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CHAPTER 1  

Introduction 

In which the Reader Becomes Acquainted with Autosalt  

and his Uncanny Ability to Solve Water Mysteries using Salty Logic 

 

 

 

 

The AQAc has finally been completed, just in time! as all goodwill has been depleted.  
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1. Introduction 

1.1. Summary 

AutoSalt (AQAc) is an autonomous flow measurement system that can target 

stage ranges in turbulent water courses.  The system consists of a control system, 

300 litre brine tank and stand, Creek Pressure Transducer, 2x T-HRECS self-logging 

EC-T probes, and a proprietary salt injection system.  Systems have been installed 

at >20 locations around the province of BC and AB Canada, New Zealand, 

Germany, and the UK since 2008 collecting thousands of automated discharge 

measurements.  For more information and a list of references, see 

http://www.fathomscientific.com/shop/autoqac/ 

1.2. Theory of Operation 

Salt Dilution is a well-established method (Østrem 1964, Moore 2005, 

Richardson 2017, ISO-9555 1992) to measure flow in turbulent water courses.  

The AQAc control system measures the water level in the channel.  Together with 

a nominal, or established, Rating Curve (RC) an estimate of Discharge (Q) is made.  

Using control logic, a measured amount of brine is injected into the channel.  This 

is programmed to occur on the falling limb of a hydrograph, within a given stage 

range, or on a regular interval, or on demand via telemetry.   

The dry salt (a.k.a. slug) method is based on the following expression: 

𝑄 =
𝑀

𝐶𝐹𝑇∙𝐴𝐵𝐶
 (1) 

where Q is stream discharge (m3s-1), M is the mass of salt injected (kg), CFT is a 

calibration factor for converting temperature-compensated electrical 

conductivity to salt concentration, and ABC is the area under the "Breakthrough 

Curve" commonly calculated as  

ABC = ∆𝑡∑[𝐸𝐶(𝑡) − 𝐸𝐶𝐵𝐺] (2) 

where Δt is the recording interval (s), EC(t) is the electrical conductivity as a 

function of time recorded downstream of the point of salt injection (μS cm-1), 

ECBG is the background electrical conductivity of the stream water, and the 

summation is carried out over the duration of the salt wave passage (i.e., the 

period with EC(t) > ECBG). As recommended in Richardson et al (2017), we use 

temperature compensated EC, or ECT1. 

 

1 A.k.a Specific Conductance. Richardson et al.(2017) goes on to recommend Non-Linear Function (nlf) 
compensation based on European standard (ÖNORM EN 27888 1993) to 25°C.  Above 10°C, this is 
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Conductivity and Temperature (EC-T) sensors downstream log the EC, T, and 

Temperature Compensated EC (EC.T). The measurements are also transmitted 

wirelessly using LoRa radios to the AQAc control module and processed to 

calculate the Q and Q Uncertainty (QUnc).  The detailed EC.T records (set to 5 

second interval by default) is also stored to SD Card on the AQAc control module 

for more detailed QA/QC at a later time.  Paired with the concurrent stage value, 

a rating curve over the full range of flows can be generated automatically, after 

post-processing. 

Measuring on the falling limb of a hydrograph has several advantages: 

 It ensures the local maximum (peak flow) is measured first (in case brine 

or power is depleted),  

 the stage is more stable on the falling limb, and  

 it’s an intuitive way to capture a range of flows. 

 

In recent upgrades, it’s now possible to set the dH, or falling limb delta stage, to 

Zero and therefore allow the other control logic manage injections on the falling 

or rising limb.  Ideally this is done using the RC Vector binning approach described 

in Section 2.3.3. 

 

essentially 2.0%/°C and below 10°C it is reduced to 1.9%/°C. The CF.T of 0.486 mg·cm·μS-1·lt-1 ± 2.8% can 
only be applied to properly calibrated meters using temperature compensation to 25°C. The QiQuac and T-
HRECS use nlf temperature compensation to 25°C. 



 

 

 

 

 

 

 

 

CHAPTER 2  

AutoSalt Description 

In which Trade Secrets and Alchemical Principles are  

Confided in The Loyal Fathom Customer. 

 

There are many secret pipes and forces at work in the AutoSalt 

To ye with a clear mind and a true heart do we impart ;
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2. AutoSalt Description 

2.1. Overview 

The AutoSalt system consists of the AQAc Control Module, Power System, Tank 

and Stand, Injection System, and EC.T Logging system.  

The AQAc Control Module is the hub of the injection system. The controller reads 

sensors to determine creek water levels and system parameters, determines 

when discharge measurements are required, and interfaces with the user and/or 

other connected loggers/modems.  We begin with a description of the wiring and 

communication, and then the user interface.  Refer to Figure 11 for the 

Screwterminal layout and Appendix B for the Screwterminal schematic with NRT 

wiring. 

2.2. Wiring and Communications 

The AQAc Control Module presents several options for power, sensor, and 

communication connection.  

2.2.1. Power Wiring 

The power circuit is capable of 8A to power pumps, although firmware is written 

to pass only 4A at any time. There are resettable 4A fuses internally on each 

pump line.  These are temperature sensitive and may trip sooner in hot weather.  

The large current passes through the large 4pin connector on the front of the box.  

The pins are, moving clockwise from the top left, GND to Battery, +12V to Battery, 

Crk Pump GND, and Mix Pump GND, shown in Figure 1. This figure also shows 

the power management system consisting of solar panel, battery and charge 

controller.  The bilge pumps used do not have a polarity on the wiring and the 

pumps only run in one direction.  We have used colour coded wire regardless.  A 

terminal strip breaks out the single 12V line to 3 separate lines. 
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Figure 1 AutoSalt Power Wiring Diagram 

2.2.2. Sensor Wiring 

The two PTs connect to the terminal strip on top of the AQAc box.  Depending on 

the PT used, 5V or 12V may be required. The screwterminal has selectable power 

supplies for the PTs.  It’s also possibly to select switched or continuous (fused) 

12V power.  Similarly, the signal can be treated in one of 4 ways as described on 

the screwterminal silkscreen.  

The default setting is switched 12V power for 2x 4-20mA PTs.   

The Flow Meter is currently an Omega FPR132, which is a non-contact 

mechanical flow meter operating on 5V.  There are several other Digital and 

Analog pins broken out on the screw terminal but only accessible through 

firmware upgrades.  Contact Fathom Scientific if changes are required. 

WARNING: Be careful not to plug the 5V Flow Meter screw terminal into a 12V 

PT socket.  Damage to the Flow Meter and Microcontroller might occur.  The 

orientation of the screwterminal plug is designed to prevent this. 

2.2.3. Communications 

Communications are possible using 3 interfaces: 1. USB, 2.RS232, and 3.TTL.  The 

AutoSalt menu system is accessed via terminal emulator. RealTerm is provided 

with the system, and the Campbell Scientific terminal emulator has also been 

tested. The settings are: 

T
e
r
m
i
n
a
l 
S
t
r
i
p 
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Baud: 9600, Data bits: 8, Stop bits:1, Parity: N. 

To connect to the user interface, either A) plug in via the mini-USB port on the 

screw terminal with the toggle switch set to “RS232 Off”, or B) plug an RS232 

cable into the female DB-9 port and set the toggle switch to “RS232 ON”.  

Realterm allows you to log your session to disk.  Select “Capture” and choose 

your target log file.  Select “Display” to see the session on the terminal window 

as well. 

To connect a Campbell Scientific Logger, a null modem cable is required.  Pins 

2,3,5 and 7 are required. It’s important to note that the RS232, USB, and TTL all 

use the same Com Port.  Therefore, a switch is provided on the top of the box to 

disconnect TX, RX, CTS from the RS232 port.  It must be set in the ON position to 

use RS232, and the OFF position to use either USB or TTL. CTS (pin 7) is used to 

reset the system.  If this is not desired, it can be disconnected. 

If a modem is connected to the RS232 or TTL bus, then an ssh client such as PuTTY 

can be used to the connect.  For more information see Section OOO. 

If the user has access to a 3.3V TTL-USB adapter, this could be connected to the 

3.3VTXO and 3.3VRXI terminals on the screwterminal. 

2.3. AutoSalt User Interface 

When the AutoSalt controller is booted up, it first displays firmware information, 

settings, state, and then the menu options, as shown in Figure 2.  At the top of 

this display is the firmware version, the filename, and the date.  The unit’s serial 

number is encoded in the filename, such as AQC04.  A new file is created each 

time the unit is reset.  It’s also possible to bring up the menu during operation by 

pressing any key twice. 

The Settings determine the AutoSalt operation and are subdivided into 5 

categories: Injection Settings, Reservoir Settings, PT Calibration, Rating Curve, 

and SDIQ Settings. 

To access the user interface, reset the controller or wake the AQAc from sleep by 

sending 2 characters in rapid succession.  The AQAc can be reset in 3 manners:  

 In Realterm, opening the port will do this by taking pin 7 from high to 

low logic, 

 Press the reset button on the screwterminal (Note: this action will only 

work if the RS232 or USB is NOT connected, drawing Pin 7 high.  The 

screwterminal reset button is on the same line as pin 7) 

 Cycle the power using the power switch or disconnecting/reconnecting 

the power (Note: this action will only work if the USB is NOT connected which 

will supply power to the AQAc controller) 
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In menu mode, a single keystroke, not followed by a carriage return <CR> is all 

that is required to access those settings.  To keep a setting the same, just press 

Enter or send a <CR> through the terminal.  To change a setting, enter the new 

value then press Enter.  The new value must be in the range described in the 

prompt. 

 

Figure 2: AutoSalt User Interface. 

2.3.1. Save&Exit 

Select this to save settings and begin regular operation. 
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2.3.2. Set Clock 

Set the Date and Time 

2.3.3. Injection Settings 

Selecting this option will take you to a sub-menu with further options 

 Pump Cal. Settings. 

1-a. PPL: Pulses Per Litre.  This setting is based on calibration of the 

paddlewheel flow meter. Default is 253.286, but calibration results in 

values between 200 and 253.  See Section 3.5.3 for calibration instructions. 

1-b. Volume Offset: A more accurate measure of volume injected 

can be achieved by calibrating the pump-flowmeter-piping system in 

place.  Determine the slope and offset of Pulses (x-axis) vs Volume (y-axis).  

The slope is 1/PPL and the intercept is the Volume Offset.  See Section 

3.5.3 for calibration instructions. 

 Stage Settings 

2-a. dH: Delta H in metres (m): Default is 0.01m.  The AutoSalt 

system is designed to inject on the falling limb of a hydrograph.  This is the 

delta stage on which to trigger a measurement. Set to Zero to Ignore this 

setting. 

2-b. minH: in m. Default is 0.05m.  This is the minimum stage to 

inject above. 

2-c. maxH: in m. Default is 10.0m. This is the maximum stage to 

inject below.  MaxH must be larger than MinH to continue. 

 Dose: In Litres per Cubic Metres per Second (CMS).  Default is 1.0, which, 

at 20% NaCl, would is 200g/CMS.  For longer transit times or high background 

EC.T, use a larger dose.  For short transit times or low BG EC.T, use a smaller dose. 

 Regular. Inj. Interval.: Regular Injection Interval in days. Default is 7 days. 

The dH logic can be supplemented to have injections made on a regular interval.  

This may be the case if measurements are required regardless of water level, 

such as daily discharge.  This setting can also ensure measurements are made 

between site visits. 

 Log Interval.: Log Interval in minutes. Default is 15 mins..This is the 

sleep/wake interval and log/scan interval.   

 Min Injection Interval: Minimum Injection Interval in Intervals. Default 

is 6. If the Log Int. is set to 15mins, 6 intervals is 1.5 hours.  This is the minimum 

amount of time that must pass between injections.  

 Max Pump Time: Maximum Creek Pump time in minutes.  Default is 5.  

This will, along with Dose, determine the maximum Q that can be measured. 

 Setup RC Vector: It is possible for the AutoSalt to consider a Rating Curve 

nSDIQ vector to control measurements.  This is a file written to the SD Card called 

RCVector.csv.  We create the RCVector.csv from MaxH to MinH, with nBins and 

nSDIQ supplied by the user.  The first column is the bottom of the stage bin, 

sorted from MaxH to MinH, and the second column is the number of SDIQ to 
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make within that bin.  When deciding whether to inject, the AutoSalt will move 

down the bin list.  When the stage bin value is less than the currentStage, then 

an injection is requested, if the nSDIQ is >0.  To get to this point, however, the 

currentStage must be less than MaxH and greater than MinH.  To capture peak 

events, the MaxH must be set above the largest value in the RCVector.  That 

means manually changing the csv file with a text editor, or creating the 

RCVector, then increasing the MaxH value.  A more sophisticated manner to 

create the RCVector is being considered and the user is reminded that the csv file 

is editable.  Do not set the nSDIQ greater than 9, which is the current limit of 

the firmware. 

 RC Vector Auto Reset: Set this to 1 for the code to reset the RCVector to 

the default nSDIQ value (5) after all measurements have been taken (all nSDIQ 

values in the RCVector = 0). 

2.3.4. Reservoir Settings 

[NaCl]: NaCl concentration is %. Default is 20% shown as 0.20.  When using tap 

water, set this to 0%. This value is used to correct the density of the fluid when 

estimating total brine volume and deltaVolume from the ResPT.  The rough 

correction used is TrueDepth = Measured Depth/(1+0.8*[NaC]).  For a 20% brine, 

this is a density of 1.16 kg/litre. 

Res. Area: Reservoir Area in cm². Default is 4540 cm² (0.4540 m²).  This is the area 

of the rkv78 tank.  The Area of the rk50 tank is 5040cm² (0.5040m²).   

Min Res. Lev.: Minimum Reservoir Level in m. Default is 0.05m. No injection will 

be made if the reservoir level is below this value to prevent pumping air. 

MixTime: in seconds (s). Default is 20s.  In order to reduce stratification of the 

brine and promote homogeneity in the brine, a mix pump runs for MixTime 

before injection.  For testing, or to preserve battery life, set to lower values.  For 

larger tanks or if stratification is measured, set to higher values. 

2.3.5. PT Calibration 

The AQC controller has several PT configurations possible.  The power supply can 

be 5V or 12V. 4 sensing circuits are possible, as described on the ScrewTerminal 

schematic in the appendix.  A common setting is for 4-20 mA, which corresponds 

to the 3rd option on the V1.3 ScrewTerminal board, described as: 

“Sw1(3) off, Sw2(4) ALL = mA converted to V”  

SW1 is a solder jumper with 3 pads.  For SW1 and SW2, “On” is when the two 

right-most pads are connected by a solder blob, and for SW3 and SW4 “On” is 

when the two left most pads are connected by a solder blob..  “ALL” is when all 

pads are connected by a solder blob.  See the Screw terminal schematic in the 

appendix.  Nominal through-hole resistors are provided. For the 4-20mA option, 

only RLoad is used.  The suggested value is 150 Ohms, to give a range: 



CHAPTER 2 :  DESCRIPTION  

- 14 - 

V=IR = 4mA*150Ω = 0.6V 

V=IR = 20mA*150Ω = 3.0V 

The maximum voltage to send to an analog channel is 3.3V.  Although no damage 

should occur for short periods of 5V, it is not recommended and may damage the 

microcontroller unit (mcu). 

Depending on the arrangement, different scalings can be applied to the ResPT 

and CrkPT independently.  A slope of 1.0 and Offset of 0.0 will read the voltage 

at the mcu analog channel, after the resistance circuitry.  If the 1st option is 

configured: 

“Sw1(3) off, Sw2(4) off = raw voltage in” 

Then the voltage measured at the screw terminal should be approximately equal 

to the reading in the user interface.  Any other configuration will modify the 

voltage to the mcu. 

2.3.6. Rating Curve 

A rating curve equation is used to estimate the flow in the channel. Injection 

volumes are based on the flow estimated from this equations.  The rating curve 

equation is entered in the form: 

Q = C * (H + pzf)n 

Where Q is the flow in cms, C is a channel width scalar, H is the measured Crk 

Depth in m, pzf is the point of zero flow in m, and n is channel shape exponent.   

For new installations, it is recommended to use a C value approximately equal to 

its width (in m) and an exponent (n) of 2.2.  The pzf will depend on how deep the 

CrkPT is below the lowest point in the hydraulic control.  If it is 10cm below, then 

the pzf value would be -0.1. In this way if H is 0.10m, and pzf is -0.1, then the 

effective stage is 0m. 

Discharge can be measured manually for the stage during installation and should 

agree with the estimated rating curve.  The rating curve can be adjusted on 

subsequent visits based on collected measurements. 

2.3.7. SDIQ Settings 

LoRa Listen Time(mins): After an injection, the AQAc will start listening for LoRa 

transmissions for this amount of time. 

LoRa Transmit Power: This can be set to meet local LoRa regulations.  For example, 

in Europe this is +14 dBM at 868 MHz.  In North America it is +30dBM at 915MHz, 

as shown in Table 1. 
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LoRa Frequency: This can be set to meet local LoRa regulations, shown in Table 

1. 

Enable LoRa handshake (0 - Off, 1 - On): The AQAc operates in two modes: 

 0: Off- In this mode, the AQAc controller will listen for LoRa 

Transmissions from designated devices for the LoRa time and record them to the 

AQAc controller SD Card and calculate Q and uncertainty. 

 1: On- In this mode, the AQAc controller will still listen for LoRa 

Transmissions from designated devices for the LoRa time, BUT will send a 

handshaking command to the T-HRECS EC probes after every injection to tell the 

T-HRECS to begin transmission AND provide feedback as per the signal strength 

and handshaking success.  This mode must be set to 1 if the downstream T-HRECS 

are also in Handshaking mode IF the user wishes to capture the measurements 

at the AQAc controller.  NOTE: the T-HRECS will always record 5 second data 

locally on its own SD Card regardless of this setting. 

Channel n address: Where n is 0,1, or 2.  Currently, all 3 channels will be logged 

if LoRa transmissions are received, but a Q and QUncertainty is only calculated 

on CH0 and CH1.  This address should be set to the downstream T-HRECS address 

AND their server address must be set to the AQAc controller ID.  The ID is the 

AQAc Controller serial number without the “AQAc” For example, if the serial 

number is AQC004 the server address is 004.  Likewise the CH0 address is the T-

HRECS serial number without the “AT” so the AT054 address is 054 or simply 54. 

CHn_CF.T (mg*cm*uS-1*L-1): This is the Calibration Factor used for calculating 

the Q from the EC.T.  A default of 0.486 mg*cm*uS-1*L-1 is used based on 

Richardson et al (2017).  This can be updated based on a CF.T calibration of the 

individual EC.T probes. 

 “Enter Q to calculate CFT or 0”: It is possible to set the CFT from a known 

Q.  This is the case if another device, such as a QiQuac, was used to measure the 

flow independently.  This option will only be available after a measurement and 

the ABC is >0.  If you do not wish to change the CFT, enter 0 or press <CR>.  If you 

wish to recalculate enter the Q.  The AQAc will back-calculate the CFT from the 

Q and the ABC. 

Set Diagnostic Mode? Y or N: Diagnostic mode will display key parameters and 

diagnostic information to the screen.   This can be especially helpful when making 

a test measurement while on site.  The default is set to “Y” and there’s no reason 

to change this unless logging the Serial output via RS232.  The diagnostic output 

will send strings to the RS232 port that are not comma-delimited such as 

required by the CR300 program shown in Appendix 1. 
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Table 1. LoRa Power and Frequency Regulations from LoRa Alliance. 

2.3.8. Stream File to Serial 

Choose this option to send any file to the Serial port. This rudimentary file system 

lists the files as they are read from the disk system.  There is currently no sorting.  

You must press F) Return to Menu to start over at the beginning. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Installation 

In which The Installation Team Learns  

The Perils to Avoid and Best Path to Follow.  
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3. Installation 

3.1. Overview 

Installation of the AutoSalt system can take up to 1 day for two people, 

depending on the site conditions.  Carefully choosing the best site will yield more 

accurate measurements, reduced maintenance, easier access, and reduced costs.  

Installation can be divided into 4 tasks: 1. Choose Injection and EC.T Monitoring 

sites. 2. Install injection system 3. Install EC.T systems, and 4. Calibration and 

Setup.   

3.2. Locating Injection and Monitoring Sites 

As with installing regular hydrometric monitoring stations, careful site selection 

is worth the time spent.  It will pay off in reduced maintenance, lower risk of 

failure, and better measurements.. 

3.2.1. Injection Site 

There are several considerations for locating the injection system. The site should 

be good for hydrometric monitoring, requires a stable and level area to hold the 

tank and stand, good access to a road or staging area, and be upstream of a 

turbulent mixing reach. 

 The creek Pressure Transducer (PT) should be installed in the channel 

with the following features:  

1-a. sheltered from large flows, 

1-b. stable water surface, 

1-c. remain submerged at the range of flows of interest, 

1-d. be close to the injection site (within 20m) 

 The Tank Stand requires a relatively stable and level site.  It should be 

within 10m of the creek to allow the piping to run downslope to the 

point of injection (where the brine will enter the flow).  Good access to 

a road or staging area will facilitate carrying heavy salt and equipment 

to the site.  A Solar Panel is required to power the system so good solar 

exposure is recommended.  The Tank Stand should be above a 1:10 year 

flood level (roughly above top of bank). 

 The point of injection should be watered at all flows of interest and offer 

protection from debris and bedload at large flows. 

3.2.2. Choose EC.T Monitoring Site. 

The location of both the injection and mixing reach must be considered when 

siting the EC.T Monitoring site.   

 Perform a manual SD measurement on potential mixing reaches to 

ensure complete mixing.   
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 Ideally, EC.T probes are installed on both the right and left bank of the 

channel.  Matching traces recorded from both probes will confirm 

complete mixing is achieved.  If access to the other bank is not possible, 

try to install one EC.T probe several channel widths downstream of the 

upstream probe. Installing two probes also provides a redundant 

measurement record in case changing conditions cause aeration or 

other issues at either installation.  

 The EC.T probe needs to be installed in moving, but not aerated or 

turbulent flow at a range of water levels.   

3.3. Install Injection System. 

The injection system consists of a) the AutoSalt stand, b) the control module, c) 

tank, d) injection piping, and e) PT installation.  Some of these components for a 

typical installation are shown in Figure 3.  The steps to install this part of the 

system are: 

 Install AutoSalt Stand, Tank. Find a relatively stable and level site above 

top of bank.  Install the adjustable legs in the stand base and use a builder’s level 

to level the base.  

 Install tank and shelf. 

 Install injection piping.  Ensure that the piping runs continually downhill 

from the flow meter to the creek.  This will ensure consistent and 

accurate volume measurements. 

 Install solar panel and ensure good southern exposure. 

 Install reservoir PT and mixing and injection pumps. 

 Install creek PT according to best practices for hydrometric sites.  It’s not 

necessary for the hydraulic control to be stable as this PT is only used to 

sense changing stage levels and for approximation of the flow. 

 Wire all sensors and pumps into AQAc control module.  See Section 2.2 

for details on this step. 

 Fill tank with desired amount of water.  Do not add salt yet. 

 Perform system tests as per Section 3.5. 

 Add salt for desired final concentration.  Aim for 20% salt by mass. 

 Use either paddle or paint mixer to dissolve salt. 

 Sample brine using refractometer and make note of salinity. 
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Figure 3 Typical AutoSalt Injection System 

3.4. Install EC.T Systems 

The simplest installation is using 2” aluminum or PVC or galvanized pipe.  

Aluminum is lightweight and easy to work with, but more difficult to source than 

either PVC or galvanized steel. It’s also more expensive.  In cold temperatures, 

Aluminum and Galvanized Steel will conduct heat out of zero degree water to 

sub-zero air temperatures, causing the inside of the pipe to freeze and affecting 

the EC.T measurements.  PVC piping will avoid this complication, but is subject to 

damage from debris and bedload movement.  Galvanized piping is readily 

available at most building supply centers, but is more difficult to work with, and 

subject to corrosion.  The corrosion itself should not affect the EC.T measurement 

so long as the probe electrode does not contact the metal. 

 Find an appropriate monitoring site based on Section 3.2. 

 Put a small bolt through the bottom of the pipe to prevent the probe 

from falling through the bottom, yet allowing debris to fall through. 

 Drill holes (8x3/8” holes should suffice) in the bottom of the pipe to 

allow circulation of water. 

 Mount pipe such that probe is in moving, but not turbulent or aerated 

water. Avoid pools and backeddies. 
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 Ensure dataloggers are above 10 year flood level. 

3.5. Calibration and Setup 

To properly prepare the system for accurate automated measurements, it should 

be calibrated and tested.  This involves calibrating the pump system, but the 

properties of the brine/solution must be considered. 

3.5.1. Properties of Water 

Many aspects of calibration are done with stream water.  We often use scales to 

measure the volume of water.  It’s no coincidence that 1.000L of H2O weighs 

1.000kg at 4C̊; the metric system is based on it.  However, water becomes less 

dense when it cools, and hence allowed life to exist on Earth, and also less dense 

above 4C̊.  Generally we are weighing the water between 10C̊ to 20C̊.  At 20C̊ 

water weighs 998 g; at 10C̊ the water is essentially 1000g.  In most field 

conditions (between 10C̊-15C̊) the water is so close to 1000g we recommend 

directly translating its mass to volume when calibrating the AutoSalt using stream 

water. 

3.5.2. Properties of NaCl Brine 

There are many properties of NaCl that make it an ideal tracer.   

 It’s relatively inert: NaCl commonly occurs in natural channels. 

 It’s relatively inexpensive compared with other tracers such as RWT. 

 It’s easy to handle: It leaves no residue or stain when washed with water. 

 It’s easy to source: We recommend food grade fine grain NaCl.  20kg 

bags can be ordered through a food distributor or potentially a grocery 

store.  

 It’s conservative: Unlike RWT, it does not degrade due to solar radiation 

or adsorption onto suspended sediment or channel substrate. 

 It’s relationship to EC.T is very linear: R2 values over the range of interest 

are typically 1.00 and the non-linearity introduces negligible error. 

The properties of Brine have benefits over other tracer solutions, but also 

complicating factors. 

 It’s freezing point is below zero.  Figure 5 shows typical freezing temps 

vs concentration: 

 It’s more dense than tap water: A 20% Brine will have a density of 1.16 

kg/L shown in Figure 5.   
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Figure 4: The density of water.   

The temperature of maximum density is 4˚C, a feature that allows cooling water to fall to the bottom of lakes and 

prevents eutrophocation, and freezing water to float, thereby trapping heat (albeit chilly 4˚C) in the water and thereby 

preserving life on land.  It’s very lucky for us.  It’s no coincidence that water weighs 1000g at 4˚C; the metric system is 

based on the density of water. At room temperature (25˚C) water weighs 997g. In most field conditions (between 10˚C-

15˚C) the water is so close to 1000g we recommend directly translating its mass to volume when calibrating the AutoSalt 

using stream water. 

 

Figure 5: Properties of Brine 

Left: The Freezing point decreases with increased concentration. Right: The Density increases with increased 

concentration.  There is a small (~2%) change in density with temperature over the range of interest. 

3.5.3. Calibrating the pump system 

The AutoSalt system uses a standard marine bilge pump which is very robust and 

easy to source and replace.  To test the pumps, boot the system in a terminal 

emulator. With the USB cable attached, the mcu will have power, but the PTs and 
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flow meter will not unless the AutoSalt 12V supply is connected.  Note that the 

12V pump power remains connected even if the power switch is OFF and the 

pumps can be operated by USB power alone.   

WARNING: Be careful to leave the power switch ON, when you unplug your USB 

cable and leave the site. 

To perform an injection calibration, there are two steps, Adjust PPL and Adjust 

Offset 

Adjust PPL: 

 Turn the AutoSalt controller ON. 

 Tare a clean 20L bucket on a scale. 

 Hold the bucket under the injector outlet. 

 Select “6. Manual Injection.” from the menu. 

 Enter 10 to pump 10 litres into a bucket on a tared scale.  

 The mix pump should start and run for several seconds according to the 

MixTime setting. Then the CrkPump will pump the desired volume based on the 

current PPL setting. Push the Space Bar at any time to cancel the pumping. 

 View the flow meter window to ensure the flow meter is moving and 

that there is very little air in the chamber.  The LED called “FLOW_PULSE” on the 

screw terminal will flicker while pumping, which may seem solid for fast pumping.  

After the calculated pulses are counted, the AQAc will wait 5 seconds for the flow 

to stop. 

 After pumping has stopped enter the mass of the fresh (not brine) water 

into the AQAc2 Record the "Actual Volume" from the AQAc (this is the 

measured volume reported by the AQAc after 5 seconds of cutting 

power to the pump)3. 

 Re-pump the same volume.  If the second mass is within 3% of the 

"Actual Volume" reported by the AQAc, then this PPL value is 

 

2 .  If at room temperature, i.e. 20oC, divide by 0.997 to get litres, ie. 15 litres will weigh 14.955 kg at 20oC.  
This is a small correction compared to the accuracy of the flow meter (0.3% compared to 3%). 
3 The AQAc will then display several measurements: 

• Pre-Res PT: This is the Res PT value before pumping.  It includes the density of the solution, which 
is 1.00kg/L for tap water and 1.16kg for 20% at 20oC, as per Figure 3.  Set the [NaCl] value in Res. 
Settings to show an accurate Res H. 

• Pumping(mS): This is the time, in mS, that the pump had power to it.  When plotted against 
discharge, this tends to be nearly linear, but difficult to determine without calibration as it is a 
function of head, viscosity, and pipe resistance. 

• Pulses: The number of pulses recorded. 

• Pumped Vol: The calculated volume pumped using Pulses and PPL.  For a properly calibrated 
system, this should have an uncertainty of ±3%. 

• Post-Res PT: The Res PT value after pumping. 

• dPT: The difference between pre and post-Res PT in m. 

• dLev Using Brine Conc. this is the [NaCl] compensated Res dH. 

• Tank dVol: Calculated from dLev and Res.Area, in Litres.  This typically has an uncertainty of ±15%. 
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considered within spec.  If not, re-enter the mass.  Repeat until 3% 

accuracy is achieved. 

Adjust Offset: 

 Using a 1g accurate scale, pump between 0.1 to 0.2 litres into a tared 

container.  Record the mass.  Do this 3 times and take the average 

difference.  If the pumped AQAc "Actual Volume" is higher, subtract the 

difference i.e. use a negative offset.  If the Mass is higher, use a positive 

offset.  The Offset is applied to the Actual Volume pumped. 

 Check the accuracy of the calibration at a few medium volumes such as 

1.0 L, 2.0, and 5.0L. 

3.5.4. Prepare the Brine 

The Brine is typically a well-mixed 20% [NaCl] mixture.  It isn’t necessary to 

achieve exactly 20% brine, though the concentration [NaCl] must be measured 

with a refractometer or Salinity Probe. A saturated brine solution is 

approximately 26% by mass depending on temperature. Avoid concentrations 

above 20% to prevent any salt precipitating out of solution. 

 Start with a full tank of creek water.  You can either use a bucket brigade 

to fill (relatively fast, good exercise) or use a pump.  

 Use an aquarium tank net or similar strainer to remove any organic 

debris collected with the creek water. 

 Add the salt into the tank. It will sit in a sludge at the bottom.  Use a 

canoe paddle or a paint mixer/drill to mix.  This can be done in stages for easier 

mixing. 

 Allow the solution to settle and bubbles to dissipate.  Once the solution 

is clear, any undissolved salt should be visible on the tank bottom, particularly if 

the tank is a dark colour. After 5-10 minutes, examine the brine and remix to 

ensure complete dissolution. 

 Take a sample of the brine and measure using a salinity refractometer.  

This device common in the home-brewing industry will tell you the salinity to 

within 0.2%.  Record this value. 

3.5.5. Calibrate the EC-T probes 

To ensure the EC.T probes are working properly, a calibration should be 

performed. 

 Remove the EC.T probes from their pipes.  

 Using 1 litre of stream water, and 5x 1ml injection of 5g/l salt standard, 

perform a CF.T calibration to determine the relationship between [NaCl] and EC.T.  

See Richardson et al (2018) for more details, or the QiQuac Quickstart manual 

for detailed instructions. 

 Replace the EC.T probes in the pipes. 
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3.5.6. Perform a trial injection. 

A trial injection will ensure all systems are working and, together with the manual 

injection, ensure all assumptions are correct. 

 Review all Settings and State variables to determine accuracy and 

suitability. 

 Ensure DS EC.T probes are ready, along with any manual measurements 

to be carried out. 

 Before injecting into the stream, prime the system by choosing “Manual 

Injection” from the menu. Do this a second time and test a sample in the 

refractometer.  Record this value.  If the tank is well mixed, the top of the brine 

will have the same concentration as the pumped brine. 

 Now perform a test injection by choosing “Manual Injection” from the 

menu and pumping the desired amount of brine.  Push Enter to accept the 

current PPL. The system will time out from the menu after 30 seconds, or select 

0) Save & Exit.  The Red LED will extinguish. 

 After the salt wave has passed, perform a manual salt dilution 

measurement in the same location using pre-weighed salt, handmixed in creek 

water, and hand injected.   

 Collect the EC.T data and process to calculate the AQAc and the Manual 

Q.    

 If there is not agreement, make necessary adjustments and corrections. 

 Ensure the EC.T loggers are on and logging. 

 Ensure all batteries have sufficient charge. 

 Ensure all enclosures are closed and secure with desiccant. 

 Manually measure the depth of brine and make note. Replace the 

waterproof lid on the tank. 

 Ensure AQAc injection system is running. 

 Take site and system photos. 

 Back away slowly..



 

 

The AutoSalt has managed to catch some big ones! Now the real work begins.. 

Site Visit, Data Files, and Maintenance 

In which We Learn How to Wrangle the 

Flow Measurements from the Autosalt  
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4. Site Visit, Data Files, and Maintenance 

If all went well, collecting the data from site should be a joyous occasion. Bring 

Salt, laptop, comms cable, paddle or drill, spare battery, multi-meter, and manual 

tape measure. 

4.1. Record Initial Conditions 

 Inspect the tank and measure the depth of brine, make note.  Compare 

the measured brine level to that when you last visited.  This manually measured 

delta volume can be used as a check on total volume injected. 

 Remove the SD card from the AQAc and download the datafiles onto a 

laptop.  Inspect the data. In the main directory there is an AQAc data 

file for every session numbered sequentially up to 99 and in csv format.  

The columns are: 

2-a. DateTime: The Date time of the measurement. 

2-b. Batt: External battery voltage. 

2-c. CrkH(m): Creek depth in meters. 

2-d. ResPT*: This is the raw depth recorded by the AQAc using the 

conversion from mV to depth, but not accounting for density.  The * 

indicates this may not be depth if density is not accounted for.  Density is 

0.16 kg/l at 20% [NaCl] and approximately linear so at 10% [NaCl] the 

density is 1.08 kg/l. 

2-e. Pulses: The last recorded pulse count from an injection. 

2-f. lastDepth: The last recorded depth during an injection. 

2-g. RTCTemp: The Real Time Clock temperature.  This is only used 

for diagnostics if something went wrong.  It’s also correlated to the 

outside air temperature. 

2-h. Vcc: The measured MCU voltage, for diagnostics. 

2-i. RC_Q: The rating curve calculated Q used for injection volumes. 

2-j. InjPulses: The number of pulses for each injection. 

2-k. PumpTime: The DateTime value when power was removed 

from the pump.  DateTime can be subtracted from PumpTime to 

determine the total time the injection pump was on. 

2-l. InjReq: A 0 or 1 value indicating whether an injection was 

requested on the A7 pin. 

2-m. MassNaCl: The calculated mass from (Pulses*PPL + 

VolOffset)*[NaCl] 

2-n. Calc_Q_CH0 (or CH1): Is the calculated Q based on Equation 1 

and 2.  It is updated every log interval during the LoRa Listen Time and 

remains constant between injections.  

2-o. Q_Unc_CH0 (or CH1): Q Uncertainty is calculated from nominal 

Mass (4%) and CF.T (1.5%) uncertainty together with Area uncertainty.  

The Area uncertainty is 1/SNR where the signal is the area under the curve 

and the Noise is the standard deviation of 10 pre and 10 post BG ECT 

points. 



CHAPTER 4 :  SITE VISIT AND MAINTENANCE 

- 28 - 

2-p. DQ: The percent difference between Calq_Q_CH0 and 

Calq_Q_CH1 

2-q. Grade: A-if Q_Unc_CH0, Q_Unc_CH1, and DQ are all less than 

7%, B- less than 15%, C-Any are greater than 15%, or N-No grade is 

possible due to missing channel data. 

2-r. BrineECT: Not used 

2-s. CalcBrineConc: Not used. 

 Plot all values and determine system operation. 

 Make any required changes to rating curve, PPL etc. 

 The AQAc creates a folder for every day an injection was made 

designated by the date of the injection.  Within each folder are 3 files, 

one for each ECT channel.  These may be empty files if no LoRa data was 

received from that channel.  Inspect the ECT data. 

 Download EC.T loggers and check batteries.  Plot data corresponding to 

injection times. 

 Process measurements if time allows. 

4.2.On Site Calibration 

While on site, it’s a good idea to perform calibrations and a manual measurement. 

 Perform a manual injection using pre-weighed salt and hand-injected.  

Wait for salt wave to pass and download EC.T loggers again.   

 Sample the top of the tank with the refractometer and note the [NaCl].  

Perform a “Manual Injection” using AQAc and collect some of the 

pumped brine and again measure the [NaCl] and make note. Any 

stratification of the brine will be detected this way. If there is 

stratification, test the mixing pump operation. 

4.3. Preparation for Departure 

Once you are satisfied with the system condition and calibrations and manual 

measurements are satisfactory, it’s time to setup the system for your departure. 

 If topping up a partially full tank, add the required creek water and salt 

to achieve the desired concentration (~20% [NaCl]). 

 Manually measure the depth of brine and make note. Replace the 

waterproof lid on the tank Take photos of site. 

 The technician can leave at this point while the EC.T loggers record the 

pulse and the measurement can be processed after the next visit.  Or 

the technician can wait for the salt wave to pass and again download 

the data. 

 Ensure all systems are logging, lids are closed and system are secure.   

 Back away slowly… 
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4.4. Winterizing the AutoSalt System 

The AutoSalt system is fairly robust, but PTs left in the freshwater creek over 

winter can freeze and be damaged.  Residual brine should be freeze-resistant 

down to -15˚C, however, it could cause damage if left below this temperature. 

 Remove power from the AutoSalt. 

 If possible remove the Creek PT from the creek and unplug from the 

Screwterminal..  Ensure the vent tube does not absorb water by putting tape over 

it’s end. 

 Remove the Reservoir PT.in the same way. 

 If the flow meter has residual brine, it may be subject to freezing and 

should be removed by decoupling the pvc coupling (part XXX in Figure XXX) 

 Likewise the pumps could be damaged if left in brine below 15˚C and 

should be removed by unscrewing from the terminal strip and decoupling the 

pvc coupling (part XXX in Figure XXX). 

 Remove the solar panel or battery wire.  These parts can be left with the 

tank based on the user’s discretion. 

 Once all wires have been removed from the AQAc control box, take the 

box, the PTs, the pumps, and flow meter, allow to dry,  and store over winter.   

 Depending on the minimum winter temperature, brine left in the tank 

may freeze.  Drain at user’s discretion. 



 

 

 

 

 

 

 

 

CHAPTER 5  

Processing Measurements 

In which We Learn How to Tell  

The Water’s Story from the 0s And 1s.  

 

 

 

The Flow Creatures are not easily understood 

Their mind is liquid and their mood is fluid 
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5. Processing Measurements 

The AQAc will calculate the Q in realtime on the AQAc controller, but this 

automated value will not have any QA-QC for changing Background ECT or 

missing data.  The Q and Uncertainty will always consider a sloping BGECT 

however.  We recommend that the user upload the measurements to the Fathom 

Scientific Ltd Salt Portal for post processing and data management.  See “Enter 

Yon Salt Portal” for instructions.. 

 

 

 

More to come… 

 

http://www.fathomscientific.com/enter-yon-salt-portal/
http://www.fathomscientific.com/enter-yon-salt-portal/


 

 

 

 

 

 

 

CHAPTER 6  

Environmental Stewardship 

In which We Learn How to Protect 

The Environment.. from Ourselves. 

 

 

While we aim to measure without harm, doing so takes a bit of charm 
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6. Environmental Stewardship 

6.1. Background and Ethos 

Responsible stewardship of the environment and our waterways is a cornerstone 

of our company philosophy. It is part of the reason we embarked on this journey 

to design and manufacture equipment for environmental flow monitoring with 

as little tracer and as natural a tracer as possible. 

Injecting NaCl into a natural waterway can rightfully raise concerns from 

government, the public, and other stakeholders. While NaCl is the most prevalent 

salt in the ocean, making up 78% of seawater, it is less common in freshwater 

sources.  

The limiting component of [NaCl] is unassociated [Cl-]. This potentially corrosive 

anion can harm aquatic life, but it is also an essential trace mineral for all life. Like 

all things, moderation is important.  

Studies into tracer methods has found that the introduction of NaCl into the 

watercourse does not cause lasting effects to the eco-system, if done with care 

and caution. Two initial studies done specifically on the effects of salt dilution are, 

Woods and Dyke (2002) and Laberge Environmental Services (1999) both 

concluded that “within the limitations of this experiment, [there] was no lasting 

negative impact on the benthic community caused by passage of the salt wave.” 

We note that both studies used much more salt than the default settings used in 

the AutoSalt system. Where we aim for 0.2kg/cubic metres/second (cms), Wood 

used between 1.2kg/cms and 5.4kg/cms and Laberge used 8.3kg/cms.  

We have designed and built our system to be much more sensitive to NaCl than 

conventional meters and can achieve a sufficient Signal to Noise Ratio (SNR), and 

therefore lower uncertainty, using less salt. Regardless of our efforts, the 

majority of research has focused on conventional dosing of around 1-5kg/cms.  

Indeed, where background ECT is high (>500uS/cm) and/or variable over the 

course of a measurement it is necessary to inject more salt for sufficient SNR.   

6.2. Water Quality Guidelines and Toxicology Studies 

Water Quality Guidelines (WQG) typically specify a maximum pollutant/toxin 

concentration for different environments/applications (freshwater, marine, 

drinking water, etc).  These guidelines are informed by toxicology studies which 

explore the effects of toxins in different concentrations and over time periods on 

in species across environments. Tables 1, 2, and 3 hold WQG from the Province 

of British Columbia, Canada Ministry of Environment, and the United States 

Environmental Protection Agency, respectively. 

The studies forming these guidelines have often been focused on road salt, 

industrial chemicals, and fertilizer.  
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Table 1 BC Water Quality Guidelines for Chloride. 

“The application of road salt for winter accident prevention represents the single 

largest use of salt in British Columbia and serves as the primary anthropogenic 

source of chloride to the environment. Sodium chloride is also widely used in the 

production of industrial chemicals such as caustic soda (sodium hydroxide), 

chlorine, soda ash (sodium carbonate), sodium chlorite, sodium bicarbonate, and 

sodium hypochlorite. Potassium chloride is used in the production of fertilizers. 

In addition to the salting of highways to control ice and snow, other sources of 

chloride to the environment,” Nagpal, N. K. (2003).  

The impacts of salt as it is used specifically for the function of tracer dilution 

gauging (using relatively small masses of chloride, existing at concentrated levels 

over short amounts of time) are less well understood. The short-term toxicology 

studies are conducted over longer time horizons than a passing salt wave in a 

tracer dilution measurement. “Short-term (acute) toxicity studies generally 

involved test durations of 96 hours or less for vertebrates and invertebrates”, 

CCME. (2011)2. Table 4 shows sensitive to chloride species in Canada, with 

exposures ranging from 24 hours to 21 days. A passing salt wave lasts for minutes. 

While the WQG in British Columbia specifically states: “To protect freshwater 

aquatic life from acute and lethal effects, the maximum concentration of chloride 

at any time should not exceed 600 mg Cl/L.” Nagpal, N. K. (2003). A limit which 

is certainly exceeded in at the injection sites for current salt dilution gauging 

practices. At the location of injection, the chloride concentration exceeds both 

federal and provincial thresholds in BC, however as the salt quickly mixes with 

the stream, this exceedance is fleeting. These exceeded concentrations are not 

lasting for more than a few meters downstream and not persisting for longer 

than a couple of minutes. There is presently research underway to better 

understand the chloride concentrations throughout the mixing reach.  

Table 1 BC Water Quality Guidelines for Chloride

From: Nagpal, N. K. (2003)

Water Use Guideline (mg Chloride/L)

Drinking water 250

Recreation and Aesthetics None

Freshwater Aquatic Life * 

Maximum Concentration +  600

30-d Average Concentration ++ 150

Marine Life

Human activities should not cause the 

chloride of marine and estuarine waters to 

fluctuate by more than 10% of the natural 

chloride expected at that time and depth

Irrigation 100

Livestock Watering 600

Wildlife 600

* When ambient chloride concentration in the environment exceeds the guideline,

 then further degradation of the ambient or existing water quality should be avoided;

+ Instantaneous maximums;

++ Average of five weekly measurements taken over a 30-day period.
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Presently, “Neither the guidelines nor the objectives derived from them have any 

legal standing in British Columbia” Nagpal, N. K. (2003). 

 

Table 2 Canadian Water Quality Guidelines for Chloride. 

 

Table 3 US EPA Water Quality Guidelines for Chloride. 

 

Table 4 Aquatic Species Sensitivity to Chloride. 

6.3. Dosing & Background Variability 

“The natural background concentration of chloride is in the order of 1 to 100 

mg/L, with maximum observed surficial concentrations in B.C. in the range of 13 

to 140 mg/L,” Bright and Addison (2002) in Nagpal, N. K. (2003). 

 

Table 2 Canadian Water Quality Guideline for the Chloride ion for the protection of aquatic life. (a) 

Adapted From: CCME. (2011) 1 

Water Use Long-Term Exposure (mg Cl-/L)  (b)Short-Term Exposure (mg Cl-/L) (c)

Freshwater 120 (d) 640

(a)  Chloride toxicity to freshwater 

organisms was evaluated

using tests with both CaCl2 and 

(b)  Chloride toxicity to freshwater organisms was evaluated using tests with both CaCl2 and NaCl salts.

(c)  Derived with severe-effects data (such as lethality) and are not intended to protect all components

of aquatic ecosystem structure and function but rather to protect most species against 

lethality during severe but transient events (e.g. inappropriate application or disposal of the substance of concern)

(d)  The long-term CWQG may not be protective of certain species of endangered and special concern freshwater mussels…

Table 3 National Recommended Water Quality Criteria - Aquatic Life Criteria Table

Adapted From United States Environmental Protection Agency

Pollutant Freshwater CMC1Freshwater CCC2

Acute Chronic

Chloride 860 (mg/L) 230 (mg/L)

1/ CMC: Criterion Maximum Concentration

2/ CCC: Criterion Continuous Concentration

Table 4 Aquatic Species Sensitivity to Chloride

Adapted From: CCME. (2011)1 

Species Endpoint Concentration (mg Cl- /L) 

Lampsilis fasciola Wavy-rayed lampmussel 

(COSEWIC special concern) 24-hour EC10 (glochidia survival) 24

Epioblasma torulosa rangiana Northern 

riffleshell mussel (COSEWIC endangered) 24-hour EC10 (glochidia survival) 42

Musculium securis Fingernail clam 60-80 day LOEC (reduced natality ) 121

Daphnia ambigua Water flea 10-day EC10 (mortality and reproduction) 259

Daphnia pulex Water flea 21-day IC10 (reproduction) 368
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Considering the background variability of mineral concentration and salt dilution 

gauging: does an NaCl injection increase the concentration of chloride over the 

naturally occurring background at a particular site? To explore this, we examine 

FSL measurements below. 

The following observations have been made from the measurement location 

(approximately 50-100 m downstream of the injection site) for 5500+ 

measurements processed on the “Salt Portal”, Fathom Scientific’s Online Data 

Processing database, between 2016 and 2021. This dataset represents current 

practice of over 50 international organizations with over 100 users.   

The EC.T signals are converted to [Cl-] concentration by: multiplying the signal by 

the calibration factor (cft), which gives the concentration of [NaCl] in mg/L. The 

proportion of [Cl-] (0.602) is taken, giving the concentration in mg/L [Cl-]. See 

Richardson, M. (2017) for background on the cft calibrations and see Table 5 for 

the relationship between EC.T, NaCl, Cl-.  

This method assumes a liberal estimate of the BG [Cl-] concentration: that the 

entire observed EC.T background is resulting from [Cl-] in the water. This is highly 

unlikely, given the presence of other salts. 

Of 284 stations on a station-by-station basis, no measurements exceeded the BC 

WQG of 600 mg/L  [Cl-].   

Sixty-two stations had [NaCl] injections which did not exceed the observed 

variability in naturally occurring [Cl-] background at that station. The background 

conductivity at the sites for which these measurements were conducted was 

observed only while measurements were in progress. It is likely that the 

variability is greater than has been presented here as measurement is only from 

the time when measurements are occurring. 

At all other 222 stations, the maximum [Cl-] concentration of all measurements 

at that satiation exceeded the naturally occurring background variability. 

The average exceedance was by 17 mg/L [Cl- ]  (Station Average of Max_EC.T as 

Cl- concentration) – (Station Max BG_ect as CL- concentration) (55.4 – 38.4). 

The average absolute exceedance was 32.6 mg/L [Cl-] (Station Absolute 

Max_EC.T as Cl- concentration) - (Station Max BG_ect as [Cl-] concentration) (71 

– 38.4), that is the largest chloride over background recorded during 

measurements at the station. 

The current practice of 1.0 kg/cms, or larger dose, is seen in the larger peak over 

BG_EC.T.  Fathom Scientific manufactures equipment suited to much lower 

dosage to both reduce the stress on the environment, the hydrographer’s wallet, 

and technicians back.  The dosage is directly related to the peak over BG_ECT, ie 

the acute concentration, as discussed above. 
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Figure 6: Chloride Concentration over Natural Background by Station Average   

6.4. Dosing & Initial Dilution Zone 

The point of injection is still the point of concern.  The WQG in British Columbia 

states: “To protect freshwater aquatic life from acute and lethal effects, the 

maximum concentration of chloride at any time should not exceed 600 mg Cl/L.” 

Nagpal, N. K. (2003).  At the immediate location of injection, the chloride 

concentration exceeds both federal and provincial thresholds in BC, however as 

the salt quickly mixes with the stream, this exceedance is fleeting. These 

concentrations are not lasting for more than meters downstream.  

Current practice as described in Moore (2005): 

“The salt concentration in the injection solution should be high enough to 

increase EC reasonably when using volumes of solution that can be easily 

handled, but it also needs to remain less than the solubility. Given the low 

temperatures often associated with field conditions, the maximum 

concentration that will dissolve readily is about 20%, or about 1 kg of salt in 5 L 

of water. We have found that a mixture of 1 kg of salt with 6 L of water (roughly 

a 17% solution) provides a suitable compromise between strength and ease of 

dilution.” See Table 6 for various dose guidelines from different researchers.  

To remain below the WQG of 600 mg/L [Cl-], the desired injection amount could 

be pre-dissolved to 600 mg/L [Cl-], or ~1000mg/L [NaCl], however this is far 

below the recommended dose of 1000g/L (100-200 g/L for Fathom Scientific 

dosing).   
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However, consider, if an injection of 20% brine is made into 1m³/s over the course 

of 1s, then once that injection amount is fully mixed into the 1m³/s after 1 s, and 

it is only 307mg/L, which is below the BC WQG of 600 mg/L [Cl-]:  

(200g/L [NaCl]  / 1m³/s = 200mg*s [NaCl] / 0.65 [Cl-/NaCl] / 1s = 308 mg/L [Cl-]. 

So, if the estimated 1m³/s volume of river flow at site of injection, then yes, this 

will fall below the BC WQG below the Initial Dilution Zone location (IDZ) of 1m 

after being dissolved in 1m³/s.  In reality, however, the salt brine may fall to the 

bottom and be drawn out.  The residence time of the brine slug, should always 

fall below the acute exposure time of 7 days, however, which the BC WQG shows 

as 1204 to 13,085 mg/L [Cl-]. 

Further consideration on the IDZs: the Water Protection and Sustainability 

Branch. Environmental Sustainability and Strategic Policy Division. Ministry of 

Environment. (2013), states: 

“Water quality objectives do not apply within the initial dilution zone (IDZ), which 

is the initial portion of the larger effluent mixing zone, for point source 

wastewater discharges. The extent of the IDZ is defined on a site-specific basis, 

with due regard to water uses, aquatic life (including migratory fish), and other 

waste discharges. Initial dilution zones are normally relatively small (e.g., up to 

100 m from the point of effluent discharge, but not exceeding 25 – 50% of the 

width of a waterbody), and are essential to allow for the initial mixing between 

effluents and the receiving water. If IDZs did not exist, effluent quality would have 

to meet WQOs, which would be costly and impractical. Within an IDZ, water 

quality may exceed WQOs and sub-lethal effects on aquatic life may occur, but 

effluent quality and dilution in the IDZ should be such that acutely toxic 9 

conditions do not occur (i.e., short-term maximum WQOs should be met). Initial 

dilution zones should not impinge on water intakes, bathing beaches, shellfish 

beds, fish spawning beds, aquatic macrophyte beds serving as a rearing area for 

important aquatic species, or any other sensitive area requiring protection. 

Outside of the IDZ, water quality should be suitable for all designated water uses, 

and should protect aquatic life from sub-lethal effects, as a minimum.”    

 

Table 5 Conductivity and Chloride Concentration Estimates. 

Table 5 Conductivity and Chloride Concentration Estimates

FSL Compiled. Sources within

Measurement Criteria Electrical Conductivty NaCL Cl-
Source

For reference: seawater 19,250 mg/L 640 mg/L CCME. (2011)
1 

For eference: Electrical Conductivity 

∼50-100 m downstream of injection 100 µS/cm 49 mg/L (= 0.486 * 100) 29 mg/L (= 0.602 * 49) Fathom Scientific

Injection Slug Concentration (1 kg salt, 

in 5L of water) for total volume 5.4608 183150  (1,000,000 mg/ 5.4608L ) 110,256 mg/L Moore (2005)

Injection Slug Concentration (1 kg salt, 

in 6L of water) for total volume 6.4608 154799  (1,000,000 mg/ 6.4608L ) 93,189 mg/L Moore (2005)

Salt solution used for injection (60kg 

NaCL / 300L: H20) 200,000 mg/L 121,211 mg/L

Fathom Scientific (pers. 

Comm. Jan 2020) 
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Table 6 Dosing Guidelines 

6.5. Chloride Concentration vs. Measurement Uncertainty  

Too much [Cl-] is potentially ecologically damaging, and too much uncertainty 

renders measurements ineffective and useless.  What is the minimum dose 

which will create a measurement with low uncertainty given a certain flow?  

Of measurements processed on the Salt Portal between 2016 and 2021, a 

concentration of 2.9 mg/L [Cl-] (converted from Peak EC.T over Background EC.T) 

is sufficient to achieve <4% uncertainty. Here, the concentration of chloride is the 

introduced amount and as measured at the downstream location. Compare this 

to the WQG of 600 mg/L [Cl-].  While it is possible for a practitioner to exceed 

600 mg/L [Cl-] at the downstream site (Peak over BGECT of ~1600µS/cm), it is 

highly unlikely, especially with proper training. 

 

Figure 7: Uncertainty vs Injected Peak over BG EC.T   

Table 6 Dosing Guidelines 

Adapted From: Moore (2005)

Author

Mass of salt injected per m³/s 

streamflow (kg)

Equivalent volume (L) of 20% 

salt solution (1 kg salt in 5 L 

water)

Østrem (1964) 0.5 2.5

Church and Kellerhals (1970) 0.2 1

Day (1976) 0.3 1.5

Elder et al. (1990) 5 25

Hudson and Fraser (2002) 2 10

Moore (2005) 1 5

FSL - Upper (2015) 0.2 1

FSL - Lower (2015) 0.1 0.5
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Figure 8: Uncertainty vs Injected Cl- Concentration   

6.6. Summary 

In summary, the required studies and best practices for safely undertaking salt 

dilution measurements still needs to be completed.  But injection of a 20%brine 

with a target dosage of 1000 g/L should fall below the WQG of 600 mg/L [Cl-] 

after being mixed into 1 m³/s after 1s.  This is assuming operators are trained in 

the safe use of the method, and in consideration of site specific considerations. 

The Canadian WQG: Chloride Ion. Scientific Criteria Document (2011) 2, notes, 

“Moreover, since it is mostly based on toxicity tests using naïve (i.e., non-

tolerant) laboratory organisms, the guideline may not be relevant for areas with 

a naturally elevated concentration of chloride and associated adapted ecological 

community”. 

Salt Dilution methods remain a relatively safe and accurate method to measure 

flow, which requires further investigation to prove ecological safety, as well as 

recommended best-practices for practitioners.  We call on YOU, the practitioner 

to consider your own experiments, especially within the first few meters of 

dilution, i.e. the Initial Dilution Zone (IDZ). 
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Epilogue 

In which We Relax After a Hard Day’s Work 

And Tie Up any Loose Ends 
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7. Auxiliary Datalogger Interfacing 

The AQAc system has been tested with several external dataloggers for telemetry.  

This section contains information on how to integrate the system with those 

dataloggers. 

7.1. Campbell Scientific CR300 Interface 

The  AQAc system has been tested with a CR300 using the RS232 port and USB 

port.  The RS232 port is connected via a custom null modem cable with Pin 7 

from the AQAc broken out and connected to C2 on the CR300.  This is because 

Pin 7 (CTS) is used to reset the AQAc remotely and the CR300 has no software 

controlled hardware handshaking capability.  If another datalogger is used, then 

it may be possible to use software to control Pin 7.  As it is, the program in 

Appendix 1 is used to both reset and log serial data on the CR300.   

To control the AQAc via Terminal Emulator, ensure the RS232 switch is set to 

“RS232 ON”.  Launch the Terminal Emulator.  Ensure port settings are: 

Baud: 9600, Data bits: 8, Stop bits:1, Parity: N. 

Open the Port.  Enter ‘P’ for Passthrough mode. Select RS232. You may reset the 

AQAc manually using the tactile switch on the screw terminal, or cycle the power, 

or push a key twice in rapid succession, at this time to bring up the menu.  To 

reset the CR300 remotely, exit the Passthrough mode by pushing ‘esc’.  Type 

REBOOT then YES.  This will reset both the CR300 and the AQAc, so long as the 

blue wire (Pin 7) is connected to C2.  Re-enter the Passthrough mode.  You may 

not see the menu depending on how quickly you enter this mode.  To see the 

menu type ‘8’ for “Status”.  This should bring back the menu.  You can now 

perform a manual injection if needed, or change any settings.  Ensure you “Save 

and Exit” when you are done. 

The menu system can also be accessed by sending any 2 characters in rapid 

succession to the AQAc over the Rx line. 

To ensure Serial data is being parsed and logged properly it may be necessary to 

wait a log cycle, which might be 15mins.  Setting the log interval to 1min can 

speed up this debugging stage.  Remember all data is logged internally on the SD 

Card as well. 

7.2. Unidata NRT Interface 

It is not possible to interface with the existing NRT-Starlog V4 setup via RS232.  

This is because there is no Passthrough mode, as there is on the CR300.  However, 

we can log critical information from the AQAc on the NRT, or any other 

Datalogger for that matter, and also over-ride AQAc injection logic to request a 

manual injection immediately. 
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This setup has been tested with an Ethernet NRT 2017E and a 2104E FTS.  Refer 

to Appendix B for a circuit diagram. 

• GND-Connect the grounds of the NRT and the AQAc using the NRT-CNTR 

Screw Terminal 

• 12V_F- This is a 12V 750mA Fused connection to the 12V supply to the AQAc 

and can be used to power the NRT. 

• OUT0-Connect this to terminal A7-Out0 on the AQAc Screwterminal on 

NRT_CNTR.  OUT0 is an Open Collector Output capable of passing 250mA.  

That means it’s floating until a logger register is set to 1 on the Neon Web 

Server, then it pulls this circuit to GND.  A 10K resistor was used in series with 

an LED to the switched 5V circuit.  This means A7 is ~3.3V when OUT0 is 0, 

and 0V when OUT0 is 1.  Internal logic in the AQAc will check the status of 

A7 and if it’s greater than 1.67V then no manual injection is made; if it’s less 

than 1.67V then a manual injection is requested. 

• A0-Connect this to the RES_PT_SIG terminal on the NRT_SIG 3-port terminal.  

This is simply a line to CRK_PT_SIG and should register the same voltage 

measured on the AQAc control module and can be converted to depth using 

the same equation as in the AQAc. We log the mV from A0 and add a derived 

channel to derive Res Depth.  Note that the input range of the NRT is only 

2.5V, so one must be careful not to exceed this (or alternately add protection 

circuitry). 

• A1-Connect this to the CRK_PT_SIG terminal on the NRT_SIG 3-port terminal.   

• C1-Connect this in parallel to the flow meter signal wire.  This circuit has a 

maximum of 5V. 

Scheme setup.  See the V4 scheme AQAc_3.  This scheme instruments include: 

 2010 NRT Logger Instrument 

 Embedded Scheme 

 ResPT logging mV output 

 CrkPT logging mV output 

 Flowmeter: Pulse Output Counter 

 XRT Battery: Internal and External Battery voltages 

 Out0#1-On/Off: A user defined output class that controls the OUT0 port 

shown in Figure 9 



CHAPTER 7 :  EPILOGUE 

- 44 - 

 

 

Figure 9: Out0 Instrument. 

The Events are shown in Figure 10. 
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Figure 10: Events for NRT-AQAc interface. 

7.3. Teltonika RUT955 and TRB142 

The AutoSalt has been tested with the Teltonika RUT955 and TRB142.  This 

industrial router is designed to support industrial IoT applications and as such is 

very reliable, robust, and versatile.  It features a core running Linux and the 

RUT955 comes equipped with 2x cellular antenna’s and Sim Card slots (to handle 

two different network options) 2 WiFi antennas, ethernet, USB, RS232, and GPS.  

It’s powered by 9-32V and draws between 150mA to 300mA.  Used in 

conjunction with the EPEver Landstar LS3024B, it can be cycled on by timer to 

allow windowed access through either the cellular network (tethered to a phone 

on the same network) or through a VPN.   

Warning: Pins 6&8 are connected on the AQAc Screw Terminal.  If Pin 8 is taken 

from logic high (-6V on RS232) to logic low (+6V on RS232) the AQAc will be reset.  

Pin 6 is not connected to a driving logic line.  Although the TRB142 manual says 

that Pin 6 is not connected, in the version tested it WAS connected.  In order to 

have reliable comms, it is therefore necessary to either cut the trace to pin 6 on 

the underside of the AQAc Screwterminal OR use a custom cable with Pin 6 not 

connected.  The cable must otherwise be a straight (passthrough) cable, i.e. Pin 

2-2, 3-3, 5-5, 8-8. 

Connect to the router through an ssh client like PuTTY.  You can log your entire 

session to disk by setting Session>Logging>Printable Output.  This can be very 

handy to store datafiles streamed to the serial port and debugging purposes.  

Measurements can be made remotely using the Manual Injection feature. 

Connect to the router in your shop first.  Use either the Router’s built in wifi 

(RUT955) or the micro-USB port, to avoid the intermediate VPN.  The default 
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webui username is Admin and password is Admin01.  The RUT955 router’s 

address is 192.168.1.1 and the TRB142 is 192.168.2.1.  First set the APN for your 

cellular network on Network -> Mobile.  Next, allow ssh by going to the System -

>Administration-> Access Control page and Enable Remote SSH. 

Connect via ssh to the router with username “root”.  To skip the username and 

password in the future, set Putty>Connection>Data>Auto-login Username to 

root.  Create a private key file using PuTTYgen and select it in 

Connection>SSH>Auth.  Copy the key text and paste it into 

~/.ssh/authorized_keys on the router.  Query the internet on how to do this. 

Once connected to the router via ssh, issue the command, issue the command 

microcom -s 9600 /dev/rs232 

to open the rs232 port in transparent mode.  You should now be able to 

communicate with the AutoSalt directly as though you were using RealTerm.   

It’s possible to configure the RUT955 to send SMS messages on status as well as 

many other advanced features.  Read the RUT955 Wiki pages for more details. 

 



CHAPTER 8 :  REFERENCES  

- 47 - 

8. References 

Canadian Council of Ministers of the Environment (2011) 1: Canadian water 

quality guidelines for the protection of aquatic life: Chloride. In: Canadian 

environmental quality guidelines, 1999, Canadian Council of Ministers of the 

Environment, Winnipeg. 

https://sustainabletechnologies.ca/app/uploads/2014/05/CWQG_chlorides.pdf 

CCME. (2011)2 “Canadian Water Quality Guidelines : Chloride Ion. Scientific 

Criteria Document.” Canadian Council of Ministers of the Environment, Winnipeg. 

https://www.ccme.ca/fr/res/2011-chloride-ceqg-scd-1460-en.pdf 

ISO9555-3 (1992) “Measurement of Liquid Flow in Open Channels -Tracer 

Dilution Methods for the Measurement of Steady Flow” International Standards 

Organization, Geneva, Switzerland 

Laberge Environmental Services (1999) “Winter Low Flow Stream Discharge 

Measurements Using the Salt Slug Injection Method” Mining Environment 

Research Group 

Østrem, G. (1964) A method of measuring water discharge in turbulent streams. 

Geographical Bulletin 21:21–43. Smart, C.C. 1992. Temperature compensation of 

electrical conductivity in glacial meltwaters. 

Environmental Protection Division: Ministry of Environment and Climate Change 

Strategy. (2020) “Development and Use of Initial Dilution Zones in Effluent 

Discharge Authorizations. Version 1.0” Technical Guidance 11. Environmental 

Management Act. 

https://www2.gov.bc.ca/assets/gov/environment/waste-

management/industrial-waste/industrial-waste/mining-smelt-energy/guidance-

documents/tg11_development_and_use_of_idz.pdf 

Moore, R.D. (2005) Introduction to salt dilution gauging for streamflow 

measurement. Part 3: Slug injection using salt in solution. Streamline Watershed 

Management Bulletin 8(2):1–6. 

Nagpal, N. K. (2003) Ambient water quality guidelines for chloride. 

https://www2.gov.bc.ca/assets/gov/environment/air-land-

water/water/waterquality/water-quality-guidelines/approved-wqgs/chloride-

or.pdf 

Richardson, M., Sentlinger, G., Zimmermann, A., and Moore, Dan (R D). (2017) 

"Quantifying the Relation Between Electrical Conductivity and Salt Concentration 

for Dilution Gauging Via Dry Salt Injection." Confluence: Journal of Watershed 

Science and Management., Volume 1, No2, 2017 https://confluence-

jwsm.ca/index.php/jwsm/article/view/1 



CHAPTER 8 :  REFERENCES  

- 48 - 

Sentlinger, G.I. and Robin Pike. (2019) “Environmental Considerations in Salt 

Dilution Flow Measurements” Wales Salt Dilution Workshop, Brecon, Wales. 

United States Environmental Protection Agency. (Accessed 2021-09) “National 

Recommended Aquatic Life Criteria table” 

https://www.epa.gov/wqc/national-recommended-water-quality-criteria-

aquatic-life-criteria-table 

Water Protection and Sustainability Branch. Environmental Sustainability and 

Strategic Policy Division. Ministry of Environment. (2013) “Guidance for the 

Derivation and Application of Water Quality Objectives in British Columbia” 

https://reviewboard.ca/upload/project_document/EA1314-

02_Guidance_on_Water_Quality_Objectives_in_BC.PDF 

Wood, P.J and A.P. Dykes. (2002) “The use of salt dilution gauging techniques: 

ecological considerations and insights” Water Research Volume 36, Issue 12, July 

2002, Pages 3054-3062. 

Lygia S Nogueira, Adalto Bianchini, Chris M Wood, Vania L Loro, Sarah Higgins, 

Patricia L Gillis. (2015)  “Effects of sodium chloride exposure on ion regulation in 

larvae (glochidia) of the freshwater mussel Lampsilis Fasciola  Ecotoxicol Environ 

Saf. 2015 Dec;122:477-82 

Sentlinger, G. Zimmermann, Andre, Richardson Mark (UBC), John Fraser (ARD). 

 



CHAPTER 9 :  FREQUENTLY ASKED QUESTIONS  

- 49 - 

9. Frequently Asked Questions 

Q: How many measurements can we get per site visit? 

A: It depends on the site and tank.  For a 300L tank, we like to say you can 

measure cumulatively 300 m³/s of flow at 20% brine and 200g/cms 

dosing.  So this could be 30 measurements of 10 m³/s each or 100 

measurements of 3m³/s each.  In reality, you’ll get a range of flows. 

Q: What environmental considerations are there for installing one of these 

things? Do we need permission? 

A: Hey man, great question. See section 6.  I didn’t say it, but I’ve heard, “Don’t 

ask, Don’t tell” but that’s not a responsible approach.  Also DO NOT 

cause any Water Quality Guideline exceedances OR do any damage to 

the environment. 

Q: This whole AutoSalt thing seems super easy to copy, do we have to buy one? 

A:..(pause)…(sigh)… I’d like to tell you the story of the fox and the gingerbread 

man.  There was once a gingerbread man who dashed from the oven of 

the baker before being devoured.  He escaped from hungry chickens and 

children, pigs and cows on his mad dash to freedom.  Shortly, he came 

to a fast moving river with no means to get to the other side and no way 

to measure how much flow there was.  With the chickens and children, 

cows, pigs, and bakers bearing down on him, a sly fox crept from the 

shadows and said “Do not be afraid my friend, I can take you to the other 

side, you can trust me” Given no other choice, the gingerbread man 

gambled his newly acquired freedom on the help from this well-dressed 

stranger.  Halfway across the river, however, the fox flipped the 

gingerbread man into his mouth.  Just before being devoured, the 

gingerbread man asked the fox, “Why have you broken your promise 

and eaten me?” and the fox answered simply “Because I am a fox.” The 

End. (awkward silence…) 

Q: Can we use less than 20%brine in the tank? 

A:  Sure! You just won’t get as many measurements as you would with 20%.  

Ensure you always take a refractometer reading and enter the new 

[NcCl] into the AQAc Reservoir Settings and you’re good to go! 

Q: Can we use more than 20%brine in the tank? 

A: I think you should leave. (aside: “security..yep..first row, wearing a bow-tie.” 

waiting for kerfuffle to subside..) 

Q: I must say, I’m really impressed with this system, clearly you’ve put a lot of 

thought and testing into its development. (thanks) How much battery 

power does this beauty require? 

A: Thanks, great question.  Like all good robots, it’s asleep most of the time.  

When asleep, the downstream T-HRECS draws 0.7mA, or 3mA with LoRa.  

The 4-D Cells should  last 2 months logging every 5 seconds.  The AQAc 

controller can draw a few Amps when pumping, but a few mA when 
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asleep.  The 20Ah battery with a 20W Solar Panel should be enough to 

power the system indefinitely with sufficient solar exposure. 

Q: Your t-shirt looks great, where can I get one like that? 

A: This is our custom Fathom brand t-shirt.  They come free with every AutoSalt 

purchase. 

Q: What options do you have for telemetry?   

A: You can have analog access using a device such as a UniData NRT.  The UniData 

Neon Web Server is great for keeping tabs on the AQAc battery, 

reservoir level, creek level, amount of brine injected.  We’re working on 

outputting the derived Q via analog counter channels.  You can also 

request measurements through a simple registry entry on the Neon 

portal.  The Campbell Scientific loggers offer 2-way communication over 

the RS-232 port. Likewise for a cellular router such as the TRB142 or 

RUT955 from Teltonika.  While connected, the user can call up the 

settings menu, request a manual injection, or simply monitor the serial 

data coming in from the unit.  You can also request a download of any 

file over the RS232 port.   

Q: Given the current state of the world, should we really be concerned with 

telemetry, monitoring environmental flows, fox and gingerbread 

people? 

A: It is in troubled times that principles and values matter most; otherwise they 

are naught but a façade and charade.  You must (pounding podium) 

adhere to your standards or Nature will take its revenge . (awkward 

silence). 

Q: (ahem) You do a lot of R&D in salt dilution, your conference presentations and 

journal publications are fascinating (thanks).  What are you working on 

now and how will my mid to large government agency benefit? 

A: Thanks for the question.  Yes, we believe Salt Dilution is a responsible and 

innovative way to monitor our shared resource.  We were shocked at 

how archaic conventional flow measurements were, and also how 

inaccurate, dangerous and expensive.  The salt dilution method is 

amazing and can continue to be improved by A) reducing the amount of 

salt used B) further automation and reporting, and C) better 

environmental monitoring.  We continue R&D in these three key areas.  

Our vision is to build rating curves, and even adjust rating curves, 

automatically and in realtime via the AutoSalt and the Salt Portal. 
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Appendix 1: CR300 Program 

Public PTemp, batt_volt 
Public RawString As String * 100, SplitStrings(11) As String * 16, DateTime As String * 18, PumpStop 
As String * 18 
Public Batt, CrkH, ResPT, Pulses As Long, lastDepth, RTCTemp, Vcc, CalcQ, InjPulses, InjRequest 
As Long 
Public NBytesReturned 
 
DataTable (AQAc,1,1000) 
 DataInterval (0,1,Min,10) 
 Minimum (1,batt_volt,FP2,0,False) 
 Sample (1,DateTime,String) 
 Sample (1,PTemp,FP2) 
 Sample (1,Batt,FP2) 
 Sample (1,CrkH,FP2) 
 Sample (1,ResPT,FP2) 
 Sample (1,Pulses,Long) 
 Sample (1,lastDepth,FP2) 
 Sample (1,RTCTemp,FP2) 
 Sample (1,Vcc,FP2) 
 Sample (1,CalcQ,FP2) 
 Sample (1,InjPulses,Long) 
 Sample (1,PumpStop,String) 
 Sample (1,InjRequest,Long) 
EndTable 
 
BeginProg 
 SerialOpen (ComRS232,9600,0,0,200) 
 'reset the AQAc with C2 to Pin 7 on AQAc 
 PortSet(2,0) 
 Delay(0,150,mSec) 
        PortSet(2,1) 
 Scan (1,Min,0,0) 
  PanelTemp (PTemp,60) 
  Battery (batt_volt) 
  SerialInRecord (ComRS232,RawString,&h02,0,&h0D03,NBytesReturned,01) 
  SplitStr (SplitStrings(),RawString,",",11,5) 
  DateTime = SplitStrings(1) 
  Batt = SplitStrings(2) 
  CrkH = SplitStrings(3) 
  ResPT = SplitStrings(4) 
  Pulses = SplitStrings(5) 
   lastDepth = SplitStrings(6) 
  RTCTemp = SplitStrings(7) 
  Vcc = SplitStrings(8) 
  CalcQ = SplitStrings(9) 
  InjPulses = SplitStrings(10) 
  PumpStop = SplitStrings(11) 
  InjRequest = SplitStrings(12) 
  CallTable AQAc 
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 NextScan 
  
EndProg 
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Appendix B: AQAc Screwterminal 

 

 

Figure 11: AQAc Screw Terminal Rev 2.1 Board Layout. The “BRINE ECT [NACL] T-HRECS SENSOR is a placeholder. 


