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Abstract
This report details the impact of drainage interventions in Sogn Hagekoloni, which are installed as
countermeasures against pooling during sizable precipitation events. Groundwater-levels are measured at
different locations and these locations are then related to one-another to better understand the hydrological
situation in the research area of Sogn Hagekoloni. A quantification of the retention effect of rain-barrels is
made to find the optimal use of a rain-barrel. This is done through the means of an Excel model using weather
data from 2010 and the current volume of rain barrels on site. Also the participation of plot-owners with the
project in Sogn Hagekoloni is described. Their experiences with rain barrels are gauged with a number of
qualitative interviews.
The research shows that an impermeable aquiclude in the shape of a clay layer plays a significant role in
pooling. The data shows that there are convergence zones in which the water-tables rise more rapidly than at
other places. The counter measures show to be functioning appropriately in draining the water out of Sogn
Hagekoloni, but can be improved. The optimal amount of water to take from a rain-barrel after three days of
0-0.6mm daily precipitation is 70L per day. The main motivation for people in Sogn Hagekoloni to get a rain barrel is to use more rain water instead of tap water and to have water during dry times, thus they are aware of
the impact these barrels make as stormwater and drought solutions. The fast pace at which a rain barrel fills up
after rain stands out in their rain-barrel experience.
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1. Introduction
1.1. Problem Description
Currently in Oslo due to climate change, heavy rain-events cause increasing amounts of stormwater to
discharge, to the point that the quantity surpasses the capability of the sewers and water treatment plants. At
this point, pooling occurs in such quantity that it floods Oslo's basements and hampers traffic (van den Brink,
2019; Norsk-Vann, 2008). Oslo's water-treatment-plants can deal with a maximum of 2 m 3/s, the excess
untreated stormwater is redirected and drained into the Lysaker fjord (Kaldnes, 2009). This polluted water
decreases the quality of the water in the fjords, having a negative impact on the ecological value of that area.
After large rain events exceed the treatment plants' capacity, the municipality of Oslo may formally warn
against swimming in the fjord to prevent people from getting in contact with the polluted water, which
happened recently on the 28th of June, 2019. Since precipitation events in the future will increase in intensity
due to climate change (Trenberth, 2011), these problems are expected to occur more often and in bigger
intensity (Parry et al., 2007; Ruth & Gasper, 2008; Zevenbergen et al., 2010). While the intensity of
precipitation events increases, the number of events decreases, resulting in longer periods of drought (Collins
et al., 2013). There is a need for urban storm water solutions, such as the creation of spatial adaptations to
mitigate this effect of climate change (Dhakal & Chevalier, 2017).
An area in the Northern part of Oslo, called Sogn Hagekoloni, is one of the areas where the struggle with water
is visible. During droughts, the people in Sogn Hagekoloni use tap-water for irrigation, while parts of the
gardens and roads turn into large pools during wetter periods (Barkved, Seifert-Dähnn, & Langaas, 2018). The
challenge is to find ways to decrease the damage done by storm water, while contributing in some way to
decreasing the deteriorating effects of drought. On the one hand, this requires a fast drainage of the area, while
on the other hand water needs to be kept within these gardens. While you cannot use the water that you drink,
there are some spatial adaptations that might contribute to this paradoxical goal. In the majority of cases, such
adaptations need to be retrofitted into existing areas as innovative solutions (Page et al., 2015). Some of the
ways to mitigate drought are retention and infiltration. Retention, where the water is kept within the area in
which the precipitation falls for a longer period of time, reduces the size of the storm water drainage peak and
keeps the water available for use in times of drought (Blick, Kelly, & Skupien, 2018). Infiltration-based
stormwater management reduces peaks and volumes of urban runoff (Bonneau et al., 2017). These mediate
both the erosive damage done by storm water and decrease the amount of tap-water used during droughts. A
way to deal with intense rain events is drainage, which directs, catches, and redirects the water out of the
system, reducing the energy generated by flowing water which damages the roads (FAO, 1998).
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1.2. Research Description
This research should give indications of the success of countermeasures to drought and intensive rainfall in
Sogn Hagekoloni, Oslo. Specifically the following measures; rainwater barrels for retention, a vegetated
infiltration trench and drained rain-gardens for drainage. The level of success of both the hydrological aspect
and the mitigation of rain barrels into the semi-public realm will be observed. The effect of the
countermeasures on groundwater levels will be quantified.

1.2.1. Research Objective
The objective of this research is to discover the effectiveness of three stormwater- and drought
countermeasures (barrels, infiltration trench, and drained rain-gardens) in keeping rainwater within the Sogn
Hagekoloni, reducing the use of tap-water for irrigation, and preventing stormwater disturbance to the roads
and gardens. This objective is approached through the installation of 26 rain-barrels at 20 private plots and 2
public cabins on site. The process of implementation and the experience of the users will be documented. The
impact of the rain barrels on the use of tap water will be quantified using and Excel model. The effectiveness of
the vegetated infiltration trench and drained rain-gardens will be approached by measuring the differences in
groundwater levels. These changes in groundwater level will be related to one another and to daily
precipitation data of the period of measuring to gain insight on the types of drainage systems within Sogn
Hagekoloni. Once this is known, recommendations for new countermeasures could potentially be proposed
based on these observed systems.

1.2.2. Research Questions
Main research questions:
- Rain Barrels:
o How are rain-barrels and the process of installing them perceived by new users on private
plots?
o How much water should a barrel user take from the barrel and at which times should the water
be taken to ensure maximum effectiveness?
- Drainage Interventions:
o Which drainage systems are present in Sogn Hagekoloni, derived from the change in
groundwater level and the correlated change between testing wells at different locations?
o Are the vegetated infiltration trenches functioning properly?

1.3. Chapter Description
The Sogn Hagekoloni project takes place in the semi-public realm and at this time stretches over the span of
almost two years, 2018 - 2019. During the project, the plot-owners in this community were involved as much as
possible to play a role in the efforts to solve the water problems on site. This report discusses two parts of the
project in particular; the rain barrel sub-project and the vegetated infiltration trench sub-project. Through-out
the report, the participation aspect will be mentioned as well as the hydrological descriptions.
In this report, chapter 2 puts the research area into the bigger picture within Sogn Hagekoloni, within Oslo,
within Norway. It describes the features of the soil, drainage networks, precipitation and topography of Sogn
Hagekoloni. It also gives an indication of the recent history and process of installing the vegetated infiltration
trench and rain barrels. Chapter 3 gives an overview of the methods used to gather data and the boundary
conditions of the rain barrel model and assumptions made by it. Chapter 4 shows the results on both the
experience of rain barrels and the quantification of the potential of used rain water. It also shows the
correlation between different groundwater wells and the possible drainage systems that can be derived from
this data. Chapter 5 consists of the discussion, pointing out the points for improvement of this research.
Chapter 6 gives a concise conclusion. Chapter 7 offers some recommendations for future research and the
continuation of the project in Sogn Hagekoloni. Chapter 8 consists of a list of references to the material used
for this report. Appendixes contain pictures for extra information.
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2. Oslo geology, soil and hydrology

Figure 1. Indication of location Sogn Hagekoloni within Oslo, within Norway.

The geology around Oslo consists mostly of Permian gabbroid plutonic rocks (Kristoffersen, 1973). Gabbro is a
generally dark, coarse-grained, intrusive mafic igneous rock. They are plutonic; they are formed when magma
is trapped beneath the earth's surface and cools into a crystalline mass (CTI-Reviews, 2016). Faults in the
gabbro are located outside of Oslo, to the west. The surface gabbro layer has weathered, resulting in a porosity
of around 44% and a hydraulic conductivity of 4.8 x 10-2 to 3.3 x 10-1 m/day (Şen, 2015).
On top of this aquifer, the soil consists of a variety of mostly brown earths, podzols, and wetland soils, with
additional saline soils, lithosols, and rendzinas (Lag & Norges-Landbrukshogskole, 1983). The majority of the
soils in and near Oslo are quite permeable. The brown earths consist mostly of an organic and loamy structure,
the podzols are sandy.
In Sogn Hagekoloni, we do not find any of these soils. The area is located on a sloping hill made up mostly of
clay. Patches of depression around the sides of the area were filled with urban construction waste in the past
and then topped with a layer of clayish soil. Although the exact soil profile in this area is not known, it seems
very likely that the clay layer is preventing immediate infiltration of rain water. Sjoerd van Megen has
performed a series of infiltration tests. The results show that the soil around the place where drainage is
implemented consists mainly of clay (Megen, 2018). Sogn Hagekoloni is said to be located on an aquiclude of
thick clay with minimal pore space. It is a hard and relatively dry layer with close to zero permeability. This
causes high water tables and causes water to stagnate in depressions in the landscape. This report will give
further data to support the idea of a present aquiclude layer.
The average precipitation in Oslo is 763 mm a year, consisting of 113 days with precipitation. On average,
September is the wettest month with around 90 mm of precipitation and February is the driest month with
around 35 mm (WW&CI, 2017). The season in which Sogn Hagekoloni is open stretches from April to October.
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2.1. Sogn Hagekoloni features
2.1.1. General and hydrological features
Common spatial interventions for stormwater management that are proven to work in various urban and
suburban areas consist of green roofs (Shafique, Reeho, & Kyung-Ho, 2018), dry wells, infiltration trenches,
detention/infiltration basins, vegetated swales, planter boxes and porous pavement (Sadeghi, Loáiciga, &
Kharaghani, 2018). Three types of interventions are installed in Sogn Hagekoloni. There are two green roofs,
which are located on two public toilet houses. A vegetated infiltration trench, hereafter abbreviated VIT, with
drain has been installed from the center of the area to the South-Eastern border, where the water leaves the
drain and flows out of the area, which crosses two different areas, dubbed 'raingardens' and 'vadi'. Infiltration
trench structures reduce runoff volume and capture pollutants (Emerson et al., 2010). A VIT is a form of green
infrastructure, which revitalizes vegetation and soil, restores hydro-ecological processes destroyed by
traditional urbanization and naturally manages stormwater on-site, offering numerous sustainability benefits
(Dhakal & Chevalier, 2017).
Another intervention is located in the North-East and drains into a small pond, which is dubbed 'wetlands'.
The final intervention is the implementation of rain-barrels, serving as small detention basins, at 22 cabins
within the garden complex. Case studies show that total roof runoff can be reduced by 2-12% when rain barrels
are implemented (Ahiablame et al., 2013), with 2.4-7.4% when connected to 25% of the roof (Jennings et al.,
2014).
The hydrological situation at Sogn Hagekoloni is rather complicated. In figure 3, the pink lines show the
theoretical surface drainage network. This network isn't confirmed to be there as such, but is derived from a
GIS map which calculates for all cells w hich cell is lower than the current cell, and derives a drainage pattern
this way. Around the Southern, Eastern, and Western border of the gardens lies the course of a n old river. This
river has since been filled with urban construction waste, on top of which lies a layer of mixed sand and clay.
Within the area, several places are submerged by ponds after rain events, these are indicated as heat-map
symbols.
Sogn Hagekoloni lies at an altitude of 90 to 98m above sea level, in the Northern part of Oslo. Cross section B
in figure 4 goes straight through the location of the VIT. The height map dates back to 2017. Figure 5 gives an
indication of the slope along the two transects.
The VIT was installed in October and November 2018 by Agro Anlegg AS. On the 26th of May 2019, a public
community day took place in which attendants could help with planting the infiltration trench. An estimate of
25 people attended the planting-day, of which most were plot-owners within Sogn Hagekoloni or related to
them. Local plot-owners were involved through the donation of plants from their own gardens within Sogn
Hagekoloni. NIVA provided the plot-owners with a list of plants required, which were listed according to a plan
made by landscape architect Jayne Betena. The plants were brought to a central place during the days running
up to the planting-day. Those who needed help collecting the plants from the gardens were assisted by an
intern at NIVA.
The regular design of any infiltration based design
in Sogn Hagekoloni does not work, due to the
presence of the aquiclude clay layer. This layer
does not allow for seepage to occur and any
rainwater will infiltrate until it reaches this layer
and remain stagnant on top, as can be observed in
the wetlands (figure 2). The first idea was to create
a wadi, which creates water retention and then
slowly allows the water to seep into the ground.
Yet, such an intervention would not work on this
site due to the lack of permeability of the soil.
Hence, on transect B, a variant has been created.
Figure 2. Wetlands ponding on top of impermeable clay layer.
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Figure 3. Locations of supposed drainage, water divide, former river and places of
ponding within Sogn Hagekoloni. (Barkved, Seifert-Dähnn, & Langaas, 2018).

Figure 4. Height map of S ogn Hagekoloni with crosssections.

Figure 5. Cross-sections A and B show the general slopes and heights of the S ogn Hagekoloni area.

Figure 6. Indication of locations of counter measures. Hollow circles represent cabins with a rain barrel. The solid circle represents the
wetlands. The rectangles are the vegetated infiltration trenches. S olid rectangles represent the rain gardens. Hollow rectangles represent the
wadis.
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Figure 7. Drainage type A.

Figure 8. Drainage type B.

Figure 9. Drainage type C.

Figure 10. Drainage type D.

Figure 11. All drainage types in order A-D-B-D-C.
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Figures 7 to 11 show the design of a VIT, located along the second half of transect B in figure 4. Instead of a
relatively permeable soil one would expect in the traditional design, the trench is drained with a drainage pipe
of 10 cm in diameter, starting at the rain-gardens in the center of Sogn Hagekoloni (see figure 6). This drainage
pipe is located in a layer of gravel. The thickness of this gravel-layer varies between the four types. Type A
features a piece of fabric wrapped around the gravel, with the intend to stop the g ravel from being cluttered
with soil particles. Type B is made with the fabric located only between the top of the gravel layer and the
bottom of the soil. Type C does not have any fabric, but does have soil on top. While type D consists solely of
gravel, creating a dry well of sorts, into which any overland flow can drain directly into the pipe. The condition
of stormwater infiltration facilities is shown to decrease over the course of three to four years, to the point that
they no longer function as designed (Emerson et al., 2010), but dry wells and infiltration trenches are shown to
be functioning as designed more frequently and to need less maintenance than porous pavement and
infiltration basins (Lindsey et al., 1992).
The reason for having these four different types is to discover the necessity of the fabric. It is possible that the
fabric prevents the gravel from clogging with soil particles, but it is also possible that the fabric itself will clog
sooner than the gravel would and thus would be quite redundant. However, in this set-up, the direct effect of
the fabric cannot be measured. The assumption that was made during the design of this trench is that, in case
any of the three types clogs with soil particles, the soil and plants on top would give some indication of drought
or wetness. However, type D is located every 10 meters to make sure rain water still has a way to find its way
down to the drain, in case any of the other three types start to clog and the water stagnates on top. This is a
practical solution, which prevents ponding in the immediate area. Y et, at the same time, it makes it harder to
see the deterioration of the other types of drainage, since type D drains the water of any of the other three
types, when they start to get clogged.
Because of this complication and the inability to truly measure the effect that these four different types have on
the drainage, this report will regard the infiltration trench as one whole system, rather than being made up of
four different types. The rain comes in from above, and leaves the trench at the outlet on the very edge of Sogn
Hagekoloni. Here the drainage will be measured for the whole system, including the two rain gardens in the
center.

2.1.2. Rain barrels in Sogn Hagekoloni
"Promoting public involvement in watershed activities, increasing their awareness about how urban
stormwater management practices function, and emphasizing the functional benefits of practices can be
effective in motivating adoption of stormwater management practices" (Gao, Church, Peel, & Prokopy, 2018).
Sogn Hagekoloni is a semi-public region, which means that interventions can only take place after thorough
communication with the inhabitants. In the past, there have been meetings with the entire population as well
as with a representative board. To involve the people from Sogn Hagekoloni and approve of the planned
stormwater management measures, they must at all possible times be involved in the process during decision
making.
The rain barrel project is one component from NIVA's larger Sogn Hagekoloni and New Water Ways projects.
In May 2018, the people of Sogn Hagekoloni were informed about the entire operation in a large community
meeting. The benefit of using a rain barrel for watering the garden was discussed. It was a mix between
showing the usefulness and how those who decided to take a barrel would have a positive impact on the Sogn
Hagekoloni project in general. For some, this was the only time they would meet someone from NIVA in
person, while others met some of them at a later stage. At the end of the meeting, those people who were
interested could indicate which part of the project they were interested in and leave their name for further
contact. 53 of the 200 people had shown interest in the rain barrels. After this meeting, the rain barrel project
became much more of a stand-alone project.
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Come June 2018, these initial 53 interested people were sent a survey in which they were given the option to
choose a rain barrel out of six different kinds. They were also asked how much money they would be willing to
spend on the barrel to indicate their willingness to co-finance the barrels. The survey made the step from
interest to commitment, as the people were asked to confirm their willingness to install the barrel within the
coming season and whether they would be willing to share their experience of the rain barrels with NIVA. The
survey was sent back by 29 people out of the 53 who were initially interested.
After the survey, the matter of co-financing was brought to the board of Sogn Hagekoloni. A choice had to be
made whether the plot owners would pay a percentage of the barrel or whether they would all be paying a fixed
price. In the end the choice was made to put a fixed price on each of the six barrels. These six were selected to
give the plot owners a choice in a range of different styles, shapes, volumes and price.
From the 29 replies, in the end 20 rain barrels were ordered and brought to Sogn Hagekoloni in the months
July and August of 2018. Another 6 barrels were ordered to be installed in public spaces. Because the barrels
were ordered from different companies, they arrived at different times and some had to be bought and brought
to the Hagekoloni by NIVA itself. A meeting was then organized at the end of summer, where the plot owners
could come to pick up their barrel and bring it to their plot. Sogn Hagekoloni has its open season between April
and October. After the barrels got picked up, the season was about to end and work on the rain barrels started
again in April 2019.
At the start of the season, the plot owners were sent a reminder to put their barrels in place and were offered
help to do so. 10 out of the 20 people had asked for help and their barrels were installed in the months of April
and May 2019. Even though information was presented on how a rain barrel works, there was still some
confusion on their placement and mechanics. Some were unaware they had to be attached to the downspouts
of a building, for instance. This is a good indication of the different levels of awareness and knowledge of rain
barrels.
Once the barrels were in place and the first rains had fallen, the rain barrel owners started to share their
enthusiasm in the Sogn Hagekoloni Facebook group and expressed their surprise at the amount of water the
roof collects from a single rain shower. Where the rain barrels were regarded as very large at first, some now
found them too small, since they fill so fast. It was also noted how the soil around some of the houses was now
a lot less wet, as the barrel had collected most of the water that would otherwise have pooled on the ground.
Since "Perceptions of Stormwater Management Practices benefits related to functional benefits, rather than
environmental benefits, are prevalent when considering implementing Stormwater Management Practices
on personal property" (Gao, Church, Peel, & Prokopy, 2018), it is expected that these functional benefits as
described by the rain barrel owners might persuade others to get a rain-barrel as well.
In the end of July, a rain-barrel guide was provided (see appendix II), to inform the users how to safely and
responsibly use the water from the barrel.
In a case-study in Tippecanoe County, the researchers found that "cognitive barriers exist in those who have
yet to adopt stormwater management practices, while those who have already adopted such are less likely to
perceive these barriers" (Gao, Church, Peel, & Prokopy, 2018). Such barriers are for instance the effectiveness
of the stormwater intervention, maintenance, aesthetics and risks of bugs and insects. The expectation in Sogn
Hagekoloni is that more people will want to get a rain barrel, now that they can see that others are using them
without running into these perceived barriers. There have been several plot-owners who have now asked to buy
a rain barrel, after having seen the reaction of others with rain barrels and having attended the planting -day
and excursions around the different stormwater management practices on site; like the infiltration trenches,
green roofs and wetlands.
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3. Methods
3.1. Groundwater levels and rain events.
Sogn Hagekoloni has got thirteen testing wells which can be
used to manually measure groundwater levels. It has got two
points where discharge can be measured manually. An official
weather station in Blindern records the weather conditions.
These places of observation will be used to gather data to draw
conclusions regarding the effect of the interventions.
The groundwater levels in the research area are measured daily
for 3 months; from the 8th of April to the 28th of June, 2019.
See figure 12 for their locations and appendix III for onsite
pictures.
The precipitation is measured at an official weather station;
Blindern station in Oslo, 500 meter South-South-West. This
data is used to derive conclusions based on the relation of heavy
rain events and the observed rise in groundwater levels at
different testing wells.
Figure 12. Locations of the 13 wells on a heightmap of
S ogn Hagekoloni.

The discharge from the drain is measured manually, by
counting the amount of seconds it takes to fill a 10 liter bucket
and deriving a discharge in liters per second from this (bucket-test).
All manual measurements are done daily on weekdays Monday to Friday. They are then visualized in graphs.
The changes in water level in the wells are related to each other in a correlation table, which outcome is used to
divide the wells in the type of system each of the wells is in.

3.2. Rainwater Barrels Implementation
The rainwater barrels are installed to keep the rain water within the area for a longer period of time, so it can
be used for irrigation of the gardens on site during dryer periods. Presumably, all the water that is used from
the rainwater barrels would otherwise consist of drinking water from the tap, hence all the water caught by the
barrel equals tap-water saved.
The process that starts with the idea of installing barrels and ends with the opinions of the users on the use of
barrels will be documented. The user's experience will be gauged by asking them about the overall experience,
their experience with obtaining a barrel, the merits, and the disadvantages of a barrel, and any other issues
they might have run into.
To estimate the amount of water that a single rain barrel would collect over the course of one season, an Excel
model is made. This model simulates the filling of the barrel based on weather data and creates moments in
which the barrel is emptied, based on drier periods.
The weather data (daily values of precipitation and maximum temperature) from Blindern weatherstation in
Oslo of the year 2010 is used to get an indication of the amount of water that could theoretically be saved
during any season in which the Sogn Hagekoloni is open (April to October). The year 2010 was chosen, because
it has rather average values of temperature and precipitation, without any abnormal extremities.
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Table 1 shows a list of the types of barrels installed in the garden, their volume, the number of each type and
their total volume. These numbers provide the boundary conditions of the model, deciding as to how many
water can be caught during rain events and then used over time in drier periods. The lower boundary condition
of an empty barrel is set to 0 liter. The upper boundary condition is set per type, consisting of the maximum
volume per barrel in liters.

Barrel

Total:
Type 1

Type 2

Type 3

Type 4

Type 5

Type 6

Volume
per
Barrel

250 L

310 L

210 L

210 L

200 L

500 L

Amount

2

2

10

7

3

2

26

Total
Volume

500 L

620 L

2100 L

1470 L

600 L

1000 L

6290 L

Table 1. The types of barrels installed in S ogn Hagekoloni, their volume, the number of each type and their total volume.

The input is assumed as the estimated average of roof-surface onto which the rain falls that is collected by the
attached barrel. This is 6.25 m 2. Taking this as the standard for every barrel, the estimated amount that any
barrel will collect with every 1 mm of precipitation will be 6.25 liter. Hence, the precipitation data input from
the Blindern weather station in mm is multiplied by 6.25 to represent the input of water into the barrel in liters
per day.
The output is set at steps of 10 between 10 L per day and 250 L per day. From these 25 values, the optimum is
derived in which the barrels are able to catch the largest amount of rain without spilling over and in which they
are empty the least amount of days.
This output is activated whenever it has been dry for over 2 days and the max temperature has exceeded 10
degrees. The emptying starts on the third day after the rain event and continues each subsequent dry day.
Whenever the input exceeds the upper boundary condition (full barrel), that amount of water in liters is
assumed to be the daily overspill. This amount is summed up to create the seasonal overspill, indicating the
percentage of rain water that is left unused during a single gardening season, from April to October.
The total amount of tap-water that has been saved by the use of the barrel is assumed to be the total amount of
precipitation that has fallen on the roof minus the total amount of overspill.
At the start of the model, the barrels are considered empty.
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4. Results
4.1. Infiltration Trench Groundwater Measurements
The data from the groundwater measurements will be used for an exploratory review to determine possible
patterns within Sogn Hagekoloni and get some first insights into possible linked systems, divergence- and
convergence zones.
Figures 15 to 27 show graphs of the water levels below the surface at the thirteen measuring sites (their
location is indicated in figure 14 and appendix III). Notably, locations 6, 7, 8, and 10 are located within the VIT,
while location 9 is in a garden very close to it. Other locations that stand out are location 3, which is located on
a gravel path, and location 12, which is located above a drain at the top of the wetlands garden.
During the measurement period from the 1st of April to the 30th of June 2019, there were 45 rain events, of
which 9 had an intensity of over 10mm a day. The largest of which was 27.8 mm in a day, on the 7th of June
2019. The second to largest rain event, with 18.2 mm, occurred on the 20th of June 2019. During the entire
month of April it was very dry and a total of 11.3 mm of precipitation occurred.

Figure 13. Weather data from the 1st of April to the 30th of June, retrieved from Oslo Blindern station.

The graphs of location 6, 7, 8 and 10 on the next pages indicate that the VITs drain is working, since the water
table does rarely exceed a certain level below the surface, regardless of heavy rain events. The drain reduces
pooling and damage to the roads. The well at location 9 is located in a garden directly next to the VIT. This one
does not seem influenced by the intervention, which indicates the intervention mostly drains the water that
falls onto it and any excess overland flow that flows into it, but does not drain the water out of nearby gardens.
This is beneficial, especially in times of drought. The drain has been observed to respond to rain within 15
minutes to half an hour, redirecting excess water out of the area.
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Figure 14. Locations of the measurement sites.

Figure 15. Water level below surface, max depth = 107.

Figure 16. Water level below surface, max depth = 98.

Figure 17. Water level below surface, max depth = 72.

Figure 18. Water level below surface, max depth = 102.

Figure 19. Water level below surface, max depth = 110,5.
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Figure 20. Water level below surface, max depth = 95.

Figure 21. Water level below surface, max depth = 88.

Figure 22. Water level below surface, max depth = 83.

Figure 23. Water level below surface, max depth = 98.

Figure 24. Water level below surface, max depth = 83,5.

Figure 25. Water level below surface, max depth = 112.

Figure 26. Water level below surface, max depth = 63.

Figure 27. Water level below surface, max depth = 88.
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Locations 2 and 4 appear to be located in convergence zones. Their peaks to rainfall are rather higher than
those of the other locations, indicating the water rises faster with the same amount of rain. This probably
means that water from other places drain to, or past, these points. Looking at figure 14, this hypothesis makes
sense, for location 2 and 4 are at the lower part of the research area, gathering water from much of the garden
North of these locations.
Since locations 8 and 10 were in the same hydrological system (the rain garden VIT), they are expected to show
a similar reaction time and change in water level to precipitation events or periods of drought. Indeed, the
graphs show a similar pattern and table 2 shows that the correlation between these two is 0.992, which is the
highest R 2 of all locations.
Also locations 6 and 7 were in the same hydrological system (the vadi VIT), but were spaced much further
apart with location 6 some 15 meters from the mouth of the drain. The graphs show somewhat similar patterns
and table 2 shows that the correlation between these two is 0.867, which is a lot less. The graphs show that the
water-table at location 7 drops much slower than location 6. This might be due to a difference in slope of the
drain itself. Or perhaps more water converges naturally to location 7, this cannot be deduced from these data
and has not been observable in the field.
Loc 1 Loc 2 Loc 3 Loc 4 Loc 5 Loc 6 Loc 7 Loc 8 Loc 9 Loc 10 Loc 11 Loc 12 Loc 13
Location 1

1.000

Location 2

0.665 1.000

Location 3

0.427 0.786 1.000

Location 4

0.558 0.866 0.801 1.000

Location 5

0.845 0.778 0.496 0.564 1.000

Location 6

0.336 0.605 0.894 0.879 0.290 1.000

Location 7

0.505 0.650 0.691 0.864 0.390 0.867 1.000

Location 8

0.462 0.542 0.652 0.691 0.333 0.682 0.911 1.000

Location 9

0.923 0.981 0.878 0.911 0.926 0.888 0.883 0.799 1.000

Location 10

0.464 0.544 0.768 0.689 0.317 0.672 0.900 0.992 0.897

1.000

Location 11

0.475 0.892 0.780 0.826 0.631 0.588 0.535 0.389 0.870

0.401

1.000

Location 12

0.337 0.667 0.755 0.567 0.504 0.383 0.269 0.121 0.899

0.144

0.782

1.000

Location 13

0.510 0.679 0.956 0.854 0.456 0.933 0.923 0.849 0.859

0.869

0.604

0.534

1.000

Table 2. Correlation coefficients between locations.

Location 9 shows a particular high correlation with most every other location. This is most likely due to the
small amount of measurements on the site. Hence these correlations do not reflect reality adequately enough .
However, the fact that the correlation is lowest between 9 and 8 indicates that the soil next to the rain -garden
is not affected through lateral flow by the drain. Instead, the rain-garden drains the overland flow and the
water that accumulates inside of itself.
Other locations with high correlations are location 13 with 3, 6, and 7. It is assumed that the wells installed at
location 13 and 3 serve as a point of drainage for overland flow, rather than indicate the change in groundwater
level. Location 3 being located on a gravel path, where there is more overland flow than in the gardens, and
location 13 is in an area where the water-table is often within 30 cm of the surface. Both wells are drilled in a
thick clay layer with minimal permeability, so the well itself increases that permeability locally by a large
factor. The fact that these two locations are so closely correlated with location 6 and 7, which are both inside a
constructed drained area, gives another indication that locations 3 and 13 are part of a system in which
overland flow is dominant.
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All the constructed locations seem to be correlated in some way, showing that the drainage creates a different
reaction time to rain than the locations without any intervention. Location 7 is closely correlated with both 8
and 10, all of which are located within the constructed VIT.
Location 12 seems to have the worst correlation with all the other locations. This is most likely due to the fact
that this site is located in a garden that was regularly watered in dry times, resulting in measurements that did
not reflect the weather conditions.
Location 1 and 5 have a rather low correlation with the other locations as well. The water level in location 5 was
often times rather deep, resulting in little to no change in water level after small rain events. Only after the
larger storms in June did the measurements show a change in water level. Presumably overland flow flows past
these locations or they are located at the top end of a divergence zone, in which case most of the water that
infiltrates there will flow somewhere else, barely refilling the groundwater table at the site.
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4.1. Rainwater Barrels
Of the 20 plot-owners with rain barrels, 50% was available to be interviewed. Their responses have been made
anonymous and are referred to simply as 'interview #'. First, the aspects about the experience with the ra in
barrel will be discussed. Then, the awareness of the users on the impact the barrels have as a stormwater
solution will be described. See Appendix VII for the questions asked.

4.1.1. Rain Barrel Experience
The thing that stands out most after using the rain barrel for a month is the surprising amount of water within
the rain barrel within a very short time and after even small amounts of precipitation. This causes the users to
be very satisfied with the amount of water available in the barrel at any given time (interview 1, 2, 3, 4, 5, 6, 8,
9). One of the users report to use the water from the barrel every day to water the plants in the greenhouse
(interview 4). Users are satisfied with the size of their barrel and would in some cases consider purchasing a
second barrel to catch the water from other parts of the roof of their cabin (interview 4, 6, 8, 9).
Barrel type 3 is the barrel with most points of improvements. Users do not like the plastic tap on the barrel,
because it is either already leaking or they got the feeling it is too fragile and will most likely break in the future
(interview 1, 4, 6). Users of barrel type 4 report that the tap is too small, causing them to wait too long for a
bucket of water to fill up (interview 7). They also think the foot of the barrel is too short; the height of which
does not allow a watering can to be filled under the tap (interview 5). Barrel type 5 is reported to be the least
enjoyable barrel (interview 3). The barrel is made out of a flexible material and the ou tlet connected to the top
of this barrel is not big enough to deal with the discharge from the roof during heavy rains. At this point, the
barrel overflows and collapses upon itself, flooding the ground around it and disconnecting itself from the
downspout.
Since all the barrels in Sogn Hagekoloni are installed by directly connecting them to the downspout, without a
water divider, they tend to overflow during heavy precipitation events. To solve this problem, several users
have drilled holes near the top of the barrel to allow the water to discharge at a point facing away from the
cabin (interview 4, 7). Sogn Hagekoloni has got a lot of plots where rain water stagnates which causes pools to
form and the ground to get soggy. Users in plots that deal with these problems report that the place where the
rain barrel is installed is now much drier and more accessible after precipitation events (interview 2, 5).
Most interviewed users were very satisfied with the process of obtaining a barrel, from the point of showing
interest to the point of having it connected to the roof and collecting water (interview 1, 2, 3, 4, 5, 6, 7, 8). Users
point out that they enjoyed having been kept constantly up to date with e-mails regarding the state of the
process (interview 3, 6). Though there are mentions of a large gap between the initial communication and the
moment that information was given about installing the barrels (interview 10). Users suggest that the process
could be improved by giving more information on the function of the different parts of the barrel, so that
installation of the barrel would have been easier (interview 2, 5, 10). Users particularly enjoyed that help was
offered and also given shortly after indicating the need of help (interview 2, 4, 5, 6, 8).
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4.1.2. Impact Awareness
The rain barrels were purchased mostly with the idea in mind to safe tap water (interview 1, 2, 3, 4 , 7). Others
mention their first motivation was to reduce the pooling of rain within their own garden plot (interview 5, 6,
10). Some users were specifically interested to experiment with the use of a rain barrel (interview 6, 9). They
wanted to see how it works and how much of an effect it would have during periods of drought. Several users
indicate that they got a barrel mostly because of the very dry summer in 2018 (interview 6, 8, 9).
Some users believe that rain barrels can have a significant impact as stormwater mitigation if enough people
adopt the use of a rain barrel, because of the large amounts of water it catches that would otherwise spill into
overland flow (interview 2, 4, 5, 6, 8). Some users are aware that the amount of water available in the rain
barrel would increase if they are emptied at the right times (interview 6). Some users believe that the capacity
of the rain barrel is not enough to make any serious impact during long periods of droughts (interview 3, 9).
Others can imagine that the rain barrels could have a more meaningful impact if more people bought and used
them (interview 2, 4, 8).
At the moment, a bit over 10% of the plot-owners of Sogn Hagekoloni has got a barrel. Yet, it has been
observed that some of the plot-owners without a barrel are now considering or already bought a barrel, after
hearing of the enthusiastic stories of those who have now experienced their use in the past month. These
stories come in the shape of recommendations. Some users shared their experience on social media and told
friends about the decrease in tap water use their rain barrel caused (interview 4). Users that are exceedingly
positive about the use of a rain barrel wonder why there haven't been more people buying the barrel (interview
2).
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4.2.1. Rain Barrels Quantitative Estimation Model
To find the optimal amount of water to take out of a barrel, the following equation is used. It calculates a factor
above the equation line which gives an indication of the weight of the days the barrels are empty in comparison
to the percentage of water used. This factor is divided by the percentage of water that spills over the barrels.

In which:
Wper = Percentage of water caught by all rain barrels.
Demp# = Amount of days barrel # is empty.
An Excel model was made and run 25 times. Each time, the amount of water that was taken from the barrel for
watering of the garden increased with 10 liter (X axis of figure 28). This number was set against the percentage
of water which was caught by the barrels divided by the amount of days the barrel was empty (Y axis of figure
28).

Figure 28. Percentage (Y-axis) of water caught and days with empty barrels in relation to different amounts of emptying (X-axis (L x 10)).

Using the equation for the graph above, we find an optimum at 10 and 20 liters per day, because the barrels are
rarely empty. Yet, any garden will need more water than that, during times of drought. The next, more viable
optimum, is found, depending on the barrel, between 60 and 70 liters per day. When more water or less water
is taken, the effectiveness of the barrel decreases. At 60-70 liters per day, however, the percentage of water
caught by the rain barrels is 53%, while the days the barrels are empty are between 12 and 18 days a season.
Naturally, the barrel with the largest volume (barrel 6) is empty the least often.
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The model used weather data from 2010 as input. 53% of the rain that fell on the roofs was used. In this year,
that would mean that the rain barrels combined would have saved 52.430 L of tap water. Table 3 shows the
results of the model when using the optimum amount of water (70 L) to take from the barrel at third day with
less than 0.6mm of precipitation and temperatures above 10 degrees Celsius.
In the first row; the percentage of water used, in the second row; the percentage of water not captured, in the
third row; the percentage of days each barrel is empty, on the fourth row; the percentage of days each barrel is
full. The last column indicates the percentage of water the combined barrels manage to catch in one season.
The last column shows the average percentage of the entire garden during the entire season, using all barrels.
This number is not the average of the percentages in the first two rows, rather the average of the exact amount
of all barrels in Sogn Hagekoloni.

Type 5

Type 6

Average
Percentage
entire
garden, all
barrels

50.6%

49.1%

69.7%

53%

40%

29.4%

50.9%

30.3%

47%

14.5%

13.1%

17.8%

18.3%

11.7%

15.1%

40.4%

34.7%

42.3%

42.3%

18.8%

35.7%

Barrel
Type 1

Type 2

Percentage
of water
used

54.8%

60%

Percentage
of overspill

45.2%

Percentage
of days a
barrel is
empty
Percentage
of days a
barrel is full

Type 3

&

Type 4

Table 3. Output Model values of different variables when the barrels empty themselves by 70L per day, from the third dry day and onward
with a temperature of 10 degrees Celsius or more.
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5. Discussion
The groundwater measurements were taken daily between 12.00h and 16.00h, instead of on exactly the same
time every day, due to other daily activities that were taking place. Due to the fact that the groundwater was
measured daily, there is no use in increasing the interval of other data. One value per day cannot represent the
weather dynamics of that entire day.
The recorded precipitation for each date is accumulated over the past 24h from 06UTC , which is 23:00h
GMT+2, Norwegian time. The measurements are done that same day, but halfway the day. Thus there is a
variation in which the main precipitation event took place before the measurement, during the measurement,
or after the measurement in the field. In this report, these values are assumed to be taken at the same moment
in time. This difference in time and the daily data are also the cause that the bucket tests that have been taken
could only be used as an indication of the functionality of the drainage, rather than give hard numbers of
discharge after certain amounts of precipitation.
The measurements took place in one season. While measuring in the winter would be redundant, the results
could improve if measurements were taken several months longer.
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6. Conclusions
6.1. Drainage Interventions:
Which drainage systems are present in Sogn Hagekoloni, derived from the change in
groundwater level and the correlated change between testing wells at different locations?
 Drainage from overland flow at locations 3, 6, 7 and 13.
 Divergence zones at locations 1 and 5.
 Convergence zones at location 2 and 4.
Overland flow seems to be the dominant system, but convergence zones can cause extra nuisance to plotowners, increasing the amount of pooling in their garden.
Are the vegetated infiltration trenches functioning properly?
 The wells at locations 10 and 8 (raingarden VIT) show the same reaction to rain water, concluding they
both are in the sphere of influence of the intervention. Even during heavy rain events, the water levels
do not rise higher than 55 cm below the surface, which indicates the system is working.
 The wells at locations 6 and 7 (vadi VIT) show a relatively similar reaction to rain water, concluding
they are both in the sphere of influence of the intervention. Location 6 is closer to the exit of the drain,
resulting in a faster dropping water table than location 7.
The graphs indicate that the VIT interventions drain their immediate area, as well as any overland flow from
the roads that flows into the VIT, reducing pooling and overland flow damage to the roads. The drain responds
fast to rainfall, within half an hour, and functionally redirects the water out of the area.

6.2. Rain Barrels:
How are rain-barrels and the process of installing them perceived by new users on private
plots?
 The thing that stands out most after using the rain barrel for a month is the surprising amount of water
the rain barrel collects from precipitation.
 The tap is the most criticized part of the rain barrel, being either too fragile or too small to let enough
water through.
 All interviewed users were satisfied with the process of obtaining a barrel, from the point of showing
interest to the point of having it connected to the roof and collecting water. It can be improved by
adding more information about the separate parts of a barrel and how to install it.
 The rain barrels were purchased mostly with the motivation to safe tap water. The drought of the
summer of 2018 had a big impact in persuading plot-owners to buy a barrel.
 Some users believe that rain barrels can have a significant impact as stormwater solution if enough
people adopt the use of a rain barrel.
 it has been observed that some of the plot-owners without a barrel are now considering to buy a barrel
or already bought one, after hearing of the enthusiastic stories of those who have now experienced its
use in the past month.
At this stage, rain barrel users seem satisfied. The positivity of the users is a strong medium with which to
persuade non-users of the barrels' merits.
How much water should a barrel user take from the barrel and at which times should the water
be taken to ensure maximum effectiveness?
The third day without rain, and any ensuing day without rain, a barrel user should remove 60-70 liters of water
from their barrel per day. This ensures on average that 53% of the water that falls on the roof is caught by the
rain barrel during an entire season, while the barrels are entirely empty on only 12 to 18 days in the entire
season. Users may take water before each third dry day, but must be aware that this will increase the numbers
of days the barrel is empty. Results improve with larger rain barrels.
The model used weather data from 2010 as input. In this year, the rain barrels combined would have saved
52.430 L of tap water in one season, assuming all the water used from the rain barrel would otherwise be
substituted by tap water.
22

7. Recommendations
It is recommended that future endeavors regarding stormwater solutions focus on the convergence zones
within Sogn Hagekoloni, which will most likely be having the most trouble with stormwater.
Automatic groundwater level measuring would solve most of the problems related to timing of measurements,
like giving some proper input to the bucket test, and would more accurately observe the reaction time of the
different locations to weather data.
The Rain Barrel Quantitative Estimation Model can be expanded in the future. The possibilities of this model
when run with extreme weather conditions have not been explored yet.
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Appendix
Appendix I: Theoretical drainage network
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Appendix II: Rainbarrel Guide
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Appendix III: On site locations of groundwater wells
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Appendix IV: plots with their barrels
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Appendix VI: Measurement tape & Well lid
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Appendix VII: Interview Questions
1.
2.
3.
4.
5.
6.
7.

What is your experience with the rain barrel so far?
How do you feel about using it?
What do you most enjoy about the rain barrel?
Is there anything you would improve about the barrel?
What was your initial motivation to get a barrel?
Do you feel like having a rain-barrel has a significant impact on stormwater management?
How do you feel about the process of obtaining a barrel, from the moment you showed interest to the
moment it is installed?
8. Would you recommend a rain-barrel to your friends and family?
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