Measuring Whirinaki River Flows at Te Whaiti Bridge

Started on Thursday Feb 17th Feb and continued on 10th March 2011    DRAFT V2
It was planned to include both senior classes at Te Kura Toitu o Te Whaiti Nui-a-Toi with teams of students supervised by teachers carry out different parts of the work. Unfortunately a classic project management error was made by not clearly specifying for all which bridge we were to meet at; the students went to the Minginui Bridge, whereas Peter was waiting at the Te Whaiti Bridge!

As a result of the bus not being available to transport the students when the error was found, a small team of four students, Reagan,.Lara, Leonie and Dallas, took on the task with Peter.   That seemed like a shame but really it turned out to be an opportunity to for us to us to practice and learn before the big group got to work on it later. 
The reason for the project:

This is part of our bigger research program to help the world understand the value of the ecosystem services that rainforests provide to support life on our planet.  An overview of this program is at  www.whirinakirainforest.info/ecosystem_services_value  
This program finds that the water cycle is very important in rainforests, so we are looking to find out about the water and energy flows in and out of the Whirinaki river catchment.
[image: image1.png]Catchment Water Balance

N\ gives nargy or evaporton

Water ] vapour
entering catchment
from sea etc

|

Ground
evaporation

River outfow,

e

Rainfall

Undergroung

Tokes energy forsondensaton it ot

Water vapour
leaving
catchment

Canopy | Tree
evaporation  transpiration

Water collected by raots
and fungal networks et




To do this we needed to work out how to measure river outflows from the catchment, at the Te Whaiti Bridge. (Rainfall in =  evaporation and transpiration + river outflow  )
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Our bridge from North (left) and South (right) sides
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We had to organize our two classes into teams to make sure we were safe and we could do the job well 
1. Traffic control officers – We always had a person in a fluro jacket about 100 metres each side of the bridge waving down  any traffic so they had time to slow down or stop before the bridge
2. Riverbed measuring team – Led by senior class members carrying out measurements to survey the river bed under the bridge
3. River surface velocity teams (2) – Junior class members measuring the time sticks took to float under the bridge
4. River under-surface velocity team –  Our bigger students who would be doing measurements in the water
5. Media team – Led  by our older correspondence students to gather video records, interviews and still shots for our research report on the project.
The process we used:
Step 1:  Put a river level gauge on the bridge pier.
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To do this we found that the deepest part of the river was 1.1 metres on that day so we set up a depth gauge stating at 1.1 metre and showing every 0.1metre up to a maximum of 4.0 meters. (That was as high as we could reach on Claude’s ladder)  
Even if our painted gauge marks wear off, we know that our permanent reference point is the concrete ledge (shown above) which is at a gauge level of  exactly 1.10 metres  (The top of the bridge railing is  8.70 metres above this point  so that makes its level 9.80 metres  on our gauge scale).
We noted the turbulence above the bridge pier in this photo.  

1. The river seems to know that something is in its way even before it gets to it!      That is because when the water wave actually hits that obstruction a pressure wave is reflected back upstream.  That pressure wave interferes with the pressure wave travelling downstream, sometime adding and sometimes subtracting from it. That gives the interference patterns  (see some of the animations there)  and level changes that we see on the surface of the water.
2. We see an interference pattern in the flow upstream of Reagan. Behind him we see the water trying to rush back into the space behind him.  There it collides with water coming in from other directions.. A vacuum starts forming there which sucks in air, causing it to bubble.   Engineers and scientists recognize this rough flow and call it “Turbulent Flow”( read through the examples there.) 

3. Nature has a way of using turbulence (sometimes called rough flow or described as “chaotic flow) to get rid of unwanted energy, then in its own time getting back to smooth predictable flow.  We see this at the bottom of waterfalls and engineers design spillways over dams to do take energy out of the water so it slows down rather than eroding the valley below.      (Maybe that is where our saying  “Going with the flow” comes from when things seem to be getting a bit chaotic)  
4. In the clear parts of the river the smooth surface shows that the flow is even. and generally in the same direction.  That is what engineers and scientists call “Laminar Flow” (sometimes called streamlined flow or smooth flow) where the water tends to move in separate layers that don’t mix much, each getting slower as we get closer to the bottom.
Step 2:  Measure the depth of the river every metre across its width bank to bank
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To do this we cut the whole width of the river into one metre slices.   That is an old trick used by engineers and scientists to break a big problem they need to analyse into smaller parts.  When using computers to help them solve a problem they describe this as “Finite Element Analysis”, where things are split it into smaller and smaller parts, the size of which tend towards zero, requiring billions of supercomputer calculations.

(Comment: Not only are bio-engineers able to model blood flow  and turbulence etc through the human heart similar to what we do with our river, they can also anaylse and model the heart itself, sometimes getting down to a molecular level even  - see bioengineering l research at The University of Auckland   
We used a one metre stainless steel ruler along a line one metre upstream of the  bridge pier line   This was to try to avoid the effects of the increased interference flow around the pier which eroded out a deeper than normal  hole in the riverbed. One that Dallas almost slipped into!
(Note:  When we try to measure something that is comple , the process of measuring it often disturbs the behaviour of what is being being measured.  Here we see that Regan by being in the water is changing its flows.)
Step 3:  Survey the profile of the bank on both sides of the river.
To do this we tried to stretch the tape across the river at a gauge level of 3.00 meter (1.9   meters above the river level)  using it as a reference point for measurements.   To get the tape level we tried to use a “spirit level” but it was impossible to get it very accurate.  We later realised that we could have used the water level of the river to get it level.  All the same, we were able to get some figures that we tried to correct using the water level at each bank of the river.  
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Having done that, we thought more, and guessed that the bridge hand rail was straight and probably almost level too.
 We had both our classes doing this again on 10th March 2011.  We used a long tape to mark the upstream railing every metre from one bridge buttress (end support)  to the other starting at the Waikaremoana road end.   We then weighted the end of the tape by tying a steel bolt to it, then dropped it vertically from the railing top until it hit the ground or water below . We recorded this distance every metre across the bridge.  
By dropping it to the waters edge on both sides we found out how level the bridge is.  Over the 18metre distance from one side of the river to the other it dropped  150 mm towards the east end.  So over its 58 metre length the bridge drops 483mm. We then calculated a level adjustment factor  for every metre mark across the  bridge setting the zero point at  17 metres  - directly above at the pier on which we had marked our river level gauge.
Having plotted the vertical profile riverbed under the bridge we can get a good idea of the cross sectional area (in square metres) of the water flowing under the bridge for any river height..    From our data we can plot a graph of that for various river heights.  This is done and graphed on our spreadsheet.
The next stage was to work out the velocity of water flowing (on average) in metres per second..  That lets us work out the volume of water flowing in Cusecs (Cubic metres per second) for every one metre slice across the river.  
Knowing that a two litre milk bottle holds a two kilograms of water, we worked out that one cubic metre of water weighs one metric tonne (1000 Kg)  

Step 4  Work out  the surface velocity (speed of water) flowing under the bridge
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To do this we dropped sticks into the water above the bridge then used a stopwatch  to time how long they took to float the 11 metres under the bridge  (the flow  does not go directly under the bridge but is  at and angle of around 20 degrees from the perpendicular to it.
We observed that the surface flow was fastest and that the figures were pretty much the same near the middle of the river, but it got slower  as we got nearer the shallow north bank of the river .  As a result we will use the maximum point in the middle of the river as our reference for all future readings 
On the deeper south side where flow was turbulent around the bridge pier the surface flow was slower and the results were more unpredictable.  In fact sticks floating down the small path between the pier and the bank did silly things when they got past the pier on the other side of the bridge.  Some moved to the side of the river and almost stopped, suggesting there were whirlpool like swirls that pretty much made the surface velocity zero.  These swurls, interference and turbulence also happen under the surface but they are harder to see.
Step 5  Get an idea how the velocity changes as we go from the surface to the bottom


We noted that sticks floating on the surface seemed to move faster than things like pumice stones and other things just heavier than water did at the bottom.
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To do this we used our homemade river flow meter. This is a pole with an aluminium bar holding a rotating impellor (made from $2 shop measuring spoons.  It has a small magnet in the rotating head that rotates past a small reed switch fixed to the bar (both magnet and switch from Jaycar Electronics).  Each time the head rotates and the magnet passes, it causes the metal contacts of the reed switch to be magnetised and attract each other to close the switch..  This pulse is timed by a Picaxe 14m computer chip which pulses out  a series of blips that we count to get the rotating head speed in revolutions per second  (eg 1.7 secs) 
Unfortunately Peter dropped the controller in the river, so it was a bit erratic while it was drying out!   We decided to have another go at this later.
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 With this we tried to observe the velocity every 10 cms down from the surface using the marking tapes on the pole.  The pole needs to be held very steadily with two hands as movement will alter the readings, so it needs a separate person to hold the controller and capture the counts.
Here we again saw the highest readings in the clear smooth flowing middle part of the river, getting lower near the shallow bank end and going a bit crazy in the turbulence around the bridge pier.  By taking these readings across one metre slices of the river we will try to decide on a “flow depth factor“ as a proportion of surface velocity  for various depth of water.

Our flow meter gets a bit confused and gives less reliable readings if there is a lot of turbulence about or flow obstructions , so we ignored  some readings that didn’t  make sense..  The meter works best in smooth (laminar) flows so we need to keep it well upstream from our legs. (see picture)

At the same time we got some figures to help us calibrate our flowmeter    This will allow us to work out what the flow is in metres per second  from the meter head  speed in rotations per second.

Step 5b   Find how the velocity changes and flows below the surface (use food dye).

We tried to repeat these flow meter measurements on 10th March 2011 but the flow meter head refused to rotate when in the flowing water


[image: image11.jpg]


. [image: image12.jpg]


  
Some of the complex inter-related factors that may have caused this change are:

1. The river was about 3 mm higher and the flow was a bit faster. 
2. The rotating head was made of wood which when it got wet did not rotate so easily on its shaft
3. It had also lost the counterbalancing steel washer that was glued to it to balance the wood floating upwards, putting more force and friction on in to restrict its rotation. Also this extra weight gave it inertia to help keep turning.
4. When we put the flow meter in the water we found it created turbulent flow around its head   This rotated until it minimized this obstruction where it stopped, locked by the river current in that position.  

5. We noticed that in turbulent changing flow it sometimes got itself confused anyway.  That means that maybe we should try to reprogram it to read the value over a longer time and get an average.  Here is the PICAXE program if any want to try it for themselves 
We also used food dye to see the patterns that water flowed in. 
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A few drips of dye put into the water above the bridge in mid stream where the flow was laminar appeared on the other side slightly larger.(left) .   Similar drops near the pier where the flow was more turbulent spread out much more (right).  We can now recognize turbulent flow swirling conditions like the following
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In the swurls we see nature’s  koru pattern  (check out this site for more)
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Or in the pakeha maths world,  The Fabonacci series and Nature. 
(Check this site out for much more information and images below) 

The Fibonacci numbers are the numbers in the following order
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(sequence 

By definition, the first two Fibonacci numbers are 0 and 1, and each following number is the sum of the previous two. 
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Step 6   Enter our data into a spreadsheet
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 1. Data entry practice:

We split into pairs with one from our junior class reading out values and checking the data we collected as it was typed into an Excel spreadsheet by the other person from the senior class.

2. Understanding how our official Te Whaiti bridge river flow model spreadsheet processes this data in four separate steps
Our spreadsheet contains the following sections:
(a) Measure and model riverbed profile to relate river cross sectional area to river level (as measured by our gauge)

(b) Measure how the water velocity (speed) changes as we move from surface to the bottom

(c) Measure surface velocities and relate mid-stream (at 24 metres) flow to overall average river flow rate

(d) Calculate river flow volumes for various levels of river (including surface velocity measurements added in future)
(e) Graph some of the data. 
On this spreadsheet we also compute the energy flows involved with the water passing under the bridge, comparing that with approximate NZ and world human energy consumption.  (This is based on a kilogram of water releasing 2260 KJoules of energy when it Condenses (moves from vapour to the liquid.state)  That shows that there is no shortage of energy coming from the sun, we just need to find smarter ways to capture and use it!
Step 7:  Measure mid river surface velocities at various river levels (later work) 
In our spreadsheet - section d , we used the figures taken at 1.1m river height and guestimated how they might change at higher river levels.  (As it was 1.46 M/sec  at a level 1.1 metres  we thought the velocity might double if the level was around 3.5 metre) For example at flood levels we predicted the river flows will probably be much faster.  This requires us to wait for the river to raise, then to measure surface velocities by timing sticks floating under the bridge for a number of river levels as in step 4.    (All measurements can be safely taken from on top of the bridge).  We will then revise our spreadsheet  when we get more data.
Also at those higher levels we will need to look closely the surface velocity measurements across the river to see if the patterns change much with higher velocities and turbulence.  If so, we may need to change the width and depth adjustment factors to suit the higher river level flow patterns

That way we will be improving our model as we get more data over time, so we can re-plot the graph of mid river surface flow against river flow in Cusecs
Step 8:  Install the river level logger on the Te Whaiti bridge over mid stream
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This is our home designed Picaxe 18M2 PIC data logger (PIC = Programmable Interface Chip), that will be mounted on the upstream rail of the bridge.  It is programmed to send a 40 KHz ultrasound pulse downward then measure the time it takes to be reflected back by the river.   
It uses this to compute the mid stream river level, then applies the graph produced in step 7 to work out the river outflow in cumecs.
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This unit is solar powered and fully protected against the weather.  It will process and store many months of hourly river level and flow readings.

A laptop is plugged in  to extract data .

We were able to test the sonar distance sensor at the river on 10th March 2011.  Unfortunately its maximum range was digitally limited to 7.62 metres.  As the bridge deck is around 8 metres we will need to take the sensor out of the box and fit in the bottom of a pipe that lowers it by around 1.5 metres.
Step 9  Finalise a report on our study for the web

We work together as a team to produce this project report as we go.  We will put this on our project website.    This will be evidence of our learning and the way we share it with schools and others around the globe.

This includes the Te Whaiti bridge spreadsheet and Canyon Bridge spreadsheet above to publish all our data and model the river flow.

THIS DRAFT  REPORT (V2) IS A WORK IN PROGRESS

Step 10:  Download monthly data to a laptop to process it.

This information together with that from the weather station will allow us to better understand flow of water in and out of our catchment.  

A first attempt to estimate the water and energy balances for Oct 2010 is included in this Excel spreadsheet  
Step 11: Install another river logger at the Te Whaiti Nui-a-Toi Canyon footbridge
The catchment above this point is almost all virgin old native forest.   Here we will be able to compare the flow there with the flow at the Te Whaiti bridge.  The   catchment between them contains mainly farmland and exotic forestry. We guess that the Native forest will store much more rain before it overflows into the river, than will the farmland but we need to confirm that.
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This was installed on  7th March 2012  
Step 12 ; Add river temperature monitoring

The next stage is to add to it so it can remotely read the river temperature (often important for river species survival)
This requires us to do some research to design a temperature sensor able to do this  from about 8 metres above the river.
Student learning reflections:
After this project we had each student give a personal reflection on the key things that they learnt in this exercise.  This can be added to throughout the project.
Teacher reflections:

What Process were used and the learning that stem from it. Also highlighting the opportunities for relating this to other areas across the curriculum  eg literacy, numeracy, technology, computing, communication, art, 
· Josie - 
· Robert-
· Peter –  Unclear project communication sorry, people in wrong place!
         -  Surprised  how much we all learnt on way -  next time start with class
             time to get more ideas about the methods used to do it.
         -   The students seemed to understand this and how observant they were
 of water flows etc.  This is the river they swim in.
         -   In doing this and reflecting more learning and smarter ideas came out.
   -   Reviewing this a month later showed they understood the difference
       between laminar and turbulent flow and could relate that to the
       ways the school’s savonius and horizontal wind turbines worked.
    -  Linked with their art and design teacher Chas to help them further
       relate the turbulent flow patterns with the Koru pattern which is
       found right through nature (In the Pakeha world it’s described
       mathematically and called the Fibonacci series)
Project Log:

1 Fen 2011 onwards
-  develop prototype river flow meter


pg
17 Feb 20 

-  carry out initial study on bridge and river flows 
class 
26 Feb 

-  started this report document and spreadsheet
pg 
12 March 

- redid some measurements using the whole class     class

13 March           
- update the Excel Te Whaiti Bridge project model   pg
12 April  

- did some revision with students 


pg 

14 April 

- revised this page adding Koru and Fibonacci pics
pg
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