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1.0 INTRODUCTION

1.1 _Objectives

The objectives for the second year of the Current Meter Comparison Study

were twofold. Firstly the study team was to assist and participate in the
selection of a means of replacing the depleted inventory of operational
hydro-mechanical current meters. A second objective was to establish under-
standing and confidence in water current measurement technology, with particular
emphasis on solid state sensors. The following report paftia]]y meets these
objectiVes. ] ’
Section 2.0 describes the state-of-the-art as we reviewed it at CCIW,
Historically, the CCIW has measured water current in lakes by using self-
recording current meters moored in situ. The inventory of meters has suffered

from attrition due to loss, damage ahd failures which could not be repaired
economically. This subject is discussed further in Section 3.0

Section 4.0 outlines a history of experience with a specific brand of a solid-
state current meter,

1.2 Chronology

The Current Meter Comparison Study started mid fiscaT yéar 1976. The first
activity was to implement a current measurement systems comparison experiment
at the WAVES platform in February and March of 1977. The follow on work,

to reduce and evaulate the data collected is summarized in Section 5.0

Section 6.0 gives a compressed data base for future design reference. This
data base outlines the present and future scientific needs in current meter
technology.

Recommendations for continuing studies are given in Section 7.0



1.3 Executive Summahx

This report describes an accumulation of experience with a variety of
current measurement systems over the period 1973 to 1979. It forms a
record of our piecemeal understanding of the general and specific
problems of measuring water current. Consequently, the scope and

volume of information included make the report unwieldy. To ease the
burden on the reader this summary has been added to the introduction.
Comments in the summary should be reviewed in the context of the original
section if they should seem to be severe or vague. '

The review of current measurement technology included in Section 2
surveys briefly the state of the art as it applies to water current
measurement in inland water studies. The requirements for measurements
in more dynamic zones and for reduced sensitivity to fouling have led
to both new hydromechanical sensor and solid state sensor developments.
No sensor type can offer uniform directional response, good linearity
and Tow threshold in the optimum mix to make it the ideal Tow cost, low
power, universally applicable instrument. Hydromechanical sensors are
intrinsically nonlinear, suffer from fouling and stiction, and may be
sensitive to inertial coupling. Electromagnetic sensors are vulnerable
to system integration errors, may suffer from external electromagnetic
interference, and suffer from the uncertainties of measuring flow in their
own boundary 1ayér. Electroacoustic sensors are vulnerable to fouling
and to the influence of subresonant bubbles on the speed'of sound,

The tradition of Eulerian water current measurements has been to use
hydro-mechanical sensors. NWRI has a large inventory of Plessey and
Geodyne current meters. Section 3 reviews the rationale for the re-
building of a portion of the Plessey inventory. The difficulties en- ,
countered in that program are not reported here. Efforts to improve the
performance of the Plessey meters have continued.

NWRI experience with electromagnetic current sensors has included more
than twelve measurement trials, each with more than one sensor deployed.



The data return from these trials has been disappointing. These missions
and the results of a number of laboratory trials are summarized in
Section 4. Consultation with the manufacturer and Taboratory testing
demonstrated that most of the measurement difficulties with electro-
magnetic current sensors at NWRI arose from incorrect system grounding
arrangements and subtle system power supply impedance problems. The
provision of utility power Tine independent,~capacitive]y decoupled
battery supplies, and the use of synchronized sensors for multiple sensor
systems have improved the systematic performance of the sensors. An
attempted application at the NWRI Littoral Drift experiment was un-
successful. It is presumed that interference from the EHV power
corridor was responsible, however, the testing to confirm the nature

of the problem has not been undertaken. Test data indicate that the
sensors may be used in water with conductivity greater than 100 uS.
Application of these sensors has been hampered by the problem of inter-
ference of the tow carriage electrical system on the operation of the
sensors at speeds less than 20 cm.s-1.

The Current Meter Comparison Study of 1977 undertook to compare a

number of CCIW instruments in a field experiment in the period of
February to March 1977. The subsequent investigations of the data col-
lected by the CATS systems in this study played a large role in the

- improvement of our understanding of the performance of the CATS systems
specifically, and the characteristics of the electromagnetic current
sensors in particular. The experiment was based on the WAVES Platform,
an NWRI facility located in Southwestern Lake Ontario in 12 metre water
depth. Eleven systems or meters were installed at three depths for most
of the period with two brief installations of the KVAPS system. Plessey
and Aanderaa instruments were deployed at 5 m along with WAVES electro-
magnetic current sensor, a CATS (2) sensor and K VAPS. Two Plessey
meters were deployed at 3 m. The two CATS systems were on the:lake bed.

The data return from the experiment was disappointing. The Plessey
meters suffered battery failures. The Aanderaa meters were improperly
prepared and lost their rotors. Access to the site and intensive diver
operations necessary proved difficult under winter conditions.



The details of the experiment, and the resulting data set are dis-
cussed in Section 5. Time series comparisons and statistical
summaries are provided for four flow cases. The data show evidence
of rotor overspeeding in the presence of wave motion for the shal-
Towest Plessey M0-21 meters and the Aanderaa meters relative to the
other instruments. The Plessey 9021 showed lower speeds than the
adjacent M0-21 meters -- which may be consistent with better hydro-
‘dynamic design. The 9021 showed poor compass performance due to
limited gimbal range.

More recent work in sdbport of CATS system developments has shown
that the Plessey MO-21 curreng meters are not reliable with mean
speeds less than 7 or 8 cm.s- in estimating the mean speed relative
to the CATS system, but that the directional performance was good

in Tow mean speeds in the absence of orbital motion.

The comparison experiments have shown the difficulty in planning and
mounting a field comparison experiment that produces results bearing
on the scientific measurement requirements. This work, along with

a paper by J. McCullough (WHOI) inspired a polling of the CCIW scien-
tists with regard to their perception of the scientific requirements
for water current measurements in terms that would be useful to in-
strumentation engineers. The results of the poll were cast into a
form which emphasizes the influence of wave orbital motion on the
mean curreht estimate. This form is also applied in Section 6 to
describe the performance of specific current measurement systems. It
is apparent from these displays that near surface and near shore
current measurement requirements demand instrument performance char-
acteristics for which there is - very little supporting analysis

or test data available. Several of the most common instruments are
represented with performance characteristics based largely on con-
jecture.

Resolving this scarcity of analysis and data for specific instruments
is only the first step in improving our understanding of .current
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measurement systems. Existing data sets may be scrutinized for
evidence of non-ideal measurement performance. The analysis of
measurement systems with a view to their sensitivity to specific
characteristics which may not be well defined, or easily determined
is important to this work. Special system measurements may require
improvements to existing facilities, or new facilities. These
reconimendations are collected in Section 7.

Five appendices are attached to the report to provide more infor-
mation regarding solid state current sensors, and to elaborate on
the system view of water current measurement.

—
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2.0 REVIEW OF>CURRENT MEASUREMENT TECHNOLOGY

As stated in Appendix III the performance of the current measurement system
is crucial to final estimate of the currents measured. Reviews of the
relevant measurement technology exist which explore the state-of-the-art,
or the claimed performance for the sensors/current measurement subsystems.
The corresponding system level reviews do not exist apart from reports of
field comparison experiments due to the diversity of methods, instruments and
natural conditions to be studied. The discussion which follows in this section
will highlight briefly the principles of the technology and discuss its
limitations and assets as a measurement method.

2.1 HydromeChaniCal,Sensorg

The term hydromechanical sensor is intended to describe:the class of
water current sensors/subsystems which rely on the hydrodynamical inter-
action of the flow field with some mechanical object to effect sensing.

Examples are impellor devices (e.g. Plessey), rotor devices (e.g. Aanderaa),

drag devices (e.g. General Oceanics), vortex shedding (e.g. J-Tec). As
a class, all such sensors suffer (more or less) from nonlinear dynamic
speed and direction sensing characteristics whose temporal responses may
or may not be well matched. '

In a dynamic flow field (i.e., oscillating or reversing current at ar-
bitrary angle to mean current) such a sensor, depending on other system
characteristics may overspeed in the presence of waves and indicate
anomalous mean current directions. To apply such sensoks it is necessary
to avoid flow regimes where these errors are unacceptable and to con-
strain the system design to minimize the influence of non-local effects
on the measurement. An example of the Tatter is wave coupling via a
surface float to the mooring line.

Hydromechanical sensors are particularly vulnerable to fouling and sub-
sequent loss of calibration or failure. However, they offer simplicity,
relatively low cost per instrument, low power consumption, and relatively
rugged construction. They exhibit threshold behaviour which limits the
dynamic range and sensing linearity = but the simp1e'information that the
mean flows are below some threshold at certain times is in itself useful
data for many studies.



. 2.2 Electromagnetic Sensors )

Electromagnetic current sensors function by sensing the potential induced
when the conductive fluid moves relative to a magnetic field. Devices
exist which use the vertical component of the earth's magnetic field
as well as others which generate their own field. Of the latter, it is
most common to sense the potentials from a housing containing a solenoid
coil. This offers the advantages of a rugged compact sensing probe with

' the~penélty that the measurement is made in the hydrodynamic boundary
layer of the device. Consequently the speéd response characteristic is
nonlinear as the boundary layer characteristics change with the onset o%
turbulence. As an example the Marsh McBirney M552 (spherical) class of ;
sensors would beltypica11y +1 cm.s”  at full scale (250 cm.s™ ) -3 cm.s~
at 30 - ?5*cm.s' yet overall within their specification of 2% of reading or
+2 cm.s” . The alternative to the "probe type" sensor is the Helmholtz
coil configuration. The physical complexity of such sensors is presumably
the reason for the lack of examples of fie]d instruments.

Apart from their hydrodynamic 1imitations, the electromagnetic current
. sensors are limited in their performance by the nature of the sensing
principle. The high impedance front end circuits sense the induced
potentials via electrodes. Electrode -electrochemistry is apparently
a sufficiently difficult subject that further improvement in sensing
performance may require additional expertise in this field. Such sensors
suffer from zero offset instability with resulting large uncertainties implied
ih low speed measurements. They also are sensitive to grounding tech-
niques and external electromagnetic influence. They offer fast temporal
response, convenient hydrodynamic design and reasonable cost. They
typically require one watt of power and are consequently
expensive to deploy for long periods with a self-contained power supply.

2.3 Electroacoustic Sensors

The propogation of sound in fluids is applied to accomplish diverse
measurement objectives. At low Mach numbers it offers several effective

‘ * Personal communication from J. Darby
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alternatives to sense fluid flow. This may be done locally - i.e.,
between electroacoustic transducers or remotely. The former may be
done using the differential propogation delay (phase or time) between
upstream and downstream paths. The remote sensing technique utilizes
acoustic backscatter from inhomogeneities in the medium and senses the
doppler shift associated with the natural tracer velocity relative to
the instrument.,

Phase or time delay instruments require complex electronics to measure

the very small differential delays associated with Tow flow speeds cor-
responding to extremely small Mach numbers. Instruments exist which suc- .
cesfully sense these differences down to,a few parts per million cor-
responding to speed. resolutions of mm.s™ . The speed of sound determines the
sensitivity of most sensor designs and hence the flow sianal must be compen-
sated for sound speed variability. These instruments are sensitive to
fouling as well as to bubbles in the medium. They are of limited utility

in the wave zone or where fouling or aeration are probable.

The sensitivity and speed of response of these instruments are sufficient
that the hydrodynamic Timitations of the measurement subsystem config-
uration may be readily observed in calibration data. Flow interference
and vortex shedding from members produce errors of the order of 10% in
the speed estimate derived from the components.

Acoustic backscatter doppler sensors have not been successful as high
sensitivity geophysical flow sensors. The devices used as ship's speed
logs are presently bei?g developed to sense currents remotely at speeds
greater than 15 cin.s~ . The development of a miniature doppler sensor
has not yet met with success. The best effort to date was the NOAA/NDBO/
Westinghouse/Edo Western development (1973). Unfortunately, the deve1op-
ment fell short of the objectives and no practicable commercial sensor
exists. ‘

The doppler sensor has the advantage of remote sensing - and is therefore
less vulnerable to hydrodynamic interference. It requires suspended




'

material to function and is well suited to the wave zone/surf zone
applications. Tested versions have a threshold an order.of magnitude
greater than the differential delay devices. The sensitivity is
dependent on the speed'of sound. A separate estimate of the speed of . -
sound may be necessary - expecially in wave/surf zones where the medium
is contaminated - to achieve a target accuracy. (Such a measurement in
the surf zone méy require a second instrument development to support the
doppler sensor development!) Electroacoustic differential delay sensors
require typically >1W. The prototype doppler device requires 840 mW pkgy
20 mW standby. Long baseline (1-100m) acoustic devices exist for use

in rivers, channels or other high flow sites where they may be installed.

Other Sensors

There exists a wide varfety of other sensor types which have been developed.
Most current measurements are made with devices described in preceding
sections. Donelan (15) *has a complete summary of other current sensor
types. Two worthy of special discussion are truly non-conventional
"electromagnetic current sensors" - but are separated from that discussion
because of the difference in principles.

In the way of Eulerian Sensors, optica] methods offer the laser doppler

technique. It seems highly unlikely that this technology will be
developed into an in_situ multicomponent current sensing system other
than for specialized studies. The existing laboratory and industrial
instruments offer dynamic range and speed of response far in

excess of the requirements for environmental current sensing. Other

optical methods are being considered for development, but none are im-
mediately available,

A novel system has been developed at the NOAA/ERL/Wave Propogation
Laboratory which senses surface currents by measuring the doppler shifts

of padar bursts backscattered from surface waves (CODAR). The sensing
relies on Bragg scattering properties to define the effective wavelength of
the contributing surface waves. The measured doppler shift(s) are compared

* CCIW Unpublished Report: “"Measurement Technology of Physical

Parameters in Environmental Fluids".
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to the phase'velocity predicted for such waves by the dispersion
relation to deduce the advection of the waves by the surface currents.
Each sensing station resolves the radial current component in 3 x 3 km
cells to a maximum range of 70 km (over the salt water). The resulting
data from two such stations can be vectorially added for the area of
common coverage. In this manner synoptic estimates of the surface
currents can be produced in less than 20 minutes for very'large areas
compared to other methods. The accuracy - as divined fYom drifter
measurement comparison EEudies is better than +25 cm.s” . Resolution -
is claimed to be 5 cm.s . Much of the art in using such systems is

in effectively reducing the wealth of data produced.
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3.0 CCIW HYDROMECHANICAL CURRENT METER UPGRADING

The CCIW has had a continuing requirement for moored current measurement
systems. Starting in 1967 Plessey current meters have been used - originally
MO21's and recently 9021's. A total of 62 have been acquired and 14 lost,
leaving a present inventory of 48. In 1969 Geodyne Model 920 current meters
were introduced to CCIW applications. A total of 44 were acquired, 11 Jost,
leaving 33. The Plessey meters have a more linear response characteristic
than the Geodynes. Historically, they have been applied in the more dynamic
near surface and shallow water applications whére wave action on the mooring and
orbital velocity lead to substantial diffe}ences in performance.

>

The Plessey M021 current meters have rather antiquated electronic circuitry
and use electromechanical multiplexors and analog to digital convertors. Inten-
sive maintenance has been required to support data quantity and quality. Re-
placement components are becoming increasingly scarce and costly. Systematic
fa11ures have reduced the efficacy of cannibalizing. By comparison, the Geodyne
920 meters have modular solid state electronics and have had a better maintenance
history.

It is in this context that an action plan was formed. The objective is to
replace the loss of existing current measurement capability with the best ef-
fective technd]dgy available. Hydromechanical sensors are preferred due to their
lower cost and acceptab]e performance characteristics for a range of exper1ments
Solid state current sensors require expensive batteries, are higher cost, and
have not yet demonstrated accepted performance characteristics which are an
effective improvement over the hydromechanical technology for the same range
of experiments. Impellor type sensors (Plessey-Roberts) are preferred over Sav-
onius rotor type sensors (Geodyne 920, VACM). Indeed, a modern version of the
M021 would be desireable, however, they do not exist. The new Plessey 9021 is
similar to the M021, but sufficiently different that more eva]udtion of the 9021 -
~is planned to estimate the dynamic performance difference vis a vis the M021.

Competitiwe bids were solicited including new current meters and a rebuild
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CCIW PLESSEY MO-21 CURRENT METER
REFURBISHMENT - TARGET PERFORMANCE SPECIFICATION

Data Acquisition Characteristics:

Number of channels: : 7 - Reference Number, Temperature, Time,
Speed, Direction, Depth, Synch

Number of bits per word: 10 (expandable to 12)

Medium: : 1/4 - inch magnetic tape

Format. : P]essey'902] (and Aanderaa) compatibte

Data Capacity : 1 M bit (100 days at 5 channels x 5 m1nute

' - rate)

Sample Rate : Switch selectable

Environmental Sensing Characteristics:

Temperature . : -2 to +22°C, :0.§°C
Speed ‘ : 2.5 to 150 cm.s , *2% FS
 (true rotor rotation)
Direction . 1.4° resolution digital compass gimballed
to +5° roll, #20° pitch

Depth : ‘ 0-100 m, +10%

Hydrodynamic Characteristics:

Similar to M0-21 as.only internal modifications are to be made. (Mass and
moment of inertia may be s]1ght1y different.)
Testing Manufacturer to perform functional tests

including environmental temperature cycling
~10 to 30°C and final assembly gas leak
test.

" Notes:

Direction will be sampled once (or twice - if depth de]eted) per scan.
Present M0-21 samp]es direction 3 times at 8 second interval.

Number being rebuilt : 15

Table 3.1
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of the existing M0O-21's in the worst condition. The rebuild was to feature a
new compass,-a rotor counting scheme (better than that offered in the Plessey -
9021), a magnetic tape data recording format compatible with the existing
Plessey translator, and a real time c1o;k. Table 3.1 summarizes the target
specification for the rebuilt work.

Plans for application of the rebuilt current meters call for the following:

o tew test and calibration of each unit | :
o application in FY78 only in redundant moorings where conventional
MO-21 data will be available for comparison '
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4,0 REVIEW OF CCIW EXPERIENCE WITH MARSH McBIRNEY ELECTROMAGNETIC CURRENT

4.1

SENSORS
CCIW Applications

CCIW experience with these sensors dates from 1973. There have been
three sensor types used: the M501 (Cylindrical), M552B (Spherical),
M522 (Miniature Spherical). Each is a two axis current sensor using an
alternating DC magnetic field excitation. The M501 sensors used 8
sensing electrodes to achieve an acceptable cosine response. These
represent the manufacturer's first attempt at a self-contained current
sensor derived from their ship's speed log designs. Within a given body
type there may be more than one circuit improvement.

These first sensors wé}e specified by CCIW to have a 6 pin connector and |
to operate off a 24 volt supply. The resulting sensor operates off

+24 V DC (i.e., 48V centre tapped). A consequence of this constraint has
only recently been appreciated. Marsh McBirney's post M501 designs

have been 12 volt devices or DC/DC convertor types with the result

that our M552B devices are special in certain respects - principly the
magnet and its excitation circuitry. As reported in Section.4.2, Marsh
McBirney found that CCIW applications of these sensors were adversely
affected by failure to adhere to the manhufacturer's recommended grounding
practices.

The specific applications are summarized in the following Table 4.1,
and system descriptors. Special mention has been made of the grounding
practices used and any other unusual electrical parameters for the systems.

4.1.1 Self Recording Assembly: The first field application of the M501
sensors was in these sy§tems.' The coarse sampling resulted in con-
fused signals in wave évents. Subsequent experience suggests that
some zero offset error is probable with possible variability in some
sensors due to grounding practice and power supply configuration.
See Fig. 4.1.1 and Table 4.1.1.

4.1.,2 CATS: Current and Temperature Studies: The history and specifics
of the CATS systems are described at length in a companion study
year end report for AR7-007. A number of specific points are
worthy of mention: '
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SELF- RECORDING SOLID STATE ELECTRO-MAGNETIC CURRENT SENSORS
(Quantity 4 (four) Recording Packages)

These self-recording packages were used by MSD, Shore Property Survey
Group for shore erosion studies at Point Pelee.

The recording package and current sensor were attached to a stationary
mounting pipe which was anchored in the lake's bottom.

Three stations were set-up, one each, on the west and east side of the
point'approximately 100 metres from the shore and another approximately 1.6
km off the shore.

The sensor was mounted on the stationary pipe, 1 metre from the lake's

bottom .in water depths of 3 - 10 metres.

Performance Specification:
Current Sensor:

D.C. Power Excitation:

Water Velocity Range:
Operating Depth Range:
Operating Conductivity Range:

Accuracy:

Time Constant: (63%)

Output Signal:
Output Voltage:

Output Drive:

Recording‘Package:

Recorder: -

Batteries: -

Mfd. March-McBirney Model 501

Dual Supply * 24 volts @ 50 ma. maximum
0 to 2.5 metres/second on each axis
4900 kPa (500 metres)

Saline Water 5 x 10 umho/cm
Fresh Water 50 umho/cm

Error band < 1 cm/sec. or 2% of read1ng,

whichever is larger each axis.
0.2 seconds + 5%

"X" and "Y" components of water velocity
perpendicular to flow of probe.

Output voltage corresponds to + 5 volts =

e 2.5 metres/sec.

Capable of driving loads from 10KR to 1M
shunted by 8 to 0.3 ufd.

Weight 37 Kg. (82 1bs.)
Rustrak Model F137 time share feature

- 30 day chart

12 volts (-motor 15 ma continuous
(-relay 70 ma 50% duty cycle

‘Eveready Y1711 or Mallory CSR-479

3 sections, 12V., 7.9" dia., alkaline cells

requires 5 modules, underwater operation 1
month, shelf life 1 year.

TABLE 4.1.1
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SHALLOW WATER CURRENT-AND- TEMPERATURE (CATS) SYSTEMS

(CCIW inventory: Qty. 5 Systems)

These systems were designed for nearshore application, and in
particular for monitoring the presence and movement of thermal-plumes and
“sinking-plumes" at power-station sites. Operability under ice cover, and
insitu monitoring close to the surface, are also featured.

PERFORMANCE SPECIFICATION

1. TEMPERATURE :
{UGPTO 10 SENSORS)

. RANGE : -2 to 40°C
. RESOLUTION : 15 mc°
ACCURACY : 50 mC°®
TIME CONSTANT : (WITH BOOT) 4.0 MINUTE
. TYPE : THERMISTOR FENWAL K2284 4K-1SO CURVE
2. DEPTH: DETERMINED BY DIVER POSITIONING AND LOCATION.
. RESOLUTION : IM. MAX. ON THE STAFF
ACTUAL DEPTH GIVEN BY DIVER REFERENCE PLUS CALCULATION
BASED ON THE TILT SENSOR AND THERMISTOR SPACING.
. TILT:  RANGE : + 45° (2-AXIS)
RESOLUTION : 0.45°
ACCURACY : 0.5°
TIME CONSTANT : 7 MIN. APPROX.
(YIELDS ~ 16 DB REJECTION AT A 10 MIN. SAMPLING INTERVAL).
TYPE : HUMPHREY VI 13-0502-1
3. WATER VELOCITY:
. RANGE : 2 to 250 cm/sec..
. RESOLUTION : 0.5 cm/s.
SPEED . ACCURACY : + 1 cm/s UP T0 50 cm/s.
. THRESHOLD : 2 cm/s
. AVERAGING : LINEAR TO 99.5 cm/s.
DIRECTION
RANGE : 0 70 360°
RESOLUTION ot 1.5°
ACCURACY : +5°
AVERAGING : LINEAR OVER SAMPLING INTERVAL.
THRESHOLD : 2 CM/SEC.
TYPE : MARSH-McBIRNEY E/M OR AANDERAA SAVONIUS
ROTOR.
4. ENDURANCE :
. SAMPLE : 1 RECORD/10 MINUTES
. CAPACITY : 15000 - 14 WORD RECORDS
12000 - 19 WORD RECORDS
. MOORING PERIOD  : 100 DAYS - 14 WORD RECORDS
80 DAYS - 19 WORD RECORDS
60 DAYS - 21 WORD RECORDS
5 TIME B
. RESOLUTION : 8 SECONDS MINIMUM
. DRIFT : 1 MINUTE/MONTH MAXIMUM
TYPE : DECREMENTING DIGITAL WORD
6. PHYSICAL : )
. WEIGHT : ~ 450 kg. IN AIR
. DIMENSIONS : ANCHOR ASSEMBLY 2M x 1M x 0.5M

TEMPERATURE STAFF 3M TO 10M

[

TABLE 4.1.2
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UNDERWATER/ABOVEWATER TIMELAPSE PHOTOLOGGER SYSTEM
(CCIW inventory: Quantity 1 prototype)

This equipment s a functionally-flexible 16-millimetre time-

'lapse photo-logger system able to record extensive series of photo-images

either underwater or above water, in the laboratory or in lakes. Many
applications exist at C.C.I.W. for such a photo-Togger. The system is
modular and features sets of air-compensated and water-compensated lenses;
incremental operation with wide-range timing controls (milliseconds to hours),
strobe and/or photocell-inhibit; and digital recording in the image plane of
data from associated environmental sensors.

TARGET SYSTEM SPECIFICATION FOR CCIW TIME-LAPSE PHOTOLOGGER SYSTEM
FOR_ABOVE WATER OR UNDERWATER USE

. Image Size: 16 mm film (10 x 8 mm image)

.« System Exposure Capacity: 16,000 (400 ft. magazine)

. Range of Frame Rates: Assorted frame rates from 10 fps to 1 frame per
30 min. (dépends on timing program).
Rates to 400 fps available in cine mode.

Accuracy: 0.1 %
. System optics: In“Water .

(1) 6.5 mm lens (water-corrected Leitz Canada lens C205).
Aperture range: /2.4 to f/16

Field of view: 750 diagonal included angle

Depth of field: 20 ¢cm to = (@ 5° & f/16)

Above Natgh

(1) 10 mm lens (Schneider Cinegon)
- Aperture range: f/1.5 to f/16
- Field of view: 65° diagonal included angle
- Depth of field: 2.4 m at 3 m distance and f/8
1.2 m at 3 m distance and /1.8 *

(11) 150 rm _lens (Schneider Tele-Xenar)
- Apertire range: f/4 to f/16
- Field of view: 6°
- Depth of field: 30 cm at 3 m distance (@ f/4)
90 cm at 3 m distance (@ f/22)

. Timing/event/1.D. recording: Digital Data on film (9  .BCD characters).
Includes frame count to 99,999 exposures,
remaining characters available for external
data.

. Test points for following fuictions: Battery Voltage monitor
Strobe output monitor
Shutter pulse monitor

. System lighting: Underwater: Xenon strobes (200 Joule) or natural
lighting
Above water: Natural 1ighting (other lighting optional)
Exposure Control: Above Water: Sensor to have wide angle field of view -35°
ASA 25 to 1600
Aperture variation f/1.8 - f/16
Speed 1/50 - 1/10,000 sec.

Underwater: to be available at a later date (optional)

. Resolution: 75 lines/mm. at center. (maximum)
35 lines/mm. at edge (maximum)

. System power: 36 VDC and * 12 VDC {Separate submersible battery-pack)
120 VAC optional

. Maximum operating depth: - 450 m (Canada's inland waters).

. Temperature range of operation: - Underwater: -0°Cto +40°C.:
In Air: -40°C to +40°C (Heaters)
. . {with 120 VAC power)
. System packaging: three modules (a) camera module
(b) control module
(see sketches) (c) power supply module

. Strapable options: strobes, current meters, turbidimeters (underwater
configuration)
solarimeter, wind velocity, artifical illumination
(above water configuration) £S-507

TABLE 4.1.3 - £3-1058
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SYSTEM SPECIFICATION

PARAMETER

RANGE

SUBSYSTEM SENSOR RESOLUTION ACCURACY
Tower Wind Speed Cup Anem. 0.4 to 50 m/s 3 civ/s £10 cm/s
Subsystem Wind Direction | vane 0to352° | 0.2° +2°
(5 Hz ) Wind Speed Prop 0.2 to 30 m/s 2 cm/s £10 cm/s
Elevation Vane 50° 0.05° +1°
Air Temp. Thermistor| -5 - 30°C 0.02° +0.1°¢
Humidity Arch 0 to 35 gn/kg |  0.02 +1 gm/kgm
Turbulence Wind Speed +60q Sonic A 0 to 10 w's 0.5 cm/s +3% F.S,
Subsystem Wind Speed -60% Sonic B 0 to 10 m/s 0.5 cm/s +3% F.S.
(20 Hz ) Wind Speed Z | Sonic W +5 m/s 0.25 cm/s +3% F.S.
Air Temp. Cold Wire | 0 to 30°C 0.05°¢ +1%
Humidity Lyman= 0 to 35 gm/kg 0.02 gm/kgm | +1 gm/kgm
Plat. Control |N/A +180° See below +2°
Position Potentiom. | +180° 0.3° +1°
Subsurface Water (X | $0.2to2m/s | 0.5 cm/s £5 cm/s
Profiler Speed J Y DRAG 0.2 to 2 m/s 0.5 cm/s +5 cm/s
( 20 Hz ) z SPHERE 0.2 to2m's | 0.5 en/s +5 cm/s
Water Temp. Thermistor | 0 to 25° 0.02% 0.05°¢C
Vert. Control |N/A +3 to-6m See below 5 cm
Vert. Position |Potentiom.| +3 to -6 m 0.5 cm +2 ¢cm
Horiz. Control |N/A +90° See below +2°
Horiz.Position {Potentiom. | +90° 0.15° +1°
/wave Staffs Water Level Capacitive | 3 m 0.3 cm - 5 cm
Average Water Velociiy E/M | 32.5 m/s 0.5 cm/s 5%
Parameters Surf. Temp. Therm. 0 - 30°% 0.02°% +0.1°C
Signals Analog Single 0 to £5.12V 2.5 w 0.05% F.S.
Subsystem 48 Chan. Ended
» Digital Input [Single C/MOS and TTL
(940 sps max) 6 lines Ended Compatible
Digital Output |Single . C/MOS and TTL
18 lines Ended Compatible
Shore Real Time 1 ms 300 ppm
Subsystem Clock '
Analog Outputs [Single 0 to +5.12 2.5 mv
(selectable) Ended

TABLE 4.1.4.1
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OFFSHORE RESEARCH PLATFORM

This moderately large steel tower has been installed 43°16'.1 North Lat.,
79%45° 6 West Long., approximately one kilometre off Van Wagners Beach (Hamilton, Ont.) at
the west end of Lake Ontario. The tower provides a stable, fﬁxed platform for 1imological
observations and experiments. High strength steel pipe-piles, driven down through the pipe
legs, anchor the tower structure to the lake bottom. Thé structure was designed to produce
minimum interference in the wave zone by eliminating cross bracing between 4.5 m above and
below mean water level. The depth of water at the tower location is approximately 12 metres.
The assumed maximum wave height is 6 metres trough to crest.

This structure safely accommodates large ihstrumentation packages and sensor arrays
for both Tong and short term multi-discipline research. It provides a more stable, flexible
and economic alternative to other towers used for wave zone studies in the past. Tﬁe design

life of the tower is ten years. The consuitant was Byrne and Associates, the contractor
was Bermingham Construction Company.

SPECIFICATIONS
PLATFORM STRUCTURE DIMENSIONS |

Structure height (from base) 23.17 metres

Base dimension
Platform

- Structure mass, approximate

Design platform payload (uniformly
distributed)

Diameter of legs

PLATFORM POWER SUBSYSTEM

Total unregulated
Total 110 V AC
Service outlets locations

PLATFORM ACCESSORIES

®

. Meteorological mast, height

Vertical profiler, travel:

Vertical profiler, rotation
Extension booms at 3 corners, length
Floodlights

Crane, payload

Public address system, type
Electronics cabinet,'volune

The electronic data logger, telemetering to shore and initial sensor array are

described elsewhere.

TABLE 4.1.4.2

14.18 m (square)
9.15 m (square)
22 Mg
9 Mg

40.6 cm

6 kw
3 kw
9

6 m
270°
100m
5m
4 mercury vapour 200 W each
4 kN
two-way
13m
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- The CATS -current sensor is powered from an alkaline primary battery
whose'para11e1 circuits are summed with diodes. Early tests showed
that capacitors across the supply were necessary to support sat-
jsfactory operation.

- The method of tieing of signal common and magnet power common was
found to cause only small offset errors (due to the addition of
the capacitors above).

- In the CATS systems the current sensor signal common was tied via
the control electronics to the digitizer case which provides a
variable impedance water ground. This is suspected of being the
largest source of anomaleus current data in the CATS system.

- The CATTS (1978) systems are free from these error sources, to the
best of our knowledge.

4.1.3 Photologger: This application shares most of the errors identified
for the CATS systems above. See Fig. 4.1.3 and Table 4.1.3.

‘ 4.1.4 WAVES Tower:

The M501 sensor deployment in the WAVES system has produced a variety
‘of current-like and current-unlike responses. The signals were most
current 1ike during high current events, but are not believed to be

correct in view of other data.

The M522 sensor was battery powered in the WAVES system application.

Its performance generally met expectations with the exception of constant
zero offsets. Further tests by C.Y. Der are reported in Section 4.4.

See Fig. 4.1.4.1,2 and Table 4.1.4.1,2.

4.1.5 Littoral Drift:
The 1976 field experience showed very dynamic, large scale malfunctions
by the EM current sensors under a variety of test conditions. The
system grouhding is now known to be incorrect. The question of Ontario
Hydro EHV corridor electrical interference remains a possibility.
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.-gg MARSH-MCcBIRNEY, INC.

8595 GROVEMONT CIRCLE
GAITHERSBURG, MD. 20760 (301) 869-4700

TO: A. S. WATSON
FROM: L. B. MARSH
DATE: AUGUST 23, 1977

SUBJECT: TRIP REPORT COVERING TECHNICAL DISCUSSIONS BETWEEN MARSH-McBIRNEY
PERSONNEL & CCIW PERSONNEL HELD AT CCIW ON AUGUST 16, 17, 18, 1977.

. INTRODUCTION

Discussions were held between Larry Marsh and Jim Darby of MarshsMcBirney,'
Inc., Ggithersburg, Md. manufacturers of electromagnetic EM water current
meters and Charles Der, A. S. Watson, Jim Bull, Brian White, and Mark
Donelan all of CCIW. Not all bf the CCIW people were present simultaneously
but were called upon by CCIW cobrdinator, Charies Der, as necessary to supply

supplementary information concerning either the test setup or the test data.

Basic discussions centered around the use of various Marsh—MéBirney electro-
magnetic water current meters including the original prototype cylindrical
units, later sphericél 4" diameter sensors, And the latest 3/8" diameter
spherical sensor. At CCIW these instruments have been used in various com-
binations with each other as well as in various electronic iﬁstrUmEntation

hookups.

The projects in which the instrumentation can be categorized is as follows:
rl.bThe CATS Project, Current and Temperature System.
2. The Littoral Drift Program.
3. The Waves Program.

4. Special tests utilizing the 3/8" spherical sensor.
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The analyses that follows will give a description of the instrumentation
hookup as we presently understand it and will describe the malfunctions

that were indicated by CCIW personnel.

In addition, we present our thoughts as to how these malfunctions may have

occﬁred and how we could Suggest preventing these problems in the future.

CAiS Program

-

General Description of Installation

The CATS project utilized the five original cylindfical curfent ﬁeters in
conjunction with the Geodyne resistor digitizer which provides this digi-

tized information to a tape recorder for the final data recovery. it is

our understanding that there is a CATS I and CATS II program with slightly
dlfferent setups and spaced several years apart in implementation. The

CATS units were powered from batteries and the first use of the instruments

on the CATS program was to have the final outputs of the Marsh-McBirney electro-
magnetic current meters integrated and conyerted to angle and magnitude data
where they were then coméared with savonious rotor instruments in the same

vicinity.

The Marsh-McBirney instruments were supplied with the power connection
consiéting of +24 volts, -24 volts, 51gna1 ground, and ﬁgénet return.

(These two separate ground leads are provided to insure that the large
magnet currents which flow in the magnet returﬁ lead do not contaminate

the signal ground of the instrumentation. These 30 Hz current pulses

which are on the magnet line can be interpreted by the instrumentation of
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the electromagnetic current meters to be water velocity signals aed
therefore, these two grounds are required to be connected only at the
verleQWest impedance point of the battery setup. See Figure 1.) It was
determined that the setup for the CATS December 1974 and.Jaﬁuaf? 1975 tests
had the signal ground and the magnet return tied together to the battery
return but had a small amount of add1t10na1 resistance between the tie
point and the battery.” See Figure 2. ‘ ,

-~

Descriptiogqqf Malfinction

The data plots of the integrated velocity signals from the December 1974
and January 1975 tests indicated that the electromagnetic meters yielded
data which indicated a flow direction that Was‘approkimately 120 degrees

from that yielded by savonious rotor instruments. When each of the instru-

ments were measuring steady-state flow conditions where there were no con-

taminations due to wave action, this angular discrepancy was shown. 1In
observing these plots, however, it was noted that when the velocity appeared
to change direction as seen on the savonious rotqr>instrUments, the same A

change in direction occurred on the electromagnetic meter. This would seen

to be an indication that the electromagnetic meters were working but for some

reason the axes may have been reversed either in the instrument 6r in the

data handling system itself. When the electromagnetic meter was compared

to the savonious rotor when _contaminated with wave action the savonious rotor

had a wide scattering plot of both magnitude and direction, whereas, the

Marsh-Mgﬁirney neter hed a grouping of data indicating that.it was indeed

Providing the proper vector averaglng in face of thlS wave actlon. Since

these two differ so greatly under wave conditions it is dlfflcult to determlne
any correlation between the savonious rotor and the electromagnetic in this

case in light of their differing characteristics.

-3~
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/

In the CATS II program the data was not integratled and there Qas some
intercomparisons that indicated that the lower EM instrument oﬁ the CATS

II when compared with a nearby CATS 1 EM instrument gave magnitude data
which was nearly identical but the angular data appeared to be app;oximatély

100 to 1200 different. Discussions with persomnmel at CCIW indicated that-

this difference in directionvcpuld very well come abou;_from the uqcertainty

of the orieppa;idn of the probe due to current compass problems which the

-~

diver had during installaiion‘ Axisr;gverSallcoulddaccount fo:_QOO of this

difference.

Adq;;ipnally, the bottom EM instrument of CATS II had three twelve-hour

periods in which there was wild data excursions which could come about

only from a malfunctioning of the system. It cer;ainly couldrngt‘répresent

true velggity data. It was noted that the same instrument that had the_
large excursions also took much longer to gsettle down when the entire system
was set up in the laboratory and the water current meters placed in the water.
The savonious rotors which were ﬁlaced nearbyﬁdéring the CATS II and CATS I
comparison malfunctioned and thus there is no baseline data to determine
whether or not either of the two electromagnetic meters placed at the lower
depths were functioning according to another standard. The grounding system
that was described, although incorrect, should not cause these large excur-
sions in the data. This wiring can cause possible zero offsets which may or
may not be stable. The recommended wiring is to 'connect each of the two

grounds at the jowest impedance point of the battery.
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LITTORAL DRIFT PROGRAM

General“Descrip;iQn_gg Instéllation

The Littoral Drift installation consisted of one sphetrical sensor and one
cylindrical sensor. Littoral Drift current meters were run.along cables
to the on-shore trailor within which the data system was placed. Power
for the Littoral Drift current meters were batteries neér.the‘location of

the current meters. They were not powered from shore. ' ‘

-

The ground hobkup for these instrumeﬁts consisted of the +, ;, and magnet
ground being connected to the battery system in the proper manner but the
fourth wire from the electromagneticrsensors was not returned to the battery
but was used only as a signal ground for the X and Y‘outputs so as go differ-
entially take the signal off between the signal ground and the X and Y outputs.

(See Figure 3.)

Dgscription,gﬁxMalfungtion

The outputs of the two electromagnetic water current meters had various
amounts of unexplained offsets as well as the low frequency beating between
the two instruments. There never appéared to be any useful data obtained

from these instruments.

Possible Sources of Malfunction

The fact that the signal ground of the electromagneti¢c current meters was not
directly connected to the battery common can explain the malfunctions that
were seen. Figure 1 included in this report indicates the basic design tech-

nique of the Marsh-McBirney electromagnetic current meter as it pertains to
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grounding. The fact that the signal ground of the instrument was not
connected to the battery allowed the sensing portion of the electromagnetic
sensor to float relative to the magnet drive system and therefore be faced

with large inputs of common mode 30 Hz.

It should be noted that the electromagnetic water current meter is a high
gain device. Signals generated in the water from the interaction of the .
flo§ing water with the electromagnetic field produces voltages of approxi- m
mately 10 microvolts for e;ch meter per second of wéter flow. Therefore,
the large input of common mode 30 Hz voltages which the‘instruﬁent is forced
to see due to the lack of this signal ground can easily get into\the data
system and cause an appa;ent steady state flow velocity. That is, since the
instrument is sensiti&e to 30 Hz amplitude modulated signals in the water,

any 30 Hz that is present in the instrumentation amplifiers will appear to

be flow velocities. The large 30 Hz excursions that exist on the magnet

Teturn girgAwill inevitably get ig;oﬂ;he channel amplifigr_;f the signal

ground is not connected with this magnetureturn,wire at thew;pwgst point

on the battery.

In this particular case, the two instfuments were powered from the common
battery. Since their frequencies of operation can be slightly different
since they operate from separate oscillators, each instrument can cause a beat

frequency on the other instrument. Thus one could expect to see with this

setup not only large offsets but beat notes between the two instruments since

they are utilizing a common battery and were hooked up without their signal

grounds connected.
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Inforﬁation obtained on a test unit placed nearby and which was powered
from the trailer appeared to have been wired with the ground tied together.
That is the signal ground and power ground were tied together to a power
supply in the trailer. This instrument also indicated that it too had

a beat note.

Since the amount of data on this test instrument is very limited it is
difficult to come to any basic conclusions. It is highly possible  that

iﬁs connection to an AC power supply at a trailer several hundred meters —
fiom its sensor caused an AC ground loop, thus causing the beat frequency.
In this case rearranging of the ground could have been attempted to deter-

mine if the ground loop could be eliminated.

Waves

General Description of Instrumentation

The Waves tower is app;oxiﬁately 1000 meters offshore and on the same site
on which the Littoral Drift tests were made. The data that was recorded is
not averaged like CATS, but is fast response data. This data is contained
on magnetic tape and strip chart recorders. The digitized data is sent to

shore by means of a hard wired cable.

It is understood that the grounding system had the magnet return wire and

the signal grounds connected together but there wasia possibility of higher
resistance than desired connection bétween the common point and the battery.
Sgee Figure 2.) The power supplies which run-the cylindrical sensor on tower

was AC powered and the commons of all the instruments were tied together by
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means of an extensive groundifig system. The third prong of the Hewlett-
Packard power supply was thought to be attached to the tower itself. The

Hewlett-Packard also supplies the other instruments used on the test.

Description of the Malfunction

The various types of malfunctions on this setup were many. Malfunctions
consisted of beat notes on both channels 51mu1taneous1y, beat notes in
1nd1v1dua1 channels without a comparable beat note on the other channel.

and a high correlation of abnormal tracking between the X and Y channels

which were obviously not wave induced velocities,

qusible Sources of Mglfunctign

Since the data was sampled prior to presentation on the str1p chart recorders,
it is not p0351b1e to determine if high frequencies above the sampling fre-

quency were present on the water current meter outputs. Thus we do not know

whether the frequencies which are shown on the strip chart recorder were

indicative of the velocity of the electromagnetic current meter outputs or

possibly new frequencies introduced due to the sampling rate.

It is highly unusual for an electromagnetic current meter to generate beat
notes due to 60 cycle interference on only one channel. The experiences

indicated that when 60 cycle interference mixes with the 60 cycle sampling

rate and causes the beat frequency, this malfunction occurs simultaneously

on both channels albeit in different magnitude; It is difficult if not
impossible to have only oné channel showing AC interference due to the nature

of the design of the instrument.
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There was a distinect tracking (see Figure 4) quite often between the
channels. 'Thé magnitude of this tracking of the two signals was approx-
imately 75 millivolts: Since the self-noise of each channel is a random
noise signal of approximately 25 millivolts, it is virtually impossible for
these outputs to track this close and have their front end differential

amplifiers still functional. It is therefore Lighly likely (when the units

appear to be tracking very closely) that large saturating 60 cycle voltages

-

have made the front end inoperative. Since it is impossible to determine at
this time if there was a malfunction in the commutator which selects the re-
corder outputs then we must assume that the commutator was operating properly

and not selecting one channel twice.

The electromagnetic current meter in this particular setup appeared to go
from (1) giving very'good wave data that coincided with exactly what was
expected from the corresponding wave staff data to (2) a tracking mode and to
(3) occasional operation where there.appeared to be beat frequencies involved.
It is interesting to note that these types of malfunctionings appear to shift
around according to which channel éh the chart recorder is selected by the
data system. There is not enough data to conclusively determine that there
is a high degreé of correlation but it was noticed that data differed when

it was being presented on the different channels on the chart recorder.

In either case it appears that the instrument intermittently operated and

that it would be most likely that the malfunctioning came about primarily

end.
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3/8" Diameter Spherical Sensor

Descrigtign"gj Installation

The 3/8" spherical sensor is similar in design to the larger spherical
. : \

sensors and utilizes electronics that is virtually identical to the later

‘spherical probes. This 3/8" sensor was tested in laboratories at CCIW as

well as having beén,installed in the field. The operation during laboratory
tests was'quite satisfactory and was performed using the power and signal |,

-

cable that was not taken into the field.

The field setup qonsisted of a differentvcabling system than used in the
laboratory and the grounding setup was one in which the magnet return -
ground was connected to the battery but the signal return ground was not.
The resulting data consisted of a 1 volt offset on the output of the instru-

]

ment with what appeared to be good wave data riding on top of this offset.

A second setup was attempted after telepbone communication with Marsh-Mc-
Birney that culminated in the rearranging of the ground system so that the
two grounds were tiéd together. This reduced the offset in the output to
approximately 70 millivolts in one channel and 20 millivolté in the other
channel. The final Setup as it presently exists today has_the power leads
and the ground leads going through several connectors and several relay

contacts and then to a battery pack.

Description of Malfunction

The offsets which exist on the output of the'3/8" spherical sensor are
unequivocably coming from the grounding system which has been used. (See

Figure 3.) Similar to wiring done on the Littoral Drift units; the instru-

-10-
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ment is being faced with large amounts of coherent 30 Hz signals and

is unable to reject this large common mode signal. The attaching of the

two ground wires together reduced the problem considerably. However, discussions
held during our recent trip have indicated that there is probably appréximafely
0.5 ohms still existing between the connection between the two grounds and the
low impedance point of the battery. This is due to the various connections

and relay contacts that exist between the tie point of the two grounds and,

-

the ground terminal of the battery.

It has been decided that this correction will be made by. removing the preéent

tie point and running the two ground wires separately back through the conn-

ectors, through the relay contacts and joined only back at the battery term-
' inal itself. That is, no common singular wire should exist between the tie

‘ point of the mag feturn and the ground of the battery.

It is interesting to note that although the 3/8" probe with its high gain
electronics should be the most sensitive to grounding problems and 60 cycle
noise it has performed the most satiéfactory. However, it is of the most
recently manufacture by Marsh-McBirfiey and of the most recent usage by CCIW.

Its grounding setups are well defined and well documented.

General Thoughts and Rgcommendatiogs

The grounding problems which have been described in each of the above
cases and which are shown schematically in this report are the most serious

-and have probably masked any other‘problems which may exist.

-11-
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I would expect that the 60 cycle problems that are intermittantly present

in all of the instruments can come about generally when long cable runs are
made between an instrument base which is powered from 60 cycles and the
instruments which are placed long distances in another ground plane. T would
not expect 60 cycle problems to exist when both the data system and the instru-
Bents are self-contained on a platform and are run from a battery source.

’

When the instruments are to be used with AC power sources the use of isolation
transformers and/or the changing of the grounds to eliminate third prong type
ground loops is advised. Ground loops in systems are quite often difficult

to find but through meticulous care to always end up with a single point

ground they can nearly always be eliminated.

There is no question that due to the nature of the electromagnetic water
velocity sensor it is probably more sensitive to stray electrical currents

than any other sensérs owned by CCIW. Therefore, it would be my recommendation
that care be taken to provide morewattgntion to the grounding as it relates

to the water current meter.

Most of the data that was presented to mé during my trip indicated that
although there were a vast number of apparent malfunctions and problem areas,
the instruments did continue to "work" during almost all of the deployment.
Under these circumstances it would appear that once we have solved the basic
grounding problems that exist on the~$ystems,‘they should be relatively free

of long term malfunctioning. ' :

-12-
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Futute:Achievable Accuracies

The low velocities that CCIW generally encounters in its recent programs
indicate that it is desireable to achiéve accuracies of the order of approxi-
mately #1 centimeter per second. Whereas these types of accuracies are not
necessarily required at the high velocities of 100.to 150 centimeters per
second, it is required for the low velocities encounfered in a large number
of your iqstrumentation projects.

Once the ground loop problems have been eliminated, (as they apparently are
clese to being eliminated in the 3/8'" diameter sensor) the long term drift

of these instruments should be capable of staying within +1 centimeter per
second. This estimate is based upon experience rather than being able to

be mathematically proven.

It would be my suggestion, however, that several of your instrument packages

be placed out in the lake environment with appropriate shrouds covering the

sensors so as to produce a zero veloéify input. These outputs should then be
monitored either periodically or ééhtinuously té-verify the stability of the

zero. Only through the proper testing can CCIW regain a confidence level

that is required to deploy these instruments in your low velocity eénvironment.

Although I feel that the instruments which have been provided to you in the
past (and any that might be provided to you in the future) are capable of
solving your water instrumentation jobs, it certainly has yet to be demon-
strated that this can in fact happen. It is now obvious that there have been
less than adequate communications between our company and CCIW and that had

the proper information been conveyed to CCIW concerning grounding practices
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‘or if MMI personnel would have been present dﬁring some initial installations
the various problems which have occured would have been either eliminated

or at least minimized.

~14-
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Sensor Calibration:

Calibration experiments at CCIW with these sensors have suffered
with a variety of problems:

The CCIW towing carriage has shown short term speed fluctuations of
+10% of the mean. o

The electric drive system for the carriage seems to produce signals
which interfere with the functioning of the current sensors - an

effect which is markedly worse with the M552B sensors than the M501.

A variety of calibration "jigs" and procedures have produced non
repeatable zero offset estimates. '
The rotating jig used to calibrate two axis current sensors lacks

a reference standard angle indicator and an angular position sensor.

This jig has been modified to have a higher rotation rate necessary
for high speed calibrations - but this is inadequate for Tlow speed
calibrations - hence continuity of method in low speed calibrations
has suffered. (20 s period versus 40 s)

Control over calibration data has been loose in that the respon-
sibility for the data lies with each study team.

4.2 Fault Reports:

The memo C. Der to A.S. Watson summarizes the main report of
L. Marsh who diaghosed one of the main reasons for CCIW's fail-
ure in applying EM current meters.

4.3 CCIW Recommendations

A1l future applications of electromagnetic current sensors should
consider the following points:
4.3.1 Supply stiffness:
A battery supply using summing diodes should have capacitors
to provide the low effective supply impedance needed by
- the sensor (eg 200 uF)
4.3.2 Grounding:
The signé] ground and magnet power ground should be tied -
once only - and at the power supply (capacitors above).
4.3.3 Water grounds:
The current sensor signal common should be tied to the
water only by the current sensor and should be isolated
from any other system water grounds by at least 100 k ohm.




- 47 -

4 .3.4 Line coupled supplies:
Future applications requiring operation with AC power Tine
~coupled supplies should consider using either AC line:
phase synchronized sensors - or sensors with DC/DC convertor

_ isolation. ’

4.3.5 Calibration - method:
The noise problems in the tow tank calibration set up must
be resolved with isolation, shielding, improved sensor
grounding as necessary. _
The rotating jig should be returned to slower speed for Tow

speed calibrations, made reversible—and-a reference heading
sensor implemented so that vector sensing error measure-
ments can be made.
A standard test procedure should be defined - and a central
calibration history maintained.
Future calibration instrumentation should include a means
to monitor the carriage speed from the displacement sensor
and some reference sensor as used at NOAA-OEE-NOS-NRDC.
4.3.6 Conductivity:
Tests have shown (S8.4) that these sensors appear to operate
within specification for fluid conductivities greater than
100 u Siemen. Applications in Tow conductivity water bodies
(mountain Takes and rivers, or under freshwater ice) should
be approached with caution.
4.3.7 Sensor Types and Disposition: S

‘The #24 volt supply sensor type used at CCIW (either M501 -
now obsolete, or M552B) has several shortcomings.

- The M501 is hydrodynamically inferior to the M552B and
should not be used where significant wave orbital velocities
are expected.

- The M501 sensors are suffering from attrition and are becoming
uneconomic to maintain due to wiriﬁg failures in handling
and repair.
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- The M552B is considered a special model by the manufacturers.
Maintenance, delivery times and reliability are affected by
the power supply constraint which distinguishes it from
Marsh McBirney's standard prodUct.

The M552B situation provides several alternatives.

Present Status: 1 sensor in apparently good order
1 sensor suspect
1 sensor defective -- in need of repair:
1 sensor missing

Alternatives:

- Continue with #24V, 6 pin specification - accepting liabilities.

- Convert to M.McB standard sensor and rework existing to this
standard (new probe, component changes on magnet driver card).

- Convert to M.McB standard for new sensors and accept in-
compatability.

Recommendation: »
With the presumption that current sensors of the March McBirney

- M552 type will fil1 a continuing measurement need for CCIW, I suggest
that the second alternative be pursued.

January 1980 update:

Three of the MMcB. Model 518 Sensors (+12 V) have been used or are on order
for use in the MCATS System.

One of the four M552B sensors is still missing. The remaining three are
fully functional. '

The M522 miniature sensor is defective. Repair by rep]ac1ng the probe head

with one slightly larger (the smallest currently made by the manufacturer) is
under consideration.
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4.4 CCIW Analysis and Test Results

The app]fcations of the Marsh McBirney current sensors at CCIW have raised
several technical questions regarding the performance of these sensors

in systems. A number of electronic tests have been conducted under the
auspices of this study to resolve some of these questions. The initial
work done on analysis and test of these sensors was reported in the CCIW
Unpublished Report: "Evaluation Data on Solid State. 2-Axis Water Velocity
Sensors" (ES=511), 1976.

The results of these further tests are summarized in the following pages.
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5.0 CURRENT METER»COMPARISON,]977 FIELD EXPERIMENT

The experiment was configured at the WAVES platform; which is located
at the western end of Lake Ontario, in 12 m depth, 1 km offshore. The
instruments were arranged as shown in Figure 5.0.1. The data return
summary, Figure 5.0.2, shows that few of the instruments were available,
or operated without failure for the experiment duration. The Plessey
MO21 current meters sufferred battery failures. The Aanderaa RCM-4
meters were not properly prepared for the field work. CATS 1 was re-
covered and redeployed to diagnose a monitoring problem. The CATS 2
upper current sensor was damaged by an anchor cable. The VAPS - CMI
current sensor was available for only the latter portions of the experi-
ment period.

As is shown in the following subsections, the Aanderaa performance ob-
served is not up to that expected from a properly preparéd instrument,
and the Plessey 9021 current meter had poor compass performance. The
current data from the CATS systems was studied exhaustively. As is
reported in Section 5.6, the CATS 1 data was processed to “compensate
for spurious responses jdentified as systematic errors. The data from
the WAVES system M501 Electromagnetic Current Sensor is not considered
useable.

5.1 Low Flow Case: 16 - 23 February 1977

The period 16 - 23 February was se]ected as an interval for which there
were no sustained events of current speed greater than 10 cm.s -1, F1gures
5.1.1.a, b compare the speed records for Plessey MO21 current meters

at 3 and 5 m depths. Figures 5.1.1.¢, d compare the direction records

for these same instruments. The data suggest that the combined effect

of low mean velocity and occasional orbital velocity combine with syner-

gism to cause significant uncertainty in the current direction.

The processed CATS 1 data (Section 5.6) is compared to the West 3 m
Plessey M021 in Figures 5.1.2.a,b,c,d. The CATS data show no speeds
greater than 10 cm.s "1 One may suggest that the duration and inten-
sities of current events were insufficient to allow mixing to the CATS 1
sensor depth to generate a uniform velocity distribution. As well,

the tendency of the Plessey to overspeed in the presence of orbital
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motion would support the data. The Plessey MO21 transfer function imposes
a 2.l cm.s'] threshold value, which is readily observed in the scatter
plots.

The comparison data for the Plessey 9021 is given in Figures 5.1.3.a,
b,c,d. The direction data shows that the Plessey 9021 compass was un=
reliable. Subsequent testing has shown that the original equipment com-
pass in the 9021 has inadequate roll and pitch gimbal 1imits. The manu-
facturer has developed a modification to improve on this limitation.

At this point, it is useful to compare Figures 5.1.1.b, 2.b, 3.b -- the
speed difference time series. All three show, other than for threshold
effects, apparent coherence. In particular, the negative speed differ-
ences on 19 February, the trend and transient on the 20th, and the trends
at the start and end of the time series stand out. The negative speed
differences suggest that the 3m MO21 may have had a threshold probiem

or may have been influenced by orbital motion to underspeed. The 3

and 5 m MO21 meters show a direction difference of approximately 30°

on 19 February. The CATS 1 direction data agrees more with the 3 m

M021 than the 5 m instrument.

The East 6 m Aanderaa comparisons are plotted in Figures 5.1.4.a, b,

¢,d. The speed data shows that the Aanderaa meter overspeeds, presumably
" due to wave orbital motion, as compared to the 3 m Plessey M021. As

well, the threshold for the instrument used appears to be 8 - 10 cm.s” 1,

Statistical analyses were performed on the time series data to produce
the Kinetic Energy Spectral Density Plots, Coherence and Phase Plots

in Figures 5.1.5.a, b,c,d,e and 5.1.6.a, b,c,d. The Kinetic Energy

Plots are variously scaled, hence comparison must be executed with
caution. Comparing the total K.E. spectral density for the 3 and 5 m
M021's shows that the 3-m instrument indicates energy spectral densities
greater by approximately 50% than the 5 m instrument for periods greater
than 20 hours. The local maximum at a period of 5 hours is 300% greater
for the 3 m instrument versus the 5 m.
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East 5 m M021
Low Flow Case
Figure 5.1.5.b
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Comparing Figures 5.1.5.b, d (watch the scaling) shows excellent agree-
ment between the 5 m M0O21 and 6 m 9021. Figure 5.1.5.e indicates that
the Aanderaa data is highly suspect. The CATS 1 data in Figure 5.1.5.c
shows lower total Kinetic Energy Spectral Density estimates than the

3, 5 m instruments for periods greater than 12 hours. Comparing to the
9021 estimate shows a factor of 3 - 4 for long periods. The absence of .
stratification in the experiment period 1eads one to suspect less cur-
rent shear over the 5 to 12 m depth than this indicates.

The coherence and phase plots for the North and East components in Figures
5.1.6.a, b,c,d are included for completeness, but are not discussed.

5.2 Medium Flow Case: 23 February - 3 March 1977

The medium flow case period of 23 February to 3 March was selected as

a more energetic period for comparison. Figures 5.2.1.a - d, 5.2.4.a - d
show the similar plots as in Section 5.1. The 3 m M021 indicates higher
speeds than the 5 m instruments. The speed difference plots for the 9021,
Figure 5.2.3.b and for the CATS 1, Figure 5.2.2.b show similarity. The

5 m MO21 speed difference does not show the same structure (5.2.1.b).

The Aanderaa instrumentagain shows overspeeding, compared to the 3 m
Plessey MO21, Figure 5.2.4.a. The direction differences are difficult

to evaluate for the medium and low flow cases. An alternative comparison
" method would seem to be necessary.

Statistical analyses of the time series are provided in Figures 5.2.5.a
to e and 5.2.6.a to d. The total kinetic energy spectral density plots
again show higher values for the 3 m MO21 at long periods than the 5 m
MO21. The 9021 data indicates long period values a factor of 3 Tower
than the 5 m M0O21. The CATS 1 data gives total K.E. spectral densities
approximately half of the 9021 data results.

The short period (high frequency) end of the total K.E. spectral density
plots show the 9021 and CATS 1 data to have similar values, while the
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PL-1W003

East 5 m M021 compared to West 3m Plessey

Speed Comparison o
Figure 5.2.1.a -- Medium Flow Case
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West 3 m MO21
Medium Flow Case
Figure 5.2.5.a
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5 m MO21 gives 3 to 5 times the 9021 result, and the 3 m MO2] about

10 times the 9021 result. The 6 m Aanderaa current meter total kinetic
energy spectral density result agrees well with the 5 m MO21 for this
case. ‘

5.3 Mixed Flow Case: 16 - 25 March 1977

By the middle of March, the ensemble of functioning instruments available
for comparison had changed. A second 3 m Plessey MO21, on the east side
of the platform was introduced. The 5 m MO21, 6 m 9021,’and 6 m Aanderaa
each failed by this point. The Kootenay'VAPS/CMI sensor was introduced
for two portions of this period. The data sets are compared against

the VAPS/CMI sensor for the two intervals 15 to 17 March and 21 to 23
March in Figures 5.3.1.a, b,c,d through 5.3.3.a to d and 5.3.4.a to d
through 5.3.6.a to d.

The data for the first set shows the MO21 current meters to compare
quite favourably to the VAPS/CMI in speed and less well with direction.
There appears to be both bias and dynamic differences between the com-
pafisons of direction for the two 3 m MO21 meters. The CATS 1 meter
shows lower speeds than the instruments higher in the water column.

The second interval in the mixed flow period shows the 3 m MO2] instru-
ments to have recorded much higher speeds than the VAPS/CMI sensor.
Comparing Figures 5.3.4.b, 5.b, 6.b =- the speed difference time series
shows that the MO21 are near replicates, and that the CATS 1 difference
plot shows similar characteristics up to 1900 on 22 March. It is interest-
ing to note that the direction difference time series stabilize after

this time (Figures 5.3.4.d, 5.d, 6.d).

The statistical analysis results for the two 3 m MO?] current meters and
the CATS 1 are presented in Figures 5.3.7.a to ¢, and 5.3.8.a and b.

The total kinetic energy spectral density plots for the 3 m M021 current
meters are near replicates, as are those for the north components.

The east components differ by a factor of 2. The total K.E. spectral
density for the CATS 1 data is a factor of 5 smaller than that for the
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w§st 3 m MO21 compared to VAPS/CMI 5 m
Mixed Flow Case 15 to 17 March
- Figure 5.3.1.a -- Speed Comparison
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CM-02E00

East 3 m MO21 compared to VAPS/CMI
Mixed Flow Case 15 - 17 March
Figure 5.3.2.a -- Speed Comparison
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West 3 m M021 compared to VAPS/CMI 5 m
Mixed Flow Case 21 to 23 March |
Figure 5.3.4.a -- Speed Comparison
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CM-02E00

East 3 m MO21 compared to VAPS/CMI
Mixed Flow Case 21 to 23 March
Figure 5.3.5.a -- Speed Comparison
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MO21 data. The CATS 1 data shows a separated spectral feature with a
period of 8 - 10 hours with a spectral density value comparable to that
of the MO21's for this period, although they do not resolve the feature.

5.4 Special Events

The period of January 29 - February 2 is identified as a special event,
due to the observation of frazil ice formation in the water inside the
legs of the WAVES platform. It is presumed that very small mean flow
speeds must have been present for the frazil ice to form. The Plessey
data shows threshold speeds for the period. Unfortunately, CATS 1 was
not installed, and CATS 2 appears to have been generating unstable zero
offsets.

The current events on 16 - 17 March, 18 - 19 March and 22 - 23 March
were the largest flow events in the experiment. The VAPS/CMI Acoustic
current sensor was installed for a portion of the first and the last of
these. The speed time series for the West 3 m Plessey M0-21: Figure
5.4.1.a, b,c; the East 3 m MO21: Figure 5.4.2.a, b,c; the CATS 1 system:
Figure 5.4.3.a, b,c; and the VAPS/CMI: Figure 5.4.4.a, c provide a means
of comparing these systems with high resolution. The M021 meters show
sustained speeds of 18 to 20 cm.s”1 for the first episode, 40 - 50 cm.s” |
for the second, and 30 - 35 cm.s™' for the third.

-The CATS 1 system at 12 m shows lower sustained curkents of 8 cm.s'],

30 cm.s'], and 15 cm.s'] for the same episodes. Many of the dynamic
features for the three speed records are synchronous, although the amp-
litude and phases are not always in the saime relationships between the
three systems.

The VAPS/CMI data for the first episode shows good agreement with the
-MO21 data, although the VAPS/CMI does indicate higher speeds at 1800
hours. The absence of the VAPS/CMI from the apparently most energetic
episode is unfortunate. The March 22 - 23 event has a most interesting
characteristic. The VAPS/CMI sensor shows the mean speed increasing by
20 cm.s'] in less than one hour. The M021 data shows a more gradual in-
crease in speed and generally higher speeds than the VAPS/CMI. One
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East 3 m MO21
Figure 5.4.2.a
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hypothesis for this discrepancy is that discussed in Section 6, regard-
ing the sensing of mean current in the presence of orbital motion. It
is suggested that the Plessey M021 overspeeds with the orbital motion
until the mean currents are sufficiently large to enable the meter to
respond more linearly.

The CATS 1 response for this same period indicates higher mean speeds
than the VAPS/CMI from 1200 - 1900 hours on 22 March, despite the depth
difference. This suggests that either the CATS 1 system is aliasing or-
bital motions or that the CMI sensor underestimates the mean speed for
the hydrodynamic conditions prevailing. Both hypothesés are supportable
in that the CATS 1 e]ectromagnétic current sensors have demonstrated
nonlinear sensitivity, and the CMI sensor has been shown to underesti-
mate for some conditions (McCullough - see Section 6, Appendix II).
These hypotheses cannot be pursued in any more than a qualitative manner,
due to the form of the VAPS/CMI sensor vehicle assembly used in this
experiment and the now obsolete configuration of the CATS system.

An interesting diversion is that P.F. Hamblin reports that spectral
analysis of the high samp]e'rate VAPS/CMI current sensor‘data shows
evidence of the WAVES platform vibration frequencies predicted and pre-
viously measured.

5.5 Summary

The Current Meter Comparison Experiment of January - March, 1977, was

the first experience at CCIW with a medium-large scale field comparison
experiment. The Plessey M021 failures were ascribed to the delay in
recovering the maintenance skills and experience following the return

of the maintenance program to inhouse staff from industry, and thé low
reliability of the Kalium batteries. The Aanderaa meters were apparently
not properly serviced prior to deployment. The Plessey 9021 meter suffers
from an intrinsic design defficiency in the compass. Plessey offer a
retrofit modification to improve performance. The CATS systens were
principally limited by incorrect system integration methods, as identi-
fied in Sections 4.1, 4.3.
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With the limited data ensemble available, one is not inclined to make
strong conclusions. The 3 m M021 instruments showed symptoms of over-
speeding, due to wave orbital motion,when compared to the 5 m M021, 9021
and VAPS/CMI. The 6 m Aanderaa showed a high threshold and overspeeding.
" The Plessey 9021 gave lower mean speed estimates than the MO21 at the
same depth. This would suggest that the hydrodynamics of the Roberts
impellor mounting are better on the 9021 than the MO21. This is consis-
tent with the observation that the impellor is close to the blunt bulk-
head of the pressure case on the M021 and hence cannot respond as well
to reversing flows as that on the 9021, which is mounted further for-
ward with a faired bulkhead.
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5.6 CATS Systems

The CATS systems deployed in the 1977 field experiment were representative
of the systems deployed at Byng Inlet (Georgian Bay) in FY 76. These
systems have been under development since 1975. As this report has been
delayed, some aspects of the CATS systems design have been changed, sig-
nificantly dinproving their performance. The role played by the analysis
of the CMC experiment data in this development is worthy of note.

Prior to the CMC experiment, current data collected with the CATS systems
was considered unrepresentative of the expected currents in the deploy-
ment sites, despite some "current Tike" variability. This experiment
provided a data set with independent information about the flow conditions
which served to aid study of the CATS data.

The two systems had the following form: CATS 1, a single current sensor
at 12 m; CATS 2, a current sensor at 12 m and one at 5 m. There were no’
other instruments at 12 m. The data were scrutinized by plotting the
North and East flow components time series. Comparison with a similar
time series for a 5 m Plessey identified periods of low or steady or un-
steady flow. It was evident from inspection that the CATS systems were
sensing current, but that the current was masked by relatively large zero
offsets on the components. Figure 5.6.1 shows an example of this data.
The cause for the offset behaviour is discussed in Section 4.

The offsets were found to be consistent for CATS 1 in any deployment,
although they changed when the system was recovered and redeployed, due
to a monitoring problem. CATS 2 showed greater variability in zero off-
set than CATS 1. When the estimated zero offsets were subtracted from
the original time series, substantial portions of the CATS data were
recovered, and correlation with the Plessey data improved markedly.
Figure 5.6.2 summarizes the offset history for the CATS systems.

The offset corrected CATS data were plotted against each other, and the
P]eSsey components, as in Figure 5.6.3. It is evident that the lower CATS
sensors have a direction anomaly. No systematic resolution of this
apparent 180 degrees rotation has been identified. On the strength of
this empirical result, the CATS 1 data was rotated to agree with the

5 meter Plessey and CATS 2. This corrected CATS 1 data set was supp]ied‘
for the comparison work of the previous subsections.
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Close scrutiny of the corrected data set shows an interesting anomaly

on February 24, 1977. Fig. 5.6.4 shows the speed and direction time
series extracted from the Plessey, CATS 2 and CATS 1. Also plotted are
the CATS N and E component time series. This data shows the CATS 1 com-
ponents to be switching signs (ie. rotating direction by 180 degrees).
The speed is not affected, but the direction data shows the effect.

It is difficult to postulate a hydrodynamic event with these characteris-
tics and the spatial concentration necessary to elude the CATS 2 sensor
and the Plessey current meter.

A more plausible argument is that the electronics in the CATS 1 electro-
magnetic current sensor, which determine the sensing sign, have an inter-
mittent instability. Recall that the 180 degrees rotation previously
applied to the CATS 1 data, was supported only by an empirical argument,
in contradiction with the installation record.
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6.0 SCIENTIFIC REQUIREMENTS AND INSTRUMENT CAPABILITIES

Scientists, with the benefit of experimental experience often define their
measurement requirements in terms of what they believe they will obtain. The
engineer is most often dubious of the prejudices which constrain. the scientists'
estimate of their requirement. To paraphrase a similar rhetorical question,
"What do the scientists really want?" The engineer wants the scientist to
define his end product objective (and its acceptable uncertainty), reflect that
objective through his model (more uncertainty estimates) anhd estimate the
acceptable measurement uncertainties consistent with this process for a variety
of environmental / hydrodynamic conditions. In the engineer's ideal world he ‘
would use these constraints to select the instrumentation and configurations
necessary to accomplish the objective. For the constraints he could not meet
he can return to the scientist to get either an easement in the specification,
or recommend altering the plan for the experiment. '

Infrequently, studies proceed on this linear path. More often the constraints
of time, resources and available technology precipitate a brief synergistic
design phase where the constraints are recognized and a practicable solution
selected. There have been many examples of the latter, not all of which are
“scientific successes. The costs of following this course are now coming to
light as current measurement requirements move from the relative tranquility
of general circulation as seen from conventional subsurface moored hydromechanical
current meters toward the surface, bottom and nearshore boundaries. Here the
dynamic characteristics of the flow field are nonlinearly mixed and sampled

by conventional meters reducing confidence in the estimate of the mean flow.
The attempts at engineering systems for these zones (VAPS - near surface;
CATS, CATTS - near shore; Littoral Drift - surf zone) have had both successes
and failures - particularly in the measurement of current.

The following questionnaire was distributed to scientists to glean an estimate
of the direction in which the scientific requirement is perceived to lie. The
responses represent only a first estimate of the requirements and should not
be taken too rigidly. To organize this data I have plotted it in "McCullough
space” (coined by me after J. McCu]lough - WHOI's discussion of current
sensing). McCullough's analysis (App.l) is represented by Figures 6-1 and 6-2.
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CASE :

FLOW VECTOR CHANGES
ANGLE OF ATTACK

FLOW VECTOR GOES TO
ZERO SPEED

FLOW VECTOR REVERSES
DIRECTION

FLOW VECTOR REVERSES,WAKE
CROSSES INSTRUMENT

FIGURE MEASUREMENT OF MEAN FLOW IN PRESENCE OF AN

6-1

SAVONIUS

L~ ROTOR

1.5

EM
SENSOR
10 - =

ORBITAL FLOW COMPONENT (After McCullough (WHOI ),1978)

-
—— -

2 N <cousnc DIFF ERENTIAL
‘0

TRAVEL TIME SENSOR

- — - — I
0 1
Vo
aw

INSTRUMENT RESPONSES TO ORBITAL MOTION

- FIGURE 6-2




- 169 -

My M=space is a three dimensional space plotting certainty (accuracy or
confidence if you 1ike) in the estimate of the mean current versus mean
velocity magnitude versus the ratio of the mean velocity to the orbital vel-
ocity amplitude. Figure 6-3 identifies this space with a hypothetical hydro-
mechanical sensor of the propellor type represented. The plane where Yo i
represents the 1imit of linear performance for sensors with thres- aw

holds, inertia, etc. The plane where this ratio ~ n-1 represents the limit of
linear performance for sensors which measure in their own boundary layer.

Here the wave moves the sensor's wake back over the sensor as the mean velocity
is too small to remove the wake generated by the orbital motion in one wave
period. When working above this plane such sensors must have a wave spectrum
dependent relaxed error specification. Alternatively, a remote sensing

technology must be applied to be free of wake effects.

The survey results have been 1iberally represented in M-space-- the flat and/or
warped planes are representations only. A special comment is necessary regard-
ing the certainty axis. Invariably the replies showed a more stringent
requirement for speed certainty than for direction. This was relaxed for

the purposes of my M-space representation by the reasoning shown in Figure 6-4.
If a +5° direction error on the mean current is acceptable, then the uncertainty
vector KV is defined. If AV is allowed to be evenly distributed in angle, then
the inscribed circle of radius iZVl is defined.. This suggests a much larger,
worst case speed uncertainty than is usually specified. In other words, the
direction uncertainty is a dominating constraint - except at low speeds. The
questionnaires have been mapped into M-space using these considerations. The
example for the CATS requirement shown in Figure 6-4 illustrates the problein
imposed by zero offset uncertainty at low speeds.

Figures 6-5 and 6-12 show the estimates of the M-space requirements. It is not
my intent here to discuss the significancé of every plane in each figure. By
comparing the figures one can observe the difference in emphasis from one
research study area to another. What is more to the point - one can plot the
~performance of different current measurement systems in M-space and compare
these to the requirements (overlay) and deduce feasibility for the experiment.
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Figures 6-13 through 6-18 represent estimates of the performance of a variety
of sensors - not all of which exist. Some simple observations can be made with
a quick review of the figures.

" Studies which require measurements above the Vo v 7-1 plane must either accept
aw

velaxed uncertainty specifications or inspire the development of novel sensors.

e No sensor is believed to exist which will meet all the requirements
(at any price). '
@ Stability, sensitivity and resolution at Tow speeds figure strongly

in the requirements of lake boundary studies——— - —_—

o Very Tlittle real data is presented in these figures for instrument
performance - they are largely conjecture. As data becomes available
from testing (such as that done by NOAA/ OEE / NOS) it should be cast
into this representation to extend our understanding of the instruments.

The utility of this form of presentation can be i1lustrated by considering
some example requirements. The CATS objectives for near shore measurement
(Figures §;§jb),'§:§) can be compared with the electromagnetic current sensor
(Figure 6-14). It is clear that improved control over the zero offset uncert-
ainty is necessary to meet the low speed objectives. More extensive testing
is necessary to determine the feasibility of this. Fortunately, the zero
offset can be measured in-situ by fitting a zero speed cap to the sensor. An
alternative is to fit some higher performance sensor - such as an electro-
acoustic type. Unfortunately, for sensors of this type measuring the zero
offset in-situ is not as feasible as for the above.

Another example is the littoral drift study, Figure 6-7. It is an objective
for this study to make measurements of the mean currents as well as possible
under breaking waves. As suggested in section 4.3, the acoustic doppler
sensor may be a candidate for this zone, along with the electromagnetic. By
comparing Figures 6-7, 6-14, and 6-16, one can gain an appreciation of the
technological problems involved in filling this requirement.
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The transport and circulation in large lakes requirement, Figure 6-5, compares
well to the Plessey estimate of performance, Figure 6-13. Here it is important
“to note that none of the behaviour above the bottom plane is supported with

test measurements, although recent work by NOAA should improve on this conject-
ure. ' '
January 1980 update: The Neil Brown ACM-1 current meter has been delivered and
is 'awaiting testing. The performance illustrated by Figure 6-18 is supported

by test data. Extension of the test data above the unity plane would be
desireable for many potential applications. Field trials with other instruments
may improve our estimates of their performance relative to the NBIS meter.
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7.0 BECOMMENDATIQNS FOR FUTURE CURRENI_MEASUREMENT SYSTEM STUDIES AT
CCIW, ‘

7.1 Ana]ysis,apd‘Testing of Dynamic Response of Hydromechanical Systems

Please noté that the emphasis is on the current measurement systems. That

js to say that analysis and testing.extending beyond the measurement in-
strument itself, is necessary to data quality assurance and data cost control.
As an example, the tradeoff between deployment design, experiment siting

and deployment costs should not be made without concern for data quality.

It may be that the threshold conditions for deployment of one type of mooring
over another may be modified following dynamic response analysis and
testing to meet a necessary data quality standard. The tradeoff between
data cost and data quality could be better evaluated with an analytical

basis than with the accumulation of suspect field data. Herein lies the
rationale for continuing the type of work described in this report.

It is recommended that the dynamic response characteristics of CCIW in-
struments be determined for the conditions of special interest. Further,
it is recommended that the deployment configurations be modelled analyti-
cally, to determine the response characteristics for the field conditions
anticipated. - It is conceivable that the analysis may require support-
ing field measurements to bound certain effects. The analysis should

be applied to predict performance under 1imiting application conditions
to determine the effective margins of data quality expected.

7.2 Further Analysis of 1977 Field Experiment Data

The comparison of the Kinetic energy spectra for the Plessey MO-21 and
CATS data in Section 5.0 provides an interesting observation. The low
frequency energies are more than an order of magnitude lower for the

CATS than the Plessey. This is a greater difference than would be ex-
pected for the depth difference between the two instruments. The Piessey
transfer function defaults to 2.1 cm.s'l when the rotor stops. It is
possible that suppressing this to 0 cm.s'1 would alter the spectral charac-
teristics due to the so-called "DC leakage". This question should be
investigated to attempt to resolve our understanding of the discrepancy.
This ‘modification to the transfer function may well have implications for
other studies which rely on P]éssey current meter data where threshold
flows are sufficiently common.
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7.3 Test and Evaluation of New Sensor Types

With the limited resources available for test and evaluation, work on
existing and new sensor types should be directed to those aspects of
special concern to inland waters work, which would not normally be rep-
resentative of other applications (e.g. 16w mean speeds, large orbital
velocities). Every effort should be made to keep informed on other test
results. It would be of particular va1ué to have as a reference instru-
ment a device which has been tested extensively and which is likely to be
used in instrument comparison experiments. (Note: a Neil Brown Instru-
ment Systems ACM-1 is ordered and expected in 1979.)

7.4 Requiremgnt for Future Fie]d Experiments

The developments of systems such as CATS and VAPS have demonstrated the
benefit that measurement systems comparison experiments can bring to the
system development cycle. Such experiments tend to receive late scrutiny
in the multidisciplinary environment at CCIW, so that the realization of
the implications of the data (and the study report) may be substantially
delayed. This markedly reduces the effectiveness of the data for the
system development team, in that the study development phase may be ‘ter-
minated without the benefit of the information collected.

Large scale comparisons, such as the 1977 CMC experiment, suffer princi-
pally from the delays common to co-operative ventures associated with
reducing the data to a common format for processing and comparison.
Smaller scale experiments (e.g. CATTS-1978) require less support, and are
more readily completed. All such experiments would benefit from incor-
porating a reference instrument whose data reduction could be placed under
the direction of the study team for expediency.

The requirement for and utiTity of small scale experimehts is well-recog-
nized. Other groups should be notified of such experiments, in order
that they may plan a simultaneous experiment to benefit from the oppor-
tunity of obtaining a comparison data for the conditions encountered.

The co-ordination of activities should remain with the original proponents
to ensure that the effectiveness of the experiment is not hampered by
unanticipated dilution of the operational resources. . '
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The WAVES platform and data acquisition system provides an excellent site
for such work as applicable in water of 12 m depth. The WAVES system
would be more useful if it had one or more functioning two-axis current
sensors available to support comparison work based at the platform. The
data base obtained from such sensors would provide a good reference for
the planning of experiments on the facility.
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