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CLIMATE CHANGE IN GLASGOW, SCOTLAND

G.H. GASES EMISSIONS AND R.E. TECHNOLOGY
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ASSESSMENT OF CURRENT FLOOD DEFENCE (QUAY WALL) CONDITION

Waste Management
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Reduce 80% of Greenhouse Gases by 2050

The Scottish Act set a long-term target to reduce emissions of greenhouse gases
(GHGs) by 80% in 2050 relative to 1990, with an interim target to reduce
emissions by 42% in 2020 relative to 1990.
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BIOMASS GEOTHERMAL HYDROPOWER SOLAR WIND i A i) gre L e
Targets of Scottish Government & — -
By 2012, 40% of Scotland’s electricity is generated from renewable energy. Likelihood High likelihood: A flood event is likely to occur in the defined Medium likelihood: A flood event is likely to occur in the
of Flooding area on average once in every ten years (1:10). Or a 10% defined on average once in every two hundred years

By 2020, 50% of Scotland’s electricity is generated from renewable energy.

Solutions for
River Clyde

(1) Solar lily pads
(River Clyde) / (2)
Y VIVACE - Turbine
(Concept) / (3)
Heat Pump
(Thames River) /
(4) Tidal Barrier
(River Clyde)

SUSTAINABLE URBAN DRAINAGE SYSTEM (SUDS)

What is the best way of combating flooding?

chance of happening in any one year

(1:200). Or a 0.5% chance of happening in any one year

2012 Glasgow Winter Flood

(1)

Flooding Clyde Walkway Clyde
Street

(2)

Flooded Clyde Walkway George
V bridge

(3)

Flooding River Clyde Glasgow
(Clyde Bridge with rail track
heading towards Central Station)
(4)

Closed Kingston Bridge Note
wave Direction

(5)

Flooded River from Tradeston
Footbridge

(6)

——

site specific policy (flood defence)

urban development/open space

- Flood

Flood Defence Requirement:
Flood mitigation, as large proportion
of the land surrounding the flats are
below 6.0m AOD

Flood Risk: 1/200, 0.5%

Quay Wall Stability: Good to Fair
Recommendation:

-only routine maintenance required
Existing Built Forms:

-residential housing

Flood Defence Requirement:

Protect buildings below FDL of

6.0m AR

Risk: 1200, 0.5%
Quay Wall Stakility: Poor
River Edge ConSstruction Type:
-Timber-sheet piled\walls

- -Stone revetments”
-Masonry Walls |
Recommendation: -,
New quay.wall =
Existing Built Form:

* Riverside Museum="__-

Flood Defence Requirement:
Protect buildings below FDL of
6.0m ACD

Flood Risk: 1/200, 0.5%
Quay Wall Stability: Poor,
Maintenance required
Recommendation:

-Hard landscaping within public
realm area

-Folding demountable defences
Proposed Plans:

-Clyde Fastlink

-Public ream

Indicative cross soction of Broomiolew Ouay (East)

Flood Defence Requirement:
Flood mitigation not required
(roads and bridge are above

the recommended FDL 6.0m AQD)
Flood Risk: 1/200, 0.5%

Quay Wall Stability: Good
(Relatively Modern Structure)
Recommendation:

-periodic maintenance scheme
Description:

-significant changes in riverside use

-proposal should provide a harmonious

and consistent river frontage, improve

ofuse for visiipr

center, and provide a mix

Indicative cross section of Custom House Quay

Flood Defence Requirement:
Flood defence required,
recommended FDL= 6.1m AOD
Flood Risk: 1/200, 0.5%
Quay Wall Stability: /.
Recommendation:

-flood defence through built
form and hard landscaping
-requires urgent attention if

the quay wall facade reported
to be in poor to fair condition
Existing Built Forms:

-public realm and walkway

Indlieative eross soction of Ciyda Sweet

Flood Defence Requirement:
Flood defence not required,
threshold level of the area is
higher than recommended

FDL 6.1m AQOD.

Flood Risk: 1/200, 0.5%
Revetment Stability: Poor
(Missing stones, minor slippage,
extensive vegetation growth)
Retaining Wall Condition: Good
Recommendation:

-revetment stability through a build
out with a low-level promenade
Description:

-any proposal should be sensitive
1o its surrouding because the site
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Flood Defence Requirement:
Flood mitigation not required

(FDL >6.1m AQD)

Flood Risk: 1/200, 0.5%
Revetment Stability: Fair

(but rip-rap slope is in poor condition)
Recommendation:

-rock armouring in the low-tide zone,
gabion baskets in the intertidal zone,
and a geo-textile reinforced grassed
slope above the high-tide level: for
emergency revetment stabilisation
Opportunities:

-a new green faced bank,
incoporating bioengineered works
and slope stabilisation, would

' Piflces ek

Flood Defence Requirement:
Flood mitigation, residential area
lies below 6.0m AOD

Flood Risk: 1/200, 0.5%

Quay Wall Stability: Good
Recommendation:

-flood defence through a flood
embankment tied into the higher
ground to the west of development
-some remedial work are required
throught the placement of rock ballast
Existing Built Forms:

-residential housing

~ Lancefield & |
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Mavisbank Quay

Flood Defence Requirement:
Flood mitigation, lowest threshold
level of adjacent flats is 5.59m
(below 6.0m AOD)

Flood Risk: 1/200, 0.5%

Quay Wall Stability: Fair to Poor
Recommendation:

-flood defence through an
embankment incorporated

into the landscaping works
-improve quay wall stability
through ballasting the entire
length of quay

Existing Built Forms:

Anderston Quay

Windmillcroft Quay "\«

Broomi e-léw
Quay (East)

Figod Defence Requirement:
Flood mitigation, lowest threshold
level &f adjacent flats'is 5.36m
(belowAG.0m AOD)

Flood Rjsk: 1/200, 0.5%

Quay WAl Stability: Poorio Véry_PGOf-. &

Recommeqdation::
-flood defendg through permanent

wall and embahkments as part of /=
remedial and refurishment works =

-improve quay wall S{ability through

a build out and steppey] revetment or
tiered promenade

Existing Built Forms:

-residential housing

i C_uﬁ%bm )
- House Quay

Carlton Place

Florence& '\
‘Adelphi’St.,

Flood Defence Requirement: ..
Flood mitigation notrequiifed

’ Flood Risk: 1/200, 0.5%. /.
Quay Wall Stability: Poor te Very Poor
Recommendation: s
-quay.wall.stability throtgh
ballasting-the mest critical
sections of the revetment
Note: &/
-evidence of bank collapse
and numerous examples of

is within conservation area

<} - (recoimmanded RDL=6.0m AOD)

encourage ecological opportunities
and habitat enhancement

: Flood Defence Requirement: -
* Flood mitigation}.groundHevels
rangefrom-4.20m 10 6.50m AOD

-/ Flood Risk:1/200, 0.5% _
Quay Wall Stability: Poor to Very Poor
Recommendation: '

\, -flood defence through raising

“the level of the grass embankment:
between Sheriff Court and riverside
embankment { ¢
-permanant or démaountable flood
defence pegded v Rl '

-quay wallstability through the =
replacement of ‘original rivetment
using traditional setts coursed into
aRCbasgslab | ||~ ©%

Existing Built Forms:

-listed buildings

Description | |

-very steep revetment., . AN
-high histarieal value and identity,
preservation recommended . |

-residential housing

.

Intheative cyors weciion of Roversiele Ty

bulging and settlement of the
slopes - 2,

-

b ptive cruss secton of WendnBaol Ghey Indicative cross saction ol Carion Place

Wi dewor b Flastmrcr, el Acdedpln St oot Favatmnt

Flood defences should take the form of permanent structures (e.g walls and earth
embankments) which have an insignificant visual impact and do not act as a barrier to the
movement of people or vehicles. Soft and hard landscaping can be used to disguise the true
function of permanent flood defences. Where their construction would act as a barrier or result
in a significant visual impact, demountable flood defences are an alternative. A combination of
building design, raised areas and permanent and demountable defences can achieve a
satisfactory level of defence.

The City Plan recognises that quay wall maintenance has not been carried out in a
consistent manner and thatmany of the quay walls are in a poor condition. In this map, city
council had identified the key areas with relatively high flood risk to the development along
River Clyde and reflects the assessment of quay wall condition, recommendation to
improvement and brief description of the river edge area.

For more information, refer to River Clyde Flood Management document by Glasgow City

Move it Store it

Natural system
There are two options available for dealing with floodwaters: either move it or store it.

In natural, unaltered river systems, both these processes take place. Wetlands and washlands provide areas of

flood storage, while water moves quickly through steep-sided areas.

Traditional flood protection
Traditional flood protection has tended to focus on moving water, using expensive hard

defences such as flood walls to protect specific areas. This has often only led to problems being transferred further

downstream.

= focus only on flood control and protection

= provide protection up to a certain pre-determined safety level
= bad impact on upstream and downstream areas

= planned in a mono-disciplinary manner

= high financial costs

= aim to separate the river and the population

C‘-ire'en ..roqu

Rain gardens
Permeable s;Jralfac.e.s
Swales,__l_’_i_lt_er strips

« ideal in urban areas;

* reduces run-off;

« allows run-off to
percolate naturally into
ground;

« dry surfaces to park and
walk on after heavy rain.

» slows rainfall run-off and
improves water quality;

* reduces flooding;

« space for relaxation and
quiet enjoyment;

+ mitigates urban heat

island effect.

« ideal in high density areas;

« slows and reduces run-off;

« reduction in noise and the
urban heat island effect;

« increased visual and
physical access to green
spaces.

« slow water down;

The management train

* cleaner run-off ;

water.

* intercept rainfall run-off;
« collect and move water;

* can be used anywhere;
* remove any silt in the

Pacific Quay SECC area Council.
TYPE OF SOILS
SuDS? . What are SuDS? N . Sl ~ R The choice of SUDS system will depend on a
r S = 5 number of factors and one of this is infiltration rate
SUDS are a sequence of water management practices and B D ‘ of the soil.
facilities designed to drain surface water in a manner that will 2, & %1\‘ ' . re Soil permeability can have a significant effect on
provide a more sustainable approach than what has been the ey, A e gy S, b | e | selecting the right SUDS techniques for a site.
conventional practict_e of routing run-off through a pi_pe_ to a &0 - ; & | 1 - In fact infiltration methods may not be suitable but
walercourse. The- piimaty’ puipose-of. SUDS s o ‘mimie e . TR | ' | |jGiasgomg there are many other methods that can be used in
natural drainage. (SEPA, Scottish Environment Protection - . {Rmieston % - . immfi“ clayey soils, e.g. swales, ponds, wetlands.
Agency) _ L.z Glasgow . .
W L. So, although clay soils may prevent a complete
Y S SN Glasgow Central Palh e infiltration solution it will still be possible to use
SuDS benefits: S — / B - e oy "= other SUDS features such as ponds, wetlands and
 reventing water pollton _ _:_;;;,_-:{ T AL _ . swale;;. It is also possible tc_) allow some water_ to
- slowing down surface water run-off and reducing the risk of flooding B L= Soret ety "ﬁ 5 _(@“‘z“)j‘f" Mo, o soak in’go the ground, even 'f_ the drainage design
- reducing the risk of sewer flooding during heavy rain ! = Yook TGS o - “| calculations do not allow for it (for example out of
- recharging groundwater to help prevent drought = B // ). £ | the bottom of an unlined swale).
- providing valuable habitats for wildlife in urban areas Al GG A, ) G, In some areas where there are sand and gravel
- creating green spaces for people in urban areas _ el o % 1 deposits over the top of the clay soils that may be
o RO 2 A ! suitable for infiltration.
How SuDS work 0 L 77 e Sl e SN Bridgeton | Fach site should be evaluated on its own merits
Legend s : g e A\ ' by undertaking comprehensive soil Standard
SuDS capture rainfall, allowing as much as possible to evaporate or soak into the ground Alluvium - Deposit of clay, sit, sand, and gravel e o &) {1 BS 35930: 1999, Code of practice for site
close to where it fell, then conveying the rest to the nearest watercourse to be released at Coastal - Sand and gravel e T P .l y 1 3 | Investigations, including infi Iltration testing and
the same rate and volumes as prior to development. Along the way any pollutants, such Tidal deposits - Gravel, Sand And Sif ""'*,_,_';- 3 ?’.' groundwater level monitoring. This will identify
as metals and hydrocarbons from roads and car parks, are reduced. Rivers depositing - Sand and gravel, fine silt and clay ’_ | i any opportunities for infiltration.
loe age - Moraines, sand and gravel 3 j AT NG | It's important anyway that ground conditions
Fooic B ey e 2 & Y & should not prevent the use of SUDS but may
606 b6 b6 6 6 b6 b6 & & | s & g 2 s -'@’\L\ affect the choice of system.
‘ Prevention ‘ 6 6 6 o ' & \-.‘-;'\,_ ; g )N
Stop or reduce the - b S—-m_é___./ Conveyance P . 9% yoeml L - ol = " e = \.,:%
oceurrence of pollution of Conveyance
g?]getgn;:gltjlcee N essgfﬁjcrﬁ: Source control a a Movement of water from one POSSIBLE MANAGEMENT TRAIN FOR SUDS
of run-off by reducing the S — - location to another: y
extent of impermeable KN - ~Sidles; * where soils are rich of clay and not much
areas. - canals;

Discharge to watercourse

or groundwater - shallows channels.

Discharge to watercourse .
or groundwater
Discharge to watercourse
or groundwater

Site control
Management within site boundary:
- community ponds;

Sourse control
Management close to where rain falls:
- garden roofs;

Regional control
Management serving several sites:
- regional ponds;

- rain gardens; - swales; - wetlands;
- permeable pavements; - detention basins; - retentions basins.
- swales, filter strips; - filter strips.

- bioretention areas.

Sustainable drainage systems are now the preferred approach to managing rainfall from hard surfaces and can be
used on any site.
In a well designed SUDS, these features are provided in sequence, which is known as the management train.

Regional control Conveyance

Ponds and Wetlands
Swales and canals

Bioretention areas
Detention basins

Sy
It

* |deal in high density areas;

* reduces run-off;

* intercepts and filters
pollutants at an early
stage.

* detain water allowing
gradual infiltration;

+ removal of pollutants
through bioremediation;

* reduces flood risk;

» storage for excess water;

« water flows slowly over an
extended period of time;

« removal of pollutants;

» reduces flooding;

* transport water from one
part of the SuDS
management to the next; A

* slows run-off;

+ allows natural infiltration;

Legend

o Soil with more presence of clay

I Parks, gardens and green spaces

B Car parks

Soil with more presence of sand
and gravel {(more permeable)

{less permeable)

Data not available

Vacant lands

« high biodiversity;
» multi-functional uses.

» attractive public space;
+ habitat for wildlife.

* intercepts and filters
pollutants.

permeable, it is possible to resort to engineered
soil, man-made substrate of soil mixed with
materials such as crushed stone, sands and slate
to increase porosity and permeabitlity.

Parks, gardens, green spaces and vacant lands
where the soils are predominantly clayey*, so with
limited opportunities to use infiltration methods
could be used as swales, ponds, wetlands and
retention basins in order to detain water, reduce
rainfall run-off and remove pollutants.

Parkings, especially in urban areas can be built
with permeable pavements in order to allow water
to soak through the surface into the gravel subbase
below, controlling the flow of water and removing
pollution from it.

Where the soils are predominantly sandy and
gravel, could be used as swales, rain gardens,
and detention basins in order to allow gradual
infiltration, slow rainfall run-off and remove
pollutants.




