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1. Introduction

The VMP500 is a small and light instrument fdret vertical profiling of turbulence and other water parameters in
aqguatic environments. This instrument is manufactured by Rockland Scientific Internd®s1@if Victoria, British
Columbia, and is used by limnologists and oceanographers wadlel It carries two sensors to measure velocity
shear on scales of later to less than a centimeter, two thermistors to measure temperature and its fluctuation
to scales of a few millimeters, a pressure sensor,-axis accelerometer, a highly accurate thermdereand an
accurate electrical conductivity sensor (to measure salinity).

TheVMR500normallydescends a6.7 ms”, and arrives at this speed by a balance of buoyancy, weight and drag.
The tether to this instrument is intentionally kept slack so that thstrument falls freely without disturbance from
the boat or ship from which it may be deployed. The Swiss research institute, EAV3AS their VMR500 to

have an optional buoyancy element to slow the speed of profiling to A0sL. RSI designed arppropriate
buoyancy element and had it manufactured by Himta Technology in Maine, USA. RSI has no previous experience
with slow profiling and, therefore, requested RGL Consulting to test the VMP with this extra buoVhiscseport
documentsthe resuts of these tests conducted in Harry Lakelate September of 2008.

Harry Lake is a smaII salpine lake in northern Br|t|sh Columbia. It is§

located approximately 45 km to ¢éhnorth of the lake(Figurel). The maximum o
depth is 25 m, the maximum width is 800 m, and its netluth span is about 3 i

km. | conducted altestsin the southern basinl.chose Harry Lake becauseere ) fy ‘,J e r‘.'H\mﬁ, 78
-

is no interference from other users, it has enough infrastructure to supporis ‘“" oo 22" yHL2007%23
- o HL2007224F

scientific testing, its temperature and salinity distribution were measured i ‘.'Hmom\ s’
previous years, and there is a high probability of cabling induced by the inflow [FEES s Cims

B
JIHL2007 17 ©

the southern basin in latSeptember. & s W) O mzoor is
2. VMP500 Configuratiort weights and floatation ittt NI
The instrument, VMO0 serial humber 028is configured with acollar of fuinin g

syntacticfoam to make it buoyant in water as ligas freshwater of temperature Hizoo7.s  HLz00zL
28°C Figure2). Weight must be added to make the instrument sink and the 'k'. o HLZeRss

amount must be determined empiricallyto trim it to the temperatures in a ‘HL2<§)07_3\
particular lake : ‘ \

The waterin Harry Lakevas too shallow in 2008 to suspend the instrument from
the dock. hstead,| deployed iton 200809-25 from a small (3.6 m) boafThe

surface temperature in the lake was 81@xpected a ballast d.2 kg to sink the
instrument. However, the foaris larger than expected and even 2.27 kg of lead
plus 0.650 kg of zindid not sink the instrument. With both metal weights Figurel. Harry Lake, locatec
attached to the instrument, and by gently pushing the profiler, it appeared thdf northern British Columbia
an additional dense mass of 1 kg might be enough to sink it. The only convenief@ada, is approximately

form of dense masat Harry Lake is colletion of steel spikes (large, long nails). km long and 0.8 km wide. |
attached ten (10) spikes; four on two opposing struts of the nose guard and &n only accessible by flo
additional pair on the other two strutsF{gure 3). | returned allweightsto  Plane. A streanflows into its

Victoria forlater analysis southern end and the

. . ) ) outflow is at the northern
| deployedthe VMP with the above describdshllast but without its tether,on 54

200809-27. It sank. Howevel, had difficulty judging visually its ratéd descent

because a light windias pushing the boatideways about twice as fast aetimstrument was sinking estimated,
from the rate of deployment of line to keep the instrument sinking freg¢hgt the fallrate wasless than0.25
ms™. Slow enough foa full test at the next opportunity.
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Subsequent analyses in Victoria indicate that the conaplet
instrument, with the above mentioneballast 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 999.851ﬁgA
normdly configured VMPB00 has a weight in water of
73.5N and descends at 0.7&s" in freshwater Drag is
proportional to speed square@gccording to

F=CW?
735 131 N @)
T 0.752 m2s—2

where the coefficientCincorporates the drag coefficient,
frontal area and fluid densityF is the weight of the
instrument in water andW is the fall rate The collar does

not significantlyincrease 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
Cprobably applies to the configuration witthe floatation.

In a later section, | show thalhe terminal rate of descent is
0.17ms". Therefore, the weight in water of 8°C3s8 N,
using(1). Figure2. The VMP500 hanging from a rope witt
Harry Lake in the background. The yellow colla
the flotation foam made specifically for EAWA
F = gV(p; — pw) (2 The black filaments near the top are drag brushe

The weight in water is also expressed by

where the subscriptd and w refer to the instrument and
water respectivelyV is the volume of the instrument A a
the density andFis the weight in water The density of the
instrument is then,

F
pr=pwt = 999.85 + 9.7 = 1009.6 kg m™3 @)

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

Material Mass Density Weight

kg kg m® N
zinc 0.650 7140 5.49
lead 2.27 11300 20.30
steel 1.016 7850 8.70
Total 34.49

Tablel. Properties of theweights added to the :
VMPR500 for the tests in Harry Lake. Figure3. The attachments of weights to the \Av

| can now estimatethe amount of ballast thatmust be §00 to make it sink. The upper silvery band is 2

added to the instrument to make it barely floan U LIS on®cpn 1302 UKS

freshwaterat 28°CThe weight that the instrument will have kg), gnd eight S_F_’”‘es fastened to the vertical str
in  water of 28°C can be derivd from provide an additional 1.016 kg of mass.

Error! Reference source not founénd is 5.2, if it carries
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the ballast used in Harry Lak&hein-water weight of the ballasadded to the instrument for thaests in Harry
Lakeis summarized inrablel.

Neutral buoyancy at 28°C, is achieveyg adding 34.0N less the predicted weight of 5N, namely29.3N.
However, this should be reduced to abad2f to 27 N to provide amargin of error.A small amount of additional
weight (=5 to 20 N) will makghe profiler sink at a slow rate of ~0.th s’ in freshwater of a wide variety of
temperatures.| recommenda ribbon of lead (likehe ribbon of zinc shown iRigure3) for this base configuration.
Trim weights of lead string can then be added to reach the desired fall rate. A lead weight of 2Bl o dater
has a mass of approximately 2.2 kg.

3. VMP-500 Profiles

Full testing occurred 08008-09-30. The profiling statiorisin the southern part of the southern basat a position
(59%p ¢ ®H n Q-p b B n svledeéthe sloping bottom is almost at the maximum depthe maximum deptiof
the lake is 25 m and the depth at the station is abo8tri. The operations required two boats. One carithe
computer and power supplyF{gure4 and Figure5) and is usuallyanchored It is manned by Rolf Lueck (chief
scientst) and George Luegkenior electrical technologistivho managethe tether lineand deploys and recovers
the profiler. Harry Luck(senior mechanical technologis} in the second boat, releasethe tether to let the
instrument profile helps manage theéether line, and pulls the instrumentback to the surfacefter it hits the
bottom. Theboats hardly moved during thegrofiling because of light winds

= O IETaT e

Figure4. Rolf Lueck in one of the two boats used 1 Figure5. Same boat as shown Figure4 with George
testing the VMP. Thelack box near his feet is a 1z Lueck managing thé&ther. The carpet draped ove
lead-acid battery. The blue box on the middle seati the side of the boat protets the VMP during launct
12VD@o0-115VAC sine wave inverter that suppli and recovery. The oar is used to separate the t
power to the VMP via the tether (orange cable). T boats. The camera person, Harry Luck, is in
small black box with a yellow label is the UTR/ second boat. Harry was responsible for raising ¢
which provides a USB interface between thi lowering the VMP.

Notebook computer and the VMP.

For the full tests] fitted the VMP with real turbulence ssprs(Table2), the SeaBird model SBE3F thermometer
and SBE4C conductivity sensamd these augmented the pressure transducer #ivdixis accelerometewhich are
installed permanently inside of the instrumerifhe instrument contais two analog signal conditioning boards
(LASTP, P023R0Xne is configured for normal profiling speeds and the other is optimized for slow profiling.
Compared to the normal boardh¢ optimized board has (a) differentiatayains thatare about 10 times larger in

its circuits for theshear probs and thermistos, (b) aresistorin its sheasprobe preamplifiers that is 10 times
larger, (c) uses aimtegrated circuit chifn the sheafprobe preamplifier thatis reputed by its manufactuer, to

have alower noise leveland (d) has the bandwidth of the thermistor differentiators lowered toHB0to maintain
their stability under the increased gain. The larger resistor lowers thefleguency response of the shear circuit

to 0.016 Hz, comared to 0.18Hzfor a normal boardMore details are in the calibration certificatésr the two
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MASTP boardsstalled into thisprofiler. The sampling raté256 per second for fast channels and 64 per second for
slow channels)s the same for normal andlow profiling because the samat&aliasing filtersare used in both
modes of profiling. The data are definitely ossampled but this does reduce the spectral density of the
guantization noise.

Channel SensoiSN  Sensitivity
4, T1 T343 NA

5 T1_dT1 T343 NA

6, T2 T348 NA
7,T2_dT2 T348 NA

8, shl M529 0.1304
9, sh2 M528 0.1286
12,C1_dC1 UN NA
13,C2_dC2 Dummy NA

Table2. Turbulence probes used for
the tests in Harry Lake.

A special version of ouquické processing progm has been developefbr the analysis of the data fromatty

Lake. This program (quick_look_slow) takes into account the modified gains of the microstructure channels and
the lower frequency of all signal3he source code for quick_look_slghereafter, gls)is in the appendix of this
document.The glsprogramproduces 7 figures for each profile

A A profile of falrate, tilt and roll. The tilt and roll are also shown after lpass filtering aR Hz to remove
most of the vibration component in these sas.

A The SedBird temperature, electrical conductivity and salinity profiles.
A Profiles of highresolution temperature from the two thermistors and the SBid thermometer.

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

A Same as previous but with the addition of lpass filteed x- and yacceleration to demonstrate the
contamination of the shear signals by vehicular motiohke appendix contains this figure for eye
profile taken in Harry Lake.

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

A The wavenumber spectra of shear from the selected portion of the proftle and without correction for
vehicular motions.

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

For all profiles, the instrument was held with ftgo end just below the surface. This pla¢he turbulence sensors
about 16 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 a&ltbwo crash into the bottom and then the
tether waspromptly 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 hiddtiem.
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We took 24 profiles. Their characteristics are briefly describd&dhbie3.

FileNumber Description

000 No profile". Boat on anchor.

001 Some confusion about lifting the profiler off the bottoiVake & 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@-7 m depth.

007 Clean, except wake aBIm.

008 Wake 8to-14 m.

009 Clean, all the way to the bottom.

010 Wake, 8to-12 m.

011 Wake, 16t0-12 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 excgt for wake fragment at 12 m.

015 Wake around 12 m.

016 Clean all the way to bottonMoved boats northward by 200 m and continued drifting
017 No profile.

018 Strong wake, 20-5 m, and a patch at 8m. Clean in thermocline.
019 Mostly wake to 12 m.

020 Wake 2to-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.

Table3. List of data files from Harry Lake.

! The touch pad of the Notebook computer was hygensitive 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 ysial The main features of the velocity of the profiler
were highly consistenamong all of the profiles taken in Harry Laded are illustrated inKigure6). The data
recordstartsabout 10 seconds before the ezlseof the profilerand continueto about 20 seconds aftet hit the

bottom (upper panel). For this figure, the vertical acceleration sigaatarefully adjusted to remove the
contribution from gravity based ora comparison of the acceleration and thecond timederivative of pressure.

The vertical velocityV, is actually the ratef-change of pressure with the pressure expressed in units of dBar. The
two percent difference between true vertical velocity and the rafechange of pressure is irrelant 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 pogdwn. The smooth vertical velocitWsmoom iS the rateof-
change of pressureafter smoothing it witha 4"- order Butterworth lowpass filter applied forwards and
backwards. The filter frequency is 1.5 Hz (or about 10 Fa)d Bhe inverseof the filter cutoff ~0.1 s, can be
considered the smoothing timecale ofthis 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 H
provides good attenuation ofioise without sacrificing regbressure changeddowever, higheorder filters do
introduce artifacts such as an overshoot afeerapid change of the signal. Thereforleigure6 also shows the

a NJ ¢ &ate Whidh fis the vertical velocity witut any filtering other than the 5 Hz analegti-aliasingfilter in

the VMP electronics.

The acceleration sigrehre also lowpass filtered but with a Yorder Butterworth filter. It isset to 30 Hz to
eliminate highfrequency noise and preserve shorime-scale features. Signals above 30 Hz are completely
irrelevant to turbulence measurementgith a slowly moving profiler.

The initial acceleration phase (second paneFifure6) starts at about 10.2 s by an umwd acceleration. Harry
probably lifted the profiler a few centimeters before releasing it near 10.5 seconds. The descent startssat 11.5
when the vertical velocity, both smoothed and raw, bec@pesitive and staythat way. The differace between

the two vertical velocity signais minor which indicates thafilter-related artifacts are small. The profiler reaches
its largest positive (downward) agleration at this velocity zerorossing (about 0.08 |$"12). The acceleration then
decreases slightly anfélls t00.04m s?at 14.5 secondsTwo interesting features occur at 14.5 and 15.3 seconds.
The negative accelerations at these timee the sharp jerks cauddy the drag brushes hitting their gbs at the
GFdzA £ &8 2 LIDNE of thi? Brustied @pgnfirst and the torque causes the profiler to roll (positig
excursion). The, the second brush hits its stop and cancels the torque, and thesoaillation decayslust before
the brushes opened, the profiler reach®0.15m . Thejerksdecrease thevertical velocity to about 0Zm st at
16.2 seconds, after whickhe profileraccelerates slowlyThe distance travelled to the last opening of the brushes
is about 0.25m and represents the minimum runp to useful data from the profiler

The steadystate regime (bottom panekigure6) has only small variations of the fadite from its average value of
0.167ms". The largest excursion is only 0.083" peakto-peak, or 2 percent, which is very satisfagto

The impact with the bottonis fairly gentle (3d panel,Figure6). The deceleration lasebout 1 second and theris

a short rebound before the profiler setddo the bottom. The distance traveled during tldeceleration 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 graskke or matted material. Filter oveshoot is evident in the smoothed vertical velocity. It rises
slightly before falling , falls too early and the zerossing is delayed by 0s3

The long and slow acceleration of the profiler between 16 and 50 secerifficult to explain. This, has also been
observed with many regular profilerlt is possible that air bubbles are trapped on to the instrument. They would
reducethe weight of the profiler by an amount that diminishes with depth as the bubbles comprassprofileris
vigorously shaken aftdts immersion into the lake to dislodge bubbldsut | cannot determine that it is free of
bubbles
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Figure6. Typical vehicular motions of the VMI®O profiler. The upper panel shows antire profile, while the
second panel details the initial acceleration, the third panel shows the impact with the bottom, and the b
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Accelerometers respond to both inertial acceleration and gyavithe pitch and roll is derived by (a) lpass
filtering the x- and y-acceleration at Mz, (b) dividing by gravity, and (c) taking the arcsine of these valhes.
pitching and rolling of the profiler is typically 0.2° pgakpeak which is about 5 tireesmaller than for a regular
profiler (Figure7). The offset of about 1.3° is not real and is caused by the-gaird instability of the type of
accelerometer used in the profiler. The zgroint drifts slowly wih 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 tethdreimater. 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 #ieping bathymetry. Oneart of the guard ring toucs

the bottom before the other parts make contaeind this offcentreimpulsewill torque the profiler.

The very low level of pitching and rolling dam attributed to the large righting moment provided by the flotation
collar. On a regular VMBOO0, thecentre of buoyancy (or volume) is only about 0.8dabove thecentre of mass.
The static righting moment is, therefore, small and most of the torque teturns the profiler to a vertical
orientation is provided by the drag brushes. A regular profiler is statbibyedrag. The slow profiler has very little
drag(1); its restoring torque is provided mostly by the separation of ttemtres of buoyancy and mass, which is
many times larger than on a regular profiler. The stabilizing benefits of thatiia collar come at a pricehe
LINEFAE SNI A& YdzOK oael Ank depaBiNg froni the wértichl is yjechlyyand vigorously opposed,
which raises the characteristic pitcaAnd rolHrequency to about 0.3 Hz from the usual value of 0.1 Hz. At the slow
speed of this profiler, these motions appeat @cpm which is inthe band of interest for turbulence
measurements.

Figure7. The pitch and roll, in units of degrees, and the smoothed vertical velocity. Only data from deepe
2 dBar and with a faHate larger than 0.03n s'are shown.
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