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Global chalenges to urban water cycle
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Potential vulnerability to climate change

http://www.finanzen.net/nachricht/fonds/Schroders-Climate-change-and-the-global-
economy-regional-effects-4448154

model — MODERATE gas emission (IPCC)

https://carbonocracy.com/tag/climate-change/
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Global challenges to urban water cycle

Projection of population in urbanized areas in 2050

Number of people living in urban and rural areas, World -
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Global chalenges to urban water cycle

7y Interception

Industrialization and urbanization

* Modifications of the (land) surface
* vegetation clearing, v
* soil compaction, S interfiow &

° dltChlng and draining, and Before Construction After Gonstruction
*  covering the land surface with impervious roofs and roads.

* Effects on processes affecting runoff (discharge)
* Surface water volume runoff increases due to precipitation increase;
* Time to peak and concentration time is shorter — the runoff process speeds up;
* Peak flow increases;
* Inthe low flow period runoff decreases due to poor groundwater recharge;
* Surface water bodies quality decays due to wastewater- water temperature and
pollutant concentration increase.
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Urban stormwater management solutions/approaches

* ‘Beginning’: introduction of bioretention technology in Prince George's
County, Maryland, U.S.A. in the mid-1980s.

e |nitial steps:

* Bioretention — removal of sediments and pollutants
(bioretention cells = raingardens)

e Green roofs
e Pervious (porous) pavements
e Grassed swales

* Continued:
* Tree box planters
e Disconnected downspouts

* Low Impact Development (LID)
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Urban stormwater management solutions/approaches |
ntegrated

4 s aX] ﬁ% Stormwater
M S - 4N Management
(ISWM)

Low Impact
Development (LID)

Sustainable Drainage
Systems (SuDS, SUDS)

Water Sensitive Urban
Design (WSUD)

W Very Vuinerable A
& Vulnerable : Best Management
Intermediate } Practice (BMP)
Less VYulnerable . .
B LeastVul & Techniques
."Eﬁlb i Alternatives
- Unrated Soversigns

Source: Standard and Poor's, 2014
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Urban stormwater management solutions/approaches

Traditional vs. modern

The Management Train

o®
° '°.__ o o
Large pipes vs. small pipes
Dispose vs. reuse -
Far away vs. locally
Centralized vs. decentralized .
Grey Vs. green IHImanyounG Typical arrangement of 5uDS components

Hard vs. soft
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Urban stormwater management solutions/approaches

natural water balance Urban water balance

Water balance
precipitation
“evapo-
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precipitation
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Urban stormwater management solutions/approaches

WSUD objectives
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Urban stormwater management solutions/approaches

6 6 & 6 & & & &
Conveyance @ & &

Conveyance

1 Prevention

Good housekeeping and site desian to

| reduce and manage runofl and
. [ pollution, eq land-use plannlng,
PIann'ng <2 |’ reduction of paved surfaces

2 Source control

: 4 Site control
Runoff managed as close to *6
: \

the source as possible. &g 3 Site control

Regional control
Runoff managed in a netwoek Discharge to watercourse
@#trass a site or local area, eg

..

"a
using swales, detention b or groundwater : A <
uuhITc rlﬂl::‘ms :nmmﬂ":“u Discharge to watercourse *r
for attenuation and treatmaent,

"a
Also, flow shoubd be siowed or groundwater . a
using overland conveyed routes Discharge to watercourse
or groundwater

http://www.netregs.org.uk/library_of_topics/water/sustainable_urban_
drain_system/what_are_suds.aspx

4 Regional control

Downstream management of
runoff for a whole site/catchment,
g retention ponds, wetlinds

Dickie, S, McKay, G, lons, L, Shaffer, P (2010) Planning for SuDS — making
it happen, C687, CIRIA, London (ISBN: 978-0-86017-687-9).
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Measures and elements in contemporary practices

Key Measures in the system
1.

2.
3.
4

= . y 3 3 R T R

RETENTION DET@NnoN"

¥ %

Infiltration
Conveyance
Retention/Storage
Reuse

http://www.lifegreensystems.com/fast-sustainable-solutions-for-urban-flash-
flooding-control-and-solutions-for-water-logging-problems-in-industries-by-
life-green-systems/
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Measures and elements in contemporary practices

Role and function of WSUD elements

Number WSUD Measure Water Quality Flow Attenuation™ Reduction in

Treatment Runoff Volume™

DS1 Vegetated Swales H M L
Ds2 Vegetated Filter Strips H M L
DS3 Sand Filters H M L
D34 Bioretention Systems H M L
DS Permeable Pavements M H H
Dse6 Infiltration Trenches H H H
DS7 Infiltration Basins H H H
Dse Rainwater Tanks L H H
D&9 Landscape Developments M M L

Key: H — High level role; M — Medium level role; L — Low level role
* Applies to frequent events.

https:/ /www.environment.gov.au/system/ files/resources/1873905a-f5b7-4e3c-8f45-0259a32a94b1 / files / wsud-guidelines.pdf
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Evaluating options for stormwater management in urban areas

Option evaluation — providing guidance to designers on how to
evaluate a range of potential options.

Option assessment — providing guidance to a consent authority on
how to evaluate a specific proposal submitted by a developer.

Evaluation perspective

* Key physical characteristics affecting stormwater management
(climate, geology and soils, groundwater, geomorphology);

* Water volume estimation, Measures and applications selection;

* Operational risks (public health, safety, environment)
* Element failure

* Site and design considerations, limitations, sizing of elements

https:/ /www.environment.gov.au/system/ files/resources/1873905a-f5b7-4e3c-8f45-0259a32a94b1/ files / wsud-guidelines.pdf
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Evaluating options for stormwater management in urban areas

Site considerations Potential Implementation Constraint
% Imperviousness (post . ” _
impl tation) 1=0-10% 2=10-50% 3 =50-100%
Average Slope 2=0-1% 1=2-5% 3=>5%
Developed Area 1=<1ha 2=1-10ha 3=>10ha
Mean Annual Rainfall 1=<600mmlyr |2=600-1200mm/yr| 3=>1200mm/yr
Total Score

(i) Site Plan showing location, size and
dimensions of measures
4-5 Lo impl ::m:o‘;a;'} past |(1) Detailed design calculations (compliant

< i th relevant guidelines)
practice techniques | i) o hjic Health and Safety Issues

| . | iconsidered and addressed |
https:/ /www.environment.gov.au/system/ files/resources/1873905a-f5b7-4e3c-8f45-0259a32a94b1/ files / wsud-guidelines.pdf
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v L = LY
s |3 = 9 3 g S
. . £ 18 |5,/3.|°% &8_|35/|£3
o @ o - i — v}
Site constraints . WSUD Element @ T |2 £ i s B2k
= - o o . @0 = 2 =
o = o o = = = ®n
© - z = 5 = = B
2|2 |3 |& |§ ¢ £ S
DS1 | Vegetated Swales C M M v v M M c o
DS2 | Vegetated Filter Strips C M M v v M M c v
DS3 | Sand Filters M M M v M c Cc M Cc
DS4 | Bioretention Systems C M M v M 6 C (] Cc
DS5 | Permeable Pavements c G c C v C Cc c Cc
{Infiltration)
DS5 | Permeable Pavements C M M v M Cc C Cc Cc
(Detention)
DS6 | Infiltration Trenches e C C C v (o] C M Cc
DS7 | Infitration Basins C (o c c v C c c v
Dsa Rainwater Tanks v v s v v ¥ v c s
DS9 | Landscape v M M v v M M (¢ v
Developments
Key:

C — constraint may preclude the use of this WSUD
M — constraint may be overcome with appropriate modifications to design
¥ — generally not a constraint (1.e. design specifications apply)

https:/ /www.environment.gov.au/system/ files/resources/1873905a-f5b7-4e3c-845-0259a32a94b1 / files / wsud-guidelines.pdf

Curricula innovation in climate-smart urban development based

on green and energy efficiency with the non-academic sector www.smartwb.ucg.ac.me




Co-funded by the

= Erasmus+ Programme
S m a rtw B of the European Union

Urban runoff modelling =

Drain capacity in stormwater drainage model

A storm drain,

storm sewer (US),

surface water drain/sewer (UK),
stormwater drain

(Australia and New Zealand),

or simply a drain.

B
P -}\Q—*ﬁ"
L
—

Vema
1
RETENZRANIE U DODATMOM u%:)zw%: i RETENZRAME U OSMOVNOM

:

Despotovic¢ J. (2009) Stormwater drainage. University of Belgrade, Faculty of Civil Engineering. p.235
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EPA Green Infrastructure Models and Tools Overview
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EPA SWMM

A

1,0,1
1t
Ly,

SWMM

Storm Water

Management
Model

EPA -SWMM

The EPA Storm Water Management
Model (SWM) 15 & dynamic rainfall-
runatf simulation maodel used for
singke event or long-term

(continuous ) simutation of runaff |

quantity and quality frem pomarily
urban areas

MODEL
CHARACTERISTICS

Deterministic
Stochastic
Conceptual

Atmospheric and

* Climatological data

Temperature Data
Evaporation Data
Wind Speed
Ranfal Diala

Urban Hydrology

Subcatchments Area
Land Charactenstics
Slopa/Gradient

-routing drainage &
runoff system

Metwork leyout system, with
junchons and conduit detals

Quality/Quantity
Pollutant load &
Wash off
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READ AND
EDIT DATA

CONSTRUCT
CONNECTIVITY
MATRIX

SUBCATCHMENTS |
¥

TRAPEZOID
HYDRAULIC
RADIUS 2. GUTTERINPUT

PIPE
RADIUS

GUTTERS/PIPES
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EPA SWMM — Atmospheric and climatological data

Rainfall data Ireland (SUDS)
Rea I |St|C ra | n ga uge(s) Table 3-2 Attenuation Elow Rates
Input hytograph definition morng | Greenneazae | 2
Event-based N
Gauged ra|nfa” 1005 AEP (1 In 1 year) 398 398 431
Design rainfall Table 3-3 Attenuation Storage Volumes
Long-term simulations — - — .
2016 — Add-in Tool for climate projections — g i i .
The SWMM Climate Adaptation Tool 3.33% AEP (1 in 30 year) 505 m'
(SWMM-CAT) = monthly adjustment factors 15 AEP (1 in 100 year) + CC 875 m
for climate-related variables at the location
of interest

Rossman, L. SWMM-CAT User’s Guide. U.S. EPA Office of
Research and Development, Washington, DC, EPA/600/R-
14/428, 2014
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EPA SWMM — Urban hydrology

o SWMM 5 - [Study Area Map]
3 Fle Edt View Project Report Toc

Catchment and subcatchments i
DEEE # F 2N
o Data | Map |
Subcatchment definition Title/Notes
Outlet point (a node of the drainage network or mw
nother hmen
another subcatc .e t) Raingaga 2] = Hydrology
Structure boundaries . Rain Gages
Terrain characteristics — elevation e m
Defining runoff conditions % Empmm
Hydraulic roughness (surface) Ll LID Controls
A share of pervious and impervious surfaces —
S| [}l Conduit X Weir, ® Quality
opes Divider == Dutfall # Curves
Connection to surroundings Orifice Time Series
. _— Storage Unit - Time Pattemns
Soil (land) characteristics Pump M Lol

Figure 1-2 SWMM's conceptual model of a stormwater drainage system.
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Contro Names | Sufsce Soil | Storage | Drain | Control Name: Surfsce [Sail [ Storage
wire TN | e 6 e rysioc
LID elements i = T
e Fraction ) T3 .
(A a_*_ﬂt Y e M prisscieg g
Ll Surface Slope 10 Surface Slope TH
LID Element 2 {percent) (percent)
| i
o
=2 oot
1 Bio-Retention cell ok | [ G | [ e ok | [ cmen | [ e
2 Rain garden
3 Green roof e e Rl st | O e
o Surfsce Pavement
4 Permeable pavement wive DTN - N e
Vegetation Volume (g0 :n. ar r?nuvm
. . Fraction ‘egetation me |00
> Infiltration trench o s 53 Frcion
b {Mannings n) Surface Rowghness g9
] sail Surface Slope 10 (Mannings n)
6 Rain barrel orcomergr B (pren] = socsope 15
7 Roof disconnection i
8  Vegetative swale (] (o] [ o] [T ] [
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EPA SWMM — Urban hydrology

LID elements

No.

LID Element

Bio-Retention cell
Rain garden

Green roof
Permeable pavement
Infiltration trench
Rain barrel

Roof disconnection

Vegetative swale

Co-funded by the
Erasmus+ Programme
of the European Union

| Surface | Stomge | Drain
Benm Height
{in. ar mmj
Vegetation Yodurne
Fractan
Surace Reughness
{Mannings n}
Surface Slope
(percent]

o

o

10

Control Name: Starage | Brnin

I Barel Height
uotye | ETIETI Potfin

*Dptional
oK | Canced Help 0% Cancel Helg
Gl s Surfece Roof Drsn | Control Namn: e
Storage Depth Berm Height Ty
wotype TN v | o e fazordend
Vegetstion Volume oo
Fraction
"’Naw Surfsce Roughness g Surface Roughness o)
v 2ow [Mannings rl {Mannings nj 2
e | Surface Shape w0 Surface Slope Iy
7 [percent] (percentt
) Swale SideSlops 3
owrtow {/ Drain run | rise)

oK Cancel Help
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LID elements (controls) in SWMM

e Concept: layer combination
* Characterics per unit area — typization option
* Layers:
* Surface — ground (or pavement)
— receives direct rainfall and runon from upstream land areas,

— stores excess inflow in depression storage,
— generates surface outflow that either enters the drainage system or flows onto
downstream land areas.
* Pavement
— porous concrete or asphalt used in continuous permeable pavement systems
— the paver blocks and filler material used in modular systems. ~ =ams G

Ftone 7 Cpimens
g Clns
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LID elements (controls) in SWMM

* Layers (cont’d):
* Soil — the engineered soil mixture in:

— Bio-retention cells — to support vegetative growth
— Pavement — a sand layer placed beneath a pavement layer to provide bedding and filtration.

* Storage — a bed of crushed rock or gravel in:

— bio-retention cells,

— porous pavement,

— infiltration trench systems

— arain barrel (the barrel itself)

Curricula innovation in climate-smart urban development based
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LID elements (controls) in SWMM

 Layers (cont’d):

* Drain system — conveys water out of the gravel storage layer into a common
outlet pipe or chamber:

— In bio-retention cells, permeable pavement systems, and infiltration trenches (typically
with slotted pipes).

~

— In rain barrels - the drain valve at the bottom.

— In rooftop disconnection- the roof gutter and downspout system.

* Drainage mat —a mat or plate
— Green roof - placed between the soil media and the roof
to convey any water that drains through the soil layer off of the roof.

Curricula innovation in climate-smart urban development based
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LID elements (controls) in SWMM

Layers used to model different types of LID units

LID Type Surface | Pavement | Soil | Storage | Drain Drainage Mat
Bio-Retention Cell X X 0 o]

Rain Garden X X

Green Roof X X X
Permeable Pavement X X o] X 0

Infiltration Trench X X 0

Rain Barrel X X

Roof Disconnection X X

Vegetative Swale X

X - required, o - optional

Curricula innovation in climate-smart urban development based
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LID elements (controls) in SWMM

Important considerations for the performance of LID elements

* Evaporation of stored water is calculted for all LID elements (except for rain barrels) due to
some amount of rainfall/runoff storage.

e Infiltration into native soil occurs in vegetative swales .
— Additionally, if these systems do not employ an optional impermeable bottom liner:
» bio-retention cells,
» rain gardens,
» permeable pavement systems, and
» infiltration trenches.

* Reduced hydraulic conductivity over time in infiltration trenches and jpet
due to clogging (proportional to the cumulative hydraulic loading ).

Curricula innovation in climate-smart urban development based
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LID elements (controls) in SWMM

The performance of the LID controls placed in a subcatchment

— LID Performance Summary - an overall water balance for each LID control placed in each
subcatchment (mm):

* total inflow, - "
* infiltration, 3 e /" Bersann
* evaporation, i - e
* surface runoff, e e
SN
* drain flow and e A e Ox wm ow e W A e

loil a1 031 2031 MOdl 2011 2031 2032 1012 012 201) OA2? MOA2

* initial and final stored volumes

— Optionally, the entire time series of flux rates and moisture levels for a selected LID control in a
given subcatchment (txt file).

Curricula innovation in climate-smart urban development based
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The cost of conventional and LID approaches

Conventional
development
cost Actual LID Cost Percentage
Project (estimated) cost difference | difference
EPALID StUdy (2009) 2™ Avenue 5868803 | $651548 | 8217255 25%
SEA Street,
Seattle, WA
Auburn $2.360,385 | 31,508,089 | 5761396 2%
Hills, Wi
Bellingham 527,600 $5,600 $22,000 80%
City Hall,
WA
Bellingham $52 800 $12 800 £40,000 T6%
Donovan
Park, WA
Gap Greek, | 54,620,360 | $3,042,100 | $678,500 15%
AR
Garden $324 400 | $260,700 $63,700 20%
Valley, WA
Kensington $765,700 | $1,502,900 | (8737,.200) -96%
Estates,
WA
Lauref 51,654,021 | $1,149 552 3504 469 308
Springs, Wi
Mill Creek $12,510 $9,100 $3.411 2T%
{per lot), IL
Praine 51,004,848 $589 536 £405,312 40%
Glen, Wi
Somerset, 82 456,843 [ 16714681 | $785.382 32%
MD
Teliabs 53,162,160 | $2 700,650 461,510 15%
Corporate
Campus, IL

Curricula innovation in climate-smart urban development based
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The design and evaluation tools

Comniasct us

L [ion ]

Hewme Tisiiiig & suppson - Consullancy servicos-
l ]‘
|

Estimate runoff discharge rates and
storage volumes for your project

Tools for the design and evaluation of sustainable drainage Register for a free UK
systems (SuDS) SuDS account

Tha WK Sudy webons prosides & suile of tools (o ssimate.

+ pre-doveisprment greaniold ste mnci ries

* BONRGS vOLIMEE required 1o mast &8s Mow @ts controls

+ nusabdity of dfisesat SUDS for trowting s runalf

» infiration and rainwater harvestng sysiam SOrage volumes

+ the typie of BUDIS compamnts spplicabls lor spact ste contlruints

Featured tools
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Example: Seestadt Aspern, Vienna, Austria

= i 4 Heiligenstadtepes oE232 w1
v m Flenidsdorf
: 4ia o
o Handelshal Bl o

®e  Drosdnes Straile
- 252

oo PFlgamgasse
2+ e,

Margareton- Eptten:
it A Griickengasse &«

i
Miederhat- Taubstummenyases 4
[ stratie ==

Haw nhof
= Bahithat {Sidtiraler Platz) & = #]1
| Maiddling « = a1

Tochertiegasse s =

Curricula innovation in climate-smart urban development based
on green and energy efficiency with the non-academic sector

Co-funded by the
Erasmus+ Programme
of the European Union

www.smartwb.ucg.ac.me




Co-funded by the

= Erasmus+ Programme
S m a rtW B of the European Union

Example: Benthemplein Watersquare, Rotterdam, Netherlands
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H | VoV, V.
‘Conclusion’

NbS focused on urban water cycle:

SuDS: standards. guidance and design tools
& guide to the basis and requirements of current criteria and mathods for defivering compliant surface

. Interdisciplinary approach is necessary. A s

. International Network for o
. Standards and guidelines are available worldwide. uines “““""“"“”""“"'““"f“““" _

Free TOOIS and Software EXiSt. 2013-2018 Vienna, Austria

Urban Living with Water
3 weeks intensive academic course

Specialized Courses offered.

. Prefabricated elements available. .

1
2
3
4. Data availability still critical for many countries/regions.
5
6
7

Substantial scientific evidence about NbS benefits

Sustanahle drainage watons (Sulis)
VA g i -] it St ikttt
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Questions?

Thank you!

borislava.blagojevic@gaf.ni.ac.rs

UNI Nis, Serbia
Faculty of Civ.Eng. & Arch.
Preliminary design: Vojislav Nikoli¢
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