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1. Introduction 

The VMP-500 is a small and light instrument for the vertical profiling of turbulence and other water parameters in 
aquatic environments. This instrument is manufactured by Rockland Scientific International (RSI) of Victoria, British 
Columbia, and is used by limnologists and oceanographers world-wide. It carries two sensors to measure velocity 
shear on scales of 1 meter to less than a centimeter, two thermistors to measure temperature and its fluctuation 
to scales of a few millimeters, a pressure sensor, a tri-axis accelerometer, a highly accurate thermometer and an 
accurate electrical conductivity sensor (to measure salinity).  

The VMP-500 normally descends at 0.7 m s
-1
, and arrives at this speed by a balance of buoyancy, weight and drag. 

The tether to this instrument is intentionally kept slack so that the instrument falls freely without disturbance from 
the boat or ship from which it may be deployed. The Swiss research institute, EAWAG, wants their VMP-500 to 
have an optional buoyancy element to slow the speed of profiling to ~0.1 m s

-1
. RSI designed an appropriate 

buoyancy element and had it manufactured by Flotation Technology in Maine, USA. RSI has no previous experience 
with slow profiling and, therefore, requested RGL Consulting to test the VMP with this extra buoyancy. This report 
documents the results of these tests conducted in Harry Lake, in late September of 2008. 

Harry Lake is a small sub-alpine lake in northern British Columbia. It is 
inaccessible by land vehicles and the nearest development is the Alaska Highway 
located approximately 45 km to the north of the lake (Figure 1). The maximum 
depth is 25 m, the maximum width is 800 m, and its north-south span is about 3 
km. I conducted all tests in the southern basin. I chose Harry Lake because there 
is no interference from other users, it has enough infrastructure to support 
scientific testing, its temperature and salinity distribution were measured in 
previous years, and there is a high probability of cabling induced by the inflow in 
the southern basin in late September. 

2. VMP-500 Configuration τ weights and floatation 

The instrument, VMP-500 serial number 028, is configured with a collar of 
syntactic foam to make it buoyant in water as light as freshwater of temperature 
28°C (Figure 2). Weight must be added to make the instrument sink and the 
amount must be determined empirically to trim it to the temperatures in a 
particular lake. 

The water in Harry Lake was too shallow in 2008 to suspend the instrument from 
the dock. Instead, I deployed it on  2008-09-25 from a small (3.6 m) boat. The 
surface temperature in the lake was 8°C. I expected a ballast of 2.2 kg to sink the 
instrument. However, the foam is larger than expected and even 2.27 kg of lead 
plus 0.650 kg of zinc did not sink the instrument. With both metal weights 
attached to the instrument, and by gently pushing the profiler, it appeared that 
an additional dense mass of 1 kg might be enough to sink it. The only convenient 
form of dense mass at Harry Lake is a collection of steel spikes (large, long nails). I 
attached ten (10) spikes; four on two opposing struts of the nose guard and an 
additional pair on the other two struts (Figure 3). I returned all weights to 
Victoria for later analysis. 

I deployed the VMP with the above described ballast, but without its tether, on 
2008-09-27. It sank. However, I had difficulty judging visually its rate of descent 
because a light wind was pushing the boat sideways about twice as fast as the instrument was sinking. I estimated, 
from the rate of deployment of line to keep the instrument sinking freely, that the fall-rate was less than 0.25 
m s

-1
. Slow enough for a full test at the next opportunity. 

 

Figure 1. Harry Lake, located 
in northern British Columbia, 
Canada, is approximately 3 
km long and 0.8 km wide. It 
is only accessible by float 
plane. A stream flows into its 
southern end and the 
outflow is at the northern 
end. 
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Subsequent analyses in Victoria indicate that the complete 
instrument, with the above mentioned ballast, has a mass of 
39.8 kg. The weight of the instrument in water is clearly less 
than 10 N, so its volume must be just slightly less than 39.8 
liters, because the density of water at 8°C is 999.85 kg m

-3
. A 

normally configured VMP-500 has a weight in water of 
73.5 N and descends at 0.75 m s

-1
 in freshwater. Drag is 

proportional to speed squared, according to  

 

 
(1) 

where the coefficient C incorporates  the drag coefficient, 
frontal area and fluid density, F is the weight of the 
instrument in water and W is the fall rate. The collar does 
not significantly increase the frontal area of the instrument, 
because most of the drag comes from the brushes near the 
top of the instrument, and the same value of the coefficient 
C probably applies to the configuration with the floatation. 
In a later section, I show that the terminal rate of descent is 
0.17 m s

-1
. Therefore, the weight in water of 8°C is 3.8 N, 

using (1). 

The weight in water is also expressed by  

 (2) 

where the subscripts I and w refer to the instrument and 
water respectively, V is the volume of the instrument, ˊ ƛǎ 
the density, and F is the weight in water. The density of the 
instrument is then, 

 (3) 

and a more precise estimate of its volume is its mass divided 
by this density, namely V = 39.4 liters.  

Material Mass 

kg 

Density 

kg m
-3
 

Weight 

N 

zinc 0.650 7140 5.49 

lead 2.27 11300 20.30 

steel 1.016 7850 8.70 

Total   34.49 

Table 1. Properties of the weights added to the 
VMP-500 for the tests in Harry Lake. 

I can now estimate the amount of ballast that must be 
added to the instrument to make it barely float in 
freshwater at 28°C. The weight that the instrument will have 
in water of 28°C can be derived from 
Error! Reference source not found. and is 5.2 N, if it carries 

 

Figure 2. The VMP-500 hanging from a rope with 
Harry Lake in the background. The yellow collar is 
the flotation foam made specifically for EAWAG.  
The black filaments near the top are drag brushes. 

 

Figure 3. The attachments of weights to the VMP-
500 to make it sink. The upper silvery band is zinc 
ǘŀǇŜ όлΦсрл ƪƎύΣ ǘƘŜ άǿƛǊŜέ ƛǎ ƭŜŀŘ ǎǘǊƛƴƎ όнΦнто 
kg), and eight spikes fastened to the vertical struts 
provide an additional 1.016 kg of mass. 
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the ballast used in Harry Lake. The in-water weight of the ballast added to the instrument for the tests in Harry 
Lake is summarized in Table 1. 

Neutral buoyancy at 28°C, is achieved by adding 34.5 N less the predicted weight of 5.2 N, namely 29.3 N. 
However, this should be reduced to about 26 to 27 N, to provide a margin of error. A small amount of additional 
weight (~5 to 20 N) will make the profiler sink at a slow rate of ~0.1 m s

-1
 in freshwater of a wide variety of 

temperatures. I recommend a ribbon of lead (like the ribbon of zinc shown in Figure 3) for this base configuration. 
Trim weights of lead string can then be added to reach the desired fall rate. A lead weight of 26 to 27 N in water 
has a mass of approximately 2.2 kg. 

3. VMP-500 Profiles 

Full testing occurred on 2008-09-30. The profiling station is in the southern part of the southern basin at a position 
(59°-рсΦнлΩ bΣ мнфϲ-рсΦпфΩ ²ύ where the sloping bottom is almost at the maximum depth. The maximum depth of 
the lake is 25 m and the depth at the station is about 18 m. The operations required two boats. One carries the 
computer and power supply (Figure 4 and Figure 5) and is usually anchored. It is manned by Rolf Lueck (chief 
scientist) and George Lueck (senior electrical technologist), who manages the tether line and deploys and recovers 
the profiler. Harry Luck (senior mechanical technologist) is in the second boat, releases the tether to let the 
instrument profile, helps manage the tether line, and pulls the instrument back to the surface after it hits the 
bottom. The boats hardly moved during the profiling because of light winds.  

 

Figure 4. Rolf Lueck in one of the two boats used for 
testing the VMP. The black box near his feet is a 12V 
lead-acid battery. The blue box on the middle seat is a 
12VDC-to-115VAC sine wave inverter that supplies 
power to the VMP via the tether (orange cable). The 
small black box with a yellow label is the UTRANS 
which provides a USB interface between the 
Notebook computer and the VMP. 

 

Figure 5. Same boat as shown in Figure 4 with George 
Lueck managing the tether. The carpet draped over 
the side of the boat protects the VMP during launch 
and recovery. The oar is used to separate the two 
boats. The camera person, Harry Luck, is in the 
second boat. Harry was responsible for raising and 
lowering the VMP. 

 

For the full tests, I fitted the VMP with real turbulence sensors (Table 2), the Sea-Bird model SBE3F thermometer 
and SBE4C conductivity sensor, and these augmented the pressure transducer and tri-axis accelerometer which are 
installed permanently inside of the instrument. The instrument contains two analog signal conditioning boards 
(µASTP, P023R01). One is configured for normal profiling speeds and the other is optimized for slow profiling. 
Compared to the normal board, the optimized board has (a) differentiator-gains that are about 10 times larger in 
its circuits for the shear probes and thermistors, (b) a resistor in its shear-probe pre-amplifiers that is 10 times 
larger, (c) uses an integrated circuit chip in the shear-probe pre-amplifier that is reputed, by its manufacturer, to 
have a lower noise level, and (d) has the bandwidth of the thermistor differentiators lowered to 30 Hz to maintain 
their stability under the increased gain. The larger resistor lowers the low-frequency response of the shear circuit 
to 0.016 Hz, compared to 0.16 Hz for a normal board. More details are in the calibration certificates for the two 
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µASTP boards installed into this profiler. The sampling rate (256 per second for fast channels and 64 per second for 
slow channels) is the same for normal and slow profiling because the same anti-aliasing filters are used in both 
modes of profiling. The data are definitely over-sampled but this does reduce the spectral density of the 
quantization noise. 

 

Channel Sensor SN Sensitivity 

4, T1 T343 NA 

5, T1_dT1 T343 NA 

6, T2 T348 NA 

7, T2_dT2 T348 NA 

8, sh1 M529 0.1304 

9, sh2 M528 0.1286 

12, C1_dC1 UN NA 

13, C2_dC2 Dummy NA 

Table 2. Turbulence probes used for 
the tests in Harry Lake. 

A special version of our άquickέ processing program has been developed for the analysis of the data from Harry 
Lake. This program (quick_look_slow) takes into account the modified gains of the microstructure channels and 
the lower frequency of all signals. The source code for quick_look_slow (hereafter, qls) is in the appendix of this 
document. The qls-program produces 7 figures for each profile; 

Á A profile of fall-rate, tilt and roll. The tilt and roll are also shown after low-pass filtering at 2 Hz to remove 
most of the vibration component in these signals. 

Á The Sea-Bird temperature, electrical conductivity and salinity profiles. 

Á Profiles of high-resolution temperature from the two thermistors and the Sea-Bird thermometer. 

Á Profiles of the vertical gradients of temperature from the two thermistors, the vertical shear from the two 
shear probes, and temperature.  

Á Same as previous but with the addition of low-pass filtered x- and y-acceleration to demonstrate the 
contamination of the shear signals by vehicular motions. The appendix contains this figure for every 
profile taken in Harry Lake. 

Á The frequency spectra of temperature gradient, shear and acceleration from a selectable portion of the 
profile with an overlay of the Nasmyth curves. 

Á The wavenumber spectra of shear from the selected portion of the profile with and without correction for 
vehicular motions.  

Some of these figures are reproduced here for the purposes of discussion and analysis. The user can reproduce any 
of the 7 figures at any time using qls. 

For all profiles, the instrument was held with its top end just below the surface. This places the turbulence sensors 
about 1.6 m below the surface. The profile was started by releasing the tether so that the profiler starts to fall and 
accelerates to its equilibrium rate of descent. The profiler was allowed to crash into the bottom and then the 
tether was promptly retrieved by hand to return it back to the surface for the start of the next profile. Data were 
usually recorded from shortly (~2 s) before the release of the profiler to shortly after it hit the bottom. 
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We took 24 profiles. Their characteristics are briefly described in Table 3. 

File Number Description 

000 No profile
1
. Boat on anchor. 

001 Some confusion about lifting the profiler off the bottom. Wake at 12 m. 

002 Intersected the wake of the previous profile. 

003 No profile. 

004 Intersected the wake of previous profile. 

005 Clean profile. Sharp tilt at the bottom. 

006 Intersected the wake. Strong pitching 4-to-7 m depth. 

007 Clean, except wake at 13 m. 

008 Wake 8-to-14 m. 

009 Clean, all the way to the bottom. 

010 Wake, 8-to-12 m. 

011 Wake, 10-to-12 m. Raised anchor to let the boats drift slowly. 

012 Strong pitching at start, small wake fragment at 12 m. 

013 Some wake fragments. 

014 Clean except for wake fragment at 12 m. 

015 Wake around 12 m. 

016 Clean all the way to bottom. Moved boats northward by 200 m and continued drifting. 

017 No profile. 

018 Strong wake, 2-to-5 m, and a patch at 8m. Clean in thermocline. 

019 Mostly wake to 12 m. 

020 Wake 2-to-4 m and at 12 m. 

021 Tremendous amount of wake from top to bottom. 

022 Not much wake, but strong pitching motions below 10 m. 

023 Strong pitching at start, wake fragment at 10.5 m. 

024 Clean except for thin wake fragment at 12 m. 

Table 3. List of data files from Harry Lake. 

 

                                                           
1
 The touch pad of the Notebook computer was hypersensitive and would occasionally trigger an erroneous start 

of recording.  
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4. Vehicular Motions 

The profiler starts its descent as soon as the tether is released. The transition to terminal velocity is important 
because it determines when the data are useful for an analysis. The main features of the velocity of the profiler 
were highly consistent among all of the profiles taken in Harry Lake and are illustrated in (Figure 6). The data 
record starts about 10 seconds before the release of the profiler and continues to about 20 seconds after it hit the 
bottom (upper panel). For this figure, the vertical acceleration signal is carefully adjusted to remove the 
contribution from gravity, based on a comparison of the acceleration and the second time-derivative of pressure.  

The vertical velocity, W, is actually the rate-of-change of pressure with the pressure expressed in units of dBar. The 
two percent difference between true vertical velocity and the rate-of-change of pressure is irrelevant here. A 
positive vertical velocity indicates that the profiler is falling and a positive vertical acceleration indicates that the 
fall-rate is increasing. That is, the vertical axis points down. The smooth vertical velocity, Wsmooth, is the rate-of-
change of pressure after smoothing it with a 4

th
- order Butterworth low-pass filter, applied forwards and 

backwards. The filter frequency is 1.5 Hz (or about 10 rad s
-1
). The inverse of the filter cutoff, ~0.1 s, can be 

considered the smoothing time-scale of this signal. The smoothed vertical velocity is used, among other things, for 
the conversion of shear and temperature gradient into physical units. For slow profiling, a filter frequency of 1.5 Hz 
provides good attenuation of noise without sacrificing real pressure changes. However, higher-order filters do 
introduce artifacts such as an overshoot after a rapid change of the signal. Therefore, Figure 6 also shows the 
άǊŀǿέ Ŧŀƭƭ-rate which is the vertical velocity without any filtering other than the 5 Hz analog anti-aliasing filter in 
the VMP electronics. 

The acceleration signals are also low-pass filtered but with a 4
th

-order Butterworth filter. It is set to 30 Hz to 
eliminate high-frequency noise and preserve short time-scale features. Signals above 30 Hz are completely 
irrelevant to turbulence measurements with a slowly moving profiler. 

The initial acceleration phase (second panel of Figure 6) starts at about 10.2 s by an upward acceleration. Harry 
probably lifted the profiler a few centimeters before releasing it near 10.5 seconds. The descent starts at 11.5 s 
when the vertical velocity, both smoothed and raw, becomes positive and stays that way. The difference between 
the two vertical velocity signals is minor which indicates that filter-related artifacts are small. The profiler reaches 
its largest positive (downward) acceleration at this velocity zero-crossing (about 0.08 m s

-2
). The acceleration then 

decreases slightly and falls to 0.04 m s
-2
 at 14.5 seconds. Two interesting features occur at 14.5 and 15.3 seconds. 

The negative accelerations at these times are the sharp jerks caused by the drag brushes hitting their stops at the 
άŦǳƭƭȅ ƻǇŜƴέ Ǉƻǎƛǘƛƻƴ. One of the brushes opens first and the torque causes the profiler to roll (positive Ay 
excursion). Then, the second brush hits its stop and cancels the torque, and the roll oscillation decays. Just before 
the brushes opened, the profiler reaches 0.15 m 

-1
. The jerks decrease the vertical velocity to about  0.12 m s

-1
 at 

16.2 seconds, after which, the profiler accelerates slowly. The distance travelled to the last opening of the brushes 
is about 0.25 m and represents the minimum run-up to useful data from the profiler. 

The steady-state regime (bottom panel, Figure 6) has only small variations of the fall-rate from its average value of 
0.167 m s

-1
. The largest excursion is only 0.003 m s

-1
 peak-to-peak, or 2 percent, which is very satisfactory. 

The impact with the bottom is fairly gentle (3
rd

 panel, Figure 6). The deceleration lasts about 1 second and there is 
a short rebound before the profiler settles to the bottom. The distance traveled during the deceleration is about 
0.08 m, which suggests that the bottom is very soft and possibly composed of mud and/or vegetation. The shear 
probes frequently touch something attached to the bottom (see later sections) implying that the bottom is 
covered by grass-like or matted material. Filter over-shoot is evident in the smoothed vertical velocity. It rises 
slightly before falling , falls too early and the zero-crossing is delayed by 0.3 s. 

The long and slow acceleration of the profiler between 16 and 50 seconds is difficult to explain. This, has also been 
observed with many regular profilers. It is possible that air bubbles are trapped on to the instrument. They would 
reduce the weight of the profiler by an amount that diminishes with depth as the bubbles compress. The profiler is 
vigorously shaken after its immersion into the lake to dislodge bubbles, but I cannot determine that it is free of 
bubbles. 
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Figure 6. Typical vehicular motions of the VMP-500 profiler. The upper panel shows an entire profile, while the 
second panel details the initial acceleration, the third panel shows the impact with the bottom, and the bottom 
ǇŀƴŜƭ ǎƘƻǿǎ ǘƘŜ άǎǘŜŀŘȅ-ǎǘŀǘŜέ ǇƘŀǎŜ ƻŦ ǘƘŜ ǇǊƻŦƛƭŜΦ 

 

Accelerometers respond to both inertial acceleration and gravity. The pitch and roll is derived by (a) low-pass 
filtering the x- and y-acceleration at 2 Hz, (b) dividing by gravity, and (c) taking the arcsine of these values. The 
pitching and rolling of the profiler is typically 0.2° peak-to-peak which is about 5 times smaller than for a regular 
profiler (Figure 7). The offset of about 1.3° is not real and is caused by the zero-point instability of the type of 
accelerometer used in the profiler. The zero-point drifts slowly with time and is slightly temperature dependent. 
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The real average pitch and roll is probably very close to zero. Some of the larger pitch and roll excursion, such as at 
9 and 14 dBar, are likely caused by some less than perfect dispensing of the tether into the water. The profiles are 
quite shallow and even minute anomalies in the way that the tether is dispensed may induce a torque on the 
profiler. The sensitivity of the pitching and rolling to the handling of the tether should decrease with increasing 
depth. The very large roll at the bottom is caused by the sloping bathymetry. One part of the guard ring touches 
the bottom before the other parts make contact, and this off-centre impulse will torque the profiler.  

The very low level of pitching and rolling can be attributed to the large righting moment provided by the flotation 
collar. On a regular VMP-500, the centre of buoyancy (or volume) is only about 0.04 m above the centre of mass. 
The static righting moment is, therefore, small and most of the torque that returns the profiler to a vertical 
orientation is provided by the drag brushes. A regular profiler is stabilized by drag. The slow profiler has very little 
drag (1); its restoring torque is provided mostly by the separation of the centres of buoyancy and mass, which is 
many times larger than on a regular profiler. The stabilizing benefits of the flotation collar come at a price; the 
ǇǊƻŦƛƭŜǊ ƛǎ ƳǳŎƘ άǎǘƛŦŦŜǊέ ǘƘŀƴ ŀ ƴƻǊƳŀƭ one. Any departure from the vertical is quickly and vigorously opposed, 
which raises the characteristic pitch- and roll-frequency to about 0.3 Hz from the usual value of 0.1 Hz. At the slow 
speed of this profiler, these motions appear at 2 cpm which is in the band of interest for turbulence 
measurements. 

 

 

Figure 7. The pitch and roll, in units of degrees, and the smoothed vertical velocity. Only data from deeper than 
2 dBar and with a fall-rate larger than 0.03 m s

-1
 are shown. 

 


