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Introduction  

Rainbow Reservoir, located in Windsor, CT, is a run of the river impoundment on the Farmington 

River (Figure 1). The hydropower dam is 8.33 miles upstream of the confluence with the 

Connecticut River and the reservoir receives water from a 609 square mile watershed that extends 

generally northwest from Rainbow Reservoir and crosses the Connecticut border with 

Massachusetts. There are 33 towns in the watershed (Table 1), 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 9 wastewater treatment facilities that discharge upstream 

(Table A-28 to Table-A-36).  

Rainbow Reservoir covers an area of 235 acres at full pool elevation according to a 1991 DEP 

compendium of data for Connecticut lakes, but the water level is controlled at the dam by the 

Farmington River Power Company and can be appreciably lowered in anticipation of storms for 

flood control and protection of the hydropower apparatus. From the point where the channel 

widens markedly downstream of Rt 187 the area is about 225 acres (910,000 m2) and as is often 

the case with run-of-the-river impoundments, it is difficult to be certain where the river becomes 

the reservoir. The reservoir is generally linear with increasing depth from upstream to near the 

dam. 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 depts (top of sediment) with an 

accuracy of ±0.1 foot. All data was processed and presented as a D-size plan view drawings.  

(Figures 2 and 3) indicates a volume of 2569 acre-feet or 112 million cubic feet or 3,170,000 cubic 

meters and a mean depth of 11.5 feet or 3.5 meters. The distribution of depth vs area (Figure 4) 

indicates a fairly uniform loss of area with declining water level to a depth of 3 m, after which the 

decline is more rapid. The distribution of volume vs depth (Figure 5) similarly suggests roughly 

uniform loss of volume to about 3 m, after which more volume is lost per unit of declining water 

depth in an accelerating fashion. 
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Table 1. Watershed Towns in Connecticut and Massachusetts. 

 



3 
 

Figure 1. Rainbow Reservoir 
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Figure 2. Rainbow Reservoir bathymetric map. 
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Figure 3. Rainbow Reservoir bathymetric map (continued). 
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Figure 4. Rainbow Reservoir Depth vs Area. 

 

Figure 5. Rainbow Reservoir Depth vs Volume 
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Rainbow Reservoir is a multi-use waterbody with a hydropower facility at the dam, a large day 

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 day camp, from some parks, from 

boats, and from many private residences. Rainbow Reservoir has a public boat ramp and is also 

popular for fishing. CT DEEP owns a 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 

Farmington River Power Company. 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. 

The Farmington River Watershed Association (FRWA) is a nonprofit organization that has been 

devoted to the protection and improvement of the Farmington River since 1953. The FRWA has 

worked on issues that include water quality, water allocation, habitat restoration, recreation, open 

space, and wetland and floodplain protection. The FRWA works with federal, state, and local 

governments, business and industry, and with people in the watershed’s 33 communities to protect 

the river and its surrounding landscape. With the help of members, supporters, and partners, the 

FRWA looks after the river that connects so many people, with a wide range of research, education, 

and advocacy programs. 

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 at 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, and 2022. Concern by users and the FRWA resulted in application for 

a grant from CT DEEP to evaluate the factors leading to these blooms. The grant was received in 

2021 and 2023, after a hiatus in 2022, with separate reports covering each grant year. The grant 

was also awarded in 2024, allowing continuation, and this report covers the results of the 2024 

investigation conducted by the FRWA with the assistance of Dr. Wagner of Water Resource 

Services, Inc. of Wilbraham, Massachusetts.  
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Methods  

Five stations in Rainbow Reservoir were sampled (Figure 6) on seven dates from June and 

September 2024 as part of this grant program. A boat and licensed driver were provided by Camp 

Shalom.  

Analyses included multi-probe sensor monitoring for temperature, conductivity, dissolved oxygen, 

chloride, chlorophyll, and turbidity, using a Xylem YSI ProDSS sonde.  

A Van Dorn Water Sampler was used to collect grab samples, with a single sample at 1 meter at 

stations 1 and 2, composite samples of the top 3 meters at stations 3, 4, and 5, and samples just off 

the bottom at stations 4 and 5 on each of the seven dates. Water samples were tested at the UCONN 

Center of Environmental Science and Engineering (CESE) laboratory in Storrs, CT for forms of 

nitrogen and phosphorus. Phytoplankton samples were collected as whole water samples (part of 

the near surface water quality samples), preserved with glutaraldehyde and analyzed 

microscopically by Water Resource Services. Sediment samples were collected with an Ekman 

dredge at stations 4 and 5 on June 13th, and analyzed by IEH Analytical Laboratories in Seattle, 

WA  

Flow data were obtained from USGS site 01189995, Farmington River in Tariffville, CT, 2.67 

miles upstream of Rainbow Reservoir. Weather data were obtained from Windsor Locks, Bradley 

International Airport station. Additional data were obtained from CT DEEP and FRWA programs. 

Figure 6. Rainbow Reservoir sampling stations for this investigation. 
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Results  

Review of Data from Other Sources 

Precipitation and Flow 

The weather pattern over the period of study was rather unusual, indicative of the high variability 

induced by ongoing climate change. Precipitation in spring 2021 was near normal while summer 

2021 precipitation was well above average (Table 2). Drier conditions prevailed from May through 

July 2022, with above average precipitation in August and September. In 2023 precipitation was 

close to average in May, well below average in June, and set a high record in July. Precipitation 

was slightly above average in August 2023 but was again very high in September. In 2024, 

precipitation was close to average in May, somewhat below average in June, slightly higher than 

average in July and August, and extremely low in September. Precipitation in any month is not 

expected to closely track the long-term average, but rainfall during the June-September period 

during which sampling occurred has varied substantially among years; 2021 and 2023 were very 

wet years while 2022 and 2024 were close to average overall but with strong variability among 

months and some potential for low flushing rates that foster blooms, as seen in 2022. High flows 

minimize the probability of blooms but result in water level management by Farmington River 

Power Company, a subsidiary of Stanley Black & Decker, Inc., for operating hydropower turbines. 

Table 2. Precipitation in the Rainbow Reservoir area (from Bradley Airport). 

  

 

The USGS 01189995 Farmington River at Tariffville site is 2.67 mi upstream from Station 1 on 

Rainbow Reservoir at latitude 41.908278, longitude -72.759361. While not all flow entering 

Rainbow Reservoir is captured at this site, it is a reasonable surrogate for flow into the reservoir. 

Flow at the dam is managed for hydropower generation and may not represent natural upstream 

flows. 

The Farmington River at the USGS gauge in Tariffville, CT, typically has lower flows in the range 

of 150-400 cfs during the months of July to October. In 2024, flow remained above 450 cfs, with 

a maximum of 2950 cfs in August (Figure 7). This would be expected to minimize bloom 

probability. Flows declined in September with reduced precipitation but a drawdown maintained 

short detention time in the reservoir. 

Month

Long-term 

Average 2021 2022 2023 2024

May 3.3 4.9 2.9 3.0 3.2

June 3.9 2.6 2.6 1.3 2.8

July 3.2 10.1 2.7 13.9 4.8

August 3.2 7.0 5.1 3.9 4.9

September 3.6 7.5 6.1 12.2 0.7

Precipitation in Inches
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Figure 7. Daily Discharge at USGS gauge, Farmington River at Tariffville January -

September 2024 

 

Water Quality 

Available water quality data for the reservoir include measurements reported in Trophic 

Classification of 49 Lake, CT DEP 1991, where the trophic classification of Rainbow Reservoir is 

listed as eutrophic. Total phosphorus, organic nitrogen, NH4, NOX and total nitrogen were 

measured (Figure 8). CT DEEP sampled chemical properties in 2019 and 2020 (Tables A-12 to A-

35). In general, phosphorus and nitrogen concentrations are high, alkalinity is moderate, and water 

clarity is low. Oxygen is low only occasionally near the bottom in the deepest part of the reservoir. 

While reports of cyanobacteria appear to be more recent, Rainbow Reservoir has suffered from 

excessive fertilization and related productivity for many years. 

It is possible that some blooms in the past have not been reported, but it seems more likely that 

cyanobacterial abundance has increased as a function of climate change. This is partly a function 

of higher temperatures which favor cyanobacteria but also an issue of more variable flow, with 

lower flows decreasing flushing time and allowing blooms to develop within the reservoir. A 

detailed review of historic temperature data and flow rates for Rainbow Reservoir is beyond the 

scope of this investigation, but similar evaluations for other reservoirs have indicated such a trend 

for both temperature and flushing rates. 
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Figure 8. Historic Rainbow Reservoir Data DEP 1991, 

 

Biological Data 

CT DEEP fisheries data include electrofishing data from 1989, 1992, 1998, and 2014 (Tables A-5 

to A-6) and numbers of anadromous fish passing through the Rainbow fishway from 1976-2021 

(Table A-7). There are many species of fish in Rainbow Reservoir, and it hosts spawning areas for 

multiple anadromous species. The high fertility has generally been considered favorable for fish 

production, but with the advent of more frequent cyanobacteria blooms, this attitude may shift. 

CT DEEP issued a warning in July 2019, based on data that included a sample at Camp Shalom 

beach with results of 59,389 total algal cells/mL, 56,862 of which were cyanobacteria (all 

Microcystis sp., a potentially toxic form). This sample result suggests moderate probability of 

adverse health effects according to the World Health Organization Recreational Guidance of 

20,001-100,000 cells/mL, but no toxicity test results were available. 

Available biological data generated by the FRWA include bacterial and macroinvertebrate 

assessments. FRWA site FR-EG1 is the closest site upstream Rainbow Reservoir, located 1.6 miles 

upstream from station 1. FR-EG1 is at the Farmington River in East Granby on Spoonville Rd at 

the Rt. 187 Bridge. This site has been monitored for E.coli and temperature from 2007 to 2024, 

excluding 2008-2010 and 2020. The Recreational Geometric Mean for designated swimming, non-
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designated swimming, and all other contact recreational uses is less than 126/100 mL. FR-EG1 

geometric means are typically above 126/100 mL although not by much, except for 2011 at 

365/100 mL and 2018 at 293/100 mL. Results from 2013, 2015, 2019, 2023, and 2024 indicated 

lower values with ranges of 74-78/100 mL (Table A-9.)  

Macroinvertebrate data from upstream tributaries covers Salmon Brook in East Granby, East 

Branch Salmon Brook and West Branch Salmon Brook in Granby, plus Hop Brook in Simsbury. 

All macroinvertebrate data were collected using the CT DEEP Riffle Bioassessment for Volunteers 

(RBV) protocol. The protocol aims to assess high-quality waters by monitoring with a target of 

four or more most sensitive species. Salmon Brook has been monitored with most collections 

containing 4 or more sensitive species, indicating high quality water. East Branch Salmon Brook 

was monitored with only two collections, containing less than four sensitive species. West Branch 

Salmon Brook has been monitored with six years having four or more sensitive species. Hop Brook 

was monitored, and both collections had less than four sensitive species (Table A-8). There is 

clearly a range of water quality in tributaries to the Farmington River. 

Wastewater 

The permitted wastewater discharges upstream of the reservoir are of concern in overall river water 

quality and possible impacts on the reservoir. The Farmington River receives over 35 million 

gallons per day of treated wastewater from 9 publicly owned sewage treatment plants, with MDC 

Windsor located downstream Rainbow Reservoir (Table 3). Nitrogen and phosphorus limits with 

sampling frequency (Tables A-36 to A-44) suggest high quantities of nutrients in most discharges. 

Phosphorus limits are <1 mg/L for the Plainville, Bristol and Plymouth facilities, but are in excess 

of 2 mg/L in the other facilities and some have no limit at all. While the removal of phosphorus 

from the three treatment facilities with relatively low phosphorus discharge concentration limits is 

in line with best practical technology, the concentrations are still too high to avoid productivity 

issues in slow moving water and dilution is an essential component of minimizing impacts.  

Table 3. NPDES Permit designed flow rates and secondary treatments.  
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2024 Data 

Thermal and Oxygen Regimes from 2024 Data  

Rainbow Reservoir can stratify to some extent in a “dry” year but did not in 2024, owing to the 

high flows in the Farmington River. While there is a slight thermal gradient on some sampling 

dates (Figure 9, showing the greatest top to bottom differential observed, with other profiles in 

Figures A-1 through A-35), the reservoir was relatively well mixed throughout the sampling period 

and oxygen depletion was not observed near the bottom at any station. As P can be released from 

sediment exposed to low oxygen, the continued presence of oxygen is expected to have limited 

such release. The potential for such release would exist during periods of low oxygen (<2 mg/L in 

the overlying water) in low flow years but not in 2024. Actual release will depend on the severity 

and duration of low oxygen episodes and the amount of available P in the surficial sediments (see 

Sediment Features section). There was some potential for stratification and oxygen loss in 

September 2024, but sampling only extended through September 13th. 

The maintenance of mixed conditions and at least moderate oxygen levels during 2024 is one of 

the benefits of elevated flow. Internal loading of P (and N) will be minimized and any development 

of cyanobacteria at the sediment-water interface with synchronous rise to form blooms will be 

retarded. The general lack of a low flow period during the 2024 sampling program limits our ability 

to assess what might have happened in terms of thermal stratification, oxygen regime, and internal 

P loading. Similar conditions prevailed in 2021 and 2023 and there were no cyanobacteria blooms 

in either year. Lower flows and less flushing in 2022 appear to have allowed a cyanobacteria bloom 

to form in August of that year. 

Figure 9. Temperature and Oxygen Profile Example from Rainbow Reservoir on 7/11/2024 
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Nutrient Status  

Nitrate Nitrogen 

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 over the sampling period (Figure 10) were never <0.3 mg/L on 

the 2024 sampling dates and were lower only rarely during other years of sampling. Most values 

were below 0.6 mg/L. NOx was rarely low enough to favor cyanobacteria during the 2024 

sampling program. 

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 over 

the sampling period (Figure 11) were always <0.3 mg/L and usually <0.1 mg/L for 2024 samples. 

 

Figure 10. NOX-N Over Space and Time in Rainbow Reservoir in 2024 
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Figure 11. NH4-N over space and time in Rainbow Reservoir in 2024 

                    

 

 

 

 

 

 

 

 

 

 

 

 

Total Kjeldahl Nitrogen 

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 over the 2024 sampling 

period (Figure 12) were >0.5 mg/L in only 3 of 35 samples. 

Figure 12. Total Kjeldahl Nitrogen over space and time in Rainbow Reservoir in 2024 
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Total Nitrogen 

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 2024 sampling period (Figure 13) were between 0.6 and 1.0 mg/L. Overall, 

nitrogen was not excessive in Rainbow Reservoir in 2024, but concentrations were mostly 

moderate and there was ample nitrate for non-cyanobacteria algae to flourish. 

Based on the flows into Rainbow Reservoir on sampling dates in 2024 and the corresponding total 

nitrogen concentrations at station 1, the daily load to the reservoir ranged from 717 kg/day to 2136 

kg/day (Figure 14). The daily load increased with greater precipitation in August. 

Figure 13. Total Nitrogen over space and time in Rainbow Reservoir in 2024 

 

 

Figure 14. Total Nitrogen input at Station 1 over time in 2024 
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Total Dissolved Phosphorus 

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. 

Concentrations of DP <10 ug/L are low while concentrations >20 ug/L are high, a fairly narrow 

range. Concentrations of DP at the five stations within Rainbow Reservoir over the sampling 

period (Figure 15) were routinely high, often very high, with most values exceeding 30 ug/L (0.03 

mg/L) except in June 2024. This suggests a large source of readily available P for algae growth. 

Figure 15. Dissolved Phosphorus over space and time in Rainbow Reservoir in 2024 

 

Total Phosphorus 

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 ug/L is considered low while values 

>25 ug/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. 

Concentrations of TP at the five stations within Rainbow Reservoir over the sampling period 

(Figure 16) were primarily >40 ug/L except in early June. Once TP exceeds 100 ug/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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Figure 16. Total Phosphorus over space and time in Rainbow Reservoir in 2024 

                

Based on the flows into Rainbow Reservoir on sampling dates in 2024 and the corresponding TP 

concentrations at station 1, the daily load to the reservoir ranged from 72 kg/day to 545 kg/day 

(Figure 17). Except for the high load on July 25th, TP loading averaged around 145 kg/day. 

Figure 17. Total Phosphorus input at Station 1 over time in 2024 

                

TN:TP ratios for Rainbow Reservoir (Table 7) ranged from 10.5:1 to 24.5:1 and station averages 

ranged from 13.8:1 to 15.6:1, mostly considered moderate values. Ratios <10:1 tend to favor 

cyanobacteria while ratios >20:1 tend to favor other algae, especially green algae (Chlorophyta). 

There is no clear temporal pattern for the ratios, suggesting that the nature of inflows determine 

ratios in the reservoir. There is also no spatial pattern for the surface samples from the five reservoir 

stations; ratio values do not routinely increase or decrease as water passes through the reservoir in 

2024. However, the values for the bottom stations within the reservoir (4B and 5B) are among the 
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lowest observed and suggest that there may be some influence from P released from sediment at 

those deeper stations. 

Table 4. Ratios of TN:TP in Rainbow Reservoir over time in 2024 

 

 

Conductivity/Total Dissolved Solids 

Conductivity is the ability of water to conduct electricity, which is largely dependent on the 

quantity of charged solids dissolved in that water. While the relationship between conductivity and 

total dissolved solids (TDS) varies somewhat among water sources and with increasing 

concentration of TDS, in southern New England over the range of values typically found here, 

TDS in mg/L is about two thirds of conductivity as uS/cm. Conductivity values <100 uS/cm are 

considered low while values >500 uS/cm are considered high. Additions of agricultural or urban 

runoff and wastewater discharges raise conductivity. Salt used on roads also increases conductivity 

significantly and accumulation of previously applied salt in groundwater can raise conductivity for 

many years. While higher conductivity is generally undesirable for most uses, higher conductivity 

(or TDS) does not have strong meaning without some analysis of the solids causing elevated 

values. 

Conductivity in Rainbow Reservoir (Figure 18) varied between 120 and 240 uS/cm in 2024, all in 

the moderate range. There was very little variation over space on any date except for August 8th, 

which experienced a minor increase, and June 27th and August 22nd which experienced a minor 

decrease. There is no temporal pattern to the data, suggesting that inflows to the reservoir are 

controlling conductivity levels. 
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Figure 18. Average Conductivity over space and time in Rainbow Reservoir in 2024 

 

Turbidity/Secchi Transparency 

Water clarity is a major feature of water with distinct implications for various uses. Clarity is a 

function of light penetration, which is reduced by higher concentrations of suspended particles, 

which can include algae or suspended non-living particles of organic or inorganic origin. Turbidity 

is a measure of light transmission through a sample and is related to particle concentration, 

although the relationship depends on the size distribution of particles. Smaller particles impart 

greater turbidity than the same mass of larger particles as a function of the probability of light 

hitting a particle and being scattered.  

Turbidity (Figure 19), and Secchi transparency (Figure 20) in Rainbow Reservoir exhibited a 

substantial range but generally suggest low to moderate clarity as a function of non-algal particles 

in the water column. Chlorophyll-a was monitored in 2024 (Figure 21), and results showed some 

high values, but clarity did not generally correspond to chlorophyll level. Algae samples showed 

that elevated chlorophyll and low clarity were not a result of algae in general or cyanobacteria 

more specifically, suggesting that suspended sediment, organic or inorganic, is more likely to have 

controlled clarity. Algae blooms in past summers produced higher chlorophyll-a values and were 

likely a stronger influence in water clarity, but the high flows and flushing during the 2024 

sampling season limited that effect.  

Water clarity did change spatially over the five reservoir stations, but not to any extreme or with 

any consistent trend. Sometimes clarity increased, a phenomenon expected as particles settle out 

in the slower flowing reservoir water, but clarity also increased on several dates, suggesting either 

additional particulate inputs between the stations or high variability in Farmington River features, 

a strong possibility with the fluctuating weather patterns of summer 2024. 
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Figure 19. Average Turbidity over space and time in Rainbow Reservoir in 2024 

 

 

Figure 20. Secchi Depth over space and time in Rainbow Reservoir in 2024 
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Figure 21: Chlorophyll over space and time in Rainbow Reservoir in 2024 

 

 

 

 

 

 

 

 

 

 

Sediment Features 

Soft sediment, or substrate that is more water than solids and can be penetrated easily with a rod 

or even the viewing camera on a cable, tends to be dominated by organic matter and often contains 

substantial amounts of P that can be released back into the overlying water. Coarser materials like 

sand and gravel almost always contain less P overall and certainly less available P. Examination 

of Rainbow Reservoir in 2021 revealed no soft sediment in the vicinity station 1. Sand and gravel 

graded into organic muck at around 2.5 m (8.3 ft) of water depth, although there was some variation 

and the range of water depths for the sand to muck “edge” was 1.6 to 3.8 m (5.3 to 12.5 ft). Given 

the bathymetry of Rainbow Reservoir, the approximate edge of the muck layer delineates an area 

of 105 acres (Figure 22). Based on a reservoir area of 225 acres, this represents 47% of the total 

reservoir area at full pool elevation and suggests a substantial area on which low oxygen could act 

to release P into the overlying waters. 

Five sediment samples were collected at the monitoring stations (Figure 6) in 2021 and tested for 

solids content, specific gravity, and various phosphorus fractions, with results provided in the 

report for 2021 sampling. It was apparent that the sediment at stations 4 and 5 is most conducive 

to P release and samples from R4 and R5 were retested in 2024 (Table 5).  

The testing included sequential extractions to quantify fractions of the phosphorus pool. The 

ammonium chloride (NH4Cl) extract captures the loosely sorbed phosphorus, which is mostly 

dissolved P in the porewater of the sediment. This fraction tends to be a negligible component of 

sediment P (<20 mg/kg) and that was the case for all Rainbow Reservoir sediment samples. The 

Fe-bound P fraction is what is most readily released under anoxia and can be large. A portion of 

the organic fraction, often linked to Fe as well, can also be released, albeit more slowly than the 

pure Fe-P. Different labs analyzed the samples from 2021 and 2024, and the concentrations of Fe- 

P and biogenic P varied substantially among years and labs, but the sum of the concentrations for 

these two most available fractions were comparable.  
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Table 5. Sediment features at two sample stations in Rainbow Reservoir in 2024 

 

 

For R4, the 2021 sediment P deemed “available” was 470 mg/kg while for R5 the 2021 that 

quantity was 535 mg/kg. For the 2024 samples, the corresponding values were 436 and 629 mg/kg 

(Fe-P + biogenic P from Table 5). While the concentrations in sediment offer insights, a conversion 

to actual P mass that can become available is needed to fully understand the potential for internal 

loading to support algae blooms. Using the solids content, specific gravity, and available sediment 

P, the mass of P in a 10 cm surficial sediment layer can be calculated (Table 6). For the 2021 

samples, the values for R4 and R5 were 16.0 and 12.1 g P/m2. For the 2024 samples, the 

Figure 22. Portion of Rainbow Reservoir with organic substrate. 
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corresponding values are 12.2 and 14.2 g P/m2. All these values are large and considering the range 

of possible values, these are all fairly similar.  

From the 2021 sediment data, it was concluded that the total amount of P that might be released in 

the area associated with R4 and R5 could not be higher than about 400 kg over the course of the 

summer. The same analysis with 2024 data suggests that about 350 kg of P might be released. 

Compared to the watershed input, which averaged 165 kg/day during the summers of 2021 and 

2024, this is a minor part of the total P load to Rainbow Reservoir. Summer internal loading might 

be significant under summer drought conditions with much lower watershed inputs, as occurred in 

2022, but on a regular basis the load of P from the sediment to Rainbow Reservoir is a minor 

component of the total P load. 

Table 6. Available sediment phosphorus in Rainbow Reservoir in 2024 

 

 

Phytoplankton 

Phytoplankton samples were collected on each of the water quality sampling dates from all five 

stations in 2021, from all five stations during the cyanobacteria bloom of August 2022, and from 

stations R4 and R5 on all sampling dates in 2023 and 2024. Samples were analyzed 

microscopically to quantify the types of algae present in the water column. Phytoplankton 

composition and biomass for 2021 revealed generally low algal biomass and almost no 

cyanobacteria at any time. The bloom in 2022 was dominated by Microcystis with several other 

potential toxin-producing cyanobacteria present, but the overall biomass in open water samples 

was not high. Windblown shoreline accumulations, not sampled but quite visible in August 2022, 

would have exhibited much higher biomass. Algae results for 2023 included some elevated 

biomass values, but only when diatoms were dominant and with very few cyanobacteria 

represented in samples. Cyanobacteria dominated on July 27, 2023, but overall algal biomass was 

low. 

Phytoplankton in 2024 (Figure 23) included mainly diatoms early on, followed by co-dominance 

of diatoms and green algae, then with a shift to dominance by dinoflagellates, and eventually a 

Lake or Area R4 R5

Mean Available Sediment P (mg/kg DW)  (uses BD Fe-P + NaOH Fe-P) 436 629

Target Depth of Sediment to be Treated (cm) 10 10

Volume of Sediment to be Treated per m2 (m3) 0.100 0.100

Specific Gravity of Sediment 1.21 1.13

Percent Solids (as a fraction) 0.23 0.20

Mass of Sediment to be Treated (kg/m2) 27.9 22.6

Mass of P to be Treated (g/m2) 12.17 14.23

Target Area (ac) 55.0 14.0

Target Area (m2) 221774 56452

Total mass of available P in upper 10 cm in area (kg) 2700 803

Probable P release at 10% of available P in upper 10 cm (kg) 270 80

2023
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shift back to co-dominance by diatoms and green algae. Biomass was sometimes high, with 

peaks during June and August, but with very few cyanobacteria present at any time in 2024. The 

influence of flow and detention time on phytoplankton composition and biomass is apparent.  

Figure 23. Phytoplankton biomass in Rainbow Reservoir in 2024 

 

Water Level and Flows 

FRWA is additionally interested in the flows and retention rates due to Rainbow Dam. Flushing 

rates can have an impact on blooms, and also the water flows are a concern for other factors such 

as fish habitat below the Reservoir. High flows and the September drawdown induces variation. 

The differences between stations 4 and 5 is not overly striking on most dates, but differences 

between dates are substantial in some cases. Flushing is a major force in Rainbow Reservoir. 

Due to unpredictable and unreported releases from Rainbow Dam and the flow impairment 

downstream on the Farmington River, FRWA deployed Onset HOBO U20L Water Level 

loggers, both in water, and in air, at Cat Connection in Windsor, approximately 2,200 feet 

downstream from Rainbow Dam, to record water level every hour. The loggers measured 

pressure and temperature from April 25th, 2024, to September 16th, 2024. A reference depth for 

the logger deployed in the water was measured in decimal feet during deployment and retrieval. 

The logger deployed in the air was hung on a tree approximately 15 feet from the deployed 

subsurface logger to record barometric air pressure every hour. Data recorded by the logger in 

water was processed through the HOBOware Software with reference depth measurements and 

barometric pressure dataset to convert hourly pressure readings to hourly water level depth in 

feet. Hourly water level measurements were compared to the USGS Tariffville gauge, 

approximately 5 miles upstream Rainbow Dam. FRWA staff also measured width, average 

depth, and velocity measurements five times from July 15th 2024 to September 16th, 2024 at Cat 

Connection. Water discharge at this location was calculated and compared to the USGS 

Tariffville gauge water discharge data with a velocity correction of 0.8 (Table 7). Unfortunately, 

due to unpredictable high flow releases by the dam, all five instances of measurements had to be 

planned during minimal dam releases for staff safety and resulted in similar discharge 
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measurements. This did not allow us to accurately compare flows downstream to upstream 

during a release.  

Water level over summer months shows regular dam releases and increased releases associated 

with precipitation events (Figure 25). Comparison of the USGS gage upstream the reservoir in 

Tariffville to the water level logger downstream the reservoir at Cat Connection did not relevel 

anything significant other than regular releases during low precipitation and increased releases 

during increased precipitation (Figure 26).  

Table 7: Flow Measurements Downstream Rainbow Reservoir (CFS) 

Date Time AVG Depth 
(ft) 

Width  
(ft) 

Corrected Velocity 
(ft/s) 

Downstream Rainbow Dam 
CFS 

USGS Tariffville 
Gage CFS 

7/15/24 11:30am 1.3 140.0 1.3 237.3 587.0 
8/5/24 12:15pm 1.5 135.9 1.1 238.0 993.0 

8/26/24 12:00pm 1.2 130.0 1.2 195.4 685.0 
9/9/24 12:30pm 1.3 128.7 1.1 175.6 447.0 

9/16/24 12:00pm 1.2 128.6 1.0 149.7 294.0 
 

In order to address FRWA’s other concerns regarding dam releases and its effect upon aquatic 

life, FRWA reached out to National Oceanic and Atmospheric Administrations (NOAA). Bill 

McDavitt at NOAA calculated a ramping rate of 0.6 cm/min from our water level dataset, 

determining the rates are too large for juvenile fish and larvae to survive. It is recommended that 

the loggers be reprogrammed to record data every 15 minutes as opposed to every hour to collect 

more data for ramping rates.  

The logger deployed in water was not in the midchannel due to safety concerns associated with 

dam releases and is reflected in the water level data collected as it is not as deep as the 

midchannel. 

To support water level logger data, three Reconyx Hyperfire 2 wildlife cameras were installed at 

Camp Shalom (approximately 1.5 miles upstream of Rainbow Dam on the reservoir), Cat 

Connection, and Strawberry Hills Open Space (approximately 2 miles downstream Rainbow 

Dam). All cameras were set to take a full channel picture every hour, allowing us to document 

visual changes in water depth over time, and facilitating comparison among camera locations. 

Photos documented fluctuations in water level over time associated with dam releases, and the 

drawdown of the dam in September. FRWA uploaded hourly pictures to the USGS Flow Photo 

Explorer.  

A significant drawdown of the reservoir occurred, starting on September 3rd and ending on 

September 6th, with the lowest water level on September 4th. This was documented in the water 

level data and camera photos and verified by staff in the field during the drawdown (Figure 24).  
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Figure 24: Photos of September Drawdown. Left: 9/2/2024 12:00pm, Right: 9/4/2024 12:00 PM 
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Figure 25. Water Level Over Time Downstream Rainbow Reservoir 

 

Figure 26. USGS Tariffville vs Downstream Rainbow Reservoir Water Level Over Time 
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Evaluation and Management Needs 

Cyanobacteria Blooms 

The primary concern that prompted this study and the programs in 2021, 2023 and 2024 is the 

occurrence of potentially toxic cyanobacteria blooms in Rainbow Reservoir, threatening use by 

the public and possibly ecological functions. Neither year was an ideal time for such a study, given 

higher than average flows and a lack of distinct cyanobacteria blooms, but data were collected in 

association with a bloom in summer 2022, and considerable data provide insights into how 

conditions in Rainbow Reservoir interact to foster cyanobacteria blooms. 

Cyanobacteria blooms form by one of three main mechanisms: 

1. Growth from some small seed population in the upper waters, requiring adequate P and light 

and a long enough detention time (two weeks or more) to allow bloom development by growth 

processes. Almost any cyanobacterium could form a bloom by this mechanism and the limiting 

factor in Rainbow Reservoir is likely to be the flushing rate, as average detention time is listed 

as only about 1 day by the CT DEEP. Nutrients are adequate to support blooms and the N to P 

ratio is low enough to favor cyanobacteria some of the time. Blooms would be most likely 

during droughts when detention time increases. 

2. Growth near the thermocline, utilizing P released from sediment below but with enough light 

to allow development of an algal layer that can then be mixed or actively rise to the surface by 

forming gas bubbles within cells. Planktothrix, Planktolyngbya, and Pseudanabaena are 

examples of cyanobacteria that bloom by this mechanism. There does not appear to be a stable 

thermocline in Rainbow Reservoir from all available data, but it is possible that temporary 

stratification covering an area of up to 25 acres in the downstream end of the reservoir might 

support this growth mode in dry summers. Yet it seems unlikely that this growth mode could 

produce enough cyanobacteria to cause a widespread problem in Rainbow Reservoir and the 

species that commonly bloom by this mode are not common in this waterbody. 

3. Growth at the sediment-water interface, utilizing P released from sediment before it gets into 

the water column, but with enough light to allow growth, with a synchronous rise of cell 

aggregates by formation of gas bubbles within cells to form surface blooms. The need for light 

will limit such growth to the portion of the reservoir with water depth of <3 times the average 

summer Secchi depth, or about 6 m for Rainbow Reservoir. The portion of the reservoir with 

a substantial P-rich, organic sediment base, is about 70 acres, but adequate light limits the 

likely supporting area to about 45 acres or 20% of the reservoir. Microcystis, Dolichospermum 

(formerly Anabaena), Aphanizomenon, and Woronichinia (formerly Coelosphaerium) are the 

most common cyanobacteria that bloom by this mechanism and the first three have been 

involved in recent blooms. This growth mode may be restricted to the downstream portion of 

the reservoir but could be a factor in observed blooms, especially with windblown 

accumulation along shorelines. 

Some combination of mechanisms 1 and 3 are likely to produce observed blooms in Rainbow 

Reservoir, but in light of past and present hydrology, nutrient concentrations, and algae reports, it 

seems that bloom formation in Rainbow Reservoir may be most limited by flushing rate. The 
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typical low flow range during summer is 150 to 400 cfs, suggesting a detention time of no more 

than 9 days. In 2021 and 2023 the median summer flow was close to 1000 cfs, yielding a detention 

time of 1.3 days, close to the long-term average listed by CT DEEP for the entire year. During 

drought conditions, as in part of 2022, detention time can increase to nearly two weeks, fostering 

bloom development from excessive concentrations of nutrients in the water column as a function 

of inputs from the Farmington River. During the 2024 sampling period the measured flow was 

never <400 cfs, although a very dry September lead to lower flows later that month, after sampling 

was completed, and sampling in September was conducted after the early September drawdown 

Growth at the sediment-water interface and rise in the water column would be favored by lower 

flows associated with drought conditions, allowing for oxygen loss and P release that supports 

cyanobacteria growth, but drought conditions are not a regular occurrence in the Rainbow 

Reservoir watershed. Oxygen was never depleted at any measurement point during 2024 and 

cyanobacteria were uncommon in plankton samples. Drought conditions are increasing in 

frequency with climate change and may be largely responsible for the increased frequency of 

cyanobacteria blooms in recent years but are a transient phenomenon in this system and were not 

a significant influence during the 2024 sampling period. 

In addition to the effect of climate change on drought (and flood) frequency, the accompanying 

increase in temperature also favors cyanobacteria. Algae have seasonal periodicity related to food 

storage products, with cyanobacteria metabolizing reserves best at higher temperatures (>25 oC). 

Diatoms and golden algae prefer colder temperatures (<20 oC), leading to dominance from late fall 

through early spring in most aquatic habitats. Green algae are intermediate, tending to follow the 

diatoms and goldens in the spring as the water warms and giving way to cyanobacteria later in 

summer when water temperature is maximum. In a system like the Farmington River, temperatures 

tend to be colder, and with short detention time in Rainbow Reservoir, temperatures often do not 

favor cyanobacteria. In 2024 the average temperature of the water column never exceeded 25oC 

and was above 25oC only at the reservoir surface on July 11, 2024. Temperatures >25 oC were 

recorded in some recent lower flow years by CT DEEP and FRWA, suggesting that during periods 

of lower flow the reservoir may heat up fairly quickly and become a more favorable habitat for 

cyanobacteria. But as with low flows, this is a transient condition in Rainbow Reservoir and was 

not a factor in 2024. 

The contribution of P from sediment to the water column concentration appears inconsequential; 

the maximum conceivable summer load is no higher than the inputs from the Farmington River 

over several days. In a drier summer the relative contribution could be higher but is unlikely to 

ever exceed 10% of the total P load to the reservoir. However, there is potential for certain 

cyanobacteria to grow at the sediment-water interface from P available from the sediment then 

synchronously rise to form a bloom in surface waters. With the typical summer detention time of 

just a few days, such blooms would be very short-lived and unlikely to represent a major threat to 

human use of the reservoir. However, with drought conditions such a cyanobacteria bloom could 

linger and even intensify with the high availability of P in the water column.  

The ratio of N to P is lowest near the bottom of the reservoir, favoring cyanobacteria developing 

at the sediment-water interface, although the deepest part of the reservoir may not supply adequate 
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light. The moderate concentration of nitrate in the water column will not favor cyanobacteria but 

will not strongly favor other algae and if cyanobacteria rise from the sediment there could be 

ongoing growth with high available P in surface waters. Flushing remains the most likely overall 

control on bloom formation in Rainbow Reservoir, but with lower flows the potential for 

cyanobacteria bloom formation increases.  

Possible Control Options 

As discussed in the report of the 2021 and 2023 studies, direct control of cyanobacteria is possible 

with flushing or algaecides, removing the algae from the system. High flushing is the normal 

condition in Rainbow Reservoir, but when watershed flows decline to the point where detention is 

high enough that a bloom could develop in the reservoir, it is because there is not enough water 

entering the reservoir. Providing additional water will be very difficult. More water could be 

released from upstream waterbodies, but under the kind of drought conditions that could 

sufficiently limit flushing of Rainbow Reservoir it is unlikely that such releases would be 

acceptable to those managing those upstream waterbodies. The only practical alternative would be 

to discharge more water from Rainbow Reservoir. This is done in anticipation of flood events, was 

fairly common in 2021 and 2023, and could also be done when flushing is too low, albeit with a 

drop in water level that could restrict access and enjoyment of the reservoir. Such an approach 

would only work for a short time unless a very large drawdown is acceptable, and even then, the 

bloom might be sent downstream with possible impacts in other locations, so this approach is not 

ideal. 

Control by algaecides is only likely to be needed sporadically, probably no more than once per 

year, and the low cost of algaecides may be attractive. Proper use requires tracking of the algae 

assemblage, however, which is best done on a weekly basis and necessitates some additional 

expense for monitoring. Ongoing vigilance and rapid response when a problem appears imminent 

would be needed.  

Most algaecides are based on copper or peroxide as the active ingredient and treatment of 

waterbodies with most algaecides is restricted by permit to half the waterbody. Peroxides work 

well on most cyanobacteria and have fewer non-target impacts. Peroxides would be recommended 

for Rainbow Reservoir, given the many life forms in or downstream of the reservoir that could be 

affected by copper. It is possible to apply a pelletized peroxide formulation that would sink to the 

bottom and attack the cyanobacterial colonies growing at the sediment-water interface. It has not 

been determined that this is the primary mode of bloom formation in Rainbow Reservoir, but if 

that is the case such a treatment could be conducted over the roughly 45 acres of area that appear 

suitable for such cyanobacteria growth at a reasonable cost and could prevent surface blooms from 

forming. 

Direct control is less desirable than prevention, whereby conditions are altered to minimize the 

probability of a bloom. Decreasing light penetration by the addition of dyes is one option, but with 

the short detention time in Rainbow Reservoir, even under extreme drought, the dye would travel 

downstream and may raise permitting issues as well as cost concerns for maintaining adequate dye 
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concentrations. Lowering P concentrations is the logical target of preventive effort intended to 

minimize algae blooms in general and cyanobacteria blooms in particular. 

In order to reduce P concentrations in Rainbow Reservoir it will be necessary to reduce the amount 

of P entering from the Farmington River. The concentration of TP in the incoming Farmington 

River water in 2021-2024 samples was mostly between 40 and 100 ug/L, enough to support algae 

blooms, although particulate P may settle out if the detention time is long enough. Yet the portion 

of TP that was readily available (dissolved P) was substantial, with concentrations mostly between 

20 and 60 ug/L in samples from 2021-2024. While the ratio of N to P is not consistently low 

enough to suggest that cyanobacteria will be favored, there is enough available P to support algae 

blooms if other factors, mostly notably flushing rate and light, are not limiting. 

The daily load from upstream flows and data for P at station 1 in 2021, 2023 and 2024 indicate P 

input ranging from 72 to 511 kg/day with an average of about 160 kg/day. Lower values might be 

expected during drought conditions, although inputs from the wastewater treatment facilities 

upstream will keep the concentration from declining too much with less watershed runoff. In order 

to have an inflow TP concentration of <20 ug/L, a value that should minimize cyanobacteria 

abundance, the TP load from the watershed would need to be lowered to no more than 63.4 kg/day. 

From the average wet summer loading from 2021 and 2023, that would be more than a 60% 

decrease. For anticipated drier summer inputs of about 100 kg/day, that represents a 37% decrease. 

Decreases in non-point source watershed loading of more than about 20% are very difficult to 

accomplish and usually require multiple years to bring to fruition. 

A decrease in P loading will require addressing both point sources and non-point sources in the 

Farmington River watershed. A detailed assessment of loading is beyond the scope of this 

assessment, but data for wastewater treatment facilities should be available and sampling of key 

tributaries is advised to assess whether there are “hotspots” of P input in the watershed that can be 

prioritized to establish a plan for P loading reductions. The primary sources are direct discharges 

from wastewater treatment facilities, many of which have high or no permit limits on the 

concentration of P discharged, agricultural lands which produce P-rich runoff and have been 

historically difficult to regulate, and urban land that contributes P-laden stormwater runoff.  

It may be possible to select representative tributaries to sample based on land use in their drainage 

areas, then sample to determine if there are features of those drainage areas that make high P 

concentrations more or less likely. Stormwater drainage systems and best management practices 

are likely critical factors for non-point sources, while the level of treatment and size of discharge 

are the primary issues for point sources. At least some of the communities draining to the 

Farmington River are subject to Municipal Separate Storm Sewer System regulations, making 

towns responsible for input reductions, and such a study may help determine the most effective 

actions to take. 

One option for at least interim control that could be effective is to treat the incoming Farmington 

River water. Addition of a P binder such as aluminum can inactivate much of the incoming P and 

make it unavailable to algae. Many aluminum compounds act as coagulants, enhancing the settling 

of particles as well as extracting bioavailable P from the water column. A dosing station would be 
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needed, consisting of a storage tank for aluminum product (most likely polyaluminum chloride), a 

discharge header that injects the aluminum product, and a pump system to move the aluminum 

product from the tanks to the discharge point. A discharge location somewhere near Rt 187 would 

be advantageous, but anywhere in the upper portion of the reservoir could work. Several dosing 

systems operate in Massachusetts, and many have been in use in Florida for many years, but this 

would be a new approach in Connecticut. 

The water in Rainbow Reservoir would be less fertile and much clearer with a P inactivation 

system in place. Given the rapid flushing rate and infrequent algae problems, the system would 

not have to run all the time. Rather, inactivation would occur just during low flow periods to 

minimize the probability of algae blooms. Such inactivation systems have been very effective at 

reducing cyanobacteria blooms, tending to shift the N to P ratio in a way that favors other algae 

even if P levels are still high enough to support elevated algae abundance. But in many cases algae 

problems can be eliminated. The settling of the aluminum to the bottom would also provide some 

inactivation of surficial sediment, limiting future recycling of P from those sediments. 

Summary and Recommendations 

Data collected from past studies have indicated elevated nutrient concentrations in Rainbow 

Reservoir, but the very short detention time has minimized algal blooms in general and 

cyanobacteria in particular. More recently there have been cyanobacteria blooms, but there is no 

clear indication of an increase in nutrient loading. Increased temperature, which favors 

cyanobacteria over other algae, and lowered inflows that increase detention time are likely factors 

in the increase in cyanobacteria and are logically related to climate change.  

Sampling in 2021 through 2024 revealed high concentrations of P and generally moderate but 

sometimes low ratios of N to P that favor cyanobacteria. However, 2021 and 2023 exhibited very 

wet summers and detention time was very short; algae concentrations were generally low and very 

few cyanobacteria were detected. Clarity was low to moderate but was mostly a function of non-

algal particles suspended in the water column, a function of watershed runoff during an abnormally 

wet season. Drought conditions in summer 2022 raised water temperatures and increased detention 

time; there was a cyanobacteria bloom in August. While there was a very dry period in September 

of 2024, it was after a significant drawdown of the reservoir, thus flushing the water, and most of 

the sampling period in 2024 had near normal precipitation and flows, such that low flows were not 

observed and flushing was adequate to prevent cyanobacteria blooms. 

Low oxygen conditions that favor release of P from surficial sediments are not common in 

Rainbow Reservoir but are possible under low flows and increased detention time. The reservoir 

is not known to strongly stratify and was well mixed from top to bottom on all sampling dates in 

2021 and 2023, with a slight gradient in August 2022. Mixing was again substantial throughout 

the 2024 sampling period and no low oxygen readings were obtained. Testing of sediment in 2021, 

2023, and 2024 revealed substantial amounts of available sediment P, but the maximum estimated 

release rate suggests a contribution of only a very small portion of the annual P load to Rainbow 

Reservoir. Inputs of P from the Farmington River control P concentration in Rainbow Reservoir 

most of the time. 
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Despite the relatively small contribution of sediment P to the overall P load to Rainbow Reservoir, 

it is possible that cyanobacteria can grow at the sediment-water interface where oxygen is low but 

adequate light penetrates to the bottom to allow growth. Those bottom originating cyanobacteria 

can form gas pockets within cells and rise in the water column to form surface blooms. An area of 

about 45 acres of Rainbow Reservoir provides suitable conditions for such cyanobacteria growth, 

all in the lower portion of the reservoir, mostly between water depths of 10 and 20 feet. Low 

detention time will limit such blooms, but during drought conditions it is possible that 

cyanobacteria blooms could be initiated by this mechanism. The observed bloom forming 

cyanobacteria are all species known to initiate growth at the sediment-water interface. Once 

cyanobacteria rise in the water column, nutrients are more than sufficient to allow growth, and 

wind is likely to cause excessive shoreline accumulations. However, detention time is too short to 

allow such bloom development except under prolonged dry conditions.  

Direct control of cyanobacteria is routinely offered through rapid flushing in Rainbow Reservoir, 

but when such flushing is inadequate, the use of algaecides may be justified. Application of a 

pelletized peroxide formulation could kill any growing colonies of cyanobacteria at the sediment-

water interface and prevent blooms. Knowing when to apply such an algaecide is difficult to state 

clearly, given a limited record of blooms, but detention time may allow blooms to develop by that 

mechanism when flows drop below about 200 cfs. It is possible that windblown cyanobacteria 

accumulations could present a hazard at somewhat higher flows, so a higher flow threshold might 

be considered. Application to water between 10 and 20 feet deep where organic sediment is 

dominant (45 acres in the lower part of the reservoir) would be recommended if this preventive 

approach is pursued. 

Use of peroxide as an algaecide should present minimal threat to non-target organisms in Rainbow 

Reservoir as long as treatment does not occur during fish spawning, as the eggs may be susceptible. 

Blooms have been a summer phenomenon, however, a time at which fish spawning should be 

negligible in this system. If blooms are rare, this is a cost-effective approach but does not attack 

the true cause of the problem. As an interim measure to minimize threats to human users and 

waterbody ecology, peroxide application may be useful and acceptable, but reduction in P 

concentration in Rainbow Reservoir is the preferred long-term approach to improving conditions 

in the reservoir. 

All available data indicate that P concentration in Rainbow Reservoir is a function of incoming P 

concentrations in the Farmington River. P inactivation near Rt 187 could lower P in the incoming 

water sufficiently to minimize the potential for any algal blooms in the reservoir. Use of aluminum 

compounds has been effective in other systems and has minimized cyanobacteria in the receiving 

waterbodies. As flushing is normally adequate to prevent blooms, inactivation would only be 

necessary during times of low flow, so this could be a practical means to improve reservoir 

conditions. However, it would be preferable to manage P at or near the sources, providing benefits 

throughout the Farmington River system while limiting algal blooms in the reservoir. P sources in 

the watershed include point sources (9 wastewater treatment facilities, 8 of which are upstream 

Rainbow Reservoir) and non-point sources (mainly developed and agricultural land) and a multi-

pronged approach will be needed over an extended period of time to reduce P loading. 
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The primary need at this stage is a more complete understanding of P loading throughout the 

watershed and comparison of drainage areas for features that lead to more or less P input. Data 

from the wastewater treatment facilities should be available to allow assessment of corresponding 

contributions. Data for various tributaries should be collected to facilitate an analysis of relative 

contributions from different sub-basins of the Farmington River system. The study should be 

designed to allow relative contributions from different drainage areas with known features to be 

quantified. Characteristics such as % urban (with sub-groups, possibly based on level of 

impervious surface) and % agricultural land (with sub-categories like row and cover crops, 

concentrated feeding areas, and pastureland) should be considered when choosing target tributaries 

and sampling points to provide maximum insight. Sampling should include pre-storm, early storm, 

and late storm assessment to facilitate evaluation of the role of diffuse runoff vs permitted 

discharges and aid consideration of options for P loading reduction (e.g., loading vs precipitation 

curves, needed detention capacity or other BMP needs).  

Analysis of loading suggests that at least a 37% decrease in P loading is needed to minimize 

cyanobacteria bloom potential in Rainbow Reservoir, and a loading decrease closer to 60% may 

be needed. Further refinement of that estimate is needed based on more data for P loading from 

the watershed, but it may be infeasible to reduce P loading sufficiently to avoid the need for in-

lake pre-emptive actions like algaecides or P inactivation. 
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Table A- 1. Phytoplankton cell counts for Rainbow Reservoir in 2024. 

 

 

* = potentially toxic PHYTOPLANKTON DENSITY (CELLS/ML) 

** = likely toxic

# = taste and odor producer Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow

R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5

TAXON 06/13/24 0613/24 06/27/24 06/27/24 07/11/24 07/11/24 07/25/24 07/25/24 08/08/24 08/08/24 08/22/24 08/22/24 09/13/24 09/13/24

BACILLARIOPHYTA

Centric Diatoms

Aulacoseira # 15570 16349 330 558 1515 960 88 201 35 48 58 43 986 1344

Stephanodiscus # 0 0 0 0 0 0 99 71 138 113 86 86 0 0

Araphid Pennate Diatoms

Asterionella  # 0 0 176 186 81 61 0 0 0 0 0 0 0 0

Colonial Fragilaria/related taxa # 0 0 0 0 0 0 0 295 0 242 0 0 121 0

Single Fragilaria/Synedra 0 0 66 47 20 20 11 24 0 0 0 0 17 0

Monoraphid Pennate Diatoms

Achnanthidium/related taxa 0 0 0 0 0 0 22 0 0 0 43 29 0 0

Cocconeis 0 0 0 0 0 0 0 0 0 0 0 14 0 0

Biraphid Pennate Diatoms

Amphora # 0 0 0 0 0 0 0 0 0 0 14 0 0 0

Cymbella/related taxa 0 0 0 0 0 0 0 0 0 0 14 0 0 0

Gomphonema/related taxa # 0 0 0 0 0 0 0 0 0 0 14 0 0 0

Navicula/related taxa 17 0 11 0 10 0 0 12 17 48 43 43 0 14

Nitzschia # 0 0 33 19 0 30 88 94 0 0 0 0 138 57

CHLOROPHYTA

Flagellated Chlorophytes

Chlamydomonas # 0 0 0 0 0 0 0 0 0 0 0 0 1522 472

Eudorina 0 0 792 446 81 162 0 0 138 0 0 0 0 0

Gonium 0 0 0 0 0 0 0 0 0 0 0 0 830 343

Pandorina 0 0 0 74 0 0 0 94 138 0 0 0 138 0

Coccoid/Colonial Chlorophytes

Actinastrum 0 0 0 0 485 242 0 0 0 0 0 0 138 343

Ankistrodesmus 0 0 0 0 81 40 0 0 0 0 29 0 35 29

Coelastrum 0 0 0 0 0 0 264 189 0 0 0 0 0 0

Golenkinia 0 0 0 0 0 0 22 0 0 0 0 0 0 0

Kirchneriella 0 0 0 0 0 0 44 0 0 0 0 0 0 0

Micractinium 0 0 0 0 162 182 0 0 0 0 0 0 138 0

Oocystis 0 0 0 0 0 0 0 47 0 0 0 0 0 0

Pediastrum # 0 0 0 0 242 162 0 0 0 64 0 0 415 0

Scenedesmus # 0 0 0 0 81 40 88 47 69 0 0 58 208 172

Schroederia/Ankyra 0 0 0 0 0 0 11 24 0 0 0 14 0 0

Filamentous Chlorophytes

Stichococcus 0 0 0 0 495 364 0 24 52 32 58 86 208 57

Desmids

CHRYSOPHYTA

Flagellated Classic Chrysophytes

Dinobryon # 0 0 66 47 0 0 0 0 0 0 0 0 0 0

Mallomonas # 17 17 0 9 0 0 11 0 0 0 0 0 0 14

Other Flagellated Goldens 0 0 0 0 0 0 0 0 0 0 29 29 0 0

Non-Motile Classic Chrysophytes

Haptophytes

Tribophytes/Eustigmatophytes

Centritractus 0 0 0 0 20 0 0 0 0 0 0 0 0 0

Raphidophytes

CRYPTOPHYTA

Cryptomonas # 17 52 0 0 0 0 0 35 0 0 0 0 0 0

CYANOPHYTA

Unicellular and Colonial Forms

Merismopedia * # 0 0 0 0 646 0 0 0 1107 1288 0 0 0 0

Filamentous Nitrogen Fixers

Aphanizomenon ** # 0 0 0 0 0 0 0 0 0 0 0 288 0 0

Dolichospermum ** # 104 0 0 0 0 0 0 0 0 0 288 0 0 0

Filamentous Non-Nitrogen Fixers

Planktolyngbya 0 0 0 0 0 0 0 0 0 0 288 576 0 0

Pseudanabaena/Komvophoron * # 0 0 0 0 1414 1717 0 0 0 0 720 720 0 0

 

EUGLENOPHYTA

Trachelomonas 0 0 22 19 0 0 11 0 0 0 0 0 0 0

PYRRHOPHYTA

Ceratium # 0 0 0 5 20 10 11 47 329 97 14 14 0 0

Peridinium # 0 0 0 0 0 0 11 0 0 0 0 0 0 0
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Table A- 2. Phytoplankton cell counts for Rainbow Reservoir in 2024 (continued). 

 

 

 

  

Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow

R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5

TAXON 06/13/24 0613/24 06/27/24 06/27/24 07/11/24 07/11/24 07/25/24 07/25/24 08/08/24 08/08/24 08/22/24 08/22/24 09/13/24 09/13/24

DENSITY (CELLS/ML) SUMMARY

BACILLARIOPHYTA 15587.3 16348.5 616 809.1 1626.1 1070.6 308 696.2 190.3 450.8 273.6 216 1262.9 1415.7

   Centric Diatoms 15570 16348.5 330 558 1515 959.5 187 271.4 173 161 144 129.6 986.1 1344.2

   Araphid Pennate Diatoms 0 0 242 232.5 101 80.8 11 318.6 0 241.5 0 0 138.4 0

   Monoraphid Pennate Diatoms 0 0 0 0 0 0 22 0 0 0 43.2 43.2 0 0

   Biraphid Pennate Diatoms 17.3 0 44 18.6 10.1 30.3 88 106.2 17.3 48.3 86.4 43.2 138.4 71.5

CHLOROPHYTA 0 0 792 520.8 1626.1 1191.8 429 424.8 397.9 96.6 86.4 158.4 3633 1415.7

   Flagellated Chlorophytes 0 0 792 520.8 80.8 161.6 0 94.4 276.8 0 0 0 2491.2 815.1

   Coccoid/Colonial Chlorophytes 0 0 0 0 1050.4 666.6 429 306.8 69.2 64.4 28.8 72 934.2 543.4

   Filamentous Chlorophytes 0 0 0 0 494.9 363.6 0 23.6 51.9 32.2 57.6 86.4 207.6 57.2

   Desmids 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CHRYSOPHYTA 17.3 17.3 66 55.8 20.2 0 11 0 0 0 28.8 28.8 0 14.3

   Flagellated Classic Chrysophytes 17.3 17.3 66 55.8 0 0 11 0 0 0 28.8 28.8 0 14.3

   Non-Motile Classic Chrysophytes 0 0 0 0 0 0 0 0 0 0 0 0 0 0

   Haptophytes 0 0 0 0 0 0 0 0 0 0 0 0 0 0

   Tribophytes/Eustigmatophytes 0 0 0 0 20.2 0 0 0 0 0 0 0 0 0

   Raphidophytes 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CRYPTOPHYTA 17.3 51.9 0 0 0 0 0 35.4 0 0 0 0 0 0

CYANOPHYTA 103.8 0 0 0 2060.4 1717 0 0 1107.2 1288 1296 1584 0 0

   Unicellular and Colonial Forms 0 0 0 0 646.4 0 0 0 1107.2 1288 0 0 0 0

   Filamentous Nitrogen Fixers 103.8 0 0 0 0 0 0 0 0 0 288 288 0 0

   Filamentous Non-Nitrogen Fixers 0 0 0 0 1414 1717 0 0 0 0 1008 1296 0 0

EUGLENOPHYTA 0 0 22 18.6 0 0 11 0 0 0 0 0 0 0

PYRRHOPHYTA 0 0 0 4.65 20.2 10.1 22 47.2 328.7 96.6 14.4 14.4 0 0

TOTAL 15725.7 16417.7 1496 1408.95 5353 3989.5 781 1203.6 2024.1 1932 1699.2 2001.6 4895.9 2845.7

CELL DIVERSITY 0.03 0.01 0.60 0.67 0.86 0.75 0.91 0.98 0.65 0.53 0.80 0.77 0.87 0.69

CELL EVENNESS 0.04 0.03 0.66 0.67 0.73 0.67 0.79 0.86 0.68 0.58 0.69 0.69 0.79 0.69

NUMBER OF TAXA

BACILLARIOPHYTA 2 1 5 4 4 4 5 6 3 4 7 5 4 3

   Centric Diatoms 1 1 1 1 1 1 2 2 2 2 2 2 1 1

   Araphid Pennate Diatoms 0 0 2 2 2 2 1 2 0 1 0 0 2 0

   Monoraphid Pennate Diatoms 0 0 0 0 0 0 1 0 0 0 1 2 0 0

   Biraphid Pennate Diatoms 1 0 2 1 1 1 1 2 1 1 4 1 1 2

CHLOROPHYTA 0 0 1 2 7 7 5 6 4 2 2 3 9 6

   Flagellated Chlorophytes 0 0 1 2 1 1 0 1 2 0 0 0 3 2

   Coccoid/Colonial Chlorophytes 0 0 0 0 5 5 5 4 1 1 1 2 5 3

   Filamentous Chlorophytes 0 0 0 0 1 1 0 1 1 1 1 1 1 1

   Desmids 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CHRYSOPHYTA 1 1 1 2 1 0 1 0 0 0 1 1 0 1

   Flagellated Classic Chrysophytes 1 1 1 2 0 0 1 0 0 0 1 1 0 1

   Non-Motile Classic Chrysophytes 0 0 0 0 0 0 0 0 0 0 0 0 0 0

   Haptophytes 0 0 0 0 0 0 0 0 0 0 0 0 0 0

   Tribophytes/Eustigmatophytes 0 0 0 0 1 0 0 0 0 0 0 0 0 0

   Raphidophytes 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CRYPTOPHYTA 1 1 0 0 0 0 0 1 0 0 0 0 0 0

CYANOPHYTA 1 0 0 0 2 1 0 0 1 1 3 3 0 0

   Unicellular and Colonial Forms 0 0 0 0 1 0 0 0 1 1 0 0 0 0

   Filamentous Nitrogen Fixers 1 0 0 0 0 0 0 0 0 0 1 1 0 0

   Filamentous Non-Nitrogen Fixers 0 0 0 0 1 1 0 0 0 0 2 2 0 0

EUGLENOPHYTA 0 0 1 1 0 0 1 0 0 0 0 0 0 0

PYRRHOPHYTA 0 0 0 1 1 1 2 1 1 1 1 1 0 0

TOTAL 5 3 8 10 15 13 14 14 9 8 14 13 13 10
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Table A- 3. Phytoplankton biomass for Rainbow Reservoir in 2024. 

 

  

PHYTOPLANKTON BIOMASS (UG/L) PHYTOPLANKTON BIOMASS (UG/L) 

Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow

R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5

TAXON 06/13/24 0613/24 06/27/24 06/27/24 07/11/24 07/11/24 07/25/24 07/25/24 08/08/24 08/08/24 08/22/24 08/22/24 09/13/24 09/13/24

BACILLARIOPHYTA

Centric Diatoms

Aulacoseira # 4671.0 4904.6 445.5 558.0 1515.0 1030.2 26.4 60.2 10.4 14.5 17.3 13.0 1022.4 1424.3

Stephanodiscus # 0.0 0.0 0.0 0.0 0.0 0.0 89.1 63.7 179.9 127.2 112.3 112.3 0.0 0.0

Araphid Pennate Diatoms

Asterionella  # 0.0 0.0 35.2 37.2 16.2 12.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Colonial Fragilaria/related taxa # 0.0 0.0 0.0 0.0 0.0 0.0 0.0 88.5 0.0 72.5 0.0 0.0 36.3 0.0

Single Fragilaria/Synedra 0.0 0.0 211.2 171.1 88.9 88.9 88.0 188.8 0.0 0.0 0.0 0.0 138.4 0.0

Monoraphid Pennate Diatoms

Achnanthidium/related taxa 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0 0.0 4.3 2.9 0.0 0.0

Cocconeis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.8 0.0 0.0

Biraphid Pennate Diatoms

Amphora # 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.2 0.0 0.0 0.0

Cymbella/related taxa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.4 0.0 0.0 0.0

Gomphonema/related taxa # 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.4 0.0 0.0 0.0

Navicula/related taxa 8.7 0.0 5.5 0.0 5.1 0.0 0.0 5.9 86.5 24.2 21.6 21.6 0.0 7.2

Nitzschia # 0.0 0.0 26.4 14.9 0.0 24.2 70.4 75.5 0.0 0.0 0.0 0.0 110.7 45.8

CHLOROPHYTA

Flagellated Chlorophytes

Chlamydomonas # 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 245.7 103.0

Eudorina 0.0 0.0 316.8 178.6 32.3 64.6 0.0 0.0 55.4 0.0 0.0 0.0 0.0 0.0

Gonium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 207.6 85.8

Pandorina 0.0 0.0 0.0 7.4 0.0 0.0 0.0 9.4 13.8 0.0 0.0 0.0 13.8 0.0

Coccoid/Colonial Chlorophytes

Actinastrum 0.0 0.0 0.0 0.0 48.5 24.2 0.0 0.0 0.0 0.0 0.0 0.0 13.8 34.3

Ankistrodesmus 0.0 0.0 0.0 0.0 8.1 4.0 0.0 0.0 0.0 0.0 2.9 0.0 3.5 2.9

Coelastrum 0.0 0.0 0.0 0.0 0.0 0.0 52.8 37.8 0.0 0.0 0.0 0.0 0.0 0.0

Golenkinia 0.0 0.0 0.0 0.0 0.0 0.0 15.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Kirchneriella 0.0 0.0 0.0 0.0 0.0 0.0 4.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Micractinium 0.0 0.0 0.0 0.0 484.8 545.4 0.0 0.0 0.0 0.0 0.0 0.0 415.2 0.0

Oocystis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.9 0.0 0.0 0.0 0.0 0.0 0.0

Pediastrum # 0.0 0.0 0.0 0.0 48.5 32.3 0.0 0.0 0.0 12.9 0.0 0.0 83.0 0.0

Scenedesmus # 0.0 0.0 0.0 0.0 8.1 4.0 70.4 4.7 6.9 0.0 0.0 5.8 20.8 17.2

Schroederia/Ankyra 0.0 0.0 0.0 0.0 0.0 0.0 27.5 59.0 0.0 0.0 0.0 36.0 0.0 0.0

Filamentous Chlorophytes

Stichococcus 0.0 0.0 0.0 0.0 791.8 581.8 0.0 37.8 83.0 51.5 92.2 138.2 332.2 91.5

Desmids

CHRYSOPHYTA

Flagellated Classic Chrysophytes

Dinobryon # 0.0 0.0 198.0 139.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Mallomonas # 8.7 8.7 0.0 4.7 0.0 0.0 5.5 0.0 0.0 0.0 0.0 0.0 0.0 7.2

Other Flagellated Goldens 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 37.4 37.4 0.0 0.0

Non-Motile Classic Chrysophytes

Haptophytes

Tribophytes/Eustigmatophytes

Centritractus 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Raphidophytes

CRYPTOPHYTA

Cryptomonas # 27.7 34.6 0.0 0.0 0.0 0.0 0.0 7.1 0.0 0.0 0.0 0.0 0.0 0.0

CYANOPHYTA

Unicellular and Colonial Forms

Merismopedia * # 0.0 0.0 0.0 0.0 6.5 0.0 0.0 0.0 11.1 12.9 0.0 0.0 0.0 0.0

Filamentous Nitrogen Fixers

Aphanizomenon ** # 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 37.4 0.0 0.0

Dolichospermum ** # 20.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 57.6 0.0 0.0 0.0

Filamentous Non-Nitrogen Fixers

Planktolyngbya 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9 5.8 0.0 0.0

Pseudanabaena/Komvophoron * # 0.0 0.0 0.0 0.0 14.1 17.2 0.0 0.0 0.0 0.0 7.2 7.2 0.0 0.0

EUGLENOPHYTA

Trachelomonas 0.0 0.0 22.0 18.6 0.0 0.0 11.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PYRRHOPHYTA

Ceratium # 0.0 0.0 0.0 80.9 351.5 175.7 191.4 821.3 5719.4 1680.8 250.6 250.6 0.0 0.0

Peridinium # 0.0 0.0 0.0 0.0 0.0 0.0 23.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table A- 4. Phytoplankton biomass for Rainbow Reservoir in 2024 (continued). 

  

 

 

Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow Rainbow

R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5

TAXON 06/13/24 0613/24 06/27/24 06/27/24 07/11/24 07/11/24 07/25/24 07/25/24 08/08/24 08/08/24 08/22/24 08/22/24 09/13/24 09/13/24

DENSITY (UG/L) SUMMARY

BACILLARIOPHYTA 4679.7 4904.6 723.8 781.2 1625.1 1155.4 276.1 482.6 276.8 238.3 204.5 155.5 1307.9 1477.2

   Centric Diatoms 4671.0 4904.6 445.5 558.0 1515.0 1030.2 115.5 123.9 190.3 141.7 129.6 125.3 1022.4 1424.3

   Araphid Pennate Diatoms 0.0 0.0 246.4 208.3 105.0 101.0 88.0 277.3 0.0 72.5 0.0 0.0 174.7 0.0

   Monoraphid Pennate Diatoms 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0 0.0 4.3 8.6 0.0 0.0

   Biraphid Pennate Diatoms 8.7 0.0 31.9 14.9 5.1 24.2 70.4 81.4 86.5 24.2 70.6 21.6 110.7 52.9

CHLOROPHYTA 0.0 0.0 316.8 186.0 1422.1 1256.4 170.5 167.6 159.2 64.4 95.0 180.0 1335.6 334.6

   Flagellated Chlorophytes 0.0 0.0 316.8 186.0 32.3 64.6 0.0 9.4 69.2 0.0 0.0 0.0 467.1 188.8

   Coccoid/Colonial Chlorophytes 0.0 0.0 0.0 0.0 597.9 610.0 170.5 120.4 6.9 12.9 2.9 41.8 536.3 54.3

   Filamentous Chlorophytes 0.0 0.0 0.0 0.0 791.8 581.8 0.0 37.8 83.0 51.5 92.2 138.2 332.2 91.5

   Desmids 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CHRYSOPHYTA 8.7 8.7 198.0 144.2 3.0 0.0 5.5 0.0 0.0 0.0 37.4 37.4 0.0 7.2

   Flagellated Classic Chrysophytes 8.7 8.7 198.0 144.2 0.0 0.0 5.5 0.0 0.0 0.0 37.4 37.4 0.0 7.2

   Non-Motile Classic Chrysophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

   Haptophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

   Tribophytes/Eustigmatophytes 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

   Raphidophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CRYPTOPHYTA 27.7 34.6 0.0 0.0 0.0 0.0 0.0 7.1 0.0 0.0 0.0 0.0 0.0 0.0

CYANOPHYTA 20.8 0.0 0.0 0.0 20.6 17.2 0.0 0.0 11.1 12.9 67.7 50.4 0.0 0.0

   Unicellular and Colonial Forms 0.0 0.0 0.0 0.0 6.5 0.0 0.0 0.0 11.1 12.9 0.0 0.0 0.0 0.0

   Filamentous Nitrogen Fixers 20.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 57.6 37.4 0.0 0.0

   Filamentous Non-Nitrogen Fixers 0.0 0.0 0.0 0.0 14.1 17.2 0.0 0.0 0.0 0.0 10.1 13.0 0.0 0.0

EUGLENOPHYTA 0.0 0.0 22.0 18.6 0.0 0.0 11.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PYRRHOPHYTA 0.0 0.0 0.0 80.9 351.5 175.7 214.5 821.3 5719.4 1680.8 250.6 250.6 0.0 0.0

TOTAL 4736.7 4947.8 1260.6 1210.9 3422.3 2604.8 677.6 1478.5 6166.4 1996.4 655.2 673.9 2643.4 1819.0

BIOMASS DIVERSITY 0.04 0.02 0.69 0.71 0.68 0.71 0.94 0.71 0.16 0.30 0.84 0.80 0.82 0.40

BIOMASS EVENNESS 0.06 0.05 0.76 0.71 0.58 0.64 0.82 0.62 0.17 0.33 0.73 0.72 0.74 0.40

R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5 R4 R5

06/13/24 06/13/24 06/27/24 06/27/24 07/11/24 07/11/24 07/25/24 07/25/24 08/08/24 08/08/24 08/22/24 08/22/24 09/13/24 09/13/24

DENSITY (UG/L) SUMMARY

BACILLARIOPHYTA 4680 4905 724 781 1625 1155 276 483 277 238 204 156 1308 1477

CHLOROPHYTA 0 0 317 186 1422 1256 171 168 159 64 95 180 1336 335

CHRYSOPHYTA 9 9 198 144 3 0 6 0 0 0 37 37 0 7

CRYPTOPHYTA 28 35 0 0 0 0 0 7 0 0 0 0 0 0

CYANOPHYTA 21 0 0 0 21 17 0 0 11 13 68 50 0 0

EUGLENOPHYTA 0 0 22 19 0 0 11 0 0 0 0 0 0 0

PYRRHOPHYTA 0 0 0 81 351 176 215 821 5719 1681 251 251 0 0
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Table. A- 5 CT DEEP Electrofishing Data. 

 

 

Table A- 6. CT DEEP Electrofishing Data (continued). 
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Table A- 7. Numbers of anadromous fish passed, Rainbow fishway, 1976-2021. 
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Table A- 8. Macroinvertebrate data from upstream tributaries. 
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Table A- 9. Site FR-EG1 E.coli Geometric mean MPN/100mL 2007-2024. 

 

 

Table A- 10. Site FR-EG1 Temperature Averages 2007-2024. 

 

 

 

Table A- 11. Rainbow Reservoir Temperature Average per Sampling Day and Overall, in 2024. 
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Table A- 12. Rainbow Reservoir chemical data from CT DEEP 7/9/19-7/10/19. 
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Table A- 13. Rainbow Reservoir chemical data from CT DEEP 8/15/19. 
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Table A- 14. Rainbow Reservoir chemical data from CT DEEP 8/15/19 (continued). 
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Table A- 15. Rainbow Reservoir chemical data from CT DEEP 8/15/19 (continued). 
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Table A- 16. Rainbow Reservoir chemical data from CT DEEP 8/15/19 (continued). 
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Table A- 17. Rainbow Reservoir chemical data from CT DEEP 8/15/19 (continued). 
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Table A- 18. Rainbow Reservoir chemical data from CT DEEP 9/21/19. 
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Table A- 19. Rainbow Reservoir chemical data from CT DEEP 9/21/19 (continued). 
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Table A- 20. Rainbow Reservoir chemical data from CT DEEP 9/24/19. 

 



55 
 

 

Table A- 21. Rainbow Reservoir chemical data from CT DEEP 9/24/19 (continued). 
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Table A- 22. Rainbow Reservoir chemical data from CT DEEP 11/16/19-11/17/19. 
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Table A- 23. Rainbow Reservoir chemical data from CT DEEP 11/16/19-11/17/19 (continued). 
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Table A- 24. Rainbow Reservoir chemical data from CT DEEP 6/26/20. 
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Table A- 25. Rainbow Reservoir chemical data from CT DEEP 6/26/20 (continued). 
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Table A- 26. Rainbow Reservoir chemical data from CT DEEP 6/26/20 (continued). 
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Table A- 27. Rainbow Reservoir chemical data from CT DEEP 6/26/20 (continued). 
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Table A- 28. Rainbow Reservoir chemical data from CT DEEP 7/21/20. 
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Table A- 29. Rainbow Reservoir chemical data from CT DEEP 7/21/20 (continued). 
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Table A- 30. Rainbow Reservoir chemical data from CT DEEP 8/26/20. 
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Table A- 31. Rainbow Reservoir chemical data from CT DEEP 8/26/20 (continued). 
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Table A- 32. Rainbow Reservoir chemical data from CT DEEP 9/23/20. 
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Table A- 33. Rainbow Reservoir chemical data from CT DEEP 9/23/20 (continued). 
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Table A- 34. Rainbow Reservoir chemical data from CT DEEP 10/15/20. 
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Table A- 35. Rainbow Reservoir chemical data from CT DEEP 10/15/20 (continued). 
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Table A- 36. CT DEEP Municipal NPDES Permit for MDC, Windsor. Nitrogen and Phosphorus Limits 

 

Table A- 37. CT DEEP NPDES Permit Farmington WPCA. Nitrogen and Phosphorus Limits 
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Table A- 38. CT DEEP NPDES Permit for Plainville. Nitrogen and Phosphorus Limits 
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Table A- 39. CT DEEP NPDES Permit for Bristol. Nitrogen and Phosphorus Limits 
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Table A- 40. CT DEEP Municipal NPDES Draft Permit for Plymouth. Nitrogen and Phosphorus Limits 

 

 

Table A- 41. CT DEEP NPDES Permit for Simsbury. Nitrogen and Phosphorus Limits 
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Table A- 42. CT DEEP Municipal NPDES Permit for Canton. Nitrogen and Phosphorus Limits 
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Table A- 43. CT DEEP NPDES Permit for New Hartford. Nitrogen and Phosphorus Limits 
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Table A- 44. CT DEEP Municipal NPDES Permit for Winchester. Nitrogen and Phosphorus Limits 
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Figure A- 1. Temperature and Oxygen profile at Station 1 

on 6/13/2024. 

     

 

 

Figure A- 2. Temperature and Oxygen profile at Station 1 

on 6/27/2024. 
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Figure A- 3. Temperature and Oxygen profile at Station 1 

on 7/11/2024. 

 

 

 

 

Figure A- 4. Temperature and Oxygen profile at Station 1 

on 7/25/2024. 
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Figure A- 5. Temperature and Oxygen profile at Station 1 

on 8/8/2024. 

 

 

 

 

Figure A- 6. Temperature and Oxygen profile at Station 1 

on 8/22/2024. 
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Figure A- 7. Temperature and Oxygen profile at Station 1 

on 9/13/2024. 

 

 

 

Figure A- 8. Temperature and Oxygen profile at Station 2 

on 6/13/2024. 
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Figure A- 9. Temperature and Oxygen profile at Station 2 

on 6/27/2024. 

 

 

 

 

Figure A- 10. Temperature and Oxygen profile at Station 2 

on 7/11/2024. 
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Figure A- 11. Temperature and Oxygen profile at Station 2 

on 7/25/2024 

 

 

 

 

Figure A- 12. Temperature and Oxygen profile at Station 2 

on 8/8/2024. 
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Figure A- 13. Temperature and Oxygen profile at Station 2 

on 8/22/2024. 

 

 

 

 

Figure A- 14. Temperature and Oxygen profile at Station 2 

on 9/13/2024. 
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Figure A- 15. Temperature and Oxygen profile at Station 3 

on 6/13/2024. 

 

 

 

 

Figure A- 16. Temperature and Oxygen profile at Station 3 

on 6/27/2024. 
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Figure A- 17. Temperature and Oxygen profile at Station 3 

on 7/11/2024. 

 

 

 

 

 

 

Figure A- 18. Temperature and Oxygen profile at Station 3 

on 7/25/2024. 
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Figure A- 19. Temperature and Oxygen profile at Station 3 

on 8/8/2024. 

 

 

 

 

Figure A- 20. Temperature and Oxygen profile at Station 3 

on 8/22/2024. 
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Figure A- 21. Temperature and Oxygen profile at Station 3 

on 9/13/2024. 

 

 

 

 

Figure A- 22. Temperature and Oxygen profile at Station 4 

on 6/13/2024. 
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Figure A- 23. Temperature and Oxygen profile at Station 4 

on 6/27/2024. 

 

 

 

 

Figure A- 24. Temperature and Oxygen profile at Station 4 

on 7/11/2024. 
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Figure A- 25. Temperature and Oxygen profile at Station 4 

on 7/25/2024. 

 

 

 

 

 

Figure A- 26. Temperature and Oxygen profile at Station 4 

on 8/8/2024. 
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Figure A- 27. Temperature and Oxygen profile at Station 4 

on 8/22/2024. 

 

 

 

 

Figure A- 28. Temperature and Oxygen profile at Station 4 

on 9/13/2024. 
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Figure A- 29. Temperature and Oxygen profile at Station 5 

on 6/13/2024. 

 

 

 

 

Figure A- 30. Temperature and Oxygen profile at Station 5 

on 6/27/2024 
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Figure A- 31. Temperature and Oxygen profile at Station 5 

on 7/11/2024. 

 

 

 

 

Figure A- 32. Temperature and Oxygen profile at Station 5 

on 7/25/2024. 
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Figure A- 33. Temperature and Oxygen profile at Station 5 

on 8/8/2024. 

 

 

 

 

Figure A- 34. Temperature and Oxygen profile at Station 5 

on 8/22/2024. 
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Figure A- 35. Temperature and Oxygen profile at Station 5 

on 9/13/2024. 

 


