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Introduction: Inland Lakes Monitoring 
Ohio EPA has implemented a sampling strategy that focuses on evaluating chemical conditions near the 
surface and physical conditions in the water column of inland lakes. Physical profile measurements are 
summarized either for the entire water column or the epilimnion depending on the existence of thermal 
stratification. The sampling target consists of an even distribution of 10 sampling events divided over a 
two-year period and collected during the recreation season of May 1 through October 31.  
Key parameters analyzed in lakes include chlorophyll-a, ammonia, D.O., pH, total dissolved solids along 
with various metals for multiple beneficial use assessments. Other parameters used to evaluate lakes 
include secchi depth, total phosphorus and total nitrogen. Details of the sampling protocol used at the time 
of this sampling are outlined in the 2016 Inland lakes sampling Procedures Manual. Sampling objectives 
for inland lake surveys are defined in Ohio EPA’s Inland Lakes Sampling QAPP, and the rules relative to 
inland lakes beneficial uses are described in the 2010 and successive Water Quality Monitoring Integrated 
Reports. 

Study Lakes  
The Lake Waynoka community is a private gated 
community located in Brown County off Ash Ridge 
Arnheim Road, approximately 2 miles west of US 
Route 62, and south of State Route 32 (Figure 1). It 
was created in the early 1970’s by a real estate 
developer from Tennessee.  The community is served 
by both public water supply and sanitary 
sewer/treatment systems.   
 
The recreation lake (Lake Waynoka) was formed by 
construction of a dam on the upper reach of Straight 
Creek.   In addition to Lake Waynoka, there are two 
public water supply reservoirs and a treated 
wastewater storage lagoon that make up the Lake 
Waynoka system.  One of the water supplies is an 
impoundment of Sycamore Run – a tributary to 
Straight Creek, while the other is an up-ground 
reservoir that receives water from the Sycamore Run impoundment.  Access to Lake Waynoka can be 
gained from a boat ramp located at about the mid-point of the lake.  There is no horsepower limitation for 
motorboats.  Public access to the two water supply reservoirs does not exist and requires coordination 
with the utility superintendent.    

Attributes of Lake Waynoka & Waynoka Water Supply Reservoirs 
Lake Waynoka is about 300 acres in size with a maximum depth of about 40 feet near the dam (Table 1).  
Dredging of coves around the lake is a regular practice to maintain boat access for property owners along 
the shoreline.  The Waynoka watershed is comprised of a mix of forested and agricultural land use (Figure 
2). A spillway maintains a normal pool elevation, but the water level is lowered during the winter months 

Figure 1. Location of Waynoka Lakes in Southwestern Ohio 

https://epa.ohio.gov/Portals/35/documents/Inland_Lake_Sampling_Manual.pdf
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through a bottom-release valve to facilitate the discharge of treated sanitary wastewater from the storage 
lagoon into Straight Creek and to protect property owner docks from ice damage.  

Lake Waynoka’s up-ground water reservoir is used to store water to be treated prior to distribution (Table 
2).  The square reservoir is constructed of earth with rock armoring on the interior embankment.  Water 
from the supply reservoir is periodically transferred to the up-ground reservoir to ensure there is a 
sufficient volume of good quality water to serve the fluctuating demand of the community served.  Pumps 
at the shore transfer water to the nearby water treatment plant. 

Table 1. Key Attributes of Lake Waynoka 
Ecoregion: Interior Plateau 
Lake Type: Dammed Impoundment  
Surface Area:  300 acres 
Watershed: 6 square miles 
Maximum Depth:  12.2 meters (40 ft.) 
Shoreline:  15 miles 

 
Lake Waynoka’s Water Supply 
Reservoir is also known as Sycamore 
Run Reservoir as it is an impoundment 
of the upper reach of Sycamore Run 
(Figure 3). The land use impacting the 
watershed that feeds Sycamore Run is 
mostly deciduous forest with small 
tracks of low intensity development 
(Table 3). Discharge from the reservoir 
occurs through a four-sided outlet 
structure located approximately 50 feet 
from the shore of the earthen dam. This 
structure maintains a fixed overflow 
level.  There is a pump house on the 
shore east of the dam where water is 
transferred from this reservoir to the 
up-ground storage reservoir.  Water 
transfers are coordinated to occur at 
times when water quality is optimal 
and to stay ahead of periods of highest 
demand (summer).   

Table 2. Key Attributes of the Lake Waynoka Upground Reservoir 
 
 
 
 
 
 

 

Ecoregion: Interior Plateau 
Lake Type: Dammed Impoundment  
Surface Area:  11.5 acres 
Watershed: < 1 mi2 
Maximum Depth:  3.5 meters (11.5 ft.) 
Shoreline:  0.5 miles 

Figure 2. Lake Waynoka Land Use Cover 
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Watershed Overview  
Lake Waynoka is formed from the 
headwaters of Straight Creek and 
the Waynoka Water Supply 
Reservoir initiates at the 
headwater of Sycamore Run which 
is a tributary to Straight Creek 
downstream from Lake Waynoka.  
The small drainage areas for both 
waterbodies feature flat to gently 
sloping topography and soils 
consisting mainly of Clermont Silt 
Loam, Rossmoyne Silt Loam and 
Westboro-Schaffer Silt Loam.  
These soils are characterized as 
draining somewhat poorly to very 
poorly. The Sycamore Run 
watershed land use is again, a mix 
of cultivated land and forested 
tracts intermixed with 
hay/pasture and small tracts of 
development (Figure 3).  

 

 

 

 
Table 3. Key Attributes of Waynoka Water Supply Reservoir 

 

 

 

 

 

Ecoregion: Interior Plateau 
Lake Type: Dammed Impoundment  
Surface Area:  11.0 acres 
Watershed: < 1 mi2 

Maximum Depth:  4.6 meters (15 ft.) 
Shoreline:  1.2 miles 

Figure 3. Water Supply Reservoir Land Use Cover 
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Results Discussion 
Water Column Chemistry 
A physical profile of the water column was evaluated during each sampling event at the L1 sampling 
location at each lake during 2016. Readings were recorded at the surface (defined as 0.5-meter depth) of 
Sycamore Run Reservoir and the upground reservoir, at 0.5 meter intervals thereafter, with a final 
measurement at 0.5 meters above the bottom of the lake. 

Examination of water column profiles measuring temperature, dissolved oxygen, pH and conductivity in all 
three lakes revealed that neither Sycamore Run nor the Upground Reservoir experienced thermal 
stratification. This is typical of shallow windblown lakes that mix completely and seldom, if ever, stratify. 
Wetzel defines this lake type categorically as continuous cold polymictic lakes in terms of thermal mixing 
(Wetzel 2001). The deeper recreational lake, Waynoka Lake is about 12 m deep and did experience 
stratification making it a typical dimictic lake.       

In 2015 and May 2016, samples for only cyanotoxins and atrazine were collected from the upper photic 
zone of the two water supply reservoirs using an integrated tube sampler deployed out into the water from 
the shore (L-1_Year 1) (Figure 4).  Beginning in June 2016, both surface and bottom samples were collected 

 Figure 4. Locations of L-1 Monitoring Stations in 2015-2016 
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from these reservoirs using watercraft that allowed access out onto the water near the water intake 
structures (L-1 Year 2) (Figure 4).  Also, toxin samples from the water supply reservoirs were collected 
from the full photic zone (twice the secchi disk depth, not greater than 2 meters) in 2016. Lake Waynoka 
was sampled following normal methods and procedures in both 2015 and 2016.   
 

Reservoir Treatment Additives 
Sampling of Sycamore Run Reservoir during 2015 revealed several exceedances of saxitoxin thresholds 
(Ohio EPA 2018 Integrated Water Quality Monitoring and Assessment Report). To prevent, and in reaction 
to, problems associated with these algal blooms, Waynoka Utilities has periodically added copper sulfate to 
both water supply reservoirs in the form of granules dispensed from a boat.  Prior to 2016, 150 pounds of 
copper sulfate was typically added to the water supply reservoir (Sycamore Run) once late in the year.  A 
water gun connected to the water transfer pumps was used to disperse the copper in the lake.   
 
When saxitoxin was detected in Sycamore Run in 2016, Waynoka Utilities added approximately 1,500 
pounds of an algaecide called GreenClean® PRO, by BioSafe Systems, LLC.  This product contains sodium 
carbonate peroxyhydrate that, when applied, becomes sodium carbonate and hydrogen peroxide.  The 
hydrogen peroxide provides a powerful oxidation reaction, killing algal cells on contact. This product was 
deemed too expensive for continued use.   
 
Table 4. Copper results for Waynoka water supply reservoirs 

Copper (ug/l) 

Date Water Supply Reservoir 
(Sycamore Run) 

Up-Ground Water Supply 
Reservoir 

 Surface Bottom Surface Bottom 
5-18-2016 273 103 128 133 
6-7-2016 101 87.5 248 103 
7-6-2016 87.2 49.1 106 104 
8-2-2016 16.7 17.7 122 124 
9-7-2016 55.3 61.1 46.6 58.7 

OMZA for Water Supply Reservoir, based on an average hardness of 64.2 mg/l (51-71 mg/l), is 6.4 ug/l 
OMZA for Up-ground Water Supply Reservoir, based on an average hardness of 78.6 mg/l (74-86 mg/l), is 7.6 ug/l 
NOTE: Surface samples used for assessing metals criteria; bottom samples are included for information and perspective. 
 
Beginning in May 2016, approximately 100 pounds of copper sulfate was added to the Sycamore Run 
reservoir once every two weeks.  150 pounds of copper sulfate has historically been added to the upground 
reservoir every three weeks but with the detection of saxitoxin in 2016, the frequency was increased to 
once every two weeks.  Less copper was said to have been added as the water level was drawn down and 
toxin levels decreased.   
 
Application of copper sulfate in both reservoirs is now performed by dragging a perforated bucket 
containing granular copper sulfate around each reservoir using a boat.  Applications typically begin in May 
and are done to achieve a stated target copper concentration of approximately 80 ug/l.   
The use of copper sulfate resulted in copper being detected in each sample collected from the water supply 
and up-ground reservoirs during 2016. Each result exceeded the Outside Mixing Zone Average criteria, 
shown in (Table 4). 



Lake Waynoka & Waynoka Water Supply Reservoirs — Inland Lake Water Quality Report  January 2018 
 

6 
 

 
Useful information was also obtained from samples collected near the bottom of each waterbody.  This 
occurred during both years for Lake Waynoka and during the second year for the water supply reservoirs.  
The hypolimnion can become depleted of oxygen if consumption by decomposing organic matter exceeds 
reaeration by atmospheric diffusion and photosynthesis.  Fish access to habitat, cool water and benthic 
prey can be limited if conditions become hypoxic (Dissolved oxygen < 2 mg/L).  Dissolved oxygen 
measurements for the Up-Ground Water Supply Reservoir show that hypoxic conditions existed during 
July, August and September 2016, each at a depth of only 1.5 meters; many readings were less than 0.5 
mg/l.  Except for May, when only a surface and bottom reading were measured (with the bottom reading 
being 1.38 mg/l), hypoxic conditions existed in the Water Supply Reservoir (Sycamore Run) at a depth of 
only 1.5 meters with many readings below 0.5 mg/l.   
 
Chemistry data from samples collected 0.5 m from the bottom of Lake Waynoka indicate that phosphorus is 
likely bound to sediment particles and is being released to the water column due to redox reactions that 
break the bond between phosphate molecules and calcium and iron.   Mean total phosphorus concentration 
at the surface for the 10 sampling events at Lake Waynoka was 31.79 ppb and bottom mean concentration 
was 203.4 ppb.  This release of nutrients can stimulate fall algae blooms when thermal stratification is 
broken and the lake “turns over”. 
 
Results for bottom samples collected from the up-ground reservoir were similar to or less than surface 
sample results.  This is not unexpected given that there is a minimal sediment load to the reservoir and the 
reservoir’s shallow water depth. Water Supply Reservoir (Sycamore Run) bottom chemical results matched 
or were slightly below surface sample results.  This may be explained by the shallow water depth.  It is 
unknown whether Sycamore run receives high sediment loads from its watershed. 
 
Sediment Chemistry  
A surface sediment sample was collected from Lake Waynoka in 2015 and from the water supply reservoir 
in 2016 using a Petite Ponar dredge.  Sediment samples were not collected from the up-ground reservoir 
because sediment was not expected to be present given water transfers from the water supply reservoir 
are conducted when suspended solids concentration is low. The 2015 sample from Lake Waynoka was 
analyzed for only TOC and phosphorus and the 2016 sample from the water supply reservoir was analyzed 
for TOC, metals, nutrients, s-VOCs (PAHs), PCBs and pesticides (organo-chlorine insecticides).  There were 
no detections for PAHs, PCBs or pesticides.   
 
Ohio does not currently have codified WQS for the protection of aquatic life based on sediment data, so the 
evaluation of results consists of referencing several commonly-cited resources to determine if sediment 
pollutants may potentially contribute to ecological stress. Sediment data were evaluated using Ohio 
Sediment Reference Values (SRVs) (Ohio EPA 2008) along with guidelines established in Development and 
Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems (MacDonald et. al. 
2000).   Ohio EPA SRVs represent ecoregion background conditions for metals based on data collected at 
Ohio reference sites.  These values were developed for lotic (flowing) water bodies and are based on Ohio 
ecoregions.  Sediment concentrations for lentic (non-flowing) surface water bodies can be screened using 
these values. MacDonald guidelines define two levels of ecotoxic effects.  A Threshold Effect Concentration 
(TEC) is a level of sediment chemical quality below which harmful effects are unlikely to be observed, and 
can be considered comparable to background conditions.   A Probable Effect Concentration (PEC) indicates 
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a level above which harmful effects are likely to be observed.  These guidelines include both metals and 
organic parameters.  
 
Table 5.  Sediment chemistry results for Lake Waynoka (2015) and the Waynoka Water Supply Reservoir (2016). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Finally, guidelines established by the Ontario Ministry of the Environment (Persuad et. al. 1993) were used 
to evaluate sediment sample results for total organic carbon (TOC) and total phosphorus (TP).  These 
guidelines include the Lowest Effect Level (LEL) and the Severe Effect Level (SEL).  The LEL is a level of 
sediment concentration that can be tolerated by a majority of benthic organisms.  The SEL is a 
concentration considered harmful to most benthic organisms. Values shaded orange in the table below 
indicate values above the Lowest Effect Level (LEL). 
 
For the water supply reservoir, concentrations of metals were below the Ohio SRVs for the Interior Plateau 
ecoregion. Copper and zinc exceeded the LEL, but were still below the SEL. Nickel and zinc exceeded both 
the TEC and LEL, but were also still below the PEC and SEL. Thus, the sediment sample did not contain 
metals in concentrations exceeding the paired, more protective reference value (the PEC or the SEL).  
Although metals are not expected to be an issue for Lake Waynoka sediment, the lack of metals monitoring 
is a deficiency. 
 

Sediment Concentrations (mg/kg) 

Parameter 
Lowest 
Effect 
Level 
(LEL) 

Ohio 
Reference 

Values 
(SRV) 

Threshold 
Effect 

Concentration 
(TEC) 

Probable 
Effect 

Concentration 
(PEC) 

Lake 
Waynoka 

Water 
Supply 

Reservoir 

TOC (%) 1 - - - 3.7 3.0 
Arsenic  6 11 9.79 33 NT 5.36 
Cadmium  0.6 0.3 0.99 4.98 NT 0.594 
Chromium  26 30 43.4 111 NT 16.0 
Copper  16 25 31.6 149 NT 80.4 
Lead  31 - 35.8 128 NT 28.7 
Nickel  16 33 22.7 48.6 NT 14.5 
Selenium  - 1.6 - - NT ND 
Aluminum  - 28,000 - - NT 18,500 
Barium  - 170 - - NT 160 
Calcium  - 94,000 - - NT 5,130 
Iron  - 31,000 - - NT 21,800 
Magnesium  - 20,000 - - NT 2,700 
Manganese  460 1,400 - - NT 359 
Potassium  - 5,900 - - NT ND 
Sodium  - - - - NT ND 
Strontium  - - - - NT ND 
Zinc  120 100 121 459 NT 147 
T-Phosphorus  600 - - - 1,250 NT 

NT=Not Tested 
ND = Not Detected 
SRV values applicable to Interior Plateau 
Above LEL 
Above SRV 
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Sediment nutrient concentrations were slightly elevated for both Lake Waynoka and the Water Supply 
Reservoir. The TOC sample result of 3.0% (Water Supply Reservoir) and 3.7% (Lake Waynoka) exceeded 
the LEL of 1%.   For the water supply reservoir, the cadmium level of 0.594 mg/kg exceeded the LEL of 0.3 
mg/kg and the copper level of 80.4 mg/kg and zinc level of 147 mg/kg exceeded the LEL, SRV and TEC.  
Additionally, the sediment sample result of 1,250 mg/kg Total Phosphorous for Lake Waynoka exceeded 
the LEL of 600 mg/kg (Table 5).    
 
The copper concentration in the sediment of the water supply reservoir is most certainly tied to the use of 
copper sulfate and its tendency to be bound in sediments.  It may also be indicative of copper sulfate 
granules not completely dissolving before falling to the bottom of the reservoir. The phosphorous 
concentration in Lake Waynoka sediment indicates a baseline concentration which likely represents an 
internal load of phosphorus that may contribute to algal growth.  Given the high levels of phosphorous in 
the water column of the water supply reservoir, it is likely present in the sediment; further study would 
help verify this conclusion. 
 

Phytoplankton Results 
The phytoplankton community in each water body included in this study was characterized based on water 
samples collected from the photic zone using an integrated tube sampler deployed to twice the Secchi 
depth, to a maximum of 2 meters (m).  Samples were collected at L1 in Lake Waynoka and the Water 
Supply Reservoir (Sycamore Run) during three of the five sampling events (May, July, and September) of 
2016, and during May and September 2016 in the Up-Ground reservoir (severe weather prevented 
collection in July).  Samples were preserved with Lugol’s solution and submitted to BSA Environmental 
Services, Inc.  for analysis. The phytoplankton present in a representative aliquot were identified to at least 
genus level (usually species), in accordance with Standard Methods for the Examination of Water and 
Wastewater Method No. 10200 (American Public Health Association 2012). Cell densities (cells/L) and bio-
volumes (µm3/L) were then estimated. 
 
Phytoplankton communities typically exhibit a seasonal succession when factors like water temperature, 
nutrients, transparency and photoperiod favor certain types.  Grazing by larval fish and zooplankton also 
effect community composition.  Temperate lakes in Ohio are usually dominated by diatoms in the spring 
until micronutrients like silica are depleted by blue green algae (cyanobacteria) in the fall when an ability 
to control buoyancy and fix nitrogen from the atmosphere gives certain types a competitive advantage.   
 
The population at each water body contained five to seven different classes of algae.  When breaking down 
the results by sampling event, the total biovolume of cyanobacteria was notably higher in the mid to late 
summer samples – especially in the water supply reservoir (98%). The breakdown of the phytoplankton 
dynamics from each sampling event is presented in Figures 5-7 below. 
 
A community dominated by cyanobacteria is of concern when toxin-producing phytoplankton are present.  
Discussion of cyanotoxin sampling results is contained below in the Recreation Use Assessment section.  
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Genera of phytoplankton 
that can produce 
cyanotoxins (D'Anglada, 2016) identified within the samples collected at the Water Supply Reservoir in July 
included Aphanizomenon, Aphanocapsa, Dolichospermum, Merismopedia, Planktonlyngbya, and 
Pseudanabaena with Pseudanabaena dominating (35%). The sample for September included 
Aphanizomenon, Dolichospermum, and Planktonlyngbya, with Planktonlyngbya dominating (90%) (Figure 
5).  Toxin-producing phytoplankton identified in the September sample for the Up-Ground Reservoir 
included Aphanizomenon, Dolichospermum, Microcystis and Planktonlyngbya with Microcystis dominating 
(78%) (Figure 6). 
 
Lake Waynoka experienced a more typical Ohio reservoir phytoplankton composition with a mix of 
cryptophyta, pyrrophyta, bacillariophyta, chlorophyta and cyanophyta dominance. Many studies site that 
temperature is a key factor triggering phytoplankton succession (Chen, 2017). This appeared to be the 
driving force in Lake Waynoka during 2016. However, it is noteworthy that cyanobacteria were not as 
dominant in Lake Waynoka compared to the succession of phytoplankton in the Water Supply and 
Upground reservoirs (Figure 7).    
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Figure 5. Percent Phytoplankton Biovolume (um3/L) in the Water Supply Reservoir 
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Figure 7. Percent Phytoplankton Biovolume (um3/L) in Lake Waynoka. 
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Figure 6. Percent Phytoplankton Biovolume (um3/L) in the Up-Ground Reservoir. 
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Beneficial Use Assessments 
Public Drinking Water Use Assessment 
Public drinking water use attainment status will be determined and reported in the 2018 Integrated Report. 
Ohio EPA is in the process of preparing the report, which fulfills the State’s reporting obligations under 
Section 305(b) (33 U.S.C. 1315) and Section 303(d) (33 U.S.C. 1313) of the Federal Clean Water Act.  

Like all public lakes in Ohio (except Piedmont Reservoir), each of the three waterbodies are designated  
public water supplies (PWS) in the Ohio WQS. Sycamore Creek Water Supply Lake and the upground 
reservoir are currently used as a Public Drinking Water Supply (PDWS) source water for the Lake Waynoka 
Development. In Ohio, PDWS source water quality is assessed by comparing water quality data within an 
assessment unit (AU) to established numeric criteria for the core indicators: nitrate; pesticides and other 
contaminants; algae/cyanotoxins; and Cryptosporidium (Ohio EPA D. , 2018). A PDWS is deemed impaired 
for its use if there are two or more excursions of nitrate above 10.0 mg/L within a 5-year period. The AU is 
placed on a watch list if there is one nitrate value that exceeds 8 mg/L. Atrazine was detected on 5 of the 10 
sampling events, and one result from 7/6/2016 was above the 3.0 ug/l criterion.  

An AU is considered impaired if a source water has two or more excursions above state drinking water 
thresholds for cyanotoxins within a 5-year period. It is placed on a watch list if there is a cyanotoxin 
concentration that is greater than or equal to 50% of the state drinking water thresholds. Cyanotoxin 
samples (microcystin, saxitoxin and cylindrospermopsin) were collected and analyzed five times each at L1 
During the summer of 2015 and 2016. During 2015, three saxitoxin results were above detection, and one 
(9/16/2015) was greater than 50% of the threshold (0.2 ug/l) at 0.44 ug/L. Cylindrospermopsin,  

Microcystin and Saxitoxin were all above detection during that sampling event. In addition, the Headwater 
Straight Creek (05090201 08 02) in which Sycamore Creek Water Supply Lake lies was determined out of 
attainment for the PDWS use based on the cyanotoxin sampling conducted by the Division of Drinking and 
Groundwater during the fall and winter of 2015 (see 2018 Integrated Water Quality Monitoring and 
Assessment Report).  

Recreation Use Assessment 
The recreation use of Lake Waynoka was evaluated by measuring levels of Escherichia coliform bacteria at 
the lake L-1 station and at the swimming beach near the marina.  The L-1 site was sampled 5 times and the 
beach site 4 times over the two-year assessment period instead of the normal 10 times each. Geometric 
mean values are normally compared to the bathing water criterion of 126 CFU/100 ml.  Although all results 
were below this criterion level and indicate the recreation use is supported, the insufficient number of data 
points do not allow this determination to be made without qualification.  Neither of the two water supply 
reservoirs are accessible to the public and therefore were not evaluated for recreational use. 

Human Health - Fish Consumption 
No consumption advisors have been issued for the three waterbodies beyond the state-wide advisory. 
Statewide fish consumption advisories can be found at the following link:  
http://www.epa.ohio.gov/dsw/fishadvisory/index.aspx. 
 
Aquatic Life Use Assessment 
The aquatic life use (ALU) designation for all inland lakes in Ohio is exceptional warmwater habitat (EWH) 
except for upground reservoirs which are designated warmwater habitat (WWH). In order to evaluate the 

http://www.epa.ohio.gov/dsw/fishadvisory/index.aspx
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ALU in Lake Waynoka, ammonia, dissolved oxygen, pH, total dissolved solids and various metals were 
analyzed.  Statewide water quality criteria for these parameters are summarized in Table 35-1 of the Ohio 
water quality standards. Other important parameters for assessing lake condition in the Waynoka Lake 
system included nutrient parameters (e.g. total phosphorus, total nitrogen) and biological response 
variables (e.g. chlorophyll-a).  

Where criteria do not exist, a common approach to assessing relative lake condition is to compare lake 
water quality sampling data to a regionally derived percentile (e.g. 25th) of existing lake data.  The lower 
25th percentile generally represents minimally impacted conditions protective of designated uses.  For Ohio 
EPA, inland lake aquatic life use benchmarks were calculated for total nitrogen (T-N), total phosphorus (T-
P) and chlorophyll-a (Chl. a) based on the lower 25th percentile of lake median data and for secchi depth 
based on the upper 75th percentile of lake median data.  All data used for benchmarks were collected by 
Ohio EPA from Ohio inland lakes between 1989 and 2006.  

Using the established assessment methodology, the three waterbodies were evaluated as follows: 

• Lake Waynoka did not meet the existing EWH criteria due to less than 90 percent (70%) of average 
dissolved oxygen levels in the epilimnion meeting the OMZM (minimum) criteria of 5.0 mg/l (Table 6). 

 
• Although data (other than T-N) was only collected during the second of the two-year study period, 

Waynoka Water Supply Reservoir produced Dissolved oxygen levels that were below the EWH OMZM 
criteria of 5mg/L during every sampling event. Both response variables, chlorophyll a and secchi 
transparency (secchi disc), exceeded their target values. Additionally, the two causal parameters, T-N 
and T-O significantly exceeded their ALU targets (Table 7).  

 
• Second year data from Waynoka Up-Ground Water Supply Reservoir revealed similar results to the 

Waynoka Water Supply Reservoir. Sixty percent of the of the average (water column) D.O. values were 
below the EWH OMZM criteria. Again, both response variables exceeded their targets indicating 
nutrient enriched conditions. It appears this reservoir’s algal response is mostly driven by T-P since T-
N values were well below their benchmarks (Table 8). 
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Figure 8. Temperature profiles for each Waynoka waterbody. 
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Table 6.  Summary of important lake data in Lake Waynoka. 

 
(1)  Thermal stratification existed; value is average of the results in the epilimnion 
(2)  Thermal stratification existed; value is median of the results in the epilimnion 
(3)  WQS criteria based on measured temperature and pH values at the depth the sample was collected.   
 

• Second year data from Waynoka Up-Ground Water Supply Reservoir revealed similar results to the 
Waynoka Water Supply Reservoir. Sixty percent of the of the average (water column) D.O. values 
were below the EWH OMZM criteria. Again, both response variables exceeded their targets 
indicating nutrient enriched conditions. It appears this reservoir’s algal response is mostly driven 
by T-P since T-N values were well below their benchmarks (Table 8). 

 
Table 7. Summary of important lake data in Lake Waynoka Water Supply Reservoir (Sycamore Run) 

(1)  Nitrate+Nitrite only – no TKN sample.  Value not used to evaluate lake habitat criteria 
(2)  Thermal stratification did not exist; value is average of all water column results 
(3)  Thermal stratification did not exist; value is median of all water column results 
(4)  Criteria based on measured temperature and pH values   
 
 

                                                      ALU Targets/Benchmarks WWH WQS Criteria 
Parameter Chl. a 

(µg/L) 
Secchi 

(m) 
T-N 

(µg/L) 
T-P 

(µg/L) 
D.O. 

(mg/L) 
pH 

(SU) 
NH3-N 
(mg/l) 

ALU Targets/EWH Criteria 
≤14 

(median) 
≥1.19 

(median) 
≤688 

(median) 
≤34 

(median) 
≥5.0 

(Min.) 
6.5>pH<9.0 (WQS) 

5-19-2015 9.8 2.04 600 7.7 7.4 (1) 7.7 (2) <0.03 (1.7) (3) 
6-10-2015 18.3 1.28 670 10.9 7.6 (1) 7.7 (2) 0.049 (1.6) (3) 
7-16-2015 13 1.13 450 11.6 7.1 (1) 7.8 (2) <0.03 (0.9) (3) 
8-11-2015 24.2 1.04 600 12.2 6.9 (1) 7.8 (2) <0.04 (0.8) (3) 
9-16-2015 13.6 1.03 450 11.9 4.4 (1) 7.3 (2) <0.03 (1.7) (3) 
5-18-2016 37.8 1.06 660 <20 10.1 (1) 8.5 (2) 0.062 (0.7) (3) 
6-7-2016 7.2 1.50 470 26 7.3 (1) 7.9 (2) <0.03 (0.9) (3) 
7-6-2016 7.3 1.85 520 22 5.3 (1) 7.6 (2) <0.03 (1.5) (3) 
8-2-2016 14.6 1.23 550 19 7.2 (1) 7.8 (2) <0.03 (0.8) (3) 
9-7-2016 12.1 1.27 420 24 5.5 (1) 7.5 (2) <0.03 (1.1) (3) 
Median 13.3 1.25 470 19.5    

                                                      ALU Targets/Benchmarks WWH WQS Criteria 
Parameter Chl. a 

(µg/L) 
Secchi 

(m) 
T-N 

(µg/L) 
T-P 

(µg/L) 
D.O. 

(mg/L) 
pH 

(SU) 
NH3-N 
(mg/l) 

ALU Targets/EWH Criteria 
≤14 

(median) 
≥1.19 

(median) 
≤688 

(median) 
≤34 

(median) 
≥5.0 6.5>pH<9.0 (WQS) 

5-19-2015 

Not Monitored 

50(1) 

 Not Monitored 
6-10-2015 50(1) 
7-16-2015 140(1) 
8-11-2015 50(1) 
9-16-2015 60(1) 
5-18-2016 6.6 0.41 1,670 437 2.4 (2) 6.9 (3) 0.269 (2.1) (4) 
6-7-2016 40.4 0.34 1,040 315 2.4 (2) 6.9 (3) <0.03 (0.1) (4) 
7-6-2016 85.8 0.43 1,930 232 2.3 (2) 7.4 (3) <0.03 (0.3) (4) 
8-2-2016 50.9 0.49 1,490 161 2.4 (2) 6.8 (3) <0.03 (0.1) (4) 
9-7-2016 49.9 0.54 1,220 139 1.8 (2) 6.9 (3) <0.03 (1.0) (4) 
Median 49.9 0.43 1,490 232    
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Table 8. Summary of important lake data in Lake Waynoka Up-Ground Water Supply Reservoir 

(1)  Nitrate+Nitrite only – no TKN sample.  Value not used to evaluate lake habitat criteria 
(2)  Thermal stratification did not exist; value is average of all water column results 
(3)  Thermal stratification did not exist; value is median of all water column results 
(4)  Criteria based on measured temperature and pH values   

Trend Assessment  
Lake Waynoka and the upground reservoir were assessed in August 1992 and May 1993 as a part of a 
Section 314 Clean Lakes Assessment Grant. This data was integrated into Volume 3 of the 1996 Ohio Water 
Resource Inventory 305(b) Report, which can be found at epa.ohio.gov/portals/35/documents/96vol3.pdf 
(Ohio EPA, 1996). The report describes trophic state index (TSI) as one of several metrics used to assess 
the condition of Ohio’s public lakes. Carlson’s TSI is a numerical representation of a lake’s state of 
productivity along a scale of 0 to 100. Each major division (10, 20, 30, etc.) represents a doubling in algal 
biomass based on transparency, total phosphorus and chlorophyll-a measurements (Carlson, 1977). 
Unproductive, oligotrophic lakes score on the lower end of the scale, mesotrophic lakes are in the middle 
and eutrophic/hyper-eutrophic lakes occupy the upper end of the continuum. In the 1996 report, Lake 
Waynoka was determined to have a final TSI of 69.0, a hypereutrophic condition, and the upground 
reservoir was determined to have a final TSI of 46.0 - a mesotrophic condition. 

The Carlson TSI values were calculated for samples collected from the three Waynoka waterbodies using 
formulas from Reckhow and Chapra (Reckhow & Chapra, 1983) as follows: 

Secchi disk TSI = 60 - 14.41 ln (SD meters) 

Chlorophyll-a TSI = 9.81 ln (Chl-a ug/l) + 30.6 

Total phosphorus TSI = 14.42 ln (TP ug/l) + 4.15 

The linear regressions for Carlson’s TSI were calculated using data collected from thousands of lakes in and 
outside the U.S. The TSI represents absolute values that can be applied to most lakes to characterize their 
trophic status and general condition. Per Carlson’s (1977) recommendation, average summer (July, August, 

                                                      ALU Targets/Benchmarks WWH WQS Criteria 
Parameter Chl. a 

(µg/L) 
Secchi 

(m) 
T-N 

(µg/L) 
T-P 

(µg/L) 
D.O. 

(mg/L) 
pH 

(SU) 
NH3-N 
(mg/l) 

ALU Targets/WWH Criteria 
≤6.0 

(median) 
≥2.6 

(median) 
≤1225 

(median) 
≤18 

(median) 
≥4.0 6.5>pH<9.0 (WQS) 

5-19-2015 

Not Monitored 

50(1) 

 Not Monitored 
6-10-2015 50(1) 
7-16-2015 220(1) 
8-11-2015 50(1) 
9-16-2015 60(1) 
5-18-2016 5.8 1.4 420 136 9.3 (2) 8.0 (3) <30 (1.3) (4) 
6-7-2016 6.2 1.14 620 94 9.3 (2) 8.9 (3) <30 (0.1) (4) 
7-6-2016 28.5 1.7 840 53 2.3 (2) 7.4 (3) <30 (0.3) (4) 
8-2-2016 10.8 1.31 590 20 2.1 (2) 6.8 (3) <30 (0.1) (4) 
9-7-2016 31.2 0.55 620 46 1.8 (2) 6.9 (3) <30 (1.0) (4) 
Median 10.8 1.31 620 53    

http://epa.ohio.gov/portals/35/documents/96vol3.pdf
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September) chlorophyll-a and spring (April, May, June) total phosphorus TSI values were used to 
determine the final TSI value.  

<38 TSI = Oligotrophic 
38-47 TSI = Mesotrophic 
48-66 TSI = Eutrophic 
>66 TSI = Hypereutrophic 

 
Transparency based (Secchi depth) TSI values were calculated but Carlson warns against using 
transparency as a variable in waters with high non-algal turbidity, namely, sediment and silt (Carlson, 
1980). Such is the case with many lakes and more specifically, reservoirs in Ohio.  Secchi data was 
eliminated from the “trophic state” assessment process in 1988. Summer Secchi depth TSI values are 
otherwise useful if compared against summer chlorophyll–a TSI values. A higher TSI based on Secchi depth 
may indicate non–algal turbidity and possible light limitation of algal growth. 
 
Because Ohio does not have a very robust baseline of lake data, the use of TSI as a general tool for trend 
assessment is appropriate. Based on data collected in 2015-2016, the final TSI for Lake Waynoka was 
calculated to be 54, which is markedly lower than the previous TSI value of 69. These results might indicate 
a change in land use, eliminating both external and internal sources of nutrification in Lake Waynoka 
(Table 9). The opposite trend exists for the upground reservoir where the classification went from 
mesotrophic to almost hypereutrophic. Higher phosphorous loading appears to be the likely cause for this 
change (Table 10, Table 11).   

Where no previous monitoring data or TSI value exists for the water supply reservoir, the current TSI value 
of 78 shows hypereutrophic conditions associated with high phosphorous that warrants attention. Higher 
phosphorous appears to be the likely cause for this change.  Where no previous monitoring data or TSI 
value exists for the water supply reservoir, the current TSI value of 78 shows hypereutrophic conditions 
associated with high phosphorous that warrants attention. 

Table 9. Trophic state classification, data and trends in trophic state for Lake Waynoka data 

Date 
SD (m) 
Data TSI SD 

Chl. a 
(µg/L) 

TSI Chl-
a 

TP 
(µg/L) TSI TP Final TSI(1) Trophic Classification 

8-5-92 1.00 60 20.03 74 100 71 

69 Hypereutrophic 8-26-92 1.84 51 7.3 59   

5-26-93 0.53 69   120 73 

5-19-15 -  9.8 53 7.7 34 

54 Eutrophic 

6-10-15 1.28 56 18.3 59 10.9 39 

7-16-15 1.13 58 13 56 11.6 39 

8-11-15 1.04 59 24.2 62 12 40 

9-16-15 1.03 60 13.6 56 15 43 

5-18-16 1.06 59 37.8 66 250 84 

6-7-16 1.5 54 7.2 50 26 51 

7-6-16 1.85 51 7.3 50 22 49 

8-2-16 1.23 57 14.6 57 19 47 

9-7-16 1.27 57 12.1 55 24 50 
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Table 10. Trophic state classification, data and trends in trophic state for Upground Reservoir data 

Date 

SD (m) 

Data TSI SD 

Chl. a 

(µg/L) 

TSI Chl-

a 

TP 

(µg/L) TSI TP Final TSI(1) Trophic Classification 

8-5-92 0.78 64 9.47 53 50 61 

46 Mesotrophic 8-26-92 0.91 61 4.76 46   

5-26-93 0.82 63   12 40 

 

5-18-16 1.4 55 5.8 48 136 75 

65 Eutrophic 

6-7-16 1.14 58 6.2 48 94 70 

7-6-16 1.31 56 28.5 63 53 61 

8-2-16 0.55 69 10.8 54 20 47 

9-7-16 1.4 55 31.2 64 46 59 
 

Table 11. Trophic state classification, data for Water Supply Reservoir data 

Date 

SD (m) 

Data TSI SD 

Chl. a 

(µg/L) 

TSI Chl-

a 

TP 

(µg/L) TSI TP Final TSI(1) Trophic Classification 

5-18-16 0.41 73 6.6 49 437 92 

78 Hypereutrophic 

6-7-16 0.34 76 40.4 67 315 87 

7-6-16 0.43 72 85.8 74 232 83 

8-2-16 0.49 70 50.9 69 161 77 

9-7-16 0.54 69 49.9 69 139 75 
(1) Values used to establish Final TSI are underlined 

Conclusions  
The following is a listing of possible sources for negative impacts to water quality in the Water Supply 
Reservoir (Sycamore Run) and the Up-ground Water Supply Reservoir and of potential opportunities to 
improve conditions in the reservoirs: 
 
• Seek changes to land use practices in the small watershed tributary to Sycamore Run reservoir to address 

very high nitrogen and phosphorous concentrations. 
 

• Possible cycling of pollutants through discharge from the water treatment backwash basins permitted 
through NPDES permit 1GW00003 (~15,000 gpd). 

 
• Use of water alkalinity to better inform the copper sulfate dosage rate on the reservoirs, since copper 

toxicity increases as alkalinity decreases.  Guidance literature suggests copper sulfate dosage 
concentrations should be based on (total alkalinity) ÷ (100) and not dosing when alkalinity is <50 mg/l 
(IFAS Extension, 1989).  For example, if the alkalinity of the reservoir is 150 mg/l, the copper sulfate 
dosage rate would be (150 mg/l) ÷ (100) = 1.5 mg/l.  Pesticide application needs to occur in accordance 
with Pesticide Discharge general permit OHG870002.  Permit authorization to discharge pesticides needs 
to be obtained prior to pesticide use. 
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• Copper in Sycamore Run downstream from the water supply reservoir correlates with copper results in 

the reservoir.  A pesticide management plan, part of the Pesticide Discharge general permit, would 
address the need to ensure water quality standards in the reservoir and Sycamore Run are protected.
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