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Executive Summary 

 

The Hancock Creek:  Watershed Improvement Initiative funded by the Kentucky Division of Water 
(DOW) through a 319(h) Nonpoint Source Pollution Control Grant and through matching efforts by 
the City of Winchester (COW), Winchester Municipal Utilities, and the Clark County Fiscal Court, 
was designed to implement the Hancock Creek Watershed Plan (HCWP) 7 and improve water quality 
conditions in the Hancock Creek watershed located in Clark County, Kentucky.  Although not the lead 
on the project, the Strodes Creek Conservancy (SCC), an active watershed stakeholder group, helped 
to implement the grant.  The City of Winchester agreed to serve as the lead on the grant by:   
 
a) Conducting a thorough investigation of stream water quality through microbial source tracking 

(MST) technology to identify the source of any pollutants and 
b) Developing and offering to the public best management practices (BMPs) that could 

reduce/eliminate the pollutants. 
 
Land use within the Hancock Creek watershed is quite diverse and has the potential for substantial 
development in the near future.  Current, potential sources of pollution come from several sources – 
residential and business septic tanks, residential and business package plants, runoff from agricultural 
operations, permitted industrial discharges, and runoff from a major transportation corridor, Interstate 
64.  Future sources of pollution include runoff from impervious surfaces, nonpoint source pollution 
from lawn care and maintenance, and construction sedimentation as the approximately 9,361 housing 
units that have been approved for development in the watershed are constructed. 
 
To identify current sources of bacterial contamination within the watershed, the SCC used MST of 
water samples collected throughout the watershed.  This tracking identified the presence of both cattle 
and human contamination markers in the samples.  BMPs for both agricultural and residential use were 
then developed.  Implementation of agricultural BMPs in the watershed met with limited success 
primarily due to farmers’ reluctance to change established, profitable land use cattle operations.  
Residential BMPs (primarily repair and maintenance of septic systems) met with much greater 
acceptance and success. 
 
To address future, potential development, the SCC developed (via contract with an engineering firm) 
recommended changes to the county’s subdivision regulations that would allow developers the 
opportunity to use low impact development (LID) practices.  LID is an approach to land development 
that uses the natural movement of water within an ecosystem to reduce the impact of development on 
water quality. The Winchester/Clark County Planning Commission has agreed to implement these 
practices in their subdivision regulations. 
 
The SCC also increased the public’s awareness of the watershed’s water quality through educational 
outreaches, restoration projects, onsite wastewater projects, and establishment of vegetated riparian 
zones.  The BMPS, regulatory changes, and educational outreaches accomplished by this grant not 
only resulted in immediate improvement to the water quality in Hancock Creek but also provided the 
framework for future generations to preserve and protect the stream for years to come. 
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Introduction & Background 

 
Hancock Creek joins Strodes Creek just north of Winchester, a stream known in the past for black bass 
and good water quality. However, Strodes Creek today is listed by Kentucky Division of Water 
(KDOW) as impaired for primary contact recreation, and only partially supports aquatic life. Causes of 
impairment for Strodes Creek include pathogens, nutrients, siltation, and organic enrichment.  The 
Hancock Creek watershed is quite diverse and has potential for significant change in the future.  The 
watershed has the potential to receive pollution from such sources as septic tanks, package plants, 
agricultural land, subdivision development, commercial and industrial businesses, sewage lift stations, 
permitted industrial discharges and runoff from Interstate 64.  Approximately 9,361 housing units have 
been approved for development in the future.  Their inclusion to the landscape has the potential to 
impact water quality from the runoff from an increased number of impervious surfaces as well as 
nonpoint source pollution stemming from lawn care and maintenance, increased sedimentation from 
construction, and household pet waste to name a few.   
 
In 2009, SCC began working with Kentucky Waterways Alliance (KWA) to develop a watershed plan 
for the Hancock Creek (HC) watershed as part of the review of the Watershed Planning Guidebook for 
Kentucky Communities.  In June 2010, KDOW accepted the HCWP.  However, as determined in the 
HCWP, additional work was needed to better determine pollution sources and conduct BMP 
implementation.  This project sought funding to conduct MST to better determine pollution sources 
and implement the approved goals of the HCWP.    
 
The SCC had a significant amount of fecal coliform, Escherichia coli (e-coli), and physical chemical 
data that showed stream impairment but was still missing a piece of the puzzle.  To have a 
comprehensive plan, the SCC felt that it needed data that identify sources of the high levels of E.coli in 
the watershed.  Identifying these sources would allow development and implementation of target 
BMPs.  Four primary goals were identified for this project: 
 
Goal 1:  Conduct MST sampling to determine the origin of pollution sources. 
Goal 2:  Refine the current HCWP and submit to KDOW for acceptance. 
Goal 3:  Implement the identified BMP activities of the KDOW accepted HCWP. 
Goal 4:  Continue to build organizational strength to ensure that the SCC will exist beyond the timeline 
of the grant. 
 
These goals were met by using the methods identified in the Materials & Methods section.   
 
Materials & Methods 

 
Hancock Creek, a tributary of Strodes Creek, is a main headwater stream of the South Fork of the 
Licking River. This stream is 7.65 miles long and has a drainage area of 12.9 square miles.  The stream 
sits in an undulating, inner bluegrass landscape, over middle Ordovician age shale and limestone. The 
area was probably wooded, with some open areas (bluegrass savannah, canebrakes) before permanent 
human settlement. 

  
Hancock Creek and its tributaries lie in the northwestern section of Clark County, which is a 210-year-
old community.  The watershed is in an ever-growing area of the county but still has agriculture as its 
predominant land use (See Figure 1).  Development over the past 50 years includes three mobile home 
parks, five residential subdivisions, one crossroads community, three light industrial areas, and five 
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general business/professional office developments.  Approximately 9,361 housing units have been 
approved for future development.  
 

 

 
Figure 1.  Hancock Creek Watershed Map 

 
 

While planning this project, it was discovered that significant amounts of data existed for the Hancock 
Creek watershed.  Through previous watershed planning development efforts, it was determined that 
additional sampling locations and collection of additional parameters were needed to allow for better 
source determination and targeting of BMPs.   This project included the review of existing water 
quality data and analysis in the original HCWP to determine where additional water quality data was 
needed.  The watershed plan development team determined that additional sampling stations and the 
use of MST as a way to determine if the Escherichia coliform (E. coli) bacteria was of human or 
animal (bovine) origin were needed.    
 
All program efforts to improve water quality hinged on the results of the monitoring and MST results.  
The COW and SCC wanted to focus its resources on the sources that most adversely impacted the 
water quality in the streams.  This section will first discuss the materials and methods developed for 
the monitoring and MST component of the grant and then focus on the programs that emerged as a 
result of the monitoring and MST data analysis. 
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Monitoring and Microbial Source Tracking 

Bacteria are used as indicators of fecal contamination of waterways.  Presently, E-coli, a bacterium 
associated with the feces of warm-blooded animals, is used as an indicator organism.  Other microbial 
indicators include Enterococcus faecium and anaerobic bacteria of the Bacteroides- Prevotella group.  
SCC partnered with the Morehead State University Biology Department in testing water resources to 
identify bacteria contamination in the watershed and to determine if the bacterial source is from 
humans or livestock. Eight sites in the Hancock Creek Watershed were sampled in September and 
October 2011.  The sites were thoughtfully selected to include sampling locations in the upper reaches 
of the watershed to a location just before Hancock Creek flows into Strodes Creek.  Since the sampling 
was primarily conducted to help the SCC determine the sources of bacteria in the watershed, the 
sampling locations can be found below major residential subdivisions, agricultural areas, industrial 
activity, and a golf course.  The Quality Assurance Project Plan (QAPP) required four sampling events 
to occur:  one following each of two dry weather events (a period of seven days with a total rain 
accumulation of less than 0.1 inch), and two immediately following a wet weather event that proceeds 
a dry weather event.    The summer and fall of 2011 were extremely dry with few rain events.   The 
sampling team attempted their initial sample for the project for a dry event. However, conditions were 
too dry and several sites were ponded or had no flow.  Since the sampling season was coming to an 
end, the sampling team collected a wet event sample on September 7, 2011 and followed up with a dry 
event sample on October 7, 2012.  Because of this, the order in which the samples were to be taken 
was reversed and the project was able to conduct sampling and analyses for only one dry weather and 
one wet weather event.   Therefore, a deviation from the original QAPP was requested from KDOW, 
which would omit two of the samples, one wet weather and one dry weather.   The QAPP was 
approved on August 8, 2011, can be found in Appendix B. 
 
 
Table 1. Sampling sites in the Hancock Creek Watershed. 
HCW Sampling Site 
Site Long Lat Description 
 HCW-1 -84.243927 +38.017175 B Golf Course  
 HCW-2 -84.283999 +38.029163 Verna Hill Package Plant 
 HCW-3 -84.244799 +38.027200 Wayland Drive 
 HCW-4 -84.278435 +38.036031 Yorktowne Package Plant 
 HCW-5 -84.259678 +38.033182 Culvert under Rockwell Road 
 HCW-6 -84.241263 +38.032636 Rockwell Package Plant 
 HCW-7 -84.236097 +38.029884 Southern States 
 HCW-8 -84.207441 +38.048460 Van Meter Road 

 
 
Field activities conducted included the collection of bacteria samples, discharge measurements (flow), 
and physical chemical water quality data in wadeable streams. The bacteria samples collected included 
Escherichia or E. coli, human-specific E. faecium and Bacteriodes, and cattle-specific Bacteroides.  
The physical chemical data collected included dissolved oxygen, pH, conductivity, and temperature.  
The physical chemical data were collected using a YSI multiparameters probe. A turbidity 
measurement was not taken because the turbidity sensor was faulty at the time of sampling.  A request 
to remove the turbidity measurement from the QAPP was approved by KDOW.  The flow was 
measured with a SonTek/YSI FlowTracker®. 
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The MST process involved the use of polymerase chain reaction (PCR) to amplify DNA sequences 
that are unique to host-specific bacterial strains to a detectable level.  PCR is a method used to amplify 
(increase copy number) specific sequences of DNA to detectable (observable) levels.  Previous studies 
have identified bacterial strains that are uniquely present in human feces and cattle feces.  Examples 
include human-specific strains of Enterococcus faecium, human-specific strains of Bacteriodes, and 
cattle-specific strains of Bacteroides.  Published studies have also identified DNA sequences that are 
used to specifically identify these bacterial strains.  We used PCR to look for the presence of host 
(human and/or cattle) specific E. faecium and Bacteriodes DNA sequences in water samples.  The 
detection of those DNA sequences told us if human and/or cattle feces is present in sampled water. 
 
 In addition, the SCC wanted to determine the density of bacteria found at each of the sampling sites 
and prioritize BMP practices based on those findings.  Bacterial densities (E. coli) were measured as 
per the Colilert method.  For MST, the samplers were interested in molecular markers from other 
feces-associated bacteria; however, that approach was qualitative, and not quantitative.  Both the E. 
coli data and the MST data provided information on the degree of fecal contamination present at a 
given sampling site, as well as the host source of that contamination.  It was assumed that when 
analyzed together, those data would help determine the appropriate BMP to be implemented.  Figure 2 
shows the sampling locations for the project. 
 
In addition to the aforementioned monitoring that took place during the project period, the SCC 
coordinated sampling events for Licking River Watershed Watch (LRWW).  The Clark County 
LRWW team had three active samplers.  
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Figure 2.  Hancock Creek Watershed Sampling Sites 
 
 
Agriculture 

The MST data analysis, along with the existing data from the previous HCWP, suggested that best 
management practices for the project should be targeted toward livestock operations.  All of the large 
cattle producers in the watershed were personally contacted and offered best management practice 
(BMP) assistance.  The project encouraged the funding and implementation of rotational grazing, 
stream exclusion fences, shade structures, and livestock alternative water supplies.   A 20:80 cost share 
ratio was offered to help offset the cost of installing the BMPs with the landowner paying 20 percent of 
the cost of the practice and the SCC paying 80 percent. The 20 percent paid by the landowner could 
have been in the form of in-kind labor or tools.   
 
Onsite Wastewater 

The SCC, using a 2004 319(h) Nonpoint Source Pollution Control Grant (C9994861-04), worked 
diligently with homeowners to improve the efficiency and maintenance schedules of their home onsite 
wastewater systems.  The inspections and tank pumping funded by that grant identified a number of 
failing systems.  Many of these systems were installed before current environmental health standards 
and specifications were implemented.  Water quality samples taken during this project indicated the 
presence of human bacteria markers.  Specifically, a sampling location near Rockwell Road, in the 
vicinity of the Wayland Heights Subdivision, presented human bacteria markers that indicated 
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problems with septic systems in the area.  As a result of the sampling data analysis and the system 
failures identified in the 2004 319(h) Nonpoint Source Pollution Control Grant (C9994861-04), onsite 
wastewater assistance was offered to homeowners that had expressed interest to the SCC  in any 
funding opportunities to repair and/or replace their faulty systems.  Once the funding became available, 
those homeowners were contacted by phone to discuss the potential projects.  The homeowners were 
required to procure two bids from licensed onsite wastewater installers.  The more competitive bid 
price was awarded the project.  The homeowners were required to pay twenty percent (20%) of the 
total repair cost.  

Tree Plantings 

One simple best management practice to help improve water quality is planting trees along creek 
banks.  Tree planting along creeks helps trap harmful nutrients present in water runoff, reduces erosion 
by slowing water flow, provides wildlife habitat, reduces in-stream temperatures to levels necessary 
for healthy aquatic life populations, and generally improves the overall aesthetic appeal of an area.  
Landowners in the watershed were previously contacted during the 2004 319(h) Nonpoint Source 
Pollution Control Grant (C9994861-04).  As a continuation of those efforts, landowners that had 
previously participated in riparian planting projects were contacted during this grant period for 
permission to plant additional trees along Hancock Creek.   Native trees were planted along the creek 
by Clark County students and the SCC project coordinator.  The landowner was responsible for calling 
“Before You Dig” at 1 (800) 752-6007 to determine if underground lines were buried in the planting 
area.  Landowners were required to water balled and burlaped trees during dry periods as necessary for 
at least the first year to ensure adequate hydration and survival.   
  
Education  

During the project period, the SCC implemented and maintained an active outreach program to 
the community.  The outreach focused on water quality issues.  Specifically, the SCC director 
spoke to approximately 30 elementary classrooms using the Enviroscape and lessons from the 
Project WET (Water Education for Teachers) curriculum.  In addition, presentations were given 
to the Winchester Kiwanis Club, Winchester City Commission, Cub and Boy Scout troops, and 
Girl Scout troops.   A newsletter was distributed to maintain contact with the constituency and 
make them aware of our MST  project and findings as well as the funding opportunity for 
agricultural BMP implementation.  The Strodes Creek Conservancy website was maintained 
and continues to educate viewers on basic water education, monitoring results, programs 
offered by the SCC, and a resource page.  A stakeholder meeting to discuss the final version of 
the Hancock Creek Watershed Plan was conducted.  The SCC also worked in partnership with 
the Licking River Watershed Watch to educate local citizens on effectively capturing quality-
assured pathogen data.   
 
As mentioned earlier, each individual participating in our onsite wastewater program was 
educated on the mechanics of a septic tank and what is necessary for the proper functioning of 
a septic system.  A stream celebration, showcasing the Town Branch Stream Restoration 
Project (TBSRP), was held for scout troops.  During this celebration, the designer of the 
TBSRP outlined the previous conditions of the degraded stream and the features of the restored 
stream.  The troops learned that fully functioning streams can support a variety of aquatic life, 
hold water during peak flows and drought conditions, and cleanse the water it holds.   
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Stream Event 

The Kentucky Transportation Cabinet (KYTC) partnered with SCC to restore approximately 7,000 feet 
of degraded Town Branch channel on City of Winchester property as an advanced stream mitigation 
site. KYTC incorporated several measures into the stream restoration project to improve stream water 
quality, in addition to restoring the physical stability and habitat of the stream. The SCC sponsored a 
day of celebration showcasing the Town Branch Stream Restoration Project (TBSRP).  Approximately 
80 boy and/or girl scouts and their chaperones visited the stream on October 27, 2013.  The day started 
with a ride to the site by bus and disembarkation at a trail head.  At the trail head, students engaged in a 
tree identification exercise before walking to the TBSRP site.  There, the designer of the TBSRP 
discussed with the students the previous conditions of the degraded stream and the features of the 
restored stream.  Visual aids were available to help the students understand the construction of the 
project and see a portion of the restoration that wasn’t logistically available for viewing that day.  After 
the TBSRP overview, scouts were assigned by scout level to a station.  The following stations and 
curriculums were available to the scouts that day.   
 
Station 1- Webelos 
1.  Learn to identify poisonous plants and venomous reptiles found in your area. 
2.  Give examples of: 
A producer, a consumer, and a decomposer in the food chain of an ecosystem 
One way humans have changed the balance of nature 
How you can help protect the balance of nature 
3.  Identify a plant, bird, or wild animal that is found only in your area of the country. Tell why it 
survives only in your area. 
4.  Learn about aquatic ecosystems and wetlands in your area. Discuss with your Webelos den leader 
or activity badge counselor the important role aquatic ecosystems and wetlands play in supporting 
lifecycles of wildlife and humans. 
 
Station 2-Bear Water & Soil Conservation Elective 
1.  Dig a hole or find an excavation project and describe the different layers of soil you see and feel. 
2.  Explore three kinds of earth by conducting a soil experiment. 
3.  What is erosion? Find out the kinds of grasses, trees, or ground cover you should plant in your area 
to help limit erosion. 
4. Name four kinds of pollution. 
5.  Plant a tree. 
 

Station 3-Wolf 
1.  Discuss ways that land, air, and water can get dirty. 
2.  Discuss three stories that tell how people are protecting our world. 
3.  Discuss ways you can save energy. 
4.  Discuss how recycling is done in Clark County and what items can be recycled. 
 

A growing body of research indicates that direct exposure to nature is essential for healthy childhood 
development and for the physical and emotional health of children and adults.1  
According to a study by Przybylski N. Weinstein and R. M. Ryan, nature makes you nicer, enhancing 
social interactions, value for community and close relationships.2 By walking to our site, spending time 
outdoors, and including an educational component to the adventure, the stream event was a great 
success! 
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Low Impact Development (LID) Subdivision Regulations  

The Hancock Creek Watershed team identified LID opportunities and ordinance assessment as two of 
their top four priorities for the community.  With the help of the Winchester-Clark County Planning 
Commission (WCCPC) Director, the Center for Watershed Protection’s Codes & Ordinances 
worksheet was completed to help the SCC determine if more flexible ordinances to allow for LID, 
green infrastructure, and stormwater friendly growth were available.  Appendix C outlines the 
worksheet results.  The results of the worksheet showed that developers did not have the option to 
develop in a low impact way in Clark County.  With that knowledge in hand, the SCC hired an 
engineering firm to provide an overview of the principles of LID to the WCCPC.  The commission 
seemed very receptive to the idea and agreed to conduct an internal review of the current subdivision 
regulations and identify the barriers to LID.  A presentation of the findings was given to the 
Winchester City Commission, Clark County Fiscal Court, and the WCCPC.  The WWCPC asked if the 
SCC could help in creating LID options in their subdivision regulations.  This project paid to 
determine what options and recommendations were available to remove the barriers to LID.  The 
project also paid for the drafts and final versions of the subdivision regulations that include an option 
for developers to build in a low impact way that reduces pervious pavement and encourages green 
infrastructure.   
 
Hancock Creek Watershed Plan 

The HCWP was developed as part of a 319(h) grant awarded to Kentucky Waterways Alliance.  This 
grant built upon the work completed in that project.    The SCC was interested in revising the HC WP 
to better determine the types of pollutants entering the creek as well as the sources of those pollutants.   
As mentioned previously, the SCC partnered with the Morehead State University Biology Department 
in testing water resources to identify bacteria contamination in the watershed and to determine if the 
bacterial source is from humans or livestock.   In addition to the MST sampling, this project also 
installed some of the recommended BMPs that would improve water quality.   
 
The HCWP has been updated to include: 
 
1.  The results of the MST monitoring, 
2.  A revised BMP Implementation Strategy, and 
3.  The load reductions expected as a result of the installation of BMPs. 

 
The revised HCWP was submitted to KDOW for comment and acceptance. 
 

Strodes Creek Conservancy Membership 

The SCC has retained its charter members for nearly nine years.  The SCC has asked program 
participants to join the board. Some have shown interest but have not actually attended the board 
meetings.  The SCC newsletter reached out for more members by acknowledging that the current board 
is a committed group of individuals but that the SCC is always looking for more involvement from the 
people that actually live in the watershed.  The board membership uses its voice to support water 
quality at community meetings and send letters in support of environmentally friendly projects to 
appropriate agencies, companies, and organizations.  The SCC plans to maintain its presence in the 
community beyond the time frame of the grant and hopes to partner with the Winchester-Clark County 
Tree Board and Scout Troops to continue planting trees along streams in the Strodes Creek watershed. 
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Stormwater Treatment System 

The SCC purchased a Fabco Stormsack stormwater treatment system, which removes pollutants from 
stormwater.  The Fabco Stormsack unit maintains positive treatment of total suspended solids (TSS) 
year-round, regardless of flow rate.  The unit is designed to remove a wide range of particle sizes (from 
20 to 2,000 microns), as well as free oils, heavy metals and nutrients that attach to fine sediment.  The 
SCC chose to purchase the unit to determine the amount of pollutants entering the stormwater system.  
In addition, its purchase may encourage the purchase of additional units in the MS4 area by the City of 
Winchester. The Fabco Stormsack was installed in a storm drain near 1 North Main Street.   
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Results & Discussion 

 
The grant had a number of successes.  This section will discuss the results of the project components.   
 
Monitoring & Microbial Source Tracking 

The SCC began this project with a considerable amount of water quality data in the Hancock Creek 
watershed.  Even with the data that indicated high fecal coliform and e-coli levels, the question of the 
source of the pollutants still remained.  The principle objective in this component of the study was to 
determine if fecal contamination in eight selected sampling sites of the Hancock Creek Watershed was 
of human and/or cattle origin.  The full Hancock Creek Monitoring & Microbial Source Tracking Final 
Report can be found in Appendix D.   
 
Results from the E. coli analysis are presented in Figures 3 and 4. Seven out of eight sampling sites 
assessed during the rain event in September 2011 exhibited E. coli counts that exceeded the KDOW 
primary contact recreation limit of 240 E. coli CFU/100 mL, whereas one out of the eight sites 
exhibited an E. coli count below the KDOW limit.3 All eight of the sampling sites assessed during the 
dry event in October 2011 exhibited E. coli counts well below the KDOW limit.  In fact, sites HCW-2, 
HCW-4, HCW-5, HCW-6, and HCW-7 had E. coli analyses results of 0 CFU/100 mL.   
 
 

 
Figure 3. Escherichia coli counts in the Hancock Creek Watershed, 7 September 2011.  The red line 
indicates the KDOW limit for primary contact reaction of 240 E. coli CFU/100 mL for single grab 
samples.4 

 

 



 16 

  
Figure 4. Escherichia coli counts in the Hancock Creek Watershed, 7 October 2011.  The red line 
indicates the KDOW limit for primary contact reaction of 240 E. coli CFU/100 mL for single “grab” 
samples.  Sites HCW-2, HCW-4, HCW-5, HCW-6, and HCW-7 had E. coli analyses results of 0 
CFU/100 mL.4   
 
 
Figure 5 shows a typical electrophoretic analysis of PCR products, while Table 2 summarizes the PCR 
results.  Genetic markers for cattle-associated bacteria were present in all samples, except HCW-4, 
from the September sampling event; whereas human-associated bacterial genetic markers were found 
in the HCW-2 and HCW-5 samples.  Cattle-associated bacterial genetic markers were present in six of 
eight samples collected during the October sampling event; while human-associated bacterial markers 
were present in one sample, HCW-4. 

 
 

 
Figure 5. Ethidium bromide-stained 1.25% agarose gel of PCR products utilizing cattle-specific 
Bacteroides primers. 

 1   2    3   4    5   6    7    8    9   10 11 12 13  14 15  16  17 
18 19  20 



 17 

Table 2. Key to lane assignments in Figure 5 (above). 
Top Row (7 Sept. Samples) Bottom Row (12 Oct. Samples) 

Lane Sample Lane Sample 
1 none 1 none 
2 none 2 none 
3 HCW-1 3 HCW-1 
4 HCW-2 4 HCW-2 
5 HCW-4 5 HCW-4 
6 HCW-5 6 HCW-5 
7 HCW-6 7 HCW-6 
8 HCW-7 8 HCW-7 
9 HCW-3 9 HCW-3 
10 HCW-8 10 HCW-8 
11 none 11 none 
12 HCW-8, no primers (- ctrl) 12 E. coli DNA (- ctrl) 
13 primers only (- ctrl) 13 HCW-8, no primers (- ctrl) 
14 pig feces DNA (- ctrl) 14 primers only (- ctrl) 
15 cattle feces DNA (+ ctrl) 15 E. coli DNA (- ctrl) 
16 none 16 none 
17 100-bp DNA ladder 17 100-bp DNA ladder 
18 none 18 none 
19 none 19 none 
20 none 20 none 
 
 
Table 3.  Summary of Polymerase Chain Reaction Analysis of DNA Extracted from Samples Collected 
in the Watershed.  B/P refers to Bacteroides-Provatella; esp refers to enterococci.5 
 7 September 2011 7 October 2011 

Sample 
Site 

Human 

B/P 

Marker* 

Cattle 

B/P 

Marker 

Human 

esp 

Marker 

Human 

B/P 

Marker 

Cattle 

B/P 

Marker 

Human 

esp 

Marker 

 HCW-1  - +  - - + - 

 HCW-2 + +  - - + - 

 HCW-3  - +  - - + - 

 HCW-4  -  -  - - + + 

 HCW-5  - + + -  - - 

 HCW-6  - +  - - + - 

 HCW-7  - +  - - -  - 

 HCW-8  - +  -  - + - 
*The positive (+) sign indicates that the marker was present in the sample, while the 
  negative (-) sign indicates that the marker was not present in the sample. 
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Table 4.  Physical Chemical Results for Temperature, Specific Conductance, pH, and Dissolved 
Oxygen3 
Sample 

ID 
Collection 

Date 
Collection 

Time 
Temperature 

in °C 
Conductivity 

mS/cm 
pH 

 
DO* 
mg/L 

HCW-1 9/7/2011 11:34 17.16 0.54 8.01 7.33 

HCW-2 9/7/2011 11:18 17.17 0.646 8.09 7.97 

HCW-3 9/7/2011 11:48 17.14 0.56 7.94 6.73 

HCW-4 9/7/2011 10:05 16.51 0.415 9.12 6.35 

HCW-5 9/7/2011 10:33 17.75 0.679 8.28 5.84 

HCW-6 9/7/2011 10:47 17.59 0.77 8.03 7.79 

HCW-7 9/7/2011 11:03 17.69 0.763 8.01 7.39 

HCW-8 9/7/2011 10:20 18.6 0.635 8.44 7.1 

HCW-1 10/7/2011 No Data No Data No Data No Data No Data 

HCW-2 10/7/2011 10:38 24.03 1.309 7.94 5.87 

HCW-3 10/7/2011 No Data No Data No Data No Data No Data 

HCW-4 10/7/2011 No Data No Data No Data No Data No Data 

HCW-5 10/7/2011 No Data No Data No Data No Data No Data 

HCW-6 10/7/2011 10:05 23.33 0.871 8.09 4.83 

HCW-7 10/7/2011 9:53 22.41 0.746 8.31 4.69 

HCW-8 10/7/2011 9:38 23.56 0.808 8.73 4.7 

* DO indicates dissolved oxygen. 
 
 
Please note that a turbidity measurement was not taken because the probe was broken.  Also, data for 
the physical chemical data collected on October 7, 2011 is incomplete due to operator error. 
 
The samples collected indicated that both cattle and humans are contributing to the bacteria levels in 
the streams.  However, the cattle markers were more prevalent and indicated a higher level of 
contamination than that of human contamination. High E. coli counts after a rain event and low E. coli 
counts during a dry event indicate that rain water carried feces on the land surface into the watershed 
during the rain event.  It should be noted that not all cattle operations contributed to high bacterial 
counts.  For example, one of the sampling locations had cattle in the adjacent pasture and the cattle 
used the creek as a water source, but the samples taken were found to be within the KDOW limits for 
primary contact recreation in both of the samples taken.  
 
Agriculture 

Although BMP funding was available to landowners, the project did not have an agricultural BMP 
installation.  Farmers were reluctant to install BMPs for a variety of reasons; primarily the uncertain 
economic benefit of replacing traditional practices with newer non-traditional practices.  Other 
possible reasons for not participating in the project include the cost share payment associated with bmp 
installation and the loss of pasture when BMPS are installed. 
 
Onsite Wastewater BMPs 

The project helped install low pressure dosing systems at two homes in the Wayland Heights 
subdivision.  Please see Figure 6 for the location of the installed systems.  Both systems received new 
1,500-gallon septic tanks, 1,000-gallon pump tanks, and low pressure piping in the drainfields.  As a 
condition for participating in this project, homeowners were required to sign maintenance agreements.  
These agreements should prevent the future release of bacteria into the watershed.  A copy of the 
maintenance agreement is in Appendix E. 
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A low-pressure dosing system treats wastewater and then pumps it into the soil several times daily.  
The system has three components:  a series of tanks used to settle out and partially treat the 
wastewater; a pump tank for dosing wastewater to the distribution system; and a system for 
distributing the wastewater to the soil.  The pump tank houses a pump that discharges wastewater to 
the distribution system three to four times a day.  The distribution system consists of a small pipe with 
holes drilled in it, laid in narrow 6- to 12-inch-wide trenches.  The pump discharges wastewater to the 
trenches. Once in the trench, the wastewater seeps into the soil.  The soil provides most of the 
wastewater treatment.  Soil particles filter solids and organic matter from the wastewater. Microbes in 
the soil break down the solids and kill the bacteria and pathogens in the wastewater.6   
 

Tree Planting 

During the project period, the SCC planted thirty (30) balled and burlaped trees and approximately 300 
sapling trees in the Hancock Creek watershed.  The letter offering the program to landowners can be 
found in Appendix F.  Please see Figure 6 for tree planting locations. 
 
 

 
Figure 6.  Onsite Wastewater and Tree Planting Project Locations. 
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Education 

A number of water quality education classes were taught to elementary students through 4-H 
environmental camps during the course of the project.   The students were quizzed by their teachers on 
the material presented to them during environmental camp.   SCC staff used the Enviroscape to 
educate students about nonpoint source pollution.  In addition to using the Enviroscape, SCC staff also 
used lessons from the Project WET Curriculum & Activity Guide (PWCAG).  The lessons taught from 
PWCAG include Water Match (page 50), Imagine (page 157), The Incredible Journey (page 161), and 
Macroinvertebrate Mayhem (page 322).  The following areas of the Core Content for Science 
Assessment Version 4.1 were covered:  
 
1.  SC-04-1.1.1- States of Matter 
2.  SC-04—4.6.1-Ecosystems & The Food Chain 
3.  SC-04—4.6.2-Sun’s Light & Heat Are Necessary to Sustain Life on Earth 
4.  SC-04-4.7.1-Interdependence 
5.  SC-04-4.7.2-Human Interactions in the Environment Where They Live. 
 
The project also helped Boy & Girl Scouts with various badge requirements that related to the natural 
environment.   
 
Stream Event 

The SCC sponsored a day of celebration showcasing TBSRP.  Approximately 80 boy and/or girl scouts 
and their chaperones visited the stream on October 27, 2013.  The SCC staff has received a number of 
positive comments about the event, including that it should be an annual scouting event.  The stream 
event was relatively easy to put together because the duties were shared by four presenters.  The format 
for a stream event is now developed, which would make an annual event quite easy.  The City of 
Winchester purchased liability insurance for the day to cover costs of accidents and injuries. 
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Figure 7.  Photo of project engineer explaining the riparian restoration to scouts. 
 
 

 
Figure 8.  Photo of instructor discussing bird flyways with scouts. 
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Low Impact Development (LID) Subdivision Regulations 

This project paid for the drafts and final versions of the subdivision regulations that include an option 
for developers to build in a low impact way that reduces pervious pavement and encourages green 
infrastructure.  At the time of this report, no development plans have been submitted for review for 
traditional or LID subdivisions.  At least in the future, developers will have more choices for making 
neighborhoods that can be both aesthetically pleasing and more environmentally friendly.  Please see 
Appendix G for the updated subdivision regulations.  
 
Hancock Creek Watershed Plan 

This project allowed for the HCWP to be updated to include: 
1.  The results of the MST monitoring, 
2.  A revised BMP Implementation Strategy, and 
3.  The load reductions expected as a result of the installation of BMPs.  Please see Table 5. 

 
The revised HCWP has been submitted to KDOW for comment and acceptance. 
 
BMP N 

Reduction 
P 

Reduction 
BOD 

Reduction 
Sediment 
Reduction 

 lb/year lb/year lb/year t/year 
Tree Plantings 1227.9 274.8 3253.8 184.2 
Septic System 
Upgrades 

93.3 36.5 380.8 0.0 

Total 1321.1 311.3 3634.6 184.2 
Table 5.  STEP L Load Reductions. 
 
 
Strodes Creek Conservancy Membership 

The SCC continues to retain a number of its original members. The group continues to meet to discuss 
ideas to engage stakeholders in the watershed and discuss projects for improving water quality. 

 

Stormwater Treatment System 

The debris that will accumulate in the Stormsack will be removed by the COW Public Works 
Department’s street sweeper truck.  The unit has not been installed long enough at the writing of this 
report to determine the volume of debris that the unit will collect. However, manufacturer 
representatives recommend removing the accumulated debris biannually. 
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Figure 9.  Photo of Fabco Stormsack 
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Conclusions 

 

The COW was grateful to receive this grant so that they could continue the work started in the Strodes 
Creek watershed.  This grant was exciting and useful because we were able to determine where our 
sources of pollutants originated.  Previous work in the Strodes Creek watershed left a number of 
questions and speculation as to where funding dollars and administrative resources should be spent.  
Now, through the sampling data collected as a result of this grant, the SCC can continue to look for 
ways to get agricultural BMPs on the ground in the watershed.  This grant also was able to install LID 
and green infrastructure language into the subdivision regulations, which is a source of great 
satisfaction.  Making changes to subdivision regulations can often times be contentious and met with 
opposition.  The LID and green infrastructure language included in the subdivision regulations allows 
for more flexibility for developers and have been proven to be cost effective.  The grant’s measures of 
success are discussed in more detail below. 
 
Measures of Success 

Goal 1: Refine the current Hancock Creek Watershed Plan to meet requirements for KDOW 

acceptance.   
 
Objective 1:  Collect additional data to fill identified data gaps and complete data analysis.    

Measures of Success: 

 Completion of the KDOW approved QAPP. 

A QAPP for the collection of bacteria samples, discharge measurements (flow), and physical chemical 
water quality data in wadeable streams was approved by KDOW.   The bacteria samples to be 
collected include Escherichia or E. coli, human-specific E. faecium and Bacteriodes, and cattle-specific 
Bacteroides.  The physical chemical data collected include dissolved oxygen, pH, turbidity, 
conductivity, and temperature.  The QAPP was approved by KDOW on August 8, 2011 and can be 
found in Appendix B.      
 
 Completion of the monitoring in accordance with KDOW approved QAPP. 

Monitoring was completed in the 2011 recreation season.  The HC Monitoring & Microbial Source 
Tracking Report can be found in Appendix D.   A deviation from the original QAPP was requested 
from KDOW to omit two of the samples, one wet weather and one dry weather.   The summer and fall 
of 2011 were extremely dry with few rain events.   The sampling team attempted their initial sample 
for the project for a dry event. However, conditions were too dry and several sites were ponded or had 
no flow.  Since the sampling season was coming to an end, the sampling team collected a wet event 
sample on September 7, 2011 and followed up with a dry event sample on October 7, 2012.  Because 
of this, the order in which the samples were to be taken was reversed and the project was able to 
conduct sampling and analyses for only one dry weather and one wet weather event. 
 
Lessons Learned:   
It is important to collect samples as early in the recreation season as possible in case weather 
conditions worsen as the summer wears on.  Ensure that the samplers are readily available to sample 
throughout the recreation season.  Before hiring the sampler or completing a sample schedule, check 
with sampler’s vacation schedule and other work obligations.   
 
 Completion of the data analysis for the Hancock Creek Watershed Plan. 
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The data analysis for the HCWP was completed and submitted to KDOW for approval. The completed 
Hancock Creek Monitoring & Microbial Source Tracking Final Report can be found in Appendix D. 
 
Objective 2: Revise the BMP Implementation Strategy in the Hancock Creek Watershed Plan based on 
the completed data analysis. 
  
Measure of Success: 

 Completion of the revised BMP implementation strategy based on the current data analysis. 

The sampling data collected during the project showed that cattle-specific Bacteroides were present in 
the majority of the samples.  This result is not surprising, since pasture represents approximately 80 
percent of the land use in the watershed. In addition, aerial photographs of pasture land in the area 
shows a wide range of relative vegetation densities, due to variable cattle stocking rates (i.e., animals 
grazing per acre) and pasture management practices.7  The HCWP had already identified the need for 
pasture renovation/management and fencing and alternative watering systems.7   
 
The sampling data collected during the project also showed the presence of E. coli, human-specific E. 
faecium, and Bacteriodes, all of which indicate the presence of human sources of bacteria.  The HCWP 
had also already identified the need to locate and address leaking and failing septic systems and 
educate homeowners on septic maintenance.7   
 
The BMP implementation strategy was not necessarily revised but prioritized.  The agricultural BMP 
program was offered first. That program was not widely received by landowners.  The onsite 
wastewater program was then offered to residents.  The project helped install low pressure dosing 
systems at two homes in the Wayland Heights Subdivision.   
 
Objective 3: Complete the revisions for the Hancock Creek Watershed Plan and submit for KDOW 
acceptance. 
Measures of Success:  

 Completion of the KDOW accepted Hancock Creek Watershed Plan. 

The HCWP is an iterative document and will be revised and updated as activities in the watershed 
improve or impair Hancock Creek.  The latest revision to the HCWP was completed in January 2013.  
The document was revised to include the results of the Center for Watershed Protection’s Codes and 
Ordinances Worksheet, the updated, local subdivision regulations that now allow for low impact 
development, green infrastructure, and stormwater friendly growth, the Hancock Creek Monitoring & 
Microbial Source Tracking Final Report, and the estimated load reductions to the stream as a result of 
tree planting and onsite wastewater bmp implementation.  Please see Appendices 2, 3, & 7. 
 
Goal 2: Implement the identified activities of the KDOW accepted watershed plan for Hancock Creek. 
 
Objective 1: Work with the SCC, local landowners and applicable agencies to implement the BMPs 
identified in the watershed plan as funding allows. 
 
Measures of Success:  

 Completion of BMP Implementation as funding allows throughout the Hancock Creek Watershed.  
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The HCWP identified four top priorities for BMP implementation for the community.  The SCC, with 
the help of this project, was successful in working on two of the priorities.  The priorities were: 
 
1. Ordinance Assessment, 
2. Pasture Renovation and Management, 
3. Fencing and Alternative Watering Systems, and 
4. Low Impact Development and Stormwater Education.  

 

The SCC, Winchester-Clark County Planning Commission, and CDP Engineers, Inc. completed the 
Center for Watershed Protection’s Codes and Ordinances Worksheet, which allowed the community to 
assess its ordinances.  Based on the Center for Watershed Protection’s Codes and Ordinances 
Worksheet, the Winchester-Clark County Planning Commission updated the local subdivision 
regulations to allow for low impact development, green infrastructure, and stormwater friendly growth.   
The project also paid for the drafts and final versions of the subdivision regulations that include an 
option for developers to build in a low impact way that reduces pervious pavement and encourages 
green infrastructure.  The updated subdivision regulations can be viewed in Appendix G. 
 
The SCC, with the help of this project, offered assistance to landowners for pasture renovation and 
management and fencing and alternative watering systems but did not have adequate interest to 
implement the BMPs.   
 
Although not a top priority of the HCWP, maintaining onsite wastewater systems and planting riparian 
zones are listed as desired BMPs in the plan.   As mentioned earlier, the SCC offered assistance with 
onsite wastewater (septic system) upgrades.  The project successfully installed two low pressure onsite 
wastewater systems.  To develop riparian corridors, thirty (30) balled and burlaped trees and 
approximately 300 sapling trees were planted along Hancock Creek.   
 

Lesson Learned:  Onsite wastewater installations are dependent on the weather and require dry 
conditions.  Getting the systems installed in a timely manner can be difficult if the weather tends to be 
rainy.  Contractors like to be paid for materials before the project begins.  
 
Lessons Learned:  Riparian plantings can be difficult to get established.  Before planting trees 
anywhere, always call Kentucky’s 811 or Before You Dig hotline to determine where underground 
utility lines are buried.  Also, if there is a chance that saplings will come in contact with a mower, do 
not plant them.  Even if mowing crews are alerted to presence of the newly planted saplings, there is a 
good chance that they will get mowed down.  As for planting the preferable balled and burlapped trees, 
it is important that these trees are planted in March or November.  The stress on the trees is obvious 
even when planted as late as April.  Ensure that trees will be watered during dry periods for at least the 
first two years.  Also, we learned that our contractor’s equipment could not get as close to the stream 
as we would have liked in some situations.   

 
The project administrators worked diligently to find funding for restoration projects.  They secured 
$20,000 in grant monies from Kentucky American Water Company and Bluegrass PRIDE to construct 
six (6) naturally appearing and functioning wetlands totaling approximately 4 acres along Town 
Branch in Winchester, KY. 
 
 Completion of education and outreach efforts throughout the watershed. 
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The SCC staff used a variety of outlets to educate the community about watersheds and water quality. 
For instance, the staff instructed approximately 300 students annually in watershed education using the 
Enviroscape and Project WET lesson plans.  SCC newsletters were mailed to every household in the 
watershed.  Please see Appendix H for an example.  All of the large cattle producers in the watershed 
were personally contacted and offered best management practice (BMP) assistance.  The project 
encouraged the funding and implementation of rotational grazing, stream exclusion fences, shade 
structures, and livestock alternative water supplies.  The SCC has a webpage on the City of 
Winchester’s website.  The SCC’s website address is 
http://www.winchesterky.com/index.aspx?NID=866.  You can also access the website by going to the 
City of Winchester’s website and hitting the link to the Strodes Creek Conservancy.  Presentations on 
water quality were given to the Winchester Kiwanis Club, Winchester City Commission, Cub and Boy 
Scout Troops, and Girl Scout Troops. 
 
Lesson Learned:  A newsletter should be mailed frequently to keep constituents engaged. 
 
Goal 3:  Continue to build organizational strength to ensure that the SCC will exist beyond the timeline 
of the grant. 
 
Objective 1: Effectively administer the project and continue to strengthen the SCC membership to 
maximize effective project management. 
 
Measures of Success:  

 Maintain current membership and add new members to the SCC. 

The SCC has a number of individuals with a keen interest in water quality on its board. As individual’s 
time becomes constrained with other commitments, it is increasingly important to retain those 
individuals and recruit other board members.  Our current membership has been active for nearly nine 
years.  We would like to see more homeowners and landowners in the watershed express interest in 
being on the board. 

http://www.winchesterky.com/index.aspx?NID=866
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