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Background 
Pond sewage treatment systems are known both to 
perform very reliably in temperate climates, and 
are the preferred method of treatment in rural 
communities of many industrialised countries. 
However they have been slow to catch on in the 
UK. Concerns about the high land requirement, 
environmental health issues and the risk of 
unpleasant odours have all been frequently cited. 

From a regulatory standpoint, there are now a 
number of pond-based wetland systems performing 
to a high standard in all regions of the UK, 
providing demonstrable precedents for planning 
and Environmental Health Departments. 
The main advantages of a wetland treatment 
system over more conventional types are: 
• Resistant to shock loadings 
• Power supply not essential 
• Low maintenance requirement 
• Very low operating costs 
• Low desludging requirements 
• Provide  rich wetland habitat for wildlife 
• Aesthetically pleasing 

Introduction to HHP system 
HHP commissioned ‘David Leigh Landscapes’ in 
1994 to design a wetland waste water treatment 
system to provide a high effluent quality for the 
homes at the Hockerton Housing Project. The 
initial design involved a series of separate ponds 
including; an initial facultative pond (where most 
of the organic matter in sewage is digested), and 
two or three maturation ponds (where residual 
organic matter is metabolised and consumed by a 
wide range of aquatic invertebrates) prior to 
discharge to the environment. 

This design had to later be revised because the 
potential areas for the treatment system were 
constrained by the topography, the invert levels, 
and the presence of archaeological remains in the 
adjacent area. It was therefore decided to simplify 
the construction process by incorporating the 
treatment system into the aquaculture pond in front 
of the homes. 
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Summary of HHP waste water treatment 
system 
• Wastewater from the houses first enters a septic 

tank for 5-10 days settlement of solid matter. 
• The resultant liquid effluent then enters a 

floating reed bed system. This forces the 
effluent through an elongated spiral route of 
reeds. Bacteria associated with the roots of the 
reeds treat the effluent whilst gaining oxygen 
requirements from the plants.  

• The arrangement of the reedbed ensures a very 
long dwell time in the reeds, probably three 
months, to ensure purification before it passes 
through a limestone gabion wall and into the 
main lake for final ‘polishing’. 

• Three species of reed are used in different parts 
of the process, before nutrient rich water enters 
the aquaculture lake, providing a food source 
for fish. The reeds can also be cropped as 
animal fodder or plant mulch. 

• The resultant outflow from this system is of a 
higher quality standard than most mechanical 
treatment systems. The water in the adjoining 
aquaculture lake reaches EEC bathing quality 
standards with no significant odours apparent.  
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Reeds forming part of sewage waste treatment system 
 

 

The design uses both traditional and 
latest scientific understanding of 
aquatic ecological processes and forms 
a simple robust system. It provides a 
high degree of treatment whilst keeping 
the potential for net energy production 
through the growth of useful plant 
biomass and fish. 



 

 

Introduction to autonomous sewage technologies using reed beds
Keywords 

• Anaerobic – In the absence of oxygen 
• Anoxic - characterized by the absence of 

oxygen other than in the form of inorganic, 
oxidised constituents (e.g. nitrate) 

• Biochemical Oxygen Demand (BOD) – 
oxygen used by respiration of micro-
organisms per unit volume of sample, at a set 
temperature and during a given time. Often 
used as a measure of organic pollution. 

• Biodegradable – Able to be broken down by 
bacteria 

• Blackwater – Waste water containing faecal 
material 

• Facultative - The ability of an organism to 
grow either in the presence of absence of an 
environmental factor (e.g. facultative aerobe 
is an organism which is normally anaerobic 
but can also grow in the presence or oxygen). 

• Gabion – Gabions are used in many 
situations including retaining walls. They can 
be manufactured in welded mesh or woven 
wire. At HHP wire ‘baskets’ have been filled 
with rocks to form a wall. 

• Hydraulic conductivity - The coefficient 
from Darcy's Law. Describes the ease with 
which water can move through an aquifer or 
other material. Commonly written as "K" 
with units of velocity. 

• Macrophyte - Any plant large enough to be 
seen by the naked eye. Includes vascular 
plants and some colonial algae such as 
stoneworts 

Components of a sewage treatment system 
The treatment of water containing human waste 
takes place in a number of steps, and these 
correspond to the individual components 
required to make up a complete system. 

• Primary Treatment – filtration and 
screening of waste water to remove 
particulates and suspended solids (e.g. septic 
tank or cess pool) 

• Secondary Treatment – Biological 
treatment which removes biodegradable 
organics and pathogens (e.g. Reed bed or 
ponds) 

• Tertiary Treatment – Final polishing of 
water quality to eliminate all pathogens and 
leave residual cleansing, and to improve 
water colour and odour 

Septic Tank 
Septic tanks facilitate the removal of gross 
organic matter from sewage so it is suitable for 
disposal to ground or secondary treatment. The 
sewage material decomposes anaerobically with 
a resultant liquid effluent and a residue that 
settles out (sludge). More than one chamber 
allows for a more efficient separation of the 
sludge, which has to be removed periodically 
either for local disposal or taken away by truck 
for more distal treatment. The liquid effluent is 
discharged from septic tanks for further 
secondary treatment, e.g. a reed bed. 

Reed Beds (General)  
Reed beds and constructed wetlands have been 
exploited by civilisations for many centuries and 
are well established as being amongst the most 
productive nutrient exchange systems. The 
technology has been subject to an increasing 
amount of research over the past few decades 
and is now proving to be highly efficient 
technology capable of operating at far lower 
levels of maintenance than conventional sewage 
treatment plant whilst maintaining a higher 
percentage of treatment. 

Reeds along with other aquatic plants are 
specially adapted to exploit conditions where 
soils are saturated and nutrient rich. The 
rhizomes of aquatic plants are vascular (hollow 
tube like). A proportion of the oxygen produced 
through photosynthesis is retained within the 
stems and rhizomes and diffuses through the 
rhizome walls providing a zone of oxygen 
enrichment in the surrounding water column. As 
a result the root surfaces become colonised by 
aerobic bacteria and filter feeding organisms 
which breakdown material held in suspension 
and it is here that the waste water is converted 
from being anaerobic to aerobic. 

For most domestic applications the common reed 
(Phragmites australis) is used. At HHP, this was 
used for the inner more central areas of reed bed. 
Towards the furthest end of the reed bed spiral 
(see below) and on the outer edge of the area, the 
bulrush /reed mace (Typha) and iris (also along 
gabion wall) have been used. Mixed varieties 
provide a more resilient, ecologically beneficial 
and aesthetically pleasing environment. 
 
 Near completion 

 



 

 

System description (Detailed) 
(See also graphic overleaf) 
Delivery to treatment system 
A soilpipe runs along the front of each house 
with a minimum slope, and collects from the 
utility room sink, toilet, basin, bath etc. It crosses 
the conservatory slab along the west wall of each 
house and drops into the sewerage pipes in the 
ground outside. Separate drain pipes run from 
the kitchen sink and the toilet in the porch. Air 
admittance valves have been used instead of 
open vents. 

Treatment process (summary) 
The system was designed to provide a high 
quality effluent to ensure that the quality of the 
water within the main pond area conforms to EC 
Bathing Water Standards. 
The treatment process comprises of a five stage 
phased reaction: 
(1) Primary settlement and anaerobic digestion  

in ‘Septic tanks’ 
(2) Facultative and/ or anoxic lagoon zone  

towards centre of reed bed 
(3) Stabilisation through macrophyte raft/ 

second stage raft area  
(4) Rock wall filtration through gabion wall 
(5) Nutrient exploitation within aquaculture 

pond. 

The sequence of these reactions is based upon 
the order that would naturally occur when 
organic contamination enters a water body such 
as a river or shallow lake. 
(1) Primary settlement and anaerobic 
digestion 
The treatment process is commenced in two 
primary treatment chambers in series with a 
hydraulic residence time of 4.5 days each. 
Within these chambers settlement and anaerobic 
reduction will occur. 
The chamber operates in a similar basis to a 
conventional septic tank. However its capacity is 
larger than would be normal to ensure that the 
passage through the chamber is slow (enhancing 
settlement) and that the solids content retained 
has a greater opportunity for anaerobic digestion. 
The expected reductions of BOD and pathogenic 
organisms through the tank are estimated to be in 
the region of 30% and 50% respectively. 
However for biochemical modelling purposes 
values of 25% have been used (see later section). 

 
 
 
 
 
 
 
 
 
 
(2) Facultative, anoxic or anaerobic zone 
The treatment system is designed as an extension 
to the main pond and is enclosed within a line of 
gabions. The entire area is covered by a series of 
reed rafts and flexible baffles to control the flow 
direction.  
The waste water enters the reed bed system at a 
depth of 1.2 metres below the surface in the 
central deep area of the system. This area will be 
primarily anaerobic allowing further settlement 
and digestion to occur in sluggish conditions. 
The reed raft provides a living oxygenated 
substrate at the water surface penetrating down 
into the water column to a depth of 
approximately 700mm. 

The depth of reed root penetration into the water 
column is governed by the oxygen deficiency of 
the water with the result that the water surface 
will be aerobic while the limit of the roots will 
be facultative or anaerobic. The raft in effect 
forms an oxygen rich surface layer which 
reduces the release of fatty acids and malodorous 
gases. This is similar to the way in which a 
horizontal flow reed bed system works. However 
the key advantage provided by the raft system is 
the far high volumetric retention. 
 
 
 
 
 
 
 
 

General view of centre of reed bed area 

 

In situ with landscaping 

 

SEPTIC TANKS: first 
concrete rings in place. 

 



 

 

 
(3) Stabilisation through macrophyte raft/ 
Second stage raft area 
As the water flows out of the deeper and 
anaerobic area it enters an area where the water 
is shallower with a depth of about 1 metre. With 
sufficient retention within the deep section 
(minimum 15 days) the oxygen demand will 
reduce with distance from the inlet point. The 
consequence of this is that the roots of the reeds 
will penetrate to the full depth of the water 
column. This area therefore continues to increase 
the oxygen content being introduced to the waste 
stream to a point where free swimming 
planktonic organisms can establish. These 
organisms feed upon the finer organic material in 
suspension adding substantially to the removal 
of pathogenic organisms. 
The pathway of the water is directed through a 
system in a labyrinth form. This is generated by 
‘Geotextile baffles’ which are suspended in the 
water column.  
These baffles 
prevent 
hydraulic short 
circuiting and 
ensure that the 
system 
functions as a 
plug flow 
reactor. 

 
 
 
 
 

(4) Rock wall filtration 
(See images of reed bed construction overleaf) 

The main treatment area is isolated from the 
aquaculture (main) pond by a line of gabions 
filled with limestone. The water passes through a 
section of this stone as it leaves the main 
treatment area. The stone provides a substrate for 
filter feeding organisms which will entrain algal 
or biomass still in suspension. In addition the 
alkaline mineral content of the limestone will 
help to buffer the pH ensuring an optimum water 
quality for the successful establishment of 
zooplanktonic organisms at the inlet area of the 
main pond. 

(5) Nutrient exploitation/ Aquaculture  
An important purpose of the pond is the 
cultivation of fish. In any extensive natural fish 
culture system, some form of pond fertilisation is 
necessary to increase the natural nutritive fauna 
for fish. The introduction of the treated effluent 
is expected to increment the productivity of 
fauna that form the basis of the food chain for 
the fish stocks. 
Research evidence has demonstrated that not 
only are constructed wetlands extremely efficient 
at pathogen removal, but that systems 
incorporating fish culture further enhance 
removal and have demonstrated that pathogen 
transfer does not occur. 

Graphic – Cross section of reed bed (Original specification – NOTE: Some amendments were made later) 

 

Reed bed margin with bulrushes 

 



 
 

 

 

 



 
 

 

Construction of Reed Bed   
 
 
 

Reed bed area being built. Note dividing limestone 
gabion wall dividing reed bed (far side of wall) from main 
aquaculture pond 

 

Scaffolding to hold the Geotextile baffles 

 

Geotextile baffles to control flow of water 

 

Reed bed area after construction and partially filled 

 

Close up of reed rafts in second stage area 

 Reed rafts set in place – Note pipe providing liquid 
effluent from septic tank to reed bed 

 

To date the use of rafts in constructing wetlands has 
proved to be highly successful and several systems 
have now been completed which demonstrate a 
higher level of treatment efficiency within raft 
systems than was thought possible with reed beds. 
The rafts are the result of research and design work 
carried out by The Wildfowl & Wetlands Trust in 
conjunction with Penny Anderson Associates. 

Reed rafts provide several distinct advantages over 
the more conventional gravel filled reed beds. These 
advantages are specific to the early treatment phases 
and include: 

• Improved hydraulic conductivity 
• Greater potential for sedimentation to occur 

below the raft system 
• Easier long term maintenance (plant replacement 

and de-sedimentation) 
• Faster plant establishment 
• Greater hydraulic volume and retention time per 

surface area 
• Higher treatment efficiency through the 

increased root surface. 

Ref: D. Leigh  



 

 

Planning Permission 
The sewage treatment system was considered as part of the overall planning application for the homes. In 
the planning approval documents reference was made to the recommendations of the National Rivers 
Authority (role of this former organisation now taken on by the Environment Agency). 

The Authority has no objections in principle to the application subject to the inclusion of conditions 
which meet the following requirements: 

• Prior to the development a scheme for the treatment of foul sewage should be submitted in writing 
and agreed in full with this authority. 

• The treated effluent should be directed to a soakaway system if practical. However should a discharge 
to a watercourse be necessary a full consent application must be submitted. 

Reasons – To minimise the risk of pollution of surface water and groundwater 
Information 
The Reed Bed Treatment System should conform with the European Design and Operations Guidelines 
published by the Water Research Centre 
The proposed outfall structure to the watercourse will require the written approval of the National Rivers 
Authority. 
 

System Performance & Biochemical Modelling (Ref: D. Leigh) 

Waste Water Characterisation 
The population equivalent applied to the system is based on 20 people each using approximately 60 litres 
of water per day. The low water consumption than would normally be expected is due to the water 
conservation measures employed by the Project (see TF10: Water Supply). 

The resultant waste stream will compromise of the following: 

Description Number Flow 
litres/day 

Total 
litres/day 

Organic 
BOD g/day 

Total BOD 
g/day 

Domestic resident 20 60 1200 55 1100 

BOD, mg/l   917   

 

The inclusion of a primary settlement zone is expected to reduce BOD concentration by approx 30% (as 
described above) leaving a residual level of 917 x .7 = 641mg/l BOD5 

Biochemical models that have been developed to describe the performance of Wetland Treatment 
Systems have in most cases developed as a result of research into larger municipal systems. The systems 
used are in general of a simpler form and comprise lagoons or reed beds. 
The design described within this proposal is a hybrid of such systems. Due to this it became necessary to 
use a combination of two different models which include performance models for lagoon and reed bed 
systems. 

A lagoon model for facultative ponds was selected for the deep section of the wetland on the basis that the 
inclusion of a raft should provide a higher rate of oxygen to the water surface whilst reducing the effects 
of wind (which can cause hydraulic short circuiting in open water). This means that the model used was 
conservative in efficiency prediction. 



 
 

 

Calculations 
The calculation using the ‘Wehner Willhelm equation’ was adapted to more accurately define reaction 
processes and rates within facultative ponds. Reed raft performance in small scale domestic waste water 
systems appears to be substantially higher than the more conventional horizontal flow gravel filled reed 
beds. 

The calculations show that concentrations of BOD leaving the reed raft are extremely low. However, due 
to background level of organic decomposition within the rafts it is unlikely that the effluent from the 
system will fall below 5mg/l – Within the UK, normal BOD5 loading levels for horizontal flow reed beds 
vary between 5 and 10mg/l per m2/day. 

Pathogen Removal  
The efficiency of constructed wetlands in the removal of bacterial, viral and nematode pathogenic 
organisms is well established. The retention period of this system is greater than normal for systems in 
cold temperate climates. No calculations were done. 

 
Maintenance 
The low maintenance requirements of constructed wetlands provide the greatest advantage over 
conventional treatment systems. The system is expected to have a maintenance interval in excess of ten 
years for the wetland and biannual for the primary tank.  
In practice small quantities of solids are removed from the septic tank every 3 months and dealt with 
discretely on site. However this takes less than an hour with the removal of only about 1 wheelbarrow 
load, after which it is composted down separately from other materials – to date the volume has not been 
significant enough to warrant any viable land use..  
In addition to this the reed biomass that will be generated if harvested has the potential for a wide range 
of uses. 

 
Costs 
The total costs of constructing the waste treatment system (including materials and labour for reed bed, 
septic ranks and foul pump) was approx. £10,000 
One of the key aspects of the Hockerton Housing Project was a desire to be autonomous of mains water. 
Therefore the capital costs could be considered as a requirement for the build and so financial 
comparisons not entirely relevant. Large capital items such as reservoir and reed beds also serve more 
than one purpose and are part of a larger scheme. So some of the costs would have been incurred whether 
used as part of the water system or not. The local village is also not connected to mains sewage and so 
costs for sewage storage (cess pits) and removal would have been required anyway.  
 

 



 
 

 

Sources of materials used 
 

COMPANY MATERIALS SUPPLIED 
Construction (Materials) 
Naylor Clay Drainage Clay pipes  
Stanton Bonna Concrete rings for septic tanks 
The Land, Wood and 
Water Company Ltd 

Reed bed rafts 

Landscaping/Machinery 
David Leigh 
(Formerly based at: 
Eastwood Farm Cottage, 
New Road 
Stokenchurch 
Bucks HP14 3SF) 

Water systems design 

A & V Squires Plant  
Company Ltd 

Excavation and soil movements 

Technology (Finished Goods) 
Screwfix Septic tank pump 
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The Hockerton Housing Project – Draft Proposals for Water Strategies & Waste Water Treatment 
Systems (David Leigh Landscapes) 

Sustainable Housing – options for independent energy, water supply and sewerage (Smerdon/ 
Waggett/ Grey) - Application Guide AG26/97 (order via www.bsria.co.uk)  

  



 
 

 

Further Resources 
 
Websites 
• Bio-Regional Development Group (www.bioregional.com) - see key case studies 
• Centre for Alternative Technology (www.cat.org.uk) - a leading eco centres including practical solutions for alternative 

water supply and sewage treatment. 
• CIRIA (www.cirai.org.uk/suds) 
• Environment Agency (www.environment-agency.gov.uk) – The Agency provides information and advice about water 

conservation and management. Also provides a 24 hour hotline (0800 80 70 60) 
• Severn Trent Water – provide advice to businesses on water management and bet practice (www.severn-trent.com). 

Freephone: 0800 169 4987 
• Water Resource Information Site (www.water.org.uk)  
 
Further Reading  
• Conserving Water in Buildings and A Study of Domestic Greywater Recycling both published by the Environment 

Agency www.environment-agency.gov.uk  
• Good Building Guide GB42  

Part 1. Reed beds: application and specification.  
Part 2. Reed beds: design, construction and maintenance  
N Grant and J Griggs (BRE, Watford, 2000 from CRC Ltd 020 7505 6622)  

• Lifting the Lid by P Harper and L Halestrap (Centre for Alternative Technology, Machynlleth, 2000). The definitive UK dry 
toilet book; also covers household nutrient recovery and composting.  

• Lower Trent and Erewash Local Environment Agency Plan (Environment Agency, Feb 2000). 
• Sustainable Housing – options for independent energy, water supply and sewerage (Smerdon/ Waggett/ Grey) - 

Application Guide AG26/97 (order via www.bsria.co.uk)  
• Sewage Solutions by Nick Grant, Mark Moodie, Chris Weedon (Centre for Alternative Technology, 2000). (order via 

www.cat.org.uk)  
• Water Conservation, A guide for installation and maintenance of low-flush WC’s and Low Flow Showers and Flow 

Restrictors, Building a Sustainable Future, all published by the Building Research Establishment at www.bre.co.uk..  
 
Case Studies 
• The Autonomous House, Southwell – Collects water from the roof for all need, and stores it in 30,000 litres of tanks in a 

basement; and uses a composting toilet to turn human waste into garden fertilizer.  
• Nottingham Eco House – Rainwater collection, water conservation measures & wastewater treatment (bespoke wet toilet 

with composting toilet in chamber) – www.msarch.co.uk/ecohouse  
• Beddington Zero Energy development – Rainwater collection, water conservation measures and community ‘Living 

Machine’ for sewage treatment (www.bioregional.com)  
• Bryce Road, Brierley Hill, Dudley West Midlands. 6 homes with compost toilets.  
• Gledhow Bank, 11 Allerton Park, Leeds LS7 4ND. 3 homes with reed-bed and waterless toilets. 
 



 
 

 

For further information about HHP or the contents of this factsheet, contact: 
 
Hockerton Housing Project 
The Watershed, Gables Drive 
Hockerton, Southwell 
Notts NG25 0QU 
 
Tel:  01636 816902 
Email: contact@hockertonhousingproject.org.uk 
Website: www.hockertonhousingproject.org.uk   
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