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5. Advanced Wastewater Treatment
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Modified and

Artificial Waterbodies

Submissions in accordance with Article 5
reports of the Water Framework Directive
Version of 22/0%2007

Percentage Heavily Modified and
Artificial Water Bodies by River Basin District.
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chemical oxidation

chemical precipitation techniques
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adsorption techniques

bed filtration

membrane filtration

physical UV light / Ozone

chemical desinfection (Cl)




PRECIPITATION, COAGULATION / FLOCCULATION

Fact sheet nr. 05

Unit operation Precipitation, coagulation / flocculation
Treatment principle Chemical bonding
Applicable for Advanced effluent treatment

Stage of development full-scale
Process

function: removal of ions (heavy metals and nutrients) and suspended solids
feed: WWTP effluent
precipitation;

Ultra low P-concentration

coagulation aspects:
» Me/P-ratio

* mixing intensity

* mixing time

flocculation aspects:
* mixing intensity
* mixing time
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Fact sheet nr. 08

Unit operation Separation

Treatment principle Bed filtration with sand or multimedia

Applicable for Advanced wastewater treatment

Stage of development Full-scale

Process function: removal of particles, suspended solids, pathogenic organisms,
bacteria

feed: WWTP effluent

Keywords: filtration, multi media filtration, sand filtration, fixed-bed,

continuous sand filtration, flocculating filtration
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MEMBRANE BIOREACTOR

Fact sheet nr. 01

Unit operation

Treatment principle
Applicable for

Activated sludge system and membrane filtration
Biclogical system and separation
Integrated treatment

Stage of development
Process

function:

feed:

full-scale
degradation and co ion of COD, BOD, nitrogen and
phosphporus containing subst: removal of suspended solids,

pathogenic organisms, bacteria
WWTP effluent

Activated sludge, membrane filtration
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ADVANCED OXIDATION PROCESSES

0,/H,0,, UV/0, and UV/H,0,

Fact sheet nr. 03

Unit operation
Treatment principle
Applicable for

Advanced oxidation
Oxidation
Advanced effluent treatment

Stage of development
Process

feed:

function:

Full-scale development for drinking water production, not yet
applied at full-scale for WWTP effluent treatment, techniques
researched since 1970

Disinfection, oxidation of inerganic compounds, organic
micro-pollutant oxidation (taste and colour removal, phenolic
pollutants, pesticides), organic macro-pollutant oxidation,
improvement of biological degradability of water.

WWTP effluent

Keywords:

advanced oxidation, UV, hydrogen peroxide, ozone




ACTIVATED CARBON

Fact sheet nr. 06

Unit operation
Treatment principle
Applicable for

Adserption
Physical bonding
Advanced effluent treatment

Regenerated carbon in

Carbon column

Stage of development
Process

function:
feed:

Keywords:

full scale in drinking water treatment; effluent: only pilot scale

removal of organic micropollutants, pesticides, endocrine
disruptors and medicinal substances
WWTP effluent

adserption, activated carbon, pesticides, nutrients,
medicine residue

ION EXCHANGE

Fact sheet nr. 7

Unit operation Adsorption

Treatment principle Bonding

Applicable for Advanced treatment of WWTP effluent
Stage of development full scale

Process

function
feed

Keywords: advanced treatment WWTP effluent, jon-exchange., selective removal of heavy

removal of dissolved solids and/or organics or heavy metals
pre-treated wwip effluent

metals, cadmium, nickel, copper, sink , selective chelating ion exchange resins
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Influent
Naarden-Bussum
Hibvarsum-Wast
Nederhorst den Berg

Primary sedimentation tank

m
arse material

Final sedimentation tank

Mugnt
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Ortho-Phosphorus

P-ortho <0,45 um

Total dissolved
Phosphorus

Dissolved “organic”
Phosphorus

P-total <0,45 um -
P-ortho <0,45 um

P-total <0,45 um

Total Phosphorus

Particulate
“organic” Phosphorus

Total particulate Phosphorus -
Metal bound Phosphorus

P-total unfiltrated

Total particulate
Phosphorus
P-total unfiltrated -
P-total <0,45 um Metal bound
Phosphorus

P-ortho unfiltrated-
P-ortho <0,45 um
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@ Orthophosphorus

O Dissolved "organic" P
W Particulate "organic" P
B Metal bound P
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Concentratie (mg/L)

ANBT
@ Orthophosphorus
B Metal bound P
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35




Bos

37

Phosphorus concentration (mg/L)

|
P-ortho_metal

Potal Filtrate bound
phosphorus

P-ortho WWTP Effluent
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~——Portho WWTP Effluent =———Portho_metal bound filtrate ~— Ptotal filtrate ===Target Value Ptotal
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Dual Media Filter

Phosphorus concentration (mgiL)
°
S

1-STEP® filter

01 02 03 04 05 06 07 08 09 10

W Portho WWTP Effluent B Portho_metal bound filvate B Ptotal Filtrate Portho concentration WWTP Effluent (mgft)

g o6
s
2
5
2
& o0aq

02

00

01 02 03 04 05 06 07 08 09 10
P-ortho WWTP effluent B P-ortho_metal bound fitrate BPotal itrate P-ortho concentration WWTP effluent (mgiL)
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0,02 mg/L

/0,04 mg/L|
x

0,11 my/L

¥, 0.03 mg/L

Phosphorus concentration (mg/L)

0,03 mg/L

WWTP Efifuent

)
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Percentage phosphorus form (%)

WWTP Efifuent Upper Water Layer

W Particulate “organic" P O Dissolved "organic” P @ Metal bound P @ P-ortho

—
Filtrate 0,01 mg/L

Filtrate
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0,18 mg/L

WWTP Effluent Upper Water Layer

Percentage phosphorus form (%)

WWTP Effluent Upper Water Layer

W Particulate “organic” P O Dissolved “organic" P B Metal bound P @ P-ortho

~
T %,008 mg/L

Filtrate

Filtrate




Bed deph (cm) ———————>

Anthracite layer Sand layer

Metal bound Phosphorus

Orthophosphoru:

Phosphorus concentration (mg/L)

Particulate "organic" Phosphorus

Dissolved "organic’

WWTP Effluent Filtrate

~—Metal bound phosphorus ~#— Orthopt i "organic" = Dissolved "organic" phosphorus

Bed deph (cm) ——

Metal bound Phosphorus

Orthophosphorus

Phosphorus concentration (mg/L)

Particulate "organic” Phosphorus

Dissolved "organic” Phosphorus

WWTP Effluent 105 145 185 Filtrate

== Metal bound pt iculate "organic” phosphorus ~=—Dissolved "organic" phosphorus










(Courtesy: PYWN)
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waterbedrijf

pH-correctie

Raw water LLPS microstrainers dosing: Sludge blanket  Dual media
channel FeCI3/ clarfiers filters
Floce. aid

e

UV-disinfection units MLPS

H-correction/  Treated water -
GACF ost-disinfection  reservoirs HLPS Distribution system
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Dutch water technology @ work.
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