9. Waste water management

9A. Present Situation

The WWTP’s comply with national and Urban Waste Water Treatment Directive requirements. The
Nijmegen WWTP has a sandfilter for “effluent polishing” and is 100% energy neutral. Arnhem-
South WWTP is 28% energy neutral. Of the households and companies 99,95% is connected to
the sewer system. The sewer system (approximately 700 kilometers) values €596 million.

The sewer system dates back to the 1880’s, when smell, hygiene and rainwater flooding were
become major problems. Plan-based, targeted sewer system construction and maintenance date
back to 1902(!), when the first municipal sewage plan was submitted to the city Council.
Wastewater treatment dates back to the 1970’s, when specific legislation was introduced. The
past decade new challenges like climate change and recovery of energy and raw materials are
integrated in our wastewater management.

The technical operation of wastewater collection has hardly changed over the last century.
Nevertheless we strive to anticipate the impact of technological (and social) innovations in the
near future. Innovations that will most likely profoundly change our perspective on waste,
wastewater and wastewater management.

Indicator Unit Year of data
Percentage (%) of total annual generated >99,95% % 2015
waste water load, connected to waste water
collecting system + urban waste water
treatment plants (UWWTPS)
No of wwtp 2 2014
Total Design Capacity (p.e) WWTP Nijmegen p.e 2015
400.000
WWTP Arnhem-South
206.000
Total Load Received by WWTP (p.e) 333.000 (Nijmegen) p.e 2014
178.000 (Arnhem-
South)
Total annual generated waste water load of | 275.000 p.e 2015
the city (in p.e.)
Treatment level which is applied in each WWTP Nijmegen: 2015
uwwtp: secondary or more stringent; in this | primary, secondary
case, type of treatment: nitrogen and/or (active sludge),
phosphorus removal, disinfection etc. tertiary (sand filter,
50% dry weather flow)
WWTP Arnhem-South:
primary, secondary
(active sludge)

The sewer system

South of Waal/East of Maas-Waal canal:

mostly combined sewer systems for wastewater and rainwater run-off

oldest sewers date back to 1880

drainage of sewage water via main pumping station De Biezen to WWTP Nijmegen

sewer overflows when heavy rainfall, first to 5 overflow ponds and 3 storage settling
basins, later to surface water (when waterlevel keeps rising)
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1 drainage water of this area with significant height differences (80 metres) historically

used to flow to Waal, since the ‘80s huge sewers discharge the water to WWTP
Nijmegen

transition to more sustainable wastewater and rainwater run-off management initiated by
disconnecting paved area from combined sewer systems

South of Waal/West of Maas-Waal canal:
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North of Waal:
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separate sewer systems for wastewater and rainwater run-off

drainage of rainwater run-off directly into surface water

collected wastewater discharge, since construction in '60s -'70s, via pumping stations
Dukenburg and Lindenholt to WWTP Nijmegen

no sewer overflows

transition to sustainable water management systems, like Nijmegen-North, will become
feasible when large scale spatial renovation in the decades to come

since construction (started 2000) sustainably separated sewer systems

drainage of collected wastewater to WWTP Arnhem-South

drainage of rainwater run-off to surface waters via infiltration fields (wadis)

sewer overflows only in neighbourhoods with combined sewer systems (former village of
Lent); there is also a storage settling basin

completion of 12,000 homes to be built in new districts in coming years

sustainable transition from rural to urban area (cf. Ecopolis)

(Afval)watersysteem
Nijmegen

- Riolering

o

Figure 1: The wastewater system Mijmegen

Dutch English

(Afval-)watersysteem Nijmegen (Waste)water system Nijmegen
Riolering Sewer system

Pompen en persleidingen Pumps and high-pressure lines
RWZI WWTP




Nijmegen has recently/2014 inspected approximately 97,5%of her 700 km of sewers (video camera),
and has a good picture of state of maintenance and functioning. The Rivierenland water authority has a
good picture of state and functioning of the WWTP’s. Nijmegen and Rivierenland cooperate closely
within the wastewater chain (Figure 2; also Figure 3).

Figure 2: Nijmegen purification circuit; ArnherSouth purification circuit
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Figure 3: Waste Water Treatment Plant (front) and Water Incinerator Plant (back)

Table 3 provides specific facts and figures of the Nijmegen wastewater systems.




A1

| specific indicators

| Draining of sewerage water in Nijmegen 275,000 p.e. to 150g TOD

{ Household discharges: 77%
| Industrial discharges (environmental category 1-4): 23%

A2

See table 1: the < 0,05% not connected to sewer and WWTP is discharged to
: surface water or soil without serious treatment.

A3

| Discharge requirements for WWTP Nijmegen and WWTP Arnhem-South: N-total 10
' mg/l, P-total 1 mgil.

The WWTP Nijmegen meets the regional targets for Ptot and Ntot of at least 75%
treatment efficiency and hence, the specific discharge requirement for the individual
WWTP Nijmegen can be discarded.

Ad

Types of sewer systems (estimated); 50% combined, 30% separated, 20%

sustainably separated
Annual COD (chemical axygen demand) emissions of sewer overflow from combined

systems (estimated): 1% of collected wastewater pollution load.

A5

See table 1.
Wastewater volume processed by WWTP > 90%
Pollution load processed by WWTP approximately 99%

WWTP Nijmegen

Purification system Pho Redox

Built in 2003 {last major expansion)

Installed capacity: 330.000 p.e. to 54 g BOD (= 400.000 p.e. to 150 g TOD)
Hydraulic capacity: 16.000 m3/h

Effluent discharge into the river Waal

WWTP Arnhem-South

Purification system Bio P+ for denitrification

Built in 2001 {last major expansion)

Installed capacity: 165.000 p.e. at 54 g BOD (= 206.000 p.e. at 150 g TOD)
Hydraulic capacity: 6.400 m3/h

Effluent discharge to the A-category canal

Average purification efficiency
WWTP Nijmegen: 98% BOD, 92% TOD, 74% N-total, 71% P-total
WWTP Arnhem-South: 99% BOD, 95% TOD, 83% N-total, 97% P-total

A6

WWTP Nijmegen: fermentation of primary and secondary sludge and de-
watering with centrifuges

WWTP Arnhem-South: fermentation of primary and part of secondary sludge +
de-watering with conveyor filter presses

Both WWTPs: composting de-watered sludge + co-fueling in power stations

AT

Annual energy use:
- WWTP Nijmegen: 7.060.039 kWh : 333.000 p.e. = 21,2
- WWTP Arnhem-South: 4.055.374 kWh : 178.000 p.e. = 22,7
- Regional sewage pumping stations:
Nijmegen: 1.537.607 kWh : 333.000 p.e. = 4,6
Arnhem: 119.854 KWh : 178.000 p.e. =0,7
- Municipal sewage pumping stations: 561.308 kWh : 275.000 p.e. = 2,0
- Total: 51,2

Table 4: Specific indicators




9B. Past Performance

The Waste Water Chain of Nijmegen complies completely to the Urban Waste Water Treatment
Directive. Since middle '90s the Netherlands strived for a 50% emission reduction from sewer
systems. Since 2004 Nijmegen complied to that aim

Sewage system measures
The influence of the collection and disposal of sewage and rainwater runoff on surface water is
continuously being improved. In 2006-2008 a crucial optimization study for the wastewater system of
WWTP Nijmegen was conducted, focusing on the drainage area De Biezen. In 2013, we launched three
new optimization studies to be completed at the end of 2015.
Since 2006 optimization resulted in:

1. Disconnection of 68 ha paved runoff area from the combined sewer system (e.g. through

"wadis" and other infiltration facilities) (and 50 ha before 2006)

2. Construction of three storage settling basins (SSB): SSB Laauwikstraat Lent 393 m3, SSB
Parallelweg Lent 300 m3, SSB Jonkerbos 6,800 m3 (overflows into pond that drains into sewer)
Adjustment of setpoints for sewage pumping stations
Construction of a temporary sandfilter at WWTP Nijmegen
Remediation of over 70 untreated discharges (demolition + sewer connections)

The total emission of COD/BOD from the waste-water chain to the surface water system is thus
effectively reduced by 50%
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The necessity of the sandfiltration has withdrawn by sustainable emission-reducing measures,
specifically 1, 2 and 3. Since 2014 the Waste Water Chain of Nijmegen complies completely with the
emission objectives, with sustainable measures only.

Monitoring

Our monitoring of the actual functioning of the sewer system greatly improved since 2006 (sewer System
Monitoring Plan and a coherent network of level- and flow measurements of sewage) Data safely stored
in a computerized management system, are processed into annual reports. The monitoring data are also
referred to and analyzed among special circumstances, and used to support technical improvements to
the sewer systems.

Energy use of the pumping stations is reduced; energy costs (including fountains and other) decreased:
€ 228,000 (2009); € 140,000 (2012).

Since 2010 we apply an unbiased assessment framework on video inspections, in order to determine
urgency of repair, renovation and replacement of sewers. Video inspections and reviews are kept in an
automated data management system. 97,5% (2014) of our sewers have recently been video inspected.

WWTP Nijmegen further extended its organic and hydraulic capacity in 2003 (biological capacity of
300,000 p.e. to 400.000 p.e. to 150 g TOD; hydraulic capacity of 14,600 m3/h to 16,000 m3/h). In 2005
we built a —-temporary used- sandfilter for tertiary treatment of 50% of the dry weather flow. WWTP
Arnhem-South expanded both its organic and hydraulic capacity in 2001 (biological capacity of 150,000
p.e. to 206,000 p.e. to 150 g TOD, hydraulic capacity of 3,300 m3/h to 6,400 m3/h).

Finances

Since 2010 we are accountable to the municipal council on the quality indicator "remaining life
expectancy" (unique in the Netherlands), aiming to keep up the good average maintenance conditions
and quality of our sewage system. Average life expectancy of new sewer pipes is 90 years;, average
age of sewers in Nijmegen 40 years; average remaining life expectancy is 50 years. The indicator forces
to optimize knowledge of the quality and performance of the sewer system. The indicator previously
used was production-based: "number of meters of sewers to be replaced per year" in stead of a quality
standard for the state and performance of the total system.




Financially Nijmegen works on sewer system replacement investments with the so-called "ideal
complex™: investments are fully depreciated immediately. So we are left without interest charges.
Nijmegen thus optimally and efficiently invests € 3 million/year (depreciation 40 years, repayment +
interest amount to an annual charge of € 5 million).

Rainwater management

Nijmegen was hit by a very heavy storm in 2009; several streets were flooded. This process has
repeated itself to a lesser extent in the years since then and in even more extremity in 2015. We have
since assessed the risks of these heavy storms. Several computer models have been set up, and we
can now imitate every kind of downpour and see the consequences. This enables rainwater risk
management.

In 2012 we started a project with the residents in the most vulnerable streets to prevent future damage.
Residents got instructions how to make their homes ‘waterproof', both in the case of above-ground
flooding over the surface and underground flooding from the sewers. Basically, the law states that
homes should be 'waterproof', but many residents live in homes dating back to before World War Il, not
built according to current regulations. Our Water Service Point handles the communication with the
residents. Recently the first technical improvements to reduce rainwater flooding have been completed
in the most vulnerable streets; further improvements in the coming years.

The aforementioned computer models support our rainwater risk management. Previously, we
disconnected the pavements where possibilities and opportunities arose. Now we can focus our scarce
resources on efficient measures in and around the risk areas.
Moreover, we formulate visions regarding drainage for these parts of the city: where are autonomous
measures necessary and possible (funded by the Municipal Sewage Plan Nijmegen) and where and
how can we benefit from spatial development and/or maintenance measures in the public space?

In this way, we gradually reduce the flow of rainwater to vulnerable streets and secure that rainwater is,
as much as possible, discharged into the soil instead of the sewer (Figure 6).
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Figure 6 Rainwater flow map (cubut vulnerable area NijmegeiDost)




Dutch English

Bijlage XVI - Stroombanen Appendix XVI - Flow streams
Legenda Legend

Plangebied Planning area
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Hoog High

Laag Low

Managing health risks

Nijmegen took part in a 5-year study on health risks of water in public spaces; we can now quantify
health risks involved in our fountains and trick fountains, rainwater infiltration facilities (wadis) and
locations with occasional (waste)water on the street. Where necessary, we adapt our infrastructure to
these findings. So we replaced the top layer of various wadis (2013). In 2014 we placed an additional
line gutter at one of the trick fountains in order to capture and divert rainwater run-off from the
surrounding paved area and thus reduce the pollution and contamination of the trick fountain water
basin. We also monitor the results of these efforts.
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Figure 7: Health risk management (flooding, august 2015)

Communications

In 2014 research among residents made clear there is need for well targeted information about rainwater
flooding, health aspects of water in the city, solving sewer blockages and good use of the sewers. We
adjust our provision of information to focusing on specific groups (such as immigrants) and specific
districts (for example with disconnected systems).

Nijmegen structurally communicates to encourage citizens to disconnect their rainwater discharge from
the sewers and to raise water awareness. For this reason we set up the Water Service Point (WSP) in
2002. The WSP is front desk for all questions related to water and back office for implementation of the
subsidy regulations of "Disconnecting of private buildings" and "Green roofs".

The WSP executes various communication projects like water markets, produces leaflets on
disconnection and leads groups from home and abroad along our waterworks and climate adaptation
projects on a regular basis (see figures 8-10).




Figure 8: Korenmarkt Park with fountain
(former parking area in city centre)
(Future Cities project 2012)
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Figure 10: Koningsplein trick fountain (city centre)

The Rivierenland Water Board, which operates the WWTP’s, also carries out communication projects on
its water management tasks. Thus school groups can visit the WWTP and the operation of sewerage
management and waste water treatment is explained to the future generation.

9C. Future Plans

Sewerage Policy

The "Municipal Sewage Plan Nijmegen 2010-2016 '(GRP) includes the targets for public sewers, with
focus on efficient management, based on excellent monitoring and knowledge. The GRP contains the
strategy on effective cleaning, inspection, repairs, renewal and improvement. The budget is guaranteed
by the sewage charge (earmarked as a targeted charge). The underlying goals are to protect public
health, improve the living environment and protect the environment.




In a kickoff paper, submitted to and approved by the city Board and Council, the new waste water
policies for 2017 to 2023 were outlined The overall objectives will not change, nor the precondition of
efficiency, but the way those goals are pursued could be fine-tuned. From our mid-term evaluation of the
current GRP (2013), submitted to and accepted by the city council, we concluded that more attention
can be given to:

1 further reduce and prevent rainwater flooding (appearing on a very limited scale in Nijmegen),

partly in view of climate change,
1 recovery of raw materials and energy from wastewater.

On the basis of studies carried out (see 9B) we incorporate more risk awareness into our policies, e.g.
by health risk assessments of urban water, risk-reducing sewer maintenance and rainwater risk
management.

Future water management

We will pay extra attention to sustainable development directives for our wastewater management. Due
to historic developments, the sewer system discharges a lot of wastewater through the city centre
(comparable to traffic and road structure: all traffic used to flow through the center; over the last
decades, the center has been freed from regional traffic, and motorized traffic has been diverted).
Through sewer replacements in the forthcoming decades, we want to seize opportunities to divert urban
drainage discharge around the city center. This increases opportunities for spatial development in the
centre and reduces operational risks in our wastewater management.

Sustainable Sanitation Concepts
based on energy and nutrient recovery and water reuse

Figure 11: Sustainable wastewater management concepts

Wastewater and rainwater management, as well as the (tertiary) sewer structure, could very well change
drastically during the next century, aiming at more sustainable systems including recovery of energy
(figure 12) and raw materials (figure 13) from wastewater. It seems realistic to assume that the more
spacious green districts will get the best opportunities for innovations in sanitation and storm water
management. Step by step we prepare for a possible major transition of these districts.




Energie uit zwart en groen water
Wi leiden in wijken, kantoren en hotels

Zwart water vig vacuiiminzameling naar
een vergister. De vergister produceert
| biogas. De opbrengst is nog groter wanneer
L1l Lt

groen water met organisch keukenatuval
i wordt toegevoegd. Dit groene water goat
e vig een container of met een vaculmlei-
ding naar de vergister.

-
O

(ﬂ“@
>
@

groen water

keukenafval

Figure 12: Energy recovery from wastewater
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Figure 13: Recovery of raw materials from wastewater

The life expectancy of our sewers is 90 years. Therefore a vision with a long term horizon is required for
current investment decisions. With a neighbourhood-based approach, we refine the potential for climate
adaptation and structural innovations, but as well for future innovations in the recovery of raw materials
and energy. The first practical example is realized in our development of the Vossenpels area
(Nijmegen-North) with the creation (in co-operation with future residents) of an advanced sustainable
sanitation concept without connection to the municipal sewage system.

Nijmegen has contributed to a future vision of the waste-water chain, prepared by the municipal
partnership Rijn6. This vision addresses the above mentioned themes. Such a vision is also due to be
prepared for the partnership program "Working Unit Region Nijmegen", in which Nijmegen also
participates.




Risk management

Within the changing perspective of the future, risk management is getting a more central role in urban
drainage management, replacing dogmatic standards and prescribed procedures. Our monitoring of the
condition and operation of the sewer system makes responsible risk analyses increasingly possible. Our
policy is to base our wastewater management on reliable risk assessments.

Nijmegen strives to link the last 0.05% of untreated sewage discharges to the sewage system and
WWTP within 5 to 10 years. In addition we aim at strengthening our policy for new sanitation, ground
water measures, regional co-operation in the wastewater chain, urban drainage health issues and the
recovery of energy and valuable raw materials from wastewater. We also work on optimizing the learning
abilities of our wastewater management organization. In cooperation with Radboud University Medical
Centre and Water Board Rivierenland we will address the topic of medicines and medicine residues in
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Figure 14: Rainwater floo

Wastewater treatment policy

The Rivierenland Water Board has prepared a plan for the future called "Vision for sustainable and
efficient treatment”. The water board, together with the municipality of Nijmegen, takes care of the
collection and treatment of wastewater for the benefit of public health and water quality. Sewage is no
longer considered as waste but as a potentially valuable source of raw materials, energy and reusable
clean water. The water board wants to utilize this value. Clean water and a concentrated nutrient-rich
stream is already supplied to the surrounding businesses. The WWTP is energy neutral: it produces as
much electricity from wastewater as is necessary for the treatment process. In the forthcoming years the
production of biogas and electricity will increase, resulting in 20% more electricity than needed for the
treatment process.

WWTP Measures

Nijmegen Energy generation ("energy factory") 120%

Maximum utilization of sludge fermentation with sludge from other WWTP's
Energy saving by expansion and replacement of ventilation elements
Installing energy efficient blowers

Volume Flow Treatment of Nitrate (Annamox)

Fat treatment and fermentation

ORC (residual heat utilization of gas engines for power generation)
Phosphate recovery research

Arnhem-South Architectural and mechanical/electrical renovation.
Energy recovery
ORC (residual heat utilization of gas engines for power generation)

Phosphate recovery research

B R I R N I I B R

Table 15: Planned WWTP measures (until 2021)
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