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Outline

• River Narew Study 
(Poland) 

• Planform curvature
– meandering channels

• Environment Agency 
– time of travel & dispersion 
database

• An example from China

Illustration by E.H. Shepard

“Playing 
Pooh Sticks”

River Narew Study
with Professor Pawel Rowinski
(& students!) from Institute of 
Geophysics, Polish Academy of 
Sciences

Transport of blue/green algae 
from potential source, 90km 
downstream. Potential impact in a 
National Park.
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River Narew – 28th June 2006 – “Beki” Trace
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Some Meandering Channel Studies
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Complex velocity field – secondary circulations
- with Boxall & Marion 
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Transverse
mixing results

• Continuous point source
• Multiple time average 
point measurements
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Variation of transverse mixing coefficient with curvature
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Longitudinal processes – 97 l/s channel
variation of longitudinal dispersion coefficient
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UK Environment Agency
EA Time of Travel Database

• 196 data sets, 27 different rivers

• Physical data recorded

– reach slope, catchment areas, flow rates

(instantaneous, annual mean, daily mean, Q95)

A National Database of Travel 

Time, Dispersion and 

Methodologies for the Protection 

of River Abstractions

Agency R&D Technical Report P346

Dr I. Guymer 0
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Overall Project Objective

• To provide each region with a national time of travel and 
dispersion database, coupled with simple empirical equations for 
predicting the travel time and spread of pollutant in a river 
catchment.

Incomplete trace (recording ceased early) 
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Noisy ill-defined distributions – type of tracer
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Variable Background Values 
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Inadequate concentration resolution 
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Inadequate concentration resolution 
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Variable sampling rate 
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EA Definition of Acceptable Data

•The minimum concentration resolution should be 1/40th 
of the measured peak concentration (after background 
removal). Much greater resolutions are, however, 
preferred.

•Tracer arrival and peak should be clearly defined.

•The tail should recede at least to 5% of the peak and 
ideally to background. 

•The temporal resolution of the data should provide a 
minimum of 40 points to define the distribution.

Example of temporal concentration distributions
Recorded at Several Sites
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ADE Dispersion - routing

ADZ model - systems approach

ADZ Dispersive
fraction

Aim: to provide simple empirical equations for predicting the 
travel time and spread of pollutant in a river

Centre of Mass

 t’Time Delay

∆
Descrete

time step    t

First

Arrival

Upstream

First

Arrival

Downstream

Travel Time t

centre of mass

time, t 

c
on
c
e
nt
ra
ti
on
, 
c

c(x ,t)1

c(x ,t)2

t1 t
2

γγγγ
γγγγ

ππππ

γγγγ

γγγγ

d
tD
ttu

tD

uxc
txc 







 ++++−−−−
−−−−==== ∫∫∫∫

∞∞∞∞

−∞−∞−∞−∞====
4

)(
exp

4

),(
),(

22
1

2

t
t

Df
ττττ−−−−

====

)1,(),()1(),( 212 −−−−++++−−−−−−−−==== txctxctxc ααααδδδδαααα



5

170 190 210 230 250 270

Time

C
on
ce
nt
ra
ti
on

Model fitting to data EA Database – velocities
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EA Database – velocity slope relationship
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EA Database – velocity discharge relationship

3 reaches, 
same trace

EA Database – velocity discharge relationship ?

y = 0.0181x

R2 = 0.0287
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EA database – dispersion coefficient relationship 
with discharge
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EA database – ADZ dispersive fraction relationship with 
discharge

Df = -7.10
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EA Time of Travel Database – velocity predictions
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spread of the spill

“Camellias in a Whirl”  by Hiromu Hirayama


