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1 Introduction 

Cardno now Stantec (Cardno) was contracted by HDR Engineering Inc. (HDR) to complete water quality 
monitoring associated with the Constantine Hydroelectric Reservoir (Constantine Hydro) within the St. 
Joseph River, St. Joseph County, Michigan. HDR is the prime contractor to American Electric Power 
(AEP) who owns and operates the Constantine Hydro facilities and regulated under State and Federal 
authorities. Specifically, Constantine Hydro is regulated under Federal Energy Regulatory Commission 
(FERC) Number 10661. Water quality monitoring completed in 2022 investigated temperature and 
dissolved oxygen (DO) at discrete locations within the reservoir, upstream of the reservoir and 
downstream of the reservoir. The goal of the 2022 monitoring was to assess temperature and DO 
conditions as they relate to incoming, impounded, and downstream water quality conditions. The 
measured conditions are analyzed in relation to established water quality standards for the St. Joseph 
River. To document current water quality conditions, continuous and discrete monitoring was completed 
by Cardno staff from May 5 - November 1, 2022. This report describes the methods used for water 
temperature and DO measurements, results of the monitoring and a discussion of measured conditions in 
relation to water quality standards for the St. Joseph River. Figure 1-1 provides a general location map of 
the Constantine Hydro project area. Table 1-1 displays the water quality standards for the St. Joseph 
River.     
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Figure 1-1. Constantine Hydro project location map, St. Joseph River, St. Joseph County, 
Michigan.   
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Table 1-1. Water standards for the St. Joseph River, Michigan.  

Parameter Standard 

pH 
The pH shall be maintained within the range of 6.5 to 9.0 S.U. in all surface waters of 
the state, except for those waters where the background pH lies outside the range of 

6.5 to 9.0 S.U.  

Dissolved Oxygen A minimum of 5 milligrams per liter (mg/L) of dissolved oxygen shall be maintained. 

Water Temperature 

Rivers, streams, and impoundments naturally capable of supporting warmwater fish 
shall not receive a heat load which would warm the receiving water at the edge of the 

mixing zone more than 5 degrees Fahrenheit (°F) above the existing natural water 
temperature.  

Rivers, streams, and impoundments naturally capable of supporting warmwater fish 
shall not receive a heat load which would warm the receiving water at the edge of the 

mixing zone to temperatures greater than the following monthly temperatures: 

January 50 °F 

February 50 °F 

March 55 °F 

April 65 °F 

May 75 °F 

June 85 °F 

July 85 °F 

August 85 °F 

September 85 °F 

October 70 °F 

November 60 °F 

December 56 °F 
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2 Assessment Methodology 

2022 water quality methods and locations were partially developed from potential issues observed during 
the previous continuous monitoring effort in 2019. Techniques or adjustments applied to the 2022 
monitoring included: installing sondes within the central portion of channels to reduce impacts from low 
water levels, completing data download/maintenance visits approximately biweekly during monitoring 
period and setting data loggers to record measurements at 15-minute intervals vs 1-hour intervals.   

2.1 Continuous Temperature and Dissolved Oxygen Monitoring 

Continuous temperature and DO monitoring sondes were installed by HDR and Cardno staff at seven 
locations associated with the Constantine Hydro project area on May 5, 2022. Data sondes used were 
calibrated Onset® HOBO U26 DO/temperature loggers and were set to record DO and water temperature 
at 15-minute intervals from May 5 through November 1, 2022. Two sondes were installed at each of the 
monitoring locations to provide a primary and secondary device. At each location, sondes were 
suspended in the middle portion of the water column on a steel cable attached to various stationary 
objects (bridge piling, buoys, overhanging tree, etc.). Regular maintenance and data download visits were 
completed during the monitoring period. Maintenance visits were completed during nine events and 
occurred on May 20th, June 6th and 24th, July 15th, August 5th and 23rd, September 9th, October 14th, and 
November 1st. During maintenance/data download visits each sonde was brought to the surface, data 
downloaded, antifouling caps cleaned, and mounting hardware (cables, etc.) inspected for wear and 
replaced as necessary. A couple of the steel wires needed to be replaced during the sampling period due 
to corrosion of the cables. As discussed in more detail in Section 3, a couple of HOBO loggers 
experienced measurement issues in the final seven weeks of the monitoring period. Loggers CON-DSR 
1A and CON-BYRU 2B went defective on 9/10/2022 until 11/1/2022, CON-IMP 2B had sporadic 
measurement issues from 10/4/2022 until 11/1/2022 and CON-DSR 2B had measurement issues from 
10/24/2022 until 11/1/2022. A description of each monitoring location is provided in Table 2-1. Figures 2-1 
and 2-2 show the location of the seven continuous monitoring sites.  

Table 2-1. Constantine Hydro 2022 continuous temperature and DO monitoring location 
descriptions.  

Site ID Description Latitude Longitude 

CON-PC 
Upstream extent of Power Canal, suspended from Dam 
walkway 

41.847218 -85.66926 

CON-DSR 
Downstream extent of Constantine Reservoir, suspended 
from AEP buoy at center portion of channel 

41.847517 -85.66838 

CON-IMP 
Upstream from Constantine Reservoir, suspended from 
Constantine Road Bridge pilling 

41.909444 -85.63931 

CON-BYRU 
Within Bypass Reach suspended from AEP buoy in middle 
portion of channel, upstream from Fawn River confluence 

41.846458 -85.66845 

CON-FRU 
Within Fawn River channel, upstream from St. Joseph River 
confluence approximately 200 ft. 

41.845767 -85.66701 

CON-BYRD 
Within Bypass Reach, downstream from Fawn River 
confluence approximately 450 ft. 

41.844576 -85.6679 

CON-PT In tailrace from Powerhouse, suspended from AEP buoy 41.84344 -85.66932 
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Figure 2-1. Constantine Hydro continuous temperature and dissolved oxygen monitoring site 
locations downstream and immediately upstream of dam, St. Joseph River, St. 
Joseph County, Michigan 
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Figure 2-2. Constantine Hydro, Constantine Road Bridge continuous temperature and dissolved 
oxygen monitoring location, St. Joseph River, St. Joseph County, Michigan.  

2.2 Discrete Water Quality Measurements 

Discrete water quality measurements were taken during each of the maintenance/data download visits at 
the continuous monitoring sites. Parameters measured included pH, specific conductance, water 
temperature and dissolved oxygen (mg/L and percent saturation). pH and specific conductance were 
measured with a Hanna Instruments HI98129 probe and temperature and DO were measured with a 
Hach HQ40d LDO101 probe. Sampling instruments were calibrated on the day of each sampling event. 
pH and specific conductance were grab samples collected with a plastic sample bottle at one foot below 
the water surface. Temperature and DO were sampled at approximately the same location within the 
water column as the continuous monitoring sondes.  
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3 Results of Findings 

3.1 Continuous Temperature and Dissolved Oxygen Monitoring 

Continuous water temperature and DO monitoring sondes were installed at seven locations within the 
Constantine Hydro project area from May 5 through November 1, 2022. At each of the locations, the 
installed sondes were effective at measuring the temperature and DO throughout the monitoring period. 
The use of primary and secondary sondes was important for continued measurements due to the failure 
of four sondes towards the end of the monitoring period. Specifically, sondes CON-DSR 1A and CON-
BYRU 2B went defective from 9/10/22 through 11/1/2022, CON-IMP 2B had sporadic measurement 
errors from 10/4/22 through 11/1/2022 and CON-DSR 2B is suggested to have incorrect DO 
measurements from 10/24/22 through 11/1/2022. The secondary sondes at CON-IMP and CON-BYRU 
remained operational so an assessment of temperature and DO was still captured during the timeframes. 
CON-DSR is suggested to not have accurate DO measurements from 10/24/2022 through 11/1/2022; 
however, the temperature measurements are correct. Instances of isolated measurement errors were 
observed at some other sampling sites, but these issues were short term and sonde functions went back 
to normal. Overall, at any given site, at least one sonde was functioning properly during the entire study 
period. The exception to this is CON-DSR from 10/24/2022 through 11/1/2022. The issues observed with 
sonde operations were likely due to the failure of batteries or sensors, and organic matter build-up on the 
antifouling caps between maintenance visits. Temperature/DO time series graphs for each of the installed 
sondes is available in Appendix A and the raw data from each sonde is available in Appendix B.  

Appendix A provides a line graph of measured temperature and DO readings collected from each of the 
14 sondes installed. The graphs in Appendix A allow for visual assessment of diurnal variation of 
temperature and DO throughout the monitoring period. As can be seen within the graphs for all sites, 
diurnal variation in temperature and DO occurred at some level throughout the monitoring period. 
Commonly temperature and DO were directly related, such that when temperature increased, DO 
increased; however, at times, an inverse relationship between temperature and DO was observed. In 
general, temperature and DO would peak during the evening/early night hours (7 pm-1 am) and then 
decrease after that time until late morning (approximately 9 am-11 am). Daily, temperature and DO did 
not typically vary more than 3 °F or mg/L, respectively. The time series graphs within Appendix A are 
developed for each period between maintenance visits. For example, one time series shows temperature 
and DO readings from June 6 through June 24, 2022.  

Appendix B provides tables of all measurements taken from each of the 14 sondes used during the study. 
This is a comprehensive data set which can be referenced for additional analysis, as necessary. 
Appendix B is organized to show both primary and secondary logger data on the same page to allow for a 
comparison of measurements between sondes. As shown in Appendix B, primary and secondary loggers 
have some deviation between recorded measurements at a given time, most commonly with regards to 
measured DO concentrations. In some instances, DO measurements varied greater than 1 mg/L between 
primary and secondary loggers, but typically recorded measurements were within 0.5 mg/L between 
loggers. Temperature measurements were very similar between primary and secondary loggers and in 
general were matching between loggers. To assist with analysis in Appendix B, all DO measurements 
below the 5 mg/L water quality standard are highlighted in yellow and any measurements which were 
errors are highlighted in red. Temperature measurements never exceeded maximum water quality 
standards, so temperature data was not highlighted for this reason.  

Table 3-1 provides a summary of the continuous temperature and DO monitoring data for primary and 
secondary sondes at each monitoring site. Data provided in Table 3-1 includes DO low and high values 
with date of occurrence, percent of DO measurements below the 5 mg/L water quality standard, high 
temperature with date of occurrence and average temperature/DO from study duration. When determining 
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study averages or low and high measurements, data values listed as errors were not included in the 
analysis.  

Table 3-1. Summary of 2022 continuous temperature and DO monitoring data for primary and 
secondary sondes at each sampling site.  

 

 

3.1.1 Temperature Analysis 

Monthly maximum water quality standards for temperature were not exceeded at any site during the 
study. As shown in Table 3-1, water temperatures did reach the 85 °F maximum at sites CON-FRU and 
CON-BYRD but did not exceed the standard. The maximum temperature recorded between sites was 
similar with a range of 82-85 °F. The date which maximum temperatures were recorded at each site was 
also consistent and occurred on June 16, 2022. As shown in Appendix A graphs, diurnal variations in 
temperature were observed at all sites. Generally, temperature did not fluctuate more than 3 °F within a 
day. The average temperature calculated for the study duration between all sites varied from 68.2-72.6 
°F. There was not a significant difference in measured temperatures between sites and therefore 
suggests the Constantine Hydro Reservoir does not negatively impact downstream waters regarding 
water temperature.  

Primary and secondary loggers at each site had similar measurements throughout the study period as 
evident by the calculated “study average” in Table 3-1. Sites which showed slight deviations of study 
average between primary and secondary loggers were the result of one logger from a site becoming 
defective and therefore reducing the sampled range of temperature. For example, CON-DSR 1A was 
defective from 9/10/2022 through 11/1/2022 and resulted in a higher average temperature compared to 
CON-DSR 2B. CON-DSR 1A would have had a lower study average if the lower temperatures present 
during the latter part of the study could have been incorporated into the study average.  

3.1.2 DO Analysis 

Measured DO concentrations fell below the minimum DO water quality standard of 5 mg/L at all sites 
except CON-FRU; however, the frequency and duration below the standard varied by site (Table 3-1). 
Sites which fell below the DO water quality standard most frequently and for a more prolonged period 
(greater than a day) included CON-BYRU and CON-PC (Table 3-1; Appendix A; Appendix B). Time 

Low 
(mg/L) Date

High 
(mg/L) Date

Measurements <5mg/L 
(% of total)

Study Average 
(mg/L) High (°F) Date

Study Average 
(°F)

1A 4.85 9/19/2022 12.59 5/7/2022 0.02% 8.33 83 6/16/2022 69.5

2B 5.93 6/16/2022 12.66 5/7/2022 0.00% 8.16 83 6/16/2022 71.7

1A 0.35 8/4/2022 12.01 5/8/2022 1.30% 7.77 82 6/16/2022 72.6

2B 0.00 9/14/2022 12.18 5/8/2022 2.5%* 7.71 82 6/16/2022 69.9

1A 1.82 7/6/2022 12.05 5/8/2022 2.70% 7.99 82 6/16/2022 69.9

2B 0.92 7/7/2022 12.27 5/8/2022 5.40% 7.90 82 6/16/2022 70.0

1A 0.00 8/7/2022 12.13 9/10/2022 17.30% 7.03 82 6/16/2022 68.2

2B 0.00 8/20/2022 11.42 5/5/2022 13.40% 7.17 82 6/16/2022 73.1

1A 5.60 ^ 7/7/2022 12.4 10/20/2022 0.00% 8.21 85 6/15/2022 69.5

2B 5.52 6/15/2022 12.16 10/20/2022 0.00% 8.07 85 6/15/2022 69.4

1A 4.6 7/7/2022 12.49 10/20/2022 0.17% 8.26 85 6/16/2022 69.3

2B 5.57 7/7/2022 12.18 10/20/2022 0.00% 8.05 85 6/16/2022 69.3

1A 1.83 7/26/2022 12.07 5/8/2022 2.40% 8.19 82 6/16/2022 70.0

2B 1.88 8/4/2022 11.82 5/8/2022 1.10% 8.14 82 6/16/2022 70.0

*Suggest DO measurements from 10/24-11/1/2022 from CON-DSR 2B were incorrect as all readings were <5 mg/L and do not align with discrete and nearby 
continuous sites; therefore,  DO measurements from 10/24-11/1/2022 were removed from data analysis. Temperature measurements were correct from 10/24-
11/1/2022 and included with data analysis. 

Ŝuggest sonde CON-FRU 1A had incorrect DO measurements 10/12-14/2022. Evident because sonde CON-FRU 2B had DO readings during same time period 
from 9-11 mg/L. The low DO concentration observed at CON-FRU 1A during 10/12-14/2022 were not used in data analysis. 

CON-BYRD

CON-PT

Sonde ID

CON-IMP

CON-DSR

CON-PC

CON-BYRU

CON-FRU

Dissolved Oxygen Temperature
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periods when DO concentrations were consistently below 5 mg/L at sites CON-BYRU and CON-PC 
include the following: 

 CON-BYRU: 8/4/2022 – 8/8/2022; 8/18/2022 – 8/21/2022; 8/29/2022 – 9/30/2022  

 CON-PC: 7/4/2022 – 7/7/2022; 8/1/2022 – 8/2/2022; 9/6/2022 - 9/7/2022  

CON-BYRU is suggested to have the greatest amount of prolonged low DO concentrations due to the 
lack of flow within this area during August-September when flashboards were installed on the dam and 
most of the flow is conveyed through the power canal. Per AEP communication flashboards were installed 
on August 4, 2022. Additionally, the location within the channel where CON-BYRU was installed is a deep 
pool relative to surrounding water depths within the bypass channel. Water depths at CON-BYRU were 
from approximately 8-11 ft. A review of precipitation data confirms that immediately following rain events 
on 8/8/2022 (0.91 inch) and 8/21/2020 (1.15 inch) the DO concentration at BYRU increased to above 5 
mg/L, due to increased discharge. Also, at the end of September, low DO concentrations observed from 
8/29/2022 through 9/30/222 were increased due to much colder air temperatures observed at the end of 
September, likely causing the water column to turn over (destratify) and return to acceptable DO 
concentrations.  

CON-DSR and CON-PT had the next highest percent of DO measurement below 5 mg/L, but in general 
the duration lasted a day or less (Appendix A; Appendix B). CON-DSR had a prolonged period of DO 
concentrations below 5 mg/L from 10/24/2022 through 11/1/2022, but it is suggested the DO sensor was 
defective and had inaccurate readings. This inaccuracy is suggested because all monitoring sites during 
this time were well above 5 mg/L and discrete DO sampling on 10/24/2022 and 11/1/2022 were higher at 
8.82 mg/L and 9.53 mg/L, respectively (Section 3.2). Across sites, most occurrences of DO 
concentrations below 5 mg/L occurred during diurnal lows which are typically observed from 
approximately 2 am-11 am (Appendix A; Appendix B). Overall, calculated study averages suggest 
compliance with DO water quality standards; however, as noted there were instances of DO 
concentrations below 5 mg/L, most notably during August and September at CON-BYRU. Calculated 
study averages reported in Table 3-1 varied from a low of 7.03 mg/L at CON-BYRU to a high of 8.33 mg/L 
at CON-IMP.  

3.2 Discrete Water Quality Measurements 

A summary of 2022 discrete multiparameter water quality measurements are presented in Table 3-2. All 
discrete temperature and DO measurement were within water quality standards. During each sampling 
event significant variations in water quality parameters between sites was not observed throughout the 
study period. Water quality metrics not assessed with the continuous monitoring sondes included 
dissolved oxygen percent saturation, pH and specific conductance. The calculated range of means for the 
three parameters are listed below and fall within acceptable ranges and values for the region: 

 DO % saturation = 92.1-98.8% 

 pH = 7.19-7.69 

 Specific conductance = 521-573 µS/cm 
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Table 3-2. Summary of 2022 discrete multiparameter measurements taken at Constantine Hydro 
monitoring sites.  

 

 

Tables 3-3 and 3-4 provide a comparison of the discrete sample measurements and the continuous 
sonde measurements at the time of the discrete sample collection. The discrete supplemental 
temperature and DO data can be used to confirm or question the measured continuous monitoring sonde 
data. Overall, discrete temperature and DO measurements were complementary to continuous monitoring 
sondes; however, there were some occurrences when discrete and continuous monitoring sondes did not 
align. Within Tables 3-3 and 3-4 cells shown in green indicate discrete measurements agree with 

Monitoring Station 5/20/2022 6/6/2022 6/24/2022 7/15/2022 8/5/2022 8/23/2022 9/9/2022 10/14/2022 11/1/2022 Mean

CON-PC 68.7 69.6 79.3 77.1 78.9 75.5 72.2 55.3 53.7 70.0

CON-DSR 68.4 69.7 78.3 76.9 78.9 74.7 72.3 55.3 52.8 69.7

CON-IMP 70.1 68.7 76.4 76.2 78.7 75.9 71.3 53.3 54.2 69.4

CON-BYRU 70.3 70.5 79.4 77.1 79.0 74.8 70.3 51.9 53.3 69.6

CON-FRU 70.7 68.0 77.6 74.5 78.6 76.4 71.0 52.1 55.8 69.4

CON-BYRD 70.7 67.9 77.0 74.7 78.1 75.7 70.9 51.5 55.4 69.1
CON-PT 69.6 69.6 79.1 77.7 79.7 75.9 73.5 55.6 53.1 70.4

Monitoring Station 5/20/2022 6/6/2022 6/24/2022 7/15/2022 8/5/2022 8/23/2022 9/9/2022 10/14/2022 11/1/2022 Mean

CON-PC 8.99 8.35 8.63 7.66 7.50 8.13 7.60 8.85 9.37 8.34

CON-DSR 8.44 8.24 8.41 6.93 6.97 7.73 7.61 8.82 9.53 8.08

CON-IMP 8.58 7.89 7.38 7.32 6.64 8.55 7.27 9.35 9.56 8.06

CON-BYRU 8.50 8.54 8.19 7.94 7.43 8.85 7.76 10.11 10.30 8.62

CON-FRU 8.27 7.92 7.49 7.27 7.37 8.03 8.62 11.08 10.46 8.50

CON-BYRD 8.33 8.00 7.51 7.30 7.21 8.05 8.45 10.99 10.43 8.47
CON-PT 8.67 7.94 8.35 7.41 6.84 8.24 7.73 9.08 9.48 8.19

Monitoring Station 5/20/2022 6/6/2022 6/24/2022 7/15/2022 8/5/2022 8/23/2022 9/9/2022 10/14/2022 11/1/2022 Mean

CON-PC 104.3 96.9 109.9 94.8 95.1 99.6 90.0 87.2 89.1 96.3

CON-DSR 97.7 95.8 106.6 86.0 88.3 94.3 90.3 86.7 89.4 92.8

CON-IMP 101.1 90.8 91.3 90.1 83.9 105.6 85.4 89.7 91.4 92.1

CON-BYRU 100.8 100.2 104.9 98.4 94.5 107.9 90.2 94.9 97.5 98.8

CON-FRU 98.3 90.3 94.1 87.9 93.4 99.7 101.0 104.6 102.0 96.8

CON-BYRD 98.9 91.2 93.6 88.4 90.8 99.1 98.9 103.0 101.2 96.1
CON-PT 101.4 92.1 106.3 92.5 97.6 101.8 93.0 89.5 89.4 96.0

Monitoring Station 5/20/2022 6/6/2022 6/24/2022 7/15/2022 8/5/2022 8/23/2022 9/9/2022 10/14/2022 11/1/2022 Mean

CON-PC 7.62 7.83 7.50 6.73 6.97 7.31 6.96 6.85 6.95 7.19

CON-DSR 7.73 7.78 7.48 7.20 7.34 7.44 7.30 7.31 7.09 7.41

CON-IMP 7.86 7.70 7.60 7.32 7.35 7.51 7.50 7.50 7.37 7.52

CON-BYRU 7.83 7.55 7.25 7.62 7.70 7.77 7.84 7.90 7.73 7.69

CON-FRU 7.83 7.67 7.27 7.62 7.56 7.46 7.83 8.04 7.81 7.68

CON-BYRD 7.84 7.68 7.46 7.61 7.36 7.74 7.66 8.00 7.62 7.66
CON-PT 7.84 7.78 7.09 7.57 7.33 7.77 7.53 7.48 7.45 7.54

Monitoring Station 5/20/2022 6/6/2022 6/24/2022 7/15/2022 8/5/2022 8/23/2022 9/9/2022 10/14/2022 11/1/2022 Mean

CON-PC 537 551 498 501 511 463 536 556 564 524

CON-DSR 515 541 506 499 508 463 540 551 572 522

CON-IMP 520 540 510 498 515 480 544 565 570 527

CON-BYRU 516 537 505 493 514 439 548 600 566 524

CON-FRU 552 548 552 534 554 546 609 648 617 573

CON-BYRD 548 539 540 531 566 550 610 641 620 572
CON-PT 516 533 506 496 512 475 529 555 564 521

Specific Conductance (µS/cm)

pH

Dissolved Oxygen (%Saturation)

Dissolved Oxygen (mg/L)

Temperature (°F)
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continuous monitoring sondes (deviate less than 1 °F or mg/L), orange cells deviate from continuous 
sondes 1-2 °F or mg/L, and red cells deviate greater than 2 °F or mg/L.  

Table 3-3. Comparison of measured temperature from continuous monitoring sondes to discrete 
sampling events. Values shown are from continuous monitoring sondes. 

 

 

Table 3-4. Comparison of measured DO from continuous monitoring sondes to discrete sampling 
events. Values shown are from continuous monitoring sondes.  

 

The observed agreement between discrete and continuous temperature measurements show in Table 3-3 
are outlined below. Additional notes relative to any observed significant deviations (red cells) are also 
included.  

 All events and mean “Green” (deviate less than 1 °F) - CON-PC, CON-DSR, CON-IMP, CON-
BYRD, CON-PT 

 Includes one or more events “Orange” (deviate from 1-2 °F), but no “Red” - CON-FRU 

 Includes “Red” (deviate >2 °F) – CON-BYRU 

o Suggest the water column may have become stratified in this isolated location due to 
relatively deep pool present at sampling location (8-11 ft) and reduced flow over dam. 
The discrete monitoring probe may have been above the stratified colder water where the 
continuous monitoring probe was located. Water temperature declined from 70 °F on 
9/2/2022 to a low of 58 °F on 9/11/2022. Water temperature went back up to 70 °F on 
9/12/2022. DO was also very low 9/2/2022 through 9/11/2022, suggesting thermal 
stratification of the water column. There was precipitation on 9/11/2022 and 9/12/2022 
which could have caused turnover of the water column from increased flow and 
increased the water temperature and DO.  

The observed agreement between discrete and continuous DO measurements show in Table 3-4 are 
outlined below. Additional notes relative to any observed significant deviations (red cells) are also 
included.  

 All events and mean “Green” (deviate less than 1 mg/L) - CON-FRU, CON-BYRD, CON-PT 

Monitoring Station 5/20/2022 6/6/2022 6/24/2022 7/15/2022 8/5/2022 8/23/2022 9/9/2022 10/14/2022 11/1/2022 Mean

CON-PC 68, 68 69, 69 78, 78 77, 77 78,78 74,75 72, 72 54,55 52,52 69

CON-DSR 68,68 70,70 78,78 77,77 79,78 74,74 72,72 55 52 72,69

CON-IMP 69,69 68,68 76,76 76,76 78,78 73,74 71,71 53 54 69,71

CON-BYRU 68.0 70,70 78,78 77,77 75,75 73,73 59,59 52 53 68,73

CON-FRU 70,70 67,67 76,76 74,74 77,77 74,74 70,71 52 55,55 69,69

CON-BYRD 70,70 67,67 76,76 74,74 77,77 74,74 70,70 51,51 55,55 69,69
CON-PT 69,69 69,69 78,78 77,77 79,79 75,75 72,72 55,55 52,52 70,70

Temperature (°F) from continuous monitoring sondes at the time of discrete measurements. Green indicates discrete 
and continuous instruments comply (within 1°F). Orange indicates deviate from 1-2°F, Red indicates deviate >2°F. 

Monitoring Station 5/20/2022 6/6/2022 6/24/2022 7/15/2022 8/5/2022 8/23/2022 9/9/2022 10/14/2022 11/1/2022 Mean

CON-PC 8.66, 8.73 8.24, 809 7.22, 7.33 7.44, 7.79 6.6, 6.7 8.34, 8.21 5.19, 8.22 10.8, 8.29 9.56, 966 7.99, 7.9

CON-DSR 8.82, 8.6 8.212,7.78 7.87,7.8 7.03,6.98 7.06,6.6 7.42,7.56 7.04,6.98 7.55 3.95 7.77,7.48

CON-IMP 8.6, 8.86 8.09,8.2 7.26,7.52 7.59,7.53 6.69,6.72 8.98,8.85 7.41,7.4 9.01 8.24 8.33,8.16

CON-BYRU 8.74 8.55,8.05 7.43,6.98 7.26,6.96 3.35,3.33 7.26,7.23 4.2,3.96 10.44 11.02 7.03,7.17

CON-FRU 8.66, 8.7 8.17,7.95 7.57,7.62 6.69,7.33 7.26,7.39 8.11,8.31 8.54,8.54 11.13 10.6,10.13 8.21,8.07

CON-BYRD 8.58,8.63 7.64,8.11 7.48,7.14 7.53,7.36 6.32,7.33 7.75,8.2 8.23,8.37 11.15,11.38 10.68,10.11 8.26,8.05

CON-PT 8.71,8.91 8.05,6.53 7.59,7.85 7.04,7.18 6.91,4.3 7.94,7.97 7.52,7.68 9,8.88 9.33,9.46 8.19,8.14

Dissolved Oxygen (mg/L) from continuous monitoring sondes at the time of discrete measurements. Green indicates 
discrete and continuous instruments comply (within 1 mg/L). Orange indicates deviate from 1-2 mg/L. Red indicates 

deviate >2 mg/L. 
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 Includes one or more events “Orange” (deviate from 1-2 mg/L), but no “Red” - CON-PC, CON-
IMP 

 Includes “Red” (deviate >2 mg/L) – CON-DSR, CON-BYRU 

o CON-DSR – Suggest DO sensor for CON-DSR 2B was defective beginning 10/24/2022 
until 11/1/2022. All other sites during this time frame did not have low DO concentrations 
and the discrete measurements from 10/14/2022 and 11/1/2022 were much higher than 
recorded continuous DO concentrations.  

o CON-BYRU – Suggest the water column may have become stratified in this isolated 
location due to relatively deep pool present at sampling location (8-11 ft) and reduced 
flow over dam from installed flashboards. The discrete monitoring probe may have been 
above the stratified colder water where the continuous monitoring probe was located and 
therefore measured a higher DO concentration.  
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4 Conclusion  

Continuous and discrete water quality monitoring was completed within the Constantine Hydro project 
area from May 5, 2022, through November 1, 2022. Continuous temperature and DO monitoring were 
completed at seven sites and included locations within the reservoir, upstream of the reservoir and 
downstream of the reservoir. At each continuous sampling location two temperature and dissolved 
oxygen monitoring sondes were used to ensure data accuracy and continuity throughout the monitoring 
period. Discrete multiparameter water quality measurements were taken during maintenance and data 
download visits to provide quality assurance to the continuous monitoring sondes and collect 
supplemental water quality data for pH, specific conductance, and dissolved oxygen percent saturation. 
Overall, continuous and discrete water quality monitoring was successful at all sites during the monitoring 
period and therefore provide an accurate assessment of temperature and DO related to established water 
quality standards for the St. Joseph River.  

Monthly maximum water temperature standards for the St. Joseph River were not exceeded at any site 
during the study. Sites CON-FRU and CON-BYRD did reach the maximum of 85 °F in June but did not 
exceed the standard. The maximum temperature recorded between all sites ranged from 82-85 °F and 
the study temperature average ranged from 68.2-73.1 °F. Diurnal variations in temperature were 
observed at all sites and generally did not vary more than 3 °F in a 24-hour period. Diurnal variations in 
temperature were typically directly correlated with higher DO concentrations. Water temperature would 
usually peak during the evening or late-night hours (7pm-1am) and decrease until about 9am-11am. 
Overall, water temperature was consistent between sites and did not vary significantly between locations 
within the reservoir, upstream or downstream.  Water temperature data from 2022 documents compliance 
with established water quality standards.  

Continuous DO monitoring data documented instances of concentrations below the 5 mg/L standard at all 
sites except CON-FRU; however, the frequency and duration below the standard varied by site. Diurnal 
fluctuations in DO were observed at all sites during the study and typically DO concentrations did not vary 
by more than 3 mg/L in a day. DO was typically directly correlated with water temperature such that 
during water temperature highs, DO concentrations peaked. DO concentrations were typically lowest 
during morning hours 5am-11am. CON-BYRU had the greatest percent of DO readings below 5 mg/L with 
the two sondes at the site recording low concentrations (<5 mg/L) 17.3% and 13.4% of the time during the 
study. Extended periods of low DO concentrations at CON-BYRU are correlated with the installation of 
flashboards on the dam on August 4, 2022. As discussed in Section 3.1.2, periods with the greatest 
amount of low DO concentrations at CON-BYRU occurred in August and September. October DO 
concentrations at CON-BYRU were above 5 mg/L despite flashboards still present on the dam. The water 
column at CON-BYRU is suggested to become stratified during August and September during extended 
periods of reduced precipitation. Despite low DO concentrations at CON-BYRU, monitoring documented 
suitable DO concentrations at the next downstream site CON-BYRD within the bypass channel. CON-
BYRD had only a couple of instances with DO concentrations below 5 mg/L and maintained suitable 
conditions. CON-BYRD is located downstream from the confluence with the Fawn River so the additional 
flow from the Fawn River offsets the lower DO concentrations upstream at CON-BYRU. Physical 
conditions at CON-BYRU also may contribute to the reduced DO concentrations observed in August and 
September. At CON-BYRU the channel is a deep pool (8-11 ft) and is deeper compared to the remaining 
portion of the bypass channel immediately downstream with has water depths of 0.5-4.0 ft. The study DO 
average for sites ranged from a low of 7.03 mg/L at CON-BYRU to a high of 8.33 mg/L at CON-IMP 
(Table 3-1). Overall, calculated study averages suggest compliance with DO water quality standards; 
however, as noted there were instances of DO concentrations below 5 mg/L, most notably during August 
and September at CON-BYRU. 
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