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WORKING NOTES ON CURRENT-METER DEPLOYMENT, RECOVERY,

MAINTENANCE, AND DATA PROCESSING FOR SAN FRANCISCO BAY

By Ralph T. Cheng and Jeffrey W. Gartner

ABSTRACT

A current-metering program has been initiated by the U.S. Geological
Survey as a part of an interdisciplinary study to collect basic
hydrodynamic data for the San Francisco Bay estuarine system. The
current meters employed for the study record current speed and direction,
water temperature, and conductivity at a preselected time interval on
endless-loop magnetic tape. This report documents operational
procedures, maintenance, and computer programs for data reduction for

these current meters.



INTRODUCTION

The complex interactive processes which affect an estuary such as
San Francisco Bay, California, include tides, freshwater input, wind,
and mixing. To enhance understanding of the hydrodynamic and ecological
processes at work in the Bay, mathematical hydrodynamic models have
been developed (Conomos and others, 1978; Walters and Cheng, 1979; and
Cheng and Walters, 1978). Basic hydrodynamic data are needed to describe
estuarine hydrodynamic processes and to support mathematical modeling
research. At present there are no long-term (monthly) records of current
data available for San Francisco Bay. To fill this gap and to complement
other hydrographical, biological, and chemical data-collection programs,
a research program to collect current-meter data of San Francisco Bay has
been established.

Factors that must be considered in establishing such a data-collection
program include the selection of suitable hardware and the preparation,
maintenance, and repair of these instruments, as well as the deployment
and recovery procedures used in the field. Other important and often
underestimated efforts are the development of data-reduction procedures
and software. This report addresses these considerations. It also
documents our experience while working with these instruments to enable
better understanding and interpretation of current-meter data to be

presented in future reports.
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FIELD WORK

The initial phase of ﬁhe field work consisted of selecting the current
meter best suited to the intended program. Primary considerations in
making the selection were ease of handling, accuracy of measurement over
an extended period of 30 to 60 days, and availability of efficient data-
reduction procedures. Of the several meters examined the ENDECO-1741/
most closely met the needs of the Bay studies (Cheng, 1978).

The typical current-meter mooring employed by the U.S. Geological
Survey is a subsurface taut-wire mooring (see Fig. 1), which consists
of floats with sufficient buoyancy to suspend the weight of equipment
and mooring cable, the current meter(s), an acoustic release, and a
suitable anchor (normally 90-115 kg). All of these components are
shackled in series by 0.6~cm stainless steel cable. Length of the
mooring cable is determined by water depth and is so chosen that the
top of the subsurface float is a minimum of 3 m below the surface of the
mean lower low water (MLLW). Current-meter arrays are normally deployed
from the R/V Polaris, the Geological Survey's 97-foot research vessel
which is equipped with power winches, capstans, booms and davits to
facilitate deployment and recovery of equipment. Prior to deployment,
the current meters are serviced in the laboratory following the predeployment
check list (see Appendix A). Immediately before deployment components
of the assembly are shackled together and placed on deck. The

deployment sequence is an anchor-in-last procedure. The entire

1/

—Mention of a commercial company or product in this report does not
constitute an endorsement by the authors or the U.S. Geological Survey.
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FIGURE 1. Schematic diagram of a typical current meter array.
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assembly, with the exception of the anchor, is lowered into the water
and held away from the anchor. The anchor weight, which is attached
to a winch through a quick-release mechanism, is then lifted up,
swung free of the ship, and suspended above water. While the array is
held away from the anchor weight, the mooring assembly is slowly lowered
to the bottom. The winch cable is detached by triggering the quick
release, thus completing the deployment. The position of the array is
determined by use of a sextant fix or radar ranges and bearings from
known points.

The deployment periods a£e normally scheduled to cover a minimum
of 30 days because currents in the Bay are primarily driven by the tides,
which include semidiurnal, diurnal, fortnightly, monthly, and annual
variations. Where water depth permits, three meters have been used in
an array to give a more complete picture of the velocity profile. 1Imn
shallower areas only one or two meters are used and the meters are placed
as close to the bottom as practicable (2 m) or at middepth.

Equipment recovery is initiated by positioning the R/V Polaris in
the vicinity of the current-meter array. Then by activating the command
unit of the acoustic release from shipboard, an acoustic signal is
transmitted from the submerged transducer to the receiver transducer on
the release unit. If the correct code is identified by the acoustic release,
it responds by separating the anchor and release unit. Due to buoyancy the
entire mooring assembly, except the anchor, floats to the surface. The array

assembly is still attached to the anchor by a 0.6-cm nylon rope which



was originally housed in a canister attached to the acoustic release.
After recovering the instruments, the anchor is recovered whenever
possible by retrieving the nylon line. See Appendix B for
postdeployment procedures.

Our experience indicates that the acoustic release sometimes may
not work as described owing to marine growth or other obstruction at
. the release shackle, electronic failure, or other unknown reason. If
this situation occurs, it is necessary to search for the current
meter array for recovery by dragging. The dragging procedure involves
running a weighted dragline between two small boats to search the area
of deployment until the array is circled and snagged. Sometimes when
water depth and current speed are favorable, the assembly can be

recovered without a diver's assistance.



INSTRUMENT DESCRIPTION

The ENDECO-174 currenf meter (also see ENDECO Service Manual) is
an axial-flow, ducted-impeller current-meter which records digital data
on 0.6-cm magnetic tape (endless-loop 8-track cartridge). Recorded
parameters include current speed and direction, and water temperature
and conductivity. Data can be recorded up to approximately 40 days
on one tape cartridge with the recording rate selected at 30 per hour.
At each observation eight four-bit data words are written in series
on the tape; that is, each of the four parameters is represented by a
byte to be reconstructed from two four-bit words. Current speed is
determined by measuring the displacement of an encoder disc¢ which is
driven by the impeller through a magnetic coupler and a 500:1 reduction
gear. Heading of the meter is determined and digitized from the
output of a damped magnetic compass. Temperature is determined by
a thermolinear thermistor encased in stainless steel, and conductivity
by an induction-type electrodeless conductivity probe. Current speed
and direction are recorded in Gray code, and temperature and conductivity
in binary code (Richards, 1971). Gray code is similar to binary code
but is designed so that two bits never change value in successive Gray
code sequence.

At the end of every hour a record mark is given which is represented
by a record gap between the recorded data blocks. Every 24 hours,

a 24-hour mark, which is signified by all "1's" in data, is
written on the tape. Two conductivity reference values are generated
internally every 24 hours and are recorded as reference data

immediately following the 24-hour mark. These reference data are to be
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incorporated in the data-reduction program to construct a regression
curve for conductivity computation to compensate for any electronic drift
due to change of ambient temperature or battery voltage. These

reference data, in conjunction with hourly data gaps and 24-hour marks,
are used to check the accuracy of timing of the data series, and to
assist, when necessary, in reconstructing partially lost data.

The acoustic release used in the data collection program is the
Innerspace Technology Model 431 (see Service Manual), which uses FM
coding on a 22 kHz carrier frequency. The release unit contains an
expandable link within the pressure case. Once the link is broken
after receipt of the correct acoustic signal, a spring-loaded obstruction
pin is retracted to permit free rotation of an output hook. When the
output hook is turned it allows the shackle, which is attached to the
anchor, to fall free, and thus permits separation of the release

unit and anchor.



PARAMETER ACCURACY

Accuracy specificatiohs given by the manufacturer for ENDECO-
174 current meters are as follows: speed, +3.0 percent of full
scale (257 cm/s) above 2.57 cm/s; direction, +7.29;
temperature, +0.2°C; and conductivity, +0.55 mmho/cm.
TEMPERATURE

The accuracy of temperature measurements of all meters was checked
periodically in a test tank (1 x 1 x 2 m) in the laboratory. The
mean temperature difference between recorded and actual values (two
sets of readings for each meter) after computer correction was -0.01°C
with a standard deviation of 0.14°C. Maximum temperature differences
were -0.3 and +0.2°C. The tests were conducted at room temperature
(approximately 20° - 24°¢) ,

CONDUCTIVITY

Conductivity accuracy was also examined in the same test tank at
three conductivity values (approximately 15, 30, and 45 mmho/cm).
Corresponding binary data and actual conductivity values (determined
by a Beckman Induction Salinometer), as well as binary conductivity
reference values, were used in a linear regression analysis to determine
two fixed "standard" conductances for each meter. A conductivity rating
curve is established by combination of meter-generated conductivity
reference values and '"standard" conductances. Conductance values used
for subsequent data reduction were either supplied by the manufacturer
or generated in the U.S. Geological Survey laboratory, depending on which
set gave closer agreement to induction salinometer-rated values. Once rating

curves were established, all meters were retested again at two different



conductivities to verify the predictability of the rating curves. Using
this method, the mean conductivity difference for all meters was placed
at 0.13 mmho/cm. The standard deviation was 0.85 mmho/cm, and the
maximum differences were -2.76 and +1.27 mmho/cm. The extremely large
difference of -2.76 mmho/cm between the recorded and actual value was

for only one meter, and may be erroneous. Unfortunately, this current
meter leaked and was destroyed during a subsequent deployment, gnd no
further analysis was possible. Recomputing the statistics by excluding
that meter results in a mean of 0.25 mmho/cm, a standard deviation of 0.58

mmho/cm and maximum differences of -1.06 and +1.27 mmho/cm.

SPEED

The accuracy for measurement of current speed by ENDECO-174 current
meter was examined at the U.S, Geological Survey Gulf Coast Hydroscience
Center, Bay St. Louis, Mississippi. Generally, the impeller rating is
linear in the test range of 0-250 cm/s. Each impeller supplied by ENDECO
was rated in a continuous water tunnel at Johns Hopkins University before
shipment. The speed coefficient recommended by the manufacturer for a
perfect impeller is 50.1 rpm/knot. There is a 500:1 gear reduction between
impeller and the encoder disc which is digitized and represented by 256
divisions; that is, a byte. Accordingly, the current velocity, V, or

speed rating curve is worked out to be

- AN
V(cm/s) = 2.009 T

where AN is the difference between successive speed readings, and At is-

the sampling interval in minutes. To account for imperfection of

individual impellers, the rating curve becomes
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V (cm/s) = 2.009 (749/C) %%

where CI is the impeller coefficient obtained in the water tunnel at

the Johns Hopkins University. The impeller coefficients supplied by

the manufacturer have been found to be consistently in error by about

1 to 2 percent (too low) when compared with Geological Survey tow-tank
results; this deviation appears to be the wall effect of the water tunnel.
The U.S. Geological Survey tow-tank results are used in the computation.
of speed. Another problem which may affect current-speed readings is
marine growth and/or sea grass in contact with the impeller or bearing shaft.
There is a tendency for sea grass to wrap around the impeller shaft
between the impeller and current meter base, significantly hampering free
movement of the impeller. At present, there is no remedy for the problem.
The manufacturer is working on a new type of mold-injected impeller which
we have tested in the field. These impellers are less susceptible to
problems of this kind. New mold-injected impellers currently supplied

by the manufacturer were tested in the Geological Survey tow tank and

speed computations were found to be in error by about 15 percent (too high).

DIRECTION
The ENDECO-174 current meters use the Model-213 Digicourse compass
for meters with serial numbers smaller than 133. The manufacturer
has since replaced the compass with the Model-218 Digicourse
compass for their meters with seriaf numbers greater than 132. The

directional calibration was performed at the factory on a swing table.
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While the meter was turned on and recording, the swing table rotated

15° every 10 minutes for at least two complete revolutions for a total
test duration of no less than 8 hours. The calibration data were
supplied to us, and this information was incorporated into our
data-reduction program in the calculation for current direction. At

this time verification of the calibration data for direction supplied

by the manufacturer has not been attempted. However, we have encountered
some difficulty in certain meters for which directional readings

were affected by the lower tolerance limits associated with rolling and

pitching of the current meter. This problem is further discussed in

the next section.
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HARDWARE RELIABILITY

Several problems encountered during the first 2 years of use of
the ENDECO-174 current meters are documented here. The most damaging
was leakage into the housings of several meters during deployment.
Subsequent testing by the manufacturer indicated that one meter leaked
through a fastening screw on the conductivity probe due to a faulty
manufacturing procedure. This problem can be corrected by using a retrofit
kit supplied by the manufacturer. The repair involves replacing one of
the screws on the end cap of the conductivity probe with a special fitting
to prevent leakage. The second meter presumably leaked at the end cap.
This was probably caused by a worn or damaged "O" ring. To eliminate
the possibility of leakage through the end cap, the end-cap '"0" rings
are now replaced routinely prior to each deployment. Two other meters
which were completely flooded were either hit by vessels or entangled
with the mooring line. The conductivity probes were sheared off both meter
housings, thus permitting water to flood the meter through a wiring access
hole. The manufacturer has remedied this problem by retrofitting the
current meters with a PVC block underneath the conductivity probe to
prevent the mooring line from being entangled with the conductivity probe.
Less serious damage to several other meters included lost or broken shrouds,
vanes, and impellers, also probably caused by passing vessels or
mooring-~line entanglement.

A less catastrophic problem which may affect data quality is the
loss of impeller blades. While the impellers are specified to withstand

currents to about 5 knots, one blade was lost at a low velocity
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(less than 2 knots), and six of eight blades were lost on another occasion
at a higher velocity. In the latter case it was impossible to determine
the current velocity encountered because the data-tape cartridge was
defective and no data were recorded. The expected maximum velocity at the
site was 4 to 5 knots. Tow-tank evaluation of the damaged impeller
indicated that the accuracy of speed is not severely affected at high current
speed with loss of one or two blades; however, the threshold velocity of
the current meter is certainly affected because the impeller is no longer
balanced. This problem was brought to the attention of the manufacturer,
whose solution is to replace the old impellers with a single-piece,
mold-injected impeller of greater strength.

In addition to physical damage of current meters, a significant cause
of lost data is related to the magnetic tape cartridge. Of the l4-percent
data loss during the first 2 years of operation, tape-cartridge malfunctions
(tapes not feeding out of hubs, improper tension and so forth) were
responsible for approximately 60 percent of the total loss. Thirty-five
percent of the data loss was due to physical damage of meters, and 5 percent
for miscellaneous reasons. A possible reason for tape jamming is the
swelling of tape caused by residual moisture within the current-meter
housing. This is a particular problem when the meters are loaded in warm,
moist air and subsequently deployed in colder water. The recommended solution
to this problem consists of storing the tapes in desiccated containers
and purging the instrument environment with Freon-12 to displace the
moist air just before sealing it. Large or multiple desiccant bags
should be used in the current meters.

In addition to the complete loss of data, there were several instances

of poor performance in measuring one or more parameters. Four current
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meters showed faulty temperature readings outside the range of manufacturer's
specification: measurements with temperatures too high or too low, or a
condition in which the temperatures changed by one or two degrees between
readings. These problems may have been due to defects in specific
integrated-circuit boards. Three of the four meters were returned to the
manufacturer for repair and recalibration and one meter mysteriously appeared
to have fixed itself. Subsequent calibration checks in a Geological Survey
test tank showed that all meters measure temperature within acceptable limits
of +0.2°C.

A problem relating to conductivity measurements became apparent in
low-salinity water. While the meter was specified to have a low
conductivity limit of 5 mmho/cm, 2 of the 11 meters did not indicate any
conductivity lower than about 7 mmho/cm. This also was a problem with
individual integrated circuit boards, and has since been corrected.

Directional information appears to suffer from two separate and
distinct limitations. These are the allowable tilt angle of the compass
and the lack of certain binary readings for specific headings on certain
meters. As previously mentioned, the earlier model ENDECO-174 current
meters utilize the Model-213 Digicourse compass. The Model-213 compass
has limits on its pitch and roll axes of 5° of arc. While the neutrally
buoyant meter and tethered attachment of meter to mooring line keep
large fluctuations in pitch and roll to a minimum, long periods of
repeating bearings do occasionally occur. The other factor affecting
directional accuracy 1s the consistent lack of certain binary number

readings (headings) with some meters. However, missing values seldom
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occur for more than two or three sequential binary numbers. Because
the heading resolution is 1.40 (increment between sequential binary
numbers), it is assumed that this defect does not significantly affect
the manufacturer's stated directional accuracy limit of +7.2°.

The largest area of uncertainty remains in the measurement of
conductivity values. Because the documentation from the manufacturer
is limited, a short explanation of the design principle for measuring
conductivity is included here. 1In order to compensate conductivity
readings for electronic drift and reduced battery voltage over a long
deployment, the conductivity circuitry contains two fixed-frequency
outputs which are switched into the circuitry in place of the conductivity
probe outputs.once every 24 hours to generate a set of "synthetic'" conductance
values. The "synthetic" conductance values for each current meter are
deduced from calibration tank test values in a linear regression.
These "synthetic" conductance values which are assumed known and unchanged
are used in conjunction with the conductance reference values recorded
on the tape every 24th hour to generate a rating curve for computation
of conductivity for the next 24-hour period. The conductance reference
values generated every 24th hour should vary only slightly as the battery
voltage changes. In some meters these values change radically,
especially in the first and last days, thus rendering the conductivity
calibration meaningless. The problem is apparently in the circuits of

the individual instruments, and requires manufacturer servicing.

~16-



DATA PROCESSING

While working with fairly delicate recérding instruments, numerous
problems, often related to only one specific meter, may periodically
occur. In order to enable rapid identification of malfunctions, a
data~-processing system which is structured around a microcomputer
and tape translator (ENDECO-173) has been developed (Cheng and
Gartner, 1979). The data-acquisition system has proven to be convenient
and cost effective. The system consists of an LSI-1l microcomputer,
two floppy disc drives, a 9-track tape drive, a line printer, a graphic
cathode-ray-tube (CRT) terminal, and a data-tape translator as shown
in Fig. 2. The CRT terminal performs the main Input-Output (I/0)
control of the system, and any hard copy of output is produced on the
line printer. The central processing unit (CPU) system—software resides
on one floppy disc, whereas the other is user's working space, In this
case, the raw-data tape recovered from the current meter is translated
and stored on the user's floppy disc in binary numbers.

An ENDECO-173 data tape translator consisting of a microprocessor
and limited memory is used to translate raw data and to communicate
with the microcomputer. Upon command from the microcomputer, the
translator engages its tape~drive mechanism and reads a block of
four-bit data into its memory. The microprocessor in the tramslator
combines pairs of four-bit data series into bytes and sends the block
of data to the microcomputer as a block of 125 bytes of data for further
processing. The tape translator is then set to standby awaiting the
next instruction from the microcomputer.

The microcomputer includes an LSI-1l processor, a power supply, two

memory boards with 28K words of onboard refreshed memory, a number
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FIGURE 2. A microcomputer based current-meter data—acquisition system.

-18-



of RS-232 serial interface boards for communication with peripheral

devices, and printer and floppy-disc controllers. The LSI-11

microprocessor has computiﬁg capability virtually equivalent to the

CPU on the PDP-11/03 microcomputer and is supported by an extensive software
library including the RT-11l operating system and FORTRAN and BASIC compilers.

The mass storage media are a dual floppy-disc-drive subsystem, and
a 9-track tape drive. The floppy-disc subsystem contains two disc drives,
a formatter, and a disc controller to interface with the microcomputer.
Diskettes employed may be recorded on both sides in double density to
provide a usable capacity of 1.2 mega-bytes. The data-reduction programs
"are written in FORTRAN by the users and reside on the system disc to
provide maximum working space for data on the other drive.

A Tektronix~4010 graphics terminal is the primary input/output
control for the system. Since the terminal is a graphics terminal,
the Tektronix PLOT-10 plotting software package is used to produce various
computer-generated graphics (Figures 3 to 8). Additionally, the
data-processing system includes a Printronix-~-300 line printer for any
hard copy of data, tables, or graphics.

Data processing procedures include the translation of 8-track tapes
to binary file for storage on disc. The binary data file is further
processed to produce engineering unit files, as well as files of various
averages suitable for graphics and statistical analysis. This is
accomplished through running a series of data-reduction programs (see
Appendix C). The initial program, "Step 1", is used in conjunction
with the data translator (ENDECO-173) to translate the 8-track tapes

into binary form and store the data on flexible disc. "Step 2" is
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then run to check values of the conductivity corrections and to check

for missing hour blocks between the 24-hour readings. '"Step 2A"

is used to check for data éompleteness. This program searches the data
file for any incomplete hour blocks and checks the file beginning and
ending times against the logged times recorded at deployment and recovery
of the current meter. "Step 3" may be executed to check for questionable
temperature and conductivity data by searching for and flagging any data
changes between consecutive readings greater than 5 percent of the

sensor range. The data files can then be edited for obvious mistakes
before the data are translated to engineering units. The engineering-unit
data file is produced from program '"Step 4", which converts binary

data into engineering units, incorporating calibration data of individual
sensors. This program outputs the engineering-unit file to either disc
or 9-track tape. The program "Step 4A" was written to produce a
time-averaged data file (speed and direction are vector averaged). °
Normally a 30-minute data file, which was produced from the original
2-minute sampling, is used for all subsequent plotting routines or
tabulations.

A collection of other miscellaneous data-reduction programs is included
in this report. They include "Step 5" and "Step 5A", which are plotting
routines for parameter vs. time for 1 week of data and for the entire
tape respectively. "Step 6" is a plotting routine for the tidal ellipse;
"Step 7" and "Step 7A" are for plotting progressive vector diagrams for
1 week of data at a time or for the entire tape and "Step 8" plots a

histogram of percent of observations for speed and direction.
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DISCUSSION

The ENDECO~174 currenﬁ meter is a relatively new instrument designed
for current measurements in an estuarine or near-shore environment.
While current measurement in an estuary is a relatively new task for us,
we have successfully worked out our current-meter deployment and
recovery procedures and streamlined our data-processing methods
for handling large volumes of current-meter data. Employment of the
ENDECO-174 meters by the Geological Survey in our data-collection program
has also served as an extensive field evaluation of the instrument. During
the early stage of working with the ENDECO-174 current-meters, many
suggestions for modification of the current meter have been made to the
manufacturer. The suggestions have led to subsequent retromodification
of the meters and, in turn, improvements in their reliability and
performance. Many facts about the instruments, learned through personal
contacts with the manufacturer, have proved valuable additions to
documentation provided by the manufacturer. This open-file report was
prepared to document our two-year working experience with ENDECO-174

current-meters and to assist other ENDECO-174 current-meter users.
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ENDECO CURRENT METER PREDEPLOYMENT CHECK LIST

1.

10.

11.

12.

13.

Remove impeller to access bearing assembly. Remove bearing assembly,
clean and check bearings for free movement and replace if necessary.
Reassemble bearing assembly and impeller.

Check external appearance of meter. Repair and paint as necessary.
Insert new batteries (Eveready No. 1150 Size D) and check polarity.
Record battery voltage.

Check pinger operation.

Place cardboard spacer between batteries and contacts.

Fast forward magnetic tape on a regular 8-track player at least once
to ascertain that tape is free to feed out of hub without jamming.
Degauss tape and place in disiccator. The taée used is Scotch
Dynarange (low nqise) 90-minute length (Scotch S-8TR-90).

Remove old "O" ring from end cap and clean "0" ring groove. Install
new, greased "0" ring in groove after visually checking "0" ring

for any nicks or damage,
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