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5.3 RiverPro: ARC boat vs trimaran

We use the RiverPro both in the original trimaran and in the ARC-boat, so we want to know how they
compare. This comparison also shows the impact of two different vessels with the same instrument
mounted in them. At medium speed, around 0.5 m/s, the two compare well, and there are very small
differences. At higher speed (around 1 m/s) these tests indicate that the ARC boat generates slightly less
flow disturbance than the original trimaran. This is a surprise since the hull of the ARC-boat is wider
and sits deeper in the water than the trimaran.

In any case there is no very big differences between them. Neither create a big disturbance and both can
be used if one take just a little care if the extrapolation software only vaguely shows constant or 3-point
at the top.
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5.4 RiverPro (trimaran, front) vs speed

An interesting feature of this setup is that the flow disturbance worsens with speed.
This is not the case for the other instrument/mount combinations, and we have no explanation for this.
Data is consistent, even if it is collected over two different days.
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6 Modelled data

Mueller (2015) showed that velocities close to various ADCPs are biased, mainly through numerical
modelling but also through field tests. Muller have shared data, and the following chapters show our
data compared to his modelled data.

6.1 RioGrande (trimaran, front) measured vs modelled data

The modelled data show less or equal flow disturbance for the range of depths where we have
measured data.
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6.2 RioGrande (side- and front-mount), measured vs modelled

data

Mueller (2015) modelled flow disturbance for the RioGrande ADCP by itself. Our front- or side-
mounts are not quite the same as a RioGrande by itself, see picturesin ch. 5.1. The ADCP is mounted
in a clamp, and this clamp will probably affect the flow. In addition, the flow might be affected by the
manned boat. Still, the setup is quite similar, so it is interesting to compare modelled and measured
data. The modelled data show similar or less flow disturbance than the measured data.

Note that RioGrande in side-mount resembles modelled data more than RioGrande in front-mount.
Front-mount and side-mount are compared in ch 5.1.
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7 A matter of speed?

The plots below show mean flow disturbance versus speed for 20 or 30 cm distances from the ADCP,

20 cm if there is data, 30 cm if not. The plots are ordered (sorted) by reference speed (boat speed),
with speed as marked along the y-axis. Data in the plots below are interpolated linearly to 10 cm

increments.

We see that flow disturbance does not depend on speed, except for RiverPro in trimaran.
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8 Summary

8.1 Summary, plots

The first two pairs of plots below show mean flow disturbance for the different instruments, like the
data presented in the previous chapters, but interpolated to 20 and 30 cm distances from the ADCPs.
The left-hand side plots show the individual instrument & velocity combinations. The right-hand
side plots show median of these mean values for each instrument (circles) and also the same values
as in the left-hand side plot (small dots).

They are ordered by the mean values’ median distance from zero for each instrument.

The first pair of plots show values 20 cm from the ADCP, the second show the values 30 cm from the
ADCP.

We observe that using this rating, StreamPro in small or large trimaran, and RiverPro in ARC boat,
occupy the top-three rating both 20 and 30 cm from the ADCP.
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The following two plots show the actual values for the top 4 bins for all instruments. The first of
these plots shows values for the runs closest to 0.5 m/s and the second of them shows the values for
the runs closest to 1 m/s.

There are a lot of colors and markers on these plots, but there is a system to the chaos:

Triangles = Trimaran. (SP big trimaran is filled, SP small trimaran is open)

Circles = Remote controlled boats.

Squares = Fixed mounts

Thin line = Beside manned boat.

Thick line = Not beside manned boat (Remote controlled or in front of manned boat)
Colors = Different instruments

These plots show that there is not a lot of difference between tests at ~0,5 m/s and tests at ~1,0 m/s.
The exceptions are RiverPro in trimaran which display way more flow disturbance at the higher
speed, and StreamPro, small trimaran, front that seems to have more flow disturbance at low
speeds.

For the StreamPro, this seems to be a random variation. Below is a copy of the plot in ch 0, where the
data points from the plots below are highlighted.
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8.2 Summary, table

The table below summarizes these measurements by showing the median flow disturbance in
percent 20 and 30 cm from the ADCP. If the instrument did not collect data at distances 20 or 30 cm,
data is interpolated linearly.

The color coding indicates the level of potential impact on flow around the ADCP, and also, the level
of problems one will run into while choosing the correct top extrapolation in post processing

0-1 % is green, meaning no problem

1-2 % is yellow, meaning possibly a problem.
2-5 % is orange, meaning be careful.

5 % and more is red, meaning avoid use.

The text in the last column summarizes the recommendations.
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Instrument/mount

Flow
disturbance
at20cm

Flow
disturbance
at30cm

Text

SP_SmallTrimaranFront

-0,77

0,02

No caution

SP_SmallTrimaranSide

0,08

No caution

SP_BigTrimaranFront

0,00

-0,28

No caution

SP_BigTrimaranSide

-0,79

No caution

RiverPro_ARC

-1,78

-0,43

We can use this setup to collect data. In
postprocessing, if in doubt, choose power
extrapolation at top and not constant or
3-point.

RiverRay_TrimaranFront

-0,90

No caution as long as data is collected 25
cm from ADCP (default setup)

M9_rQpod

1,04

We can use this setup to collect data.
Based on these tests we can use data
collected 25 cm or more from the ADCP.
Based on USGS/Mueller there is flow
disturbance down to 16 cm. When
deciding top extrapolation, do not use
data closer to the ADCP than 16 cm.

RiverPro_TrimaranFront

2,52

-1,68

We can use this setup to collect data. In
postprocessing, if in doubt, choose power
extrapolation at top and not constant or
3-point.

RioG_TrimaranSide

-3,38

-1,67

We can use this setup to collect data. In
postprocessing, data shall be very clear to
choose constant or 3-point extrapolation
at the top.

RioG_TrimaranFront

-4,31

RioG_SideMount

-2,69

We can use this setup to collect data. In
postprocessing, data shall be very clear to
choose constant or 3-point extrapolation
at the top.

RioG_FrontMount

-3,56

Do not use this setup to collect data
unless there is no other choice. In
postprocessing, do not choose constant
or 3-point extrapolation at the top.

-4,25

Do not use this setup to collect data
unless there is no other choice. In
postprocessing, do not choose constant
or 3-point extrapolation at the top.
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9 Improvements for future continued
testing

Measure as close to the ADCP as possible. Use fixed WT mode/bin size if possible. If not, pay
close attention to data while measuring for ADCPs that change bin size etc. depending on depth
and speed.

If possible, review data using the Matlab scripts on site, to find out if data is too noisy.

For M9: Pay close attention to beam separation. This partially ruined the measurements so far.
Abort measurements if vegetation is present. In Steinsfjorden where we measured there are
arecas with Elodea canadensis (American waterweed, “vasspest” in Norwegian). This is a
freshwater grass that can be several meters long. It is possible to collect data in areas with
waterweed, but data gets very noisy.

Take notes or use GPS track to document the approximate locations. Don’t rely on memory.
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10 Observations and discussion

A question raised in the start of this report was if data collected with an ADCP in a trimaran attached
to a two-meters pole in front of the manned boat is affected by flow disturbance from the manned
boat. There is one indication that it might be so: The RioGrande in trimaran display less flow
disturbance beside the manned boat than in front. We need further testing if we want to answer this
issue.

There are two observations that is worth to highlight.

The first is that the flow disturbance (in percent) is not affected by speed.

The second is that it seems like the ARC boat generates less flow disturbance than the
RiverRay/RiverPro trimaran. The ARC boat is bigger than the trimaran, but the bigger monohull
seems to disturb flow less than the 3 smaller hulls of the trimaran.

The testing of instruments on a calm lake has worked quite well but there are some pitfalls and
problems.

First of all, since this is nature, it is not very often we can expect the lake to be completely calm. We
need a long period of no or little wind, and no runoff into the lake. Unfortunately, for the lake in
question, these periods often occur late in the autumn, and a couple of times the lake froze before
we could do testing.

Also, the lake needs to be rather big, since the instruments needs long runs to average out noise. In
particular the StreamPro. We drive in (somewhat) straight lines to avoid measuring in our own wake,
and a 600 second’s average at 1 m/s need 600 meters of lake.

It is important to measure if the water is still, and not to rely on surface appearance. We anchor one
ADCP to measure this for a long time, and on some days, several times during the test day. We had to
discard an entire day’s work after looking at data from the anchored ADCP, since there were too high
velocity gradients in the lake.

When testing instruments, it is important to measure as close to the ADCP as possible. Even if this
means noisy data. Noise can be overcome by longer averaging. And it is an advantage to lock the
instrument setup or to pay closer attention than we did on some tests to see if bin size or water
mode changes due to varying depth in the lake. This, and problems with beam separation (air
bubbles on the transducer face) partially ruined our M9 test. Also, whenever it is possible to fix the
bin size and you want small bins, do so.

We will probably keep testing instruments like this, since it is a low-cost test compared to
laboratories, and since it mainly gives results we trust in.
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11 Conclusion

Based on observations and visual, subjective inspection, all instruments/mounts are approved and
can be used operationally by NVE, except RioGrande ADCP in side-mount or front-mount. The
StreamPro in trimaran is the instrument/mount that creates less flow disturbance.

RioGrande ADCP in side-mount or front-mount can still be used if no other options are available, but
it is strongly recommended to only use pwr/pwr extrapolation in post processing.

See details in table in ch 8.2 (Summary, table).

The M9 needs to be tested once more. Until then, the advice for NVE is to follow the USGS
recommendation to not use data closer to the transducer than 16 cm. If forced to use data closer

than 16 cm, the main rule shall be to use pwr/pwr extrapolation.
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