The third step is to calculate the "alpha™ and "u” factors

V6 S,
o=—->
T
(Eg.31)
u=X—05772 %«
(Eq.32)

The last step is to use the two last calculated factors to calculate the "Y;" to finally

calculate "X it is the rainfall intensity for the design return period.

t=—in[in( - 7)

(Eq.33)

X =ay;+u
(Eq.34)

The results of this analysis are presented in the following table 20:

Table 20.Temperature data

Daily precipitation

Standar deviation Life cycle
average (mm)

2.425155666 2.667671233 50
alfa u ARelum
period(years)
2.079974727 1.224594254 5
Not ocurrence
i U pobabilly
1.499939987 4.344431518 0.001427248
Rainfall duration Specific rainfall intensity (mm)
20 2.907091813
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As could be observed in the table 19, the specific rainfall intensity is 3.35 mm per

square meter and hour, for a rainfall event duration of 20 minutes.

The other important thing that should be characterized is the soil from the study place.
To do an estimation of which soil and the compositions is, has been used the data
provided by the "The Geological Survey of Norway”’(NGU). From the web page of this
institute has been obtained maps with the soil origin in function of a legend of colour
as can be observed in the figure 19. From this map was obtained that the soil is
composed of a sandstone, with a porosity around 53 % and a soil permeability around
5*%10°m/s.

Once that the place is completely characterized, it will be proposed 3 different systems
to reduce the amount of runoff generated in this area. The solutions proposed are:

green roofs, bioretention, and soakaways.

The results for each system are presented as a capture of the excel sheet presented
before. In these images, the upper part describes the system characteristics; and in the
lower part are showed the results. All calculations and important data are in the first

column, the other ones are reserved to the future inspections.
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Soakaways

In this system,it is proposed use soakaway with a 30 m x 20 m area and 2 m of depth.
The backfill material selected is sand to maximize the storage capacity (Porosity 55%;
Permeability 5E-3). The most important results from this part are the reduction of
runoff provided, that it is 1.8 m® and it is produced by infiltration; and the total volume

of storage, it is 660 m>.

The other important results are showed in the next table (table 21):

Table 21.Trondheim NBS application, Soakaway solution

Soakaway lenght m (L) 20 20 20 20 20
Soakaway width m (W) 30 30 30 30 30
Soakaway height m (h) 2 2 2 2 2
Base area of infiltration system m? (Ab) 600 600 600 600 600
Porosity of fill material m/h (n) 55.00% 0.55 0.55 0.55 0.55
Permeablhty.coeflclent of backfill 5.00E-03 0.005 0.005 0.005 0.005
e medium m/h (kb)
System characteristics
Infiltration area m? (Asgs) 100 100 100 100 100
Area to be drained m? (Ap) 13000 13000 13000 13000 13000
Runoff coefficient (Rv) 0.377 0.377 0.377 0.377 0.377
Sourronding soil permeability m/s (Ks) 5.00E-06 5.00E-06 5.00E-06 5.00E-06 5.00E-06
Inlet pipe diameter m (Di) 0.4 04 0.4 0.4 0.4
Inlet pipe velocity m/s (Vdi) 0.1 0.1 01 0.1 0.1
Duration of the storm of design h (D) 1 1 1 1 1
Hydraulic characteristics
Intensity storm of design mm/h (i) 3.35 50 50 50 50
Inflow m (1) 16.41835 16.41835 16.41835 16.41835 16.41835
Outflow m (0) 1.8 1.8 1.8 1.8 1.8
Hydrauclic Calculations
Total storage volumen m (S) 660 660 660 660 660
Storage volumen required m (Sr) 14.61835 14.61835 14.61835 14.61835 14.61835
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Green roofs

In this system it is proposed to cover 600 square meters of roofs with extensive green
roofs, the substrate is a mix of clay and organic material with 0.4 m of depth (Porosity
60%; Permeability 6E-6). It is a soil with a low response, the objective is to retain the
maximum quantity of water inside the roof to evapotranspire this volume of water.
The vegetation selected to prevent the erosion and produce this evapotranspiration is
high grass because it doesn't need a high level of maintenance and usually it have a

good evaporation rate.

The most important results from this part are that the green roof could produce a
reduction of 1.3m3 /day. In this model, the reduction it is indicated per day because
the runoff reduction is produced by evapotranspiration. It is done the assumption that
the slow response of the soil is enough to slow to retain the water one day into the
green roof, this time is enough to allow the vegetation produce the

evapotranspiration.
In this system, the amount of water that could be storage is not significant.

The other important results are showed in the next table (table 22):
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Table 22.Trondheim NBS application, Green roof solution

System characteristics

Surface area m” (As)

Heigth of substrate m (hs)

Vegetation height m (Vh)

Vegetation type

Type of soil

Permeability coeficient of the soil
mm/min (Ks)

Porosity

Soil response (B)

Roof inclination %

Hydraulic characteristics

Extra-terrestrial radiation
Mi/m’day (Ra)

Average temperature (T,.)

Minimum temperature (Tpi,)

Maximum temperature (Trs,)

Evapotraspration mm/m? day’l
(ET)

Precipitation mm/m’ day™ (P)

Actual soil water storage mm/m2
(M)

Field capacity mm/m2 (FC)

Runoff mm/m2 day” (dUZz)

Change soil water storage mm/m2
day™ (SM)

Green roof runoff m3/day

Total runoff m3/day

Runoff reduction m3/day

240

0.594001263

4.619918503

0.356400758

12.96252076

1.302299242

High grass

High plasticity clays

6.00E-06

60.00%

600

0.4

0.2

High grass

High plasticity clays

6.00E-06

60.00%

0.5

0.4

0.2

High grass

High plasticity clays

6.00E-06

60.00%

0.5

600

0.4

0.2

High grass

High plasticity clays

6.00E-06

60.00%

0.5

1.878396923

93.33552284

4.658424369

12.96252076

1.302299242

1.878396923

93.33552284

4.658424369

12.96252076

1.302299242

1.878396923

93.33552284

4.658424369

12.96252076

240

1.878396923

93.33552284

4.658424369

12.96252076

1.302299242

1.302299242
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Bioretention

In this system,it is proposed to use a bioretention with a 30 m x 20 m area and 2 m of
depth. The filter medium is composed of a silt sand (Porosity 50%; Permeability 1E-4) it
is 1.8 meters depth, and the drainage layer is composed by a fine gravel (Porosity 40%)
it has 0.2 meters depth.

The most important results from this part are the reduction of runoff provided is 0.87

m? produced by infiltration, and the total volume of storage is 588 m>

The other important results are showed in the next table (table 23):

Table 23.Trondheim NBS application, Bioretention solution

20 20 20 20 20
Filter medium width m (W) 30 30 30 30 30
Filter medium height m (Hf) 18 18 18 18 18
Surface filter area m” (Ay) 600 600 600 600 600
Volume filter area m3 (Vf) 1080 1080 1080 1080 1080
Porosity of filter medium % (kf) 50.00% 50.00% 50.00% 50.00% 50.00%
System Characteristics Permeability coeficient of the filter medium m/s
() 1.00E-04 1.00E-04 1.00E-04 1.00E-04 1.00€-04
Drainage layer height m (Hd) 0.2 0.2 0.2 0.2 02
Volume drainage layer area m3 (Vd) 120 120 120 120 120
Porosity of drainage layer % (kd) 40.00% 40.00% 40.00% 40.00% 40.00%
Impervious area m2 (A) 3160 3160 3160 3160 3160
Runoff coefficient (Rv) 0.377 0.9 0.9 0.9 0.9
Rainfall intensity mm/day (1) 291 32.96 32.96 3296 32.96
Hydraulic charactetistics
Evacuation time, percolation h (t) 48 48 5 5 5
Water treatment rate m3 (WTR) 0.864 5.184 0.540 0.540 0.540
Area necesay m2 (Af) 545.625 540 540 540 540
Hydraulic calculations Area deviation % 91% 90% 90% 90% 90%
Total runoff m3/day 13.40082 156.38592 161.02992 161.02992 161.02992
Atte 588 588 588 588 588
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Systems comparison

In this part will be studied the benefits of each solution proposed and which solution is

the most effective. The area used in all systems is the same to obtain comparable data.

Regarding which is the system that produces the bigger reduction of runoff it is the
soakaways. The second system that has a good attenuation is the green roofs, but this
system doesn’t have available storage volume. This is a bad point because other
methods such as the bioretention or the soakaways can storage water and infiltrate it
along the time. For this reason attending only to the attenuation of runoff the

soakaways are the most suitable system.

Regarding the pollutant reduction, looks like the green roof produces an increment of
some pollutants but it is because the water that treats it only comes from the
precipitations and usually this water is cleaner than the runoff produced by the
impervious zones (this phenomena it is explained in the green roof part). Leaving aside

this, the percentages of reduction are:

Table 24.Pollutant reduction comparison

88.8

-162.31 14.29 98

-164.1 34.78261

-82.54 17.24138 70

Attending only to the pollutant reduction the most suitable systems are the soakaways
and the bioretention. The bioretention could produce a reduction concentration of
pollutant of a bigger number of pollutants than the soakaways and usually, it doesn’t

need a pre-treatment system, for this reason, this is the most suitable system.

Regarding the amenity aspect, the bioretention and the soakaway could use the
subsoil of the green areas. With these 2 systems is possible to use the surface area as a

park or recreation area. On the other hand, the green roofs use areas that usually
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don’t have any secondary use. The green roofs analysed in this study are installed in
inclined roofs, it reduces the possibilities to use this roofs with a social objective , but it

produces a landscape enhancement that it is really positive for the human well-being.

To continue with the analysis it is necessary to talk about the cost of maintenance. The
cost of maintenance between these 3 systems is really different. There are 2 groups,
the excavated systems, bioretention and soakaway; and the superficial systems, green

roofs.

The excavated systems usually have a lower cost of maintenance but the costs of
replacement or reconstruction are higher than in the superficial system. On the other
hand, the green roofs have a lower cost of replacement because they are more
accessible but they need a periodic maintenance to keep the height of vegetation at

the right height or reseed the eroded parts.

Attending to these two last criteria, it is difficult to select a system because each one
has their positive and negative aspects. But the bioretention systems usually have a
better adaptability.

To conclude with this analysis, if it is only possible to install one system, is necessary
taking into account all collected data and results and give to all criteria commented

before the same weight in the final decision.

The system that produces the better attenuation of the peak flow and a reduction in
the total volume of water are the soakaways. Regarding the reduction of pollutants,
Soakaways have a good reduction of pollutant, similar to the bioretention, these two
systems have a big variability in function of the backfill material but soakaways need
in addition a pre-treatment to remove some pollutants, especially the TSS. Not like the
bioretention that does all treatment for themselves. Regarding the maintenance cost,
all excavated systems have more or less the same cost and this criteria it is not decisive
in the decision. To conclude, regarding the amenity, as it was said before the
bioretention have the better adaptability. At this point the bioretention and soakaways
are the most suitable systems, but because the bioretention doesn't need any auxiliary

system, it is the selected system.
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Bioretention systems are selected as the most suitable for this place, but the point of
view of NBS it is not only to use one method. The ideal solution to manage the storm
water is to used a combination of systems, using green roofs to reduce the runoff
generated by the roofs. Them the water not absorbed by the green roofs, could be
conveyed by strips until a swale. With these two systems,the amount of pollutants will
be reduced and the peak flow will be reduced a bit by the infiltration in the swale.
Finally, the remaining water will be conveyed by the swales until a bioretention to
conclude the treatment, it will provide a good quantity reduction a wide reduction of
different pollutants. The global combination of these systems will provide a green
vision and produce an enhancement of the human well-being at the same time that is

done a green and sustainable stormwater management.
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Final remarks

Currently, the nature-based solution is a new concept that should be developed more
and it is necessary to do a deeper researching in this field, to do that in the future this
point of view will be more integrated in the society. The development of this concept
could produce benefits to the society, such as green cities, or a management of

stormwater in a sustainable way and being friendly with the environment.

NBS have a big potential to improve the life quality of the humanity, addressing one of
the most important problems that concern the humanity nowadays, the climate
change. With NBS is possible help to reduce the impact of climate change in the
stormwater management because the systems that compose the NBS have a good
adaptability if the amount of precipitations changes therefore the stormwater that

should be treat.

It is necessary to have a long-term planning and extend the scope of the society,
starting to give value to more things than only the construction cost, when a
stormwater project is being planned. There should be taken in account things as the
long term maintenance, the adaptability to the environment and the most important
point, the impact produced in the environment, because some environmental
damages, or contaminations could not be fixed with money. For these reasons it is
important, change the actual mentality and starts to use more the natural-based

solutions.

But there are some problems when it is applying the point of view of the NBS. It is that
there are not many systems that have followed this philosophy in the past. So don’t
exist standardized guidelines to design systems according with this point of view. The
behaviour of this systems are not so well known such as piping systems that have been
used for a long time. This entail that, when a stormwater system it is being designed,

usually the designers opt for a traditional system instead of a NBS system.

Besides there is another reason why these NBS systems are not more used; the reason
is that the future behaviour of the system and the required maintenance are not well
known. In other systems such as the pipe systems these two things are really well

known, even they have, asset management techniques to estimate the breaks
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probability or optimized the maintenance. This master thesis aims to illustrate what
are the most important assets in each NBS system, and also it provide small
maintenance guidelines. This two things along whit the excel sheets that have been
developed, they can help to monitor and to maintain these systems effectively and in a

sustainable way.

To finish with this thesis are propose some ways to continue developing and
investigating the NBS field. One of them is continue investigating NBS systems with
real models to study how the maintenance in a long term period can be reduced.
Another study is which sensors can be installed in these systems to have real time
monitoring and detect possible problems in the behaviour of the system. Finally to do
a compendium of NBS applied around the world to study which are the most suitable

in function of the climate characteristics.
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