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€ (X,Y,2)
0 (y,y,2)
k (x,Y,2)

Qi, = wastewater influent loading rate (m®/d) u = longitudinal component of velocity (m/d)

Qou = total effluent discharge rate (m®/d) v = transverse component of velocity (m/d)

H = system height (m) w = vertical component of velocity (m/d)

L = system height (m) € = spatially varying porosity (-)

W = system width (m) B = spatially varying saturation (-)

x = longitudinal ordinate (m) k = spatially varying hydraulic conductivity tensor (m/d)
y = transverse ordinate (m) P = aerially constant precipitation rate (m/d)

z = vertical ordinate {m) ET = aerially varying evapotranspiration rate (m/d)
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Severn Trent Water operate 652 HSSF TWs for tertiary
domesti c wastewater treat ment

Normal operational water level

Water level in response g, IS subsurface
to clogging S !

Above surface
influent distribution trough

Influent

e Overflow pipe
(secondary municipal effluent)

Freeboard 50-100 ¢

2 ercecenrss)

) X AT e Adjustable
o 20%; y NN g standpipe |

Depth 60 cm Ao 22 IR o =/ A PIPE ]I

& 22200080 Effluent
€ . ) [/ O3 =—>

1% Bottom slope Impermeable liner
[ Il Il |

T T T

Distribution media Main media Collection media
50-200 mm stone 3-6 mm or 50-200 mm stone
6-12 mm gravel

Effluent collection piping
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Introduction 0 Clogging Issues

Original estimate of system lifetime is 15-20 years
Typical lifetime due to clogging is 8-12 years
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Introduction o Simplifications

Over-simplified hydraulic design rules still used

/‘mv‘/\ ,\‘j\ p\‘vﬂ/\ j Qv' "

Clogging is homogeneous and reaches equilibrium
Water table is linear so volume is easily deducible
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Introduction o Reality

Simple design rules often result in clogging

Clogging Is greatest at the inlet near the surface
The water table profile and volume change over time
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Motivation and aims

Improved understanding of clogging and
hydraulics would help:

Longevity of systems
Long-term treatment performance models

What is needed?
Measurement of magnitude and distribution of
clogging
Mathematical representation of the relationship
between clogging and hydraulics



~

<7,
ASTON
UNIVERSITY

Hydraulic Conductivity Tests

3D Hydraulic Conductivity profiling at 13 sites

:| 1 Bar
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Hydraulic Conductivity Tests

Moreton Morrell Transect C (left) versus Transect D (right)

Surface Surface
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03m ( \ 0.3m - / \
04m4 04m- A
| > Outlet > Outlet
Flow direction Flow direction
1000 10000 . 1-10 System Age: 15 years
Hydraulic ] ]
Conductivity 100 - 1000 . 0.1-1 Media Size: 3-6 mm
m/d
(mid) 10 - 100 I o001 Range of k: 0.04-40,000 m/d
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System Name Age Media Range of Average Standard
Size conductivity Conductivity  Deviation

(yrs) (mm) (m/d) (m/d) (m/d)

Fenny Compton 1 3-12 0.02 83,000 4000 10,265
Leek Wooton 3 6-9 14 8,700 1077 1817
Weston Under W 5 3-6 0.04 30,000 2560 5568
Rowington 8 3-6 0.001 1,900 90 262
Snitterfield 15 3-6 0.01 170 11 26
Moreton Morrell 15 3-6 0.04- 40,000 1260 4950
Ashorne 16 3-6 0.03 9,500 409 1473
Northend 17 3-6 0.02 680 35 96



~

<7,
ASTON
UNIVERSITY

The Clog Factor (CF)

Use the Kozeny-Carman Equation to convert a measured
l ntensi ve property 1 nto an eo

K(X,Y, 2) CF(X VY,2) =1- 9

KOZENY CARMAMNNCction C
of fluid viscosity, media

diameter, porosity etc. AVERAGHSpatial
average over any
scales

Gives equivalent loss of porosity
due to clogging

Dimensionless so independent of

system and media dimensions CF(SyStel"D]

Single parameter to indicate
hydraulic health of system
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Clog Factor - Benchmarking

13 STW Systems with CF between 0.54 0.92

Single Parameter Bed Clogging Factors - PRK
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Based on 13 systems, 208 data points,
Transverse Variance Removed CF(t, X, z) _ CF(X)CF(Z)

Modelled Clog Facto

CF

y = 0.9566>

R = 0.643’

Measured Clog Fact
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Clog Factor 0 Equation Fitting

Fenny Compton 2009: Transverse Average (CF 0.73)

Measured Empirical Fit
0.2 0.2
Dimensionless
Clog Factor
. 0.4 0.4
Fractional
Vertical m0.9-1
Distance m0.8-0.9
Below @0.7-0.8
0.6
Surface 00.6-0.7
00.5-0.6
0.8 , | _ 0.8 | |
0.2 0.4 0.6 0.8 0.2 0.4 06 0.8

Fraction Longitudinal Fraction Longitudinal
Distance From Inlet Distance From Inlet
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Clog Factor d Interpolation

Longitudinal versus Vertical Clogging Development for STW Beds

]I 0200
oS o2 O o2 oe 0's o8 o2
o3
E— ]
o<
o2 DA
ae
o8
{8151
o'e 0'a
0'a
T
T

2N acs: HAqLanjic cougncgaph peuzol [w 2]
BL(ZT)=072 W= TU0Ne



~

<J,
ASTON

UNIVERSITY

Clogging o effect on flow

. \ Clogged inlet means
5w / higher infiltration rates
e _/ downstream, resulting in
| | \ overl aaodr shio
Longitudinal Distance (m) a n d—S h a p e d W a
Hydraulic Head (m)
[ | Norma[ised Traf:er Concentration (-)
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Mathematical Representation

Longitudinal hydraulic conductivity profile

CF(X) =CF, ae™

Length of overland flow

f =Ing o +18
cAka I

Water table profile under overland flow

hz(x):b—zz[e'bf - e ap(f - x)|+h?

a, b and
hence f

2 21 bl b(f-x) <bx b(f-L) 2 depend on
h(x)=F[e +eP(0_ g ¢ ]+hO CF(sys)

Water table downstream of overland flow
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Moreton Morrell, Feb 2009 Water Table profile
a=0.05;b=0.198; CF(sys); =0.82; f=0.02m

® Data
——Darcy

—=—Dual Darcy

—— Dupuit
—-o—FEA
=m=Analytical

_—'_.__

Horizontal Distance (m)
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What else did the results say?

9 out of 13 systems showed significantly
different transverse clogging, related to the
position of inlet and outlet in the system

Despite previous assumptions, plants may
exacerbate clogging. Poorly vegetated
beds had lower clogging near the surface

A bed resting strategy improved
comparable system Clog Factors from
0.87 to 0.58

Thesis published in a few months time
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Summary

A novel method was used to survey 13 HSSF TWs and

found that clogging varies by several orders of magnitude In
all directions

The Clog Factor has been developed to allow clogging in
different systems to be directly compared

Enough Clog Factor data was collected to interpolate how
clogging develops in Severn Trent Water HSSF TWs

A mathematical representation of system hydraulics has
been developed which improves on simple rules and does

not require the complexity of numerical models. | am calling
this an intermediate approach.

Results indicate that bed resting is good, and plants and
typical distributor arrangement may exacerbate clogging
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