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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.

2017 HAB Results

Harmful Algal Blooms (HABs) 
were confirmed at the following 
lakes:

 Salamonie
 Mississinewa
 Monroe
 Cecil Harden
 Brookville
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Figure 2. The Ohio River at Louisville.

Figure 1. LRL Water Quality Program boundaries.

Figure 3. Lollipop chart of fish community IBI scores and ratings. 
Lollipop height and circle size corresponds to IBI score. Circle color 
corresponds to IBI rating.

IB
I S

co
re

Brookville Lake Watershed – IBI Score and Rating

Major Findings of 2017 Sampling

• Water quality data collected in 2017 revealed four exceedances of state water quality criteria in lake tailwaters.
• Harsha Lake (EFR)

• At EFR, three exceedances of state water quality criteria occurred.  Temperature criteria was 
exceeded twice and pH criteria was exceeded once.

• Caesar Creek Lake (CCK)
• At CCK, one exceedance of state pH water quality criteria occurred.

• At 18/20 lakes, exceedances of USEPA’s recommended nutrient criteria were documented.
• All 2017 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 LRL lakes were dominated by cyanobacteria genera during the 2017 

sampling season, and phytoplankton taxa richness ranged from 67 taxa collected at J. Edward Roush Lake to 126 taxa 
collected at Brookville Lake.

• Zooplankton taxa richness ranged from 6 taxa collected at Barren River Lake to 17 taxa collected at Green River 
Lake.

• The results of the biological study conducted in the watersheds of Brookville and Cecil M. Harden lakes indicated 
that the majority of their watersheds have fair stream health, with the tailwaters generally having poorer stream 
health. 

• Changes in operation are recommended and will be provided internally.
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LRL Water Quality Program Description
Water Quality Program Authority

• Federal Water Pollution Control Act of 
1948 and its amendments including the 
Clean Water Act of 1977 and the Water 
Quality Act of 1987.

• Executive Order 12088 “Federal 
Compliance with Pollution Control 
Standards” (13 OCT 1978).

• Collectively, these Acts strongly affirm 
the Federal interest in environmental 
management, ecosystem restoration, and 
water quality related activities. 

Water Quality Program Objectives

• Ensure compliance with applicable state and 
federal water quality regulations as mandated 
by federal law and EO 12088.

• Provide support internally to the Corps.
• Monitor water quality conditions, establish 

baseline conditions, assess current water 
quality status, and identify any significant 
water quality trends.

• Evaluate the effectiveness of the Water 
Control Plan.

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

Table 1. Water Quality Program survey and study type descriptions.
Figure 2. Cagles Mill Dam tower.

Figure 1. Nolin River Reservoir tailwater
October 4, 1974.
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Nolin River Lake (2017)
Nolin River Lake (NRR) is located in Edmonson, Grayson, and Hart counties in Kentucky (KY). The dam was 
built by the Louisville District of the US Army Corps of Engineers (LRL) and began operation in March 1963. 
The primary purpose of the lake is flood control. The dam site is located at river mile 8 of the Nolin River, and 
at summer pool, the surface area of NRR is 5,795 acres. Note: The term “lake” is substituted for the technically 
correct “reservoir” throughout this document for consistency.

Phytoplankton (Algae) and green plants are the base of the food 
chain in aquatic food webs and convert nutrients and CO2 through 
photosynthesis into biomass for all aquatic life. The LRL WQ 
Program sampled the phytoplankton community at NRR in August 
2017. The distribution and identification of phytoplankton was 
measured throughout the water column at depths of 0,5,10, and 20 
feet at multiple locations across the lake body. 

Figure 5 illustrates the relative abundance and species richness for 
the entire phytoplankton community at NRR during the sampling 
event. The relative abundance percentage was calculated using the 
density of phytoplankton species from all sample sites, at all 
depths. Raphidiopsis, a genera of cyanobacteria, was the 
dominant genera during the August sampling event. 

Figure 5. 2017 abundance of the phytoplankton 
community at NRR.

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 WQ 
targets established by each lake’s Water Control Plan (WCP) and state criteria.  Figure 3a shows a time series 
graph of the 2017 tailwater water temperature compared with the guide curve from the lake’s WCP.  Figure 3b 
shows a 2017 time series graph of the lake’s tailwater dissolved oxygen data with the applicable state criteria (blue 
line).

Figure 3. NRR time series data collected from the tailwater (2NRR10000; Figure 1): a) water temperature; and b) dissolved oxygen.

Figure 1. NRR sample sites in 2017 for field and chemical data.

Water Quality (WQ) in the Tailwater is assessed 
by analyzing exceedances of WQ criteria established 
by the KY Division of Water (KDOW). No criteria 
were exceeded in the tailwater (2NRR10000; 
Figure 1). However, NRR exceeded the USEPA’s 
recommended criteria for total nitrogen (Criteria: 
0.69 mg/L; Measurements: 1.05 mg/L). All 
exceedances have been reported to KDOW.

Figure 2. Field data taken at the dam site (2NRR20001; 
Figure 1) on 8/23/2017 at 08:00.

b)a)

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. LRL assists the KDOW with implementation 
by reporting visual HAB indicators and collecting HAB 
toxin samples at locations as specified by the KDOW. Figure 4. Nolin River Lake tailwater (NRR10000; Figure 1).

Zooplankton are microscopic animals that live in the 
water column and are an important part of the food 
chain. The LRL WQ Program sampled the zooplankton 
community at the dam site (2NRR20001; Figure 1) 
using a Wisconsin net pull of 20 vertical feet. Figure 6 
illustrates the relative abundance for the zooplankton 
community and species richness at NRR. Species 
richness is an indicator of community health, with 
greater community health as species richness increases. 
The top 3 dominant zooplankton were Asplanchna 
priodonta, Bosmina longirostris, and sub-adult 
Cyclopoida. 

Figure 6. 2017 abundance of the 
zooplankton community at NRR.
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Barren River Lake (2017)
Barren River Lake (BRR) is located in Allen, Barren, and Monroe counties in Kentucky (KY). The dam was built by the Louisville 
District of the US Army Corps of Engineers (LRL) and became operational in October 1964. The primary purpose of the lake is 
flood control. The drainage area above the dam is 940 square miles, and at summer pool, the surface area of BRR is 10,000 acres. 
Note: The term “lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

WQ in the Tailwater is assessed by analyzing exceedances of WQ 
criteria established by the KY Division of Water (KDOW). No criteria 
were exceeded in the tailwater (2BRR10000; Figure 1). However, 
BRR exceeded the USEPA’s recommended criteria for total 
phosphorus (Criteria: 36.56 ug/L; Measurement: 112.0 ug/L) and 
total nitrogen (Criteria: 0.69 mg/L; Measurement: 0.90 mg/L). All 
exceedances have been reported to KDOW.

Figure 2. Field data taken at the dam site (2BRR20001; Figure 
1) on 9/28/2017 at 09:00. 

Phytoplankton (Algae) and green plants are the base 
of the food chain in aquatic food webs and convert 
nutrients and CO2 through photosynthesis into biomass 
for all aquatic life. The LRL WQ Program sampled the 
phytoplankton community at BRR in September 2017. 
The distribution and identification of phytoplankton 
was measured throughout the water column at depths 
of 0,5,10, and 20 feet at multiple locations across the 
lake body. 

Figure 4 illustrates the relative abundance and species 
richness for the entire phytoplankton community at 
BRR during the sampling event. The relative 
abundance percentage was calculated using the density 
of phytoplankton species from all sample sites, at all 
depths. Planktolyngbya, a genera of cyanobacteria, 
was the dominant genera during the September 
sampling event. 

Figure 4. 2017 relative abundance of the entire phytoplankton 
community at BRR.

Figure 3. BRR time series data collected from the tailwater (2BRR10000; Figure 1): a) water temperature; and b) dissolved 
oxygen.

Figure 1. BRR sample sites in 2017 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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

a) b)

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. LRL assists the KDOW with implementation by 
reporting visual HAB indicators and collecting HAB toxin samples at 
locations as specified by the KDOW. 

Zooplankton are microscopic animals that live in the water column and are an 
important part of the food chain. The LRL WQ Program sampled the 
zooplankton community at the dam site (2BRR20001; Figure 1) using a 
Wisconsin net pull of 20 vertical feet. Figure 5 illustrates the relative abundance 
for the zooplankton community and species richness at BRR. Species richness 
is an indicator of community health, with greater community health as species 
richness increases. The top 3 dominant zooplankton were sub-adult Cyclopoida, 
Bosmina longirostris, and Asplanchna priodonta. 

Figure 5. 2017 relative abundance of the zooplankton community at BRR.
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Green River Lake (2017)
Green River Lake (GRR) is located in Adair and Taylor counties in Kentucky (KY). 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. The dam site is located at river mile 305.7 of the Green River, and at summer pool, the surface area 
of GRR is 8,210 acres. Note: The term “lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

Figure 6. 2017 relative abundance of the entire 
phytoplankton community at GRR.

Phytoplankton (Algae) and green plants are the base of the food chain 
in aquatic food webs and convert nutrients and CO2 through 
photosynthesis into biomass for all aquatic life. The LRL WQ Program 
sampled the phytoplankton community at GRR in June 2017. The 
distribution and identification of phytoplankton is measured throughout 
the water column at depths of 0,5,10, and 20 feet at multiple locations 
across the lake body. 

Figure 6 illustrates the relative abundance and species richness for the 
entire phytoplankton community at GRR. The relative abundance 
percentage was calculated using the density of phytoplankton species 
from all sample sites, at all depths for each sampling event. 
Planktolyngbya, a genera of cyanobacteria, was the dominant genera 
during the June sampling event. 

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 WQ targets established by each lake’s Water Control Plan (WCP) and state criteria.  Figure 
2a shows a time series graph of the 2017 tailwater water temperature compared with the guide curve from 
the lake’s WCP.  Figure 2b shows a 2017 time series graph of the lake’s tailwater dissolved oxygen data 
with the applicable state criteria (blue line).

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

Figure 1. GRR sample sites in 2017 for field and chemical data.

Water Quality (WQ) in the Tailwater is assessed by analyzing exceedances 
of WQ criteria established by the KY Division of Water (KDOW). No criteria 
were exceeded in the tailwater (2GRR10000; Figure 1). However, GRR 
exceeded the USEPA’s recommended criteria for total nitrogen (Criteria: 
0.69 mg/L; Measurements: 0.71 mg/L). All exceedances have been 
reported to KDOW.

Figure 3. Field data taken at the dam site 
(2GRR20001; Figure 1) on 6/28/2017 at 08:00.

a) b)

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. LRL assists 
the KDOW with implementation by reporting visual HAB indicators and 
collecting HAB toxin samples at locations as specified by the KDOW. 

Zooplankton are microscopic animals that live in the water 
column and are an important part of the food chain. The 
LRL WQ Program sampled the zooplankton community at 
the dam site (2GRR20001; Figure 1) using a Wisconsin net 
pull of 20 vertical feet. Figure 5 illustrates the relative 
abundance for the zooplankton community and species 
richness at GRR. Species richness is an indicator of 
community health, with greater community health as species 
richness increases. The top 3 dominant zooplankton were 
Asplanchna priodonta, sub-adult Cyclopoida, and Bosmina 
longirostris. 

Figure 5. 2017 abundance of the zooplankton community at GRR.

Figure 4. Aerial view of GRR.
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Rough River Lake (2017)
Rough River Lake (RRR) is located in Breckinridge, Hardin, and Grayson counties in Kentucky (KY). The dam was built by the Louisville District of the US Army 
Corps of Engineers (LRL) for the primary purpose of flood control. The drainage area above the dam is 454 square miles, and at summer pool, the surface area of RRR 
is 5,100 acres. Note: The term “lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

Phytoplankton (Algae) and green plants are the base of 
the food chain in aquatic food webs and convert nutrients 
and CO2 through photosynthesis into biomass for all 
aquatic life. The LRL WQ Program sampled the 
phytoplankton community at RRR in August 2017. The 
distribution and identification of phytoplankton is 
measured throughout the water column at depths of 
0,5,10, and 20 feet at multiple locations across the lake 
body. 

Figure 5 illustrates the relative abundance and species 
richness for the entire phytoplankton community at 
RRR. The relative abundance percentage was calculated 
using the density of phytoplankton species from all 
sample sites, at all depths. Planktolyngbya, a genera of 
cyanobacteria, was the dominant genera during the 
August sampling event. 

Figure 5. 2017 relative abundance of the entire 
phytoplankton community at RRR.

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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

Figure 3. RRR time series data collected from the tailwater (2RRR10000; Figure 1): a) water temperature; 
and b) dissolved oxygen.

Figure 1. RRR sample sites in 2017 for field and chemical data.

WQ in the Tailwater is 
assessed by analyzing 
exceedances of WQ criteria 
established by the KY 
Division of Water 
(KDOW). No criteria were 
exceeded in the tailwater 
(2RRR10000; Figure 1). 
However, RRR exceeded 
the USEPA’s 
recommended criteria for 
total phosphorus 
(Criteria: 36.56 ug/L; 
Measurements: 148.0 
ug/L), total nitrogen 
(Criteria: 0.69 mg/L; 
Measurements: 2.01 
mg/L), and turbidity 
(Criteria: 5.7 FTU; 
Measurements: 15.9 
NTU). All exceedances 
have been reported to 
KDOW.

Figure 2. Field data taken at the dam site (2RRR20001; 
Figure 1) on 8/22/2017 at 08:00.

a) b)

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. LRL assists the KDOW with implementation by reporting visual HAB 
indicators and collecting HAB toxin samples at locations as specified by the KDOW. 

Zooplankton are microscopic animals that live in the 
water column and are an important part of the food 
chain. The LRL WQ Program sampled the zooplankton 
community at the dam site (2RRR20001; Figure 1) 
using a Wisconsin net pull of 20 vertical feet. Figure 4 
illustrates the relative abundance for the zooplankton 
community and species richness at RRR. Species 
richness is an indicator of community health, with 
greater community health as species richness increases. 
The top 3 dominant zooplankton were Conochilus 
unicornis, sub-adult Cyclopoida, and Diaphanosoma 
brachyurum. 

Figure 4. 2017 relative abundance of the 
zooplankton community at RRR.
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Figure 1. SRR sample sites in 2017 for field and chemical data: 
SRR (top) and the Salamonie River upstream of SRR (bottom).

Salamonie Lake (2017)
Salamonie Lake (SRR) is located in Wabash and Huntington counties in Indiana (IN). 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 September 1966. The dam site is located at river mile 3.1 of the Salamonie River. The drainage area above the dam is 553 
square miles, and at summer pool, the surface area of SRR is 2,665 acres. Note: The term “lake” is substituted for the technically correct “reservoir” throughout this document.

WQ in the Tailwater is assessed by 
analyzing 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 
exceeded the USEPA’s recommended 
criteria for total phosphorus (Criteria: 
76.25 ug/L; Measurement: 99.0 ug/L), 
total nitrogen (Criteria: 2.18 mg/L; 
Measurement: 4.71 mg/L), and 
turbidity (Criteria: 6.36 FTU; 
Measurement: 21.3 NTU). All 
exceedances have been reported to 
IDEM.

Phytoplankton (Algae) and green plants are the base of 
the food chain in aquatic food webs and convert 
nutrients and CO2 through photosynthesis into biomass 
for all aquatic life. The LRL WQ Program sampled the 
phytoplankton community at SRR in August 2017. The 
distribution and identification of phytoplankton is 
measured throughout the water column at depths of 
0,5,10, and 20 feet at multiple locations across the lake 
body. 

Figure 5. 2017 relative abundance of the entire 
phytoplankton community at SRR.

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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

Figure 3. SRR time series data collected from the tailwater (2SRR10000; 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 agencies sample and 
post appropriate recreational advisories 
for select lakes May through September 
of each year. 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. LRL also 
supports the state agencies in HAB 
response by communicating HAB-
related recreational advisories to the 
public.

Figure 2. Field data taken at the dam site (2SRR20001; 
Figure 1) on 8/7/2017 at 13:00.

a) b)

Zooplankton are 
microscopic animals that 
live in the water column 
and are an important part 
of the food chain. The 
LRL WQ Program 
sampled the zooplankton 
community at the dam site 
(2SRR20001; Figure 1) 
using a Wisconsin net pull 
of 20 vertical feet. Figure 4. 2017 relative abundance of the zooplankton 

community at SRR.

Figure 5 illustrates the relative abundance species 
richness for the entire phytoplankton community at 
SRR. The relative abundance percentage was calculated 
using the density of phytoplankton species from all 
sample sites, at all depths. Chroococcus microscopicus,
a species of cyanobacteria, was the most dominant 
genera found at SRR during the August sampling 
event. 

Figure 4 illustrates the relative abundance for the zooplankton community and 
species richness at SRR. Species richness is an indicator of community health, 
with greater community health as species richness increases. The top 3 dominant 
zooplankton were Conochiloides dossuarius, sub-adult Calanoida, and 
Leptodiaptomus siciloides. 
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J. Edward Roush Lake (2017)
J. Edward Roush Lake (HTR) is located in Huntington and Wells counties in Indiana (IN). The dam was built by the Louisville District of the US Army Corps of 
Engineers (LRL) for the primary purpose of flood control. The drainage area above the dam is 707 square miles, and at summer pool, the surface area of HTR is 
900 acres. Note: The term “lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

Water Quality (WQ) in the Tailwater is assessed by analyzing 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 exceeded the USEPA’s 
recommended criteria for total phosphorus (Criteria: 76.25 ug/L; 
Measurement: 166.0 ug/L), total nitrogen (Criteria: 2.18 mg/L; 
Measurement: 6.65 mg/L), and turbidity (Criteria: 6.36 FTU; 
Measurement: 31.2 NTU). All exceedances have been reported to IDEM.

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 agencies sample and post 
appropriate recreational advisories for select lakes May through September of each year. 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. LRL 
also supports the state agencies in HAB response by communicating HAB-related recreational advisories to the public.

Phytoplankton (Algae) and green plants are the base of 
the food chain in aquatic food webs and convert nutrients 
and CO2 through photosynthesis into biomass for all 
aquatic life. The LRL WQ Program sampled the 
phytoplankton community at HTR in July 2017. The 
distribution and identification of phytoplankton is 
measured throughout the water column at depths of 
0,5,10, and 20 feet at multiple locations across the lake 
body. 

Figure 4 illustrates the relative abundance and species 
richness for the entire phytoplankton community at HTR. 
The relative abundance percentage was calculated using 
the density of phytoplankton species from all sample sites, 
at all depths. Planktothrix, a genera of cyanobacteria, 
was the dominant species found at HTR during the 
July sampling event.

Figure 4. 2017 relative abundance of the entire 
phytoplankton community at HTR.

Figure 1. HTR sample sites in 2017 for field and chemical data.

Figure 3. HTR time series data collected from the tailwater (2HTR10000; Figure 1): a) water temperature; and b) dissolved 
oxygen.

Figure 2. Field data taken at the dam site (2HTR20001; 
Figure 1) on 7/19/2017 at 08:00.

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 WQ targets established by each lake’s Water Control Plan (WCP) and state criteria.  Figure 3a 
shows a time series graph of the 2017 tailwater water temperature compared with the guide curve from the 
lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater dissolved oxygen data with 
applicable state criteria (blue line).

a) b) Zooplankton are microscopic animals that live in 
the water column and are an important part of the 
food chain. The LRL WQ Program sampled the 
zooplankton community at the dam site 
(2HTR20001; Figure 1) using a Wisconsin net pull 
of 20 vertical feet. Figure 5 illustrates the relative 
abundance for the zooplankton community and 
species richness at HTR. Species richness is an 
indicator of community health, with greater 
community health as species richness increases. The 
top 3 dominant zooplankton were Daphnia 
retrocurva, Asplanchna priodonta, and 
Diaphanosoma brachyurum. 

Figure 5. 2017 relative abundance of the zooplankton 
community at HTR.
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Mississinewa Lake (2017)
Mississinewa Lake (MSR) is located in Wabash, Miami, and Grant counties in Indiana (IN). 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 October 1967. The drainage area above the dam is 809 square miles, and at summer 
pool, the surface area of MSR is 3,180 acres. Note: The term “lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

Water Quality (WQ) in the Tailwater is assessed by analyzing 
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 (Criteria: 
76.25 ug/L; Measurement: 115.0 ug/L), total nitrogen (Criteria: 
2.18 mg/L; Measurement: 5.21 mg/L), and turbidity (Criteria: 6.36 
FTU; Measurement: 41.6 NTU). All exceedances have been 
reported to IDEM.

Figure 1. MSR sample sites in 2017 for field and chemical data.

Phytoplankton (Algae) and green plants are the base of the 
food chain in aquatic food webs and convert nutrients and CO2
through photosynthesis into biomass for all aquatic life. The 
LRL WQ Program sampled the phytoplankton community at 
MSR in July 2017. The distribution and identification of 
phytoplankton is measured throughout the water column at 
depths of 0,5,10, and 20 feet at multiple locations across the 
lake body.

Figure 4 illustrates the relative abundance and species richness 
for the entire phytoplankton community at MSR. The relative 
abundance percentage was calculated using the density of 
phytoplankton species from all sample sites, at all depths. 
Planktolyngbya, a genera of cyanobacteria, was the 
dominant genera found at MSR during the July sampling 
event. 

Figure 4. 2017 relative abundance of the entire 
phytoplankton community at MSR.

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 agencies sample and post appropriate recreational advisories for select lakes May through 
September of each year. 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. LRL also supports the state 
agencies in HAB response by communicating HAB-related recreational advisories to the public.

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 WQ targets 
established by each lake’s Water Control Plan (WCP) and state criteria.  Figure 3a shows a time series graph of the 
2017 tailwater water temperature compared with the guide curve from the lake’s WCP.  Figure 3b shows a 2017 time 
series graph of the lake’s tailwater dissolved oxygen data with the applicable state criteria (blue line).

Figure 3. MSR time series data collected from the tailwater (2MSR10000; Figure 1): a) water temperature; and b) 
dissolved oxygen.

a) b)

Figure 2. Field data taken at the dam site 
(2MSR20001; Figure 1) on 7/18/2017 at 08:00.

Zooplankton are microscopic animals that live in 
the water column and are an important part of the 
food chain. The LRL WQ Program sampled the 
zooplankton community at the dam site 
(2MSR20001; Figure 1) using a Wisconsin net pull 
of 20 vertical feet. Figure 5 illustrates the relative 
abundance for the zooplankton community and 
species richness at MSR. Species richness is an 
indicator of community health, with greater 
community health as species richness increases. 
The top 3 dominant zooplankton were Asplanchna 
priodonta, Daphnia retrocurva, and 
Diaphanosoma brachyurum. 

Figure 5. 2017 relative abundance of the 
zooplankton community at MSR. 10



Monroe Lake (2017)
Monroe Lake (MNR) is located in Monroe, Brown, Jackson, and Lawrence counties in Indiana (IN). The dam was built by 
the Louisville District of the US Army Corps of Engineers (LRL) for the primary purpose of flood control. The dam site is 
located at river mile 25.9 of Salt Creek. At summer pool, the surface area of MNR is 10,750 acres. Note: The term “lake” 
is substituted for the technically correct “reservoir” throughout this document for consistency.

Figure 1. MNR sample sites in 2017 for field and chemical data.

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 agencies sample and post appropriate recreational advisories for 
select lakes May through September of each year. 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. LRL also 
supports the state agencies in HAB response by communicating HAB-related 
recreational advisories to the public.

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 WQ targets established by each lake’s Water Control Plan (WCP) and state criteria.  Figure 3a 
shows a time series graph of the 2017 tailwater water temperature compared with the guide curve from the 
lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater dissolved oxygen data with 
the applicable state criteria (blue line). 

Figure 3. MNR time series data collected from the tailwater (2MNR10000; Figure 1): a) water temperature; and b) 
dissolved oxygen.

Water Quality (WQ) in the Tailwater is assessed by 
analyzing exceedances of WQ criteria established by the IN 
Department of Environmental Management (IDEM). No 
criteria were exceeded in the tailwater (2MNR10000; 
Figure 1). However, MNR exceeded the USEPA’s 
recommended criteria for total phosphorus (Criteria: 
36.56 ug/L; Measurement: 38.0 ug/L). All exceedances 
have been reported to IDEM.

Figure 2. Field data taken at the dam site (2MNR20001; 
Figure 1) on 7/24/2017 at 08:00.

a) b)

Phytoplankton (Algae) and green plants are the base of the food 
chain in aquatic food webs and convert nutrients and CO2
through photosynthesis into biomass for all aquatic life. The LRL 
WQ Program sampled the phytoplankton community at MNR in 
July 2017. The distribution and identification of phytoplankton is 
measured throughout the water column at depths of 0,5,10, and 
20 feet at multiple locations across the lake body. 

Figure 4 illustrates the relative abundance and species richness 
for the entire phytoplankton community at MNR. The relative 
abundance percentage was calculated using the density of 
phytoplankton species from all sample sites, at all depths. 
Chroococcus microscopicus, a species of cyanobacteria, was 
the dominant genera found at MNR during the July sampling 
event.

Figure 4. 2017 
relative 
abundance of 
the entire 
phytoplankton 
community at 
MNR.

Zooplankton are microscopic animals that live in the 
water column and are an important part of the food 
chain. The LRL WQ Program sampled the 
zooplankton community at the dam site (2MNR20001; 
Figure 1) using a Wisconsin net pull of 20 vertical feet. 
Figure 6 illustrates the relative abundance for the 
zooplankton community and species richness at MNR. 
Species richness is an indicator of community health, 
with greater community health as species richness 
increases. The top 3 dominant zooplankton were sub-
adult Calanoida, Diaphanosoma brachyurum, and sub-
adult Cyclopoida. 

Figure 6. 2017 
relative 
abundance of the 
zooplankton 
community at 
MNR.

Figure 5. Monroe Lake Dam in July 2017.
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Cecil M. Harden Lake (2017)
Cecil M. Harden Lake (CHL) is located in Parke and Putnam counties in Indiana (IN). 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 July 1960. The dam site is located at river mile 33 of Big Raccoon Creek. The drainage 
area above the dam is 216 square miles, and at summer pool, the surface area of CHL is 2,110 acres. Note: The 
term “lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

Figure 1. CHL sample sites in 2017 for field and chemical data.

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 
agencies sample and post appropriate recreational advisories for select lakes May through September of each year. 
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. LRL also supports the state agencies in HAB response by 
communicating HAB-related recreational advisories to the public.

WQ in the Tailwater is assessed by analyzing 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 (Criteria: 36.56 ug/L; Measurements: 95.0 and 191.0 ug/L), total nitrogen (Criteria: 0.69 
mg/L; Measurements: 1.25, 2.85, and 4.05 mg/L) and turbidity (Criteria: 5.7 FTU; Measurement: 6.5 
and 14.1 NTU). All exceedances have been reported to IDEM.

Phytoplankton (Algae) and green plants are the base of the food 
chain in aquatic food webs and convert nutrients and CO2
through photosynthesis into biomass for all aquatic life. The LRL 
WQ Program sampled the phytoplankton community at CHL in 
May, July, and September 2017. The distribution and 
identification of phytoplankton is measured throughout the water 
column at depths of 0,5,10, and 20 feet at multiple locations 
across the lake body.

Figure 4 illustrates the relative abundance and species richness 
for the entire phytoplankton community at CHL during each 
sampling event. The relative abundance percentage was 
calculated using the density of phytoplankton species from all 
sample sites, at all depths during each event. Chroococcus
microscopicus was the dominant species in May while 
Planktolyngbya was the dominant genera in July and 
September. Both dominant taxa are genera of cyanobacteria.

Figure 4. 2017 relative 
abundance of the entire 
phytoplankton community at 
CHL during each sampling 
event.

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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 2a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 2b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

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

b)a)

Figure 3. Field data taken at the dam site (2CHL20001; 
Figure 1) on 7/18/2017 at 07:00.

Zooplankton are microscopic animals that live in the water 
and are a part of the food chain. The LRL WQ Program 
sampled zooplankton at the dam site (2CHL20001; Figure 1) 
three times using a Wisconsin net pull of 20 vertical feet. 
Figure 5 illustrates the abundance for the zooplankton 
community and species richness at CHL during each sampling 
event. Species richness is an indicator of community health, 
with greater community health as species richness increases. 
Dominant taxa included Daphnia sp., Daphnia parvula, 
Asplanchna priodonta, sub-adult Calanoida, and sub-adult 
Cyclopoida. 

Figure 5. 2017 abundance of the zooplankton community at CHL.
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Cagles Mill Lake (2017)
Cagles Mill Lake (CMR) is located in Putnam and Owen counties in Indiana (IN). 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 June 1953. The dam site is located at river mile 2.8 of Mill Creek. The drainage area above the dam is 295 square 
miles and the minimum surface area of CMR is 1,400 acres. Note: The term “lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

WQ in the Tailwater is 
assessed by analyzing 
exceedances of WQ 
criteria established by the 
IDEM. No criteria were 
exceeded in the tailwater 
(2CMR10000; Figure 1). 
However, CMR 
exceeded the USEPA’s 
recommended criteria 
for total phosphorus 
(Criteria: 36.56 ug/L; 
Measurement: 117.0 
ug/L), total nitrogen 
(Criteria: 0.69 mg/L; 
Measurement: 1.5 
mg/L), and turbidity 
(Criteria: 5.7 FTU; 
Measurement: 6.0 NTU). 
All exceedances have 
been reported to IDEM.

Figure 1. CMR sample sites in 2017 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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

Figure 3. CMR time series data collected from the tailwater (2CMR10000; Figure 2): 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 agencies sample and post 
appropriate recreational advisories for select lakes May through September of each year. 
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. LRL also 
supports the state agencies in HAB response by communicating HAB-related recreational 
advisories to the public.

Figure 2. Field data taken at the dam site (2CMR20001; 
Figure 1) on 8/29/2017 at 08:00.

a) b)

Figure 4. 2017 relative abundance of the entire 
phytoplankton community at CMR

Phytoplankton (Algae) and green plants are the base of the food chain in 
aquatic food webs and convert nutrients and CO2 through photosynthesis 
into biomass for all aquatic life. The LRL WQ Program sampled the 
phytoplankton community at CMR in August 2017. The distribution and 
identification of phytoplankton is measured throughout the water column 
at depths of 0,5,10, and 20 feet at multiple locations across the lake body. 

Figure 4 illustrates the relative abundance and species richness for the 
entire phytoplankton community at CMR. The relative abundance 
percentage was calculated using the density of phytoplankton species 
from all sample sites, at all depths. Planktolyngbya, a genera of 
cyanobacteria, was the dominant genera found at CMR during the 
August sampling event. While HABs have not previously been a 
reported WQ issue at CMR, the results from the phytoplankton sampling 
indicate that HABs have the potential to become problematic at CMR.

Zooplankton are microscopic animals that live in the water 
column and are an important part of the food chain. The LRL WQ 
Program sampled the zooplankton community at the dam site 
(2CMR20001; Figure 1) using a Wisconsin net pull of 20 vertical 
feet. Figure 5 illustrates the relative abundance for the zooplankton 
community and species richness at CMR. Species richness is an 
indicator of community health, with greater community health as 
species richness increases. The top 3 dominant zooplankton were 
sub-adult Cyclopoida, sub-adult Calanoida, and Mesocyclops edax.

Figure 5. 2017 relative abundance of the 
zooplankton community at CMR.
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Patoka Lake (2017)
Patoka Lake (PRR) is located in Dubois, Crawford, and Orange counties in Indiana (IN). 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. The dam site is located at river mile 118.3 of the Patoka 
River. At summer pool, the surface area of PRR is 8,880 acres. Note: The term “lake” is substituted for the technically correct “reservoir” throughout this 
document for consistency.

WQ in the Tailwater is assessed by analyzing exceedances of WQ criteria established by the 
IN Department of Environmental Management (IDEM). No criteria were exceeded in the 
tailwater (2PRR10000; Figure 1). Additionally, PRR did not exceed the USEPA’s 
recommended criteria for total phosphorus, total nitrogen, and turbidity. 

Figure 1. PRR sample sites in 2017 for field and chemical 
data.

Figure 4. 2017 relative abundance of the entire 
phytoplankton community at PRR.

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 agencies sample and post 
appropriate recreational advisories for 
select lakes May through September of 
each year. 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. LRL also 
supports the state agencies in HAB 
response by communicating HAB-related 
recreational advisories to the public.

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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

Figure 3. PRR time series data collected from the tailwater (2PRR10000; Figure 1): a) water temperature; 
and b) dissolved oxygen.

Figure 2. Field data taken at the dam site (2PRR20001; 
Figure 1) on 7/27/2017 at 07:00.

a) b)

Phytoplankton (Algae) and green plants are the base of the food chain 
in aquatic food webs and convert nutrients and CO2 through 
photosynthesis into biomass for all aquatic life. The LRL WQ Program 
sampled the phytoplankton community at PRR in July 2017. The 
distribution and identification of phytoplankton is measured throughout 
the water column at depths of 0,5,10, and 20 feet at multiple locations 
across the lake body.

Zooplankton are microscopic animals that live in 
the water column and are an important part of the 
food chain. The LRL WQ Program sampled the 
zooplankton community at the dam site 
(2PRR20001; Figure 1) using a Wisconsin net pull 
of 20 vertical feet. Figure 5 illustrates the relative 
abundance for the zooplankton community and 
species richness at PRR. Species richness is an 
indicator of community health, with greater 
community health as species richness increases. 
The top 3 dominant zooplankton were 
Diaphanosoma brachyurum, Conochiloides 
dossuarius, and Conochilus unicornis. 

Figure 5. 2017 relative abundance of 
the zooplankton community at PRR.

Figure 4 illustrates the relative abundance and species richness for the 
entire phytoplankton community at PRR. The relative abundance 
percentage was calculated using the density of phytoplankton species 
from all sample sites, at all depths. Planktolyngbya, a genera of 
cyanobacteria, was the dominant species found at PRR during the 
July sampling event. 
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Caesar Creek Lake (2017)
Caesar Creek Lake (CCK) is located in Warren, Clinton, and Greene counties in Ohio (OH). The dam was built by the Louisville 
District of the US Army Corps of Engineers (LRL) for the primary purpose of flood control. The dam site is located at river mile 3 of 
Caesar Creek. At summer pool, the surface area of CCK is 2,830 acres. Note: The term “lake” is substituted for the technically correct 
“reservoir” throughout this document for consistency.

WQ in the Tailwater is 
assessed by analyzing 
exceedances of WQ criteria 
established by the Ohio 
Environmental Protection 
Agency (Ohio EPA). The 
tailwater (2CCK10000; 
Figure 1) exceeded the 
exceptional warm water 
habitat outside mixing zone 
average criteria for pH 
(EWH OMZA Criteria: 6.5-
9.0; Measurement: 9.01 on 
6/7/2017 – note that our 
measurement was a single 
measurement, not an 
average over time). Also, 
CCK exceeded the USEPA’s 
recommended criteria for 
total nitrogen (Criteria: 2.18 
mg/L; Measurement: 2.90 
mg/L). All exceedances have 
been reported to Ohio EPA 
and operational changes 
recommended.

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.

Figure 1. CCK sample sites in 2017 for field and 
chemical data.

Phytoplankton (Algae) and green plants are the 
base of the food chain in aquatic food webs and 
convert nutrients and CO2 through photosynthesis 
into biomass for all aquatic life. The LRL WQ 
Program sampled the phytoplankton community at 
CCK in June 2017. The distribution and 
identification of phytoplankton is measured 
throughout the water column at depths of 0,5,10, and 
20 feet at multiple locations across the lake body. 

Figure 5 illustrates the relative abundance and 
species richness for the entire phytoplankton 
community at CCK. The relative abundance 
percentage was calculated using the density of 
phytoplankton species from all sample sites, at all 
depths. Planktothrix, a genera of cyanobacteria, 
was the dominant genera found at CCK during 
the June sampling event. 

Figure 5. 2017 relative abundance of the entire 
phytoplankton community at CCK.

Figure 3. CCK time series data collected from the tailwater (2CCK10000; Figure 1): a) water temperature; and b) 
dissolved oxygen.

Figure 2. Field data taken at the dam site (2CCK20001; 
Figure 1) on 6/6/2017 at 07:00.

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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

a) b)

Figure 4. CCK dam construction, 1975.

Zooplankton are microscopic animals that 
live in the water column and are an important 
part of the food chain. The LRL WQ Program 
sampled the zooplankton community at the 
dam site (2BHR20001; Figure 1) using a 
Wisconsin net pull of 20 vertical feet. Figure 
6 illustrates the relative abundance for the 
zooplankton community and species richness 
at CCK. Species richness is an indicator of 
community health, with greater community 
health as species richness increases. The top 3 
dominant zooplankton are Daphnia galeata, 
Daphnia retrocurva, and Leptodiaptomus 
siciloides. 

Figure 6. 2017 relative abundance of the 
zooplankton community at CCK.

15



William H. Harsha Lake (2017)
William H. Harsha Lake (EFR) is located in Clermont County, Ohio (OH). 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 May 1978. The drainage area above the dam is 342 
square miles, and at summer pool, the surface area of EFR is 2,160 acres. Note: The term “lake” 
is substituted for the technically correct “reservoir” throughout this document for consistency.

WQ in the Tailwater is assessed by analyzing exceedances of WQ criteria established by the OH Environmental Protection Agency 
(Ohio EPA). The tailwater (2EFR10000; Figure 1) exceeded the outside mixing zone maximum criteria for water temperature 
(OMZM Criteria: 24.4° C for Oct. 1-15 and 21.1° C for Oct. 16-31; Measurements: 25.8° C on 10/7/2017 and 21.2° C on 
10/20/2017) and the exceptional warm water habitat outside mixing zone average criteria for pH (EWH OMZA Criteria: 6.5-9.0; 
Measurement: 9.66 on 6/13/2017 – note that our measurement was a single measurement, not an average over time). Also, EFR 
exceeded the USEPA’s recommended criteria for total phosphorus (Criteria: 76.25 ug/L; Measurements: 190.0 and 190.0 ug/L 
(measured twice)) and turbidity (Criteria: 6.36 FTU; Measurement: 8.5 NTU). All exceedances have been reported to Ohio EPA 
and operational changes recommended.

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.

Figure 1. EFR sample sites in 2017 for field and chemical data.

Phytoplankton (Algae) and green plants are the base of the food chain in aquatic 
food webs and convert nutrients and CO2 through photosynthesis into biomass for 
all aquatic life. The LRL WQ Program sampled the phytoplankton community at 
EFR in June and July 2017. The distribution and identification of phytoplankton 
was measured throughout the water column at depths of 0,5,10, and 20 feet at 
multiple locations across the lake body on each date.

Figure 4 illustrates the relative abundance and species richness for the entire 
phytoplankton community at EFR during each sampling event. The relative 
abundance percentage was calculated using the density of phytoplankton species 
from all sample sites, at all depths. Chroococcus microscopicus was the 
dominant species in June and Planktolyngbya was the dominant genera in 
July. Both dominant taxa are genera of cyanobacteria.

Figure 4. 2017 relative abundance of the entire phytoplankton community at EFR.

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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 2a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 2b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

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

Figure 3. Field data taken at the dam site 
(2EFR20001; Figure 1) on 6/12/2017 at 06:00.

a) b)

Zooplankton are microscopic animals that live 
in the water column and are an important part 
of the food chain. The LRL WQ Program 
sampled the zooplankton community at the dam 
site (2EFR20001; Figure 1) twice in 2017 using 
a Wisconsin net pull of 20 vertical feet. Figure 
5 illustrates the relative abundance for the 
zooplankton community and species richness at 
EFR during each sampling event. Species 
richness is an indicator of community health, 
with greater community health as species 
richness increases. Dominant taxa included 
Leptodiaptomus siciloides, Mesocyclops edax, 
sub-adult Calanoida, and sub-adult Cyclopoida. 

Figure 5. 2017 relative abundance of the zooplankton 
community at EFR.
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West Fork Lake (2017)
West Fork Lake (WFR) is located in the metropolitan Cincinnati area in Hamilton County, Ohio (OH). 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. The dam site is located at river mile 6.5 of the west 
fork of Mill Creek. The drainage area above the dam is 29.5 square miles, and at summer pool, the surface area of WFR is 183 acres. Note: The term “lake” is 
substituted for the technically correct “reservoir” throughout this document for consistency.

Water Quality (WQ) in the Tailwater is assessed by 
analyzing 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 exceeded the USEPA’s 
recommended criteria for total phosphorus (Criteria: 
76.25 ug/L; Measurement: 183.0 ug/L) and turbidity 
(Criteria: 6.36 FTU; Measurement: 19.6 NTU). All 
exceedances have been reported to Ohio EPA.

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.

Figure 1. WFR sample sites in 2017 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 WQ targets established by each lake’s Water Control Plan (WCP) and state criteria.  Figure 3a 
shows a time series graph of the 2017 tailwater water temperature compared with the guide curve from the 
lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater dissolved oxygen data with 
the applicable state criteria (blue line).

Figure 3. WFR time series data collected from the tailwater (2WFR10000; Figure 1): a) water temperature; and b) 
dissolved oxygen.

Figure 2. Field data taken at the dam site (2WFR20001; Figure 1) 
on 6/14/2017 at 07:00.

a) b)

Phytoplankton (Algae) and green plants are the 
base of the food chain in aquatic food webs and 
convert nutrients and CO2 through photosynthesis 
into biomass for all aquatic life. The LRL WQ 
Program sampled the phytoplankton community at 
WFR in June 2017. The distribution and 
identification of phytoplankton is measured 
throughout the water column at depths of 0,5,10, and 
20 feet at multiple locations across the lake body. 

Figure 5 illustrates the relative abundance for the 
entire phytoplankton community at WFR. The 
relative abundance percentage was calculated using 
the density of phytoplankton species from all sample 
sites, at all depths. Chroococcus microscopicus, a 
species of cyanobacteria, was the most dominant 
species found at WFR during the June sampling 
event. 

Figure 5. 2017 relative abundance of the entire phytoplankton 
community at WFR.

Zooplankton are microscopic animals that live in the 
water column and are an important part of the food 
chain. The LRL WQ Program sampled the zooplankton 
community at the dam site (2WFR20001; Figure 1) 
using a Wisconsin net pull of 20 vertical feet. Figure 4 
illustrates the relative abundance for the zooplankton 
community and species richness at WFR. Species 
richness is an indicator of community health, with 
greater community health as species richness increases. 
The top 3 dominant zooplankton are Diaphanosoma 
brachyurum, sub-adult Calanoida, and Moina sp. Figure 4. 2017 relative abundance of the 

zooplankton community at WFR.
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C.J. Brown Dam & Reservoir (2017)
C.J. Brown Dam & Reservoir (CBR) is located in Clark County, Ohio (OH). 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 September 1974. The dam site is located at river mile 7 of Buck Creek. The drainage area above the dam is 83 square miles, and at summer pool, 
the surface area of CBR is 2,120 acres. Note: The term “lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

WQ in the Tailwater is assessed by 
analyzing exceedances of WQ criteria 
established by the OH Environmental 
Protection Agency (Ohio EPA). No criteria
were exceeded in the tailwater 
(2CBR10000; Figure 1). 

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.

Figure 1. CBR sample sites in 2017.

Phytoplankton (Algae) and green plants are the base of the food chain in 
aquatic food webs and convert nutrients and CO2 through photosynthesis 
into biomass for all aquatic life. The LRL WQ Program sampled the 
phytoplankton community at CBR in June 2017. The distribution and 
identification of phytoplankton is measured throughout the water column at 
depths of 0,5,10, and 20 feet at multiple locations across the lake body. 

Figure 4 illustrates the relative abundance and species richness for the entire 
phytoplankton community at CBR. The relative abundance percentage was 
calculated using the density of phytoplankton species from all sample sites, 
at all depths. Pseudanabaena, a genera of cyanobacteria, was the 
dominant species found at CBR during the June sampling event. Figure 4. 2017 relative abundance of the entire 

phytoplankton community at CBR.

Figure 3. CBR time series data collected from the tailwater (2CBR10000; Figure 1): a) water temperature; and b) dissolved 
oxygen.

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 established by each lake’s Water Control Plan (WCP) and state 
criteria. Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

a) b)

Figure 2. Field data taken at the dam site (2CBR20001; Figure 1) on 
6/5/2017 at 08:00.

Figure 5. 2017 relative abundance of the 
zooplankton community at CBR.

Zooplankton are microscopic animals that live in the 
water column and are an important part of the food 
chain. The LRL WQ Program sampled the zooplankton 
community at the dam site (2CBR20001; Figure 1) 
using a Wisconsin net pull of 20 vertical feet. Figure 5 
illustrates the relative abundance for the zooplankton 
community and species richness at CBR. Species 
richness is an indicator of community health, with 
greater community health as species richness increases. 
The top 3 dominant zooplankton were Leptodiaptomus 
siciloides, sub-adult Cyclopoida, and sub-adult 
Calanoida. 
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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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

Brookville Lake (2017)
Brookville Lake (BVR) is located in Franklin and Union counties in Indiana (IN). 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 1974. The drainage area above the dam is 379 square 
miles, and at summer pool, the surface area of BVR is 5,260 acres. Note: The term “lake” is 
substituted for the technically correct “reservoir” throughout this document for consistency.

WQ in the Tailwater is assessed by 
analyzing exceedances of WQ criteria 
established by the IN Department of 
Environmental Management (IDEM). No 
criteria were exceeded in the tailwater 
(2BVR10000; Figure 1). However, BVR 
exceeded the USEPA’s recommended 
criteria for total phosphorus (Criteria: 
76.25 ug/L; Measurement: 209.0 ug/L), 
total nitrogen (Criteria: 2.18 mg/L; 
Measurements: 2.34, 2.48, and 3.26 mg/L), 
and turbidity (Criteria: 6.36 FTU; 
Measurement: 853 NTU). All exceedances 
have been reported to IDEM.

Figure 1. BVR sample sites in 2017 for field 
and chemical data.

Figure 3. BVR time series data collected from the tailwater (2BVR10000; Figure 1) a) water temperature; and b) dissolved 
oxygen.

a) b)

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 agencies sample and post 
appropriate recreational 
advisories for select lakes May 
through September of each 
year. 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. LRL also supports the 
state agencies in HAB response 
by communicating HAB-
related recreational advisories 
to the public.

Phytoplankton (Algae) and green plants are the base of the food chain in aquatic food webs and convert 
nutrients and CO2 through photosynthesis into biomass for all aquatic life. The LRL WQ Program sampled 
the phytoplankton community at BVR in May, July, and September 2017. The distribution and 
identification of phytoplankton is measured throughout the water column at depths of 0,5,10, and 20 feet at 
multiple locations across the lake body. 

Figure 4 illustrates the relative abundance and species richness for the entire phytoplankton community at 
BVR during each sampling event. The relative abundance percentage was calculated using the density of 
phytoplankton species from all sample sites, at all depths. Chroococcus microscopicus was the dominant 
species in May, while Snowella was the dominant genera in July, and Planktolyngbya was the 
dominant genera in September. All dominant taxa are genera of cyanobacteria.

Figure 4. 2017 relative abundance of the entire phytoplankton community at BVR during each sampling event.

Figure 2. Field data taken at the dam site 
(2BVR20001; Figure 1) on 7/25/2017 at 09:00.

Zooplankton are microscopic animals that live in the water column and are an important 
part of the food chain. The LRL WQ Program sampled the zooplankton community at the 
dam site (2BVR20001; Figure 1) three times using a Wisconsin net pull of 20 vertical feet. 
Figure 5 illustrates the abundance for the zooplankton community and species richness at 
BVR during each sampling event. Species richness is an indicator of community health, 
with greater community health as species richness increases. Dominant taxa included 
Daphnia galeata, Skistodiaptomus reighardi, Leptodiaptomus siciloides, Asplanchna 
priodonta, Bosmina longirostris, sub-adult Calanoida, and sub-adult Cyclopoida. 

Figure 5. 2017 relative abundance of the zooplankton community at BVR during each sampling event.
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Buckhorn Lake (2017)
Buckhorn Lake (BHR) is located in Leslie and Perry counties in Kentucky (KY). The dam was built by the Louisville District 
of the US Army Corps of Engineers (LRL) at river mile 43 of the Middle Fork of the Kentucky River. The primary purpose 
of the lake is flood control and secondarily provides water supply. At summer pool, the surface area of BHR is 1,230 acres.
Note: The term “lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

WQ in the Tailwater is assessed by analyzing exceedances of 
WQ criteria established by the KY Division of Water 
(KDOW). No criteria were exceeded in the tailwater 
(2BHR10000; Figure 1). However, BHR exceeded the 
USEPA’s recommended criteria for total nitrogen 
(Criteria: 0.31 mg/L; Measurement: 0.46 mg/L) and 
turbidity (Criteria: 2.3 NTU; Measurement: 24.8 NTU). All 
exceedances have been reported to KDOW.

Figure 1. BHR sample sites in 2017 for field and 
chemical data.

Phytoplankton (Algae) and green plants are the base of the food 
chain in aquatic food webs and convert nutrients and CO2 through 
photosynthesis into biomass for all aquatic life. The LRL WQ 
Program sampled the phytoplankton community at BHR in June 
2017. The distribution and identification of phytoplankton is 
measured throughout the water column at depths of 0,5,10, and 20 
feet at multiple locations across the lake body. 

Figure 5 illustrates the relative abundance and species richness for 
the entire phytoplankton community at BHR. The relative 
abundance percentage was calculated using the density of 
phytoplankton species from all sample sites, at all depths. 
Chroococcus microscopicus, a species of cyanobacteria was the 
most dominant species found at BHR during the June 
sampling event. While HABs have not previously been a reported 
WQ issue at BHR, the results from the phytoplankton sampling 
indicate that HABs have the potential to become problematic at 
BHR.

Figure 5. 2017 relative abundance of the entire 
phytoplankton community at BHR.

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 established by each lake’s Water Control Plan (WCP) and 
state criteria.  Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with 
the guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater 
dissolved oxygen data with the applicable state criteria (blue line).

Figure 3. BHR time series data collected from the tailwater (2BHR10000; Figure 1): a) water temperature; and b) 
dissolved oxygen.

Figure 2. Field data taken at the dam site (2BHR20001; Figure 
1) on 6/20/2017 at 08:00.

a) b)

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. LRL assists the KDOW with implementation by 
reporting visual HAB indicators and collecting HAB toxin 
samples at locations as specified by the KDOW. 

Zooplankton are microscopic animals that live in the water 
column and are an important part of the food chain. The LRL 
WQ Program sampled the zooplankton community at the dam 
site (2BHR20001; Figure 1) using a Wisconsin net pull of 20 
vertical feet. Figure 4 illustrates the relative abundance for the 
zooplankton community and species richness at BHR. Species 
richness is an indicator of community health, with greater 
community health as species richness increases. The top 3 
dominant zooplankton were Daphnia parvula, sub-adult 
Calanoida, and Arctodiaptomus dorsalis. 

Figure 4. 2017 relative abundance of the zooplankton 
community at BHR.
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Carr Creek Lake (2017)
Carr Creek Lake (CFK) is located in Knott County, Kentucky (KY). The dam was built and is 
operated by the Louisville District of the US Army Corps of Engineers (LRL). The primary 
purpose of the lake is flood control and secondarily water supply. The dam site is located at river 
mile 8.8 of Carr Fork and the surface area of CFK is 710 acres. Note: The term “lake” is 
substituted for the technically correct “reservoir” throughout this document for consistency.

WQ in the Tailwater is 
assessed by analyzing 
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 (Criteria: 
10.0 ug/L; Measurement: 
11.0 ug/L) and total 
nitrogen (Criteria: 0.31 
mg/L; Measurement: 0.88 
mg/L). All exceedances 
have been reported to 
KDOW.

Figure 1. CFK sample sites in 2017 for field and chemical data.

Phytoplankton (Algae) and green plants are the base of the food chain in 
aquatic food webs and convert nutrients and CO2 through photosynthesis into 
biomass for all aquatic life. The LRL WQ Program sampled the 
phytoplankton community at CFK in June 2017. The distribution and 
identification of phytoplankton is measured throughout the water column at 
depths of 0,5,10, and 20 feet at multiple locations across the lake body.

Figure 4 illustrates the relative abundance and species richness for the entire 
phytoplankton community at CFK. The relative abundance percentage was 
calculated using the density of phytoplankton species from all sample sites, at 
all depths. Chroococcus microscopicus, a species of cyanobacteria, was the 
dominant species found at CFK during the June sampling event. While 
HABs have not previously been a reported WQ issue at CFK, the results from 
the phytoplankton sampling indicate that HABs have the potential to become 
problematic at CFK.

Figure 4. 2017 relative abundance of the entire 
phytoplankton community at CFK.

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 established by each lake’s Water Control Plan (WCP) and state criteria.  Figure 3a shows a time series 
graph of the 2017 tailwater water temperature compared with the guide curve from the lake’s WCP.  Figure 3b shows a 
2017 time series graph of the lake’s tailwater dissolved oxygen data with the applicable state criteria (blue line).

Figure 3. CFK time series data collected from the tailwater (2CFK10000; Figure 1) a) water temperature; and b) dissolved 
oxygen.

Figure 2. Field data taken at the dam site 
(2CFK20001; Figure 1) on 6/21/2017 at 07:00.

a) b)

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. 
LRL assists the KDOW with 
implementation by reporting visual HAB 
indicators and collecting HAB toxin 
samples at locations as specified by the 
KDOW. 

Zooplankton are microscopic animals that 
live in the water column and are an 
important part of the food chain. The LRL 
WQ Program sampled the zooplankton 
community at the dam site (2CFK20001; 
Figure 1) using a Wisconsin net pull of 20 
vertical feet. Figure 5 illustrates the relative 
abundance for the zooplankton community 
and species richness at CFK. Species 
richness is an indicator of community 
health, with greater community health as 
species richness increases. The top 3 
dominant zooplankton were Diaphanosoma 
brachyurum, sub-adult Cyclopoida, and 
Mesocyclops edax. 

Figure 5. 2017 relative abundance of the 
zooplankton community at CFK.
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Cave Run Lake (2017)
Cave Run Lake (CRR) is located in Bath, Rowan, Morgan, and Menifee counties, Kentucky (KY). The dam was built by the Louisville District of the US Army Corps of 
Engineers (LRL) and began operation in February 1974. The primary purpose of the lake is flood control and secondarily water supply. The dam site is located at river mile 
173.6 of the Licking River, and at summer pool, the surface area of CRR is 8,270 acres. Note: The term “lake” is substituted for the technically correct “reservoir” throughout 
this document for consistency.

WQ in the Tailwater is 
assessed by analyzing 
exceedances of WQ 
criteria established by the 
KY Division of Water 
(KDOW). No criteria 
were exceeded in the 
tailwater (2CRR10000; 
Figure 1). However, 
CRR exceeded the 
USEPA’s recommended 
criteria for total 
nitrogen (Criteria: 0.31 
mg/L; Measurement: 
0.50 mg/L) and 
turbidity (Criteria: 2.3 
NTU; Measurement: 
8.1 NTU). All 
exceedances have been 
reported to KDOW.

Figure 1. CRR sample sites in 2017 for field and chemical data. Figure 2. Field data taken at the dam site (2CRR20001; 
Figure 1) on 6/27/2017 at 07:00. *Note: at 70 ft, turbidity 
was 65.0 NTU.

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 established by each lake’s Water Control Plan (WCP) and state 
criteria.  Figure 3a shows a time series graph of the 2017 tailwater water temperature compared with the 
guide curve from the lake’s WCP.  Figure 3b shows a 2017 time series graph of the lake’s tailwater dissolved 
oxygen data with the applicable state criteria (blue line).

Figure 3. CRR time series data collected from the tailwater (2CRR10000; Figure 1): a) water temperature; and b) dissolved 
oxygen.

a) b)

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. LRL assists the 
KDOW with implementation 
by reporting visual HAB 
indicators and collecting HAB 
toxin samples at locations as 
specified by the KDOW. 

Phytoplankton (Algae) and green plants are the base of the food 
chain in aquatic food webs and convert nutrients and CO2 through 
photosynthesis into biomass for all aquatic life. The LRL WQ 
Program sampled the phytoplankton community at CRR in June 
2017. The distribution and identification of phytoplankton is 
measured throughout the water column at depths of 0,5,10, and 20 
feet at multiple locations across the lake body. 

Figure 4 illustrates the relative abundance and species richness for 
the entire phytoplankton community at CRR. The relative 
abundance percentage was calculated using the density of 
phytoplankton species from all sample sites, at all depths. 
Chroococcus microscopicus, a species of cyanobacteria, was the 
dominant genera found at CRR during the June sampling event.
While HABs have not previously been a reported WQ issue at CRR, 
the results from the phytoplankton sampling indicate that HABs 
have the potential to become problematic at CRR.

Figure 4. 2017 relative abundance of the entire 
phytoplankton community at CRR.

Zooplankton are microscopic animals that live in the water column 
and are an important part of the food chain. The LRL WQ Program 
sampled the zooplankton community at the dam site (2CRR20001; 
Figure 1) using a Wisconsin net pull of 20 vertical feet. Figure 5 
illustrates the relative abundance for the zooplankton community and 
species richness at CRR. Species richness is an indicator of community 
health, with greater community health as species richness increases. 
The top 3 dominant zooplankton were Diaphanosoma brachyurum, 
Daphnia retrocurva, and sub-adult Calanoida. 

Figure 5. 2017 relative abundance of the 
zooplankton community at CRR. 22



Taylorsville Lake (2017)
Taylorsville Lake (TAR) is located in Spencer, Nelson, and Anderson counties in Kentucky (KY). The dam is located 
at river mile 60 of the Salt River and was placed in operation in January 1983 by the Louisville District of the US 
Army Corps of Engineers (LRL). The primary purpose of the lake is flood control. The drainage area above the dam 
is 352 square miles. At summer pool, surface area is 3,050 acres and the length of the lake is 18 miles. Note: The term 
“lake” is substituted for the technically correct “reservoir” throughout this document for consistency.

Water Quality (WQ) in the Tailwater is assessed by analyzing 
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 (Criteria: 36.56 ug/L; Measurement: 
139.0 ug/L), total nitrogen (Criteria: 0.69 mg/L; Measurement: 1.03 
mg/L), and turbidity (Criteria: 5.7 FTU; Measurement: 13.8 NTU). All 
exceedances have been reported to KDOW.

Figure 5. 2017 relative abundance of the entire 
phytoplankton community at TAR.

Figure 1. TAR sample sites in 2017 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 WQ targets 
established by each lake’s Water Control Plan (WCP) and state criteria.  Figure 3a shows a time series graph of the 
2017 tailwater water temperature compared with the guide curve from the lake’s WCP.  Figure 3b shows a 2017 time 
series graph of the lake’s tailwater dissolved oxygen data with the applicable state criteria (blue line).

Figure 3. TAR time series data collected from the tailwater (2TAR10000; Figure 1): a) water temperature; and b) dissolved oxygen.

Phytoplankton (Algae) and green plants are 
the base of the food chain in aquatic food webs 
and convert nutrients and CO2 through 
photosynthesis into biomass for all aquatic life. 
The LRL WQ Program sampled the 
phytoplankton community at TAR in June 
2017. The distribution and identification of 
phytoplankton is measured throughout the water 
column at depths of 0,5,10, and 20 feet at 
multiple locations across the lake body.

Figure 5 illustrates the relative abundance and 
species richness for the entire phytoplankton 
community at TAR. The relative abundance 
percentage was calculated using the density of 
phytoplankton species from all sample sites, at 
all depths. Chroococcus microscopicus, a 
species of cyanobacteria, was the most 
dominant genera found at TAR during the 
June sampling event. 

Figure 2. Field data taken at the dam site 
(2TAR20001; Figure 1) on 6/27/2017 at 07:00.

a) b)

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. LRL assists the KDOW with implementation by 
reporting visual HAB indicators and collecting HAB toxin samples at 
locations as specified by the KDOW. 

Figure 4. Taylorsville Lake dam in 2017. 

Zooplankton are microscopic animals that live in the water 
column and are an important part of the food chain. The LRL 
WQ Program sampled the zooplankton community at the 
dam site (2TAR20001; Figure 1) using a Wisconsin net pull 
of 20 vertical feet. Figure 6 illustrates the relative abundance 
for the zooplankton community and species richness at TAR. 
Species richness is an indicator of community health, with 
greater community health as species richness increases. The 
top 3 dominant zooplankton were Conochilus unicornis, sub-
adult Cyclopoida, and sub-adult Calanoida. Figure 6. 2017 relative abundance of the 

zooplankton community at TAR.
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Brookville Lake Watershed
2017 Biological Study

Background
One of the most comprehensive 
methods for assessing water 
quality conditions is evaluating 
the benthic macroinvertebrate 
community (i.e., bottom-
dwelling animals that lack a 
backbone) and fish community. 
The IN Department of 
Environmental Management 
(IDEM) evaluates streams by 
using macroinvertebrate 
community data to calculate the 
Macroinvertebrate Index of 
Biotic Integrity (mIBI) and fish 
community data to calculate the 
Index of Biotic Integrity (IBI), 
which are developed specifically 
for IN streams. The mIBI and 
IBI calculate a score (0-60) that 
is used to assign a rating based 
on the size and location of the 
stream. Ratings are (in order of 
decreasing stream health): 
Excellent, Good, Fair, Poor, and 
Very Poor.

Methods
Ten of the primary inflows and the tailwater of Brookville 
Lake (Figure 1) were sampled in the summer of 2017. 
Macroinvertebrates were collected using IDEM’s multi-
habitat collection method and fish were collected using 
IDEM’s backpack electrofishing method. Habitat was 
assessed using IDEM’s Qualitative Habitat Evaluation Index 
(QHEI) and measured separately for macroinvertebrate and 
fish reaches; QHEI ranges from 0-100. Some of the metrics 
used in calculating mIBI and/or IBI include: taxa richness –
number of taxa (i.e., types of organisms); EPT richness –
number of taxa from the orders Ephemeroptera (mayflies), 
Plecoptera (stoneflies), and Trichoptera (caddisflies) which 
are organisms sensitive to poor water quality; sensitive 
species richness – number of species that are sensitive to poor 
water quality; and % tolerant – percentage of the total number 
of fish that were a species tolerant of poor water quality. 
Generally, good water quality is associated with higher values 
in mIBI, IBI, taxa richness, EPT richness, sensitive species 
richness, and QHEI, and lower values of % tolerant. 

Results
Table 1 and Figures 2-3 show that all of the mIBI ratings 
were either Fair (82%) or Poor (18%) and IBI ratings were 
either Good (18%), Fair (73%), or Poor (9%). The 
tailwater (2BVRTAIL1) was the only site to have Poor 
ratings for both macroinvertebrates and fish. The average 
mIBI was 36.2 (range: 24-40) and the average IBI was 
43.1 (range: 34-52), which would both have a rating of 
Fair.

Conclusions
The high proportion of Fair mIBI and IBI ratings (and 
average ratings of Fair) suggest the watershed has some 
level of impact from human disturbance but still has fair 
stream health, with the exception of the tailwater 
(2BVRTAIL1). The tailwater had the lowest score for 
mIBI and IBI and was the only location with two Poor 
ratings, indicating poor stream health. Assessment of dam 
discharge data suggests that flow could have played a role 
on the composition of the macroinvertebrate and fish 
communities, with notable discharge events near the time 
of sample collection. Future studies will require increased 
monitoring of discharge data to better account for these 
impacts. Dubois Creek and Hanna Creek appear to be the 
healthiest streams, with most of the other inflows in the 
fair/moderate range of health. Fair ratings do not indicate 
severe impacts; however, the low proportion of Good 
ratings and lack of Excellent ratings can be concerning 
for the water quality of the watershed as a whole. 

Figure 1. Map of site locations for the 
Brookville Lake watershed.

Figure 2. Lollipop chart of macroinvertebrate community mIBI scores 
and ratings. Lollipop height and circle size corresponds to mIBI score. 
Circle color corresponds to mIBI rating.

Brookville Lake Watershed – mIBI Score and Rating
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Figure 3. Lollipop chart of fish community IBI scores and ratings. 
Lollipop height and circle size corresponds to IBI score. Circle color 
corresponds to IBI rating.
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Brookville Lake Watershed – IBI Score and Rating

Table 1. Results of mIBI and IBI scores, ratings, and other metrics. 

Figure 4. Rainbow Darter (Etheostoma caeruleum) from 
Franklin Creek (2BVRFRNK2). 

mIBI Rating Taxa 
Richness

EPT 
Richness

QHEI IBI Rating Taxa 
Richness

Sensitive Species 
Richness

% 
Tolerant

QHEI

2BVR10005
East Fork Whitewater 

River
36 Fair 27 7 68.5 42 Fair 17 8 33.33 69

2BVR13001 Silver Creek 30 Poor 11 0 56.5 44 Fair 10 4 5.4 59
2BVRDUBO2 Dubois Creek 40 Fair 21 12 77.5 48 Good 22 10 21.58 65
2BVRELLY1 Ellys Creek 38 Fair 30 9 57.5 40 Fair 4 0 99 53
2BVRFRNK2 Franklin Creek 36 Fair 22 8 70.5 42 Fair 13 7 12.09 60
2BVRHANN2 Hanna Creek 38 Fair 24 8 73.5 52 Good 17 9 1.28 70.5
2BVRSALT1 Salt Well Creek 40 Fair 20 8 55.5 44 Fair 14 3 65.51 49
2BVRSPRN1 Spring Creek 40 Fair 21 12 58 42 Fair 13 4 69.23 57

2BVRTAIL1
East Fork Whitewater 

River (tailwater)
24 Poor 18 0 67 34 Poor 15 4 6.25 54

2BVRTMPL1 Templeton Creek 38 Fair 22 9 65 42 Fair 14 6 46.61 71.5
2BVRUTRB1 Unknown tributary 38 Fair 17 6 54.5 44 Fair 12 2 46.02 57.5

Average -- 36.2 -- 21.2 7.2 64.0 43.1 -- 13.7 5.2 36.9 60.5
Min -- 24 -- 11 0 54.5 34 -- 4 0 1.3 49.0
Max -- 40 -- 30 12 77.5 52 -- 22 10 99.0 71.5

Macroinvertebrate Fish
Site Stream
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Cecil M. Harden Lake Watershed
2017 Biological Study

Background
One of the most comprehensive methods for assessing water quality 
conditions is evaluating the benthic macroinvertebrate community (i.e., 
bottom-dwelling animals that lack a backbone) and fish community. The IN 
Department of Environmental Management (IDEM) evaluates streams by 
using macroinvertebrate community data to calculate the Macroinvertebrate 
Index of Biotic Integrity (mIBI) and fish community data to calculate the 
Index of Biotic Integrity (IBI), which are developed specifically for IN 
streams. The mIBI and IBI calculate a score (0-60) that is used to assign a 
rating based on the size and location of the stream. Ratings are (in order of 
decreasing stream health): Excellent, Good, Fair, Poor, and Very Poor.

Methods
Five of the primary inflows and the tailwater of Harden Lake (Figure 1) were 
sampled in the summer of 2017. Macroinvertebrates were collected using 
IDEM’s multi-habitat collection method and fish were collected using 
IDEM’s backpack electrofishing method. Habitat was assessed using IDEM’s 
Qualitative Habitat Evaluation Index (QHEI) and measured separately for 
macroinvertebrate and fish reaches; QHEI ranges from 0-100. Some of the 
metrics used in calculating mIBI and/or IBI include: taxa richness – number 
of taxa (i.e., types of organisms); EPT richness – number of taxa from the 
orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera 
(caddisflies) which are organisms sensitive to poor water quality; sensitive 
species richness – number of species that are sensitive to poor water quality; 
and % tolerant – percentage of the total number of fish that were a species 
tolerant of poor water quality. Generally, good water quality is associated 
with higher values in mIBI, IBI, taxa richness, EPT richness, sensitive 
species richness, and QHEI, and lower values of % tolerant. 

Results
Table 1 and Figures 3 and 5 show that 
mIBI ratings were either Good (33%), Fair 
(33%), or Poor (33%), and IBI ratings 
were either Good (33%) or Fair (67%). 
The average mIBI was 38.7 (range: 28-46) 
and the average IBI was 41.7 (range: 38-
46), which would both have a rating of 
Fair. 

Conclusions
The low proportion of Poor mIBI and IBI 
ratings (and average ratings of Fair) 
suggest the watershed has some level of 
impact from human disturbance but overall 
has fair stream health. Although the 
tailwater (2CHL10000) had a Poor mIBI 
rating, the IBI rating was Good and had the 
greatest fish taxa richness, one of the 
richest in sensitive fish species, lowest % 
tolerant, and had one of the highest QHEI 
scores for both macroinvertebrates and 
fish. Assessment of dam discharge data 
suggests that flow could have played a role 
on the composition of the 
macroinvertebrate community, with 
notable discharge events near the time of 
sample collection. The largest inflow to the 
reservoir (2CHLMRTBG) also had a Poor 
mIBI and a Good IBI. It’s worth noting 
2CHLMRTBG was one of the richest sites 
for sensitive species of both 
macroinvertebrates (EPT) and fish, 
meaning the water quality may not be as 
poor as indicated in the mIBI score. The 
remaining streams had either Fair or Good 
ratings, indicating decent water quality. 
Fair ratings do not indicate severe impacts; 
however, the relatively low proportion of 
Good ratings and lack of Excellent ratings 
can be concerning for the water quality of 
the watershed as a whole. 

Figure 1. Map of site locations for the Harden Lake watershed.
Figure 3. Lollipop chart of macroinvertebrate community mIBI scores 
and ratings. Lollipop height and circle size corresponds to mIBI score. 
Circle color corresponds to mIBI rating.

Harden Lake Watershed – mIBI Score and Rating
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Figure 5. Lollipop chart of fish community IBI scores and ratings. 
Lollipop height and circle size corresponds to IBI score. Circle color 
corresponds to IBI rating.
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Harden Lake Watershed – IBI Score and Rating

Table 1. Results of mIBI and IBI scores, ratings, and other metrics. 

mIBI Rating Taxa 
Richness

EPT 
Richness

QHEI IBI Rating Taxa 
Richness

Sensitive Species 
Richness

% 
Tolerant

QHEI

2CHL10000
Big Raccoon Creek 

(tailwater)
34 Poor 15 3 75 46 Good 20 8 9.2 83

2CHL11002 Unknown tributary 46 Good 30 7 39 42 Fair 10 2 46.94 43
2CHL11003 Unknown tributary 46 Good 21 9 44.5 38 Fair 13 2 49.54 36

2CHLBYRD1 Byrd Branch 38 Fair 23 9 54 40 Fair 12 2 44.72 56
2CHLMRTBG Big Raccoon Creek 28 Poor 17 9 76 46 Good 17 9 14.57 84
2CHLTMB03 Troutmans Branch 40 Fair 24 8 36 38 Fair 12 4 56.98 41.5

Average -- 38.7 -- 21.7 7.5 54.1 41.7 -- 14.0 4.5 37.0 57.3
Min -- 28 -- 15 3 36.0 38 -- 10 2 9.2 36.0
Max -- 46 -- 30 9 76.0 46 -- 20 9 57.0 84.0

Macroinvertebrate Fish
Site Stream

Figure 2. Logperch (Percina caprodes) from 
Troutmans Branch (2CHLTMB03). 

Figure 4. Big Raccoon Creek 
(2CHLMRTBG). 
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LRL Water Quality Emergency Response
The Louisville District Water Quality program assists Lake Managers and Staff in 
responding to emergency events that occur including, but not limited to:

 Fish kills
 Zooplankton blooms
 HABs
 Unusual events

LRL Water Quality 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 Water Quality 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 allows the LRL Water Quality Team to request sampling 
supplies, equipment, and analysis for rapid response time.  

Figure 2. LRL WQ Biologists taking profile data during a 
zooplankton bloom investigation.

Figure 3. LRL WQ Limnologist with Nolin Lake Park 
Ranger investigating a fish kill report.

Figure 1. LRL WQ Biologist taking profile 
data during fish kill investigation.

2017 Emergency Response Actions:

In January 2017 an unspecified biological event was reported at Nolin Lake. LRL 
Water Quality Biologist initiated an investigation and with support from the 
Huntington District Water Quality Team, was able to collect biological, physical 
and limited chemical data. Through an existing partnership with the US Geological 
Survey (USGS), other data was available including continuous physical and 
nutrient data and biological samples. As a result of this response effort, the first 
bloom of Daphnia lumholtzi was scientifically recorded in a Louisville District 
Lake. This discovery has contributed to the scientific knowledge of this species due 
to the fact that a bloom of this type and size had not yet been documented in the 
United States. The results of this investigation were published in an article titled 
“Winter swarming behavior by the exotic cladoceran Daphnia lumholtzi Sars, 1885 
in a Kentucky (USA) reservoir” in the International Journal of Field Research on 
Biological Invasions, Volume 7, Issue 1, 2018.
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Harmful Algal Blooms in Louisville District
Harmful algal blooms (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 Louisville 
District (LRL) area of responsibility includes Indiana (IN), Ohio (OH), and Kentucky (KY). These states are the water quality authorities responsible for developing HAB response plans and determining public 
advisories for contact and drinking water. The LRL Water Quality Team supports the states in the development and implementation of HAB response plans, upon request of the lead state agencies.

HABs in KY are addressed by the KY Division of Water (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. LRL assists the KDOW with implementation by reporting visual HAB indicators and 
collecting HAB toxin samples at locations as specified by the KDOW. 

2017 KY HAB Reports: Nolin Lake –LRL reported two instances of visual HAB indicators. Both 
reports were investigated and found toxin levels below the threshold of the state’s adopted 
recreational health advisories.

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 OH Environmental Protection Agency 
(Ohio EPA) and OH Department of Health to sample for cyanobacteria and cyanotoxins and post any 
required recreational advisories. LRL supports the state agencies by reporting any visual HAB indicators 
and communicating HAB potential to the visiting public.

2017 OH HAB Reports: Harsha Lake – LRL reported two instances of visual HAB indicators. Both 
reports were investigated and found toxin levels below the threshold of the state’s adopted 
recreational health advisories.

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. 

2017 IN HABs: Brookville, Cecil M. Harden, Monroe Lake, Mississinewa, and Salamonie – all had 
cyanobacteria cell counts greater than 100,000 cells per milliliter. However, none of the listed lakes 
had toxin levels exceeding the state’s adopted recreational health advisories. LRL reported visual 
HAB indicators at J. Edward Roush Lake, but the event was reported after the state designated 
recreation season, thus no samples were collected.Figure 1. Visual HAB indicators at Harsha Lake, 

May 2017.

Figure 4. Visual HAB 
indicators at Nolin River 
Lake, May 2017.

Figure 2. Visual HAB indicators at 
Harsha Lake, June 2017.

Figure 3. Visual HAB indicators upstream of 
J. Edward Roush Lake, September 2017.
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LRL 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)

Figure 2. USGS equipment platform installed in Nolin River Lake that is supported 
via agency partnership.

Figure 3. Water Quality biologists collect data during an emergency 
response effort.  The response effort included other Corps districts, USGS 
and several KY agencies.

Figure 1. The Ohio River at the Falls of the 
Ohio.  LRL Water Quality partners with 
ORSANCO on Ohio River assessments.
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LRL Water Quality Program 2018 Plans
Summary

In 2018, 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 C.J. Brown (CBR; 
Figure 1) and Caesar Creek (CCK; Figure 2) lakes.

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

2018 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. 

Figure 1. Map of C.J. Brown Lake 2018 intensive survey sample 
sites.

Figure 2. Map of Caesar Creek Lake 2018 intensive survey sample 
sites.
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