fDOM
1.8 Sensor Overview
The EXO fDOM (Fluorescent Dissolved Organic Matter) sensor is a fluorescence sensor which detects the
fluorescent component of DOM (Dissolved Organic Matter) when exposed to near-ultraviolet (UV) light.

Colored Dissolved Organic Matter

Users might wish to quantify colored dissolved oxygen matter (CDOM) in order to determine the amount of
light which is absorbed by stained water and thus is not available for the photosynthesis process carried out
by subsurface aquatic plants and algae. In most cases, fDOM can be used as a surrogate for CDOM.

Quinine Sulfate

A surrogate for fDOM is Quinine Sulfate, which, in acid
solution, fluoresces similarly to dissolved organic matter.
The units of fDOM are quinine sulfate units (QSUs) where
1 QSU = 1 ppb quinine sulfate and thus quinine sulfate is
really a double surrogate for the desired CDOM parameter.

A

WARNING
UV LIGHT
Do not look directly
at end of sensor.

The EXO fDOM sensor shows virtually perfect linearity
(R2=1.0000) on serial dilution of a colorless solution of
quinine sulfate. However, on serial dilution of stained water
field samples, the sensor shows some underlinearity. The
point of underlinearity in field samples varies and is
(continued)

Specifications
Units

Quinine Sulfate equivalents
(QSE), ppb

Temperature
Operating
Storage

-5 to +50°C
-20 to +80°C

Range

0 to 300 ppb QSE

Response

T63<2 sec

Resolution

0.01 ppb QSE

Sensor Type

Optical, fluorescence

Linearity

R2>0.999 for serial dilution
of 300 ppb Quinine Sulfate
solution

Detection Limit

0.07 ppb QSE

Optics:
Excitation

365±5 nm

Emission

480±40 nm

(see pg 12)

599104-01
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affected by the UV absorbance of the DOM in the water. Testing shows that underlinearity can occur at fDOM
concentrations as low as 50 QSU. This factor means that a field sample with an fDOM reading of 140 QSU will
contain significantly more than double the fDOM of a sample that reads 70 QSU. This effect—good linearity
in colorless quinine sulfate solution, but underlinearity in stained field samples—is also exhibited by other
commercially available fDOM sensors and thus the performance of the EXO sensor is likely to be equivalent
or better than the competition while providing the advantages of easy integration into a multiparameter
package and automatic mechanical cleaning when used in monitoring studies with an EXO2 sonde.
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Ammonium, Nitrate, & Chloride
2.9
1.9 Sensors Overview
A

Ammonium, nitrate, and chloride ion-selective electrodes (ISEs) should be used in freshwater applications
only at depths of less than 55 feet (17 meters) and less than 25 psi.
The ammonium and nitrate sensors use a silver/silver chloride wire electrode in a custom filling solution. The
internal solution is separated from the sample medium by a polymer membrane, which selectively interacts
with ammonium or nitrate ions. When the sensor is immersed in water, a potential is established across the
membrane that depends on the relative amounts of ions in the sample and the internal solution. This potential
is read relative to the Ag/AgCl reference electrode.
(continued)

Specifications
Ammonium - NH4
Units

mg/L-N, millivolts

Temperature
Operating
Storage

0 to 30˚C
0 to 30°C

Depth

0 to <55 ft (0 to <17 m)

Range

0 to 200 mg/L-N

Accuracy

±10% of reading or 2
mg/L-N, whichever is greater

Response

T63<30 sec

Resolution

0.01 mg/L

Sensor Type

Ion-selective electrode

(see pg 12)

Nitrate - NO3

599709, 599710, 599711;
599743-01, 599744-01, 599745-01 modules

Units

mg/L-N, millivolts

Temperature
Operating
Storage

0 to 30˚C
0 to 30°C

Depth

0 to <55 ft (0 to <17 m)

Range

0 to 200 mg/L-N

Accuracy

±10% of reading or 2
mg/L-N, whichever is greater

Response

T63<30 sec

Resolution

0.01 mg/L

Sensor Type

Ion-selective electrode

(see pg 12)
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The chloride sensor uses a solid-state membrane
attached to a conductive wire. This sensor operates
in a similar fashion to the ammonium and nitrate
sensors.

Specifications (continued)
Chloride - Cl
Units

mg/L-Cl, millivolts

Temperature
Operating
Storage

0 to 30˚C
0 to 30°C

Depth

0 to <55 ft (0 to <17 m)

Range

0 to 200 mg/L-Cl

Accuracy

±10% of reading or 2 mg/LCl, whichever is greater

Response

T63<30 sec

Resolution

0.01 mg/L

(see pg 12)

For all ISEs, the linear relationship between the
logarithm of the ammonium, nitrate or chloride
activity and the observed voltage, as predicted by the
Nernst equation, is the basis for the determination.
Ammonium is calculated from the pH, salinity, and
temperature readings. If a pH sensor is not in use,
the instrument will assume the sample is neutral
(pH 7) for the calculation. If a conductivity sensor
(salinity) is not in use, the instrument will use the
salinity correction value entered in the ammonium
sensor calibration screen for the calculation.

Replaceable Sensor Module

The EXO ammonium, chloride, and nitrate sensors
have a unique design that incorporates a userreplaceable sensor tip (module) and a reusable
sensor base that houses the processing electronics,
memory, and wet-mate connector. This allows users to reduce the costs associated with these sensors by only
replacing the relatively inexpensive module periodically and not the more costly base.
Sensor Type

Ion-selective electrode

The connection of the module to the sensor base is designed for one connection only and the procedure must
be conducted in an indoor and dry environment. Once installed the module cannot be removed until you
are prepared to replace it with a new module. See section 6.16 for detailed instructions.
The typical life expectancy of an ISE sensor is three to six months, depending on use.

Drift

The ion-selective electrodes have a strong tendency to exhibit calibration drift over time. This drift should
not be a major issue for sampling studies where the instrument can be frequently calibrated. However, if the
ammonium sensor is used in longer-term deployments, drift is likely to occur. The extent of the drift will vary
depending on the age of the probe, the flow rate at the site, and the quality of the water. For all monitoring
studies using ion-selective electrodes, the user should acquire a few grab samples during the deployment for
analysis in the laboratory or with another ammonium sensor that has been recently calibrated. The typical
accuracy specifications for the sensors refer to sampling applications where only minimal time has elapsed
between calibration and field use.
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and ORP
2.9 pH
1.10
Sensor Overview
Users can choose between a pH sensor or a combination pH/ORP sensor to measure these parameters. pH
describes the acid and base characteristics of water. A pH of 7.0 is neutral; values below 7 are acidic; values
above 7 are alkaline. ORP designates the oxidizing-reducing potential of a water sample and is useful for
water which contains a high concentration of redox-active species, such as the salts of many metals and strong
oxidizing (chlorine) and reducing (sulfite ion) agents. However, ORP is a non-specific measurement—the
measured potential is reflective of a combination of the effects of all the dissolved species in the medium.
Users should be careful not to overinterpret ORP data unless specific information about the site is known.
(continued)

Specifications
pH
Units

pH units

Temperature
Operating
Storage

-5 to +50°C
0 to 60°C

Range

0 to 14 units

Accuracy

±0.1 pH units within ±10°C
of calibration temperature;
±0.2 pH units for entire temp
range

Response

T63<3 sec

Resolution

0.01 units

Sensor Type

Glass combination electrode

(see pg 12)

ORP

599701, 599702, 599705, 599706;
599795-01, 599795-02, 599797-01,
599797-02 modules

Units

millivolts

Temperature
Operating
Storage

-5 to +50°C
0 to 60°C

Range

-999 to +999 mV

Accuracy

±20 mV in Redox standard
solution

Response

T63<5 sec

Resolution

0.1 mV

Sensor Type

Platinum button

(see pg 12)
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Replaceable Sensor Module

The EXO pH and pH/ORP sensors have a unique design that incorporates a user-replaceable sensor tip
(module) and a reusable sensor base that houses the processing electronics, memory, and wet-mate connector.
This allows users to reduce the costs associated with pH and pH/ORP sensors by only replacing the relatively
inexpensive module periodically and not the more costly base.
The connection of the module to the sensor base is designed for one connection only and the procedure must
be conducted in an indoor and dry environment. Once installed the module cannot be removed until you
are prepared to replace it with a new module. See section 6.16 for detailed instructions.
Users must order either a pH or pH/ORP sensor. Once ordered the sensor is only compatible with like-model
sensor modules. For example, if a pH sensor is purchased initially, then the user must order a replaceable pH
sensor module in the future; it cannot be replaced with a pH/ORP module.

Electrodes

EXO measures pH with two electrodes combined in the same probe: one for hydrogen ions and one as a
reference. The sensor is a glass bulb filled with a solution of stable pH (usually 7) and the inside of the glass
surface experiences constant binding of H+ ions. The outside of the bulb is exposed to the sample, where the
concentration of hydrogen ions varies. The resulting differential creates a potential read by the meter versus
the stable potential of the reference.
The ORP of the media is measured by the difference in potential between an electrode which is relatively
chemically inert and a reference electrode. The ORP sensor consists of a platinum button found on the tip
of the probe. The potential associated with this metal is read versus the Ag/AgCl reference electrode of
the combination sensor that utilizes gelled electrolyte. ORP values are presented in millivolts and are not
compensated for temperature.

Signal Quality

Signal conditioning electronics within the pH sensor module improve response, increase stability, and reduce
proximal interference during calibration. Amplification (buffering) in the sensor head is used to eliminate
any issue of humidity in the front-end circuitry and reduce noise.
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Total Algae (Chl & BGA-PC)
1.11 Sensor Overview
The EXO total algae sensor is a dual-channel fluorescence sensor that generates two independent data sets;
one resulting from a blue excitation beam that directly excites the chlorophyll a molecule, present in all
photosynthetic cells, and a second from an orange excitation beam that excites the phycocyanin accessory
pigment found in blue-green algae (cyanobacteria). This orange excitation triggers a transfer of energy from
the phycocyanin to the central chlorophyll a, where photosynthesis is initiated.
Although blue-green algae contain chlorophyll a, the chlorophyll fluorescence signal detected by in situ
fluorometers is weaker than in eukaryotic phytoplankton. This results in an underestimate of algae biomass when
using a single-channel chlorophyll sensor when blue-green
algae are present. The EXO total algae sensor generates a more
accurate total biomass estimate of the planktonic autotrophic
community by exciting chlorophyll a and phycocyanin.

(continued)

Specifications
Units
Chlorophyll
BGA - PC

RFU, µg/L Chl
RFU, µg/L PC

Temperature
Operating
Storage

-5 to +50°C
-20 to +80°C

Range

Chl: ~0 to 400 µg/L Chl; 0 to
100 RFU
BGA-PC: 0 to 100 µg/L PC;
0 to 100 RFU

Response

T63<2 sec

Resolution

Chl: 0.01 µg/L Chl; 0.01 RFU
BGA-PC: 0.01 µg/L PC;
0.01 RFU

Sensor Type

Optical, fluorescence

Linearity

Chl: R2>0.999 for serial dilution
of Rhodamine WT solution from 0
to 400 µg/L Chl equivalents
BGA: R2>0.999 for serial dilution
of Rhodamine WT solution from 0
to 100 µg/L PC equivalents

Detection
Limit

Chl: 0.09 µg/L Chl
BGA-PC: 0.04 µg/L PC

(see pg 12)

.
Optics:
Chl Excitation 470±15 nm

599102-01

PC Excitation

590±15 nm

Emission

685±20 nm
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The sensor generates data in three formats: RAW, RFU, and an estimate of the pigment concentration in μg/L.
The RAW value is a value unaffected by user calibrations and provides a range from 0-100, representing the per
cent of full scale that the sensor detects in a sample.
RFU stands for Relative Fluorescence Units and is used to set sensor output relative to a stable secondary
standard, such as Rhodamine WT dye. This allows users to calibrate sensors identically; for example, calibrating
all sensors in a network to read 100 RFU in a concentration of Rhodamine WT dye. The sensors can then be
deployed and generate data that is relative to all other sensors. Once a sensor is retrieved, it can be checked
against that same standard to assess sensor performance, drift, or the potential effects of biofouling.
The μg/L output generates an estimate of pigment concentration. The relationship between μg/L and sensor’s
RAW signal should be developed through following standard operating procedures of sampling the water body
of interest, collecting sensor data from sample, and then extracting the pigment to establish a correlation. The
higher the temporal and spatial resolution of the sampling, the more accurate this estimate will be.

Chlorophyll

The EXO chlorophyll sensor operates on the in vivo fluorescence principle with no disruption of the cells
required to obtain either spot readings or long-term data. The EXO sensor has an excellent detection limit as
determined under laboratory conditions and this advantage should be realized in many field applications.
EXO chlorophyll readings show excellent linearity on serial dilution of a surrogate solution of Rhodamine WT
(R2>0.9999) and this should ensure relative accuracy of field chlorophyll readings, i.e., a chlorophyll reading
of 100 units will represent twice the algal content of water with a chlorophyll reading of 50 units. Also, EXO
chlorophyll readings show very low interference from turbidity, allowing for more accurate determination of
algal content during rainfall events which release both sediment and algae into the water. The EXO chlorophyll
sensor also exhibits very low interference from dissolved organics, increasing data accuracy.

Blue-green Algae

The EXO BGA readings show excellent linearity on serial dilution of a surrogate solution of Rhodamine WT
(R2>0.9999) and this should ensure relative accuracy of field BGA-PC readings, i.e., a BGA-PC reading of 100
units will represent twice the algal content of water with a BGA-PC reading of 50 units. A significant advantage
of the EXO BGA-PC sensor is that its readings show less interference from turbidity and this will allow for
much more accurate determination of BGA-PC content during rainfall events which release both sediment
and algae into the water.
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Turbidity
2.9 Sensor Overview
1.12
Turbidity is the indirect measurement of the suspended solid concentration in water and is typically
determined by shining a light beam into the sample solution and then measuring the light that is scattered
off of the particles which are present. The suspended solid concentration is an important water quality factor
and is a fundamental measure of environmental change. The source of the suspended solids varies in nature
(examples include silt, clay, sand, algae, organic matter) but all particles will impact the light transmittance
and result in a turbidity signal.
The EXO Turbidity sensor employs a near-infrared light source and detects scattering at 90 degrees of the
incident light beam. According to ASTM D7315 method,
this type of turbidity sensor has been characterized as a
nephelometric near-IR turbidimeter, non-ratiometric#.
This method calls for this sensor type to report values in
formazin nephelometric units (FNU). FNU is the default
calibration unit for the EXO sensor but users are able to
change calibration units to nephelometric turbidity units
(NTU), raw sensor signal (RAW), or total suspended solids
(TSS) assuming the user enters the appropriate correlation
data.
The RAW value is a value unaffected by user calibrations
and provides a range from 0-100, representing the per cent
of full scale that the sensor detects in a sample. (continued)

Specifications
Default Units

FNU

Temperature
Operating
Storage

-5 to +50°C
-20 to +80°C

Range

0 to 4000 FNU

Accuracy

0-999 FNU: 0.3 FNU or
±2% of reading, whichever is
greater; 1000-4000 FNU: ±5%
of reading

Response

T63<2 sec

Resolution

0-999 FNU: 0.01 FNU
1000-4000 FNU: 0.1 FNU

Sensor Type

Optical, 90° scatter

Optics:
Excitation

.
860±15 nm

(see pg 12)

#

599101-01

ASTM D7315-07a “Test Method for Determination of
Turbidity Above 1 Turbidity Unit (TU) in Static Mode.”
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While all turbidity sensors will read consistently in formazin, other calibration solutions and field readings
will vary between different models of turbidity sensors. These differences are thought to be a result of differing
optical components and geometries and the resulting detection of varying suspended sediment characteristics.
This effect is inherent in the nature of every turbidity sensor, and as a result readings between different model
turbidity sensors are likely to show different field values even after calibration in the same standards.
For long-term, in situ continuous monitoring of turbidity, the EXO2 sonde has a wiper to clean the turbidity
sensor to avoid sensor fouling and maintain accuracy.
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2.1

Install Batteries

The EXO1 Sonde uses two (2) D-cell alkaline batteries and the EXO2 Sonde uses four (4) D-cell alkaline
batteries as the recommended power source. Alternatively, the sonde may use rechargeable NiMH D-cell
batteries that you purchase. (Do not use Ni-Cad rechargeable batteries in the EXO sonde.) See detailed
installation instructions Section 6.2

1. Remove battery cover.
A

EXO1: Twist the blue battery cover counterclockwise to
loosen, lift up to remove. Use included wrench to loosen, if
necessary.
Do not remove the screws on the sonde’s electronics
compartment.
EXO2: Unscrew and remove battery cap. Use included
wrench to loosen, if necessary.

EXO1

2. Install batteries.
EXO1: Lift up the rubber flaps (not shown at left), which
help reduce vibration against the battery cover.
EXO1 and EXO2: Insert the batteries with positive
terminals (+) facing up and negative terminals (-) facing
down toward the probes.

3. Replace battery cover.

EXO1

Replace the battery cover or cap and tighten until snug. Do
not overtighten.
wrench

EXO2 top

EXO2
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2.2

Install/Remove Sensors

EXO sensors have identical connectors and identify themselves via onboard firmware; therefore, users can
install any probe into any universal sonde port. The exception is the wiper for the EXO2 sonde, which must
be installed in the central Port 7. Individual ports are physically identified by an engraved number on the
sonde bulkhead. Although the probes are wet-mateable, users should clean, lubricate, and dry the sonde and
sensors connectors prior to installation or service, when possible.

1 Remove probe or port plug.
Remove the calibration cup and sensor guard from the
sonde. Place the sonde on a clean, flat surface and prevent
it from rolling.
If removing a sensor or port plug, use the probe tool
in the locking nut and rotate counterclockwise to loosen.
Pull the probe straight out of the port and place on a clean
surface. Remove hydration caps or buffer bottles on probes.
Wipe dry with a clean, lint-free cloth.

2 Clean port and install sensor.
Visually inspect the port for contamination. If the port
is dirty or wet, clean it with a clean, lint-free cloth or
compressed air. Apply a light coat of Krytox grease to the
rubber mating surfaces of the connector (not the -o-ring)
and a small dab of Krytox grease on the threads of the
locking nut.
Insert the sensor into the port by properly aligning the
connectors’ pins and sleeves (male and female contacts);
then press them firmly together.

3 Tighten locking nut.

A
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Taking care not to cross-thread the grooves, finger-tighten
the locking nut clockwise. When the nut and o-ring are
seated against the bulkhead, tighten the nut with probe tool
1/4 turn until snug. Once sensors or plugs are installed,
reinstall the sensor guard to protect sensors from impact
damage.
Take care not to twist the probe body when tightening
and loosening the locking nut. Excessive twisting of the
probe can damage the connector and is not covered under
warranty.

Install/Remove Guard or
2.3 Calibration Cup
Sonde guards protect EXO sensors from impact throughout deployment. Users must install the guard prior
to data collection. The calibration cup (cal cup) is used for storage and calibration. We recommend using
two guards: one for field deployments and a second used exclusively for calibrations. Using a second guard
will minimize calibration solution contamination (especially for turbidity). EXO calibration cups install over
an installed sonde guard. This configuration reduces the amount of standards required for calibration and
protects the sensors during calibration.

1 Install/remove sonde guard.

A

Install guard by threading it onto the sonde bulkhead
threads. Rotate the guard clockwise on the bulkhead to
install, taking care not to pinch your fingers. Rotate it
counterclockwise to remove. Always use one guard for
deployment/storage and the other for calibration only.
Take care not to let the guard damage unguarded pH or
pH/ORP sensors when installing and removing.

2 Install/remove calibration cup.
Before installation, loosen (but do not remove) the
cup’s clamping ring. Then, with the sonde guard already
installed, slide the cal cup over the guard until the bottom
of the guard rests against the bottom of the cal cup. Tighten
the ring until snug. To remove the cal cup, loosen the ring
by 1/4 turn and pull the guard free from the cup.
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Install/Remove Saltwater

2.4 Sacrificial Anode

The EXO saltwater anode kit (#599595) is required for sondes continuously deployed in corrosive media,
particularly saltwater or brackish estuarine water.
A “sacrificial anode” is commonly used in marine applications to minimize corrosion damage to all metallic
parts of ships. Elemental zinc is used as the sacrificial anode because it is more easily oxidized than most other
metals. A replaceable block of zinc is installed in electrical contact with other metals that are susceptible to
saltwater corrosion, and the zinc is preferentially oxidized (or corroded), thus preventing damage to other
metal components. The metal on the EXO’s bulkhead, probe housings, and optional antifouling guard benefit
from the use of a sacrificial anode.

1 Grease threads.
Apply a light coating of lubricant to the connector threads
to prevent binding. Apply a light coating of lubricant to the
anode base’s o-ring and threads.

2 Install the anode base.
Insert the anode base in an available sensor port and screw
down the retaining ring until snug.

3 Install the anode.
Install the sacrificial anode in the anode base, twisting until
anode is snug.
When the first anode deteriorates, replace with the second
anode in the kit. When both anodes have been consumed,
purchase a new anode kit.
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Sonde States and
2.5 LED Descriptions
States
An EXO sonde is always in one of three operational states: Off, Awake, and Asleep. These states determine the
sonde’s current power usage and logging potential. When Off , the sonde is not powered and cannot collect
data (no batteries installed, no topside power). Users can apply power to the sonde internally, using batteries,
or externally with an EXO field cable attached from the topside port to an EXO Handheld, DCP or other
approved power source. Once power is applied to a sonde, it is either Awake or Asleep.

States
Off: Not powered, no data
collection.
Asleep: Low power. Waiting for
command.
Awake: Full power. Ready to
collect.
LED Indicators
Blue LED – Bluetooth
None: Off, not active.
On Solid: On, not linked.
2 Hz Blink: On, successfully linked.
Red LED – Sonde State
None: Sonde is Off or Asleep
with logging disabled.
0.1 Hz Blink: Sonde is Asleep with
logging enabled.
1 Hz Blink: Sonde is Awake.
On: Sonde is Awake with faults.

When in an Asleep state, the sonde remains in a very low
power setting and waits for a user command or its next
scheduled logging interval. An Awake sonde is fully powered
and ready to collect data. Once awakened, a sonde remains
Awake for five minutes after its last communication via
Bluetooth or 30 seconds after its last communication via
the topside port. The sonde also automatically awakens 15
seconds before its next scheduled logging interval.
LED Indicators
Each sonde has two LED indicators that show the sonde’s
status. The blue LED indicates the Bluetooth’s wireless
connection status. The red LED indicates the sonde’s current
state.
The Bluetooth light (blue) is activated by a magnet swipe at
the magnetic activation area. When the blue LED is off, the
Bluetooth is disabled. When the light is on continuously, the
Bluetooth is enabled, but no link has been established. When
the blue LED blinks at 2 Hz, the sonde’s Bluetooth is on, and
has established a link.
When the red sonde state LED is off, the sonde is either Off
or Asleep and not logging. When it blinks at 0.1 Hz (once
every 10 seconds), the sonde is Asleep and logging is enabled.
When the red light blinks at 1 Hz, the sonde is Awake and
has no faults. If the red light is lit continuously, the sonde is
Awake and has detected faults, such as problems with the
system that need to be fixed prior to use.
Modes
Within the Awake state, the sonde has three modes, which
are activated via Kor software. When “Inactive (Off),” the
sonde does not log any data. In “Real-Time” mode, the
sonde continuously collects data at a user-specified interval
(default is 2 Hz). “Sample/Hold” mode allows users to easily
synchronize data between the sonde’s data logger and an
external data collection platform.
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Awaken Sonde,
2.6 Activate Bluetooth
Once power is applied to the sonde, internally or externally, users can awaken their sondes from Sleep state using
any of several methods. Primarily, users activate EXO sondes and the Bluetooth connections via a magnetic
switch installed in sonde’s electronics compartment. The sonde will automatically disable the connection and
go to sleep once it has not received a Bluetooth signal for 5 minutes or a signal from the topside connector
for 30 seconds. In order to activate their sondes, users should keep a magnet with them when setting up and
deploying sondes. For more information on sonde states and LEDs, please see Section 2.5.

1 Awaken sonde with magnet.

magnet

(inside tool)

Users can make their sonde go to the Awake state by
holding a magnet at the magnetic activation area on the
sonde’s bulkhead (identified by the illustrated magnet
symbol on the label). Simply hold the magnet within
one (1) cm of the symbol until the LEDs activate. EXO
Handhelds and sensor tools contain embedded magnets
identified by the same symbol.

2 Awaken sonde without magnet.
Users can also make their sonde go to the Awake state
using any of the following methods.
• Cycling power to the sonde (uninstalling/installing
batteries).
• Communicating via the topside port.
• Inserting a sensor.
In addition to these manual methods, the sonde also
automatically awakens for scheduled unattended logging
(programmed in KOR).

3 Activate sonde’s Bluetooth.
Users activate Bluetooth by holding a magnet at the
magnetic activation area in the same way as described in
Step 1. In addition to magnetic activation, users can also
activate Bluetooth by:
• Cycling power to the sonde (uninstalling/installing
batteries).
• Enabling Bluetooth via a connection at the topside port
in KOR.
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Attach Sonde to Handheld
2.7 Field Cable
All EXO cables have 6-pin and wet-mateable connectors. (Connectors on vented level cables have 5 pins and
a vent pin.) Each cable also incorporates a strain relief mechanism to alleviate stress on the connector. Read
section 6.18 Cable Maintenance section before first-time use. Because Bluetooth wireless will not pass
through water, users must use the cable to connect to the sonde when it is submerged and taking real-time
field readings that are being viewed by the user or logged by a data collection platform.

1 Attach cable to sonde.
Apply a light layer of Krytox grease to the male pins and
rubber surface of the connector on the cable and the female
connector on the sonde.
For the EXO1 sonde, first attach the cable’s strain relief to
the sonde’s bail with a carabiner. Then press in the cable’s
male 6-pin connector, and screw down the retaining collar.
(For the EXO2 sonde, the strain relief can be connected
after the cable and collar.)
The cable’s strain relief is designed to capture the sonde in
case of failure of the connector.

2 Attach cable to handheld.
Apply a light layer of Krytox grease to the male pins on the
handheld and the female connector on the cable. Press on
the female 6-pin connector, then screw down the retaining
collar. Connect the strain relief to the Handheld’s strap.

3 Discover sonde in KOR.
Upon startup of the Handheld, KOR software searches for a
hard-wired connection to the sonde. If KOR discovers the
sonde it will request to connect to it.
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Attach Sonde to Handheld
2.8 Bluetooth Wireless
Users can wirelessly connect EXO sondes (above water) to the EXO Handheld using Bluetooth wireless. With
Bluetooth, users can reduce the amount of cables needed to operate their sonde. This wireless connection
has a typical range of 10 meters, but this range will fluctuate depending on the operating environment. Users
cannot wirelessly connect through water.
In order to connect via wireless, both devices must be powered on.

1 Activate sonde’s Bluetooth.

magnet

Activate Bluetooth by holding a magnet at the magnetic
activation area. In addition to magnetic activation, users
can also activate Bluetooth by cycling power to the sonde
(remove/reinstall batteries).

(inside tool)

2 Discover sonde in KOR.
Every time the Handheld powers on, it automatically
searches for a sonde via the hard-wired cable connection
and will connect to the sonde if the Auto Discover option is
enabled in the Connection | Settings menu.

3 Rescan sonde.
If a wired connection is not found, and to manually
establish a connection to a sonde via Bluetooth, navigate to
the Connections menu in KOR software on the Handheld.
Select Rescan. KOR will rescan and detect Bluetoothenabled sondes. Select the sonde from the list and then
click the Connect button.
If no sonde is detected, click Refresh to scan again. It may
take 2-3 scans to discover the sonde.
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2.9

Install KOR Software

The desktop KOR software is supplied will all EXO sondes on a USB flash drive. Installing the software will
require Administrative privileges on the local PC. It is important to install KOR software prior to using the
USB Signal Adapter, as the required drivers for the adapter are installed along with KOR software.
NOTE: A “lite” version of KOR software on the EXO handheld does not require any installation.

1 Install KOR software and drivers.
Insert USB drive and install software using the startup.exe
file. Select all these items to install: EXO-KOR software,
National Instruments supporting software, and USB drivers
for the EXO USB adapter. When complete, KOR will reside
in the root Program menu (not in a subfolder) with the
following icon:
Additionally, a folder called National Instruments will be
created; however this information will not be accessed
through the course of normal operation.
Reboot the computer after installation of the software.

Minimum requirements:
Minimum requirements on a computer for KOR software:
• Windows®XP (service pack 3) or newer Windows
operating platform (Windows®7 recommended)
• Microsoft .NET (any version from 2.0 through 3.5
Service Pack 1)*
• 500 MB of hard disk space (1 GB recommended)
• 2 GB of RAM (4 GB recommended)
• Screen with resolution of 1280x800 or greater
• Available USB 2.0 port
• Internet access for software updates
• Optional: Integral Bluetooth or USB dongle Bluetooth
adapter

2 Software updates

When they become available, updated versions of KOR
software will be posted to www.EXOwater.com. Users
will need to register a free account to access the software
download.
*Download and install a Microsoft executable file that helps your
computer run applications developed using the .NET framework:
www.microsoft.com/download. Search for “dotnetfx.exe”.
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Connect Sonde
2.10 USB
The USB signal output adapter (USB-SOA #599810) allows users to connect to an EXO sonde over a standard
USB connection. Although the USB-SOA is rugged and water resistant, users should protect its connectors
with the included cap when not in use. The SOA should never be submerged.
Prior to use, users must install KOR software and its drivers on the associated PC. The USB-SOA will not
work without the drivers that accompany KOR. See section 2.9.

1 Connect SOA to sonde.
Remove the plug from the 6-pin connector on the sonde.
Apply a light layer of Krytox grease to the male pins on the
sonde and the female connector on the USB-SOA. Then
align the connector’s six pins and jackets, and press them
firmly together so that no gap remains.

2 Connect USB cable to SOA and PC.

Remove the protective cap from the USB end of the SOA,
and ensure that the connector is clean and dry. Then insert
the small end of the provided USB cable into the SOA
connector and the large, standard side into one of the PC’s
USB ports.
Attaching the adapter to the PC causes a new device to be
recognized. Windows automatically installs the drivers
and creates a new port. Each new adapter that is attached
creates a new port.

Ports
KOR automatically scans ports for both USB adapters and
Bluetooth. To view the USB adapter and its associated
comm port, go to the Control Panel on your computer,
click Device Manager, then click Ports.
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Connect Sonde
2.11 Bluetooth
Before users can communicate wirelessly with their EXO sondes, they must establish a Bluetooth link. All
EXO sondes are equipped with Bluetooth wireless. This technology provides a secure, two-way, reliable
communication channel with which users can communicate with their sondes above water without cables.
Many new computers are equipped with Bluetooth wireless installed internally; those without Bluetooth
can use a Bluetooth dongle (not included). Follow the manufacturer’s instructions for installing the dongle’s
software and hardware. Administrative permissions and IT support may be required depending on the
adapter and your PC settings.

1 Install Bluetooth dongle (optional).
If your computer is not equipped with internal Bluetooth
radio, insert a Bluetooth dongle (not provided) into any
of the computer’s USB ports. Wait for the computer to
automatically install the device and its drivers. Once the
installation is complete, the computer should indicate that
the device is installed and ready to use.
The preferred Bluetooth configuration is Windows 7 with
native Windows Bluetooth drivers and software.

2 Activate sonde’s Bluetooth.

magnet

(inside tool)

Users activate Bluetooth wireless by holding a magnet
at the magnetic activation area. In addition to magnetic
activation, users can also activate Bluetooth by:
• Applying power to the sonde (remove and reinstall
batteries)
See more information on sonde activation and LED
conditions in sections 2.5 and 2.6.

3a Establish Bluetooth link–Search
Bluetooth (Win 7 or Win XP).

1. Launch KOR software and click the Connections menu.
2. Click Rescan button.
3. Click Search Bluetooth button. This may take up to 40
seconds, and may require several attempts using the
Refresh button.
4. Select the device from the list and click Connect.
When the connection is complete, KOR automatically
displays the Dashboard screen with live data.
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3b Establish Bluetooth link (Win XP).

1. Click the Bluetooth icon in the system tray (lower right),
select “Add a Bluetooth Device” and complete the device
wizard.
2. Activate your sonde’s Bluetooth.
3. Check “My device is setup and ready to be found,” then
click “Next.”
4. Locate the sonde name (starts with YSI) from the list and
click Next. (If not found, click “Search Again.”)
5. Select “Enter the device’s pairing code” and click Next.
Then enter the pairing code 9876. Click “Next.”
6. Windows assigns an outgoing comm port. Select Finish.
7. See step 3a to complete the connection in KOR.

3c Establish Bluetooth link (Win 7).

1. Open the Windows Start menu and click Devices and
Printers.
2. Select “Add a Device” from the top of the screen.
3. Locate the sonde name (starts with YSI) from the list and
click Next.
4. Select “Enter the device’s pairing code” and click Next.
Then enter the pairing code 9876. Click “Next.”
5. Windows will configure the device, install drivers, and
assign a comm port.
6. See step 3a to complete the connection in KOR.

4 Confirm successful link.
Once the device has been added, confirm that the device
appears in:
• Win XP -Devices tab of the BT Devices window
• Win 7 - Devices and Printers screen
If the device is not listed, attempt the establishment process
again.
This process establishes a secure wireless link between the
sonde and a PC. Once established, users will not need to
perform this process again in order to link with the sonde.

Ports
KOR automatically scans ports for both USB adapters
and Bluetooth. To view the comm port associated with
Bluetooth:
• Win XP : Go to the Bluetooth menu on your computer, click
Show Bluetooth Devices, click on the device you added,
then click Properties > Services.
• Win 7 : Go to the Devices and Printers screen, right-click
your sonde, then click Properties > Hardware.
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Connect Sonde
2.12 Data Collection Platform (DCP)
This signal output adapter (DCP-SOA #599800) allows users to connect an EXO sonde to a Data Collection
Platform as well as power it via an external 12 V DC source (not included). Users wire a sonde cable with
flying leads into one side of the SOA and an SDI-12 /RS-232 output and power source into the other. Mount
the SOA in a humidity-controlled enclosure using the following recommended hardware, and never attempt
to perform electrical work beyond your experience.

1 Configure sonde.
Using KOR software, go to the Deploy menu and choose
to deploy by opening a template or starting a custom
deployment. Click Edit, then go to the SDI-12 tab and
select your parameters and the SDI address. The sonde’s
default address is zero (0). Click to save with one of these
options: Save, deploy, start logging; Save, deploy, no
logging; Save only.
Refer to Section 4.4 KOR Software for more details.

2 Route cable.
Determine the sonde cable routing to the DCP, and protect
the cable from chafe damage and impact.
Route the cable through a sealing gland into the DCP, and
ensure that the seal is air-tight and water-tight.

3 Mount SOA.

on reverse

3M

3M

Users can mount the SOA horizontally or vertically either
by the screw slots on the sides of the SOA or with the
included 3M adhesive strips. The screw slots were designed
to accept #4 wood screws but may accept other types and
sizes.
If the user opts to use adhesive strips, first clean the
application surface with a 50:50 mixture of isopropyl
alcohol and water, then mount them in temperatures
between 21° and 38°C (70˚ and 100˚F) and allow the bond
to cure for 72 hours if possible before attaching wires.
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4 Connect flying lead cable to sonde.
Press in the male 6-pin connector, then screw down the
retaining collar. Attach the cable’s strain relief to the sonde’s
bail with a carabiner. The cable’s strain relief is designed to
capture the sonde in case of failure of the connector.

1
1 0
14 2
1
1 6
20 8

A

5 Prepare wires.
Always follow proper safety precautions when performing
electrical work.
Properly strip the ends of the wire. Remove 0.25 inches
of insulation from each wire then twist the bared strands
together. All wires should be 18-24 AWG and are not
included with the SOA.

6 Insert wires into SOA.
Loosen the clamping screw with the supplied screwdriver,
insert the indicated wire into the terminal strip, and tighten
the clamping screw back down onto the exposed wire end.
Ensure that all strands are inserted to avoid short circuits.
Take care not to strip the slots in the heads of the screws.
• Connect DCP signal ground to SOA SDI ground terminal
(recommend black wire)
• Connect DCP SDI-12 data terminal for SOA SDI-12
terminal (recommend violet wire)
• Connect DCP output ground terminal to SOA power
ground terminal (recommend black wire)
• Connect DCP 12 VDC output to SOA 9-16 VDC input
terminal (recommend red wire).
NOTE: Due to the tight accessibility of many enclosures, it
may be more practical to complete Step 6 (Wiring) prior to
Step 3 (Mounting).
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Voltage
The sonde is designed to run with 12-volt batteries, with
supply voltages between 9 and 16 V DC. These systems
should be directly powered by a sealed battery or installed
as part of a remote solar system. Power the SOA through a
1-amp slow-blow fuse for protection. Remove the fuse until
all wiring is completed.
When used with a solar system always ensure use of
12-volt solar regulator. Never connect the sonde directly to
solar panel; voltages above 16.5 volts will cause the sonde to
shut down and excessive voltage will permanently damage
the sonde and is not covered under warranty.

Power

+ 9-16V DC

1 Amp Fuse

- Ground

Expansion

Sonde

(Handheld)

RS -232
SDI -12

Power Draw
Asleep
EXO1, full sensor
payload
EXO2, full sensor
payload
DCP SOA

Active

0.25 mA

45 mA

0.25 mA

100 mA

1 mA

17 mA

Command Sets
To program the DCP with SDI-12 or RS-232 commands,
please see command sets in KOR software, section 4.11.
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Connect Sonde
2.13 Flow Cell
There are two versions of the EXO flow cell: EXO1 flow cell (#599080) and EXO2 flow cell (#599201). Flow
rate of the flow cell is typically between 100 mL and 1 L per minute. Maximum flow rate depends on tubing
type, size, and length. Maximum pressure for each flow cell is 25 psi.

1 Inspect sonde and flow cell.
Remove the sonde guard or calibration cup from the sonde
so that the sensors are exposed.
Make sure that the threads of the sonde and flow cell as
well as all o-rings are clean and free of any particles such as
sand, grit, or dirt.

Outflow ..

2 Insert sonde into flow cell.
Insert the sonde into the top of the flow cell. Be careful not
to bump or scrape the sensors on the sides of the flow cell.
Screw the sonde into the flow cell by turning the sonde
clockwise until it is hand-tightened into place; do not use
a tool.

3 Connect tubing to flow cell.
Install the Quick Connect tube fittings onto the flow cell
by inserting them into the Quick Connect coupling body.
They should snap into place.
Connect the tubing from your pump (not included) to the
Quick Connect tube fittings, making sure that the tubing is
pushed securely onto the fittings. The inflow should be at
the bottom of the flow cell and the outflow should be at the
top.

Inflow ..

Keep flow cell vertical to purge it and ensure air release
from Conductivity/Temperature sensor.

A
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Do not turn on water to the system until the flow cell is
securely connected.

Connect Field Cables
2.14 with Cable Coupler
A cable coupler is required to join two EXO field cables together or a field cable to a flying lead cable. The
cable coupler is available in either titanium (#599430-01) for deployment or brass (#599430-02) for laboratory
and non-submerged use. Review these instructions for the proper installation of the cable coupler.

1 Position and install coupler on first
cable.

A

Prior mating the cables together, install the coupler on the
first cable. Pull the black retaining collar away from the
male 6-pin connector and then install the coupler onto the
exposed cable between the collar and the connector.
Align the coupler in the correct orientation, with the
smaller interior diameter positioned toward the black
collar. Incorrect orientation of the coupler does not allow it
to slide over the connector later.
Screw the black retaining collar onto the end of the coupler.

2 Connect cables.
Apply small dabs of Krytox grease to the sockets of the
connector on the second cable. Then align the 6-pin
connector of the first cable with the sockets of the second
cable and press them firmly together so that no gap
remains.

3 Connect coupler to second cable.
Slide the black collar and coupler toward the joined
connectors. Slide the white retaining collar of the second
cable to the coupler and twist to securely attach the two
components together.
Attach the strain reliefs of each cable together via the
carabiners.
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Handheld
3.1 Install or Replace Batteries
The EXO Handheld (HH) uses four (4) C-cell alkaline batteries as a power source. Users can extend battery
life by putting the HH in “Sleep” mode, when convenient, by pressing and holding the power button for less
than three seconds. Rechargeable Nickel Metal Hydride (NiMH) batteries can also be used. Battery life varies
depending on GPS and Bluetooth wireless use.

1 Remove battery cover panel.
The battery cover panel is located on the back of the HH.
To remove the panel, unscrew (counter-clockwise) the four
screws with a flat or Phillips head screwdriver.
Note: The retaining screws are integrated into this panel
and are not independently removable. If replacement is
necessary, replace the entire assembly.

2 Insert/replace batteries.
Remove the old batteries and dispose of them according to
local ordinances and regulations. Install the new batteries
between the battery clips with their polarity (+/-) oriented
as shown on the bottom of the battery compartment.
If you use your own rechargeable batteries, they cannot
be charged inside the handheld; they should be charged
outside the handheld.

3 Reinstall battery cover panel.
Ensure that the rubber battery cover gasket is seated
properly, then replace the cover onto the back of the HH.
Tighten the four retaining screws back into their holes, but
do not overtighten.
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3.2

Power On/Off Handheld

Users can power on/off and awaken/put to sleep the EXO Handheld (HH) depending on use. In order to
use the HH, users must first power it on. When finished with the HH, users should power it off to increase
its battery life. When temporarily not using the HH, users should put it to sleep, and awaken it when next
needed. The HH’s sleep mode is a low-power mode designed to increase its battery life. When finished with
the HH for a long period of time, users should power it off and remove the batteries.

1 Power on/awaken handheld.
With batteries installed, press and hold the power button
for one second. The Bluetooth wireless indicator will then
illuminate. Next the splash screen will appear then briefly
go black (approximately 5 seconds) while the system starts
up. The HH will then automatically start Kor.
If the HH is asleep, users should briefly press the power
button to awaken it.

2 Power off/put to sleep.
To power off the HH, users must press and hold the power
button for more than three seconds. Once the button has
been held long enough, the screen will power down and go
black.
To put the HH to sleep, press and hold the power button
for less than three seconds, and release it. The screen will
then go black.
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Attach Handheld to Sonde
3.3 Field Cable
All EXO cables have 6-pin and wet-mateable connectors. (Connectors on vented level cables have 5 pins
and a vent pin.) Each cable also incorporates a strain relief mechanism to alleviate stress on the connector
throughout deployment. Read section 6.18 Cable Maintenance before first-time use. Although the cables are
wet-mateable, users should dry the connectors prior to installation when possible. Always protect connectors
by leaving the cable or connector caps installed even when the connector is not in use. Always attach the
cable’s strain relief mechanism to the bail when the sonde is deployed.

1 Attach cable to sonde.
Apply a light layer of Krytox grease to the male pins and
rubber surface of the connector on the cable and the female
connector on the sonde.
For the EXO1 sonde, first attach the cable’s strain relief to
the sonde’s bail with a carabiner. Then press in the cable’s
male 6-pin connector, and screw down the retaining collar.
(For the EXO2 sonde, the strain relief can be connected
after the cable and collar.)
The cable’s strain relief is designed to capture the sonde in
case of failure of the connector.

2 Attach cable to handheld.
Apply a light layer of Krytox grease to the male pins on the
cable and the female connector on the handheld. Press on
the female 6-pin connector, then screw down the retaining
collar. Connect the strain relief to the Handheld’s strap.

3 Discover sonde in KOR.
Upon startup of the Handheld, KOR software searches for a
hard-wired connection to the sonde. If KOR discovers the
sonde, it will request to connect to it.
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Attach Handheld to Sonde
3.4 Bluetooth Wireless
Users can wirelessly connect their EXO sondes (above water) to the EXO Handheld using Bluetooth wireless
communication. With Bluetooth, users can reduce the amount of cables needed to operate their sonde. The
wireless connection has a typical range of 10 meters, but this range will fluctuate depending on the operating
environment. Users cannot wirelessly connect through water.
In order to connect via wireless, both devices must be powered on.

1 Activate sonde’s Bluetooth.

magnet

Users activate Bluetooth by holding a magnet at the
magnetic activation area. In addition to magnetic
activation, users can also activate Bluetooth by cycling
power to the sonde (remove/reinstall batteries).

(inside tool)

2 Discover sonde in KOR.
Every time the Handheld powers on, it automatically
searches for a sonde via the hard-wired cable connection
and will connect to the sonde if the Auto Discover option is
enabled in the Connection | Settings menu.

3 Rescan sonde.
If a wired connection is not found, and to manually
establish a connection to a sonde via Bluetooth, navigate to
the Connections menu in KOR software on the Handheld.
Select Rescan. KOR will rescan and detect Bluetoothenabled sondes. Select the sonde from the list and then
click the Connect button.
If no sonde is detected, click Refresh to scan again. It may
take 2-3 scans to discover the sonde.
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Spot Sampling
3.5 View Live Data
When connecting through the Handheld, KOR software attempts to automatically connect to an available
sonde and start displaying current data in a live view. To manually access the live view from either the
Handheld or Desktop, go to the Run menu and choose “Dashboard.” Users can set view preference in the live
view menu to display numeric live data (default) or a graph view, where a maximum of two parameters can
simultaneously be plotted on the screen. For overview of KOR menus, see section 4; for overview of Handheld
keypad functions, see section 1.3

Data dashboard and graph
Users can toggle between numeric Dashboard and Live
Graph views using the soft key on the right. The Capture
Data soft key may be used to log information displayed on
the screen.
Dashboard image at left; live graph image at middle left.

Parameter preference
Users can select which parameters to display in graph
mode by using the backspace and tab keys on the Handheld
keypad. If an expected parameter is not available, first set
the appropriate units preference from the Options | Units
menu.

Advanced display settings
Adjust data display settings for both dashboard and live
graph modes in the Run menu. Select Settings to change
the settings for log mode (single, cached, or continuous),
graph type (time series or vertical profile), sample interval
(default is 1 sec), and default parameters to view.
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Spot Sampling
3.6 Record Spot-Sampling Data
The sonde can be used for both continuous and spot-sampling applications. Spot-sampling readings are
refreshed in real-time on the Dashboard screens. The Capture Data soft key on the Handheld allows logging
of this spot-sampling information. (Capture Data settings should not be used for deploying a sonde in
continuous monitoring applications. Use the Deploy menu for these applications.)

1 Capture data.
To capture spot sample files, go to the Run menu and click
the soft key below the Capture Data button.
There are three options when logging data:
• Single Point, to log the most recent data point
• Cached, to log 100 data points
• Continuous, with no size limit (future functionality)
Data is captured in a .bin file on the Handheld.

2 Name file.
Whether logging data a single point at a time or logging a
stream of data, information will be stored in a file specified
under the Options menu. If a unique file name is not
selected, then a default file is automatically created.
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Upload Data
3.7 from Handheld to PC
The EXO Handheld stores two different sets of sensor data files: Files uploaded from the sonde and files
manually logged into the Handheld from the live data mode. Both types of files can be sent to a PC via the
USB cable. Note that KOR Desktop software must first be installed on a computer before transferring files
from Handheld to PC.

1 Connect handheld to computer.
Plug the small end of the USB cable into the port on the
top side of the EXO Handheld. Plug the other end of the
USB cable into a port on your computer. Power on the
Handheld and allow a minute for Windows to recognize
the Handheld as a removable drive before the Handheld
shows up in KOR software.

2 Transfer files.
When the Handheld is connected to the PC, go to the
Options | Sync with Handheld menu in KOR Desktop
software. Select Sync All and KOR will search all folders
and synchronize the files automatically. Or users can
select each folder separately and synchronize selected files
manually.

3 Delete files.

Directory Maintenance: Users can browse folders and
select files to delete from the Handheld. Deleting files is
optional.
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3.8

GPS

Upon startup of the Handheld, the GPS function automatically initiates a fix of the location. This may take
some time. During this process, the Handheld should remain stationary and have a clear view of the sky. The
first time a user powers on the Handheld, the GPS fix can take up to a maximum of 20 minutes to obtain.

Enable GPS.
To manually enable GPS, go to the Options menu. Select
Handheld | Enable GPS | On. Click Apply. When GPS is
fixed, a signal strength icon with green bars will appear. If
the bars are black, then no GPS signal is found.

Turn on/off GPS.
The GPS consumes battery power and can be turned off to
conserve battery life. To manage the GPS, go to the Options
| Handheld | GPS menu and select On or Off.
To display GPS units on screen, go to the Options | Units
menu and select GPS Lati and GPS Long. When units are
selected, GPS data is displayed on screen only if the GPS is
turned on.
If the Handheld is stored for more than 10 days without
batteries installed, then the user will need to re-enter the
date and time. Additionally, it will take longer for the unit
to obtain a new GPS fix.

pg

| 54

4.1

KOR Software

Users interface with the EXO sondes and handheld via KOR software. Once the software is installed and
a device is connected to a computer or an EXO handheld, launch the KOR software. KOR Installation
instructions, see section 2.9.

Navigation
Both versions of KOR—Desktop KOR for computers and
KOR for the EXO handheld—have the same basic menu
structure. The main menu items are:
Run: This menu is used to display live data from the EXO
sonde either in numeric or graphical display.
Calibrate: This menu is used to calibrate the sensors
installed in the EXO sonde, after the sonde is connected.
Deploy: Go to Deploy to set up the EXO sonde for logging
deployments. Settings such as logging interval and SDI12 configurations are in this menu, as well as starting and
stopping autonomous logging on the sonde.
Sites: Used to manage sites, this optional menu helps users
create site detail that may be associated with files logged in
the sonde. Not available now; future functionality.
Data: This menu enables file transfers from the EXO sonde
or handheld, and can also be used without a sonde to view
and export data files that were previously transferred to the
desktop or handheld.
Options: Application preferences, sonde settings, and
software and firmware updates can be accessed through this
menu. The user can change display units here.
Connections: This menu allows the user to connect
to other sondes and devices, identify which probes are
installed in which ports, and update Bluetooth settings.
Help: This page links to support resources for using KOR.
Status icons: The icons in the top right of the KOR window
are information-only displays. The white box shows the
connected device by serial number and name. The sonde
icons show if an EXO sonde is connected (check mark) or
not connected (X). The folder icons show if the sonde is
currently in logging mode (check mark) or not logging (X).
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4.2 KOR Software
Run Menu

The Run menu displays real-time water quality data in numeric or graph formats, and has three main
submenus.

Dashboard

This real-time display shows data from connected devices.
The data appears in a default order of parameters in the list.
In the RUN menu, data is automatically buffered up to 1000
points in desktop KOR and 100 points in handheld KOR.
Capture Data: Use the Capture Data button to save a
snapshot of the data buffer to the computer. The captured
data is automatically saved in the location and in a format
specified in the Settings submenu (see next page).
Wipe Sensors: In the Dashboard menu, it is possible to
manually activate the central wiper if the EXO2 sonde
is equipped with one. This feature can be helpful when
transferring the sensors into liquid; the wiper can help
remove any bubbles that may be trapped at the sensor faces.
Note: Menu functionality is the same, although visual display
differences are found between KOR’s Desktop version (top)
and Handheld version (bottom).

Graph

This real-time display will graph one or two parameters
from the attached EXO device. The parameters are chosen
from the drop-down menu above the plot area (desktop
KOR) or with the tab and backspace keys (handheld KOR).
Only parameters currently active in the attached device will
be available for plotting.
It is important to note the scale when viewing real-time
data in Graph mode. Due to the precise nature of EXO
sensors, very small micro-changes are visible in the graph.
• Auto-scaling enables KOR to best fit data into the
available window, even if the Y-axis extremes vary by less
than a unit.
• To manually scale the plot, first deselect the Autoscale
button(s), then click the upper-most and bottom-most
numbers on either Y-axis. (Not available on handheld KOR.)
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Capture
Data

Clear
Buffer

Advanced
Plot Tools

Clear Buffer: As in the Dashboard, the data buffer can
manually be saved to a file using the Capture Data button.
Alternatively the buffer data can be cleared using the Clear
Buffer button. Once the buffer is cleared, it cannot be
recovered.
Advanced Plot Tools are available to manipulate the graph.
Explore these features by clicking either of the small plot
lines in the upper right corner immediately above the plot
to reveal the submenus. (Not available on handheld KOR.)

Settings

The Settings menu defines the preferences for the RUN
mode. Plot line colors and width can be chosen, as well
as the default plot parameters. While all parameters are
available to set as default, the connected device must have
the corresponding sensor installed in order to plot the data.
File Mode: When using the Capture Data button, data will
be saved to a file. When the file mode is set to NEW, a new
data file will be created.
Log Mode: Controls the amount of data saved to a file.
Cached sends the entire real-time data buffer (up to 1000
points in desktop KOR and 100 points in handheld KOR),
while Single records the most recent data set (1 point for
every parameter).
Sample Interval: This option corresponds to the refresh rate
of the graph and dashboard. 1 sample per second (1 Hz)
is typical for most real-time display; once per second new
readings are posted to the buffer and updated on the display.
The sampling rate on the real-time display is limited to 4
samples per second (4 Hz) because of the processing effort
of transferring the information to the PC.
File Prefix: This prefix is the file name that will appear at
the beginning of the captured data file. KOR automatically
applies a unique identifier name on all files generated. The
user can change this setting, but the file prefix allows users
to give the captured file a name.
Graph Type: Choose between Time Series or Profiling
graph displays. The Profiling graph displays data versus
depth.
Default View: The Default View allows the user to choose
between Dashboard or Graph as the default display when
KOR automatically opens the Run menu.
Apply: When a field is edited in the Settings menu, the user
must click the Apply button to commit those changes. If you
edit a field, then attempt to navigate away, a warning box
appears to remind you to apply or discard your changes.
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KOR Software
4.3 Calibrate Menu
This menu is the main interface for calibrating EXO sensors. Calibration and verification settings will vary
by sensor. A device must be connected to access the Calibrate menu.
For detailed calibration procedures for individual sensors, reference Section 5 Calibration.

Calibration menu overview
In the Calibrate menu, the list of installed sensors is shown
on the left side of the window. If your sonde is configured
with a depth sensor, Port D depth also appears in the list.

Sensor calibration menu
Select a sensor from the list to bring up a sensor-specific
menu of parameters. For example, selecting ODO (optical
dissolved oxygen) from the list, brings up a menu for the
enabled parameters ODO % sat, ODO mg/L, or ODO %
Local. (To change the enabled parameters on desktop KOR,
go to the Options | Units menu. Handheld KOR calibrates
in base units regardless of user selections made in the Units
menu.)
A typical calibration window shows 1, 2, or 3 calibration
points, depending on the sensor. If the sensor supports
only a single calibration point, then the other calibration
points are not active (grayed out).
Temperature: This field displays current temperature, if a
conductivity/temperature sensor is installed. If no sensor is
installed, user can input data into this field.
Barometer: Displays for DO calibrations only.
Standard Value: User-input field for the calibration
setpoint based on the value of the standard being used.
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Type: Optional field for type of standard being used. Prepopulated for some calibrations; user-input field for other
calibrations.
Manufacturer: Optional field to record manufacturer
of calibration standard used. This data is logged in the
calibration worksheet.
Lot number: Optional field for calibration standard lot
number, used for traceability purposes.

Advanced calibration menu
Each sensor calibration menu has an Advanced button to
edit advanced features for the specific parameter. Unique
sensor options include TSS input for Turbidity (not
available on Handheld when performing multi-sensor
calibration) and sensor cap coefficients for DO.

Uncalibrate

The Uncal function in the Advanced menu returns the
probe back to factory calibration settings. Users may select
this for troubleshooting if a calibration process on a probe is
not working correctly.

Calibrating multiple sensors
To calibrate multiple sensors of the same type concurrently,
install all the sensors in the sonde. In the Calibration menu,
click on the sensor, and new options are available in the
second menu for calibrating ALL like sensors.
Follow the calibration instructions in KOR to calibrate
all the sensors. Calibrations occur one after the other, not
simultaneously. Sensors are turned on one at a time so the
user can validate each sensor’s reading and to avoid the
possibility of interference from the other sensors.
Once all like sensors have been calibrated, they can be
removed from the sonde and installed in other EXO sondes.
The sensor will retain its calibration.
Note: When calibrating multiple sensors with the Handheld,
clicking the Restore Default Calibrations button will restore
ALL like sensors to original settings.
Note: Menu functionality is the same, although visual display
differences are found between KOR’s Desktop version (top
and middle) and Handheld version (bottom), this page and
previous page.
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Deploy Menu

The Deploy menu is used mainly to configure an EXO sonde to collect unattended data and to manage
deployment templates. This menu is dynamic based on the mode of the attached device. Two or three
submenu options are available: Read Current Settings, Open a Template, and, if a connected sonde is logging,
a Stop Deployment button.

Read current sonde settings
This menu scans the attached device and summarizes its
current configuration, including battery life, sample count
and when the next sample will be taken. The user can view the
configuration, edit the configuration, or apply a saved template.
Time and Date: When reading the current sonde settings,
KOR communicates with the EXO sonde and performs a
number of system checks, including a date and time check.
If the sonde clock and the computer clock differ, or if time
zones differ, then KOR notifies the user. These prompts are
informational only and can be disabled as noted on the screen.
Edit: Edit the existing settings using the Edit button.
Deploy: Redeploy the sonde by clicking the Deploy button,
with these log start-time options:
• Start logging now. For example, a first sample logs at
11:32:31, and with a 15-minute logging interval the next
sample will log at 11:47:31.
• Start logging at next even interval. For example, a first
sample logs at 00:00:00, and with a 15-minute logging
interval the next sample will log at 00:15:00, then 00:30:00,
00:45:00, etc. This set-up is typical. Logged data will be
uniform.
• Set a custom start time. Choose the start date and time, which
can vary from minutes to days in the future, then click the Apply
button to prepare the sonde for deployment. Setting a start time
in the past causes the sonde to start logging immediately.
• Apply or Cancel. Click the Apply button to apply the edits
to the settings. Or click the Cancel button to update the
sonde settings for SDI-12 but not actually start a log file.
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Open a template
This submenu opens saved template files on the computer
for configuration settings. Deploy immediately by opening
default templates for 15-minute and one-hour logging
intervals, which are stored in the KOR-EXO | Deployment
Files folder located in the Program Files folder on the
computer.
Template Edit: Open and edit a template with a new name
before deploying to the sonde.
Basic: To set up logging based on a specific time interval.
SDI-12: To send data to a DCP. See sections 2.12 and 4.11.
Advanced: See below.

Save and deploy a template
Save edited templates with these options:
• Save, deploy, start logging. Starts logging at interval
specified for deployment.
• Save, deploy, no logging. Use with data logger and RS-232
settings.
• Save only. Save but do not deploy and log.
• Cancel.

Stop deployment
This Stop Deployment button appears when an attached
EXO device is actively logging. After stopping a
deployment, the button disappears and the icon in the
upper right changes state to indicate the sonde is not
actively logging data.

Advanced sampling and logging

Access the following functions in the Deploy | Open Template | Edit Template menu and click on the Advanced tab.

Logging Intervals

When deploying a sonde, data is logged and time-stamped
at a routine sampling interval. A typical sampling interval
for unattended logging is 15 minutes. If the sonde logs
at 00:15:00, the sonde will wake up early to activate the
sensors and start processing data. Typically this will be 1215 seconds before the time-stamp. If an averaging interval
were activated, then the sonde would wake up 15 seconds
early plus the averaging interval to start averaging the data.
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Samples Per Wipe - Wiping Interval

In most deployments the user will choose to use the EXO2 central wiper to wipe the sensors preceding each
logging interval. We recommend a wiping interval of 1 for 15-minute and 30-minute sampling intervals; 1
wipe will occur just prior to a sample being taken. Set the wiping interval to 2 and one wipe will occur every
other sample. If you have a short sampling interval, such as 5 minutes, and biofouling is not aggressive, then
you may not need to wipe the sensors prior to every sampling interval. In this case, you can set the wiping
interval to 4, in which case it will wipe every fourth time a sample is taken, or approximately every 20 minutes.
This action can help conserve battery life.
Setting Samples Per Wipe to 0 will disable the central wiper.

Sampling Rates

The sensors output data to the EXO sonde in real time, this data transfer rate varies by sensor and processing
conditions but generally it can be assumed the sensor transfers data to the sonde twice a second (2 Hz). In
high speed unattended sampling applications, like vertical profiling, the sonde can be deployed to log data as
fast as 4 times a second (4 Hz). The user can set the sampling interval, and the real time transfer between the
sensors and sonde will automatically adjust to an appropriate output rate. The user can not manually control
the output rate of the sensors themselves.
Battery Consumption: Sampling rates can vary significantly depending on application, and a sampling rate
will have a significant impact on memory usage and battery consumption. An EXO2 sonde with a full payload
can be expected to log more than 90 days at a 30-minute sampling interval, but the same sonde set to profile
at 4 Hz (four times per second) will have battery power for only one day. An estimate of this life is provided
in the deployment summary screen, and should be considered when setting sampling intervals.

Burst Sampling

Burst sampling allows the user to collect a set of data at each logging interval. Activate Burst Sampling by
clicking on Burst in the Logging Mode area of the Template Edit menu. Then select a time duration between
1 and 300 seconds. Data will be collected at a rate of 2 Hz during the specified duration. This data set will
allow users to perform advanced data analysis and post processing. However, note that this increased data in
the logged file may more rapidly fill the internal memory of the data logger and affect battery life.

Adaptive Logging

Adaptive or Event Logging allows the user to select one or two sensors as triggers for a higher resolution
logging interval. The user can set the trigger to activate above or below a pre-determined threshold level
for the given sensor. Activate the Adaptive Logging feature by clicking the box next to Adaptive Logging.
Enter values for the logging interval and duration fields. Then select a trigger sensor for Parameter 1 from
the drop-down list, set the Mode to Above, Below or Off, and set the threshold value. Repeat this process for
Parameter 2, if desired. However, note that this increased data may affect battery life.
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4.5 Sites Menu
Used to manage sites, this optional menu helps users create site detail that may be associated with files logged
in the sonde. Not yet implemented in the first version(s) of KOR.
KOR is a dynamic software platform subject to additional development and future improvements. Software
menus and features are subject to change.
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4.6 Data Menu
The Data menu is used to transfer files from the sonde or handheld and manage data files on a local computer.
The Transfer function will only work when connected to a sonde.

Transfer

Clicking the Transfer submenu button initiates a scan of the
attached EXO and lists all files on the sonde.
Upload/copy files: Select files to upload by clicking a file name
in the list, clicking the Select All button, or clicking multiple files
by holding down the Control key. Selected files are highlighted in
blue. After files are selected, use the Selected button to copy the
file to the PC. Click the Latest button to copy the most recent file.
The uploaded file(s) are in binary format and are stored in the
Program Files\KOR-EXO\Data Files folder on the computer. See
Data Files & File Locations section 4.10 for more detail.
Delete files: After files have been copied to the PC, users can delete
selected files. Select the files to be removed and use the Delete
Selected button to remove them permanently from the sonde.
Quick View: Click a file in the list, and then click the Quick View
button to view the last 50 data points of the file.
Storage space: The progress bar on the bottom will indicate
memory usage on the sonde. We recommend users keep a back-up
copy of the binary files on the sonde, unless storage space is needed.

View/export

Use this submenu to review binary files transferred from the
sonde and export the binary data to different format.
View: Select and open a saved file from the Data Files pop-up
menu. Alternatively, click the Select File button to manually
open a file. When a file is loaded in desktop KOR, you can
view it one point at a time using the arrow buttons or change
to a graph view using the Change View button. (Handheld
KOR is limited to viewing 100 data points.)
Export: Click the Export Data button to export files to Excel
format or delimited text file. For Excel format, a spreadsheet
automatically opens with the data. Save other open files in
Excel first, or the export will not work.

Settings

This submenu allows the user to set the default file location,
export format, and data display formatting.

View calibration worksheets

This submenu in desktop KOR allows the user to open and view
saved Calibration Worksheets from the Calibration Files folder on
the computer. If you encounter errors viewing data files synced
from the EXO Handheld, click the Update Directory button.
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4.7 Options Menu
Many preferences, settings, and updates for KOR can be accessed through the Options menu.
Smart QC: KOR performs quality checks on each
connected sonde and sensor and provides an overall
Network QC Score.
Check mark (green): OK.
X (red): Warning that part or all of the system is out of
specification ranges.
Question mark (black): Unknown, not enough data to
determine QC score.
Exclamation point (yellow): Caution. While OK now,
part(s) of the system is close to being out of specification.
Sonde: Bluetooth pin number, activate Bluetooth, sonde
ID/name, sonde date and time, battery type, and fault bit
field.
KOR software on the EXO Handheld also has a Handheld
submenu to set language, date and time, power, GPS,
sound volume, Bluetooth pin number, and hibernate/sleep
preferences on the Handheld itself.
User: Select settings for Language, Idle Timeout, and Time
Zone and Time Format preferences, and turn on/off time
zone check at deployment.
Units: Customize display units/parameters for each sensor,
plus adjust wiper position and sonde cable and battery
readings. While the sonde and sensors record data in fixed
formats, KOR can adjust the displayed units. For example,
the Temperature sensor outputs degrees C to the sonde;
however the display units can be set to degrees F, and the
temperature reading is converted. After the units are set, data
viewed on the Run menu will be displayed in this format.
Firmware: Check and update firmware on connected
devices. KOR automatically searches for connected sondes,
sensors, and handhelds and loads the table with sensor
names, serial numbers and current firmware revisions. To
update firmware, see instructions in sections 6.4 and 6.7.
Calibration: To speed the calibration process, users can
set default calibration settings for individual sensors and
parameters here. Click the Apply button and changes take
effect immediately.
Sync with Handheld: Upload files from Handheld to PC.
See section 3.7.
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4.8 Connections Menu
This menu allows the user to connect to other sondes and devices, identify which probes are installed in
which ports, and update Bluetooth settings.

Rescan
This submenu allows the user to refresh and initiate
connections to hard-wired devices, search for Bluetooth
connections, or disconnect.
To reconnect to a sonde, wait for KOR to scan the devices,
then select a device from the list. Click Connect.

Map
This menu allows the user to view connected sondes,
sensors, serial numbers and the ports assigned to the
sensors.
Also, if a sonde is connected to the auxiliary port of an
EXO2 sonde, then both sondes will be visible in this menu.
However, the user can only communicate with one sonde at
a time.

Settings
This submenu allows the user to control Bluetooth settings
including PIN number and auto-scanning.

Advanced
This submenu allows the user to control settings for the
Signal Output Adapter (SOA).
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4.9 Help Menu
This menu connects the user to documentation resources for using KOR software and the EXO products,
including videos.
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4.10 Data Files & File Locations
KOR software is installed onto your computer’s default hard drive, which is typically C:\ on most Windowsbased PCs. The KOR program is then placed into the program file directory. On XP and Windows 7 32-bit
systems, this folder is simply called Program Files. On 64-bit systems KOR is placed in the Program File (x86)
folder. The two most common file paths are:
C:\Program Files\KOR-EXO\
(XP and 32-bit Windows 7)
C:\Program Files (x86)\KOR-EXO\ (64-bit Windows 7)

Data folders

A

Data Files: These are the binary data files from EXO, which
are only accessible via KOR. We strongly recommend you
maintain all binary data files in this folder and also create a
back-up copy.
Deployment Files: Templates for deployments are stored
here. They may be moved to another computer to provide
consistent deployments across your organization.
Site Files: These contain the site details used by KOR; future
functionality, not active yet.
Do not edit, move, or rename other files. This could damage
KOR and affect system reliability.

Data files
Templates, binary data files, data files and configuration
settings are in the KOR-EXO | Data Files folder. You can
navigate to the KOR-EXO folder to access template and data
files, if you want to copy them to another computer.

Data file names
Data files are given unique names to ensure no duplication.
The file name structure is:
AAAAAAAA_YYMBBBBBB_MMDDYY_HHMMSS.bin
Sample: EXODT_12N768062_033012_182618.bin
AAAAAAAA: User-defined file prefix up to 8 characters, set in the deployment template or Run | Settings menu.
YYMBBBBBB: EXO sonde serial number. YY represents the year the sonde was manufactured, M
corresponds to the month of manufacture, and BBBBBB is a unique sequential number. For live data
capture files, the serial number is a number assigned to the instance of Desktop KOR or the serial number
of the Handheld.
MMDDYY: MM is the month the data file was created, DD is the day of the month, and YY is the year.
HHMMSS: UTC time stamp where HH is the hour the file was created in 24-hour format, MM the
minute, and SS the second.
.bin: binary file extension. To obtain a delimited file format or Excel format, see section 4.6.
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4.11 SDI-12
The sonde can be connected to an SDI-12 bus using a DCP Signal Output Adapter (SOA). The SOA provides
the necessary SDI-12 electrical interface and communicates to the sonde via the topside RS-485 interface.
The SOA will automatically recognize when a sonde is connected and retrieve the SDI-12 address and ID
from the sonde. The SDI-12 data parameter list is set by the user in the Deploy menu. Go to Deploy | Open
Template | Edit Template menu and click on the SDI-12 tab.

Sensor parameter codes

Add: Choose the SDI-12 parameters you
want from the Available column and
double-click or select and move them with
the right arrow to the Selected column.
Remove: Remove parameters from Selected
column by double-clicking or selecting and
clicking the left arrow.
Order: Arrange the parameter output by
using the up and down arrows.

Temp

C

1

Cl-

mg/L

112

Temp

F

2

Cl

mV

145

Temp

K

3

TSS

mg/L

190

Cond

mS/cm

4

TSS

g/L

191

Cond

μS/cm

5

Chlorophyll

μg/L

193

SpCond

mS/cm

6

Chlorophyll

RFU

194

SpCond

μS/cm

7

ODO

% sat

211

Sal

psu

12

ODO

mg/L

212

pH

mV

17

ODO

% local

214

18

BGA PC

RFU

216

pH

-

ORP

mV

19

BGA PE

RFU

218

Press

psia

20

Turbidity

FNU

223

Press

psig

21

Turbidity

RAW

224

Depth

meters

22

BGA PC

μg/L

225

Depth

feet

23

BGA PE

μg/L

226

Battery

volts

28

fDOM

RFU

227

Turbidity

NTU

37

fDOM

QSU

228

NH3

N mg/L

47

Wiper Position

volts

229

NH4

N mg/L

48

Cable Power

volts

230

Date

DD/MM/YY

51

BGA PC

Raw

231

Date

MM/DD/YY

52

BGA PE

Raw

232

Date

YY/MM/DD

53

fDOM

Raw

233

HH:MM:SS

54

Chlorophyll

Raw

234

+

Time
NO3

N mV

101

nLF Cond

mS/cm

237

NO3-

N mg/L

106

nLF Cond

μS/cm

238

NH4

N mV

108

Wiper Peak Current

mA

239

-

+
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4.11 RS-232
The EXO DCP Signal Output Adapter (SOA) supports limited RS-232 commands. The SOA supports both
SDI-12 and RS-232 communications.
See section 2.12 for instructions on mounting and wiring the DCP-SOA.

Commands
Data
Para
Time
Twipeb

Returns sonde data as specified by SDI-12
parameter settings set by user in Deploy
menu of KOR software
Lists the parameter order using ID numbers,
see Sensor parameter codes, pg 69
Sets or gets current time in HH:MM:SS
format
Starts a wiper event, responds with
estimate of time in seconds to complete
wiping sequence

Ver

Returns sonde firmware version number

Verdate

Returns sonde firmware version compilation
date

Send these commands to the DCP via an RS-232 hyperterminal
window configured with the following settings:
Bits per second 9600
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Data bits

8

Parity

None

Stop bits

1

Flow control

None

Calibration
5.1 Basic
EXO sensors (except temperature) require periodic calibration to assure high performance. Calibration
procedures follow the same basic steps with slight variations for particular parameters. Conduct calibrations
in a temperature-controlled lab.

Calibration set-up
For accurate results, thoroughly rinse the EXO calibration cup
with water, and then rinse with a small amount of the calibration
standard for the sensor you are going to calibrate. Two to three
rinses are recommended. Discard the rinse standard, then refill
the calibration cup with fresh calibration standard. Fill the cup
to approximately the first line with a full sensor payload or the
second line with small sensor payload. Volumes will vary, just
make certain that the sensor is submerged. Be careful to avoid
cross-contamination with other standards.

Fill to line 2
Fill to line 1

Begin with a clean, dry probe installed on the EXO sonde. Install
the clean calibration guard over the probe(s), and then immerse
the probe(s) in the standard and tighten the calibration cup
onto the EXO sonde. We recommend using one sonde guard for
calibration procedures only, and another sonde guard for field
deployments. This ensures a greater degree of cleanliness and
accuracy for the guard used in the calibration procedure.

Matching units

Basic calibration in KOR software
Go the Calibrate menu in KOR software. This menu’s appearance
will vary depending on the sensors installed in the sonde. Select
the sensor you are going to calibrate from the list. Next select
the parameter for the sensor you are going to calibrate. Some
sensors have only one parameter option, while other sensors have
multiple options.
In the next menu, select a 1-, 2-, or 3-point calibration, depending
on your sensor. Enter the value of the standard you are using.
Check that the value you enter is correct and its units match
the units at the top of the menu (e.g., microSiemens versus
milliSiemens). You may also enter optional information for type
of standard, manufacturer of standard, and lot number.

Click the Start Calibration button. This action initiates the probe’s calibration in the standard; initially the
data reported will be unstable and then they will move to stable readings. Click the Graph Data button to
compare the pre-cal and post-cal values in graph form. Users should confirm that the value is within their
acceptable margin of error. Once readings are stable, click Apply to accept this calibration point. Repeat the
process for each calibration point. Click Complete when all points have been calibrated.
A calibration summary appears with a QC score. View, export, and/or print the calibration worksheet. If a
calibration error appears, repeat the calibration procedure.
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5.2
4.4 Conductivity
Clean the conductivity cell with the supplied soft brush before calibrating (see section 6.11). Also, review the
basic calibration description in section 5.1.
This procedure calibrates conductivity, non-linear function (nLF) conductivity, specific conductance,
salinity, and total dissolved solids.
Place the correct amount of conductivity standard into a clean and dry or pre-rinsed calibration cup. A
variety of standards are available based on the salinity of your environment. Select the appropriate calibration
standard for your deployment environment; we recommend using standards greater than 1 mS/cm (1000
μS/cm) for greatest stability.
Carefully immerse the probe end of the sonde into the solution, making sure the standard is above the vent
holes on the conductivity sensor. Gently rotate and/or move the sonde up and down to remove any bubbles
from the conductivity cell.
Allow at least one minute for temperature equilibration before proceeding.
In the Calibrate menu, select Conductivity and then a second menu will offer the options of calibrating
conductivity, nLF conductivity, specific conductance, or salinity. Calibrating any one option automatically
calibrates the other parameters. After selecting the option of choice (specific conductance is normally
recommended), enter the value of the standard used during calibration. Be certain that the units are correct
and match the units displayed in the second window at the top of the menu.
Click Start Calibration. Observe the readings under Current and Pending data points and when they
are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept this
calibration point.
- If the data do not stabilize after 40 seconds, gently rotate the sonde or remove/reinstall the cal cup
to make sure there are no air bubbles in the conductivity cell.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.
Rinse the sonde and sensor(s) in tap or purified water and dry.
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5.3 Dissolved Oxygen
First review the basic calibration description in section 5.1.

ODO % sat and ODO % local – 1-point

Place the sonde with sensor into either saturated air or saturated water:
(a) Saturated air: Ensure there are no water droplets on the DO sensor or the thermistor. Place into a
calibration cup containing about 1/8 inch of water that is vented by loosening the threads. (Do not seal the
cup to the sonde.) Wait 10-15 minutes before proceeding to allow the temperature and oxygen pressure to
equilibrate. Keep out of direct sunlight.
(b) Saturated water: Place into a container of water which has been continuously sparged with an aquarium
pump and air stone for one hour. Wait approximately 5 minutes before proceeding to allow the temperature
and oxygen pressure to equilibrate.
In the Calibrate menu, select ODO, then select ODO % sat or ODO % local. Calibrating in ODO % sat
automatically calibrates ODO mg/L and ODO % local and vice versa.
Enter the current barometric pressure in mm of Hg (Inches of Hg x 25.4 = mm Hg).
Note: Laboratory barometer readings are usually “true” (uncorrected) values of air pressure and can
be used “as is” for oxygen calibration. Weather service readings are usually not “true”, i.e., they are
corrected to sea level, and therefore cannot be used until they are “uncorrected”. An approximate
formula for this “uncorrection” (where the BP readings MUST be in mm Hg) is:
True BP = [Corrected BP] – [2.5 * (Local Altitude in ft above sea level/100)]
Click 1 Point for the Calibration Points. Enter the standard value (air saturated).
Click Start Calibration. Observe the readings under Current and Pending data points and when they
are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept this
calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.

mg/L – 1-point

Place the sonde with sensor in a container which contains a known concentration of dissolved oxygen in
mg/L and that is within ±10% of air saturation as determined by one of the following methods:
- Winkler titration
- Aerating the solution and assuming that it is saturated
- Measurement with another instrument

A

Carrying out DO mg/L calibrations at values outside the range of ±10 % of air saturation is likely to
compromise the accuracy specification of the EXO sensor. For highest accuracy, calibrate in % saturation.
In the Calibrate menu, select ODO, then select ODO mg/L. Calibrating in ODO mg/L automatically
calibrates ODO % sat and vice versa.
Click 1 Point for Calibration Points. Enter the known mg/L concentration for the standard value. Click Start
Calibration. Observe the readings under Current and Pending data points and when they are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point. Click
Complete.
Rinse the sonde and sensor(s) in tap or purified water and dry.
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ODO % sat, ODO % local or mg/L – 2-point (or zero point)
Normally it is not necessary to perform a 2-point calibration for the DO sensor, and the procedure is not
recommended unless (a) you are certain that the sensor does not meet your accuracy requirements at low
DO levels and (b) you are operating under conditions where you are certain to be able to generate a medium
which is truly oxygen-free.
For ODO % sat or ODO % local, calibrate your sonde at zero oxygen and in water-saturated air or airsaturated water. For ODO mg/L, calibrate your sonde at zero oxygen and a known concentration of oxygen
within ±10% of air-saturation. The key to performing a 2-point calibration is to make certain that your zerooxygen medium is truly oxygen-free:
- If you use nitrogen gas for the zero-point calibration, make certain that the vessel you use has a
small exit port to prevent back diffusion of air and that you have completely purged the vessel before
confirming the calibration.
- If you use sodium sulfite solution for the zero-point calibration, prepare the solution at a
concentration of approximately 2 g/L at least two hours prior to use and keep it sealed in a bottle
which does not allow diffusion of oxygen through the sides of the container. Transfer the sodium
sulfite solution rapidly from its container to the calibration cup, fill the cup as full as possible with
solution to minimize head space, and seal the cup to the sonde to prevent diffusion of air into the
vessel.
Place the sonde with DO and temperature sensors in a zero-oxygen medium.
In the Calibrate menu, select ODO, then select either ODO % sat, ODO % local or ODO mg/L.
Click 2 Point for the Calibration Points. Enter Zero Point as the value of the first standard.
Click Start Calibration. Observe the readings under Current and Pending data points and when they
are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept this
calibration point.
- If you used sodium sulfite solution as your zero calibration medium, you must thoroughly remove
all traces of the reagent from the probes and wiper prior to proceeding to the second point. We
recommend that the second calibration point be in air-saturated water if you use sodium sulfite
solution.
Next place the sensors in the medium containing a known oxygen pressure or concentration and wait at
least 10 minutes for temperature equilibration. Click Proceed in the pop-up window. Then enter either
the barometer reading in mm Hg (for ODO %) or the actual concentration of oxygen which was probably
determined from a Winkler titration (for ODO mg/L). Observe the readings under Current and Pending
data points and when they are Stable (or data shows no significant change for approximately 40 seconds),
click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.

A

Carrying out DO mg/L calibrations at values outside the range of ±10 % of air saturation is likely to
compromise the accuracy specification of the EXO sensor. For highest accuracy, calibrate in % saturation.
Rinse the sonde and sensor(s) in tap or purified water and dry.
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5.4 Depth and Level
Note: This calibration option is available only if your sonde is equipped with an integral depth sensor or a
vented level sensor.
For the calibration, make certain that the depth sensor or vented level sensor is in air and not immersed in
any solution. Also, review the basic calibration description in section 5.1.
In the Calibrate menu, select Port D-Depth, then select Depth or Level from the second menu.
Click 1 Point for the Calibration Points. Enter 0 or go to the Advanced menu to enter a known sensor offset.
- If a depth offset is entered, the output value will shift by the value of the offset. Users may use an
offset if referencing a water elevation against a known datum.
Click Start Calibration. Observe the readings under Current and Pending data points and when they
are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept this
calibration point. This process zeros the sensor with regard to current barometric pressure.
Click Exit to return to the sensor calibration menu, and then the back arrows to return to main Calibrate
menu.
For best performance of depth measurements, users should ensure that the orientation of the sonde remains
constant while taking readings. This is especially important for vented level measurements. Keep the sonde
still and in one position while calibrating.

Advanced

Mounting: Use the Advanced menu to select if a sonde will
be mounted in a moving/profiling deployment instead of a
fixed location.
Depth Offset: Enter a datum or barometric pressure offset
at time of calibration. Barometric pressure offset allows the
depth data to be post-processed for barometric pressure
changes over the course of the deployment.
Altitude/Latitude: Enter the coordinates for the local
altitude (in feet, relative to sea level) and latitude (in degrees)
where the sonde is sampling. Latitude values are used in the
calculation of depth or level to account for global variations
in the gravitational field.
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Calibration
5.5 pH
1-point

Select the 1-point option to calibrate the pH probe using one calibration standard.

2-point

Select the 2-point option to calibrate the pH probe using two calibration standards. In this procedure, the pH
sensor is calibrated with a pH 7 buffer and a pH 10 or pH 4 buffer depending on your environmental water.
A 2-point calibration can save time (versus a 3-point calibration) if the pH of the media to be monitored is
known to be either basic or acidic.

3-point

Select the 3-point option to calibrate the pH probe using three calibration standards. In this procedure,
the pH sensor is calibrated with a pH 7 buffer and two additional buffers. The 3-point calibration method
assures maximum accuracy when the pH of the media to be monitored cannot be anticipated.
Review the basic calibration description in section 5.1.
Pour the correct amount of pH buffer in a clean and dry or pre-rinsed calibration cup. Carefully immerse
the probe end of the sonde into the solution, making sure the sensor’s glass bulb is in solution by at least 1
cm. Allow at least 1 minute for temperature equilibration before proceeding.
In the Calibrate menu, select pH or pH/ORP, then select pH.
Select the number of points desired for the calibration. Enter the value(s) of the pH buffer(s) that will be
used for the calibration.

A

- Observe the temperature reading above the standard value. The actual pH value of all buffers varies
with temperature. Enter the correct value from the bottle label for your calibration temperature for
maximum accuracy. For example, the pH of one manufacturer’s pH 7 Buffer is 7.00 at 25˚C, but 7.02
at 20˚C.
- If no temperature sensor is installed, user can manually update temperature by entering a value.

Click Start Calibration. Observe the readings under Current and Pending data points and when they
are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept this
calibration point. Confirm that the Pending data value is close to the Setpoint value. Click Proceed and wait
for the software to prompt you to move the sensor to the next standard solution.
Rinse the sensor in deionized water. Pour the correct amount of an additional pH buffer standard into a
clean, dry or pre-rinsed calibration cup, and carefully immerse the probe end of the sonde into the solution.
Allow at least 1 minute for temperature equilibration before proceeding.
Repeat the calibration procedure and click Apply when the data are stable. Rinse the sensor and pour
additional pH buffer, if necessary. Repeat calibration procedure for the third point and click Apply when
data are stable.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.
Rinse the sonde and sensors in tap or purified water and dry.
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Calibration
5.6 ORP
Review the basic calibration description in section 5.1.
Pour the correct amount of standard with a known oxidation reduction potential value (we recommend
Zobell solution) in a clean and dry or pre-rinsed calibration cup. Carefully immerse the probe end of the
sonde into the solution.
In the Calibrate menu, select pH/ORP, then select ORP mV.
Click Start Calibration. Observe the readings under Current and Pending data points and when they
are Stable (or data shows no significant change for approximately 40 seconds), click Apply to accept this
calibration point.

A

Do not leave sensors in Zobell solution for a long time. A chemical reaction occurs with the copper
on the sonde (sonde bulkhead, central wiper assembly, copper tape). While the reaction does not impact
calibration, it will degrade the sonde materials over time. Discard the used standard.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.

Effect of temperature on ORP

The oxidation reduction potential value shows an inverse relationship with temperature. This effect must
be accounted for when calibrating the EXO ORP sensor with Zobell solution. Enter the mV value from the
table below that corresponds to the temperature of the standard.
Temp (˚C)

mV

Temp (˚C)

mV

-5

270.0

25

231.0

0

263.5

30

224.5

5

257.0

35

218.0

10

250.5

40

211.5

15

244.0

45

205.0

20

237.5

50

198.5
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Calibration
5.7
4.4 Turbidity
Before calibrating, be certain that the probe is clean and free of debris. Solid particles, particularly those
carried over from past deployments, will contaminate the standards during your calibration protocol and
cause either calibration errors and/or inaccurate field data (cleaning instructions, section 6.10). Use a clean,
spare sonde guard. Also, review the basic calibration description in section 5.1.
For proper calibration, you must use standards that have been prepared according to details in Standard
Methods for the Treatment of Water and Wastewater (Section 2130 B). Acceptable standards include (a)
formazin prepared according to Standard Methods, especially for calibration points greater than 1010; (b)
dilutions of 4000 NTU formazin concentrate purchased from Hach; (c) Hach StablCalTM standards in various
NTU denominations; and (d) AMCO-AEPA standards prepared specifically for the EXO turbidity sensor by
the manufacturer (see table next page).

A

The use of standards other than those mentioned above will result in calibration errors and inaccurate
field readings.

2-point

Pour the correct amount of 0 NTU standard (clear deionized or distilled water) into the calibration cup.
Immerse the probe end of the sonde into the water.
In the Calibrate menu, select Turbidity, then select Turbidity FNU.
Click 2 Point for the Calibration Points. Enter 0 FNU for first standard value and 124 FNU for second
standard value. (0 must be calibrated first.)
- If the water to be evaluated is known to be low in turbidity, an appropriate choice of standards
might be 0 and 12.4. However, for general purpose measurements an appropriate choice of standards
is usually 0 and 124.
- If deploying with a copper anti-fouling guard, use this guard during calibration to calibrate for any
offset; input 0.5 or 1 instead of 0. The guard must be clean and free of sediment and debris.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing,
click the Wipe Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
- If the temperature of your field site is substantially different from the lab temperature, allow the
sensor to sample for 3-5 minutes at each calibration point before accepting it. This step ensures the
best possible temperature compensation when deployed.
Next place the sensors in the second calibration standard. Click Proceed on the pop-up window. Observe
the readings under Current and Pending data points. While stabilizing, click the Wipe Sensors button to
activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.
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3-point

Select the 3-point calibration option for maximum accuracy over a wider range. As for the 2-point procedure,
the first standard must be 0 FNU. Because of the linearity characteristics of the sensors, we recommend that
the other two standards have turbidity values of 124 and 1010 FNU. However, the user can select any values
that are deemed appropriate. The procedure for this calibration is the same as for a 2-point calibration, but
the software will prompt you to proceed to an additional solution to complete the 3-point procedure.

Calibration Limits

Due to the non-linear response of the turbidity sensor, calibration ranges may be limited. A 1-, 2-, or 3-point
calibration may be completed, using the following limits:
1-point

2-point

3-point

0-1 FNU
(or NTU)

5-199 FNU
(or NTU)

200-4200 FNU
(or NTU)

Calibration standards
The following standards are available for the EXO turbidity sensor:
608000

0 NTU (all turbidity sensors);
1 gallon

607200

12.4 FNU (EXO); 12.7 NTU
(YSI 6-Series); 1 gallon

607300

124 FNU (EXO); 126 NTU (YSI
6-Series); 1 gallon

607400

1010 FNU (EXO); 1000 NTU
(YSI 6-Series); 1 gallon
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Calibration (Chl + BGA-PC)
5.8
4.4 Total Algae
Review the basic calibration description in section 5.1. Before calibrating, be certain that the sensing window
is clean (cleaning instructions, section 6.10).

Chlorophyll

This procedure calibrates Chlorophyll RFU or Chlorophyll μg/L. If the user has both units selected, then this
procedure must be performed twice, once for each unit, to completely calibrate the parameter.
For 2-point calibrations, one standard must be clear water (0 μg/L), and this standard must be calibrated
first. The other standard should be in the range of a known chlorophyll content of the water to be monitored.
Two general types of standards can be used: (a) phytoplankton suspensions of known chlorophyll content,
determined by employing the extractive analysis procedure described in Standard Methods for the
Examination of Water and Wastewater, or by analyzing the suspension in situ using a laboratory fluorometer,
and (b) dye solutions whose fluorescence can be correlated to that of chlorophyll.
For option (b), we recommend using a 625 μg/L Rhodamine WT dye solution (for detailed instructions, see
section 5.11), and the solution is used in the calibration steps below.

μg/L – 1- or 2-point

This procedure will zero your fluorescence sensor and use the default sensitivity for calculation of chlorophyll
concentration in μg/L, allowing quick and easy fluorescence measurements that are only semi-quantitative
with regard to chlorophyll. However, the readings will reflect changes in chlorophyll from site to site, or over
time at a single site.
Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe
end of the sonde in the water.
In the Calibrate menu, select BGA-PC/Chlor, then select Chl μg/L. Select either a 1- or 2-point calibration.
Enter 0 for first standard value and 66 for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing,
click the Wipe Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe
the readings under Current and Pending data points. While stabilizing, click the Wipe Sensors button to
activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.

RFU – 1- or 2-point

RFU is a percent full scale output; it outputs relative fluorescence from 0-100%. This calibration procedure is
recommended if you are also using grab samples to post-calibrate in vivo chlorophyll readings.
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The sonde will report relative values of fluorescence in the sample being measured. These values can be
converted into actual chlorophyll concentrations in μg/L by using a post-calibration procedure, after the
chlorophyll content of grab-samples taken during a deployment has been analyzed in a laboratory. This
determination can involve conducting the extractive analysis procedure described for chlorophyll in Methods
for the Examination of Water and Wastewater or by carrying out an in situ measurement of chlorophyll using
a commercial benchtop fluorometer.
Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe
end of the sonde in the water.
In the Calibrate menu, select BGA-PC/Chlor, then select Chl RFU. Select either a 1- or 2-point calibration.
Enter 0 for first standard value and 16.4 for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing,
click the Wipe Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe
the readings under Current and Pending data points. While stabilizing, click the Wipe Sensors button to
activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.

Blue-green Algae Phycocyanin
This procedure calibrates BGA RFU or BGA μg/L. If the user has both units selected, then this procedure
must be performed twice, once for each unit, to completely calibrate the parameter.
For the 2-point calibration, one of the standards must be clear water (0 μg/L), and this standard must
be calibrated first. The other standard should be in the range of the suspected BGA-PC content at the
environmental site. Two general types of standards can be used: (a) phytoplankton suspensions of known
BGA-PC content, and (b) dye solutions whose fluorescence can be correlated to that of BGA-PC. The user
is responsible for determining the BGA-PC content of algal suspensions by using standard cell counting
techniques.
For option (b), we recommend using a 625 μg/L Rhodamine WT dye solution (for detailed instructions, see
section 5.10), and the solution is used in the calibration steps below.

μg/L – 1- or 2-point

This procedure will zero your fluorescence sensor and use the default sensitivity for calculation of
phycocyanin-containing BGA in μg/L, allowing quick and easy fluorescence measurements that are only
semi-quantitative with regard to BGA-PC. However, the readings will reflect changes in BGA-PC from site
to site, or over time at a single site.
Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe
end of the sonde in the water.
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In the Calibrate menu, select BGA-PC/Chlor, then select BGA μg/L. Select either a 1- or 2-point calibration.
Enter 0 for first standard value and 16 for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing,
click the Wipe Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe
the readings under Current and Pending data points. While stabilizing, click the Wipe Sensors button to
activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.

RFU – 1- or 2-point

RFU is a percent full scale output; it outputs relative fluorescence from 0-100%. This calibration procedure
is recommended if you are also using grab samples to post-calibrate in vivo algae readings.
Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe
end of the sonde in the water.
In the Calibrate menu, select BGA-PC/Chlor, then select BGA RFU. Select either a 1- or 2-point calibration.
Enter 0 for first standard value and 16 for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points. While stabilizing,
click the Wipe Sensors button to activate the wiper to remove any bubbles. When data are Stable (or data
shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Next place the sensors in the Rhodamine WT standard. Click Proceed on the pop-up window. Observe
the readings under Current and Pending data points. While stabilizing, click the Wipe Sensors button to
activate the wiper to remove any bubbles. When data are Stable (or data shows no significant change for
approximately 40 seconds), click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde.
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Calibration
5.9
4.4 fDOM
Review the basic calibration description in section 5.1. Before calibrating, be certain that the sensing window
is clean (cleaning instructions, section 6.10).
This procedure calibrates fDOM RFU or fDOM QSU/ppb. If the user has both units selected, then this
procedure must be performed twice, once for each unit, to completely calibrate the parameter.
For 2-point calibrations, the first standard must be clear water (0 μg/L). The second standard should be a 300
μg/L quinine sulfate solution. (For detailed instructions for mixing this solution, see section 5.11.)

A

Do not leave sensors in quinine sulfate solution for a long time. A chemical reaction occurs with the
copper on the sonde (wiper assembly, sonde bulkhead, copper tape) that degrades the solution and causes
it to drift. Also, start with very clean sensors, as the presence of chloride and halide ions (from estuarine or
seawater, conductivity standards, and Zobell solution) can compromise QS fluorescence.

QSU – 1- or 2-point

Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe
end of the sonde in the water.
In the Calibrate menu, select fDOM, then select QSU/ppb. Select either a 1- or 2-point calibration. Enter 0
for first standard value and 300 μg/L for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points, and when they are Stable
(or data shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Remove the central wiper from the EXO2 sonde before proceeding to the next step.
Next place the sensors in the correct amount of 300 μg/L quinine sulfate standard in the calibration cup. Click
Proceed on the pop-up window. Observe the readings under Current and Pending data points. While stabilizing,
verify that no air bubbles reside on the sensing face of the sensor. If there are bubbles, gently shake or move the
sensor to dislodge. When data are Stable (or data shows no significant change for approximately 40 seconds),
click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.

RFU – 1- or 2-point

Pour the correct amount of clear deionized or distilled water into the calibration cup. Immerse the probe
end of the sonde in the water.
In the Calibrate menu, select fDOM, then select RFU. Select either a 1- or 2-point calibration. Enter 0 for
first standard value and 100 RFU for second standard value.
Click Start Calibration. Observe the readings under Current and Pending data points, and when they are Stable
(or data shows no significant change for approximately 40 seconds), click Apply to accept this calibration point.
Remove the central wiper from the EXO2 sonde before proceeding to the next step.
Next place the sensors in the correct amount of 300 μg/L quinine sulfate standard in the calibration cup. Click
Proceed on the pop-up window. Observe the readings under Current and Pending data points. While stabilizing,
verify that no air bubbles reside on the sensing face of the sensor. If there are bubbles, gently shake or move the
sensor to dislodge. When data are Stable (or data shows no significant change for approximately 40 seconds),
click Apply to accept this calibration point.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu, and then the back arrows to return to main Calibrate menu.
Rinse the sonde in tap or purified water and dry the sonde. Discard the used standard.
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Calibration
5.10
4.4 ISEs: Ammonium, Nitrate, & Chloride
This procedure calibrates the EXO ammonium, chloride, or nitrate sensor. The sensors can be calibrated to
one, two or three points. The 3-point calibration method assures maximum accuracy when the temperature
of the media to be monitored cannot be anticipated; we strongly recommend a 3-point calibration for best
performance of ISE sensors. Review the basic calibration description in section 5.1.
The temperature response of ion-selective electrodes is not as predictable as that of pH sensors. Therefore, be
sure to carry out a 3-point calibration the first time you use the sensor. Additionally, we strongly recommend
a new 3-point calibration after each deployment of 30 days or longer. This will provide a default setting for
the effect of temperature on your sensor. After this initial calibration, you can use the less time-consuming
2-point and 1-point routines to update the 3-point calibration.

1-point

Select the 1-point option only if you are adjusting a previous calibration. If a 2-point or 3-point calibration
has been performed previously, you can adjust the calibration by carrying out a 1-point calibration.

2-point

Select the 2-point option to calibrate the ammonium sensor using only two calibration standard solutions. In
this procedure, the ammonium sensor is calibrated using a 1 mg/L NH4+ -N and 100 mg/L NH4+ -N calibration
standard solutions. A 2-point calibration procedure (as opposed to a 3-point procedure) can save time if the
temperature range of the media being monitored is known and stable.

3-point

Select the 3-point option to calibrate the ammonium sensor using three calibration standard solutions, two at
ambient temperature and one at a temperature substantially different from ambient. The 3-point calibration
method should be used to assure maximum accuracy when the temperature of the media to be monitored
cannot be anticipated. The procedure for this calibration is the same as for a 2-point calibration, but the
software will prompt you to place the sensor in the additional calibration standard solution to complete the
3-point procedure. Be certain that the calibration standard solution and sensor are thermally equilibrated
prior to proceeding with the calibration. The recommended order of calibration standards is (1) 1 mg/L NH4+
-N standard at ambient temperature, (2) 100 mg/L NH4+ -N standard at ambient temperature, and (3) 1 mg/L
NH4+ -N standard at a different temperature (usually lower) than ambient, 10°C minimum.
- To save time during calibration, chill a sufficient amount of 1 mg/L NH4+ -N calibration standard
solution prior to the start of calibration.

A

Ammonium 3-point
Do not expose electrodes to high-conductivity solutions. Exposure will reduce data quality and response
of the sensors. During calibration of other sensors, remove the ISEs to avoid exposing them to conductivity
standards, Zobell solution, pH buffer, or any solution with significant conductivity.
In the Calibrate menu, select ISE, then select ammonium.
Click 3-point for the Calibration Points. Enter 1 mg/L as the value of the first standard, 100 mg/L as the value
of the second standard, and 1 mg/L as the value of the third standard.
Click Start Calibration.
Pour a sufficient amount of 1 mg/L NH4+ -N calibration standard solution at ambient temperature in a clean
and dry or pre-rinsed calibration cup. Carefully immerse the sensor end of the sonde into the solution,
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making sure the sensor’s tip is in solution by at least 1 cm. Allow at least 1 minute for temperature equilibration
before proceeding.
Observe the readings under Current and Pending data points and when they are Stable (or data shows no
significant change for approximately 40 seconds), click Apply to accept this calibration point. Confirm that
the Pending data value is close to the Setpoint value. Click Proceed and wait for the software to prompt you
to move the sensor to the next calibration standard solution.
Rinse the sensors in deionized water between changes of the calibration solutions. Pour a sufficient amount
of 100 mg/L of NH4+ -N calibration standard solution at ambient temperature into a clean, dry or pre-rinsed
calibration cup and carefully immerse the sensor end of the sonde into the solution. Allow at least 1 minute
for temperature equilibration before proceeding.
Observe the readings under Current and Pending data points and when they are Stable (or data shows no
significant change for approximately 40 seconds), click Apply to accept this calibration point. Confirm that
the Pending data value is close to the Setpoint value. Click Proceed and wait for the software to prompt you
to move the sensor to the next calibration standard solution.
Rinse the sensors in deionized water between changes of the calibration solutions. Immerse the sensor end of
the sonde in the pre-chilled 1 mg/L NH4+ -N calibration standard solution ensuring that the temperature is
at least 10°C different than ambient. Allow at least 1 minute for temperature equilibration before proceeding.
Observe the readings under Current and Pending data points and when they are Stable (or data shows no
significant change for approximately 40 seconds), click Apply to accept this calibration point. Confirm that
the Pending data value is close to the Setpoint value.
Click Complete. View the Calibration Summary screen and QC score. Click Exit to return to the sensor
calibration menu
Rinse the sonde in tap or purified water.

Nitrate 3-point

The calibration procedure for nitrate is identical to the procedure for ammonium, except that the calibration
standard solution values are in mg/L NO3- -N instead of NH4+ -N.

Chloride 3-point

The calibration procedure for chloride is identical to the procedure for ammonium and nitrate, except that
the calibration standard solution values are in mg/L Cl- instead of NH4+ -N or NO3- -N. YSI recommends that
the user employ standards for chloride that are 10 times greater than for ammonium and nitrate. Thus, the
low calibration value should be 10 mg/L Cl- and the high calibration value should be 1000 mg/L Cl-.
Precautions
• Ion-selective electrodes may not stabilize as rapidly as pH sensors. Be sure to allow plenty of time for the
readings to come to their final values during all calibration routines.
• ISEs generally drift more than pH sensors. To check for this drift, read the sensor’s value in a calibration
standard solution at the end of each deployment.
• Ammonium and nitrate standards are good growth media for a variety of organisms. This growth can
significantly reduce the nitrogen content of your standards, particularly for 1 mg/L solution. It is best to
use new standards for each deployment, but if you decide to save your solutions for reuse, we recommend
refrigerated storage to minimize the growth of these organisms.
• Ammonium, nitrate, and chloride sensors will take longer to stabilize after exposure to high-conductivity
solutions such as a pH calibration. To accelerate the recovery process, soak the sensor in 100 mg/L
(ammonium or nitrate standard solution) or 1000 mg/L Cl- standard solution for a few minutes after
exposure.

pg

| 85

Calibration
5.11 Calibration Standards
Quinine Sulfate Solution for fDOM Sensor

A

Before using a quinine sulfate reagent (solid or solution) or sulfuric acid reagent, read the safety instructions
provided by the supplier. Take extra precautions when making dilutions of concentrated sulfuric acid, as this
reagent is particularly dangerous. Remember that only trained personnel should handle chemicals.

Preparation

Use the following procedure to prepare a 300 μg/L solution of quinine sulfate (300 QSU) that can be used to
calibrate the EXO fDOM sensor for field use:
1. Purchase solid quinine sulfate dihydrate with a high purity (>99%). (Recommended supplier: Fisher Scientific
item #6119-70-6.) Purchase 0.1 N (0.05 M) sulfuric acid, to avoid the hazards of diluting concentrated
sulfuric acid to make this reagent. (Recommended supplier: Fisher Scientific item # AA35651K7.)
2. Weigh 0.100 g of solid quinine sulfate dihydrate and quantitatively transfer the solid to a 100-mL
volumetric flask. Dissolve the solid in about 50 mL of 0.05 M (0.1 N) sulfuric acid (H2SO4), dilute
the solution to the mark of the volumetric flask with additional 0.05 M sulfuric acid, and mix well by
repeated inversion. This solution is 1000 ppm in quinine sulfate (0.1%).
3. Transfer 0.3 mL of the 1000 ppm solution to a 1000 mL volumetric and then fill the flask to the top
graduation with 0.05 M sulfuric acid. Mix well to obtain a solution of 300 μg/L (300 QSU or 100 RFU).
4. Store the concentrated standard solution in a darkened glass bottle in a refrigerator to retard
decomposition. The dilute standard prepared in the previous step should be used within 5 days of
preparation and should be discarded immediately after exposure to EXO’s metal components.

A

Degradation of quinine fluorescence by copper and chloride
Exposure of the quinine sulfate solution to any copper-based component of the EXO sonde and sensors
(primarily the wiper assembly) will begin to degrade the solution significantly within minutes. Quinine
fluorescence is also degraded by the presence of chloride or halide ions, found in estuarine or seawater,
conductivity standards, and Zobell solution. Thus, clean your sensors thoroughly and perform your calibration
as quickly as possible on immersion of the sensors into the quinine sulfate solution. Discard the used standard.
When quinine sulfate standards are required in the future, perform another dilution of the concentrated solution.

Effect of temperature on fluorescence

The intensity of the fluorescence of many dyes shows an inverse relationship with temperature. This effect
must be accounted for when calibrating the EXO fDOM sensor with Quinine Sulfate Solution. Enter the
QSU or RFU value from the table below that corresponds to the temperature of the standard.
Temp (˚C)

RFU

QSU

Temp (˚C)

RFU

QSU

30

96.4

289.2

18

101.8

305.4

28

97.3

291.9

16

102.7

308.1

26

98.2

294.6

14

103.6

310.8

24

99.1

297.3

12

104.6

313.8

22

100

300

10

105.5

316.5

20

100.9

302.7

8

106.4

319.2
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A

Rhodamine WT Dye Solution for Total Algae Sensor
Read and follow all the safety instructions and MSDS documentation supplied with the dye before
proceeding. Remember that only trained personnel should handle chemicals.
Preparation
Use the following procedure to prepare a Rhodamine WT solution for use as a sensor stability check reagent
for the EXO Total Algae (Chlorophyll and Blue-green Algae) sensor:
1. Purchase Rhodamine WT dye in solution form, which can vary somewhat in nominal concentration.
Recommended supplier for a solution that is approximately 2.5% in Rhodamine WT:
Fluorescent FWT Red Dye (item #106023)
Kingscote Chemicals
3334 South Tech Blvd.
Miamisburg, OH 45342 USA
1-800-394-0678
2. Accurately transfer 5.0 mL of the Rhodamine WT solution into a 1000 mL volumetric flask. Fill the
flask to the volumetric mark with deionized or distilled water and mix well to produce a solution that
is approximately 125 mg/L of Rhodamine WT. Transfer this standard to a glass bottle and retain it for
future use.
3. Accurately transfer 5.0 mL of the solution prepared in the above step to a 1000 mL volumetric flask
and then fill the flask to the volumetric mark with deionized or distilled water. Mix well to obtain a
solution, which is 0.625 mg/L in water (a 200:1 dilution of the concentrated solution).
4. Store the concentrated standard solution in a glass bottle in a refrigerator to retard decomposition.
The dilute standard prepared in the previous step should be used within 24 hours of its preparation.
Discard the used standard. When Rhodamine standards are required in the future, perform another dilution
of the concentrated Rhodamine WT solution after warming it to ambient temperature.

Effect of temperature on fluorescence

The intensity of the fluorescence of many dyes shows an inverse relationship with temperature. This effect
must be accounted for when calibrating the EXO Total-Algae sensor with Rhodamine WT. Enter the μg/L
or RFU value from the table below that corresponds to the temperature of the standard.
RFU

μg/L

BGA-PC

RFU
Temp (˚C) RFU Chl g/L Chl BGA-PC
μ

μg/L

56.5

11.4

11.4

18

17.6

70.8

17.5

17.5

14.6

58.7

13.1

13.1

16

18.3

73.5

19.1

19.1

26

15.2

61.3

14.1

14.1

14

18.9

76

20.1

20.1

24

15.8

63.5

15.0

15.0

12

19.5

78.6

21.2

21.2

22

16.4

66

16.0

16.0

10

20.2

81.2

22.2

22.2

20

17.0

68.4

17.1

17.1

8

20.8

83.8

22.6

22.6

Temp (˚C) RFU Chl

μg/L Chl BGA-PC

30

14.0

28

BGA-PC
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Chloride Standard for Chloride Sensor

A

Read and follow all the safety instructions and MSDS documentation supplied with the chemical before
proceeding. Remember that only trained personnel should handle hazardous chemicals.

Preparation

Use the following procedure to prepare 10 and 1000 mg/L chloride reagents for the EXO Chloride sensor.
(Nitrate and Ammonium standards can be purchased from YSI or other laboratory supply companies.)

1000 mg/L Standard
1.
2.
3.
4.

Purchase solid sodium chloride from a supplier.
Accurately weigh 1.655 grams of anhydrous sodium chloride and transfer into a 1000 mL volumetric flask.
Add 0.5 grams of anhydrous magnesium sulfate to the flask.
Add 500 mL of water to the flask, swirl to dissolve all of the reagents. Dilute to the volumetric mark with
water. Mix well by repeated inversion and then transfer the 1000 mg/L standard to a storage bottle.
5. Rinse the flask extensively with water prior to its use in the preparation of the 10 mg/L standard.
Alternatively, simply add 0.5 grams of magnesium sulfate to a liter of a 1000 mg/L chloride standard from a
certified supplier.

10 mg/L Standard

1. Accurately measure 10 mL of the above 1000 mg/L standard solution into a 1000 mL volumetric flask.
2. Add 0.5 grams of anhydrous magnesium sulfate to the flask.
3. Add 500 mL of water, swirl to dissolve the solid reagents, and then dilute to the volumetric mark with
water. Mix well by repeated inversion and then transfer the 10 mg/L standard to a storage bottle.
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Calibration
5.12 Calibration Worksheet
The Calibration Worksheet is a record of the calibration for an EXO sensor. The worksheet contains quality
assurance information including date and time of calibration, date of previous calibration, sensor firmware
version, type of calibration performed, standard used, and QC score.
Calibration Worksheets are saved in the Calibration Files folder on the computer (not on the sonde). All
saved Worksheets can be accessed and viewed through the Data menu in KOR software.

Sample Worksheets
1-point calibration of specific conductance
on EXO conductivity/temperature probe

1-point calibration of percent saturation
on EXO optical dissolved oxygen probe

Additional Post-Calibration Info
ODO Gain: The ODO gain is a diagnostic value recorded on the Calibration Worksheet and used for advanced
diagnostic purposes. The nominal value is 1, and accurate calibrations of the DO sensor will only slightly
deviate from this number.
Cell Constant: The cell constant is the current value of the conductivity and is a function of the factory
original cell constant and the most recent user calibration. The cell constant will drift over time based on the
sensor’s electrodes, and the cell constant can be used to track drift.
Slope: The slope for the pH sensor is the mV per decade (pH unit) where 59 is the typical value. Slope allows
the user to track drift away from 59 to determine the life/aging of the sensor module.
Change mV: The change millivolts is the delta mV change between either 4 and 7 or 7 and 10 calibration
values for the pH sensor. It is the mV deviation away from the middle calibration point number.
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Sonde
6.1 Storage
Proper sonde storage helps to ensure proper sonde operation. To keep sondes in their best working order,
users must follow these instructions. This section will identify storage as “long-term” or “short-term.”Longterm denotes storage during times of long inactivity (over winter, end of monitoring season, etc.). Short-term
denotes storage during times the sonde will be used at a regular interval (daily, weekly, biweekly, etc.).

1 Short -term storage
For interim storage, users should keep sensors moist, but
not submerged; submersion during storage may produce
sensor drift. Users should aim for a storage environment of
water-saturated air (100% humidity) for the sensors.
Place approximately 0.5 in (1 cm) of water (deionized,
distilled, tap, or environmental) in the bottom of the
calibration cup. Then place the sonde with all of its sensors
into the cup and close it tightly to prevent evaporation.
Users can also use a moist sponge to create a humid
environment.
Ensure that unused sensor ports are properly protected
with port plugs. The sonde itself should be stored in dry air.
To protect the cable connector, either leave the cable
installed on the connector, or install the port plug. This is
especially important for sondes with level; users should
always keep the cable connector of vented sondes dry. See
the respective sections for depth/level and cable storage for
additional information.

2 Long-term storage
Store all removed sensors according to the specific
instructions in their sensor storage section. Plug all open
ports, and store the sonde according the above instructions
for short-term sonde storage.

A

Always remove batteries from sondes during long periods
of inactivity to prevent potentially harmful battery leaks.
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Sonde
6.1 Maintenance
Like all precision equipment, EXO sondes work most reliably when users maintain them properly. A proper
inspection and cleaning can prevent several issues, including leaks. When performing general maintenance on
the sonde, also check this manual’s depth and connector sections. Use only the recommended materials to service
instruments. Each sonde comes with a maintenance kit, including proper lubricants and replacement o-rings.
Users can order replacement o-ring kits (#599680 or #599681) or tool kit (#599594) from the manufacturer or
an authorized distributor.

1 Inspect and service o-rings
User-serviceable o-rings are located in the EXO sonde
battery compartments. Perform a thorough visual
inspection of o-rings each time they are exposed. Carefully
look for grit, hair, etc. on the o-ring and mating surfaces
and wipe away any contamination with a lint-free cloth.
Without removing them from their grooves, lightly grease
each o-ring with Krytox. Replace any damaged o-rings.

2 Replace o-rings.

A

If the above inspection reveals a damaged (split, cracked, or
misshapen) o-ring, remove it. Wipe the groove clean with
alcohol and a lint-free cloth. Grease the o-ring by drawing
it between your lightly greased thumb and index fingers.
Place the o-ring in its groove, being careful to not roll or
twist it, and lightly grease the surface. Inspect the o-ring for
contamination.
Do not apply excess grease to the o-rings. This can cause
contamination and seal failure.

3 Inspect, clean, and grease ports.
Visually inspect each port for contamination (grit, hair,
etc.). Should the user detect contamination, remove it with
a blast of compressed air. When the port’s rubber appears
dry, lightly grease the sensor connector before insertion.

A
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Never insert solid objects into the sonde ports. This could
permanently damage the connectors.

Sonde
6.2 Install or Replace EXO 1 Batteries
EXO1 water quality sondes use two (2) D-cell batteries as a power source. Using alkaline batteries, users can
expect approximately 90 days of deployment from a fully loaded sonde that samples once every 15 minutes.
However, deployment times may vary greatly depending on water temperature, sampling rate, sensor payload,
and brand of battery. *See battery life specification, next page. Do not use Ni-Cad rechargeable batteries in
the EXO1 sonde.

1 Remove battery cover.
Start with a clean and dry sonde. Hold the sonde
horizontally with the bail up and twist the battery
cover counterclockwise until free. If necessary, slide
the sonde tool’s larger opening over the end of the
battery compartment and use it as a lever to break the
compartment free. Then slide off the battery cover.

A

Do not remove the screws on the sonde.
Do not clamp the sonde in a vise.

2 Remove old batteries.
Expose the batteries by flipping the isolation flap up away
from the batteries, and pull the batteries free of their
compartment. Always dispose of used alkaline batteries
according to local requirements and regulations.
Clean the inside of the battery compartment with a lintfree cloth.

3 Install new batteries.
Install the new batteries so that the positive terminals point
towards the bail (away from the sensor bulkhead). Replace
the isolation flap over the batteries.
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4 Check and service o-rings.
Before replacing the battery cover, check and service the four
o-rings.
Ensure that the o-rings are not nicked or torn and that they
have no contaminants or particles on them or the sealing
surfaces inside the battery cover. Clean the o-rings with a
lint-free cloth. Then apply a thin coat of Krytox® lubricant
to each o-ring.

5 Replace battery cover.
Twist the battery cover clockwise until it stops at the rubber
gasket. The gasket does not provide a seal and does not
need to be compressed. Do not overtighten; overtightening
will not create a strong seal and may damage the sonde.
The EXO1 sonde has a resealing battery relief valve; no
maintenance is required.
If a battery failure occurs that results in battery acid leakage
into the battery compartment, the sonde must be returned
to a service center for evaluation. Some battery acid will
damage the plastic in the battery compartment.

*Battery life specification
When using alkaline batteries: Approximately 90 days at 20˚C at a 15-minute logging interval, and
temperature/conductivity, pH/ORP, Optical DO, and turbidity installed. Battery life is heavily dependent
on sensor configuration and is given for a typical sensor ensemble.
Battery life is reduced in cold-water applications.
When using rechargeable nickel metal hydride (NiMH) batteries: Estimated battery life is not available
because NiMH batteries vary greatly in manufacturer capacity and discharge curves. We recommend a
NiMH D-cell battery with a minimum rating of 10,000 milliamp hours that are fully charged each time
they are used.
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Sonde
6.2 Install or Replace EXO 2 Batteries
EXO2 water quality sondes use four (4) D-cell batteries as a power source. Using alkaline batteries, users can
expect approximately 90 days of deployment from a fully loaded sonde that samples once every 15 minutes.
However, deployment times may vary greatly depending on water temperature, sampling rate, sensor payload,
wiper frequency, and brand of battery. *See battery life specification, next page. Do not use Ni-Cad rechargeable
batteries in the EXO2 sonde.

wrench
EXO2 top

1 Loosen battery cap.
Start with a clean and dry sonde. Slide the sonde tool’s
smaller opening over the battery cap on top of the
EXO2. Using the tool as a lever, firmly turn the tool
counterclockwise until the battery cap is loose.

2 Remove battery cap and old batteries.
Once the cap is sufficiently loose, remove the cap and old
batteries from the well. Always dispose of used alkaline
batteries according to local requirements and regulations.
Clean the o-ring sealing surfaces with a lint-free cloth.
Inspect down into the battery tube to make sure it is clean
and dry.

3 Insert new batteries.
+

With the positive terminal facing up, insert four (4) new
D-cell batteries into the battery well.

–
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4 Check and service o-rings.
Before replacing the battery cover, inspect and service the
four o-rings.
Ensure that the o-rings are not nicked or torn and that they
have no contaminants or particles on them or the sealing
surfaces inside the battery cover. Then apply a thin coat of
Krytox® lubricant to each o-ring and sealing surface.

5 Replace battery cap.
After servicing the cap’s o-rings, insert the cap in its recess.
Then, using your thumb, press down on the pressure relief
valve while turning the cap clockwise. Once the cap threads
are engaged, use the tool to tighten until snug. Do not
overtighten; overtightening will not create a strong seal and
may damage the sonde. When completed, the top o-ring of
the cap must be below the battery compartment opening.
If a battery failure occurs that results in battery acid leakage
into the battery compartment, the sonde must be returned
to a service center for evaluation. Some battery acid will
damage the plastic in the battery compartment.

Pressure in Battery Compartment
The EXO2 sonde is equipped with a pressure relief valve to protect against catastrophic battery failure.
If the valve is open (indicating an over-pressure situation), the battery cap must be replaced. Significant
water leakage into battery compartment requires that your instrument be evaluated by the manufacturer
or Authorized Service Center before the next deployment.

*Battery Life Specification
When using alkaline batteries: Approximately 90 days at 20˚C at a 15-minute logging interval, and
temperature/conductivity, pH/ORP, Optical DO, turbidity, and Total Algae-PC installed along with
a central wiper which rotates once every logging interval. Battery life is heavily dependent on sensor
configuration and is given for a typical sensor ensemble.
Battery life is reduced in cold-water applications.
When using rechargeable nickel metal hydride (NiMH) batteries: Estimated battery life is not available
because NiMH batteries vary greatly in manufacturer capacity and discharge curves. We recommend a
NiMH D-cell battery with a minimum rating of 10,000 milliamp hours that are fully charged each time
they are used.
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Sonde
6.3 Replace EXO1 Bail
Sonde bails provide users with a handle for convenient transport and an attachment point for cable strain
reliefs. If an EXO1 bail breaks due to impact or standard wear and tear throughout the life of the sonde, a
user can easily replace it. We also recommend attaching the cable’s strain relief mechanism to the bail.

1 Remove battery cover.
Twist the battery cover counterclockwise until free. Then
slide off the battery cover.

2 Remove bail.
Spread the sides of the bail away from the connector, pull
the bail over the posts on top of the sonde, and remove the
o-ring from its groove and discard.

3 Install new bail.
Install a new o-ring in the groove at the base of the bail.
Then carefully spread the bail open and seat its sockets over
the posts around the connector.
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Sonde
6.3 Replace EXO2 Bail
Sonde bails provide users with a handle for convenient transport and an attachment point for cable strain
reliefs. If an EXO2 bail breaks due to impact or standard wear and tear throughout the life of the sonde, a
user can easily replace it. We also recommend attaching the cable’s strain relief mechanism to the bail.

1 Remove bail.
Use a small screwdriver to remove two screws on the sides
of the bail.

Once screws are removed, lift the bail off the sonde.

2 Install new bail.
Place the new bail onto the sonde, aligning holes for the
screws. With one side of the bail aligned, push on the other
side to snap it into place. Use a small screwdriver to insert
two screws on the sides of the bail. Tighten until snug.

pg

| 98

Sonde
6.4 Update Firmware & KOR Software
Users can check for and download new versions of KOR software through the EXOwater.com website. Click
on Support and then the Software tab for the latest information and complete installation instructions.
Users can check and update sensor or sonde firmware through the KOR interface software. Each device
must be connected to the computer that is running the Desktop version of KOR, and the computer must
have internet access. This process may take up to 30 minutes depending on the number of sensors updated.

1 Open firmware submenu in KOR.
Navigate to the Options menu in KOR, then to the
Firmware submenu. Immediately after clicking the
Firmware submenu button, KOR begins to search for
connected sondes and sensors and loads the table with
names, serial numbers, and current firmware versions.

2 Select device and update.
To update a device, click on the device’s name in the table
and then click the Update Selected button. KOR then
updates the device’s firmware, which could take several
minutes.
To update all connected devices (i.e., attached sonde and
senors), click the Update Network button.
Note: For best power management, update firmware while
a device is connected via USB, as this will provide power to
the device. However, if you use Bluetooth, we recommend
installing fully charged batteries in the sonde.
See section 6.8 for instructions on how to update sonde and
sensor firmware using the EXO Handheld when the sonde is
in the field.
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Handheld
6.5 Maintenance and Storage
EXO Handhelds (HH) are rugged field instruments that are tested to a rating of IP-67 in the factory. Follow
the instructions below for the most reliable performance from the HH. This section will identify storage as
“long-term” or “short-term.” Long-term denotes storage during times of long inactivity (over winter, end of
monitoring season, etc.). Short-term denotes storage during times the sonde will be used at a regular interval
(daily, weekly, biweekly, etc.).

1 Clean handheld.
If the HH’s USB connector is contaminated, rinse it with
clean water and dry it.
To clean the HH’s cable connector, follow directions in section
6.18 for Connector Maintenance.
Wipe clean the HH’s keypad, lens, and polymer case
with a cloth soaked in clean water and a few drops of a
dishwashing liquid that contains a degreaser. Take care not
to scratch the lens.

2 Short-term storage.
Keep the HH in a safe storage location and power it down
by pressing and holding the power button for more than
three seconds. Pressing the power button for less than three
seconds does not entirely power down the instrument
(Sleep mode) and may cause unnecessary battery drain.

3 Long-term storage.
Keep the HH in a safe location and remove the batteries
(and reinstall the battery compartment panel) to prevent
potentially harmful battery leaks.
Note: If the HH is stored for more than several days without
batteries, the GPS will take longer to obtain a location fix.
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Handheld
6.6 Install or Replace Batteries
The EXO Handheld (HHs) uses four (4) C-cell alkaline batteries as a power source. Users can extend battery
life by putting the HH in “Sleep” mode, when convenient, by pressing and holding the power button for less
than three seconds. Rechargeable Nickel Metal Hydride (NiMH) batteries can also be used. Battery life varies
depending on GPS and Bluetooth wireless use. We recommend battery capacity of at least 5000 milliamp
hours. Do not use Ni-Cad rechargeable batteries in the Handheld.

1 Remove battery cover panel.
The battery cover panel is located on the back of the HH.
To remove the panel, unscrew (counter-clockwise) the four
screws with a flat or Phillips head screwdriver.
Note: The retaining screws are integrated into this panel
and are not independently removable. If replacement is
necessary, replace the entire assembly.

2 Insert/replace batteries.
Remove the old batteries and dispose of them according to
local ordinances and regulations. Install the new batteries
between the battery clips with their polarity (+/-) oriented
as shown on the bottom of the battery compartment.
If you use your own rechargeable batteries, they cannot
be charged inside the handheld; they should be charged
outside the handheld.

3 Reinstall battery cover panel.
Ensure that the rubber battery cover gasket is seated
properly, then replace the cover onto the back of the HH.
Tighten the four retaining screws back into their holes, but
do not overtighten.
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Handheld
6.7 Update Firmware & KOR Software
To update the instrument firmware and KOR software on the EXO Handheld, use the Desktop version of
KOR on a computer with internet access. KOR Desktop will go online and pull updated files for the Handheld,
which are then transferred to the Handheld via cable. (Bluetooth communication is not recommended for
this process.)

1 Connect handheld to computer.
Plug the small end of the USB cable into the port on the
top side of the EXO Handheld. Plug the other end of the
USB cable into a port on your computer. Power on the
Handheld and allow a minute for Windows to recognize
the Handheld as a removable drive before the Handheld
shows up in KOR software.

2 Update handheld.
When the Handheld is connected to the PC, go to the
Options | Firmware menu in KOR Desktop software. Select
the Update Handheld button from the bottom-right corner
of the menu. Follow the prompts for completing the update
process and rebooting the Handheld.
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Handheld
6.8 Update Sonde Firmware
To update the instrument firmware when a sonde is in the field, you can use the EXO Handheld instead of
a computer.

1 Download updates to handheld.
Connect the Handheld to a computer with internet access
to retrieve the latest firmware updates (see section 6.7). In
KOR desktop software, go to the Options menu, select Sync
with Handheld, and follow the prompts. When complete,
your Handheld can be brought to the field to deliver
updates to sondes and sensors.

2 Connect handheld to sonde.
Connect Handheld to sonde via Bluetooth (see section 3.4)
or field cable (see section 3.3).

3 Update sonde and sensors.
When the Handheld is connected to the sonde, go to the
Options | Firmware menu on the Handheld. The list on the
left side displays the connected device’s current firmware
and any new firmware available to install.
• To update the sonde and all sensors in the sonde, click
the Update All soft key.
• To update an individual sensor, select the sensor from
the list and click the Toggle Advanced soft key. Then
select the firmware version from the list on the right
and click the Update Selected soft key.
• Click OK to confirm that you would like to stop
deployment and update firmware.
The Handheld will update the sonde and/or sensors one
by one, and a progress screen will show when each is
completed.
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Depth and Level Sensor
6.9 Maintenance and Storage
EXO depth and level sensors access the water through small holes (ports) located in the sonde body or
bulkhead. Although users cannot access them directly, proper storage maintenance will help to ensure reliable
operation. Depth sensors can be stored dry, in water-saturated air, or submerged in clean water. However,
be sure that the water does not contain solutions that are corrosive. This can cause damage to the sensor’s
strain gauge.

1 Locate depth ports.
The two EXO1 depth ports are located in the yellowplastic section between the bulkhead tube (labeled area)
and the blue plastic battery cover. The EXO2 depth ports
are located on the metal bulkhead face itself, in the largest
open area between ports.

2 Clean depth ports.

A

Although users cannot directly access the depth/level
sensors, they should periodically clean them with the
syringe included in the EXO tool kit (#599594). Fill the
syringe with clean water and gently force water through
one of the ports. Ensure that water flows from the other
hole. Continue flushing the port until the water comes out
clean.
Do not insert objects in the EXO2 depth ports, as this may
cause damage to the transducer not covered under the
warranty.

3 Level sensor storage.
Users can store these sensors either dry or submerged in
clean water. However, regardless of storage method or
length, ensure the vent tube remains dry. Always attach the
port plug to the cable connector, or leave the cable installed
with a cap over the desiccant’s vent.
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4 Level desiccant maintenance.
Active desiccant is blue; saturated desiccant is pink. When
the desiccant closest to the sonde begins to turn pink, you
should replace (YSI 6108), or regenerate (YSI 6109) the
desiccant cartridge. To regenerate desiccant, remove it
from the cartridge and heat it for one hour at 200°C (about
400°F); then cool it an airtight container before refilling.
Also heat the felt filters at 100°C (about 200°F) for 30
minutes. The desiccant will turn blue following a successful
recharge.
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Standard Optical Sensor
6.10 Maintenance and Storage
Standard optical sensors include Turbidity, Total Algae, and fDOM sensors; these optical sensors are very
low maintenance. This section identifies storage as “long-term” or “short-term.” Long-term denotes storage
during times of long inactivity (over winter, end of monitoring season, etc.). Short-term denotes storage
during times the sonde will be used at a regular interval (daily, weekly, biweekly, etc.). Maintain connectors
as instructed in section 6.19 Connectors.

1 Clean sensing window.
Turbidity, Total Algae, and fDOM require minimal
maintenance. Users should periodically inspect the optical
surface at the tip of the sensor and wipe it clean with a nonabrasive, lint-free cloth if necessary. As much as possible,
prevent scratches and damage to the sensing window.

2 Long- and short-term storage.
Turbidity, Total Algae, and fDOM require minimal
precautions. Users can either remove the sensors or leave
them installed in the sonde for long- and short-term storage.
If left installed on the sonde, follow guidelines for sonde
storage. If users remove them from the sonde, the sensors
may be stored in dry air in their shipping cap (to protect
against physical damage).

A
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Do not store any sensor in quinine sulfate solution.

Conductivity/Temp Sensor
6.11 Maintenance and Storage
EXO conductivity and temperature (CT) sensors require little maintenance or special attention for storage.
As much as possible, prevent impact to the sensor’s exposed thermistor. This section will identify storage
as “long-term” or “short-term.” Long-term denotes storage during times of long inactivity (over-wintering,
end of monitoring season, etc.). Short-term denotes storage during times the sonde will be used at a regular
interval (daily, weekly, biweekly, etc.). Maintain connectors as instructed in section 6.19 Connectors.

1 Clean electrode channels.
The only parts of the CT sensor that require special
maintenance are the channels leading to the internal
electrodes. Dip the sensor’s cleaning brush (included in
the sonde maintenance kit) in clean water, insert at top of
channels, and sweep the channels 15-20 times. If deposits
have formed on the electrodes, use a mild solution of dish
soap and water to brush the channels. If necessary, soak in
white vinegar to aid cleaning. Rinse the channels with clean
water following the sweepings or soak.

2 Short -term storage.
When in regular field use, the sensor should remain
installed on the sonde in an environment of watersaturated air. Place approximately 0.5 in (1 cm) of any water
(deionized, distilled, tap, or environmental) in the bottom
of the calibration cup. Insert the sonde and sensor into the
cup and screw it on tightly to prevent evaporation. (More
information in “Short-Term Sonde Storage” section.)

3 Long -term storage.
Store the sensors either dry or wet, installed on the
sonde or detached. However, before storage, perform the
recommended maintenance (above) to ensure the sensor is
in good working order for the next deployment season. If
the sensor is submerged for storage, ensure that the liquid
is not corrosive.
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Dissolved Oxygen Sensor
6.12 Storage
EXO DO sensors require separate storage instructions from other optical sensors due to their sensing
membranes. This section will identify storage as “long-term” or “short-term.” Long-term denotes storage
during times of long inactivity (over winter, end of monitoring season, etc.). Short-term denotes storage
during times the sonde will be used at a regular interval (daily, weekly, biweekly, etc.).

1 Short -term storage.
When in regular field use, the ODO sensor should remain
installed on the sonde. Place approximately 0.5 in (1 cm)
of any water (deionized, distilled, tap, or environmental)
in the bottom of the calibration cup. Insert the sonde
and sensor into the cup and screw it on tightly to prevent
evaporation. (More information in “Short-Term Sonde
Storage” section.)

2 Long-term storage.
Leave the sensor installed in the sonde, and submerge it in
clean water in the calibration cup. Screw the cup on tightly
to prevent evaporation. Users may also store the ODO
sensor by itself in two ways. One, submerge the sensing end
of the sensor in a container of water; occasionally check the
level of the water to ensure that it does not evaporate. Two,
store the sensor in water-saturated air.
We do not recommend storing the sensor with the
connector end unmated or exposed. If unmated, cover with
plastic connector cap.
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Dissolved Oxygen Sensor
6.12 Maintenance and Rehydration
EXO optical Dissolved Oxygen (DO) sensors require unique maintenance instructions due to their sensing
membranes. Users should routinely perform these instructions in order to achieve the highest levels of
sensor accuracy. DO sensor caps have a typical life of 12 months. After this point, users should replace the
DO membrane cap. As caps age, accuracy is reduced, ambient light rejection suffers, and response times can
be affected. Maintain connectors as instructed in section 6.19 Connectors.

1 DO membrane maintenance.
Users should periodically inspect the optical surface at the
tip of the sensor and wipe it clean with a non-abrasive, lintfree cloth if necessary. Never use organic solvents to clean an
EXO DO sensor.
As much as possible, prevent scratches and damage to the
sapphire sensing window. Avoid getting fingerprints on the
window. If necessary, wash with warm water and dish soap
and rinse with DI water.

2 Sensor rehydration.
Users should always store DO sensors in a moist or wet
environment in order to prevent sensor drift. However,
should DO sensors be left in dry air for longer than eight
hours, they must be rehydrated. To rehydrate, soak the
DO sensor cap in warm (room temperature) tap water for
approximately 24 hours. Following this soak, calibrate the
sensor and store it in a moist environment.

3 Sensor cap replacement.
Due to restrictions inherent to all DO sensors, DO sensor
caps have a typical life of 12 months. After this point, users
should replace the DO membrane cap. To replace this cap,
follow the directions in the “Sensor Cap Replacement”
section.
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Dissolved Oxygen Sensor
6.13 Sensor Cap Replacement
Follow these instructions to replace the sensor cap on an EXO optical dissolved oxygen sensor once the
previous cap has exhausted its usable life (typically about one year). The DO sensor cap (#599110-01) is
shipped in a humidified container, and should be stored in a 100% humid environment. If the sensor cap
dries completely, follow instructions to rehydrate it.

1 Remove current sensor cap.

Rotate the sensor cap with your fingers counterclockwise
until free.

A

If possible, do not use any tools during this process.
However, should the cap be immovable after use, carefully
twist the sensor cap with pliers until it breaks loose. Do not
use pliers on the sensor body, and take great care not to
damage the sensor threads.

2 Replace o-ring.
Without using tools, remove the previous o-ring (pinch
the o-ring out, then roll it upwards over the threads) and
discard it. Visually inspect the new o-ring for nicks, tears,
contaminants, or particles; discard damaged o-rings.
Without twisting it, carefully install the new o-ring over the
threads and into its groove, then apply a thin coat of Krytox
lubricant to the o-ring only. Ensure the sensor cap’s cavity is
completely dry before installing the new cap.

3 Install new sensor cap.

A
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After the o-ring is installed and lubricated, wipe the clear
window at end of sensor with a lint-free cloth until clean.
Then dry the inside cavity of the sensor cap with a lint-free
cloth. With a clockwise motion, thread the new sensor cap
onto the sensor until it is finger-tight. The o-ring should
now be compressed between the sensor cap and sensor, and
not pinched. If pinched, remove and discard the o-ring and
repeat procedure.
Do not over-tighten the sensor cap. Do not use any tools
for the installation process.

4 Configure sonde for new cap.
In KOR software, configure the sonde for the new sensor
cap. Click the Calibrate button and then click the ODO
button. Next click the ODO % sat button, and in the DO
calibration window click the Advanced button.

In the Advanced menu, click the Edit button and enter the
unique membrane cap coefficients found on the instruction
sheet shipped with the DO sensor cap.
Note: Calibration coefficients are associated with specific
individual sensor caps. They cannot be used for other ODO
sensors.
Although measures are taken at the factory to ensure this,
please check that the serial number with the calibration
coefficients on the instruction sheet matches the serial
number engraved on the outside of the sensor cap.

5 Store sensor cap.

The sensor cap is shipped in a humidified container,
and should be consistently stored in a 100% humid
environment. Prior to installation, ensure the cap’s
container remains moist. Once the sensor cap is installed
on the sensor, maintain this environment by placing
approximately 0.5 in (1 cm) of water (deionized, distilled,
tap, or environmental) in the bottom of the calibration cup
and screw it tightly onto the sonde to prevent evaporation.
You may also store the sensor by submerging the cap end in
water.

A

If pH sensor is also installed, do not submerge it in distilled
water.
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pH and pH/ORP Sensors
6.14 Storage and Rehydration
pH and pH/ORP sensors have two specific storage requirements: they should not be stored in distilled or
deionized water and their reference electrode junction should never dry out. This section will identify storage
as “long-term” or “short-term.” Long-term denotes storage during times of long inactivity (over-wintering,
end of monitoring season, etc.). Short-term denotes storage during times the sonde will be used at a regular
interval (daily, weekly, biweekly, etc.).

1 Short -term storage.
When in regular field use, the sensor should remain
installed on the sonde in an environment of watersaturated air. Place approximately 0.5 in (1 cm) of any water
(deionized, distilled, tap, or environmental) in the bottom
of the calibration cup. Insert the sonde and sensor into the
cup and screw it on tightly to prevent evaporation. (More
information in “Short-Term Sonde Storage” section.)

2 Long-term storage.
Remove the sensor from the sonde and insert its sensing
end into the bottle that the sensor was shipped in. Install
the bottle’s o-ring and cap then tighten. This bottle contains
a 2 molar solution of pH 4 buffer. If this solution is
unavailable, users may store the sensor in tap water.

A

Do not store the pH or pH/ORP sensor in Zobell solution
or DI water.

3 Rehydrate reference junction.

2 M KCl
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If the pH sensor has been allowed to dry, soak the sensor
for several hours (preferably overnight) in a 2 molar (2
M) solution of potassium chloride (KCl). In order to
create a 2 M KCl solution, dissolve 74.6 g of KCl in 500
mL of distilled or deionized water. If KCl is unavailable,
a tap water or pH 4 buffer soak may restore function. If
the sensor is irreparably damaged, users must replace the
sensor module.

pH and pH/ORP Sensors
6.14 Maintenance
pH and pH/ORP sensors will require occasional maintenance to clear contamination from the sensing elements.
These contaminants can slow the sensor’s response time. Clean the sensors whenever deposits, biofouling, or
other contamination appear on the glass, or when the sensor’s response time slows perceptibly. Remove the
sensor from the sonde before performing the following cleaning steps. Do not attempt to physically scrub or
swab the glass bulbs. The bulbs are very fragile and will break if pressed with sufficient force. Maintain connectors
as instructed in section 6.19 Connectors. Replace depleted sensor module as instructed in section 6.16.

1 Soak in dishwashing liquid solution.
Soak the sensor for 10-15 minutes in a solution of clean
water and a few drops of dishwashing liquid. Following
the soak, rinse the sensor with clean water and inspect. If
contaminants remain or response time does not improve,
continue to the HCl soak.

2 Soak in HCl solution.

1 M HCl

A

Soak the sensor for 30-60 minutes in one molar (1 M)
hydrochloric acid (HCl). This reagent can be purchased
from most distributors. Following the HCl soak, rinse the
sensor in clean tap water and allow it to soak for an hour
in clean water. Stir the water occasionally. Then, rinse
the sensor again in tape water and test response time. If
response time does not improve or you suspect biological
contamination of the reference junction, continue to the next
soak. If HCl is not available, soak in white vinegar.
Follow the HCl manufacturer’s instructions carefully to
avoid personal harm.

3 Soak in chlorine bleach solution.

Chlorine
Bleach

Soak the sensor for approximately one hour in a 1:1
dilution of chlorine bleach and tap water. Following the
soak, rinse the sensor in clean tap water and allow it to
soak for at least one hour in clean water (longer if possible).
Then, rinse the sensor again in tap water and test response
time.
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ISE Sensors
6.15 Maintenance and Storage
EXO ammonium, nitrate, and chloride sensors utilize ion-selective electrodes (ISEs) to monitor these
parameters. One key requirement of storage, short or long-term, for these sensors is their reference electrode
junctions should never dry out. This section will identify storage as “long-term” or “short-term.” Long-term
denotes storage during times of long inactivity (over-wintering, end of monitoring season, etc.). Shortterm denotes storage during times the sonde will be used at a regular interval (daily, weekly, biweekly, etc.).
Replace depleted sensor module as instructed in section 6.16.

1 Sensor maintenance.

A

Ammonium or Nitrate sensor: When deposits, biofouling, or
other contamination appear on the membrane, users should
gently remove them with a fine jet of deionized water or
rinsing in alcohol followed by soaking in the high standard
calibration solution. Gently dab dry with a lint-free tissue.
Chloride sensor: When deposits, biofouling, or other
contamination appear on the membrane, users should
gently remove them by washing with alcohol and/or gently
polishing with fine emery paper in a circular motion to
remove deposits or discoloration, then thoroughly washing
with deionized water to remove any debris.
The ion-selective membranes are very fragile. Do not use
coarse materials (e.g. paper towels) to clean the membranes,
as these could permanently damage the sensor. The exception
is fine emery paper for the chloride sensor, noted above.

2 Short -term storage.
When in regular field use, the sensor should remain
installed on the sonde in an environment of watersaturated air. Place approximately 0.5 in (1 cm) of any water
(deionized, distilled, tap, or environmental) in the bottom
of the calibration cup. Insert the sonde and sensor into the
cup and screw it on tightly to prevent evaporation. (More
information in “Short-Term Sonde Storage” section.)

3 Long-term storage.
Users should remove the sensors from the sonde and
place them in their storage bottle (installed on sensor during
shipping) with a small amount of tap water or calibration
standard. The sensors should not be immersed in water.

A
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Do not store the ISE sensors in conductivity standard, pH
buffer, salt water, or any solution with significant conductivity.

4 Rehydrate reference junction.

If an ISE sensor has been allowed to dry, soak the sensor for
several hours (preferably overnight) in the sensor’s highcalibration solution. If the sensor is irreparably damaged,
users must replace the sensor module.
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6.16

Sensor Module Replacement

EXO pH, pH/ORP, ammonium, nitrate, and chloride sensors feature replaceable sensor modules (#599795,
599797, 599743-01, 599744-01, 599745-01) due to the electrolyte depleting characteristics necessary to make
such measurements. We recommend that users replace these modules as necessary—typically 12 to 18 months
for pH and ORP and three to six months for ISEs, if stored properly in a humid environment, wetting the
sponge in the provided bottle when not in use. Working life will depend on the conditions of the deployment
environment. Perform this procedure in a clean, dry laboratory environment.

1 Remove old sticker and plug.

A

Peel off and discard the old sticker that covers the junction
of the sensor body and the module. Then, with a small,
flat-blade screwdriver, remove the small rubber plug from
the gap in the hard plastic ring at the base of the sensor
module.
Caution: Always exercise extra care when using sharp or
potentially harmful instruments.

2 Remove and discard old sensor
module.
2
1

1

To remove, perform two motions simultaneously.
1. With your fingers, squeeze the sensor module’s hard
plastic ring so that it compresses the gap left by the
rubber plug.
2. Steadily pull the sensor module straight back from the
sensor body, rocking slightly if necessary.
Note: The act of removing the old sensor module
renders the o-rings on the module unusable. To prevent
catastrophic leaks, do not attempt to reinstall a module
with damaged o-rings.
Discard the module according to your organization’s
guidelines, or return it to manufacturer for recycling.

3 Inspect and service connector cavity.
Inspect the connector cavity of the probe body for debris
or moisture. If detected, remove it with a lint-free cloth or a
gentle blast of compressed air.
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4 Inspect and service new sensor
module’s o-rings.
Ensure that the two o-rings are not nicked or torn and have
no contaminants or particles on them. If the user detects
damage, carefully replace them with the extras included in
the sensor module kit. Then apply a thin coat of Krytox®
lubricant to each o-ring. If a user removes a sensor module
that is in good working order, replace the o-rings before
use.

5 Insert new sensor module.
Align the prongs on the base of the module with the slots
in the sensor body. The sensor module is keyed to insert
in only one orientation. Once the module is aligned, press
it firmly into position until it clicks. Wipe away any excess
grease from the assembled components.

6 Apply new sticker.
Wrap the junction of the sensor module and the body with
the new sticker included in the sensor module kit. This
sticker helps keep the sensor module junction clean and
retains the rubber plug throughout deployment.
On the sticker, mark the date the replacement module was
installed, as a reminder.

7 Re-calibrate the sensor.
Using KOR software, calibrate the sensor following each
sensor module replacement. After calibration, the sensor is
ready for field use.
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Wiper
6.17 Maintenance and Storage
Follow these instructions to replace the wiper brush assembly or brush guard component on the central wiper
module on the EXO2 sonde. We recommend changing the wiper between deployments to avoid sediment
carryover, which can compromise calibration and data collection. For long- and short-term storage, the wiper
requires minimal precautions. Users can either remove the wiper or leave it installed in the sonde. If left installed
on the sonde, follow guidelines for sonde storage. If users remove it from the sonde, the wiper may be stored in
dry air in its shipping cap to protect against physical damage.

1 Replace wiper brush.

Align set screw in D shaft
Rock brush back and forth ..
brush
assembly

brush
guard

screw

Loosen set screw with 0.050 inch Allen wrench.
Remove old brush assembly and clean any residue from
wiper shaft and wiper end cap.
Install new brush assembly, gently pressing the wiper arm
down against shoulder on wiper shaft.
Tighten set screw to a torque of 4 inch-pounds. While
tightening, gently and slowly rock the brush to ensure a tight
fit against the D shaft.
Check snugness of wiper by gently rocking 5 degrees in
either direction.

2 Replace brush guard.
In KOR software, go to Run > Dashboard. Click the Wipe
Sensors button to ensure proper wiper park position.
Mark the position of the old guard with a marker.
Loosen the #6 screw with a 7/64 inch Allen wrench, remove
the guard and clean any residue from motor housing.
Remove cover on adhesive strip on the inside of the new
brush guard.
Carefully install new brush guard in same position as old
guard—with brush centered in well. Tighten screw until
snug, but do not overtighten. (The adhesive helps to hold the
guard in place.)
If necessary, calibrate the position of the new wiper in the
KOR Calibrate menu.
Note: The adhesive on the guard strap, which facilitates
installation, may make it difficult to re-position the wiper
guard after it’s been installed. Take caution to mark the
position of the old guard before removing it and install the
new one in the same location. Confirm that the new guard is
aligned with the 4-pin connector at the bottom of the probe
as shown, and properly centered between ports 1 and 6 after
the wiper has been installed in the sonde.
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Field Cable
6.18 Maintenance and Storage
EXO field cables are rugged and provide years of reliable service when properly maintained. As with all field
cables, they are most vulnerable at their connectors. Take extra caution to protect the connectors from debris
and physical harm.

1 Inspect and clean cables.

Inspect the cable’s connectors for contamination and
remove any detected debris with a blast of compressed
air. Users should also apply a thin coat of Krytox grease to
the male pins of the connectors when they appear dried
out. However, it is better to apply too little grease than too
much. Too much grease can encourage contamination.
Periodically inspect the cable for nicks and tears to ensure
best performance.

2 Cable storage.
Users should leave the cable installed on the sonde to
protect the connectors. If necessary users may remove it
from the sonde, but extra care should be taken to protect
the connectors. Store the cable in a safe location free from
direct sunlight.
If the cable is vented, ensure the storage cap is affixed to
the desiccant inlet. Store vented cables in a bag containing
desiccant.
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Connectors
6.19 Maintenance and Storage
EXO sondes utilize wet-mate connectors that greatly reduce problems associated with traditional underwater
connectors. However these connectors must be properly maintained to reap the full benefit of this design.
Following these instructions will minimize most potential issues.
Never stick any foreign object into a female connector. Use only Krytox grease to lubricate the mating surfaces
of the connectors.

1 Female 6-pin connectors.
These connectors are located on field cables, EXO2
accessory connector, and EXO Handheld. Periodically
inspect the connectors for signs of contamination. If you
detect debris, remove it with a gentle blast of compressed
air. Prior to initial installation, or when dry, apply a light
coat of Krytox grease to the flat rubber mating surface on
top of the connector. When not in use, always install the
connector’s plug.

2 Male 6-pin connectors.
These connectors are located on field cables and topside
sonde connectors. Periodically inspect the connectors for
signs of contamination. If you detect debris, carefully remove
it. Prior to initial installation, or when dry, apply a light
coat of Krytox grease to the rubber mating surfaces of the
connector (including the rubber portions of the pins). When
not in use, always install the connector’s plug.

3 Sensor connectors (4-pin).
These connectors are located on sonde bulkheads (sockets)
and sensors. Periodically inspect the female portions of
these hermaphroditic connectors and the entire socket for
contamination, and remove any debris with a gentle blast
of compressed air. Prior to initial installation, or when dry,
apply a light coat of Krytox grease to the rubber area of the
sensor’s connector.
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4 Replace locking nut.
Retaining
Ring

Locking Nut

A

If the locking nut near the sensor connector wears out,
users can replace it with #599668 (sensor) or #599669
(EXO2 central wiper).
First remove the retaining ring by inserting the tip of a
small, flat-blade screwdriver under the lip of the ring and
pry upward. Pull ring out of groove.
Slide off locking nut and replace with new locking nut.
Install new retaining ring by prying up one edge with
screwdriver and fitting it into groove. Use the screwdriver
to follow the diameter of the ring around the groove to seat
it fully.
Wear eye protection when servicing the retaining ring.
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Antifouling Equipment
6.20 Maintenance
Many components on EXO sondes are made of an anti-fouling copper-alloy material that discourages the
growth of aquatic organisms. However, longer deployment intervals and highly productive waters can result
in biofouling attachment to the equipment, which should be cleaned periodically. See also instructions for
cleaning individual sensors.

1 Remove minimal biofouling.
Remove the antifouling sonde guard from the sonde. If
the guard is covered in a thin layer of slime or filaments,
wipe away the biofouling with a cloth soaked in clean water
and a few drops of a dishwashing liquid that contains a
degreaser. Rinse the guard with clean water and inspect.

2 Soak to remove heavy biofouling.
Remove the antifouling sonde guard from the sonde. If the
guard is covered in a thick layer of filaments or barnacles,
soak the guard for 10-15 minutes in a solution of clean
water and a few drops of a dishwashing liquid that contains
a degreaser. Following the soak, rinse the guard with clean
water and inspect.

3 Scrub to remove heavy biofouling.
If biofouling remains, use a small plastic scrub brush or
plastic scraper to gently scrub the biofouling off the guard.
Then wipe the guard with a wet, soapy cloth and rinse.
Do not sand or polish the inside of the guard bottom, as
this may effect turbidity readings. (The guard bottom has a
black coating that will eventually wear off.)
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Flow Cell
6.21 Maintenance
There are two versions of the EXO flow cell: EXO1 flow cell (#599080) and EXO2 flow cell (#599201). Flow
rate of the flow cell is typically between 100 mL and 1 L per minute. Maximum flow rate depends on tubing
type, size, and length. Maximum pressure for each is 25 psi.

1 Disassemble flow cell.
To clean the flow cell after use, unscrew and remove the
sonde from the flow cell.
Take apart the flow cell by unscrewing the base from the
locking ring. Remove the flow cell tube by gently pulling
the base and the tube apart. The locking ring will remain on
the tube due to the stainless steel retaining ring.
Repeat the same steps to remove the top of the flow cell
from the flow cell tube.

2 Clean flow cell.
Use water and a mild detergent and water to wipe clean the
flow cell parts.

3 Reassemble flow cell.

Make sure that the o-rings and threads are clean and free of
any particles such as sand, grit, or debris. Apply a thin coat
of Krytox grease to the two o-rings on the flow cell tube.
Make sure that the o-rings and stainless steel retaining
rings are properly seated on the flow cell tube. Push the
base of the flow cell onto the flow cell tube until it is firmly
seated. This creates the watertight seal.
Screw the locking ring on to the base by turning it
clockwise; do not use a tool and do not overtighten.
Repeat same steps to reconnect the top of the flow cell to
the flow cell tube.
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Storage Cases
6.22 Packing Equipment
In addition to the maintenance procedures for individual components of the EXO system detailed in this
section, users can store all EXO components (sonde, sensors, handheld, cables, etc.) in a large, hard-sided
carrying case (#599593-01), which measures 32x20 inches, for safe-keeping. Proper long-term storage helps
to ensure proper equipment operation. Long-term denotes storage during times of long inactivity (over
winter, end of monitoring season, etc.).
Also available from YSI is a soft-sided cloth carrying case (#605394). We also recommend Pelican® 1600 and
1700 cases, ordered from the manufacturer or reseller.

Foam cuffs
remove inner ring
at perforation
for EXO2

EXO1
Sonde

Insert
plastic tray
and cable(s) on
top of items
shown here

or
EXO2
Sonde

Handheld
(top foam tray)
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Sensors
(bottom foam tray)

Parts kits &
instruction sheets

USB drive
KOR software

EXO2
spare guard

or

EXO1
spare guard

Health & Safety
6.1 Chemicals
7.1
NOTE: For additional health, safety, and disposal information about reagents, download the MSDS documents
for the chemical in question from the EXO manufacturers’ websites: www.ysi.com or www.wtw.de.

First Aid for all solutions
Inhalation

Skin Contact

Eye Contact

Ingestion

Move to fresh air. If
breathing is difficult,
give oxygen. If
symptoms persist,
seek medical
attention.
Remove
contaminated
clothing and wash.
Wash exposed
area with soap and
water for at least 15
minutes. If irritation
persists, seek
medical attention.
Rinse eyes
immediately with
large amounts of
water, also under
eyelids, for at
least 15 minutes.
If irritation persists,
seek medical
attention.
Wash out mouth
with water and
then drink plenty of
water. If symptoms
persist, seek medical
attention.

Ammonium Solutions
3841, 3842, and 3843

Ingredients: Water, Ammonium Chloride, Lithium Acetate
Dihydrate, Sodium Azide, Hydrochloric Acid

Nitrate Solutions

3885, 3886, and 3887
Ingredients: Water, Potassium Nitrate, Magnesium Sulfate
Heptahydrate, Gentamycin Sulfate
Inhalation:
Avoid breathing vapors or mists. Ensure adequate
ventilation is available before handling.
Skin:
Wear lightweight protective clothing, gloves, and apron.
Eyes:
Wear safety glasses with side-shields or face shield. Contact
lenses should not be worn when working with these
solutions.
Ingestion:
May be harmful if swallowed. Wear a mouth cover or face
shield when there is splashing. Keep away from food and
drink.
First Aid: See box at left.

Conductivity Solutions

3161, 3163, 3165, 3167, 3168, and 3169
Ingredients: Water, Potassium Chloride
Inhalation:
Avoid breathing vapors or mists. Inhalation of dust may
cause irritation of respiratory tissues. Ensure adequate
ventilation is available before handling.

Skin:
Exposure may cause irritation with repeated exposure. Wear lightweight protective clothing, gloves, boots,
and apron.
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Eyes:
Can cause irritation and potential eye damage with repeated exposure. Wear safety glasses with sideshields or face shield.
Ingestion:
May cause irritation of mouth, throat, and an upset stomach. Wear a mouth cover or face shield when
there is splashing. Keep away from food and drink. Do not swallow.
First Aid: See box on page 123.

pH 4.00, 7.00, 10.00 Buffer Solutions
3821, 3822, and 3823

pH 4 Ingredients: Water, Potassium Hydrogen Phthalate, Red food coloring
pH 7 Ingredients: Water, Potassium Phosphate Monobasic, Sodium Hydroxide, Yellow food coloring
pH 10 Ingredients: Water, Potassium Hydroxide, Disodium EDTA dihydrate, Potassium Borate, Potassium
Carbonate, Bromphenol Blue Sodium Salt, Bromphenol Green Sodium Salt
Inhalation:
Avoid breathing vapors or mists. Inhalation of dust may cause irritation of respiratory tissues. Ensure
adequate ventilation is available before handling.
Skin:
Exposure may cause irritation with repeated exposure. Wear rubber or neoprene gloves.
Eyes:
Can cause irritation and potential eye damage with repeated exposure. Wear safety glasses with sideshields or face shield. Contact lenses should not be worn when working with these solutions.
Ingestion:
May cause nausea, vomiting, or diarrhea. Wear a mouth cover or face shield when there is splashing. Do
not swallow. Do not induce vomiting.
First Aid: See box on page 123.

Zobell Solution
3682

Ingredients: Potassium Chloride, Potassium Ferrocyanide Trihydrate, Potassium Ferricyanide
Inhalation:
Inhalation of dust may cause irritation of respiratory tissues. Ensure adequate ventilation is available
before handling.
Skin:
Exposure may cause irritation. Wear lightweight protective clothing, gloves, boots, and apron.
Eyes:
May cause irritation. Wear safety glasses with side-shields or face shield.
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Ingestion:
May cause an upset stomach. Wear a mouth cover or face shield when there is splashing. Keep away from
food and drink. Do not swallow. If large amount is ingested and person is conscious, induce vomiting.
First Aid: See box on page 123.

Turbidity Standard
6073

Ingredients: Water, Styrene divinyl Benzene copolymer beads
The material is not volatile and has no known ill effects on skin, eyes, inhalation or ingestion. Therefore,
no special precautions are required when using the standards. However, general precautions should be
adopted as required with all materials to minimize unnecessary contact.
First Aid: See box on page 123.

Ultraviolet Light
The fDOM sensor radiates ultraviolet light (UV light) which can be harmful to the eyes even during brief
periods of exposure. Do not look into the light at the tip of the probe and wear protective eyewear when
handling UV LEDs.
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7.2

Radio Frequency

Xylem certifies that the EXO product line has been tested and complies with the following radio frequency
(RF) interference standards and are approved for use in the following countries:
• United States: FCC Part 15 compliant
• Canada: RSS compliant
• European Union (EU): CE compliant
• Australia: CISPR 11 compliant
• New Zealand: CISPR 11 compliant
• Korea: Radio Waves Act compliant
• China: Radio regulations compliant
Bluetooth wireless technology and similar approvals and regulations can be country-specific. Check local
laws and regulations to insure that the use of wireless products purchased from Xylem or its subsidiaries are
in full compliance.
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7.3
6.1

Declarations of Conformity

The undersigned hereby declares that the products listed below conform with all applicable requirements of
FCC Part 15 for the U.S. and Industry Canada (IC) ICES-003 for Canada, for intentional radiators.
Manufacturer:

YSI Incorporated, a Xylem brand
1725 Brannum Lane
Yellow Springs, OH 45387 USA

Equipment name:

EXO Sondes (EXO1 and EXO2) and EXO Handheld Systems

Model numbers:

599501-xx, 599511-xx, 599502-xx, 599512-xx, 599150

Intentional Radiators:

EXO Sondes (EXO1 and EXO2) contain the LMX Bluetooth module: FCC ID
ED9LMX9838; IC 1520A-LMX9838. Nemko certified body ID #CE 2302.
EXO Handheld (599150) contains a Wi-Fi/Bluetooth module: FCC ID U9RW2CBW003; IC 7089A-W2CBW003. Nemko certified body ID #CE 2302.

Regulations:

• FCC 47 CFR Part 15-2011, Radio Frequency Devices.
• IC ICES-003-2004, Digital Apparatus.

Lisa M. Abel, Director, Quality
June 7, 2012
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The undersigned hereby declares that the products listed below conform with all applicable Essential Requirements of the listed Directives and Standards and carry the CE mark accordingly.
Manufacturer:
Equipment name:
Model numbers:
Accessories/Sensors:
Intentional Radiators:

YSI Incorporated, a Xylem brand
1725 Brannum Lane
Yellow Springs, OH 45387 USA
EXO Sondes (EXO1 and EXO2) and EXO Handheld Systems
599501-xx, 599511-xx, 599502-xx, 599512-xx, 599150
599090-xx, 599100-xx, 599101-xx, 599102-xx, 599104-xx, 599118-xx, 599800,
599810, 599870-xx, 599040-xx, 599008-xx, EXOISE0x
EXO Sondes (EXO1 and EXO2) contain the LMX Bluetooth module. EXO Handheld (599150) contains a Wi-Fi/Bluetooth module. Nemko certified body ID#
CE 2302.

Directives:
• EMC 2004/108/EC
• R&TTE 1999/5/EC
• ROHS 2002/95/EC
• WEEE 2002/96/EC as amended by 2003/108/EC and 2008/34/EC

Harmonized Standards:
• EN61326-1:2006, Electrical equipment for measurement, control, and laboratory use – EMC requirements – Part 1: General Requirements.
• EN61326-2-3:2006, Electrical equipment for measurement, control and laboratory use – EMC requirements – Part 2-3: Particular Requirements – Test configuration, operational conditions, and performance
criteria for transducers with integrated or remote signal conditioning.
• EN61000-3-2:2006+A1:2009+A2:2009, Electromagnetic compatibility (EMC) – Part 3-2: Limits – Limits
for harmonic current emissions (equipment input current <16A per phase).
• EN61000-3-3:2008, Electromagnetic compatibility (EMC) – Part 3-3: Limits – Limitation of voltage
changes, voltage fluctuations and flicker in public low-voltage supply systems for equipment with rated
current < 16A per phase and not subject to conditional connection.
• EN 300 328, V1.7.1, Electromagnetic compatibility and Radio spectrum Matters (ERM); Wideband
transmission systems; Data transmission equipment operating in the 2,4 GHz ISM band and using wide
band modulation techniques; Harmonized EN covering essential requirements under article 3.2 of the
R&TTE Directive.
• EN 301 489-1, V1.8.1, Electromagnetic compatibility and Radio spectrum Matters (ERM); Electromagnetic
Compatibility (EMC) standard for radio equipment and services; Part 1: Common technical requirements.
• EN 301 489-17, V2.1.1, Electromagnetic compatibility and Radio spectrum Matters (ERM); Electromagnetic Compatibility (EMC) standard for radio equipment; Part 17: Specific conditions for Broadband Data
Transmission Systems.
• EN 60950-1:2001/ A11:2004, Information technology equipment – Safety – Part 1: General requirements.

Lisa M. Abel, Director, Quality
June 7, 2012
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The undersigned hereby declares that the products listed below conform with the Australian and New Zealand Electromagnetic Compatibility (EMC) requirements for generic products to be used in residential,
commercial, and light industrial environments, and carry the C-Tick mark accordingly.
Manufacturer:

YSI Incorporated, a Xylem brand
1725 Brannum Lane
Yellow Springs, OH 45387 USA

Equipment name:
Model numbers:

EXO Sondes (EXO1 and EXO2) and EXO Handheld Systems
599501-xx, 599511-xx, 599502-xx, 599512-xx, 599150

Accessories/Sensors:

599090-xx, 599100-xx, 599101-xx, 599102-xx, 599104-xx, 599118-xx, 599800,
599810, 599870-xx, 599040-xx, 599008-xx, EXOISE0x

Intentional Radiators:

EXO Sondes (EXO1 and EXO2) contain the LMX Bluetooth module. Nemko
certified body ID #CE 2302. C-Tick number N136.
EXO Handheld (599150) contains a Wi-Fi/Bluetooth module. Nemko certified
body ID #CE 2302. C-Tick number N136.

Directives:
• EMC 2004/108/EC
• Australian ACMA Standards for C-Tick mark, Section 182 of the Radiocommunications Act 1992.
• New Zealand RSM Standards, Radiocommunications Act 1992.
Harmonized Standards:
• EN61326-1:2006, Electrical equipment for measurement, control, and laboratory use – EMC requirements – Part 1: General Requirements.

Lisa M. Abel, Director, Quality
June 7, 2012
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The undersigned hereby declares that the products listed below conform with all applicable requirements
of the Radio Waves Act of Korea, for intentional radiators.
Manufacturer:

YSI Incorporated, a Xylem brand
1725 Brannum Lane
Yellow Springs, OH 45387 USA

Equipment name:
Model numbers:

EXO Sondes (EXO1 and EXO2) and EXO Handheld Systems
599501-xx, 599511-xx, 599502-xx, 599512-xx, 599150

Intentional Radiators:

EXO Sondes (EXO1 and EXO2) contain the LMX Bluetooth module.
Broadcasting and certification number KCC-CRM-XYL-EXOSonde1 (for EXO1)
and KCC-CRM-XYL-EXOSonde2 (for EXO2).
EXO Handheld (599150) contains a Wi-Fi/Bluetooth module. Broadcasting and
certification number KCC-CRM-XYL-EXOHANDHELD (for EXO Handheld).

Type Identification:

LARN8-IO2Y2402/2480TR0.000003F1D79 (EXO1)
LARN8-IO2Y2402/2480TR0.00001F1D79 (EXO2)
LARN8-IO2Y2402/2480TR0.00003F1DG1D79 (EXO Handheld)

Regulation:

Radio Regulations of the People’s Republic of China.

A급 기기 (업무용 방송통신 기자재)
이 기기는 업무용 ( A급) 전자파 적합기기로서
판매자 또는 사용자는 이 점을 주의하시기 바라
며, 가정 외의 지역에서 사용하는 것을 목적으 로 합니다.

Class A device (Broadcasting and communication equipment for office work).
Seller and user shall be noticed that this equipment is suitable for electromagnetic equipment for office
work (Class A) and it can be used outside the home.
B급 기기 (가정용 방송통신 기자재)
이 기기는 가정용 ( B급) 전자파 적합기기로서
주로 가정에서 사용하는 것을 목적으로 하며,
모든 지역에서 사용할 수 있습니다.

Class B device (Broadcasting and communication equipment for home)
This device is suitable for electromagnetic equipment for home (Class B) and it can be used in all areas.
KCC notice 2012-12. Radio device using 2400-2483.5 MHz and 5725-5825 MHz.
해당 무선설비는 전파혼신
가능성이 있으므로 인명안전과
관련된 서비스는 할 수 없음.
Service related to human safety is not allowed because this device may have the possibility of the radio
interference.

Lisa M. Abel, Director, Quality
December 13, 2012
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The undersigned hereby declares that the products listed below conform with all applicable requirements
of the Radio Regulations of China, for intentional radiators.
Manufacturer:

YSI Incorporated, a Xylem brand
1725 Brannum Lane
Yellow Springs, OH 45387 USA

Equipment name:
Model numbers:

EXO Sondes (EXO1 and EXO2) and EXO Handheld Systems
599501-xx, 599511-xx, 599502-xx, 599512-xx, 599150

Intentional Radiators:

EXO Sondes (EXO1 and EXO2) contain the LMX Bluetooth module.
EXO Handheld (599150) contains a Wi-Fi/Bluetooth module.

CMIIT ID:

CMIIT ID: 2012DJ7503 (EXO1)
CMIIT ID: 2012DJ7504 (EXO2)
CMIIT ID: 2012DJ7505 (EXO Handheld)

Regulation:

Radio Regulations of the People’s Republic of China.

A级设备（办公用广播和通讯设备）
销售商和使用者应注意本设备适用于办公条件下的电磁环境（A级）并可以在室外使用。
Class A device (Broadcasting and communication equipment for office work).
Seller and user shall be noticed that this equipment is suitable for electromagnetic equipment for office
work (Class A) and it can be used outside the home.
B级设备（家用广播和通讯设备）
本设备适用于家用条件下的电磁环境并可以所有的区域使用。
Class B device (Broadcasting and communication equipment for home)
This device is suitable for electromagnetic equipment for home (Class B) and it can be used in all areas.

Lisa M. Abel, Director, Quality
December 13, 2012
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7.4

Instrument Warranty

Warranty Card
Register your product with the
online warranty card:
www.EXOwater.com/warranty

EXO sondes, optical sensors and handheld are warranted for
two years against defects in workmanship and materials when
used for their intended purposes and maintained according to
instructions and exclusive of batteries and any damage caused
by defective batteries. All cables and pH sensors are warranted
for one year. ISE sensors are warranted for three months.
Regular maintenance of sondes and sensors, such as replacing
damaged o-rings, is described in the Maintenance section of
this manual. Users are expected to follow these guidelines
to keep their equipment in good and proper working order
and to protect the warranty on the product. Damage due to
accidents, misuse, tampering, or failure to perform prescribed
maintenance is not covered.

This warranty does not include batteries or damage resulting from defective batteries. As documented in
the Maintenance Section of this manual, batteries should be removed from all sondes and handheld when
the product is not in use. Since many battery manufacturers will repair or replace any equipment that has
been damaged by their batteries, it is essential that leaky or defective batteries be retained with the damaged
product until the manufacturer has evaluated the claim.
The warranty period for chemicals and reagents is determined by the expiration date printed on their labels.
Within the warranty period, we will repair or replace, at our sole discretion, free of charge, any product that
we determine to be covered by this warranty.
To exercise this warranty, write or call your local representative, or contact Technical Support. Send the
product and proof of purchase, transportation prepaid, to the Authorized Service Center selected by the
manufacturer. Repair or replacement will be made and the product returned transportation prepaid. Repaired
or replaced products are warranted for the balance of the original warranty period, or at least 90 days from
date of repair or replacement.

Limitation of Warranty
This Warranty does not apply to any EXO product damage or failure caused by (i) failure to install, operate
or use the product in accordance with the written instructions, (ii) abuse or misuse of the product, (iii)
failure to maintain the product in accordance with the written instructions or standard industry procedure,
(iv) any improper repairs to the product, (v) use by you of defective or improper components or parts in
servicing or repairing the product, or (vi) modification of the product in any way not expressly authorized
by the manufacturer.
THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. YSI’s LIABILITY UNDER
THIS WARRANTY IS LIMITED TO REPAIR OR REPLACEMENT OF THE PRODUCT, AND THIS SHALL BE YOUR
SOLE AND EXCLUSIVE REMEDY FOR ANY DEFECTIVE PRODUCT COVERED BY THIS WARRANTY. IN NO
EVENT SHALL YSI BE LIABLE FOR ANY SPECIAL, INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES
RESULTING FROM ANY DEFECTIVE PRODUCT COVERED BY THIS WARRANTY.
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Instrument Service
7.5 Cleaning & Packing
6.1
EXO Authorized Service Centers are located in the United States and around the world. Please refer to the
EXO website (EXOwater.com) for your nearest Authorized Service Center.

Product Return Form
Find the product return form online:
www.EXOwater.com/return

Cleaning Certificate
Find the cleaning certificate on the
back of the online product return
form:
www.EXOwater.com/return

Cleaning Instructions
Before they can be serviced, equipment exposed to biological,
radioactive, or toxic materials must be cleaned and disinfected.
Biological contamination is presumed for any instrument,
probe, or other device that has been used with body fluids
or tissues, or with wastewater. Radioactive contamination is
presumed for any instrument, probe or other device that has
been used near any radioactive source.
If an instrument, probe, or other part is returned or presented
for service without a Cleaning Certificate, and if in our opinion
it represents a potential biological or radioactive hazard, our
service personnel reserve the right to withhold service until
appropriate cleaning, decontamination, and certification has
been completed. We will contact the sender for instructions
as to the disposition of the equipment. Disposition costs will
be the responsibility of the sender.

When service is required, either at the user’s facility or at the
manufacturer, the following steps must be taken to insure the safety of our service personnel.
• In a manner appropriate to each device, decontaminate all exposed surfaces, including any containers. 70%
isopropyl alcohol or a solution of 1/4 cup bleach to 1 gallon tap water are suitable for most disinfecting.
Instruments used with wastewater may be disinfected with .5% Lysol® if this is more convenient to the
user.
• The user shall take normal precautions to prevent radioactive contamination and must use appropriate
decontamination procedures should exposure occur.
• If exposure has occurred, the customer must certify that decontamination has been accomplished and
that no radioactivity is detectable by survey equipment.
• Cleaning must be completed and certified on any product before returning.

Packing Instructions
•
•
•
•

Clean and decontaminate items to insure the safety of the handler.
Complete and include the Product Return Form, found online.
Place the product in a plastic bag to keep out dirt and packing material.
Use a large carton, preferably the original, and surround the product completely with packing material.
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Instrument Service
7.6 Recycling
Batteries
The user must remove and dispose of alkaline batteries when they no longer power the EXO1 sonde, EXO2
sonde, or EXO Handheld. Disposal requirements vary by country and region, and users are expected to
understand and follow the battery disposal requirements for their specific locale.
The circuit board in these instruments may contain a manganese dioxide lithium “coin cell” battery that
must be in place for continuity of power to memory devices on the board. This battery is not user serviceable
or replaceable. When appropriate, an authorized service center will remove this battery and properly dispose
of it, per service and repair policies.

Manufacturer
We are committed to reducing the environmental footprint of our products. While materials reduction is
the ultimate goal, we also make a concerted effort to responsibly deal with materials after a long, productive
life-cycle. Our recycling program ensures that old equipment is processed in an environmentally responsible
way, reducing the amount of materials going to landfills.
• Printed circuit boards are sent to facilities that process and reclaim as much material for recycling as
possible.
• Plastics enter a material recycling process and are not incinerated or sent to landfills.
• Batteries are removed and sent to battery recyclers for dedicated metals.
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YSI Incorporated
1700/1725 Brannum Lane
Yellow Springs, Ohio 45387 USA
Tel. 800.765.4974 (U.S.)
+1 937.767.7241
Fax +1 937.767.9353
environmental@ysi.com
www.EXOwater.com

Wissenschaftlich-Technische Werkstatten GmbH
D-82362 Weilheim Dr.-Karl-Slevogt-Strasse 1
Germany
Tel. 0881/183-0
info@wtw.de
www.EXOwater.com

EXO is a trademark of Xylem Inc. or one of its subsidiaries.
Bluetooth is a trademark of Bluetooth SIG Inc.
Xenoy is a trademark of SABIC Plastics
© 2012 Xylem, Inc.
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EMM25 Sonde Spar Specifications

EMM25 Sonde Spar
DESIGNED FOR RAPID DEPLOYMENT, EVENT MONITORING AND EASY USE

Looking for a cost effective way to deploy a water quality sonde? The
EMM25, Sonde Spar is designed to be a low cost option for short and longterm monitoring. It’s simple to use design allows for rapid deployment for
event monitoring and emergency response. The lightweight design allows
for the system to be deployed by a single person; it can be deployed from a
small boat or from shore. The integral deployment tube will accept any YSI
EXO or 6-Series sonde or 3rd party device
Available options for the EMM25 Sonde Spar include an amber, selfcontained flashing beacon for deployments in navigable waters. Bluetooth
connectivity for remote data access from a compatible Bluetooth enabled
device.

Features Include:
• Low-Cost Option for Short-Term
and Long-Term Monitoring

• Indestructible buoy hull survives
impact, punctures and vandalism

• Single-Person Deployment

• Won’t warp, dent or crack through
normal use

• Designed for Rapid Deployment
• Event Monitoring, Emergency
Response
• Works with YSI EXO & 6-Series
Sonde and 3rd Party Devices
• Lockable Well Cap for secure
deployments

Available Options
• Beacon
• Bluetooth Radio

• Uniform color doesn’t require
regular maintenance
• Through-hull penetration for
monitoring equipment makes
routine servicing simple, fast and
secure
• Standard configuration available
with short lead time.

SL-15-Y
SoaLite

EMM25 Sonde Spar Specifications
EMM25 Specifications

“Standard System
Configuration
Shown”

Hull Material

-4PFC Softlite® Ionometer foam
body

Weight

-25lbs.

Shape

-Spar

Dimensions

-10” O.D. x 27” Length

Mooring Attachment

-Single-Point Galvanized 1/2-inch
chain

Deployment Tube

-Integral for any YSI Exo or 6-Series
Sonde or 3rd party device

Min Water Depth

-1.5 meters

Available Options
Bluetooth

-Class 1 Radio
-65 meter Range
-Class 1 dongle included
-6 Alkaline C batteries
30 days power @ 2x per week
collection

Beacon

-Up to 2nm
-LED
-Self-Powered
-IP68 Rated
-Polycarbonate
-Integral Bird Spike

“EMM25 Buoy deployed
in retention pond
measuring DO”
*Shown with optional
beacon*

www.xyleminc.com

YSI Integrated Systems & Services Inc.
9843 18th Street North, Suite 1200
St. Petersburg, FL 33716
O: +1 727.565.2201
www.ysisystems.com
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Description
Initial release; CPU firmware version 1.0
RiverSurveyor Live v1.50 support
SmartPulseHD™ Release; FCC and CE Declarations
RiverSurveyor Stationary Live v1.00 support
Software Updates including Loop Method
Software Updates including CastAway CTD and ASCII Export
Firmware v3.00, RSL Software v3.50 and RSSL Software v2.50
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Declaration of Conformity
Manufacturer’s Name:
Manufacturer’s Address:

SonTek, a Division of YSI Inc.
9940 Summers Ridge Road
San Diego, CA 92121-3091 U.S.A.

SonTek, a Division of YSI Inc. declares that the product(s):
Equipment Type:

Water Velocity Measurement Device

Model:

River Surveyor

Product Name:

River Surveyor S5; River Surveyor M9

Conforms to the following European Union Council Directives and Standards as
of 9/01/10:
FCC PART 15, SUBPART B &
EMC DIRECTIVE 2004/108/EC:
-EN 61326 (1997), A1 (1998), A2 (2001), Class “A”
-CISPR 11: 2003 /A1: 2004 /A2: 2006, Class “A”
-FCC 15B, Sec. 107, Class “A”
-FCC 15B, Sec. 109, Class “A”
-EN 61000-3-2: 2006
-EN 61000-3-3: 2008
-IEC 61000-4-2: 2008
-IEC 61000-4-3: 2006
-IEC 61000-4-4: 2004
-IEC 61000-4-5: 2005
-IEC 61000-4-6: 2008
-IEC 61000-4-11: 2004
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Release Notice
This is the July 16, 2012 release of the RiverSurveyor S5/M9 System Manual. During the creation of this manual, the following were the latest versions of firmware/software. As such, if you
are using different firmware/software versions, not all aspects of this manual may apply.
 RiverSurveyor S5/M9 firmware version 3.00
 RiverSurveyor Live software version 3.50
 RiverSurveyor Stationary Live software version 2.50
Trademarks
The terms SonTek, ADP, ADV, Argonaut, FlowTracker, and RiverSurveyor are registered
trademarks of YSI Inc. All rights are reserved. All other brand names are trademarks of their respective holders.
Warranty, Terms, and Conditions
The system you have purchased is covered under a one year limited warranty that extends to all
parts and labor for any malfunction due to workmanship or errors in the manufacturing process.
The warranty is conditioned upon your proper maintenance and operation under normal use as
outlined in the User’s Manual that was provided along with the system. The warranty does not
cover shortcomings that are due to the design, nor does it cover any form of incidental damage
as a result of errors in the measurements.
SonTek, a Division of YSI Inc. will repair and/or replace, at its sole option, any product established to be defective, with a product of like type. CLAIMS FOR LABOR COSTS AND/OR
OTHER CHARGES RESULTING FROM THE USE OF SonTek, a Division of YSI Inc. GOODS
AND/OR PRODUCTS ARE NOT COVERED BY THIS LIMITED WARRANTY.
SonTek, a Division of YSI Inc. DISCLAIMS ALL EXPRESS WARRANTIES OTHER THAN
THOSE CONTAINED ABOVE AND ALL IMPLIED WARRANTIES, INCLUDING BUT NOT LIMITED TO WARRANTIES OF MERCHANTABILITY AND/OR FITNESS FOR A PARTICULAR
PURPOSE. It is understood and agreed that SonTek DISCLAIMS AND WILL NOT BE LIABLE,
UNDER ANY CIRCUMSTANCE, IN CONTRACT, TORT OR WARRANTY, FOR ANY SPECIAL,
INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES OF ANY KIND, INCLUDING BUT
NOT LIMITED TO LOST PROFITS, BUSINESS INTERRUPTION LOSSES, LOSS OF GOODWILL, OR LOSS OF BUSINESS OR CUSTOMER RELATIONSHIPS. Some states do not allow
the exclusion of implied warranties or the limitation or exclusion of liability for incidental or consequential damages, so the above exclusion may not apply to the Buyer. The parties specifically agree that the scope and enforceability of this provision shall be governed by California law.
If your system is not functioning properly, first try to identify the source of the problem. If additional support is required, we encourage you to contact us immediately. We will work to resolve
the problem as quickly as possible.
If the system needs to be returned to the factory, please contact SonTek, a Division of YSI Inc.
to obtain a Service Request (SR) number. We reserve the right to refuse receipt of shipments
without SRs. We require the system to be shipped back in the original shipping container using
the original packing material with all delivery costs covered by the customer (including all taxes
and duties). If the system is returned without appropriate packing, the customer will be required
to cover the cost of a new packaging crate and material.
This device complies with part 15 of the FCC Rules. Operation is subject to the following two
conditions: (1) This device may not cause harmful interference, and (2) this device must accept
any interference received, including interference that may cause undesired operation.
iv
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About This Manual
Thank you for your interest in using a SonTek RiverSurveyor S5 or M9 system. This
RiverSurveyor S5/M9 System Manual describes how to install and configure the RiverSurveyor
system and its associated software. It includes instructions and guidelines for the most common
applications for which this system is used.
Scope and Audience
Even if you have used other SonTek acoustic Doppler products, we recommend that you spend
some time reading this manual to learn about the special features of this system.
This manual is more “application-oriented” in that it tries to explain how to use the
RiverSurveyor system for specific, real-world applications. If you intend to use the instrument for
other applications, or if you need detailed information about the instrument itself, please contact
us.
How to Use This Manual
This manual was especially designed for on-line viewing through a computer. Even though you
may now be reading a paper copy of this manual, an “electronic” copy of this manual was provided to you on the distribution disk (RiverSurveyor.pdf).
The use of this “PDF” file requires you to have the Adobe® Acrobat Reader® software installed
on your computer. This software is freely available from Adobe at http://www.adobe.com.
This RiverSurveyor.pdf file is also used as a Help file within the RiverSurveyor Live software
program. If you install RiverSurveyor Live on your computer using the default installation instructions, the RiverSurveyor.pdf file will be in the folder C:\Program Files\SonTek\Manuals.
The PDF version of this manual makes it easy for you to navigate within the document. Several
hyperlinks (in blue) let you quickly go to referenced sections, figures, and tables. Additionally,
you can use the built-in search features of Acrobat to find specific words and phrases. With the
PDF copy, you can also print out high-quality copies of the manual to paper (for your organization’s personal use only and not for resale or redistribution).
Reader Feedback
Your feedback about the RiverSurveyor system and this manual will help us to improve our
products. Please let us know what improvements we can make by contacting us via telephone,
fax, or e-mail (see next page for Contact Information).

RiverSurveyor S5/M9 System Manual (July 2012)

v

SonTek, a Division of YSI Inc.

Contact Information
Any questions, concerns, or suggestions can be directed to SonTek by telephone, fax, or email.
Business hours are 8:00 a.m. to 5:00 p.m., Pacific Standard Time, Monday through Friday.
Phone : +1 (858) 546-8327
Fax

: +1 (858) 546-8150

Email : inquiry@sontek.com (General information)
sales@sontek.com (Sales information)
support@sontek.com (Support information)
Web

: http://www.sontek.com

See our web site for information concerning new products and software/firmware upgrades.
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Section 1. Getting Started
1.1.

What does the System do?

The SonTek RiverSurveyor system is a robust and highly accurate Acoustic Doppler Profiler
(ADP) system specifically designed to measure river discharge, 3-Dimensional water currents,
depths, and bathymetry from a moving or stationary vessel. The RiverSurveyor system combines proven state-of-the-art acoustic Doppler velocity profiler instrumentation with a Windowsbased software package that can be used on a Personal Computer (PC) or Mobile device (using
cell phone technology). The high degree of accuracy and ease of use allows you to measure
confidently without having to change measurement settings for a specific river condition.
First-time users will find data collection and analysis a relatively simple task, while advanced
users will benefit from the flexible processing and analytical tools that are provided. One of the
major benefits of the RiverSurveyor system is that it is easy to program – time-consuming and
complicated training courses are not required before you can start collecting meaningful data.

1.2.

What’s new?

Shallow and/or deep water profiling solutions – The ADP can be either one of the following
types. Both of these profilers are described in detail in Section 2.
 S5 ADP: A five-beam system with four profiling beams and one vertical beam. The S5 has
a velocity measurement range of up to 5 m and a discharge measurement range of 15 m
(when referencing GPS and the vertical beam).
 M9 ADP: A nine-beam system with two sets of four profiling beams (each set having its
own frequency) and one vertical beam. The M9 has a velocity profiling range of up to 30 m
and a discharge measurement range of 80 m (when referencing GPS and the vertical
beam).
Multi-frequency – Multiple acoustic frequencies fused with precise bandwidth control make for
the most robust and continuous shallow-to-deep measurements ever for an ADP. A deterministic microcontroller automatically apportions the appropriate acoustics and pulse schemes as you
cross the river. This allows you to focus on the measurement technique, and not on the instrument setup. The end result of the automatic adjustments is that it gives you the best measurement settings possible at all times, no matter the depth and velocity of the river.
Automated cell size adjustments – As you go from shallow to deep water, the cell size automatically adjusts to optimize performance and resolution. This feature further enhances your
ability to measure continuously in dynamic river conditions.
Vertical beam – A low-frequency, fast-sampling vertical beam extends the maximum depth
range of the system and provides superior channel definition for river discharge measurements
and bathymetric surveys. The vertical beam also provides you the confidence that you will
measure the proper depth during extreme conditions such as high-sediment flows and floods.
Integrated GPS, Power, and Communications – The RiverSurveyor Power and Communications Module (PCM) brings unmatched ease of use and flexibility to the S5 and M9 ADPs. The
PCM contains a rechargeable battery pack for power, factory-configured Bluetooth® radio or
Spread Spectrum (SS) radio (for communication with a PC or a compatible Mobile device; see
§6.2), and an optional GPS enclosed in a water-tight housing.
RTK GPS integration – Available exclusively from SonTek, the RTK (real-time kinematic) GPS
optional solution is easy to use and offers incredibly precise positioning and fast data sampling
rates (10-Hz). This option can augment or be an alternative to Bottom-Track and positioning.
Unlike existing “Differential” GPS solutions, which sometimes requires 50+ meters width for a
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reliable discharge measurement, RTK GPS allows you to measure minimum stream widths
consistently to less than 1 meter.
Internal Discharge Calculations – All calculations are performed inside the ADP. This gives
you the increased flexibility to collect data, disconnect from the system, and then reconnect to
the system during data collection without stopping the data collection process and without the
fear of losing data. It avoids any possibility of data loss if communication is lost or becomes intermittent. You can even change communications devices (to/from PC or Mobile device) during
a discharge measurement if needed.
Quality and status feedback – New, dynamic software interface and vibrant graphics for clear
feedback in the office or field.
Review and analyze data faster – Load, view, and analyze multiple data sets simultaneously
all from your PC.
Flexible Mobile Device operation – RiverSurveyor runs on both PC and Mobile device hosts
giving you the flexibility to collect data to best suit your field requirements. Both software hosts
also offer you the ability to make complete measurements without relying on secondary programs or utilities to extract or playback data.
SmartPulseHD™ - SmartPulseHD is an intelligent algorithm that looks at water depth, velocity,
and turbulence, and then adapts the acoustic pulse scheme to those conditions. It uses multiband acoustics, pulse-coherent, broadband, and incoherent techniques to provide the highest
resolution velocity data possible. And, just like an HD-TV, it lets you see the clearest velocity
picture possible with cell sizes down to 2 cm.
Patent Pending on Multi-frequency, Automated cell size adjustments, Vertical beam,
SmartPulseHD™ and Internal Discharge Calculations

2
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Section 2. RiverSurveyor Instrument Configuration and Options
The RiverSurveyor discharge measurement system is flexible enough to fit most every field setup requirement you will need. The core system includes everything you need to make a directconnect discharge measurement from a manned powerboat and external power supply. The options are modular, designed to be used with any S5 or M9 system, to best suit your field measurement needs. The following is a brief description of the core system and the options available
with the new RiverSurveyor discharge measurement system.

2.1.

RiverSurveyor Core System S5 and M9

The core system includes:
Part Description
Multi Frequency ADP (S5 or M9)
User Software Disc
ADP QuickStart Guide
Power/Comm Cable (Std. 10m)
Power Supply (18V)
AC Power Cord

Qty
1
1
1
1
1
1

The S5 and M9 ADPs integrate a compass/2-axis tilt sensor, temperature sensor, 8-GB internal
recorder, and a vertical acoustic beam (echo-sounder) for depth measurement.
 S5 (Figure 1): This portable, 5-beam ADP with a velocity profiling range of 0.2 to 5.0 m is
ideal for use in shallow channels. The S5 has a 5-inch (13-cm) diameter Delrin housing that
narrows to 3.2 inches (8.1-cm). It has four 3.0-MHz velocity measurement transducers in a
Janus configuration. A 1.0-MHz vertical acoustic beam (echo sounder) provides depth data.

Figure 1. S5 ADP Features
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 M9 (Figure 2): This portable, 9-beam ADP with a velocity profiling range of 0.2 to 30 m is
intended for use from moving or stationary boats/floating devices in both shallow and deep
channels. The M9 has a 5-inch (13-cm) diameter Delrin housing. It has two sets of velocity
measurement transducers, both in a Janus configuration – four 3.0-MHz transducers and
four 1.0-MHz transducers. A 0.5-MHz vertical acoustic beam (echo sounder) provides
depth data.

Figure 2. M9 ADP Features

The four brass inserts on top of the ADP can be used to secure the ADP to a mount on the side
of a boat or to mount the optional GPS antenna. Figure 3 shows a dimensioned drawing of the
brass insert locations in inches and millimeters.

Figure 3. Brass Insert Locations
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2.2.

Power and Communications Module (PCM) - Optional

The PCM (Figure 4) connects directly to the S5 or M9 using a 1-m cable. It provides power to
the ADP using a rechargeable battery pack. It allows for remote communications with a PC or
Mobile device via a radio link. There are two different radio communications options depending
on range.

Figure 4. Power and Communications Module (PCM)

The PCM has four LEDs. Table 1 describes their purpose. In all cases, a green light would indicate that the component is functioning while a red/orange light would indicate that the system is
not functioning. Below is a description for the LED labels.

Label
PWR
Radio
DGPS*
GPS*

Table 1. PCM LED Descriptions
Description
Power
Radio Communication
Differential Quality GPS (Green)
GPS Lock (Green)

*Note: Depends on optional GPS selection

Important: The dummy plug must be installed when using the PCM.
2.2.1. Bluetooth Option
A PCM with the Bluetooth option provides remote communication between the ADP and PC or
Mobile device. The maximum range using the supplied Bluetooth dongle plugged into a PC is
up to 200m. The Bluetooth range of the Mobile device is approximately 60m. Those approximate ranges assume a clear line-of-sight with no obstructions or poor weather.
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2.2.2. Spread Spectrum (SS) Option
A PCM with the Spread Spectrum radio option provides remote communication between the
PCM and the SS Base radio connected to a PC. The operational range is about 2 km.

2.3.

GPS Components – Optional

SonTek offers two GPS options integrated into the PCM. The first option provides RTK quality
data (±3 cm). RTK quality data requires additional hardware in the PCM as well as a separate
RTK Base Station (Figure 5). The Base Station provides RTK corrections to the GPS receiver
built into the PCM. The Differential GPS (DGPS) option does not require a Base Station, but
additional hardware is required for the PCM. Some general rules of thumb for connection times
for the various communications are:
 GPS Lock: Typically takes 5 minutes to turn from Red to Green (greater than 1-m accuracy).
 Differential Lock: Typically takes up to about 5 minutes to turn from Red to flashing
Red/Green (sub-meter accuracy).
 RTK Lock: Typically takes up to about 10 minutes to turn from alternatively flashing
Red/Green to Green (±3 cm accuracy).
 BT/SS LED: Turns to Green as soon as connection is established between PC/Phone
and the system (assuming you are within range).
 Base Station Radio Link Established: Red light

Figure 5. Real-Time Kinematic (RTK) Base Station
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2.3.1. SonTek RTK GPS - Optional
The RTK GPS option provides precise (±3 cm) real-time kinematic position data to the ADP.
The Bluetooth or SSpread Spectrum Spectrum PCM includes an internal RTK GPS receiver, an
external, high-gain GPS antenna and a mounting mast. It also includes an additional Spread
Spectrum Spectrum radio modem for communication with the RTK Base Station. The RTK
Base Station consists of an RTK GPS receiver with an external, high-gain GPS antenna, a
Spread Spectrum Spectrum radio modem for communication with the PCM, an external, high
gain antenna and a mounting tripod. The Base Station receives GPS data at 10-Hz and provides RTK corrections at 1-Hz to the PCM connected to the ADP. The Base Station should be
in a fixed location on shore. A direct line of sight is best for communication. The maximum
communication range is about 2 km. Figure 6 shows the details for the Base Station.
Table 2 describes the Base Station LED labels.

Figure 6. RTK Base Station Components

Table 2. RTK Base Station LED label descriptions
Description
Label

RTK
GPS

RTK Quality Connection (Green)
GPS Lock (Green)

The RTK Base Station receives GPS data via satellite and applies an RTK correction that is
transmitted to the internal GPS of the PCM via Spread Spectrum Spectrum radio communications. The RTK correction data is transferred to the ADP’s internal memory for processing. It is
then transmitted along with the ADP data from the PCM to the PC or Mobile device.
Note: If communication between the RTK Base Station and PCM is lost, a sub-meter correction
is typically valid for up to 45 minutes without having to re-establish communications.
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2.3.2. SonTek DGPS - Optional
The DGPS option provides sub meter differential GPS positioning data to the ADP. The Bluetooth or Spread Spectrum Spectrum PCM includes a DGPS receiver and external antenna. No
Base Station is required for this option.
The GPS satellites communicate with the differential GPS receiver inside the PCM. The DGPS
data is received by the PCM at 10-Hz and transferred to the ADP’s internal memory for integration and processing. It is then transmitted along with the ADP data from the PCM to the PC or
Mobile device.

2.4.

SonTek Hydroboard - Optional

The SonTek Hydroboard (Figure 7) is specifically designed to be used with the S5 and M9 ADP
systems. It has easy to use, drop-in installation mounts for the ADP and the PCM. Simply insert the components into their corresponding mounts and tighten the thumb screws. The
Hydroboard has two hydro-fins to provide increased stability. There are two embedded towing
mounts near the front as well as one in the rear for an optional drag chute to increase boat track
stability. A detailed description of the mounting procedure for the Hydroboard is explained in
Section 3.7.2.

Figure 7. SonTek Hydroboard with Optional GPS

2.5.

OceanScience Riverboat – Optional

The OceanScience Riverboat is available for use in environments with higher flow rates. It provides a stable device for accurate measurements by reducing pitch, roll and yaw in flows up to 3
m/s. The flared box design reduces nose-diving and allows for wider selection of acceptable
measurement sites.
8
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Section 3. System Configurations and Setup
3.1.

Overview

An important configuration concept to remember is that the RiverSurveyor system and all its
components are completely interchangeable. Any PCM can be connected to any S5 or M9 ADP
system. The S5 or M9 can be mounted with the PCM to the SonTek Hydroboard or any other
boat with a custom installation. We encourage you to become familiar with the components, assembly instructions, and functionality of the system before going into the field. This section provides information on how to interconnect and prepare the system for data collection. The next
several figures (Figure 8 through Figure 15) present some typical PCM configurations with system communications and setup details.

3.2.

Configuration A – Direct Connection with S5 or M9 Core System

3.2.1. Description
The core system is typically used in a manned powerboat application using a direct cable connection to the PC and the external power supply (Figure 8). The dashed line indicates the use of
an optional third party external GPS. The use of an external GPS precludes the use of all wireless communications (i.e. Bluetooth and spread spectrum); therefore, a direct connection via serial communications is necessary.

Figure 8. Core System-Direct Connect Setup

3.2.2. Hardware Setup
Follow these instructions to set up the hardware for the core system:
1. Connect the underwater, 8-pin, male connector of the 10-m power and communications
cable to the female ADP connector until the face of the cable connector is flush with the
ADP connector. Screw-on the locking sleeve to secure the connection.
2. Connect the female, 9-pin, serial connector marked USER on the power and communications cable to the PC. If the PC does not have a serial port, use the USB to serial adapter
included.
3. Mount the ADP to the boat. Be sure to mount the ADP deep enough that the transducers
will remain submerged for the entire measurement.
4. Connect the external AC power supply to the system by connecting the 2-pin power cable
from the 10-meter power/serial communications cable to the power source.
RiverSurveyor S5/M9 System Manual (July 2012)
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5. Figure 9 shows the hardware necessary for this option.

Figure 9. Hardware Required for the Direct Connect Option
6. Start the RiverSurveyor Live for PC software and connect to the system to start the measurement. Details for conducting a discharge measurement with a PC are presented in Section 6.
7. To integrate an external GPS system, connect the male, 9-pin, serial connector marked
GPS on the power and communications cable to the GPS system. The external GPS needs
to have the following settings:
 Communications Protocol – 38400 N,8,1
 Data Rate – 10 Hz
 GPS String – VTG/GGA. To avoid possible communication issues it is always recommended to turn-off (or disable) any additional GPS strings being output by the external
GPS.

3.3.

Configuration B – Bluetooth Communications

3.3.1. Description
Figure 10 shows the RiverSurveyor system with wireless communications, in this case Bluetooth, using a small unmanned boat, such as the SonTek Hydroboard. The maximum range using the supplied Bluetooth dongle plugged into a PC is up to 200m. The Bluetooth range of the
Mobile device is approximately 60m. Those approximate ranges assume a clear line-of-sight
with no obstructions or inclement weather.

10
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Figure 10. Bluetooth Communications Option (Without GPS)
3.3.2. Hardware Setup
Please use the following directions for Bluetooth communications setup.
1. Be sure to use the mounting directions from section 3.2.2 for the ADP and PCM
2. The Mobile device requires no external hardware for Bluetooth. However, the PC requires a
connection to a USB-powered Bluetooth Dongle into a serial port. A serial to USB adapter
is provided for PCs without a built-in serial port. The Dongle comes preconfigured and
should be recognized as plug-and-play.
3. Be sure that the Bluetooth Communications is activated. Start RiverSurveyor Live for PC
and establish communications with the system. Be sure the Parani Bluetooth checkbox is
selected in the communications of the Mobile device or PC.
4. Turn on System Power by pressing the white circular button on top of the PCM. The button
should then glow solid green.
Follow the directions outlined in Section 5 to make a discharge measurement.
Figure 11 presents the hardware necessary for the Bluetooth communications option.

BT Dongle
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PCM

BT Dongle

Figure 11. Hardware for Bluetooth Communications Option

3.4.

Configuration C – Spread Spectrum Communications

3.4.1. Description
Figure 12 shows the RiverSurveyor system with wireless communications, in this case Spread
Spectrum Spectrum communications using a PCM on a small unmanned boat, such as the
SonTek Hydroboard. The maximum range of the Spread Spectrum Spectrum radio link is approximately 2 km.

Figure 12. Spread Spectrum Communications Option (Without GPS)
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3.4.2. Hardware Setup
Please use the following directions for Spread Spectrum communications setup.
1. Be sure to use the mounting directions from section 3.2.2 for the ADP and PCM
2. Connect the Spread Spectrum radio box to the PC by using the communications cable.
Connect the serial end of the connector to the PC and the 8-pin female connector of the
cable to the 8-pin male connector on the radio communications box.
3. Attach the external antenna (not pictured) to the base radio box.
4. Turn on System Power and Spread Spectrum radio box by pressing the white circular
button on top of the PCM. The button should then glow solid green.
5. Follow the directions outlined in Section 5 to make a discharge measurement.
Figure 13 presents the hardware necessary for the Spread Spectrum communications option.

PCM

SS Radio
Figure 13. Hardware for Spread Spectrum Communications
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3.5.

Configuration D – RTK GPS

3.5.1. Description
Figure 14 shows the RiverSurveyor system with RTK GPS (with precision to ±3 cm) and wireless communications using a small, unmanned boat such as the SonTek Hydroboard. GPS position data is received at 10-hz by both the RTK Base Station and ADP (on the rover). The RTK
GPS correction is transmitted at 1-hz from the RTK Base Station to the unmanned boat via
Spread Spectrum communications. The SonTek Hydroboard is used below for conceptual purposes.
Note: A sub-meter correction will be maintained up to 45-minutes if communications with the
RTK Base Station is lost and after an RTK correction has been established. If the RTK Base
Station will not be used for the measurement the user must switch the GPS application to
“DIFF” for differential measurements.

Figure 14. Wireless Communications with RTK GPS
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Figure 15 presents a generic or over-the-boat setup using RTK GPS. The setup can utilize either wireless or direct connect communications, which is indicated by the dashed line between
the PC and PCM. The dashed line indicates a connection to the PCM in three possible ways:
 Directly to the PCM via a cable for a direct connect configuration
 Connect to the PCM via Bluetooth communications
 Connect to the PCM via SS communications
For the wireless communications option, the dummy plug (8-pin plug) must be inserted into the
PCM in order to complete internal circuitry and active wireless communications.

*Note: The “dummy” plug is required in the direct connect port when not
using the direct-connect option for PCM to PC connection.

Figure 15. Direct Connect Application with RTK GPS
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3.5.2. Hardware Setup
There are two components used to collect RTK quality data – the RTK PCM mounted to the
boat and RTK Base Station.
Figure 16 shows the Bluetooth option with the RTK option.

RTK PCM (Boat) Assembly
1. Connect the GPS high gain antenna to the aluminum mast by screwing the male threads
on the mast into the antenna receiver.
2. Connect the mounting bracket for the antenna mount to the ADP by inserting the four
thumb screws located on the mounting bracket into the four brass holes on the ADP.
3. Connect the coaxial cable to the PCM and the GPS antenna by connecting the female connectors on the coaxial cable to the male connectors in the PCM and GPS antenna.
4. Turn the system on by pressing the power button on the PCM.
5. RTK quality data requires that the RTK Base Station be installed within 2 kilometers of the
PCM. The RTK Base Station setup is described below.

Figure 16. Hardware for RTK GPS Option with Bluetooth Communications

RTK Base Station
1. Figure 17 displays an assembled RTK Base Station and tripod. The tripod should be in
close proximity to the measurement section (less than 2 km with good line-of-sight) and
mounted so that it is reasonably level. Also, nearby obstructions such as bridges, buildings,
or large trees should be avoided if possible. These obstructions limit the number of useful
satellites increasing the required time to obtain an RTK correction.
2. Attach the tripod adaptor (round plastic disk) to the RTK Base Station until there is a tight
fit. Now attach the tripod adaptor to the tripod by screwing the brass thumb screw into the
bottom of the tripod adaptor.
3. Attach the Base Station antenna mount to the top of RTK Base Station housing over the
brass inserts. Use the four thumb screws on the antenna base mount to secure the mount
to the RTK Base Station.
16

RiverSurveyor S5/M9 System Manual (July 2012)

SonTek, a Division of YSI Inc.

4. Attach the screw-in Base Station antenna mast into the base mount. Screw in the Base
Station antenna to the top of the mast. Make sure the antenna is high enough to avoid interference from nearby obstructions like overhead trees, bridges, or buildings. The antenna
is typically mounted directly on top of the RTK Base Station; however, it can be dismounted
and placed in a more ideal location as long as the antenna’s coaxial cable remains connected to the RTK Base Station.
5. Open the RTK Base Station battery cover by loosening the two thumb screws on the battery cover. Insert the rechargeable battery pack by aligning the exposed cells with the
spring contacts. Check to make sure the O-ring seal is clear of all debris. When closing the
battery cover, securely tighten both thumb screws to maintain a waterproof seal.
6. Connect the SS Radio antenna male connector to the female connector in the RTK Base
Station.
7. Plug the male connector of the Base Station antenna cable to the female connector embedded in the RTK Base Station.
8. Adjust the height of the tripod for the best line of sight to the remote PCM.
9. Important: If possible, avoid line of sight obstructions as they may decrease the communication range between the RTK Base Station and the PCM (on the boat). If needed, you can
add an extension cable between the RTK Base Station and SS Radio antenna to place the
SS antenna in a more ideal location.
10. Turn on system power by pressing the circular button on top of the communications box:
it should turn solid green once turned on.
11. The RTK Base Station has two LEDs. In all cases, a green light would indicate that the
component is functioning while a red/orange light would indicate that the system is not
functioning.

Figure 17. Hardware for the RTK Base Station
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3.6.

Configuration E – SonTek Differential GPS

3.6.1. Description
Figure 18 shows the RiverSurveyor system with Standard DGPS and wireless communications
using a SonTek Hydroboard. The standard differential GPS option has sub-meter precision. The
SonTek Hydroboard is used below for conceptual purposes.

Figure 18.Wireless Communications DGPS
3.6.2. Hardware
Below are the directions for mounting the hardware for the DGPS option.
Figure 19 displays the hardware necessary for the DGPS option.
1. Connect the female connector of the coaxial cable to the male connection on the receiving
antenna. Run the coaxial cable through the antenna mast to the bottom, collecting all excess cable from the antenna mast.
2. Attach the GPS receiver to the mast by screwing the female connector of the antenna to
the male connector on the mast.
3. Attach the GPS mounting bracket to the ADP by inserting the four thumb screws into the
brass holes in the ADP. Now attach the antenna mast to the mounting bracket by screwing
the male threads on the mast to the female threads inside the mounting bracket.
4. Connect the female connector of the coaxial cable to the male connection on the PCM.
5. Turn the system on by pressing the power button on the PCM. Follow the instructions in
Section 5 to complete the discharge measurement.
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Figure 19. Hardware for the DGPS Option with Bluetooth Communications

3.7.

Configuration F - SonTek Hydroboard

3.7.1. Description
The SonTek Hydroboard was designed to be lightweight enough for one person, completely assembled. The Hydroboard has easy to use drop-in installation mounts for the ADP and the
PCM. Simply insert the components into their corresponding mount and tighten the thumb
screws. In addition the Hydroboard has two hydrofins that provide increased track stability in
water as well as embedded mounts that can be used for towing as well as the incorporation of a
drag chute to increase boat track stability.
3.7.2. Hardware Setup
This section describes how to assemble the SonTek Hydroboard components (Figure 20).
1. Open the PCM’s battery pack cover by loosening its thumb screws. Insert the rechargeable
battery pack by aligning the cells with the contacts. Make sure the O-ring seal is clear of
debris. Close the battery cover and securely tighten the thumb screws to maintain a waterproof seal. Set the PCM into position on the Hydroboard (in the rectangular cut-out in the
mounting bracket) and tighten its thumb screws.
2. Insert the ADP face (transducers looking down) into the circular hole in the Hydroboard.
Start from the topside of the Hydroboard and move the ADP downward (be sure the top of
the ADP coincides with the top of the Hydroboard). If needed, slightly rotate the ADP left
and right to raise and lower the ADP to the proper level. To properly align the transducers,
make sure the female plug-in of the ADP lines up with the female plug-in of the PCM.
3. The Hydroboard is shipped with a fairing unit preinstalled on its bottom. The fairing is attached to the Hydroboard with four screws that pass through the top of the Hydroboard into
the fairing unit on the underside of the Hydroboard.
4. The ADP should be installed so that the transducer head is flush with the fairing. The
transducer can be installed deeper if required. Tighten the clamp around the transducer by
rotating the thumb screw until the ADP is held firmly in place.
5. The white line on the side of the Hydroboard can be used to calculate the transducer depth.
The transducer depth is defined as the distance from the vertical beam to the water surface. The distance for both the S5 and M9 with the fairing to the white line is 4.5 in
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(114.3mm). If the ADP head is mounted flush with the fairing, simply subtract the distance
of the white line to the waterline from 4.5 inches to get the transducer depth.
6. After the PCM and the ADP are in place, connect the data cable between them. Start by
connecting the cable’s 8-pin male connector to the female ADP connector until the face of
the cable is flush with the connector; now tighten the connection with the protective locking
sleeve. Next, repeat the same procedure to connect the data cable to the PCM. Connect
the 8-pin male cable connector by pushing the connector into the female connector embedded in the PCM until the face of the cable is flush with the female connector; tighten the
connection with the protective locking sleeve.

Figure 20. An Assembled SonTek Hydroboard (With RTK GPS Option)
7. GPS set-up information is in §3.5 and 3.6.
8. Attach the contoured hydro-fins to the bottom of the Hydroboard. Insert the fins into the
slots in the bottom of the Hydroboard with the contour facing the back of the Hydroboard.
Firmly tighten the fin to the board by sliding the screw through the small hole in the fin bottom brace. Align the small metal screw clip (in a slide frame) under the hole and firmly
tighten the screw.
9. Turn on System Power by pressing the white circular button on top of the PCM. The button
should glow solid green.
10.
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Section 4. System Maintenance
4.1.

Overview

Under normal conditions, the ADP requires little maintenance for years of reliable performance.
This section discusses some routine maintenance procedures that should be followed to ensure
long-term operation of your system.

4.2.

Cleaning the transducers

Periodic cleaning of the ADP transducer face may be needed to maintain optimal performance
in areas of high biological activity or mineral build-up. To remove material build-up on the transducer faces, simply clean with a stiff (non-metallic) brush or apply soapy water and clean with a
sponge. The transducers themselves are protected in a hard epoxy-resin and are very durable.
Minor scratches on the transducer face are normal over a period of time and will not harm them
or affect their performance. Direct impacts to the face should be avoided as this might crack the
face of the transducer and allow moisture into the electronics housing as well as causing damage to the transducer itself.

4.3.

Cables and connectors

Cables and connectors used with the ADP are often the most vulnerable portion of the system.
All standard SonTek cables use a durable polyurethane jacket that provides excellent long-term
wear and abrasion resistance. Rugged underwater flexible connectors are also used along with
high-grade metal connectors to prevent connection failures. However, any cable or connector
used in the field is susceptible to damage and reasonable precautions should be taken. Inspect
all ADP cables and connectors for damage on a regular basis and replace if necessary.
GPS cables and connectors are industry standard (TNC male to male) and can be replaced if
damaged using a local supplier of GPS/survey equipment or by contacting SonTek directly.
For connectors, a light coat of silicone grease or spray is useful in facilitating the connections.
However, make sure the silicone does not contain cleaners or solvents that could damage the
rubber part of the connector. Inspect both male and female connector pins to make sure they
are clear of debris and excess grease, which could interfere with the connection or make it difficult to fully mate the connectors.

4.4.

O-rings

Make sure that O-rings on the battery compartment of the PCM are completely clean and free of
debris. Be sure that the O-ring is seated correctly, and that it is not twisted or broken. It is important to maintain a water-tight seal for the integrity of the instrument.

4.5.

Batteries

The first thing to do with a new system is charge the battery packs. Please use the charger provided. Follow these steps:
1. Plug the charger into the wall and wait for the LED to turn orange.
2. Insert the battery pack into the charging cradle. Be sure the metal contacts on the
battery pack are aligned with the metal springs in the charging cradle.
3. The LED should be red while it is charging. A full charge will take about 1-2 hours.
4. Charging is complete when the LED turns green.
5. Remove the battery from the cradle.
6. Wait for the LED to turn orange to charge another battery.
7. Repeat steps 2 through 6 to charge another battery
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A description of all of the possible light patterns can be found on the bottom of the charger.
It is important to use only completely charged SonTek battery packs. A completely charged battery pack should have about 16-18 volts if you check it with a voltmeter. Be sure the battery pack
is completely dry before placing it in the charging cradle. Also be sure the battery compartment in
the PCM is completely dry before inserting the charged battery pack. Do not try to modify the battery packs shipped with the product. Third party battery packs will not be supported. Any damage incurred from using a third party battery pack will void the warranty.

4.6.

Mobile Device

Be sure to use the clear plastic lanyard with the Mobile device to prevent any water damage in
the field. The Mobile device is not water resistant. Water damage is not covered by the warranty.

4.7.

Factory Calibration

Each system is individually calibrated during the manufacturing process. Since there are no
moving parts and the beams are built into the ADP head, recalibration is not necessary unless
the M9/S5 is physically damaged.
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Section 5. Introduction to Measurement Procedure
5.1.

Overview

This section is a general guide to prepare for and conduct discharge measurements in the field.
The information presented here will discuss pre-measurement tests as well as the general procedure for making a discharge measurement.

5.2.

Applications

The procedures described in this section are useful for all moving boat discharge measurements made with the RiverSurveyor S5 and M9; this includes the use of the SonTek
Hydroboard, custom remote device applications as well as over the boat applications. The protocol described below is applicable to measurements made with the PC and Mobile device software.

5.3.

Pre-Measurement Tests

The steps described below are used to test the RiverSurveyor hardware prior to making a
measurement. The pre-measurement tests should be done prior to each discharge measurement to ensure the functionality of the RiverSurveyor hardware for proper data collection.
5.3.1. Check cables and connections
Prior to mounting the RiverSurveyor hardware, the structural integrity of all cables should be reviewed to ensure that there are no defects; this includes not only the cable but also the connectors. Once the hardware is mounted, connect all the necessary cables. Be sure the faces of
the connectors are flush and secure before screwing down the locking sleeves. When using the
SonTek Hydroboard or other remote device, be sure that all knots and clamps are sound and
that the rope/cord is strong enough to withstand the onsite conditions.
5.3.2. Communications
Communications are vital for remote measurements. There are three types of communications
connections to the ADP: Direct Connect, Bluetooth and Spread Spectrum Radio. In the case of
wireless communications, be sure to have the dummy plug installed in the PCM. It is important
to note that the PCM requires power. Be sure to have the battery packs adequately charged
and the spare available.
Direct Connect is a cable connection between the ADP and the PC. Confirm that the connection between the cable and the ADP is sound (that the wet mateable connector is flush with the
face of the connector on the ADP) and that the locking sleeve is hand tightened. Also make
sure that the serial connection to the PC is tight. There is a USB to serial adapter included for
PCs without a DB9 serial port. The external AC power adapter is required for direct connections
without a PCM.
Bluetooth communication is available with an optional PCM. It allows for wireless communication between the ADP and a PC with the Parani Bluetooth dongle (200m range) or the Motorola
Q Mobile device (60m range).
Parani Bluetooth Dongle – This is an external Bluetooth radio that plugs into a PC serial port
or through the USB to serial adapter. The dongle requires power from the PC through the included USB connector. It is automatically configured to 57600 baud by the RiverSurveyor Live
software. In all cases, be sure to verify sound connections.
Spread Spectrum Radio provides extended range (up to 2 km). The optional PCM communicates with the Spread Spectrum base that plugs into a PC serial port via an 8-pin wet mateable
connector. There is a USB to serial adapter included for PCs without a DB9 serial port. The
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Spread Spectrum base radio is battery powered, so be sure to have fully charged batteries and
to turn it on prior to starting the discharge measurement.

5.3.3. System Test
This is a 60 second verification that the components of the hardware are functional. The System
Test verifies the battery voltage, compass, SD memory card and temperature sensor are all
functioning properly. A system pass would indicate that all systems are sound for use, while a
fail would require user action in order to conduct reliable discharge measurements. Below is a
list of the system Fail messages:
 System battery voltage < 12 volts
 System compass is not working
 System SD card (memory) is not working
 Temperature sensor is not working
5.3.4. Compass Calibration
Compass calibration is necessary prior to each discharge measurement. It is used to compensate for magnetic interference in the vicinity of the ADP. A battery or steel clamp right next to
the unit will have a much greater effect than, for example, a steel bridge 200 m away. That’s
why it is important to eliminate any magnetic material, including electronic/mobile devices and
wristwatches from the immediate vicinity when performing a compass calibration.
To perform a compass calibration, rotate the ADP through two complete circles while varying
pitch and roll angles as much as possible. Each rotation must take no less than one full minute
to complete.
If the ADP is to be mounted on a boat, the entire boat needs to be rotated for the calibration,
along with everything that is physically attached to the system, while varying the pitch and roll
angles as much as possible (within the limitations of the vessel). Changes to metal components
on the boat (such as toolboxes, engines or mounts) should not be made after the calibration is
done, otherwise, the calibration must be repeated.
If a good calibration score cannot be achieved, try to reduce the speed of the rotations and increase the pitch and roll as much as possible. It may be necessary to complete the compass
calibration by hand on the boat as close to the mounting location as possible. Heading corrections can be made in post-processing if necessary.
The compass calibration routine was updated in firmware v3.00. The new compass calibration
procedure improves the ability to detect local magnetic distortion and provides detailed feedback about the result. The improved magnetic north heading readings during the actual calibration are used to reference “True North”. Improved magnetic north readings reduce the need to
make minor heading corrections in order to properly align the compass to true north. Details
about the software feedback can be found in Section 6.9.1.

24

RiverSurveyor S5/M9 System Manual (July 2012)

SonTek, a Division of YSI Inc.

5.3.5. Recorder
The Recorder Menu is provided on the Systems Tab and provides a way of managing files
stored on the 8 GB memory card. You can download all or a selection of files by using the options presented in the Recorder window.
Download all files – downloads all files from the recorder
Download selected files – allows you to select files using the tick box next to the file
name. Simply select the files to download and then click on Download selected files.
Format Recorder – Clears the memory of the recorder by erasing all files.
Make sure that there is adequate memory available on the recorder prior to making a discharge
measurement. It is suggested to download files and format the recorder between measurement
sites. All files must be downloaded from the ADP for post-processing and data evaluation.
5.3.6. Measurement Procedure
Now that the pre-measurement tests and initial site specific entries are complete, it’s time to understand the basic principles behind a discharge measurement. Basically, the total discharge is
the amount of water flow (or net flux) through a section and is computed from the mean water
velocity and the cross-sectional area of the measurement section.
5.3.7. Overview
A single moving boat measurement of discharge can be broken into three key components: the
Start Edge, the Transect and the End Edge. These components are shown in Figure 21 below:

Figure 21. Measurement Sections
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The Transect component can be further broken up into the Top Estimate, Middle or Measured
Area and Bottom Estimate as shown in Figure 22 below:

Figure 22. Cross-Sectional Areas Not Measured by the ADP
Therefore the Total Discharge can be calculated by summing the Start Edge, Top Estimate,
Measured Area, Bottom Estimate and End Edge. Only the Measured Area is measured by the
acoustic Doppler profiler. It is important to note that all other areas are estimated using industry
recommended and approved calculations.
The reasons for breaking up the total discharge calculation into several components are due to
limitations inherent in all acoustic Doppler profilers. An acoustic Doppler profiler cannot measure the entire river cross-section due to several issues:


There is a minimum operating depth for the profiler. At depths lower than this minimum,
the water velocity and therefore the discharge must be estimated based on the velocity
and depth measurements on the edges. The Start and End Edges are measured in this
way.



The mounting depth plus a short distance (referred to as the blanking distance) from the
profiler to the start of the measured velocity profile leave a section of the water at the
surface unmeasured. This area is referred to as the Top Estimate.



Potential data contamination in the last cell (i.e., the cell is partially or fully “touching” the
riverbed), or potential side-lobe interference at the end of the profile, leaves a section of
water at the bottom unmeasured. This area is referred to as the Bottom Estimate.

So, how do we calculate the velocities and discharges in each of these estimated and edge areas?
A technique known as Velocity Profile Extrapolation is used to estimate the unmeasured areas
at the top and bottom. This theoretical approach to modeling of the velocities within the water
column allows all velocities and therefore the discharge to be computed.
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Velocity Profile Extrapolation uses a power law velocity profile proposed by Chen (1991), and
Simpson and Oltmann (1990), to calculate velocities above and below the Measured Area.

Where u is the velocity at height z measured from the river bottom, u* is the bottom shear velocity, z0 is the bottom roughness height, and b is a constant (equal to 1/6 according to Chen,
1991). Use of this equation assumes the currents in the profile are traveling in approximately the
same direction. In situations where this may not be the case, (e.g., Stratified Flows or bidirectional flow), one of the other extrapolation methods, available in the RiverSurveyorLive
software, should be used. By default, the RiverSurveyorLive software uses the 1/6th Power Law
velocity profile (described above) using the entire measured velocity profile to calculate velocities in the top and bottom unmeasured areas.
The velocities are now known for each of the estimated top and bottom areas. The discharges
for each component are calculated based on the velocities, depth and movement of the vessel
across the transect.
The discharge in the Start and End Edges is calculated from a mean velocity profile that is developed by maintaining a (relatively) fixed position at the edge. It is important that the vessel be
kept as stationary as possible at the edge. The velocity profiles measured at this time will be
combined together to produce a single average profile. The discharge calculation at the edge is
based on the selection of a constant sloped bank or vertical wall and uses a combination of the
mean depth and velocity profile at the edge.
In the Transect, the discharge calculation is based on the depth, distance travelled and the
mean water velocity. During this time the system automatically compensates for changes in the
vessel course and speed.
One of the key benefits is that the PC and mobile software step through this entire process and
do the calculation of discharge automatically.
5.3.8. Starting The System
After the system is configured, start the system collecting data.
5.3.9. Collecting Start Edge Data
Position the vessel for the starting edge position and begin collecting edge data with the vessel
as stationary as possible. It is recommended that a minimum of 10 profiles/samples are collected to perform the edge discharge calculation. Enter the edge distance and shape.
5.3.10. Collecting Transect Data
After collecting the start edge data, proceed to move the vessel across the channel. Keep the
vessel speed and direction as constant as possible.
5.3.11. Collecting End Edge Data
After moving across the channel and arriving at an end edge location, enter the end edge distance and shape. Collect at least 10 samples/profiles with the vessel as stationary as possible.
5.3.12. Making Additional Measurements/Transects
After entering the end edge information, the measurement is complete. Another measurement
can be started from the same location or the system can be shut down.
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Section 6. RiverSurveyor Live for PC Software
6.1.

Overview – RiverSurveyor Live for PC Software

This section is a quick reference for using the RiverSurveyor Live for PC software.
RiverSurveyor Live for PC software is a discharge measurement interface for RiverSurveyor S5
and M9 systems. The software includes everything needed to make real-time discharge measurements as well as post-process the data.

6.2.

System Requirements

RiverSurveyor Live for PC requires the following specifications for the PC.
Windows Vista or Windows XP
1.6 GHz processor
1 GB memory
1 GB disk space
1024 x 768 Screen Resolution

6.3.

Installation

To install the RiverSurveyor Live for PC software on your PC, insert the distribution CD into your
CD-ROM drive. The program should automatically start and display the Installation Menu
(Figure 23). If the installation menu does not appear in a few seconds, click Start|Run on your
PC and type D:\install.exe, where d:\ is the letter of your CD-ROM drive.

Figure 23. Installation Menu
Click the Install RiverSurveyor Live for PC option. The installation wizard (Figure 24) will display
step-by-step instructions to install the software.
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Figure 24. Desktop Installation
Follow the on screen instructions to complete installation of the software. You are now ready to
use RiverSurveyor Live for PC to make a measurement.

6.4.

Starting the Software

Upon starting the software, the main menu will be presented as shown in Figure 25 below:

Figure 25. RiverSurveyor Live Main Menu
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6.5.

Connecting to the System

There are three ways to connect to the ADP using the RiverSurveyor Live for PC software.
-

Click the Connect icon on the toolbar at the top of the screen

-

Use the Connect to RiverSurveyor system link under Connection Options

-

Use the hot key: Ctrl+N

After selecting the option to connect to the System, a popup window will prompt you to select
the appropriate COM Port. For Direct Connect, Spread Spectrum Radio or integrated Bluetooth,
select the appropriate Com Port and click Connect. Check the Parani Bluetooth connection box
highlighted in Figure 26 only when using the Parani Bluetooth dongle. That automatically configures and connects to the Parani Bluetooth dongle at 57600 baud.

Figure 26. COM Port Selection Window
Following the COM port selection, you will be presented with a search window displaying the serial numbers of systems available for connection (Figure 27). Should no system be detected,
click Search again. Be sure that the systems have power. If the power is not turned on, the system cannot be detected to communicate with the PC.

Figure 27. System Select Window
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When the connection is established, the System Tab is displayed as shown in Figure 28. This
tab allows you to enter Site Information, System Settings and Measurement Settings; download
files from the Recorder and perform Pre-Measurement Tests. The COM port and baud rate
(
) are shown at the top.

Figure 28. System Tab Following Connection

6.6.

Site Information

Site information can be entered by clicking Change Site Information. This opens a popup window that allows you to enter site specific details. (Figure 29). The maximum number of characters allowed for each data field is in parentheses. Entering more than the maximum allowable
characters will display an error message that will prompt you to enter the information within the
allotted number of characters. This information can be changed during post processing .

Figure 29. Site Information Menu
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6.7.

System Settings

System settings are specific to the measurement site. The information is entered by clicking
Change System Settings. This will allow you to enter setup information for the site as well as select the Track Reference, Depth Reference and Coordinate System. Figure 30 presents the
System Settings menu. This information can be changed during post processing. The data
changed in post-processing will be indicated with green text. Below is an explanation of each
field in the System Settings menu.

Figure 30. System Settings menu

Transducer Depth – This is the distance (m) that the vertical beam transducer is submerged
below the water surface. Figure 31 shows a basic diagram that depicts an ADP’s transducer
face submerged in water. Transducer depth corresponds to the depth of water that the transducer face is submerged.

Figure 31. Explanation of Transducer Depth Measurement
Screening Distance – This is the distance below the face of the ADP that you want to start collecting data rather than relying on the default setting of the instrument. In essence this setting
allows you to program the ADP to start collecting data below a certain point. This is primarily
used for over-the-boat applications where the screening distance can be set to avoid flow disturbance from the wake of the boat.
Salinity – This user-defined parameter allows for a correction of the speed of sound in water
based on the salinity in parts per thousand (ppt) at the face of the ADP. A value representative
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of the local water conditions must be entered manually to avoid potential erroneous calculations.
For reference, the salinity range is between 0 ppt (freshwater) to 34.5 ppt (seawater). Water
temperature is also a factor for speed of sound in water calculations. The ADP has a built-in
temperature sensor that automatically compensates for this effect.
Magnetic Declination – On the earth's surface, a calibrated compass indicates magnetic North
rather than geographic North. The angular difference between these two directions is called
magnetic declination (also known as variation, magnetic variation, or compass variation). Magnetic declination varies across the earth's surface and over time. The ADP compass is calibrated at the factory; however, calibration is required at each site to remove any local magnetic interference. Compass calibration will ultimately give better measurement accuracy. The magnetic
declination angle (θ) can be found on maps, like the one presented in Figure 32. Magnetic declination resources can also be found on many sites on the internet.

Figure 32. Magnetic Declination Map of the World
Track Reference – The ADP measures a water velocity using the Doppler shift principle, using
multiple acoustic pulses transmitted and received throughout the water column. When the ADP
is in motion, the water velocity actually measured by the ADP is a combination of boat velocity
and water velocity. In order to determine true water velocity the boat speed must be known and
then subtracted from the actual water velocity measurement. The RiverSurveyor “moving boat“
discharge application uses three methods (references) to determine boat velocity.
1.

Bottom-Track reference velocity: The ADP itself is capable of determining boat
speed using a technique called “Bottom-Track”. In this case, bottom-track velocity is
calculated using the Doppler shift received from multiple acoustic pulses (transmitted
from the ADP) that have reflected off of the riverbed. If the riverbed is stationary (i.e.
non-moving bottom), then the Doppler shift velocity will consist entirely of boat speed
velocity which is acceptable for discharge calculations. If the riverbed is in motion the
Doppler-shift-based velocity will consist of both boat speed and riverbed speed which
will bias discharge calculations. In this case, the following two references would be
preferred to determine boat velocity.

2.

GGA GPS-referenced velocity: GPGGA (GGA) refers to a specific NMEA-0183 protocol for outputting GPS position data. In this case, the GGA “string” contains actual
position (latitude/longitude) information along with several other GPS quality parameters. Boat velocity is calculated by measuring the distance between two successive
GGA positions divided by the travel time between those two positions. Differential
corrections are required for the GGA data to reduce the amount of position error as-
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sociated with each measurement. The RiverSurveyor uses two types of differential
corrections: “Sub-meter” differential and “Real-Time Kinematic” (RTK).
3.

VTG GPS-referenced velocity: GPVTG (VTG) refers to a specific NMEA-0183 protocol for outputting GPS velocity data. In this case, the VTG string contains the actual
boat speed information along with several other GPS parameters. The GPS velocity
is calculated based on the Doppler shift of the received satellite signals.

There is a drop down menu to select the appropriate track reference. All available track references will be available for analysis or to recalculate discharge in post-processing. There
are four options:
 Bottom-Track: The ADP uses the bottom-track feature to measure the velocity of a vessel relative to the river bottom. The vessel velocity is then subtracted from the measured
water velocity to give the absolute water current profile independent of vessel motion.
This is the only track reference available for systems without an optional GPS.


GPGGA: The ADP uses the GGA string (from the GPS data) to measure velocity of a
vessel based on GPS position data. This is only available for systems configured with a
GPS option. It is recommended that GGA data use a sub-meter differential or RTK correction for discharge calculations. The highest quality and most accurate method applies RTK-corrected data.



GPVTG: The ADP uses the VTG string (from the GPS data) to measure the velocity of a
vessel based on GPS velocity data. This method requires additional review of data quality parameters to verity data quality.



System: The ADP references all velocities only to itself. This should only be used in
specialized applications by experienced users. It is not recommended for discharge
measurements from a moving vessel.

Depth Reference - This is a drop down menu that has two options for determining water depth.
Both options are available for post-processing, however you can decide the default measurement.


Vertical Beam: This is highly accurate echo sounder data used to determine water
depth.



Bottom-Track: This uses data from the four angled beams to determine the depth of the
water column using the average depth from each beam.

Coordinate System - This drop down menu has three options. All three options are available
for post processing; however you can set the default for the measurement.


ENU: This is the traditional East, North, and Up coordinate system.



System: This uses the ADP as a reference. Used for internal testing only.



XYZ: This is a three-dimensional “relative position” coordinate system used only for specialized applications by experienced users.

6.8.

Measurement Settings

Measurement Settings can be entered by clicking Change Measurement Settings. They apply to
the specific discharge measurement. The information from this menu (Figure 33) can be
changed in post-processing. Below is an explanation of the fields for the Measurement Settings
window.
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Start Edge – Sets the default starting edge for discharge measurements (right or left
bank).
Rated Discharge – Enter a rated discharge pre- or post-measurement. This information is useful for post-processing data analysis and evaluation.
Measurement Quality – Used as a post-processing qualitative input to evaluate the
discharge measurement quality.

Figure 33. Measurement Settings Menu

6.9.

Pre-Measurement Tests and Utilities

The steps described below are used to test the RiverSurveyor hardware prior to making a
measurement. The pre-measurement tests should be done prior to each discharge measurement to ensure the functionality of the RiverSurveyor hardware for proper data collection.
6.9.1. Compass Calibration
A compass calibration is necessary prior to each discharge measurement to compensate for
magnetic fields specific to the site. To perform a compass calibration, click the Compass Calibration link and click Start in the pop up window (Figure 34).
•

Complete two horizontal rotations with pitch/roll values equal to or greater than expected
measurement conditions. The required duration of the compass calibration is between 1
and 2 minutes.

•

The compass calibration and the measurement location should have similar magnetic
properties and not vary during the calibration or measurement.

•

The compass calibration and the measurement location should be away from large ferrous objects above/below the water surface (i.e. reinforced concrete piers or bridges,
large metal boats/buildings, pipelines, large ships, etc…).

•

Before calibrating the compass, remove all small ferrous objects (i.e. hand tools, cell
phones, keys, etc…) from the vicinity of the instrument.

•

The magnetic influence should be constant during calibration and measurement.

•

During a measurement, avoid any changes to the instrument setup or its orientation to
the magnetic influences detected during the compass calibration.
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Figure 34. Start Compass Calibration

Click Stop upon completion of the compass calibration procedure. The calibration results and
feedback (Figure 35) are displayed in the window.
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Figure 35. Compass Calibration Results
Compass Calibration feedback:
1. Clean Cal (Q9 H9 V9 M5):
Passed Calibration
Calibration duration = 110 seconds
M5.00 = Magnetic influence is acceptable
Q9 = Magnetic field is uniform
H9 = Complete horizontal rotation
V9 = High pitch/roll
Recommendation(s):
Avoid any changes to the instrument setup or its orientation to the magnetic influences detected
during the compass calibration.
Measurements should be made in locations with similar magnetic influences as the location of
the compass calibration.

RiverSurveyor S5/M9 System Manual (July 2012)

37

SonTek, a Division of YSI Inc.

2. Clean Cal with low pitch/roll (Q9 H9 V3 M10):
Passed Calibration
Calibration duration = 110 seconds
M10.00 = Magnetic influence is acceptable
Q9 = Magnetic field is uniform
H9 = Complete horizontal rotation
V3 = Low pitch/roll
Recommendation(s):
Measurements should be made with low pitch/roll OR repeat calibration with more pitch/roll.
Avoid any changes to the instrument setup or its orientation to the magnetic influences detected
during the compass calibration.
Measurements should be made in locations with similar magnetic influences as the location of
the compass calibration.
3. Magnetic influence (Q0 H9 V9 M211):
Failed Calibration. Please Repeat Calibration!
Calibration duration = 110 seconds
M211.00 = Magnetic influence is unacceptable
Q0 = Non-uniform magnetic field
H9 = Complete horizontal rotation
V9 = High pitch/roll
Recommendation(s):
Magnetic influence needs to be reduced in order to calibrate compass.
a.
Consider calibrating compass in another physical location away from any large ferrous
objects above/below the water surface (i.e. reinforced concrete piers or bridges, large metal
boats/buildings, pipelines, large ships, etc…). Measurements should be made in locations with
similar magnetic influences as the location of the compass calibration.
b.
Check area in vicinity of instrument for smaller ferrous objects (i.e. hand tools, hardware,
cell phones, keys, etc…) and remove those objects or increase the distance between the small
ferrous objects and instrument
4. Magnetic influence with low pitch/roll (Q4 H9 V2 M157):
Failed Calibration. Please Repeat Calibration!
Calibration duration = 110 seconds
M157.00 = Magnetic influence is unacceptable
Q4 = Non-uniform magnetic field
H9 = Complete horizontal rotation
V2 = Low pitch/roll
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Recommendation(s):
Magnetic influence needs to be reduced in order to calibrate compass.
a.
Consider calibrating compass in another physical location away from any large ferrous
objects above/below the water surface (i.e. reinforced concrete piers or bridges, large metal
boats/buildings, pipelines, large ships, etc…). Measurements should be made in locations with
similar magnetic influences as the location of the compass calibration.
b.
Check area in vicinity of instrument for smaller ferrous objects (i.e. hand tools, hardware,
cell phones, keys, etc…) and remove those objects or increase the distance between the small
ferrous objects and instrument
5. Clean Cal (Q9 H9 V7 M21):
Passed Calibration
Calibration duration = 110 seconds
M21.00 = Magnetic influence is acceptable
Q9 = Magnetic field is uniform
H9 = Complete horizontal rotation
V7 = High pitch/roll
Recommendation(s):
Avoid any changes to the instrument setup or its orientation to the magnetic influences detected
during the compass calibration.
Measurements should be made in locations with similar magnetic influences as the location of
the compass calibration.
6. 1/3rd horizontal rotation (Q9 H4 V6 M10):
Failed Calibration. Please Repeat Calibration!
Calibration duration = 110 seconds
M10.00 = Magnetic influence is acceptable
Q9 = Magnetic field is uniform
H4 = Incomplete horizontal rotation
V6 = High pitch/roll
Recommendation(s):
Repeat calibration with two complete horizontal rotations. The required duration of the compass
calibration is between 1 and 2 minutes.
7. On the bridge with no pitch/roll (Q8 H9 V3 M46):
Passed Calibration
Calibration duration = 110 seconds
M46.00 = Magnetic influence is acceptable
Q8 = Magnetic field is uniform
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H9 = Complete horizontal rotation
V3 = Low pitch/roll
Recommendation(s):
Measurements should be made with low pitch/roll OR repeat calibration with more pitch/roll.
Avoid any changes to the instrument setup or its orientation to the magnetic influences detected
during the compass calibration.
Measurements should be made in locations with similar magnetic influences as the location of
the compass calibration.
8. Less than 1 minute calibration (Q9 H9 V9 M5):
Failed Calibration. Please Repeat Calibration!
Calibration duration = 45 seconds
M5.00 = Magnetic influence is acceptable
Q9 = Magnetic field is uniform
H9 = Complete horizontal rotation
V9 = High pitch/roll
Recommendation(s):
The required duration of the compass calibration is between 1 and 2 minutes.

6.9.2. System Test
The System Test performs a series of checks to confirm the battery, compass, recorder and
temperature sensor are in good operating condition. Click Start to initiate the test (Figure 36).
The test typically takes 60 seconds and will present a dialog window indicating a system test
Pass or Fail. A failure would indicate that user action is required to ensure proper functionality of
the system.

Figure 36. System Test Window
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Below is a list of the following system Fail messages:
System battery voltage < 12 volts
System compass is not working
System SD card (memory) is not working
Temperature sensor is not working

6.9.3. Set Time
Set Time allows you to verify and set the time used for the discharge measurement. The popup
window allows you to click the check-box to use the PC time or set the time manually (Figure
37). Click the Set Time button to apply the time setting and close the window.

Figure 37. Set System Time Window
6.9.4. BeamCheck
BeamCheck displays the SNR (Signal to Noise Ratio) of each beam versus range. Click the
BeamCheck link to start the utility. A popup window (Figure 38) will appear displaying the serial
number of the system and the selected beam frequency.

Figure 38. BeamCheck Menu
Beam check will start automatically for the selected beam frequency showing a plot of each
beam (Figure 39). The other beam frequencies can be selected from the drop down menu as
the system runs.
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Figure 39. BeamCheck Graph
6.9.5. Update Firmware
This allows users to update firmware from the utilities window by selecting a file from the PC.
Typically users can download new firmware files (.a79 extension) from the SonTek webpage.
After finding the file on the PC, select “Open” to load the firmware file to the ADP. After the update is loaded, make sure that the firmware version is correct in the Systems Tab.
6.9.6. SonTek GPS Option
The SonTek GPS Option provides information about SonTek GPS options available. Clicking
this option in the Utilities menu provides a way of verifying the GPS options available. If the
GPS option is not available, this will be indicated in a dialog window. If the SonTek GPS application is RTK and you want to change to Differential (DGPS), click Change to Diff. Changing
from Differential GPS to RTK GPS works in the same way (Figure 40). It is important to note
that the SonTek DGPS option is not upward compatible with the SonTek RTK GPS option as it
requires a more advanced hardware. There is no capability of integrating a shore-station differential GPS correction at this time. The SonTek GPS options use the WGS 84 horizontal datum.
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Figure 40. SonTek GPS Option Menus

6.10. Recorder
The Recorder Menu is provided on the Systems Tab and provides a way of managing files
stored on the 8 GB memory card. You can download all or a selection of files by using the options presented in the Recorder window.
Download all files – downloads all files from the recorder
Download selected files – allows you to select files using the tick box next to the file
name. Simply select the files to download and then click on Download selected files.
Format Recorder – Clears the memory of the recorder by erasing all files.
Make sure that there is adequate memory available on the recorder prior to making a discharge
measurement. It is suggested to download files and format the recorder between measurement
sites. At the very least, all files should be downloaded and the recorder formatted at the end of
the day.
Important: To complete any post processing on the recorded data, the file(s) must be downloaded from the ADP and opened in the RiverSurveyor Live for PC software.
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6.11. Data Collection
After completing the Pre-measurement tests and initial site specific entries to configure the System, you can begin the measurement procedure. The software provides a step-by-step procedure outlined below. Each step is explained in detail in the following sections.
Figure 41 displays key concepts for making a discharge measurement

Start Edge/
End Edge

Transect

End Edge/
Start Edge

Right
Bank

Left Bank

Figure 41. Steps for Making a Discharge Measurement
6.11.1. Start System
Click the Start a Measurement (F5) button to start data collection. Figure 42 shows where that
button is located on the System tab. Note that this does not record any data. Instead it allows
the data from the system to be viewed to make sure the system is operating correctly. Make
sure that all indicators (shown in the top left) are all valid (not red). Position the vessel at the
start edge of the transect.
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Figure 42. Data Collection – Start a Measurement (F5)
6.11.2. Start Edge
Click the Start Edge button (or F5) as shown in Figure 43 and collect at least 10 edge samples.
The Edge window will be displayed (Figure 44) showing information for both edges. Try to keep
the vessel as stationary as possible during this time. Input the start edge information into the
Edge dialog that pops up and press OK.
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Figure 43. Data Collection – Start Edge (F5)

Figure 44. Data Collection – Edge Information
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6.11.3. Start Moving
Click the Start Moving button (or F5) and the Transect window (Figure 45) will be displayed.
Try to keep the vessel speed and direction constant as it progresses across the river to the end
edge.

Figure 45. Data Collection – Start Moving
6.11.4. End Edge
Click the End Edge button (or F5) when the vessel reaches the edge of the opposite bank
(Figure 46). A dialog box will prompt you to describe the End Edge (Figure 47). Note that the
screen changes from the Transect Tab to the Edges Tab. This allows detailed viewing of the
edge data collection. Be sure to collect at least 10 samples at the ending edge. Try to keep the
vessel as stationary as possible.
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Figure 46. Data Collection – End Edge

Figure 47. Data Collection - End Edge dialog box
6.11.5. End Transect
Click the End Transect (Figure 48) button upon completion of the end edge. This automatically
opens a new data collection window so you can start a new measurement. The system is still
running, so if you need to make another measurement, click the Start Edge button (or F5) to
begin again as instructed in Section 6.11.2. If data collection is complete, click the Abort button
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or press F8 to stop. It is recommended to go to the System tab and download the recorded data files upon completion of all the measurements.

Figure 48. Data Collection - End Transect

6.12. Discharge Measurement Summary
By clicking the Discharge Summary icon, you can show or hide the Discharge Summary
window at the bottom of the desktop. This window presents the collected data in tabular
format and includes the status icons to evaluate the measurement (Figure 49). If desired, resize
the window by using the slider arrow when the mouse pointer is positioned over the window
border.

Figure 49. Discharge Measurement Summary
All records are ordered by date/time with icons for starting edge, depth and track reference and
coordinate system. All records can be selected or deselected by clicking with the mouse; this affects the statistics presented and is a quick and easy to understand what effect each measurement has on the overall average of the measurements for the site.
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Additionally, you can select data to include or exclude from the discharge calculation by simply
clicking to activate or deactivate the check box. The Discharge Summary has the following options that can be used in post processing:
Discharge Summary Report: Generates a printer friendly report that summarizes all
data used in the discharge calculation as well as the associated statistics (unchecked
records are not displayed).
Export Discharge Summary to ASCII: Exports the information found in the discharge
summary to an ASCII file (.txt).
Delete selected discharge record(s): Deletes the selected records (the ones with the
red check). These records will not be used for the discharge calculation.
Delete all discharge records: Deletes all records present, essentially removing all transects for discharge calculation
Links between open files and records on the discharge summary are as follows:
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An open file will update its corresponding discharge record with changes to settings or
as sample number changes.



Closing a file leaves the record displayed in the discharge measurement summary, but
the record will no longer update



Deleting the record severs the link to the data file. To add the record back, the file must
be reopened.



Click on a record to switch to the matching data file.



Delete or uncheck a record to re-compute statistics
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Section 7. RiverSurveyor Live for Mobile
7.1.

Overview—RiverSurveyor Live for Mobile Software

Due to combined portability and ease of use, we recommend the Mobile device for making discharge measurements. The RiverSurveyor Live for PC software (described in section 6) can also be used for making discharge measurements and has the added ability to apply powerful data viewing and post-processing capabilities (described in section 8).
Before getting started in the field, remember that the Mobile device has some setup requirements, as does any mobile device/phone: Battery must be installed and charged, necessary
software installed, and Bluetooth configured.

7.2.

Mobile Device Requirements

RiverSurveyor Live for Mobile requires the following:
Operating System: Windows Mobile Smartphone v6.0 or higher
Bluetooth Technology: BroadComm stack and Bluetooth v2.0 with A2DP
Note: The Motorola Q, Q9h, Q9m and Q9c have been tested for full compatibility. Other Mobile
devices with these specifications not supplied by SonTek may work, but they are not supported.

7.3.

Installation

Prior to installing RiverSurveyorLive for Mobile on the Mobile device, please make sure that Microsoft ActiveSync is installed on your desktop or laptop PC. If you do not have ActiveSync installed it can be downloaded from the distribution CD or online at:
http://www.microsoft.com/windowsmobile/en-us/help/synchronize/device-synch.mspx
To install the software follow these steps:
1. Connect the Mobile device to your PC with a USB cable.
2. Copy the RiverSurveyor Live.CAB file from CD-ROM.
3. Open ActiveSync on your PC (Figure 50).

Figure 50. Active Sync Menu
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4. Click the Explore button in ActiveSync (My Documents folder on the Mobile).
5. Paste the RiverSurveyor Live.CAB file to the open folder (My Documents) from the Explore window
6. In the Mobile device, use File Manager to open My Documents (Figure 51).

Figure 51. File Manager Menu - My Documents
7. Click the RiverSurveyor Live.CAB file.

8. The RiverSurveyor Live application will automatically install on the Mobile device and automatically confirm the installation of the application (Figure 52).

Figure 52. Software Confirmation Window
When the installation is complete, disconnect the Mobile device from the PC and click on the
Start button of the Mobile. Verify that the RiverSurveyor icon is displayed in the list of applications (Figure 53). Following the first use of the RiverSurveyor, the icon will be displayed on the
shortcut key (Figure 54).
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Figure 53. RiverSurveyor Icon in Application List

Figure 54. RiverSurveyor Icon on Shortcut List

7.4.

Navigation and Controls for Mobile Device

RiverSurveyor Live for Mobile has an intuitive design for navigation and control through its various menus. Text can be entered in various fields using the letter keys on the phone. Navigation
from field-to-field in various menus is done using the arrow keys at the top center of the phone.
Soft keys can select options, change between screens, and even start and stop data collection.
Figure 55 shows an example of the Mobile device with indicators of various functions. Below are
a few tips for using the Mobile device:
1. For numerical entry, press the Function key and then the number in edit boxes
2. To lock numerical input (more than one number), press the Function key twice
3. To select or “click” on an item, press the Enter key
4. To view the previous screen, press the Back key
5. To erase all content in a data field, press the Back key
6. To minimize an application, press the End key (minimizing does not close an application)
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Figure 55. Mobile Device Functions

7.5.

Starting the Software and Connecting to the System

To start RiverSurveyor Live for Mobile:
1. Select Start on the bottom left of the Mobile device screen.
2. Use the arrow keys to navigate to the RiverSurveyor Live for Mobile application icon
and select it. Or, select the icon from the short cut key.
A Search screen appears (Figure 56) when you start the software. The software will automatically search for any Bluetooth capable RiverSurveyor systems within range of the Mobile device
(60m). Any RiverSurveyor systems within range will be listed on the screen.

Figure 56. System Search Screen
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From the list, select the desired system and press the corresponding soft key to Connect
(Figure 57). In the case that only one system is found, the software will connect automatically.
In the case that no RiverSurveyor system is found or within range, a “No device found” will be
displayed. Make sure that the dummy plug is installed, all system LEDs on the PCM are correct,
and the battery is charged and installed correctly. Then, click Search Again.

Figure 57. Connection to ADP with Serial Number ADP-S5 5

7.6.

Preparing for a Measurement - Main Menu

Once a connection is established, the Main Menu (Figure 58) is displayed and is used to enter
site information and initial site parameters. Each of the menu items can be accessed using the
control pad or by pressing the corresponding number on the keypad. The START and QUIT options (bottom bar) are selected using the soft keys.

Figure 58. Main Menu
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7.6.1. Site Information (1)
On the Site Information screen (Figure 59), specific site information such as Site Name, Station
Number, Location, Party, Boat/Motor, Measurement Number, and Comments can be entered.
To enter data, use the letter keys and the arrow keys to move between fields.

Figure 59. Site Information Screen
The number in parentheses following each field in Figure 59 indicates the number of characters
allowed in the field. If this value is exceeded, an error message is displayed. The information
entered in this menu is applied to all future measurements, until the system is powered off.
7.6.2. System Settings (2)
The System Settings screen (Figure 60) is for entering transducer depth, salinity, and magnetic
declination. A description of each field is presented below. After entering System Settings parameters, select DONE to update the values in the system and return to the Main Menu.

Figure 60. System Settings Menu
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Transducer Depth – This is the distance that the vertical beam transducer is submerged below
the surface. Figure 61 shows a basic diagram that depicts an ADP’s transducer face submerged
in water. Transducer depth corresponds to the depth of water to which the transducer face is
submerged.

Figure 61. Explanation of Transducer Depth Measurement
Salinity – This user-defined parameter allows for a correction for the speed of sound in water
based on the salinity in parts per thousand (ppt) at the face of the ADP. A value representative
of the local water conditions must be entered manually to avoid potential erroneous calculations.
For reference, the salinity range is between 0 ppt (freshwater) to 34.5 ppt (seawater). Water
temperature is also a factor for speed of sound in water calculations. The ADP has a built-in
temperature sensor that automatically compensates for this effect.
Magnetic Declination – On the earth's surface, a calibrated compass indicates magnetic North
rather than geographic North. The angular difference between these two directions is called
magnetic declination (also known as variation, magnetic variation, or compass variation). Magnetic declination varies across the earth's surface and over time. The ADP compass is shipped
pre-calibrated; however, calibration is required at each site to remove any magnetic bias present at the site. Compass calibration will ultimately give better measurement accuracy. The
magnetic declination angle (θ) can be found on maps, like the one presented in Figure 62. Magnetic declination maps can be found on many sites on the internet. However, it is important to
note that ALL of the magnetic declination values obtained from the internet and/or software are
modeled values and not actual values measured in the field. As such, variations between the
values obtained from websites and/or software may contain small errors. Correcting for such errors can be made with the “Heading Correction” field in the Thresholds menu of the Processing
Toolbox (see p.Error! Bookmark not defined.).

Figure 62. Magnetic Declination Map of the World
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Screening Distance – This is the distance below the face of the ADP that you want to start collecting data. In essence, this setting allows you to program the ADP to start collecting data below a certain point. This is primarily used for over-the-boat applications where the screening
distance can be set to avoid flow disturbance from the wake of the boat.

7.6.3. Track and Depth Reference (3)
The Track and Depth Reference menu (Figure 63) displays options for the track reference,
depth reference, and coordinate system. Use the up/down keys to move between fields. To
change an option in a field use the left/right keys. When finished, select DONE (at the bottom) to
update the settings and return to the Main Menu.

Figure 63. Track and Depth Reference Menu
Track Reference – The ADP measures a water velocity using the Doppler shift principle, using
multiple acoustic pulses transmitted and received throughout the water column. When the ADP
is in motion, the water velocity actually measured by the ADP is a combination of boat velocity
and water velocity. In order to determine true water velocity, the boat speed must be known
and then subtracted from the actual water velocity measurement. The RiverSurveyor “moving
boat” discharge application uses three methods (references) to determine boat velocity.

58

1.

Bottom-Track reference velocity: The ADP itself is capable of determining boat
speed using a technique called “ ”. In this case, bottom-track velocity is calculated
using the Doppler shift received from multiple acoustic pulses (transmitted from the
ADP) that have reflected off of the riverbed. If the riverbed is stationary (i.e. nonmoving bottom), then the Doppler shift velocity will consist entirely of boat speed velocity which is acceptable for discharge calculations. If the riverbed is in motion the
Doppler-shift-based velocity will consist of both boat speed and riverbed speed which
will bias discharge calculations. In this case, the following two references would be
preferred to determine boat velocity.

2.

GGA GPS-referenced velocity: GPGGA (GGA) refers to a specific NMEA-0183 protocol for outputting GPS position data. In this case, the GGA “string” contains actual
position (latitude/longitude) information along with several other GPS quality parameters. Boat velocity is calculated by measuring the distance between two successive
GGA positions divided by the travel time between those two positions. Differential
corrections are required for the GGA data to reduce the amount of position error associated with each measurement. The RiverSurveyor uses two types of differential
corrections: “Sub-meter” differential and “Real-Time Kinematic” (RTK).
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3.

VTG GPS-referenced velocity: GPVTG (VTG) refers to a specific NMEA-0183 protocol for outputting GPS velocity data. In this case, the VTG string contains the actual
boat speed information along with several other GPS parameters. The GPS velocity
is calculated based on the Doppler shift of the received satellite signals.

Select the default track reference for the measurement. All available track references will be
available for analysis or to recalculate discharge in post-processing. There are four options:
 Bottom-Track: The ADP uses the bottom-track feature to measure the velocity of a vessel relative to the river bottom. The vessel velocity is then subtracted from the measured
water velocity to give the absolute water current profile independent of vessel motion.
This is the only track reference available for systems without an optional GPS.


GPGGA: The ADP uses the GGA string (from the GPS data) to measure velocity of a
vessel based on GPS position data. This is only available for systems configured with a
GPS option. It is recommended that GGA data use a sub-meter differential or RTK correction for discharge calculations. The highest quality and most accurate method applies RTK-corrected data.



GPVTG: The ADP uses the VTG string (from the GPS data) to measure the velocity of a
vessel based on GPS velocity data. This method requires additional review of data quality parameters to verity data quality.



System: The ADP references all velocities only to itself. This should only be used in
specialized applications by experienced users. It is not recommended for discharge
measurements from a moving vessel.

Depth Reference – Select the default depth reference for the measurement. Both options are
available for analysis or to recalculate discharge in post-processing. There are two options:


Vertical Beam: This is highly accurate echo sounder data used to determine water
depth.



Bottom-Track: This uses data from the four angled beams to determine the depth of the
water column using the average depth from each beam.

Coordinate System - Select the default coordinate system for the measurement. All options are
available for analysis or to recalculate discharge in post-processing. There are three options:


ENU: This is the traditional East, North, and Up coordinate system.



System: This uses the ADP as a reference. Used for internal testing only.



XYZ: This is a three-dimensional “relative position” coordinate system used only for specialized applications by experienced users.

7.6.4. Compass Calibration (4)
A compass calibration is necessary prior to each discharge measurement to compensate for
magnetic fields specific to the site. When ready to perform the calibration, click START. Rotate
the ADP through two complete circles while varying pitch and roll angles as much as possible. It
is important to calibrate the compass on the boat or mount and as close to the measurement location as possible. Be sure to remove any mobile phones, PDAs or other metal objects from the
area prior to calibration. Figure 64 shows the Compass Calibration menu.
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Figure 64. Compass Calibration Menu
At the end of calibration process, select DONE, and a calibration score will be displayed as
shown in Figure 65, and will be saved to the SD memory card. Using the example below, the
calibration score is M6.20Q7. The M “value” should always be less than 10 and the Q “value”
should always be very high (based on a scale from 1-10). If the result is anything other than
“Pass” the process should be repeated.

Figure 65. Calibration Score
In the case that the SD memory card is not installed in the Mobile device, you will be notified.
The calibration can still be run, but will not be saved.
7.6.5. Download Recorder (5)
This menu displays the status of the recorder or memory of the ADP. The Download Recorder
menu (Figure 66) shows the recorder’s Total Space, Free Space, remaining capacity (as a percentage), and recorded file names and sizes. The file names use a four-digit year, two-digit
month, day, hour, minute, and second format (YYYYMMDDHHMMSS). All RiverSurveyor Live
files have an .riv extension. Within this menu, additional options are available through the MENU
soft key. This submenu has the following options.
 Download All Files: Downloads all data files into the SD storage card on the Mobile device
(if no card, an error is displayed). A folder on the Mobile device is created named SonTek
Data. Gauging data is saved in a subfolder name based on the date/time recorded.
 Download New Files: Downloads all files which are not already on the storage card.
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 Download Selected Files: Downloads individually selected files to the SD storage card.
 Format Recorder: Erases all data files on the ADP/system recorder.
Transferring files from the Mobile device to PC is easy: Simply insert the SD card from the Mobile device into the PC, and access the files as you would a USB drive. Alternatively, connect
the Mobile device to the computer via a USB cable to transfer files using Windows Explorer.

Figure 66. Download Recorder Menu
Make sure that there is adequate memory available on the recorder prior to making a discharge
measurement. It is suggested to download files and format the recorder between measurement
sites. At the very least, all files should be downloaded and the recorder formatted at the end of
the day.
Important: To complete any post processing on the recorded data, the file(s) must be downloaded from the ADP and opened in the RiverSurveyor Live for PC software.
7.6.6. Measurement Summary (6)
The Measurement Summary displays a running list of the discharge measurements you have
made, sorted by date/time (Figure 67). The Measurement Summary helps you evaluate data
collected in the field. Using the Menu or numeric keys allows for various views of the available
data fields. A checkmark next to a measurement indicates that the measurement is used in the
statistics provided at the bottom of the window. A red “x” indicates the measurement is excluded from the statistics. Simply use the arrow keys to scroll through the measurements, and the
Enter key to select or deselect measurements for the statistics.

Figure 67. Discharge Measurement Summary
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Using the Menu Key, you can display 12 different data fields using 4 different view options. Alternatively, you can press the number keys 1, 2, 3 or 4 to change views (Figure 68).

Figure 68. Menu Options in the Measurement Summary
Important Note: Turning off the Mobile device will clear all records from the Measurement
Summary on the Mobile device. The full Discharge Measurement Summary is still stored on the
ADP system’s internal recorder, however, and can be viewed when the data files are downloaded from the recorder. Also, the DeleteAll option deletes all Measurement Summary records
from the Mobile device.

7.6.7. Utilities (7)
The Utilities Menu (Figure 69) provides several options explained below. The System Test (option 3) is recommended prior to data collection. Select DONE to exit the Utilities Menu.

Figure 69. Utilities Menu
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System Information (Figure 70): Shows system type, serial number and firmware version.

Figure 70. Utilities – System Information

Discharge Measurement Settings (Figure 71): Information that is applied to the discharge
measurement.
 Start Edge – Sets the default starting edge for discharge measurements (right or left bank).
 Rated Discharge – Enter a rated discharge pre- or post-measurement. This information is
useful for post-processing data analysis and evaluation.
 Measurement Quality – A post-processing qualitative input to evaluate the discharge
measurement quality.

Figure 71. Utilities – Discharge Measurement Settings
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System Test (Figure 72): Runs a diagnostic test confirming the status of the battery, temperature sensor, internal 8-GB recorder, and compass. When finished, the system reports the test
results and saves them to a file in the SonTek Data folder of the SD card of the Mobile device.
You will be notified of either a System Test PASS or FAIL result.

Figure 72. Utilities – System Test
There are four possible System Test failure messages (provided below), all of which require user action prior to making valid discharge measurements.
 System battery voltage > 12 volts
 System compass is not working
 System SD card is not working
 Temperature sensor is not working
Set System Time (Figure 73): Used to set system time to the Mobile device time or to a manual
entry. Typically, this is a pre-processing setting that can be used as a default for all measurements. Use the up/down keys to navigate between fields and the number keys to enter data.
Select SET TIME to update the system time and DONE to return to the Utilities Menu.

Figure 73. Utilities – Set System Time
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SonTek GPS Option: Confirms the current SonTek GPS application and provides the option to
change to a different application (Figure 74). For RTK GPS applications, you can change from
RTK quality GPS to Differential quality GPS and vice versa. However, systems with only Differential quality GPS cannot change to RTK quality GPS based on hardware constraints. There is
no capability of integrating a shore-station differential GPS correction.

Figure 74. Utilities - SonTek GPS Option

Firmware Upgrade (Figure 75): This menu lets you update ADP firmware by selecting a firmware file (*.a79) stored in the phone’s memory card (SD) or internal memory. Select UPGRADE
and follow the on-screen instructions to install new firmware.

Figure 75. Utilities – Firmware Upgrade
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Figure 76 shows the Find File screen that displays a menu for finding the firmware upgrade file.
If a file is not selected, an error message is displayed. You can navigate with the up/down keys
and select with the enter key. Additional options are available via the MENU option. Select Open
to upload the firmware file.

Figure 76. Utilities – Firmware Upgrade Find File Screen

Application Settings (Figure 77): Activating the check-box for Bluetooth: Connect Automatically enables the software to connect to the first system detected. This menu is also used to apply
either Metric or English units. Typically, these options are applied as default settings. Select
DONE to update these settings and return to the Utilities Menu. In the bottom right of the window, the version of the software is indicated.

Figure 77. Utilities - Application Settings
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