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Colne catchment historic landfill



Potential pollution entry points – Rickmansworth
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Geological mapping and 3D 

modelling in the Chilterns

Dr Andy Farrant



Geological mapping & 3D 

modelling

• BGS is working with the Environment Agency and 

the water industry to produce a suite of new detailed 

geological maps and nine catchment-scale 3D 

models in the Chilterns, including the Colne and its 

tributaries

• The driver behind this work is the increasing 

pressure on the Chalk aquifer, both in terms of 

groundwater quality and availability. 

• The EA and water companies require a better 

understanding of the Chalk aquifer, particularly its 

spatial and stratigraphical variability to manage the 

groundwater resource effectively.

• A detailed knowledge of the geology is key to better 

groundwater models and improved understanding of 

groundwater flow pathways to springs and rivers

London
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Yorkshire 

Wolds

Chiltern 

Hills
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Why is geology important?
The chalk aquifer is an important groundwater 

resource

• Growing demand for water and increasing water 

stress - low flow streams, climate change and 

drought, groundwater flooding

• Issues with nitrate, agricultural pesticides and 

other contaminants. Better management needed

• Chalk springs support important habitats; 

England has 85 per cent of the world's chalk 

streams. 

Major focus for civil engineering schemes with 

many major infrastructure projects. 

• Significant geological heterogeneity, which 

influences fracture style and 

engineering/hydrogeological properties

• Flint density and style

• Karst, natural sinkholes and anthropogenic 

chalk mine collapse (deneholes)

Photo and details 

courtesy of Rob Ward 

and Chris Train 

(Environment Agency)

http://www.groundwateruk.org/



Hasn’t it been done already?

• Improved geological understanding

Increased stratigraphical resolution of key geological units 

(Chalk Group, Lambeth Group), better understanding of 

Quaternary deposits and palaeo-environments.

• New datasets

Aerial photographs, better base maps, Lidar data, geophysical 

data (seismic, geophysical logs), DTMs, new boreholes (HS2)

• New methodologies

3D modelling software, geophysical techniques (passive 

seismic), laser scanning, 3D visualisation, digital data collection. 

• Better products

Products derived from geological maps are only as good as the 

baseline data. New ways of delivering data (3D models, gridded 

surfaces)

• Shift in user requirements

Major shift in user requirements: 2D to 3D

Increased computing power, more sophisticated software, big 

data, better visualisation & changing user needs

Geological data increasing becoming the limiting factor in 

computational models

Chilterns AONB Archaeological 

LiDAR Survey 



Chalk Stratigraphy

In the UK, the Chalk was traditionally 

divided into 3 units: Lower, Middle and 

Upper Chalk

We now divide the Chalk into nine 

lithologically-based mappable 

Formations, members and beds (6 are 

present in the Colne, the upper 3 are 

cut out by the Paleogene unconformity)

Each unit is lithologically different and 

can be equated with hydrogeological 

and engineering properties

Intra-formational marker beds or 

important hydrogeological horizons can 

be identified

Understanding Chalk heterogeneity is 

fundamental to producing better 

groundwater models
Upper Greensand or Gault Clay

Palaeogene 

unconformity

Lambeth Group 

& London Clay



Key discontinuities:

• Hardgrounds – beds of more cemented chalk (‘chalk 

rock’) marking hiatuses in deposition

• Marl seams – thin cm thick clay beds, some of 

volcanic origin

• Sheet and semi-tabular flints – cm thick laterally 

continuous flints 

These are important for groundwater – forming 

preferential flow horizons with dissolutional 

conduits (caves) & rapid groundwater flow

Many of these marker beds can be traced across 

southern England, up to Yorkshire and into France.

Chalk Stratigraphy



So – how do we improve the geological map? 
The clues are in the landscape

Breaks of slope

Vegetation 

and soil

Old pits



Marsupities testudinarius

Volviceramus

M. cortestudinarium

Acanthoceras

rhotomagense

Inoceramus crippsii

Geological 

Mapping

Biostratigraphy



Till

Chalk
Head

Fluvioglacial 

gravel

Till

Gravel

Aerial photos Images from google earth



Chalk pits

Fluvioglacial 

gravel

LiDAR

Data from EA or the 

Chilterns AONB 

Archaeological LiDAR 

Survey Portal

https://chilternsbeacon

s.org/wp/

Useful for identifying 

features of geological 

interest such as old 

pits, karst features and 

landslides.

Chalk pits

Gravel 

pits

Stream 

sink

Stream 

sink

Sinkholes

Stream 

sink

Sinkholes

Landslide

Chilterns AONB Archaeological 

LiDAR Survey 

https://chilternsbeacons.org/wp/
https://chilternsbeacons.org/wp/


Chalk pits

Gravel 

pits

Edge of 

alluvium

River 

terraces

Chalk pits

Gravel 

pits

River 

terraces

Edge of 

alluvium

Edge of 

terrace

Image from Chilterns AONB 

Archaeological LiDAR Survey 

https://chilternsbeacons.org/wp/

https://chilternsbeacons.org/wp/


‘Middle 

Chalk’!

Geophysical Logs

Beane Catchment

Geophysical log signatures from boreholes can 

be used to interpret the Chalk stratigraphy and 

produce correlations across the region



Bedrock mapping

River Chess and River 

Misbourne catchments

Old mapping



Lewes 

Seaford

Seaford

Lewes 

Holywell 

Lewes 

Zig Zag

West 

Melbury 

Gault

Upper 

Greensand

Bedrock mapping

River Chess and River 

Misbourne catchments

New  mapping (more 

accurate, updated 

stratigraphy, additional 

faulting



Palaeo-Thames terraces

The River Thames once flowed through the Vale of St Albans and 

across East Anglia, depositing a suite of river terraces. The river 

was diverted during the Anglian glaciation to its present course.

This was known prior to the 1920’s. However, some published 

BGS 1:50K map sheets (Hertford, Aylesbury) do not identify these 

river terraces, which are lumped together as ‘glacial gravels’



Hemel Hempstead

Redbourn

Kensworth

Luton

St Albans

Superficial 

mapping

Ver Catchment

Old mapping



Hemel Hempstead

Redbourn

Kensworth

Luton

St Albans

Superficial 

mapping

Ver Catchment

New mapping



Anglian till & 

glaciofluvial 

outwash

Thames 

Terraces

Colne 

Terraces

Ver & Chess 

catchments



Used borehole data, new map 

linework, seismic data and cross 

sections to generate model

Borehole data is generally pretty 

poor except in urban areas. No 

deep seismic

Deep chalk boreholes often just 

state ‘Chalk’, other boreholes 

typically very shallow and along 

roads. 

At this scale, modelling relies 

heavily on new geological map 

data, rather than boreholes, esp. 

for Quaternary 

3D Modelling Beane 

Catchment



Beane 

Catchment Produce thickness plots 

for each geological unit



Ver 

Catchment

Ver catchment - paleo 

Thames terraces thickness 

plots



Chalk Karst

Chalk is soluble so prone to dissolution and the formation of 

conduits, caves and sinkholes (karst)

Has a big influence on groundwater flow and is also important 

for foundation design and designing cuttings and tunnels.

Features include stream sinks, large springs and sinkholes.

Dissolutional conduits and caves can promote rapid 

groundwater flow over long distances, often on stratigraphical 

discontinuities (hardgrounds, marl seams, flints)

Areas of very irregular rockhead, especially beneath River 

Terrace gravels and Clay-with-Flints

Stream sink, 

Mimrams

copse (Pang)

Dissolution 

pipes M25, HS2 

excavations



Slade Oak 

Lane

The 

Grange

A borehole north of Beaconsfield 

intersected a cavity within the 

Chalk. An initial borehole had to 

be abandoned when the drill bit 

dropped into a large cavity at 54 

m depth. 

A second borehole a few metres 

away hit a 3 m high cavity at 29.8 

m depth with another 16 m of 

sand and clay infill below before 

hitting Chalk at 48.8 m depth. 
HS2

Slade Oak Lane on the M25. 

Boreholes revealed sediment 

infilled sinkhole 37 m deep

Background image from Chilterns 

AONB Archaeological LiDAR Survey 

Stream 

sinks

https://chilternsbeacons.org/wp/

https://chilternsbeacons.org/wp/


The application of a detailed stratigraphy has 

revolutionized our understanding of the Chalk, and its 

engineering and hydrogeological properties

Also better understanding of the Palaeogene (Lambeth 

Group and London Clay)

The benefits of the new stratigraphy have been facilitated 

by detailed geological mapping of the Chalk and 

Paleogene strata across the Chilterns. 

Not just mapping, but increasingly through the production 

of detailed 3D geological models

Geological mapping and modelling have helped unravel

the complex Quaternary deposits in the Vale of St Albans, 

deposited at the margin of the Anglian ice sheet

The mapping has also identified many karst features and 

helped us understand better groundwater flow within 

individual catchments

Data being used by the EA, water companies, consultants 

and engineering industry.

Geology matters!!

Conclusions



Thanks to:

The Environment Agency

Affinity Water 

Thames Water 

Michael Kehinde Rory Mortimore Don Aldiss

Michael Jones Jo Thompson Helen Smith

Vicky Fry Keith Westhead John Bloomfield

Anibal Vivanco Lou Maurice Steve Thorpe

Haydon Bailey Ian Wilkinson Rowan Vernon

Melinda Lewis Mark Felgett Rolf Farrell 

Peter Hopson Rhian Kendall Dave Morgan

Cath Cripps Romaine Graham Mark Woods

Nigel Hoad Andy Newell

Gareth Jenkins Alessando Marseli

Illias Karaponis Helen Burke

Simon Starling Jon Ford

Thank you for your attention 



Alister Leggatt
Integrated Catchment Manager

Improving understanding of 
karst geology to protect 
drinking water through 
catchment management: 
Case study from the Upper 
Colne
management: Case study from the Upper Colne



Farming 4 Clean Water Scheme area (2017 to present)

• Covers wider area 
(250km2) due to 
connectivity, land 
use and unique 
geology

• Key issues in the 
Upper Colne are 
nitrates, pesticides 
and sediment 
(turbidity)

• Worked with BGS to 
map karst features in 
the catchment

• Working with farmers 
since 2011 with 
schemes to reduce 
pollution



Understanding these swallow holes
Tracer testing (2020 to present)

• PhD study – University of Leeds

• Investigate the largest swallow holes

• Use of bacteriophage and dye tracers

• Constant monitoring at our sources



Tracer Test – Water End swallow holes

• Largest complex

• 600m north of North 
Mymms WTW

• Deterioration of quality in 
Mimmshall Brook = rapid 
response in GW

• Past tracer testing



Tracer Test – Catharine Bourne swallow holes



Tracer Test results (November 2021 and April 2022)
• Two tests have been carried out

• Catherine Bourne connection to 
North Mymms source which is 
2.8km away.  Tracer arrived in 
20.75 hours and had a velocity of 
136m per hour

• CB also connected to Essendon 
10km away and this was even 
quicker at 153m per hour velocity

• Water End was not connected to 
North Mymms and karst GW does 
not appear to travel in SE 
direction

• Water End swallow holes are 
connected to our Essendon 
source 7km away with a velocity 
of 232m per hour

Vital Data for shaping a catchment funding scheme



Why focus on soil health?



Rainfall simulator and

soil health demonstrations



Funding Options available to farmers since 2021
Upper River Colne, Mimmshall Brook and Essendon

Overwinter cover crops Alternative Break 
Crops to OSR and 

Beans

Companion cropping 
OSR

Full Year Cover crops

Soil & Water 
Innovation Fund (up 

to £15K grant)



Upper Colne, Mimmshall Brook and Essendon scheme

2023/24 season
• Over 380ha overwinter cover crops & 

farmers switched to spring crops 
across Mimmshall Brook, Essendon and 
Upper Colne

• 228ha oilseed rape companion 
cropped

• Including 170ha of companion crops 
in Radlett and Upper Colne did not 
have propyzamide applied due to low 
blackgrass pressure

• 26ha year long cover crops and 1 
year grass ley in Mimmshall Brook

• Over 600ha land influenced by 
scheme in 2023/24

• Scheme is run through an online 
application form (in-house) in 2024/25



Propyzamide concentration in raw surface 
water and groundwater 

Propyzamide 
concentrations in 

2023/24 in a high-risk 
year



Rooting for Wildlife
Rooting for Wildlife is our new community award scheme, for 2024. It is a programme to support 
partnership projects in the Lea catchment that work towards increasing and protecting biodiversity.

The purpose of the scheme is to enable local organisations, community groups or individuals from 
the public, private, voluntary and education sectors to address the deteriorating biodiversity crisis 
prioritising riparian zones, areas within designated sites, and supporting key habitats and species of 
conservation concern. 

If you live in the Lea Catchment, have a passion for wildlife and restoring your environment, want to 
transform a patch of land or re-connect to existing habitats or have a method to reintroduce 
protected species, but need some funds to do it, we would love to hear from you. 

You can apply now from our webpage but be sure to read all the criteria information beforehand. 
https://www.affinitywater.co.uk/rootingforwildlife

Contact us at: communities@affinitywater.co.uk



Colne Valley Sewerage

History and Overview
David Harding

October 2024



Maple Lodge Sewage 
Treatment Works
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Colne Valley Sewerage
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Sewerage in the Colne Valley

Background

• Historically, development has always been 
intertwined with the Colne and its tributaries

• During the interwar period there was 
intensive development in the Colne valley

• This led to the overloading of local sewage 
treatment works and the proliferation of 
septic tanks and cesspools

• In 1938, Colne Valley Sewerage Board 
began constructing the Colne Valley 
Sewerage Scheme, to collect the sewage 
from much of the area, and treat it at a single 
location

3



Colne Valley Sewerage
Timeline

4

• 1934 Greater London Drainage Report proposes a regional scheme

• 1935 Hertfordshire County Council starts to promote the scheme

• 1937 Colne Valley Sewerage Act gains Royal assent

• 1938 construction starts

• 1946 construction resumes

• 1951 Maple Lodge Sewage Treatment Works goes online



Areas fully or partially served

Colne Valley Sewerage Act

• St Albans

• Hatfield

• Potters Bar

• Barnet

• Watford

• Bushey

• Hemel Hempstead

• Chorleywood

• Berkhampstead

• Tring

• Rickmansworth

• Chesham

• Amersham

5



Initial scheme 1937

Colne Valley Sewerage Act

• Population in 1936 220,000

• Trunk sewers were designed for a 1965 
population of 500,000

• There were around 30 sewage treatment 
works in the scheme area (red dots mark the 
main ones)

• Some were located in the river valleys and 
sewage gravitated to them

• Others were located on higher ground and 
received pumped flows

• Some local works were retained

• The scheme was designed so that all flows to 
be intercepted, could drain to the trunk 
sewers via gravity 

6



Trunk Sewers

Colne Valley Sewerage Act

• 55 miles (90 Km ) of trunk sewers

• Diameters from 15” to 75” (380mm to 1.9m)

• Trunk sewers largely follow the course of 
rivers and the natural gradient of the valleys

• The ground was saturated gravels or chalk

• Smaller sewers were spun concrete or iron

• Larger sections were tunnelled, initially using 
segmented cast iron blocks, lined with 
reinforced concrete

• Postwar tunnels employed precast concrete 
segments, a technique first used to build air 
raid shelters during the war

7



Pumping Stations

Colne Valley Sewerage Act

• The trunk sewers deliver flows by gravity, to 
the vicinity of Maple Lodge treatment works

• However, the works is surrounded by lakes, a 
river and a canal

• Continuing the trunk sewers to the works 
would have involved multiple river crossings 
and high groundwater

• To avoid laying gravity sewers in these 
conditions, it was decided to pump flows the 
final distance

• There are three “terminal” pumping stations:

➢ Juniper Hill, which serves the Eastern area

➢ West Hyde, which serves the Western area

➢ Maple Cross, which serves Chorleywood and 
Maple Cross village

8



Maple Lodge Sewage Treatment Works

Colne Valley Sewerage Act

• Work started in 1938 and paused in 1940

• Resumed 1946, employing 500 German 
prisoners of war

• Completed 1951

• All tanks above ground, due to groundwater

• First use of dual-fuel engines to generate 
electricity from biogas

9



The System Today

• Current population equivalent Maple Lodge: 
559,430

• Several trunk sewers have been duplicated

• Blackbirds STW built in 1974, to return flows 
to the Upper Colne

• Flow is pumped from the “C-Line” trunk 
sewer, at Drop Lane pumping station

• It is treated and discharged to the Colne

• Current population equivalent Blackbirds: 
81,043

10



Groundwater Infiltration

Groundwater and Sewers

• Groundwater exerts significant hydraulic 
pressure on underground structures and will 
infiltrate through joints and even minor defects

• Gravity sewers and chambers are vulnerable to 
infiltration, even when new

• In high groundwater, sewers and treatment 
works can become overloaded, leading to 
flooding and prolonged storm discharges

• Last Winter, Maple Lodge received 1 billion litres 
of additional flow per week

• Increasing system capacity only admits more 
groundwater

• The only solution is to manage infiltration

• This is very costly and disruptive, so must be 
carefully targeted

11



Pressure Grouting of Manhole Shafts – before and after

12



GISMP

Long Term Plans

1. Ongoing programme of monitoring and 
targeted interventions

2. Identifying and prioritising areas of 
significant ingress

3. Targeted sealing of system against 
groundwater ingress and river inundation

4. Updated annually

5. Data collection starts in each May

6. There are 54 GISMPs across the Thames 
region (out of 353 sewage catchments)

13



GISMPs in Colne Catchment

• Chesham

• Misbourne Valley

• Berkhamstead

• Markyate

14



Thank you



Hannah Parry-Wilson
Citizen Science Co-Ordinator
Chilterns Chalk Streams Project

Integrating citizen science in 
catchment management: the 
River Chess



Chess Smarter Water Catchment 

Each catchment has developed a 10-year plan to use a ‘catchment-based 

approach’ with aims to use an evidence-based, partnership-led methodology to:

• Protect and enhance the environment

• Prioritise partnership objectives

• Embed our approach into water industry planning



Chess Smarter Water Catchment 

Only ~320 chalk streams in the world; over 200 of these are 

in England.

Chalk streams have endemic invertebrate species found 

nowhere else.

Little Chess / main River Chess channel split after Chesham 

and confluence between Sarratt watercress beds.

Why do citizen science and what are our key aims?

Smarter Water Catchment citizen science provides 

evidence to support:

➢ Improvements to water quality

➢ Improvements to physical habitats

➢ Increasing biodiversity



The story so far…
60 registered Chess citizen scientists:

• Around 41 routinely surveying

• Up to 8 survey types per person

1. Improving water quality

• Water quality sensors and dashboard

• Flow monitoring

• MudSpotter

• Emerging contaminants

• NOSES
4. Improving wildlife corridors

• Modular River Survey (MoRPH)

• Riverfly (as part of Chilterns Chalk Streams Project)

• SmartRivers

• Water vole monitoring

• Tracking the Impact (birds, butterflies, plants)

• Ponds in the Chess Catchment
5. Involving people

• Social events

• Monthly e-newsletter

• Citizen Science Portal
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Water quality sondes



River Chess: six sondes

Measuring:
• Temperature

• pH

• Dissolved Oxygen

• Conductivity

• Turbidity

• Ammonium

• Ammonia

• Nitrate

• Tryptophan

• COD

• BOD

Calibrations conducted:

Every month:

• Eureka sondes x2

• Ammonium sensors for 

Xylem & Proteus sondes

Every quarter:

• Xylem sondes x2

• Proteus sondes x2



Road gritting salts entering river

What have we used the sensors for?

Monitoring weather-related events



What have we used the sensors for?

Monitoring weather-related events

Chalk stream water temperatures should emerge from the 
underlying aquifer at 10°C



What have we used the sensors for?

Ammonia treatment issue at sewage treatment works
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Storm tank 

overflow event

Storm tank 

overflow event

Thames Water quick to 

respond to our queries.

One of the sewage treatment 

works dissolved oxygen 

probes had malfunctioned 

and created a false reading 

for the system.

System believed there was 

enough dissolved oxygen 

and did not call for additional 

blowers to run, resulting in 

elevated ammonia.

Issue rectified on the 25th 

October.

Sonde at Restore Hope Latimer, downstream of the sewage treatment works outfall.



How are citizen scientists involved?

Water Quality Data Dashboard – open access data

Data dashboard continues to be managed by citizen scientist Hefin Rhys, with additional functionality added recently.
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Sediment studies



• Fine sediment infills gravels and prevents 

exchange of ground and surface water

• A coating of fine sediment smothers the 

riverbed, preventing fish from finding 

suitable areas to lay eggs, and aquatic 

plants from taking root

• Fine sediment carries pollutants such as 

metals and hydrocarbons from urban 

runoff

• Fine sediment lowers oxygen levels in the 

spaces between gravels preventing fish 

eggs from developing

Why is fine sediment a problem?



Question: Where is the sediment coming from in the catchment?
Method: Sediment source apportionment

Question: At which locations is the sediment 

entering the river?

Method: Citizen science, MudSpotter

APEM/

Question: What impact is the 
sediment having on ecology?

Method: Desktop & field analysis cf. ecological data

Sediment studies



Suspended sediment traps
12-month research study looking at sediment mass

Suspended and channel bed sediment sampling locations.



Suspended studies
Rothemstead Research Group

Moderate (<50%) contributions of sediment from urban road dusts in the most upstream reaches, with channel banks the

dominant source of sediment throughout the rest of the River Chess. Improving flow may mitigate siltation issues.



Impacts of rainfall
Water quality sondes and Chenies rainfall data

Sonde downstream of 
Chesham at Blackwell Hall 
is showing patterns of 
high sediment density 
after rainfall events.

Confirming lots of 
sediment coming into river 
in Chesham during wet 
weather spells.



What is MudSpotter?
Citizen science surveys

• An investigative survey, monitoring 

riverbanks for possible sources of 

sediment input.

• Conducted within 24 hours of rainfall 

event (ideally during).
• Has been piloted in Chesham since 

2022. 



MudSpotter pilot
Chesham: types of sediment entry points



Chesham repeat offenders
Mud concentration in flowing water

Nov 2022 – July 2024

Andrew Clark

Chesham Gym & 

Swim.



Chesham repeat offenders
Mud concentration in flowing water

Kate Heppell Holly SmithHolly Smith

Depth/width of water flow Mud concentration in flowing water 

Nov 2022 – July 2024



SmartRivers bed sediment pressure index 
Ecological impacts of fine sediment in the riverbed

Loudwater Estate

Overall is a slightly better picture in relation to 

ecological pressure from sedimentation
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Emerging contaminants of 

concern



Collection of river water samples, sent away to Imperial College London to determine concentrations of up to

200 chemical compounds, some of which are on the EU Water Framework Directive Watchlist.

Emerging contaminants of concern



Key findings: 
1. Highest average concentrations on main

channel below sewage treatment works.

2. Pesticides, illicit drugs and pharmaceuticals

found in the River Chess.

3. Majority of chemicals found are

pharmaceuticals.

4. Some pharmaceuticals found upstream of

sewage treatment works outfall and in

groundwater.

What did we find?



What did we find? Importance of time of year.



Insecticides: legacy chemicals and current use
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Thank you
chesscs@chilterns.org.uk

Please see posters for additional 
information on our other Chess 
citizen science activities



RANDOM NUMBERS 
1,613,300 

& 

2,463,750,000 
WHAT DO THEY DENOTE? 
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