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Sludge treatment wetlands: operating principles, design
criteria and management (e.g. temperate vs arid areas)
Realscale applications and sludge reuse
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Sludge Treatment in Reed Beds systems (STRB)

A STRB experience: 34 years

A International papers Authored and coauthored more than 30 papers and presentations at many
conferences.

Member of IWA - Group and scientific comity: Wetland Systems for Water Pollution Control
Member and oneof the founding fathers of GWT: Global Wetland Technology
Responsibilitiesand key tasks

I 1. Product development and research

I 2. Dimensioning, Design, Construction, Running in and Operations

I 3. Publications and Conferences

To Do Do

References:

A More than 70 systems in Denmark, Sweden, Norway, England, New Zealand, Australia, USA, Poland and
Brazil.

A World largestsystem fortreatment of water works sludge(Hanningfield (UK)

A Research projects with Danish DEPA and International Universities inclcooperation with a number of
research institutions and to supervise researchers and PhD students.
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Sludge Treatment Wetlands (STW)
also called

Sludge Treatment Reed Bed Systems
(STRB)
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34 Years of experiences with

Sludge Treatment Reed Bed Systems (STRB)

42.000 PE

630 tons ds per year
Activated sludge

14 Basins
Greenhouse/Stockpile area
2.2 Ha

To Do Do Do To Ix
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Long-term sludge reduction in reed beds \\\P

Overall funtionality qom
TECHNOLOGY Y222

A Dewatering
I Draining
I Evapotranspiration

i Filtrations _ _ _
A Aeration i ventilated drain system

A Mineralisation/Stabilisation

H,O Evapotranspiration

O, Aeration

|1 Dewatering and
- mineralisation of
Jorganic matter

- Filter

Feed sludge

Filtrate to inlet
of WW Plant
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Sizing

A

A

Sludge production (tonnes of dry solids per year)

Sludge quality (fat-content, CST)

Sludge type (type of production)

Climate (evaporation)

Periods of operation

Area loading rate

Number of basins and basin capacity
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Technology, development and dimensioning \\\I )

1988 GLOBAL \-f_‘r

A 4 PE/m? 'IWEEC—II—-ILQE?OGY 4> ]
Problem: Sludge production 18 - 30 kg ds/PE/ar)

1990 - 1995 - 2000
A Max. 60 kg ds/m?2/ar
I Max. 30-60 kg ds/m?/ar (Active sludge) N

I Max. 30-50 kg ds/m?/ar (digested sludge)
Problem: loss-on-ignition 40 - 90 %) ﬁ\(

2010 - 2022

A Max. 207 40 kg organic matter/m2/year (Active slam)
I Dependent on sludge quality i dewatering properties
I Minimum 8-10 basins and optimal filter

Problem: Sludge quality

A CST (1071 2.000 s.), Fat (100 i 50.000 mg/kg ds), Oil (100 i 10.000 mg/kg ds),
Hydraulic loading (mm/year), Dry solids content (0.3 1T 5 %), Others ?

A CLIMATE! - Pilot test of sludge
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Effective drainage Iay'ek‘

AGraded filter and growth Iayer
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Aeration Pipes
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VALVE BUILDING WS
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Pump
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A Pump capacity
A Sludge distribution (hole surface)

A Batch size

A Quota

A Basin area (no. of loading pipes)

: ‘i Photo Orblcon
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BUFFER TANK
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Arhe operation of WWTP
Arhe distance
AViix more than one type of sludge
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Operations and Control
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Stamanizeg [ Oversigt | Belplan | Indstilinger | Stampurnpe| Rejektvand | Drasnpurpe | Tidsstyring | Renseanizeg|
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OPERATION AND CONTROL
Overview

Slarmanlay Crversigt Bel.plan Indstillinger | Slampumpe| Rejektvand | Draanpurmpe | Tidsstyring | Renseanlay
KOLDING
Dato : 22:09:1925
Kl - 0951 S S S S T
RN AN EAN EAN RN
Aktuel SLAMBED 1 || SLAMBED 2 || SLAMBED 3 || SLAMBED 4 [ SLAMBED S || SLAMBED G || SLAMBED 7
3 3 z 3 3 3 3
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3 3 3 3 3 3 3
Kyvote 500 m 500 m Om 500 m Om 0m 0m
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;ﬂtla' » 706 m 15m 500m 105 m 805 m E73m 751 m
elastning
—_— :' 2
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;SSR;STO:_ \ —[Manuel operation af slamventil nr.2
123 %
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Helsinge STRB - Sludge residue height
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Sludgeresidueheightin Basin #1, 1992011- Yearlygrowth of 13-15 cm
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Generel Maintenance

General areas (green keeping)

Scale Poles

Ventilation

Equipment

Sludge pump

Fences, Buildings, Valve, Wells, pumping stations
Weeds

Photo:Orbicon ‘ N "’;Phbtp:Orbicon

Photo:Orbicé“ﬁv_; w

\\\I)

GLOBAL \/
WETLAND -
TECHNOLOGY Y222




Quality of the
sludge after
treatment
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Legislationon heavy metals irsludgefor agriculturaluse

Limit values

Heavy metals
Cadmium (Cd)

Copper (Cu
Nickel (Ni)
Lead (Pb)
Zinc (2)

Mercury  (HQ)
Chromium (Cp

Organic contaminants

LAS
(Linear Alkylbenzene Sulfonate)

PAH
(PolycyclicAromaticHydrocarbon}

NPE
(NonylPhenolEthoxylaté

DEHP
(di-2-ethylhexylphthalate)

86/278/EEC
EU Directive

(mgpr. Kg DS)

20-40
10001750
300400
750-1500
25004000
16-25

(mgpr. Kg DS)

ENV. B3 (2000)
Workingdocumenton sludge,
3rd draft

(mgpr. Kg DS)
10
1000
300
750
2500
10
1000
(mgpr. Kg DS)

2600

50

100
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BEK No. 1650 of 13/12/2006

(mgpr. Kg DS)
0,8
1000
30
120
4000
0,8
100
(mgpr. Kg DS)

1300

10

50

(mgpr. Kg TP)

100

2500
10000

200

(mgpr. Kg TP)
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1-4 in sites in the basins were randomly
selected within each of the STRBS.

Samples were collected by &8 diameter |;
stainless steel corer.

Separated in approximately-ttn
depth fractions.

Samples from the same depth
were pooled and mixed

Sampling after one entire cycle of
full operation:

Nakskov Nordborg Helsinge

May 2011 June 2011 August 2008

Basin no. 3 Basin no. 3 Basin no. 10

3 months after the last load 3 months after the last load 4 months after the last load
Profile: 150 cm Profile: 90 cm Profile: 150 cm

The deepest sludge residue layers (layer 8 to 10) are bedvae®h21 years old.

Global Wetlands Technology: Steen Nielsen (smni@orbicon.dk), 2013 27. september 29
2022



Nakskov Sludge Treatment reed bed System
Heavy metal concentrations observed in the vertical
reed bed profile and fresh sludge.

May 2011, Basin no. 3, 3 months after the last load
The deepest sludge residue layer is 21 years old.

Depth

Fresh sludge
0-10 cm
10-20 cm
20-30 cm
3040 cm
40-50 cm
50-60 cm
60-70 cm
70-80 cm
80-90 cm
90-100 cm
100-110 cm
110120 cm

120-130 cm

Directive
86/278/EE

Danish
standards

Cr

(mg/kg
DW)

33
41
50
55
54
54
519
55
53
57
63
65
69

67

100

Cu

(ma/kg

DW)
153
192
252
264
272
265
263
270
252
273
279
296
324

351

1000

Ni

(mg/kg

DW)
25
31
40
44
42
43
42
44
40
43
43
42
44

43

30

Global Wetlands Technology: Steen Nielsen (smni@orbicon.dk), 2013

Pb

(ma/kg

DW)
53
64
73
83
97
gS
92
gS
92
ole)
110
123
143

161

10001750 300400 750-1200

120

Zn

(ma/kg

DW)
764

1021
1265
1342
1441
1400
1271
1275
1165
1260
1209
1242
1353

1416

2500
4000

4000

Cd

(ma/kg

DW)
1.1
1.7
2.0
7.5
2.2
2.1
1.7
1.6
1.2
15
1.9
1.6
2.1

2.2

20-40

0.8

27. september

2022

30
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Nakskov Sludge Treatment reed bed System WS I )

General quality parameters in the reed bed profile.
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May 2011, Basin no. 3, 3 months after the last load
The deepest sludge residue layer 21 years old.

Depth MOIST Mgt?é r LOI ASH © N P
(%DW) 4o pw) (6DW) (%6DW) (%DW) (g/kgDW) (glkg DW)
Fresh sludg
0-10 cm 557 52 52.0 48.0 28.5 BEln 9.9
1020 cm 443 18.4 51.2 48.8 26.2 29.5 13.3
2030 cm 423 19.2 49.6 50.4 243 27.6 50
3040 cm 430 18.9 48.3 51.7 232 271 16.3
4050 cm 349 223 45.6 54.4 222 24.6 14.6
5060 cm 340 228 44.0 56.0 21.7 24.6 12.9
6070cm 332 23.2 44.1 55.9 21.4 24.0 25
7080cm 316 24.0 42.4 57.6 19.4 21.4 11.1
8090cm 319 23.9 43.2 56.8 21.7 217 59
90-100 cm 308 24.5 42.8 57.2 20.4 21.8 1215
100110cm 296 253 41.2 58.8 20.8 217 14.0
110120 cm 280 26.3 415 58.5 20.3 DAl 15.8
120130 cm 251 28.5 40.3 59.7 19.1 18.4 17.5

Global Wetlands Technology: Steen Nielsen (smni@orbicon.dk), 2013 27. september 31
2022



Mineralisation of digested sewage sludge \\\I )

Kallerup STRB (Denmark) i (1996 - 2022)
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vpe e e | INPE (Nonyl Phenol Ethoxylate)
A A Loaded mass (kg) 0.3
6°£\/ A Remaining mass (kg)0.02
50 A Reduction (%) 94
® &/‘A\ I(‘r’:;/kg DS) —2&— Sludge Reed Bed
6000
30 \
20 5000 z(h‘\
\
1 \A,_,_ == 4000 \A‘
0 \A \
0 3000
0 50 100 150 200 250 300 \
days 2000
LAS (Linear Alkylbenzene Sulfonate) |00 N
A Loaded mass (kg) 24.5 0 ~ T
A Remaining mass (kg)0.4 S

A Reduction (%)

98



Reduction of pathogenic micro-organisms \\\I)
Section of sludge residue and sampling sites T 5

YA
aE |

Sludge 25-40cm
residue 40 - 55 cm
— 1 55-70cm

Filter

A
\
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Reduction of pathogenic micro-organisms

Salmonella: 0 - 10 cm
(Helsinge Sludge Reed Beds - Basin no. 8)

)
2 4
x
1
0 ‘ ‘ ‘ ‘ ; ‘ ‘
0 5 10 15 20 25 30 35
Time (days)
CFU/g ds
(LOG)
10 1
9 -
8 - E.coli: 0-10cm
va- 4 (Helsinge Sludge Reed beds - basin no. 8)
6 ).
=
5 1 4
4 4
3 J-( .S
2 4 )¢
1+ =
0 . ‘ . . . ‘
0 20 40 60 80 100 120

Time (days)

CFU/g ds (LOG)
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7. Enterococci (CFU/g ds)
°1x Depth: 0 — 10

o

3 .S

21 w )( x

Time(days)



Emptying

Re-generation of
the reeds




Rudkebing STRB (Denmark) 1 (19981 2022) \\\I)

Emptying and regeneration
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Rudkgbing STRB (Denmark) \\\l )

Trial pits and inspection
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Helsinge Sludge Treatment Reed Bed System \\\l)

A Emptying basin no. 2 (22 August 2006)
A Sludge residue :Height app. 130 cm
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Skovby STRB (Denmark) - Emptying
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A 31. July 2006
A Emptying




Skovby STRB (Denmark) i Regrowth of reeds \\\I )
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w 24. August 2006

w 9. September 2006

Steen Nielsen (smn@orbicon.dk)




Recycling
Reuse




Helsinge STRB (Denmark) WA\ D)
Stock Pile area - Recycling in August/September 2015 I
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More than 30 systems and 200 basins
have been emptied

Over 130,000 tonnes of biosolids from
STRBs have been spread onto nearly
10,000 hectares of Scandinavian
agricultural land over the past 24 years.

No reports of disturbances to natural wildlife,
fauna or agriculture (no regrowth of reeds)

Photo: Orbicon

Photo: _Qrbicon T Photo: Orbicon

Steen Nielsen - smni@orbicon.dk
27/09/2022
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Large scale Sludge Treatment Reed
Beds Systems

Realscale applications

Large scale system (between 30.0Q25.000 Pe)

Yearly treatment of 500 2.000 tons dry solid in system with 1A.8 basins
Operation through more than 30 years

HanningfieldSTRBT Treatment of Water works sludge

Combined treatment of sewage sludge and Stormwater treatment

References
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Helsinge STRB (Denmark)

Operation 199 2022 Wi
e, N,
A 42.000 PE

A 630 tons ds/year

A Activated sludge

A 14 Basins

A Stockpile area (2015)
A 10 basins(1996)

A 4 basins (2013)

A 2.2 Ha

A Emptied 2 times

A 3. Operationperiod

Helsinge Sludge Treatment Reed bed System ll
630 tonnes of dry solids per year - 10 basins I




Kallerup STRB (Denmark) 1 (2022 - 2023)
Sludge Treatment and Storm Water Basin
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