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Sammanfattning 
 
Eventvattens bidrag till flodströmning i ett jordbruksavrinningsområde 
Johannes Hagby 
 
I ett jordbruksavrinningsområde spelar hydrologiska processer en viktig roll vid export 
av näringsämnen. Vatten som adderas till ett avrinningsområde från ett regnevent 
(eventvatten) kan ha olika flödesvägar och olika uppehållstider. Dessa påverkar 
transporten och omvandlingen av biogeokemiska näringsämnen olika tills det att 
vattnet lämnar avrinningsområdet via ett utlopp. 

Arbetet har fokuserat på vilket bidrag eventvatten och vatten som redan lagrats i 
avrinningsområdet före regnhändelsen (pre-eventvatten) har till avrinningen till en 
flod. Arbetet är viktigt för att utveckla en förståelse för vattenflödesvägar som är 
nödvändiga för ytterligare undersökning av export av näringsämnen. Metoden 
baserades på en isotopisk hydrograf-separation och utfördes på existerande data. 
Spåraren som användes var den stabila isotopen av syre i vatten (δ18O). Eftersom en 
ny studie planeras med användning av δ18O för att skilja olika flödesvägar och 
uppehållstider för vatten, har en sekventiell regnuppfångare också testats och 
förbättras. 

Resultaten av den hydrografa separationen visar att upp till 54% av en ökad 
avrinning i floden som resultat av ett regnevent är eventvatten, men även att det finns 
behov av data med högre tidsmässig upplösning behövs för att kunna kvantifiera 
bidrag från eventvatten till avrinningen för alla event. Fler och mer avancerade tester 
av regnfångaren skulle vara en fördel, men den kan även i dagsläget användas i fält. 
Baserat på resultat från experiment av regnuppfångaren föreslås kort en 
provtagningsstrategi för framtida arbeten. 
 
Nyckelord: Hydrograf separation, spårämne, eventvatten, pre-event vatten, 
sekventiell regnuppfångare 
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Abstract 
 
Contributions of Event Water to Streamflow in an Agricultural Catchment 
Johannes Hagby 
 
In agricultural catchments, hydrological processes play an important role in the 
export of nutrients. Water that enters a catchment during a rain event (event water) 
can have different flow paths and residence times. These affect the transport and 
biogeochemical transformation of nutrients until the water discharges at the outlet 
where catchments are usually monitored. 

This work focused on the contributions of event water and pre-event water (water 
that was already stored in the catchment before a rainfall event) to the stream. The 
work is necessary for further studies to develop an understanding of the relation of 
nutrients export and water flow paths. The method was based on isotopic hydrograph 
separation and performed on existing data. The stable isotope signature of oxygen in 
water (δ18O) was used as a tracer. A new study is planned using δ18O to distinguish 
different flow paths and residence times of water, and therefore a sequential rainfall 
collector was tested and improved for this purpose. 

The results of the hydrograph separation show that up to 54% of an increased 
discharge from a rainwater event is event water, but also that data in a higher 
temporal resolution is needed to quantify contributions of event water to the runoff for 
all the events. Additional and more advanced experiments of the rainfall collector 
would be an advantage, but it can also be used in the field as it is today. Based on 
the analysis and the revised sequential rainfall collector, a sampling strategy for 
future work is described. 
 
Key words: Isotopic hydrograph separation, tracer, event water, pre-event water, 
sequential rainfall collector 
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Introduction 
1.1 Background 
A major issue both in Sweden and worldwide today is the spreading of fertilizing 
compounds from water that runs through agricultural catchments. A catchment can 
be defined as "A unit of land on which all the water that falls (or emanates from 
springs) collects by gravity and fails to evaporate and runs off via a common outlet" 
(Kendall & McDonnell, 1998). Problems that come with this spreading are for 
example eutrophication and groundwater contamination. When water runs through a 
catchment it has different flow paths, and brings various amounts of chemical 
elements. Depending on soil type and vegetation, water reaches the stream with 
different amounts of biochemical compounds (Ulén et al. 2012). Contributions of 
event water and pre-event water are important to separate since they differ in quality, 
properties and content of biochemical compounds when going through a catchment 
(Ulén et al. 2012). Event water is defined as ´´Water that is added to a catchments 
surface as rainfall or snowmelt during a storm event.´´ and pre-event water as 
´´Water that was held in a catchment prior to, and has been discharged into the 
stream channel during a storm event.´´ (Kendall & McDonnell, 1998). The notation 
δ18O is a way to describe the ratio of the stable isotopes 18O and 16O in relation to a 
standard, and is given in the unit part per thousand (‰). This is done by the 
calculation below, eq (1). R is the ratio of heavy to light isotope (in this case 18O/16O), 
Rx is this value in the sample and Rs is the standard of the isotopic composition. The 
standard for mean ocean water is VSMOW and stands for Vienna standard mean 
ocean water (Kendall & McDonnell, 1998) 

 δ(in ‰) = (Rx / Rs- 1) · 1000 (1) 

δ18O can vary in event water periodically both during and between different events. 
The different values of the event and pre-event water can be used to distinguish 
event water from pre-event water in a stream (Riebeek, 2005). Hydrograph 
separation is a technique to split up a total discharge in different flow compartments, 
in this case event and pre-event water. Hydrograph separation with stable isotopes 
requires a use of a tracer that can be measured and traced from location to location 
to distinguish components. Under the condition that the pre-event and event-water 
has different δ18O isotopic signatures, δ18O can be used as a tracer to distinguish 
between these two components of streamwater by using a mass balance equation. 
To distinguish the event water from pre-event water, δ18O is measured in the rain 
(event water) and baseflow (pre-event water). 

1.2 Aim 
With existing data of the δ18O in precipitation and outlet of the stream from 2009-
2012, the aim was to do a two component hydrograph separation using δ18O as a 
tracer. This would show contributions of event and pre-eventwater in the stream at 
the outlet of the catchment within a certain timeframe. This project also describes the 
field implementation to acquire the necessary data for performing this kind of 
hydrograph separation. In preparation for future work in the catchment, the capability 
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of a sequential rainfall collector developed at SLU with the task to distinguish event 
water in many parts of an event, was tested and improved. It has been used before 
on SLU but not for this particular purpose.  
 
1.3 Hypothesis 
The hydrograph separation is expected to show the proportions of event and pre-
event water reaching the stream when the discharge increases after a rainfall event. 
The limbs on the hydrographs expected to not increase only from event water, but 
also from pre-event water. How good the sequential rainfall collector would work for 
this particular implementation was unclear, but some room for improvement was 
expected. 

 
2. Litterateur review 
2.1 Catchment hydrology 
The event water is the water that is added to the surface of a catchment, with 
insignificant change in isotopic signature over that short amount of time. It could 
contribute to the stream or stay in the catchment and be released during a later 
rainfall event. The water that was stored in the catchment and is released during a 
rainfall event is called pre-event water. Baseflow is a term describing the water that 
runs through the stream without event water affecting the discharge, and is defined 
as ´´sustained runoff that is the sum of deep subsurface flow and delayed shallow 
subsurface´´ (Kendall & McDonnell, 1998). In this catchment that contains mostly 
clay, subsurface runoff occurs for example through macrospores in the ground. Event 
water can for example run as overland flow, which is a runoff where water has little 
contact with the soil. This happens when the water can´t infiltrate the surface since 
the infiltrations capacity is exceeded or when groundwater is close to surface and 
pore volume is saturated. It can also travel as subsurface runoff where water runs 
under the surface to a stream; this can occur at different depths through different 
matrixes in the ground (Kendall & McDonell, 1998). 

The catchment water balance is essential to consider in hydrological work and is 
commonly described using a few important equations. The storage change over time 
is described by the relationship: 

 
 In - Out = ΔS (2) 

 
The in is rainwater from liquid precipitation and in the solid form as ice and snow. The 
out is evapotranspiration and runoff. This balance tells us which change in storage 
there is after a period of time ΔS The correlation between runoff and precipitation in 
eq (3) and can in further work be cut down in smaller pieces as in eq (4),  
 
 Precipitation – Runoff = Evapotranspiration (3) 
 
 (R + SN+ GWin) - (Q + ET + GWout) =ΔS (4) 
 



3 
 

To be precise of what is in and out one can to split up them in more parts. This time 
groundwater Gw in and out are included and precipitation in form of rain and 
snowmelt as well. ΔS is delta storage in time and Q the discharge and tells how 
much water is running in a stream. If the input is higher than what comes out, the 
balance changes and the area becomes wet, in the opposite case it gets dryer (Boise 
state university, 2018a). 

Depending on the type of research and the size of catchment, Eqs (2), (3) or (4) 
can be used. In small catchments with local storage or where the time interval 
between measurements is large, such as yearly, storage variable can be ignored. For 
bigger scales but shorter time though this is often included. (Kendall & McDonnell, 
1998) (Boise state university, 2018a). In the general water flow path, residence time 
and how it moves through a catchment differ both during, before and after a rainfall 
event. This variations depends on geomorphological, hydrogeological factors and 
other factors such as vegetation, soils, temperature and evaporation rate (Herbert, 
2017).  

 
2.2 Hydrograph separation 
There are various types of hydrograph separation techniques, often used depending 
on resources, time and money. The very first ways was to separate waters from 
stormflow by using stream data only and graphically or manually make a straight line 
to distinguish baseflow from event water on the hydrograph in the curve of increasing 
discharge from an event (Boise state university, 2018a).The method is today often 
used in engineering hydrology, but has also been widely criticized. Tracers were 
since 1960 used to track water more accurate and terms like event water and pre-
event water were introduced. Tracers can be artificial or environmental. An 
environmental tracer is added naturally to the system, for example δ18O and an 
artificial as added with a special purpose (Willam e. Sanford, 2011). They can be 
either reactive, which means that they can change chemically during their 
transportation, or conservative which means that they remain good as intact through 
its way from the first to the last measuring location. In the beginning artificial tracers 
were used, for example manganese ions, sodium ions and NaCl. In the 1970’s stable 
isotopes were introduced and are even today common types of tracers. There is also 
room for using more components depending on the research question and occurring 
flowpaths, e.g. adding components for flow compartments through geomorphological 
units like hill-slope and riparian buffer zone (Klaus & McDonnell, 2013; Uhlenbrook, 
2018). 

Electrical conductivity (EC) can be measured in parts where there can be a 
distinct difference between EC in rainfall and EC in the baseflow. This is an 
opportunity for example in cities or alpine areas with a type of vegetation with fast 
and step flow or where the surface is imperious and the NaCl value doesn’t 
change to much, Deuterium and Silica can also be used in such environment’s. 
(Pellerin et al., 2008;Laudon & Slaymaker, 1997). 

A common instrument set-up in the field when making a hydrograph separation 
is to use a tipping bucket that tells the date, time and precipitation intensity, a 
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sequential rainfall collector that split up water during different time of the rainfall, a v-
notch measuring discharge at the outlet and an isco-sampler that takes stream water 
samples at the outlet. All this gives information about discharge and δ18O changes in 
the stream and precipitation. With mass balance equations (5) (6) and (7) it is 
possible to determine the ratio of event/pre-event water (Laudon & Slaymaker, 1997). 
A detailed description how to derive equation (7) from equations (5) and (6) is shown 
in the Appendix, table 13-16. 
 
Mass balance equations with discharge and concentration 

 (Qs x Cs)  =  (Qpe x Cpe)  +  (Qe x Ce) (5)  

  Qs = Qpe +  Qe  (6) 

 Qpe = Qs (Cs −  Ce) / (Cb −  Cs) (7) 

Qs, is the discharge in streamflow, Qpe and Qe are the contributions of pre-event 
water and event water. Cs, Cpe and Ce are tracer concentrations in streamflow, pre-
event and event water.  

There are two ways of using the δ18O values in the collected precipitation when 
using this isotopic signature as a tracer, and this depends on the data quality, 
quantity and purpose of the work. With large amount of high quality data of 
precipitation intensity for one event, simultaneously with high temporal variation of 
δ18O in precipitation for the event, the incremental mean could be used to calculate 
concentration of δ18O in the precipitation in different times. This gives many values of 
precipitation signature, one for each measured time. More or less accurate graphs 
can then be made to distinguish event from pre-event water. If too much data are 
lacking of the precipitation intensity or if the temporal variability is very low, weighed 
mean can be used. The calculation gives one mean value of the concentration of 
δ18O in the precipitation for the entire event. The two types can vary a lot (McDonnell 
et al. 1990). 

2.3 Stable Isotope δ18O hydrograph separation with two components 
Using the stable isotopes for the hydrograph separation is as mentioned a common 
way of making hydrograph separations and where δ18O can be used as a tracer. The 
isotopic data needed for this type is δ18O in the precipitation and in a stream outlet. 
Values of the isotopic signature in the stream are required both during baseflow and 
during a change of discharge as a result of a rainevent. In precipitation the stable 
isotope composition can vary depending on the two main factors; Water temperature 
and parent condensing vapour. In higher temperate water the amount of 16O is less 
than in cold water, it’s the lighter isotope and evaporates therefore first. The 
condensing vapour composition is a result of what type of changes it has gone 
through before, like evapotranspiration recycling and precipitation losses. Since the 
signature differences occur one has to collect the rain and protect it from evaporation. 
Since there is changeability in the precipitation there is a need to split it up in different 
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times. A mean value can be taken if the variation of values are low. If the variation is 
high and you use a mean value, you introduce an error (Kendall & McDonnell, 1998).  

It is described in some publications within which framework a hydrograph 
separation of this type can be done and what needs to be cleared after applying the 
mass balance equations. In the book Isotope tracers in catchment hydrology (Kendall 
& McDonnell, 1998) it is described that it must be a noticeable difference in the 
isotopic signature between event and pre-event water, since it otherwise is 
impossible to distinguish them. The event and pre-event water must also have a 
more or less constant isotopic signature to be able to distinguish them. If there is 
storage that could contribute to the streamflow, this must be more or less marginally. 
The last thing is that the vadose zone contribution should be minor, which with more 
time and a bigger scale of work could be investigated more closely. Figure 1 shows 
an example of a how a hydrograph separation with two components using a stable 
isotope as a tracer could end up. Discharge that occurred at a certain time is shown 
in green, the blue line shows amount of pre-event water (also called old water), and 
the green line shows event water (also called new water) and the blue bars 
precipitation. It is also possible to only show streamflow and pre-event water, since 
event water can be calculated through Qs = Qpe + Qe as shown in eq (6). 

 

 
Figure 1. Hydrograph separation with two components by using stable isotopes as a tracer 
(Boise state university, 2018). 

3. Materials and methods 
3.1 Study site E23 
The catchment has been used for research by SLU for many years, has a size of 
7,239 km2 and is shown in figure 2. The exact position cannot be relieved since any 
names of farms and land-owners shouldn’t be exposed. Precipitation data from SMHI 
(SMHI, 2017), discharge data from SLU (SLU, 2017), and δ18O in stream and 
precipitation (Tonderski et al. 2017) was used to calculate the components event and 
pre-event water in the hydrograph separation. There were daily values of 
precipitation from 1979 to 2017 available but with a break between 2000 and 2009, 
and daily discharge from 1988 –2017 (figure 3). By making a two component 
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hydrograph separation with δ18O as a tracer in the catchment hopefully even more 
knowledge and understanding of its hydrology could be gained. There are earlier 
publications focused on phosphorus and natrium in the area (Ulén et al. 2011;Ulén et 
al. 2012) and water data, for example for δ18O in stream and precipitation (Tonderski 
et al. 2017). 

 
Figure 2. Map of catchment (SLU institutionen för mark och miljö, 2018). 
 
An overview of the vegetation description that is exposed in figure 2 shows that it 
consists of clays and forest. The types of clays are glacial and postglacial and are 
used for farming. The forest grows mainly on moraine. In the north part it has heavier 
soils and in the south they are more sandy and glacial (Svergies geologiska 
undersökning, 2018). Several studies have been made on the area for different 
interests, for example: Assessing the use of δ 18 O in phosphate as a tracer for 
catchment phosphorus sources (Tonderski et al. 2017) and: the need for and 
improved risk index for phosphorus losses to water from tile-drained agricultural land 
(Ulén et al. 2011). Previous studies make the catchment a good catch for further 
research since a lot of different data is available from different publications. 
Combined with the open data from sources as SMHI and SGU even more research 
could be done in the catchment. 

The sequential rainfall collector should work as good as possible to be able to 
make precise δ18O measurements in the catchment in the future. Since it hadn’t been 
tested for hydrograph separation with the stable isotope of oxygen as a tracer before, 
this was necessary before using it in the field. Measurable rainfall events didn’t occur 
during the project working time which meant that δ18O couldn’t be measured. 
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Concentrations of δ18O in precipitation and in stream was therefore used from the 
report from Tonderski et al (2007) and can be seen in figure 4, which shows how the 
isotopic signature of δ18O differs in precipitation and streamwater in the catchment 
the year between 2009 and 2012. This was therefore the timeframe that the 
hydrograph separation in this work could be made in. 
 

Figure 3. Sum precipitation in catchment 1979-2017 and mean daily discharge in stream 
1988 – 2017. 

Figure 4. Variations of δ18O (‰) in stream and precipitation 2009-2012. Data was used from 
Tonderski et al. (2017). 
 

3.2 Hydrograph separation 
3.2.1. Calculation of event water contribution 
In precipitation the signature of δ18O changes and as soon it has entered the 
saturated zone and is assumed to be transported conservatively, meaning that the 
water parcel keeps its isotopic signature. With δ18O values in streamwater and 
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precipitation in form of rain from Tonderski (Tonderski et al. 2007), precipitation data 
from SMHI (SMHI, 2017), and discharge data from SLU, (SLU, 2018), the 
components of the increased discharge in the stream be calculated. Graphs about 
monthly precipitation intensity and discharge are shown in figure 5. To make the 
hydrograph separation a definition of an event after looking and all the data was 
needed to be made. This was done by using an application in mathlab where all the 
events could be defined. 
 

 
Figure 5. Monthly precipitation rates and discharge from 2009 to 2011. 

To be able to use equations (5), (6) and (7) for the hydrograph separation some 
calculations described in Klaus & McDonnell’s report from 2013 were used. These 
are weighted mean and incremental mean. Weighted mean (8) gives as described in 
chapter 2.3 a mean value of the concentration of δ18O in the precipitation and 
Incremental mean (9) one value for each measured precipitation part. In this project 
most data input didn’t have properties to do more than weighted mean calculations. 

 ∑ PiSin
i=1  / ∑ Pin

i=1  (8) 

 ∑ LiSin
i=1  / ∑ Lin

i=1  (9)  
 
Pi = precipitation intensity to a certain time of the event, Si = isotope value in 
precipitation in a certain time of the event and Li = all precipitation intensities 
corresponding to its isotopic signature until that certain time. So in eq (8) the sum of 
measured precipitation amounts multiplied with the precipitation intensities and the 
isotopic signature values for all parts of the event, and then divided by all the values 
of Pi again. In eq (9) the sum of measured precipitation amounts is multiplied with all 
precipitation intensities until that certain time and its isotope values, and then divided 
by the values of Li again 

3.2.2. Matlab calculation 
To easy find out when an event actually occurred using the data of the discharge and 
rainfall, an application in matlab made by Tang and Carey (2017) was used. The 
main aim for this application was: What is an event, when does it start and when 
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does it end? With the application matlab gave information about what the average 
streamflow and precipitation were and when an event started and ended. To perform 
the analysis data of discharge and precipitation was put into the program and could 
with this information decide between which dates an event occurred (Tang and 
Carey, 2017) 

3.3 Sequential rainfall collector 
The purpose of the rainfall collector was a collect rain in eight different bottles, called 
B1 – B8 with a volume of three dl each. For the planned funnelsize this represents 
9mm of precipitation. This was done via plastic tubes and a plastic funnel with a 
diameter of 20 cm and an area of 0.03124m2. Between the bottles there was an 
arrangement of two types of tubes connected between the bottles. They had two 
sizes and purposes: tubes with 0.7cm diameter were there to move water from the 
funnel to the bottles, and tubes with a diameter of 0.3 cm for moving air between the 
bottles. The system of bottles and tubes connected to each other was built in to a 
rectangular piece of styrofoam a 0.80 x 1.60 cm. The size of the funnel corresponded 
to 81 mm of precipitation, but could also be substituted depending on wanted filling 
and rainfall intensity. The sequential rainfall collector can be seen in figure 6 and how 
the area, and radius of a round funnel could differ after precipitation amount can be 
seen in figures 7 and 8. In general δ18O can vary as described in the literature review 
chapter 2.3. The sequential rainfall collectors purpose was to split up one rain event 
in different parts to see how the isotopic signature could differ. The difference 
between the isotopic ratios measured in the different bottles could later be used to 
distinguish the event-water from the pre-event water. Water from a water tap was 
filling the devise as precipitation, and different arrangements of artificial tracers were 
used in the experiments to see how mixing occurred between the bottles in different 
situations. The tracers were dyes (green, black, blue, red) and NaCl.  
 

 
Figure 6. Sequential rainfall collector. The whole device and close picture of pipe 
arrangement and bottle.  
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Dye was used as a tracer to visualize how much mixing and leakage that could take 
place in the sequential rainfall collector during fill-up and when water was running 
through it. By using the mass balance equation, concentration of NaCl could be 
calculated. This was made through calculating concentration changes of NaCl by 
measuring EC in different ways, which also were used to calculate how much water 
that had entered a bottle after it got filled, on the way of filling up the next bottles. 
This was made by using the equations (10-12). 

Mass balance equation with volume and conductivity 

 (cBvB) + (cT vT) = (cBT vBT) (10) 

 VBT = VB + VT (11) 

  VT = (cB x vB)− (cBTx vBT) 
cBT x cT 

  (12) 

VB= volume in bottle before tap inflow, VT = volume of water from tap that has 
entered the bottle, VBT = total volume that has been in the bottle. CB = conductivity in 
bottle, Ct = conductivity tap water. CBT = conductivity after exchange. Eqs (10-12) are 
also a way of using the mass balance just as eqs (5-7). Example calculations can be 
seen further in result and table 17 of the appendix. VB will in these experiments 
always be 300 ml and will therefore not be written in the tables in the results, but is of 
course a value that is included in all calculations. The lower value of VT in the 
experiments, the better, since it means that a little amount of water has entered a 
bottle on the way to the next ones. Velocity of water that entered the rainfall collector 
from the tap was measured in a 5 dl cup in different times before letting it run through 
it. The experiments are described in chronological order. How VT was calculated is 
described in the Appendix, table 18. 

Volume calculation with first version of sequential rainfall collector 
In figure 7 and 8 it is shown how radius of a round funnel correlate to a certain 
precipitation and which area that correlate to a certain precipitation. The funnel that 
was attached and probably used in the field was round and would need 81 mm of 
rain to fill the device. It could happen in some hours or some days, but still 81 mm of 
total rain. This could be used to decide the size of the funnel to fill up every eight 
bottles of the device, or for example only four of them.  
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Figure 7. Which area of input that correspond to a specific amount of precipitation to fill the 
device. 

 

 
Figure 8. Which radius of a round funnel that correspond to a specific amount of precipitation 
to fill the device. 

 
3.4 Experiments 
Experiment 1 – First try of the device with dye as a tracer 
The goal here was to see how the instrument works and if mixing occurred with 
random water flow through pouring water from a bucket into the funnel. B1 got filled 
to half with red-mixed coloured water and B3 with strong blue coloured water until 
half to see the effect on B2 and B4. 

Experiment 2 – Rearrangement of thin pipes 
The thinner pipes between the bottles were taken away directly from each other and 
instead they had their outlets in the air close to the funnel. The opening on each 
bottle was therefore blocked by sticky tape. The outlets of the small pipes were ca 15 
cm beneath the funnel inlet. To start to see if water from the different bottles got 
mixed during filling time and during continues water flow B1 got filled to half with red-
mixed colour and B3 with strong blue colour. By doing this the difference could be 
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seen clearly in B2 and B4 – B8. This was tested with maximum water inflow where 
the funnel became filled to the top at once. The collector was put close to a drainage 
system so the water from the outlet could run into it. 

Experiment 3 – First try with NaCl as a tracer 
With the same set-up of pipe arrangement as before, an experiment with EC was this 
time tested. EC was measured in water from the tap (0.431 mS/cm). Some NaCl was 
poured in to a bucket and the EC was measured (24 mS/cm). The NaCl-water was 
filled in to B1 to its top. The tapflow was not as intense as the previous 
measurements but instead a smaller stream that didn’t fill up the funnel directly was 
used. Afterwards when all the bottles were filled EC was measured in every bottle. 
The point was to see how much water was spreading from B1to the rest of the 
bottles. 

Experiment 4 – Second try with dye as a tracer, velocity of 1 dl/15 sec 
The input was now placed higher up and a longer pipes were connected to the outlet 
to prevent leakage. Strong coloured water was put to B1, B3, and B6 and the velocity 
on the stream was approximately 1 dl/15 sec. Highest level in height was the funnel 
input, second level the end of the thin pipes and lowest level the outlet. They had 
15cm level difference. Tap water was running through for ten minutes. The purpose 
here was to see if water from B1, B3 and B6 leaked out to the bottles after (B2, B4, 
B5, B7 and B8) with a smaller stream instead of filling a whole bucket at once 

Experiment 5 – Third try with dye as a tracer, velocity of 1 dl/25 sec 
This time the thin pipe on B1 had its outlet even higher; approximately five centimeter 
from the input to avoid that water was pushed out of it, as in the experiment before. 
Velocity was measured to 1 dl/25 sec. Strong colours were now mixed in every bottle 
to see if any visible mixing occurred. It was visualized in every step during fill-up. 

Experiment 6 – Second try with NaCl as a tracer, velocity 1 dl/25 sec 
NaCl-water was filled in a bottle and EC was measured to 11.4 mS/cm and the tap 
waters EC to 0.435 mS/cm. The water with an EC of 11.4 mS/cm was poured into B1 
and the bottle was put on the rainfall collector. The tap water filled up the 
rainfallcollector up to the bottles B2 and B3, EC was then measured again in the 
three bottles. Same experiment was repeated but with B2 filled with NaCl-water, B1, 
B3 and B4 was empty from start. The EC in B2 was 6.58 mS/cm and EC was 
measured in B1-B4. Same procedure was made again with B3, then B1, B2, B4 and 
B5 was empty from start. The EC was in B3 was measured to 17.0 mS/cm. After 
every bottle was filled the EC was again measured in B1-B5. Velocity used in every 
experiment was still 1 dl/25 sec. The point was to see how mixing could change 
depending on how many bottles that got filled. 

Experiment 7 – fourth try with dye as a tracer, velocity 1 dl/35 sec 
Velocity was decreased to 1 dl/35 sec, and dye was used as a tracer. The 
experiment was performed with strong colour in every bottle. The purpose was to see 
if any type of mixing could be visualized. 
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Experiment 8 – Fifth try with NaCl as a tracer, velocity 1 dl/35 sec 
Since the previous colour testing experiment showed improved results, NaCl as a 
tracer was applied again for measurable testing. The speed of water added from the 
tap was 1 dl/35 sec and 1.8 gram NaCl was taken in to every bottle. EC was 
measured in 3 dl of water (a full bottle) the value was 12,0 mS/cm. After this tap 
water with an EC of 0.435 mS/cm began to fill the rainfall collector. Four steps were 
included in this test; First the whole device was filled, and then water was running 
through it for 10, 20 and 35 minutes. To get a picture of which EC that was equal to a 
certain amount of NaCl, 1.8 gram of NaCl was added in 100 ml water, and then 
measured, 100 ml was added again and EC was measured again. This was done 
until 500 ml was in the cup. 

Experiment 9 – sixth try with NaCl as a tracer. velocity 1 dl/60 sec  
The velocity was decreased to till 1 dl/60sek and NaCl-water with EC of 12,2 mS/cm 
was taken into each bottle, in the same way as the previous experiment. The funnel 
was filled up in 35 minutes. 

Experiment 10 – calm discontinuous flow with dye as a tracer 
This experiment showed how the rainfall collector worked with discontinues inflow, 
and could be seen by adding different coloured water in the funnel. First blue 
coloured water was added a little at a time into the device until one of the bottles was 
filled, then purple coloured water was added in the same way until B2 was filled, and 
finally transparent water. 

Experiment 11 – Rebuilt device 
The idea came up to rebuild the device so the highest level filled up first instead, in 
the order B8B7B6 B5B43 B2B1. Just by quickly testing the same thing 
as in the previous experiment again, very little mixing could be seen. Therefore NaCl 
EC measuring was applied. The goal was like before to see how much tap water that 
came into a bottle after it got filled, when tap water was passing bottles, and how the 
EC changed. First B8 was filled with NaCl-water until the amount that it got full and 
starting to fill up the next bottle. The pipe between the current and the next bottle was 
then shaken to take away water that got stuck in there. Bottle B7 was put on and tap 
water was running pass B8 and into B7, afterwards EC was measured In B8 and B7. 
This was to see how much tap water that infiltrated B8 on its way to B7. When this 
was done NaCl was added to some water, EC was measured and poured in to both 
B8 and B7. Tap water was then added to the inflow, passed B8 and B7 to fill up B6. 
The same procedure was made until tap water passed B8-B2 that was filled with 
NaCl water, and filled up B1. With this experiment one could see how the results 
differed depending on how many bottles that got filled, and consider if it would get 
better values filling just some bottles. Tap water was always 0.430 mS/cm. 
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4. RESULTS  
4.1 Hydrograph separation 
The mathlab extraction resulted in 36 events but only four could be used since 
snowmelt and precipitation occupied December-Mars every year, and because some 
of the values couldn’t be worked with. The numbers of water samplings from the 
outlet given in Tonderskis report, gave the same amount of points on the Pre-event 
water curve in the four hydrographs below (figure 9,10,11,12).The total discharge is 
the green line and the pre-event water is the red line. To calculate the amount of 
event-water the mass balance equation that was used is described in chapter 2.3 (eq 
6). The four results are presented on the pages below. 

Event 12. 
This event occurred between 16/03//2010 - 20/04/2010 but had only one value in 
isotope signature in the collected rain. Therefore weighted mean of δ18O in 
precipitation was used and put into the mass balance equation. Five precipitation 
volume measurements and nine values of δ18O in streamwater at the outlet were 
available. This made it possible to make a graph with nine connected dots telling us 
the distribution of event/pre-event water. Figure 9 shows the hydrograph and table 1 
the values of the separation. What can be observed in the table is that the 
contribution of event water rose up to 54% and om the graph that the curve of pre-
event water had a similar curve as the limb. 

Figure 9. Event 12, Hydrograph separation 16/03//2010-20/04/2010. 
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Table 1. Event 12 values. 

Date Discharge 
[m3/s]  

Pre-event 
 water [m3/s]  

Pre-event 
water % 

New water 
[m3/s] 

 Event 
water % 

3-17-10 0.001105047 0.001045691 94.6 5.9357E-05 5.4 

3-18-10 0.004223774 0.002775623 65.7 0.00144815 34.3 

3-19-10 0.210383742 0.118896869 56.5 0.09148687 43.5 

3-20-10 0.645776405 0.297057146 46.00 0.34871926 54.0 

3-25-10 0.548576082 0.273974569 50.0 0.27460151 50.0 

3-31-10 0.427652126 0.264166828 61.7 0.1634853 38.3 

4-3-10 0.140124368 0.095764996 68.3 0.04435937 31.7 

4-12-10 0.039812648 0.03244162 81.5 0.00737103 18.5 

4-19-10 0.008513893 0.007497091 89.0 0.0010168 11.0 

 

Event 19 
This hydrograph was a result from data 10/18/10 – 10/30/10. The data extraction 
gave six values of precipitation volume, and three values of δ18O in streamwater at 
the outlet. Two values of δ18O in the outlet were available. Weighted mean was used 
also here and two points could distinguish event from pre-event water. Figure 10 
shows the hydrograph and table 2 the values of the separation. The graph shows 
that the curve of pre-event water could only be done in the regression of the limb, 
and table that the amount of event water rose up to 36,3 % of the total discharge at a 
certain time. 
 

Figure 10. Event 19. 18/10/2010 – 30/10/2010. 
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Table 2. Event 19 values.  

Date Discharge 
[m3/s]  

Pre-event 
 water [m3/s]  

Pre-event 
water % 

New water 
[m3/s] 

 Event 
water % 

10-24-10 0.297555543 0.192495341 64.7 0.1050602 35.3 

10-25-10 0.20941257 0.195730965 93.5 0.01368161 6.5 

 

Event 28 
This hydrograph was result from data 13/07/2011 - 02/08/2011. The data extraction 
gave 11 values of precipitation volume, and three values of δ18O in streamwater at 
the outlet. Two values of δ18O in the outlet were available. Therefore weighted mean 
was used again and two points to distinguish pre-event from event water could be 
made. Figure 11 shows the hydrograph and table 3 the values of the separation. The 
graph shows that the pre-event water didn’t get a curve similar to the peak of the 
limb, and the table that the event water contribution was as much as 34.4% at a 
certain time. 

Figure 11. Event 28. 13/07/2011 - 02/08/2011. 
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7-17-11 0.000497172 0.00020469 65.6 0.000284 34.4 
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0

5

10

15

20

250
0,05

0,1
0,15

0,2
0,25

0,3
0,35

0,4
0,45

0,5

10/7/11 16/7/11 22/7/11 28/7/11 3/8/11

[m
m

]

Di
sc

ha
rg

e 
[m

3 /
s]

Date

Precipitstion

Stream

Pre-event
water



17 
 

Event 31 
This hydrograph was a result from data 9/4/2011 - 9/14/2011. This data extraction 
gave us 11 values of precipitation volume, and three values of δ18O in streamwater at 
the outlet. two values of δ18O in the outlet were available. Therefore weighted mean 
was used also this time, and only one point to distinguish event/pre-event water could 
be made and. Figure 12 shows the hydrograph and table 4 the values of the 
separation. The graph shows that the a curve of the pre-event could be done during 
the highest increase of the discharge, but gave at that certain time a value of 44% of 
event water contribution. 

 
Figure 12. Event 31, 04/09/2011 – 14/09/2011. 
 

Table 4. Event 31 values. 

Date Discharge 
[m3/s]  

Pre-event 
 water [m3/s]  

Pre-event 
water % 

New water 
[m3/s] 

 Event 
water % 

9-12-11 0.007944678 0.00445031 56.0 0.00349437 44.0 

 

4.2 Experiment 

Experiment 1 – First try of the device, colour as a tracer. 
01/03/2018. 10:30 
When the transparent water was poured into the funnel through the input, red 
coloured water in B1 could be seen go over to B2 from the thin pipes during fill-up 
and blue water in B3 could be seen getting over to B4 in the same way. What also 
could be seen was that at B1, B2 and B3 was filled at the same time. Figure 13 
shows that mixing occurred in all the bottles. 
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Figure 13. Mixing for the first time. 

Experiment 2 – Rearrangement of thin pipes 
01/03/2018. 11:30 
The devise did not show any apparent colour difference between the bottles during 
fill-up. What could be seen was that coloured water ran and dripped out of the thin 
pipes, and B1 and B2 was filling up in the same time.  

Experiment 3 – First try with NaCl as a tracer 
01/03/2018. 14:30  
Some mixture seemed to occur since the EC values after filling differed from the ones 
in the start. What could be seen here was mostly how B1 was affected with filling of 
the device, but also the salt was spreading in the system. The results can be seen in 
table 5 below. 

Table 5. Calculated values from the first try with NaCl as a tracer, VT in bottle 2-8 was not 
calculated since CT and CB are the same. CT = 0.432 mS/cm. 

Bottle CB  
(mS/cm) 

CBT  
(mS/cm) 

CD  
(mS/cm) 

VT  
(ml) 

1 24 23.000 1 13.29 
2 0.432 1.000 0.570 - 
3 0.432 0.550 0.120 - 
4 0.432 0.450 0.020 - 
5 0.432 0.450 0.020 - 
6 0.432 0.400 0.030 - 
7 0.432 0.450 0.020 - 
8 0.432 0.560 0.130 - 

 

Experiment 4 – Second try with dye as a tracer, velocity of 1 dl/15 sec 
02/03/2018. 10:30 
The coloured water in B1 rose in the thin pipes while the bottle was filling up, when it 
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was totally filled, clear water passed it in the thick pipes. B2 behaved like B1 and tap 
water could not be seen infiltrate the bottle after it was full. B3 and B4 were filling at 
the same time for approximately 3 seconds. Coloured water rose in the thick pipe and 
tap water was continuing flowing pass it after it got full. No visible colour changing 
could be seen in the other bottles B4, B5, B6, B7, and B8 during filling up the device. 
When the device was full, the red water In B1 started to leak immediately through the 
thin pipe and could be seen lose its colour. The collector was filled in eight minutes. 
After ten minutes letting tap water run through, B6 began to exchange its black water 
with tap water, the same could be seen in B3. The water pressure seemed to be 
biggest in the pipe of B1 therefore it was extended. Mixing occurred in at least B3 
and B6. Figure 14 shows the mixing in action. 

 
Figure 14. Water mixing in action. 

Experiment 5 – Third try with dye as a tracer, velocity of 1 dl/25 sec 
08/03/2018. 12:30 
The first visible action that could be seen was that B3 and B4 where filling at the 
same time during fill-up. This happened for approximately two seconds. A tiny bit of 
mixing with tap water could be seen in almost every bottle when the device was filling 
up. Mixing happened, but seemed to be less with decreased water velocity. 

Experiment 6 – Second try with NaCl as a tracer, velocity 1 dl/25 sec 
08/03/2018. 14:30 
This was probably the best results so far, but was only tested in the four first ones. It 
should not always be needed to fill up all the eight bottles when using it in the field, 
Therefore this test didn’t include all bottles. The results can be seen in table 6. To get 
even better results slower flow planned to be tested. 
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Table 6. Values from experiment 5, CT were 0.435 mS/cm. 

Experiment Bottle CT 
(mS/cm) 

CB 
(mS/cm) 

CBT 
(mS/cm) 

CD 
(mS/cm) 

VT 
(ml) 

A           
 1 - 1.14 11.2 -0.2 5.6 

 
 2 0.435 - 0.481 0.065 - 
 3 0.435 - 0.477 0.048 - 

B           
 1 0.435 - 0.434 -0.01 - 
 2 - 6.580 6.330 -0.25 12.7 

 
 3 0.435 - 0.434 -0.01 - 
 4 0.435 -  0.434 -0.01 - 

C           
 1 0.435 - 0.433 -2 - 
 2 0.435 - 0.438 -0.03 - 
 3 - 17 16.4 -0.6 11.3 

 
 4 0.435 - 0.465 -0.3 - 
 5 0.435 - 0.483 -0.5 - 

 

Experiment 7 – Fourth try with dye as a tracer, velocity 1 dl/35 sec 
08/03/2018. 15:30 
No visible mixing during fill-up and no mixing when running through could be seen.  

Experiment 8 – Fifth try with NaCl as a tracer, velocity 1 dl/35 sec 
08/03/2018. 16:30 
To fill all the bottles took approximately 14 minutes. Result of electrical conductivity 
with 1.8 gram of NaCl can be seen in figure 15 and results from experiment in tables 
7 – 10. 
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Figure 15. Describes EC in water and concentration of NaCl after putting 1,8 gram salt in 
100 ml of water, and then add 100 ml at a time until 500 ml. 

Table 7. Values after zero minutes of water running through, CT was 0.43 mS/cm. 

Bottle CB start 
(mS/cm 

CBT0 
(mS/cm) 

CD0 

(mS/cm) 
VT0 

 (ml) 
1 12.1 11.8 -0.3 5.3 
2 12.1 11.5 -0.6 13.6 
3 12.1 11.3 -0.8 19.3 
4 12.1 11.7 -0.4 8.0 
5 12.1 11.3 -0.8 19.3 
6 12.1 11.8 -0.3 5.3 
7 12.1 11.8 -0.3 5.3 
8 12.1 11.7 -3.4 8.0 

 

 

Table 8. Values after 10 min running through, CT is 0.43 mS/cm. 

Bottle CB start 
(mS/cm) 

CBT10 
(mS/cm) 

CD10 

(mS/cm) 

VT10 
 (ml) 

1 12.1 11.5 -0.6 13.6 
2 12.1 11.3 -0.8 19.3 
3 12.1 11.3 -0.8 5.5 
4 12.1 11.9 -0.2 2.6 
5 12.1 11.7 -0.4 8.0 
6 12.1 11.8 -0.3 5.3 
7 12.1 11.4 -0.7 16.4 
8 12.1 8.7 -3.4 119.7 

 

 

Table 9.Values after 20 min of running through, CT was 0.43 mS/cm. 

Bottle CB start 
(mS/cm) 

CBT20 
(mS/cm) 

CD20 

(mS/cm) 
VT20 
(ml) 

1 12.1 12 -0.1 0.0 
2 12.1 10.5 -1.6 44.6 
3 12.1 10.8 - 1.3 34.7 
4 12.1 10.5 - 1.6 44.6 
5 12.1 11.2 -0.9 22.2 
6 12.1 10.7 -1.4 37.9 
7 12.1 9.5 -2.6 82.7 
8 12.1 2.4 -9.7 1468.0 
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Table 10. Values after 35 minutes of water running through, CT was 0.43 mS/cm. 

Bottle CB start 
(mS/cm) 

CBT35 
(mS/cm) 

CD35 
(mS/cm) 

VT35 
(ml) 

1 12.1 10.5 -1.6 44.6 
2 12.1 11.7 -0.4 7.9 
3 12.1 11.7 -0.4 7.9 
4 12.1 11.6 -0.5 10.7 
5 12.1 11.8 -0.3 5.2 
6 12.1 11.5 -0.6 13.5 
7 12.1 11.8 -0.3 5.2 
8 12.1 5.8 -6.3 346.4 

 

Expr 9 – sixth try with NaCl as a tracer. Velocity 1dl/60 sec 
09/03/2018. 14:30 
After ten minutes of water running through, the NaCl EC were measured in the 
bottles, result can be seen in table 11. The previous experiment with 1dl/35sec in 
velocity showed similar result within 10 minutes. 

 
Table 11. Experiment 8, CT was 0.43 mS/cm. 

Bottle CB  
(mS/cm) 

CBT 

 (mS/cm) 
CD  

(mS/cm) 
VT 

(ml) 
1 12.2 12.6 -0.4 9.8 
2 12.2 10.7 -1.5 43.8 
3 12.2 11.3 -0.9 24.8 
4 12.2 10.6 -1.6 47.2 
5 12.2 11.6 -0.6 16.1 
6 12.2 12.8 +0.6 14.5 
7 12.2 12.5 +0.3 7.5 
8 12.2 12.2 0. 0 

 
Experiment 10 – Calm discontinuous flow with dye as a tracer 
23/03/2018. 15:30 
What became clear after this experiment was that a lot of mixing occurred when 
calmer discontinues flow occurred. The coloured water were mixing both in bottles 
and in the inflow pipe. After seeing this experiment a new idea came up, to turn the 
whole thing around and start to pour water in B8, in the highest level first. 

Experiment 11 – Rebuilt device  
23/03/2018. 14:30 
This experiment showed results from electrical conductive measurements of the new 
device. This was the biggest experiment so far and can be seen in table 12. The set 
up followed the trend that B3 and B4 were the ones that were mixing mostly during fill 
up. The highest value of tap water that infiltrated a bottle was 59.2 ml, and the lowest 
was as much as zero. If there were more time, same measurements but with some 
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hours waiting after the rainfall collector got filled up would be preferred. This was the 
last experiment since time was running out. The changed type of rainfall collector can 
be seen in figure 15. 
 

Table 12. Values from experiment with the new device, CT are 0.43 mS/cm. 

Expr Bottle CB  
(mS/cm) 

CBT  
(mS/cm) 

CD  
(mS/cm) 

VT  
(ml) 

A 1 6.190 6.170 -0.020 1.0 
 2 0.430 0.472 0.042  - 

B 1 1.605 1.598 -0.007 1.7 
 2 1.605 1.580 -0.025 6.5 
 3 0.430 0.477 0.047  - 

C 1 1.467 1.467 0 0 
 2 1.467 1.448 -0.019 5. 
 3 1.467 1.447 -0.020 5.8 
 4 0.430   -0.430  - 

D 1 1.020 0.986 -0.034 18.4 
 2 1.020 1.009 -0.011 5.7 
 3 1.020 0.973 -0.047 25.9 
 4 1.020 0.990 -0.030 16.0 
 5 0.430 0.535 0.105  - 

E 1 2.250 2.240 -0.010 1.6 
 2 2.250 2.230 -0.020 3.3 
 3 2.250 2.130 -0.120 21.1 
 4 2.250 2.010 -0.240 45.5 
 5 2.250 2.203 -0.047 7.9 
 6 0.430 0.854 0.424  - 

F 1 1.880 1.864 -0.016 3.3 
 2 1.880 1.854 -0.026 5.4 
 3 1.880 1.761 -0.119 26.8 
 4 1.880 1.641 -0.239 59.2 
 5 1.880 1.760 -0.120 27.0 
 6 1.880 1.841 -0.039 8.2 
 7 0.430 0.992 0.562  - 

G 1 2.120 2.120 0  - 
 2 2.120 2.110 -0.010 1.7 
 3 2.120 2.060 -0.060 11.1 
 4 2.120 1.986 -0.134 26.0 
 5 2.120 2.110 -0.010 1.8 
 6 2.120 2.110 -0.010 1.8 
 7 2.120 2.120 0 0 
 8 0.430 0.990 0.560  - 
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Figure 16. Rebuilt sequential rainfall collector. 
 
5. Discussion 
5.1 Hydrograph separation 
The hydrograph separation didn’t really go as expected since many of the event 
lacked information in either values of δ18O in precipitation or its intensity. In 
Tonderskis research fewer samples were measured in the stream than in the 
precipitation, and therefore they had less variation and lied slightly over the mean 
value of precipitation δ18O values. The extraction of data in Matlab gave over 30 
events, but ended up with only four hydrographs. Some of the values were measured 
in the same time as precipitation was in the form of snow and snowmelting period. 
Without further information how this was handled the values were not used. Another 
problem was that the precipitation data of δ18O during an event, showed sometimes 
values both under and over the δ18O measured in the stream. This made it 
impossible to separate the waters and was therefore taken away too. The plan from 
the beginning was to do measurements and data analysis from own fieldwork, but 
since the snow precipitation was extraordinary long this season, and a long period of 
no precipitation occurred, data extraction was instead the outcome. With own 
instruments and data more curves and analysis could have been done. Since this 
didn’t happen a lot of time could be spend on analysing data and really understand 
why and how the data could be used or not. 

If enough data could be collected with higher temporal resolution, maybe the 
amount of event/pre-event water could be calculated with incremental mean and give 
results based on all different values of δ18O in the precipitation. The graphs made in 
the results could only been used with weighted mean, with often only a few marks on 
the hydrograph of the pre-event water. What could be interpreted was that a 
rainevent actually made the discharge increase and on the graph making a rising and 
falling limb, that contained both event and pre-event water. How much event water 
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and pre-event water that the stream contained during the whole increased discharge, 
was hard to tell. Further investigation could also contain correlation calculations 
between different rainfall event and how the hydrograph behaved, like when the limb 
starts to increase, reaches its top and starts to fall again after an event. Together with 
the previous investigations of nutrients losses and spreading in the catchment, better 
understanding for water movement and behaviour could in further research be 
gained. This could give benefits in water management in common areas with similar 
properties, but also in comparison with catchments with different geomorphological 
properties. Since the hydrograph separation didn’t work out as planned, this is not 
the case.  
 
5.2 experiments 
In this work many experiments had to be performed to find a good way of using the 
sequential rainfall collector. What was learn full with experimenting was to see how 
time demanding it was to begin an experiment series from zero and to do it yourself. 
Since accurate testing hadn’t been done before, some experiments maybe seemed 
to be a bit unnecessary. Many things could for sure have been done differently and 
probably with fewer experiments to come up with a good way of using the device, 
and more would preferably been done to increase the accuracy. The hardest part 
was to be able to look at all the bottles at the same time when water was added, 
since the waterfront had to be followed all the time. Some kind of video camera with 
high quality save time, and every run could also be investigated more precise. For 
more accurate measurements a lab that could help calculate flow velocity and 
different precipitation rates in time could also be helpful. 

To use NaCl and colour as tracers was a good choice, the colours worked perfect 
to get a perception of how the water was mixing, but was hard to measure. With NaCl 
the accurate calculation could be done. Both were necessary to understand how it 
worked and what changes possibly could be done. The best would of course be to 
have one tracer in each bottle to see exactly what kind of changes that followed 
water inputs, but was not possible for these experiments. All the experiments that 
was made with the first version, would with more time also been done with the 
second version. Instead it was tried with a random continues velocity with NaCl as a 
tracer that wasn’t measure but gave decent results immediately, and with colour as a 
tracer with discontinuous flow that also looked good. Some kind of way to see how 
both versions would react to standing without flowing for some hours would be 
preferred. The second version would with no doubt work better here because of the 
less water that was remaining in the pipe after fill-up. 

The first version of the sequential rainfall collector got good values with certain 
velocities and continuous flow, but if the device would be left without filling up for a 
while mixing would occur, this could be seen through experimenting before deciding 
to rebuild it. As it can be seen in the experiment part good values could be gained 
with constant water running through for 0- 20 minutes, put probably not when having 
it longer time in the catchment with hours or days of waiting without precipitation, or if 
funnel or tube size change after a certain rain pattern would be too much work. It 
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worked best with continues rain at a certain speed (preferably 1dl/35 sec), but could 
be adjusted with a tube size letting in a certain amount of water. The device would fill 
up in approximately 14 minutes; this could be adjusted with different funnel sizes 
after a predicted rain pattern, and if the user would have the option to change the 
bottles fast after a continues rain event, it would probably work pretty well. 

The reschedule of the device was something that was in mind for a long time, but 
got forgotten with improvement of results. The second version of the sequential 
rainfall collector seemed better if it would be more unbound, discontinuous rain. This 
since the water didn’t have to compete against gravity on the way to the next bottle. 
The water that could remain in the tube after filling up would be just one or two 
centrimeter extra in the big pipes, instead of the whole pipe system and the big inflow 
pipe as in the first version. With the second version more powerful velocity could 
maybe result in even more mixing since the water went straight down, compared to 
the first version where it passes by. This was never tested because of time limits.  

An important question to have in mind when calculating VT was; how much tap 
water that actually got mixed with the bottles after B1, how can one know that all 
event-water (VT) is tap water? When tap water mixes with bottle water, NaCl-water 
must also go out. This follow the tap-water to the next bottle and one and so on, so 
one can for sure say that ‘’at least’’ resulting of infiltrated water from tap (VT) 
occurred, but probably even less. The difference should be biggest in the last one, 
were seven bottles before has been filled. So for example when B4 goes from 12 
mS/cm -11 mS/cm, seven ml of tap water has been running through according to 
calculations. It could only be certain that at least 7 ml of tap water was running 
through, but probably even more since NaCl-water from the previous bottles must 
have been mixed and escaped with tap water, which in many experiments had higher 
EC. That water goes into the new bottle and so on. The amount of tap-water that 
went into the bottles should have a lower value of VT then is calculated the further 
away from the inflow they are. This should be the case since water coming in to the 
bottle is not only tap anymore like in the first botte, but water mixed with escaped 
NaCl-water from the previous bottles. The EC could also differ a bit since the NaCl 
weighting only had one decimal. 

In the field some problems could appear. Depending on how long it should be in 
the field, there could be for example small insects, pollen and other small thing clog 
the pipe and stop the flow. Since the plan apparently is to put it out on an agricultural 
catchment, some kind of fence round it would be good since animals like cows are 
very interested and can make it fall or break.  

 
 
6. Conclusion 
For the hydrograph separations higher temporal resolution (more frequent) would 
allow to analyse the rainfall runoff events to get a rising and falling limb on the line of 
event/pre-event water in all hydrographs. With hydrograph separation one can 
conclude that not only event-water is added, but also pre-event. Here is the idea that 
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the rainwater replaces and pushes out the pre-event water from the subsurface a 
believed outcome. 

The experiments with the sequential rainfall collector didn’t go as planned either 
and more testing would have wanted to be done. But both understanding and 
improvement of the device was a fact. The first version worked well with a velocity of 
1dl/35 sec with continuous flow, but should not be standing without water running 
through. The second version let less water stay in the pipes and prevented mixing 
during standing without filling. More experiment would be needed but the one that 
was made showed as good results as the first’s versions best result. To try it out and 
get even better results more time, a lab partner, access to a workshop with wanted 
materials tools and possibility to have more in numbers, so that some experimenting 
without being afraid of breaking the few that existed could be done. Depending on 
weather and possibilities to some changes of the device, version 1 could be used in 
longer and more intense rains, but then possibilities to collect bottles as soon as an 
event stopped would be needed. Type 2 could probably be used with discontinuous 
rainfall and if could also maybe be out in the field for a longer time. 
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Appendix 
Table 13. Data from event 12. 

Date Precip 
[mm] 

o18 precip 
[‰] Discharge [m3/s] o18 stream [‰] Weighted 

mean Cn 

Pre-event 
water 
(m3/s) 

event-
water 
(m3/s) 

% of 
event-
water 

3-16-10 1          

3-17-10    0.0011 -10.1667 -16,1667 0.0010 0.0001 5,37% 

3-18-10    0.0042 -12,0000 -16,1667 0.0028 0.0014 34,29% 

3-19-10 1,2   0.1000 -12,5833 -16,1667 0.0565 0.0435 43,49% 

3-20-10    0.2000 -13,2500 -16,1667 0.0920 0.1080 54,00% 

3-21-10 4,1   0.3000    0.1700 0.1300  

3-22-10 2,5 -16,1667 0.4200     0.4200  

3-23-10 4,7   0.5500    0.3000 0.2500  

3-24-10    0.6000       

3-25-10    0.7500 -13,0000 -16,1667 0.3746 0.3754 50.06% 

3-26-10    0.8000       

3-27-10    0.9000    0.4500   

3-28-10    0.7953       

3-29-10    0.7710       

3-30-10    0.6050       

3-31-10    0.4277 -12,2500 -16,1667 0.2642 0.1635 38,23% 

4-1-10    0.3809       

4-2-10    0.2509       

4-3-10    0.1401 -11,8333 -16,1667 0.0958 0.0444 31,66% 

4-4-10    0.0978       

4-5-10    0.1010       

4-6-10    0.0785       

4-7-10    0.0813       

4-8-10    0.0791       

4-9-10    0.0788       

4-10-10    0.0692       

4-11-10    0.0523       

4-12-10    0.0398 -11 -16,1667 0.0324 0.0074 18,51% 

4-13-10    0.0321       

4-14-10    0.0249       

4-15-10    0.0214       

4-16-10    0.0208       

4-17-10    0.0147       

4-18-10    0.0123       

4-19-10    0.0085 -10.5833 -16,1667 0.0075 0.0010 11,94% 

4-20-10     0.0059       
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Table 14. Data from event 19. 

Date Precip 
[mm] 

o18 precip 
[‰] Discharge [m3/s] o18 stream [‰] Weighted 

mean Cn 

Pre-event 
water 
(m3/s) 

event-
water 
(m3/s) 

% of 
event-
water 

10-18-10 1,3           

10-19-10 0.9 -14,0000 0.0014       

10-20-10 0.4 -15,5833 0.0016       

10-21-10 1,2   0.0005       

10-22-10    0.0003       

10-23-10 16,2 -15,0833 0.0009       

10-24-10 5,7   0.2976 -11,6667 -15,0390 0.19250 0.1051 35,31% 

10-25-10    0.2094 -10.1667 -15,0390 0.19573 0.0137 6,53% 

10-26-10    0.0692       

10-27-10    0.0379       

10-28-10    0.0362       

10-29-10    0.0255       

10-30-10     0.0175       

 

Table 15. Data from event 28. 

Date Precip 
[mm] 

o18 precip 
[‰] Discharge [m3/s] o18 stream [‰] Weighted 

mean Cn 

Pre-event 
water 
(m3/s) 

event-
water 
(m3/s) 

% of 
event-
water 

7-13-11     0.0000       

7-14-11 11,4   0.0001      

7-15-11 5,9   0.0030      

7-16-11 0.2 -6,6667 0.0028      

7-17-11 5,9 -6,3333 0.0008 -9 -7,4232 0.0005 0.0003 34,38% 

7-18-11 11,5 -5,6667 0.0112      

7-19-11 0.2   0.0105      

7-20-11 0.6 -7,0000 0.0020      

7-21-11 15 -7,7500 0.0008      

7-22-11 17,8 -8,6667 0.0291      

7-23-11 5,7   0.1753      

7-24-11 0.2   0.0951      

7-25-11    0.0306      

7-26-11    0.0104      

7-27-11    0.0050      

7-28-11    0.0029      

7-29-11    0.0044      

7-30-11    0.0031      

7-31-11    0.0021 -9,5 -7,4232 0.0018 0.0003 13,57% 

8-1-11    0.0012      

8-2-11     0.0009       
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Table 16. Data from event 31. 

Date Precip 
[mm] 

o18 precip 
[‰] Discharge [m3/s] o18 stream [‰] Weighted 

mean Cn 

Pre-event 
water 
(m3/s) 

event-
water 
(m3/s) 

% of 
event-
water 

9-4-11    0.0019       

9-5-11 17,1   0.0085       

9-6-11 0.5 -7,8333 0.2007       

9-7-11 0.8   0.0524       

9-8-11    0.0228       

9-9-11    0.0093       

9-10-11  -5,8333 0.0038       

9-11-11 6,9 -6,6667 0.0019       

9-12-11 1,9   0.0079 -9,0833 -8,1374 0.0045 0.0035 43,98% 

9-13-11    0.0073       

9-14-11     0.0026       

 

Table 17. How Qpe was calculation in the mass balance equation. 

 𝑄𝑄𝑄𝑄 = 𝑄𝑄𝑄𝑄 −  𝑄𝑄𝑝𝑝𝑄𝑄  

 (𝑄𝑄𝑄𝑄 𝑥𝑥 C𝑄𝑄)  =  (𝑄𝑄𝑝𝑝𝑄𝑄 𝑥𝑥 𝐶𝐶𝑝𝑝𝑄𝑄)  +  (𝑄𝑄𝑄𝑄 𝑥𝑥 𝐶𝐶𝑄𝑄) 

 (Qs x δ18Os) = (Qpe x δ18Ope) + δ18Oe (Qs– Qpe) 

 (Qs x δ18Os) = (δ18Ope x Qpe) + (δ18Oe x Qs) - (δ18Os x Qpe)  

 (Qs x δ18Os) - (δ18Oe x Qs) = (δ18Ope + Qpe) - (δ18Os x Qpe) 

 (Qs x δ18Os - δ18Oe) = Qpe (δ18Ope - δ18Os) 

 

 (Qs δ18Os - δ18Oe) / (δ18Ope - δ18Os) = Qpe  

 
Table 18. How VT could be calculated when using in NaCl as a tracer. The same calculation 
steps as in table 17 is here made. 

VE = VT + VB  

(CB x VB) + (CT + VT) = (CE x VE) 

(CB x VB) + (CT x VT) = CE (VT+VB) 

((CB x VB) - (CE x VB)) / (CE - CE) = VT 
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