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Tracking water quality: 

A co-designed online observatory for 
the River Chess
Kate Heppell (CCSP/QMUL)

Examples in this presentation arise from the

River Chess Smarter Water Catchment project, 

with thanks to the following organisations:



What is the ‘smarter water catchment’ initiative?
A Thames Water pilot project looking at the environment as a system and working in closer partnerships to 
co-create & co-deliver innovative solutions to our greatest challenges

Develop deeper understanding of the challenges 

Determine requirements to facilitate co-delivery 

Explore co-funding opportunities 

Set a precedent for future ways of working across 
the water industry 

Inform better decision making & future investment 

Additional £9m 

investment from 

2020-2025 to trial 

new ways of 

working to 

improve the 

health of our river 

catchments



What does this mean in practice?
We have co-created a shared 10-year plan which aims to restore the health of the River Chess

https://www.thameswater.co.uk/media-library/home/about-us/responsibility/smarter-water-catchments/river-chess-smarter-water-catchment-plan.pdf


Six themes
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Water quality activities

Over the last year Chilterns Chalk Streams 
Project has been:-

• Monitoring the River Chess with the 
ChessWatch initiative

• Carrying out an assessment of monitoring 
activities and water quality in the River Chess

• Developing plans for new Citizen Science 
activities in the River Chess

Over the last year Buckinghamshire Council 
with Jacobs have been:-

• Collating information and data, and 
developing an action plan for urban runoff in 
Chesham
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Baseline 

assessment and 

Citizen Science 

activities

Agricultural activities
Urban point and 

diffuse pollution



Stage one

Water quality assessment

• Chalk streams are affected by combinations 
of issues including storm tank overflows, 
urban and agricultural runoff

• Determined our objectives for monitoring at 
the beginning of the project in order 
to decide whether the investment in real-time 
sensors was worthwhile

On the River Chess we want to:

• Be able to track storm tank overflows through time

• Understand whether rainfall events led to changes in clarity of the 
water (turbidity) and understand where suspended sediment might 
be coming from (e.g. urban runoff)

• Investigate temperature changes, oxygen and nitrate dynamics in 
the river water to guide management initiatives
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Stage two

Baseline assessment

• Identify all existing monitoring locations and 
parameters

• Consider frequency of monitoring and 
duration (a good baseline needs decades)

• Include data from EA, water companies, 
Citizen Science groups (e.g. flow, water 
quality, riverfly, river habitat survey)

• Carry out Quality Assurance checks on the 
data

• Work with local groups re knowledge sharing 
in specific areas (photos etc)
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Stage Three

Baseline assessment 

• Undertake gap analysis

• Areas of interest to local groups may not be 
the locations covered by current monitoring 
activity by EA or water companies; or there 
may be effort focused in one area at expense 
of others

• Ideally we would want flows, water quality 
and ecology to be monitored together but 
this is often not the case

• Used reasons for not achieving good status 
(RNAGs) as a starting point but recognise 
that gap analysis and local input may reveal 
other issues
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ChessWatch

• Installed real-time water quality sensors at 
four locations in the river Chess in 2019

• These sensors record different aspects of 
water quality every 15 mins

Dissolved oxygen

Water temperature

Electrical conductivity

pH

Turbidity

• Maintained by Sensor Guardians plus Queen 
Mary University of London (QMUL)
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New sensors installed in last few months
Fill spatial gap in lower reaches of Chess & Investigate BOD/COD around sewage treatment works
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CW5

CW6

CW1 Groundwater spring

CW2 Upstream of STW  & 

downstream of urban area 

CW3 1 km downstream of STW

CW4 8 km downstream of STW

CW5 Downstream of major road network

CW6 At confluence with River Colne



Real-time sensor technology
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'Basic’ water quality parameters

Water temperature

Electrical conductivity

pH

'Well established’ water quality parameters

Dissolved Oxygen Optical optodes

Turbidity Light scattering

Ammonium Ion selective electrodes

'Newer' water quality parameters

Coloured dissolved organic matter,CDOM UV sensor

Nitrate UV sensor

Tryptophan Fluorescence sensor

'Derived' water quality parameters

Biological and Chemical Oxygen Demand Tryptophan, temperature, 

turbidity

Total coliform / Faecal coliform / E. Coli Tryptophan, temperature, 

turbidity, CDOM & ?

Note the wipers –

these are vital



Maintenance
Conkers, twigs, crayfish, sediment and algae
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Be prepared to clean every fortnight, 

and respond to unexpected events!

Be aware that you can rent a unit and have 

someone else do the calibration and 

maintenance



Maintenance
Conkers, twigs, crayfish, sediment and algae
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Cleaning with e-cloths, toothbrushes, tap water and gentle detergent

Health and Safety considerations:

Safe access, wader hygiene, gloves and gauntlets, antibacterial gel, working in pairs



Data storage and interrogation
Telemetry, databases, time series
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• Data sent via telemetry to databases hosted by third party enables ‘real-time’ (30-mins lag time in our case) viewing of data

• We are powering off solar panels but can power off mains or internal batteries only 

• Can set trigger alarms (next stage of our work) and also send data on to other dashboards via API

• Some sensors blue-tooth enabled so can download direct to phone and send data via email

• Challenge is how best to optimise use of the data (work in conjunction with universities – see later examples)



River Chess Storymap
Information about the river and water quality dashboard at http://chess-observatory.qmul.ac.uk
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http://chess-observatory.qmul.ac.uk/


Water quality dashboard in River Chess Storymap
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Oxygen in a river system

What is dissolved oxygen?
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• Fish and aquatic organisms need oxygen (O2) 
dissolved in the water to breathe.

• Oxygen levels in the river are a balance between 
oxygen supply (oxygen produced by photosynthesis) 
and oxygen demand (oxygen used by respiration of 
plants, animals and microbes).

• Dissolved oxygen status of the River Chess is 
classified as ‘High’ on the basis of the Water 
Framework Directive assessment (> 80% as 10th

percentile).



Storm tank overflows from Chesham WWTW
Peach panels show periods of storm tank overflow
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Storm tanks at Chesham WWTW can overflow when capacity of treatment works is exceeded, to prevent water backing up into 

homes. Over the last few years storm tank overflows have occurred from Chesham WWTW due to: 

(i) intense rainfall;

(ii) groundwater ingress to sewer network when groundwater levels are high

July 2019 Sept 2021



Example 1: Tracking dissolved oxygen
Peach panels show periods of storm tank overflow from Chesham sewage treatment works
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• Groundwater ingress causes dissolved oxygen levels in the water to 

drop downstream of Chesham WWTW

for prolonged periods (days to months)

• Intense rainfall can cause transient drops in dissolved oxygen levels 

(hours)

• Dissolved oxygen levels further downstream (e.g. at Sarratt) remain 

high

• Levels of bacteria and viruses in the water due to storm tank 

discharges are not known



Example 1: Tracking dissolved oxygen
Peach panels show periods of storm tank overflow from Chesham sewage treatment works
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Fine sediment

• 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
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SOURCE: River Chess Association

SOURCE: Chilterns Chalk Streams Project



Example 2: Fine sediment

• ChessWatch sensors measure the clarity of 
the river water (turbidity)

• Our measurements of turbidity suggest that 
there is more of an issue with fine sediment 
transport in the upper reaches of the Chess 
compared to the middle reaches

• We are just starting to investigate turbidity 
issues in the lower reaches of the River 
Chess
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Chesham

Latimer

Sarratt

SOURCE: River Chess Association



Example 3: Variations in temperature (2019 - 2020)
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CW2 Probe 4

• Our data has enabled stakeholders to 

better understand changes in temperature 

in the river water during a hot summer of 

notably low flows. 

• Chalk streams are described as having 

stable temperature regimes, but our data 

shows marked diurnal variations 

exacerbated by low flows.

• Water temperatures exceeded 20oC in 

unshaded reaches during hot weather in 

summer when water levels in the river are 

low (< 30 cm depth). Low flows and 

prolonged elevated temperatures such as 

these will stress fish such as brown trout 

and affect recruitment success of fish such 

as grayling3.
CW3 CW4



Example 4: Changes in electrical conductivity
Diurnal patterns in electrical conductivity from sewage treatment works
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• River Chess is 40-70% treated effluent in upper reaches below Chesham STW

• Could help Citizen Scientists decide when to target taking water samples

e.g. when dilution of treated sewage is at highest / lowest in river



Example 5: Ammonia treatment issue
Issue at Chesham STW (Sat 1 Oct 2022 – Sat 8 Oct 2022)
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Example 5: Ammonia treatment issue
Issue with aeration pumps at Chesham STW (Sat 1 Oct 2022 – Sat 8 Oct 2022)
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Example 6: Tackling urban runoff?
Citizen observations plus sensor data
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Combining real-time monitoring 
with other Citizen Science 
activities (supported)

• MudSpotter - to identify locations, times and 
extent of sediment inputs to rivers, useful 
easy searchable repository of photographic 
evidence

• Riverfly - long-standing invertebrate 
monitoring programme

• SmartRivers - offers reports on different 
pressures on invertebrates (flow, sediment, P 
etc)

• Outfall Safari - identify locations of mis-
connections & rank

• Modular River Survey - fluvial 
geomorphological and biodiversity 
assessment
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..and other bespoke 
Citizen Science activities

Targeted water quality sampling in conjunction 
with CS and a university partner (e.g. for 
emerging contaminants)

Field-based water quality monitoring with 
rugged spectrophotometer (using field blanks, 
standards for QA).
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Thank you!
Questions?
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Installation

• Need to get into the water to remove for calibration and maintenance

• Fully submerged when flow is low

• Can remove from the bank

• Does snag lots of leaves if angle isn’t right

Can also put the sensor in a cabinet on the bank and pump water to it using a

throughflow cell – more expensive option

Horizontal on a slab

Diagonal from the bank

Chalk streams tend to be quite shallow......
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Calibration

Calibration of sensors is essential to ensure accuracy 
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Calibration frequency depends on sensor 
type; some are more stable than others –
weeks to months

Cost in calibration solutions – can use large 
volumes (500 mL at a time) depending on 
sensor design

Need to ensure accuracy and record sensor 
response function (some parameters more 
'indicative', others 'quantitative')



Derived water quality parameters
BOD / COD derived from tryptophan, turbidity & temperature
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• Calibration must be specific to river (does it change over time?)

• Need to send water samples off to laboratory to carry out calibration

• Find storm or other events with a BOD/COD range to create model 



Ammonium ion selective electrodes
Maintenance and accuracy considerations

35

Ion selective electrodes commonly used to measure ammonium

Can calculate ammonia using concurrent pH reading

They can be very effectively used to follow trends – i.e. for time series analysis

Presence of interfering ions (chiefly potassium and sodium) is an issue for accuracy

They require more frequent calibration than other sensors as prone to drifting upwards

The electrode tips need replacement on a frequent basis 


