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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 
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passage (i.e., the period with EC(t) > ECBG). As recommended in Richardson 

et al (2017), we use temperature compensated EC, or ECT
1. 

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: 

1. It ensures the local maximum (peak flow) is measured first (in 

case brine or power is depleted),  

2. the stage is more stable on the falling limb, and  

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

 

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 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 10 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 



CHAPTER 2 :  DESCRIPTION  

- 10 - 

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:  

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

to low logic, 

2. 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) 
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3. 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) 

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. 
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2.3.1. Save&Exit 

Select this to save settings and begin regular operation. 

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 

1. 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. 

2. 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. 

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. 

3. 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. 

4. 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. 

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

the sleep/wake interval and log/scan interval.   

6. 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.  

7. 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. 
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8. 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 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. 

9. 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-
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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: 

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. 
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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. 

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 
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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. 

 

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. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

1. 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) 

2. 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). 

3. 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.   

1. Perform a manual SD measurement on potential mixing reaches 

to ensure complete mixing.   
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2. 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.  

3. 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: 

1. 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.  

2. Install tank and shelf. 

3. 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. 

4. Install solar panel and ensure good southern exposure. 

5. Install reservoir PT and mixing and injection pumps. 

6. 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. 

7. Wire all sensors and pumps into AQAc control module.  See 

Section 2.2 for details on this step. 

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

9. Perform system tests as per Section 3.5. 

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

11. Use either paddle or paint mixer to dissolve salt. 

12. 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. 

1. Find an appropriate monitoring site based on Section 3.2. 

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. 

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

to allow circulation of water. 
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4. Mount pipe such that probe is in moving, but not turbulent or 

aerated water. Avoid pools and backeddies. 

5. 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 4˚C; 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 4˚C.  Generally we are weighing the 

water between 10˚C to 20˚C.  At 20˚C water weighs 998 g; at 10˚C the 

water is essentially 1000g.  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. 

3.5.2. Properties of NaCl Brine 

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

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

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

RWT. 

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

water. 

4. 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.  

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

radiation or adsorption onto suspended sediment or channel 

substrate. 

6. 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. 

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

temps vs concentration: 

2. 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 
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power, but the PTs and 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: 

1. Turn the AutoSalt controller ON. 

2. Tare a clean 20L bucket on a scale. 

3. Hold the bucket under the injector outlet. 

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

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

6. 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. 

7. 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. 

8. 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. 

 

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. 
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9. 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 

considered within spec.  If not, re-enter the mass.  Repeat until 

3% accuracy is achieved. 

Adjust Offset: 

10. 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. 

11. 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. 

1. 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.  

2. Use an aquarium tank net or similar strainer to remove any 

organic debris collected with the creek water. 

3. 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. 

4. 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. 

5. 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. 

 

• Tank dVol: Calculated from dLev and Res.Area, in Litres.  This typically has an uncertainty 
of ±15%. 
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3.5.5. Calibrate the EC-T probes 

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

performed. 

1. Remove the EC.T probes from their pipes.  

2. 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. 

3. Replace the EC.T probes in the pipes. 

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. 

1. Review all Settings and State variables to determine accuracy and 

suitability. 

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

measurements to be carried out. 

3. 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. 

4. 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. 

5. 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.   

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

Manual Q.    

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

corrections. 

8. Ensure the EC.T loggers are on and logging. 

9. Ensure all batteries have sufficient charge. 

10. Ensure all enclosures are closed and secure with desiccant. 

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

waterproof lid on the tank. 

12. Ensure AQAc injection system is running. 

13. Take site and system photos. 

14. 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 

1. 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. 

2. 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 
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area under the curve and the Noise is the standard deviation of 10 

pre and 10 post BG ECT points. 

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. 

3. Plot all values and determine system operation. 

4. Make any required changes to rating curve, PPL etc. 

5. 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. 

6. Download EC.T loggers and check batteries.  Plot data 

corresponding to injection times. 

7. 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. 

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

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

2. 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. 

1. If topping up a partially full tank, add the required creek water 

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

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

waterproof lid on the tank Take photos of site. 

3. 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. 
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4. Ensure all systems are logging, lids are closed and system are 

secure.   

5. Back away slowly… 

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. 

1. Remove power from the AutoSalt. 

2. 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. 

3. Remove the Reservoir PT.in the same way. 

4. 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) 

5. 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). 

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

with the tank based on the user’s discretion. 

7. 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.   

8. 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 



CHAPTER 5 :  PROCESSING MEASUREMENTS  

- 31 - 

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/


 

 

 

 

 

 

 

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 

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 cation 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.  The two studies we are aware of,   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/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 therefore 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.   

We have been part of a study to measure and compare the time varying 

dose of NaCl  to provincial and federal Water Quality Guidelines (WQG).  

This study, led by provincial biologist Robin Pike, should be published 

shortly.  In it, he compares conductivity at 1m, 2m, 5m, and downstream 

of a mixing reach to WQG for various freshwater species.  Where these 

species are present, it is critical to respect these thresholds.  In most cases 

if the natural variance of the waterway exceeds these values, the sensitive 

species is not present. 
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Figure 6 WQG for various freshwater species. 

 

The following excerpt is taken from a personal comm. From Frank Weber 

with Environment Canada regarding the AutoSalt System to the 

municipality biologist rightfully concerned about aquatic health.  

“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). For salt 

dilution gauging technique used here, salt is dissolved in a container. Based 

on an a priori estimate of discharge and the background electrical 

conductivity, an optimal amount of saline solution is added to the stream 

over a period of several seconds. 

The chloride concertation of the saline solution exceeds federal and 

provincial thresholds. Data collected by Sentlinger and Pike (2020) suggest 

that 1m downstream of the injection point dilution reduces chloride 

concentrations to below federal and provincial thresholds. The more 

stringent provincial guidelines state that “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). It should be noted 

that “neither the guidelines nor the objectives derived from them have any 

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

set in the guidelines is exceeded at the exact point of injection, the sector of 

toxic chloride concentrations downstream of the injection point is very small, 

less than app. 1m in length. 
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At the point downstream where full mixing has occurred, chloride 

concentrations are well within the natural variability.” Weber, 2020. 

 

Figure 7 Relevant Conductivities, [NaCl], and [Cl] estimates 
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CHAPTER 7  
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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 
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NRT, or any other Datalogger for that matter, and also over-ride AQAc 

injection logic to request a manual injection immediately. 

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: 

1. 2010 NRT Logger Instrument 

9. Embedded Scheme 

10. ResPT logging mV output 

11. CrkPT logging mV output 

12. Flowmeter: Pulse Output Counter 

13. XRT Battery: Internal and External Battery voltages 

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

OUT0 port shown in Figure 8 
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Figure 8: Out0 Instrument. 

The Events are shown in Figure 9. 
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Figure 9: 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.   

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 the Router’s built in wifi to 

avoid the intermediate VPN.  The default webui username is Admin and 

password is Admin01.  The router’s address is 192.168.1.1.  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 RUT955 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 
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select it in Connection>SSH>Auth.  Copy the key text and paste it into 

~/.ssh/authorized_keys on the RUT955.  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. 
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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 
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pumping, but a few mA when 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 10: AQAc Screw Terminal Rev 2.1 Board Layout. The “BRINE ECT [NACL] T-HRECS SENSOR is a placeholder. 
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1 Preface 
 

• This instructions manual is for Windows operating systems only and was tested on the 

latest version of the Windows 10 Operating System. Older versions of Windows may 

function slightly differently. 

• While these instructions do not affect the files in the system, it’s always advised to have 

a backup of your data. 

2 Summary 
 

• Backup “Path” SYSTEM Variable from Environment Variables 

• Install WinAVR 

o Download Link: https://sourceforge.net/projects/winavr/ 

o Default directory: C:\WinAVR-20100110 (unmodified) 

o Deselect from install options both “Add Directories to PATH” & “Install 

Programers Notepad” 

▪ Warning: “Add Directories to PATH” option will overwrite the “Path” 

SYSTEM Variable 

• Setup Environment Variables 

o Add to “Path” USER variables 

▪ C:\WinAVR-20100110\bin 

▪ C:\WinAVR-20100110\utils\bin 

o Add a new variable to USER variables 

▪ Variable name: AVR32_HOME 

▪ Variable value: C:\WinAVR-20100110 

• Find the COMS port for the AQAc/DataLogger Device 

• Copy the path of the new firmware file (.hex) 

• Open Command Prompt 

o Copy and paste the below line into the Command Prompt: 

avrdude -v -p m1284p -c arduino -P \\.\COM<#> -b 115200 -D -U flash:w:<path_to_hex_file>:i 

• replace <#> with the COMS port number 

• replace <path_to_hex_file> with the path to the firmware file 

o The complete line should look something like this: 

avrdude -v -p m1284p -c arduino -P \\.\COM21 -b 115200 -D -U 

flash:w:"D:\Downloads\T_HRECS_LoRa_MultAddr_0_3_1.ino.hex":i 

• If no more firmware upgrades are needed, uninstall WinAVR and undo changes made to 

the system environment variable as needed.  

  

https://sourceforge.net/projects/winavr/
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3 Setting up the Toolchain 
 

3.1 Backing up the System Environment Variables (IMPORTANT) 
 

a. Navigate to the System Environment Variables table 

• Notes: 

o In Windows 10, search for “System Environment Variables” in either Settings or 

the Start Menu. 

o In Windows 7, right-click on the Computer icon on the desktop or start menu, 

then click “Advanced System Settings”. On the new window, go to the Advanced 

tab to find a button for “Environment Variables…” 

b. Highlight “Path” under SYSTEM variables then click “Edit…” 

c. Click “Edit text…” on the new popup window. 

d. Press “OK” on the warning window. 

e. Copy the entire text inside the “Variable value:” field, then paste and store the text on 

notepad or any text editor of your choosing. 

f. Save the text file for backup. 

g. Click “Cancel” to discard any (accidental) changes made to the system environment 

variable(s). 

h. Leave the main System Environment Variable window open for later use. 

 

  

Figure 1: Window of the System Environment Variables table 
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3.2 Downloading the installation file 
 

a. Using any preferred browser, navigate to https://sourceforge.net/projects/winavr/ 

b. Click the “Download” button to begin downloading WinAVR-20100110-install.exe 

 

  

Figure 2: Appearance of the webpage at the time of writing 

https://sourceforge.net/projects/winavr/
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3.3 Installing the software 
 

a. Double click on the executable installation file to begin the installation process. 

b. Choose a preferred language. 

c. Welcome page. Click “Next” to continue. 

d. License Agreement page. Click “I Agree” to continue. 

e. Choose Install Location page. You may choose an installation directory if desired but 

some of the later steps are based on the default installation directory of C:\WinAVR-

20100110. Click “Next” to continue. 

f. Choose Components page. Before you click “Install”… 

 

3.4 Changing installation settings and installed components (IMPORTANT) 
 

a. Once you get to this page of the setup, make sure “Add Directories to PATH” is NOT 

selected. 

• Critical: 

o Leaving it selected will OVERWRITE the Path system environment variable which 

would affect how the computer operates. 

b. Likewise, Programmers Notepad is NOT necessary  

 

Figure 3: Choose Components page of the WinAVR installation process. The two 
bottom options are highlighted by default, so deselect them at the time of 

installation. 
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3.5 Setting up the environment variables for WinAVR 
 

a. Navigate back to the environment variables window from step 1 

b. Highlight “Path” under “USER variables …” and click “Edit…” 

 

c. Click “New” on the new pop-up window then paste the following into the empty field: 

 

C:\WinAVR-20100110\bin 

 

d. Hit Enter to confirm 

e. Click New again then paste the following into the empty field: 

 

C:\WinAVR-20100110\utils\bin 

 

f. Again, hit Enter to confirm 

• Notes: 

o The above values are only accurate if the installation directory wasn’t adjusted in 

step 1.3.e 

o If using a different installation directory, replace C:\WinAVR-20100110\ part of the 

value with the directory of your choosing 

g. Click OK to save changes 

  

Figure 4: Secondary pop-up window to edit the “Path” environment 
variable for the USER. This window will look different depending on what 

is installed in the PC. 
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h. Lastly, on the main Environment Variables window, again under “USER variables …” 

click “New…” 

i. In the “Variable name:” field, type in: AVR32_HOME 

j. In the “Variable value:” field, type in: C:\WinAVR-20100110 

k. Click OK to save 

• Notes: 

o The above values are only accurate if the installation directory wasn’t adjusted in 

step 1.3.e 

o If using a different installation directory, replace “C:\WinAVR-20100110” with the 

directory of your choosing 

l. Click OK once again on the main Environment Variables window to confirm changes. 

 

3.6 Confirming Installation 
 

a. Test by opening a command prompt window then typing 

avrdude -? 

b. If you get a list of parameters with the avrdude version number, then the installation has 

been successful 

  

Figure 5: Pop-up window that appears when creating a new USER variable. 
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4 Flashing the new firmware 
 

4.1 Finding the correct COM port 
 

a. Unplug any and all AQAc/Datalogger devices from the computer 

b. Open Windows Device Manager 

 

c. Expand “Ports (COM & LPT)” 

d. Take a note of the existing COM ports. 

e. With the Device Manager in view, connect the AQAc/DataLogger to the PC via a mini-

USB cable. 

f. Once Windows detects the device, it will refresh the Device Manager window and a new 

COM port should be generated. 

g. Note down the newly generated COM port number. 

 

  

Figure 6: Windows Device Manager window 



 

 

Fathom Scientific Ltd. 10 2020-02-11 

4.2 Copying the firmware as path 
 

a. Download and store the new firmware (.hex file) in a directory of your choosing. 

b. Navigate to the downloaded firmware (.hex file) on the File Explorer. 

c. Hold Shift as you Right click on the firmware to bring up a special context menu and 

select “Copy as path” 

• Troubleshoot: 

o If the “Copy as path” option is not available to you, click on the chain of 

directories seen near the top of the File Explorer window. 

o Copy and paste the value to a text editor. 

o Afterwards, append the line with a ‘\’ (backslash character) and the name of the 

firmware file ending in .hex 

o Now copy the whole line (directories + filename) for use in step 2.3 

 

Figure 7: The special context menu. Much of the items are the same as the regular 

context menu except for hte "Copy as path" option which saves a lot of keystrokes 

Figure 8: An alternative way to easily formulate a path to the firmware file by clicking on 

the directories field displayed near the top of the File Explorer. 
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4.3 Flashing the firmware 
 

a. Open a text editing application 

b. Copy and paste the below into the text editor 

 

avrdude -v -p m1284p -c arduino -P \\.\COM<#> -b 115200 -D -U flash:w:<path_to_hex_file>:i 

 

c. Replace <#> with the COM port number found from step 2.1.g  

d. Replace <path_to_hex_file> with the path from step 2.2.c 

e. The resulting line would look like this: 

 

avrdude -v -p m1284p -c arduino -P \\.\COM21 -b 115200 -D -U 

flash:w:"D:\Downloads\T_HRECS_LoRa_MultAddr_0_3_1.ino.hex":i 

 

f. Open a Command Prompt window 

g. Copy the line from step 2.3.e 

h. Paste the line on to the Command Prompt window by right clicking on the window. 

i. Making sure that the connection between the device and the computer is secure, hit 

enter to begin the flashing process. 

j. If no errors are found, then you have successfully flashed the firmware to your 

AQAc/DataLogger device. 
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5 Uninstalling the Toolchain 
 

5.1 Uninstalling WinAVR 
a. To remove WinAVR, go to Windows Apps & features menu. 

b. Search WinAVR in the search field 

c. Click the app to display further options 

d. Click “Uninstall” 

 

5.2 Removing Environment Variables 
a. Navigate to the Environment Variables window 

a. Follow step 1.1.a for reference 

b. Find “Path” under “USER variables …” 

c. Click “Edit…” 

d. Find two fields that contain the term WinAVR 

e. Highlight each of them then click “Delete” 

f. Click “Ok” to confirm changes 

g. Find “AVR32_HOME” under “System variables” 

h. Click “Delete” 

i. Click “OK” to confirm changes. 
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