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Summary A radio telemetry water quality monitoring system has been designed and
constructed at the Utah Water Research Laboratory (UWRL). The system consists of a
central base station at the laboratory and remote field stations located in the river to be
studied. The remote field stations operate in the stand-by mode until interrogated from
the central base station. Each station is capable of monitoring dissolved oxygen (D. O.),
hydrogen ion concentration (pH), electrical conductivity, and temperature. Other
variables could be monitored by using appropriate sensors. The prime features that
characterize the UWRL system are low cost and relatively small size. These are both
realized through the use of printed circuit boards and integrated circuit amplifiers. The
remote station is small enough to be portable and can be installed either permanently or
temporarily at almost any river location with a minimum of effort. Such a system, costing
about $3,000 per field site, will make feasible the monitoring of water quality at points
which previously were uneconomical to investigate.

Introduction Water quality standards are now part of the legal code set up to control
water pollution. In order to ascertain that these standards are being met, it is mandatory
to monitor any river system over which control must be maintained. For optimum
usefulness, data on the monitored variables should be available on areal time basis at
any time throughout the 24-hour day. Remote sampling stations and a telemetry link
represent the most practical means of accomplishing this end.

There are presently systems available for telemetering water quality measurements.
However, these systems are typically large physical installations, such as semi-
permanent buildings or van-type trailers, which require external power and hard line
telemetry coupling with a central data receiving station. Therefore, a definite need exists
for asmall, low cost system capable of measuring the most commonly monitored
parameters.
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A water quality monitoring system utilizing radio telemetry has been developed at the
Utah Water Research Laboratory. The system consists of battery-operated remote
sampling stations which measure avariety of water quality parameters and serialy
transmit the data on call to a central calling and receiving station. Because the remote
unit uses radio telemetry and battery power, monitoring can be conducted at any desired
location, and site selection can be dictated purely by pollution measurement
considerations with little regard for proximity to power or telephone lines. The UWRL
system is small enough to be hand-carried to an installation site. This vast reduction in
size and a corresponding cost reduction ha-s been accomplished by the use of the |atest
developmentsin solid state integrated circuits. A complete system, consisting of a central
base and one remote monitoring unit, costs less than $5,000. Additional monitoring units
can be added to the system for approximately $3,000.

Utah Water Research Laboratory System To test the feasibility of using radio
telemetry for water quality monitoring, afield system was constructed which used
battery operated, commercially available sensor units. The voltage outputs from each
separate unit were adjusted by signal conditioning circuitry to obtain avoltage level
compatible with a voltage controlled oscillator (V CO) which converted the signalsto
frequency form for transmission on aradio frequency (rf) carrier. Such an approach,
although feasible, resulted in relatively high cost, much duplication of circuitry, severa
different battery voltage levels for the different instrument requirements and a
considerable waste of space in the remote station housing.

To eliminate these undesirabl e aspects, a new consolidated system was designed. The
remainder of this paper will deal with the consolidated system.

The new unit was reduced in size considerably from the original by eliminating
unnecessary circuitry and by developing new circuitry for each individual sensor. In the
new unit, integrated circuits (1C) were used wherever possible. These IC's, besides
reducing size and weight, have excellent temperature stability characteristics and low
operating currents. As each circuit was being developed, particular care was taken to see
that common battery voltages could be used. Through this effort, three voltage levels
were used (previously seven were required) and it was possible to get these from four 15
volt series-parallel connected batteries. The -15 volts being supplied by two batteriesin
parallel because of the heavy drain during data transmission. The circuits were
constructed on separate plug-in boards so that modules could be repaired or replaced
easly.

The entire unit is housed in a portable fiber glass case (15x15x14) with connectors for
Inputs from the sensors and for the cable to the antenna. The interior of the caseis shown
in Figure 1. The top three plug-in boards on the left of the upper section contain the
timing, sequencing, and conversion circuitry. The fourth has voltage monitoring



circuitry. The bottom four boards are the analyzer circuits for temperature, conductivity,
and dissolved oxygen. The pH analyzer circuit is housed separately becauseit isahigh
impedance instrument and must be shielded from stray |eakage paths and noise pickup.
The radio transmitter-receiver islocated in the upper right section. A calibrate switch
and skip switch are provided for field checking the unit. The four rechargeable batteries
are mounted in the bottom section of the case.

A typical field installation is shown in Figure 2. The case is mounted on the antenna
support mast which is located adjacent to the stream. The water quality probes are
mounted on afloat and the probe leads enter the bottom of the case through water-tight
connectors. The entire system, including probes and antenna, weighs less than 50 Ibs.
and can be easily carried by one man. The installation is completely self-contained
including enough battery power for two months unattended operation. Increasing the
period of unattended operation as far as batteries are concerned is merely a matter of
obtaining batteries of larger capacity. At this point in probe development, some probes
should be checked at least monthly so that a more expensive battery is not justified.

Water Quality Sensors The dissolved oxygen concentration of the water is measured
with a voltage generating cell-selective membrane probe. The oxygen dissolved in the
water diffuses through a selective semi-permeabl e (polyethylene) membrane to asilver
cathode where it is reduced. An electrolytic solution forms a conducting path between
the cathode and a lead anode. The generated voltage is proportional to the concentration
of oxygen in the water. Thisvoltageisfed into aFairchild ©A. 741 1C amplifier for
interfacing to the VCO. Periodic calibration is necessary because of deterioration of the
lead anode. Eventually (approximately five months) replacement of the anode,
electrolyte, and membrane are required.

The measurement of pH (hydrogen ion concentration) is accomplished by the use of a
glass membrane combination probe, i.e., the reference electrode isincluded in the
assembly. The probe output is fed through a Burr-Brown instrument type amplifier with
10" ohm input impedance. The high impedance amplifier is necessary to prevent loading
of the probe and to provide isolation from the natural electrical ground produced by the
impuritiesin the water and the material of the stream bed.

With such high impedancesit is necessary to use great care in construction both to
eliminate stray leakage paths and to minimize noise pickup in the input. A triaxial cable
Is used to provide shielding and to eliminate |eakage resistance variation in the ground
circuit.

The temperature is measured by athermistor with alinear voltage-temperature
relationship. This facilitates data reduction ease and accuracy. A high degree of accuracy
IS necessary because the temperature value is used to correct for temperature dependence



inthe D. O. and pH measurements besides being a quality parameter of interest in its
own right.

Conductivity is measured with an externally excited null balancing probe. The probeis
excited by a 500 Hz signal which produces a voltage gradient across the probe sampling
elements. The voltage across these elementsis used in a negative feedback system to
maintain the voltage output constant. The conductivity measurements are made by
monitoring the changes in probe excitation necessary to keep the output from the probe
sampling elements constant. Thissignal isan AC voltage which is amplified, rectified,
and filtered before being used to modulate the VCO to transmit conductivity data. The
probe is particularly good for remote monitoring because it is very rugged and immune
to effects of fouling by deposits or growths on the electrodes. The electrodes are stainless
steel and require no special coating so that unattended service lifeis quite long (six
months or more).

System Operation The remote station operates in a stand-by mode awaiting a call
from the central base station. In this stand-by condition, the receiver unit requires about
4 ma, which represents two months of battery life.

The system (Figure 3) is switched from receive to transmit when two audio tones sent
from the base station are received which excite two resonant reeds. Each remote station
has its own unique calling frequencies. These frequencies are transmitted in series, first
the highest then the lowest. A holding circuit sustains the effect of the higher frequency
reed until the low frequency reed closes. This two-reed system gives some immunity
from accidental triggering without unduly complicating the circuitry. The resonant reed
relay circuit initiates the sampling process.

Timing and switching circuitry steps the station through a sampling period for each
parameter being measured. |n addition to the water quality parameters, one period of the
transmission is devoted to a check of battery discharge rate and condition. The alkaline
rechargeabl e batteries used to power the, system are irreparably damaged if allowed to
discharge too much.

The voltage outputs of the probes are conditioned by the associated circuitry so that each
falls, in the range of 0 to 5 volts. These voltages are sequentially switched into the VCO
where they are converted to frequencies which are then transmitted to the central base
station. To interpret the transmission, the frequency is counted and, through calibration
curves, converted to individual parametric values.

System Cost The system developed at the laboratory is relatively low in cost. The cost
for equipment and assembly labor for one field station is approximately $3,100. The
probes and signal conditioning circuit (for the four parameters measured) represent about



$1,000, the telemetering and control system close to $1,200, and fabrication costs
account for the remaining $900.

The central base station is manually operated and consists of atransmitter-receiver, an
omni-directional antenna, an audio oscillator for generating interrogation signals, and a
frequency counter. The base station equipment costs about $1,750 and is capabl e of
handling as many remote stations as are desired. |If automatic readout is required, it
becomes necessary to interface the basic components of the system with an automatic
control system and a data recorder.

Conclusions It isnecessary that low cost systems for water quality measurement be
developed to handle the ever-increasing needs of states and industries to measure the
quality of the water. Since many units will be required, the low cost of the systemis
important.

The system described by this paper has been shown to perform successfully in the
natural river environment. It is an important contribution to the area of water
measurement especially to those areas (such as the Western states) where power lines are
not available at river points where monitoring should be conducted. Coincident with the
lack of power linesisthe lack of adequate road systems. A portable system is, therefore,
extremely desirable. The present battery-operated system is portable and can be easily
installed or removed.

An additional feature of telemetered datais its timeliness, since sampling is not limited
to weekdays and daylight hours. To adequately assess a stream’s quality, it is desirable to
be able to conveniently sample the parameters of interest at any time. Many stream
parameters reach potentially critical levels during night-time hours when manual
sampling is generally not conducted.



Figure 2 - Field Installation of UWRL Remote Station.
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Figure 3 - Pictorial Representation of a Base Station and One Remote Site.





