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Executive Summary

The authority of the Louisville District (LRL) Water Quality Program is founded on 
the Federal Water Pollution Control Act of 1948 and its amendments including the 
Clean Water Act of 1977 and the Water Quality Act of 1987.  Collectively, these 
Acts strongly affirm the Federal interest in environmental management, ecosystem 
restoration, and water quality related activities. *Note: The term “lake” is substituted for 
the technically correct “reservoir” throughout this document for consistency.

2018 HAB Results

Harmful Algal Blooms (HABs) 
were confirmed at:

 Salamonie Lake
 Mississinewa Lake
 Monroe Lake
 Cecil Harden Lake
 Brookville Lake
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Major Findings of 2018 Sampling

• In general, water quality in the District was good with most significant problems being of or related to 
nutrient enrichment.

• Water quality data collected in 2018 revealed two exceedances of state water quality criteria in lake 
tailwaters.

• At Monroe Lake, one exceedance of state water quality criteria for total copper occurred.
• At Cave Run Lake, one exceedance of state water quality criteria for dissolved oxygen was 

documented.
• At 19/20 lakes, exceedances of USEPA’s recommended nutrient criteria were documented.
• All 2018 exceedances of state water quality criteria and USEPA recommended criteria have been 

shared with the appropriate state regulatory agencies.
• Phytoplankton results revealed that all 20 District lakes were dominated by cyanobacteria genera, 

making them susceptible to HABs.

Mississinewa Lake.
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Water Quality Program Description

Water Quality Program Main Objectives

• Provide guidance on daily reservoir 
operations.

• Meet applicable state and federal water quality 
standards whenever possible.

• Understand lake dynamics.
• Provide technical support internally to the 

Corps.

Water Quality Program Survey and Study Type Descriptions

Survey or 
Study Type

Description Frequency

Project 
profiles

Temperature and dissolved oxygen data collected from the damsite and 
tailwater that aid in project operation.

Every 2 weeks during 
thermal stratification

Ambient
surveys

Surveys conducted at a lake as well as its corresponding inflows and tailwater
during the summer.  These surveys include the collections of physical, 
chemical, and biological data at a number of sites.

Once per year

Intensive 
surveys

In depth seasonal assessments that include an increased number of sample 
sites and analysis than do ambient surveys.

Three times per year at 
two lakes

Special 
studies

Studies conducted to answer unique questions (e.g. modeling, lake sediment, 
and lake bathymetry).

As needed

Emergency 
response

Response to incidents of an urgent nature such as harmful algal blooms 
(HABs), fish kills, or unusual events.

As needed

Salamonie and Water Quality personnel discuss water quality.
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Nolin River Lake (2018)

General Information and Water Quality
Nolin River Lake (NRR) is located in Edmonson, Grayson, and Hart counties in 
Kentucky. The dam was built by the Louisville District US Army Corps of 
Engineers (LRL) and began operation in 1963. The primary purpose of the lake is 
flood control. At summer pool, the surface area of NRR is 5,795 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the KY Division of Water (KDOW). 
No criteria were exceeded in the tailwater (2NRR10000; Figure 1). However, 
NRR did exceed the USEPA’s recommended criteria for total phosphorus and 
turbidity.  This is common among KY lakes but can contribute to harmful algal 
blooms.

Figure 1. NRR sample sites in 2018 for field and chemical data.

Water Quality Takeaways:
• High potential for harmful algal blooms
• No exceedances of state water quality criteria

Figure 2. NRR time series data collected from the 
tailwater (2NRR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions
Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each lake’s 
Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time 
series graph of the 2018 
tailwater (2NRR10000; 
Figure 1) water 
temperature compared 
with the guide curve from 
the lake’s WCP.  NRR 
operated relatively 
closely to the established 
temperature guide curve.  
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater DO data 
with the applicable state 
criteria (blue line).  NRR 
met the state’s criteria for 
dissolved oxygen.

a)

b)
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Nolin River Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of NRR profile data 
collected at the damsite (2NRR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The NRR temperature profile data collected in 2018 
(Figure 3a) indicates that the reservoir contained the adequate cold water 
necessary to meet the established temperature guide curve shown in Figure 2a.  
While Figure 3b indicates that the reservoir may have dissolved oxygen 
limitations in the summer and fall, actual data from the tailwater indicates that it 
is adequately oxygenated.

Figure 3. NRR time series data collected from the damsite (2NRR20001; 
Figure 1) in 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in KY are addressed by the 
KDOW as they are the lead agency for HAB response in the 
state. The KDOW has adopted HAB toxin sampling for posting 
public recreational advisories/cautions. The LRL WQ Program 
supports the state agency’s efforts to implement a statewide 
HAB response plan. LRL assists the KDOW with 
implementation by reporting visual HAB indicators and 
collecting HAB toxin samples as specified by the KDOW. 

Reservoir Biological Conditions

Trophic State Index (TSI) was 
calculated using values from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with 
2018 data. The results shown in 
Table 1 suggest that NRR is 
eutrophic (TSI score from 51-69).
This means that NRR has a high 
concentration of nutrients, which 
can be detrimental to life in the 
lake in multiple ways. 

Site TSI
Score

Trophic
State

2NRR20001 58 Eutrophic

2NRR20003 58 Eutrophic

2NRR20005 62 Eutrophic

2NRR20022 59 Eutrophic

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 shows that cyanobacteria 
dominated the phytoplankton community 
in density (cells/L). These results indicate 
that HABs have the potential to be 
problematic at NRR.

Figure 4. 2018 phytoplankton community 
at 2NRR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at NRR 
in 2018.
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Barren River Lake (2018)

Figure 2. BRR time series data collected from the 
tailwater (2BRR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Figure 1. BRR sample sites in 2018 for field and 
chemical data.

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes.  
This data informs water 
control engineers on how 
to best use existing 
selective withdrawal 
capabilities to meet 
downstream water quality 
(WQ) targets. WQ targets 
are established by each 
lake’s Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time 
series graph of the 2018 
tailwater (2BRR10000; 
Figure 1) water 
temperature compared 
with the guide curve from 
the lake’s WCP. Due to 
infrastructure limitations, 
BRR did not operate 
closely to the established 
temperature guide curve. 
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater DO data 
with the applicable state 
criteria (blue line).  BRR 
met the state’s criteria for 
dissolved oxygen in 2018.

Tailwater ConditionsWater Quality Takeaways
• High potential for harmful algal blooms
• No exceedances of state water quality criteria

a)

General Information and Water Quality
Barren River Lake (BRR) was built by the Louisville District US Army Corps of 
Engineers (LRL) for the primary purpose of flood control. At summer pool, the 
surface area of BRR is 10,000 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by KDOW. No criteria were exceeded in 
the tailwater (2BRR10000; Figure 1). However, BRR exceeded the USEPA’s 
recommended criteria for total phosphorus and total nitrogen.  This is common 
among KY lakes but can contribute to harmful algal blooms.

b)

6



Harmful Algal Blooms (HABs) in KY are addressed by the 
KDOW as they are the lead agency for HAB response in the 
state. The KDOW has adopted HAB toxin sampling for posting 
public recreational advisories/cautions. The LRL WQ Program 
supports the state agency’s efforts to implement a statewide 
HAB response plan. LRL assists the KDOW with 
implementation by reporting visual HAB indicators and 
collecting HAB toxin samples as specified by the KDOW. 

Barren River Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of BRR profile data 
collected at the damsite (2BRR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The BRR temperature profile data collected in 2018 (Figure 
3a) indicates that the reservoir contained adequate cold water necessary to meet 
the established temperature guide curve (Figure 2a) in 2018.  However, the guide 
curve was not met due to infrastructure limitations.  Additionally, Figure 3b 
indicates that the reservoir is adequately oxygenated to meet downstream criteria.

Figure 3. BRR time series data collected from the damsite (2BRR20001; 
Figure 1): a) water temperature; and b) dissolved oxygen.

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2BRR20001 60 Eutrophic

2BRR20002 60 Eutrophic

2BRR20004 62 Eutrophic

2BRR20005 64 Eutrophic

2BRR21001 62 Eutrophic

2BRR22001 64 Eutrophic

Trophic State Index (TSI) was 
calculated using values from 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. The 
TSI values below were calculated 
for multiple sites with the 2018 
data. The results shown in Table 1 
suggests that BRR is eutrophic 
(TSI score from 51-69). This 
means that BRR has a high 
concentration of nutrients, which 
can be detrimental to life in the 
lake in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at BRR.

a)

b)

Figure 4. 2018 phytoplankton community 
at 2BRR20001.

Table 1. TSI scores and trophic states 
for samples collected at BRR in 2018.
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Figure 1. GRR sample sites in 2018 for field and chemical data.

Green River Lake (2018)

Temperature and dissolved 
oxygen (DO) profile data 
are regularly collected from 
LRL lakes and tailwaters.  
This data informs water 
control engineers on how to 
best use existing selective 
withdrawal capabilities to 
meet downstream water 
quality (WQ) targets. WQ 
targets are established by 
each lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a shows a 
time series graph of the 
2018 tailwater 
(2GRR10000; Figure 1) 
water temperature 
compared with the guide 
curve from the lake’s 
WCP.  GRR operated 
relatively closely to the 
established temperature 
guide curve, although, 
temperatures were slightly 
too cold in the spring and 
too warm in the fall.  
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater DO data 
with the applicable state 
criteria (blue line).  GRR 
met the state’s criteria for 
dissolved oxygen.

Figure 2. GRR time series data collected from the 
tailwater (2GRR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen

Tailwater Conditions

General Information and Water Quality
Green River Lake (GRR) is located in Adair and Taylor counties in Kentucky. 
The dam was built by the Louisville District of the US Army Corps of 
Engineers (LRL) and began operation in June 1969. The primary purpose of the 
lake is flood control. At summer pool, the surface area of GRR is 8,210 acres. 

Water Quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by KDOW. No criteria were exceeded 
in the tailwater (2GRR10000; Figure 1). However, GRR exceeded the USEPA’s 
recommended criteria for total phosphorus and turbidity.  This is common 
among KY lakes but can contribute to harmful algal blooms.

Water Quality Takeaways
• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Operated closely to the established temperature guide curve

a)

b)
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Green River Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of GRR profile data 
collected at the damsite (2GRR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The GRR temperature profile data collected in 2018 (Figure 
3a) indicates that the reservoir contained the adequate cold water necessary to 
meet the established temperature guide curve (Figure 2a).  While Figure 3b 
indicates that the reservoir may have dissolved oxygen limitations later in the 
summer and fall, actual data from the tailwater indicates that it is adequately 
oxygenated.

Figure 3. GRR time series data collected from the damsite (2GRR20001; 
Figure 1) during 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in KY are addressed by the 
KDOW as they are the lead agency for HAB response in the 
state. The KDOW has adopted HAB toxin sampling for 
posting public recreational advisories/cautions. The LRL WQ 
Program supports the state agency’s efforts to implement a 
statewide HAB response plan. LRL assists the KDOW with 
implementation by reporting visual HAB indicators and 
collecting HAB toxin samples as specified by the KDOW. 

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2GRR20001 63 Eutrophic

2GRR20002 63 Eutrophic

2GRR20003 68 Eutrophic

2GRR21001 67 Eutrophic

Trophic State Index (TSI) was 
calculated using values from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with the 
2018 data. The results shown in 
Table 1 suggest that GRR is 
eutrophic (TSI score from 51-69).
This means that GRR has a high 
concentration of nutrients, which 
can be detrimental to life in the lake 
in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at GRR.

Figure 4. 2018 phytoplankton community 
at 2GRR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at GRR 
in 2018.
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Figure 1. RRR sample sites in 2018 for field and chemical data.

Rough River Lake (2018)

General Information and Water Quality
Rough River Lake (RRR) is located in Breckinridge, Hardin, and Grayson 
counties in Kentucky. The dam was built by the Louisville District of the US 
Army Corps of Engineers (LRL) for the primary purpose of flood control. At 
summer pool, the surface area of RRR is 5,100 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the KY Division of Water (KDOW). 
No criteria were exceeded in the tailwater (2RRR10000; Figure 1). However, 
RRR did exceed the USEPA’s recommended criteria for total phosphorus, total 
nitrogen, and turbidity.  This is common among KY lakes but can contribute to 
harmful algal blooms.

Figure 2. RRR time series data collected from the 
tailwater (2RRR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions
Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL 
lakes and tailwaters.  
This data informs water 
control engineers on 
how to best use existing 
selective withdrawal 
capabilities to meet 
downstream water 
quality (WQ) targets 
established by each 
lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a 
shows a time series 
graph of the 2018 
tailwater (2RRR10000; 
Figure 1) water 
temperature compared 
with the guide curve 
from the lake’s WCP.  
RRR did not closely 
follow the established 
temperature guide 
curve.  Figure 2b shows 
a 2018 time series graph 
of the lake’s tailwater 
DO data with the 
applicable state criteria 
(blue line).  The 
tailwater met established 
water quality criteria for 
DO.

a)

b)

Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Does not possess selective withdrawal capabilities
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Rough River Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of RRR profile data 
collected at the damsite (2RRR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The RRR temperature profile data collected in 2018 
(Figure 3a) as well as the tailwater temperatures shown in Figure 2a are typical 
of a reservoir that does not have selective withdrawal capabilities such as RRR.  
Figure 3b indicates that the reservoir is adequately oxygenated.

Figure 3. RRR time series data collected from the damsite (2RRR20001; 
Figure 1) in 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in KY are addressed by the 
KDOW as they are the lead agency for HAB response in the 
state. The KDOW has adopted HAB toxin sampling for posting 
public recreational advisories/cautions. The LRL WQ Program 
supports the state agency’s efforts to implement a statewide 
HAB response plan. LRL assists the KDOW with 
implementation by reporting visual HAB indicators and 
collecting HAB toxin samples as specified by the KDOW. 

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2RRR20001 56 Eutrophic

2RRR20003 57 Eutrophic

2RRR20004 62 Eutrophic

2RRR20005 65 Eutrophic

2RRR21002 58 Eutrophic

Trophic State Index (TSI) was 
calculated using values from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with 
the 2018 data. The results shown 
in Table 1 suggest that RRR is 
eutrophic (TSI score from 51-69).
This means that RRR has a high 
concentration of nutrients, which 
can be detrimental to life in the 
lake in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at RRR.

Figure 4. 2018 phytoplankton community 
at 2RRR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at RRR 
in 2018.
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Figure 1. SRR sample sites in 2018 for field and chemical data.

Salamonie Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria Temperature and 

dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities 
to meet downstream WQ 
targets that are 
established by each 
lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a shows 
a time series graph of the 
2018 tailwater 
(2SRR10000; Figure 1) 
water temperature 
compared with the guide 
curve from the lake’s 
WCP.  SRR operated 
relatively closely to the 
established temperature 
guide curve.  Figure 2b 
shows a 2018 time series 
graph of the lake’s 
tailwater DO data with 
the applicable state 
criteria (blue line). The 
tailwater met established 
water quality criteria for 
DO.

Figure 2. SRR time series data collected from the 
tailwater (2SRR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

a)

b)

General Information and Water Quality
Salamonie Lake (SRR) was built by the Louisville District US Army Corps of 
Engineers (LRL) for the primary purpose of flood control. At summer pool, the 
surface area of SRR is 2,665 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the IN Department of Environmental 
Management (IDEM). No criteria were exceeded in the tailwater (2SRR10000; 
Figure 1). However, SRR did exceed the USEPA’s recommended criteria for 
total phosphorus, total nitrogen, and turbidity.  This is common among IN lakes 
but can contribute to harmful algal blooms.
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Salamonie Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of SRR profile data 
collected at the damsite (2SRR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  Figure 3a shows that the lake was thermally stratified from 
approximately May through October.  Figure 3b indicates that while the reservoir 
could have oxygen limitations in the fall, the lake is adequately oxygenated most 
of the time.

Figure 3. SRR time series data collected from the damsite (2SRR20001; 
Figure 1) in 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in IN are addressed by the IN 
Department of Natural Resources (IDNR) and the IN 
Department of Environmental Management (IDEM) in the 
IDNR HAB Response Standard Operating Procedure. The LRL 
WQ Program supports the state agencies efforts by reporting 
visual HAB indicators via the IN State Department of Health 
Algal Bloom Notification Form. 

Reservoir Biological Conditions

Site TSI
Score Trophic State

2SRR20001 68 Eutrophic

2SRR20002 72 Hypereutrophic

2SRR20025 72 Hypereutrophic

2SRR20026 72 Hypereutrophic

2SRR20027 71 Hypereutrophic

2SRR20029 70 Hypereutrophic

2SRR20030 69 Eutrophic

2SRR20031 68 Eutrophic

Trophic State Index (TSI) was 
calculated using values from Secchi
Depth, Chlorophyll-a, and Total 
Phosphorus analyses. The TSI values 
below were calculated for multiple 
sites with 2018 data. The results 
shown in Table 1 suggest that SRR is 
at a minimum eutrophic (TSI score 
from 51-69). This means that SRR has 
a  high concentration of nutrients, 
which can be detrimental to life in the 
lake in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at SRR.

Figure 4. 2018 phytoplankton community 
at 2SRR20001.

a)

b)

Table 1. TSI scores and trophic states 
for samples collected at SRR in 2018.

13



Figure 1. HTR sample sites in 2018 for field and chemical data.

J. Edward Roush Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Special investigation of water quality started in 2018

General Information and Water Quality
J. Edward Roush Lake (HTR) is located in Huntington and Wells counties in 
Indiana. The dam was built by the Louisville District US Army Corps of Engineers 
(LRL) for the primary purpose of flood control. At summer pool, the surface area 
of HTR is 900 acres. 

Water quality (WQ) in the tailwater was assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the IN Department of Environmental 
Management (IDEM). No criteria were exceeded in the tailwater (2HTR10000; 
Figure 1). However, HTR did exceed the USEPA’s recommended criteria for total 
phosphorus, total nitrogen, and turbidity.  This is common among IN lakes but can 
contribute to harmful algal blooms.

In 2018, due to concerns expressed by the lake staff, special efforts were made to 
test additional sites and analytes, including assessing the outflow from the Markle
dam, testing foam that forms in the tailwater, and sampling within the dam 
structure.  Results are still pending at this time but will be reviewed and shared in 
the future.

Figure 2. HTR time series data collected from the 
tailwater (2HTR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each 
lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a shows 
a time series graph of the 
2018 tailwater
(2HTR10000; Figure 1) 
water temperature 
compared with the guide 
curve from the lake’s 
WCP.  HTR closely 
followed the established 
temperature guide curve.  
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater dissolved 
oxygen data with 
applicable state criteria 
(blue line).  HTR met 
state criteria for dissolved 
oxygen.

a)

b)
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J. Edward Roush Lake (2018)
Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2HTR20001 75 Hyper-
eutrophic

2HTR20002 77 Hyper-
eutrophic

2HTR20417 77 Hyper-
eutrophic

Trophic State Index (TSI) was 
calculated using values from Secchi
Depth, Chlorophyll-a, and Total 
Phosphorus analyses. The TSI values 
below were calculated for multiple 
sites with the 2018 data. The results 
shown in Table 1 suggest that HTR 
is hypereutrophic (TSI score from 70 
-100). This means that HTR has a  
very high concentration of nutrients, 
which can be detrimental to life in 
the lake in multiple ways. 

Harmful Algal Blooms (HABs) in IN are addressed by the IN 
Department of Natural Resources (IDNR) and the IN 
Department of Environmental Management (IDEM) in the 
IDNR HAB Response Standard Operating Procedure. The LRL 
WQ Program supports the state agencies efforts by reporting 
visual HAB indicators via the IN State Department of Health 
Algal Bloom Notification Form. 

Reservoir Conditions and Operations

Below (Figure 3a and b) are time series contour plots of HTR profile data 
collected at the damsite (2HTR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability throughout the year.  
HTR temperature profile data collected in 2018 (Figure 3a) indicates that the 
reservoir was not regularly stratified during the year.  This is unusual as 
compared with other LRL reservoirs but typical of HTR.  Figure 3b indicates that 
the reservoir possesses adequately oxygenated water to meet state criteria.

Figure 3. HTR time series data collected from the damsite (2HTR20001; 
Figure 1) during 2018: a) water temperature; and b) dissolved oxygen.

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart 
shows that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at HTR.

Figure 4. 2018 phytoplankton 
community at 2HTR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at HTR 
in 2018.
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Figure 1. MSR sample sites in 2018 for field and chemical data.

Mississinewa Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Successfully operated closely to the established temperature guide curve

General Information
Mississinewa Lake (MSR) is located in Wabash, Miami, and Grant counties in 
Indiana. The dam was built by the Louisville District US Army Corps of 
Engineers (LRL) for the primary purpose of flood control and became 
operational in October 1967. At summer pool, the surface area of MSR is 3,180 
acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the IN Department of Environmental 
Management (IDEM). No criteria were exceeded in the tailwater (2MSR10000; 
Figure 1). However, MSR exceeded the USEPA’s recommended criteria for total 
phosphorus and turbidity.  This is common among IN lakes but can contribute to 
harmful algal blooms.

Figure 2. MSR time series data collected from the 
tailwater (2MSR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets established by 
each lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a shows 
a time series graph of the 
2018 tailwater 
(2MSR10000; Figure 1) 
water temperature 
compared with the guide 
curve from the lake’s 
WCP.  In 2018, MSR 
operated closely to the 
established temperature 
guide curve.  Figure 2b 
shows a 2018 time series 
graph of the lake’s 
tailwater dissolved 
oxygen data with the 
applicable state criteria 
(blue line). MSR met 
established state criteria 
for dissolved oxygen.

a)

b)
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Harmful Algal Blooms (HABs) in IN are addressed by the IN 
Department of Natural Resources (IDNR) and the IN 
Department of Environmental Management (IDEM) in the 
IDNR HAB Response Standard Operating Procedure. The LRL 
WQ Program supports the state agencies efforts by reporting 
visual HAB indicators via the IN State Department of Health 
Algal Bloom Notification Form. 

Mississinewa Lake (2018)
Reservoir Conditions and Operations

Below (Figure 3a and b) are time series contour plots of MSR profile data 
collected at the damsite (2MSR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability throughout the year.  
MSR temperature profile data collected in 2018 (Figure 3a) indicates that the 
reservoir could be successfully operated to meet its temperature guide curve, 
which it did (Figure 2a).  Additionally, Figure 3b indicates that the reservoir 
possesses adequately oxygenated water to meet state criteria.

Figure 3. MSR time series data collected from the damsite (2MSR20001; 
Figure 1) during 2018: a) water temperature; and b) dissolved oxygen.

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2MSR20001 62 Eutrophic

2MSR20002 67 Eutrophic

2MSR20003 76 Hyper-
eutrophic

The Trophic State Index (TSI) was 
calculated using the data from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with the 
2018 data. The results shown in 
Table 1 suggest that MSR is at a 
minimum eutrophic (TSI score from 
51-69). This means that MSR has a  
high concentration of nutrients, 
which can be detrimental to life in 
the lake in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected in 2018. The 
chart shows that cyanobacteria 
dominated the phytoplankton community 
in density (cells/L). These results indicate 
that HABs have the potential to be 
problematic at MSR.

Figure 4. 2018 phytoplankton community 
at 2MSR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at MSR 
in 2018.
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Figure 1. MNR sample sites in 2018 for field and chemical data.

Monroe Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• One exceedance of state water quality criteria (total copper)
• Temperature guide curve closely followed

General Information and Water Quality
Monroe Lake (MNR) is located in Monroe, Brown, Jackson, and Lawrence 
counties in Indiana. The dam was built by the Louisville District US Army Corps 
of Engineers (LRL) for the primary purpose of flood control. At summer pool, 
the surface area of MNR is 10,750 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing data for 
exceedances of criteria established by IDEM. MNR’s tailwater (2MNR10000; 
Figure 1) exceeded the state criteria for total copper.  The total copper 
exceedance has been further investigated and is no immediate cause for concern.
MNR did exceed the USEPA’s recommended criteria for total phosphorus and 
turbidity.  This is common among IN lakes but can contribute to harmful algal 
blooms.

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each 
lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a shows 
a time series graph of the 
2018 tailwater 
(2MNR10000) water 
temperature compared 
with the guide curve from 
the lake’s WCP.  MNR 
closely followed the 
established temperature 
guide curve.  Figure 2b 
shows a 2018 time series 
graph of the lake’s 
tailwater DO data with 
the applicable state 
criteria (blue line). MNR 
met the state’s criteria for 
dissolved oxygen. Figure 2. MNR time series data collected from the 

tailwater (2MNR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

a)

b)
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Monroe Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of MNR profile data 
collected at the damsite (2MNR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The MNR temperature profile data collected in 2018 
(Figure 3a) indicates that the reservoir contained the adequate cold water 
necessary to meet the established temperature guide curve, which is shown in 
Figure 2a.  Additionally, Figure 3b indicates that the reservoir is adequately 
oxygenated.

Figure 3. MNR time series data collected from the damsite (2MNR20001; 
Figure 1) in 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in IN are addressed by the 
IN Department of Natural Resources (IDNR) and the IN 
Department of Environmental Management (IDEM) in the 
IDNR HAB Response Standard Operating Procedure. The 
LRL WQ Program supports the state agencies efforts by 
reporting visual HAB indicators via the IN State Department 
of Health Algal Bloom Notification Form. 

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2MNR20001 51 Eutrophic

2MNR20003 56 Eutrophic

2MNR20035 55 Eutrophic

2MNR21004 61 Eutrophic

2MNR21005 71 Hyper-
eutrophic

Trophic State Index (TSI) was 
calculated using values from Secchi
Depth, Chlorophyll-a, and Total 
Phosphorus analyses. The TSI 
values below were calculated for 
multiple sites with the 2018 data. 
The results shown in Table 1 
suggest that MNR is at a minimum 
eutrophic (TSI score from 51-69).
This means that MNR has a high 
concentration of nutrients, which 
can be detrimental to life in the lake 
in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Fig. 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected. The chart 
shows that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at MNR.

a)

Figure 4. 2018 phytoplankton community 
at 2MNR20001.

Table 1. TSI scores and trophic 
states for samples collected at MNR 
in 2018.

b)
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Figure 1. CHL sample sites in 2018 for field and chemical data.

Cecil M. Harden Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Closely followed downstream water quality targets

General Information and Water Quality
Cecil M. Harden Lake (CHL) is located in Parke and Putnam counties in Indiana. 
The dam was built by the Louisville District US Army Corps of Engineers (LRL) 
for the primary purpose of flood control. At summer pool, the surface area of 
CHL is 2,110 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the IN Department of Environmental 
Management (IDEM). No criteria were exceeded in the tailwater (2CHL10000; 
Figure 1). However, CHL exceeded the USEPA’s recommended criteria for total 
phosphorus, total nitrogen, and turbidity.  This is common among IN lakes but 
can contribute to harmful algal blooms.

Figure 2. CHL time series data collected from the 
tailwater (2CHL10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each lake’s 
Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time 
series graph of the 2018 
tailwater (2CHL10000; 
Figure 1) water 
temperature compared 
with the guide curve from 
the lake’s WCP.  CHL 
closely followed the 
established temperature 
guide curve.  Figure 2b 
shows a 2018 time series 
graph of the lake’s 
tailwater DO data with 
the applicable state 
criteria (blue line).  CHL 
met the state’s criteria for 
dissolved oxygen.

a)

b)
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Cecil M. Harden Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of CHL profile data 
collected at the damsite (2CHL20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The CHL temperature profile data collected in 2018 (Figure 
3a) indicates that the reservoir thermally stratifies and stores an adequate amount 
of cold water.  Additionally, Figure 3b indicates that the reservoir is adequately 
oxygenated.

Figure 3. CHL time series data collected from the damsite (2CHL20001; 
Figure 1) in 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in IN are addressed by the IN 
Department of Natural Resources (IDNR) and the IN 
Department of Environmental Management (IDEM) in the 
IDNR HAB Response Standard Operating Procedure. The LRL 
WQ Program supports the state agencies efforts by reporting 
visual HAB indicators via the IN State Department of Health 
Algal Bloom Notification Form. 

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2CHL20001 69 Eutrophic

2CHL20002 70 Hyper-
eutrophic

2CHL20039 71 Hyper-
eutrophic

Trophic State Index (TSI) was 
calculated using the data from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with the 
2018 data. The results shown in 
Table 1 suggest that CHL is at a 
minimum eutrophic (TSI score from 
51-69). This means that CHL has a 
high concentration of nutrients, 
which can be detrimental to life in 
the lake in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at CHL.

Figure 4. 2018 phytoplankton community 
at 2CHL20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at CHL 
in 2018.
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Figure 1. CMR sample sites in 2018 for field and chemical data.

Cagles Mill Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Closely followed established temperature targets

General Information and Water Quality
Cagles Mill Lake (CMR) is located in Putnam and Owen counties in Indiana. The 
dam was built by the Louisville District US Army Corps of Engineers (LRL) for 
the primary purpose of flood control and became operational in June 1953. The 
dam site is located at river mile 2.8 of Mill Creek. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the IN Department of Environmental 
Management (IDEM). No criteria were exceeded in the tailwater (2CMR10000; 
Figure 1). However, CMR exceeded the USEPA’s recommended criteria for total 
phosphorus, total nitrogen, and turbidity.  This is common among IN lakes but 
can contribute to harmful algal blooms.

Figure 2. CMR time series data collected from the 
tailwater (2CMR10000; Figure 2): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each lake’s 
Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time 
series graph of the 2018 
tailwater (2CMR10000; 
Figure 1) water 
temperature compared 
with the guide curve from 
the lake’s WCP. CMR 
closely followed the 
established temperature 
targets.  Figure 2b shows 
a 2018 time series graph 
of the lake’s tailwater DO 
data with the applicable 
state criteria (blue line). 
CMR met established 
state water quality criteria 
for dissolved oxygen.

a)

b)
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Cagles Mill Lake (2018)
Reservoir Conditions and Operations

Below (Figure 3a and b) are time series contour plots of CMR profile data 
collected at the damsite (2CMR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability throughout the 
year.  CMR temperature profile data collected in 2018 (Figure 3a) indicates that 
the reservoir thermally stratifies and retains cold water throughout the summer.  
Additionally, Figure 3b indicates that the reservoir is adequately oxygenated.

Figure 3. CMR time series data collected from the damsite (2CMR20001; 
Figure 1) during 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in IN are addressed by the IN 
Department of Natural Resources (IDNR) and the IN 
Department of Environmental Management (IDEM) in the 
IDNR HAB Response Standard Operating Procedure. The LRL 
WQ Program supports the state agencies efforts by reporting 
visual HAB indicators via the IN State Department of Health 
Algal Bloom Notification Form. 

Reservoir Biological Conditions

Trophic State Index (TSI) was 
calculated using values from Secchi
Depth, Chlorophyll-a, and Total 
Phosphorus analyses. The TSI 
values below were calculated for 
multiple sites with the 2018 data. 
The results shown in Table 1 
suggest that CMR is at a minimum 
eutrophic (TSI score from 51-69).
This means that CMR has a  high 
concentration of nutrients, which 
can be detrimental to life in the lake 
in multiple ways. 

Site TSI
Score

Trophic
State

2CMR20001 64 Eutrophic

2CMR20002 72 Hyper-
eutrophic

2CMR20004 79 Hyper-
eutrophic

2CMR20041 66 Eutrophic

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at CMR.

Figure 4. 2018 phytoplankton community 
at 2CMR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at CMR.
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Figure 1. PRR sample sites in 2018 for field and chemical data.

Patoka Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Problems meeting tailwater temperature targets exist due to infrastructure 

limitations

General Information and Water Quality
Patoka Lake (PRR) is located in Dubois, Crawford, and Orange counties in 
Indiana. The dam was built by the Louisville District of the US Army Corps of 
Engineers (LRL) for the primary purpose of flood control and became 
operational in February 1978. At summer pool, the surface area of PRR is 8,880 
acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the IN Department of Environmental 
Management (IDEM). No criteria were exceeded in the tailwater (2PRR10000; 
Figure 1). However, PRR exceeded the USEPA’s recommended criteria for total 
phosphorus, which is common among IN lakes but can contribute to harmful 
algal blooms. 

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL 
lakes and tailwaters.  
This data informs water 
control engineers on 
how to best use existing 
selective withdrawal 
capabilities to meet 
downstream WQ targets 
established by each 
lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a 
shows a time series 
graph of the 2018 
tailwater (2PRR10000, 
Figure 1) water 
temperature compared 
with the guide curve 
from the lake’s WCP. 
PRR did not follow the 
established temperature 
guide curve closely in 
2018 due to a partially 
inoperable bypass 
system. Figure 2b shows 
a 2018 time series graph 
of the lake’s tailwater 
DO data with the 
applicable state criteria 
(blue line).  PRR met 
state criteria for DO.

Figure 2. PRR time series data collected from the 
tailwater (2PRR10000; Figure 1): a) water temperature; 
and b) dissolved oxygen.

Tailwater Conditions

a)

b)
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Patoka Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of PRR profile data 
collected at the damsite (2PRR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability throughout the year.  
PRR temperature profile data collected in 2018 (Figure 3a) indicates that the 
reservoir could be successfully operated to meet the established temperature guide 
curve if the bypass gates were repaired and available.  Additionally, Figure 3b 
indicates that the reservoir possesses adequately oxygenated water to meet state 
criteria.

Figure 3. PRR time series data collected from the damsite during 2018 
(2PRR20001; Figure 1): a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in IN are addressed by the 
IN Department of Natural Resources (IDNR) and the IN 
Department of Environmental Management (IDEM) in the 
IDNR HAB Response Standard Operating Procedure. The 
LRL WQ Program supports the state agencies efforts by 
reporting visual HAB indicators via the IN State Department 
of Health Algal Bloom Notification Form. 

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2PRR20001 53 Eutrophic

2PRR20003 54 Eutrophic

2PRR20141 66 Eutrophic

2PRR21001 62 Eutrophic

Trophic State Index (TSI) was 
calculated using values from 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with 
the 2018 data. The results shown in 
Table 1 suggest that PRR is 
eutrophic (TSI score from 51-69).
This means that PRR has a high 
concentration of nutrients, which 
can be detrimental to life in the 
lake in multiple ways. 
.

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at PRR.

Figure 4. 2018 phytoplankton community 
at 2PRR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at PRR 
in 2018.
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Figure 1. CCK sample 
sites in 2018 for field 
and chemical data.

Caesar Creek Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Intensively surveyed in 2018

General Information and Water Quality
Caesar Creek Lake (CCK) is located in Warren, Clinton, and Greene counties in 
Ohio. The dam was built by the Louisville District US Army Corps of Engineers 
(LRL) for the primary purpose of flood control. At summer pool, the surface area 
is 2,830 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of criteria established by the Ohio EPA. No criteria were exceeded 
in the tailwater (2CCK10000; Figure 1). However, CCK exceeded the USEPA’s 
recommended criteria for total phosphorus, total nitrogen, and turbidity.  This is 
common among OH lakes but can contribute to harmful algal blooms.

Figure 2. CCK time series data collected from the 
tailwater (2CCK10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each lake’s 
Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time 
series graph of the 2018 
tailwater (2CCK10000; 
Figure 1) water 
temperature compared 
with the guide curve from 
the lake’s WCP.  CCK 
operated relatively 
closely to the established 
temperature guide curve.  
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater dissolved 
oxygen data with the 
applicable state criteria 
(blue line).  CCK met the 
state’s criteria for 
dissolved oxygen.

a)

b)
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Caesar Creek Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of CCK profile data 
collected at the damsite (2CCK20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The CCK temperature profile data collected in 2018 (Figure 
3a) indicates that the reservoir contained the adequate cold water necessary to 
meet the established temperature guide curve, and it did (Figure 2a).  While 
Figure 3b indicates that the reservoir may have dissolved oxygen limitations at 
times, actual data from the tailwater indicates adequate oxygenation.

Figure 3. CCK time series data collected from the damsite (2CCK20001; 
Figure 1) during 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in OH are addressed by the
OH Department of Natural Resources (ODNR) as they are the 
lead agency for HAB response. The ODNR works with the 
Ohio EPA and OH Department of Health to sample for 
cyanobacteria and cyanotoxins at designated swimming 
beaches and to post recreational advisories. LRL supports the 
state agencies by reporting any visual HAB indicators and by 
communicating HAB potential to the visiting public.

Reservoir Biological Conditions

Trophic State Index (TSI) was 
calculated using values from several 
analyses. The TSI values below 
were calculated for multiple sites 
with 2018 data. The results shown in 
Table 1 suggest that CCK is 
eutrophic (TSI score from 51-69).
This means that CCK has a high 
concentration of nutrients, which 
can be detrimental to the lake in 
multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at CCK.

Figure 4. 2018 phytoplankton community 
at 2CCK20001.

Site TSI
Score

Trophic
State

2CCK20001 60 Eutrophic

2CCK20002 61 Eutrophic

2CCK20003 61 Eutrophic

2CCK20004 60 Eutrophic

2CCK20007 60 Eutrophic

2CCK20008 63 Eutrophic

2CCK20009 66 Eutrophic 

2CCK20015 68 Eutrophic 

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at CCK.
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Figure 1. EFR sample sites in 2018 for field and chemical data.

William H. Harsha Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Operated rather closely to the established temperature guide curve

General Information and Water Quality
William H. Harsha Lake (EFR) is located in Clermont County, Ohio. The dam 
was built by the Louisville District US Army Corps of Engineers (LRL) for the 
primary purpose of flood control and became operational in May 1978. At 
summer pool, the surface area of EFR is 2,160 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the Ohio Environmental Protection 
Agency (Ohio EPA). No criteria were exceeded in the tailwater (2EFR10000; 
Figure 1). However, EFR did exceed the USEPA’s recommended criteria for 
total phosphorus and turbidity.  This is common among OH lakes but can 
contribute to harmful algal blooms.

Figure 2. EFR time series data collected from the 
tailwater (2EFR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream water 
quality WQ targets. WQ 
targets are established by 
each lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a shows 
a time series graph of the 
2018 tailwater 
(2EFR10000; Figure 1) 
water temperature 
compared with the guide 
curve from the lake’s 
WCP.  With a few 
isolated exceptions, EFR 
operated relatively 
closely to the established 
temperature guide curve 
in 2018.  Figure 2b shows 
a 2018 time series graph 
of the lake’s tailwater DO 
data with the applicable 
state criteria (blue line).  
EFR met the state’s 
criteria for dissolved 
oxygen.

a)

b)
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William H. Harsha Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of EFR profile data 
collected at the damsite (2EFR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The EFR temperature profile data collected in 2018 (Figure 
3a) indicates that the reservoir contained the adequate cold water necessary to 
meet the established temperature guide curve, as shown in Figure 2a.  While 
Figure 3b indicates that the reservoir has severe dissolved oxygen limitations in 
the summer and fall, actual data from the tailwater indicates that it is adequately 
oxygenated.

Figure 3. EFR time series data collected from the damsite (2EFR20001; 
Figure 1) in 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in OH are addressed by the
OH Department of Natural Resources (ODNR) as they are the 
lead agency for HAB response in the state. The ODNR works 
with the Ohio EPA and OH Department of Health to sample for 
cyanobacteria and cyanotoxins at designated swimming beaches 
and to post any required recreational advisories. LRL supports 
the state agencies by reporting any visual HAB indicators and 
by participating in a Sign Posting & Communication Plan.

Reservoir Biological Conditions

Trophic State Index (TSI) was 
calculated using values from 
several analyses. The results shown 
in Table 1 suggest that EFR is at a 
minimum eutrophic (TSI score 
from 51-69). This means that EFR 
has a  high concentration of 
nutrients, which can be detrimental 
to life in the lake in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at EFR.

Figure 4. 2018 phytoplankton community 
at 2EFR20001.

Site TSI
Score

Trophic
State

2EFR20001 69 Eutrophic

2EFR20004 76 Hyper-
eutrophic

2EFR20005 72 Hyper-
eutrophic

2EFR20024 68 Eutrophic

2EFR21000 71 Hyper-
eutrophic

2EFR21001 70 Hyper-
eutrophic

2EFR23001 68 Eutrophic

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at EFR.
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Figure 1. WFR sample sites in 2018 for field and chemical data.

West Fork Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Does not possess selective withdrawal capabilities

General Information and Water Quality
West Fork Lake (WFR) is located in the metropolitan Cincinnati area in 
Hamilton County, Ohio. The dam was built by the Louisville District of the US 
Army Corps of Engineers (LRL) for the primary purpose of flood control and 
became operational in December 1952. At summer pool, the surface area of 
WFR is 183 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the Ohio Environmental Protection 
Agency (OH EPA). No criteria were exceeded in the tailwater (2WFR10000; 
Figure 1). However, WFR did exceed the USEPA’s recommended criteria for 
total phosphorus and turbidity.  This is common among OH lakes but can 
contribute to harmful algal blooms.

Figure 2. WFR time series data collected from the 
tailwater (2WFR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL 
lakes and tailwaters.  
This data informs water 
control engineers on how 
to best use existing 
selective withdrawal 
capabilities to meet 
downstream WQ targets. 
WQ targets are 
established by each 
lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a shows 
a time series graph of the 
2018 tailwater water 
temperature at WFR.  
WFR operated relatively 
closely to the established 
temperature guide curve.  
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater DO data 
with the applicable state 
criteria (blue line).  WFR 
met established state 
criteria for temperature 
and DO.

a)

b)
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West Fork Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of WFR profile data 
collected at the damsite (2WFR20001; Figure 1) in 2018.  The figures show 
the progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  Figure 3a shows that the lake was thermally stratified 
from approximately June through October.  Figure 3b indicates that the 
reservoir is adequately oxygenated.

Figure 3. WFR time series data collected from the damsite (2WFR20001; 
Figure 1) in 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in OH are addressed by the
OH Department of Natural Resources (ODNR) as they are the 
lead agency for HAB response in the state. The ODNR works 
with the Ohio EPA and OH Department of Health to sample for 
cyanobacteria and cyanotoxins at designated swimming beaches 
and to post any required recreational advisories. LRL supports 
the state agencies by reporting any visual HAB indicators and 
by participating in a Sign Posting & Communication Plan to 
communicate HAB potential to the visiting public.

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2WFR20001 65 Eutrophic

2WFR20008 67 Eutrophic

2WFR20009 80 Hyper-
eutrophic

2WFR20010 80 Hyper-
eutrophic

2WFR21001 73 Hyper-
eutrophic

2WFR21002 74 Hyper-
eutrophic

Trophic State Index (TSI) was 
calculated using Secchi Depth data.
The results shown in Table 1 suggest 
that WFR is at a minimum eutrophic 
(TSI score from 51-69). This means 
that WFR has a high concentration 
of nutrients, which can be 
detrimental to life in the lake in 
multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at WFR.

Figure 4. 2018 phytoplankton community 
at 2WFR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at WFR.
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Figure 1. CBR sample sites in 2018.

C.J. Brown Dam & Reservoir (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Intensively surveyed in 2018

General Information and Water Quality
C.J. Brown Dam & Reservoir (CBR) is located in Clark County, Ohio. The dam 
was built by the Louisville District US Army Corps of Engineers (LRL) for the 
primary purpose of flood control and became operational in September 1974. At 
summer pool, the surface area of CBR is 2,120 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by Ohio EPA. No criteria were exceeded 
in the tailwater (2CBR10000; Figure 1). However, CBR exceeded the USEPA’s 
recommended criteria for total phosphorus, total nitrogen, and turbidity.  This is 
common among OH lakes but can contribute to harmful algal blooms.

Figure 2. CBR time series data collected from the 
tailwater (2CBR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions
Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each lake’s 
Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time 
series graph of the 2018 
tailwater (2CBR10000) 
water temperature 
compared with the guide 
curve from the lake’s 
WCP.  CBR did not 
closely follow the 
established temperature 
guide curve in 2018.  
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater DO data 
with the applicable state 
criteria (blue line).  CBR 
met the state’s criteria for 
dissolved oxygen.

a)

b)
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C.J. Brown Dam & Reservoir (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of CBR profile data 
collected at the damsite (2CBR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  Figure 3a indicates that the lake was thermally stratified 
from approximately June through September.  Figure 3b indicates that the 
reservoir is adequately oxygenated to meet downstream water quality criteria for 
dissolved oxygen.

Figure 3. CBR time series data collected from the damsite (2CBR20001; 
Figure 1) in 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in OH are addressed by the
OH Department of Natural Resources (ODNR) as they are 
the lead agency for HAB response in the state. The ODNR 
works with the Ohio EPA and OH Department of Health to 
sample for cyanobacteria and cyanotoxins at designated 
swimming beaches and to post any required recreational 
advisories. 

Reservoir Biological Conditions

Trophic State Index (TSI) was 
calculated using data from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with the 
2018 data. The results shown in 
Table 1 suggest that CBR is at a 
minimum eutrophic (TSI score from 
51-69). This means that CBR has a 
high concentration of nutrients, 
which can be detrimental to life in 
the lake in multiple ways. 

Site TSI
Score

Trophic
State

2CBR20001 67 Eutrophic

2CBR20003 69 Eutrophic

2CBR20009 68 Eutrophic

2CBR20011 71 Hyper-
eutrophic

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at CBR.

Figure 4. 2018 phytoplankton 
community at 2CBR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at CBR 
in 2018.
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Figure 1. BVR 
sample sites in 
2018 for field and 
chemical data.

Brookville Lake (2018)
Water Quality Takeaways

• Moderate potential for harmful algal blooms
• No exceedances of state water quality criteria

General Information and Water Quality
Brookville Lake (BVR) is located in Franklin and Union counties in Indiana. The 
dam was built by the Louisville District US Army Corps of Engineers (LRL) for 
the primary purpose of flood control and became operational in 1974. At 
summer pool, the surface area of BVR is 5,260 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the IN Department of Environmental 
Management (IDEM). No criteria were exceeded in the tailwater (2BVR10000; 
Figure 1). Also, BVR did not exceed the USEPA’s recommended criteria for 
nutrients, which contribute to harmful algal blooms. 

Figure 2. BVR time series data collected from the 
tailwater (2BVR10000; Figure 1) a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each lake’s 
Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time 
series graph of the 2018 
tailwater (2BVR10000; 
Figure 1) water 
temperature compared 
with the guide curve from 
the lake’s WCP.  BVR 
did not operate closely to 
the established 
temperature guide curve.   
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater DO data 
with the applicable state 
criteria (blue line).  BVR 
met the state’s criteria for 
dissolved oxygen in 
2018.

a)

b)
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Brookville Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of BVR profile data 
collected at the damsite (2BVR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The BVR temperature profile data collected in 2018 (Figure 
3a) indicates that the reservoir contained adequate water temperatures necessary 
to meet the established temperature guide curve shown in Figure 2a.  While 
Figure 3b indicates that the reservoir may have dissolved oxygen limitations in 
the summer, actual data from the tailwater indicates that it is adequately 
oxygenated.

Figure 3. BVR time series data collected from the damsite (2BVR20001; 
Figure 1) during 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in IN are addressed by the IN 
Department of Natural Resources (IDNR) and the IN 
Department of Environmental Management (IDEM) in the 
IDNR HAB Response Standard Operating Procedure. The LRL 
WQ Program supports the state agencies efforts by reporting 
visual HAB indicators via the IN State Department of Health 
Algal Bloom Notification Form. 

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2BVR20001 52 Eutrophic

2BVR20003 55 Eutrophic

2BVR20004 68 Eutrophic

The Trophic State Index (TSI) was 
calculated using the data from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with the 
2018 data. The results shown in 
Table 1 suggest that BVR is 
eutrophic (TSI score from 51-69).
This means that BVR has a high 
concentration of nutrients, which 
can be detrimental to life in the lake 
in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected. The chart 
shows that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at BVR.

Figure 4. 2018 phytoplankton community 
at 2BVR20001.

a)

b)

Table 1. TSI scores and trophic states 
for samples collected at BVR in 2018.
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Buckhorn Lake (2018)

Figure 1. BHR 2018 water quality sample sites.

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each lake’s 
Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time 
series graph of 2018 
tailwater (2BHR10000; 
Figure 1) water 
temperature compared 
with the guide curve from 
the lake’s WCP. BHR did 
not closely follow the 
established temperature 
guide curve. Figure 2b 
shows a 2018 time series 
graph of the lake’s 
tailwater DO data with 
the applicable state 
criteria (blue line). The 
tailwater met established 
water quality criteria for 
DO.

Figure 2. BHR time series data collected from the 
tailwater (2BHR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Water Quality Takeaways
• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Inadequate cold water storage caused by infrastructure limitations

Tailwater Conditions

a)

General Information and Water Quality
Buckhorn Lake (BHR) was built by the Louisville District US Army Corps of 
Engineers (LRL) for the primary purpose of flood control. At summer pool, the 
surface area of BHR is 1,230 acres.

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the KY Division of Water (KDOW). 
No criteria were exceeded in the tailwater (2BHR10000; Figure 1). However, 
BHR did exceed the USEPA’s recommended criteria for total phosphorus, total 
nitrogen, and turbidity.  This is common among KY lakes but can contribute to 
harmful algal blooms.

b)
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Buckhorn Lake (2018)

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact on 
humans via harmful algal blooms (HABs) 
which are caused by an over-abundance of 
cyanobacteria.

Fig. 4 illustrates the abundance of 
cyanobacteria relative to the other types of 
phytoplankton collected from the damsite. 
The chart shows that cyanobacteria 
dominated the phytoplankton community 
in density (cells/L). These results indicate 
that HABs have the potential to be 
problematic at BHR.

Figure 4. 2018 phytoplankton community 
at 2BHR20001.

Harmful Algal Blooms (HABs) in KY are addressed by the 
KDOW. The KDOW has adopted HAB toxin sampling for 
posting public recreational advisories/cautions. The LRL WQ 
Program supports the state agency’s efforts to implement a 
statewide HAB response plan. LRL assists the KDOW with 
implementation by reporting visual HAB indicators and 
collecting HAB toxin samples at locations as specified by the 
KDOW. 

Reservoir Conditions and Operations Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2BHR20001 57 Eutrophic

2BHR20005 61 Eutrophic

2BHR20006 61 Eutrophic

2BHR20059 59 Eutrophic

Below (Figures 3a and b) are time series contour plots of BHR profile data 
collected at the damsite (2BHR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  Figure 3a shows that BHR was thermally stratified from 
approximately June through October.  Figure 3b indicates that the reservoir is 
adequately oxygenated.

Trophic State Index (TSI) was 
calculated using the data from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with 
the 2018 data. The results shown in 
Table 1 suggest that BHR is 
eutrophic (TSI score from 51-69).
This means that BHR has a high 
concentration of nutrients, which 
can be detrimental to life in the lake 
in multiple ways. 

Figure 3. BHR time series data collected from the damsite in 2018 
(2BHR20001; Figure 1): a) water temperature; and b) dissolved oxygen.

Table 1. TSI scores and trophic states 
for samples collected at BHR in 2018.

a)

b)
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Figure 1. CFK sample sites in 2018 for field and chemical data.

Carr Creek Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• Did not operate closely to the established temperature guide curve
• No exceedances of state water quality criteria

General Information and Water Quality
Carr Creek Lake (CFK) is located in Knott County, Kentucky. The dam was built 
and is operated by the Louisville District US Army Corps of Engineers (LRL). 
The primary purpose of the lake is flood control and secondarily water supply. At 
summer pool, the surface area of CFK is 710 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the KY Division of Water (KDOW). 
No criteria were exceeded in the tailwater (2CFK10000; Figure 1). However, 
CFK exceeded the USEPA’s recommended criteria for total phosphorus and 
turbidity.  This is common among KY lakes but can contribute to harmful algal 
blooms. 

Figure 2. CFK time series data collected from the 
tailwater (2CFK10000; Figure 1) a) water temperature; 
and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL lakes 
and tailwaters.  This data 
informs water control 
engineers on how to best 
use existing selective 
withdrawal capabilities to 
meet downstream WQ 
targets. WQ targets are 
established by each lake’s 
Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time 
series graph of the 2018 
tailwater (2CFK10000) 
water temperature 
compared with the guide 
curve from the lake’s 
WCP.  CFK did not 
operate closely to the 
established temperature 
guide curve in 2018.  
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater DO data 
with the applicable state 
criteria (blue line).  CFK 
met the state’s criteria for 
dissolved oxygen.

a)

b)
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Carr Creek Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of CFK profile data 
collected at the damsite (2CFK20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The CFK temperature profile data collected in 2018 (Figure 
3a) indicates that the reservoir contained the proper temperatures necessary to 
meet the established temperature guide curve.  While Figure 3b indicates that the 
reservoir may have dissolved oxygen limitations later in the fall, actual data from 
the tailwater indicates that it is adequately oxygenated.

Figure 3. CFK time series data collected from the damsite (2CFK20001; 
Figure 1) during 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in KY are addressed by the 
KDOW as they are the lead agency for HAB response. The 
KDOW has adopted HAB toxin sampling for posting public 
recreational advisories/cautions. The LRL WQ Program 
coordinates with, complies with, and supports the state 
agency’s efforts to implement a statewide HAB response plan. 

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2CFK20001 54 Eutrophic

2CFK20005 58 Eutrophic

2CFK20011 56 Eutrophic

2CFK20014 59 Eutrophic

The Trophic State Index (TSI) was 
calculated using the data from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with the 
2018 data. The results shown in 
Table 1 suggest that CFK is 
eutrophic (TSI score from 51-69).
This means that CFK has a high 
concentration of nutrients, which can 
be detrimental to life in the lake in 
multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at CFK.

Figure 4. 2018 phytoplankton community 
at 2CFK20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at CFK in 
2018.
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Figure 1. CRR sample sites in 2018 for field and chemical data.

Cave Run Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• One exceedance of state water quality criteria (dissolved oxygen)
• Did not operate closely to the established temperature guide curve

General Information and Water Quality
Cave Run Lake (CRR) is located in Bath, Rowan, Morgan, and Menifee 
counties, Kentucky. The dam was built by the Louisville District of the US Army 
Corps of Engineers (LRL) for the primary purpose of flood control and 
secondarily water supply. At summer pool, the surface area of CRR is 8,270 
acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the KY Division of Water (KDOW). 
CRR’s tailwater (2CRR10000; Figure 1) exceeded the state criteria for dissolved 
oxygen (Figure 2b). Also, CRR did exceed the USEPA’s recommended criteria 
for total phosphorus, total nitrogen, and turbidity.  This is common among KY 
lakes but can contribute to harmful algal blooms.

Figure 2. CRR time series data collected from 
the tailwater (2CRR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and dissolved 
oxygen (DO) profile data are 
regularly collected from LRL 
lakes and tailwaters.  This data 
informs water control 
engineers on how to best use 
existing selective withdrawal 
capabilities to meet 
downstream WQ targets. WQ 
targets are established by each 
lake’s Water Control Plan 
(WCP) and state criteria.  
Figure 2a shows a time series 
graph of the 2018 tailwater 
(2CRR10000; Figure 1) water 
temperature compared with the 
guide curve from the lake’s 
WCP.  Due to several factors, 
CRR did not operate closely to 
the established temperature 
guide curve in 2018.  Figure 
2b shows a 2018 time series 
graph of the lake’s tailwater 
dissolved oxygen data with the 
applicable state criteria (blue 
line).  CRR had one 
exceedance of dissolved 
oxygen state criteria in July of 
2018.  This condition was 
immediately corrected with a 
change in operations.

a)

b)
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Cave Run Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of CRR profile data 
collected at the damsite (2CRR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  The CRR temperature profile data collected in 2018 
(Figure 3a) indicates that the reservoir contained the adequate water 
temperatures necessary to meet the temperature guide curve shown in Figure 2a.  
While a do exceedance was documented, Figure 3b indicates that the reservoir 
was adequately oxygenated for most of 2018.

Figure 3. CRR time series data collected from the damsite (2CRR20001; 
Figure 1) during 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in KY are addressed by the 
KDOW as they are the lead agency for HAB response in the 
state. The KDOW has adopted HAB toxin sampling for posting 
public recreational advisories/cautions. The LRL WQ Program 
coordinates with, complies with, and supports the state agency’s 
efforts to implement a statewide HAB response plan. 

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2CRR20001 53 Eutrophic

2CRR20002 55 Eutrophic

2CRR20003 68 Eutrophic

2CRR20004 58 Eutrophic

2CRR20178 57 Eutrophic

2CRR20198 60 Eutrophic

Trophic State Index (TSI) was 
calculated using the data from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The TSI values below were 
calculated for multiple sites with the 
2018 data. The results shown in 
Table 1 suggest that CRR is 
eutrophic (TSI score from 51-69).
This means that CRR has a high 
concentration of nutrients, which 
can be detrimental to life in the lake 
in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at CRR.

Figure 4. 2018 phytoplankton community 
at 2CRR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at CRR 
in 2018.
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Figure 1. TAR sample sites in 2018 for field and chemical data.

Taylorsville Lake (2018)
Water Quality Takeaways

• High potential for harmful algal blooms
• No exceedances of state water quality criteria
• Successfully operated closely to the established temperature guide curve in 

2018

General Information and Water Quality
Taylorsville Lake (TAR) is located in Spencer, Nelson, and Anderson counties in 
Kentucky. The dam was built by the Louisville District of the US Army Corps of 
Engineers (LRL) for the primary purpose of flood control and was placed in 
operation in January 1983. At summer pool, surface area is 3,050 acres. 

Water quality (WQ) in the tailwater is assessed by analyzing 2018 data for 
exceedances of WQ criteria established by the KY Division of Water (KDOW). 
No criteria were exceeded in the tailwater (2TAR10000; Figure 1). However, 
TAR exceeded the USEPA’s recommended criteria for total phosphorus, total 
nitrogen, and turbidity.  This is common among KY lakes but can contribute to 
harmful algal blooms.

Figure 2. TAR time series data collected from the 
tailwater (2TAR10000; Figure 1): a) water 
temperature; and b) dissolved oxygen.

Tailwater Conditions

Temperature and 
dissolved oxygen (DO) 
profile data are regularly 
collected from LRL 
lakes and tailwaters.  
This data informs water 
control engineers on 
how to best use existing 
selective withdrawal 
capabilities to meet 
downstream WQ targets 
established by each 
lake’s Water Control 
Plan (WCP) and state 
criteria.  Figure 2a 
shows a time series 
graph of the 2018 
tailwater (2TAR10000, 
Figure 1) water 
temperature compared 
with the guide curve 
from the lake’s WCP. In 
2018, TAR closely 
followed the established 
temperature guide curve.  
Figure 2b shows a 2018 
time series graph of the 
lake’s tailwater DO data 
with the applicable state 
criteria (blue line). TAR 
met state criteria for 
dissolved oxygen.

a)

b)
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Taylorsville Lake (2018)
Reservoir Conditions and Operations

Below (Figures 3a and b) are time series contour plots of TAR profile data 
collected at the damsite (2TAR20001; Figure 1) in 2018.  The figures show the 
progression of temperature and dissolved oxygen availability in the lake 
throughout the year.  TAR temperature profile data collected in 2018 (Figure 3a) 
indicates that the reservoir could be successfully operated to meet its temperature 
guide curve, and it was (Figure 2a).  While Figure 3b indicates that the reservoir 
may have dissolved oxygen limitations, actual data from the tailwater indicates 
the tailwater is adequately oxygenated.

Figure 3. TAR time series data collected from the damsite (2TAR20001; 
Figure 1) during 2018: a) water temperature; and b) dissolved oxygen.

Harmful Algal Blooms (HABs) in KY are addressed by the 
KDOW as they are the lead agency for HAB response. The 
KDOW has adopted HAB toxin sampling for posting public 
recreational advisories/cautions. The LRL WQ Program 
supports KDOW’s efforts to implement a statewide HAB 
response plan. LRL assists the KDOW with implementation 
by reporting visual HAB indicators and collecting HAB toxin 
samples at locations as specified by the KDOW. 

Reservoir Biological Conditions

Site TSI
Score

Trophic
State

2TAR20001 64 Eutrophic

2TAR20003 66 Eutrophic

2TAR20006 76 Hyper-
eutrophic

2TAR21001 64 Eutrophic

2TAR21101 63 Eutrophic

Trophic State Index (TSI) was 
calculated using the data from the 
Secchi Depth, Chlorophyll-a, and 
Total Phosphorus analyses. 
The results shown in Table 1 
suggest that TAR is at a minimum 
eutrophic (TSI score from 51-69).
This means that TAR has a  high 
concentration of nutrients, which 
can be detrimental to life in the lake 
in multiple ways. 

Phytoplankton (algae and cyanobacteria) 
and green plants are the base of the food 
chain in aquatic ecosystems. 
Phytoplankton also have a large impact 
on humans via harmful algal blooms 
(HABs) which are caused by an over-
abundance of cyanobacteria.

Figure 4 illustrates the abundance of 
cyanobacteria relative to the other types 
of phytoplankton collected from the 
damsite in summer 2018. The chart shows 
that cyanobacteria dominated the 
phytoplankton community in density 
(cells/L). These results indicate that 
HABs have the potential to be 
problematic at TAR.

Figure 4. 2018 phytoplankton community 
at 2TAR20001.

a)

b)

Table 1. TSI scores and trophic 
states for samples collected at TAR 
in 2018.
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Emergency Response and Harmful Algal Blooms

The Louisville District (LRL) Water Quality (WQ) program responds to 
emergency events that occur including, but not limited to:

 Fish kills
 Zooplankton blooms
 Harmful algal blooms (HABs)
 Unusual events

LRL WQ Team Members have a diverse technical background including 
limnology, ecology, sampling methods, fish biology, mussel life cycles, 
and assessing biological indicators of water quality which allows rapid 
development of response plans for a variety of reported conditions. The 
LRL WQ Team works with scientists possessing expertise in phycology, 
fisheries management and aquatic ecology to expand technical 
competencies and emergency response plans. Having an established 
relationship with the US Army Engineer Research and Development 
Center (ERDC) allows the LRL WQ Team to request sampling supplies, 
equipment, and analysis for rapid response time.  

The most common emergency response activity is harmful algal blooms 
(HABs).  HABs are defined as an over abundance of cyanobacteria (aka 
blue-green algae). HABs may not always be visible, and some species 
may produce toxins that can be harmful to human health. HABs are most 
prevalent in warm-weather months during periods of low precipitation. 
Nutrient overloading is considered to be one of the primary factors 
contributing to HAB development. The LRL area of responsibility 
includes Indiana, Ohio, and Kentucky. These states are the water quality 
authorities responsible for developing HAB response plans and 
determining public advisories for contact and drinking water. The LRL 
WQ Team supports the states in the development and implementation of 
HAB response plans, upon request of the lead state agencies.

Nolin Lake employee and Water Quality Team member 
investigate a fish kill report.

The Ohio River algae bloom of 2015.
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Water Quality Program Partnerships

The Louisville District Water Quality program prioritizes 
partnerships with other Federal, state, academic, and county 
agencies.  Agency partners include (but are not limited to):

 United States Environmental Protection Agency (USEPA)
 United States Geological Service (USGS)
 Kentucky Division of Water (KDOW)
 Indiana Department of Environmental Management 

(IDEM)
 Indiana Department of Natural Resources (IDNR)
 Ohio Environmental Protection Agency (Ohio EPA)
 Ohio Department of Natural Resources (ODNR)
 Ohio River Sanitation Commission (ORSANCO)
 The Nature Conservancy (TNC)
 Other Corps entities

The District is part of a longstanding partnership to study Salamonie lake and river.

The Water Quality Team works with other Corps 
districts across the nation to develop DASLER 
(water quality data management software).
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Water Quality Program Future (2019) Plans
Summary

In 2019, the Water Quality Program intends to conduct project 
profiles, ambient surveys, intensive surveys, and special studies 
in accordance with program objectives.

 Project profiles will be collected approximately every two 
weeks at each lake.

 Ambient surveys will be conducted at all twenty lakes during 
the summer.

 Intensive surveys will be directed at Buckhorn and Carr Creek 
lakes.

 Special studies will be coordinated regarding the East Fork 
Watershed Cooperative (Harsha Lake), Salamonie Lake, 
Roush Lake and any unforeseen incident response.

2019 HAB Response  

 OH HAB Response is to report any visual indicators to the 
state lead agencies via submission of the state provided Bloom 
Report.

 KY HAB Response is to report any visual indicators to the 
lead state agency via email. State lead agency will request 
sampling support as needed and provide sampling supplies, 
specific location, and analysis.            

 IN HAB Response is to report any visual indicators to the 
state lead agencies via submission of the state provided Bloom 
Report. 

Map of Carr Creek Lake 2019 intensive survey sample sites.
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