WS105
44391

Watery Road, Wrexham

Bellway Homes (NW)

S. Towers

19/04/2012

19/04/2012

N/A

N/A

MADE GROUND: Medium to coarse very clayey very 
gravelly dark grey sand. Gravel is medium to coarse 
angular to sub-angular of concrete, brick, asphalt and 
limestone. 

Fine red/brown gravelly sand. Gravel is medium to 
coarse angular to sub-angular of sandstone, 
limestone and coal.

Firm medium strength sandy gravelly CLAY. Gravel is 
medium to coarse angular to sub-angular of 
sandstone. 

Medium strength oarse gravelly yellow brown SAND. 
Gravel is fine to medium angular to sub-angular of 
sandstone.

Firm to stiff sandy gravelly CLAY. Gravel is fine to 
medium angular to sub-angular of sandstone.

...becomes loose at 1.00m bgl

...becomes loose at 1.00m bgl...becomes loose at 2.00m bgl

...becomes stiff high strength at 5.00m bgl

Complete at 5.00m bgl.

1.30

3.00

3.80

4.50

5.00

ES

SPT

ES

SPT

SPT

ES

SPT

SPT

0.40

1.00-1.45

1.30

2.00-2.45

3.00-3.45

3.80

4.00-4.45

5.00-5.45

1/1/1/1/1/1 N= 4

2/2/2/2/2/2 N= 8

2/2/1/2/2/2 N= 7

1/1/1/3/3/3 N= 10

2/3/2/3/3/4 N= 12

W
at

er
st

rik
e 

at
 3

.8
0m

 b
gl

Waterstrike at 3.80m bgl

None added

110mm

23/04/2012
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Probehole Number:
Project Number:

Contract Name:

Client:

Engineer:

Date Started:

Date Completed:

Elevation AOD (m):

Co-ordinates:

Drilling Equipment: 

Groundwater:

Services:

Additon of water:

Casing diameter:

Date logged:

Status:

SUBSURFACE PROFILE SAMPLES AND IN-SITU TESTING

D
ep

th
 

(m
bg

l)

1.0

2.0

3.0

4.0

5.0

6.0

Le
ge

nd Description

Depth
of

Strata
(mbgl)

Type Depth
(mbgl)

In-Situ Testing
SPT / U100

Water
Level
(mbgl)

Monitoring
Installation
/ Backfill

Osprey House
Pacific Quay
Broadway
Manchester, M50 2UE
Tel: 0161 868 1300 / Fax: 0161 868 1301
www.recltd.co.uk

Key B. Bulk (Bag)          
W. Water
U100. 100mm Undisturbed
U38. 38mm Undisturbed Sample
SPT. Standard Penetration Test

D. Disturbed
G.  Amber Glass Jar / Bottle
CPT. Cone Penetration Test
U100. Blows (Recovery mm)
V. 40ml Glass Vial

T. Plastic Tub
N. 'N' Value
HV. Hand Shear Vane
PID. Photo Ionisation Detector
ES. Environmental Sample 

Notes

Borehole Record - Window Sample

Prior to drilling the location was scanned with a cable avoidance tool (CAT).

Mini tracked window sampler rig

WS106
44391

Watery Road, Wrexham

Bellway Homes (NW)

S. Towers

19/04/2012

19/04/2012

N/A

N/A

MADE GROUND: MADE GROUND: Medium to 
coarse clayey dark grey gravelly sand with many 
cobbles. Gravel is fine to coarse angular to sub-
rounded of sandstone, limestone, concrete. Cobbles 
are sub-angular to sub-rounded of sandstone. 

Terminated at 1.50m bgl due to a large sandstone 
obstruction.

1.50

None encountered

None added

110mm

23/04/2012

Prelim2



Probehole Number:
Project Number:

Contract Name:

Client:

Engineer:

Date Started:

Date Completed:

Elevation AOD (m):

Co-ordinates:

Drilling Equipment: 

Groundwater:

Services:

Additon of water:

Casing diameter:

Date logged:

Status:

SUBSURFACE PROFILE SAMPLES AND IN-SITU TESTING

D
ep

th
 

(m
bg

l)

1.0

2.0

3.0

4.0

5.0

6.0

Le
ge

nd Description

Depth
of

Strata
(mbgl)

Type Depth
(mbgl)

In-Situ Testing
SPT / U100

Water
Level
(mbgl)

Monitoring
Installation
/ Backfill

Osprey House
Pacific Quay
Broadway
Manchester, M50 2UE
Tel: 0161 868 1300 / Fax: 0161 868 1301
www.recltd.co.uk

Key B. Bulk (Bag)          
W. Water
U100. 100mm Undisturbed
U38. 38mm Undisturbed Sample
SPT. Standard Penetration Test

D. Disturbed
G.  Amber Glass Jar / Bottle
CPT. Cone Penetration Test
U100. Blows (Recovery mm)
V. 40ml Glass Vial

T. Plastic Tub
N. 'N' Value
HV. Hand Shear Vane
PID. Photo Ionisation Detector
ES. Environmental Sample 

Notes

Borehole Record - Window Sample

Prior to drilling the location was scanned with a cable avoidance tool (CAT).

Mini tracked window sampler rig

WS106a
44391

Watery Road, Wrexham

Bellway Homes (NW)

S. Towers

19/04/2012

19/04/2012

N/A

N/A

MADE GROUND: Medium to coarse clayey dark grey 
gravelly sand with many cobbles. Gravel is fine to 
coarse angular to sub-rounded of sandstone, 
limestone, concrete. Many cobbles and boulders of 
sandstone.

Terminated at 1.50m bgl due to a large sandstone 
boulder.

1.50

ES

SPT

SPT

0.50

1.00-1.45

1.50

2/2/2/3/3/2 N= 10

50 for 0mm

None encountered

None added

110mm

23/04/2012

Prelim2
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SAL Reference: 275992

Customer Reference: 44391

Soil Analysed as Soil

REC Suite C (Banded TPH C5-C35)

SAL Reference 275992 004 275992 006 275992 010 275992 011

Customer Sample Reference WS102 1.3 WS103 0.5 WS104 4.0 WS105 0.4

Date Sampled 19-APR-2012 19-APR-2012 19-APR-2012 19-APR-2012

Determinand Method Test
Sample LOD Units

TPH (C5-C6) T54 AR 0.10 mg/kg <0.10 <0.10 <0.10 <0.10

TPH (C6-C8) T54 AR 0.1 mg/kg <0.1 <0.1 <0.1 <0.1

TPH (C8-C10) T54 AR 0.10 mg/kg <0.10 <0.10 <0.10 <0.10

TPH (C10-C12) T8 AR 1 mg/kg <1 (9) <10 <1 1

TPH (C12-C16) T8 AR 1 mg/kg <1 39 <1 10

TPH (C16-C21) T8 AR 1 mg/kg 2 450 3 70

TPH (C21-C35) T8 AR 1 mg/kg 7 5000 3 980

SAL Reference: 275992

Customer Reference: 44391

Soil Analysed as Soil

REC TPH (CWG)

SAL Reference 275992 009 275992 012

Customer Sample Reference WS104 3.5 WS105 1.3

Date Sampled 19-APR-2012 19-APR-2012

Determinand Method Test
Sample LOD Units

Benzene T54 AR 0.001 mg/kg (13) <0.001 (13) <0.001

Toluene T54 AR 0.001 mg/kg <0.001 <0.001

EthylBenzene T54 AR 0.001 mg/kg <0.001 <0.001

M/P Xylene T54 AR 0.001 mg/kg <0.001 <0.001

O Xylene T54 AR 0.001 mg/kg <0.001 <0.001

Methyl tert-Butyl Ether T54 AR 0.001 mg/kg <0.001 <0.001

TPH (C5-C6 aliphatic) T54 AR 0.010 mg/kg <0.010 <0.010

TPH (C6-C8 aliphatic) T54 AR 0.010 mg/kg <0.010 <0.010

TPH (C8-C10 aliphatic) T54 AR 0.010 mg/kg 2.1 <0.010

TPH (C10-C12 aliphatic) T8 AR 1 mg/kg 11 <1

TPH (C12-C16 aliphatic) T8 AR 1 mg/kg 62 <1

TPH (C16-C21 aliphatic) T8 AR 1 mg/kg 35 <1

TPH (C21-C35 aliphatic) T8 AR 1 mg/kg 6 <1

TPH (Aliphatic) total T85 AR mg/kg 120 N.D.

TPH (C6-C7 aromatic) T54 AR 0.010 mg/kg <0.010 <0.010

TPH (C7-C8 aromatic) T54 AR 0.010 mg/kg <0.010 <0.010

TPH (C8-C10 aromatic) T54 AR 0.010 mg/kg 0.030 <0.010

TPH (C10-C12 aromatic) T8 AR 1 mg/kg <1 <1

TPH (C12-C16 aromatic) T8 AR 1 mg/kg 3 <1

TPH (C16-C21 aromatic) T8 AR 1 mg/kg 5 <1

TPH (C21-C35 aromatic) T8 AR 1 mg/kg 4 <1

TPH (Aromatic) total T85 AR mg/kg 12 N.D.

TPH (Aliphatic+Aromatic) (sum) T85 AR mg/kg 130 N.D.

This document has been printed from a digitally signed master copy
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SAL Reference: 275992

Customer Reference: 44391

Soil Analysed as Soil

Volatile Organic Compounds (USEPA 624)

SAL Reference 275992 002 275992 004 275992 007 275992 009 275992 010

Customer Sample Reference WS101 2.5 WS102 1.3 WS103 2.5 WS104 3.5 WS104 4.0

Date Sampled 19-APR-2012 19-APR-2012 19-APR-2012 19-APR-2012 19-APR-2012

Determinand Method Test
Sample LOD Units

1,1,1,2-Tetrachloroethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,1,1-Trichloroethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,1,2,2-Tetrachloroethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,1,2-Trichloroethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,1,2-Trichloroethylene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,1-Dichloroethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,1-Dichloroethylene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,1-Dichloropropene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,2,3-Trichloropropane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,2,4-Trimethylbenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,2-dibromoethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,2-Dichlorobenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,2-Dichloroethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,2-Dichloropropane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,3,5-Trimethylbenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,3-Dichlorobenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,3-Dichloropropane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

1,4-Dichlorobenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

2,2-Dichloropropane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

2-Chlorotoluene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

4-Chlorotoluene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Benzene T54 AR 0.001 mg/kg (13) <0.001 (13) <0.001 (13) <0.001 (13) <0.001 (13) <0.001

Bromobenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Bromochloromethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Bromodichloromethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Bromoform T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Bromomethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Carbon tetrachloride T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Chlorobenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Chlorodibromomethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Chloroethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Chloroform T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Chloromethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Cis-1,2-Dichloroethylene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Cis-1,3-Dichloropropene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Dibromomethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Dichlorodifluoromethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Dichloromethane T54 AR 0.050 mg/kg <0.050 <0.050 <0.050 <0.050 <0.050

EthylBenzene T54 AR 0.001 mg/kg <0.001 <0.001 <0.001 <0.001 <0.001

Isopropyl benzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

M/P Xylene T54 AR 0.001 mg/kg <0.001 <0.001 <0.001 <0.001 <0.001

n-Propylbenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

O Xylene T54 AR 0.001 mg/kg <0.001 <0.001 <0.001 <0.001 <0.001

p-Isopropyltoluene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

S-Butylbenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Styrene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

T-Butylbenzene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Tetrachloroethene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Toluene T54 AR 0.001 mg/kg <0.001 <0.001 <0.001 <0.001 <0.001

Trans-1,2-Dichloroethene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Trans-1,3-Dichloropropene T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Trichlorofluoromethane T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005

Vinyl chloride T54 AR 0.005 mg/kg <0.005 <0.005 <0.005 <0.005 <0.005
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Produced by Scientific Analysis Laboratories Ltd, Hadfield House, Hadfield Street, Cornbrook, Manchester, M16 9FE Page 3 of 6



Index to symbols used in 275992-1
 

SAL Reference: 275992

Customer Reference: 44391

Soil Analysed as Soil

Volatile Organic Compounds (USEPA 624)

SAL Reference 275992 012 275992 013

Customer Sample Reference WS105 1.3 WS105 3.8

Date Sampled 19-APR-2012 19-APR-2012

Determinand Method Test
Sample LOD Units

1,1,1,2-Tetrachloroethane T54 AR 0.005 mg/kg - <0.005

1,1,1-Trichloroethane T54 AR 0.005 mg/kg - <0.005

1,1,2,2-Tetrachloroethane T54 AR 0.005 mg/kg - <0.005

1,1,2-Trichloroethane T54 AR 0.005 mg/kg - <0.005

1,1,2-Trichloroethylene T54 AR 0.005 mg/kg - <0.005

1,1-Dichloroethane T54 AR 0.005 mg/kg - <0.005

1,1-Dichloroethylene T54 AR 0.005 mg/kg - <0.005

1,1-Dichloropropene T54 AR 0.005 mg/kg - <0.005

1,2,3-Trichloropropane T54 AR 0.005 mg/kg - <0.005

1,2,4-Trimethylbenzene T54 AR 0.005 mg/kg - <0.005

1,2-dibromoethane T54 AR 0.005 mg/kg - <0.005

1,2-Dichlorobenzene T54 AR 0.005 mg/kg - <0.005

1,2-Dichloroethane T54 AR 0.005 mg/kg - <0.005

1,2-Dichloropropane T54 AR 0.005 mg/kg - <0.005

1,3,5-Trimethylbenzene T54 AR 0.005 mg/kg - <0.005

1,3-Dichlorobenzene T54 AR 0.005 mg/kg - <0.005

1,3-Dichloropropane T54 AR 0.005 mg/kg - <0.005

1,4-Dichlorobenzene T54 AR 0.005 mg/kg - <0.005

2,2-Dichloropropane T54 AR 0.005 mg/kg - <0.005

2-Chlorotoluene T54 AR 0.005 mg/kg - <0.005

4-Chlorotoluene T54 AR 0.005 mg/kg - <0.005

Benzene T54 AR 0.001 mg/kg (13) <0.001 (13) <0.001

Bromobenzene T54 AR 0.005 mg/kg - <0.005

Bromochloromethane T54 AR 0.005 mg/kg - <0.005

Bromodichloromethane T54 AR 0.005 mg/kg - <0.005

Bromoform T54 AR 0.005 mg/kg - <0.005

Bromomethane T54 AR 0.005 mg/kg - <0.005

Carbon tetrachloride T54 AR 0.005 mg/kg - <0.005

Chlorobenzene T54 AR 0.005 mg/kg - <0.005

Chlorodibromomethane T54 AR 0.005 mg/kg - <0.005

Chloroethane T54 AR 0.005 mg/kg - <0.005

Chloroform T54 AR 0.005 mg/kg - <0.005

Chloromethane T54 AR 0.005 mg/kg - <0.005

Cis-1,2-Dichloroethylene T54 AR 0.005 mg/kg - <0.005

Cis-1,3-Dichloropropene T54 AR 0.005 mg/kg - <0.005

Dibromomethane T54 AR 0.005 mg/kg - <0.005

Dichlorodifluoromethane T54 AR 0.005 mg/kg - <0.005

Dichloromethane T54 AR 0.050 mg/kg - <0.050

EthylBenzene T54 AR 0.001 mg/kg <0.001 <0.001

Isopropyl benzene T54 AR 0.005 mg/kg - <0.005

M/P Xylene T54 AR 0.001 mg/kg <0.001 <0.001

n-Propylbenzene T54 AR 0.005 mg/kg - <0.005

O Xylene T54 AR 0.001 mg/kg <0.001 <0.001

p-Isopropyltoluene T54 AR 0.005 mg/kg - <0.005

S-Butylbenzene T54 AR 0.005 mg/kg - <0.005

Styrene T54 AR 0.005 mg/kg - <0.005

T-Butylbenzene T54 AR 0.005 mg/kg - <0.005

Tetrachloroethene T54 AR 0.005 mg/kg - <0.005

Toluene T54 AR 0.001 mg/kg <0.001 <0.001

Trans-1,2-Dichloroethene T54 AR 0.005 mg/kg - <0.005

Trans-1,3-Dichloropropene T54 AR 0.005 mg/kg - <0.005

Trichlorofluoromethane T54 AR 0.005 mg/kg - <0.005

Vinyl chloride T54 AR 0.005 mg/kg - <0.005

Value Description

AR As Received

N.D. Not Detected
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Method Index
 

 

Accreditation Summary
 

9 LOD raised due to dilution of sample

13 Results have been blank corrected.

U Analysis is UKAS accredited

N Analysis is not UKAS accredited

Value Description

T54 GC/MS (Headspace)

T85 Calc

T8 GC/FID

Determinand Method Test
Sample LOD Units Symbol SAL References

TPH (C5-C6) T54 AR 0.10 mg/kg N 004,006,010-011

TPH (C6-C8) T54 AR 0.1 mg/kg N 004,006,010-011

TPH (C8-C10) T54 AR 0.10 mg/kg N 004,006,010-011

TPH (C10-C12) T8 AR 1 mg/kg U 004,006,010-011

TPH (C12-C16) T8 AR 1 mg/kg U 004,006,010-011

TPH (C16-C21) T8 AR 1 mg/kg U 004,006,010-011

TPH (C21-C35) T8 AR 1 mg/kg U 004,006,010-011

Methyl tert-Butyl Ether T54 AR 0.001 mg/kg U 009,012

TPH (C5-C6 aliphatic) T54 AR 0.010 mg/kg N 009,012

TPH (C6-C8 aliphatic) T54 AR 0.010 mg/kg N 009,012

TPH (C8-C10 aliphatic) T54 AR 0.010 mg/kg N 009,012

TPH (C10-C12 aliphatic) T8 AR 1 mg/kg N 009,012

TPH (C12-C16 aliphatic) T8 AR 1 mg/kg N 009,012

TPH (C16-C21 aliphatic) T8 AR 1 mg/kg N 009,012

TPH (C21-C35 aliphatic) T8 AR 1 mg/kg N 009,012

TPH (Aliphatic) total T85 AR mg/kg N 009,012

TPH (C6-C7 aromatic) T54 AR 0.010 mg/kg N 009,012

TPH (C7-C8 aromatic) T54 AR 0.010 mg/kg N 009,012

TPH (C8-C10 aromatic) T54 AR 0.010 mg/kg N 009,012

TPH (C10-C12 aromatic) T8 AR 1 mg/kg N 009,012

TPH (C12-C16 aromatic) T8 AR 1 mg/kg N 009,012

TPH (C16-C21 aromatic) T8 AR 1 mg/kg N 009,012

TPH (C21-C35 aromatic) T8 AR 1 mg/kg N 009,012

TPH (Aromatic) total T85 AR mg/kg N 009,012

TPH (Aliphatic+Aromatic) (sum) T85 AR mg/kg N 009,012

1,1,1,2-Tetrachloroethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,1,1-Trichloroethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,1,2,2-Tetrachloroethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,1,2-Trichloroethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,1,2-Trichloroethylene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,1-Dichloroethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,1-Dichloroethylene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,1-Dichloropropene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,2,3-Trichloropropane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,2,4-Trimethylbenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,2-dibromoethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,2-Dichlorobenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,2-Dichloroethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,2-Dichloropropane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,3,5-Trimethylbenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,3-Dichlorobenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,3-Dichloropropane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

1,4-Dichlorobenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

2,2-Dichloropropane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

2-Chlorotoluene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

4-Chlorotoluene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Benzene T54 AR 0.001 mg/kg U 002,004,007,009-010,012-013

Bromobenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Bromochloromethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Bromodichloromethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Bromoform T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Bromomethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Carbon tetrachloride T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Chlorobenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013
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Determinand Method Test
Sample LOD Units Symbol SAL References

Chlorodibromomethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Chloroethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Chloroform T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Chloromethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Cis-1,2-Dichloroethylene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Cis-1,3-Dichloropropene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Dibromomethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Dichlorodifluoromethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Dichloromethane T54 AR 0.050 mg/kg N 002,004,007,009-010,013

EthylBenzene T54 AR 0.001 mg/kg U 002,004,007,009-010,012-013

Isopropyl benzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

M/P Xylene T54 AR 0.001 mg/kg U 002,004,007,009-010,012-013

n-Propylbenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

O Xylene T54 AR 0.001 mg/kg U 002,004,007,009-010,012-013

p-Isopropyltoluene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

S-Butylbenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Styrene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

T-Butylbenzene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Tetrachloroethene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Toluene T54 AR 0.001 mg/kg U 002,004,007,009-010,012-013

Trans-1,2-Dichloroethene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Trans-1,3-Dichloropropene T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Trichlorofluoromethane T54 AR 0.005 mg/kg U 002,004,007,009-010,013

Vinyl chloride T54 AR 0.005 mg/kg U 002,004,007,009-010,013
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SAL Reference: 277784

Customer Reference: 44391

Water Analysed as Water

REC Ltd 002W

SAL Reference 277784 001

Customer Sample Reference WS105

Date Sampled 03-MAY-2012

Determinand Method Test
Sample LOD Units

As (Dissolved) T281 AR 0.2 µg/l 4.8

Cd (Dissolved) T281 AR 0.02 µg/l 0.06

Cr (Dissolved) T281 AR 1 µg/l 15

Pb (Dissolved) T281 AR 0.3 µg/l <0.3

Hg (Dissolved) T281 AR 0.05 µg/l 0.36

Se (Dissolved) T281 AR 0.5 µg/l 3.7

Cu (Dissolved) T281 AR 0.5 µg/l 6.0

Ni (Dissolved) T281 AR 1 µg/l 5

Zn (Dissolved) T281 AR 2 µg/l 8

pH T7 AR 7.6

SO4(Total) T6 AR 50000 µg/l 130000

Cyanide(Total) T4 AR 50 µg/l <50

Phenols(Mono) T4 AR 100 µg/l <100

Chromium VI T4 AR 30 µg/l (IS) -

SAL Reference: 277784

Customer Reference: 44391

Water Analysed as Water

REC Suite C (Banded TPH C5-C35)

SAL Reference 277784 001

Customer Sample Reference WS105

Date Sampled 03-MAY-2012

Determinand Method Test
Sample LOD Units

TPH (C5-C6) T215 AR 10 µg/l <10

TPH (C6-C8) T215 AR 10 µg/l <10

TPH (C8-C10) DW T215 AR 10 µg/l <10

TPH (C10-C12) DW T81 AR 10 µg/l <10

TPH (C12-C16) DW T81 AR 10 µg/l <10

TPH (C16-C21) DW T81 AR 10 µg/l 54

TPH (C21-C35) DW T81 AR 10 µg/l 110
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SAL Reference: 277784

Customer Reference: 44391

Water Analysed as Water

Semi-Volatile Organic Compounds (USEPA 625)

SAL Reference 277784 001

Customer Sample Reference WS105

Date Sampled 03-MAY-2012

Determinand Method Test
Sample LOD Units

1,2,4-Trichlorobenzene T16 AR 10 µg/l (IS) -

1,2-Dichlorobenzene T16 AR 10 µg/l (IS) -

1,3-Dichlorobenzene T16 AR 10 µg/l (IS) -

1,4-Dichlorobenzene T16 AR 10 µg/l (IS) -

2,4,5-Trichlorophenol T16 AR 10 µg/l (IS) -

2,4,6-Trichlorophenol T16 AR 10 µg/l (IS) -

2,4-Dichlorophenol T16 AR 10 µg/l (IS) -

2,4-Dimethylphenol T16 AR 10 µg/l (IS) -

2,4-Dinitrophenol T16 AR 10 µg/l (IS) -

2,4-Dinitrotoluene T16 AR 10 µg/l (IS) -

2,6-Dinitrotoluene T16 AR 10 µg/l (IS) -

2-Chloronaphthalene T16 AR 10 µg/l (IS) -

2-Chlorophenol T16 AR 10 µg/l (IS) -

2-methyl phenol T16 AR 10 µg/l (IS) -

2-Methylnaphthalene T16 AR 10 µg/l (IS) -

2-Nitroaniline T16 AR 10 µg/l (IS) -

2-Nitrophenol T16 AR 10 µg/l (IS) -

3-Nitroaniline T16 AR 10 µg/l (IS) -

3/4-Methylphenol T16 AR 10 µg/l (IS) -

4-Bromophenyl phenylether T16 AR 10 µg/l (IS) -

4-Chloro-3-methylphenol T16 AR 10 µg/l (IS) -

4-Chloroaniline T16 AR 10 µg/l (IS) -

4-Chlorophenyl phenylether T16 AR 10 µg/l (IS) -

4-Nitroaniline T16 AR 10 µg/l (IS) -

4-Nitrophenol T16 AR 10 µg/l (IS) -

Acenaphthene T16 AR 10 µg/l (IS) -

Acenaphthylene T16 AR 10 µg/l (IS) -

Anthracene T16 AR 10 µg/l (IS) -

Azobenzene T16 AR 10 µg/l (IS) -

Benzo(a)Anthracene T16 AR 10 µg/l (IS) -

Benzo(a)Pyrene T16 AR 10 µg/l (IS) -

Benzo(b/k)Fluoranthene T16 AR 10 µg/l (IS) -

Benzo(ghi)Perylene T16 AR 10 µg/l (IS) -

Bis (2-chloroethoxy) methane T16 AR 10 µg/l (IS) -

Bis (2-chloroethyl) ether T16 AR 10 µg/l (IS) -

Bis (2-chloroisopropyl) ether T16 AR 10 µg/l (IS) -

Bis (2-ethylhexyl)phthalate T16 AR 10 µg/l (IS) -

Butyl benzylphthalate T16 AR 10 µg/l (IS) -

Carbazole T16 AR 10 µg/l (IS) -

Chrysene T16 AR 10 µg/l (IS) -

Di-n-butylphthalate T16 AR 10 µg/l (IS) -

Di-n-octylphthalate T16 AR 10 µg/l (IS) -

Dibenzo(ah)Anthracene T16 AR 10 µg/l (IS) -

Dibenzofuran T16 AR 10 µg/l (IS) -

Diethyl phthalate T16 AR 10 µg/l (IS) -

Dimethyl phthalate T16 AR 10 µg/l (IS) -

Fluoranthene T16 AR 10 µg/l (IS) -

Fluorene T16 AR 10 µg/l (IS) -

Hexachlorobenzene T16 AR 10 µg/l (IS) -

Hexachlorobutadiene T16 AR 10 µg/l (IS) -

Hexachlorocyclopentadiene T16 AR 10 µg/l (IS) -

Hexachloroethane T16 AR 10 µg/l (IS) -

Indeno(123-cd)Pyrene T16 AR 10 µg/l (IS) -

Isophorone T16 AR 10 µg/l (IS) -

Naphthalene T16 AR 10 µg/l (IS) -

Nitrobenzene T16 AR 10 µg/l (IS) -

Pentachlorophenol T16 AR 10 µg/l (IS) -

Phenanthrene T16 AR 10 µg/l (IS) -

Phenol T16 AR 10 µg/l (IS) -

Pyrene T16 AR 10 µg/l (IS) -
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SAL Reference: 277784

Customer Reference: 44391

Water Analysed as Water

Volatile Organic Compounds (USEPA 624)

SAL Reference 277784 001

Customer Sample Reference WS105

Date Sampled 03-MAY-2012

Determinand Method Test
Sample LOD Units

1,1,1,2-Tetrachloroethane T54 AR 1 µg/l <1

1,1,1-Trichloroethane T54 AR 1 µg/l <1

1,1,2,2-Tetrachloroethane T54 AR 1 µg/l <1

1,1,2-Trichloroethane T54 AR 1 µg/l <1

1,1,2-Trichloroethylene T54 AR 1 µg/l <1

1,1-Dichloroethane T54 AR 1 µg/l <1

1,1-Dichloroethylene T54 AR 1 µg/l <1

1,1-Dichloropropene T54 AR 1 µg/l <1

1,2,3-Trichloropropane T54 AR 1 µg/l <1

1,2,4-Trimethylbenzene T54 AR 1 µg/l <1

1,2-dibromoethane T54 AR 1 µg/l <1

1,2-Dichlorobenzene T54 AR 1 µg/l <1

1,2-Dichloroethane T54 AR 1 µg/l <1

1,2-Dichloropropane T54 AR 1 µg/l <1

1,3,5-Trimethylbenzene T54 AR 1 µg/l <1

1,3-Dichlorobenzene T54 AR 1 µg/l <1

1,3-Dichloropropane T54 AR 1 µg/l <1

1,4-Dichlorobenzene T54 AR 1 µg/l <1

2,2-Dichloropropane T54 AR 1 µg/l <1

2-Chlorotoluene T54 AR 1 µg/l <1

4-Chlorotoluene T54 AR 1 µg/l <1

Benzene T54 AR 1 µg/l (13) <1

Bromobenzene T54 AR 1 µg/l <1

Bromochloromethane T54 AR 1 µg/l <1

Bromodichloromethane T54 AR 1 µg/l <1

Bromoform T54 AR 1 µg/l <1

Bromomethane T54 AR 1 µg/l <1

Carbon tetrachloride T54 AR 1 µg/l <1

Chlorobenzene T54 AR 1 µg/l <1

Chlorodibromomethane T54 AR 1 µg/l <1

Chloroethane T54 AR 1 µg/l <1

Chloroform T54 AR 1 µg/l <1

Chloromethane T54 AR 1 µg/l <1

Cis-1,2-Dichloroethylene T54 AR 1 µg/l <1

Cis-1,3-Dichloropropene T54 AR 1 µg/l <1

Dibromomethane T54 AR 1 µg/l <1

Dichlorodifluoromethane T54 AR 1 µg/l <1

Dichloromethane T54 AR 50 µg/l <50

EthylBenzene T54 AR 1 µg/l <1

Isopropyl benzene T54 AR 1 µg/l <1

M/P Xylene T54 AR 1 µg/l <1

n-Propylbenzene T54 AR 1 µg/l <1

O Xylene T54 AR 1 µg/l <1

p-Isopropyltoluene T54 AR 1 µg/l <1

S-Butylbenzene T54 AR 1 µg/l <1

Styrene T54 AR 1 µg/l <1

T-Butylbenzene T54 AR 1 µg/l <1

Tetrachloroethene T54 AR 1 µg/l <1

Toluene T54 AR 1 µg/l <1

Trans-1,2-Dichloroethene T54 AR 1 µg/l <1

Trans-1,3-Dichloropropene T54 AR 1 µg/l <1

Trichlorofluoromethane T54 AR 1 µg/l <1

Vinyl chloride T54 AR 1 µg/l <1
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Method Index
 

 

Accreditation Summary
 

SAL Reference: 277784

Customer Reference: 44391

Water Analysed as Water

Miscellaneous

SAL Reference 277784 001

Customer Sample Reference WS105

Date Sampled 03-MAY-2012

Determinand Method Test
Sample LOD Units

Hardness expressed as CaCO3 T6 AR 10000 µg/l 460000

Value Description

AR As Received

13 Results have been blank corrected.

IS Insufficient Sample

U Analysis is UKAS accredited

N Analysis is not UKAS accredited

Value Description

T54 GC/MS (Headspace)

T4 Colorimetry

T16 GC/MS

T6 ICP/OES

T215 GC/MS (Headspace)(LV)

T281 ICP/MS (Filtered)

T7 Probe

T81 GC/FID (LV)

Determinand Method Test
Sample LOD Units Symbol SAL References

Hardness expressed as CaCO3 T6 AR 10000 µg/l N 001

As (Dissolved) T281 AR 0.2 µg/l U 001

Cd (Dissolved) T281 AR 0.02 µg/l U 001

Cr (Dissolved) T281 AR 1 µg/l U 001

Pb (Dissolved) T281 AR 0.3 µg/l U 001

Hg (Dissolved) T281 AR 0.05 µg/l U 001

Se (Dissolved) T281 AR 0.5 µg/l U 001

Cu (Dissolved) T281 AR 0.5 µg/l U 001

Ni (Dissolved) T281 AR 1 µg/l U 001

Zn (Dissolved) T281 AR 2 µg/l U 001

pH T7 AR U 001

SO4(Total) T6 AR 50000 µg/l N 001

Cyanide(Total) T4 AR 50 µg/l U 001

Phenols(Mono) T4 AR 100 µg/l U 001

Chromium VI T4 AR 30 µg/l N 001

TPH (C5-C6) T215 AR 10 µg/l N 001

TPH (C6-C8) T215 AR 10 µg/l N 001

TPH (C8-C10) DW T215 AR 10 µg/l N 001

TPH (C10-C12) DW T81 AR 10 µg/l U 001

TPH (C12-C16) DW T81 AR 10 µg/l U 001

TPH (C16-C21) DW T81 AR 10 µg/l U 001

TPH (C21-C35) DW T81 AR 10 µg/l U 001

1,2,4-Trichlorobenzene T16 AR 10 µg/l U 001

1,2-Dichlorobenzene T16 AR 10 µg/l U 001

1,3-Dichlorobenzene T16 AR 10 µg/l U 001

1,4-Dichlorobenzene T16 AR 10 µg/l U 001

2,4,5-Trichlorophenol T16 AR 10 µg/l U 001

2,4,6-Trichlorophenol T16 AR 10 µg/l U 001

2,4-Dichlorophenol T16 AR 10 µg/l U 001

2,4-Dimethylphenol T16 AR 10 µg/l U 001

2,4-Dinitrophenol T16 AR 10 µg/l U 001
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Determinand Method Test
Sample LOD Units Symbol SAL References

2,4-Dinitrotoluene T16 AR 10 µg/l U 001

2,6-Dinitrotoluene T16 AR 10 µg/l U 001

2-Chloronaphthalene T16 AR 10 µg/l U 001

2-Chlorophenol T16 AR 10 µg/l U 001

2-methyl phenol T16 AR 10 µg/l U 001

2-Methylnaphthalene T16 AR 10 µg/l U 001

2-Nitroaniline T16 AR 10 µg/l U 001

2-Nitrophenol T16 AR 10 µg/l U 001

3-Nitroaniline T16 AR 10 µg/l U 001

3/4-Methylphenol T16 AR 10 µg/l U 001

4-Bromophenyl phenylether T16 AR 10 µg/l U 001

4-Chloro-3-methylphenol T16 AR 10 µg/l U 001

4-Chloroaniline T16 AR 10 µg/l U 001

4-Chlorophenyl phenylether T16 AR 10 µg/l U 001

4-Nitroaniline T16 AR 10 µg/l U 001

4-Nitrophenol T16 AR 10 µg/l U 001

Acenaphthene T16 AR 10 µg/l U 001

Acenaphthylene T16 AR 10 µg/l U 001

Anthracene T16 AR 10 µg/l U 001

Azobenzene T16 AR 10 µg/l U 001

Benzo(a)Anthracene T16 AR 10 µg/l U 001

Benzo(a)Pyrene T16 AR 10 µg/l U 001

Benzo(b/k)Fluoranthene T16 AR 10 µg/l U 001

Benzo(ghi)Perylene T16 AR 10 µg/l U 001

Bis (2-chloroethoxy) methane T16 AR 10 µg/l U 001

Bis (2-chloroethyl) ether T16 AR 10 µg/l U 001

Bis (2-chloroisopropyl) ether T16 AR 10 µg/l U 001

Bis (2-ethylhexyl)phthalate T16 AR 10 µg/l U 001

Butyl benzylphthalate T16 AR 10 µg/l U 001

Carbazole T16 AR 10 µg/l U 001

Chrysene T16 AR 10 µg/l U 001

Di-n-butylphthalate T16 AR 10 µg/l U 001

Di-n-octylphthalate T16 AR 10 µg/l U 001

Dibenzo(ah)Anthracene T16 AR 10 µg/l U 001

Dibenzofuran T16 AR 10 µg/l U 001

Diethyl phthalate T16 AR 10 µg/l U 001

Dimethyl phthalate T16 AR 10 µg/l U 001

Fluoranthene T16 AR 10 µg/l U 001

Fluorene T16 AR 10 µg/l U 001

Hexachlorobenzene T16 AR 10 µg/l U 001

Hexachlorobutadiene T16 AR 10 µg/l U 001

Hexachlorocyclopentadiene T16 AR 10 µg/l U 001

Hexachloroethane T16 AR 10 µg/l U 001

Indeno(123-cd)Pyrene T16 AR 10 µg/l U 001

Isophorone T16 AR 10 µg/l U 001

Naphthalene T16 AR 10 µg/l U 001

Nitrobenzene T16 AR 10 µg/l U 001

Pentachlorophenol T16 AR 10 µg/l U 001

Phenanthrene T16 AR 10 µg/l U 001

Phenol T16 AR 10 µg/l U 001

Pyrene T16 AR 10 µg/l U 001

1,1,1,2-Tetrachloroethane T54 AR 1 µg/l U 001

1,1,1-Trichloroethane T54 AR 1 µg/l U 001

1,1,2,2-Tetrachloroethane T54 AR 1 µg/l U 001

1,1,2-Trichloroethane T54 AR 1 µg/l U 001

1,1,2-Trichloroethylene T54 AR 1 µg/l U 001

1,1-Dichloroethane T54 AR 1 µg/l U 001

1,1-Dichloroethylene T54 AR 1 µg/l U 001

1,1-Dichloropropene T54 AR 1 µg/l U 001

1,2,3-Trichloropropane T54 AR 1 µg/l U 001

1,2,4-Trimethylbenzene T54 AR 1 µg/l U 001

1,2-dibromoethane T54 AR 1 µg/l U 001

1,2-Dichlorobenzene T54 AR 1 µg/l U 001

1,2-Dichloroethane T54 AR 1 µg/l U 001

1,2-Dichloropropane T54 AR 1 µg/l U 001

1,3,5-Trimethylbenzene T54 AR 1 µg/l U 001

1,3-Dichlorobenzene T54 AR 1 µg/l U 001

1,3-Dichloropropane T54 AR 1 µg/l U 001

1,4-Dichlorobenzene T54 AR 1 µg/l U 001

2,2-Dichloropropane T54 AR 1 µg/l U 001
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Determinand Method Test
Sample LOD Units Symbol SAL References

2-Chlorotoluene T54 AR 1 µg/l U 001

4-Chlorotoluene T54 AR 1 µg/l U 001

Benzene T54 AR 1 µg/l U 001

Bromobenzene T54 AR 1 µg/l U 001

Bromochloromethane T54 AR 1 µg/l U 001

Bromodichloromethane T54 AR 1 µg/l U 001

Bromoform T54 AR 1 µg/l U 001

Bromomethane T54 AR 1 µg/l U 001

Carbon tetrachloride T54 AR 1 µg/l U 001

Chlorobenzene T54 AR 1 µg/l U 001

Chlorodibromomethane T54 AR 1 µg/l U 001

Chloroethane T54 AR 1 µg/l U 001

Chloroform T54 AR 1 µg/l U 001

Chloromethane T54 AR 1 µg/l U 001

Cis-1,2-Dichloroethylene T54 AR 1 µg/l U 001

Cis-1,3-Dichloropropene T54 AR 1 µg/l U 001

Dibromomethane T54 AR 1 µg/l U 001

Dichlorodifluoromethane T54 AR 1 µg/l U 001

Dichloromethane T54 AR 50 µg/l N 001

EthylBenzene T54 AR 1 µg/l U 001

Isopropyl benzene T54 AR 1 µg/l U 001

M/P Xylene T54 AR 1 µg/l U 001

n-Propylbenzene T54 AR 1 µg/l U 001

O Xylene T54 AR 1 µg/l U 001

p-Isopropyltoluene T54 AR 1 µg/l U 001

S-Butylbenzene T54 AR 1 µg/l U 001

Styrene T54 AR 1 µg/l U 001

T-Butylbenzene T54 AR 1 µg/l U 001

Tetrachloroethene T54 AR 1 µg/l U 001

Toluene T54 AR 1 µg/l U 001

Trans-1,2-Dichloroethene T54 AR 1 µg/l U 001

Trans-1,3-Dichloropropene T54 AR 1 µg/l U 001

Trichlorofluoromethane T54 AR 1 µg/l U 001

Vinyl chloride T54 AR 1 µg/l U 001
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SAL Reference: 278859

Customer Reference: 44391

Water Analysed as Water

Miscellaneous

SAL Reference 278859 001

Customer Sample Reference WS105

Date Sampled 14-MAY-2012

Determinand Method Test
Sample LOD Units

Chromium VI T4 AR 50 µg/l <50
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SAL Reference: 278859

Customer Reference: 44391

Water Analysed as Water

Semi-Volatile Organic Compounds (USEPA 625)

SAL Reference 278859 001

Customer Sample Reference WS105

Date Sampled 14-MAY-2012

Determinand Method Test
Sample LOD Units

1,2,4-Trichlorobenzene T16 AR 10 µg/l <10

1,2-Dichlorobenzene T16 AR 10 µg/l <10

1,3-Dichlorobenzene T16 AR 10 µg/l <10

1,4-Dichlorobenzene T16 AR 10 µg/l <10

2,4,5-Trichlorophenol T16 AR 10 µg/l <10

2,4,6-Trichlorophenol T16 AR 10 µg/l <10

2,4-Dichlorophenol T16 AR 10 µg/l <10

2,4-Dimethylphenol T16 AR 10 µg/l <10

2,4-Dinitrophenol T16 AR 10 µg/l (36) <30

2,4-Dinitrotoluene T16 AR 10 µg/l <10

2,6-Dinitrotoluene T16 AR 10 µg/l <10

2-Chloronaphthalene T16 AR 10 µg/l <10

2-Chlorophenol T16 AR 10 µg/l <10

2-methyl phenol T16 AR 10 µg/l <10

2-Methylnaphthalene T16 AR 10 µg/l <10

2-Nitroaniline T16 AR 10 µg/l <10

2-Nitrophenol T16 AR 10 µg/l <10

3-Nitroaniline T16 AR 10 µg/l <10

3/4-Methylphenol T16 AR 10 µg/l <10

4-Bromophenyl phenylether T16 AR 10 µg/l <10

4-Chloro-3-methylphenol T16 AR 10 µg/l <10

4-Chloroaniline T16 AR 10 µg/l <10

4-Chlorophenyl phenylether T16 AR 10 µg/l <10

4-Nitroaniline T16 AR 10 µg/l <10

4-Nitrophenol T16 AR 10 µg/l (36) <30

Acenaphthene T16 AR 10 µg/l <10

Acenaphthylene T16 AR 10 µg/l <10

Anthracene T16 AR 10 µg/l <10

Azobenzene T16 AR 10 µg/l <10

Benzo(a)Anthracene T16 AR 10 µg/l <10

Benzo(a)Pyrene T16 AR 10 µg/l <10

Benzo(b/k)Fluoranthene T16 AR 10 µg/l <10

Benzo(ghi)Perylene T16 AR 10 µg/l <10

Bis (2-chloroethoxy) methane T16 AR 10 µg/l <10

Bis (2-chloroethyl) ether T16 AR 10 µg/l <10

Bis (2-chloroisopropyl) ether T16 AR 10 µg/l <10

Bis (2-ethylhexyl)phthalate T16 AR 10 µg/l <10

Butyl benzylphthalate T16 AR 10 µg/l <10

Carbazole T16 AR 10 µg/l <10

Chrysene T16 AR 10 µg/l <10

Di-n-butylphthalate T16 AR 10 µg/l <10

Di-n-octylphthalate T16 AR 10 µg/l <10

Dibenzo(ah)Anthracene T16 AR 10 µg/l <10

Dibenzofuran T16 AR 10 µg/l <10

Diethyl phthalate T16 AR 10 µg/l <10

Dimethyl phthalate T16 AR 10 µg/l <10

Fluoranthene T16 AR 10 µg/l <10

Fluorene T16 AR 10 µg/l <10

Hexachlorobenzene T16 AR 10 µg/l <10

Hexachlorobutadiene T16 AR 10 µg/l <10

Hexachlorocyclopentadiene T16 AR 10 µg/l <10

Hexachloroethane T16 AR 10 µg/l <10

Indeno(123-cd)Pyrene T16 AR 10 µg/l <10

Isophorone T16 AR 10 µg/l <10

Naphthalene T16 AR 10 µg/l <10

Nitrobenzene T16 AR 10 µg/l <10

Pentachlorophenol T16 AR 10 µg/l <10

Phenanthrene T16 AR 10 µg/l <10

Phenol T16 AR 10 µg/l (36) <30

Pyrene T16 AR 10 µg/l <10
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Index to symbols used in 278859-1
 

 

Method Index
 

 

Accreditation Summary
 

Value Description

AR As Received

36 LOD Raised due to low Matrix spike recovery

U Analysis is UKAS accredited

N Analysis is not UKAS accredited

Value Description

T4 Colorimetry

T16 GC/MS

Determinand Method Test
Sample LOD Units Symbol SAL References

Chromium VI T4 AR 50 µg/l N 001

1,2,4-Trichlorobenzene T16 AR 10 µg/l U 001

1,2-Dichlorobenzene T16 AR 10 µg/l U 001

1,3-Dichlorobenzene T16 AR 10 µg/l U 001

1,4-Dichlorobenzene T16 AR 10 µg/l U 001

2,4,5-Trichlorophenol T16 AR 10 µg/l U 001

2,4,6-Trichlorophenol T16 AR 10 µg/l U 001

2,4-Dichlorophenol T16 AR 10 µg/l U 001

2,4-Dimethylphenol T16 AR 10 µg/l U 001

2,4-Dinitrophenol T16 AR 10 µg/l U 001

2,4-Dinitrotoluene T16 AR 10 µg/l U 001

2,6-Dinitrotoluene T16 AR 10 µg/l U 001

2-Chloronaphthalene T16 AR 10 µg/l U 001

2-Chlorophenol T16 AR 10 µg/l U 001

2-methyl phenol T16 AR 10 µg/l U 001

2-Methylnaphthalene T16 AR 10 µg/l U 001

2-Nitroaniline T16 AR 10 µg/l U 001

2-Nitrophenol T16 AR 10 µg/l U 001

3-Nitroaniline T16 AR 10 µg/l U 001

3/4-Methylphenol T16 AR 10 µg/l U 001

4-Bromophenyl phenylether T16 AR 10 µg/l U 001

4-Chloro-3-methylphenol T16 AR 10 µg/l U 001

4-Chloroaniline T16 AR 10 µg/l U 001

4-Chlorophenyl phenylether T16 AR 10 µg/l U 001

4-Nitroaniline T16 AR 10 µg/l U 001

4-Nitrophenol T16 AR 10 µg/l U 001

Acenaphthene T16 AR 10 µg/l U 001

Acenaphthylene T16 AR 10 µg/l U 001

Anthracene T16 AR 10 µg/l U 001

Azobenzene T16 AR 10 µg/l U 001

Benzo(a)Anthracene T16 AR 10 µg/l U 001

Benzo(a)Pyrene T16 AR 10 µg/l U 001

Benzo(b/k)Fluoranthene T16 AR 10 µg/l U 001

Benzo(ghi)Perylene T16 AR 10 µg/l U 001

Bis (2-chloroethoxy) methane T16 AR 10 µg/l U 001

Bis (2-chloroethyl) ether T16 AR 10 µg/l U 001

Bis (2-chloroisopropyl) ether T16 AR 10 µg/l U 001

Bis (2-ethylhexyl)phthalate T16 AR 10 µg/l U 001

Butyl benzylphthalate T16 AR 10 µg/l U 001

Carbazole T16 AR 10 µg/l U 001

Chrysene T16 AR 10 µg/l U 001

Di-n-butylphthalate T16 AR 10 µg/l U 001

Di-n-octylphthalate T16 AR 10 µg/l U 001

Dibenzo(ah)Anthracene T16 AR 10 µg/l U 001

Dibenzofuran T16 AR 10 µg/l U 001

Diethyl phthalate T16 AR 10 µg/l U 001

Dimethyl phthalate T16 AR 10 µg/l U 001

Fluoranthene T16 AR 10 µg/l U 001

Fluorene T16 AR 10 µg/l U 001

Hexachlorobenzene T16 AR 10 µg/l U 001

Hexachlorobutadiene T16 AR 10 µg/l U 001

This document has been printed from a digitally signed master copy

Produced by Scientific Analysis Laboratories Ltd, Hadfield House, Hadfield Street, Cornbrook, Manchester, M16 9FE Page 4 of 5



Determinand Method Test
Sample LOD Units Symbol SAL References

Hexachlorocyclopentadiene T16 AR 10 µg/l U 001

Hexachloroethane T16 AR 10 µg/l U 001

Indeno(123-cd)Pyrene T16 AR 10 µg/l U 001

Isophorone T16 AR 10 µg/l U 001

Naphthalene T16 AR 10 µg/l U 001

Nitrobenzene T16 AR 10 µg/l U 001

Pentachlorophenol T16 AR 10 µg/l U 001

Phenanthrene T16 AR 10 µg/l U 001

Phenol T16 AR 10 µg/l U 001

Pyrene T16 AR 10 µg/l U 001
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ORIGIN OF REC TIER I VALUES  
 

Constituent Origin of Risk Assessment Value 

Arsenic 2009 SGV 

Cadmium LQM CIEH 2
nd

 Edition 2009 

Chromium LQM CIEH 2
nd

 Edition 2009 

Lead 

Residential 

Half 2003 EA SGV based on planned target blood lead level reduction to 5µg/l. 

Commercial 

Calculated using commercial exposure equation within lead SGV 2003 with 
revised input data from HPA and taking proposed blood lead levels into account. 

Mercury 2009 SGV 

Nickel 2009 SGV 

Selenium Soil guideline value, DEFRA/Environment Agency 

Copper LQM CIEH 2
nd

 Edition 2009 

Zinc LQM CIEH 2
nd

 Edition 2009 

Cyanide - Total CLEA 1.06 Derived Value 

Phenols - Total. LQM CIEH 2
nd

 Edition 2009 – 1% SOM 

Naphthalene 

General Assessment Criteria (GAC) developed by CIEH / 
LQM the using CLEA 1-06 with supporting data from SR3, 
SR7 and existing Tox report where applicable. 1% SOM 

 

Acenaphthylene
 

Acenaphthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 
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Pyrene 

Benzo(a)Anthracene
(
 

Chrysene 

Benzo(b/k)Fluoranthene
(iii)

 

Benzo(a)Pyrene 

Indeno(123-cd)Pyrene 

Dibenzo(a,h)Anthracene 

Benzo(ghi)Perylene 

TPH C5-C6 (aliphatic) 

TPH  C6-C8 (aliphatic) 

TPH C8-C10 (aliphatic) 

TPH  C10-C12 (aliphatic) 

TPH C12-C16 (aromatic) 

TPH C16-C21 (aromatic) 

TPH C21-C35 (aromatic) 
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APPENDIX VII 
 

ENCIA CHEMICAL TESTING RESULTS 
 

A
P

P
E

N
D

IX
 V

II
 

E
N

C
IA

 C
H

E
M

IC
A

L
 T

E
S

T
IN

G
 R

E
S

U
T

L
S

 
 

 
 





































































































Supplementary Geo-Environmental Assessment and Rem Strat June 2012 
Watery Road, Wrexham   44391p2r1 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX VIII 
 

DQRA JUSTIFICATION 
 
 

  

A
P

P
E

N
D

IX
 V

II
I 

 
D

Q
R

A
 J

U
S

T
IF

IC
A

T
IO

N
  

 
 



Supplementary Geo-Environmental Assessment and Rem Strat June 2012 
Watery Road, Wrexham   44391p2r1 

 

 
 
 

DQRA JUSTIFICATION OF INPUT PARAMETERS 
 
Parameter Value Data Source  
Level 1   

Contaminants 

considered 

Aromatic C8-C10 Most soluble compounds 

encountered during the 

Encia investigation ca. 

2008. 
C10-C12 

Naphthalene 

Target Concentration 0.01mg/l The WHO guidance3 

states that the application 

of the lowest WHO 

guideline value for 

(aliphatic) hydrocarbons 

(0.3mg/l for C12-C16) to a 

total hydrocarbon 

measurement in water will 

provide a conservative 

level of protection.  REC 

has opted for a 0.01mg/l 

target concentration to be 

even more conservative. 

Water porosity 

(fraction) 

0.33 SR3 Table 4.4 – Based on 

a sandy Loam. 

Air porosity (fraction) 0.20 

Bulk Density (g/cm
3
) 1.21 SR3 Table 4.4 – Based on 

a sandy Loam due to 

gravel content. 

Henry’s Law Constant 

(dimensionless) 

Aromatic Table 9-14 LQM CIEH. 

C8-C10 0.25 

C10-C12 0.0722 

Naphthalene 0.00662 Converted from Table 3.38 

SR7. 

Soil water partition co-

efficient 

N/A Not applicable for organic 

compounds. 

Fraction of organic 0.047 Taken from the average of 

the 2 most conservative 
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carbon (FOC) saturated zone TOCs. 

Organic carbon 

partition co-efficient 

(L/kg) 

Aromatic 

 

C8-C10 1584.90 Table 9-14 LQM CIEH. 

C10-C12 2511.89 

Naphthalene 645.70 Table 10-51 LQM CIEH. 

Sorption co-efficient  N/A Not applicable for organic 

compounds. 

Level 2 
   

Infiltration (m/day) 0.0013 Average of MET office 

annual rainfall stats for 

Wrexham in 2010 and 

2011. 

Area of contaminant 

source (m
2
) 

630 Based on site derived 

information. 

Length of contaminant 

source in direction of 

groundwater flow (m) 

14 

Saturated aquifer 

thickness (m) 

10 Average depth of sand 

and gravel deposits 

(conservative as primarily 

granular horizons within 

cohesive matrix). 

Hydraulic conductivity 

(m/day) 

0.26 Based on in-situ falling 

head permeability tests. 

Hydraulic gradient 

(fraction) 

0.006 Based on site derived 

information. 

Width of source 

perpendicular to 

groundwater flow (m) 

45 

Background 

concentration of 

contaminant in 

groundwater beneath 

N/A Not applicable  
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the site. 

Mixing zone depth (m) N/A Calculated from P20 

sheet. 

Level 3 Soils and 
Groundwater 

   

Soil Concentration 

(mg/kg) 

Aromatic  

 

C8-C10 0.52 Average of Encia 2008 

chemical testing results. 

C10-C12 0.31 

Naphthalene 0.46 

Half-life degradation of 

contaminants (days) 

Aromatic 

 

C8-C10 712 Most conservative 

anaerobic half-life from 

Environmental 

Degradation Rates. 1991 
C10-C12 1750 

Naphthalene 258 

Width of plume in 

aquifer (m) 

50 Based on site derived 

information. 

Plume thickness in 

aquifer (m) 

1 

Bulk density of aquifer 

material (g/cm
3
) 

1.2 Table 4.4 of SR3 

Effective porosity of 

aquifer (%) 

0.25 Table 4.2 Consim 

Hydraulic gradient and 

conductivity (%) 

0.584 Calculated from Level 2 

Distance to 

compliance point (m) 

50 Based on distance to 

River Gwenfro. 

Time since pollutant 

entered groundwater 

N/A Not considered. 
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APPENDIX IX 
 

P20 OUTPUT SHEETS 
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0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Soil See Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source Enter method of defining partition co-efficient (using pull down list)

Calculated (relative) concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 0.01 mg/l from Level 1

Dilution Factor DF 1.72E+00 from Level 2  

Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 0.00E+00 l/kg From calculation sheet

Equations in HRA publication
Entry for non-polar organic chemicals (option)

Distance

Relative 

concentration Concentration

Fraction of organic carbon in aquifer foc 4.70E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 1.58E+03 l/kg 0 1.0E+00 4.05E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 2.5 5.74E-03 2.32E-05

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 5.0 3.30E-05 1.33E-07

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 7.5 1.89E-07 7.66E-10

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 10.0 1.09E-09 4.40E-12

Soil concentration as mg/kg Enter soil  concentration Co 0.52 mg/kg Acid dissociation constant pKa 0.00E+00 12.5 6.24E-12 2.53E-14

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 7.12E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 15.0 3.58E-14 1.45E-16

Calculated decay rate λ 9.74E-04 days
-1

calculated 17.5 2.06E-16 8.33E-19

Width of plume in aquifer at source Sz 4.50E+01 m from Level 2 Soil water partition coefficient Kd 7.45E+01 l/kg 20.0 1.18E-18 4.79E-21

Plume thickness in aquifer at source Sy 8.37E+00 m from Level 2 22.5 6.79E-21 2.75E-23

Bulk density of aquifer materials ρ 1.20E+00 g/cm
3

SR3 Table 4.4 Dispersivity based on Xu & Eckstein (1995) 25.0 3.90E-23 1.58E-25

Effective porosity of aquifer n 2.50E-01 fraction Conservative based on gravel Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 27.5 2.24E-25 9.06E-28

Hydraulic gradient "i" 1.44E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 30.0 1.29E-27 5.20E-30

0 Hydraulic conductivity of saturated aquifer K 2.60E-01 m/d from Level 2 32.5 7.38E-30 2.99E-32

Distance to compliance point x 5.00E+01 m Distance to culverted river Enter value Calc value Xu & Eckstein 35.0 4.24E-32 1.72E-34

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m 37.5 2.43E-34 9.85E-37

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 1.40E-36 5.65E-39

Time since pollutant entered groundwater t 1.00E+20 days time variant options only Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 m 42.5 8.02E-39 3.25E-41

Parameters values determined from options Note values of dispersivity must be > 0 45.0 4.60E-41 1.86E-43

Partition coefficient Kd 7.45E+01 l/kg see options 47.5 2.64E-43 1.07E-45
Longitudinal dispersivity ax 5.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 50.0 1.52E-45 6.14E-48

Transverse dispersivity az 0.500 m see options

Vertical dispersivity ay 0.050 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 1.49E-02 m/d

Retardation factor Rf 3.59E+02 fraction Ogata Banks

Decay rate used λ 9.74E-04 d
-1

Domenico - Steady state Note if contaminant is not subject to first order degradation, then set half life as 9.9E+99.

Hydraulic gradient used in aquifer flow down-gradient "i" 1.44E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 4.17E-05 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.52E-45 fraction

Attenuation factor (CO/CED) AF 6.59E+44 fraction

Calculated soil leachate concentration Co 6.95E-03 mg/l Site being assessed: Watery Road, Wrexham

Remedial Targets Completed by: Simon Howard 

Level 3 Remedial Target  1.13E+43 mg/l For comparison with measured pore water concentration. Date: ########

Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration. Version: 1.1

8.47E+44 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 50 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.52E-45 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.1

Calculate for non-polar organic chemicals

C8-C10 Aromatic

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in the 

calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length
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R&D Publication 20 Remedial Targets Worksheet, Release 3.1 0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Groundwater See  Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters (using pull down menu) Variable Value Unit Source Select Method for deriving Partition Co-efficient (using pull down menu)

Calculated concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 1.00E-02 mg/l from Level 1 Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg  Ogata Banks

Entry for non-polar organic chemicals (option) From calculation sheet

Select analytical solution (click on brown cell below, then on pull-down menu) Fraction of organic carbon in aquifer foc 4.70E-02 fraction Distance Concentration

Equations in HRA publication Organic carbon partition coefficient Koc
1.58E+03

l/kg mg/l

0 Entry for ionic organic chemicals (option) 0 1.0E-02

Simulate vertical dispersion in 1 directionApproach for simulating vertical dispersion:  Sorption coefficient for related species Koc,n 0.00E+00 l/kg 2.5 8.87E-03

Simulate vertical dispersion in 2 directions 2 Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 5.0 7.36E-03

Select nature of decay rate (click on brown cell below, then on pull-down menu) pH value pH 0.00E+00 7.5 6.37E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  acid dissociation constant pKa 0.00E+00 10.0 5.67E-03

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)Source of parameter value Fraction of organic carbon in aquifer foc 0.00E+00 fraction 12.5 5.15E-03
Initial contaminant concentration in groundwater at plume core C0 1.00E-02 mg/l Site data 15.0 4.75E-03

Half life for degradation of contaminant in water t1/2 7.12E+02 days Canada Wide Strandards for PHC in Soils Soil water partition coefficient Kd 7.45E+01 l/kg 17.5 4.42E-03

Calculated decay rate λ 9.74E-04 days-1 20.0 4.15E-03

Width of plume in aquifer at source (perpendicular to flow) Sz 4.50E+01 m Estimated from site data 22.5 3.92E-03

Plume thickness at source Sy 1.60E+00 m Estimated from site data Dispersivity based on Xu & Eckstein (1995)0 25.0 3.72E-03

Saturated aquifer thickness da 1.00E+01 m Estimated from site data Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length1 27.5 3.55E-03

Bulk density of aquifer materials ρ 1.20E+00 g/cm3
Estimated from site data User defined values for dispersivity2 30.0 3.39E-03

Effective porosity of aquifer n 2.50E-01 fraction consim 32.5 3.25E-03

Hydraulic gradient i 5.80E-01 fraction Calculated fronm site data Enter value Calc value Xu & Eckstein m 35.0 3.13E-03

Hydraulic conductivity of aquifer K 2.60E-01 m/d Calculated fronm site data Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m Note 37.5 3.02E-03

Distance to compliance point x 5.00E+01 m Estimated from site data Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 2.91E-03

Distance (lateral) to compliance point perpendicular to flow direction z m Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 42.5 2.82E-03

Distance (depth) to compliance point perpendicular to flow direction y m Note values of dispersivity must be > 0 45.0 2.73E-03

0 Time since pollutant entered groundwater t 1.00E+11 days time variant options only For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 47.5 2.65E-03
Parameters values determined from options Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 50.0 2.58E-03

Partition coefficient Kd 7.45E+01 l/kg see options

Longitudinal dispersivity ax 5.00E+00 m see options The measured groundwater concentration should be compared 

Transverse dispersivity az 5.00E-01 m see options with the Level 3 remedial target to determine the need for further action.

Vertical dispersivity ay 5.00E-02 m see options Ogata Banks 1 Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

0 Domenico - Steady stateDomenico - Steady state 0

Calculated Parameters Variable 1 Ogata BanksDomenico - Time Variant 0

Groundwater flow velocity v 6.03E-01 m/d

Retardation factor Rf 3.59E+02 fraction

Decay rate used λ 2.72E-06 d-1

Rate of contaminant flow due to retardation u 1.68E-03 m/d

Contaminant concentration at distance x, assuming two-way vertical dispersion CED 2.58E-03 mg/l

Attenuation factor (two way vertical dispersion, CO/CED) AF 3.88E+00 Site being assessed: Watery Road, Wrexham

Completed by: Simon Howard 

3.88E-02 Date: ########

Remedial Targets #REF! Version: 1.1

Remedial Target 3.88E-02 mg/l For comparison with measured groundwater concentration.

Ogata Banks

Distance to compliance point 50 m

Concentration of contaminant at compliance point CED/C0 2.58E-03 mg/l Ogata Banks

after 1.0E+11 days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99.

Apply degradation rate to dissolved pollutants only

This worksheet should be used if pollutant transport and degradation is best described by 

a first order reaction.  If degradation is best desribed by an electron limited degradation 

such as oxidation by O2, NO3, SO4 etc than an alternative solution should be used

By setting a long travel time it will give the steady state solution, which should be used to 

calculate remedial targets.

Calculate for non-polar organic chemicals

Note graph assumes plume disperses vertically in one direction only. An alternative 

solution assuming the centre of the plume is located at the mid-depth of the aquifer is 

presented in the calculation sheets.

This sheet calculates the Level 3 remedial target for groundwater, based on the distance 

to the receptor or compliance located down hydraulic gradient of the source Three 

solution methods are included, the preferred option is Ogata Banks.

Simulate vertical dispersion in 2 directions

C8-C10 Aromatic

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length
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0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Soil See Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source Enter method of defining partition co-efficient (using pull down list)

Calculated (relative) concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 0.01 mg/l from Level 1

Dilution Factor DF 1.72E+00 from Level 2  

Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 0.00E+00 l/kg From calculation sheet

Equations in HRA publication
Entry for non-polar organic chemicals (option)

Distance

Relative 

concentration Concentration

Fraction of organic carbon in aquifer foc 4.70E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 1.58E+03 l/kg 0 1.0E+00 4.05E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 2.5 1.00E+00 4.05E-03

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 5.0 1.00E+00 4.05E-03

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 7.5 1.00E+00 4.05E-03

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 10.0 1.00E+00 4.05E-03

Soil concentration as mg/kg Enter soil  concentration Co 0.52 mg/kg Acid dissociation constant pKa 0.00E+00 12.5 1.00E+00 4.05E-03

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.00E+16 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 15.0 1.00E+00 4.05E-03

Calculated decay rate λ 6.93E-17 days
-1

calculated 17.5 1.00E+00 4.05E-03

Width of plume in aquifer at source Sz 4.50E+01 m from Level 2 Soil water partition coefficient Kd 7.45E+01 l/kg 20.0 1.00E+00 4.05E-03

Plume thickness in aquifer at source Sy 8.37E+00 m from Level 2 22.5 1.00E+00 4.05E-03

Bulk density of aquifer materials ρ 1.20E+00 g/cm
3

SR3 Table 4.4 Dispersivity based on Xu & Eckstein (1995) 25.0 1.00E+00 4.05E-03

Effective porosity of aquifer n 2.50E-01 fraction Conservative based on gravel Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 27.5 1.00E+00 4.05E-03

Hydraulic gradient "i" 1.44E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 30.0 1.00E+00 4.05E-03

0 Hydraulic conductivity of saturated aquifer K 2.60E-01 m/d from Level 2 32.5 1.00E+00 4.05E-03

Distance to compliance point x 5.00E+01 m Distance to culverted river Enter value Calc value Xu & Eckstein 35.0 1.00E+00 4.05E-03

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m 37.5 1.00E+00 4.05E-03

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 1.00E+00 4.05E-03

Time since pollutant entered groundwater t 9.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 m 42.5 9.99E-01 4.05E-03

Parameters values determined from options Note values of dispersivity must be > 0 45.0 9.99E-01 4.04E-03

Partition coefficient Kd 7.45E+01 l/kg see options 47.5 9.99E-01 4.04E-03
Longitudinal dispersivity ax 5.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 50.0 9.98E-01 4.04E-03

Transverse dispersivity az 0.500 m see options

Vertical dispersivity ay 0.050 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 1.49E-02 m/d

Retardation factor Rf 3.59E+02 fraction Ogata Banks

Decay rate used λ 6.93E-17 d
-1

Domenico - Steady state Note if contaminant is not subject to first order degradation, then set half life as 9.9E+99.

Hydraulic gradient used in aquifer flow down-gradient "i" 1.44E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 4.17E-05 m/d

Ratio of Compliance Point to Source Concentration CED/C0 9.98E-01 fraction

Attenuation factor (CO/CED) AF 1.00E+00 fraction

Calculated soil leachate concentration Co 6.95E-03 mg/l Site being assessed: Watery Road, Wrexham

Remedial Targets Completed by: Simon Howard 

Level 3 Remedial Target  1.72E-02 mg/l For comparison with measured pore water concentration. Date: ########

Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration. Version: 1.1

1.29E+00 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 50 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 9.98E-01 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in the 

calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.1

Calculate for non-polar organic chemicals

C8-C10 Aromatic

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used
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R&D Publication 20 Remedial Targets Worksheet, Release 3.1 0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Groundwater See  Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters (using pull down menu) Variable Value Unit Source Select Method for deriving Partition Co-efficient (using pull down menu)

Calculated concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 1.00E-02 mg/l from Level 1 Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg  Ogata Banks

Entry for non-polar organic chemicals (option) From calculation sheet

Select analytical solution (click on brown cell below, then on pull-down menu) Fraction of organic carbon in aquifer foc 4.70E-02 fraction Distance Concentration

Equations in HRA publication Organic carbon partition coefficient Koc
1.58E+03

l/kg mg/l

0 Entry for ionic organic chemicals (option) 0 1.0E-02

Simulate vertical dispersion in 1 directionApproach for simulating vertical dispersion:  Sorption coefficient for related species Koc,n 0.00E+00 l/kg 2.5 8.90E-03

Simulate vertical dispersion in 2 directions 2 Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 5.0 7.42E-03

Select nature of decay rate (click on brown cell below, then on pull-down menu) pH value pH 0.00E+00 7.5 6.44E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  acid dissociation constant pKa 0.00E+00 10.0 5.76E-03

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)Source of parameter value Fraction of organic carbon in aquifer foc 0.00E+00 fraction 12.5 5.26E-03
Initial contaminant concentration in groundwater at plume core C0 1.00E-02 mg/l Site data 15.0 4.86E-03

Half life for degradation of contaminant in water t1/2 1.00E+16 days Canada Wide Strandards for PHC in Soils Soil water partition coefficient Kd 7.45E+01 l/kg 17.5 4.55E-03

Calculated decay rate λ 6.93E-17 days-1 20.0 4.28E-03

Width of plume in aquifer at source (perpendicular to flow) Sz 4.50E+01 m Estimated from site data 22.5 4.06E-03

Plume thickness at source Sy 1.60E+00 m Estimated from site data Dispersivity based on Xu & Eckstein (1995)0 25.0 3.87E-03

Saturated aquifer thickness da 1.00E+01 m Estimated from site data Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length1 27.5 3.70E-03

Bulk density of aquifer materials ρ 1.20E+00 g/cm3
Estimated from site data User defined values for dispersivity2 30.0 3.56E-03

Effective porosity of aquifer n 2.50E-01 fraction consim 32.5 3.43E-03

Hydraulic gradient i 5.80E-01 fraction Calculated fronm site data Enter value Calc value Xu & Eckstein m 35.0 3.31E-03

Hydraulic conductivity of aquifer K 2.60E-01 m/d Calculated fronm site data Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m Note 37.5 3.20E-03

Distance to compliance point x 5.00E+01 m Estimated from site data Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 3.11E-03

Distance (lateral) to compliance point perpendicular to flow direction z m Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 42.5 3.02E-03

Distance (depth) to compliance point perpendicular to flow direction y m Note values of dispersivity must be > 0 45.0 2.94E-03

0 Time since pollutant entered groundwater t 1.00E+11 days time variant options only For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 47.5 2.86E-03
Parameters values determined from options Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 50.0 2.79E-03

Partition coefficient Kd 7.45E+01 l/kg see options

Longitudinal dispersivity ax 5.00E+00 m see options The measured groundwater concentration should be compared 

Transverse dispersivity az 5.00E-01 m see options with the Level 3 remedial target to determine the need for further action.

Vertical dispersivity ay 5.00E-02 m see options Ogata Banks 1 Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

0 Domenico - Steady stateDomenico - Steady state 0

Calculated Parameters Variable 1 Ogata BanksDomenico - Time Variant 0

Groundwater flow velocity v 6.03E-01 m/d

Retardation factor Rf 3.59E+02 fraction

Decay rate used λ 1.93E-19 d-1

Rate of contaminant flow due to retardation u 1.68E-03 m/d

Contaminant concentration at distance x, assuming two-way vertical dispersion CED 2.79E-03 mg/l

Attenuation factor (two way vertical dispersion, CO/CED) AF 3.58E+00 Site being assessed: Watery Road, Wrexham

Completed by: Simon Howard 

3.58E-02 Date: ########

Remedial Targets #REF! Version: 1.1

Remedial Target 3.58E-02 mg/l For comparison with measured groundwater concentration.

Ogata Banks

Distance to compliance point 50 m

Concentration of contaminant at compliance point CED/C0 2.79E-03 mg/l Ogata Banks

after 1.0E+11 days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99.

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to dissolved pollutants only

This worksheet should be used if pollutant transport and degradation is best described by 

a first order reaction.  If degradation is best desribed by an electron limited degradation 

such as oxidation by O2, NO3, SO4 etc than an alternative solution should be used

By setting a long travel time it will give the steady state solution, which should be used to 

calculate remedial targets.

Calculate for non-polar organic chemicals

Note graph assumes plume disperses vertically in one direction only. An alternative 

solution assuming the centre of the plume is located at the mid-depth of the aquifer is 

presented in the calculation sheets.

This sheet calculates the Level 3 remedial target for groundwater, based on the distance 

to the receptor or compliance located down hydraulic gradient of the source Three 

solution methods are included, the preferred option is Ogata Banks.

Simulate vertical dispersion in 2 directions

C8-C10 Aromatic

Ogata Banks
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0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Soil See Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source Enter method of defining partition co-efficient (using pull down list)

Calculated (relative) concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 0.01 mg/l from Level 1

Dilution Factor DF 1.44E+01 from Level 2  

Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 0.00E+00 l/kg From calculation sheet

Equations in HRA publication
Entry for non-polar organic chemicals (option)

Distance

Relative 

concentration Concentration

Fraction of organic carbon in aquifer foc 4.70E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 2.51E+03 l/kg 0 1.0E+00 1.82E-04

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 2.5 6.35E-01 1.16E-04

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 5.0 3.95E-01 7.21E-05

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 7.5 2.41E-01 4.40E-05

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 10.0 1.46E-01 2.66E-05

Soil concentration as mg/kg Enter soil  concentration Co 0.31 mg/kg Acid dissociation constant pKa 0.00E+00 12.5 8.84E-02 1.61E-05

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.75E+03 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 15.0 5.37E-02 9.79E-06

Calculated decay rate λ 3.96E-04 days
-1

calculated 17.5 3.27E-02 5.96E-06

Width of plume in aquifer at source Sz 4.50E+01 m from Level 2 Soil water partition coefficient Kd 1.18E+02 l/kg 20.0 1.99E-02 3.64E-06

Plume thickness in aquifer at source Sy 1.60E+00 m from Level 2 22.5 1.22E-02 2.23E-06

Bulk density of aquifer materials ρ 1.20E+00 g/cm
3

SR3 Table 4.4 Dispersivity based on Xu & Eckstein (1995) 25.0 7.49E-03 1.37E-06

Effective porosity of aquifer n 2.50E-01 fraction Conservative based on gravel Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 27.5 4.60E-03 8.40E-07

Hydraulic gradient "i" 6.28E-01 fraction from Level 2 (adjusted) User defined values for dispersivity 30.0 2.84E-03 5.18E-07

0 Hydraulic conductivity of saturated aquifer K 2.60E-01 m/d from Level 2 32.5 1.75E-03 3.20E-07

Distance to compliance point x 5.00E+01 m Distance to culverted river Enter value Calc value Xu & Eckstein 35.0 1.08E-03 1.98E-07

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m 37.5 6.70E-04 1.22E-07

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 4.16E-04 7.58E-08

Time since pollutant entered groundwater t 9.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 m 42.5 2.58E-04 4.71E-08

Parameters values determined from options Note values of dispersivity must be > 0 45.0 1.60E-04 2.93E-08

Partition coefficient Kd 1.18E+02 l/kg see options 47.5 9.97E-05 1.82E-08
Longitudinal dispersivity ax 5.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 50.0 6.21E-05 1.13E-08

Transverse dispersivity az 0.500 m see options

Vertical dispersivity ay 0.050 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 6.53E-01 m/d

Retardation factor Rf 5.68E+02 fraction Ogata Banks

Decay rate used λ 3.96E-04 d
-1

Domenico - Steady state Note if contaminant is not subject to first order degradation, then set half life as 9.9E+99.

Hydraulic gradient used in aquifer flow down-gradient "i" 6.28E-01 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 1.15E-03 m/d

Ratio of Compliance Point to Source Concentration CED/C0 6.21E-05 fraction

Attenuation factor (CO/CED) AF 1.61E+04 fraction

Calculated soil leachate concentration Co 2.62E-03 mg/l Site being assessed: Watery Road, Wrexham

Remedial Targets Completed by: Simon Howard 

Level 3 Remedial Target  2.31E+03 mg/l For comparison with measured pore water concentration. Date: ########

Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration. Version: 1.1

2.74E+05 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 50 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 6.21E-05 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.1

Calculate for non-polar organic chemicals

C10-C12 Aromatic

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in the 

calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)

Soil concentration as mg/kg
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R&D Publication 20 Remedial Targets Worksheet, Release 3.1 0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Groundwater See  Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters (using pull down menu) Variable Value Unit Source Select Method for deriving Partition Co-efficient (using pull down menu)

Calculated concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 1.00E-02 mg/l from Level 1 Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg  Ogata Banks

Entry for non-polar organic chemicals (option) From calculation sheet

Select analytical solution (click on brown cell below, then on pull-down menu) Fraction of organic carbon in aquifer foc 4.70E-02 fraction Distance Concentration

Equations in HRA publication Organic carbon partition coefficient Koc
2.51E+03

l/kg mg/l

0 Entry for ionic organic chemicals (option) 0 1.0E-02

Simulate vertical dispersion in 1 directionApproach for simulating vertical dispersion:  Sorption coefficient for related species Koc,n 0.00E+00 l/kg 2.5 8.89E-03

Simulate vertical dispersion in 2 directions 2 Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 5.0 7.40E-03

Select nature of decay rate (click on brown cell below, then on pull-down menu) pH value pH 0.00E+00 7.5 6.41E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  acid dissociation constant pKa 0.00E+00 10.0 5.73E-03

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)Source of parameter value Fraction of organic carbon in aquifer foc 0.00E+00 fraction 12.5 5.21E-03
Initial contaminant concentration in groundwater at plume core C0 1.00E-02 mg/l Site data 15.0 4.82E-03

Half life for degradation of contaminant in water t1/2 1.75E+03 days Canada Wide Strandards for PHC in Soils Soil water partition coefficient Kd 1.18E+02 l/kg 17.5 4.49E-03

Calculated decay rate λ 3.96E-04 days-1 20.0 4.23E-03

Width of plume in aquifer at source (perpendicular to flow) Sz 4.50E+01 m Estimated from site data 22.5 4.00E-03

Plume thickness at source Sy 1.60E+00 m Estimated from site data Dispersivity based on Xu & Eckstein (1995)0 25.0 3.81E-03

Saturated aquifer thickness da 1.00E+01 m Estimated from site data Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length1 27.5 3.64E-03

Bulk density of aquifer materials ρ 1.20E+00 g/cm3
Estimated from site data User defined values for dispersivity2 30.0 3.49E-03

Effective porosity of aquifer n 2.50E-01 fraction consim 32.5 3.36E-03

Hydraulic gradient i 5.80E-01 fraction Calculated fronm site data Enter value Calc value Xu & Eckstein m 35.0 3.24E-03

Hydraulic conductivity of aquifer K 2.60E-01 m/d Calculated fronm site data Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m Note 37.5 3.13E-03

Distance to compliance point x 5.00E+01 m Estimated from site data Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 3.03E-03

Distance (lateral) to compliance point perpendicular to flow direction z m Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 42.5 2.94E-03

Distance (depth) to compliance point perpendicular to flow direction y m Note values of dispersivity must be > 0 45.0 2.85E-03

0 Time since pollutant entered groundwater t 1.00E+11 days time variant options only For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 47.5 2.77E-03
Parameters values determined from options Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 50.0 2.70E-03

Partition coefficient Kd 1.18E+02 l/kg see options

Longitudinal dispersivity ax 5.00E+00 m see options The measured groundwater concentration should be compared 

Transverse dispersivity az 5.00E-01 m see options with the Level 3 remedial target to determine the need for further action.

Vertical dispersivity ay 5.00E-02 m see options Ogata Banks 1 Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

0 Domenico - Steady stateDomenico - Steady state 0

Calculated Parameters Variable 1 Ogata BanksDomenico - Time Variant 0

Groundwater flow velocity v 6.03E-01 m/d

Retardation factor Rf 5.68E+02 fraction

Decay rate used λ 6.98E-07 d-1

Rate of contaminant flow due to retardation u 1.06E-03 m/d

Contaminant concentration at distance x, assuming two-way vertical dispersion CED 2.70E-03 mg/l

Attenuation factor (two way vertical dispersion, CO/CED) AF 3.70E+00 Site being assessed: Watery Road, Wrexham

Completed by: Simon Howard 

3.70E-02 Date: ########

Remedial Targets #REF! Version: 1.1

Remedial Target 3.70E-02 mg/l For comparison with measured groundwater concentration.

Ogata Banks

Distance to compliance point 50 m

Concentration of contaminant at compliance point CED/C0 2.70E-03 mg/l Ogata Banks

after 1.0E+11 days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to dissolved pollutants only

This worksheet should be used if pollutant transport and degradation is best described by 

a first order reaction.  If degradation is best desribed by an electron limited degradation 

such as oxidation by O2, NO3, SO4 etc than an alternative solution should be used

By setting a long travel time it will give the steady state solution, which should be used to 

calculate remedial targets.

Calculate for non-polar organic chemicals

Note graph assumes plume disperses vertically in one direction only. An alternative 

solution assuming the centre of the plume is located at the mid-depth of the aquifer is 

presented in the calculation sheets.

This sheet calculates the Level 3 remedial target for groundwater, based on the distance 

to the receptor or compliance located down hydraulic gradient of the source Three 

solution methods are included, the preferred option is Ogata Banks.

Simulate vertical dispersion in 2 directions

C10-C12 Aromatic
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0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Soil See Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source Enter method of defining partition co-efficient (using pull down list)

Calculated (relative) concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 0.01 mg/l from Level 1

Dilution Factor DF 1.72E+00 from Level 2  

Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 0.00E+00 l/kg From calculation sheet

Equations in HRA publication
Entry for non-polar organic chemicals (option)

Distance

Relative 

concentration Concentration

Fraction of organic carbon in aquifer foc 4.70E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 2.51E+03 l/kg 0 1.0E+00 1.53E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 2.5 1.00E+00 1.53E-03

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 5.0 1.00E+00 1.53E-03

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 7.5 1.00E+00 1.53E-03

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 10.0 1.00E+00 1.53E-03

Soil concentration as mg/kg Enter soil  concentration Co 0.31 mg/kg Acid dissociation constant pKa 0.00E+00 12.5 1.00E+00 1.53E-03

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 1.00E+16 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 15.0 1.00E+00 1.53E-03

Calculated decay rate λ 6.93E-17 days
-1

calculated 17.5 1.00E+00 1.53E-03

Width of plume in aquifer at source Sz 4.50E+01 m from Level 2 Soil water partition coefficient Kd 1.18E+02 l/kg 20.0 1.00E+00 1.53E-03

Plume thickness in aquifer at source Sy 8.37E+00 m from Level 2 22.5 1.00E+00 1.53E-03

Bulk density of aquifer materials ρ 1.20E+00 g/cm
3

SR3 Table 4.4 Dispersivity based on Xu & Eckstein (1995) 25.0 1.00E+00 1.53E-03

Effective porosity of aquifer n 2.50E-01 fraction Conservative based on gravel Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 27.5 1.00E+00 1.53E-03

Hydraulic gradient "i" 1.44E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 30.0 1.00E+00 1.53E-03

0 Hydraulic conductivity of saturated aquifer K 2.60E-01 m/d from Level 2 32.5 1.00E+00 1.53E-03

Distance to compliance point x 5.00E+01 m Distance to culverted river Enter value Calc value Xu & Eckstein 35.0 1.00E+00 1.53E-03

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m 37.5 1.00E+00 1.53E-03

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 1.00E+00 1.52E-03

Time since pollutant entered groundwater t 9.00E+99 days time variant options only Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 m 42.5 9.99E-01 1.52E-03

Parameters values determined from options Note values of dispersivity must be > 0 45.0 9.99E-01 1.52E-03

Partition coefficient Kd 1.18E+02 l/kg see options 47.5 9.99E-01 1.52E-03
Longitudinal dispersivity ax 5.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 50.0 9.98E-01 1.52E-03

Transverse dispersivity az 0.500 m see options

Vertical dispersivity ay 0.050 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 1.49E-02 m/d

Retardation factor Rf 5.68E+02 fraction Ogata Banks

Decay rate used λ 6.93E-17 d
-1

Domenico - Steady state Note if contaminant is not subject to first order degradation, then set half life as 9.9E+99.

Hydraulic gradient used in aquifer flow down-gradient "i" 1.44E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 2.63E-05 m/d

Ratio of Compliance Point to Source Concentration CED/C0 9.98E-01 fraction

Attenuation factor (CO/CED) AF 1.00E+00 fraction

Calculated soil leachate concentration Co 2.62E-03 mg/l Site being assessed: Watery Road, Wrexham

Remedial Targets Completed by: Simon Howard 

Level 3 Remedial Target  1.72E-02 mg/l For comparison with measured pore water concentration. Date: ########

Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration. Version: 1.1

2.04E+00 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 50 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 9.98E-01 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Remedial Targets Worksheet , Release 3.1

Calculate for non-polar organic chemicals

C10-C12 Aromatic

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in the 

calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)

Soil concentration as mg/kg
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R&D Publication 20 Remedial Targets Worksheet, Release 3.1 0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Groundwater See  Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters (using pull down menu) Variable Value Unit Source Select Method for deriving Partition Co-efficient (using pull down menu)

Calculated concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 1.00E-02 mg/l from Level 1 Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg  Ogata Banks

Entry for non-polar organic chemicals (option) From calculation sheet

Select analytical solution (click on brown cell below, then on pull-down menu) Fraction of organic carbon in aquifer foc 4.70E-02 fraction Distance Concentration

Equations in HRA publication Organic carbon partition coefficient Koc
2.51E+03

l/kg mg/l

0 Entry for ionic organic chemicals (option) 0 1.0E-02

Simulate vertical dispersion in 1 directionApproach for simulating vertical dispersion:  Sorption coefficient for related species Koc,n 0.00E+00 l/kg 2.5 8.90E-03

Simulate vertical dispersion in 2 directions 2 Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 5.0 7.42E-03

Select nature of decay rate (click on brown cell below, then on pull-down menu) pH value pH 0.00E+00 7.5 6.44E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  acid dissociation constant pKa 0.00E+00 10.0 5.76E-03

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)Source of parameter value Fraction of organic carbon in aquifer foc 0.00E+00 fraction 12.5 5.26E-03
Initial contaminant concentration in groundwater at plume core C0 1.00E-02 mg/l Site data 15.0 4.86E-03

Half life for degradation of contaminant in water t1/2 1.00E+16 days Canada Wide Strandards for PHC in Soils Soil water partition coefficient Kd 1.18E+02 l/kg 17.5 4.55E-03

Calculated decay rate λ 6.93E-17 days-1 20.0 4.28E-03

Width of plume in aquifer at source (perpendicular to flow) Sz 4.50E+01 m Estimated from site data 22.5 4.06E-03

Plume thickness at source Sy 1.60E+00 m Estimated from site data Dispersivity based on Xu & Eckstein (1995)0 25.0 3.87E-03

Saturated aquifer thickness da 1.00E+01 m Estimated from site data Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length1 27.5 3.70E-03

Bulk density of aquifer materials ρ 1.20E+00 g/cm3
Estimated from site data User defined values for dispersivity2 30.0 3.56E-03

Effective porosity of aquifer n 2.50E-01 fraction consim 32.5 3.43E-03

Hydraulic gradient i 5.80E-01 fraction Calculated fronm site data Enter value Calc value Xu & Eckstein m 35.0 3.31E-03

Hydraulic conductivity of aquifer K 2.60E-01 m/d Calculated fronm site data Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m Note 37.5 3.20E-03

Distance to compliance point x 5.00E+01 m Estimated from site data Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 3.11E-03

Distance (lateral) to compliance point perpendicular to flow direction z m Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 42.5 3.02E-03

Distance (depth) to compliance point perpendicular to flow direction y m Note values of dispersivity must be > 0 45.0 2.94E-03

0 Time since pollutant entered groundwater t 1.00E+11 days time variant options only For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 47.5 2.86E-03
Parameters values determined from options Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 50.0 2.79E-03

Partition coefficient Kd 1.18E+02 l/kg see options

Longitudinal dispersivity ax 5.00E+00 m see options The measured groundwater concentration should be compared 

Transverse dispersivity az 5.00E-01 m see options with the Level 3 remedial target to determine the need for further action.

Vertical dispersivity ay 5.00E-02 m see options Ogata Banks 1 Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

0 Domenico - Steady stateDomenico - Steady state 0

Calculated Parameters Variable 1 Ogata BanksDomenico - Time Variant 0

Groundwater flow velocity v 6.03E-01 m/d

Retardation factor Rf 5.68E+02 fraction

Decay rate used λ 1.22E-19 d-1

Rate of contaminant flow due to retardation u 1.06E-03 m/d

Contaminant concentration at distance x, assuming two-way vertical dispersion CED 2.79E-03 mg/l

Attenuation factor (two way vertical dispersion, CO/CED) AF 3.58E+00 Site being assessed: Watery Road, Wrexham

Completed by: Simon Howard 

3.58E-02 Date: ########

Remedial Targets #REF! Version: 1.1

Remedial Target 3.58E-02 mg/l For comparison with measured groundwater concentration.

Ogata Banks

Distance to compliance point 50 m

Concentration of contaminant at compliance point CED/C0 2.79E-03 mg/l Ogata Banks

after 1.0E+11 days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to dissolved pollutants only

This worksheet should be used if pollutant transport and degradation is best described by 

a first order reaction.  If degradation is best desribed by an electron limited degradation 

such as oxidation by O2, NO3, SO4 etc than an alternative solution should be used

By setting a long travel time it will give the steady state solution, which should be used to 

calculate remedial targets.

Calculate for non-polar organic chemicals

Note graph assumes plume disperses vertically in one direction only. An alternative 

solution assuming the centre of the plume is located at the mid-depth of the aquifer is 

presented in the calculation sheets.

This sheet calculates the Level 3 remedial target for groundwater, based on the distance 

to the receptor or compliance located down hydraulic gradient of the source Three 

solution methods are included, the preferred option is Ogata Banks.

Simulate vertical dispersion in 2 directions

C10-C12 Aromatic
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0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Soil See Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source Enter method of defining partition co-efficient (using pull down list)

Calculated (relative) concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 0.01 mg/l from Level 1

Dilution Factor DF 1.72E+00 from Level 2  

Entry if specify partition coefficient (option) Ogata Banks

Select analytical solution (click on brown cell below, then on pull-down menu) Soil water partition coefficient Kd 0.00E+00 l/kg From calculation sheet

Equations in HRA publication
Entry for non-polar organic chemicals (option)

Distance

Relative 

concentration Concentration

Fraction of organic carbon in aquifer foc 4.70E-02 fraction (No units) mg/l

Select nature of decay rate (click on brown cell below, then on pull-down menu) Organic carbon partition coefficient Koc 6.46E+02 l/kg 0 1.0E+00 8.75E-03

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  Entry for ionic organic chemicals (option) 2.5 4.10E-03 3.58E-05

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay) Sorption coefficient for related species Koc,n 0.00E+00 l/kg 5.0 1.68E-05 1.47E-07

Variable Value Unit Source of parameter value Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 7.5 6.88E-08 6.02E-10

Soil leachate concentration as mg/l Enter source concentration pH value pH 0.00E+00 10.0 2.82E-10 2.47E-12

Soil concentration as mg/kg Enter soil  concentration Co 0.46 mg/kg Acid dissociation constant pKa 0.00E+00 12.5 1.16E-12 1.01E-14

Determine remedial target based on assumed concentrationHalf life for degradation of contaminant in water t1/2 2.58E+02 days Fraction of organic carbon in aquifer foc 0.00E+00 fraction 15.0 4.74E-15 4.14E-17

Calculated decay rate λ 2.69E-03 days
-1

calculated 17.5 1.94E-17 1.70E-19

Width of plume in aquifer at source Sz 4.50E+01 m from Level 2 Soil water partition coefficient Kd 3.03E+01 l/kg 20.0 7.95E-20 6.96E-22

Plume thickness in aquifer at source Sy 8.37E+00 m from Level 2 22.5 3.26E-22 2.85E-24

Bulk density of aquifer materials ρ 1.20E+00 g/cm
3

SR3 Table 4.4 Dispersivity based on Xu & Eckstein (1995) 25.0 1.34E-24 1.17E-26

Effective porosity of aquifer n 2.50E-01 fraction Conservative based on gravel Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length 27.5 5.47E-27 4.79E-29

Hydraulic gradient "i" 1.44E-02 fraction from Level 2 (adjusted) User defined values for dispersivity 30.0 2.24E-29 1.96E-31

0 Hydraulic conductivity of saturated aquifer K 2.60E-01 m/d from Level 2 32.5 9.19E-32 8.04E-34

Distance to compliance point x 5.00E+01 m Distance to culverted river Enter value Calc value Xu & Eckstein 35.0 3.77E-34 3.29E-36

Distance (lateral) to compliance point perpendicular to flow direction z 0.00E+00 m Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m 37.5 1.54E-36 1.35E-38

Distance (depth) to compliance point perpendicular to flow direction y 0.00E+00 m Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 6.32E-39 5.53E-41

Time since pollutant entered groundwater t 1.00E+21 days time variant options only Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 m 42.5 2.59E-41 2.27E-43

Parameters values determined from options Note values of dispersivity must be > 0 45.0 1.06E-43 9.29E-46

Partition coefficient Kd 3.03E+01 l/kg see options 47.5 4.35E-46 3.80E-48
Longitudinal dispersivity ax 5.000 m see options Xu & Eckstein (1995) report ax = 0.83(log10x)

2.414 
; az = ax/10, ay = ax/100 are assumed 50.0 1.78E-48 1.56E-50

Transverse dispersivity az 0.500 m see options

Vertical dispersivity ay 0.050 m see options

Parameter values should be checked against Level 1 and 2

Note

Calculated Parameters Variable

Groundwater flow velocity v 1.49E-02 m/d

Retardation factor Rf 1.47E+02 fraction Ogata Banks

Decay rate used λ 2.69E-03 d
-1

Domenico - Steady state Note if contaminant is not subject to first order degradation, then set half life as 9.9E+99.

Hydraulic gradient used in aquifer flow down-gradient "i" 1.44E-02 fraction 0 Domenico - Time Variant

Rate of contaminant flow due to retardation u 1.02E-04 m/d

Ratio of Compliance Point to Source Concentration CED/C0 1.78E-48 fraction

Attenuation factor (CO/CED) AF 5.61E+47 fraction

Calculated soil leachate concentration Co 1.50E-02 mg/l Site being assessed: Watery Road, Wrexham

Remedial Targets Completed by: Simon Howard 

Level 3 Remedial Target  9.64E+45 mg/l For comparison with measured pore water concentration. Date: ########

Ogata Banks or This assumes Level 1 Remedial Target is based on Target Concentration. Version: 1.1

2.95E+47 mg/kg For comparison with measured soil concentration. This

Distance to compliance point 50 m assumes Level 1 Remedial Target calculated from soil-water

partitioning equation.

Ratio of Compliance Point to Source Concentration CED/C0 1.78E-48 fraction Ogata Banks

   

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)

Soil concentration as mg/kg

Remedial Targets Worksheet , Release 3.1

Calculate for non-polar organic chemicals

Napthalene

This worksheet should be used if pollutant transport and 

degradation is best described by a first order reaction.  If 

degradation is best desribed by an electron limited 

degradation such as oxidation by O2, NO3, SO4 etc than an 

alternative solution should be used

The measured soil concentration as mg/kg or pore water concentration should be compared 

with the Level 3 remedial target to determine the need for further action.

Note: 'Relative concentration' is the ratio of calculated concentation at a given 

position compared to the source concentration. The calculations assume plume 

disperses from the top of the aquifer. An alternative solution assuming the 

centre of the plume is located at the mid-depth of the aquifer is presented in the 

calculation sheets.

This sheet calculates the Level 3 remedial target for soils(mg/kg) or for pore water (mg/l), 

based on the distance to the receptor or compliance located down hydraulic gradient of the 

source Three solution methods are included, the preferred option is Ogata Banks.By setting a 

long travel time (e.g. 9E99) it will give the steady state solution, which should always be used 

when calculating remedial targets.

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length
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R&D Publication 20 Remedial Targets Worksheet, Release 3.1 0 User specified value for partition coefficient

1 Calculate for non-polar organic chemicals

Level 3 - Groundwater See  Note 0 Calculate for ionic organic chemicals (acids)

Input Parameters (using pull down menu) Variable Value Unit Source Select Method for deriving Partition Co-efficient (using pull down menu)

Calculated concentrations for 

Contaminant from Level 1 distance-concentration graph

Target Concentration CT 1.00E-02 mg/l from Level 1 Entry if specify partition coefficient (option)

Soil water partition coefficient Kd 0.00E+00 l/kg  Ogata Banks

Entry for non-polar organic chemicals (option) From calculation sheet

Select analytical solution (click on brown cell below, then on pull-down menu) Fraction of organic carbon in aquifer foc 4.70E-02 fraction Distance Concentration

Equations in HRA publication Organic carbon partition coefficient Koc
6.46E+02

l/kg mg/l

0 Entry for ionic organic chemicals (option) 0 1.0E-04

Simulate vertical dispersion in 1 directionApproach for simulating vertical dispersion:  Sorption coefficient for related species Koc,n 0.00E+00 l/kg 2.5 8.89E-05

Simulate vertical dispersion in 2 directions 2 Sorption coefficient for ionised species Koc,i 0.00E+00 l/kg 5.0 7.40E-05

Select nature of decay rate (click on brown cell below, then on pull-down menu) pH value pH 0.00E+00 7.5 6.41E-05

Apply degradation rate to dissolved pollutants onlyApproach for simulating degradation of pollutants:  acid dissociation constant pKa 0.00E+00 10.0 5.73E-05

Apply degradation rate to pollutants in all phases (e.g. field derived value, laboratory study for aquifer + water mix, radioactive decay)Source of parameter value Fraction of organic carbon in aquifer foc 0.00E+00 fraction 12.5 5.21E-05
Initial contaminant concentration in groundwater at plume core C0 1.00E-04 mg/l Site data 15.0 4.82E-05

Half life for degradation of contaminant in water t1/2 1.75E+03 days Canada Wide Strandards for PHC in Soils Soil water partition coefficient Kd 3.03E+01 l/kg 17.5 4.49E-05

Calculated decay rate λ 3.96E-04 days-1 20.0 4.23E-05

Width of plume in aquifer at source (perpendicular to flow) Sz 4.50E+01 m Estimated from site data 22.5 4.00E-05

Plume thickness at source Sy 1.60E+00 m Estimated from site data Dispersivity based on Xu & Eckstein (1995)0 25.0 3.81E-05

Saturated aquifer thickness da 1.00E+01 m Estimated from site data Define dispersivity (click brown cell and use pull down list) Dispersivities 10%, 1%, 0.1% of pathway length1 27.5 3.64E-05

Bulk density of aquifer materials ρ 1.20E+00 g/cm3
Estimated from site data User defined values for dispersivity2 30.0 3.49E-05

Effective porosity of aquifer n 2.50E-01 fraction consim 32.5 3.36E-05

Hydraulic gradient i 5.80E-01 fraction Calculated fronm site data Enter value Calc value Xu & Eckstein m 35.0 3.24E-05

Hydraulic conductivity of aquifer K 2.60E-01 m/d Calculated fronm site data Longitudinal dispersivity ax 0.00E+00 5.00E+00 2.98E+00 m Note 37.5 3.13E-05

Distance to compliance point x 5.00E+01 m Estimated from site data Transverse dispersivity az 0.00E+00 5.00E-01 2.98E-01 m 40.0 3.03E-05

Distance (lateral) to compliance point perpendicular to flow direction z m Vertical dispersivity ay 0.00E+00 5.00E-02 2.98E-02 42.5 2.94E-05

Distance (depth) to compliance point perpendicular to flow direction y m Note values of dispersivity must be > 0 45.0 2.85E-05

0 Time since pollutant entered groundwater t 1.00E+11 days time variant options only For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 47.5 2.77E-05
Parameters values determined from options Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 50.0 2.70E-05

Partition coefficient Kd 3.03E+01 l/kg see options

Longitudinal dispersivity ax 5.00E+00 m see options The measured groundwater concentration should be compared 

Transverse dispersivity az 5.00E-01 m see options with the Level 3 remedial target to determine the need for further action.

Vertical dispersivity ay 5.00E-02 m see options Ogata Banks 1 Note if contaminant is not subject to first order degradation, then set half life as 9.0E+99.

0 Domenico - Steady stateDomenico - Steady state 0

Calculated Parameters Variable 1 Ogata BanksDomenico - Time Variant 0

Groundwater flow velocity v 6.03E-01 m/d

Retardation factor Rf 1.47E+02 fraction

Decay rate used λ 2.70E-06 d-1

Rate of contaminant flow due to retardation u 4.11E-03 m/d

Contaminant concentration at distance x, assuming two-way vertical dispersion CED 2.70E-05 mg/l

Attenuation factor (two way vertical dispersion, CO/CED) AF 3.70E+00 Site being assessed: Watery Road, Wrexham

Completed by: Simon Howard 

3.70E-02 Date: ########

Remedial Targets #REF! Version: 1.1

Remedial Target 3.70E-02 mg/l For comparison with measured groundwater concentration.

Ogata Banks

Distance to compliance point 50 m

Concentration of contaminant at compliance point CED/C0 2.70E-05 mg/l Ogata Banks

after 1.0E+11 days

Care should be used when calculating remedial targets using the time variant options as this may result in an overestimate of the remedial target.

The recommended value for time when calculating the remedial target is 9.9E+99.

Calculate for non-polar organic chemicals

Note graph assumes plume disperses vertically in one direction only. An alternative 

solution assuming the centre of the plume is located at the mid-depth of the aquifer is 

presented in the calculation sheets.

This sheet calculates the Level 3 remedial target for groundwater, based on the distance 

to the receptor or compliance located down hydraulic gradient of the source Three 

solution methods are included, the preferred option is Ogata Banks.

Simulate vertical dispersion in 2 directions

Napthalene

Ogata Banks

Dispersivities 10%, 1%, 0.1% of pathway length

Apply degradation rate to dissolved pollutants only

This worksheet should be used if pollutant transport and degradation is best described by 

a first order reaction.  If degradation is best desribed by an electron limited degradation 

such as oxidation by O2, NO3, SO4 etc than an alternative solution should be used

By setting a long travel time it will give the steady state solution, which should be used to 

calculate remedial targets.
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