
Development of Chloride- Conductivity Rating Curves

The project goal was to collect chloride and conductivity data concurrently 
in order to develop system-specific rating curves that would predict 
chloride concentrations from in situ measurements of conductivity.



Chloride-Conductivity Monitoring
• 3 systems selected for 

monitoring: Kids Creek, Carrier 
Creek, and Plaster Creek

• Despite restoration activities, P51 
scores have not improved.

• EGLE suspected high chloride 
concentrations during “off 
months” to be contributing factor

Presenter Notes
Presentation Notes
EGLE selected 3 stream systems for this project: Kids Creek in Traverse City, Carrier Creek in Lansing, and Plaster Creek in Grand Rapids. These systems were chosen because EGLE was finding that despite restoration efforts, Procedure 51 macroinvertebrate scores had not shown improvement.

They suspected that high chloride concentrations during the winter months were a contributing factor to these low P51 scores.



Methods

Mayfly Monitor

• October 2022 – March 2024

• In-situ measurements and Chloride samples

• Monthly and event-based

• Mayfly monitors – continuously monitored 
conductivity – know when to mobilize

Presenter Notes
Presentation Notes
Beginning in fall of 2022, GLEC began monitoring conductivity and taking water samples for chloride analysis at multiple sites in each system. Part of the project called for routine, monthly sample collection (ideally these would be baseline measurements of chloride and conductivity) as well as sampling during rain and snowmelt events were we might see the chloride concentration becoming diluted or concentrated with rain or snowmelt.

EGLE purchased 5 of the Mayfly monitors shown here, for use during this project. These are solar powered data loggers to which we attached a conductivity sensor that was placed in the stream. Using a cellular service, the data was sent to an online data portal called Monitor My Watershed where we could monitor conductivity levels in real time and know when to mobilize during a rain or snowmelt event in order to collect chloride samples during dips or peaks in conductivity.



Results
• Higher Chloride measured in winter

• Rating curves between chloride concentration and 
conductivity developed for each system

Kids Creek chloride concentration timeseries Rating curve for chloride vs. conductivity in Kids Creek

Presenter Notes
Presentation Notes
GLEC environmental engineers used a year and a half of data collected from each system to develop these rating curves. 

Higher chloride values were measured in winter months. For Kids Creek, Chloride levels were quite high during January, February, and March. This makes sense considering the amount of road salts applied in Northern Michigan during these months. As background info, the final chronic value for chloride is 150 mg/L, and the chloride concentration in the majority of samples in Kids Creek taken in those winter months fell well above this value – so not good for the bugs that live there year-round.

Using the paired chloride and conductivity data, GLEC developed a system-specific rating curve that allowed for chloride concentration to be predicted from conductivity. You can see from the R2 numbers that the curves fit the data very well for Carrier Creek, pretty well for Kids Creek, and not as great for Plaster Creek. In the graph on the right for Kids Creek you’ll notice some noise in the data at the lower end of the curve.



Results
• Inspection of the rating curves 

for Kids Creek and Plaster 
Creek revealed more variance 
and lack of fit at the lower end 
(rain events)

• Investigated stream flow and 
land use characteristics in each 
system to help explain the lack 
of fit

Lack of fit during rain events in Kids Creek

Presenter Notes
Presentation Notes
Here you can see a more detailed view of which type of event those data points came from. The data points at the lower end were associated with rain events, so we were seeing more variation in measured chloride during rain events. 

They then investigated a few other characteristics that could be contributing to this lack of fit such as stream flow and land use characteristics.



Results
• Chloride vs. Streamflow: 

showed no particular 
relationship in Carrier or Kids 
Creeks.

• Plaster Creek – Chloride 
increases with streamflow. As 
streamflow increases, Cl ions 
make up an increasing 
proportion of ions that 
constitute conductivity

• PC4 unique – lead to an 
investigation of:
• % impervious surface

• Road density

• Population density

• Density of WWTPs

Plaster Creek – as streamflow increases, Cl residuals increase

Presenter Notes
Presentation Notes
When they investigated the impact of stream flow, there was no particular relationship in Carrier Creek or Kids Creek (those were the two with the pretty good R2 anyway).

In Plaster Creek, they found that Chloride increased with streamflow, meaning that as streamflow increased, chloride ions made up an increasing proportion of ions that constitute conductivity.

However, you can see that the data from PC4, shown with the red dots, was still kind of all over the place. That lead to a further investigation of land use characteristics like percent impervious surface, road density, population density, and density of Waste Water Treatment plants.



Results
• Chloride vs. Land Use: 

• Carrier Creek and Plaster Creek 
had notable gradient of landuse 
characteristics between upper 
and lower watershed sites

•  PC4: less anthropogenic 
activity, fewer non-point source 
loadings of Chloride
• This influences water quality 

and the rating curve.

CC and PC showed increasing impervious cover moving 
downstream

DS

DS

Presenter Notes
Presentation Notes
When they looked at the relationship of chloride and land use, they found that Carrier Creek and Plaster Creek had a notable gradient of land use characteristics between the upper and lower watershed sites at both the catchment scale and watershed scale. The data presented in the graph indicates that as you move downstream in the watershed, the percent impervious surface increases in both the Carrier Creek and Plaster Creek watersheds. Similar patterns were seen with these two systems for road density and population density.

What they also found was that PC4 was very unique compared to PC1-PC3. PC4 had less anthropogenic activity: it had a very low percent impervious surface, population density, and road density as compared to the other 3 sites in the watershed. Overall, this resulted in fewer non-point source loadings of chloride.

(For reference: Catchment = portion of landscape that drains directly into a stream segment, excluding any upstream contributions
Watershed = all hydrologically connected catchments, including all upstream catchments that flow into a stream segment)



Summary: Chloride-Conductivity Monitoring
• Goal: To develop rating curves 

that would allow for a prediction 
of chloride concentration using 
an in-situ measurement of 
conductivity.

• A non-linear power relationship 
provided the best fit of the 
chloride-conductivity data.

• The Plaster Creek data was best 
fit by creating two different 
rating curves, one for PC4 and 
one for PC1-PC3

𝑙𝑙𝑙𝑙 𝐶𝐶𝐶𝐶− = 𝑎𝑎 + 𝑙𝑙𝑙𝑙(𝑏𝑏) � ln(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)

Tributary coefficient a coefficient b R2 
Carrier Creek* 0.0579 1.177 0.973 
Kids Creek* 0.000612 1.784 0.929 
Plaster Creek 0.00828 1.427 0.879 

 
Tributary coefficient a coefficient b R2 
PC1 – PC3* 0.02503 1.290 0.976 
PC4 0.5651 0.6985 0.250 
PC4 (2 data excluded)* 0.01255 1.290 0.867 

 

Presenter Notes
Presentation Notes
So the goal for the project was to develop these system-specific rating curves to allow for the prediction of chloride concentration using measurements of conductivity. We found that a non-linear power relationship provided the best fit of the data. However, for Plaster Creek, the data was best fit by excluding the data for PC4.

At the end of the project, EGLE asked us to hang onto the Mayfly loggers and we believe we may be asked to do additional work in Plaster Creek this field season.
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