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1 Introduction and Project Background 

The Isles of Scilly Council c/- Cornwall County Council have commissioned Agua Enodo to 
undertake a Groundwater Risk Assessment (GW-RA) for the proposed expansion of the 
existing cemetery at the Old Town Church, St Mary’s, Isles of Scilly (IoS [herein referred to as 
the site. Refer Figure 1 for site location]).  

This report has been prepared in accordance with Environment Agency Guidance: Cemeteries 
and burials: Groundwater Risk Assessments (updated 1 April, 2022 on www.gov.uk). It follows 
the Source > Pathway > Receptor approach and justifies the Tier 1 Risk Assessment 
methodology selected.  
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1.1 Historical and Proposed Future Use 

The burial register for the existing cemetery (highlighted cream-colour on Figure 2) dates from 
1981 to the present day, totalling 385 recorded burials. This gives an average of 9 burials per 
year. This is corroborated with recent records which show 8 burials per year in the last three 
years (per. comm. Rebecca Williams, Head of Environment at Council of the IoS via email of 
15/05/2023). 

The proposed expansion area (highlighted blue Figure 2) is planned to have <10 burials per 
year, with an anticipated average 8 to 9 per year (per. comm. Rebecca Williams, 15/05/2023). 
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1.2 Scope of Services and Project Objectives 

The scope and objectives of this GW-RA are to provide: 

 A desktop study of the environmental site setting relevant to the existing and proposed 
cemetery within a 1 km area of the site, including but not limited to: 

o SOURCE: Assessment of the proposed cemetery expansion;  

o PATHWAY: Geology, hydrogeology, aquifer, groundwater and surface water 
characteristics; and 

o RECEPTOR: Environmentally sensitive receptors in the vicinity of the site. 

 Justification of selecting a Tier 1 GW-RA; and  

 The Tier 1 GW-RA, to assess reasonably foreseeable groundwater risks due to the 
proposed expansion of the cemetery. 

No site walkover was conducted as part of this HIA.   

All work has been carried out in accordance with the Environment Agency’s Groundwater risk 
assessment for your environmental permit - How to carry out a groundwater risk assessment 
as part of an application for an environmental permit (www.gov.uk last updated 3 April 2018).  

Analysis herein also complies with principals of: 

 The Environment Agency’s approach to groundwater protection dated February 2018 
Version 1.2, in particular with reference to Section L – Cemetery developments; and 

 Guidance: Protecting groundwater from human burials, Published 1 April 2022.  

1.3 Disclaimer 

This GW-RA has been undertaken based on currently available information at time of writing, 
provided by IoS Council, as well as readily available public information.  

Documents and sources of information are referenced where appropriate in the text of this 
report and listed in References (Section 6).  

Information provided to Agua Enodo was assumed to be reliable and no independent 
verification of information was undertaken.  

Failure to manage and reduce any environmental risk to a minimum may result in action being 
taken under the Environmental Permitting (England and Wales) Regulations 2016, the Water 
Resources Act 1991 and the Anti-pollution Works Notice Regulations 1999. 
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2 Justification of the Selected Methodology  

Historical records for burials at the site show: 

 A long-term average of 9 burials per year for 41 years (from 1981);  

 A recent three-year average of 8 burials per year (2019 to 2022); and 

 Anticipated rate of 8 to 9 burials per year in the expanded cemetery area.  

Based on census data reviewed for the purposes of this GW-RA (Office for National Statistics 
< www.ons.gov.uk/visualisations/censuspopulationchange/ > accessed 31/05/2023) the 
population of the IoS has fallen by 4.7% between 2011 and 202, and no significant population 
increase in anticipated.    

For the purposes of this assessment, the following has been assumed: 

1. Burials to be completed within the drift and heavily weathered granite (to a depth of 
<1.6 m is considered sufficient);  

2. Burials to be evenly distributed across the site; and 

3. Not more than 9 burials per year.  

Based on these assumptions, a Tier 1 GW-RA has been undertaken and is presented herein.  

Based on experience, it is reasonable to apply the following generic risk-based  guidelines to 
controls and minimise pollution risk: 

 At least 250 m from all groundwater supply boreholes and springs; 

 At least 30 m from al surface watercourses or springs; 

 At least 10 m from field drains and ditches (including perennial features); and 

 Conduct no burials at or below the water table.  
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3 Conceptual Site Model: Environmental Site Setting 

The expansion area is centred approximately on National Grid Reference SV 91059 10175 
(Figure 3) off the southern side of Old Town Road on Peninnis Head, at the southern end of St 
Mary’s. 

Currently the site is covered by grassland (Figure 3) and surrounded by fields directly to the 
east and west. The existing cemetery lies to the south and The Five Islands Academy to the 
north.  

The expansion area slopes gently towards the southeast, with the site elevation of c.8.0 mOD 
along the western side and c.6.0 mOD along the eastern side. The existing site layout and land-
use is shown on Figure 3 and Figure 4 respectively.  

Selected environmental site setting characteristics relevant to this GW-RA have been reviewed 
in the following sections.  

3.1 Geological Setting 

The shallow and deep geology of the site has been characterised using British Geological 
Survey (BGS): 

 Soil data from the UK Soil Observatory online viewer (UKSO:  
www.mapapps2.bgs.ac.uk/ accessed 01/06/2023); 

 Drift and solid geology from the 1:50,000 BGS geological map series: Sheet Number 
357 & 360: IoS Solid and Drift, published 1975 (as well as the BGS online viewer 
Onshore GeoIndex, accessed 01/06/2023); and 

 Borehole Records (BGS Onshore GeoIndex, accessed 01/06/2023). 

A representative geological profile for the site is summarised in Table 2 and summarised in the 
following sections. Published geological mapping is shown on Figure 3 along with a selected 
representative geological column for the site 

3.1.1 Soil and Drift 

The site is a mix of shallow and deep soil (thickness increasing down-slope) from c.0.5 m on 
the western side to >1.0 m deep on the eastern side (Figure 5).  

The shallow soils are characterised as light to medium sandy loam to sandy soil, and 
medium/light to heavy clayey to silty soil on the deeper eastern side.   

Head deposits are mapped as underlying soil on the eastern side of the site, corresponding to 
the change from shallow and deep soil profile. The Quaternary head deposits are generically 
described as poorly sorted and poorly stratified, angular rock debris and/or clayey hill-wash 
and soil creep, mantling a hillslope. This description and extent of the deposit corroborates the 
soil profile.  

3.1.2 Solid Geology 

Sy Mary’s is composed of the IoS Intrusion. This is described as being granitic of varying coarse 
to fine grain containing muscovite, biotite, othoclase and quartz. 

The depth of the granite is unproven, but is likely to form an outcrop of bedrock.  
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3.1.3 BGS Borehole Records 

There are 46 Water Well Records and 74 Borehole Records located on St Mary’s. They are 
fairly evenly distributed across the Island, with the exception of 28 Borehole Records associated 
with Mary’s Airport, and drilled for geotechnical purposes along the runway alignment, generally 
to a depth of < 2 m.  

14 No. borehole records were selected for review, based on their proximity to the site and are 
summarised in Table 1. Barney’s well (underlined) has been identified as the sole Public Water 
Supply well on the site (refer Appendix A).   

Table 1. Selected Borehole Records 

BH Ref 
Borehole 
Name / 
Location 

Ground 
level 

(mOD) 

Rest 
Water 
Depth 

(m) 

Recorded Drift 
Material 

Depth to Granite 
(m) 

Distance 
(km) & 

Direction 
from Site 

SV91SW20 Old Town 5.2 6.1 Sand and Clay 12.2 0.4 E 

SV91SW21 
Carn Gwaval 
Farm 

- - - - 0.2 N 

SV91SW7 
Rams Valley 
Well 

- - 
Unconsolidated 2.7 0.6 NW 

SV91SW35 Castle Well - - - - 0.4 NE 

SV91SW45 Clemmie’s Well - - - - 1.0 WNW 

SV91SW30 New Well - - - - 0.4 NNW 

SV91SW1 South of Moor 
Well 

- - - - 
0.4 NNW 

SV91SW8 - - - - 

SV91SW9 Old Moor Well - - - - 0.5 NNW 

SV91SW18 St Mary’s - - - - 0.7 NNE 

SV91SW31 Barney's Well 3.1 1.2 
Fine clay & gravel 
(drift) over heavily 
weathered granite 

3.9 (weathered 
granite) 

5.1 (fresh granite) 
0.7 NE 

SV81SE1 Garrison Well 14.4 12.2 - - 1.3 WNW 

SV91SW38 Parking Carn 10.7 9.1 - - 0.8 NE 

SV91SW32 Parting Carn  - - - 0.75 NNE 

Notable characteristics from each borehole log are highlighted in yellow (Appendix A). 

Correspondence from Cornwall County Council and South West Water regarding the location 
of public water supply boreholes, is provided in Appendix B.  
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Table 2. Selected Representative Geological Profile at the Site 

Unit Geological Description Thickness (m) 
Depth to Base 

(mbgl) 

Soil 
Shallow (<1.0 m) to deep (>1.0 m) light sandy to 
heavy silty clayey TOPSOIL 

1.0 (+/-0.5) 1.0 (+/-0.5) 

Quaternary 
Head 

Poorly sorted and poorly stratified, angular rock 
debris and/or clayey hill-wash and soil creep 

0.0 to 2.7 (+/-0.5) 3.7 (+/-1.0) 

Isles of Scilly 
Intrusion 

Heavily weathered clayey granite 3.9 to 5.2 (+/-2.0) 7.8 (+/-4.0) 

Fresh Granite unproven unproven 

Soil and Quaternary head of this nature are generally considered suitable for use as 
cemeteries. Pollutants from burials will be partly mitigated due to the high cation exchange 
capacity of the clayey soils and ability for adsorption.  

Heavily weathered granite forming a clayey layer above fresh granite is also generally 
considered suitable for use as cemeteries. Pollutants from burials will be partly mitigated due 
to the high cation exchange capacity of the clayey soils and ability for adsorption. 

There are no other relevant geological hazards associated with the geological profile presented 
in Table 2. This includes, but is not limited to, a low risk of shrink-swell, landslides, soluble 
rocks, compressible ground or running sands.  

3.2 Hydrogeological Setting 

3.2.1 Groundwater Flow and Occurrence 

There is limited groundwater flow and occurrence data on St Mary’s. Typically, groundwater on 
small islands is highest near the centre of the island, especially where this corresponds to 
higher ground, as it does on St Mary’s. it then flows towards the coast.  

As classified by the BGS: the granite is a low permeability aquifer, locally important in south-
west England, yielding up to 1 L/s from near surface weathered zone and secondary fractures. 
Fracture flow is typically controlled by topography. 

Based on groundwater elevations from reviewed borehole logs, and groundwater flow 
controlled by the topography, it is reasonable to assume groundwater flow beneath the site: 

 Is in an easternly or south-easterly direction, towards the coast;  

 Is at a depth of  c.5.0 m (+/-2 m); and  

 Is relatively slow, due to the gently sloping land, subdued topography of the area 
and low-lying elevation of the site relative to sea level. 

This depth is corroborated by expected groundwater levels near the coast; as groundwater is 
typically a couple of metres above sea level in low-lying coastal areas.  
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3.2.2 Hydrostratigraphy 

No hydraulic parameters for the strata encountered were obtained for the purposes of this 
assessment. However, it is reasonable to assume the Quaternary drift material has low 
permeability, due to the fine content noted in the long. The granite is a fractured aquifer, with 
permeability controlled by the number and connectivity of fractures.     

3.2.3 Regulatory Designations 

Based on a review of DEFRA’s Magic Map, (https://magic.defra.gov.uk/magicmap.aspx 
accessed 01/06/2023) the following environmental receptors are present in the vicinity of the 
site (Figure 7 and Table 3). 

Table 3. Summary of Local Designations 

Designation Type Name  Description 
Distance (km) & 

Direction from Site 

Statutory 

AONB IoS 

Maritime heathland and grassland, small 
pockets of woodland, arable fields, hedges 
and stone walls support a large variety of 
plants and animals. 

Covers the site 

SSSI 

Lower 
Moors 

Lowland marsh and swamp. 0.31 km NE 

Peninnis 
Head 

Lowland dwarf shrub heath. 0.36 km SSE 

SAC 
IoS 
Complex 

Sandbanks, mudflats and reefs partially or 
wholly covered by tidal waters supporting 
flora (Shore Dock) and Fauna (Grey Seal). 

0.16 km SE 

Potential 
SPA 

IoS 

No description given. Extent of Potential 
SPA coincides with the existing SAC and 
extends seaward from the Mean High 
Water mark.  

0.16 km SE 

Non-
Statutory 

SPZ 
SPZ 2 Outer Protection Zone 0.39 km NE 

SPZ 1 Inner Protection Zone 0.58 km NE 

Other 

Groundwater 
Vulnerability 

High / 
Medium-
High 

High Vulnerability on the western side of 
the site (corresponding to the area of thin 
soil and no Quaternary Head cover) and 
Medium-High on the eastern half of the site 
(corresponding to the area of thicker soils 
and the presence of Quaternary Head 
deposits).    

Covers the site 

Aquifer 
Designation 

Secondary 
Both the Quaternary Head deposits and 
Granite bedrock are classified as 
Secondary Aquifers.  

Covers the site 

 

 Notes on Table 3: 

 AONB: Area of Outstanding Natural Beauty 

 SSSI: Site of Special Scientific Interest 

 SAC: Special Area of Conservation 

 Potential SPA: Potential Special Protection Area 
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 SPZ: Source Protection Zone  

No other statutory or non-statutory environment designations were identified as part of this GW-
RA including, but not limited to Coal Authority designations, Nitrate Vulnerability Zones, 
Drinking Water Safeguard Zones, National Forests or RSPB Reserves.   

These features have been assessed in the RW-RA where relevant. There locations within the 
conceptual model domain are presented in Figures 7 and 8.   

3.3 Other Environmental Site Characteristics 

Average rainfall for the IoS is 869.7 mm per year (1961 to 2020 MetOffice.gov.uk, accessed 
01/06/2023) 

Surface water ponding can occur at locations with low permeability soils. It is important to 
manage greywater in an appropriate manner.   

No archaeological investigations have been undertaken as part of this GW-RA.  

3.4 Characteristics Summary Conceptual Model 

Extrapolated from selected representative local borehole logs and geological mapping:  

 The site is located in an area where soil, Quaternary Head and heavily weathered 
granite is likely to be c.7.8 m (+/-4.0 m) thick, with fresh granite bedrock below; and   

 Groundwater is likely to be at a depth of c.5.0 m (+/-2.0) and flow towards the coast, in 
a south-easterly direction.  

Based on published maps: 

 There are no known surface water or groundwater features in the vicinity of the site 
(Figure 7 and Appendix B); and 

 There are no environmental receptors (statutory or non-statutory) in the vicinity of the 
site. Furthermore, due to the location of the cemetery near to the coast, there are no 
known environmental receptors down-hydraulic gradient from the site.   

3.5 Pollutants of Concern 

There will be c.9 burials per year. The main pollutants of concern will be:  

 Ammoniacal nitrogen;  

 Ammonium;  

 Total Organic Compounds (TOC); and 

 Pathogens. 

Due to the low numbers of burials, the cumulative ammoniacal nitrogen and TOC 
concentrations are likely to be low.  

Due to the clayey nature of the soil and gently sloping topography of the site, transport of 
pathogenic organisms are likely to be limited. Pathogens have short residency times at distance 
from source. As there is no near or down-hydraulic gradient receptor there is considered to be 
a low risk to groundwater pollution and potable well supply, 
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The thickness of clayey drift and decayed granite is considered to give sufficient mitigation of 
pollutants from burials due to the ability for adsorption via cation exchange in such clay 
dominated soils.  

If significant fractures are encountered in the IoS Intrusive granite, then the risk is higher for 
the movement of burial contaminants and pathogens away from the source due to the faster 
movement of groundwater in the aquifer. However, as this is likely to discharge directly to the 
coast, this risk is considered low. 
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4 Environmental Permit and Groundwater Risk Assessment 

Local councils (or other cemetery operators) do not need to apply for an environmental permit 
for existing cemeteries if: 

 they do not need to use active mitigation measures to prevent pollution 

 they are not planning to expand a cemetery area after 1 April 2022 which needs new 
planning permission under section 57 of the Town and Country Planning Act 1990 

 they are planning to expand a cemetery area after 1 April 2022 which needs new 
planning permission, but the risk assessment shows that the expansion is not high risk 
and the Environment Agency has agreed this 

To assess the requirements of a permit, the good practice groundwater protection requirements 
(Section 4.1 of this report) and a Tier 1 GW-RA (Section 4.2 of this report) have been conducted  

4.1 Minimum Good Practice Groundwater Requirements 

Environment Agency Guidance for minimum good practice groundwater protection (from 
Protecting groundwater from human burials, Environment Agency, Published 1 April 2022) is 
assessed in Table 4. 

Table 4. Assessment of the Minimum Good Practice Groundwater Protection Reequipments 

Requirement 1:  

No Human Burials within: 
Criteria Met? Yes / No 

A groundwater SPZ1 
Yes. Nearest SPZ1 is c.580 m and is not located down-
hydraulic gradient of the site (Figure 8 and Table 3).  

10 m of the nearest land drain Yes. No land drain mapped within 10 m of the site (Figure 9) 

30 m from the nearest watercourse or any 
other surface water 

Yes. No watercourse or perennial ditch mapped within 30 m of 
the site (Figure 6 and Figure 9) 

50 m of any well, spring or borehole, 
irrespective of that water’s current use 

Yes. No boreholes or springs mapped within 50 m of the site 
(Figure 6 and Figure 9)  

250 m of any well, spring or borehole used 
for human consumption or food production 

Yes. No boreholes or springs mapped within 50 m of the site 
(Figure 6 and Figure 8)  

Areas identified as having karstic 
groundwater flow characteristics. 

Yes. In the Head drift, flow is not karstic.  

In the underlying granite, groundwater flow is recognised as 
being within the weathered upper zone of the granite, and 
potentially secondary flow in fractures. However, where 
shallow, these are likely to be clay filled, due to the weathering 
at the coast.   

A groundwater SPZ1 
Yes. Nearest SPZ1 is c.580 m and is not located down-
hydraulic gradient of the site (Figure 8 and Table 3). 

Requirement 2:  

No Human Burials on: 
Criteria Met? Yes / No 

Land which is liable to flooding 
Yes. The location is not mapped as an area as risk from river 
or sea flooding (https://check-long-term-flood-
risk.service.gov.uk/map accessed 02/06/2023) 
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Requirement 3: Criteria Met? Yes / No 

Base of each grave at least 1 m above the 
highest anticipated annual groundwater level 

Yes. Groundwater level is anticipated to be 5 mbgl (+/-2 m). 
This means burial depths are likely to remain above the 
highest anticipated groundwater level.  

Requirement 4: Criteria Met? Yes / No 

You should not dig graves in unaltered or 
unweathered bedrock 

Yes. Unweathered granite is likely to be 7.8 mbgl (+/- 4.0 m). 
This means burial depths are likely to remain above the 
highest anticipated depth of fresh granite bedrock. 

Based on our assessment of the minimum good practice groundwater protection, the proposed 
cemetery expansion meets all requirements.  

The only item of potential non-compliance is the karstic nature of the bedrock aquifer. However, 
given the low-permeability cover and relative limited karstic behaviour of the granite, this is 
considered a less than minor failure to fully meet the requirements.    

4.2 Tier 1 Groundwater Risk Assessment 

Based on the Environment Agency’s Guidance: Cemeteries and burials: groundwater risk 
assessments (updated April 2022), a Tier 1 GW-RA has been conducted.  

The potential of a number of pollutant pathways and the degree of associated risk assessed 
numerically on a 0 to 10 score with 10 being the highest risk is shown in Table 5 (refer Appendix 
C for risk ranking).  

From the resultant data, the final values are assessed against burial number and a determinant 
of risk calculated from EA flow charts and nomographs. The table below also contains risk 
scores in brackets based on the presence of fractures in the Granite.  

Table 5. Summary of pollution risk associated with the site. 
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Table 5. Tier 1 Risk Assessment 

Risk Assessment Comment / Mitigation Resultant Risk 

Burials per year LOW Anticipated to be <9 per year - 

Drift Type: Soil, Drift 
and heavily 
weathered granite 

MODERATE 
Low permeability and high absorption potential 
of clays mitigating transport of pollutants of 
concerns 

1-2 

Drift thickness: Thin 
soil, drift and heavily 
weathered granite 

HIGH 
Low-permeability cover thins towards the 
western side of the site. This may reduce the 
attenuation potential of pollutants of concerns.  

3-4 

Depth to Water Table HIGH 
The water table high is anticipated to be below 
the base of the grave cuts.  

7-8 

Fractured Granite 
(groundwater flow) 

HIGH 
If encountered at shallow depth, the rapid 
transport of pollutants in groundwater is 
possible.  

3-6 

Proximity to potable 
wells and springs 

LOW 
There are no water abstractions mapped within 
500 m radius of the site 

1-2 

Aquifer Type / 
groundwater flow 

LOW 
The aquifer is a secondary aquifer, with no 
known down-hydraulic gradient sensitive 
receptors  

5-6 

Abstractions and 
SPZs 

LOW 
There are no SPZ within 350 m of the site and 
the nearest are up-hydraulic gradient of the site.  1-2 

Proximity to water 
course/springs 

LOW 
No water courses or ditches were identified.  

1-2 

Proximity to land 
drains 

LOW 
No land drains were identified  

1.2 

Precipitation MODERATE Low annual rainfall - 

 

The total score being: 24 to 34. Based on the Groundwater Risk Nomogrpah, the risk is 
moderate.  

4.3 Tier 2 Groundwater Risk Assessment 

As detailed in the Tier 1 Risk Assessment, a moderate risk was identified for the site. Therefore, 
a Tier 2 GW-RA was deemed appropriate. Worst-case and conservative values were used 
where appropriate. The methodology is discussed in the following sections.  

Based on the pollutants of concern, Ammonium was considered herein.  

4.3.1 Infiltration Worksheet: Input Parameters 

Table 6 provides the selected input parameters (with Infiltration Worksheet in Appendix D).  
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Table 6. Infiltration Worksheet Input Parameters 

Parameter 
Selected 

Value 
Selected 
variance 

Justification / Discussion 

Input Conc. 
Ammonium 

870,000 mg - 
A single 70 kg corpse in the first year of decomposition 
releases: 0.87kg NH4+ (Source: EA Guidance) 

Infiltration rate 87 mm/year +/-5% 
Taken to be 10% of the average annual rainfall of 869.7 
mm/year 

Infiltration per 
burial 

522 
Litres/year 

+/-25% 87 mm/yr x 6 m2 (burial plot) = 522 Litres/year 

Infiltration per 
year (9 burials) 

4,698 L/yr 
+/-2 burials 

per year 
522 L/yr (infiltration rate) x 9 (burials per year) = 4,698 
Litres/year 

Total Conc. 
Ammonium  

1,667 mg/L 
+/-2 burials 

per year 
(9 x 870,000) / 4,698 = 1,667 mg/l 

Discharge Rate 
0.013 

m3/day 
+/-2 burials 

per year 
87 mm/yr (infiltration rate) x 54 m2 (total area of the all plots) 
= 0.013 

Thickness of 
drainage layer 

1.9 m +0.5 m Minimum burial depth plus additional 0.5 m depth  

Attenuation 
unsaturated 
zone thickness 

3.2 m +/- 1.0 m 
5 mbgl (water table) – 1.8 m (the required basal depth of a 
single grave as stated within Environment Agency guidance) 
= 3.2 m (and varied for sensitivity analysis) 

Water filled 
porosity 

0.15 +/-0.05 
Based on published values for sandy clay (and varied for 
sensitivity analysis) 

Bulk density 1.073 +/-0.5 Based on literature values.  

Degradation 
Sorbed and 
dissolved 

- 

Sorbed and dissolved phases as ammonium attenuation 
within the unsaturated subsoil is likely to take place 
predominantly through cation exchange and nitrification, it 
was considered appropriate to select degradation as active. 

Fraction of rapid 
flow through the 
unsaturated 
zone 

10% +/-5% 

The unsaturated zone comprises sandy clay. Therefore, it 
was considered unlikely that a significant fraction of the 
discharge would pass through the unsaturated zone un-
retarded by the soil / rock matrix.  

Dimensions of 
the drainage 
field 

280 m2 +/-50% The conservative field size of cemetery expansion.  

Saturated 
Aquifer 
Thickness 

6 m +/- 3 
Conservatively assuming the base of the aquifer is sea level, 
the effective aquifer thickness is 6 m.  

Hydraulic 
Conductivity  

2 m/d +/- 0.5 
Matrix porosity is likely to be low, however fracture k may be 
higher, if present.  

Hydraulic 
gradient 

0.01 +/-25% 
Taken to be height of water table above sea level to sea 
level (assumed water table elevation at the coast) 
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4.4 Initial Assessment Results 

Table 7. Initial Assessment Results 

Contaminant of Concern Environmental Standard (DWS) 
Concentration at Compliance Point 

Groundwater: 50 m from site 

Ammonium (NH4+) 0.5 mg/L 

Sensetivity Low Values: 4.69 mg/L 

Worst Case:   0.43 mg/L 

Sensetivity High Values: 0.02 mg/L 

 

Initial assessment results show compliance for the worst case and favourable case scenarios 
relevant to Drinking Water Standards. Within the Initial Assessment, Input Parameters were 
generally selected to give a ‘Conservative’ or ‘Worst Case’ risk assessment; in particular with 
regard to the potential contaminant loading.  

Based on our judgement, the most important factor controlling compliance was the area of the 
drainage field, with larger areas more readily meeting compliance.  
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5 Conclusions and Recommendations from the HIA 

Based on the findings of this RW-RA, we have drawn the following conclusions: 

1) The site does not require an Environmental Discharge Permit, as it meets all criteria 
Minimum Good Practice Groundwater Protection (Section 4.1, Table 4); and 

2) Based on the Tier 1 GW-RA: 

a) A low to moderate risk was identified as part of the qualitative risk assessment 
(Section 4.1 Tier 1 Risk Assessment, Table 5); and 

b) A quantitative GW-RA was undertaken using the Infiltration Worksheet. This 
demonstrated compliance for the worst case and favourable sensitivity 
analysis. They key assumption being the rate if burials.  

3) A review of soil and groundwater chemical analysis suggested that Natural 
Attenuation processes would be anticipated; including Nitrification (the biological 
oxidation of ammonium).  The process of nitrification would further reduce the 
ammonium concentration and thereby further lessen the potential impact of the 
development on groundwater quality;  

4) It was concluded that the Sensitivity Assessment ‘Realistic Case’ Groundwater Risk 
Assessment demonstrates the proposed Burial Ground Development to represent a 
potential LOW RISK to controlled waters (groundwater); and  

5) The risk assessment verifies that the spatial extent of the proposed Burial Strategy 
would be acceptable. 
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This Hydrogeological Risk Assessment was carried out by Huw Williams, director at Agua 
Enodo Ltd (registered address: Lowin House, Tregolls Road, Truro, Cornwall, TR1 2NA).  

Huw holds a BSc in Geological Sciences and an MSc in Hydrogeology, both from University 
College London. 

With over 20 years in industry, Huw is also a former employee of the Environment Agency, and 
has completed many Groundwater Risk Assessments, Environmental (Discharge) Permit and 
Groundwater Abstraction Licence applications.  

Proof of relevant insurance can be provided on request. 

Based on the above, we submit that Huw Williams is a component industry professional in 
respect to undertaking the above assessment.         
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8 Limitations 

It is important to understand the variability of the ground conditions in this area. No guarantee 
of flow rates or sustainable yield can be provided at this stage and it will be necessary to drill 
and test a borehole in-situ to better evaluate the performance of a new borehole at this site.  

We have prepared this report in accordance with the brief as provided. This report has been 
prepared for the use of our client, their professional advisers and the relevant authorities in 
relation to the specified project brief described in this report. No liability is accepted for the use 
of any part of the report for any other purpose or by any other person or entity. 

The recommendations in this report are based on the ground conditions indicated from 
published sources, site assessments and subsurface investigations described in this report 
based on accepted normal methods of site investigations. Only a limited amount of information 
has been collected to meet the specific financial and technical requirements of the client’s brief 
and this report does not purport to completely describe all the site characteristics and 
properties. The nature and continuity of the ground between test locations has been inferred 
using experience and judgement and it should be appreciated that actual conditions could vary 
from the assumed model. 

Subsurface conditions relevant to construction works should be assessed by contractors who 
can make their own interpretation of the factual data provided. They should perform any 
additional tests as necessary for their own purposes. 

This report is not to be reproduced either wholly or in part without our prior written permission.  

We trust that this information meets your current requirements. Please do not hesitate to 
contact the undersigned on hwilliams@aguaenodo.com if you require any further information. 

 

Report prepared by 

 

-UNSIGNED DRAFT- 
 
 
Huw Williams 
Hydrogeologist 
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Tier 1 - Groundwater Risk Assessment 

St Mary’s Church 

Appendix C – Groundwater Risk Ranking 
 

Ranking 
Very Low 

1-2 

Low 

3-4 

Moderate 

5-6 

High 

7-8 

Very High 

9-10 

Drift Type Clay Silt Silty sand Sand/Gravel Absent 

Drift Thickness >5 m 3-5 m 3 m 0-3 m Absent 

Depth to 
Water Table 

>25 m 11-25 m 10 m 5-9 m <5 m 

Flow 
Mechanism 

Intergranular - - - Fissure 

Proximity to 
Wells 

>250 m - - - < 250 m 

Aquifer Type Non-Aquifer - 
Secondary 

Aquifer 
- 

Principal 
Aquifer 

Abstractions 
and SPZs 

None Within SPZ 3 
Close to SPZ 

2 
Within SPZ 2 Within SPZ 1 

Water courses 
and springs 

>100 m 70-100 m 50-70 m 30-50 m <30 m 

Drains >100 m 40-100 m 30–40 m 10-30 m <10 m 

 
Risk ranking for the site are underlined.  
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Details to be completed for each assessment

Site Name:
Site Address:

Completed by:
Date: 05-Jun-23 Version: x.xx

Substance Ammonium
Environmental Standard (CT) 0.5 mg/l Origin of CT:

Infiltration System
Attenuation_unsatzone

Dilution
Attenuation_satzone

Summary
Simple calcs

The worksheet uses the following colour coding:
Worksheet option with pull down menu
Data entry
Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.
Data carried forward from an earlier worksheet
Calculation 

Groundwater risk assessment for treated effluent discharges to infiltration systems

Specify basis for standard (e.g. MRV, EQS, DWS)

HW

© Environment Agency, 2021

All rights reserved. You will not modify, reverse compile or otherwise dis-assemble the worksheet.

Date of Workbook Issue: March 2022

This worksheet has been produced in combination with the document: H1 Annex J5 User Manual version 2.0 (Environment Agency, 2014).

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

Infiltration Worksheet , Release v3.0

Site details entered on this page are automatically copied to each worksheet.

This spreadsheet has been developed as a tool to assist groundwater risk assessment for effluent discharges to infiltration systems. The 
following worksheets are available:

Liability: The Environment Agency does not promise that the worksheet will provide any particular facilities or functions. You must ensure that the worksheet meets your needs and you remain solely 
responsible for the competent use of the worksheet. You are entirely responsible for the consequences of any use of the worksheet and the Agency provides no warranty about the fitness for purpose or 
performance of any part of the worksheet. We do not promise that the media will always be free from defects, computer viruses, software locks or other similar code or that the operation of the worksheet 
will be uninterrupted or error free. You should carry out all necessary virus checks prior to installing on your computing system.

St Mary's
Old Town Road

IMPORTANT: To enable MS Excel worksheet, click the Microsoft Office Button        click Excel Options, click Add-Ins. 
In the Manage box, select Excel Add-ins. Click Go. Select Analysis ToolPak and Analysis ToolPak-VBA (to 
calculate error functions)

Environment Agency Publication, Infiltration worksheet v1.2
06/06/2023, 13:39

RW-RA_ammonium.xlsmIntroduction
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Infiltration System
 

Substance From introduction sheet

Compliance value or environmental standard CT 5.00E-01 mg/l From introduction sheet

Calculate for ionic organic chemicals (acids)

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Concentration of substance in discharge (entering infiltration 
system) Ce

1.67E+03
mg/l

Type of treatment plant

Water use and percolation rate (for use only with septic tanls and 
package treatment plants)

Number of persons p  Not valid for this treatment plant option

Water use  1.80E+02 litres/person/day Not valid for this treatment plant option

Percolation rate Vp s/mm Not valid for this treatment plant option

Discharge rate Q1 1.30E-02 m3/d Value calculated and not specified by user

Calculated discharge Q2 0.00E+00 m3/d Value specifed by user and not calculated

Area of drainage fied and hydraulic loading
Specify

Enter area of drainage field A 2.80E+02 m2 Value calculated and not specified by user

Calculated area of drainage field A 0.00E+00 m2  Value specifed by user and not calculated

Calculated infiltration rate Inf 4.64E-05 m/d

Site being assessed: St Mary's

Completed by: HW

Date: 05-Jun-23

Version: x.xx

Specify area of drainage field or calculate based on percolation rate

Infiltration Worksheet 

Ammonium

Other

This sheet allows user to enter effluent concentration and details of 
infitration system

Specify discharge (Q1) or calculate based on use (Q2) Specified discharge Q1

Infiltration Worksheet v1.2 06/06/2023, 13:39
RW-RA_ammonium.xlsmInfiltration System 
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Attenuation unsaturated zone
 

Contaminant From introduction sheet

Compliance value or environmental standard CT 5.00E-01 mg/l From introduction sheet

Concentration of substance in substance in discharge (entering infiltration 
system)

Ce 1.67E+03 mg/l From infiltration sheet

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Drainage Layer

Infiltraton rate Inf 4.64E-05 m/d From infiltration sheet

Thickness of drainage layer S1 1.90E+00 m

Water filled porosity q1 1.50E-01 fraction

Bulk density r1 1.07E+00 g/cm3

Calculated dispersivity D1 1.90E-01 m calculated

Option to select degradation 

Determine remedial target based on assumed concentrationHalf life for degradation of  substance t1/2 2.19E+03 days Half life not required - No degradation occuring

Calculated decay rate l1 3.17E-04 days-1 calculated (very low value set if no degradation) Calculated from half life (above)

Enter method of defining partition co-efficient (using pull down list)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd1 1.50E-02 l/kg  Not valid - Calculated value used

Entry for organic chemicals (option)

Fraction of organic carbon (in soil) foc1 1.00E-02 fraction Not valid - User specified value used

Organic carbon partition coefficient Koc1 1.00E+01 l/kg Not valid - User specified value used

Soil water partition coefficient used in assessment Kd1 1.50E-02 l/kg Specified value

Retardation factor Rfu1 1.11E+00  

Unretarded travel time (no dispersion) tu1 6.14E+03 d

Unretarded travel time (with dispersion) tu1 5.52E+03 d

Retarded travel time (with dispersion) tr1 6.12E+03 d

Attenuation factor AFu1 6.17E+00

Unsaturated Zone

Thickness of unsaturated zone below drainage field S2 3.20E+00 m

Water filled porosity q2 1.50E-01 fraction

Bulk density of unsaturated zone r2 1.07E+00 g/cm3

Calculated dispersivity D2 3.20E-01 m calculated

Option to select degradation 

Determine remedial target based on assumed concentrationHalf life for degradation of  substance t1/2 2.19E+03 days Half life not required - No degradation occuring

Calculated decay rate l2 3.17E-04 days-1 calculated (very low value set if no degradation) Default value of 1/10^99 used

Fraction of rapid flow through unsaturated zone B 1.00E-01 fraction

Enter method of defining partition co-efficient (using pull down list)

Entry if specify partition coefficient (option)

Soil water partition coefficient Kd2 1.50E-02 l/kg  Not valid - Calculated value used

Entry for organic chemicals (option)

Fraction of organic carbon (in soil) foc2 1.00E-02 fraction Not valid - User specified value used

Organic carbon partition coefficient Koc2 1.00E+01 l/kg Not valid - User specified value used

Soil water partition coefficient used in assessment Kd2 1.50E-02 l/kg Specified value

Retardation factor Rfu2 1.11E+00  

Unretarded travel time (no dispersion) tu2 1.03E+04 d

Unretarded travel time (with dispersion) tu2 9.30E+03 d

Retarded travel time (with dispersion) tr2 1.03E+04 d

Attenuation factor AFu2 1.69E+01

Total unretarded travel time tu1 + tu2 1.65E+04 d

Total retarded travel time tr1 + tr2 1.82E+04 d

Attenuation factor and discharge consent limit  Site being assessed: St Mary's

Drainage layer attenuation factor AFu1 6.17E+00  

Unsaturated zone attenuation factor AFu2 1.69E+01   Completed by: HW

Concentration at base of drainage layer Cdl 2.70E+02 mg/l Date: 05-Jun-23

Concentration at base of unsaturated zone Cwt 4.14E+01 mg/l

and  Version: x.xx

User specified value for partition coefficient

Infiltration Worksheet 

Ammonium

Degradation occurs - sorbed and dissolved phases

This sheet calculates attenuation factor for the unsaturated zone; 
concentration at base of unsaturated zone and discharge consent 
limit

Degradation occurs - sorbed and dissolved phases

User specified value for partition coefficient

Infiltration Worksheet v1.2 06/06/2023, 13:39
RW-RA_ammonium.xlsmAttenuation_unsatzone 
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Dilution

Substance From introduction sheet

Compliance value or environmental standard CT 5.00E-01 mg/l From introduction sheet
Source concentration Ce 1.67E+03 mg/l From infiltration sheet

Concentration at base of drainage layer Cwt 4.14E+01 mg/l From atten_unsatzone sheet

Input Parameters Variable Value Unit Source of parameter value

Standard entry

Infiltration Inf 4.64E-05 m/d From infiltration sheet

Area of drainage field A 2.80E+02 m2 From infiltration sheet

Entry for groundwater flow below site

Length of drainage field in direction of groundwater flow L 3.50E+01 m 1 Calculate 

Saturated aquifer thickness da 6.00E+00 m

Hydraulic Conductivity of aquifer in which dilution occurs K 2.00E+00 m/d

Hydraulic gradient of water table i 1.00E-02 fraction

Width of drainage field perpendicular to groundwater flow w 8.00E+00 m

Background concentration of substance in groundwater up-gradient of site Cu 6.00E-03 mg/l

Calculate 
Enter mixing zone thickness Mz 5.00E+00 m Not valid - Value calculated

Calculated mixing zone thickness Mz 3.78E+00 m Not valid - Value specified

Groundwater flow (mixing zone) below drainage field Gw 0.61 m3/d
 

Dilution factor and discharge consent limit
Dilution Factor DF 47.58158991 Site being assessed: St Mary's

Headroom Factor HF 47.02261083 Completed by: HW

Unsaturated zone attenuation factor AFu 1.69E+01 From infiltration sheet Date: 05-Jun-23

Concentration in groundwater below drainage field Cgw 8.76E-01 mg/l Version: x.xx

or
Environmental Permit limit value EPL2 946.1909933 mg/l

Concentration immediately downgradient of drainage field exceeds target concentration

Infiltration  Worksheet

Define mixing zone depth by specifying or calculating depth (using pull down list)

Ammonium This sheet calculates the dilution factor for groundwater dilution below the drainage field. 
Substance concentration in groundwater and discharge consent limit

Infiltration Worksheet v1.2
06/06/2023,13:39

RW-RA_ammonium.xlsmDilution
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1
0

Attenuation in saturated zone 0

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

Substance From introduction sheet distance-concentration graph

Compliance value or environmental standard CT 5.00E-01 mg/l From introduction sheet Entry if specify partition coefficient (option)

Source concentration Ce 1.67E+03 mg/l From infiltration sheet Soil water partition coefficient Kd l/kg  

Dilution Factor DF 4.76E+01 from dilution sheet Entry for organic chemicals (option)

Unsaturated zone attenuation factor AFu 1.69E+01 From atten_unsatzone sheet Fraction of organic carbon in aquifer foc 0.00E+00 fraction
Organic carbon partition coefficient Koc 0.00E+00 l/kg From calculation sheet
Soil water partition coefficient Kd 0.00E+00 l/kg Distance m  Concentration mg/l

Variable Value Unit Source of parameter value 0 8.8E-01
2.5 8.72E-01

Concentration in groundwater below drainage field Cgw 8.76E-01 mg/l from dilution sheet 5.0 8.52E-01
Option to select degradation Define dispersivity (click brown cell and use pull down list) 7.5 8.16E-01

Half life for degradation of  substance t1/2 2.19E+03 days 10.0 7.76E-01

Calculated decay rate l 3.17E-04 days-1
calculated (very low value set if no degradation) 12.5 7.38E-01

Width of drainage field w 8.00E+00 m from dilution sheet Enter value Calc value Xu & Eckstein 15.0 7.02E-01
Mixing zone thickness Mz 3.78E+00 m from dilution sheet Longitudinal dispersivity (m) ax 1.00E-12 5.00E+00 2.98E+00 17.5 6.70E-01

Bulk density of aquifer materials r 2.50E+00 g/cm3
  Transverse dispersivity (m) az 1.00E-12 5.00E-01 2.98E-01 20.0 6.41E-01

Effective porosity of aquifer n 1.00E-01 fraction Vertical dispersivity (m) ay 1.00E-12 5.00E-02 2.98E-02 22.5 6.15E-01
Hydraulic gradient icorr 1.02E-02 fraction from dilution sheet (adjusted) Note values of dispersivity must be > 0 25.0 5.91E-01

Hydraulic conductivity of saturated aquifer K 2.00E+00 m/d from dilution sheet 27.5 5.69E-01
Distance to compliance point x 5.00E+01 m Xu & Eckstein (1995) report ax = 0.83(log10x)2.414 ; az = ax/10, ay = ax/100 are assumed 30.0 5.48E-01

Option to select time For calculated value, assumes ax = 0.1 *x, az = 0.01 * x, ay = 0.001 * x 32.5 5.29E-01
Enter time t 1.00E+02 days time variant options only User defined values for dispersivity 35.0 5.12E-01

Time since pollutant entered groundwater t 1.00E+99 37.5 4.95E-01
0 Parameters values determined from options 40.0 4.80E-01

Partition coefficient Kd 0.00E+00 l/kg see options 42.5 4.65E-01
Longitudinal dispersivity ax 2.98E+00 m see options 45.0 4.51E-01
Transverse dispersivity az 2.98E-01 m see options 47.5 4.38E-01

Vertical dispersivity ay 2.98E-02 m see options 50.0 4.26E-01

Calculated Parameters Variable Value Unit

Groundwater flow velocity v 2.04E-01 m/d
Retardation factor Rf 1.00E+00 fraction Site being assessed: St Mary's

Decay rate used l 3.17E-04 d-1 Completed by: 0

Hydraulic gradient used in aquifer flow down-gradient icorr 1.02E-02 fraction Date: 00-Jan-00
Rate of contaminant flow due to retardation u 2.04E-01 m/d Version: 0

Attenuation factor AFs 2.07E+00 fraction

Attenuation and Dilution factors and discharge consent limit Domenico - Time Variant

Dilution Factor DF 4.76E+01
Unsaturated zone attenuation factor AFu 1.69E+01

Saturated zone attenuation factor AFs 2.07E+00
Concentration in groundwater at compliance point Cdcp 0.425649272 mg/l below compliance value

or
Environmental Permit limit value EPL3 1.96E+03 mg/l

Distance to compliance point 50 m

Concentration at compliance point below target concentration

Dispersivity based on Xu & Eckstein (1995)

Infiltration  Worksheet

User specified value for partition coefficient
Ammonium

Discharge limit for discussion with Environment Agency

Degradation occurs - sorbed and dissolved phases

This sheet calculates attenuation factor for the saturated zone; substance concentration 
at downgradient compliance point and discharge consent limit

Use steady state (recommended)
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Infiltration Worksheet v1.2
06/06/2023,13:39

RW-RA_ammonium.xlsm
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No input required,values taken from previous worksheets

Summary of compliance data, attenuation and dilution factors

Substance

Effluent concentration Ce 1.67E+03 mg/l

Compliance value or environmental standard CT 0.50 mg/l

Distance to compliance point 50.00 m

Attenuation factor - unsat zone AFu 1.69E+01

Dilution Factor DF 4.76E+01

Attenuation factor- sat zone AFs 2.07E+00

Predicted concentrations at compliance point based on proposed effluent concentration
Concentration at base of unsaturated zone Cwt 4.14E+01 mg/l Attenuation in unsaturated zone only 

Concentration in groundwater below drainage field Cgw 8.76E-01 mg/l Dilution taken into account

Concentration in groundwater at compliance point Cdcp 4.26E-01 mg/l Attenuation in saturated zone taken into account

Provisional Environmental Permit limit values
Based on attenuation in unsaturated zone EPL1 2.01E+01 mg/l

Based on attenuation in unsaturated zone and dilution EPL2 9.46E+02 mg/l

Based on dilution and attenuation in unsaturated and saturated zone EPL3 1.96E+03 mg/l Discharge limit for discussion with Environment Agency

Infiltration  Worksheet 

Summary of calculations for concentration of substance in groundwater 

Ammonium
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Infiltration Worksheet v1.2
06/06/2023, 13:39
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