|

RAMBOLL IN/BRIEE

Independent engineering,
mMmanagement and design
consultancy

Founded 1945 in Denmark

12,800 experts

Close to 300 offices in 35 countries

Particularly strong presence in the Nordics,
the UK, North America, Middle East and Asia-
Pacific

Owned by Ramboll Foundation

RAMBGOLL




COPENHAGEN
CLOUDBURST
PLANS

RAMBGOLL



COPENHAGEN CASE
DRIVERS AND PROCESS

e Climate Plan, 2009

 Extreme cloudburst 15 August 2010

» Climate adaptation plan, 201
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BEFORE:
Extensive Flooding

02 July 2011: > 150mm .
RAIN fell in 2 HOURS.

July, 2011 - Copenhagen was hit by a destructive flood leaving 50,000 homes without heat for
a week, resulting in over 90,000 insurance claims, and causing upwards of $1 billion in property
Changer damage, transport delays, and production halts.

Game
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COPENHAGEN CASE
DRIVERS AND PROCESS

ML,
METROPOLEN

THE CITY OF COPENHAGEN
CLOUDBURST MANAGEMENT PLAN 2012

* Climate plan KK, 2009

* Extreme cloudburst 15 August 2010

* Climate adaptation plan, 2011

* Extreme cloudbursts 2 July and 15 August 2011

* Cloudburst Management Plan 2012

* Specific projects 2014 ->










Copenhagen

Cloudburst
Formula

STEP 6

i - Copenhagen Cloudburst Formula - 3
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/ﬂ CLOUDBURST

< ECONOMICS

- Planned Projects

Terrain Modelling
Site investigation
Tra_&nsportatuon connections

Initial GIS surface hydrology
~Integrated 1D & 2D hydraulic modelling
- Combined surface and sewer modelling

Insurance claims

Previous flooding damage

Cost traffic delays and access

Property & tourism value against potential

Bold, Ambitious, Interdisciplinary Design
Research best practices
Architecture and Landscape architecture

Environmental planning and considerations

Stakeholder Engagement & Collaboration
Alternative proposals
Outreach strategies

- Public involvement

Economic Analysis & Cost estimating
Feasibility & Cost-Benefit Analysis
Co-benefits from multifunctional design.
Innovative financing mechanisms

Blue-Green surface solutions with reduced piping infrastructure - is proven to be more
investment friendly than piped solutions and creates diverse direct and indirect benefits for

socio-economic conditions.
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URBAN PLANNING
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TRAFFIC
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i URBAN PLANNING

FINAL DOCUMENT +
POLITICAL APPROVAL

CONCRETIZATION PLANS FOR
TEST PILOT PROJECTS
ACTION +
IMPLEMENTATION

APPLICATION OF
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COPENHAGEN FORMULA I
IN OTHER GLOBAL CITIES
(NEW YORK, STOCKHOLM)

AUG. 2010, JULY
AND AUGUST 2011

Public-Private
Collaboration

ZJ 2-
EXPERT REVIEW, PUBLIC
CONSULTATION, WORKSHOPS

MASTERPLAN OPTIONS +
SOCIO-ECONOMIC COST-
BENEFIT/ANALYSIS

QUALIFICATION
OF PROJECTS,
FINANCING OPTIONS

2016-FUTURE

The Copenhagen Formula adapts to interdisciplinary approaches - away from siloist, isolated
thinking. A common vision aligned engineers, hydraulic experts, GIS, information technologits,
architects and planners, biologists, economists, communication specialists, and landscape
architects with the local municipality.
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h L
Higr}ést Risk Catchment as Pilot Project

Legend

* Catchments

| LowRisk

| Medium Risk
High Risk

Red Catchments are highest at risk to flooding and sea surges

Watershed Catchments, Sub-Catchments

Sub-Catchments and Risk Attributed
Social Corridors and Mobility Network to Flooding Potential Planning must be Collaborative

Waterway Courses through Copenhagen

The LAdegdds-Aen catchment was selected as a prototypical test area due to its high risk
to flooding and sea surges. Comprehensive site analysis led to establishing the Copenhagen
Cloudburst Formula, a Cloudburst Toolkit, and a community engagement platform.

Analysis-Based

Solutions
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Potential Cloudburst
=== Corridors
Main Traffic and
Commercial Arteries

Potential Blue-Green
Corridors

9 Street Tram
JL Metro
JIL - Planned Metro
L Planned Light Rail

Detailed Analysis shows the complexity involved in determining areas most at risk
to flooding and potential catalyst sites that can serve as test project areas

Om 1000m 1:15000 @

Within the L&degdds-Aen catchment, a system of Cloudburst boulevards follow the ‘fingers’ of the
existing river network, identifying opportunities for investment along green corridors where surface
solutions ensure mitigation is visible, interactive. Payback = a vibrant, liveable city.

Common

Vision
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Cloudburst Road "Detention Green Street
Street

— G

Cloudburst roads are used to Detention streets Green streets are
channel and direct cloudburst are streets that are proposed as
‘ water. These streets can be typically located upstream conections
e formed with a unique slightly upstream of to all Cloudburst
1.0 m3fs “ V-shaped profile and raised vulnerable low- roads. The green
‘. kerbs to ensure water will flow points. In these streets should be
af.gg wﬁ 3 in the middle of the road, away streets there should  established with a
§ from the buildings - contra- be a detention combination of small-
_ ry to standard engineering volume established scale channels and
1.0 m3/s L practice. Channels and swales to handle stormwater planters
G‘W%W Hoge, can be established along road stormwater before or permeable paving.
i edges so that water runs in reaching the more Stormwater should
urban rivers or green strips. vulnerable points be collected, delayed
Cloudburst roads may also be downstream. and then channeled
g e combined with Cloudburst towards the
piping below the surface to Cloudburst roads.

create tool synergies.

Central Retention Area Cloudburst Pipe

T
<

eslerbrogade
0,05 m3/s

asvaarksvej
0.8 mi/s

IIIIISII’

Central retention areas are A Cloudburst pipe
proposed in the squares and handles rainwater in

_’ég,?%‘;:"ﬂ parks where it is possible to delay the same way as

S stormwater, so that‘CIoud.burst C\Qudburst roads.

4.0 m3ls e ar— roads c;m be established in smaller This is placed just
dimensions. The central retention below street level to
elements can be, for example, open ensure connection to
depressions in the parkland or other surface
lowered seating areas. solutions. This solution
Alternatively, they can be is used if there is no

y Carlsberg Vej established as underground useable space for
3.9 m3ls s storage such as soak-away crates aboveground solutions.

[Dybbelsgade

or rain gardens. Central retention
4.0 m3s

elements will typically be placed
in connection with adjacent
Cloudburst roads.

Evaluating While two options were created, Masterplan Option 1results in higher quality open spaces, lower
Development investment costs, and more flexible flood mitigation solutions. Blue-Green tools (shown above)
combine with Cloudburst piping and the existing city infrastructure network.

Options
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CLOUDBURSTTOOLBOX
01 Park 05 Urban Canal

Hans Tavsens Vodrofsvej

02 Plaza 06 Urban Creek

Blagérds Plads Svend Trests Vej  Senderboulevard

03 Street 07 Retention Boulevard

Korsgade Istegade Senderboulevard

Fredericksberg
Have

- 04 Green Street 08 Boulevard
FredericksDer® . v e -
Copenhage

Based on the Pilot Project results, eight Urban Intervention Tools were developed to mitigate
Cloudburst streets, parks, and plazas. The Cloudburst Toolkit combines hydraulic engineering (Grey

Toolkit Solutions) with Blue-Green Solutions to establish a model for universally-applicable Cloudburst
mitigation tools.
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Borups Allé - Parking space

Parking facilities and local residents’
environment. Water can in the future
contribute to an enhanced green character
and create an oasis in the city scape.

/A T BT

e
i
Bispeengbuen =
A special urban place with a rough
character, an interesting spatiality and
many possibilities for activities. The place | =
can function as a blue park and be a

facilitator for day and evening events fx.
Underground parties.

Holger Danskes Vej

Local residents’ environment, a possible

wide green road. The green road and
courtyards can create a special place in >

the city.
S SN ._.._?._.__

Dronning Olgas Vej

Residential neighborhood and local road with
an established green character. The rainwater
solution can create a gathering point and
accentuate the existing exclusiveness.

o

Biilowsvej

Minaor traffic road. A general green L/.-

retention basins.

=

E o
character can be further supported by r
Sankt Knuds Vej ‘

et 4

Hans Tavsens Park
The park can be used as recreational area
such a playing and dog walking. Water
can be a main driver and support for this
recreational use.

<=

Meighbourhood with green local roads.

LSM can support the green character and Feast e

ensure traffic safety.

Frederiksberg Allé

Significant for Denmark’s history and
important cultural heritage. Special
pavement and planting. The water projects
have to support the majestic character.

Mathausgade

The heart of Vesterbro. A strong community
and active participation in the public life.
Water can support the local character and
create new outdoor spaces with room for
play and gatherings.

Enghavevej

Area with city life such as concert, cafes
and shopping. Water on terrain can
create more new micro spaces and
meeting places.

Sender Boulevard
Mew park and main street with character.
Water can support this character and
create interesting blue and green areas in
the existing structure.

Selective

Intervention

Blagards Plads

The plaza is an urban area with many
different purposes, such as ball games,
concerts and other arrangements. Water
can support the city life,

S

|

Korsgade

The street is located in a residential area
with a few local shops. The street is
connected with Hans Tavsens Park and
Peplinge Se. The water can be used for
improving the streets visual appearance.

Peblinge Se

The lake has an important role for the
citizens of Copenhagen as a recreational
area. A rainwater park in connecting to
the lake will support this recreational use.

Rosenerns Allé

Main traffic road which has the potential
to function as a cloudburst road. The
water on terrain can create a new spatial

Vodroffsvej

The guiet local road lies in a depression
which is lower than Sankt Jergens Se.
Water will support the natural
typography and have a historical
reflection.

Sankt Jergens Se

The lake itself can turn into a valuable
city space while also holding the
potential of receiving a big amount of
water.

Gasvaerksvej

A road used by children from Gasvaerksvej
school, motorists and cyclist. The road can
lead water and support a safe school road.

Skydebanehaven

The garden today is a playaround and park
for many residents. The green area holds a
big potential for retaining water.

I

Istedgade

The street contains Copenhagen’s most
dynamic city life. Water redesign can
support the roads city life by creating
new activity spots and temporary water
parks.

Dybbelsgade

A wide street situated in a residential
area with few local shops. The road
connects Enghave Plads and Dybbelshro.
Water on terrain can support and give a
special character while enhance the
connection through the city.

01 Park

Hans Tavsens

02 Plaza
Blagards Plads

03 Street

Korsgade

ornge

Hot Spots (sites suitable for test implementation of the “Cloudburst Toolkit”) were identified by
the Landscape Architect. Each tool is shown to demonstrate its applicability within the Pilot
Project as well as universal applicability as a typology-based solution.
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a Blue-Green City

04 Green Street

SHARED
([®Y%6% Ve

EVERYDAY RAIN

30% DISCONNECTION
from existing combined
SEWER system.

planter | urban activation cycle - 2 way | drive - 1 way urban activation | planters

Green streets utilise lowered street profiles to create a Safety Zone and a Flood Pathway
Corridor. Shared public spaces integrate pedestrians, cyclists, motorists, and alternative
Streets transportation along a common public realm. Solutions are visible public education tools.

Tool: Green
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05 Urban Canal 4 ]' Dry, Normal

Vodrofsvej

e _—

Conventional: Existing Crowned Street

S ——
Cloudburst
L

[ Normal Rain Event 1

Proposed V-Profile Street

A V-Shaped road profile challenges conventional traffic engineering, retrofitting Cloudburst
) _ Streets by flipping street layouts. The radical change allows street widths to be reduced while
V-Profile increasing retention capacity to handle daily and extreme rain events.

Tool: Urbn Canal
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Driving Investment

Blue-Green infrastructure
helped to Iower..sapltal

-

H‘@e}' e:thal an!d'
intenance spa as
“much s 759 /;(f %erl

ivers 012) whlle Danlsh

[ wak |[ parking | shared space traffic || green belt |[[ cycle [ drive | one-way traffic][  walk |

Dry, Normal Cloudburst
Y RAMBGLL




BEFORE: Barriers

Flood Prone Zones ‘

L.

Fredericksberg Have ‘

+12.0 05 Vodrofsvej [ 06 Gasveerksve]

Top of Dam

WL+58
v

+3.5 +4.0
h 4 +2.2
+03
v
Sankt Jergens S@ Main Train Track
AFTER: Connections
{ Fredericksberg Have
+12.0 05 Vodrofsvej 06 Gasvaerksvej
WL 334 jpredicted
max WL +3. +40 sea level
"‘3",5 new WL +2.8 +2.2 in 2100

o, it +13
\_fi"l‘ hoolel / F----- Y.
1

e o -

‘ Sankt Jergens S@}

‘ 2-3m @ Subsurface Tunnel

Testing Sankt Joergens Lake is currently higher than surrounding green spaces. Removing the physical
Cloudburst barrier to the waterfront and creating a bypass tunnel, combining Blue-Green techniques with
‘Grey’ piping, creates a new people place while mitigating Cloudburst flooding.

Theory
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B Safety Zone
Lﬁ Flood Zone P =N

retention
capacity

7,000m?

retention
capacity

Flood Event
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A New ‘Old’ Destination
The lake becomes a multi-
functional park space with

recreation, fitness, and
heritage amenities that
capitalize space use,
simultaneously mitigate
Cloudbursts and normal
rain events, and beckons
residents and guests to
engage with the active
waterfront edge.

SR8 3.3% moe

Residents in green neighbordhoods are three times more
likely to be physically active when compared to non-green
neighborhoods (Forestry Commission).

ﬂ ©% real state
incre a L E_‘
Green areas increase adjacent real estate value between

10-15%, or 1% for every 1 hectare of space within walkable
proximity (Trust for Public Land, 2009).

$200 MILLION
Wi SAVED

Cloudburst solution to combine Blue-Green solutions with a

reduced pipe size both saves money and creates a multi-
functional solution, establishing benefit synergies.
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