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ABSTRACT

- A bottom-mounted self-contained system for monitoring surface to
bottom temperature pfofiles and neaf-bottom vector-averaged current,Ve]ocity
is described. It is intended as an observational tool to assist limnological
studies of the extent, intensity and dynamics of power-station therma]-p]umes
in large lakes. Temperature is measured at one metre depth intervals to
typically 30 mc® accuracy. Depth accuracy is maintained via secure mounting
v a semi-stiff gimbal-mounted rigid staff whose tilt relative to the vertical
is measured with a dual-axis tilt sensor. An electromagnetic 2-axis water
velocity sensor is mounted 1 metre off the bottom. Self contained electronics
digitally averages the two orthogonal sensor outputs over a preselected time
interval and converts to resistance values to ba read by the data logger.
Correct platform alignment is assured through use of an onboard compass.

The data logger scans all environmental sensors in 8 seconds and stores this
data, together with time, identity, and calibration references, digitally on
magnetic tape. Up to 300,000 samples can be stored during the 3-month
deployment period allowing prolonged use of the system in winter under ice-
covered waters. The system is capable of being monitored in situ from the
surface via an expendable cable Tink. The entire C.A.T.S. system including
anchor weighs about 320 kgm.- in air and is easily deployed from a relatively
small vessel.-
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SECTION‘lz - INTRODUCTION AND SYSTEM APPLICATION

Temperature and current are two fundamental parameters which are

important in most limnological studies. CCIW has used a variety

of systems and techniques to measure these two variables in many
situations and for varied time durations. These systems range
from moored Current Meter arrays, fixed Temperature Profiling
Systems, Electronic Bathythermographs (EBT) to bucket thermometers,
moving sediment and remote sensing techniques. However, none of
these existing systems is we11-adaptéd to the task of measuring
temperature profiles and current in the nearshore zone (5 to 15
metre depth) for extended periods.

Primarily, such a system is needed to study the dynamics of sinking
thermal plumes from the coolant outflows of electricity generating
stations. Although the extent of tﬁe plume can be ascertained over

any given short interval by taking a series of temperature/depth
profiles using an EBT from a small craft, the long term behaviour

of the plume, over the winter period requires a different solution.
Furthermore, it is virtually impossible to get a reliable water velocity
measurement from a small craft with current meters lowered over the

side. Thus, the need for an array of systems to measure surface to

bottom temperature profiles and near bottom current, over several

‘months, in shallow water was identified.




@  stCrion2:  GENERAL APPROACH TO CATS SYSTEM DESIGN

The major functional objectives in the design of a CATS system

a)
b)
c)

d)

1)

2)

are as follows:-

To measure temperature. profiles from surface to bottom with good
accuracy and depth resolution of about 1 meter.

To measure near bottom current with good accuracy and threshold
of the order of one cm/second.

To measure and store the va]ues for at least 2 months between
field servicing, at an interval of 10 minutes. '

To withstand the forces of wave action and potential driffing ice
cover, the thickness of which is about 1 meter.

The major constraints on the development of the system were the
need to minimize expenditures and the short 6 month development
cycle; which included the assembly of five complete systems.
Capital expénditures were minimized by using as much existing
equipment as possible. This constraint made the first choice
clear. The data logger and temperature sensors would be the same
as those used in the Fixed Temperature Profiling Systems (Ref. 1).
These system elements were field proven and available. At that
stage there were a number of questions to answer:-

How should the temperature sensors be mounted to obtain and
maintain the necessary depth resolution?

Which current sensor was best in terms of its sensitivity, threshold
and accuracy? ‘




3)
4)

5)
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SECTION 2:  GENERAL APPROACH TO CATS SYSTEM DESIGN

How should the system be monitored to ensure correct operation?

How should the system alignment relative to north be maintained?

To achieve the endurance and time resolution desired by the research

limnologists, a 10 minute sampling interval was necessary. How
should the various parameters be averaged over the sampling interval?

To answer the first question it was decided to mount the thermistors

on a rigid buoyant staff, so that their positions were fixed relative
to each other. To compensate for the induced stresses due to wave
forces and possible ice, the staff would be gimbal-mounted to an

anchor assembly, which would contain the data logger, batteries and
current meter. To eliminate the error due to he tilting of the

staff, under wave or ice forces, a two-axis tilt sensor was incorporated
in the design. However, due to the relatively high cost of underwater
tilt sensors, it was decided to stiffen the gimbal such that only
excessively strong forces would tilt the staff significantly from

the vertical (>]0°) and thereby eliminate the tilt sensor. Stability
calculations predicted that water speeds up to 1 metre per second

would cause a tilt of only 15 degrees. Finally, to avoid hazard to
small craft, and possible damage to the staff due to pack ice, the
staff length would be such that it extended to about 1.5m below the
surface. A short line, small float and short expendable cable
completed the 1ink to the surface. Thus, the system concept stabilised
as shown in fig. 1. The corresponding functional block diagram is
shown in figure 4, and an eah]y prototype in figure 2.

The design of the individual system’components will be described
later in the report.




CATS SYSTEM SPECIFICATIONS

3.2

3.3

3.4

- 3.5

3.6

TIME CONSTANT
SENSOR TYPE

SECTION 3:
3.1 TEMPERATURE
RANGE -2 10, 40°¢
RESOLUTION 15 mc® (NORST CASE)
ACCURACY + 50 mcO

4.0 MIN. (WITH BOOT) -
FENWAL K-2284 4K-ISO CURVE THERMISTOR.

up T0°10 THERMISTORS ARE ALLOWED IN THE PRESENT CONFIGURATION, WITH
SOME CHANGES, IN EXPANSION POSSIBLE.

DEPTH
. RANGE

. RESOLUTION
. ACCURACY -

TILT (2 AXIS)

RANGE
RESOLUTION
ACCURACY
TIME CONSTANT
SENSOR TYPE

WATER VELOCITY (2-AXIS)

RANGE
RESOLUTION
ACCURACY

THRESHOLD
AVERAGING
SENSOR TYPE

DATA LOGGER
INPUTS

SCAN RATE

. ACCURACY
.- CAPACITY

TIME ACCURACY
TYPE .

PHYSICAL
. WEIGHT
.~ DIMENSIONS

0 to 10 METRES

1 METRE

+ 0.5 m - DEPENDS ON MEASURED WATER
DEPTH, MEASURED POSITIONS ON THE STAFF,
AND TILT OF THE STAFF.

+ 459 ON EACH AXIS
0.45°
0.50
7 SECONDS (AT 4°C)

HUMPHREY VI 13-0502-1 VERTICAL INDICATOR.

+ 100 cm/s

5 cm/s -
+ 2% OF QUTPUT OR + 1 cm/sec. WHICHEVER
1S GREATER.

<1 cm/s. ‘

LINEAR (INDUCED ERROR<.2%).
MARSH-McBIRNEY MM501 »
ELECTRO-MAGNETIC 2 AXIS SENSOR AND CCIW

DEVELOPED AVERAGING ELECTRONICS.

UP TO 24 RESISTANCE INPUTS IN THE RANGE
2.25K aT0 12.67KQ.

6 SCANS/HR. NORMALLY,

7.5 SCANS/MIN. DURING MONITORING.

+ 0.03% (42 WORST CASE)

12000 16 SAMPLE RECORDS

(69 DAYS AT 6 SCANS/HR.)

+ 1 MINUTE/MONTH

EG&G MODEL 775-25 RESISTANCE DIGITIZER.

320 kg IN AIR (182 kg IN WATER)
ANCHOR 1.27m WIDE x 2.3m LONG X 1m HIGH
STAFF 3 TO 10m LONG.

P et



4.1

4.2

SECTION 4:  CATS SENSOR COMPLEMENT

TEMPERATURE SENSORS

Fenwal K2284 thermistors are the CCIW standard slow response high
resolution water temperature sensor for field use. The accuracy
quoted in Section 3 is obtained through individual calibration, and
the long time constant through a neoprene rubber boot, which acts
as a thermal mass. The sensors are extremely stable due to the
"jnsulated" rugged construction which has resulted in drifts of
less than 10m°C‘in many sensors, over several years.

Also contributing to this accuracy is the méasurement technique
which dissipates less than 30u watts of power in the sensor for less
than 250 mS during a measurement.

TILT SENSOR

The Humphrey's dual axis vertical tilt sensor uses orthogonal, heavily
damped, gimbal mounted, pendulous potentiometers to provide a re-
sistance indication of inclination. The damping is such as.to provide
a 7 second time constant at 4°C. Data returned from the field for ’_v
analysis, has shown that the semi-stiff gimbal mounted staff exhibits
no significant tilt angle (> 10°) and no resonance which would cause
the possible aliasing using the relatively short time constant.

e S =




SECTION 4:

- CATS_SENSOR COMPLEMENT ~ (Cont'd.)

4.3 CURRENT SENSOR

The Marsh-McBirney current sensor used in the system was selected
from a survey of 10 major types of sensors.

The main criteria for

selection were minimum threshold response, maximum accuracy, and
output‘compatible with the digitizer in Tow flow regimes. Of the

sensors surveyed, only 4 offered theoretical thresholds less than

2 cm/sec., the Aanderaa savonius rotor, the Braincon Model 252, the
Geodyne 920-3 and the Marsh-McBirney MM501. Neither the Braincon nor the
Geodyne were considered because of packaging problems and incompatible

pulse type outputs.

sensor and the Marsh-McBirney sensor.

The pros and cons on each side were:

Thus, the final trade-off was between the Aanderaa

TABLE NO. 1 E/M VS. SAVONIUS CURRENT SENSOR COMPARISON

| Pfo

Con

Savonius . extremely low power consumption . no averaging of direction

Rotor . excellent workmanship . Subject to fouling

Sensor . resistance output on both . subject to pumping, due

(Fig.13) speed and direction. to wave action.

| . speed averaged.

Electro- Tow speed threshold . high power'consumption
[Magnetic . good accuracy ’ (1.5 watts)
Sensor in Tow flow . voltage output not averaged.
(Fig.12) . not subject to wave action . flow effects around cylinder.
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0 SECTION 4: CATS SENSOR COMPLEMENT

4.3 CURRENT SENSOR  (Cont'd.)

Both types of sensors were tried in the prototype mooring. To
facilitate this, a special configuration of the Aanderaa system was
created‘by Aanderaa (see fig. 7) incorporating a low threshold vane
and the standard rotor.

Since the E/M sensor output was not averaged, circuitry was built
to average .its output (See Fig; 22) and convert the averaged value
to resistance (see Fig. 21) to be read by the digitizer. Also, to
compensate for the relatively power hungry sensor, duty cycling
circuitry (see Fig. 20) was provided to perform active averaging 5
minutes out of the 10 minute sampling interval.

‘. During the pfototype mooring several things were noted.

a) Evidence of pumping action (a common problem with savonius rotors
in the near shore zone).

b) Evidence of vdne-f]opping due to wave action in low flow regimen.

c) Fouling of the savonius rotor even after only a few weeks in the
field and hence, increased threshold.

d) Confusion relating current direction between the E/M sensor and the
Aanderaa vane sensor.

.Although at time of writing the last point has not been fully
resolved, it was decided that there was sufficient evidence against
the savonius sensor for this application, to justify adopting the
E/M sensor for further field use. Economically, it was also more
reasonable to choose the E/M sensor even though some electronics

O needed to be built, since the expenditure needed to buy 5 savonius

rotor systems was comparable to that required to obtain the necessary

averaging electronics. (The E/M sensors themselves were available

in house .... ref. 3 ). ' ‘



SECTION 4: CATS SENSOR_COMPLEMENT

4.3 CURRENT SENSOR (Cont'd.)

4.4

The voltage outputs from the E/M sensor were treated in the following
way. Firstly, since the sensor tends to be power hungry, a crystal
controlled timer, when activated by the digitizer, enables the resistance
output for twenty seconds, then shuts down the sensor for four minutes
and ten seconds. At this point, the sensor turns on to stabilize for
thirty seconds before its outputs are allowed to be integrated. The
output is integrated by converting the voltage to frequency, then

scaling and counting for a fixed 300 second interval. On command from
the digitizer, the output from the counter is used to activate a
precision binary resistor ladder, which in turn, is read by the digitizer.
F1g 6 shows the normal voltage-generating sensor with the resistive
integrator electronics and its underwater case.

DIRECTION

An indication of direction is provided by an Aanderaa magnetic compass,
which is clamped under command from the digitizer to provide a resistance
output. The compass is contained in the same case as the E/M sensor
averaging electronics and its north aligned with the E/M sensor's + Y
axis.



D SECTION 5:  CATS DATA LOGGER AND DATA FORMAT

5.1 The selected Data logger (Figure 9) contains:-

a) 24 channel multiplexor
b) 12 bit resistance to digital convertor
"¢) endless loop digital magnetic tape transport with 3 megabit
‘capacity
d) quartz crystal clock accurate to within one minute/month
e) self-contained battery with sufficient capacity to fill the tape
at any sampling interval. '

A detailed description of the data logger wmay be found e]sewhere
(Refs. 1, 2).

5.2 DATA FORMAT

The data format is fixed for all CATS systems regardless of the number
of thermistors used, the presence or absence of tilt sensor, etc., to
simplify the data interpretation. The first 18 words of each record
are allocated according to table No. 2. Each word is recorded as 16
bits although, not all the bits are used.



10 . .

CATS DATA LOGGER AND DATA FORMAT

®  secron 5:

5.2 DATA FORMAT  (Cont'd.)

Table No. 2 DATA LOGGER DATA FORMAT
- ’ . [DIGITAL RANGE
'WORD NO. OF BITS EXPECTED
NUMBER PARAMETER USED. (OCTAL)
0 IDENTITY 6 0 to 14
1 TIME 14 0 to 37777
2 REFERENCE 12 3163 to 3164
3 SURFACE THERMISTOR 12 300 to 4500
4 THERMISTOR 2 12 300 to 4500
5 THERMISTOR 3 12 300 to 4500
6 THERMISTOR 4 12 300 to 4500
7 THERMISTOR 5 12 300 to 4500
8 THERMISTOR 6 12 300 to 4500
9 THERMISTOR 7 12 300 to 4500
" 10 THERMISTOR 8 12 300 to 4500
N THERMISTOR 9 12 300 to 4500
12 BOTTOM THERMISTOR 12 300 to 4500
13 COMPASS 12 3700 to 6400
14 TILT NORTH 12 3000 to 5200
15 TILT EAST 12 3000 to 5200
16 CURRENT NORTH 12 1100 to 1500
17 CURRENT EAST 12 1100 to 1500

The field tapes are reformatted at CCIW onto 1/2 computer compatible
7-track magnetic tape in BCD format, with a header record added, which

contains mooring dates and other ancillary information.




C | SECTION 6:

1. .

CATS MECHANICAL DESIGN AND PLATFORM CHARACTERISTICS

The key features and benefits of the anchor design are as follows (see

fig. 3).

a) Minimum size and weight for ease of handling and deployment
(2.26 m x 1.22m x .61 m length, width and height respectively).

b) Non ferrous design to minimize interference with on-board compass.
The frame is welded aluminum with six cradles which contain cast
lead weights, which give a total ballast of 164 kg. |

¢) 2 metre separation of staff and E/M sensor plus positioning of
anchor such that the staff is at the shoreward end of the‘assembly
yield minimum errors in current direction.

d) 3 point E/M sensor rounting allows diver levelling of the sensor
to minimize current error due to uneven bottom.

e) Quick disconnect clamps to allow diver servicing of any of the

0 , ' system elements.

f) Stiff nylon reinforced plastic hose which acts as a semi rigid
coupling to the staff to minimize staff tilt except under extreme
stress, (ice cover or passing vessels).

g) Penetrating feet which ensure minimum movement of the anchor

during heavy wave action or other disturbances.

e e o |
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SECTION 7: PROTOTYPE INHOUSE AND FIELD TEST EXPERIENCE

The entire development cycle for this system was limited to six

months from system definition (June, 1975) to deployment of five
systems. (December, 1975). To obtain an adequate prototype mooring
period of about six weeks and allow for the assembly of five systems
for field use, only two months was available to design, assemble, and
test the No. 1 prototype system. Due to procurement delays, the tilt
sensor and the Aanderaa savonius rotor current sensor were not installed
on the prototype when first deployed. Refer to fig. 19 highlights and
unscheduled events 'A' through 'E'. Two problems show up in this
list. Only one (see 'D') was relevant to CATS system design. The
diver pluggable electro-oceanics connector was wired in such a way,
that upon insertion underwater, the -24V supply was shorted to ground
thus blowing a fuse. This fault was simply corrected by changing the
contact allocation for that plug on later systems.

The second problem area was in relating the savonius sensor data to
the E/M sensor data. When all the alignment data and calibrations
were applied, there was still a discrepancy of up to 45° between the
two sensors. The cause of this anomaly is still under investigation
at time of writing.

A11 other system elements performed as expected. The maximum ti]t
‘observed was about 8.6%, and that was during "hear hurricane" conditions.
The other factor which could cause significant tilt was surface ice
@over. To study this possibility it was decided to place tilt sensors
on one shallow station and one deep one during the first winter moorings.

Based on the first prototype experience, the decision was made to
proceed with the assembly of five systems for the winter season, using
the E/M sensor.
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O SECTION 7:  PROTOTYPE INHOUSE AND FIELD TEST EXPERIENCE (Cont'd.)

One other change was made. It was the opinion of some members of
the task force, that rotational shift of the anchor, due to wave
forces was possible. Thus, an on board compass was added at that
point to monitor any rotation. The original anchor was fabricated
from steel angle and steel p]ate for weight; however, this type of
construction was incompatible with the use of a magnetic compass.
Thus, the construction of aluminum and lead as described in Section 6
‘was adopted. As well as allowing correct operation of the compass,
the revised anchor design made the system components 1ight enough to
be handled by orly two men. '
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SECTION 8:  EARLY OPERATION OF A DEPLOYED ARRAY IN A THERMAL PLUME

Five systems were deployed off the Pickering Nuc]ear Generating Station
in Lake Ontario in December, 1975. The sensor complement and 1ocatipn
is shown, for each station in figure 17, and a photoview of the five
systems in figure 18. A complete list of problems/failures is givén

in Table No. 3, for the field preparation and first measurement periods.

Of the problems observed thus far, only three required action or
fuktherrihvestigation; The first is in regard to the compass clamping
circuit. The loading effect of the added compass on enabling circuit
in the E/M current sensor assembly was underestimated. The same
circuit was used to enable the resistance ladder for the averaged E/M
outputs and for the compass clamp. After the moorings were in the
field for a few weeks and the battery pack weakened, the overloaded
‘D enable circuit causes unreliable readings in some cases. This fault
was corrected during mid-season refurbishment by providing added
buffering to the clamping circuit. '

The second problem is possible unreliable operation of a few reed
switches in the resistance ladder at low temperatures, and low supply
voltages. This situation will be corrected by a simple temperature
test during incoming inspection to reject marginal parts.

The finhal problem is possible drifting of E/M sensor outputs and
significant changes to the sensor calibration. This phenomena is
under invéstigation. Its exact definiton and recommended remedial
action are forthcoming.
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SECTION 9: - CONCLUSIONS AND RECOMMENDATIONS

The CATS system in its present configuration provides a viable means .
of obtaining nearshore temperature phofi1es»and current data for
extended periods. The system is relatively small and easily deployed
from a relatively small vessel. It is completely modular and fully
diver serviceable. Routine system monitoring can be performed at the'
surface from a small launch, using a battery operated monitor package.

Although the temperatdre measuring part of the system is highly reliable,
(97% data return) some limited work as described in the previous

section should be completed to ensure the same degree of reliability

on the current measuring side, (81% data return) of the system. :

Finally, becausé of the system's modularity, many configurations are

possible. For example, more than one current sensor assembly cculd be

used with the system by making only a few simple wiring changes.
Similarly, a different data logger or battery pack could be used, by
simply making a different patch cable for the new module.

It is recommended that the CATS system be considered as a basis for
future nearshore applications.
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oo FIGURE 20A CATS OPERATIONAL PERIORMANCE RECORD TO DATE

HIGHLIGHTS AND UNSCHEDULED EVENTS TO FEBRUARY, 1976

A

P.&

R.&

INSTALLATION OF FIRST PROTOTYPE MOORING LESS TILT 19 August, 1975
SENSOR AND AANDERAA C/M. :

DIGITIZER SHUTS OFF WITH DATA TAPE FULL DUE TO FALSE 25 August, 1975
TRIGGERING BECAUSE OF WATER IN SURFACE MONITOR

CONNECTOR. (DIGITIZER WAS MODIFIED TO ELIMINATE

PROBLEM). . :

NEW DIGITIZER, AANDERAA C/M AND TILT SENSOR INSTALLED. 9 September, 1975
. UNDERWATER PHOTOS TAKEN. _

GEODYNE C/M INSTALLED NEARBY AND E/M C/M BATTERY 19 September, 1975
REPLACED. NEW BATTERY FAILS (BLOWN FUSE) IMMEDIATELY,

E/M C/M BECOMES INOPERATIVE.

PROTOTYPE SYSTEM RECOVERED. | 14 October, 1975

TILT SENSOR (S/N 2) DELIVERY LATE. TO BE' INSTALLED 11, 12 December, 1975
DURING MID PERIOD REFURBISHMENT. '

ALL 5.SYSTEMS INSTALLED INCLUDING THE SPARE SYSTEM;

THERMISTOR SENSOR No. 7 0/C DUE TO CABLE FAULT (OCCURRED
AT MANUFACTURER). 1 December, 1975

TILT SENSOR READINGS BECOME ERRATIC 13 December, 1975

E/M SENSOR CHANNEL X (EAST/WEST) GAINS 20 CM/SEC OFFSET. 21 December, 1975
EXPENDABLE SURFACE CABLE CONNECTION PARTS, THUS DISABLING

SURF. THERMISTOR AND ABILITY TO MONITOR SYSTEM. 8 January, 1976

COMPASS CLAMPING BECOMES UNRELIABLE DUE TO OVERLOADED DRIVE :
CIRCUIT (FAULT CORRECTED DURING REFURBISHMENT). 11 January, 1976

LEAKING BATTERY MODULE CAUSES APPARENT E/M SENSOR FAILURE. 15 January, 1976

5 DIGITIZERS, 5 E/M BATTERIES, AND 4 E/M SENSOR ASSEMBLIES
REMOVED, FOR REPAIRS AND/OR REFURBISHMENT 2 SPARE DIGITIZERS

-IMMEDIATELY INSTALLED AT STATIONS 1 AND 2. TILT SENSOR AT

STATION 1 INSTALLED E/M CURRENT SENSOR ASSEMBLY REMAINS AT
STATION 4. 27 January, 1976

3 DIGITIZERS, 4 E/M SENSORS AND 5 BATTERY PACKS RE-

INSTALLED. . | 30 January, 1976




CATS PERFORMANCE STATISTICS TO 27 JANUARY 1976

MOORING PERIOD 47 DAYS

‘ OVERALL
1-STA 10A 2-STA 11A  3-STA 12A  4-STA 13A 5-STA 14A  AVERAGES
1. SYSTEM ELEMENT o
WORKING DAYS. .~ 79% 89.8% 84.4% ~100% 94.6% 89.6%
2. PER STATION
~ SCIENTIFIC . |
DATA RETURN 93.3% 88.3% 91.7% - 100% 91.9% 93.0%
3. TEMPERATURE
DATA RETURN 100% 94.4% 90% 100% 100% 96.9%
4. CURRENT DATA | |
RETURN 76.6% 66% 100% 100% 61.7% 80.7%
SOURCES OF SCIENTIFIC DATA LOSS
1. SURFACE MONITOR CABLE -CONNECTION PARTING (L) .91%
2.  MANUFACTURING FAULT IN CABLE ASSEMBLY (H) 2.04%.
3. BATTERY MODULE LEAKING (N) .96%
4. _ E/M CURRENT SENSOR FAILURE (K) 1.66%
5 DESIGN ERROR IN COMPASS CLAMPING CIRCUIT (M) 1.48%
TOTAL: 7.05%
NOTE:

= OF THESE LOSSES, ACTION HAS BEEN TAKEN 70 PREVENT FUTURF

OCCURRENCES OF 2 AND 5. ULk

-

"

e e

“Eric Harrison,

Engineering Services Section,

' 23 February, 1976.
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