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7.2. Post-development 

For the post-development model, the illustration plan provided by Asplan Viak is used as a 

template for land resource use and catchment parameters. Catchment parameters are 

shown in the table below. 

Table 4: Catchment parameters used for post-development model. 

Parameter Value 

Width 500 m 

Slope 6.8 % 

Impervious surfaces 19.7 % 

Roughness impervious surfaces “n” 0.016 

Roughness pervious surfaces “n” 0.24 

Depression storage impervious surfaces 1 mm 

Depression storage pervious surfaces 4 mm 

Maximum infiltration rate 12.5 mm/hr 

Minimum infiltration rate 0.5 mm/hr 

Infiltration decay constant 5 (mm/hr)/hr 

LID controls Vegetated swale 

 

The only differences compared to the pre-development model are impervious surfaces, 

pervious surface roughness, pervious surface depression storage and LID controls. 

Width and slope of the catchment is not changed, even though some terrain features might 

be adjusted during development, the overall shape of the catchment is expected to stay the 

same post-development 

The amount of impervious surfaces is increased to match the amount of new roads and 

buildings as shown in the illustration plan in Figure 3. The properties of the impervious 

surfaces are not changed however, and any changes in the impervious surface runoff are 

solely due to the increase in area. 

When the pervious areas are changed from agricultural fields into lawns and parks, the 

surface roughness and depression storage are expected to decrease slightly. Most of the 
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forest area will also be removed and replaced by residential areas. New parameters for 

depression storage and roughness are based on lawns and dense grass in chapters 24.5 and 

24.6 in (James et al., 2010). 

No changes are made to the infiltration parameters of the catchment, because the native 

soil will still be a clay loamy soil, even though the land use is changed. 

In the post-development model there is implemented a vegetated swale. The swale is 

designed for flood control, but will receive flow from surrounding areas for all events. In the 

model, flow from 30 % of the impervious areas are routed through the swale. LID controls 

properties for the post-development model are shown in the table below. 

Table 5: LID control parameters for post-development model. 

Name Flomveg 

Area [m2] 4161 

# of units 1 

Surface width [m] 3 

% initially saturated 25 

% impervious area treated 30 

 

The swale is given a berm height of 2000 mm, a vegetated volume of 0.05, a surface 

roughness of 0.45, surface slope of 5 % and a side slope of 1:3 (rise over run). Infiltration 

rates for the swale are the same as for the pervious area. 
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7.3. Low-impact development 

The low-impact development model is based on the post-development model, but additional 

LID controls are added. All catchment parameters except LID controls are identical with the 

post-development model, as seen in the table below. 

Table 6: Catchment parameters used for LID model. 

Parameter Value 

Width 500 m 

Slope 6.8 % 

Impervious surfaces 19.7 % 

Roughness impervious surfaces “n” 0.016 

Roughness pervious surfaces “n” 0.24 

Depression storage impervious surfaces 1 mm 

Depression storage pervious surfaces 4 mm 

Maximum infiltration rate 12.5 mm/hr 

Minimum infiltration rate 0.5 mm/hr 

Infiltration decay constant 5 (mm/hr)/hr 

LID controls Vegetated swale, green roof, permeable 

pavement and bio-retention cell. 

 

The additional LID controls in the LID model are green roofs, permeable pavements and bio-

retention cells (rain garden). 
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7.3.1. LID controls 

The LID controls properties for the LID model are shown in the table below. 

Table 7: LID control parameters for the LID model. 

Name Flomveg Green roof Permeable pavement Bio-retention cell 

Area [m2] 4161 100 500 50 

# of units 1 20 10 20 

Surface width [m] 3 10 4 7 

% initially saturated 25 0 20 25 

% impervious area treated 30 0 0 30 

 

Green roofs are one of the LID controls implemented in the model. Green roofs only treat 

direct rainfall, so no additional runon from impervious surfaces are simulated. The reason 

the green roofs are set as 0 % initially saturated is because any initial saturation produced 

more runoff than using no green roofs at all. The properties of the green roofs used in the 

model are shown in the table below. 

Table 8: Green roof properties. 

Surface Soil Drainage mat 

Berm height [mm] 0 Thickness [mm] 150 Thickness [mm] 10 

Vegetation volume 0 Porosity 0.3 Void fraction 0.5 

Surface roughness 0.35 Field capacity 0.2 Roughness 0.50 

Surface slope [%] 15 Wilting point 0.1   

  Conductivity [mm/hr] 15   

  Conductivity slope 10   

  Suction head [mm] 60   
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Permeable pavements receive no additional runon from impervious surfaces, and thus only 

treat direct rainfall. In reality they might receive runon from adjacent surfaces for 

infiltration, but that is mostly done on parking lots and such where you have a large area 

capable of infiltrating the extra runon. There are few such areas in the illustration plan, and 

estimating what amount of impervious surfaces route the flow through permeable 

pavements would be difficult. Instead the pervious pavements are modeled to replace 

walkways and roads. Properties for the pervious pavements are shown in the table below. 

Table 9: Permeable pavement properties. 

Surface Pavement Soil Storage 

Berm height 

[mm] 

0 Thickness [mm] 60 Thickness 

[mm] 

300 Thickness 

[mm] 

300 

Vegetation 

volume 

0 Void ratio 0.15 Porosity 0.3 Void ratio 0.5 

Surface 

roughness 

0.1 Imperv fraction 0.5 Field capacity 0.2 Seepage rate 

[mm/hr] 

10 

Surface slope 

[%] 

3 Permeability 

[mm/hr] 

15 Wilting point 0.1 Clogging factor 0 

  Clogging factor 0 Conductivity 

[mm/hr] 

15   

    Conductivity 

slope 

10 Underdrain 

[mm/hr] 

5 

    Suction head 

[mm] 

60   
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The bio-retention cells receive additional runon from 30 % of the impervious surfaces. This 

means that for the LID model, 60 % of the impervious surfaces are routed through either the 

rain gardens or the vegetated swale, while 40 % of the impervious surfaces produces direct 

runoff. Properties for the bio-retention cells are shown in the table below. 

Table 10: Bio-retention cell properties. 

Surface Soil Storage 

Berm height [mm] 200 Thickness [mm] 400 Thickness [mm] 400 

Vegetation volume 0.2 Porosity 0.5 Void ratio 0.5 

Surface roughness 0.3 Field capacity 0.2 Seepage rate [mm/hr] 15 

Surface slope [%] 1 Wilting point 0.1 Clogging factor 0 

  Conductivity [mm/hr] 15   

  Conductivity slope 10 Underdrain [mm/hr] 5 

  Suction head [mm] 60   

 

It should be noted that the conductivity used for all LID controls is the conductivity when the 

soil is fully saturated, and is estimated from chapter 24.2 in (James et al., 2010), assuming a 

loamy sand soil. The saturated conductivity in the model is reduced slightly compared to the 

table to account for the cold climate in Trondheim. 

The maximum conductivity will be higher than the saturated conductivity, and the 

conductivity for each time step is calculated as a function of the soil moisture content, 

porosity and the conductivity slope in the following equation: 

4 = 4567 ∗ %8�9
:;�7<=<7> 5?9@A∗�B9C95<7>819<57;CA �9
7A
7� (Rossman, 2011) 

7.3.2. Sensitivity analysis 

Sensitivity analysis are done on the peak runoff for varying areas of the LID controls green 

roofs, bio-retention cells and permeable pavements. All simulations are done using only one 

type of LID control in addition to the vegetated swale that is included in the post-

development model. The sensitivity analysis is simulated for a storm event with a 2-year 

return period, a duration of 1 hour and a total precipitation volume of 12.2 mm. 
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Figure 29: Graph showing total area of green roofs in the model vs. simulated peak runoff, and the 
runoff reduction compared to the post-development model. 

Green roof simulations are done using 100 m2 units with 10-meter width. The total area is 

changed by increasing the number of units in the catchment. No additional inflow from 

impervious surfaces are given to the green roofs, so they only treat direct rainfall. As can be 

seen in Figure 29, the peak runoff reduction increases linearly with increased area. The 

maximum peak runoff reduction is -4 % at 67 000 m2 green roofs, which is equal to the total 

increase in building area for the catchment. This means that implementing green roofs on all 

new rooftops only decreases the peak runoff by 4 % for the simulated design storm. Results 

would probably look better when using smaller everyday rainfall events. 
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Figure 30: Graph showing total area of permeable pavements in the model vs. simulated peak runoff, 
and the runoff reduction compared to the post-development model. 

Permeable pavement simulations are done using 500 m2 units with 4-meter width. The total 

area is changed by increasing the number of units in the catchment. No additional inflow 

from impervious surfaces are given to the permeable pavements, so they only treat direct 

rainfall. The peak flow reduction on the full catchment from pervious pavements is small 

which can be contributed to the fact that is does not receive any additional runon from 

other impervious surfaces, has low surface roughness and little depression storage, thus the 

rainfall will drain off the surface rather quickly. Even if 100 % of the road surfaces are 

permeable pavements, the peak runoff reduction is less than 1 %. As with the green roofs, 

results would most likely look better using smaller everyday rainfall events. 
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Figure 31: Graph showing total area of bio-retention cells in the model vs. simulated peak runoff, and 
the runoff reduction compared to the post-development model. 

Simulations for bio-retention cells are done using 50 m2 units with 7-meter width. The total 

area is changed by increasing the number of units in the catchment. The rain gardens receive 

additional runon from 30 % of the impervious surfaces in the catchment. From the graph it is 

clear that the bio-retention area has a large impact on the peak runoff, topping off at 40 % 

peak reduction. At around 1700 m2 the peak reduction potential reaches its maximum, 

indicating that all the additional runon from impervious surfaces is collected and infiltrated 

through the bio-retention cells. This means that with the properties shown in Table 10, the 

amount of bio-retention area needed per impervious area to achieve maximum peak runoff 

reduction is approximately 4 %. 
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7.4. Weather events 

All models are run using four different weather events in order to assess the function of the 

catchment in many different scenarios. The four scenarios are a long-term 1-year simulation 

using the 2011 data from Voll rain gauge, and three design storms based on the IVD-curve 

for Trondheim with differing return periods. The return periods simulated are 2-, 20- and 

200 years, with an additional 20 % intensity to account for future climate change. 

The 1-year simulation is important to see how the catchment functions in everyday rainfall 

events, and to look at the normal situation for the catchment and how it changes after 

development. The everyday rainfall events are also where LID controls are expected to have 

the most effect, and it is interesting to see how the LID controls changes the catchment 

hydrology compared to the post-development model. Rainfall and temperature data used in 

the 1-year simulation are shown in Figure 32 and Figure 33 below. 

 

Figure 32: Rainfall hyetograph for Voll rain gauge in 2011. 1-hour resolution. 
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Figure 33: Temperature data for Voll rain gage in 2011. 1-hour resolution. 

The 2-year return period was chosen to see how the catchment functions during smaller 

events that occur semi-frequently, and to see how development changes the hydrology of 

the catchment during these events. The 20-year return period was chosen because many 

structures are designed using the 20-year return period flood as a basis for flood prevention 

measures. It is therefore interesting to see how development will change the catchment 

hydrology during the 20-year return period storms. The 200-year return period was chosen 

because the culvert downstream from the catchment is designed for the current 200-year 

runoffs. It is therefore critical to see how the catchment hydrology changes during this event 

post-development and how to keep the peak runoff at the pre-development levels. 

Rainfall data for the design storms used in the simulations are shown in Figure 34, Figure 35 

and Figure 36 below. 
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Figure 34: Rainfall hyetograph for 1-hour duration design storm with 2-year return period. 

 

Figure 35: Rainfall hyetograph for 1-hour duration design storm with 20-year return period. 
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Figure 36: Rainfall hyetograph for 1-hour duration design storm with 200-year return period. 
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8. Results 

All results are obtained through simulating the different models using the parameters and 

properties described in chapter 7. 

8.1. 2011 1-year simulation 

 

Figure 37: Runoff volume in m3/s for the Overvik catchment in 2011 pre-development (blue). 

The pre-development model has a total of 238 runoff events for the year 2011, with a total 

runoff duration of 603.7 hours. The peak runoff is 0.552 m3/s reached on September 12th 

around 01:00. The total runoff for the pre-development model is 59 480 m3, giving the 

catchment a runoff coefficient of 0.095. Total evaporation for 2011 is 74.62 mm, while total 

infiltration is 785.58 mm. 
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Figure 38: Runoff volume in m3/s for the Overvik catchment in 2011 post-development (red) and pre-
development (blue). 

The post-development model has a total of 285 runoff events for the year 2011, with a total 

runoff duration of 1 142 hours. The peak runoff is 0.810 m3/s reached on September 12th 

around 01:00. The total runoff for the post-development model is 151 100 m3, giving the 

catchment a runoff coefficient of 0.230. Total evaporation for 2011 is 82.66 mm, while total 

infiltration is 649.33 mm. 
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Figure 39: Runoff volume in m3/s for the Overvik catchment in 2011 LID (green) and post-
development (red). 

The LID model has a total of 217 runoff events for the year 2011, with a total runoff duration 

of 1 077 hours. The peak runoff is 0.805 m3/s reached on September 12th around 01:00. The 

total runoff for the LID model is 117 900 m3, giving the catchment a runoff coefficient of 

0.191. Total evaporation for 2011 is 84.88 mm, while total infiltration is 683.79 mm. 

Table 11: Hydrologic parameters for the Overvik catchment for the 2011 1-year simulation. 

 Pre-development Post-development LID 

Precipitation [mm] 950.8 950.8 950.8 

Evaporation [mm] 74.62 82.66 84.88 

Infiltration [mm] 785.58 649.33 683.79 

Runoff depth [mm] 90.56 218.73 181.97 

Peak runoff [m3/s] 0.552 0.810 0.805 

Total runoff [m3] 59 480 151 100 117 900 

Runoff coefficient 0.095 0.230 0.191 

Duration of runoff [h] 603.7 1 142 1 077 

# of runoff events 238 285 217 
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8.2. Design storm, 2-year return period 

 

Figure 40: Runoff hydrograph in m3/s for the Overvik catchment during design storm with 2-year 
return period pre-development (blue). 

The pre-development model has a total runoff duration of 3.67 hours. The peak runoff is 

0.491 m3/s reached after 15 minutes. The total runoff for the pre-development model is 

661.6 m3, giving the catchment a runoff coefficient of 0.077. Total evaporation is 1.49 mm, 

while total infiltration is 9.28 mm. 
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Figure 41: Runoff hydrograph in m3/s for the Overvik catchment during design storm with 2-year 
return period post-development (red) and pre-development (blue). 

The post-development model has a total runoff duration of 7.01 hours. The peak runoff is 

0.699 m3/s reached after 15 minutes. The total runoff for the post-development model is      

2 350 m3, giving the catchment a runoff coefficient of 0.268. Total evaporation is 1.30 mm, 

while total infiltration is 7.53 mm. 
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Figure 42: Runoff hydrograph in m3/s for the Overvik catchment during design storm with 2-year 
return period; LID (green), post-development (red) and pre-development (blue). 

The LID model has a total runoff duration of 7.05 hours. The peak runoff is 0.560 m3/s 

reached after 26 minutes. The total runoff for the LID model is 2 129 m3, giving the 

catchment a runoff coefficient of 0.247. Total evaporation is 1.31 mm, while total infiltration 

is 7.74 mm. 

Table 12: Hydrologic parameters for the Overvik catchment during design storm with 2-year return 
period. 

 Pre-development Post-development LID 

Precipitation [mm] 12.22 12.22 12.22 

Evaporation [mm] 1.49 1.30 1.31 

Infiltration [mm] 9.28 7.53 7.74 

Runoff depth [mm] 0.93 3.24 3.02 

Peak runoff [m3/s] 0.491 0.699 0.560 

Total runoff [m3] 661.6 2350 2129 

Runoff coefficient 0.077 0.268 0.247 

Duration of runoff [h] 3.67 7.01 7.05 

Time of peak [min] 15 15 26 
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8.3. Design storm, 20-year return period 

 

Figure 43: Runoff hydrograph in m3/s for the Overvik catchment during design storm with 20-year 
return period pre-development (blue). 

The pre-development model has a total runoff duration of 10.0 hours. The peak runoff is 

0.836 m3/s reached after 15 minutes. The total runoff for the pre-development model is       

2 926 m3, giving the catchment a runoff coefficient of 0.216. Total evaporation is 1.50 mm, 

while total infiltration is 9.30 mm. 
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Figure 44: Runoff hydrograph in m3/s for the Overvik catchment during design storm with 20-year 
return period post-development (red) and pre-development (blue). 

The post-development model has a total runoff duration of 10.03 hours. The peak runoff is 

1.371 m3/s reached after 15 minutes. The total runoff for the post-development model is      

5 875 m3, giving the catchment a runoff coefficient of 0.433. Total evaporation is 1.39 mm, 

while total infiltration is 7.91 mm. 
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Figure 45: Runoff hydrograph in m3/s for the Overvik catchment during design storm with 20-year 
return period; LID (green), post-development (red) and pre-development (blue). 

The LID model has a total runoff duration of 10.04 hours. The peak runoff is 1.202 m3/s 

reached after 20 minutes. The total runoff for the LID model is 5 648 m3, giving the 

catchment a runoff coefficient of 0.417. Total evaporation is 1.39 mm, while total infiltration 

is 8.09 mm. 

Table 13: Hydrologic parameters for the Overvik catchment during design storm with 20-year return 
period. 

 Pre-development Post-development LID 

Precipitation [mm] 18.8 18.8 18.8 

Evaporation [mm] 1.50 1.39 1.39 

Infiltration [mm] 9.30 7.91 8.09 

Runoff depth [mm] 4.05 8.14 7.84 

Peak runoff [m3/s] 0.836 1.371 1.202 

Total runoff [m3] 2 926 5 875 5 648 

Runoff coefficient 0.216 0.433 0.417 

Duration of runoff [h] 10.0 10.03 10.04 

Time of peak [min] 15 15 20 
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8.4. Design storm, 200-year return period 

 

Figure 46: Runoff hydrograph in m3/s for the Overvik catchment during design storm with 200-year 
return period pre-development (blue). 

The pre-development model has a total runoff duration of 13.36 hours. The peak runoff is 

1.307 m3/s reached after 15 minutes. The total runoff for the pre-development model is       

6 712 m3, giving the catchment a runoff coefficient of 0.358. Total evaporation is 1.50 mm, 

while total infiltration is 9.30 mm. 
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Figure 47: Runoff hydrograph in m3/s for the Overvik catchment during design storm with 200-year 
return period post-development (red) and pre-development (blue). 

The post-development model has a total runoff duration of 11.72 hours. The peak runoff is 

2.296 m3/s reached after 15 minutes. The total runoff for the post-development model is   

10 410 m3, giving the catchment a runoff coefficient of 0.555. Total evaporation is 1.31 mm, 

while total infiltration is 7.91 mm. 

In order to maintain the pre-development peak runoff for 200-year storms, the required 

detention volume is 1 178 m3. 
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Figure 48: Runoff hydrograph in m3/s for the Overvik catchment during design storm with 200-year 
return period; LID (green), post-development (red) and pre-development (blue). 

The LID model has a total runoff duration of 11.73 hours. The peak runoff is 2.027 m3/s 

reached after 16 minutes. The total runoff for the LID model is 10 180 m3, giving the 

catchment a runoff coefficient of 0.543. Total evaporation is 1.39 mm, while total infiltration 

is 8.09 mm. 

In order to maintain the pre-development peak runoff for 200-year storms, the required 

detention volume is 1 062 m3. 
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Table 14: Hydrologic parameters for the Overvik catchment during design storm with 200-year return 
period. 

 Pre-development Post-development LID 

Precipitation [mm] 25.92 25.92 25.92 

Evaporation [mm] 1.50 1.31 1.39 

Infiltration [mm] 9.30 7.91 8.09 

Runoff depth [mm] 9.27 14.38 14.08 

Peak runoff [m3/s] 1.307 2.296 2.027 

Total runoff [m3] 6 712 10 410 10 180 

Runoff coefficient 0.358 0.555 0.543 

Duration of runoff [h] 13.36 11.72 11.73 

Time of peak [min] 15 15 16 

Storage needed [m3] 0 1 178 1 062 

 

During the 200-year return period rainfall event, which limits the culvert downstream, the 

LID controls in the catchment have little impact. For these large events, a storage volume is 

required upstream of the culvert. Modeled required storage volume for the post-

development model in order to maintain pre-development peak runoffs is 1 178 m3. For the 

LID model, the storage volume required is modeled to 1 062 m3. 
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9. Discussion and conclusions 

As stated earlier, the model used for simulating catchment runoff is not calibrated. This 

means that the results achieved from the model cannot be trusted 100 %, but can serve as a 

good indication of what real world results might look like. A calibration of the model would 

require runoff measurements through the culvert downstream of Overvikbekken for an 

extended period of time. This could be done, but the problem is that Rønningsbekken, a 

stream with a whole other catchment, also flows through the same culvert. This means that 

one would either have to calibrate the model for both catchments, or measure the runoff in 

both Rønningsbekken and the culvert simultaneously in order to decide how much of the 

runoff is generated from the Overvik area. This would require a lot of time and work, and 

thus was not prioritized for this thesis. 

The drawbacks from using an uncalibrated model is that you do not know whether the 

catchment parameters set correlate with the actual properties of the catchment. This means 

that there are a lot of assumptions made, giving the results a degree of uncertainty. 

The modeling software used, PCSWMM, is also a quite “simple” program. Although it uses 

advanced formulas and equations for flow routing and infiltration, it lacks in other areas. 

One drawback of the program is that is does not utilize digital elevation models for terrain 

data, instead the catchment is given a uniform shape and slope. This means that variations in 

the terrain is not accounted for when routing the flow through the catchment, giving the 

catchment a shorter time of concentration and probably a higher peak runoff. Another 

problem is that the subcatchments schematization in PCSWMM clusters the impervious 

areas together at the downstream edge of the catchment, as seen in Figure 20. This leads to 

impervious areas producing direct runoff without routing the flow through pervious areas, 

further reducing the time of concentration and increasing the peak runoff. 

It would be beneficial to use a modeling software that utilized the DTM for terrain data and 

supported area-specific impervious pavements, for example using .shp-files, so that the 

catchment variations can be reproduced in the most accurate way possible. 

When using low impact development to obtain a sustainable stormwater management, 

there are three main principles to follow. Small rainfall events under 20 mm are to be 

collected and infiltrated, medium events between 20 and 40 mm are to be delayed and 
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attenuated, and large events over 40 mm are to be safely conveyed through the catchment. 

In principle this means that it is desired to maintain the existing hydrology for smaller 

events, while larger events require measures to keep the additional runoff post-

development from causing damage to terrain and structures. 

This 3-way strategy is obtained using different LID controls and vegetated swales or 

floodways. Most LID controls, like green roofs and pervious pavements, are designed for 

infiltrating the small events, while bio-retention cells function as an infiltrator for small 

events while also delaying medium events through surface ponding. During large events 

where most LID controls exceed their infiltration and storage capacity, floodways and basins 

are needed to control the excess runoff. Basins are rather expensive to build, so having an 

accurate estimate on the detention volume needed can prove to be quite cost-saving, both 

during construction, but also in eliminating damages to infrastructure downstream of the 

basin as a result of lack of capacity. 

The LID controls sensitivity analysis in chapter 7.3.2 show that green roofs and pervious 

pavements have little effect on the peak runoff for the simulated rainfall event. These results 

are probably a little skewed, as the rainfall event has a very high maximum intensity of 

almost 48 mm/hr, far exceeding the infiltration capacity of both LID controls, and producing 

a high peak runoff. For events with a lower intensity or longer duration, peak runoff 

reduction would probably be a lot higher, as results from in-situ studies listed in chapters 5.3 

and 5.4 show. Another thing to keep in mind is that the sensitivity analysis is done on the 

entire catchment, while the LID controls are a small part of this catchment. Looking at the 

controls area only, the results might look more in line with what was found in earlier studies. 

The bio-retention cell sensitivity analysis however shows a very high peak flow reduction for 

the simulated rainfall event. With 30 % of the impervious area runoff routed through the 

bio-retention cell, results show that the peak runoff can be reduced to be less than that of 

the pre-development model. These results are so good because the bio-retention cells have 

a ponding depth of 200 mm where the inflow from impervious areas can be stored before 

they are infiltrated through the rain garden. With a ponding depth of 200 mm and an area of 

50 m2, the total surface storage volume is 10 m3 for each unit. This means that the bio-

retention cells can function well both for small and medium rainfall events, where parts of 
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the stormwater can be detained and infiltrated through the rain garden for reduced peak 

runoffs and increased lag time. 

When all these LID controls are used together and runoff from impervious surfaces are 

routed through rain gardens, most of the rainfall from small events are expected to be 

infiltrated through the controls. For medium events the green roofs and pervious pavements 

lose some of their effectiveness, but the runoff will still be reduced and delayed by surface 

storage in the rain gardens. How much of a reduction is achieved, is chiefly decided by the 

total bio-retention cell area, and through model simulation you can find the optimum area 

required to maintain pre-development peak runoffs for different rainfall events. 

The sensitivity analysis for catchment parameters in chapter 7.1.1 show that impervious 

surface area and surface roughness have the largest impact on the peak runoff. Catchment 

width and slope also impacts the peak runoff, but both are set parameters that are not 

subject to change during development. Impervious surface area and surface roughness 

however can be adjusted through the use of chiefly green roofs and pervious pavements. 

Although not depicted well in the LID controls sensitivity analysis, these LID measures can 

give quite high peak flow reductions and -delay, especially for small events. 

Many of the parameters in the catchment sensitivity analysis give no change in peak runoffs 

for the catchment. This is chiefly because of the drawbacks to PCSWMM discussed earlier, 

where the peak runoffs in the model are very impervious area-driven because they produce 

direct runoff. Using area-specific impervious surfaces where the runoff routed through 

pervious surfaces, pervious surface parameters like infiltration and depression storage 

would have more of an impact on the runoff results. 

The results for the 1-year simulation can give a good indication on the catchments response 

for smaller everyday rainfall events and the “standard” runoff. Results shown in chapter 8.1 

show that the LID model has a 22 % decrease in total runoff compared to the post-

development model, while the peak runoff for the larger rainfall events is nearly unchanged. 

Also the number of runoff events is reduced from 285 events to 217 events, which is fewer 

than for the pre-development model, while the duration of runoff is reduced by 6 %. This is a 

clear indication that the LID controls have little effect on the large rainfall events, but it 

reduces the runoff from smaller events very well. The high reduction in rainfall events, yet 



67 
 

small reduction in duration of runoff also indicates that the LID model gives a longer runoff 

lag-time, especially for small to medium events. This means less strain on the system 

downstream, as the runoff is distributed more over time. 

For the 2-year design storm results show some change in both peak and total runoff, with 

reductions of 20 % and 9.5 % respectively, compared to the post-development model. In 

Figure 42, you can see that the runoff graph for the LID model flattens out at around 14 

minutes, this is due to ponding in the bio-retention cell. When the rain gardens reach their 

surface storage capacity, the runoff shoots up again producing a 11-minute delay in the peak 

runoff. By increasing the area of bio-retention cells, this peak could be delayed even longer, 

or even cut completely. This is a good illustration of how the rain gardens can be used for 

runoff control during small to medium rainfall events. 

One thing to make notice of in the results for the 2-year rainfall event is that the duration of 

runoff is nearly doubled in both the post-development and LID model compared to pre-

development. This result might seem a little strange, as the duration of runoff is mostly 

pervious area driven, whose parameters does not change much between the different 

models. In fact, for the 200-year rainfall event the duration of runoff is longer pre-

development than for the other models, which is more in line with what one would expect. 

The reason for this result is probably the increase in total runoff, and the fact that 30 % of 

the impervious areas are routed through the vegetated swale instead of producing direct 

runoff. This will mean that more water is going through the catchment, increasing the 

duration of runoff. 

For the 20-year design storm, peak and total runoff reduction is 12 % and 4 % respectively, 

which is less of a reduction than for the 2-year event. These results are in line with the 

expected functions of the LID controls, where they are most efficient for smaller events. For 

the 200-year event the peak and total runoff reduction is 12 % and 2 %, respectively. The 

peak runoff reduction is thus the same for both the 20- and 200-year events, where one 

might expect the reduction to decrease with larger rainfall events. The lack of reduction seen 

in the results is hard to explain, and the simulations are run multiple times, producing the 

same result each time. 
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All in all, the results obtained from the models correlate well with what one would expect 

regarding changes in runoff and effectiveness of LID controls. However, since the results are 

obtained using an uncalibrated model, they should not be used uncritically. The models give 

a good indication on what changes can be expected post-development, and how LID can 

influence the catchment hydrology. Most LID controls are not meant as a measure for 

controlling large rainfall events, for that it will still be necessary with floodways and basins, 

but LID controls can be used to maintain the catchment hydrology for small to medium 

events. 

The storage volume requirements for the 200-year rainfall event found in chapter 8.4 means 

that using LID controls the storage volume needed is reduced by approximately 10 %, whilst 

simultaneously maintaining the existing hydrology much better the traditional development 

during smaller events. 
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10. Future work 

The models produced during this thesis should be calibrated before being used as a basis for 

dimensioning. This can be done by flow measurements of the culvert downstream of the 

catchment, and Rønningsbekken. The contributing runoff from Overvik can then be 

calculated by subtracting the flow in Rønningsbekken from the culvert flow. The pre-

development model can then be calibrated using the flow measurements as a calibration 

curve, adjusting the catchment parameters to so that the simulated runoff matches the 

calibration curve. 

What could be very interesting to do is performing flow measurements in Overvikbekken 

during the course of the development, in order to see how the development influences the 

catchment runoff. This could be done either continuously, or for certain periods on a yearly 

basis. Voll rain gauge can then be used for rainfall measurements to see the relationship 

between rainfall/runoff at different stages of the development. 
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12. Appendix A: Task description 

Modellering av overvannsavrenning i Overvikfeltet, Trondheim 

 

Masteroppgave VA-teknikk 2016 - Mikkel Stensås Svanevik 

 

Bakgrunn 

I forbindelse med byfortetting i Trondheim skal området Overvik bygges ut til boligformål. 

Det skal etableres overvannsløsninger for området under forutsetning «samme avrenning 

som før» der man også tar hensyn til sikkerhet mot oversvømmelser og minst mulig 

belastning på nedstrøms avløpsanlegg. Eksisterende kulvert under E6 nedstrøms området 

har begrenset kapasitet, slik at eksisterende hydrologi i størst mulig grad må beholdes, både 

mht. minstevannføring (biologisk mangfold), normal og flomvannføring. 

Ved dimensjonering av tradisjonelle og eventuelle lokalt tilpassede overvannsløsninger er 

det ønskelig å etablere en simuleringsmodell. Denne vil kunne brukes til å klarlegge 

realistiske alternativer til overvannshåndteringen. Det kan være vanskelig å kalibrere en 

modell som skal brukes i et fremtidig utbyggingsområde, og denne begrensningen må 

drøftes. 

Oppgaven blir ikke nødvendigvis spesifikt for dette prosjektet/området, men det brukes som 

utgangspunkt for å diskutere og finne ut hvordan ulike løsninger kan påvirke de forskjellige 

problemstillingene man møter på i et slikt prosjekt.  
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Spesifisert oppgave 

1. Utvikle og forklare målsettingen «samme avrenning som før» ved hjelp av 

litteraturstudier 

a. Hva er normalavrenning? 

b. Beholde eksisterende hydrologi – 5-, 10-, 200 års avrenning? 

c. Usikkerheter rundt faktorer som påvirker avrenning. 

d. Hva er nåsituasjonen, hva vil vi i fremtiden? 

2. Etablere modell for overvannshåndteringen vha. PCSWMM, Mike Urban etc. for hele 

nedbørfeltet for eksisterende situasjon (før utbygging) og fremtidig situasjon (etter 

utbygging, alternative løsninger) og gjennomføre relevante analyser. Analysene skal 

også inkludere forventede klimaendringer 

3. Drøfte usikkerhet rundt analyseteknikker og ulike systemløsninger. 

4. Generalisere resultatene 

 Assistanse 

Professor Sveinung Sægrov, Institutt for vann og miljøteknikk NTNU vil være hovedveileder 

for denne oppgaven, støttet av førsteamanuensis Tone Muthanna. Petter Reinemo fra 

Asplan VIAK vil levere opplysninger fra Overvikfeltet og assistere ved modelloppbyggingen. 

Prosjektet inngår i Klima 2050. 

Presentasjon og leveranse 

Prosjektrapporten skal leveres i henhold til gjeldende regler. Studenten er selv økonomisk 

ansvarlig for 3 kopier som leveres til instituttet. Ekstra kopier som er bestilt av instituttet skal 

betales av instituttet.  

 

Leveringsfrist 24.juni 2016. 


