Welcome! — Day 1

Thank you for joining us for the Floodplain Flow Measurement Workshop

The workshop will begin at 09:30

Organising committee

« Andrew Black (University of Dundee)
o Ali Rudd (UKCEH)

 Simon Moulds (The University of Edinburgh)

* Anna Rose Klaptocz (UKCEH)

* Nick Everard (UKCEH)

 Kirstie Murphy (JBA consulting)

* Louise Ander (BGS)

«  Gemma Coxon (University of Bristol)
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Day 1. Floodplain Flow Measurement Workshop

Start  |Finish [Topic Speaker
09:00] 09:30In-person: arrival & refreshments
Session 1. Chair — Kirstie Murphy, JBA Consulting
Simon Moulds,
University of
09:30  9:35Welcome, housekeeping Edinburgh
Andrew Black,
University of
09:35 09:45Introduction to FFM workshop Dundee/FDRI
Louise Ander,
09:45 09:50|ntroduction FDRI BGS/FDRI
Olly Baldwyn,
Surface alpha variations and experience with velocimetry methods on Environment Agency
09:50 10:10wide floodplains (EA)
Floodplain flow measurement: why is it important for flood forecast
1010 10:30modelling? Jackie Spencer, EA
Assessing flood volumes as a tool for understanding flood event
10:30  10:50development Richard Maxted, EA
10:50  11:10BREAK (20 mins)




Day 1. Floodplain Flow Measurement Workshop

Start  [Finish [Topic Speaker
10:50  11:10BREAK (20 mins)
Session 2: Chair — Louise Ander, BGS/FDRI
1110 11:30Peak Flows at the National River Flow Archive Steve Turner, UKCEH
11:30  11:45Measuring floodplain flows: How? Why? Whyever not...? Nick Everard, UKCEH
Experiences with measuring water flow remotely using uncrewed aerial
vehicles (UAVs) fitted with Surface Velocity Radar (SVR), Laser Doppler, and [Peter Chinkin,
11:45 12:00ADCP sensors Thurngroup
Using hydraulic modelling to estimate floodplain flows at a historical and
12:00  12:20present day gauging station on the River Tweed David Cameron, JBA
The standardisation of methods and techniques in floodplain flow Rod Wilkinson,
12:20  12:35measurement formerly Severn Trent
12:35  12:45Summing up, future directions Andrew Black
12:45  18:15In-person: Packed lunch and field visit to Upper Tweed Catchment

IS ¢FDRI




Share your feedback, learn about FDRI

& stay in touch
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.hydrology.org.uk
- bOUt B HS = bhsro ci)ce.cc:rr .L:Jk
Geolsoc Webinar - Le...

Mission Statement (.- s i
» To encourage interest, scholarship and good practice in scientific and “" Sgci::yogl

applied aspects of hydrology;
» To foster involvement in national & international hydrology.

What does the BHS do?

» Events, Conferences & Webinars (Such as Symposia, Clrculatlon
Peter WOlf) No. 164

i o May 2025
» Travel Grants for Conferences and training The newsletter of the British Hydrological Socie
Awards are £300 (UK), £500 (Europe), £800 (RoW)
Full details on BHS website

»  Studentship Award Scheme (with JBA), up to £3000

towards Master’s fees Circulation
Issue 161 page 26
» Quarterly magazine with news and updates from the UK Hydrological Bulletin, February — April
UK Hydrological community Gl 0w URGEH oiwr

February was drier than recent months, with mostly settled
dry conditions. However a slow-moving cold front brought
- - - heavy rain on the 4th which caused surface water flooding
'nd IVld ual BHS mem bers h lp - £45,year and travel disruption around Glasgow. All regions except
southern England received below average rainfall for the
E I c I R t. d £1 5’ month, and river flows were correspondingly normal to
ar y areer e lre s year exceptionally low. The dry weather raised the wildfire risk
and fires broke out in Wales on the 18/ 19th. Despite low total
rainfall (60-70% of average, apart from Thames and Wessex),
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Upcoming events

17 June 2026 Drought hydrology: 50

years since 1976 - a national one day meeting in
London at ICE - One Great George St. The meeting will
explore the 1976 drought, what’s changed since, the
challenges that remain and possible future solutions

2-4 September 2026 16t National

February - Professional Development

Hydrql_ogy Symposium (B_HSZOZG) Month for Hydrologists - A series of lunchtime
Reimagining Hydrology for a Changing World - at the webinars 1-2pm which will describe options for
University of Leeds. Please see the website BHS2026 for hydrologists to gain chartership. On 18thit's ICE

info on themes that will be included. We'd love people to and on 25t it will be Royal Geographical Society.
submit abstracts as detailed on the website before Friday



https://www.hydrology.org.uk/BHS2026.php
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The velocity-area method: flows measured within
channel, but rarely on floodplain

Q =Xiti(w; d; v;)
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Incised channels:

« Scope for even the highest floods to be
contained within the banks

PL.XI.

J B tholemam Edin!




Peak Flows at the
National River Flow
Archive

e Steve Turner + NRFA Team
11/02/2026
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National River "

Our planet. Flow Archive
Decoded.




What is the NRFA

* Primary national archive of UK
hydrometric data

 Collates data from all the UK
Measuring Authorities

« Ease of access: data made freely
and openly available to all

* Enables national-scale
hydrological analysis (e.g. water
resources assessments)

* Promotes best practice &

consistency (centralised support
foar Maeaaciirina Airithoritiac )

Department for
E: Infrastructure
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Resources
Wales

_n Canal &

=——= RiverTrust




Peak Flows at the National River Flow 1
Archive

1975 Flood Studies Report

) HYOROGRAPH AND RAINFALL

*Instantaneous flood peaks
for over 550 gauging
stations were published in
Volume |V for the FSR
(NERC, 1975) along with
tabulated catchment
characteristics and flood
statistics.

550 stations
 End date Sept 1969
 Set the standard

e (harte miecrofilmm niinch




Peak Flows at the National River Flow 1

Archive
1978 Water Data Unit
‘New stations added with E - “'

minimum record length. :
‘End date Sept 1973

200

T T 1
Ia80 YATO 1880 llil:l- |l00 20 l.'lﬂ I o IH! llﬂ PRFQ 188D 1980

Figure 1.1 Growth of the pcaks-over-threshold database




Peak Flows at the National River Flow Archive

* A (potted) history of UK peak flow data

1993 Report No. 121

*[H Report 121 consolidated
over 77,000 peaks from 857
stations into the UK’s first
systematic
peaks-over-threshold
database, establishing
extraction rules and
statistical methods still
foundational to modern
peak-flow analysis.

Institute of
Hydrology

Report No. 121

Peaks-over-threshold flood database:
Summary statistics and seasonality




Peak Flows at the National River Flow Archive

1999 Flood Estimation
Handbook

+(with CD-ROM!)

A set of methods and
associated data to enable
recognised standard
national methods for rainfall
and flood estimation, and
rainfall-runoff modelling.
They are based on
calibration to large hydro-
meteorological datasets
from gauged locations
across the UK




Pe@ak Flows at the National River Flow Archive

2005 HiFlows-UK

*National Peak Flow data
was maintained by the
HiFlows-UK project, with
data published via the
Environment Agency
website.

e 959 stations
 End date Sept 2015

« Website and WINFAP-
FEH releases

Home

Planning &
research

Our library
Data & statistics
HiFlows-UK
Station search

AMAX / POT /
Rating

>

AMAX for Alscot Park

AMAX Data for: Stour (Warks) at Alscot Park (54010)

Flow(m3/s)

AMAX data for Stour (wWarks) @ Alscot Park

200

150

100

50

6061 6566 70-71 7576

QMED = 42.3m%/s

Year

80-81 8586 90-31 9596 0001 05-06

Note: Place the mouse cursor over a column heading to view a description of the data in that column

Rank
14

8

9

35

37

24

Water Year
1958-59
1959-60
1960-61
1961-62
1962-63

1963-64

Date

07/01/1959
24/01/1960
04/12/1960
07/01/1962
18/03/1963
18/11/1963

Time
00:00
00:00
00:00
00:00
00:00

00:00

Stage
1.570
1.720
1.710
1.130
1.080

1.340

Flow
54.45
62.96
62.37
32,12
29.85

42.26

Rating

In Range
In Range
In Range
In Range
In Range

In Range

Source

CEH POTs
CEH POTs
CEH POTs
CEH POTs
CEH POTs

CEH POTs

Ref
ABb
ABb
ABb
ABb
ABb
ABb

Available Data

Comments

© Back to station



Péak Flows at the National River Flow Archive

2014 NRFA Peak Flow
Dataset

Since 2014, the NRFA has
been the national home of
UK peak flow data,
integrating AMAX and POT
records into a consistent,
annually updated dataset
that supports flood
estimation across the UK.

* (Currently) 926 stations

« Structured programme of
updates

— L N | B P— [ ] ol |

Missing data

The graph and table below represent the series of maximum instantaneous peak flows within a given water year (Octo

rejected annual maximum values.

19006 - Water of Leith at Murrayfield

‘3 hational River 8 ;'J‘uffg"; ’’’’’ About Data  Hydrom network  NHMP  News  Public
Data > Station 19006
Station
19006 - Water of Leith at Murrayfield
Station info | Daily flow data | Live data | Peak flow data | Catchment info | Photo gallery | Other flow datasets
Information Annual Maximum (AMAX) data Peaks Qver Threshold (POT) data Peak flow rating information FEH catchment descriptors



Peak Flows at the National River Flow Archive

19006 - Water of Leith at Murrayfield

Toggle on/off
—— (QHigh2017 - 2017-10-01 to 2019-06-24
—— QHigh1966 - 1967-10-01 to 2016-10-01

»~ ! QHigh1962 - 1962-05-01 to 1967-10-01
£ Bankfull: 2.6

%
QMED

Amax 1

+ Gauging 1963 - 2023

*926

Stations covering the entire UK
hydrometric network

279,082

B
g
=
s
=3
Flow (m?s

+

+

® k1 * a** * +
+ @ +
PR 1

Peak flow events within the R TS
dataset 1960 1970 1080 1990

Flow (m3/s)

19006 - Water of Leith at Murrayfield

0
0
1970 1980 1990 2000 2010 2020
Year

Flow (m3/s)
@

o

19006 - Water of Leith at Murrayfield
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P@ak Flows at the National River Flow Archive

Metadata

19006 - Water of Leith at Murrayfield

Catchment description

Catchment with mix of lowlands-uplands
headwaters in the Pentland Hills. Bedroc
y permeable with predominantly superficia
deposits. Lower part of the catchment he
undergone urban development...

General description

Velocity area station in a straight even reach
50m upstream of a road bridge; section about
14m wide. The banks are steep to 2.5m...

Elevation

Hydrometric description
There are two single arch road bridges 50m
downstream and it is hypothesised that one
or both are the main control during floods.
These bridges have been constant through
the period of record...

e —




P@ak Flows at the National River Flow Archive

Data Acquisition Cycle

Data
submission

Phase 1

Query Phase 2 Query
Resolution

Data

.esolution




Ptak Flows at the National River Flow Archive

Phase 1 QC
(Automatic)

Automated checks
readying the data for more
iIn-depth manual checks

Data Completeness

Is all expected data present?
Any missing values?
Are there enough POTs (or too few)?

Is there exactly one AMAX per water
year?

+

| £
ar +_|_

! L . i 1
o OB IR

Data Quality

Are data types correct?

Does the AMAX equal the highest POT for that year?
Are AMAX stage-flow pairs internally consistent?

Are POT stage—flow pairs internally consistent?

Do the submitted flows relate correctly to the NRFA rating?



P2ak Flows at the National River Flow Archive

 Data Acquisition Cycle

Phase 2 QC — Peak
Flows

A secondary level of quality control to complement
Measuring Authority QC, identifying long-term issues and
focusing on overall utility of the record whilst balancing
national and local perspectives

Spike?
50 / 50
104 10
. . 5- -5
Missing
data 1-% o
0.1 0.1
0.05] 0.05
0.014 +0.01
Drop out 00 -
/' — T .
001 Jan Feb Mar Apr May 2006 Jul Aug Sep Oct Nov Dec 0.0C Flatll ne?




P@ak Flows at the National River Flow Archive

Annual Update

*Addition of one water year

Flow (cumecs)

Stage (m)

F
1004
h -
] = = =
504 = - = = =
] = = = = = =
r — r
= =g = = — = == = =
1.4
-
- New data
Archived data
-‘I.
0.8 = = =
= = _ - —
= = = = =
0.69 _ - = . = = _ = = == = =
19708 19808 19908 20008




Péak Flows at the National River Flow Archive

Period of Record review

/’/-‘/
4 /’{
3]
]
*Full review of POR data
b) g
| ]
ratings, metadata *
) 7004 Mairn at Firhall, Annual Maxima - Flow 7004 Mairn at Firhall, Annual Maxima - Stage
1 1 0]
300_5 500 1000 15
2001 200
+ -
1 £ F
b = = =
100 = z = = = 100
] = == = *= — OldFFC
1 = 600 | — MewFFC
04 0
500 —
3] b3 =
4 jE
] < 400
S = =
] = = E
1 = = E 300
2_2 - = F = - - = N §
4 = = F =
] = = ir = == 2 200
] e =
] = -
1 T 1 — Return period
1980s 189905 2000s 2010s s 20 100 50
AN T R
o -
< > T T T T T T
4 2 0 2 4 6
N d t Logistic Reduced Variate
ew data

Archived data
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Peak Flows at the National River Flow Archive

Uncertainty in Peak
Flows

21003 - Tweed at Heebles

Extrapolation of
ratings shown

g = Toggle on/off
4 = £ —— 15 - 2018-11-29 to 2024-09-30
{__,..--' — 14 - 2018-01-24 to 2018-11-29
Suitability for Flood Estimation Y 0 2 0ras
H 3 s, ! e — te- TUL- “les
FEH indicative suitability for QMED: Gaugl ngs T 11 - 1999-11-30 to 2005-01-09
+* - —— 10 - 1994-12-16 to 1999-11-30
FEH indicative suitability for pooling: \3__//' —— 09 - 1990-10-09 to 1994-12-16
. ) — 08 - 1986-01-01 to 1990-10-09
Yes - Rating well supported by gaugings to QMED. Bankfull: 2.6 —— 07 - 1659-07-14 to 1886-01-01
Yes - Higher events calibrated from an in-depth fluvial modelling ~23| | 01 - 1948-08-09 to 1959-07-14
exercise. Gauged to 3.153m in 2018, with a measured flow of 346 -E- 4+ (Gauging 1964 - 2024
cumecs, including a crude estimation for floedplain flow that bypassed %
the station. Flood flows from 1959 may be underestimating by around S 2
10% due to well draw down. n
Bankfull level
Text descriptions 15|
Hydrometric description 1] |
. . . . 1) T
Priorsford gauging station began operation on ol
28/05/1939 located 360 meters upstream from f’f-";///ll'
the present station in Peebles. The well and hut | 7 S ass
were positioned on the downstream side of the B S
Priorsford suspension bridge, with the gauge % 200 200 500 e
board on the opposite left buttress... Flow (m?/s)



P@ak Flows at the National River Flow Archive

Data Releases

2 Natonal R UK Centre f N
e Flow Archive. 9 Ecology & Hydrology About  Data  Hydrometric network  NHMP  News  Publications

*Annual data releases otion
consisting of the Annual i oo s

nt info | Photo gallery | Other flow datasets

l | L ]
p d ate P e rl O d Of Re CO rd Information Annual Maximum (AMAX) data Peaks Over Threshold (POT) data Peak flow rating information FEH catchment descriptors
J

Missing data

- The graph and table below represent the series of maximum instantaneous peak flows within a given water year (October to September). Red bars indicate
ev I eW O e r a — O C rejected annual maximum values.
chan ges an d metadata e e e e
Improvements ith

release notes

*Available in data files, API,
R package (rnrfa), T
Hydrology+

Flow (m?¥/s)



please contact:: -

nrfa@ceh.ac.uk
nrfa.ceh.ac.uk
@UK_NRFA

R UKCEH S
0 Decoded.

| og itk .,\é
iInformati®n:k:

- ,~§; 42

~

National River
Flow Archive
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Measuring water flow remotely using d
Surface Velocity Radar, Laser Doppler, a

I
F UK Centre for @ '\ British  Universitv of Natural
Geological Envi
% D R I 0 Ecology & Hydrology ESE SS&Z&IC IMPERIAL “. R::Ie':'r(‘:rf??:r:atuncil
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The UAWOS Project :VING SVSTéM

The UAWOS project, funded under Horizon Europe, develops airborne and contactless hydrometric sensing
technology to inform climate change adaptation, flood risk assessment and surveillance/management of
extreme hydrologic events in remote, hard-to-reach and poorly monitored rivers. We aim to bring sensing
technology and surveying workflows to the market and demonstrate data value in a range of use cases in
alpine, Arctic and tropical regions.

Using UAWOS technology, you will be able to UAS Hydrometry payloads
e Perform river shape and conveyance control * Radar altimeter
more effectively and cheaper than with * Tethered sonar
traditional in-situ technology * Water penetrating radar
* Perform contactless river discharge monitoring * Doppler radar
with an accuracy of better than 15% * Doppler laser
e Parameterize and inform hydraulic models

used in flood risk assessment and flood Surveying services

/_\\%‘\
forecasting * Water surface elevation UAwos
. [ ' [ * Bathymetry

Validate water surface elevation observations
provided by satellite earth observation * Velocimetry \/ /
e Estimate river discharge from water surface e River Discharge
elevation time series at virtual stations . ——— uawos.dtu.dk
OOSET ©FDRI



Satellite hydrometry:

*  Copernicus water level service
Copernicus water bodies service

Related missions

UAWOS Survey
Workflows

Multiple missions flown at
each location with payloads
swapped between flights.
Lidar, Sonar, WPR and Doppler
at cross sections; PIV and
Radar Altimetry flown down
centre line. Ground-truth with
ADCP and MF Pro.

T N o S O S S Sy > A UAs-lidar
@ UAS-Video PIV

[ UAS-radar altimetry

UAS-Doppler g ¢ ————————— >a UAS-Doppler

UAS-WPR © <« > @ UAS-WPR

WSE

UAS-Sona AS-Sonar




Output Data

Location and bathymetry (left), surface velocity calculation (right)

~ w IS

DVR90 height [m]

~ w

DVR90 height [m]

DVR90 height [m]

-5 0 5
Distance to river centerline [m]

E —— LiDAR-sonar cross-section
=
E, *  RTK ground truth
[
= .
gl AESRRL 0 geess ) s Danish DSM
o
g —— Danish DTM
a 0
— RTK WSE

9) \Mw»\,

leD -5 B 0 N 5
Distance to river centerline [m]

OSST ¢FDRI

Comparisons of OTT
MFPRO results (black
stars), STIV image
velocities (grey circles),
velocities derived from
Doppler radar full
waveform data
(triangles),

PIV values calculated by
combining u and v
component with
distance from the
tagline £2.75 m (red
points), and average PIV
values in each elliptical
footprint area (plus
symbols).

QO
~

Surface velocity, cm/s
N w 5 ) a ~ @
3 8 8 3 g 3 g

-
S

°

O
~

3 3

Surface velocity, cm/s
§
5

20

Dopplerspectra
in SEG-Y format

deviation (SDpoint) by
comparing selected
traces with
Mdatay,,, at the flow
velocity value of points

Extract hovering
positions and

Find start and end
traces in the same

waypoint

Normalize and
average the selected

the threshold RMSE
and average that, then
obtain Mdatayey

top 10% RMSE was
defined as a threshold
for reselecting traces

transform to :
_
+ SWEREFF99 trace;};k:t.-z obtain
PPK data coordinate system 1 all
Compute standard
9 Reselect traces under The min value of the Compute

RMSE between
each normalized
trace and Mdatag,

by using

Use two (or one) peak
model fitting Mdatay, ey,

scipy.optimize.curve_fit

I sigma = None ‘

{ sigma =SDpoim ]

Compare two Determine
RMSE results flow velocity
pE— :
and refer derived from
mean PIV Dopplerradar

Cross section XS1

Cross section X52

b)

= =
Distance along reference line, m

. 0.0 25
Distance along reference line, m

140
120
., 100
E
5
2 80
A H
]
S s
® A y 60 ®
] i
2 £ £ ®
4 Mean PIV in Altitude 1.5m footprint a 1%} <4 Mean PIV in Altitude 2.1m footprint bt * *
A Attitude 1.5 m velocity full waveform data ® 40 A Altitude 2.1 m velocity full waveform data
< Mean PIV in Altitude 2.1m footprint <4 Mean PIV in Altitude 4.1m footprint
A Altitude 2.1 m velocity full waveform data * © A Atitude 4.1 m velocity full waveform data
Mean PIV in Altitude 5.1m footprint 20 4 Mean PIV In Altitude 6.1m footprint
A Altitude 5.1 m velocity full waveform data o A Altitude 6.1 m velocity full waveform data
PIV distance from line <= 2.75m PIV distance from line <= 2.75m
* OTT-MFPRO 0 % OTT-MFPRO *
* @ STV image velocimetry * @ STV image velocimetry [ ]
-6 -4 - 0 2 6 8 -12 -10 -8 3 -a -2 0 2
Distance along reference line, m Distance along reference line, m
Cross section X$3 d ) Cross section XS5
| 4 Mean PIV in Altitude 2.1m footprint
A BR Altitude 2.1 m velocity full waveform data |
80 A 4 Mean PIV in Altitude 4.1m footprint
A BR Altitude 4.1 m velocity full waveform data
PIV distance from line <= 2.75m
* OTT-MFPRO
@ STV image velocimetry
% 4 Mean PIV in Attitude 2.1m footprint
@ A AR Altitude 2.1 m velocity full waveform data
£ 4+ Mean PIV in Altitude 4.1m footprint
S A AR Altitude 4.1 m velocity full waveform data
z + Mean PIV n Altitude 6.1m footprint
8 A Altitude 6.1 m velocity full waveform data
T 40
u
2
£ R
. 3 A
4+ Mean PIV in Altitude 2.1m footprint * @ §
A Aitude 2.1 m velocity full waveform data b
-+ Mean PIV in Altitude 4.1m footprint 20 ¢ ks .
A Atitude 4.1 m velocity full waveform data 2 ¢ L .
& Mean PIV in Altitude 6.1m footprint * s
A Atitude 6.1 m velocity full waveform data ()
PV distance from line <= 2.75m * ox” 0O o
* OTT-MFPRO 6] 0 *
* @ STV image velocimetry * * *
-8 0 2 -75 -5.0 -2.5 5.0 75




-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
-

Multi-UAS loaded payloads:
Doppler Radar, Water Penetrating Radar, Radar Altimeter, LiDAR

Discharge Calculation — 7 I I

. Water surface
i| Surface velocity Bathymetry DEM . :
Please refer to the references slide at the end - —— V\.\‘2/ ............................................................
: \ 4 H
of the presentation and the publications i| Cross-sectional . : Water surface | i
. . . bulk velocit Cross-sectional full geometry profile slope
section of the UAWOS website for in-depth L
analysis of the methods involved. :
L et e et Tttt Qe . :
| es Shaddi
i 0.85 Log law Power law || Entropy /fver wian W | Vvelocity-dip :
: method method method || method N[5/~ | Macvelocty~ | f |
g e o o - - - P o - - - - - P o - - - e - - '
: ‘.‘ Step 2: Surface-to-bulk velocity conversion
GNSS
| Georeferenced Sonar Step 3: Jointly estimation of discharge and roughness coefficient
"| sonardepth bathymetry |
Sonar depth + River cross- Steady-state
— section > hydraulic
RTK water geometry solver
surface '
elevation S v
Manning's Simulated
roughness fit water surface
GNSS — e elevation
Iy
Georeferenced UAS altimetry |
Mo ¥  LiDARDSM ‘ WSE
Remove 3
LiDAR l vegetation . RMSE
photons r effect (min. | | [slmw\;sE;:bs.
Clip LIDAR cross- elevationina 10
: I E——
sections (+/- 25 / cm window &
cm) lower envelope)

Qo1 Wik



Satellite River Surface Altimetry

ATLO3 water surface elevation profile for the Torne River. (A): Base map of the area with selected ICESat-2
tracks. Background is Google satellite imagery. Coordinate grid as decimal latitudeand longitude (EPSG
4326). (B): ICESat-2 WSE data versus river km from Pello. Pink datapoints are from 20 May 2023. Pello in-
situ discharge data show a 100-year flood event on this day

24.0 25.0
i 80 1 3500
Pello Station o
B -~
ol X B
b | 3000
& 60 ' .gd
s _ 2500
66.5 8 50 - g:‘. _—
E‘.“‘" @ S oo "
> . 2000
2 40 - A
3 o}
€ 30 - . 1500
wi
2 ““M
= 0 . 1000
66.0 o
e 16 Oct 2023 | 10 - \
» 02 Oct 2023 . 500
17 Sep 2023 . ; G Wope
18 Jun 2023 “ T T r ' ; : i |
20 May 2023 Baltic Sea 0 20 40 6.0 80 100 120 140
Chainage, km




UAWOS Summary

UAWOS develops airborne surveying protocols and standardised workflows for contactless measurement of:

1.Water surface elevation (WSE) in lakes and along rivers. The data can be used to establish hydraulic gradients in
remote and poorly monitored areas, to map conveyance changes along rivers and to constrain spatial variation of
river hydraulic properties using hydraulic inverse modelling.

2.Riverbed elevation. The data can be used to parameterise hydraulic river models, as an input to river discharge
estimation, to control shape and conveyance of rivers and streams, and to monitor and control deposition and
erosion processes in dynamic river environments.

3.River velocimetry. The data can be used as an input to river discharge estimation, for validation of hydraulic
models and for flood risk assessment.

4.River discharge. Water surface slope, riverbed elevation and river velocimetry can be combined to estimate river
discharge through a cross section and to jointly estimate discharge and hydraulic roughness parameters.

5.Satellite Altimetry. Linking the ground-truthed rating curves to water elevation data from satellite Earth
Observation allows improved water management and early warning of flooding events in remote locations.

For full details and open dat%
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https://uawos.dtu.dk/satellite-eo
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River Tweed has a long flood history

-~

Several bridges
swept away.
Residential,
commercial
property and
agriCUIturaI land December 2015
also affected.

e ———

An extremely large flood
in the Borders. Extensive
flooding of the Tweed.

1940 1950 1960 1970 1980

In January heavy rains
caused the Tweed to
breach. The railway was
inun13 August 2024d and
when flood was at its
highest flooded to a dept
of 2ft 6inches.

Photo taken in Dec 2015 looking
downstream from Tweed Bridge

Overwhelming of property defencesin

1990

River Tweed flooded at
Tweed Green in Peebles.

2000

January- River

Tweed flooded at December- Tweed Green December

Tweed Green in
Peebles.

Largest event recorded at
the Peebles gauging
station. Extensive
flooding throughout the
Tweed catchment.

~

High flow event
that inundated
parts of Tweed
Green and Kerfield
Park.

2010 2024

area of Peebles was Refuge
inundated by water from centre
the River Tweed. No opened

properties flooding but  after
surrounded. Flooding to Tweed
Kerfield Park pitches floods
recorded 200m from the

river banks.
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Tweed at Peebles is a key gauge
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Tweed at Peebles

March Street

@

Kingsland
Primary School

Peebles

Peebles Nursing Home

! Frankscroft

Peebles

%

Peebles High School

Priorsford
Primary School

Kings Meadows

|200m Kings Muir
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https://waterlevels.sepa.org.uk/Map

Tweed at Peebles gauge

» Velocity area gauge with cableway. Subject
to bypass.

* Hut with stilling well
» Current gauge record began 19509.

* Previous gauge at old Priorsford bridge
~360 m upstream. Record 1939 to 1959.
Notable floods in 1948 and 1949, but flow
record uncertain.

 AMAX from 2023 peak flow dataset:

R B SO SN i)
& UK National River Flow Archive
99999999999999999999999999999999999

nnnnnnnn r Flow Archi
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Example of modelled bypass flows

Janet'
r Bypass Routes

Peebles Q1000 Depth (m)

Contains OS data © Crown copyright and
| database right (2023)

Education
Facility

TWE_A5165_In

Ry /. ), www.jbaconsulting.com
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Hydraulic Modelling Aims

* Develop rating for Priorsford to allow for record extension.

 Develop high flow rating limbs for Peebles to account for
bypass.

david.cameron@jbaco 11 February
n<iltina com 2076



Tweed at Priorsford
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Details

[( V\Z/?S located in Peebles (catchment area ~694
m

 Station downstream face of footbridge, upstream
of rail bridge location until 1959.

« Gauge zero:

* Priorsford: 155.15 mAOD (supplied by SEPA,
2007,2014).

* Peebles (existing station from 1959). 154.577
mAOD (JBA survey for SEPA, 2017)

 Important floods occurred during Priorsford period
(e.g. 1949)

* Previous flood ratings from log linear extrapolation
and transfer of Peebles data

« But..
* Presence of railway bridge control

11 February
2026
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Site location (source: SEPA)

Priorsford footbridge and |
old §auging station : e ‘1 * United Kingdom « Scotland - Scottish Bord
Red line = span of dismantled

railway bridge

Kingsmeadows Road
W~ .

* i - ¥ Dbt X 3 Location of existing gauging station
The ModitThe Maunts . C ¢ \

g7 ¢ SR W Victoria Park
- A

.
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Station from right bank (SEPA image)

Station hut
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Foot and railway bridges (SEPA image)

Smersford Sridge. Peebles.
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Existing model

* Developed for Scottish Borders Council ~2017.
* 1D/2D model (FM/TUFLOW).
* Includes bridges and floodplain flow.

* 1D: surveyed channel cross sections.
 2D: LIiDAR.

« Boundaries: flow hydrograph and normal depth.

david.cameron@jbaconsultin 11 February 2026:
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Tweed model extent

Figure 2-1: River Tweed model overview schematic - 2D area
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Tweed model: Priorsford reach
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Existing model: Manning’s ‘n’

« 1D: Set to suitable value for flood flow (e.g. 0.025 at
Peebles gauging station).

» 2D: Land use defined by Mastermap classes.
« Out of bank Manning’s ‘n’ values defined by classes.

david.cameron@)jbaconsulting.com
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Out of bank Manning’s ‘n’

fem ______________ ‘n’value

Buildings 0.1
Structures 0.1
Inland and Coastal Water 0.03
Natural Surface and 0.05
Gardens

Manmade Surface Roads 0.025
and Paths

Trees, Roughland and 0.1
Scrub

Marsh, Reeds or 0.046
Saltmarsh

david.cameron@jbaconsulting.com
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Model sensitivity (2017 model build)

 Manning's 'n' values were adjusted globally by +20% and +40%. At the
Priorsford Bridge, the maximum observed changes in water level were
0.2m and 0.35m respectively

* Flow was tested by +20%. Average stage change of + 0.3m
throughout.

« The downstream boundary was tested by £20%. No changes upstream
of the River Tweed and Walkerburn confluence.

david.cameron@)jbaconsulting.com
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Model approach

* Model was developed for flood studies, only has one in
channel Manning’s ‘'n’ value.

* 1D: Improve fit to in-channel SEPA rating (at existing

Peebles station) by allowing Manning’s ‘n’ to vary with depth.
« 1D/2D: full run to obtain bypass flows.

david.cameron@jbaconsultin 11 February 2026:
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Peebles: Manning’s ‘n’ with depth

158.000
157.000
—Qhigh 1959 (SEPA Rating)
=)
2 B Gaugings
£ 156.000
g
k! —Roughness calibration
TWE_16882
—Baseline TWE_16882
155.000
Calibrated ‘n’
values: 0.048 to
0.023
154.000
0.000 50.000 100.000 150.000 200.000 250.000 300.000

Q (m3/s)
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Model approach: historical station

« Use present day model (calibrated as above).

 Add railway bridge (new survey and LiDAR data used to
help with this; embankment height 160.41 mAOD and
assumed to be rail track surface elevation).

« 1D/2D: full run (from 2017 1000 year estimate 1142 m3/s at
Peebles gauging station).

david.cameron@)jbaconsulting.com
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Existing information: railway bridge

S ketch of old railwouﬁ \9“'\0\39 Railway \
Gauging '\\O+ +t SCCsb <

station ’

Source: SEPA
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Model representation: bridge unit

* SEPA estimate: bottom of bridge 0.44 m below track level
(160.41 mAOD survey): 159.97 mAOD

« Below elevation of 159.97 mAOD, in FM represented by
bridge:

11 February
20264
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Model representation: spill unit

« Above elevation of 159.97 mAQD, in FM represented by
spilll:

161.5
161 -

£ 160.5

160

Chainage (m)
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Stage (m)

Priorsford: model derived rating
5.5 -

a hmax {m)
Limb 1: Model 31.284 0.000 1.501 2.690
Limb 2: Model 5,784 0.000 3.500 3.607
Limb 3: Model 21.318 0,000 2.489 4,216
Limb 4: Model 124.037 0.000 1.265 5.400

0.100 200.000 400.000 600.000 800.000 1000.000
-0.5 Flow (m3/s)

david.cameron@jbaconsulting.com

— 2023 Model Derived

—Cross Section

= = Approximate top of Bank

Change in Channel Cross
Section (RB)
— Top of RB at Bridge, bypassing
flows from upstream
— Railway Bridge Soffit

11 February
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Implications for flood flows

« Some uncertainty over stage of January 1949 flood. New rating estimates are

(NRFA value pre-dates recent update):

Source Stage (m) |Level (mAOD)| Flow from model rating (m3/s)
Raw chart digitisation 3.563 158.713 504
SEPA recommended
(from observer note) 4.115 159.265 721

NRFA 4.320 159.470 790

* Note — all water levels below the soffit of the rail bridge  (159.97 mAQD).
« Above estimates assume bridge is clear (not blocked).

david.cameron@)jbaconsulting.com
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Tweed at Peebles
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Model approach

* Re-run present day model.
 Extract bypass flows for floodplain.
* Develop new high flow rating limb.

david.cameron@jbaconsultin 11 February 2026:
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Rating Development & Comparison

6

S L OO« (O AU

4

....................................................................................................... Qut of Bank Flow (L8]

3
E .
S O Tt OSSR FR SNSRI Top of Right Bank
2
w

2

Change in Cross
S_e_qi_{_)nal Area
1
0
100 200 00 40 500 600 700 800
-1
Flow (m3/s)
——Existing SEPA Rating Modelled Rating ——Cross Section - Limb Break 1 ----- Limb Break 2 - Limb Break 3 ------ Max Flow

15 1 N/A Q=32000*%(h+0.1510) ~ 1.800 29/11/2018 0.643628395 01/01/2100
15 2 N/A Q =45.000* ( h-0.03900) ~ 1.500 29/11/2018 2.558 01/01/2100
15 3 MN/A Q=6.594%(h+0.000)* 3.520 29/11/2018 3.2 01/01/2100

As implemented in Peak Flow Dataset https://nrfa.ceh.ac.uk/data/station/peakflow/21003#rating
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Combined Priorsford/Peebles AMAX

21003 Tweed at Peebles . . . . . Annual Maximum (AMAX)
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w3004 1300
2007 1200
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0

1940s 1950s 1960s 1970s 1980s 1990s 20008 2010s 20208
@ 2025 UKCEH UK Mational River Flow Archive

Source 2025: https://nrfa.ceh.ac.uk/data/station/peakflow/21003#amaxStaticGraph
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Conclusions

 Hydraulic modelling can be used to improve rating curves both existing
and historical.

* |n this project, ratings developed for Priorsford and Peebles.
« Can be applied at other locations.
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Questions?

www.jbaconsulting.com
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The standardisation of methods
and techniques in floodplain flow
measurement

Rod Wilkinson MBA, F.CWEM,
CEnv.
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What I’'m not going to cover

1. What is a Standard and how is it created
2. Who is involved in hydrometric standardisation in the UK and
how is it organised
3. What’s the current work programme
4. Where you can help

PO FDRI



1. What is a Standard and how is it created

» A standard is a formalized set of guidelines and specifications developed to
ensure that materials, products, processes, and services meet consistent and
reliable criteria. It serves as a common framework, created through a
consensus process involving experts and stakeholders, to facilitate
uniformity, interoperability, and safety.

* [t can record design requirements, operational requirements, experience, results
of research, good practice

* It does not carry any legal status

PO FDRI
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Fuse - BS1362 e e e
Plug - BS1363 “ e

ISO 4373:2022 - Hydrometry — Water
level measuring devices.




1. What is a Standard and how is it created

« A Standard is created by a Technical Committee (TC) of volunteer (unpaid)
experts hosted and controlled by the British Standards Institution (BSI)

« ATC is led by a Chair and has a dedicated Committee Manager provided
by BSI, with experts from industry eq UK Water Industry or environmental
protection agencies

« Committees meet as often as the workload demands but usually twice per
year. Remote/virtual meetings are now the norm.

« All forms of Standard are reviewed on a § yearly cycle by the Committee

» If a revision is undertaken, it is done by a Working Group of Committee
members

PO FDRI



2. Who is involved in hydromeftric standardisation in the UK

 CPI113 Hydrometry has subcommittees on open channel level and flow
measurement, precipitation, instrumentation, sedimentation and

groundwater
« CEN* TC318 mirrors this committee in Europe; ISO** TC113 mirrors this

internationally ; a WMO™*** rep attends all CEN and ISO meetings

( * Comité Européen de Normalisation ** International Standards Organisation *** World Met Organisation)

 In the UK CB501 develops standards and guidelines on Flood Risk and
water courses (managing the impact of flood flows on developed

floodplains)

PO FDRI



3. Examples of the current work programme

* Rainfall intensity measurement with Italy via CEN TC318

 Snow water equivalent with Sweden via CEN TC318

* Raingauge network design with ISO TC113

 ISO 1070 Hydrometry — Slope-area method

 BS 8533:2017 Assessing and managing flood risk in
development — Code of practice



4. Where you can help

CPI113 and CB501 are always looking for new experts.

So if you are:-

* Involved in research into floodplain flow
measurement

 Measuring and recording floodplain flow

« Using floodplain flow data

 Interested in setting standards for the future

 Making a difference to your profession

« Improving your CV or CPD record

» get in touch —

rodwilkinson2@gmail.com Thank

you
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