National Park Service
U.S. Department of the Interior

Natural Resource Program Center

Cumberland Piedmont Network Water Quality

Report
Abraham Lincoln Birthplace National Historic Site




ON THE COVER
Knob Creek, November 18, 2003
Photograph by: Joe Meiman



Cumberland Piedmont Network Water Quality

Report
Abraham Lincoln Birthplace National Historic Site

Joe Meiman

National Park Service
P.O.Box 8

Mammoth Cave, KY 42259

January 2007

U.S. Department of the Interior
National Park Service
Southeast Regional Office
Atlanta, Georgia



Views and conclusions in this report are those of the authors and do not necessarily reflect
policies of the National Park Service. Mention of trade names or commercial products does not
constitute endorsement or recommendation for use by the National Park Service.

This report is available from the Cumberland Piedmont 1&M Network website or searching the
NPS Integrated Resource Management Applications website.

Please cite this publication as:

Meiman, Joe 2007. Cumberland Piedmont Network Water Quality Report: Abraham Lincoln
Birthplace National Historic Site. National Park Service, Atlanta, Georgia.

January 2007



Contents

Page

LIS OF FIGUIES ...ttt bttt bbbt e bt et e et e e bt e sbe et e nreenteenee e iv
Lol 18T o] o USROS PROSPPTPR 1
SAMPIING SHEES ..ottt ettt e bt et et e e beesb e s be e st e e sbesneenbeenbesreenne e 1
Description of SAMPIING SITES .....vvciiiiecice e 2
Stream DeSIGNAEA USES .......ccuiiiiiieiiiie ittt sttt e st sa e sreenteeneesneenae e 3
RESUITS ..ttt bbbt b bbb bR bbb bbbt bt n e 3
General Water QUANITY STALUS .........couiiiiiiiiesiie ettt sreas 10
Future Water Quality Monitoring RecommEeNdations ...........ccccocveieiieeiieeresiese e 10



Figures

Figure 1. Map of water quality sampling sites at ABLI Birthplace Uthagi
Figure 2. Map of water quality sampling sites at ABLI Boyhood Home Unit.............ccccoveviennne. 2
Figure 3. Water Temperature at ABLI..........covoiiiiiiei e 4
Figure 4. Specific Conductance at ABLI..........ccooiiiieiice e 5
Figure 5. pH IEVEIS @t ABLL.......ooeiieeeece ettt 6
Figure 6. Dissolved Oxygen 1eVels at ABLI..........cccoveiiiiiiieie e 7
Figure 7. Bacteria 1eVels at ABLI .........ooi i 8
Figure 8. Nitrate 1eVels at ABLI ........ccooiiie et 9
Tables

Table 1. Table of Stream DeSigNated USE ........c.cooueiiiieiieiicic et 3



Introduction

This is the second report on water quality of Abraham Lincoln Birthplace National Historic Site
(ABLI) generated by the Cumberland-Piedmont Network (CUPN) Water Quality monitoring
Program. The first report, submitted to the park in February 2005, presented the initial results of
the water quality inventory, beginning in November 2003 (contact the CUPN office for details
on program design). This report will include those early findings as well as data gathered in
fiscal year 2006 and display these results in graphic form (accompanied with a brief
interpretation), and concludes with a water quality summary and recommendations. Water
quality is measured six times per year (bi-monthly) on alternate years at three sites; Sinking
Spring, Knob Creek and North Branch Knob Creek. Based upon program requirements and
findings of the water quality inventory, a set of parameters were chosen for long-term
monitoring; including the field measures of water temperature, specific conductance (SpC), pH,
and dissolved oxygen. Samples were also collected for laboratory analysis for bacteria (E. coli
and total coliform) and nitrate. An additional sample was collected from one site per round as a
quality assurance — quality control provision.

Sampling Sites
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Figure 1: Map of water quality sampling sites at ABLI Birthplace Unit
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Figure 2: Map of water quality sampling sites at ABLI Boyhood Home Unit

Description of Sampling Sites

Sinking Spring (SSTS)

Located near the center of the main park unit, Sinking Spring is the major natural resource
attraction in the park. Interpreted as the first drink of water taken by the infant Lincoln,
protecting water quality at Sinking Spring is very important to park management goals.

North Branch Knob Creek (NBKC)

Located within the Boyhood Home Unit of the park, the North Branch of Knob Creek is the
largest stream. The watershed is primarily comprised of forested land in the uplands and open
pasture in the bottoms. Samples are taken in this stream (which may dry in the late summer-early
autumn) at the extreme downstream end of the branch.

Knob Creek (KCKC)
The Boyhood Home Unit crosses US31E, and for a short segment, includes the main stem of
Knob Creek. The site is immediately upstream of its confluence with the North Branch.



Stream Designated Uses

Each water body sampled within the CUPN has either been assigned a designated use by the
state, or, by using the same ranking criteria, by this author. The USEPA, besides mandating these
rankings, also directed the states to develop water quality standards for each designated use. We
can use these water quality standards as a minimum to track water quality trends in CUPN parks.
By adapting the state standards, we can also track park water quality trends within the states,
regions, or watersheds. New NPS nationwide GPRA goals are now tied to state water quality
standards and designated uses.

For more information on Kentucky water quality standards, please see:
Kentucky: 401 KAR 5:026. Designation of Uses of Surface Waters.

Table 1: The table below shows that none of the park’s three sites appear on the state’s list of
designated uses. The USEPA does not require a state list each waterbody. The author, using the
same criteria used by the state process “listed” designated uses for each park site, for purposes of
water quality comparison.

Park Code Site State | Designated Use
ABLI | SSTS Sinking Spring KY | Coldwater Aquatic Habitat
ABLI | KCKC | Knob Creek KY | Warmwater Aquatic Habitat
Secondary Contact Recreation
ABLI | NBKC | North Branch Knob KY | Warmwater Aquatic Habitat
Creek Secondary Contact Recreation
Results

Bi-monthly sampling commenced in November 2003 and continued until September 2004. After
a one-year hiatus six more rounds were collected between January and September 2006, for a
total of 12 sampling events.

Water quality results are displayed in time series graphs showing all data for each site for a given
parameter. The data gap in the center of the graph is caused by the planned one-year pause in
sampling. As the Water Quality Program continues, trends may emerge from these time series
graphs. It is anticipated that there will be enough data by the end of the next sampling round
(September 2008) for statistical trend analysis.

If state standards exist for a particular parameter they will be displayed. In addition, in a cursory
attempt to show an element of data error, each plot is assigned error bars, representing the
minimum potential error associated with the measurement.



Water Temperature

Water temperatures of ABLI are considered to be within range to support native aquatic life. The
compressed temperature ranges at Sinking Spring (SSTS) is a function of longer retention times
of groundwater recharging the spring. The two main creeks, Knob (KCKC) and the North

Branch of Knob Creek (NBKC) display a wider range of temperature reflective of normal
seasonal variations.
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Figure 3. Water Temperature at ABLI



Specific Conductance

The distribution of specific conductance (SpC) of ABLI is reflective of the amount of dissolved
solids, which is primarily controlled by watershed lithology and water residence time. The longer
water is in contact with soluble strata, the higher the dissolved ionic load, thus the higher SPC
values. In general, the limestone-rich waters of Sinking Spring have higher SpC values than the
two streams of the Boyhood Home Unit.
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Figure 4. Specific Conductance at ABLI



pH
The waters of ABLI are slightly alkaline and within the state limits of 6.0 and 9.0 SU. This is not

surprising due to the amount of contact the waters have with carbonate rock, whose dissolution
liberates bicarbonate ions, thus buffering the solution.
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Figure 5. pH levels at ABLI
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Dissolved Oxygen

All waters monitored at ABLI are saturated, or supersaturated with oxygen. The state limit is 5.0
mg/I for dissolved oxygen for cold water habitat (SSTS) and 4.0 mg/l for warm water habitat
(KCKC and NBKC). In general dissolved oxygen concentrations are the highest during the
winter months and fall through the summer and autumn months. This is a typical response as
warm water can hold less dissolved oxygen than cold water.
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Figure 6. Dissolved Oxygen levels at ABLI
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Bacteria

Unfortunately the graph below is confusing. Fecal coliform bacteria were measured during the
first round of sampling, while total coliform and Escherichia coli were used for the second
round. All three bacteria are members of the coliform group and are found in the gastrointestinal
track of warm-blooded animals; E. coli is the most common member of fecal coliform, and fecal
coliform a subset of total coliform.

While E. coli is a more reliable test of fecal contamination, there is no current state standard. The
Kentucky Secondary Contact Recreational standard (applicable to the two stream sites) for fecal
coliform is a geometric mean of 1000 colonies/100 ml of not less than 5 samples taken within a
30 day period. It should be noted that even if a sample did exceed 1000 colonies per 100 ml it
alone would not violate the standard as only one sample was taken per 60 days.

In light of the temporal and regulatory puzzlement, we can view these data in a broad-spectrum.
Each case of high bacteria counts is associated with rainfall events prior to sampling.
Conversely, low bacteria counts are common to low flow conditions. This pattern is consistent
with non-point source contamination — surface runoff associated with livestock and wildlife.
While elevated, these values are not considered exceptionally high or out of the ordinary
considering watershed landuse.
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Figure 7. Bacteria levels at ABLI
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Nitrate

Surprisingly there is no state standard for nitrate in freshwaters for the assigned designated uses.
The general national standard for drinking water is 45 mg/l. Nitrate levels at Sinking Spring,
although below drinking water standards, are always higher than the two surface streams.
Potential sources include runoff from fertilizers, animal wastes and septic tanks. Nitrate levels
appear to decrease at Sinking Spring in the summer of 2006. It will be interesting to see if this

trend continues through the next round of sampling.
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Figure 8. Nitrate levels at ABLI
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General Water Quality Status

These data show that the water quality of Sinking Spring, Knob Creek and the North Branch of
Knob Creek are meeting designated use standards. Although nitrate levels at Sinking Spring are
consistently higher that those of the Boyhood Home Unit streams, they are below values
considered safe for drinking water. There are no state standards for nitrate in the “Cold Water
Aquatic Habitat” designated use category.

Bacterial standard attainment is a bit harder to define. For one, the CUPN uses the more reliable
E. coli test rather than the state standard fecal coliform — it is anticipated that the state will soon
adopt an E. coli standard. Furthermore, even if fecal coliform was used, the program is not
designed to meet the temporal sampling requirements — the geometric mean of five consecutive
samples, taken at least 24 hours apart, within a 30-day period. As bacteria in the waters of ABLI
are likely generated from non-point source (surface runoff), one could easily construct a
sampling program to intentionally be above (sampled during or after runoff events) or below
(sampled only during low flow times) the standard.

Future Water Quality Monitoring Recommendations

The CUPN is required in accord with the national water quality program to monitor water
temperature, specific conductance, pH, and dissolved oxygen. In addition, there is sufficient
reason to continue to monitor Escherichia coli and nitrate. Although these two parameters are
generally below state water quality standards, long-term data may serve to alert the park to
impending water quality issues.

During fiscal year 2007 the CUPN will collect all existing water quality data generated by the

Commonwealth. Sinking Spring has been a state “Ambient” water quality site for a number of
years, and there may be some data regarding the streams on the Boyhood Home Unit as well.
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