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1. INTRODUCTION 

Webb Yates Engineers (WYE) is part of a design team commissioned by Watford Borough Council to develop a Sustainable 

Drainage Strategy for the proposed development of a new Crematorium located south-east of Hemel Hempstead, 

Hertfordshire (hereafter referred to as the ‘Proposed Development’).  The purpose of this report is to outline the drainage 

strategy and design philosophy associated with the below ground drainage for the new proposed re-development. 

 

The scope of works for this report covers the following items; 

 Assessment of storage volume requirements and discharge rates. 

 Assessment of various Sustainable Drainage Systems (SuDS) options and their suitability for the site. 

 Concept drainage design including outfall connections to exiting sewers within and/or off the site. 

 Requirements to achieve third party approvals: EA and LLFA 

 

This document has been prepared with reference to: 

 Ministry of Housing, Communities & Local Government: National Planning Policy Framework (NPPF), March 2018 

 National Planning Practice Guidance (NPPG)  

 Environment Agency Flood Maps ( https://flood-map-for-planning.service.gov.uk/ )  

 Department for Communities: “Improving the flood performance of new buildings”, May 2007 

 The SuDS Manual (C753): 2015 

 Hertfordshire Lead Local Flood Authority SuDS Policy Statement (Draft 2017)  

 Webb Yates Flood Risk Assessment for the site (J4053-C-RP_00_S3) 

 Code of Practice for Surface Water Management for Development Sites (BS 8582:2013) 

 DEFRA Non-Statutory Technical Standards for Sustainable Drainage Systems 

 BS EN 12056-2:2000 - Gravity Drainage Systems Inside Buildings 

 BS EN 752:2017 - Drain and Sewer Systems Outside Buildings 

 BS EN 1295-1:1998 - Structural Design of Buried Pipelines Under Various Loading Conditions 

 Building Regulations 2015 - Part H: Drainage and Waste Disposal  

 WRc - “Sewers for Adoption – A design and construction guide for developers”, 7th Edition 

 The Wallingford Procedure: Design and Analysis of Urban Storm Drainage 
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 Phase 1 Geo-Environmental Desk Study – Hemel Hempstead Crematorium’, BRD Environmental Ltd, report ref. 

BRD3627-OR1-A, dated February 2020 

 Phase 2 Geo-Environmental Site Investigation – Hemel Hempstead Crematorium’, BRD Environmental Ltd, report 

ref. BRD3627-OR2-A, dated February 2020 

 Soakage Test Investigation, BRD Environmental Ltd, report ref. BRD3627-OR3-A, dated October 2020. 

 CIBSE Guide G, Public Health and Plumbing Engineering 
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2. BACKGROUND  

2.1. PROJECT SITE 

The site is located south-east of Hemel Hempstead in Hertfordshire (Figure 1). The OS grid reference is approximately TL 

08792 05969. It is situated off Bedmond Road and Bunkers Lane. Adjacent properties consist predominantly of open ground, 

with Bunker’s Park Open Space to the west, and some dwellings in the south-west corner. Access is provided by a small road 

off Bedmond Road. The site slopes to the south-west. 

 

Figure 1: Site location 

The current site is previously undeveloped, so existing below ground structures, services or contamination are not expected. 

This is supported by the ground investigation report. 

The project is to provide a crematorium, associated external landscaping including car parking. Directly adjacent to the scope 

of the crematorium planning application is a new cemetery development. This cemetery development was subject to a separate 

planning application (ref.: 4/02553/17/MFA) and the works have been completed by others prior to the crematorium 

development proposals. The new crematorium development interfaces with some of the infrastructure of the cemetery 

development (e.g. access roads and parking) however, the crematorium development is proposed to have completely separate 

and independent drainage systems. As such the cemetery development is not considered further in this report. 

A copy of the site-wide general arrangement is provided in Appendix A. 

 

 

  

Site Location 
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2.2. PROPOSED DEVELOPMENT 

2.2.1. Structure 

The structure of the proposed crematorium is to consist of a single storey building with a pitched roof. It is irregular in plan, 

consisting of numerous wings and extensions to the main chapel and crematory room and offices. A porte-cochère is formed 

with the roof spanning from the main building to an adjacent detached building. Along two faces the roof overhangs. The 

interior is to use as much natural light as possible, which is to be achieved via the use of large windows and rooflights with the 

necessary structural frames. 

 

2.2.2. Roads and Paving 

A new road is to be constructed, forming the hearse/cortège route from the site access to the crematorium. It will pass under 

the porte-cochère, to allow drop-off of mourners, before circling the crematorium and back exit from the site. Parking is 

provided for users of the crematorium which comprises new parking areas as well as some extension of the cemetery 

development parking area.  

 

2.2.3. Drainage 

The site is to be self-draining and independent of any public sewer systems. The foul drainage of the crematorium is to be sent 

to a dedicated package treatment plant. The treated effluent will then be discharged into the surface water system.  

Surface water runoff, is drained, via a number of treatment stages into a new detention pond, to provide further treatment and 

attenuation, prior to being discharged to a deep borehole soakaway (refer to section 5.1 for more details, refer to Appendix C 

for the proposed development drainage drawings). 

 

2.2.4. Flood Risk 

The site is in Flood Zone 1 so has a low risk of surface water flooding. Please refer to the Webb Yates Flood Risk Assessment 

document J4053-C-RP-0001 for more information. 
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3. SITE CONTEXT 

3.1. TOPOGRAPHY  

A site survey was undertaken by Dowland Partnership in January 2020. The ground levels generally slope from 135 m above 

Ordnance Datum (AOD) in the north west corner to 131 m AOD at the southern edge of the site boundary.  There is a 

detention basin located in the southern part of the site which is the low point of the site 129.60 m AOD.  The figure below 

indicates the high area (blue) transition to the low area (red) across the site to indicate the fall to the south. 

 

Figure 2: Topography associated with the site. 

3.2. GEOLOGY 

BRD Environmental Limited (BRD) was commissioned by Webb Yates Engineers (WYE) on behalf of the Client to complete a 

ground and site investigation. The following is a summary of the information contained in the reports below:  

 Phase 1 Geo-Environmental Desk Study – Hemel Hempstead Crematorium’, BRD Environmental Ltd, report ref. 

BRD3627-OR1-A, dated February 2020 

 Phase 2 Geo-Environmental Site Investigation – Hemel Hempstead Crematorium’, BRD Environmental Ltd, report 

ref. BRD3627-OR2-A, dated February 2020 

 

 

 

 

 

 

 

 



    

 

 

J4053-C-RP-0002 
9 

3.2.1. Strata 

The strata of the site is set out below in Table 1.  

Table 1:  Ground conditions of site 

Strata Typical Description 

Depth Encountered 
(m) 

 

From To 
Strata 

thickness (m) 

Topsoil 
Gravelly, sandy clay with gravel of fine to coarse flint 

0.0 0.2 - 0.45 0.2-0.45 

Superficial 
deposits of Clay-

with-Flints 
Formation 

Gravelly, silty clay or gravelly, sandy clay with gravel of 

fine to coarse flint. Occasionally, the Clay-with-Flints 

Formation was devoid of flint gravel, especially in 

borehole WS05 where flint gravel was rare 

0.2 - 0.45 >5.45  

Bedrock 
 

The Lambeth Group is shown to be the shallowest 

bedrock beneath the site. The Lewes Nodular Chalk 

Formation and Seaford Chalk Formation 

(undifferentiated) is also found in the local area. 

Two previous investigations at the site would suggest 

that the ground conditions beneath the site comprise 

around 5 m- 6 m of Clay-with-Flints directly overlying 

the Chalk. The Lambeth Group was not encountered. 

5.0 – 6.0 > 5.0- 0.6 >0.5 

 

3.2.2. Hydrogeology and Hydrology 

The site is located within the Thames river basin. The closest watercourse is the River Gade approximately 2.3 km south west 

of the site. Currently most of the surface water is likely to infiltrate directly into the underlying soils. 

The site is situated upon superficial deposits designated as Unproductive Strata. The Lambeth Group is designated a Secondary 

A Aquifer. The Lewes Nodular Chalk Formation and Seaford Chalk Formation (undifferentiated) is designated as a Principal 

Aquifer. The site is located within a groundwater Source Protection Zone 3 (Total Catchment). 

Shallow infiltration testing was undertaken (BRD Environmental Soakage Testing Report, October 2020 – see Appendix B). 

This testing demonstrated that the disposal of collected surface water to shallow soakaways will not be feasible at this site due 

to the cohesive nature and therefore low permeability of the underlying soils. However, the underlying bedrock is chalk and 

has a good rate of permeability.  

Deep borehole infiltration testing was undertaken (BRD Environmental Depp Borehole Soakage Test Investigation, June 2021 – 

see Appendix C). This testing demonstrated that disposal of collected surface water to deep borehole soakaways within this 

underlying chalk was feasible and provided appropriate test data to enable the design of the drainage systems (as described in 

this document) to be completed.   
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4. DRAINAGE DESIGN OBJECTIVES 

This section outlines the engineering principles and design criteria which have been followed in order to produce the proposed 

design. These include British & European standards, codes of best practice and guidance which were used by Webb Yates 

Engineers during the design process. 

 

4.1. DESIGN RAINFALL 

In accordance with the NPPF guidance, the effects of climate change should be included within the assessment of future flood 

risk. As the site area is less than 5 km2, the site is classified as ‘small’ and therefore the climate change allowances in NPPF 

Technical Guidance Table 2 are appropriate. This table has been included below for reference. 

 

Table 2: Table showing climate change allowances (Extract from NPPF Technical Guidance, Table 2) 

 

 

Based on these values the hydraulic drainage design for the proposed drainage network has been modelled for a range of 

rainfall intensities up to and including ones for a 1in 100 year event plus 40% allowance for climate change. 

The new surface water drainage systems for the site include SuDS and are designed to accommodate increases in peak rainfall 

intensity as given in NPPF and CIRIA Report C753: The SuDS Manual. 

 

4.2. FLOOD RISK MANAGEMENT MEASURES 

Please refer to the Webb Yates Flood Risk Assessment J4053-C-RP-0001_01_S9 for the proposed Flood Risk Management 

Measures. 

 

4.3. HERTFORDSHIRE SUDS POLICY STATEMENT 

The design shall comply with the LLFA SuDS Policy Statement (Draft 2017) key requirements identified in this document have 

been listed below: 

 Proposals for SuDS must follow the discharge hierarchy as set out in the non-statutory technical standards for 

sustainable drainage systems. The SuDS hierarchy in the Hertfordshire LLFA Summary guidance for developers is 

below in Figure 3. 
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Figure 3:  LLFA SuDS hierarchy (Hertfordshire LLFA Summary guidance for developers) 

 For greenfield sites, the peak runoff rate from the development for the 1 in 1 year rainfall event and the 1 in 100 

year rainfall event must not exceed the peak greenfield runoff rate from the whole site for the same event.  

 The runoff volume from the developed site in the 1 in 100 year, 6 hour rainfall event must not exceed the greenfield 

runoff volume for the same event. 

 Flooding must not occur on any part of the site for a 1 in 30 year rainfall event except in areas that are designed to 

hold and convey water  

 During a 1 in 100 year plus climate change rainfall event no flooding should occur in any part of a building (including a 

basement); utility plant susceptible to water (e.g. pumping station or electrical sub-station) or on neighbouring sites.   

 If there is flooding during 1 in 100 year plus climate change rainfall event, this should be indicated on plan showing 

extent and depth. Flows that exceed design criteria must be managed in exceedance routes) that minimise risks to 

people and property both on and off the site. 

 Proposals must demonstrate that the SuDS have been designed at or near the surface in line with the SuDS 

hierarchy. Underground attenuation features will only be acceptable where it can be proved that alternate surface 

based methods are not appropriate or feasible.  

 The design of the drainage system must account for the likely impacts of climate change and changes in impermeable 

area over the design life of the development. Appropriate allowances should be applied in each case. 
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5. DRAINAGE STRATEGY 

The proposed drainage strategy is shown in the drawings in Appendix D and diagrammatically as indicated below highlighting 

the key features of the system and treatment stages 

 

 

5.1. SURFACE WATER STRATEGY 

With the proposed development, the inclusion of SuDS is a key consideration and it is a legal requirement to have SuDS 

included which aim to reduce the amount of surface run-off which is occurring.   

The design of the surface water system has been implemented following the drainage hierarchy and SuDS management train as 

suggested by the SuDS Manual 2015. 

The Building Regulations Requirement H3 stipulates that rainwater from roofs and paved areas is carried away from the surface 

to discharge to one of the following (listed in order of priority): 

≈20m unsaturated zone 

Permeable paving 

D
eep
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o
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o
le so
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ay 

Package treatment plant Filter strip Detention pond 

Parking areas 
Hard standing 
areas 

Roof areas 

Penstock 

Hydrobrake 
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 An adequate soakaway or some other adequate infiltration system, 

 A watercourse, or where that is not practicable, 

 A sewer. 

The site shall be drained by a dedicated borehole soakaway and detention pond. This is in line with the highest SuDS hierarchy 

priority.  

 

5.1.1. Greenfield Runoff 

The total catchment area draining to the new detention basin location prior to development was 5.5 ha. This catchment 

includes all the proposed works and therefore the remaining catchment area of the site remains in the predevelopment 

condition. 

 

The Greenfield runoff rate was calculated using UKSUDS.com tool, the output is included in Appendix D. The IH124 method 

was used and based on the strata of the site the soil class 4 was used. Soil class descriptions are included below in Table 3. 

 

Table 3: Soil types and soil parameters 

General soil description Soil Class Parameter Runoff 

Potential 

Well drained sandy, loamy or earthy peat soils. Less permeable loamy 

soils over clayey soils on plateau adjacent to very permeable soils in 

valleys. 

S1 0.15 Very Low 

Very permeable soils (e.g. gravel, sand) with shallow groundwater. 

Permeable soils over rocks. Moderately permeable soils some with slowly 

permeable subsoils. 

S2 0.3 Low 

Very fine sands, silts and sedimentary clays. Permeable soils (e.g. gravels, 

sand) with shallow groundwater in low lying areas. Mixed areas of 

permeable and impermeable soils in similar proportions. 

S3 0.4 Moderate 

Clayey or loamy soils. S4 0.45 High 

Soils of the wet uplands: bare rocks or cliffs. Shallow, permeable rocky 

soils on steep slopes. Peats with impermeable layers at shallow depth. 

S5 0.50 Very High 

 

The volume of runoff from the greenfield area has been conservatively based on a percentage impervious (PIMP) value of 30%, 

the Standard Percentage Runoff (SPR) value calculated from the IH124 greenfield calculation was 47% (Appendix E). 
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Therefore, the area of the site in the predevelopment condition that drained to the southern basin location was  

5.5 x 0.3 = 1.64 ha. 

 

5.1.2. Proposed Development  

The proposed drainage design uses a combination of permeable pavement, gullies, and rainwater pipes to drain hardstanding 

surface water to below ground drainage network and then discharge the surface water runoff to the detention pond installed in 

Phase I, upstream of the soakaway, via a header wall.  

Where the Phase II design includes landscaped mounds which grade towards the proposed development, filter drains are 

proposed to protect the building from overland flows and keep this runoff away from the buried drainage network.  

The proposed carpark areas use permeable pavement under car park spaces and normal asphalt lanes between (which drain to 

the permeable paved areas). This permeable pavement shall provide attenuation and treatment of stormwater runoff, and the 

configuration is durable because the asphalt can tolerate turning forces more effectively. Soakaway testing to BRE Digest 365 

was carried out in the locations of the permeable paving (refer to Appendix B for details). This determined that no shallow 

infiltration could be taken and hence the design has been developed assuming zero infiltration in the areas of permeable paving. 

As per the LLFA requirements, the conveyance network is designed to prevent flooding in the 1 in 30 year event (plus 40% 

climate change as well as the 1 in 100 year plus 40% climate change. The storm water flow from the new development is to be 

attenuated within a new detention basin below the development for all events up to and including a 1 in 100 year return period 

plus 40% climate change.   

This has been modelled in MicroDrainage and the results of the MicroDrainage model are shown outlined in the table below 

(full results are provided in Appendix F): 
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Table 4: Proposed surface water design performance 

 
1:30 year + 40% CC 1:100 year + 40% CC 

Number of flooded manholes 0 0 

Flooded volume (m3) 0.00 0.00 

Maximum water level in attenuation basin (m AOD) 131.21 131.54 

Attenuation pond freeboard (m) 

(Based on top of pond level 132.20 m AOD) 

0.99 0.66 

Maximum required storage volume m3 308.1 415.1 

Maximum outflow rate from Hydrobrake (l/s) 1.9 2.1 

Soakaway soakage flow rate (l/s) based deep borehole 

infiltration testing (average of 3 tests) 

8.2 8.2 

Soakaway safety factor 4.3 3.9 

 

There will be some infiltration at the base of the permeable pavement, however due to the dense soil conditions this has 

conservatively been ignored from the MicroDrainage model. The MicroDrainage results are included in Appendix F. 

Due to the restricted flowrate from the hydrobrake the 24 hour half drain from the pond cannot be met for the 1 in 100 year 

event. As a result, it is proposed that the pond is sized to accommodate the 1 in 100 year event (plus 40% CC) and the 1 in 30 

year event (plus 40% CC) , i.e. the storage volume is at least 308.1 + 415.1 = 723 m3. This means that the attenuation pond will 

accommodate the 1:100 year flows in addition to the 1:30 year flows. 

 

5.1.3. Water Quality 

As per the water quality SuDS tool the surface water runoff from the proposed buildings and adjacent hardstanding areas is a 

Low pollutant hazard. The requirement for treatment of this runoff shall be met by the combination of permeable paving, gully 

silt traps, gravel filtration trench and the attenuation basin connected in series. 

The carpark area is assessed as Medium pollution hazard as the number of traffic movements per day is estimated to be greater 

than 300.  The requirement for treatment of this runoff shall be met by the combination of permeable pavement, gravel 

filtration trench and the detention pond connected in series. 

It is recognised that given the outfall is direct into the chalk over a Principal Aquifer the control of pollution of any water 

entering the soakaway must be a key priority (refer also to Section 6 for further assessment of the discharge to the borehole 

soakaway). Therefore, there are 3 forms of treatment for most of the site, and all areas of the site with medium pollutant 

hazard. Refer to Appendix G for water quality calculations. 
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This meets the drainage hierarchy in Building Regs part H as well as the SuDS manual and appropriate measures have been 

taken to ensure that pollutants such as hydrocarbons and silt do not enter the deep borehole soakaway. 
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5.2. FOUL WATER DESIGN 

The closest public sewer is approximately 360m north west of the crematorium building and at a higher level than the building. 

To reach this public sewer would require a pumping main to be installed as well as passing through land not owned by our 

client. There would be considerable cost and complexity in providing a connection to this public sewer and hence it is 

proposed that the foul water flows are treated and managed within the site development as discussed below. 

It is proposed to discharge the foul drainage to an on site Klargester BioFicient fluidised bed reactor, sewage treatment plant 

(or similar approved) prior to conveying the treated effluent to the surface water system. All foul water flows are domestic 

effluent, there are no trade effluent requirements from the operation of the facility. 

The foul water system is based on the following factors and assumptions: 

 The crematorium will operate 5 days per week. 

 There will be up to 6 full-time staff working at the facility. Separate toilet and kitchen facilities are provided for the 

staff. 

 The crematorium will hold up to 7 services per day, but is anticipated to average approximately 1200 services per 

year. 

 It is anticipated that around 70 visitors on average will attend each service (although this may vary from very low 

numbers, 2-4, up to around 130, the maximum capacity of the chapel). 

 A toilet block is provided in both the waiting area and at the exit from the floral tribute for the use of arriving and 

departing visitors. It has been assumed that 50% of the visitors use the toilet block per service (this is based on an 

average dwell time of 30 mins for visitors both prior to and following a service).  

 

5.2.1. Package Treatment Plant 

The sizing of the package treatment plant is based on the anticipated maximum number of visitors to the crematorium over a 

weekly period. This is as follows (and based on the factors and assumptions stated above): 

 6 full-time staff working at the crematorium for 5 days per week 

 7 services per day for 5 days of the week = 35 services per week 

 An average of 70 visitors to each service = 2,450 visitors per week 

 50% of visitors will use the toilet blocks = 1,225 toilet block uses per week = 245 uses per day 

 Loads for full-time staff are taken as ‘Commercial/Industrial: full-time day staff’ (as CIBSE Guide G, Public Health and 

Plumbing Engineering, Table 4.10)   

 Loads for visitors are taken as ‘Amenities: toilet blocks (per use)’ (as CIBSE Guide G, Public Health and Plumbing 

Engineering, Table 4.10) 

 



    

 

 

J4053-C-RP-0002 
18 

 

To determine the size of the package treatment plant, the loads were calculated as follows: 

  Flow 

(litres) 

BOD5 

(grams) 

Ammonia (N) 

(grams) 

Staff (6 No.) Values per user per day 90 38 5 

 Subtotal  540 228 30 

Visitors (245 uses) Values per use per day 10 12 2.5 

 Subtotal 2,450 2,940 613 

 Total (per working day) 2,990 3,168 643 

Convert to daily average (multiply by 5/7)    

 Total (average daily value) 2,136 2,263 459 

 

Based on the above, a Klargester BioFicient 34H package treatment plant is proposed. The capacity of this as follows: 

 Flow: 11,250 litres per day  

 BOD5: 4500 grams per day 

 Ammonia (N): 600 grams per day 

 

5.2.2. Package Treatment Plant Outflow 

The treated outflow from the package treatment plant discharges to the surface water system and then subsequently passes 

through secondary treatment (filter strip) and tertiary treatment (detention pond with planting) before discharging to the deep 

borehole soakaway. 

To quantify the anticipated values through this treatment train, average weekly values for the usage of the crematorium facility 

are used as follows: 

 6 full-time staff working at the crematorium for 5 days per week 

 1200 services per year = 24 services per week 

 An average of 70 visitors to each service = 1,680 visitors per week 

 50% of visitors will use the toilet blocks = 840 toilet block uses per week = 168 uses per day 

 Loads for full-time staff are taken as ‘Commercial/Industrial: full-time day staff’ (as CIBSE Guide G, Public Health and 

Plumbing Engineering, Table 4.10)   
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 Loads for visitors are taken as ‘Amenities: toilet blocks (per use)’ (as CIBSE Guide G, Public Health and Plumbing 

Engineering, Table 4.10) 

 The efficiency of the package treatment plant is taken from Klargester’s product certification (see Appendix H) as 

follows: 

o Chemical oxygen demand: 90.6% efficiency; 67 mg/l effluent 

o Biological oxygen demand: 94.4% efficiency; 20 mg/l effluent 

o Ammonia (N): 99% efficiency; 0.4 mg/l effluent 

o Suspended solids: 92.7%; 27 mg/l effluent 

To determine the characteristics of the package treatment plant effluent, the loads and treatment were calculated as follows: 

  Flow 

(litres) 

BOD5 

(grams) 

Ammonia (N) 

(grams) 

Staff (6 No.) Values per user per day 90 38 5 

 Subtotal  540 228 30 

Visitors (168 uses) Values per use per day 10 12 2.5 

 Subtotal 1,680 2,016 420 

 Total (per working day) 2,220 2,244 450 

 Total (per week) 11,100 2,263 459 

Treatment efficiency    

 Effluent per week 11,100 222 4.5 

 Effluent per day (average) 1,586 32 0.6 

 

From the above table it can be seen that the average daily outflow from the package treatment plant is: 

 Flow: 1.6 m3/day 

 BOD5: 32 g/day 

 Ammonia (N): 0.6 g/day  
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Infiltration testing (BRD Soakage Test Investigation – see Appendix B) has been carried out on the site to assess the viability of 

using a drainage field to discharge this treated effluent. The average percolation value (Vp) measured on site was 82 which as 

per BS 6297:2007 is within the acceptable range for a drainage field. However due to the large number of visitors per day using 

the facilities designing a drainage field as per the standard formula below is not practical as one would end up with a required 

floor area of 3,600m2 for the drainage field; 

  At = p x Vp x 0.25 

 At is the floor area 

 p is the number of occupants in the home/building (taken as 174 users, see table above) 

 Vp is the percolation value in secs/mm (i.e. the result from the percolation test)  

This area is considered too high provide an adequate drainage field which would perform satisfactorily and as a result, it is 

proposed to discharge into the surface water system. 

 

The treated effluent from the package treatment plant is therefore proposed to be discharged to the surface water system. This 

system incorporates further treatment stages which will improve the water quality prior to its final discharge into the deep 

borehole soakaway: 

1. The flows firstly pass through a filter strip treatment stage.  

2. The flows then pass through a detention pond system which includes a sediment forebay and planting to provide further 

‘polishing’ of the flows. 

Following these treatment stages, the flow passes into a deep borehole soakaway to discharge to the underlying Chalk. The 

borehole terminates around 20m above the saturated zone, i.e. there is around 20m depth of unsaturated zone below the base 

of the borehole soakaway. 
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6. DEEP BOREHOLE SOAKAWAY ASSESSMENT 

As described above, it is proposed to discharge the surface water and foul effluent to a deep borehole soakaway. The Environment 

Agency position statement G9 – Use of deep infiltration systems for surface water or sewage effluent disposal states the following: 

 

“The Environment Agency will only agree to the use of deep infiltration systems for surface water or sewage effluent disposal if the developer 

can show that all of the following apply: 

• the discharge to groundwater is indirect (with the exception of clean uncontaminated roof water to ground - see Position Statement 

G12) 

• there are no other feasible disposal options such as shallow infiltration systems or drainage fields/mounds that can be operated in 

accordance with the appropriate current British Standard 6297:2007+A1:2008 

• the system is no deeper than is required to obtain sufficient soakage 

• acceptable pollution control measures are in place 

• risk assessment demonstrates that no unacceptable discharge to groundwater will take place – in particular inputs of hazardous 

substances to groundwater will be prevented 

• there are sufficient mitigating factors or measures to compensate for the increased risk arising from the use of deep structures 

 

For new effluent discharges that meet the above criteria, secondary treatment is required. 

 

The Environment Agency will apply position statement G1 to any deep infiltration systems potentially involving the discharge of non-hazardous 

pollutants. The Environment Agency will encourage operators of existing deep infiltration systems to alter their facilities so that direct inputs 

of pollutants are avoided, particularly where there is potential for hazardous substances to enter groundwater.” 

 

This section provides supporting information to demonstrate that the above criteria have been met. 

 

6.1.1. Site Context and Conceptual Hydrogeological Model 

Figure 4 below provides a representation of the site context with regards to the potential for pollution to enter the 

groundwater. 
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Figure 4: Groundwater site context 

 

Key aspects of the site context are as follows: 

• The site level is around 135 – 130m AOD. 

• It is proposed that on site pollution controls are provided (as discussed within this document) 

• Surface water is discharged to a deep borehole soakaway on the site. This borehole is proposed to be 30m deep (from 

approximately 130m AOD to 100m AOD). 

• The site is underlain by the Chalk with a groundwater level approximately 50 – 60m below ground level (70m AOD – 

80m AOD) thus providing around 20-30m of unsaturated zone. 

• The groundwater flow is in an approximately southward direction. 

• The site is located within a Source Protection Zone 3. 

• In the direction of groundwater flow, it is approximately 5km to Source Protection Zone 1 which includes the Hunton 

Bridge Pumping Station (groundwater abstraction), the River Gade and the Grand Union Canal. 

 

Sources of potential pollution to the groundwater are as follows: 

• Oils and hydrocarbons from vehicles accessing and parking on the site (e.g. mineral oil and petroleum oil – hazardous 

substances)  

• Metals from vehicles accessing and parking on the site (e.g. zinc, cadmium, copper – non hazardous pollutants) 
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• Sediments from surface run-off (non hazardous pollutant) 

• Chemicals from cleaning and washing of the building (e.g. sodium hypochlorite – non hazardous pollutant) 

• Biological matter from foul water effluent (e.g. faecal coliforms – non hazardous pollutant) 

• Ammonia from foul water effluent (non hazardous pollutant) 

 

Please note, it has been confirmed with the cremator supplier that the operation of the cremators does not create the discharge 

of any chemicals to the drainage systems.  

 

The potential pathway for pollutants to enter the groundwater is via effective rainfall being discharged to the deep borehole 

soakaway, then percolating through the unsaturated zone, prior to recharging the saturated zone at depth in the aquifer. 

 

The main receptors for the potential pollutants are as follows: 

• The groundwater of the aquifer 

• Abstraction for drinking water and industrial usage 

• Base flow to rivers and watercourses 

 

6.1.2. Groundwater Quality Risk Assessment 

A groundwater quality risk assessment has been undertaken in accordance with Design Manual for Roads and Bridges, LA 113: 

Road drainage and the water environment (Annex C) as follows: 

 

  Weighting factor Score Result  

Source 

Traffic flow 10 Low = 1 10 

Rainfall depth (annual averages) 10 Low = 1 10 

Drainage area ratio 10 Low = 1 10 

Pathway 

Infiltration method 15 High = 3 45 

Unsaturated zone 20 Low = 1 20 

Flow type 20 Low = 1 20 

Unsaturated zone clay content 5 Medium = 2 10 

Organic carbon 5 High = 3 15 

Unsaturated zone soil pH 5 Medium = 2 10 

 Overall Risk Score 150 

 

This overall risk score represents an overall risk score of 150 which is classified as ‘Medium Risk’ albeit at the bottom of this 

category (medium risk = 150 – 250). 
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Based on this assessment additional pollution treatment and control measures are proposed to improve the quality of the water 

prior to discharge to the borehole soakaway.  

 

6.1.3. Groundwater Risk Assessment 

Based on the potential sources of pollution to the groundwater, four pollutants are used as indicators of the potential of pollution 

to affect the groundwater; sediment, petroleum oil, metals and ammonia. Additional treatment stages are proposed (as described 

in Section 5 above) including permeable paving (no infiltration) to the parking areas, a filter strip treatment stage, and a detention 

pond with planting and sediment forebay prior to the flows being discharged to the borehole soakaway. 

 

The average annual rainfall for the site is 700 mm and the drained area is 6000m2. This leads to an average annual rainfall of 

4200m3 which is to be collected and, following onsite treatment, passed to the borehole soakaway. 

 

The compliance point for the assessment below is taken as the base of the borehole soakaway and therefore, conservatively, no 

dilution or attenuation within the unsaturated zone has been included. 

 

Sediment can be washed into the drainage system from rainfall events, particularly from the hard landscaping areas of the site. 

CIRIA Report C753 provides (Table 26.8) reported a mean value of  total suspended solids for urban open areas of 126.3 mg/l. 

The majority of the parking and hard landscaped surfaces are provided with permeable paving (no infiltration). Permeable paving 

systems have been reported to provide over 80% removal of suspended solids (CIRIA Report C582). Conservatively, using a 70% 

reduction would reduce the suspended solids to 38 mg/l. Further treatment stages of a filter strip treatment stage could be 

expected to provide a further 40% removal of suspended solids, i.e. down to around 23 mg/l. Further treatment of a detention 

pond, with a sediment forebay, provides a final treatment stage (with a similar removal efficiency as permeable paving = 70%) will 

further reduce the quantity of suspended solids to around 7 mg/l. This is below the level reported as causing observable biological 

effects of 25 mg/l (CIRIA Report C753, Table 26.8) and is therefore considered acceptable. 

 

Petroleum oil will potentially be discharged as unburnt hydrocarbons from vehicles accessing and using the site. The site is 

predominantly used by passenger cars (staff and visitors) with only a small number of other vehicles occasionally accessing the 

site (e.g. deliveries, maintenance vehicles). The average number of services per year is 1200 and (based on traffic surveys at West 

Herts Crematorium) the average number of vehicles attending a service is 31. Conservatively assuming 50 vehicles per service 

equates to 60,000 vehicles per year. To ascertain a conservative value for the potential source of hydrocarbons, the Euro 

emissions standards give maximum values for vehicle emissions. For the Euro 3 emissions standards (for all vehicles produced 

from 1/1/2001) the allowable total hydrocarbon emission for petrol passenger cars was 0.20 g/km. Conservatively assuming a 1 

km journey around the site means a value for total hydrocarbon emissions of 12 kg per year.  

 

Permeable paving systems can provide a very high level of treatment for hydrocarbons. Permeable paving systems have been 

reported to provide over 80% removal of polyaromatic hydrocarbons (CIRIA Report C582). Conservatively, using a 70% 

reduction would reduce the hydrocarbons to 3.6 kg per year. Further treatment stages of a filter strip treatment stage could be 
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expected to provide a further 50% removal, i.e. down to around 1.8 kg per year. Further treatment from a detention pond, with 

planting, provides a final treatment stage (with a similar removal efficiency as a filter strip = 50%) will further reduce the quantity 

of hydrocarbons to around 0.9 kg per year. Based on the annual average rainfall, this equates around 0.2 mg/l. 

 

Metals (cadmium, copper, zinc) can be released from vehicles using the facility. CIRIA Report C753 provides (Table 26.8) reported 

mean total cadmium, copper and zinc of 2.2, 27.9 and 203 m/l respectively (urban open areas). The majority of the parking and 

hard landscaped surfaces are provided with permeable paving (no infiltration). Permeable paving systems have been reported to 

provide over 90% removal of metals (CIRIA Report C582). Conservatively, using a 70% reduction for the permeable paving, 40% 

reduction for the subsequent filter strip, and a 70% reduction for the detention pond would reduce the quantity of cadmium, 

copper and zinc to around 0.1, 1.5 and 11 g/l. For cadmium, this is the same as the minimum reporting value (0.1 m/l) and is 

therefore considered acceptable. For copper and zinc, the level is lower than the 97.7th percentile values given for the unconfined 

and confined aquifer in BGS Baseline Report: 6. The Chalk of the Colne and Lee River Catchments (Cu: 21.5 m/l unconfined, 

27.7 m/l confined; Zn: 109 m/l unconfined, 180 m/l confined) and are therefore considered acceptable. 

 

Ammonia is present in the foul water flows and, although it is treated via the foul package treatment plant, a remaining amount 

passes to the surface water system. As described in section 5 above, the calculated quantity of ammonia discharged from the 

treatment plant is 0.6 grams per day. Taken over an annual period, this equates to 219 g per year. Ignoring any of the secondary 

treatment stages, the ammonia will be diluted by the rainwater prior to discharging to the borehole. Based on the average annual 

rainfall for the site, this reduces the ammonia concentration to 0.05 mg/l. The ammonia will be further diluted and attenuated 

within the unsaturated zone. The BGS Baseline Report: 6. The Chalk of the Colne and Lee River Catchments gives a 97.7th 

percentile value for NH4-N of 0.060 mg/l for the unconfined aquifer, and 1.370 mg/l for the confined aquifer. As such, the 

concentrations of the ammonia are considered to be the same or lower than the natural background level in the groundwater 

and therefore acceptable. 

 

There is also the potential for an accidental spillage of pollutants which could be discharged into the drainage systems. To provide 

mitigation for this it is proposed to install a penstock on the surface water systems such that in the event of an accidental spillage, 

the system to be isolated from the discharge to the borehole. 

 

 

6.1.4. Summary of Groundwater Assessment 

With regards to the criteria stated by the Environment Agency in their position statement G9, below is a summary of the 

responses to the specific criteria. 

• The discharge to groundwater is indirect:  

o Confirmed: the discharge is indirect with approximately 20-30m of unsaturated bedrock below the base of 

the borehole. 

• There are no other feasible disposal options such as shallow infiltration systems or drainage fields/mounds that can be 

operated in accordance with the appropriate current British Standard 6297:2007+A1:2008 
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o Confirmed: the upper ground strata are impermeable to facilitate shallow infiltration systems or facilitate a 

suitable drainage field. 

• The system is no deeper than is required to obtain sufficient soakage.  

o Confirmed: the borehole is to be 30m depth to reach suitable strata for infiltration whilst also maximising the 

unsaturated zone. 

• Acceptable pollution control measures are in place 

o Confirmed: on site treatment measures of permeable paving (no filtration), filter strip and detention pond 

(with sediment forebay and planting) provide pollution control measures. A penstock is also provided to the 

surface water system in case of accidental spillages. 

• Risk assessment demonstrates that no unacceptable discharge to groundwater will take place – in particular inputs of 

hazardous substances to groundwater will be prevented 

o Confirmed: the proposed treatment and mitigation measures demonstrate no unacceptable discharge to the 

groundwater. 

• There are sufficient mitigating factors or measures to compensate for the increased risk arising from the use of deep 

structures 

o Confirmed: sufficient treatment measures and control measures are provided. 
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7. MAINTENANCE SCHEDULE 

The drainage system will be designed to minimise maintenance requirements; however, a full maintenance scheme will be 

established for those elements not being offered for adoption. The surface and foul drains, will be maintained by the Freeholder 

to the manufacturer’s recommendations as part of their property maintenance program.  

 

7.1.1. Below Ground Drainage Piped Systems 

The below ground piped system (based on assessed flood risk) should be inspected every 10 years as a minimum and repaired 

and cleansed where necessary. 

 

7.1.2. Gullies, Filter Drains and Channel Drains 

Gullies, Filter drains and channel drains should be cleaned out very six months or when required. 

 

7.1.3. Sewage Treatment Plant 

This will be maintained as per the manufacturer’s requirements. 

 

7.1.4. Permeable Pavement 

The pervious pavement should be inspected annually, particularly for silt accumulation, to establish brushing frequencies. 

During the first 6 months after installation the pavement should be inspected, for evidence of poor operation, within 48 hours 

of each major storm. Additional maintenance shall be as per the manufacturer’s requirements.  

 

7.1.5. Pond Header Wall 

Should be inspected after every major rainfall event and cleaned out when required 

 

7.1.6. Pond and Deep Borehole Soakaways 

These will be maintained as per the existing maintenance schedule in place for the Phase 1 works. 
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8. CONCLUSION 

The site wide drainage strategy outlined above meets the requirements set out by Building Regulations Part H and the CIRIA 

SuDS manual.  

 

The proposed surface water strategy is to attenuate the surface water on site into the existing detention basin at the southern 

end of the site. This detention basin shall continue to outfall at a restricted rate, controlled by an existing hydro-brake, into a 

borehole soakaway.  

 

Surface water from the proposed impervious areas shall be conveyed to the detention basin via either the positive drainage 

network or overland flow paths as the topography of the site shall direct any overland flow from the development to the basin. 

 

The detention basin and the conveyance network shall be designed to accommodate surface water runoff, generated by the 

proposed development, for all rainfall events up to the 1 in 100-year return period rainfall event plus 40% climate change. 

 

It is proposed to connect the foul drainage into a stand alone sewage treatment plant on the site.  

 

Sufficient treatment measures are provided to prevent the discharge of pollutants to the groundwater. 

 

As mentioned in Section 7 the site drainage scheme would be managed and maintained by the freeholder after completion as 

part of their upkeep works for the site.  
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APPENDIX A – SITE WIDE GENERAL ARRANGEMENT 

 

  





    

 

 

J4053-C-RP-0002 
31 

APPENDIX B – SOAKAGE TEST INVESTIGATION 
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U6VV�W9XY Z[ \�6];Ŵ �=��9������� _-1

\�6];W999999999999999999̀6;W7=76;�

<�6�9a9=69������� R��b�7S=76;

	
		 	
��
Icd2cAe�&_,-3&+-(�*f&4-,J"%%1f&#,*)1&'%,1
&g-,J"%&(.&.�*"&�(&'(,-#"f&#$+,*4$%,-&.%�*�
&2(/"&

)"#�'',��(*
&

	
�� 	
��
2��..f&(-,*4"&+-(�*f&4-,J"%%1f&#�%�1&heBi
&g-,J"%&(.&.�*"&�(&'(,-#"f&#$+,*4$%,-&.%�*�&,*)&#(/"&

#$+-($*)")&j$,-�k��"
&2(/"&)"#�'',��(*
&

l7��

l��=9m6  R�S=T9��� 	
��

R�=� 	�L	L�	�	 Q7W=T9��� 	
��

n�6o�b=9m6 p!_����

l�7�89n7=9m6 Id	� U�;V=T9��� 
�	

n�6o�b=9l7=8� q"/"%&q"/0#�",)&h-"/,�(-�$/

5r:U9:ms:Ul�tl:rm9�tlu

A*&,''(-),*'"&����&p!N&_�4"#�&�����	�&v&2(,3,�,1&_"#�4*

8̀7�;= q,J"-#�('3

wx
yz{|}~|

��|���z{|}~|

��|�

yz{|}~|

�z{|}~|

v
			

v	
�		

	
			

	 �		 �		 �		 �		 �		

_
"0
��
&�
(
&�
,�
"-
&�
�
��
�
��

I�/"&�����

2(,3,4"&I"#�&_,�,&d%(�

!",)�*4# �,�"-&e"J"%&,�&2�,-� ��C �	C
��C g-($*)�,�"- p(��(/&(.&I-�,%&d�� N��-,0(%,��(*



���������	�
 ������


���������	�


��������


���������


����


������������ �!"���#����#�� !����$%&

'()*+,-)+../0(1)+2+3(4035067897

:(;30<-30(1)+2+3(4035067=90>-7(70?669904((<@

A�B��C�B$��B&

:-9(0>;()5,4;@ D(<3*0>99@ :-9(0>;()5,4;@ D(<3*0>99@ :-9(0>;()5,4;@ D(<3*0>99@

6 866 6 EF6 6 EF6

G6 8H6 GHEE6 I?6 H?J6 866

HJ6 8H6 D-40,530(9<3/0K-3*-,0G0*5LM; H66=6 8J6

H=6 8H6 :(;30N+-.(4 H??J6 8?6

JE6 8H6 H=666 8E6

?66 8H6 O-..0,530(9<3/0-,0G0*5LM;

?G6 8H6 :(;30N+-.(4

EJ6 8H6

E=6 8H6

8E6 8H6

G66 8H6

HGJ6 8J6

I?J6 8E6

FF66 886

H?=66 8G6

O-..0,530(9<3/0-,0G0*5LM;

:(;30N+-.(4

P��Q!���#!R�S��Q$���#!R&

A�B��T!U A#V��#R�B�Q!R�B W� X����%��W�

:(;30H Y0H86

:(;30J Y0H86

:(;30? Y0H86

T!��B&�A ����Z$#�������[B!�\#R%�]�B�R!��Q!V��������B�� ��B!#�B�]����B$""#Q#�R��̂���V��"�!V�����#!$B�B�!�V�

���R�U��_ #�B����B�B�"�#���̀�� ����]�B���Q!R�#R$!$B�"����#R�]����������B̀���a�#�����̂�B�!]�̂U

�bcdef��gh�ijk�li���gb�

��mn

o��p�����qrs��q����

t�	���t�	���������	����q	

�h�ncdf

��u�	v���w�����x��s���

y�s�w�e�s�i��v��

A�B��z A�B��{ A�B��|



���������	�
 ������


���������	�


��������


���������


����


������������ �!"���#����#�� !����$%&

'()*+,-)+../0(1)+2+3(4035067897

:(;30<-30(1)+2+3(4035067=90>-7(70?669904((<@

A�B��C�B$��B&

:-9(0>;()5,4;@ D(<3*0>99@ :-9(0>;()5,4;@ D(<3*0>99@ :-9(0>;()5,4;@ D(<3*0>99@

6 8E6 6 886 6 886

F6 8E6 FGE66 DH/ G?E6 8=6

GE6 8?6 G66=6 IE6

G=6 8?6 G??E6 IJ6

EJ6 8?6 G=666 IF6

?66 8?6 E68E6 I=6

?F6 8?6

JE6 8?6

J=6 8J6

8J6 8J6

F66 8J6

FEJ6 FK6

=KJ6 I?6

G?6E6 IK6

L��M!���#!N�O��M$���#!N&

A�B��P!Q A#R��#N�B�M!N�B S� T����%��S�

:(;30G UVVV W0G86 XV

:(;30E Y�Z�!���N#% � W0G86

:(;30? [\\VV W0G86 [V]

A�B��[ A�B��̂ A�B��]

_̂

P!��B&�A ����̀$#�������aB!�b#N%�c�B�N!��M!R��������B�� ��B!#�B�c����B$""#M#�N��Z���R��"�!R�����#!$B�B�!�R�

���N�Q��

�defgh��ij�klm�nk���id�

o��p�����qrs��q����

t�	���t�	���������	����q	

��uv
�j�wefh

��x�	y���z�����{��s���

|�s�z�g�s�k��y��


		2021-06-15T16:52:18+0000
	Andy Yates
	I have reviewed this document


		2021-06-15T16:52:46+0000
	Andy Yates
	I am approving this document


		2021-06-16T09:03:36+0100
	Guy Parker-Dennison




