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2015-2016 Carroll/Harrison SWCD Water Quality Monitoring Report
(Atwood, Leesville, Tappan, and Clendening Lake Watersheds)
The goal of this report is to briefly present the data and findings of the water quality monitoring in the
Atwood, Leesville, Tappan, and Clendening watersheds from 2015 and 2016. This data has been
collected as a part of the watershed program coordinated by the Carroll and Harrison Soil and Water
Conservation Districts (SWCD).

Overview of SWCD Water Quality Monitor Project
The current water quality monitoring program began out of sampling done in the Atwood Lake
watershed in 2012 and 2013. In 2014, the Harrison and Carroll SWCDs jointly hired a Watershed
Specialist to focus on water quality concerns in the Atwood, Leesville, Tappan, and Clendening Lake
Watersheds. During 2014, some basic sampling was done to determine the best methodology for
increasing the amount and intensity of water quality monitoring efforts in the watershed.
Beginning in 2015, through a partnership with the United States Army Corps of Engineers, the current
monitoring program began For the 2015-2016 data contained in this report, between 32 and 38 sites
were monitored (some sites were added or removed between monitoring season based on data
collected and site conditions). A total of 39 different sites were sampled at least once during this period.
Sampling was done at each site once in the spring of the year, and once in the fall of the year.
Parameters examined during water quality monitoring include temperature, dissolved oxygen,
conductivity, turbidity, pH, total nitrogen, and total phosphorus. During the sampling period, other
parameters, included sulfates, alkalinity, and a breakdown of nitrogen sources have also been
monitored at some points.

Nitrogen
Sampling was conducted by pulling grab samples at each site. Samples were preserved with hydrochloric
acid and placed on ice. Once back to the office, samples were refrigerated and stored until they could be
mailed to the USACE. Sample analysis returned results for each sample of nitrate-nitrite and Total
Kjeldahl nitrogen (TKN). Values for both parameters were summed to obtain the total nitrogen in
milligrams of nitrogen per liter. The detection limit for nitrate-nitrite was 0.01, therefore sites where
samples returned a result of <0.01mg/L, 0.01mg/L was used for calculation. The lab used to analyze
samples had a detection limit of 0.5mg/L TKN for the spring 2015 samples, so that value was used for
those below the detection limit. All later sample tests used a lower detection limit and all samples were
above the detection limit for TKN. Some test analysis did occur slightly outside the hold time of 14 days.
Review of the data suggests that data remains accurate, so data are included in this report. Most
reference values place typical stream concentrations of total nitrogen at or below 1.0 mg/L.

Atwood
The Atwood Lake watershed had the highest average total nitrogen across all the monitoring sites and
dates at 1.2mg/L. Two main factors contributed to this: first, the watershed had six sites with average
total nitrogen above the 1mg/L threshold (ATW5, ATW7, ATW8, ATW9, ATW13, ATW14). Secondly, the
highest concentration of total nitrogen among all four watersheds occurred at ATW9, which is the first
site downstream of the Carrollton wastewater treatment plant (WWTP). Eight out of the twelve
sampling sites in the Atwood Lake watershed had total nitrogen values over 1mg/L during at least one
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sampling event during the two year period. Two potential characteristics of the Atwood Lake watershed,
when compared to the other lakes, are that it has the highest cropland and pasture acres, and it is the
only watershed with a municipal wastewater treatment plant within the watershed.

Leesville
The four-year average total nitrogen across the Leesville Lake watershed was 0.82mg/L. Only a single
site in the Leesville lake watershed had a four-year average total nitrogen value over 1mg/L (1.12, LEE7).
The sites LEE7, LEE12, and LEE13 had at least one sample above 1mg/L during the sampling period. The
LEE7 site is located on an unnamed tributary to the south branch of the lake. The drainage basin at this
site is relatively small, but includes a small pond just upstream of the site and is one of the more heavily
cropped watersheds in the Leesville Lake watershed. Based on the relatively low total nitrogen values
across the watershed, there do not appear to be significant issues with nitrogen loading into the
streams.

Tappan
The average total nitrogen for sites in the Tappan Lake watershed was 0.66 mg/L, noticeably less than
the 1.0 mg/L threshold and the lowest average total nitrogen of all four watersheds. Only site TAP13 had
a four-sample average value above that threshold. This site is located directly downstream of Tappan
dam, making it likely that the hydrologic changes of the lake are impacting this site. However, sites
TAP6, TAP8, TAP9, TAP12, TAP13, and TAP14 had values above the threshold at least once during the
sampling period. The highest total nitrogen was at TAP8 during the spring of 2016, when total nitrogen
was 2.24 mg/L. Altogether, these values suggest that total nitrogen levels in the Tappan Lake watershed
are mostly within the expected ranges. Elevated total nitrogen concentrations are most likely acute
issues rather than chronic.

Clendening
Average total nitrogen across the entire four year sampling period in the Clendening Lake watershed
was 0.76 mg/L. Two sites, CLE1 and CLE14 had 4-year averages above the threshold of 1.0 mg/L. Site
CLE14 is located just downstream of the Clendening dam and CLE14 is located on Hefling Run, the main
tributary into the western-most bay of the lake. These two sites were the only site in the Clendening
Lake watershed with any total nitrogen measurements above 1mg/L. Again, this suggests that overall,
the nitrogen levels in the watershed are rather low. The impacts of the dam at Clendening Lake were
clearly evident, especially during the fall.

Phosphorus
The same samples used for nitrogen analysis were utilized for phosphorus sampling. Therefore,
collecting and handling procedures are identical to those described in the Nitrogen section of this
report. Laboratory results were reported as total phosphorus in milligrams per liter. Most sources
suggest that for streams, normal phosphorus concentrations should be below a threshold of 0.1mg/L.

Atwood
In the Atwood Lake watershed, the average total phosphorus across all samples was 0.08 mg/L, the
highest of the four watersheds. Within the Atwood Lake watershed, three sites (ATW9, ATW13, ATW14)
had average total phosphorus values above the threshold of 0.1mg/L. The ATW9 site had the highest
average concentration, with 0.42 mg/L. As discussed above, ATW9 is the first site downstream of the
Carrollton WWTP. Meanwhile, ATW13 is located below the Atwood Dam and ATW14 is located on
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Indian Fork, just upstream of Atwood Lake. These three sites were also the only sites to have total
phosphorus concentrations above the 0.1mg/L threshold in any single sample.

Leesville
In the Leesville Lake watershed, the average total phosphorus concentration across all samples over the
two year monitoring period is 0.04mg/L. This was the lowest average of the four lake watersheds. Only
one sample had a total phosphorus concentration above the 0.1mg/L threshold, which was LEE7
(0.11mg/L, Fall 2016). Overall, these phosphorus values suggest that typical flow conditions in the
watershed have very minimal issues from phosphorus loading.

Tappan
The average total phosphorus for the Tappan Lake watershed over the course of the monitoring period
was 0.05mg/L. When looking at the average value by site for the four samples, TAP13 was the only site
above the threshold of 0.1mg/L, with a total phosphorus concentration of 0.11mg/L. In addition to
TAP13, the TAP12 site also had one sample which was greater than 0.1mg/L. Generally, this data
suggests that phosphorus levels seem to be within the normal ranges under normal flow conditions,
with the possible exception on the TAP13 site which is located at the outflow of the Tappan Lake Dam.

Clendening
Over the two year sampling period, the Clendening Lake watershed had an average total phosphorus
concentration of 0.06 mg/L when averaged across all sites and samples. The average value by site was
quite low (0.02mg/L – 0.05mg/L) at all sites except CLE14, which had an average total phosphorus
concentration of 0.21mg/L, the second highest average of sites across all four watersheds. Individual
samples from three of the four sampling dates at CLE14 where higher than the 0.1mg/L threshold. The
only other site to have a sample test above the threshold was CLE1 in the fall of 2016. As with the other
watersheds, concerns from chronic phosphorus loading appear to be a low concern for the Clendening
Lake watershed.

Dissolved Oxygen
Dissolved Oxygen was measured in milligrams per liter and as percent saturation. During 2015, a YSI 650
MDS paired with the YSI 6920 V2 data sonde. In 2016, measurements were made using a Hanna HI9829
multiparameter meter. In both cases, the meter was calibrated at least every 2 weeks during the
monitoring season and was stored and maintained according to the operating manual. During
monitoring, the probe was placed into the stream. In shallow water, the probe was laid flat on the
substrate. In deeper channels, the probe was held approximately 12 to 18 inches below the surface. A
typical threshold for aquatic life is 5mg/L, which is the Ohio Environmental Protection Agency’s (OEPA)
statewide criteria for long-term exposure.

Atwood
The average of all samples from all four years in the Atwood Lake watershed is 8.6mg/L. The foursample averages for each site were all above the threshold of 5.0mg/L (6.10mg/L – 10.63mg/L).
Individual samples did have values dissolved oxygen concentrations below 5.0mg/L at sites ATW3,
ATW13, and ATW14, all occurring during the fall of 2016. Two of these sites (ATW3 and ATW14) had
very slow flow with pool-like conditions. The ATW13 site, as mentioned previously, is located at the
outflow of the Atwood Lake dam. With the bottom withdraw structure low dissolved oxygen in the fall is
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not unexpected. Aside from areas directly downstream the dam, the watershed appears to have
adequate dissolved oxygen under typical conditions for supporting aquatic life.

Leesville
Average dissolved oxygen concentration across all four years and all Leesville watershed sites is
8.18mg/L. When averaged by site across all four samples, no sites were above the 5.00mg/L threshold.
The LEE10 site was the lowest sample at 2.68mg/L during the fall of 2016 and was the only sample
below the 5.00mg/L threshold. Based on this data, dissolved oxygen levels in the Leesville Lake
watershed appears to be of little concern.

Tappan
The average dissolved oxygen concentration across all samples and years in the Tappan Lake watershed
was 7.06mg/L. When looking at 4-year averages by site, site TAP13 had average dissolved oxygen
concentration slightly less than 5.0mg/L (4.99mg/L), and all other sites were above the threshold.
Individual samples from TAP13 (fall 2016=3.77mg/L, fall 2015=1.17mg/L) and TAP9 (fall 2015=3.6mg/L)
had concentrations below 5.0mg/L.

Clendening
Across all site and all four years, the dissolved oxygen concentration in the Clendening Lake watershed
was 7.42mg/L. When averaged by site across all four years, none of the sites in the Clendening Lake
watershed had dissolved oxygen concentrations greater than 5.0mg/L. During the fall of 2016, CLE1,
CLE3, CLE8, CLE12, and CLE14. The sites at CLE12 and CLE14 also had dissolved oxygen concentrations
below the threshold at in the fall of 2015, and CLE12 was below in the spring of 2016.

Turbidity
The same YSI 650/6920 V2 (in 2015) and Hanna HI9829 (in 2016) were used for turbidity measurements
and the meters were used, calibrated, and maintained as described in the dissolved oxygen section.
Measurement units did vary between the two devices, with the YSI reporting Nephelometric Turbidity
Unit (NTU) and the Hanna reporting Formazin Nephelometric Units (FNU). While these two units for
measuring turbidity have the potential to vary significantly, review of the monitoring data suggests that
values correspond well to the ranges and samples being examined. Therefore, both results are reported
together.

Data
The average turbidity for all sites during the two year period was 14.1 NTU/FNU. The highest average
was at Atwood Lake watershed (16.2 NTU/FUN), followed closely by Tappan Lake watershed
(15.1NTU/FNU), and Clendening Lake watershed (14.8 NTU/FNU). The lowest average turbidity was in
the Leesville Lake watershed (9.1 NTU/FNU). Individual samples turbidity varied significantly and are
best explained graphically in the turbidity section.
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Conductivity
Once again, a YSI 650/6920 V2 and Hanna HI9829 were used for conductivity measurements in 2015 and
2016 respectively. Both meters were used, calibrated, and maintained as described in the dissolved
oxygen section. Conductivity was measured as µS/cm.

Data
Total average conductivity was 624 µS/cm across all samples and years. Average conductivity in the
Atwood Lake watershed was 363 µS/cm, in Leesville Lake watershed was 281 µS/cm, in Tappan Lake
watershed was 663 µS/cm, and in the Clendening Lake Watershed was 1,270 µS/cm. Clendening Lake
clearly has a higher conductivity compared to the other lakes. When looking specifically at sites in the
Clendening Lake watershed, sites CLE3, CLE4, and CLE8 had average conductivities over 2,000 µS/cm. All
three of these sites are located on Brushy Fork. Previous data work by the Ohio EPA and Ohio Division of
Natural Resources, Division of Mineral Resources Management have shown that this is due to mining
impacts in this subdrainage. Specifically, one well-known seep, located south of Cadiz just east of US 22
contributes a lot of sulfates and other dissolved solids. Three sites in the Tappan Lake watershed are
also noteworthy for being greater than 1,000 µS/cm are located on Standingstone Fork and Clear Fork,
which is also likely due to mining impacts in those watersheds.

pH
The pH was also measured at each site using the YSI 650/6920 V2 (2015) or Hanna HI9829 (2016) and
the calibration, maintenance and operation procedures described above in the dissolved oxygen section.

Data
Across the four lake watersheds, pH values show fairly typical results, with pH varying from 6.95 to 8.90,
and average pH by site from 7.44 to 8.23. All of these values are within the normal range for streams. In
these watersheds, the subsurface geology is primarily limestone which helps to buffer any potentially
acidic conditions which may occur from past surface or underground mining.

Temperature
Finally, temperature as measured in degrees Celsius using either the YSI 650/6920 V2 (2015) or Hanna
HI9829 (2016). Calibration, maintenance, and operation were done as described above in the dissolved
oxygen section.

Data
Perhaps more than any other parameter, the temperature is heavily influenced by the short-term
weather patterns. Due to this, comparing values between samples, sites, or years, is likely to yield
unclear interpretations. However, the general trend was that sites in the Tappan Lake watershed had
noticeably higher temperatures (20.09°C) while the other three lakes averaged between 16.02°C
(Atwood) and 17.81°C (Leesville). Individual sample temperatures varied considerably from 10.33°C to
24.5°C.

Summary of Water Quality Concerns
Overall, water quality across the four lake watersheds appears to be quite good from the data collected
over this two year period. However, there are a few points of concern and interest as well as some
important limitation to this dataset.
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When this project began in 2014, the leading concern from the SWCDs was nutrient enrichment
resulting algae blooms in the lakes. This has continued to be a concern, especially for the Tappan Lake
watershed, which has had significant blooms on several occasions. However, nutrient concentrations
have remained relatively low during this monitoring. Two groupings of sites have consistently shown to
have the highest concentration of nutrients. The first of these is the sites immediately downstream of
the lake dams. Similar nutrient issues were noted at Tappan Lakes outflow by the 2013 Annual Water
Quality Report by the Hunting District, US Army Corps of Engineers, as well as in the Biological and
Water Quality Study of the Stillwater Creek Basin 2012 published in 2017 by OEPA. These values are
highly impacted by the fact that water collects in the dam and nutrients may accumulate there.
Additionally, the lakes utilize bottom or a modified bottom withdraw and are pulling water from lower
in the water column. The second area of concern from a nutrient perspective is downstream of the
WWTP in Carrollton. This is the only municipal WWTP to discharge into the lake watersheds, but the
increased nitrogen and phosphorus loading were clearly distinguishable in the data.
The second area of some concern is the high conductivity values measured at several sites in the Tappan
and Clendening Lake Watershed. Given the current and historical mining in those watersheds, it is
probable that mining impacts are the source of these high values. While high conductivity has limited
direct effects on water quality, the high concentration of ions can cause other issues. During the 2015
monitoring season, total sulfates were also measured and had a significant correlation to conductivity.
Finally, this dataset is clearly limited by the number and timing of sampling. Since samples were only
collected twice per year, it is only a snapshot of what is going on under normal conditions. Excessively
heavy rainfall events were avoided whenever possible, so these results are indicative of the water
quality under normal spring and fall flow conditions.
Additional monitoring is ongoing in 2017 and will continue in the future. Over time, the monitoring may
adapt to accommodate some of the limitations discussed above. However, it is important to ensure that
normal, baseline data continues to be collected, as it can provide the foundation for understanding and
observing major watershed changes over time.
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