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Introduction
The Farmington River Watershed Association’s (FRWA) research since 2021 has shown the adverse impact of
Rainbow Dam upon the water quality of the Farmington River. Rainbow Dam on the Farmington River in Windsor,
Connecticut has been causing the Farmington River (and Rainbow Reservoir, Rainbow Dam’s impoundment) to
suffer by it’s management resulting in reoccurring cyanobacteria blooms, fatal fish passage, and unpredictable
rapid flows downstream the dam. 

FRWA became involved during the 2020 cyanobacteria bloom, in which FRWA responded by applying for and
receiving a Connecticut Department of Energy and Environmental (CT DEEP) Aquatic Invasive Species (AIS) grant
to research factors contributing to cyanobacteria blooms in Rainbow Reservoir. After several years of AIS grants
and research, we understand that nutrient input from the approximately 600 square mile watershed upstream,
especially phosphorus, and low flows causing long residence times in the reservoir result in excess nutrients and
warm temperatures which cause cyanobacteria to bloom.

The purpose of this research is to understand how Rainbow Dam's erratic operational flow releases are causing
cyanobacteria blooms as well as harming downstream habitat, biodiversity and habitat downstream in the Wild &
Scenic Farmington River. 

Rainbow Dam, Rainbow Reservoir, & The Farmington River
Rainbow Dam is the furthest downstream dam on the Farmington River, located in Windsor, Connecticut, and is
8.33 miles from the Farmington River’s confluence with the Connecticut River and is the first barrier up from Long
Island Sound. Rainbow Dam is owned by the Farmington River Power Company (FRPC), a subsidiary of Stanley
Black and Decker (SBD) and was built in 1925 after the old Oil City Dam was decommission upstream. It is
classified by CT DEEP as a Class C high hazard dam with a 59 foot “run-of-river” hydropower facility with two
Francis turbines at an 8.2 MW capacity, yet has no Federal Energy Regulatory Commission (FERC) license, and is
therefore unregulated. The impoundment, Rainbow Reservoir, is 235 acres at full pool and provides recreation
opportunities. There was a riparian flow agreement between SBD and the Metropolitan District Commission (MDC)
that allowed SBD to request releases from upstream to generate power Rainbow Dam. At this point in time this
agreement may have been modified and may not be tied to riparian releases anymore.

Rainbow Dam’s facility is aging, with long periods of time only operating one of the two turbines, and older
facilities have a more difficult time regulating releases at a fine-tuned rate. CT DEEP owns the fishway at the
dam, however the operation of the upstream fishway has been suspended by CT DEEP as of March 29th, 2023,
via electronic mail to the FRPC. This is a result of the fishway not providing safe, timely and effective upstream fish
passage, and in fact physically injuring fish that did make it into the upstream passage. The effectiveness of this
passage was also hindered by the hydropeaking operational regime at the hydro-facility, which also impacts
downstream passage effectiveness. The downstream bypass is being operated for periods in the spring and fall to
avoid turbine impacts upon any out-migrating fish. Additionally, downstream the dam, the lowest reach of
Farmington River is on the CT Impaired Waters list because of flow alterations caused by the dam’s hydropower
facility. 

Rainbow Dam
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In 2024, FRWA hired a firm to perform a hydrographic survey and complete a new comprehensive bathymetry map
of Rainbow Reservoir from the Rainbow Dam full channel, upstream to the lat/long of 41.89444, -72.7235, where
the channel becomes much smaller and shallower, approximately 2.25 miles up from the dam. Water depths (top
of sediment) with an accuracy of ±0.1 foot. All data was processed and presented as a D-size plan view drawings.
(Figure 1).

Rainbow Reservoir, Rainbow Dam’s impoundment, is 235 acres at
full pool that receives water from approximately 600 square miles of
watershed. The Farmington River watershed extends generally
northwest from Rainbow Reservoir and crosses the Connecticut
border with Massachusetts. There are 33 towns in the watershed, 23
of which are in Connecticut. The watershed land use can be
described as mixed, according to the National Land Cover
Database 2011 (NLCD 2011), with approximately 58% forested, 8%
wetland, 7% agricultural, 3% open water, and 24% developed.
There are 8 wastewater treatment facilities that discharge
upstream. Rainbow Reservoir is a multi-use waterbody with a
hydropower facility at the dam, a state-owned boat launch,  a large
summer camp on the north shore (Camp Shalom) and considerable
open space in several parks and wildlands along the south shore.
Swimming is popular at the camp, from some parks, from boats, and
from many private residences. Rainbow Reservoir has a public boat
ramp and is also popular for fishing.

Figure 1: Bathymetric map of Rainbow
Reservoir

Cyanobacteria blooms have become an issue in recent years in Rainbow Reservoir throughout much of the summer
and early autumn that seems to be increasing in frequency and duration. The blooms impair water quality in
Rainbow Reservoir and ultimately spill downstream below Rainbow Dam throughout the nationally designated Wild
& Scenic Farmington River to the confluence with the Connecticut River. Rainbow Reservoir is used by boaters,
anglers, swimmers, summer camp youth, park visitors, a rowing group, and a canine training search and rescue
team. From 2019-2020 the CT DEEP call-in line for cyanobacteria blooms had approximately 500 notifications
from the public. There are potential health risks for swimmers, boaters, dogs and wildlife encountering toxins that
may be produced by the algae. Pets swimming in waters containing cyanobacteria toxins may become ill or die
after drinking or licking themselves, and such deaths can sometimes be the first warning that a toxic
cyanobacterial bloom is present. Toxins associated with cyanobacteria have been implicated as the cause of
mass mortalities of fish and birds. Rainbow Reservoir is obviously suffering from cyanobacteria blooms, but
whether or not, or when, they are producing toxins is unknown, thus precautions must be taken to avoid contact
with waters potentially affected when blooms are present. The cyanobacteria blooms have prevented Camp
Shalom from allowing campers to use the waterfront as a recreational resource during parts of 2019, 2020, 2022,
and 2025. Concern by users and the FRWA resulted in application for a grant from CT DEEP to evaluate the
factors leading to these blooms with the assistance of Dr. Wagner of Water Resource Services, Inc. of Wilbraham,
Massachusetts. The grant was received in 2021, 2022, and 2024, with separate reports covering each grant year. 

Rainbow Reservoir
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Wild & Scenic Farmington River 

Downstream Rainbow Dam

The Farmington River downstream Rainbow Dam runs 8.33 miles to the Connecticut River and is a major tributary.
Downstream Rainbow Dam was observed to have extreme fluctuations in water level and flow, which initiated this
research project. Two locations were used for data collection, Camp Shalom on Rainbow Reservoir, and Cat
Connection which is approximately 2,000 ft downstream Rainbow Dam. Onset U20L Water Level loggers, Reconyx
Hyperfire trail cameras, and then an Onset RX2104 MicroRX cellular station were used to visually observe changes
and collect data for temperature, water level, and flow to understand how Rainbow Dam is managing Rainbow
Reservoir and releases for hydropower.

It should be noted that above and below the Rainbow Dam and Rainbow Reservoir impoundment, the Farmington
River has a National Partnership Wild & Scenic River designation. This designation is managed by the Lower
Farmington River and Salmon Brook Wild & Scenic committee (LFSWS). The designation specifies that five
outstandingly remarkable values (ORVs) of the Farmington River in which it received this designation are
biodiversity, recreation, geology, cultural landscape, and water quality. It also protects the Farmington River as a
free-flowing river.

6

The Farmington River watershed is a world-class cold-
water fishery, recreation destination, and hosts two
Partnership Wild & Scenic River designations. The
watershed is 609 square miles, which starts in
Massachusetts and travels through Connecticut. It is the  
potential home for hundreds of thousands of migratory
fish, yet the first dam in the watershed upstream from
Long Island Sound via the Connecticut River, Rainbow
Dam, causes severe impacts on the Farmington River for
migratory fish, recreation, and water quality.

The Dam does not have a FERC license, since the dam
predates FERC and was therefore grandfathered in
over 50 years ago in addition to the decision that the
Farmington River was “non-navigable”, Rainbow Dam
has had no federal oversight and limited state
jurisdiction, and therefore has been allowed to operate
at the expense of the Farmington River.

This has led to FRWA’s investigation on cyanobacteria
blooms, water level and flows, and being an advocate
for the Farmington River at these locations.

Rainbow
Dam



Summary
Investigation into Rainbow Reservoir and the Farmington River downstream Rainbow Dam has revealed several
issues. FRWA has investigated cyanobacteria in Rainbow Reservoir during years 2021-2025, and findings revealed
that low flows, warm waters, and excess nutrient inputs cause cyanobacteria to bloom during warm weather
months. These blooms spill down into the Wild & Scenic Farmington River and threaten the Outstandingly
Remarkable Values (ORVs) in this segment. The Wild & Scenic Farmington River ORVs include water quality,
biodiversity, cultural landscape, and recreation. 

During blooms on Rainbow Reservoir, cyanobacteria, which has the potential to be toxic to human and wildlife
health, spill down into the Wild & Scenic Farmington River, impacting water quality and therefore recreation and
biodiversity. Fluctuations in releases from Rainbow Dam also affect biodiversity and recreation downstream by
rapid increases for fishermen, and decreased water levels, and potentially decreased dissolved oxygen for fish
who then become stranded. 

In 2024, FRWA started monitoring water level downstream Rainbow Dam to understand dam operations and their
relation to cyanobacteria blooms. Findings revealed that water level and flow patterns were not typical of a run-
of-river facility, which instigated further research. Deployable water level sondes were utilized to collect water
level and temperature changes over time. Manual measurements of flow before, during, and after down ramping
allowed the creation of a stage discharge table which was programmed into the cellular sonde station.
Several FRWA staff observations revealed unsafe conditions for recreation and biodiversity implications from large
ramping rates in which the river would increase to 1,000 CFS from 30 cubic feet per second (CFS) within 15
minutes. It was calculated that ramping rates were often exceeding the recommended criteria of 0.6 cm/min
(Moreira, et al., 2019). Additionally, trail cameras captured a September 2024 drawdown of the reservoir.

Results showed that the dam operates under a hydropeaking regime. In warm weather months releases are during
nighttime when temperatures are colder, most likely due to aging equipment at the Farmington River Power
Company facility. Flows downstream the dam do not show Rainbow Dam operating as a run-of-river facility due to
there only being two flows present since the instillation of the cellular station, with the exception of precipitation
events. This indicates that Rainbow Dam can only release either approximately 30 CFS or 1,000 CFS. 

Temperatures recorded by the deployable sondes show consistent warm temperatures with an average of 25°C in
Rainbow Reservoir throughout the warm weather months and an average of 22°C downstream Rainbow Dam,
which is not suitable for cold water fish habitat.

Additionally, the Rainbow Dam fishway is not providing safe, timely and effective upstream fish passage, and in
fact physically injuring fish that did make it into the upstream passage. The effectiveness of this passage was also
hindered by the hydropeaking operational regime at the hydro-facility, which also impacts downstream passage
effectiveness. The cultural landscape ORV may be affected by Rainbow Dam from its impacts on migratory fish.
Windsor celebrates the American Shad migration with a Shad Derby Festival every spring, but the celebration is
impacted by issues from Rainbow Dam, as Windsor’s Wild & Scenic Farmington River does not support upstream
migration of Shad populations.
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Onset U20L Water Level Logger
(barometric pressure)

Onset RX2104 MicroRX Station

Reconyx HyperFire Trail Camera

YSI Flow Probe

Methods

Trail Camera and Logger Locations

Camp
Shalom

FR-CC

Rainbow Dam
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FRWA deployed Onset HOBO U20L Water Level loggers, both in water
and in air, in Windsor, one at Camp Shalom, approximately 1.5 miles
upstream from Rainbow Dam on Rainbow Reservoir, by the Oil City
Dam abutments, and one at CT Cat Connection (site FR-CC),
approximately 2,000 ft downstream Rainbow Dam. The loggers
measured pressure and temperature every 15 minutes, continuously
while deployed. A reference depth for the loggers deployed in the
water were measured in decimal feet during deployment and retrieval.
The logger deployed in the air was hung on a tree approximately 30
feet from the deployed logger to record barometric air pressure every
fifteen minutes. The loggers were retrieved and data recorded by both
loggers was processed through the HOBOware Pro Software which
converts pressure readings to depth in meters by using the water
pressure, air pressure, and reference depth.

Two Reconyx Hyperfire 2 wildlife cameras were deployed, one at Cat
Connection and one at Camp Shalom, with landowner permission. The
cameras were strapped and locked to a tree with a cable and
positioned to take a full channel picture with a landmark. For Camp
Shalom the landmark was the old abutment of the Oil City Dam. For
Cat Connection it was the midchannel island. They were programed to
take a picture every hour during daylight. Pictures were downloaded
via SD card to a computer and then uploaded to the USGS Photo
Flow Explorer (Page 10).

FRWA has a CT DEEP approved quality assurance project plan (QAPP)
for data collection and management in CT. All procedures are
followed in accordance with our Continuous Loggers Standard
Operating Procedure and CT approved QAPP.



Logger deployment 

Cellular station deployment

High flow measurements

Low flow measurements

“The USGS Flow Photo Explorer (FPE) project is to develop new approaches for collecting hydrologic data in streams,
lakes, and other waterbodies, especially in places where traditional monitoring methods and technologies are not
feasible or cost-prohibitive.” With continued submission to the FPE via both pictures and water level measurements,
models can be created in the future of these locations to estimate streamflow. (Page 10) 9

In July 2025, the Cat Connection U20L water level logger was
upgraded to an Onset MicroRX RX2104 cellular water level station. It
was installed via zip ties on a tree approximately 2,200 feet
downstream of Rainbow Dam on the Cat Connection’s private
property on July 1  2025. A 30-meter cable was used from the
station to deploy the sensor in the middle of the Farmington River’s
channel. The sensor was zip tied to a PVC pipe and zip tied to a flat
metal plate, which was tucked under a boulder and had rocks piled
on and around it to secure it. The cable was hidden as best as
possible with rocks. The station recorded data every hour from July 1
to July 11  then every 5 minutes after July 11  when the service plan
was upgraded to support recorded data every 30 seconds with 5
minute averages.

st

st

th, th

A YSI Flow Probe was used to measure velocity in the Farmington
River downstream Rainbow Dam at Cat Connection by propeller
which gives a maximum, minimum, and average velocity. Averages
were used in the calculation of CFS for this report. On 7/23/25
FRWA staff recorded velocity before, during, and after down
ramping. Once releases were suspended, a channel width was
measured at both the wetted width for a low flow velocity, and at
the previously wetted width for high velocity. The previously wetted
width was determined to be the area that was previously
underwater, and therefore the wetted banks. An average channel
depth was taken during low velocity. The water depth reported at
the time of high velocity measurements by the cellular station was
used in place of an average high velocity depth. 

Additionally, these measurements were taken at Rainbow Brook and
Seymour Hollow Brook, both tributaries to the Farmington River
upstream where Farmington River measurements were taken to
understand their inputs and influence on calculated flow
measurements.

With several measurements during down ramping, velocity, width,
depth, and a correction for velocity were used to calculate cubic
feet per second (CFS) for each time velocity was measured. This
allowed for the creation of an approximate stage discharge table to
be configured to the cellular station for calculation of flows.



FRWA staff have been present on Rainbow Reservoir and downstream Rainbow Dam for several years and several
observations have been made. While observations don’t follow an exact science, they give insight into hydrologic
and biological health of the river. Besides cyanobacteria blooms on Rainbow Reservoir, other observations have
been made from both cameras and staff presence. 

For the Camp Shalom camera, the Oil City Dam abutment provided a landmark to view water level changes
(Image 1). For the Cat Connection camera, the island provided a landmark to view water level changes (Image 2). 

Notable observations recorded by the cameras include a drawdown of Rainbow Reservoir on September 3  2024,
showing large releases downstream the dam and exposure of reservoir sediments and the Old City Dam (Image 1
and 2). Beyond this extreme, regular releases were captured via the Cat Connection camera downstream the
dam, allowing us to visually see the water level changes and compare them to the water level data collected by
loggers and the MicroRX station. All pictures were uploaded to the USGS FPE along with water level
measurements, with hopes of a streamflow predictive model being developed for these locations in the future,
allowing the public, and organizations to utilize the model for downstream flows.

rd

Image 1: Camp Shalom Camera September 3  2024 11:00 vs September 4  2024 13:00rd th

Image 2: Cat Connection Camera September 4  2024 14:00 vs September 6  2024 14:00th th

Trail Cameras

Timelapse videos of the camera pictures can be viewed on the USGS Flow Photo Explorer
(https://www.usgs.gov/apps/ecosheds/fpe or by scanning the QR code).
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7/23/25 7:54 AM

Image 5: High flow measurements

Image 4: 4/25/24 12:06 PM

Image 3: 4/25/24 12:01 PM

Image 6: Yellow Perch 9/4/24 Image 7: Bluegill 9/4/24 Image 8: Tessellated Darter 7/23/25

Additional observations were made by FRWA staff during their presence on
Rainbow Reservoir and downstream Rainbow Dam at Cat Connection. 

On several occasions during field work downstream Rainbow Dam, FRWA
staff have had to exit the river due to large releases from the dam. The
best documented case of this is represented in the two top photos to the
right where between 12:01 PM and 12:06 PM on 4/25/24 the river rose
approximately one foot (Image 3 and 4). On all occasions, the sound of
rapidly increased flows can be heard. It should be noted that no warning
or siren is used prior to releases.

On 7/23/25 staff were present to measure flows, at 7:54 AM the dam was
releasing at 981 CFS, which was determined by this research. Flows are
strong enough that they can push a person over while in the river. FRWA
had two staff measuring velocity for safety due to high flows (Image 5).

On 9/9/24 and 7/23/25, juvenile fish were observed dead and stranded
on the riverbank and are shown in the bottom three photos (Images 6, 7,
and 8). Additionally, small pools along the river bank had stranded juvenile
fish that were unable to make it to the river’s main channel during down
ramping. This is a result of the down ramping rates being too large for
juvenile fish, fry, and larvae to survive. 

On 7/23/25 at 9:09AM staff observed several fish jumping out of the
water after down ramping and at a flow of 28 CFS. This may indicate
stress for fish after a drastic change in dissolved oxygen over a short
period of time, or due to loss of habitat after down ramping.

FRWA has been working with partners such as Save the Sound, and Bill McDavitt an Affiliate with Azura
Consulting, LLC in support of NOAA Fisheries Habitat Ecosystem Services Division, and the National Parks Service
Water Resource Division on recommendations of data collection for this research project. All procedures are
followed in accordance with our Continuous Loggers Standard Operating Procedure and CT approved Quality
Assurance Project Plan.

Staff Observations
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Water Level- Farmington River Downstream Rainbow Dam 

Water level data from the original Onset U20L water level logger downstream Rainbow Dam at Cat Connection
(Site ID FR-CC) allowed us to see changes over time from data recorded every hour. By upgrading to the cellular
station, data was not only recorded every 5 minutes but also allowed us to deploy the measuring sonde
midchannel due to it not needing to be retrieved for data download. By being midchannel we can get a better
view of water level changes and then flows compared to the bank. The 5 minute increments allow us to see the
timeframe of releases in both up ramping and down ramping stages.

Data collected by the U20L downstream Rainbow Dam in 2024 and 2025 indicated rapid down ramping and up
ramping despite being deployed near the river bank due to large differences in water level on a hourly recording
schedule (Figure 2 and 3). While this was useful, it did not show how quickly these down ramping and up rampings
were. Additionally, it did show that the majority of summer releases were over night, and that release times were
shorter. This indicates that Rainbow Dam releases at night during the warm weather months which may not align
with electricity demands indicating there are issues with the facility.

Figure 2: Water Level Over Time in 2024 by U20L Downstream Rainbow Dam

Figure 3: Water Level Over Time in 2025 by U20L Downstream Rainbow Dam

Results
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Figure 5: Water Level Over Time in 2025 at Camp Shalom on Rainbow Reservoir

An Onset U20L water level logger was deployed near the banks of Rainbow Reservoir at Camp Shalom in Spring
2025. Water level data does not show uniform releases as downstream Rainbow Dam at Cat Connection did, but
it does show fluctuations related to releases. In May 2025 water level fluctuations were more natural for a
reservoir, but in mid-June they became for drastic and consistent with releases and water level changes
downstream Rainbow Dam at Cat Connection (Figure 5).

Figure 4: Water Level Over Time in 2025 by Cellular Station Downstream Rainbow Dam

Water Level- Rainbow Reservoir 

On July 1  2025 FRWA upgraded the U20L at Cat Connection (Site ID FR-CC) to the Onset Micro RX RX2104
cellular water level station. This upgrade allowed us to deploy the sonde in midchannel, and receive data uploads
to a cloud service for live data as opposed to downloading. The station’s cellular service allows 5 minute averages
for data recording, allowing us to see rapid changes. Summer 2025 data, which was available instantly, allowed
us to see release times decrease during mid summer and into drought. This was an indication that a
cyanobacteria bloom was impending, and did occur starting 7/23/25 and confirmed on 7/28/25.

st

Now having available 5 minute increments we were able to see how rapidly down ramping and up ramping
occurred and the trend of hydropeaking (Figure 4). 

13



Figure 6: Hydropeaking Downstream Rainbow Dam Figure 7: Up Ramping from Rainbow Dam Release 7/26/25

Image 9: Example of Effects of Natural Flow versus Hydropeaking on Biodiversity (Bipa, et al., 2024)

Findings in the data collection of water level in Rainbow Reservoir and downstream Rainbow Dam at Cat
Connection have revealed that Rainbow Dam’s releases are indicative of hydropeaking (Figure 6). Hydropeaking
causes rapid and frequent fluctuations in the water flow downstream of hydropower plants. This is seen in water
level changes over a day or over time from Rainbow Dam releases in which both down ramping and up ramping
(controlled decrease or increase of water) conclude within 15 minutes and change the water level by
approximately 0.4 meters (1.3 feet) (Figure 7).

Hydropeaking has several adverse effects on river systems and is definitely affecting the Farmington River
downstream Rainbow Dam. Not only are water level and flow patterns affected, but temperatures and dissolved
oxygen levels fluctuate more than normal, and sediment dynamics can change which affect aquatic ecosystems,
particularly in fish growth, behavior, reproductive stress, habitat and aquatic passage, and macroinvertebrate
communities, making the river’s habitat stressful on biodiversity and therefore reduced (Bipa, et al., 2024). The
effects of hydropeaking on biodiversity are represented in the image below (Image 9), where natural flow provides
the best habitat for biodiversity, and hydropeaking the least. Besides the effects on biodiversity, hydropeaking can
result in erosion, loss of riparian vegetation, and habitat fragmentation.

Hydropeaking

In Rainbow Dam’s case, hydropeaking seems to at least be influenced by the integrity of the dam, such as
releasing at night during warm months, possibly due to night time temperatures being cooler and potentially
beneficial to aging equipment and rapid down ramping and up ramping which indicates potential to not control
releases.
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Figure 8: Ramping Rates 2025 Downstream Rainbow Dam

While we do see hydropeaking present, another issue is the down ramping and up ramping rates. Water level data
collected allowed us to calculate ramping rates of releases. While there is no official criteria for ramping rates
there are references for larva and juvenile fish. Ramping rates for The Farmington River downstream Rainbow Dam
at Cat Connection (Site ID FR-CC) were calculated for the year 2025 (2024 available upon request).
Recommendations for ramping rates are 0.6 cm/min in which Rainbow Dam often exceeds (Moreira, et al., 2019).
This has been observed by FRWA staff with sightings of stranded juvenile fish along the bank of the Farmington
River downstream Rainbow Dam.  

Ramping Rates

As indicated in the graph below (Figure 8), ramping rates of the Farmington River at Cat Connection were
compared to the USGS gage on the Farmington River in Tariffville, where the Tariffville gage is stable and
Rainbow Dam’s are not with several occasions throughout 2025 exceeding 0.6 cm/min. Ramping rate calculations
while not present in this report, follow the same patterns in 2023 and 2024, meaning this is has been occurring
for a long time.

Staff observations while present at Cat Connection has confirmed hydropeaking, ramping rates exceeding the
recommended criteria, and fish stranding and stress (Image 9).

9:12 AM8:07 AM7:54 AM
15Image 9: Photos of down ramping on 7/23/25



Figure 9: CFS measurements during down ramping on 7/23/25

On July 23rd, FRWA staff visited Cat Connection at 7:30 AM to measure flow during a release (Table 1). Several
velocity measurements were taken during release, during down ramping, and during low flow. Average water depth
and wetted channel with were measured during low flow to ensure safety. An additional channel width was
measured where the bank was wet to provide a release channel width. The cellular station’s water level
measurement at the time of release was used to supplement average depth to ensure safety. Two tributaries,
Rainbow Brook and Seymour Hollow Brook have input upstream the logger’s location and were also measured for
flow calculations to determine their input and influence on the station’s measurements. Flow was measured on two
separate days at FR-CC, Rainbow Brook, and Seymour Hollow Brook during low flows for comparison. 

Flows (CFS) were calculated using these measurements, and a stage discharge table was created. The stage
discharge table, while not entirely accurate due to some measurements being estimated for safety, provides the
cellular station with reference measurements to calculate flow. Measured CFS before, during, and after down
ramping on 7/23/25 shows a drastic decrease from 981 CFS to 355 CFS within 15 minutes and an overall decrease
from 981 CFS to 29 CFS between 7:52AM and 9:00AM (Figure 9).

Flow Measurements

Measurements taken downstream Rainbow Dam to calculate CFS
Table 1: Table of CFS calculations
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Figure 10: Example of flow changes downstream Rainbow
Dam

USGS Gage

Rainbow Dam

FR-CC

Figure 12: Comparison of Flow at USGS Station in Tariffville to FRWA Station
at Cat Connection 7/22/25-10/1/25

Figure 11: Comparison of Flow at USGS Station in Tariffville to
FRWA Station at Cat Connection 7/22/25-7/25/25

Image 10: Water Level and Flow station locations compared to Rainbow Dam

The cellular station was programmed with the stage
discharge table to allow for calculations of flow in
cubic feet per second (CFS). Trends show that flows
follow the increase and decrease of water level
changes related to Rainbow Dam releases (Figure
10). 

Not only does drastic changes from hydropeaking
affect several conditions of the river and it’s wildlife,
but drastic changes in flow can cause concern for
recreationalists enjoying the river, which otherwise
would be fine with regulation or no impoundment.

Flow from the cellular station downstream Rainbow Dam at Cat Connection (Site ID FR-CC) was compared to
flow at the USGS Tariffville gage upstream rainbow reservoir from 7/22/25 to 10/2/25 (Figure 11 & 12, and Image
10). It is seen that flows are natural at the USGS Tariffville gage (41.908283, -72.7593527) and usually between
200-400 CFS, but unnatural downstream the dam at Cat Connection. Flows at Cat Connection follow the
hydropeaking releases and have drastic down ramping and up ramping from 30 CFS to approximately 1000 CFS.
This practice does not represent a run-of-river hydro facility and impacts the Wild & Scenic Farmington River
downstream.

Flow Comparison - USGS Tariffville Gage vs Downstream Rainbow Dam
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Figure 13: Rainbow Reservoir temperatures compared to Cat Connection over
summer months in 2025

Temperature is a secondary parameter measured by both the Onset U20L water level loggers and the MicroRX
RX2104 cellular water level station, allowing us to measure temperature at Camp Shalom and downstream Rainbow
Dam at Cat Connection. Rainbow Reservoir remains warm in summer months and on average 25°C, or 77°F from
mid-June through mid-August which aligns with cyanobacteria bloom timelines (Figure 13). Downstream Rainbow
Reservoir at Cat Connection, temperatures are reduced but minimally, by approximate 2-3°C, primarily because
releases come from the bottom of the reservoir. These fluctuations are present from night to day with higher
daytime temperatures and colder nighttime temperatures during releases during warm weather months. From
7/22/25 to 9/26/25 the average temperature of the Farmington River downstream Rainbow Dam was 22°C,
5.7°C higher than the recommended cold water fish temperature criteria of 18.29°C, and is considered warm for
cold water fish (>21.7°C). Additionally, the daily minimum temperatures are above the criteria, at approximately
19°C, with the coldest temperature being 18.6°C. FRWA and the USGS Tariffville gage does not have temperature
references upstream Rainbow Reservoir to compare these results to. In the future it is recommended that a
temperature logger be added.

Power Generation

Temperatures

It is assumed that Rainbow Dam does not function correctly and only runs on one turbine. Due to this power
generation would be cut in half as it has two Francis turbines on generators with a capacity to generate 8.2 MW. If
running at 4 MW hours at full capacity, we can still assume due to the aging equipment its efficiency is impaired. 

While none of this information is available to the public, nor needed to understand the effects of Rainbow Dam, we
can perform a rough calculation of power generation based on timeframes of releases. It has been made public
online at Findenergy.com that in 2023 Stanley Black and Decker’s revenue from energy sales totaled 4.3 million
(https://findenergy.com/providers/farmington-river-power-company/). Data collected over the last year did not
calculate to equal what was reported in 2023, and therefore more information and data would need to be
collected to understand the efficiency of Rainbow Dam for power generation.
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Rainbow Reservoir Camp Shalom Shore

R5

R1

R2

R2.5

R3

R4

Image 11: Rainbow Reservoir Monitoring Stations

Rainbow Dam

With lower flows and less flushing in summer 2025, a cyanobacteria bloom occurred on Rainbow Reservoir in July
and August. FRWA was able to use the cellular station downstream Rainbow Dam to monitor release timeframes,
which indicated that a bloom may occur due to reduced release timeframes and the combination of warm weather
and low flows.

FRWA responded by repeating the monitoring protocols developed for the 2021 study funded by CT DEEP AIS grant.
The shore of Camp Shalom was monitored during summer 2025 on dates 7/28, 7/30, 8/4 and 8/18 via
multiparameter meter. The shore at the state boat launch was monitored on 8/18 and 8/25 due to bloom
regression. Shore algae and toxin samples were collected on 7/28 and 8/16 at the state boat launch and 7/28 at
Camp Shalom. A complete lake sampling was performed on 7/30 which included multiparameter meter
measurements for turbidity, dissolved oxygen, temperature, conductivity, and chlorophyll and phycocyanin, algae
samples at station 4 and 5, and nutrient samples and secchi measurements at all stations (Figure 1).

2025 Cyanobacteria Bloom
Rainbow Reservoir has been experiencing reoccurring cyanobacteria blooms and FRWA became involved in
researching these occurrences in 2021. FRWA has been monitoring Rainbow Reservoir for cyanobacteria blooms
from 2021-2025. It has been found that low flows, warm temperatures, and excess nutrient inputs cause
cyanobacteria to bloom.
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On July 23  FRWA staff were present at Camp Shalom on Rainbow
Reservoir and noticed the reservoir water was slightly green. 

rd

Staff returned to Camp Shalom on July 28  to find the reservoir was bright
green. A multiparameter meter measuring turbidity, conductivity,
temperature, chlorophyll (Chl-a), and phycocyanin (PC) was used along
the shore. Chlorophyll and phycocyanin are used as indicators of a
cyanobacteria bloom, in particular when phycocyanin is higher than
chlorophyll. Chl-a measured at 2.13 RFU and PC at 3.08 which indicates
an active cyanobacteria bloom (Figure 14). 

th

On July 30 , staff performed a full lake sampling at 5 sites along the
reservoir (and additional meter measurements at R2.5), from inlet to dam.
Visibly, the reservoir had thick shore scum and streaking. The top meter of
the reservoir had PC higher than Chl-a indicating an active bloom from
Camp Shalom to the dam. Additionally, within the upper meter of the
water column temperature was high and dissolved oxygen was low.

th

 
Staff checked the shore with the multiparameter meter on August 4 , 18 ,
and 25 , and a visual only check on the 13 . The bloom persisted in color
and higher in PC until the staff check on August 25 , where PC had
decreased significantly and clarity improved, confirming the
cyanobacteria bloom was no longer active.

th th

th th

th

7/23/25

7/28/25

7/30/25

8/4/25

8/18/25

8/25/25

Figure 14: Chlorophyll and Phycocyanin RFU 7/28/25 - 8/25/25

Timeline, Chlorophyll, & Phycocyanin
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Multiparameter meter measurements were taken during
lake sampling on 7/30 at five sites on Rainbow Reservoir.

Turbidity was highly variable and highest in the upper
waters from stations R2-R4, leading to declining and
generally low water clarity. 

Chlorophyll and phycocyanin were low at station R1, but
phycocyanin increased beyond chlorophyll at stations
R2.5-R4. 

Secchi depths were relatively low at stations R2-R5.

Thermal gradients showed high temperatures and low
dissolved oxygen, especially in the top meter at stations
R2, R2.5, and R5 (Figure 15). 

Multiparameter Meter Measurements

Algae Samples

Table 2: Phytoplankton Density (Cells/ml) Table 3: Phytoplankton Biomass (ug/l)

Algae samples were collected on 7/28 at the state boat launch and Camp Shalom shores. On 7/30
station R4 and R5 algae samples were taken as a composite of the top 3 meters. A final algae sample was
taken at the state boat launch on 8/16 due to bloom regression from Camp Shalom. Samples were
analyzed microscopically to quantify the types of algae present in the water column (Table 2 and 3). The
bloom in 2025 included Microcystis with several other potential toxin-producing cyanobacteria present.
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Figure 15: Thermal Oxygen Profile at Station 2 on
7/30/25

Thermal oxygen regimes are good indicators of cyanobacteria blooms, besides chlorophyll and
phycocyanin, as they show the state of the reservoir. Slow moving, warm waters provide habitat for
cyanobacteria to bloom, and since we know nutrient inputs are higher during low flow, we can then see
that dissolved oxygen decreases due to a cyanobacteria bloom.



Total nitrogen (TN) includes all measurable forms of nitrogen and is usually compared to total phosphorus
to get an impression of which of these two key plant and algae nutrients is more limiting to productivity.
TN values <0.6 mg/L are usually considered low and values >1 mg/L are often considered high. Much
higher values are possible where wastewater or runoff from agricultural areas is substantial.
Concentrations of TN at the five stations within Rainbow Reservoir over the 2025 sampling period were
mostly between 0.676 and 0.841 mg/L (Figure 16). Overall, nitrogen was not excessive in Rainbow Reservoir
but concentrations were mostly moderate and there was ample nitrate for non-cyanobacteria algae to
flourish. 

Total Nitrogen

Figure 16: Total Nitrogen at 5 Stations on 7/30/25
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Nitrate nitrogen is the most available form of this essential plant and algae nutrient and is often
exhausted in lakes during the summer. Nitrite nitrogen is measured as part of nitrate nitrogen in this
testing program but is a very minor component of the total in oxic waters; the combined total is often
referred to as NOx. Many cyanobacteria can utilize dissolved nitrogen gas and depend less on NOx, so
the loss of NOx tends to favor cyanobacteria. NOx concentrations <0.3 mg/L are considered low while
values >0.6 mg/L are considered high. Concentrations of NOx at the five stations within Rainbow
Reservoir on the sampling date was >0.3 mg/L at station R1 and R4 and R5 bottom samples (Figure 17). 

Nitrate Nitrogen

Figure 17: Nitrate Nitrogen at 5 Stations on 7/30/25



TKN is a measure of organic nitrogen plus ammonium nitrogen. Adding NOx to TKN yields total nitrogen.
The organic fraction (TKN minus NH4-N) may reflect algal abundance, but other particles in the water
column also contain organic nitrogen (e.g., leaf bits, zooplankton). By themselves, TKN values are hard to
interpret, as the split between organic nitrogen and NH4 is important, but values <0.5 mg/L are often
considered low and values >0.8 mg/L are considered high. Concentrations of TKN at the five stations
within Rainbow Reservoir one the sampling date were <0.5 mg/L with only station R5 being higher (Figure
18).

Total Kjeldahl Nitrogen

Figure 18: Total Kjeldahl Nitrogen at 5 Stations on 7/30/25
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Ammonium Nitrogen Ammonium nitrogen (NH4) is another available form of nitrogen used by algae and
higher plants but tends to be relatively low in oxic waters, the conversion to nitrite and nitrate being fairly
rapid in the presence of oxygen and key bacteria. A portion of the ammonium nitrogen, depending on pH,
dissolved solids, and temperature, will be ammonia (NH3), which can be toxic. However, in oxic waters it is
very rare to have ammonia at a high enough level (>0.02 mg/L) to cause any toxicity. NH4 concentrations
<0.3 mg/L are considered low while values >0.6 mg/L are considered high. Concentrations of ammonium
nitrogen at the five stations within Rainbow Reservoir on the sampling date were <0.3 mg/L at most sites
with a high of 0.167 mg/L at station R5 bottom and increase above 0.3 mg/L at station R4 bottom (Figure
19).

Ammonium Nitrogen

Figure 19:  Ammonium Nitrogen at 5 Stations on 7/30/25



TP is most often the nutrient that determines how much algae can be present. It may not always be the
limiting factor, as light or flushing may control algal biomass, but TP tends to correlate best with overall
algal biomass in most lakes whereas total nitrogen (TN) and its ratio to TP tends to determine which types
of algae will be most abundant. TP <10 µg/L is considered low while values >25 µg/L are considered high,
a fairly narrow range from minimal bloom probability to a high probability of algal blooms. Sometimes the
TP is mostly refractory (unavailable organic) particles and TP will correlate less well with algal biomass,
and sometimes other factors (like light or flushing) control algal biomass, but TP is considered a major
predictive factor for algae blooms. 

Total Phosphorus (TP)

Figure 20: Total Phosphorus at 5 Stations on 7/30/25

Concentrations of TP at the five
stations within Rainbow Reservoir on
the sampling date were primarily >40
µg/L (Figure 20). Once TP exceeds 100
µg/L phosphorus is often not limiting,
so most of the TP values are in what
could be considered a transition zone.
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Total dissolved phosphorus (TDP) is the readily available form of phosphorus in the aquatic environment
but is rarely abundant in natural waters. It is measured by the same method as total phosphorus (TP) after
a filtration step to remove particulates. TDP is not the same as soluble reactive phosphorus or
orthophosphorus, potentially including other dissolved phosphorus forms, but the values for those various
dissolved fractions are usually similar. Phosphorus is most often the limiting nutrient for growth of higher
plants and algae in freshwater lakes and is rapidly taken up. TP may be much higher than DP and is usually
a better indicator of overall fertility, as DP is often undetectable but is recycled rapidly in the water
column. 

Total Dissolved Phosphorus

Figure 21: Total Dissolved Phosphorus at 5 Stations on 7/30/25

Concentrations of DP <10 µg/L are low
while concentrations >20 µg/L are high, a
fairly narrow range. Concentrations of DP
at the five stations within Rainbow
Reservoir on the sampling date were
routinely high, often very high, with most
values exceeding 50 µg/L (0.05 mg/L)
(Figure 21). This suggests a large source of
readily available P for algae growth.



Samples for nutrient chemistry (Table 4) suggest elevated concentrations for total N and total P. Total
dissolved nitrogen (TDN) was highest at the upstream station (R1) with some decline in the downstream
direction and with increasing water depth. Total N and P did not change substantially in the downstream
direction. N to P ratios (Table 5) were generally low to moderate, favoring cyanobacteria. 

Nitrogen and Phosphorus Ratios

Table 4. Nutrient Chemistry

Table 5. Nitrogen and Phosphorus Ratios
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Total nitrogen and total phosphorus inputs were calculated based on the flows into Rainbow Reservoir on
the sampling date (Figure 22). The corresponding total nitrogen concentration at station 1 had a daily
load to the reservoir of 728 kg/day. The corresponding total phosphorus concentration at station 1 had a
daily load to the reservoir of 59 kg/day.

Total Nitrogen and Total Phosphorus Inputs

Figure 22: Total Nitrogen and Total Phosphorus Inputs at
Station R1 on 7/30/25



Figure 23: Total Nitrogen Inputs into Rainbow Reservoir 2021-2025

Figure 24: Total Phosphorus Inputs into Rainbow Reservoir 2021-2025

Approximate inputs for TN and TP were calculated based on data collected to gain a sense of the amount
of nutrients moving through each day, in kg/day. In 2025, the cyanobacteria bloom occurred toward the
end of July, and daily load data is from 7/30. Looking at previous years on the reservoir, there is variability
in the level of TN and TP on any given day, depending on flow, precipitation, and whether the dam is
regularly releasing or not (Figure 23 & 24). 

While TN and TP inputs seem higher in previous years, this does not mean that 2025 was an exception.
Due to only one sampling in 2025 we can not get a full picture of inputs over the summer. It is known that
phosphorus is an issue at Rainbow Reservoir and that it has settled into the sediments. Even if inputs are
low during a bloom available phosphorus from accumulation is present. This is exacerbated by warm
temperatures in the reservoir, especially during warm weather months and reduced flows allowing for a
cyanobacteria bloom.

Due to not having a grant awarded for 2022 and 2025, there is a gap in the data in order to compare it
to years where no bloom occurred. 
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Conclusion
Rainbow Dam’s operations are causing several issues to the Farmington
River from Rainbow Reservoir to the confluence with the Connecticut
River. Downstream Rainbow Dam, the Farmington River is designated Wild
& Scenic, and has ORVs for which the river was designated. Four of the
five ORVs are being affected by Rainbow Dam for water quality,
biodiversity, cultural landscape, and recreation impacts from
management of the facility.

Reoccurring cyanobacteria blooms on Rainbow Reservoir impair water
quality and have the potential to release cyanotoxins which are a public
health risk, especially to dogs in which it is fatal, and also harms wildlife. 

Biodiversity is affected from hydropeaking causing erratic river conditions
and juvenile fish stranding. Fish passage is also decommissioned at the
dam, cutting off hundreds of miles of upstream river habitat. Warm
waters and cyanobacteria during blooms impact water quality and can
affect species living in the river.
 
Cultural landscape is being impacted, while not as severe as other
impacts listed, Windsor celebrates American Shad (CT’s state fish)
migration with a Shad Derby Festival, spanning one month every year with
multiple events, and has been a tradition since 1955. Since management
of the dam causes impacts to water quality and biodiversity, the
American Shad’s historic spawning grounds and juvenile habitat in the
Farmington River are also affected. While spawning grounds and juvenile
habitat downstream Rainbow Dam are available, and secondary to the
Connecticut River, they are still affected by hydropeaking. Additionally,
the fishway operations have been suspended by CTDEEP and therefore
cuts off available habitat for migration. These impacts reduce the
significance of this long running cultural landscape event of Windsor
between the people and the Shad.

The Farmington River is well known for recreational opportunities from
fishing to boating. Unfortunately, the Farmington River downstream
Rainbow Dam is on the CT Impaired Waters list due to flow alterations
caused by Rainbow Dam. Fishing and boating are affected due to the
management of the dam and impacts on water quality and
hydropeaking. Recreationalists in the river downstream the dam have no
warning or siren of impending large releases, making it dangerous to be
in the river.

The Farmington River was named one of the most
endangered rivers in the United States by American
Rivers in 2024 due to Rainbow Dam’s impact on the

Farmington River. americanrivers.org 27



Cyanobacteria blooms and its potential to cause a Harmful Algal Bloom (HAB) on Rainbow Reservoir
became a concern to FRWA in 2020. Cyanotoxins released by cyanobacteria during a bloom cause public
health risks, including mortality of dogs and wildlife. Cyanobacteria blooms on Rainbow Reservoir impair
recreation including the public for safe recreation, a canine search and rescue who train on the reservoir,
and Camp Shalom, a children’s day camp that enjoys water recreational opportunities, which then
impacts the camp’s reputation and revenue when the reservoir has a bloom. 2025 monitoring during a
cyanobacteria bloom on Rainbow Reservoir proved a bloom was active from 7/23/25 to 8/25/25. While
warnings were posted at the Windsor state boat launch, FRWA staff observed recreation on the Reservoir.
This also caused closure of Camp Shalom’s water recreational activities for campers. Toxin samples were
taken on three dates at Rainbow Reservoir’s shores, but analysis results have not been received as of this
report being published. Not only is Rainbow Reservoir impacted, but water being released downstream
Rainbow Dam into the Wild & Scenic Farmington River carries cyanobacteria during a bloom and impacts
it’s ORVs of water quality, biodiversity and recreation to the confluence with the Connecticut River.

Data collected has proven that Rainbow Dam’s releases are hydropeaking which is erratic, going from 0.4
meters to 0.8 meters (or 1.3 feet to 2.6 feet) which is an increase of 0.4 meters (1.3 feet) within 15 minutes
and ramping rates above 0.6 cm/min. This is not a run-of-river practice and harms the Wild & Scenic
Farmington River’s ORVs of biodiversity, cultural landscape, and recreation, from juvenile stranding, strong
flows for macroinvertebrate communities, impact on a historic cultural event by affecting one of its
recognized rivers, and public safety for recreation. Additionally, down ramping also exceeds the
recommended criteria for ramping rates which leaves juvenile fish stranded and therefore affects
biodiversity.

Temperatures are affected in Rainbow Reservoir due to the impoundment and management of Rainbow
Dam by holding waters during warm weather months and increasing temperatures both causing
cyanobacteria blooms and possibly warm waters released downstream into the Wild & Scenic Farmington
River which impacts biodiversity. Temperatures in the reservoir are warm, and provide the right conditions
for cyanobacteria to bloom. These warm temperatures also spill down into the Wild & Scenic Farmington
River which may contribute to a summer average of 22°C which is warm for cold water fish habitat.
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Rainbow Dam has been operating since 1925 but its impacts on the Farmington River are most notable
now. A 100 year old hydropower facility with aging equipment, no effective fish passage, and a class C
hazard, if it were to fail, is in control of the Farmington River in Windsor, CT. 

Their operations cause water quality issues in Rainbow Reservoir and downstream Rainbow Dam for the
public and wildlife. They generate hydropower while harming the Farmington River by hydropeaking which
causes erratic fluctuations in water level and flow downstream Rainbow Dam, leaving aquatic life and the
public at the mercy of their releases. Fish habitat is affected by hydropeaking allowing no effective
passage past the dam to approximately 600 square miles of watershed habitat upstream. Downstream
issues include stranding of fish during down ramping and increased water temperatures affecting habitat
suitability. They gain revenue from hydropower by impacting the Farmington River and providing no fish
passage while the residents of Windsor celebrate their connection to the American Shad migration (also
the CT state fish) via their 70 year long Shad Derby Festival, and therefore impacting the cultural
landscape of the Farmington River in Windsor. 

Water levels in Rainbow Reservoir and downstream Rainbow Dam should continue to be monitored for
long-term trends, impacts to the Wild & Scenic Farmington River, and for future cyanobacteria bloom
predictions. In the future, dissolved oxygen should be monitored downstream at Cat Connection to
provide insight into fluctuations of dissolved oxygen from hydropeaking on aquatic wildlife. A temperature
logger should be added in the river upstream Rainbow Reservoir to compare to temperature changes at
the impoundment and downstream the dam. The FRWA Nutrient Study should continue in 2026, and
eventually become an annual program to understand where excess nutrient inputs into the Farmington
River are occurring in relation to cyanobacteria blooms and to monitor priority locations for long-term
trends, especially since CTDEEP has an active Phosphorus Strategy for the Farmington River. Additionally,
a cross sectional survey downstream Rainbow Dam can be done to calculate a true rating curve to
understand flows in more detail and more accurately. FRWA will partner with Save the Sound and/or
USGS to complete a cross sectional survey due to equipment requirements and staff safety.

Wild & Scenic Farmington River Downstream Rainbow Dam

FRWA will continue to be an advocate and a voice for the Farmington River, especially in Windsor at
Rainbow Reservoir and Rainbow Dam to protect the Farmington River - For You, For All, Forever.
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UNITED STATES SECURITIES AND EXCHANGE COMMISSION Washington, D.C. 20549 FORM U-3A-2
Statement by Holding Company Claiming Exemption under Rule U-3A-2, From the Provisions of the Public Utility
Holding Company Act of 1935 THE STANLEY WORKS (FARMINGTON RIVER POWER COMPANY) FORM U-3A-2 FOR
2004. 2004. (https://www.sec.gov/Archives/edgar/data/93556/000009355605000002/stanleyu3a2-
2004.htm#:~:text=Stanley%20owns%20no%20properties%20used,all%20located%20in%20Windsor%2C%20Conn
ecticut.)

Past Rainbow Reservoir Reports can be read at frwa.org/resources. (2021, 2023, and 2024)

Data collected following FRWA’s Quality Assurance Project Plan: “Farmington River Watershed Association

Monitoring Program: Connecticut section” February 26, 2024 – February 25, 2027, approved by Katie O’Brien-

Clayton, QA Officer

Nutrient samples analyzed by UCONN CESE Laboratory

Algae samples analyzed by Dr. Ken Wagner of Water Resource Services 

Funded by CT DEEP AIS Grant Program, the Lower Farmington and Salmon Brook Wild & Scenic Committee,

and FRWA

FRWA staff would like to recognize; William McDavitt, a NOAA Affiliate, for guidance on
ramping rates, Camp Shalom for shore access and reservoir access via boat for cyanobacteria
sampling, Cat Connection for access downstream Rainbow Dam, and CT DEEP for AIS grants

and on Rainbow Dam fishway history and Shad populations.
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