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The Farmington River Watershed Association (FRWA) began monitoring for chloride in the Lower Farmington River
watershed in the fall of 2021, while data in the Upper Farmington River has been collected since 2004. Data collected
since then has revealed locations with elevated chloride levels and some which have increased to supposed toxic
conditions. Due to manual sampling, FRWA was unable to determine how high chloride values were, their duration, and
if they were meeting the criteria of a chronic or acute condition. Using continuous conductivity loggers and transforming
this dataset to approximate chloride will allow us to identify chloride conditions in more depth and provide a better
understanding of the conditions over time. 

Conductivity is the ability for water to pass an electrical current and is measured as microsiemens per centimeter
(µS/cm). It will increase due to warmer temperatures and the types of dissolved solids present in the water such as
nitrate, sulfate, phosphate, sodium, chloride, magnesium, calcium, certain minerals from soils, and metals like iron and
aluminum. Since each waterbody has its own baseline values for conductivity, any recorded increases can indicate
pollution. Chloride pollution has been an issue at the locations in this report at one point in time and, due to the strong
correlation between conductivity and chloride, it is expected that conductivity will increase in response to the rise in
chloride levels, since road salts make their way into water bodies and release free chloride ions. It is possible that other
factors, such as those listed above, will increase conductivity not in relation to chloride, and therefore the linear
equations for calculating approximate chloride will not work. However, it will still give insight into how much of the
increase in conductivity is related to chloride, and how much is due to other types of dissolved solids. 

FRWA’s current chloride monitoring program collects data at fifteen sites eight times per year with a calibrated and
quality controlled ProDSS multiparameter meter to evaluate chloride during all seasons. Manual sampling of chloride is
being measured as instantaneous samples, where the values present at the time of collection are the only values
recorded. These values are compared to the EPA’s water criteria for chloride which states that chronic conditions of 230
mg/L or above for four days or acute conditions of 860 mg/L for one hour can impair aquatic life. Since chloride can
fluctuate rapidly in the environment due to storm events or snow melt, instantaneous samples are most likely missing
chloride values when they are at their highest and if they are lasting long enough to be classified as a chronic or acute
condition. The best way to bridge this data gap is to utilize in-situ conductivity loggers in locations which have the
potential to have chloride values increase to toxic concentrations. Continuous conductivity loggers will also allow us to
start collecting conductivity data for baselines and trends over time.

Locations in the Farmington River watershed with previously recorded toxic values include the Pequabuck River in
Farmington, Nod Brook in Avon, Owens Brook in Simsbury, and Rainbow Brook in Windsor. Other locations which have
had previously elevated chloride values include Roaring Brook in Unionville, Jim Brook in Canton, and Mill Brook in
Windsor. 

All data is shared with the Connecticut Department of Energy and Environmental Protection (CT DEEP) for long term
trends and decision making.

Introduction
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Figure 1b: Lower River Conductivity Logger Locations
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Most locations had success with transforming logger conductivity into chloride values. This allowed us to see how
chloride changed every hour, how severe it was, and how long those conditions were. The conductivity measured by the
loggers versus the meter had low percent differences, typically under 20% with some higher during winter for Nod Brook
at Ensign Drive, Avon and Owens Brook, Simsbury. Percent error was measured for calculated chloride versus measured
chloride, and had an overall average of 26% error. Some sites were more successful than others, and typically had higher
error during winter months when conductivity and chloride were higher. Overall we were able to see conductivity and
calculated chloride every hour, and even with some higher percent errors from the linear equations, locations that were
at risk of chronic chloride conditions typically had chloride high enough in both calculated and measured chloride that
those percent errors did not matter. It also gave insight into how much conductivity increases are in relation to chloride,
and how much is the result of other factors. FRWA was able to identify chloride chronic conditions and spikes thanks to
the conductivity loggers and calculated chloride that otherwise would have been missed with manual sampling. 

Onset Corporation HOBO continuous conductivity data loggers were programmed and deployed in eleven streams  
throughout the Farmington River watershed from November 2023 to April 2024, then again from April 2024 to August
2024 (Figure 1). Loggers were programmed to record conductivity data every hour. Simultaneously, the loggers collect
hourly temperature data which can then be used to monitor temperature and calculate specific conductance. FRWA
follows all procedures including calibrations and quality control which is outlined in our Continuous Logger Standard
Operating Procedure, YSI ProDSS Standard Operating Procedure, and Quality Assurance Project Plan to ensure all data is
reliable. A YSI ProDSS multiparameter meter was used at both deployment and retrieval to measure conductivity and
temperature for a two point calibration of the dataset downloaded from the loggers. The loggers were programmed
using Onset’s HOBOware Pro software to launch forty minutes prior to deployment to allow enough time to adjust to
stream conditions. Loggers were placed into Onset brand PVC housings to ensure the best safety in a stream
environment. They were then attached to cinderblocks using zip ties and placed in a deep enough pool in the stream to
keep them from drying out. Data was collected for the winter from November 6th 2023 to April 10th 2024. FRWA
checked the loggers after winter storms to ensure they were staying put and not being buried from sediments during
high flows. Loggers that required cleaning were done approximately every 6 to 8 weeks. In April the loggers were
retrieved, downloaded, and redeployed for summer with the exception of two sites which were downloaded in June and
one which was downloaded in August due to water level being too high and unsafe at those locations. All conductivity
loggers were downloaded and redeployed in August and are currently continuing to measure conductivity hourly at this
time. Downloaded data from each site was processed through the HOBOware Pro software to perform a two-point data
calibration to calculate specific conductance and to retrieve datasets. 

Methods

Figure 1a: Upper River Conductivity Logger Locations
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Summary
FRWA deployed five Onset HOBO continuous conductivity loggers in five different tributaries to the Wild & Scenic Upper
Farmington River watershed to monitor conductivity in relation to chloride. Logger conductivity compared to the meter
conductivity had low percent differences, all below 20% with an average of 6%, indicating that the logger was relative to
the meter measurements. Linear equations were able to be generated for three of the five locations to calculate
chloride from logger conductivity, allowing us to see how chloride changed every hour, how severe it was, and how long  
conditions persisted. Percent error was calculated for calculated chloride versus measured chloride with an average
percent error of 13.6%. Jim Brook had higher percent error during winter months where conductivity and chloride were
higher and fluctuating rapidly. FRWA was able to identify spikes in conductivity and chloride at Jim Brook during winter
months which otherwise would have been missed with manual sampling. 

Methods
Onset Corporation HOBO continuous conductivity data loggers were programed and deployed in five streams
throughout the Upper Farmington River Watershed from May 2024 to September 2024, with the exception of Jim
Brook, which was deployed from April 2024 to August 2024 (Figure 1). Loggers were programed to record conductivity
data every hour. Simultaneously, the loggers collect temperature data which can then be used to monitor temperature
and calculate specific conductance through the HOBOware Pro software. FRWA follows all procedures including
calibrations and quality control which is outlined in our Continuous Logger Standard Operating Procedure, YSI ProDSS
Standard Operating Procedure, and Quality Assurance Project Plan to ensure all data is reliable. A YSI ProDSS
multiparameter meter was used at both deployment and retrieval to measure conductivity and temperature for a two
point calibration of the data set downloaded from the loggers. The loggers were programmed using Onset’s HOBOware
Pro software to launch forty minutes prior to deployment to allow enough time to adjust to stream conditions. Loggers
were placed into Onset PVC housings to ensure the best safety in a stream environment. They were then attached to
cinderblocks using zip ties and places in a deep enough pool in the stream to allow a buffer from drying out. FRWA
checked on the loggers to ensure they were staying put and not being buried from sediments during high flows and any
necessary cleaning was performed. Data downloads occurred in April and August, and all conductivity loggers were
redeployed and are currently continuing to measure conductivity. Downloaded data from each site was processed
through the HOBOware Pro software to perform a two-point data calibration, to calculate specific conductance, and to
retrieve datasets.



Additional data at these sites were collected during routine chloride program monitoring with a calibrated and quality
control checked YSI ProDSS multiparameter meter measuring turbidity, temperature, conductivity, specific conductance,
chloride, and dissolved oxygen. In order to determine approximate chloride from the conductivity data set collected by
loggers, conductivity and chloride data were used to develop site specific linear equations. Each individual linear
equation was derived from a regression line made from three sets of conductivity and chloride data from 2023 and or
2024. A R² value, or coefficient of determination, was generated for each regression line to statistically measure how
well the regression line approximates to the actual data, with a value closest to 1 being the most reliable. Linear
equations were applied to their respective data sets to generate hourly calculated chloride. Both conductivity and
calculated chloride from the loggers were compared to conductivity and chloride measured by FRWA’s multiparameter
meter. Percent difference, or relative change, was calculated for comparing conductivity data collected by the loggers to
conductivity measured by the meter to determine how accurate the two pieces of equipment were to each other.
Percent error was calculated for calculated chloride to chloride measured by the meter to determine the discrepancy
between an actual value (the meter value) and an experimental value (calculated chloride). For percent error, FRWA
used the meter’s chloride for the actual value for this percent error calculation as meter data met all data quality
objectives.

All calculated chloride values and meter measured chloride were compared to the Environmental Protection Agency
(EPA) and the Connecticut Department of Energy and Environmental Protection’s (CT DEEP) water quality criteria for
chloride affecting aquatic life. This water quality criteria includes both acute and chronic conditions. An acute condition
is chloride values greater than 860 mg/L for one hour. A chronic condition is chloride greater than 230 mg/L for four
days. If either of these instances are met then aquatic life will be affected.

There is no official criteria for conductivity in Connecticut, but generally throughout the United States, conductivity in
freshwater can range from 50 µS/cm to 1500 µS/cm. FRWA expects a range of 50 µS/cm to 300 µS/cm in the Farmington
River watershed based on previously measured conductivity. FRWA does monitor throughout the watershed, including
rural upper river and the Berkshires in Massachusetts which allows us to record data from varying types of land uses.
Conductivity data collected by the chloride monitoring program in 2022-2023 shows more rural areas range from 40-150
µS/cm and more urban areas range from 150-500 µS/cm, with the lowest conductivity value recorded by FRWA being 12
µS/cm in Shales Brook, Becket, MA in April 2023. 

Precipitation events, winter storms, and flows were recorded and considered for data analysis. Temperature and specific
conductance data are not present in this report but were recorded and calculated as FRWA focused on the relationship
of conductivity and chloride, the severity of conductivity and chloride, and the accuracy of these measurements and
calculations. Specific conductance is a common conductivity measurement to report conductivity at 25 °C, but produced
higher percent errors when calculating chloride in this data analysis. Geology and types of sediments present at each
waterbody were considered during data analysis due to some minerals increasing conductivity.



Figure 3: Mad River Comparison of Logger Cond. vs Measured Cond.

W I N S T E D

44

M
ad R

iver

Figure 2: Mad River Logger Location

Figure 4: Mad River Conductivity

Mad River, Winsted

Conductivity

The Mad River originates from Smith Pond in Norfolk with
a 20,318 acre watershed. It flows through rural
neighborhoods, along Route 44 and enters the Still River in
downtown Winsted. It receives stormwater runoff from
Route 44 and the surrounding impervious surfaces in
downtown Winsted. 

The Mad River logger was deployed at the Mad River Flood
Control Area on Rugg Brook Rd, alongside Route 44 in
Winsted (Figure 2). FRWA has never measured chloride
over 100 mg/L in Mad River, but its location suggests that
there is potential for chloride to spike into the fair or
chronic range. FRWA staff determined that Mad River
would benefit from a conductivity logger instead of a
temperature logger to determine if higher values were
being missed during routine chloride monitoring. A linear
equation (y = 0.2664x - 9.6881) was generated and has a
high R² value of 0.9927. A specific linear equation was
generated for July - September (y = 0.7874x - 62.929) with
a R² value of 0.7874. While this R² value is lower, it
improved percent errors for chloride during summer
months.

Logger conductivity was compared to meter
measurements and percent differences were calculated
(Figure 3). The percent difference between the logger and
meter measurements were minimal, all under 12%, which
proves that both the logger and meter were relative to
each other. Conductivity was considered average
compared to other locations for summer months.

The Mad River logger did not have issues related to high
flows or sediment build up. Conductivity in Mad River
remained relatively stable during the summer months with
a small spike in July, likely due to a rain event that
occurred (Figure 4). Conductivity is average for the
watershed, and did not present any concerning levels for
the summer months. Continued monitoring through the
fall and winter will provide insight into how conductivity
changes during winter months. 

W I N S T E D
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Figure 6: Mad River Comparison of Calculated Chloride vs. Measured Chloride Over
Time

A linear equation was applied to the conductivity dataset to generate approximate chloride values (Figure 5). The
percent error between the logger and meter measurements were variable, with the highest being 65.4%, but only a 7
point different. Since the measured values were low, below 25 mg/L, the percentages are exacerbated and therefore not
relative. Log10 calculations on the dataset prior to calculating percent error reduces these percentages to less than 20%.
This is typical when working with low values and a standard practice when comparing low values. Measured chloride
was compared to calculated chloride over time (Figure 6). Differences between calculated chloride and meter chloride is
likely due to a fluctuation of conductivity in the environment not related to chloride therefore skewing the results of the
equation. The Mad River never had conductivity or chloride increase to concerning levels during summer months. In the
future, FRWA will explore moving this logger to a more urban location in downtown Winsted to determine if
conductivity and chloride are higher downstream.

Chloride

Mad River, Winsted

Figure 5: Mad River Comparison of Calculated Chloride vs. Measured Chloride 
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Figure 7: Still River Logger Location

Figure 9: Still River ConductivityFigure 8: Still River Comparison of Logger Cond. vs Measured
Cond.

The Still River logger was deployed upstream of the White
St. bridge, off of Route 8 (Figure 7). While FRWA has never
recorded chloride over 100 mg/L in Still River, its location
suggests that it has the potential to climb to fair or toxic
levels outside of routine monitoring times. FRWA staff
made the decision to replace the temperature logger with
a conductivity logger in order to determine if conductivity
and chloride were increasing during periods outside of
discrete monitoring routines. A linear equation (y =
0.3679x - 35.914) was generated for Still River and had a
high R² value of 0.948. 

Still River, Winsted

Logger conductivity was compared to meter measurements and percent differences were calculated (Figure 8). Logger
and meter measurements had minimal percent differences, with the highest being 3.4%. This proves that both the meter
and the logger were accurate when compared to each other. Conductivity was relatively average compared to what is
typical for the watershed. However, this logger was deployed in May, therefore no winter data was collected when
conductivity and chloride can increase. FRWA expects this location to increase over winter months during storm events.

The Still River logger had no issue with sediment buildup, but was found to be dry in September during retrieval.  
According to the dataset, the logger had only been dry for a couple weeks and therefore minimal data was omitted. The
conductivity in Still River had some small spikes during summer months, but stayed stable for most of the season (Figure
9). These spikes were likely due to rain events or increases in temperature. 

Conductivity

Still River flows north alongside Route 8 and is a tributary
to the Farmington River with a 10,315 acre watershed. Due  
flowing through urban Winsted, it is susceptible to
stormwater runoff and chloride pollution. 

8



Still River, Winsted

Figure 11: Still River Comparison of Calculated Chloride vs Measured Chloride
Over Time

Figure 10: Still River Comparison of Logger Cond. vs Measured Cond.

Chloride
A linear equation was applied to the conductivity dataset to generate approximate chloride values (Figure 10). The
percent errors between calculated and measured chloride were minimal, with the highest being 11%, which was only a 3
mg/L difference between a calculated and measured value. Measured chloride was compared to calculated chloride
over time (Figure 11). 80 mg/L was the highest value calculated, which is below the suggested fair condition threshold of
100 mg/L. Values calculated were higher than FRWA had been expecting for the summer months, which indicates that
values in the winter may be higher than previous years instantaneous recordings. Continued monitoring during the
winter will provide insight into potential conductivity and chloride increases during winter storm events. Still River had
the most success in calculating chloride compared to all locations in the watershed due to the lowest percent errors and
no need for additional linear equations.
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Figure 12: Beaver Brook Logger Location

Beaver Brook, Barkhamsted

Figure 13: Beaver Brook Conductivity

Beaver Brook is a 2,802 acre tributary to the Farmington
River, entering into Lake McDonough and the East Branch
Farmington River. It flows primarily through rural
neighborhood in Barkhamsted, and only crosses major
roadways before its confluence. The stream was brought
to FRWA’s attention during a meeting with CT DEEP, where
they expressed concerns about chloride levels. CT DEEP
had been receiving reports from the local community
about potential high chloride. FRWA staff made the
decision to add a continuous conductivity logger to this
location to evaluate conditions.

The Beaver Brook logger was deployed just downstream  
the culvert on Center Hill Rd. (Figure 12). Since this is a
new location for FRWA, there was not enough variability in
the chloride and conductivity data to generate a linear
equation to calculate chloride values. However, a lack of
variability is good for the health of the stream, as it means
that chloride and conductivity remained low for spring and
summer of 2024.

Conductivity
Beaver Brook had steady increases in conductivity throughout summer months, typical with increases in temperature
and abnormally dry watershed conditions. Conductivity at this point in time is of no concern and average for the
watershed, but due to reports from CT DEEP FRWA anticipates increases during winter months. Beaver Brook will
continue to be monitored though the chloride monitoring program and conductivity loggers to determine conditions and
baselines. 
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Figure 14: Unnamed Tributary to the Farmington River
Logger Location

Unnamed Tributary to the Farmington River, New Hartford

Figure 15: Unnamed Tributary to the Farmington River
Conductivity

The Unnamed Tributary to the Farmington River is a small
tributary in Canton and New Hartford that flows partially
through the FRWA Frey Property. The stream is dammed
upstream and flows through neighborhoods before
crossing Farmington River Turnpike and into the Frey
Property. 

The logger is deployed downstream the culvert on
Farmington River Turnpike. There was not enough
variability in the chloride and conductivity data to
generate a linear equation to approximate chloride values
over time. While this is not useful for chloride calculations,
it means that conductivity and chloride were not
concerning during summer months.

Conductivity
Conductivity remained below 200 µS/cm which is typical for the watershed, especially during summer months when
temperatures increase and abnormally dry watershed conditions (Figure 15). These conductivity increases over the
summer is most likely attributed to increases in water temperature as FRWA has previously determined warm
temperatures at this location. While this location is not of concern for conductivity or chloride, the FRWA Frey Property
does have future restoration projects planned and therefore monitoring conductivity over time will allow us to see if
conductivity decreases as the stream buffer is restored and temperatures decrease.
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Figure 16: Jim Brook Logger Location

Figure 18: Jim Brook Conductivity Over TimeFigure 17: Jim Brook Comparison of Logger Cond. vs Measured
Cond.

Jim Brook, Canton

Conductivity

Jim Brook originates in Canton, and flows south through
rural neighborhoods before crossing Route 202 and
flowing through The Shoppes at Farmington Valley. It
enters into into Secret Lake, and is a tributary to Roaring
Brook, which is also being monitored for chloride and  
conductivity. CT DEEP has reported community concern for
Secret Lake fish populations in relation to the shopping
centers upstream.

The Jim Brook logger was deployed downstream of The
Shoppes at Farmington Valley in Canton. FRWA has
previously measured chloride above the water quality
criteria for chronic conditions and have often seen
chloride above 100 mg/L. Due to this, FRWA staff decided
that Jim Brook would benefit from continuous conductivity
monitoring to determine how long and how often chronic
conditions may be occurring. A linear equation (y =
0.2898x + 11.501) was generated for winter months with a
high R² value of 0.9465, and a linear equation (y = 0.4925x
- 49.927) was generated for summer months with a high R²
value of 0.9981. 

Logger conductivity was compared to meter measurements and percent differences were calculated (Figure 17).
Percent differences were higher than other locations with the highest being 18%. The meter and the logger were
reading relatively accurate when compared to each other with the highest difference being 46 µS/cm. Conductivity at
this location is typically high for the watershed, but also had the highest recorded conductivity reading in the watershed
at 1113 µS/cm. 

The Jim Brook logger had no issues with flow or sediment build up on the sensor. Conductivity spikes in January and
February are the result of winter storm events. Conductivity remained average during winter months and saw  increases
during summer months as water temperatures increased. These high conductivity spikes are concerning, especially
during winter storms as this can be the result of chloride increases. 



Figure 20: Jim Brook Comparison of Calculated Chloride vs
Measured Chloride Over Time

Jim Brook had the highest chloride of all FRWA sites in the Upper Farmington River watershed. Unfortunately, due to
high percent differences for the winter months, we do not know exactly how high the chloride was when it spiked, but
we do know that chloride measured by the meter in February was 53% higher than what was calculated. From this, we
can assume that logger data from February may actually be higher than calculated. While Jim Brook had suspected
chloride values over the 230 mg/L, it was not for four or more days and therefore no toxic conditions were identified.
With insight into high conductivity readings, FRWA will plan to collect additional chloride data during winter storms to
generate a winter storm specific linear equation to improve the accuracy of calculated chloride. At this point in time, the
logger has proved that high conductivity and chloride events are short lived, and thankfully no chronic conditions are
occurring.

Figure 21: Jim Brook Conductivity Over Winter Months

s

Figure 19: Jim Brook Comparison of Calculated
Chloride vs Measured Chloride

Chloride

Jim Brook, Canton

Linear equations were applied to the conductivity dataset to generate approximate chloride values (Figure 19).
Calculated chloride compared to measured chloride had varied percent errors, with the highest occurring during the
February winter storm at 53% with a 51 mg/L difference (Figure 20). Higher percent errors can be the result of increases
in conductivity not in relation to chloride skewing the equation results, or the need for a separate equation during
winter storms.
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Figure 22: Roaring Brook Logger Location

Figure 24: Roaring Brook Conductivity

Figure 23: Roaring Brook Comparison of Logger Cond. vs
Measured Cond.

Roaring Brook, Farmington
Roaring Brook originates in northern Avon along Route 177 and is
a tributary to the Farmington River with a 3,353 acre watershed.
Jim Brook, a tributary to Roaring Brook, is also being monitored for
both chloride and a conductivity logger as part of Upper River
watershed research. Jim Brook has in previous years had high
chloride, likely due to its flow across Route 202 and through the
Shoppes at Farmington Valley, but can vary depending on weather
patterns. 

The Roaring Book logger was deployed at Lions Memorial Park in
Unionville, Farmington, approximately 380 meters before it’s
confluence with the Farmington River (Figure 22). Roaring Brook
has never had chloride values measured by FRWA that were
higher than the chronic criteria, yet it has on occasion risen into
the 100s which is considered fair. It was determined by FRWA staff
that Roaring Brook would benefit from continuous conductivity
monitoring to determine if higher values were being missed during
routine chloride monitoring. A linear equation (y=0.4245x-24.399)
was generated for Roaring Brook for November 2023 - April 2024
dataset and had a high R² value of R 0.9593. Similarly, a linear 

Logger conductivity was compared to meter
measurements and percent differences were calculated
(Figure 23). The Roaring Brook logger at no point in time
had issues related to high flows and sediment build up.
Conductivity measured by the logger was relative to
measurements performed by FRWA. The percent
difference between the logger and meter measurements
were very minimal with the highest being 9%, but with
only an 18 point value difference. This proves that both
the logger and meter values were relative to each other.  
Conductivity at Roaring Brook is currently normal
compared to other tributaries but did increase to the
300's during winter months and during summer months
when temperatures are warmer (Figure 24). 

Conductivity

equation (y=0.1097x+28.947) was generated for Roaring
Brook for April - August 2024 dataset and had a high R²
value of 0.9669



Figure 26: Roaring Brook Comparison of Calculated Chloride vs Measured Chloride Over Time

Figure 25: Roaring Brook Comparison of Calculated Chloride vs Measured Chloride

The linear equation was applied to the conductivity dataset to generate approximate chloride values (Figure 26).
Calculated chloride was compared to measured chloride over time (Figure 25). The percent errors had minimal variation,
typically under 10%, with the exception of February storms. The February dataset would have benefitted from it’s own
linear equation, but the data was not available to do so. Despite higher than expected percent differences in February,
variation between the data points is minimal when considering chloride values in the environment. Approximate
chloride did not at any time increase higher than 111 mg/L and it was shown that Roaring Brook’s chloride levels did
spike more often than FRWA could measure manually. There is no concern for chloride at this point in time, but FRWA
will continue to monitor for trends and baseline data.

Chloride

Roaring Brook, Farmington



Farmington River 
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Figure 27: Pequabuck River Logger Location

Figure 29: Pequabuck River Conductivity 

The Pequabuck River logger was deployed at Meadow Road,
in Farmington (Figure 27). The Pequabuck River has typically
had varying chloride values with some in the 100s, and one
instance of a value of 233 mg/L in March 2023, which is
higher than the chronic criteria for chloride. It was
determined by FRWA staff that the Pequabuck River would
benefit from continuous conductivity monitoring to
determine if higher values were being missed during routine
chloride monitoring or if a chronic condition was present
when chloride values were high. A linear equation
(y=0.1944x+13.585) was generated for the Pequabuck River  
and had a high R² value of 0.9843. 

Pequabuck River, Farmington
The Pequabuck River primarily flows through Bristol and is a
large tributary to the Farmington River with a 36,975 acre
watershed. Bristol is an urban area with a greater area of
impervious surfaces, with 42% developed land use, meaning
more stormwater pollution enters the Pequabuck River.

Figure 28: Pequabuck River Comparison of Logger Cond. vs
Measured Cond.

Sediments can play a role in conductivity measurements
as they can cover the sensor on the logger. Due to low
percent differences between the logger and the meter,
we can determine that sediments were not severe enough
to affect logger conductivity readings. Conductivity was
relatively normal for New England but did rise into the
400 and 500s during summer months but despite higher
conductivity this was a good discovery for the Pequabuck
River (Figure 29).

Conductivity
Logger conductivity was compared to meter
measurements and percent differences were calculated  
(Figure 28). The percent difference between the logger
and meter measurements were very minimal with the
highest being 22%, but with only a 66 point difference.
This proves that both the logger and meter were relative
to each other with the only variation during May and
August 2024. 
The Pequabuck River streambed is primarily made up of
sand and soft sediments and unfortunately due to high
flows over the winter months it became buried and
remained buried until June 2024 when water level
decreased. FRWA will explore different options for 2025
to reduce sediment build up.



Pequabuck River, Farmington

Figure 30: Pequabuck River Comparison of Calculated Chloride vs Measured Chloride

Figure 31: Pequabuck River Comparison of Calculated Chloride vs Measured Chloride
Over Time

The linear equations were applied to the conductivity dataset to generate approximate chloride values (Figure 31).
Calculated chloride was compared to measured chloride over time (Figure 30). The percent errors show minimal
variation during deployment in November and greater variation in February and April. This variation is due to the
fluctuation of conductivity in the environment not in relation to chloride and most likely the storms present in February
and rain in April. The linear equation was unsuccessful for February and April, and would have benefitted from it’s own  
linear equation. Despite higher than expected percent differences in February and April, variation between the data
points is minimal when considering chloride values in the environment. A calculated chloride graph was generated to
see if approximate chloride at any time had increased to concerning levels. Approximate chloride did not at any time
increase higher than 100 mg/L, and FRWA meter measured chloride did not increase above 137 mg/L, and therefore the
Pequabuck River’s chloride levels were lower than expected for the 2023-2024 winter.

Chloride



A V O N

Nod Brook

202

Figure 32: Nod Brook Pond Place Logger Location

St
ub

 P
on

d

Walmart Shopping
Center

Figure 33: Comparison of Logger Cond. vs Measured Cond.

Nod Brook, Pond Place, Avon

This Nod Book logger was deployed just downstream the
Pond Place housing association, approximately 1,090
meters downstream Walmart (Figure 32). Nod Brook on
Ensign Drive in the past has had chloride values above 230
mg/L. Nod Brook at Pond Place was added as a site to
collect data closer to the Walmart shopping center. A
linear equation (y=4.8121x-1184.1) was generated for Nod
Brook Pond Place for November 2023 - April 2024 and had
a high R² value of 0.8691. Similarly, a linear equation
(y=0.2632x+5.1686) was generated for April - August 2024  
and had a high R² value of 0.9748.  

Nod Brook is a 3,323 acre tributary in Avon that flows
through neighborhoods along West Mountain Road before
reaching Route 202. It receives excess stormwater runoff
from Route 202, multiple shopping centers, Town Hall, a
hotel, Route 10, and an industrial complex. It is dammed
into Stub Pond along Route 202 and Darling Drive. 

Conductivity

The Nod Brook Pond Place logger did have issues from
high flows, and at one point was dislodged from its
cinderblock and carried downstream approximately 20
meters. Thankfully, FRWA staff were able to find it and
determine that at no point in time did it dry out.
Conductivity measured by the logger was relative to
measurements performed by FRWA. Conductivity at Nod
Brook Pond Place is currently not as concerning compared
to other tributaries but did trend towards the 500's during
winter and summer months (Figure 34). 

Logger conductivity was compared to meter
measurements and percent differences were calculated
(Figure 33). The percent difference between the logger
and meter measurements were very minimal, for most
months with the highest being 12%. Variation in March
resulted in a 47% difference. This proves that both the
logger and meter were relative to each other with the
exception of March measurements.

Figure 34: Nod Brook Pond Place Conductivity



Figure 35: Nod Brook Pond Place Comparison of
Calculated Chloride vs Measured Chloride

Figure 36: Nod Brook Pond Place Comparison of Calculated Chloride
vs Measured Chloride Over Time

The linear equations were applied to the conductivity
dataset to generate approximate chloride values (Figure
36). Calculated chloride was compared to measured
chloride over time (Figure 35). The percent errors show
minimal variation, typically under 7% with the exception
of March at 62%.  Approximate chloride did show
multiple spikes through winter months but none lasted
longer than one day and therefore did not have a
chronic condition (Figure 37). The continuous logger
was able to prove a higher frequency of spikes and that
chloride levels are changing rapidly. This location would
have benefitted from a winter linear equation to ensure
spikes in chloride were as accurate as possible.

Nod Brook, Pond Place, Avon

Chloride

Figure 37: Nod Brook Pond Place Comparison of Calculated Chloride
vs Measured Chloride Over Winter Months



Figure 39: Nod Brook Ensign Dr. Comparison of Logger Cond. vs
Measured Cond. with Percent Differences

Nod Brook, Ensign Drive, Avon
Nod Brook is a 3,323 acre tributary in Avon that flows through
neighborhoods along West Mountain Road before reaching
Route 202.  It receives excess stormwater runoff from Route
202 , multiple shopping centers, Town Hall, a hotel, Route 10
and an industrial complex. It is dammed into Stub Pond just
along Route 202 and Darling Drive. 
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Figure 38: Nod Brook Ensign Drive Logger Location

This Nod Book logger was deployed downstream the crossing
on Ensign Drive, on it’s way to Route 10 (Figure 38). Nod
Brook has had chloride rise above 230 mg/L every year since
2022. It also has had higher chloride during summer months
and drought, most likely due to chloride accumulating in
groundwater that feeds the stream during low flows. Three
linear equations were generated for the datasets due to
varying conductivity and chloride data over time. A linear
equation was generated for winter months
(y=0.2792x+8.2149) and had a high R² value of 0.9763. A
linear equation was generated for February specifically due to
relatively slightly elevated conductivity and high chloride
(y=0.8444x-63.681) with a R² value of 0.8095. Then a summer
equation (y=0.2632x-5.1686) with a R² value of 0.9748.

The Nod Brook Ensign Drive logger at no point in time had
issues related to high flows and sediment build up. It was
not retrieved in April like other locations due to high
flows. Conductivity was the lowest in winter months when
temperatures are colder and high conductivity was
present in summer months when temperatures are
warmer. (Figure 40). At this point in time Nod Brook at
Ensign Drive is not the most concerning location FRWA
has seen, but does need continued monitoring for
different weather patterns.

Conductivity

Figure 40: Nod Brook Ensign Dr. Conductivity

Logger conductivity was compared to meter
measurements and percent differences were calculated
(Figure 39). The percent difference between the logger
and meter measurements were consistently 20 to 28%
from February to May, with deployment and retrieval
being the lowest. This is due to the two point calibration
in the HOBOware software, calibrating beginning and end
points to measured values, and increase in conductivity
during other months not in relation to chloride. This
location would benefit from more frequent downloads to
allow for more frequent calibration of the logger
conductivity datasets.
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The linear equations were applied to the conductivity dataset to generate approximate chloride values (Figure 42).
Calculated chloride was compared to measured chloride and percent error calculated (Figure 41). Unfortunately, there
was a large variation in the conductivity and chloride relationship for Nod Brook, with some dates having high
conductivity but low chloride. This variation is due to the fluctuation of conductivity in the environment not in relation
to chloride, therefore skewing the calculations for converting to chloride. Due to this, the linear equation did not work
during the month of February, and potentially March, with the calculated chloride values in February being 85 and 68
mg/L versus 241 and 202 mg/L on the meter, respectively. The only way to bridge this gap was to apply a linear equation
tailored specifically for Nod Brook in February. While this is not ideal, it was the only way to avoid having extreme
percent errors for February. Despite this, it allows us to take a closer look into chloride during the large winter storm,
and evaluate whether or not Nod Brook may have experienced a chronic condition.

Figure 41: Nod Brook Ensign Dr. Comparison of Calculated
Chloride vs Measured Chloride 

Figure 42: Nod Brook Ensign Dr. Comparison of Calculated
Chloride vs Measured Chloride Over Time

Figure 43: Nod Brook Ensign Dr. Potential Chronic Condition

Nod Brook, Ensign Drive, Avon

With a specific linear equation applied to February, the chloride values from the meter align with calculated values from
the logger. Calculated chloride indicates that Nod Brook experienced a chronic condition from February 7th to February
29th, yet FRWA measured chloride on February 19th indicates that the chronic condition ended on that date. Due to
these percent errors between calculated and measured chloride we cannot definitively determine if a chronic condition
did or did not occur. If we correct the calculated chloride values to align with measured values by 20% then Nod Brook
did not experience a chronic condition during the February winter storm, and was only above 230 mg/L for six hours. In
order to gain better results from linear equations during winter storms more measured data needs to be collected and
more frequent logger downloads for calibration of the data. With this in mind, FRWA will change the logging frequency
to every 15 minutes will provide more in depth information about the occurrence and duration of toxic chloride levels. 

Chloride
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Figure 44: Owens Brook Logger Location

Figure 45: Comparison of Logger Cond. vs Measured Cond. 

Owens Brook, Simsbury
Owens Brook is a small tributary with a 388 acre watershed. It
primarily flows along Owens Brook Boulevard, with it’s
watershed being mainly neighborhoods. For a small tributary
it has a higher percent impervious cover compared to other
similar streams. Owens Brook was monitored by a volunteer in
winter 2023, where a chloride value of 592 mg/L was recorded
during a winter storm. FRWA started monitoring Owens Brook
after this discovery, but since then no values have increased
above 130 mg/L, and typically stay under 100 mg/L.

The Owens Book logger was deployed along Owens Brook
Boulevard, approximately 400 meters to Route 202 (Figure
44). A linear equation (y=0.2485x-7.4855) was generated for  
and had a low R² value of 0.4677. This low R² value is due to
Owens Brook not having enough variability in both
conductivity and chloride, meaning we could not generate a
more accurate linear equation with the dataset. While this
impairs our ability to calculate chloride, it means that both
conductivity and chloride in Owens Brook were good for both
2023 and 2024.

Figure 46: Owens Brook Conductivity Over Time

Conductivity

The Owens Brook logger did have issues with sediment
build up due to high flows. It was discovered that it was
buried in sand on February 14th. It was removed, cleaned
and relocated 20 meters downstream on February 21st,
and sediment build up was reduced in it’s new location.
Conductivity at Owens Brook is currently not abnormal
compared to other tributaries as it tends to stay in the
200's, but did have spikes in both February and April that
were higher than expected (Figure 46). Surprisingly,
conductivity was the lowest in January and the beginning
of February, accompanied by low chloride values for
winter months. Low conductivity in January and February
along with a higher percent difference between logger
and meter conductivity could be due to sediment
accumulation.

Logger conductivity was compared to meter
measurements and percent differences were calculated
(Figure 45). The percent difference between the logger
and meter measurements were very minimal with the
exception of February 19th. This proves that both the
logger and meter were relative to each other, with an
exception during the February winter storm.



Figure 47: Owens Brook Comparison of Calculated Chloride vs Measured Chloride

Owens Brook, Simsbury

Figure 48: Owens Brook Comparison of Calculated Chloride vs Measured
Chloride Over Time

The linear equation was applied to the conductivity dataset to generate approximate chloride values. Calculated chloride
was compared to measured chloride and percent error was calculated (Figure 47). The percent errors show that the
linear equation was not successful as described above with most being 80%. A calculated chloride graph was generated
to see if approximate chloride at any time had increased to concerning levels (Figure 48). Approximate chloride did
potentially spike into the low 200's during the February winter storm and during rain in April. Chloride measurements in
both February and April did not align with calculated chloride, and in fact tended to be lower than what FRWA was
measuring. While we cannot rely on this calculation, it does give insight into what may have happed at Owens Brook
during a winter storm and during increased stormwater runoff in April, if we consider the fact that FRWA measured
chloride values were higher than calculated, then these spikes most likely were above 230 mg/L.

Chloride
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Figure 49: Rainbow Brook Logger Location

Figure 51: Rainbow Brook Conductivity Over Time

Figure 50: Rainbow Brook Comparison of Logger Cond. vs
Measured Cond. 

Rainbow Brook, Windsor
Rainbow Brook originates at Bradley International Airport in
Windsor and is a small watershed of 588 acres. It has a higher
impervious cover land use at 24% compared to other
locations in this report and only runs approximately 2,700
meters to it’s confluence with the Farmington River. CT DEEP
has documented water quality issues in the past for Rainbow
Brook, but chloride has not been explored until recently.
Rainbow Brook is subject to chloride pollution and other
contaminants from Bradley Intl. Airport and Route 20
highway and observations show decrease in a biological
community and poor water clarity and color.
The Rainbow Book logger was deployed just downstream the
Route 20 highway until April 2024 and was then moved to
the Cat Connection property due to excess algae growth
(Figure 49). Rainbow Brook has reached toxic chloride values
in the past but instantaneous sampling could not determine
any chronic conditions. A linear equation for November 2023
- March 2024 (y=0.8991x-184.7) was generated and had a
high R² value of 0.9884. A specific linear equation for the
month of February was produced (y=0.3166x+155.59) and
had a high R² value of 0.9498.

Conductivity

The Rainbow Brook logger at no point in time had issues
related to high flows or sediment build up, but it did have
issues with algae growth on the sensor which led to FRWA
staff moving the logger downstream. Conductivity at
Rainbow Brook tends to be higher throughout the year,
which aligns with increased impervious surfaces
surrounding the brook and higher chloride values
compared to other locations. The highest conductivity
value recorded by the logger was 763 µS/cm and an
average of 485 µS/cm (Figure 51). Due to higher
conductivity and chloride, Rainbow Brook is of concern.

Logger conductivity was compared to meter
measurements and percent differences were calculated
(Figure 50). All percent difference between the logger and
meter measurements were minimal with the highest
being 9%. The majority of percent differences proves that
both the logger and meter were relative to each other. 



Figure 54: Rainbow Brook Chronic Condition Present in Rainbow Brook
Over Winter Storms

Calculated chloride was compared to measured chloride and percent error was calculated (Figure 52). The linear
equations were applied to the conductivity dataset to generate approximate chloride values. The percent errors show
minimal but mixed variation with calculated chloride being higher than measured chloride. This variation is due to the
fluctuation of conductivity in the environment not in relation to chloride and the temperature of the waterbody,
therefore skewing the calculations for converting to chloride. Due to this, the linear equation did not work well for
summer months and was therefore omitted. A calculated chloride graph was generated to see if approximate chloride at
any time had increased to concerning levels (Figure 53). Rainbow Brook unfortunately did experience a chronic condition
from January 22nd to February 28th, and this can be confirmed with additional manual measurements taking during this
period and a specific linear equation for February.

Figure 52: Rainbow Brook Comparison of Calculated
Chloride vs Measured Chloride

Figure 53: Rainbow Brook Comparison of Calculated
Chloride vs Measured Chloride Over Time

Rainbow Brook, Windsor

The conductivity logger in Rainbow Brook was able to prove that a chloride chronic condition did occur between January
22nd and February 28th with manual monitoring support by FRWA staff on February 14th, 19th, and 21st (Figure 54).
Percent error between calculated chloride and measured chloride with a February specific linear equation were less
than 2%. FRWA did not expect to find a chronic condition of this extent, and unfortunately a chronic chloride condition
does affect aquatic life and it is most likely that Rainbow Brook does experience this regularly during winter months and
most likely during low flows and drought.

Chloride



Figure 57: Mill Brook Conductivity
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Figure 55: Mill Brook Logger Location

Mill Brook, Windsor
Mill Brook originates in Bloomfield, is dammed along Route
305, crosses highway 91, and flows through urban parts of
Windsor, making the 3,152 acre watershed is susceptible to
increased stormwater runoff and chloride pollution. In
previous years Mill Brook did not reach chloride values above
230 mg/L, but typically was in the 100s and therefore was a
good candidate for a conductivity logger to see if higher values
were being missed.
The Mill Book logger was deployed just downstream the East
Street crossing off Poquonock Ave (Figure 55). A linear
equation (y=0.9777x-166.96) was generated for winter
months and had a high R² value of 0.9886. A summer linear
equation was generated (y=0.1623x+24.143) with a R² value
of 0.8909. 

Figure 56: Comparison of Logger Cond. vs Measured Cond.

The Mill Brook logger at no point in time had issues
related to high flows and sediment build up. Conductivity
measured by the logger was relative to measurements
collected by FRWA. Conductivity at Mill Brook is higher
than average for the watershed, but not surprising due to
it’s location and increased impervious surfaces (Figure 57).
Conductivity at Mill Brook is the highest recorded in the
lower Farmington River watershed, and tends to be higher
throughout the year, which aligns with increased
impervious surfaces surrounding the brook and higher
chloride values compared to other locations.

Conductivity
Logger conductivity was compared to meter
measurements and percent differences were calculated,
all of which were under 9% (Figure 56). The percent
differences between the logger and meter measurements
were very minimal which proves that the logger and
meter were relative to each other. 



Figure 59: Mill Brook Chloride Over TimeFigure 58: Mill Brook Comparison of Calculated Chloride vs
Measured Chloride

Figure 60: Mill Brook Chloride Over Winter Storms 2024

Mill Brook, Windsor

The linear equations were applied to the conductivity dataset to generate approximate chloride values. Calculated
chloride was compared to measured chloride and percent error was calculated (Figure 58). The percent errors show
minimal variation during deployment and retrieval and greater variation during February winter storms. This variation is
due to the fluctuation of conductivity in the environment, therefore skewing the calculations for converting to chloride.
A calculated chloride graph was generated to see if approximate chloride at any time had increased to concerning levels
(Figure 59). Approximate chloride did increase above 230 mg/L multiple times, with the highest calculated chloride
values at 727 mg/L, which is close to the acute chloride condition. 

Chloride

Mill Brook had the highest chloride values of the locations in this report and the highest chloride value FRWA staff have
seen in the lower Farmington River watershed. Unfortunately, due to the larger percent error between calculated
chloride and measured chloride for February, we do not know exactly how high chloride was when it did spike, but we
do know that chloride measured by the meter was typically 30% higher than the calculated chloride in February. With
this in mind we can assume that the highest value, 727 mg/L on January 24th is accurate, and that values at the end of
February may actually be 30% higher than calculated (Figure 60). Despite this, Mill Brook did not have values above 230
mg/L for more than four days, and therefore did not have a chronic condition.



Figure 61: Kernel Density Map of Logger Locations by Highest
Conductivity
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Conclusion
According to the National Oceanic and Atmospheric Administrations (NOAA), January had a record amount of
precipitation at 8.37 inches compared to a mean of 3.21 inches and a total of 15.5 inches of snowfall. February was the
highest for chloride pollution according to the loggers and meter measurements, with less precipitation at 1.87 inches
and snowfall at 8.5 inches. Temperatures for both months were 4°C on average warmer than their respective means.
Average temperature for June through August was 2°C above the normal, with abnormally dry conditions as the summer
progressed. Flows were used from Burlington Brook in Burlington as it is the only USGS gage on a tributary to the
Farmington River in the lower Farmington River watershed and is of similar size to most of the logger locations. Flows
were very minimal according to the gage on days where FRWA staff were manually measuring chloride. There was no
apparent correlation between increase in flows to conductivity or chloride.

Conductivity was higher than expected with the highest
values at Mill Brook at 915 µS/cm, Owens Brook at 876
µS/cm, and Rainbow Brook at 703 µS/cm (Figure 61).  
Overall, the percent differences for conductivity between
the loggers and the meter were low, with higher
differences present in February for Nod Brook at Ensign
Drive and Owens Brook. Most percent differences were
less than 10% with an overall percent difference average of
10.18%. Conductivity in winter months is a concern due to
Nod Brook at Pond Place, Rainbow Brook, and Mill Brook
having values above 500 µS/cm (Figure 62). All locations
except Roaring Brook and Owens Brook had high
conductivity in summer months, typical for warmer
temperatures, but Rainbow Brook and Mill Brook were the
highest and primarily over 400 µS/cm (Figure 63).

Conductivity does increase with the presence of warmer temperatures and total dissolved solids (TDS). Meaning, in
summer months conductivity will be higher, or as sediments and pollution enter the waterway TDS and conductivity will
increase. TDS measured by FRWA did align with increases in conductivity whether or not it was affected by chloride.  
Other sources that can increase conductivity can include the geology present in the sub watershed and other pollution
sources such as nitrate, sulfate, phosphate, sodium, magnesium, calcium, iron, and aluminum. Soils such as clay can
increase conductivity due to its mineral composition ionizing when entering the water (EPA). FRWA does not believe
that minerals played a large role in conductivity at these locations as conductivity and chloride typically correlated, with
the exception of Owens Brook.

Figure 63: Kernel Density Map of Logger Locations by Highest
Conductivity

Figure 62: Kernel Density Map of Logger Locations by Highest
Conductivity



Figure 22: Kernel Density Map of Logger Locations by Highest
Conductivity
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Figure 23: All Sites Conductivity From April 2024 to September
2024

Conclusion
According to the National Oceanic and Atmospheric Administrations (NOAA), January had a record amount of
precipitation at 8.37 inches compared to a mean of 3.21 inches and a total of 15.5 inches of snowfall. The temperature
in January was about 4°C warmer than the mean. Average temperature for June through August was 2°C above the
normal, with abnormally dry conditions as the summer progressed. Flows from the USGS gage on Still River were used
for all locations, as this is the only gage on an Upper Farmington River tributary that is of a similar size. According to the
gage, flows were minimal on days where FRWA staff were manually measuring chloride. There is no apparent correlation
between an increase in flow and conductivity or chloride. 

The percent differences for conductivity between the
meter and the loggers were low, all of which remained
below 20% with an overall average of 6.6%. Conductivity
was as expected at all sites, with urban streams and
warmer streams having higher conductivity.

Jim Brook and Still River were higher in conductivity and
with the highest being 1113 µS/cm in January 2024 at Jim
Brook (Figure 22). Conductivity for the remaining sites
either had steady readings of 200-300 µS/cm or saw
increases during summer months when temperatures
increased and watershed conditions became abnormally
dry (Figure 23). Calculated chloride correlated well with
conductivity to show spikes and increases over time
(Figure 24).

Conductivity does increase with the presence of warmer temperatures and total dissolved solids (TDS). Meaning, in
summer months conductivity will be higher, or as sediments and pollution enter the waterway TDS and conductivity will
increase. TDS measured by FRWA did align with increases in conductivity whether or not it was affected by chloride.
Other sources that can increase conductivity can include the geology present in the sub watershed and other pollution
sources such as nitrate, sulfate, phosphate, sodium, magnesium, calcium, iron, and aluminum. Soils such as clay can
increase conductivity due to its mineral composition ionizing when entering the water (EPA). FRWA does not believe
that minerals played a large role in conductivity at these locations as conductivity and chloride typically correlated.

Figure 24: All Sites Calculated Chloride From April 2024 to
September 2024



Minimal issues occurred with the loggers. There were no signs of sediment accumulation at any sites. No loggers were
dislodged due to high flows, but the Still River logger went dry from low flows for approximately two weeks and has been
redeployed in a deeper pool.

Deploying continuous conductivity loggers has allowed FRWA to identify that conductivity and chloride are higher when
FRWA staff are not manually sampling. Despite some higher than anticipated percent errors in the calculated chloride,  
spikes in chloride were able to be identified at Jim Brook and hourly recordings determined that these events were short-
lived and were not a chronic condition. FRWA will take steps to increase the accuracy of the data and calculations by
cleaning the loggers every 6-8 weeks when water level and flow are safe, use rope to attach the loggers to a tree to
reduce dislodgement and increase ability to retrieve more frequently, program the loggers to record conductivity every
15 minutes instead of 1 hour, and download the logger datasets more frequently to improve calibration of the datasets.
FRWA will continue to communicate with CT DEEP regarding areas of concern and submit all data for decision making.  
Based on findings conductivity loggers should remain in these locations and monitored over time to determine
conductivity baselines, trends over time, road salt use, conductivity and chloride relationships, weather patterns
relationship to conductivity and chloride, and chloride severity. Collecting conductivity data will allow FRWA to determine
if future source monitoring, best management practices (BMPs), and prioritizing Green Snow Pro trainings are needed for
these waterbodies. 

Jim Brook

Mad River

Still River

Figure 24: Kernel Density Map of Logger Locations by Highest
Calculated Chloride

Due to variation in conductivity not in relation to chloride,
some calculated chloride values were higher than what
was measured at that time. This was to be expected as not
all conductivity increases can be attributed to chloride
pollution. Since the linear equation cannot determine what
is from chloride and what is not, percent error between
the logger and the meter measurements will be higher
when the increase in conductivity is from other sources. It
is also possible that any higher percent differences in
conductivity from the logger to the meter is due to the fact
that the software can only perform a two-point calibration
with data from deployment and retrieval, meaning there
can be some variation in the middle of the dataset due to
this. The highest recorded chloride was Jim Brook at 311
mg/L, however is likely not the true value due to a higher
percent error between measured and calculated chloride
(Figure 24). The remaining sites had low chloride which
correlated with lower conductivity values. 

Percent error for calculated chloride was low for the Mad River and Still River under 10%. Jim Brook had higher percent
errors but was also deployed for a longer period of time and had more variation in the datasets due to winter months.
Percent error averages were 13.6% and less than anticipated. Considering the variations presented by each location, the
datasets allowed FRWA to prove that spikes  were present when staff were not sampling. 



Figure 44: Kernel Density Map of Logger Locations
by Highest Calculated Chloride
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Due to variation in conductivity not in relation to chloride,
some of the calculated chloride had higher percent error
compared to the measured chloride. It is not surprising as
not all conductivity increases are from chloride pollution.
Since the linear equation cannot determine what is from
chloride and what is not, percent error between the logger
and the meter measurements will be higher when the
increase in conductivity is from other sources. It is also
possible that any higher percent differences in conductivity
from the logger to the meter is due to the fact that the
software can only perform a two-point calibration with
data from deployment and retrieval, meaning there can be
some variation in the middle of the dataset due to this. 
Chloride was comparable and correlated with high
conductivity and winter storms for both Mill Brook and
Rainbow Brook with 448 mg/L and 727 mg/L, respectively
(Figure 44).

Percent error for chloride was higher primarily during the winter storm event in February, and had an overall average
percent error of 26% for all locations. Nod Brook, Rainbow Brook, and Mill Brook had the highest calculated chloride
values over winter months, with increases and spikes in January and February (Figure 45). Summer months remained low
for all locations, with the exception of Rainbow Brook and Owens Brook which did not have linear equations to provide
calculated chloride (Figure 46). With variation and consideration for each location, the calculations did allow FRWA to
prove that spikes and chronic conditions were present when staff were not performing instantaneous sampling.

Figure 46: All Sites Calculated Chloride from April 2024 to
August 2024

Figure 45: All Sites Calculated Chloride from November 2023
to March 2024

Minimal issues occurred with the loggers. Sediment accumulation was most prominent at the Pequabuck River and
Owens Brook, and Rainbow Brook had algae growth. FRWA staff cleaned these loggers approximately every 6 to 8 weeks
to ensure the sensors were clear of debris. Unfortunately, the Pequabuck River logger was unable to be cleaned until
June due to higher flows and unsafe conditions. The Nod Brook logger at Pond Place was dislodged due to high flows
from winter and spring as increased flows removed the logger from the cinderblock. Thankfully, it was found
downstream and according to the dataset at no point in time did it go dry. 



It is not expected that Roaring Brook conductivity or chloride will increase to concerning levels in the near future, but
due to steady increases present from stream data in the Upper Farmington River watershed it is worth continuing to
monitor this location as it trends towards higher chloride compared to other locations. The highest chloride value
recorded by FRWA at Roaring Brook was 157 mg/L post winter storm on 3/1/2023. Since Roaring Brook has input from
Jim Brook upstream, which has in the past had high conductivity and chloride, it does have the potential to have higher
chloride.

Roaring Brook, Farmington

The Pequabuck River logger had higher conductivity than expected in summer months and lower than expected
chloride. It is possible that the Pequabuck River experiences spikes in chloride during certain weather patterns due to
FRWA measured chloride of 233 mg/L on 3/1/2023, but it faired well for the 2023-2024 winter for both conductivity and
chloride. FRWA staff plan to reposition the logger to reduce sediment build up for 2025.

Pequabuck River, Farmington

Nod Brook at Pond Place had higher conductivity during winter storms and lower than expected chloride. This location
was selected to measure both conductivity and chloride upstream the original location on Ensign Drive and to determine
if conductivity and chloride were higher upstream near the Walmart shopping center. According to calculated chloride,
Nod Brook Pond Place did have chloride spikes above 230 mg/L which did not last long and therefore did not have a
chronic condition. The logger was able to prove what FRWA staff were missing the high end of chloride spikes as meter
measured chloride never increased over 156 mg/L.

Nod Brook, Avon

Nod Brook at Ensign drive did have discrepancies with the linear equation during the February storms as conductivity did
not increase as much as expected during the storms but chloride did. This resulted in the general linear equation not
being able to accurately calculate chloride. When a specific linear equation was applied to the February dataset percent
error reduced to 23% and 21% for 2/14/24 and 2/19/14 respectively. While we prefer to see percent errors lower, this
was helpful to determine if a chronic condition was present, which most likely was not, due to the 20% error on the
dataset. 

Owens Brook was the least successful in calculating chloride due to no variation in chloride data since 2023, making the
linear equation unreliable with a low R² compared to the other locations. The deployment of a conductivity logger did
allow us to see rather large spikes in conductivity and even with an unreliable linear equation it is possible that during
these spikes chloride increased with it as FRWA was not present at those times to collect chloride data. Unfortunately,
this cannot be determined due to high percent errors from the linear equation. It is most likely that the value of 592
mg/L recorded by a volunteer in winter 2023 was either a high chloride pollution event from a 2023 winter storm and
Owens Brook fared better in 2024, or that the chloride strips were faulty. At this point in time all data collected by FRWA
indicates that Owens Brook has low chloride and that the infrequent conductivity spikes are not of concern. FRWA will
leave the conductivity logger in Owens Brook for one more year to determine if any changes occur.

Owens Brook, Simsbury



Mill Brook, Windsor

Rainbow Brook exhibited the worst condition of chloride pollution and had consistently high conductivity. This was
FRWA’s first official documentation of a chronic condition, and even worse, it lasted thirty seven days according to
calculated chloride. Conductivity percent differences between the logger and the meter were minimal. The lowest
percent errors were present during winter storms with a specific February linear equation, and therefore we can
determine that the calculated chloride was accurate to determine a chronic condition. Conductivity in and of itself is
high compared to other locations and particularly more than rural waterbodies in the watershed. Previously measured
chloride values in 2022 and 2023 did not increase above 216 mg/L, proving that manual sampling was missing critical
times when conductivity and chloride were high. FRWA will continue to monitor Rainbow Brook, periodically clean the
sensor, and perform more frequent downloads of the logger to shorten the calibrations of the datasets to ensure data is
as accurate as possible.
Additionally, FRWA discovered that Seymour Hollow Brook (another tributary from Bradley International Airport with
the same confluence to the Farmington River as Rainbow Brook) also had high chloride, and surprisingly had higher
chloride than Rainbow Brook. At this point in time FRWA has already moved the Nod Brook Pond Place logger to
Seymour Hollow Brook to record winter data and determine it’s conditions.

Rainbow Brook, Windsor

Mill Brook suffered exceptional spikes of chloride over the winter months according to calculated chloride and the
highest conductivity every recorded in the Lower Farmington River watershed at 914 µS/cm. Due to some percent error
between the calculated and measured chloride, we do not know fully what these spike values were, but in February
FRWA measured chloride higher than what calculated chloride was, allowing us to make the assumption that spikes
present in calculated chloride are more likely to be higher than calculated. It is possible that the calculated chloride
values of 689 mg/L and 727 mg/L were higher, and potentially reaching 860 mg/L causing an acute condition. Thankfully,
all instances of spikes were short lived with the longest lasting thirty-two hours, and no calculated or meter measured
chloride values being close to 860 mg/L for an acute condition. Mill Brook previously was not concerning to FRWA staff
due to chloride values remaining in the 100s, but the logger was able to prove that manual sampling was missing critical
times when conductivity and chloride were high. Due these spikes, FRWA will decrease the time between logger
recording interval to 15 minutes to determine if these spikes are lasting more or less than one hour for an acute
condition.

Deploying continuous conductivity loggers has allowed FRWA to identify that conductivity and chloride are higher when
FRWA staff are not manually sampling and that chronic conditions are occurring at chloride pollution prone locations.
Despite some higher than anticipated percent errors in the calculated chloride, chronic conditions and spikes in chloride
were able to be identified and the severity determined. FRWA will take steps to increase the accuracy of the data and
calculations by cleaning the loggers every 6-8 weeks when water level and flows are safe, use rope to attach the loggers
to a tree to reduce dislodgement and increase ability to retrieve more frequently, program the loggers to record
conductivity every 15 minutes instead of 1 hour, and download the logger datasets more frequently to improve
calibration of the datasets.
Without these conductivity loggers and calculating chloride, FRWA would have not known that Rainbow Brook was toxic
for thirty-seven days, or that Mill Brook could have chloride spikes large enough to potentially be an acute condition.
Based on findings conductivity loggers should remain in these locations and monitored over time to determine
conductivity baselines, trends over time, chloride pollution in relation to road salts, conductivity and chloride
relationships, weather patterns relationship to conductivity and chloride, and chloride severity. Collecting conductivity
data will allow FRWA to determine if future source monitoring, best management practices (BMPs), and prioritizing
Green Snow Pro trainings for these waterbodies. FRWA will continue to communicate with CT DEEP regarding areas of
concern and submit all data for decision making.



FRWA Quality Assurance Project Plan & Standard Operating Procedures

FRWA has a quality assurance project plan (QAPP) approved and on file with CT DEEP “Farmington River Watershed
Association Monitoring Program: Connecticut section, Date: February 26, 2024 – February 25, 2027, Signed by Katie
O’Brien-Clayton, QA Officer, CT Department of Energy and Environmental Protection”, a YSI ProDSS Multiparameter
Meter standard operating procedure (included in the CT QAPP), and a Continuous Logger standard operating procedure
(Continuous Logger QAPP to be written and approved). FRWA follows all protocols, QA/QC, and data objective goals for
data collection to ensure reliable and accurate data. Any data that does not meet FRWA’s data quality objectives is
omitted. 
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Relevant Links
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Network] 

Izaak Walton League of America’s Salt Watch
https://www.iwla.org/water/stream-monitoring/salt-watch

This research is funded in part by the Farmington River Coordinating Committee, the Lower Farmington River and
Salmon Brook Wild & Scenic Committee, and FRWA membership donations. 

Acknowledgements

https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table
https://archive.epa.gov/water/archive/web/html/vms59.html#:~:text=Conductivity%20in%20water%20is%20affected,that%20carry%20a%20positive%20charge
https://portal.ct.gov/DEEP/Water/Water-Quality/Water-Quality-Standards-and-Classification
https://portal.ct.gov/DEEP/Water/Inland-Water-Monitoring/Volunteer-Stream-Temperature-Monitoring-Network
https://portal.ct.gov/DEEP/Water/Inland-Water-Monitoring/Volunteer-Stream-Temperature-Monitoring-Network
https://www.iwla.org/water/stream-monitoring/salt-watch

